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inter OVERVIEW 

INTRODUCTION 

Intel microprocessors and peripherals provide a complete 
solution in increasingly complex application environ
ments. Quite often, a single peripheral device will replace 
anywhere from 20 to 100 TTL devices (and the associated 
design time that goes with them). 

Built-in functions and standard Intel microprocessor/ 
peripheral interface deliver very real time and perfor
mance advantages to the designer of microprocessor
based systems. 

REDUCED TIME TO MARKET 

When you can purchase an off-the-shelf solution that 
replaces a number of discrete devices, you're also replac
ing all the design, testing, and debug time that goes with 
them. 

INCREASED RELIABILITY 

At Intel, the rate offailure for devices is carefully tracked. 
Highest reliability is a tangible goal that translates to 
higher reliability for your product, reduced downtime, 
and reduced repair costs. And as more and more 
functions are intergrated on a single VLSI device, the 
resulting system requires less power, produces less heat, 
and requires fewer mechanical connections-again re
sulting in greater system reliability. 

LOWER PRODUCTION COST 

By minimizing design time, increasing reliability, and 

replacing numerous parts, microprocessor and peripheral 
solutions can contribute dramatically to lower product 
costs. 

HIGHER SYSTEM PERFORMANCE 

Intel microprocessors and peripherals provide the highest 
system performance for the demands of today's (and 
tomorrow's) microprocessor-based applications. For exam
ple, the 80386 32 bit offers the highest performance for 
multitasking, multiuser systems. Intel's peripheral pro
ducts have been designed with the future in mind. They 
support all of Intel's 8, 16 and 32 bit processors. 

HOW TO USE THE GUIDE 

The following application guide illustrates the range of 
microprocessors and peripherals that can be used for the 
applictions in the vertical column of the left. The 
peripherals are grouped by the I/O function they control. 
CRT datacommunication, universal (user programmable), 
mass storage dynamic RAM controllers, and CPU/bus 
support. 

An "X" in a horizontal application row indicates a 
potential peripheral or CPU, depending upon the features 
desired. For example, a conversational terminal could 
use either of the three display controllers, depending 
upon features like the number of characters per row or 
font capability. A "Y" indicates a likely candidate, for 
example, the 8272AFloppy Disk Controller in a small 
business computer. 

The Intel microprocessor and peripherals family provides 
a broad range of time -saving, high performance solutions. 
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APPLICATION CHART 

POTENTIAL ~PP.LICATION X - TYPICAL APPLICATION Y 

NUMERIC 
... 
:II: 

APPLlCAl:lON MICROPROCESSORS PROCESSORS SUPPORT DMA M DRAM 
" 

'~. ,I, 
" ; m 

i :z: 
B 5 B :g := D i I I :a .. 8i I ~ e I ~ e B I Ii Ii iii iii i fj i:I i:I i:I ~ i:I ~ i:l i:I ~ ~ ; i:I 

PERIPHERALS 'x, Printers X X. X y X X X X Y Y X X· X X X X X 
Plotters X X X X X Y X X Y X X X X X X X X 
Keyboards X 'Y X X 

MASS STORAGE 
X· Hard Disk' 'j( X X y y X X Y y 

Mini Winchester X X y y y y 
Tape X Y X :Y' y' : 
Cassette y y X y 
Floppy/Mini V y y 

COMMUNICATIONS 
Digital Telephone 
ISDN y, 
PBX X "X y y X, X X X .y, X Y y V X .X X X 
LANs X X X X X Y Y X X y X 'y X X 
Modems X X X 
Bisync X X 
SOlC/HOlC X X 
Senal Backplane Y X X X 
Central Office " :'X X X y V X X X y X X Y y y X X X X 
Network Control .'. y X y y X X Y X y Y X Y X X X X 

OFFICE/BUS 
'Copier/FAX X X X y X Y X X X X X X X X 
Wordprocessor X X' X X ,X X V Y V y V X Y y' Y y X X X X 
Typewnter X Y Y Y X X X X X 
ElectroniC Mall X X X X y V X 'X X X X X X 
Transaction System y X X X X X X Y Y X X Y X X X X X X 
Data Entry X X X. X X X V y X V ,~ X X X ,X X 

COMPUTERS 
Small BUSiness Computer X :X .y X X .y y y y V V V X Y X X Y X y )( X, X X 
PC y y y y X X Y y X X y y y X y y y X Y X X X X 
Portable PC' Y ." x X x X x y v y x y y x X X X X' 
Home Computer X X X X Y ~ .X X Y Y y X Y Y X X X X X 

TERMINALS 
ConversatIOnal y y y X X X X 
Graphl,cs CRT 

X 
Y Y Y ~ .X Y y Y y y V X y X X X X X 

Editing X ,X X X X X Y Y Y Y Y X X X X X 
Intelligent X X I< X Y y X y y y X y Y X X X X X 
Integrated Voice/Data X X X X X 
Vld,eotex X X X X X 'X X Y y y y y X X X X X 
Pnntlng Laser, Impact X X X X X X X X X y Y Y Y v X X X X X X 
Portable X Y X Y Y X y y y y X )( X 

INOUSTRIAUAUTO 'y RobotICs Y X Y y y y l( Y X X l! X X y X Y X X 
Network X X X X X X X Y Y X X Y Y X Y X X 
NUrT)enc Cqntrol X X X X Y V V V X V X X X X Y X y X X 
Process Control X X X X X Y X Y Y Y y X X X X Y X X X X Y X Y X X 
Instrumentation X X X X X X X X ,X- X X. ,X X X Y X X X X X X X 
AViation/Navigation X X X X X X Y Y Y X X X Y X X Y X X X X 

INDUSTRIAl/DATA ACQUISITION 
Laboratory InstrumentatIOn X X X X Y X X X X X Y X X X X X X X 
Source Data X X y X X ,X X V X X X X 
Auto Test X X X X· Y X Y X X X Y X X X X X X X 
MedICal X X X ,X Y X X 'X 'I Y 'Y X X y X X X X X X X 
Test Instruments X X X X Y X X X Y Y Y X X Y X X X Y X X X X X 
Secunty 

COMMERCIAL DATA PROCESSING 
~ X V X Y X X V X X X V X Y X X 

POS Terminal X X X X X X X X X X Y X X X X X X 
FinanCial Transfer X X X 'Y X Y Y Y X X X Y X X X X X X X 
AutomatIC Teller X X ,)\ Y X X X, V X X X X 
Document Processing X X X X X Y X X X X Y X X X X 

WORKSTATIONS 
OffICe X X X X X Y y y y y X X Y X y y X X Y X Y X X 
Engineering X X X Y' y y y y X X· V X If y v y y X Y X )( 
CAD X Y Y Y Y Y X X Y Y Y Y Y Y Y X X 

MINI MAINFRAME 
Processor & Control Store X X Y Y Y X Y Y X Y Y X Y X X 
Data Base Subsystems X X y y y y y y y y y y y X X 
1/0 Subsystems Y Y Y Y Y Y Y Y Y X Y X X 
Communication Subsystem X X Y Y y y y X Y y X Y X X 
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APPLICATION CHART 

POTENTIAL APPLICATION X - TYPICAL APPLICATION Y 
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PERIPHERALS 
Y ,y X 'J( X X X X X , X )t, Printers 
y X X X X X Plotters 
)( V X " Keyboards 

MASS STORAGE 
X y Hard Disk 

y MIni Winchester 
X }( Tape 

X Cassette 
y, Y' " :", Floppy/Mini 

COMMUNICATIONS 
, "', Y X V y Digital Telephone 

X y X Y Y Y ISDN 
X X X X X X X 'Y' X y y y X, PBX 
Y X X X X X X y X X LANs 
X X X X X- X X "X, " V Modems 

X X X Bisync 
V X X 'X ' X V SDLC/HDLC 
y X X X X X X X X Serial Backplane 
X X X X X X X V X X V Central OffICe 
y X X X X X X Network Control 

OFFICE/BUS 
y X X X X X X X X X Y Y Copler/FAX 

X X y Y y " X' ,X , .. ", ';> y Wordprocessor 
X X X X X X X X X X X y TypeWriter 
X X X X ~V X ElectronIC Mall 
X X X X Y y Transaction System 

X X X, X X J( y V Data Entry 
COMPUTERS 

X X X Y Y V X X X X X )1" X, Small BUSiness Computer 
X X X X X X Y Y Y X X X X X X X X Y y PC 

X X X X Y y X X X 
" 

,X X y, 'Y Portable PC 
X X Y Y X X Y y Home Computer 

, , TERMINALS 
X y X X X y y Conversational 

y X X X X X X X X X X, GraphICs CRT 
y X X X X X X X X X X Y Y Editing 
Y X X X X X ,X X X X 'X X X X y Y Intelligent 

X X y X y Y y Integrated VOice/Data 
V X X X X, V Y Videotex 
y X X X X X X X X X Y X X X X X Printing' Laser, Impact 
V X X X X X y y Portable 

INDUSTRIAUAUTO 
,X V X V X X X RobotICS 

y X X X X X X X Network 
J( y X X X 

, 

X X X NumeriC Control 
X y X X X X X X X X Precess Control 
X X V X X X X , \' ' InstrumentatIOn 
X X X X AViatIOn/NavigatIOn 

" INOUSTRIAUDATA ACQUISITION 
Y X Y X X X X Y Laboratory Instrumentation 
X V Source Data 
y X Y X X X Auto Test 

,V X, Y X X X X X X MedICal 
y X Y X X X X X X X X Test Instruments 

, v ~ , ,'I X y If X X X .X X X X Security 
COMMERCIAL DATA PROCESSING 

X X X X X X X X • X X, X X X y V POS Terminal 
X y X Y X X X X Y FmanCial Transfer 

I"; X y. .y X X ,V· ' V Automatic Telier 
~ y y X X X Document Processing 

WORKSTATIONS 
y X X X y y y X X X X X X X X X y Office 
X ,X 'X Y y 'V X X X X X X 'X, X X Engineering 

X y Y Y X X X X X X X CAD 
MINI MAINFRAME 

Y X X X X X X Processor & Control Store 
X X X Data Base Subsystems 

X X X X X X X X X 1/0 Subsystems 
X X X X X X X X X Y X Communication Subsystem 
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16-BIT HMOS MICROPROCESSOR 
8086/8086-2/8086-1* 

Direct Addressing Capability 1 MByte • Range of Clock Rates: 
of Memory 5 MHz for 8086, 

Architecture Designed for Powerful 8 MHz for 8086-2, 

Assembly Language and Efficient High 10 MHz for 8086-1 

Level Languages • MUL TIBUS® System Compatible 

14 Word, by 16-Blt Register Set with Interface 

Symmetrical Operations • Available in EXPRESS 

24 Operand Addressing Modes - Standard Temperature Range 
- Extended Temperature Range 

Bit, Byte, Word, and Block Operations 
Available in 40-Lead Cerdlp and Plastic • 8 and 16-Blt Signed and Unsigned Package 

Arithmetic In Binary or Decimal (See Packaging Spec. Order #231369) 

Including Multiply and Divide 

The Intel 8086 high performance 16-bit CPU is available in three clock rates: 5,8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CERDIP 
or plastic package. The 8086 operates in both single processor and multiple processor configurations to 
achieve high performance levels. 
'Changes from the 1985 handbook specification have been made for the 8086·1. See A.C. Characteristics TGVCH and TCLGL. 
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Table 1. Pin Descrlpt,lon 

The following pin function descriptions are for 8086 sYstel11$ in either-:mil1imum or maximum mode. The "Local 
Sus" in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to 
additional bus, buffers). 

Symbol Pin No. Type Name and Function 

AD15-ADo 2-16.39 I/O ADDRESS DATA BUS: These lines constitute the time multiplexed' 
memory 110 address (T 1). and data (T 2. T 3. T W. T 4) bus. Ao is 
analogous to BHE for the lower byte of the data bus, pins D7-DO' It is 
lOW during T 1 when a byte is ,to be transferred on the lower portion 
of the bus in memory or I/O oper'ations. Eight-bit oriented devices tied 
to the lower half would normally use Ao to condition chip select 
functions. (See BHE.) These lines are active HIGH and float to 3-state 
OFF during interrupt acknowledge and local bus "hold acknowledge':'. 

A19/SS. 35-38 0 ADDRESS/STATUS: During T 1 these are the four most significant 
A18/S5. address lines for memory operations. During 110 operations these 
A17/S4. lines are lOW. During memory and 110 operations. status information 

A1e/S3 is available on these lines during T 2, T 3. T w. T 4. The status of, the 
interrupt enable FLAG bit (S5) is updated at the beginning of each' 
elK cycle. A17/S4 and A1e/S3 are encoded as shown. 
This information ,indicates which relocation register is presently being 
used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge." 

A17/S4 A1S/SS Characteristics 

o (lOW) 0 Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
Se isO , 
(lOW) 

BHE/S7 34 0 BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal 
(BHE) should be used to enable data onto the most significant half of 
the data bus. pins D15-D8. Eight-bit oriented devices tied to the upper 
half of the bus would normally use BHE to condition chip select 
functions. BHE is LOW during T 1 for read. write. and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during T 2. 
T 3. and T 4. The signal is active lOW. and floats to 3-state OFF in 
"hold". It is lOW during T 1 for the first interrupt acknowledge cycle. 

BHE Ao Characteristics 

0 0 Whole word 
0 1 Upper byte from/to odd address 
1 0 lower byte from/to even address 
1 1 None 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory of I/O read cycle. depending on the state of the S2 pin. This 
Signal is used,to read devices which reside on the 8086 local bus. RD 
is active lOW during T 2. T 3 and T w of any read cycle. and is 
guaranteed to remain HIGH in T 2 until the 8086 local bus has floated. 
This signal floats to 3-state OFF in "hold acknowledge". 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

READY 22 I READY: is the acknowledgement from the addressed memory or 110 
device that it will complete the data transfer. The READY signal from 
memory/IO is synchronized by the 8284A Clock Generator to form 
READY. This signal is active HIGH. The 8086 READY input is not 
synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located in 
system memory. It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 

TEST 23 I TEST: input is examined by the "Wait" instruction. If the TEST input is 
lOW execution continues, otherwise the processor waits in an "Idle" 
state. This input is synchronized internally during each clock cycle on 
the leading edge of ClK. 

NMI 17 I NON-MASKABLE INTERRUPT: an edge triggered input which causes 
a type 2 interrupt. A subroutine is vectored to via an interrupt vector 
lookup table located in system memory. NMI is not maskable internally 
by software. A transition from lOW to HIGH initiates the interrupt at the 
end of the current instruction. This input is internally synchronized. 

RESET 21 I RESET: causes the processor to imr"!1ediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. It 
restarts execution, as described in the Instruction Set description, when 
RESET returns lOW. RESET is internally synchronized. 

ClK 19 I CLOCK: provides the basic timing for the processor and bus controller. 
It is asymmetric with a33% duty cycle to provide optimized internal 
timing. 

Vee 40 Vee: + 5V power supply pin. 

GND 1,20 GROUND 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 

The fol/owing pin function descriptions are for the 808618288 system in maximum mode {Le., MNIMX = V ssJ. 
Only the pin functions which are unique to maximum mode are described; aI/ other pin functions are as 
described above. . -

82,S1, So 26-28 0 STATUS: active during T 4, T 1, and T 2 and is returned to the passive state 
(1. 1, 1) during T 3 or during T w when READY is HIGH. This status is used 
by the 8288 Bus Controller to generate all memory and I/O access control 
signals. Any change by S2. 51. or So during T 4 is used to indicate the 
beginning of a bus cycle, and the return to the passive state in T 3 or T w is 
used to indicate the end of a bus cycle. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

Si,S1,So 26-28 0 These signals float to 3-state OFF In "hold acknowledge". These status 
(Continued) lines are encoded as shoWn. 

S2 51 10· Characteristics 

o (lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/O Port 
0 1 0 Write I/O Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

RQ/G'To, 30,31 I/O REQUEST/GRANT: pins are used by other local bus masters to force 
RQ/G'T1 the processor to release the local bus at the end of the processor's 

current bus ~e. Eac~n is bidirectional with RQ/GTo having higher 
priority than a/G'i" 1. /G'i" pins have internal pull-up resistors and 
may be left unconnected. The request/grant sequence is as follows 

. (see Figure 9): 
1. A pulse of 1 ClK wide from another local bus master indicates a local 
bus request ("hold") to the 8086 (pulse 1). 
2. During aT 4 or T 1 clock·cycle; a pulse 1 ClK wide from the 8086 to 
·the requesting master (pulse 2), indicates that the 8086 has allowed the 
local bus to float and that it will enter the "hold acknowledge" state at 
the next ClK. TheCPU's bus interface unit is disconnected logically 
from the local bus during "hold acknowledge". 
3. A pulse 1 ClK wide from the requesting master indicates to the 8086 
(pulse 3) that the "hold" request is about to end and that the 8086 can 
reclaim the local bus at the next ClK. .. Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be dne dead ClK cycle after each bus exchange. 
Pulses are active lOW. 
If the request is made while the CPU is performing a memory cycle, it 
will release the local bus during T 4 of the cycle when all the following 
conditions are met: 
1. Request occurs on or before T 2. 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 
4. A locked instruCtion ·is not currently executing. 
If the local bus is idle when the request is made the two possible events 
will follow: 
1. local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 

lOCK 29 0 LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while lOCK is active lOW. The lOCK signal 

. is activated by the "lOCK" prefix instruction and remains active until the 
completion of the next instruction. This signal is active lOW, and floats 
to 3-state OFF in "hold acknowledge". ' 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

QS1, QSo 24,25 0 QUEUE STATUS: The queue status is valid during the CLK cycle after 
which the queue operation is performed. 
QS1 and QSo provide status to allow external tracking of the internal 
8086 instruction queue. 

QS1 QSo Characteristics 

o (LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

The fol/owing pin function descriptions are for the 8086 in minimum mode (Le., MN/MX = Vcd Only the pin 
functions which are unique to minimum mode are described; aI/ other pin functions are as described above. 

MilO 28 0 STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to 
distinguish a memory access from an 1/0 access. MilO becomes valid in 
the T 4 preceding a bus cycle and remains valid until the final T 4 of the cycle 
(M = HIGH, 10 = LOW). MilO floats to 3-state OFF in local bus "hold 
acknewledge" . 

WR 29 0 WRITE: indicates that the precesser is perferming a write memery er write 
1/0 cycle, depending en the state ef the MilO signal. WR is active fer T 2, T 3 
and T w of any write cycle. It is active LOW, and floats to. 3-state OFF in 
lecal bus "held acknowledge". 

INTA 24 0 INTA: is used as a read strebe fer interrupt acknewledge cycles. It is active 
LOW during T 2, T 3 and T w ef each interrupt acknewledge cycle. 

ALE 25 0 ADDRESS LATCH ENABLE: previded by the precessor to latch the 
address into the 8282/8283 address latch. It is a HIGH pulse active during 
T 1 ef any bus cycle. Nete that ALE is never fleated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: needed in minimum system that desires to. 
use an 8286/8287 data bus transceiver. It is used to centrol the directien ef 
data flew through the transceiver. Legically DT IR is ~uivalent to S1 in the 
maximum mode, and its timing is the same as fer MilO. (T = HIGH, R = 
LOW.) This signal fleats to. 3-state OFF in local bus "held acknewledge". 

DEN 26 0 DATA ENABLE: previdedas an eutput enable for the 8286/8287 in a 
minimum system which uses the transceiver. DEN is active LOW during 
each memery and 1/0 access and fer INTA cycles. Fer a read er INTA cycle 
it is active frem the middle ef T 2 until the middle of T 4, while fer a write cycle 
it is active from the beginning of T 2 until the middle ef T 4. DEN floats to 3-
state OFF in lecal bus "held acknewledge". 

HOLD, 31,30 1/0 HOLD: indicates that anether master is requesting a lecal bus "held." To. be 
HLDA acknewledged, HOLD must be active HIGH. The precesser receiving the 

"hold" request will issue HLDA (HIGH) as an acknewledgement in the 
middle ef aT 1 cleck cycle. Simultaneeus with the issuance of HLDA the 
precesser will float the lecal bus and contro.l lines. After HOLD is detected 
as being LOW, the precesser will LOWer the HLDA, and when the 
precessor needs to. run another cycle, it will again drive the lecal bus and 
contro.l lines. 
The same rules as for RQ/GT apply regarding when the local bus will be 
released. 
HOLD is net asynchroneus input. External synchrenization sheuld be 
previded if the system cannot etherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 

General Operation 

The internal functions of the 8086 processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia
gram of Figure 1. 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func
tions related to instruction fetching and queuing, op
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
of instruction pre-fetching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The instruc;tion stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue act,s as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 

The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated oper
and addresses to the BIU. Memory operands are 
passed through the BIU for processing by the EU, 
which passes results·to the BIU for storage. See the 
Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo

. ry is organized as a linear array of up to 1 million 

Memory Segment Register 
Reference Need Used 

bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

All memory references are made relative to base ad
dresses contained iri high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D15-D8) and a low bank (D7-DO) of 512K 8-bit 
bytes addressed in parallel by the processor's ad
dress lines A19-A1. Byte data with even addresses 
is transferred on the D7-DO bus lines while odd ad
dressed byte data (Ao HIGH) is transferred on the 
D15-D8 bus lines. The processor provides two en
able signals, BHE and Ao, to selectively allow read
ing from or writing into either an odd byte location, 
even byte location, or both. The instruction stream is 
fetched from memory as words and is addressed 
internally by the processor to the byte level as nec-
essary. ' 

Segment 
Selection Rule 

Instructions CODE (CS) Automatic with all instruction prefetch. 

Stack STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data DATA (DS) Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data EXTRA (ES) Destination of string operations: explicitly selected using a 
segment override. 
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Figure 3a. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad
dress, respectively. Consequently, in referencing 
word operands performance can be optimized by lo
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro
cessing or task multiplexing. 

RESET BOOTSTRAP 
PROGRAM JUMP 

INTERRUPT POINTER 
FOR TYPE 255 

. . 
INTERRUPT POINTER 

FOR TYPE 1 

INTERRUPT POINTER 
FOR TYPE 0 

FFFFFH 

FFFFOH 

3FFH 

3FCH 

7H 

4H 
3H 

0 H 

231455-4 

Figure 3b. Reserved Memory Locations 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b). locations from 
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address FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial program 
loading routine. Following RESET, the CPU will al
ways begin execution at location FFFFOH where the 
jump must be. locations OOOOOH through 003FFH 
are reserved for interrupt operations. Each of the 
256 possible interrupt types has its service routine 
pointed to by a 4-byte pointer element consisting of 
a 16-bit segment address and a 16-bit offset ad
dress. The pointer elements are assumed to have 
been stored at the respective places in reserved 
memory prior to occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 8086 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Cons~ently, the 8086 is equipped with 
a strap pin (MN/MX) which defines the system con
figuration. The definition of a certain subset of the 
pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
8086 treats pins 24 through 31 in maximum mode. 
An 8288 bus controller interprets status information 
coded into So, S2, S2 to generate bus timing and 
control signals compatible with the MUl TIBUS® ar
chitecture. When the MN/MX pin is strapped to Vee, 
the 8086 generates bus control signals itself on pins 
24 through 31, as shown in parentheses in Figure 2. 
Examples of minimum mode and maximum mode 
systems are shown in Figure 4. 

BUS OPERATION 

The 8086 has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor while permitting the use of a 
standard 40-lead package. This "local bus" can be 
buffered directly and .used throughout the system 
with address latching provided on memory and 110 
modules. In addition, the bus can also be demulti
plexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired 
for the system . 

Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T 1, T 2, T 3 and 
T 4 (see Figure 5). The address is emitted from the 
processor during T 1 and data transfer occurs on the 
bus during T 3 and T 4. T 2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states (T w) are in
serted between T 3 and T 4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
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Figure 4a. Minimum Mode 8086 Typical Configuration 
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Figure 4b. Maximum Mode 8086 Typical Configuration 
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can occur between 8086 bus cycles. These are re
ferred to as "Idle" states (TI) or inactive elK cycles. 
The processor uses these cycles for internal house
keeping. 

During T 1 of any bus cycle the ALE (Address latch 
Enable) Signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- . 
dress and certain status information for the cycle 
may be latched. 

Status bits So, S1, and S2 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 

S2 

o (lOW) 

0 

0 

0 

1 (HIGH) 

1 

1 

1 

S1 

0 

0 

1 

1 

0 

0 

1 

1 

So Characteristics 

0 Interrupt Acknowledge 

1 Read 1/0 

0 Write 1/0 

1 Halt 

0 Instruction Fetch 

1 Read Data from Memory 

0 . Write Data to Memory 

1 Passive (no bus cycle) 

j'----- 14 + NwAiTI "" Tcy.!.· -----I'I~'-----(,. + NWAlT)=: Tcy -----+1'1 
T1 T2 T3 I TwIllT 14 11 T2 13 TWAIT I T .. 

eLk 

AlIDA! 
STATUS 

ADDR/DATA 

AIADY 

DTIii' 

\ 

-----~ ____ D_AT_A_D_UT_'D_"_-D_~ __ __J~-~ 

READY RUDY 

WAlT WAIT 

+-- _IIIIORV AcellS T1ME----+ 

''---_--II 
231455-8 

Figure 5. Basic System Timing 
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Status bits S3 through S7 are multiplexed with high
order address bits and the SHE signal, and are 
therefore valid during T 2 through T 4. S3 and S4 indi
cate which segment register (see Instruction Set de
scription) was used for this bus cycle in forming the 
address, according to the following table: 

S4 S3 Characteristics 

o (lOW) 0 Alternate Data (extra segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 

1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. 
S6 = 0 and S7 is a spare status bit. 

I/O ADDRESSING 

In the 8086, liD operations can address up to a 
maximum of 64K I/O byte registers or 32K liD word 
registers. The liD address appears in the same for
mat as the memory address on bus lines A15-AO. 
The address lines A19-A16 are zero in I/O opera
tions. The variable liD instructions which use regis
ter OX as a pointer have full address capability while 
the direct liD instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the 
liD address space. " 

110 ports are addressed in the same mar-ocr as 
memory locations. Even addressed bytes are trans
ferred on the OrOo bus lines and odd addressed 
bytes on 015-08. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 

External Interface 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8086 
RESET is required to be HIGH for greater than 4 
ClK cycles. The 8086 will terminate operations on 
the high-going edge of RESET and will remain dor
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se
quence for approximately 10 ClK cycles. After this 
interval the 8086 operates normally beginning with 
the instruction in absolute location FFFFOH (see Fig
ure 3b). The details .of this operation are specified in 
the Instruction Set description of t!1e MCS-86 Family 
User's Manual. The RESET input is internally syn
chronized to the processor clock. At initialization the 
HIGH-to-lOW transition of RESET must occur no 
sooner than 50 p.s after power-up, to allow complete 
initialization of the 8086. 
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NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-8tate OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlOA are driven low. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro
gram location. A 256-element table containing ad
dress pOinters to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type". An interrupting 
device supplies an 8-bit type number, during the in
terrupt, acknowledge sequence, which is used, to 
"vector" through the appropriate element to the new 
interrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 

NMI is required to have a duration in the HIGH state 
of greater than two ClK cycles, but is not required to 
be synchronized to the clock. Any high-going tran
sition of NMI is latched on-chip and will be serviced 
at the end of the current instruction or between 
whole moves of a block-type instruction. Worst case 
response to NMI would be for multiply, divide, and 
variable shift instructions .. There is no specification 
on the occurrence of the low-going edge; it may oc
cur before, during, or after the servicing Of NMI. An
other high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The sig
nal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid trig
gering extraneous responses. 
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MASKABLE NTERRUPT (INTR) 

The 8086 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block
type instruction. During the interrupt response se
quence further interrupts are disabled. The .enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc
essor prior to the interrupt. Until the old FLAGS reg
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 6) the proc
essor executes two successive (back-to-back) inter
rupt acknowledge cycles. The 8086 emits the LOCK 
signal from T 2 of the first bus cycle until T 2 of the 
second. A local bus "hold" request will not be hon
ored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 8259A PIC) which identifies 
the source (type) of the interrupt. This byte is multi
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE
TURN instruction includes a FLAGS pop which re
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 

HALT 

. When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig
nals. In maximum mode, the processor issues ap
propriate HALT status on 52, 51, and So; and the 
8288 bus controller issues one ALE. The 8086 will 
not leave the "HALT" state when a local bus "hold" 
is entered while in "HALT". In this case, the proces
sor reissues the HALT indicator. An interrupt request 
or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruc
tion. This provides the processor with the capability 
of performing read/modify/write operations on 
memory (via the Exchange Register With Memory 
instruction, for example) without the possibility of an
other system bus master receiving intervening mem
ory cycles. This is useful in multi-processor system 
configurations to accomplish "test and set lock" op
erations. The LOCK signal is activated (forced LOW) 
in the clock cycle following the one in which the soft
ware "LOCK" prefix instruction is decoded by the 
EU. It is deactivated at the end of the last bus cycle 
of the instruction following the "LOCK" prefix in
struction. While LOCK is active a request on a RQ/ 
GT pin will be recorded and then honored at the end 
of the LOCK. 

I T, T, T, I T. I T, I T, t, T, 

ALEJl~---.{(n __ 
LOCK 

INTA 

\ J J 
( { 

/ 
fi \ ~ 

\ I I 
I r 

Figure 6. Interrupt Acknowledge Sequence 

2-11 

\ 
TYPE VECTOR t--

231455-9 



8086 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the'interrupts and general 110 
capabilities, the 8086 provides a single software
testable input known 'as the 'i'ES'f signal. At any time 
the program fay execute a WAIT instruction. If at 
that tim~ the EST signal is inactive (HIGH), pro
gram execution becomes suspended while the proc
essor waits for fEST to become active. It must 
remain active for at least 5 elK cycles. The WAIT 
instruction' is re-executed, repeatedly until that time. 
This activity doeS not consume bus cycles. The 
processor remains in an idle state while waiting. All 
8086 drivers go to 3-state OFF if bus "Hold!' is en
tered. If interrupts are enabled, they may occur while 
the processor is waiting. When this occurs the proc
essor fetches, the WAIT instruction one extra time, 
processes the interrupt, and then 're-fetches and re
executes the WAIT instruction upon returning from 
the interrupt. 

Basic System Timing 

Typical system configurations for the processor op
erating in minimum mode and in maximum mode are 
shQwn in, Figures 4a and 4b, respectively. In mini
mum mode, the MN/MX pin.is strapped to Vee and 
the processor ,emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod
ed status information which the 8288 bus controller 
uses to generate MUl TIBUS compatible bus control 
signals. Figure 5 illustrates the signal timing relation
ships. 

,AX AH AL ACCUMULATOR 

BX BH BL BASE 

CX CH CL COUNT 

DX DH DL DATA 

rl~ STACK POINTER 

, BP BASE POINTER 

SI SOURCE INDEX 

DI DESTINATION INDEX 

, 

I IP I INSTRUCTION POINTER 

FLAGSH I FLAGSL STATUS FLAGS 

CS CODE SEGMENT 

DS DATA SEGMENT 

- SS STACK SEGMENT 

, ES EXTRA SEGMENT 

231455-10 

Figure 7. 8086 Register Model 
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SYSTEM TIMING-MINIMUM SYSTEM 

The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (Iow
going) edge of this signal is used to latch the ad
dress information, which is valid on the local bus at 
this time, into the address latch. The BHE and Ao 
signals address the low, high, or both bytes. From T 1 
to T 4 the MilO signal indicates a memory or 1/0 
operation. At T 2 the address is removed from the 
local bus and the bus goes to a high impedance 
state. The read control signal is also asserted at T 2. 
The read (RD) signal causes the addressed device 
to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus ·and 
the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to 
a HIGH level, the addressed device will again 3-
state its bus drivers. If a transceiver is required 'to 
buffer the 8086 local bus, signals DT /A and DEN 
are provided by the 8086. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The MilO signal is 
again asserted to indicate a memory or 110 write 
operation. In the T 2 immediately following the ad
dress emission the' processor emits the data to be 
written into the addressed location. This data re
mains valid until the 'middle of T4. During T 2, T 3, and 
T w the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T 2 as opposed to the read which is delayed 
somewhat into T 2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop
er byte(s) of the memoryllO word to be read or writ
ten according to the following table: 

BHE AO Characteristics 

0 0 Whole word 
0 1 Upper byte from/to 

odd address 
1 0 lower byte from/to 

even address 
1 1 None 

110 ports are addressed in the same manner as 
memory location. Even addressed bytes are trans
ferred on the 07-00 bus lines and odd addressed 
bytes on 015-08. 

The basic difference between the interrupt acknowl
edge cycle and a read ~cle is that the interrupt ac
knowl~e signal (I NT A) is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 6.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
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lines 07-00 as supplied by the inerrupt system logic 
~i.e., .~259A Priority Interrupt Controller). This byte 
Identifies the source (type) of the interrupt. It is multi
plied by four and used as a pointer into an interrupt 
vector lookup table, as described earlier. 

BUS TIMING-MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con
nected to Vss and the 8288 Bus Controller is added 
to the system as well as a latch for latching the sys
tem address, and a transceiver to allow for bus load
ing greater than the 8086 is capable of handling. 
Signals ALE, DEN, and DT iF! are generated by the 
8288 instead of the processor in this configuration 
although their timing remains relatively. the same. 
The 8086 status outputs (52, 51, and So) provide 
type-of-cycle information and become 8288 inputs. 
This bus cycle information specifies read (code, 
data, or 1/0), write (data or 1/0), interrupt 
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acknowledge, or software halt. The 8288 thus issues 
control Signals specifying memory read or write, 1/0 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence data isn't valid at the 
leading edge of write. The transceiver receives the 
usual DIR and G inputs from the 8288's DT iF! and 
DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8259A Priority Interrupt 
Controller is positioned on the local bus, a TTL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl
edge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... -65·C to + 150·C 

Voltage on Any Pin with 
Respect to Ground .............. -1.0V to + 7V 

Power Dissipation .......................... 2.5W 

"Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex~ 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS (8086: TA = 0·Ct070·C. Vee = 5V ±10%) 
(8086-1: TA = 0·Ct070·C. Vee = 5V ±5%) 
(8086-2:TA = 0·Ct070·C. Vee = 5V ±5%) 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 V 

VIH . Input High Voltage. 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOl = 2.5mA 

VOH Output High Voltage 2.4 V IOH = - 400 p.A 

Icc Power Supply Current: 8086 340 
8086-1 360 mA TA = 25·C 
8086-2 350 

III Input Leakage Current ±10 IJ-A OV::;; VIN::;; Vee 

ILO Output Leakage Current ±10 IJ-A 0.45V ::;; VOUT ::;; Vee 

Vel Clock Input Low Voltage -0.5 +0.6 V 

VeH Clock Input High Voltage 3.9 Vee + 1.0 V 

CIN Capacitance of Input Buffer 15 pF fc = 1 MHz 
(All input except 
ADo-AD15. RQ/GT) 

CIO Capacitance of I/O Buffer 15 pF fc = 1 MHz 
(ADo-AD15. RQ/GT) 

NOTES: 
1. VIL tested with MN/MX Pin = OV. 
2. VIH tested with MN/MX Pin = 5V. 

MN/MX Pin is a Strap Pin. 

2-14 
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A.C. CHARACTERISTICS (8086: TA = 0·Cto70·C, Vee = 5V ± 10%) 
(8086-1: TA = O·C to 70·C, Vee = 5V ± 5%) 
(8086-2: TA = O·Cto 70·C, Vee = 5V ± 5%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

Symbol Parameter 
8086 8086·1 8086·2 

Min Max Min Max Min Max 

TClCl ClK Cycle Period 200 500 100 500 125 500 

TClCH ClKlowTime 118 53 68 

TCHCl ClK High Time 69 39 44 

TCH1CH2 ClK Rise Time 10 10 10 

TCl2Cl1 ClKFaliTime 10 10 10 

TDVCl Data in Setup Time 30 5 20 

TClDX Data in Hold Time 10 10 10 

TR1VCl ROY Setup Time 35 35 35 
into 8284A (See 
Notes 1, 2) 

TClR1X ROY Hold Time 0 0 0 
into 8284A (See 
Notes 1, 2) 

TRYHCH READY Setup 118 53 68 
Time into 8086 

TCHRYX READY Hold Time 30 20 20 
into 8086 

TRYlCl READY Inactive to -8 -10 -8 
ClK (See Note 3) 

THVCH HOLD Setup Time 35 20 20 

TINVCH INTR, NMI, TEST 30 15 15 
Setup Time (See 
Note 2) 

TILIH Input Rise Time 20 20 20 
(Except ClK) 

TIHll Input Fall Time 12 12 12 
(Except ClK) 
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Units Test Conditions 

ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 
8086 8086·1 8086·2 

Units Test 

Min Max Min Max Min Max Conditions 

TCLAV . AddreSs Valid Delay 10 110 10 50 10 60 ns 

TCLAX Address Hold Time 10 10 10 ns 

TCLAZ Address Float TCLAX 80 10 40 TCLAX 50 ns 
Delay 

TLHLL ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns 

TCLLH ALE Active Delay 80 40 50 ns 

TCHLL ALE Inactive Delay 85 45 55 ns 

TLLAX Address Hold Time TCHCL-10 TCHCL-10 TCHCL-10 ns 

TCLDV Data Valid Delay 10 110 10 50 10 60 ns ·Cl = 20-100 pF 

TCHDX Data Hold Time 10 10 10 
for all 8086 

ns Outputs (In 
TWHDX Data Hold Time TCLCH-30 TCLCH-25 TCLCH-30 ns addition to 8086 

AfterWR selfload) 

TCVCTV Control Active 10 110 10 50 10 70 ns 
Delay 1 

TCHCTV Control Active 10 110 10 45 10 60 ns 
Delay 2 

TCVCTX Control Inactive 10 110 10 50 10 70 ns 
Delay 

TAZRL Address Float to 0 0 0 ns 
READ Active 

TCLRL RD Active Delay 10 165 10 70 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 60 10 80 ns 

TRHAV RD Inactive to Next TCLCL-45 TCLCL-35 TCLCL-40 ns 
Address Active 

TCLHAV HLDA Valid Delay 10 160 10 60 10 100 ns 

TRLRH RDWidth 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns 

TWLWH WRWidth 2TCLCL-60 2TCLCL-35 2TCLCL-40 ns 

TAVAL Address Valid to TCLCH-60 TCLCH-35 TCLCH-40 ns 
ALE Low 

TOLOH Output Rise Time 20 20 20 ns From 0.8V to 2.0V 

TOHOL Output Fall Time 12 12 12 ns From 2.0V to O.SV 

NOTES: 
1. Signal at 8284A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T2 state. (8 ns into T3l. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

231455-11 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 1.5V for both 
a Logic "I" and "0". 

WAVEFORMS 

MINIMUM MODE 

T, 

VCHv---\ 
-TCLCL-,......... 

vic If-:.::; TCHCTV 

ClK (12II4A Ou""'Q 

MIlO 

8086 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

!JCL=I00 PF 
TEST 

231455-12 

CL Includes Jig capacitance 

T, T, Tw T. 

OH=lr~ ~n-
TCHCl _TCLCH_ 

TCLAV- I- - TCLDV +-
TCHDX - ;t 

ALE 

ROY {12II4A InpuQ 
SEE NOTE 4 

READY (1OIIInpul) 

ADtO-ADo 

TCLLH ..... 

, 
I 

TCLAV-

TClAX -=-
~ 

iRI:, A1, .. A11 57-53 

-' TLH~L-:::: _TLLAX r--
_ TAtL _ /~---
TCHLL-I -

=k 
-TR1VCL 

V,H-

'*' 
VIL-

I---fCLR1X 

TRYLCL- -- h 

1 
- -lCHRYX 

- TAVAL I- -TRYH~H 
TLLAX_ t-

I- - ~~t!i TDVCL-!-TCLDX-

A15-ADo DATA IN 

-H FLO:~'-
TAZRL- TCLAH- - r-TRHAV 

""--
READ CYCLE 

(NOTE 1) 

(ft, I'm • VOH) DTiR 

-=~TCHCTV TCLRL f TRLRH l., I-TCHCTV 

I f 
TCVCW- f TCVCTX - I 

231455-13 
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WAVEFORMS (Continued) 

MINIMUM MODE (Continued) 

CLK (8284A Output) 

Mlill 

ALE 

AD,,-ADo 

WRITE CYCLE 

(NOTE 1) DEN 
(iiii 1m, 
DTiiI=vOH) 

WR 

AD,..ADo 

INTA CYCLE DTIR 

(NOTES 1 '3) 

Iili, WII-VOH 
IIRE-VoLl 

iNrA 

DEN 

SOFTWARE HALT-
RD, WR, INTA = VOH 
DT/R = INDETERMINATE 

NOTES: 

TCLAV 

8086 

TCLAZ 

FLOAT 

TCHCTV 

TCVCTV-

INVALID ADDR'ESS 

1. All signals switch between VOH and VOL unless otherwise specified. 

SOFTwARE HALT 

2. RDY is sampled near the end of T 2, T 3, T W to determine if T W machines states are to be inserted. 

231455-14 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 
4. Signals at 8284A are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 
8086 8086-1 

Min Max Min Max 

TClCl ClK Cycle Period 200 500 100 500 

TClCH ClKlowTime 118 53 

TCHCl ClK High Time 69 39 

TCH1CH2 ClK Rise Time 10 10 

TCl2Cl1 ClKFaliTime 10 10 

TDVCl Data in Setup Time 30 5 

TClDX Data in Hold Time 10 10 

TR1VCl ROY Setup Time 35 35 
into 8284A 
(Notes 1, 2) 

TClR1X ROY Hold Time 0 0 
into 8284A 
(Notes 1, 2) 

TRYHCH READY Setup 118 53 
Time into 8086 

TCHRYX READY Hold Time 30 20 
into 8086 

TRYlCl READY Inactive to -8 -10 
ClK (Note 4) 

TINVCH Setup Time for 30 15 
Recognition (INTR, 
NMI, TEST) 
(Note 2) 

TGVCH RQ/GT Setup Time 30 15 
(Note 5) 

TCHGX RQ Hold Time into 40 20 
8086 

TILIH Input Rise Time 20 20 
(Except ClK) 

TIHll Input Fall Time 12 12 
(Except ClK) 
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8086-2 
Units Test 

Min Max Conditions 

125 500 ns 

68 ns 

44 ns 

10 ns From 1.0V to 3.5V 

10 ns From 3.5V to 1.0V 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 
, 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 8086 8086-1 8086-2 Units Test 
Min Max Min Max 'Min Max Conditions 

TCLML Command Active 10 35 10 35 10 35 ns 
Delay (See Note 1), 

TCLMH Command Inactive 10 35 10 35 10 35 ns 
Delay (See Note 1) 

TRYHSH READY Active to 110 45 65 ns 
, ~tatus Passive (See 
" Note 3) 

TCHSV Status Active Delay 10 110 10 45 10 60 ns 

TCLSH Status Inactive, 10 130 10 55 10 70 ns 
Delay 

TCLAV Address Valid Delay 10 110 10 50 10 60 ns 

TCLAX Address Hold Time 10 ' 10 10 ns 

TCLAZ Address Float Delay TCLAX 80 10 40 TCLAX 50 ns 

TSVLH Status Valid to ALE 15 15 15 ns 
High (See Note 1) 

TSVMCH Status Valid to 15 15 15 ns 
MCE High (See 
Note 1) 

TCLLH CLK Low to ALE 15 15 15 ns CL = 20-100 pF 
Valid (S~ Note 1) for all 8086 

TCLMCH CLK Low to MCE 15 15 15 ns 
Outputs (In 
addition to 8086 

High (See Note 1) self-load) 
TCHLL ALE Inactive Delay 15 15 15 ns 

(See Note 1) 

TCLMCL MCE Inactive Delay 15 15 15, ns 
(See Note 1) 

TCLDV Data'Valid Delay 10 110 10 50 10 60 ns 

TCHDX Data Hold Time, 10 10 10 ns 

TCVNV Control Active 5 45 5 45 5 45 ns 
Delay (See Note 1) 

, TCVNX Control Inactive 10 45 10 45 10 45 ns 
Delay (See Note 1) 

TAZRL Address Float to 0 0 0 ns 
READ Active 

TCLRL RD Active Delay 10 165 10 70 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 60 10 80 ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES (Continued) 

Symbol Parameter 
8086 8086-1 8086-2 

Units Test 

Min Max Min Max Min Max Conditions 

TRHAV RD Inactive to Next TCLCL-45 TCLCL-35 TCLCL-40 ns 
Address Active 

TCHDTL Direction Control 50 50 50 ns Cl = 20-100 pF 
Active Delay , for all 8086 
(Note 1) Outputs (In 

TCHDTH Direction Control 30 30 30 
additjon to 8086 

ns self-load) 
Inactive Delay 
(Note 1) 

TCLGL GT Active Delay 0 85 0 38 0 50 ns 
(Note 5) 

TCLGH GT Inactive Delay 0 85 0 45 0 50 ns t 

TRLRH RDWidth 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns 

TOLOH Output Rise Time 20 20 20 ns From 0.8V to 2.0V 

TOHOL Output Fall Time 12 12 12 ns From 2.0V to 0.8V 

NOTES: 
1. Signal at 8284A or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8 ns into T3l. 
5. Change from 1985 Handbook. 
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WAVEFORMS 

MAXIMUM MODE 

CLK 

1i.'It." CEXCEPT HALT) 

1 
ALE CUll OUTPUT) 

III NOTE I 

RDY CIIMA INPUT) 

---I 
READ CYCLE 

iiii 

1 
DTIII 

- OUTPUTS MlII!e OR RIIIll 
IIINOTEI,. 

DEN 

8086 

TCYNX 

231455-15 
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WAVEFORMS (Continued) 

MAXIMUM MODE (Continued) 

CLK 

1Ii.Ii.1Iii (EXCE.T HALT) 

WRITE CYCLE 

AlIt.· ..... 

DEN 

8_""""", 

SEE NOTES I.e iiiWC OR .ii'OiiC 

INTACYCLE 

AIIt.·A!Io 
CSEE NOTES 3' 4) 

... 0U1PU1S 

MCEI 

IImiI 

DTII 

SEE NOTES s.e tNTA 

DEN 

8086 

T, T. T. T. 

INVALID ADDRESS 

TeLAV 

~ /'r------------------T,-------
'------" ',,------

NOTES: 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T 2, T 3, T w to determine if T w machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 

231455-16 

4. Two INTA cycles run back·to·back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 
5. Signals at 8284A or 8288 are shown for reference only. 
6. The issuance of the 8288 command and control signals (MRDe, MWTC, AMWC, TORC, rowe, AIOWC, lNiA and DEN) 
lags the active high 8288 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T 4. 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

ClK 

231455-17 

NMI 

1·,·< INTR 

TEsT 

NOTE: 
1. Setup requirements for asynchronous signals only to guarantee recognition at next eLK. 

BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
ONLY)· . RESET TIMING 

I_ i:50J,.IHC-----.! 

VCC 
Clk 

_~I-
lOCK \. 

'--_____ --J 

ClK 

RESET 

231455-18 :.4 ClK CYCLES 

231455-19 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

231455':20 

NOTE: 
The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

elk 

1~ 
HOlO,J-

TCLHAV 

HlDA 

'~-lb~ 
1-_____ IOI8 __ ~',~"- COPR~I-ESSO_R ____ ....I 

231455-21 
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Mnemonic and 
Description 

DATA TRANSFER 

MOV = Move: 

Register/Memory to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulat"r 

Accumulator to Memory 

Register/Memory to Segment Register 

Segment Register to Register/Memory 

PUSH = Push: 

Register/Memory 

Register 

Segment Register 

POP,:, Pop: 

Register/Memory 

Register 

Segment Register 

XCHG = Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF ;= Load AH with Flags 

SAHF =, Store AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

Mnemonics @ Intel, 1978 

8086 

Table 2. Instruction Set SummarY 

I Instruction Code 

76543210 76543210 76543210 76543210 

100010dw mod reg rIm 

1100011w modOOOr/m data dataifw = 1 

1011wreg data dataifw = 1 

10100,00w addr-Iow addr-high 

1010001w addr-Iow addr-high 

10001110 mod 0 reg rIm 

10001100 mod 0 reg rIm 

11111111 mod 110 rIm 

01010reg 

000reg110 

10001111 modOOO rIm 

01011reg 

000reg111 

1000011w mod reg rIm 

10010reg 

1110010w port 

1110110w 

1110011w port 

1110111w 

11010111 

10001101 mod reg rIm 

11000101 mod reg rIm 

11000100 mod reg rIm 

10011111 

10011110 

10011100 

10011101 
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Table 2. InstructIon Set Summary (Continued) 
Mnemonic and I Instruction Code 

Dncrlptlon 

ARITHMETIC 78543210 76543210 76543210 76543210 

ADD = Add: 

·Reg.lMemory with Register to Either OOOOOOdw mod reg r/m 

Immediate to Register/Memory 100000sw modOOOr/m data dataHs:w = 01 

Immediate to Accumulator 00OOO10w data dataifw = 1 

ADC = Add with Carry: 

Reg.lMemory with Register to Either 0OO100dw mod reg r/m 

Immediate to Register/Memory 100000sw modOl0r/m data dataHs:w = 01 

Immediate to Accumulator 0001010w data datalfw=1 

INC = Increment: 

Register/Memory lllllllw modOOOr/m 

Register 01000reg 

AAA = ASCII Adjust for Add 00110111 

BAA = Decimal Adjust for Add 00100111 

SUB = Subtract: 

Reg.lMemory and Register to Either 001010dw modregr/m 

Immediate from Register/Memory 100000sw mod 101 rIm data datalfsw - 01 

Immediate from Accumulator 0010110w data data ifw = 1 

SSB = Subtract with Borrow 

Reg.lMemory and Register to Either 000110dw mod reg r/m 

Immediate from Register/Memory 100000sw mod·O 11 rIm data data if sw = 01 

Immediate from Accumulator 000111 w data data ifw = 1 

DEC = Decrement: 

Register/memory l111111w modO 0 1 rIm 

Register 01001 reg 

NEG = Change sign 1111011w modO 11 rIm 

CMP = Compare: 

Register/Memory and Register 001110dw mod reg r/m 

Immediate with Register/Memory 100000sw mod 111 rIm data data if sw = 01 

Immediate with Accumulator 0011110w data dataifw = 1 

AAS = ASCII Adjust for Subtract 00111111 

DAS = Decimal Adjust for Subtract 00101111 

MUL = Multiply (Unsigned) 1111011 w mod 1 OOr/m 

IMUL = Integer Multiply (Signed) 1111011w mod 1 01 rIm 

AAM = ASCII Adjust for Multiply 110101'00 00001010 

DIY = Divide (Unsigned) 1111011w mod 11 Or/m 

IDlY = Integer Divide (Signed) 1111011 w mod 111 rIm 

AAD = ASCII Adjust for Divide 11010101 00001010 

CBW = Convert Byte to Word 10011000 

CWD = Convert Word to Double Word 10011001 

Mnemonics @ Intel, 1978 
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Table 2.1~8tructlon Set.Summary (Continued)' 
, Mnemonic and L Instruction Code , Deacrlptlon 

i.OGIC, • 76543210 76543210 76543210 76543210 

NOT = Invert 1111011 w modO 1 o rIm 

SHUSAL = Shift Loglcall Arithmetic Left 110100v,w modi OOr/m 

SIft = Shift Logical Right 110,100vw mod 1 01 rIm 

BAR = Shift Arithmetic Right 110100vw modlll rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate Right 110100vw modOO l,r/m 

'RCL = Rotaje Through Carry Flag Left 110100vw mod010r/m 

RCR = Rotate Through Carry Right 110100vw modO 11 rIm 

AND = And: 

'Reg.lMemory and Register to Either 001000dw modregr/m 

Immediate to Register/Memory 1000000w modi OOr/m' data dataifw = 1 

Immediate to Accumulator 0010010w data dataHw= 1 

TEST = And Function to Flags, No Result 

Register/Memory and Register 1000010w mod r!!l! r/m 

Immediate Data and Register/Memory 1111011 w modOOOr/m data dataifw = ) 

Immediate Data and Accumulator 1010100w data dataHw= 1 

OR = Or: 

Reg.lMemory and Register to Either 000010dw mod reg r/m 

Immediate to Register/Memory 1000000w modOOlr/m data dataifw = 1 

Immediate to Accumulator 0000110w data dataifw= 1 

XOR = Excluaive or: 

Reg.lMemory and Register to Either 001100dw mod reg r/m 

Immediate to Register/Memory 1000000w modl10r/m data dataifw = 1 

Immediate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111 DOh 

MOYS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111 w 

LODS = Load Byte/Wd to ALI AX 1010110w 

STOS = Stor Byte/Wd from ALI A 1010101w 

CONTROL TRANSFER 

'CALL = Calt 

Dirac! within Segment 11101000 disp-Iow disp-high 

Indirect within Segment 11111111 mod010r/m 

Direct Intersegment ,10011010 offset-low offset-high 

sag-lOW seg-hlgh 

Indirac! Intersegment 11111111 modOll rIm 

Mnemonics @) Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 

Mnemonic: and 
De8crlptlon 

JMP = Unconditional Jump: 

Direct within Segment 

Direct within Segment-Shorl 

Indirect within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 

Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JUJNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on BelowlNot Above 
or Equal 

JBElJNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Panty/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNEI JNZ = Jump on Not Equal/Not Zero 

JNUJGE = Jump on Not Less/Greater 
or Equal 

JNLEI JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Belowl Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/ Above 

JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop ex Times 

LOOPZlLooPE = Loop While Zero/Equal 

LooPNZ/LooPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on ex Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Retum 

I Inlltruc:tlon Coda 

76543210 76543210 76543210 

11101001 dlsp-Iow disp-high 

11101011 dlsp 

11111111 mod 1 OOr/m 

11101010 offset-low offset-high 

seg-Iow . seg-high 

11111111 mod 1 01 rIm 

11000011 

11000010 data-low data-high 

11001011 

11001010 data-low data-high 

01110100 disp 

01111100 disp 

01111110 disp 

01110010 disp 

01110110 disp 

01111010 disp 

01110000 disp 

01111000 dlsp 

01110101 qisp 

01111101 disp 

01111111 disp 

01110011 disp 

01110111 disp 

01111011 disp 

01110001 disp 

01111001 disp 

11100010 dlsp 

11100001 disp 

11100000 disp 

11100011 disp 

11001101 type 

11001100 

11001110 

11001111 
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Table 2. Instruction Set Summary (Continued) 

Mnemonic end 
DellCl'lption 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Watt 

ESC = Escape (to External Device) 

LOCK = Bus lock Prefix 

NOTES: 
Al = 8-bit accumulator 
AX = 16-bit accumulator 
ex = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value 
Greater = more positive; 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010' 

11111011 

11110100 

10011011 

11011xxx 

11110000 

Less = less positive (more negative) signed values' 
~ d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rim is treated as a REG field 
if mod = 00 then DISP = 0', disp-Iow and disp-high are 

absent 
~ mod = 01 then DI5P = disp-Iow sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high; disp-Iow 
if rim = 000 then EA = (BX) + (51) + DISP 
if rim = 001 then EA = (BX) + (DI) + DISP 
if rim = 010 then EA = (BP) + (51) + DISP 
if rim = 011 then EA = (BP) + (DI) + DISP 
if rim = 100 then EA = (51) + DI5P 
if rim = 101 then EA = (DI) + DISP 
if rim = 110 then EA = (BP) + DISP' 
if r/m= 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re

quired) 
'except if mod = 00 and rim = 110 then EA = disp-high; 

disp-Iow. 

Mnemonics @ Intel, 1978 

Instruction Code 

76543210 

modxxxr/m 

if s w = 01 then 16 bits of immediate data form the oper
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if v F= 0 then "count" = 1; if v = 1 then "count" in (Cl) , 
x = don't care 
z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

I 001reg110 I 
REG is assigned according to the following table: 

2-30 

16·Blt (w = 1) 8·Blt(w = 0) Segment 

000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

Instructions which reference the flag register file as a 16-M 
object use the symbol FLAGS to represent the file: 
FLAGS = X:X:X:X:(OF):(DF):(lF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 
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80C86A 

16-BIT CHMOS MI'CROPROCESSOR 
• Pln-for-Pln and Functlonaily Compatible 

to Industry Standard HMOS 8086 

• Fully Static Design with Frequency 
, Range from D.C. to: 
- 8 MHz for 80C86A-2 

• Low Power Operation 
- Operating Icc =' 10 mAIM Hz 
- Sfandby Iccs = 500 ,..,A max 

• Bus-Hold Circuitry, Eliminates Pull-Up 
Resistors 

• Direct Addressing Capability of 
1 MByte of Mem~ry 

• Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

• 24 Operand Addressing Modes 

• Byte, Word and Block Operations 

• 8 and 16-Blt Signed and Unsigned 
Arithmetic 
- Binary or Decimal 
- Multiply and Divide 

• Available In 40-Lead Plastic DIP 

The Intel 80C86A is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. 
The 80C86A available in 8 MHz clock rates, offers two modes of operation: MINimum for small systems and 
MAXimum for larger application,S such as multiprocessing. It is available in 40-pin DIP package. 

IDCUTtON UNIT _INTIIFACE UNIT 

cue RElET READY __ ata 
Vee 

Figure 1. 80C86A 
CPU Block Diagram 

240029-1 

2-31 

AD,a 3 

AD12 

11011 

IMX 
IIOOE 

Vee 
AD15 

AD11183 

iHEJS7 --iiii 
iiiilGTiiCHOLDI 
iiiiIG"CHLDAI 

It toCii cWRl 
clIIiO) 

ii CDT';;) 

iii ciiiii) 
CALE) 

CINTA) 

Figure 2. 8OC86A 
4G-Lead DIP Configuration 

240029-2 

October 1987 
Order Number: 24002Il-001 
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Table 1. Pin Description 
. , 

The following pin function descriptions are for 80C86AA systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multiplexed bus. interface connection to the 80C86A (without 
regard to additional bus buffers). . 

Symbol Pin No. Type Name and Function 

AD15-ADo 2-16,39 I/O ADDRESS DATA BUS: These lines constitute the time multiplexed 
memory /10 address (T 1) and data (T 2, T 3, T w, T 4) bus. Ao is 
analogous to SHE for the lower byte of the data bus, pins 07-00. It 
is lOW during T1 when a byte is to t?e transferred on the lower, 
portion of the bus in memory or I/O operations. Eight-bit oriented 
devices tied to the lower half would normally use Ao to condition 
chip select functions. (See SHE.) These lines are active HIGH and 
float to 3-state OFF(1) during interrupt acknowledge and local bus 
"hold acknowledge." 

A19/SS, 35-38 0 ADDRESS/STATUS: During T1 these are the four most significant 
A18/S5, address lines for memory operation~. During I/O operations 
A17/S4, these lines are lOW. During memory and I/O operations, 
A1S/S3 status information is available on these lines during T 2, T 3, T w, 

and T 4. The'status of the interrupt enable FLAG bit (S5) is updated 
at the beginning of each ClK cycle. A17/S4 and A1S/S3 are 
encoded as shown. 

This information indicates which relocation register is presently 
being used for data accessing. 

These lines float to 3-state OFF(1) during local bus "hold 
acknowledge. " 

A17/S4 A16/S3 Characteristics 

o (lOW) 0 Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
SeisO 
(lOW) 

SHE/S7 34 0 BUS HIGH ENABLE/STATUS: During T 1 the bus high enable signal 
(SHE) should be used to enable data onto the most significant half 
of the data bus, pins 015-08. Eight-bit oriented devices tied to the 
upper half of the bus would normally use SHE to condition chip 
select functions. SHE is lOW during T 1 for read, write, and interrupt 
acknowledge cycles when a byte is to be transferred on the high 
portion of the bus. The S7 status information is available during T 2, 
T 3, and T 4. The signal is active lOW, and floats to 3-state OFF(1) in 
"hold." It is lOW during T 1 for th~ first interrupt acknowledge cycle. 

BHE Ao Characteristics 

0 0 Whole word 
0 1 Upper byte from/ 

to odd address 
1 0 lower byte from/ 

to even address 
1 1 None 

2-32 



inter 80C86A 

Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory of 1/0 read cycle, depending on the state of the S2 pin. 
This signal is used to read devices which reside on the 80C86A 
local bus. RD ,is active LOW during T 2, T 3 and T W of any read cycle, 
and is guaranteed to remain HIGH in T 2 until the 80C86A local bus 
has floated. 

This floats to 3-state OFF in "hold acknowledge." 

READY 22 I READY: is the acknowledgement from the addressed memory or 
1/0 device that it will complete the data transfer. The READY signal 
from memoryllO is synchronized by the 82C84A Clock Generator 
to form READY. This signal is active HIGH. The 80C86A READY 
input is not synchronized. Correct operation is not guaranteed if the 
setup and hold times are not met. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This Signal is active HIGH. 

TEST 23 I ,TEST: input is examined by the "Wait" instruction. If the 'i'ES'I' input 
is LOW execution continues, otherwise the processor waits in an 
"Idle" state. This input is synchronized internally during each clock 
cycle on the leading edge of CLK. 

NMI 17 I NON-MASKABLE INTERRUPT: an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns LOW. RESET is internally 
synchronized. 

CLK 19 I ' CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: + 5V power supply pin. 

GND 1,20 GROUND: Both must be connected. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1. Pin Description (Continued) 
The fol/owing' pin functiolJ descriptions "are for the 80C86A/82C88 system in maximum mode (i.e., 
MNIMX= Vss}. Only the pin functions which are unique to maximum mode are deSCribed; aI/ other pin func
tions are as described above. 

Symbol Pin No. ' ',Typ8 Name and Function 

"S2,S1.50 26-28 0 STA:rUS: active during T 4. T 1. and T 2 and is returned to the passive 
state (1.1.1) duringT3 or during Twwhen READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and I/O access control signals. Any change by 52. S1. So during T 4 
is used to indicate the beginning of a bus cycle. and the return to the 
passive state in T 3 or T w is used to indicate the end of a bus cycle. 
These signals float to 3-state OFF(1) in ','hold acknowledge." These 

, ' status lines are encoded as shown. 

S2 S1 So Characteristics 

o (LOW) 0 0 Interrupt 
Acknowledge 

O. , 0 1 Read I/O Port 
0 1 ,0 Write I/O Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

'ml/~o 3~.31 ! I/O REQUEST IGRANT: pins are used by other local bus masters to 
ROIGT/' ' " force the processor to release the local bus at the end of the . processor's current bus cycle. Each pin is bidirectional with RQ/GT 0 

having higher priority than RQ/GT 1. RQ/GT has an internal pull-up 
resisto~,so may be left unconnected. The request! grant sequence is 
as follows (sel" timing diagram): 
1. A pulse of 1 ClK wide from another local bus master indicates a 

, local bus request ("hold") to the 80C86A (pulse 1). 
2. During a T 4 Of T 1 clock cycle, a pulse 1 'ClK wide from the 
80C86A to the requesting master (pulse 2). indicates that the 
80C86A has allowl"d the, local bus to float and that it will enter the 

" "hold acknowledge" state at the next ClK. The CPU's bus interface 

" 
unit is disconl')ected logically from the local bus during "hold 
acknowledge." 
3. A pulse 1 ClK wide from the requesting master indicates to the 
80C86A (pulse 3) that the "hold" request is about to end and that 
80C86A can reclaim the local bus at the next ClK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead ClK cycle after each bus exchange. 
Pulses are active lOW. ' 

If the request is made while. the CPU is performing a memory cycle, it 
will release the local bus during T 4 of the cycle when all the following 
conditions are'met: 
1. Request occurs on or before T 2. 
2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 
4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type· Name and Function 

If the local.bus is idle when the request is made the two possible 
events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied. 

LOCK 29 0 LOCK: output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is active 
LOW, and floats to 3-state OFF(1) in "hold acknowledge." 

QS1, QSo 24,25 0 QUEUE ST~TUS: The queue status is valid during the CLK cycle 
after which the queue operation is performed. 
QS1 and QSo provide status to allow external tracking of the internal 
80C86A instruction queue. 

QS1 QSo Characteristics 

o (LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

The fol/owing pin function descriptions are for the BOCB6A in minimum mode (i.e., MNIMX= Vee). Only the 
pin functions which are unique to minimum mode. are described; aI/ other pin functions are described above. 

MilO 28 0 STATUS 'LINE: logically equivalent to S2 in the maximum mode. It 
is used to distinguish a memory access from an 110 access. MIlO 
becomes valid in the T 4 preceding a bus cycle and remains valid 
until the final T 4 of the cycle (M = HIGH, 10 = LOW). MilO floats to 
3-state OFF(1) in local bus "hold acknowledge." 

iNA 29 0 WRITE: indicates that the processor is performing a write memory 
or write 110 cycle, depending on the state of the MilO signal. WR is 
active for T 2, T 3 and T w of any write cycle. It is active LOW, and 
floats to 3-state OFF(1) in local bus "hold acknowledge." 

INTA 24 0 INTA is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T 2, T 3 and lw of each interrupt acknowledge 
cycle. 

ALE 25 0 ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T 1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 0 DATATRANSMIT/RECEIVE: needed in minimum system that 
desires to use a data bus trar;1sceiver. It is used to control the 
direction of data flow through the transoeiver. Logically DT /.Ris 
equivalent to S1 in the maximum mode, and its timing is the ,same 

. as for MilO. (T = HIGH, R = LOW.) This Signal floats to 3-state 
OFF(1) in local bus "hold acknowledge." 

2-35 



inter 80C86A 

Table 1 Pin Description (Continued) 

Symbol Pin No. Type Name and Function ' 

DEN 26 0 DATA ENABLE: provided as an output enable for the transceiver in 
a minimum system which uses the transceiver. DEN is active LOW 
during each memory and I/O access and for INTA cycles. For a 
read or INTA cycle it is active from the middle of T 2 until the middle 
of T 4, while for a write cycle it is active from the beginning of T 2 
until the middle of T 4. DpN floats to 3-state OFF(1) in local bus 
"hold acknowledge." 

HOLD, 31,30 1/0 HOLD: indicates that another master is requesting a local bus 
HLDA "hold." To be acknowledged, HOLD must be active HIGH. The 

processor receiving the "hold" request will issue HLDA (HIGH) as 
an acknowledgement in the middle of a T 1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor will LOWer the HLDA, and when the processor 
needs to run another cycle, it will again drive the local bus and 
control lines. 
The same rules as for RQ/GT apply regarding when the local bus 
will be released. 
HOLD is not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 
setup time. 

NOTE: 
1. See the section on Bus Hold Circuitry. 

FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C86A circuitry is of static design. Internal regis
ters, counters and latches are static and require no 
refresh. as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed on other microprocessqrs. The CMOS 
80C86A can operate from DC to the appropriate up
per frequency limit. The processor clock may ~e 
stopped in either state (high/low) and held. there in
definitely. This type of operation is especially useful 
for system debug or power critical applications. '. 

The 80C86A can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera
tion. In a power critical situation, this can provide 
extremely low power operation since 80C86A power 
dissipation is directly related to operating frequency. 
As the system frequency is reduced, so is the oper
ating power until, ultimately, at a DC input frequency, 
the 80C86A power requirement is the standby cur
rent. 

INTERNAL ARCHITEcTuRE 

The internal functions of the 80C86A processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia
gram of Figure 1. 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func
tions related to instruction fetching and queuing, op
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
Of instruction pre-fetching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 

The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cyCle. This greatly reduces "dead time" on the 
. memory bus. The queue acts as a First-In-First Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 
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Memory Segment Register Segment 
Reference Need Used Selection Rule 

Instructions COOE(CS) Automatic with all instruction prefetch. 

Stack STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. I 

Local Data DATA (OS) Data references when: relative to stack, destination .of string 
operation, or explicitly overridden. 

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 

The execution units receives pre-fetched instruc
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

SECIIIENT 
RECIISTER FILE 

T"---' 
'r 

+ OFrET 
-

-

r--
} EXTRA DATA 8EQllENT 

-OOOOOH 
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Figure 3a. Memory Organization 
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All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to be selected is automatically chosen .according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
membry accesses, one if the word operand is on an· 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 

Physically, the memory is organized as a high bank 
(015-08) and a low bank (~-Oo) of 512k 8-bit 
bytes addressed in parallel by the processor's ad
dress lines. 

A19-"'1. Byte data with even addresses is trans
ferred on the 07-00 bus lines while odd addressed 
byte data (Ae HIGH) is transferred on the 015-08 
bus lines. The processor provides .two enable sig
nals, BH~ and Ae, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad
dress, respectively. Consequently, in referenCing 



inter 80C86A 

word operands performance can be optimized by lo
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro
cessing or task inultiplexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) locations from ad- ' 
dress FFFFOH through FFFFFH are reserved for op
erations including a jump to the initial program load
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be. locations OOOOOH through 003FFH are re
served for interrupt operations. Each of the 256 pos
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element conSisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH 

· · · 7H 
INTERRUPT POINTER 

FOR TYPE 1 
4H 

INTERRUPT POINTER 
3H 

FOR TYPE 0 
OH 
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Figure 3b. Reserved Memory Locations 

MINIMUM AND MAXIMUM .MODES 

The requirements for supporting minimum and maxi
mum 80C86A systems are sufficiently different that 
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they cannot be done efficiently with 40 uniquely de
fined pins. Conseque'!!!!y, the 80C86A is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86A treats pins 24 through 31 in maximum 
mode. An 82C88 bus controller interprets status in
formation coded into 50, 51, 52 to generate bus tim
ing and control signals compatible with the MULTI
B~S@ architecture. When the MN/MX pin is 
strapped to Vee, the 80C86A generates bus control 
signals itself on pins 24 through 31, as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. 

BUS OPERATION 

The 60C86A has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff
ered directly and used throughout the system with 
address latching provided on memory and 1/0 mod
ules. In addition, the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus is desired for the 
system. 

Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T 1, T 2, T 3 and 
T 4 (see Figure 5). The address is emitted from the 
processor during T 1 and data transfer occurs on the 
bus during T 3 and T 4. T 2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states (T w)are in
serted between T 3 and T 4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C86A bus cycles. These are 
referred to as "Idle" states (T1) or inactive ClK cy
cles. The processor uses these cycles for internal 
housekeeping. 

During T 1 of any bus cycle the ALE (Address latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 
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Figure 5. Basic Syet,m Timing 

Status bits 50, 51, and 52 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table; 

S2 81 So Characterlstlce 

o (LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0· 

·0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read ·Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (1)0 bus cycle) 

Status bits S3 through S7 are multiplexed with high
order address bits and the §HE Signal, ·and are 
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therefore valid during T 2 through T 4. S3 and S4 indio 
cate which segment register (see Instruction Set de· 
scription) was used for this bus cycle in forming the 
address, according to the following table: 

S4 S3 Characteristics 

o (LOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. 
Ss = 0 and S7 Is a spare status pin. 
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1/0 ADDRESSING 

In the B0C86A, 1/0 operations can address up to a 
maximum of 64k 1/0 byte registers or 32k 1/0 word 
registers. The 1/0 address appears in the same for
mat as the memory address on bus lines A15-Ao. 
The address lines A19-A16 are zero in 1/0 opera
tions. The variable I/O instructions which use regis
ter OX as a pointer have full address capability while 
the direct 1/0 instructions directly address one or 
two of the 256 1/0 byte locations in page 0 of the 
1/0 address space. 

1/0 ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans
ferred on the 07-00 bus lines and odd addressed 
bytes on 015-06. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
BOCB6A RESET is required to be HIGH for four or 
more ClK cycles. The B0C86A will terminate opera
tions on the high-going edge of RESET and will re
main dormant as long as RESET is HIGH. The low
going transition of RESET triggers an internal reset 
sequence for approximately 7 ClK cycles. After this 
interval the BOC86A operates normally beginning 
with the instruction in absolute location FFFFOH 
(see Figure 3b). The details of this operation are 
specified in the Instruction Set description of the 
Mcse-86 Family User's Manual. The RESET input is 
internally synchronized to the processor clock. At 

"PULL-UP/PULL-DOWN" 

Input Buffer exists only on 1/0 pins 

EXltRNAL 
PIN 

Figure 6a. Bus hold circuitry pin 2-16, 34-39. 
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initialization the HIGH-to-lOW transition of RESET 
must occur no sooner than 50 ,."s after power-up, to 
allow complete initialization of. the 8OCB6A_ 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch_ 

AlI3-state outputs float to 3-state OFF(1) during RE
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(1). ALE and HlOA are driven low. 

NOTE: 
1. See the section on Bus Hold Circuitry. 

BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devic8!l and eliminate the need for 
pull-up/down resistors, "bus-hold'" circuitry has 
been used on the 8OC86A pins 2-16, 26-32, and 
34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" Circuits, an externai driver must be 
capable of supplying, 350 ,."A minimum sink or 
source current ·at valid Input voltage levels. Since 
this "bus hold" circuitry is active and nOt a "resis
tive" type element, the associated power supply cur
rent is negligible anq power dissipation is significant
ly reduced when compared to the use of passive 
pull-up resistors. 

"PULL-UP" 

Input Buffer exists only on 110 pins 

EX1tRIW. 
PIN 

Figure 6b. Bus hold circuitry pin 26-32. 
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INTERRUPT OPERATIONS 

Interrupt operations fall into two. classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects. of hardware. interrupts are 
specified in the Instruction .Set description. Hard
ware in~errupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control toa new pro
gram location. A 256-element table containing ad
dress pointers to the interrupt service program loca
tions resiqes in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type". An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to "vec
tor" through the appropriate element to the new in
terrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor· provides a single non-maskable inter
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a. power. failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instrl.!ction Set description.). NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchroniz
ed to the clock. Any high-going transition of NMI is 
latched on~chip and will be serviced at the end of the 
current instruction or. between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in
structions. There is no specification on ·the occur
rence of the low-going edge; it may occur before, 
during, .or after the servicing of NMI. Another high
going edge triggers another response if it occurs af
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C86A provides a single interrupt request input 
(INTR) which can be masked internally by software 
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with the resetting of the interrupt. enable FLAG 
status bit. The interrupt request signal is level trig
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To. be reo. 
sponded to, INTfI must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block
type instruction. During the interrupt response se
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, Nf.J!I, software interrupt or single-step), al
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc
essorprior to the interrupt. Until the old FLAGS reg
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 7) the proc
essor executes two successive (back-to-back) inter
rupt acknowledge cycles. The 80C86A emits the 
LOCK signal from T 2 of the first bus cycle until T 2 of 
the second. A local bus "ho.ld" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE
TURN instruction includes a FLAGS pop which re
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 

HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" . 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig
nals. In Maximum Mode, the processor issues ap
propriate HALT status on 82, 81 and 80 and the 
82C88 bus controller issues one ALE. The 80C86A 
will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86A out of the 
"HALT" state. 
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Figure 7. Interrupt Acknowledge Sequence 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The meR status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per
forming read/modify/write operations on memory 
(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys
tem bus master receiving intervening memory cy
cles. This is useful in mutliprocessor system configu
rations to accomplish "test and set lock" operations. 
The [QCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instruction following the "lOCK" prefix instruction. 
While [QCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
lOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general 110 
capabilities, the 80C86A provides· a single software
testable input known as the TEST signal. At any time 
the program m~ execute a WAIT instruction. If at 
that time the T ST signal is inactive (HIGH), pro-

2-43 

gram execution becomes suspended while the proc
essor waits for Tm to become active. It must re
main active for at least 5 ClK cycles. The WAIT in
struction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
80C86A drivers go to 3-state OFF if bus "Hold" is 
entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. . . 

BASIC SYSTEM TIMING 

Typical system configurations for the processor op
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini
mum mode, the MN/MX pin is strapped to Vee and 
the processor emits bus control signals in a manner 
Similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod
ed status information which the 82C88 bus control
ler uses to generate MUl TIBUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 
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Figure S. SOCS6A Register Model 

SYSTEM TIII/IING-MINIMUM SYSTEM 

The read cycle begins in T 1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (Iow
going) edg~ of this signal is used to latch the ad
dress information, which is valid 01) the local bus at 
this time, into a latch. The BHE and Ao signals ad
dress the low, high, or both bytes. From T1 to T4 the 
MilO signal indicates a memory or 1/0 operation. At 
T 2 the address is removed from the local bus and 
the bliS goes to a high impedance state. The read 
control signal is also asserted at T 2. The read (RD) 
signal causes the addressed device to e~able its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its, bus drivers. If a transceiver is re..9uired to buffer 
the 80C86A local bus, signals DT IR and DEN are 
provided by the 80C86A. 

A write cycle also begins with the assertion ~f AL.E 
and the emission of the address. The MilO signal IS 
again asserted to indicate a memory or 1/0 write 
operation. In the T 2 immediately following the ad
dress emission the processor emits the data to be 
written into the addressed location. This data re
mains valid until the middle of T 4. During T 2, T 3, and 
T w the processor asserts the writ~ control sign~1. 
The write (WR) signal becomes active at the beglO
ning of T 2 as opposed to the read which is delayed 
somewhat into T 2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop
er byte(s) of the memory/iO word to be read or writ
ten according to the following table: 
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BHE AO Characteristics 
0 0 Whole word 
0 1 Upper byte froml 

to odd address 
1 0 Lower byte froml 

to even address 
1 1 None 

1/0 ports are addressed in the same manner as 
memory location. Even addressed bytes are trans· 
ferred on the 07-00 bus lines and odd addressed 
bytes on 015-08. 

The basic difference between the interrupt acknowl
edge cycle and a read cycle is that t~e interrupt ac
knowl~e signal (INTA) is asserted 10 pl~ce of the 
read (RD) Signal and the address bus IS float~d. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines 07-00 as supplied by the interrupt system lo~
ic (I.e., 82C59A Priority Interrupt Controller). ThiS 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pOinter into an.inter
rupt vector loo~up table, as described earlier. 

BUS TIMING-MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con
nected to Vss and the 82C88 Bus Controller is add
ed to the system as well asa latch for latching the 
system address, and a transceiv~r to allow for bus 
loading greater than the 80C86A Is~apable of han
dling. Signals ALE, DEN, and DT IR are generated 
by the 82C88 instead of the processor in this config
uration although their timing remain~ r~atively !t1e 
same. The 80C86A status outputs (S2, Sl, and So) 
provide type-of-cycle inform~tion a~d bec~~e 
82C88 inputs. This bus cycle Information specifies 
read (code, data, or 1/0), write (data or 1/0), inter
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write 1/0 read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write ~trobes have. th~ 
Same timing as read strobes, and hence data Isn t 
valid at the leading edge of write. The transceiver 
receives the usual T and OEinputs from the 82C88 
DT IR and DEN. 

The pointer into the interrupt vector table, whic~ is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter
rupt Controller is positioned on the local ~us, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage 
(With respect to ground) •••........ -0.5 to 7.0V 

Input Voltage Applied 
(w.r.t. ground) ' •...•••...•.. - 0.5 to VCC + 0.5V 

Output Voltage Applied 
(w.r.t. ground) .•........... -0.5 to VCC + 0.5V 

Power Dissipation •....•.....•............. : 1.0W 

Storage Temperature •.....••....• - 65·C to 150·C 

Ambient Temperature Under Bias •..•.• O·C to 70·C 

D.C. CHARACTERISTICS 
(TA = 0·Ct070·C. Vcc = 5V ±5%) 

• Notice: Stresses above those listed under ':Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Symbol Parameter 80C86A·2 Units Test Conditions 
Min Max 

Vil Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 V 
(All inputs except clock) 

VeH Clock Input High Voltage Vee- O.B V 

VOL Output Low Voltage 0.45 V IOl = 2.5mA 

VOH Output High Voltage 3.0 V IOH = -2.5mA 
Vee- 0.4 IOH = -100 ",A 

Icc Power Supply Current 10mA/MHz Vil = GND. VIH = Vee 

Ices Standby Supply Current 500 ",A VIN = Vee or GND 
Outputs Unloaded 
CLK = GNDorVee 

III I nput Leakage Current ±1.0 ",A OV:5: VIN:5: Vee 

ISHl Input Leakage Current 50 400 ",A v'IN = O.BV 
(Bus Hold Low) 

ISHH I nput Leakage Current -50 -400 ",A VIN = 3.0V 
(Bus Hold High) 

ISHlO Bus Hold Low Overdrive 600 p,A (Note 2) 

ISHHO Bus Hold High Overdrive -600 p,A (Note 3) 

ILO Output Leakage Current ±10 ",A VOUT = GND or Vee 

CIN Capacitance of Inp.ut Buffer 5 pF (Note 1) 
(All inputs except 
ADo-AD15. RO/GT) 

CIO Capacitance of 1/0 Buffer 20 pF (Note 1) 
(ADo-AD15. RO/Gn 

COUT Output Capacitance 15 pF (Note 1) 

NOTES: 
1. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at + 5.0V or GND. 
2. An external driver must source at least ISHlO to switch this node from LOW to HIGH. 
3. An external driver must sink at least ISHHO to switch this node from HIGH to LOW. 
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A~C. CHARACTERISTICS 
(TA'= O"Ct070·C, vee ""'SV ±5%) 

, ,- " " 

80C86A 

MINIMUM COMPLEXITv SYSTEM TIMING REQUIREMENTS 

Symbol Parameter 
. 8OC86A-2 

Min Max 

TClCl ClK Cycle Period 125 D.C. 

TClCH ClKlowTime 68 

TCHCl ClK High Time 44 

TCH1CH2 ClK Rise Time 10 

TCL2Cl1 ClK Fall Time 10 

TDVCl Data in Setup Time 20 

TClDX Data'in Hold Time 10 

TR1VCl ROY Setup Time 35 
into, 82C84A 
(Notes 1, 2) 

TClR1X ROY Hold Time 0 
Into 82C84A 
(Notes 1, 2) 

TRYHCH READY Setup 68 
Time into 80CEi6A 

TCHRYX READY Hold Time 20 
int080C86A 

TRYlCl READY Inactive to -8 
ClK (NoteS) 

THVCH HOLD Setup Time 20 

TINVCH INTR, NMI, Tm 15 
Setup Time 
(Note 2) 

TILIH Input Rise Time 15 
(Except ClK) 

TIHll Input Fall Time 15 
(Except ClK) 
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Units Teat 
CondHlons 

ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

\ ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

ns From 2.0V to 0.8V 



inter 80C86A 

A.C. CHARACTERISTICS (Continued) 
(TA = 0·Ct070·C, Vcc = 5V ±5%) 

Timing Responses 

Symbol Parameter 80C86A·2 

Min 

TCLAV Address Valid Delay 10 

TCLAX Address Hold Time 10 

TCLAZ Address Float TCLAX 
Delay 

TLHLL ALE Width TCLCH-10 

TCLLH ALE Active Delay 

TCHLL ALE Inactive Delay 

TLLAX Address Hold Time TCHCL-10 
to ALE Inactive 

TCLDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Data Hold Time TCLCH-30 
AfterWR 

TCVCTV Control Active 10 
Delay 1 

TCHCTV Control Active 10 
Delay 2 

TCVCTX Control Inactive 10 
Delay 

TAZRL Address Float to 0 
READ Active 

TCLRL RD Active Delay 10 

TCLRH RD Inactive Delay 10 

TRHAV RD Inactive to Next TCLCL-40 
Address Active 

TCLHAV HLDA Valid Delay 10 

TRLRH RDWidth 2TCLCL-50 

TWLWH WRWidth, 2TCLCL-40. 

TAVAL Address Valid to TCLCH-40 
ALE Low 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

NOTES: 

Units Test 

Max Conditions 

60 ns 

ns 

50 ns 

ns 

50 ns 

55 ns 

ns 

60 ns 

ns 

ns 

70 ns 

60 ns 

70 ns 

ns 

100 ns 

BO ns 

ns· 

100 ns 

ns 

ns 

ns 

15 ns From O.BV to 2.0V 

15 ns From 2.0V to O.BV 

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 
2. Setup requirement for asynchronous Signal only to guarantee recognition at next elK. 
3. Applies only to T2 state. (8 ns into T3l. . 
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~ 80C86A 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT / OUTPUT 

2.4==><.5 I.e 0.45 ---------
240029-12 

A.C. Testing Inputs are driven al 2.4\i for a logic "1" and 0.45V 
for a logiC "0". Timing measurements are made at 1.5V. 

WAVEFORMS 

MINIMUM MODE 

CL Includes Jig Capacitance 

T1 T2- Ta Tw T4 

240029-14 

CLII~OUIpuI) VCH~I--TCLC~~CH1CH]H[ TCL2CL1~"" '.r\ 

'vi,. lr.:. I 1- -I "--
IIIRI c.::; TCHCTV IX I--- TCHCL - TCLCH_ 

TCLA~ _ - TCLDV-•• - TCLAX· __ TCHDX~ X,----
-TLLAX TCLLH- Y TLHLL-:::: 

r--

ALE --f---tJ~TC LL!!~AL I~~...j----+OC---I_-T-Rl-V-Cl-+--+----+---J'~---
V'H-

IIDY (IlICI4A""'" \. 
BEE NOTE 4 VIL - _+ 1.--rlo..:::C~L~Rl""X--I----+--""'--

TAYLCL- -

-h 

---I 1,-__ --+-;. -TCHRYX 

_ TAVAL ,... TRYHCH1 _ '-1----+-----

READ CYCLE 
(NOTE 1) 

(WII,IRTl.VOH) 

TLI.AX- - I· 1---1 
-II-TC_LA_V---,-o_'II-r--': __ -= '-1-""'\1;:-~~t~I---'DVCL-I-TCLOX-

AD .. -ADo A15-ADo nFLOAT. Y DATA IN Jt--F;;;L':O~AT;--{ 1'-
TAZRL- TCLRH- __ TRHAV---oj 

r+t-----
RD ~-~-----t--JI~ .::L j-TCHCTV TCLRLI--+t--t--TRLRH---+--t 

~ , \ I 
~~-----T-C-VC-T-V-_+-~~~---T-C-VC-T-x--I_--I+--J 

~ _____ J 

-TCHCTV 

240029-13 
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intJ 
WAVEFORMS (Continued) 

MINIMUM MODE (Continued) 

CLKjUCMA OUtput) 

ALE 

WRITE CYCLE 

<NOTE 0 iiiN 

~,.~, 

ADtI-ADo 

INTA CYCLE DT/A 
(NOTUII3I 

:L~;~O" 

_HALT-

RD, WR, INTA - YoH 
OT/R - INDETERMINATE 

NOTES: 

80C86A 

INVALID ADDRESS 

TCLAV 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

TW T4 

SOFTwARE HALT 

2. ROY is sampled near the end of T 2. T 3. T W to determine if T w machines states are to be inserted. 

240029-15 

3. Two INTA cycles run back-to-back. The 80C86A local AOOR/OATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 
4. Signals at 82C84A are shown for reference only. 
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inter 80C86A 

A.C. CHARACTERISTICS 

MA~ MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 
80C86A-2 

Min Max 

TClCl GlK Cycle Period 125 D.C. 

TClCH ClKlowTime 68 

TCHCl ClK High Time 44 

TCH1CH2 ClK Rise Time 10 

TCl2Cl1 ClKFaliTime 10 

TDVCl Data in Setup Time 20 

TClDX Data in Hold Time 10 

TR1VCl ROY Setup Time into 82C84A 35 
(Notes 1, 2) 

TClR1X ROY Hold Time into 82C84A 0 
(Notes 1, 2) 

TRYHCH READY Setup Time into 80C86A 68 

TCHRYX READY Hold Time into 80C86A 20 

TRYlCl READY Inactive to -8 
ClK (Note 4) 

TINVCH Setup Time for Recognition 15 
(INTR, NMI, TEST) 
(Note 2) 

TGVCH RQ/GT Setup Time 15 

TCHGX RQ Hold Time into 80C86A 30 

TILIH Input Rise Time 15 
(Except ClK) (Note 5) 

TIHIL Input Fall Time 15 
(Except ClK) (Note 5) 

2-50 

Units 
Test 

Conditions 

ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

ns From 2.0V to 0.8V 



inter 80C86A 

A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 80C86A-2 Units Test 

Min Max Conditions 

TCLML Command Active 5 35 ns 
Delay (Note 1) 

TCLMH Command Inactive 5 35 ns 
Delay (Note 1) 

TRYHSH READY Active to 65 ns 
Status Passive (Note 3) 

TCHSV Status Active Delay 10 60 ns 

TCLSH Status Inactive Delay 10 70 ns 

TCLAV Address Valid Delay 10 60 ns 

TCLAX Address Hold Time 10 ns 

TCLAZ Address Float Delay TCLAX 50 ns 

TSVLH Status Valid to ALE High (Note 1) 20 ns 

TSVMCH Status Valid to 30 ns 
MCE High (Note 1) 

TCLLH CLK Low to ALE Valid (Note 1) 20 ns 

TCLMCH CLK Low to MCE High (Note 1) 25 ns 

TCHLL ALE Inactive Delay (Note 1) 4 18 ns 

TCLDV Data Valid Delay 10 60 ns 

TCHDX Data Hold Time 10 ns 

TCVNV Control Active Delay (Note 1) 5 45 ns 

TCVNX Control Inactive Delay (Note 1) 10 45 ns 

TAZRL Address Float to Read Active 0 ns 

TCLRL RD Active Delay 10 100 ns 

TCLRH RD Inactive Delay 10 80 ns 

TRHAV RD Inactive to TCLCL-40 ns 
Next Address Active 

TCHDTL Direction Control 50 ns 
Active Delay (Note 1) 

TCHDTH Direction Control 30 ns 
Inactive Delay (Note 1) 

TCLGL GT Active Delay 0 50 ns 

TCLGH GT Inactive Delay 0 50 ns 

TRLRH RDWidth 2TCLCL-50 ns 

TOLOH Output Rise Time 15 ns From 0.8V to 2.0V 

TOHOL Output Fall Time 15 ns From 2.0V to O.SV 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8 ns into T3). 
5. These parameters are characterized and not 100% tested. 
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inIJ 8OC86A 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT /OUTPUT 

2.4--v V-
~_.5 __________________ ~1.5~ 

0.45 
240029-16 

A.C. Testing inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". TIming measuraments are made at 1.5V 

WAVEFORMS 

MAXIMUM MODE 

eLK 

\lSo,QS, 

s;.r;.1i (EXCEPT HAI.TI 

lEE NOTE .j AU ~ OUTI'IITI 

IIDY (1ICI41M'11T1 

DT/R 

1lCll0UTIIUTI ~ OR IlIRC 
SIENOTO", 

DEN 

CL Includes Jig Capacitance 
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inter 
WAVEFORMS (Continued) 

MAXIMUM MODE (Continued) 

WRITE CYCLE 

DEN 

82C88 OUTPUTS 
NOTES 5,6 AMWC OR AIOWC 

INTA CYCLE 

MWfC OR IOWC 

ADWADO 
NOTES 3,4 

MCE/ 

80C86A 

T, 

POEN TClMCH 
OT/R ---+":"'-":"',1 

82C88 OUTPUTS 
NOTES 5,6 INTA 

DEN 

SOFTWARE HAlT-
(DEN = YoL;RD,MROC,IORC,MWTC,AMWC, 

T, 

iOWC,AIOWC,lNTA, = YOH) AO,.-AO-o--+"""I_-I-N-Y-A-Ll-O-A-O-O-R-E-S-S--

TClAY 

T, 
Tw 

:.----\ ,r-------_, ----
52,5,,50 '"----- \, - - - • 

NOTES: 
1. All timing measurements are made at 1.SV unless otherwise noted. 
2. RDY is sampled near the end of T 2, T 3, T W to determine if T W machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 

240029-19 

4. Two INTA cycles run back-to-back. The 80C86A local ADDR/DATA BUS is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 
5. Signals at 82C84A or 82C88 are shown for reference onlY. 
6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN. 
7. Status inactive in state just prior to T 4. 
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8OC86A 

WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

NIII} ~?_. 
OOR SIGNAL ' : 

TEST. 
240029-20 

NOT£: Setup requirements for asynchronous signals only to guarantee recognition at next eLK. 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLy) 

:.y--¥ 
LOCK 

240029-21 

RESET TIMING 

VCC 

CLK 

AEIIT 

REQUEST IGRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

~ 'CLK CYCU!I 

240029-22 

COPROCESSOR 
RELEASE 

COPROCESSOR 

(SEE NOTE) 

240029-23 

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 
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80~86A 

WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

jjJJ 1 CLK CYCLE 

CLK" rt 
~ 

HOLO~ 

T~~CLHAV 

:~~~:.~:~" ... , _____ -< ... _-=,r.;;;;.ITl:iCLAZ~ __ ... 
RD. 80cae COPROCESSOR lOCH 

~~~w:."~~------< 

HLDA -----

Mnemonic and 
Description 

DATA TRANSFER 

MOV = Move: 

Register/Memory to/from Register·· 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

Register/Memory to Segment Register·· 

Segment Register to Register IMemory 

PUSH = Push: 

RegisterlMemory 

Register 

Segment Register 

POP = Pop: 

RegisterlMemory 

Register 

Segment Register 

XCHG = Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Inpullrom: 

Fixed Port 

Variable Port 

OUT = Oulputlo: 

Fixed Port 

Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

Table 2. Instruction Set Summary 

I Instruction Code 

76543210 76543210 76543210 

100010dw mod reg rIm 

1100011 w modOOOrlm data 

1011 wreg data dataifw-l 

1010000w addr-Iow addr-high 

1010001w addr-Iow addr-high 

10001110 mod 0 reg rIm 

10001100 mod 0 reg rIm 

11111111 mod 11 o rIm 

01010reg 

000regll0 

10001111 modOOOrlm 

01011 reg 

OOOreglll 

1000011w mod reg rIm 

10010reg 

1110010w port 

1110110w 

1110011 w port 

1110111w 

11010111 

10001101 mod reg rim 

11000101 mod reg rIm 

11000100 mod reg rIm 

10011111 

10011110 

10011100 

10011101 
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inter 80C86A 

Table 2. Instruction Set Summary (Continued) 
Mnemonic and I Instruction Code Description 

ARITHMETIC 76543210 76543210 76543210 76543210 

ADD = Add: 

Reg.lMemory wRh Register to Either OOOOOOdw mod reg r/m 

Immediate to Register/Memory 100000sw modOOOr/m data dataifsw = 01 

Immediate to Accumulator 0000010w data dataifw = 1 

ADC = Add with Carry: 

Reg.lMemory with Register to Either 000100dw modregr/m 

Immediate to Register/Memory 100000sw mod 0 10 rIm data data ils w = 01 

Immediate to Accumulator 0001010w 'data dataifw = 1 

INC = Increment: 

Register/Memory lllllllw modOOOr/m 

Register 01000reg 

AAA = ASCII Adjust for Add 00110111 

DAA = Decimal Adjust for Add 00100111 

!lUB = Subtract: 

Reg.lMemory'and Register to Either 001010dw mod reg r/m 

Immediate from Register/Memory 100000sw mod 101 rIm data datailsw = 01 

Immediate from Accumulator 0010110w data data ifw = 1 

SBB = Subtract with Borrow 

Reg.lMemory and Register to Either 000110dw mod reg r/m 

Immadiate from Register/Memory 100000sw modOll rIm data data ils w = 01 

Immadiate from Accumulator 0OO1110w data dataifw = 1 

DEC = Decrement: 

Register/Memory lllllllw modOOI rIm 

Register 01001 reg 

NEG = Change Sign 1111011w modOll rIm 

CMP = Compare: 

Register/Memory and Register 001110dw modregr/m 

Immediate with Register/Memory 100000sw mod 111 rIm data dataifsw = 01 

Immediate with Accumulator 0011110w data dateifw = 1 

AAS = ASCII Adjustfor Subtract 00111111 

DAS = Decimal Adjust for Subtract 00101111 

MUL = Multiply (Unsigned) 1111011 w mod 1 OOr/m 

IMUL = Inleger Multiply (Signed) 1111011w mod 1 01 rIm 

AAM = ASCII Adjust for Multiply 11010100 00001010 

DIY = Divide (Unsigned) 1111011w modll0r/m 

IDlY = Integer Divide (Signed) 111101 t'w modlll rIm 

AAD = ASCII Adjust for Divide 11010101 00001010 

CBW = Convert Byte to Word 10011000 

CWO = Convert Word to Double Word 10011001 
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inter 80C86A 

8086/8088 Instruction Set Summary (Continued) 

Mnemonic and I Instruction Code Description 

LOGIC 76543210 76543210 76543210 76543210 

NOT = Invert 1111011w modO 1 Or/m 

SHL/SAL = Shift Logical/Arithmetic Left 110100vw mod 1 OOr/m 

SHR = Shift Logical Right 110100vw mod t 01 rIm 

SAR = Shift Arithmetic Right 110100vw mod 111 rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate Right 110100vw modOOI rIm 

RCL = Rotate Through Carry Flag Left 110100vw modOl0r/m 

RCR = Rotate Through Carry Right 110100vw mod 0 11 rIm 

AND = And: 

Reg.lMemory and Register to Either 001000dw mod reg rIm 

Immediate to Register/Memory 1000000w mod 1 00 rIm data dataifw = 1 

Immediate to Accumulator 0010010w data dataifw = 1 

TEST = And Function to Flags, No Result: 

Register/Memory and Register 1000010w mod regr/m 

Immediate Data and Register/Memory 1111011 w mod 00 0 rIm data dataifw = 1 

Immediate Data and Accumulator 1010100w data dataifw = 1 

OR = Or: 

Reg.lMemory and Register to Either 000010dw mod reg r/m 

Immediate to Register/Memory 1000000w modOOI rIm data dataifw = 1 

Immediate to Accumulator 0000110w data dataifw= 1 

XOR = Exclusive OR: 

Reg.lMemory and Register to Either 001100dw mod reg rIm 

Immediate to Register/Memory 1000000w mod 11 0 rIm data dataifw = 1 

Immediate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001z 

MOVS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111w 

LODS = Load Byte/Wd to AL/ AX 1010110w 

STOS = Stor Byte/Wd from ALI A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 11101000 disp-Iow disp-high 

Indirect Within Segment 1 1 1 1 1 1 1 1 modOl0r/m 

Direct Intersegment 10011010 offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 1 1 1 1 1 1 1 1 mod 0 11 rIm 
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inter 80C86A .. 

Table 2. Instruction Set Summary (Continued) 

Mnemonic and I Description Instruction Code 

CONTROL TRANSFER (ContInued) 
JMP = Unconditional Jump: 76543210 76543210 76543210 

Direct Within Segment 11101001 dlsp-Iow disp-hlgh 

Direct Within Segment-Short 11101011 disp 

Indirect Within Segment 1111111 f modi OOr/m 

Direct Intersegment 11101010 .offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 11111111 modi 01 rIm 

RET = Return from CALL: 
Within Segment 11000011 ·1 
Within Ssg. Adding Immed to SP 11000010 I data-low data-high 

Intersegment 11001011 1 
Intersegment Adding Immediate te SP 11001010 I data-low data-high 

JE/ JZ = Jump on Equel/Zero 01110100 I disp 

JL/JNGE = Jump on Less/Net Greeter 011111.00 
.or Equal 

dlsp 

JLElJNG = Jump en Less .or Equel/ 01111110 
Not Greater 

disp 

JB/JNAE = Jump en Below/Net Above 01110010 
.or Equel 

disp 

JBElJNA = Jump en Below or Equal/ 01110110 
NetAbave 

disp 

JP/JPE = Ju"]p en Parity/Parity Even 01111010 disp 

JO = Jump en Overllow 01110000 disp 

JS = Jump en Sign 01111000 disp 

JNE/JNZ = Jump on Net Equal/Not Zero 01110101 disp 

JNL/JGE = Jump on Net Less/Greater 01111101 
.or Equal 

dlsp 

JNLE/JG = Jump en Net Less or Equal/ 01111111 
Greater 

disp 

JNB/JAE = Jump on Not BeIow/AbCNe 01110011 
.or Equel 

disp 

JNBE/JA = Jump en Not Below .or od 10111 
Equal/Above. 

01111011 JNP/JPO = Jump en Net Par/Par Odd 

disp 

disp 

JNO = Jump en Net Overllow 01110001 disp 

JNS = Jump on Net Sign 01111001 disp 

LOOP = Loop ex Times 11100010 disp 

LOOPZILOOPE = Loep While Zero/Equal 11100001 disp 

LooPNZlLOOPNE = Loop While Not 11100000 
Zere/Equel 

dlsp 

JCXZ = Jump en ex Zero 11100011 disp 

INT = Interrupt 

Type Specified 11001101 type 

Type 3 11001100 

INTO = Interrupt en Overflow 11001110 

IRET = Interrupt Return 1,1001111 
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Table 2. Instruction Set Summary (Continued) 

Mnemonic and 
Deecrlptlon 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wart 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 

I 
78543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then DISP = 0', disp-Iow and disp-high are 

absent 
if mod = 01 then DISP = disp-Iow sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 
if rIm = 000 then EA = (BX) + (51) + DISP 
if rIm = 001 then EA = (BX) + (01) + DISP 
if rIm = 010 then EA = (BP) + (51) + DISP 
if rIm = 011 then EA = (BP) + (01) + DISP 
if rIm = 100 then EA = (51) + DISP 
if rIm = 101 then EA = (01) + DISP 
if rIm = 110 then EA = (BP) + DISP' 
if rIm = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re
quired) 
'except if mod = 00 and rIm = 110 then EA = disp-high: 
disp-Iow. 

"MOV CS, REG/MEMORY not allowed. 
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Instruction Code 

78543210 

modxxxr/m 

if s w = 01 then 16 bits of immediate data form the oper
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if v = 0 then "count" = 1; if v = 1 then "count" in (Cl) 
register 

x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 

001reg110 
REG is assigned according to the following table: 

16-Blt (w = 1) S-Blt(w = 0) Segment 

000 AX 000 AL 00 ES 
001 ex 001 CL 01 es 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

Instructions which reference the flag register file as a 16·blt 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics @ Intel, 1978 
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16·BITCHMOS .MICROPROCESSOR 

• Pln-tor-Pin and Functionally Compatible 
to Industry Standard HMOS 8086 

• Fully Static Design with Frequency 
Range from D.C. to: 
- 5 MHz for 80C86AL 
- 8 MHz for 80C86AL-2 

• Low Power Operation 
-Operating Icc = 10 mA/MHz 
- Standby Iccs = 500 ,...A Max 

• Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

• Direct Addressing Capability of 
1 MByte of Memory 

• Architecture Designed for Powerf~1 . 
Assembly Language and Efficient High 
Level Languages 

• 24 Operand Addressing Modes 

• Byte,· Word and Block Operations 

• 8 and 16-81t Signed and Unsigned 
Arithmetic 
- Binary or Decimal 
- Multiply and Divide 

• Available in 4Q-Lead Plastic DIP and 
44-Lead PLCC Packages 
(See Packaging Spec., Order '" 231369) 

The Intel 80C86AI. is a high performance, CHMOS version of the industry standard HMOS 8086 16-bit CPU. It 
is available in 5 anc;l 8 MHz clock rates. The 80C86AL offers two modes of operation: MINimum for small 
systems and MAXimum for larger applications such as multiprocessing. It is available in 40-pin DIP and 44-pin 
plastic leaded chip carrier (PLCC) package. 

....... 

_--'r----""'---..., 
Of ... 

240074-1 

Figure 1. 80C86AL 
CPU Block Diagram 
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Figure 2a. 80C86AL 
40-Lead P-DIP Configuration 
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Figure 2b. aoC86AL 
44-Lead PLCC Configuration 

October 1987 
Order Number: 240074-001 
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Table 1. Pin Description 

The following pin function descriptions are for BOCB6AL systems in either minimum or maximum mode. The 
"Local Bus" in these descriptions is the direct multiplexed bus interface connection to the B0C86AL (without 
regard to additional bus buffers). 

Symbol 

A19/5 S. 
A18/5 5. 
Au/54. 
A1S/53 

P-DIP Conflg. 
Pin No. 

2-16.39 

35-38 

34 

Type Name and Function 

I/O ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory /10 address (T 1) and data (T 2. T 3. T w. T 4) 
bus. Ao is analogous to BHE for the lower byte of the data bus. 
pins 07-00. It is LOW during T 1 when a byte is to be transferred 
on the lower portion of the bus in memory or I/O operations. Eight
bit oriented devices tied to the lower half would normally use Ao to 
condition chip select functions. (See BHE.) These lines are active 
HIGH and float to 3-state OFF(1) during interrupt acknowledge and 
local bus "hold acknowledge." 

o ADDRESS/STATUS: During T 1 these are the four most significant 
address lines for memory operations. During I/O operations 

o 

these lines are LOW. During memory and I/O operations. 
status information is available on these lines during T 2. T 3. T w. 
and T 4. The status of the interrupt enable FLAG bit (55) is updated 
at the beginning of each CLK cycle. A17/54 and A16/53 are 
encoded as shown. 

This information indicates which relocation register is presently 
being used for data accessing. 

These lines fipat to 3-state OFF(1) during local bus "hold 
acknowledge:" 

A17/S4 A16/S3 Characteristics 

o (LOW) 0 - Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
5sisO 

(LOW) 

BUS HIGH ENABLE/STATUS: During T 1 the bus high enable signal 
(BHE) should be used to enable data onto the most significant half 
of the data bus. pins 015-08' Eight-bit oriented devices tied to the 
upper half of the bus would normally use BHE to condition chip 
select functions. BHE is LOW during T 1, for read. write. and 
interrupt acknowledge cycles when a byte is to be transferred on 
the high portion of the bus. The 57 status information is available 
during T 2. T 3. and T 4. The signal is active LOW. and floats to 
3-state OFF(1) in "hold." It is LOW during T1 for the first interrupt 
acknowledge cycle. 

BHE Ao Characteristics 

0 0 Whole word 
0 1 Upper byte from/ 

to odd address 
1 0 Lower byte from/ 

to even address 
1 1 None 
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Table 1. Pin Description (Continued) 

Symbol P-DIP Conflg. Type Name and Function 
Pin No. 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory of I/O read cycle, depending on the state of the S2 pin. 
This signal is used to read devices which reside on the 80C86Al 
local bus. RD is active lOW during T 2, T 3 and T w of any read 
cycle, and is guaranteed to remain HIGH in T 2 until the 80C86Al 
local bus has floated. 

This floats to 3-state OFFin "hold acknowledge." 

READY 22 I READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The READY 
signal from memory/IO is synchronized by the 82C84A Clock 
Generator to form READY. This signal is active HIGH. The 
80C86Al READY input is not synchronized. Correct operation is 
not guaranteed if the setup and hold times are not met. 

INTR 18 I . INTERRUPT REQUEST: is a level triggered input which is 
sampled during the last clock cycle of each instruction to 
determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. It can be 
internally masked by software resetting the interrupt enable bit. 
INTR is interrally synchronized. This signal is active HIGH. 

TEST 23 I TEST: inpot is examined by the "Wait" instruction. If the TEST 
input is lOW execution continues, otherwise the processor waits 
in an "Idle" state. This input is synchronized internally during each 
clock cycle on the leading edge of ClK. 

NMI 17 I NON-MASKABLE INTERRUPT: an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a lOW to HIGH 
initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. Tnesignal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the Instruction Set 
description, when RESET returns lOW. RESET is internally 
synchronized. 

ClK 19 I CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: + 5V power supply pin. 

GND 1,20 GROUND: Both must be connected. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 80C86AU82C88 system in maximum mode (i.e., 
MN/MX= Vssl. Only the pin functions which are unique to maximum mode are described; aI/ other pin func
tions are as described above. 

Symbol 
P·DIP Conflg. 

Type Name and Function 
Pin No. 

52,51,50 26-28 0 STATUS: active during T 4, T 1, and T 2 and is returned to the passive 
state (1,1,1) during T3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller to generate all memory 
and I/O access control signals. Any change by 52, 51, 50 during T4 
is used to indicate the beginning of a bus cy~le, and the return to 
the passive state in T 3 or T w is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF(ll in "hold acknowledge." These 
status lines are encoded as shown. 

S2 S1 So Characteristics 

o (lOW) 0 0 Interrupt 
Acknowledge 

0 0 1 Read I/O Port 
0 1 0 Write I/O Port 
0 1 1 Halt 
1 (HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

RQ/GTo 30,31 I/O REQUEST/GRANT: pins are used by other local bus masters to 
RQ/GT1' force the processor to release the local bus at the end of the 

processor's current bus cycle. Each pin is bidirectional with 
RQ/GT 0 having higher priority than RQ/GT 1. RQ/GT has an 
internal pull-up resistor so may be left unconnected. The 
request/grant sequence is as follows (see timing diagram): 

1. A pulse of 1 ClK wide from another local bus master indicates a 
local bus request ("hold") to the 80C86Al (pulse 1). 
2. During a T 4 or T 1 clock cycle, a pulse 1 ClK wide from the 
80C86Al to the requesting master (pulse 2), indicates that the 
80C86Al has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next ClK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge. " 
3. A pulse 1 ClK wide from the requesting master indicates to the 
80C86Al (pulse 3) that the "hold" request is about to end and that 
80C86Al can reclaim the local bus at the next ClK. 

Each master-master exchange of the local bus is a sequence of 3 
pulses. There must be one dead ClK cycle after each bus 
exchange. Pulses are active lOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T 4 of the cycle when all the 
following conditions are met: 

1. Request occurs on or before T 2. 
2. Curtent cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge seCiluence. 
4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 

Symbol P-DIP Conflg. Type Name and FUnction PlnNo. 

If the local bus is idle when the request is mad~, the ~o possible 
events will follow: 

1. local bus will be released during the next cloc~. 
2., A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 already 
satisfied.' 

~ 29 0 'i:OCK: output indicates that other system bus masters are not to 
gain control of the system bus while lOCK is active l0W. The 
U5CR signal is activated by the "lOCK" prefix instruction and 
remains active until the completion of the next instruction. This 
signal is active lOW, and floats to 3-state OFF(1) in "hold 
acknowledge." 

QS1,QSo 24,25 0 QUEUE STATUS: The queue status is valid during the ClK cycle 
after which the queue operation is performed. 
QS1 and QSo provide status to allow external tracking of the internal 
80C86Al instruction queue. 

QS1 QScI Characteristics 

o (LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

The fol/owlng pin function descriptions are for the BOC86AL in minimum mode (i.e., MNIlflX= Vee). Only the 
pi~ functions which are unique to minimum mode are described; all other pin functions are described above. 

MIlO" , 28 0 STATUS LINE: logically equivalent to S2 in the maximum mode. It 
is used to distinguish a memory access from an 1/0 access. M/iO 
becomes va!id in the T 4 pre¢eding ,a bus cycle and remains valid 
until the final T 4 of the cycle) (M = HIGH, 10 = LOW). M/iO floats to 
3-state OFF(1) in local bus "hold acknowledge." 

WR 29 0 WRITE: Indicates that the processor is performing a write memory 
or write 1/0 cycle, depending on the state of the MIlO signal. WR is 
active for'T 2, T 3 and T w of any write c::ycle. It is active LOW, and 
floats to 3-state OFF(1) in local bus "hold acknowledge." 

jNfA. 24 0 Tfn'A is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during'T 2,. T 3 and T w of each interrupt acknowledge 
cycle. 

ALE 25 0 ADDRESS LATCH ENABLE: provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
T 1 Of any bus cycle. Npte that ALE Is never floated. 

DTIA 27 0 DATA TRANSMIT/RECEIvE: needed in minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data flow through the transceiver. Logically DT IA is 
. equivalent to S1 in the maximum mode, and its timing is the same 

" as for M/iO. (T = HIGH, A'= LOW.) This signal floats to 3-state 
OFF(1) in local bus "hold acknowledge." 
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Table 1 Pin Description (Continued) 

Symbol 
P-DIP Conflg. 

Type Nam. ancl Function Pin No. 

DEN 26 0 DATA ENABLE: provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. 'DEN is active 
LOW during each memory and .1/0 access and for INTA cycles. 
For a read or'iIii'I'A cycle it is active from the middle of T 2 until the 
middle of T 4, while for a write cycle it is active from the beginning 
of T 2 until the middle of T 4. DEN floats to 3-state OFF(1 lin local 
bus "hold acknowledge." 

HOLD, 31,30 I/O HOLD: indicates that another master isrequestlng a local bus 
HLDA "h~ld." To be acknowledged, HOLD must be active HIGH. The 

processor receiving the "hold" request will isslle HLDA (HIGH) as 
an acknowledgement in the middle of Ii T 1 clock cycle. 
Simultaneous with the issLiance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being 
LOW, the processor will LOWer the HLDA, and when the 
processor needs to run another cycle, it will again drive the local 
bus and control lines. 
The. same rules as for RO/(ff apply regarding when the local bus 
will be released. 
HOLD IS not an asynchronous input. External synchronization 
should be provided if the system cannot otherwise guarantee the 
setup time. 

NOTE: 
1. See the section on Bus Hold Circuitry. 

FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

~II 80C86AL circuitry is of static design. I~ternal reg
Isters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C86AL can operate from DC to the appropriate 
upper frequency limit. The processor clock may be 
stopped in either state (high/low) and held there in
definitely. This type of operation is especi~lIy useful 
for system debug or power critical applications. 

The 80C86AL can be single stepped using only the 
~PU clock. Thi~ state can be maintained as long as 
IS necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

~tatic design also allows very low frequency opera
tion. In a power critical situation, this can. provide 
extremely low power operation since 80C86AL pow
er dissipation is directly related to operating frequen
cy. As the system, frequency is reduced, so i.s the 
operating power until, ultimately, at a DC input fre
quency, the 80C86AL power requirement is the 
standby current. 
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INTERNAL ARCHITECTURE 

The internal functions of the 80C86AL processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia
gram of Figure 1. 

These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func
tions related to instruction fetching and queuing, op
erand fetch and store, aod addreslil relocation. This 
unit. also pr~vides the basic. bus control. The overlaP 
of Instruction pre-fetching provided by this unit 
~rves to increase processor performance through 
Improved bus bandWidth utilization. Up to 6 bytes of 
the instruction stream can be quelled while waiting 
for decoding and execution. 

The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" on the 
memory bus. The queue acts as a First-In-First Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 
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" Memory Segment Register 
, 

"Segment 
Reference Need U.ed ,. Sel~ctlon Rule 

Instructions CODE (CS) Automatic with all instruction prefetch: 

Stack STACK (SS) • " All stack pushes and pops. Memory references relative to BP 
base register except data references. ' 

Local Data ' DATA (OS) Data referen~s when: relative to stack, destination of string 
operation, or exp~citly overridden. 

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
" ' segment override. 

, ' 

The execution units receives' pr~fetched instruo
tions from the BIU queue and provides· un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BI!J ,for storage. ~ , 
the Instructio'il' Set description for further register set 
and architEjctural descriptions. , 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
whic~ 10batEl~ the' byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 

r---,.'mmt 

lCODe8EG~' 
...---....... t-...... XXXllOH 

" , 

+0 
lSTACK SEIIIIENT 

,:....A~+---f". , , 

. ' 
} EXTRA ~TA~, ' 

L......j*"""--l 
'S.......lt OOOOOH 
, . :, '240074':4 ' 

Figure 3a. Memory Organization, 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 

, The segment types were chosen based on the ad
dressing needs of programs. The segment register 
to, be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, 'faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant bytj3 of the word is stored in the 
lower valued address location and the most signifi
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word oper~lnd is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the perfor!,"ance penalty, this 
double access is transparent to the software. TI'\is 
performance penalty does not occur for instruction 
fetches, only word operands . 

Physically. the memory is organized asa high bank 
(Dis-De) and a low bank (07-00) of 512k 8-bit 
bytes addressed in parallel by' the processor's ad-

, dress lines. 

A19-A1. Byte data ~theven addresses is trans
ferred on the OrOo bus lines while odd addressed 
byte data (Ao HIGH) is transferred on the 01s-0e 
bus lines. The processor provides ,two enable Sig
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the I:>r~cessor to the byte level, as necessary. . 

In referencing word data the BIU requires one or two 
memory cycles depending on "whether or not the 
starting byte of the word is on' an even or odd ad
dress, respectively. COnsequently,' in referenCing 
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word operands performance can be optimized by lo
cating data on even address boundaries. This is an 
especially useful technique for using the stack. since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro
cessing or task multiplexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from ad
dress FFFFOH through FFFFFH are reserved for op
erations including a jump to the initial program load
ing routine. Following RESET. the CPU will always 
begin execution at location FFFFOH where the jump 
must be. Locations OOOOOH through 003FFH are re
served for interrupt operations. Each of the 256 pos-, 
sible interrupt types has its service routine pointed to 
by a 4-byte pOinter element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 

RESET BOOTSTRAP 
FFFFFH 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH 

· , · · 7H 
INTERRUPT POINTER 

FOR TYPE 1 
4H 

INTERRUPT POINTER 
3H 

FOR TYPE 0 
OH 

240074-5 

Figure 3b. Reserved Memory Locations 
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MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 80C86AL systems are sufficiently Ififferent that 
they cannot be done efficiently with 40 uniquely de
fined pins. Conseque!!!!t. the 80C86AL is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes de~ndent on the condition of the 
strap pin. When MN/~ pin is strapped to GND. the 
80C86AL treats pins 24 through 31 in maximum 
mode. An 82C88 bus controller interprets status in
formation coded into 50. 51. 52 to generate bus tim
ing and control signals compatible with the MUL TI
Buse architecture. 'When the MN/~ pin is 
strapped to V ce. the 80C86AL generates bus con
trol signals itself on pins 24 through 31. as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. 

BUS OPERATION 

The 80C86AL has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff
ered directly and used throughout the system with 
a(ldress latching provided on memory and 1/0 mod
uies. 'In addition. the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus'is desired for the 
system. 

Each processor bus cycle consists of at least four 
CLK cycles. These are referred to as T 1. T 2. T 3 and 
T 4 (see Figure 5). The addresli is emitted from the 
processor during T 1 and data transfer occurs on the 
bus during T 3 and T 4. T 2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device. "Wait" states (T w) are in
serted between T 3 and T 4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C86AL bus cycles. These are 
referred to as "Idle" states (11) or inactive CLK cy
cles. The processor uses these cycles for internal 
housekeeping. 

During T 1 of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller. depending on the MN/MX 
strap). At the trailing edge of this pulse. a valid ad
dress and certain status information for the cycle 
may be latched. 
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Figure 5. Basic System Timing 

5tatus bits 50, 51, and 52 are used, in maximum 
'mode, by the bus controller to identify the type of 
bus transaction according to the following table: 

S2 S1 So Characteristics 

o (LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/O 
0 1 0 Write I/O 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

5tatus bits 53 through 57 are multiplexed with high
order address bits and the SHE signal, and are 
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therefore valid during T 2 through T 4. 53 and 54 indi
cate which segment register (see Instruction 5et de
scription) was used for this bus cycle in forming the 
address, according to the following table: 

S4 S3 Characteristics 

o (LOW) 0 Alternate Data (extra segme~t) 
0 1 5tack 
1 (HIGH) 0 Code or None 
1 1 Data 

55 is a reflection of the P5W interrupt enable bit. 
56 = 0 and 51 is a spare status pin. 
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1/0 ADDRESSING 

In the SOCS6Al., 110 operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for
mat as the memory address on bus lines A15-AO. 
The address lines A19-A16 are zero in 110 opera
tions. The variable I/O instructions which use regis
ter OX as a pOinter have full address capability while 
the direct I/O 'instructions, directly address one or 
two of the 256 I/O byte locations in page 0 of the 
I/O address space. 

I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans
ferred on the 07-00 bus lines and odd addressed 
bytes on 015-08. Care must be taken to assure that 
each register within an S-bit peripheral located on 
the lower portion of the bus be addressed as even. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
SOCS6Al. RESET is required to be HIGH for four or 
more Cl.K cycles. The SOCS6Al. will terminate oper
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately' 7 Cl.K cycles. Af
ter this interval the SOCS6Al. operates normally be
ginning with the instruction in absolute location 
FFFFOH (see Figure 3b). The details of this opera
tion are specified in the Instruction Set description of 
the MCS®-S6 Family User's Manual. The RESET in
put is internally synchronized to the processor 

"PULL·UP/PULL·DOWN" 

Input Buffer exists only on 1/0 pins 

EXTERNAL 
PIN 

240074-24 

Figure 6a. Bus hold Circuitry pin 2-16, 
34-39 for P-DIP package. 
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clock. At initialization the HIGH-to-l.OW transition of 
RESET must occur no sooner than 50 p.s after pow
er-up, to allow complete initialization of the 
SOCS6AL 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

AlI3-state outputs float to 3-state OFF(1) during RE
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(l). Al.E and Hl.OA are driven low. 

NOTE: 
1. See the section on Bus Hold Circuitry. 

BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down resistors, "bus-hold" circuitry has 
been used on the SOCS6Al. pins 2-16,26-32, and 
34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 p.A minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis
tive" type element, the associated power supply cur
rent is negligible and power dissipation is significant
ly reduced when compared to the use of passive 
pull-up resistors. 

"PULL·UP" 

EXTERNAL 
PIN 

240074-25 
Input Buffer exists only on 1/0 pins 

Figure 6b.Bus hold circuitry 
pin 26-32 for P-DIP package. 
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INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiat!'ld interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard
ware interrupts can be classified as non-maskable or 
maskable. 

Interrupts result in a transfer of control to a new pro
gram location. A 256-element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type". An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to "vec
tor" through the appropriate element to the new in
terrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt pin (NMI) which has higher priority than the 
maskable interrupt re,quest pin (INTR). A typical use 
would be to activate a' power failure routine. The 
NMI is edge-triggered on a lOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two ClK cycles, but,is not required to be synchroniz
ed to the clock. Any high-going transition of NMI is 
latched on-Chip and will be serviced at the e(ld of the 
current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in
structions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high
going edge triggers another response if it occurs af. 
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ter the start of the NMI procedure. The Signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C86Al provides a single interrupt request in
put (INTR) which can be masked internally by soft
ware with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig
gered. It is internally synchronized during each clock 
cycle on the high-going edge of ClK. To be re
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block
type instruction. During the interrupt response se
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc
essor prior to the interrupt. Until the old FLAGS reg
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (Figure 7) the proc
essor executes two successive (back-to-back) inter
rupt acknowledge cycles. The 80C86,A.l emits the 
lOCK signal from T 2 of the first bus cycle until T 2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE
TURN instruction includes a FLAGS pop which re
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 
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I T, I' T2 T3 , .I" T. lTd T, I T2 

ALE J\ .... ------.... I J\---------
i:OCK \ / , , 

\' (! h '\ INTA 

ADO - AD,S ~ FLOAT ~ }-I! • : 'TVPE VECTOR • ' 

240074-9 

Figure 7. Interrupt Acknowledge Sequence 

HALT 

When asoftware "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two, ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig
nals. In M!lXimum Mode, th~ processorJssues ap
propriate HALT status on 52, 8, and So and the 
82C88 bus controller issues one ALE. The 80C86AL 
will not leave the "HAL T"state when a local bus 
"hold" is entered while in "HALT". In this case, the 
proces~r reissues the HALT indicator. An interrupt 
request or RESET will force thE;l 80C86AL out of the 
"HALT" state. ' 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per
forming read/modify/write operations on memory 
(via the Exchange Register With Memory instruction, 
for example), without the possibility of another sys
tem bus master receiving intervening memory cy
cles. This is useful in mutliprocessor system configu
rations to accomplish "test and set lock" operations. 
The LOCK Signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated' at the end of the last bus cycle of the 
instruction following the "LOCK" prefix instruction. 
While LOCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
LOCK. 
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EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general 110 
capabilities, the 80C86Al provides a single soft
ware-testable input known as the TEST signal. At 
any time the program may execute a WAIT instruc
tion. If at that time the 'fES'i' signal is inactive 
(HIGH), program execution becomes suspended 
while the processor waits for iES'f to become ac
tive. It must remain active for at least 5 CLK cycles. 
The WAIT instruction is re-executed repeatedly until 
that time. 'This activity 'does not consume bus cycles. 
The processor remains in an idle state while waiting. 
All 80C86AL drivers go to 3-state OFF if bus "Hold" 
is entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor op
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini
mum mode, the MN/MX pin is strapped to Vee and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod
ed status information which the 82C88 bus control
ler uses to generate MUL TIBUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 



80C86AL 

AX AH AL ACCUMULATOR 

ax 8H 8L BASE 

CX CH CL COUNT 

ox DH DL DATA 

~m 
STACK POINTER 

BP BASE POINTER 

, 51 SOURCE INDEX 

01 DESTINATION INDEX 

I IP I INSTRUCTION POINTER 

FLAGSH I FLAGIL STATUS FLAGS 

CS CODE SEGMENT 

OS DATA SEGMENT 

'---- SS STACKSEGMENT 

ES EXTRA SEGMENT 

240074-10 

Figure I. IAPX IOC88AL Register Model 

SYSTEM TIMING-MINIMUM SYSTEM 

The read cycle begins in T 1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (Iow
going) edge of this signal is used to latch the ad
dress information, which is valid on the local bus at 
this time, into a latch. The Hand Ao signals ad
dress the low, high, or both bytes. From T 1 to T 4 the 
MIlO signal indicates a memory or 1/0 operation. At 
T 2 the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at T 2. The read (RD) 
signal causes the addressed device to e~able its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is reg,uired to buffer 
the 80C86AL local bus, signal!! DT/R and DEN are 
provided by the 80C86AL. 

A write cycle also begins with the assertion ~f AL~ 
and the emission of the address. The MIlO signal IS 
again asserted to indicate a memory or 1/0 write 
operation. In the T 2 immediately following the ad
dress emission the processor emits the data to be 
written into the addressed location. This data re
mains valid until the middle of T 4. During T 2, T 3, and 
T w the processor asserts the writ~ control sign~l. 
The write ~) Signal becomes actIVe at the begin
ning of T 2 as opposed to the read which is delayed 
somewhat into T 2 to provide time for the bus to float. 

The BHE and Ao signals are used to select the prop
er byte(s) of the memoryllO word to be read or writ
ten according to the following table: 
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BHE AO Characteristics 
0 0 Whole word 
0 1 Upper byte froml 

to odd address 
1 0 Lower byte froml 

to even address 
1 1 None 

1/0 ports are addressed in the same manner as 
memory location. Even addressed bytes are trans
ferred on the D7-DO bus lines and odd addressed 
bytes on D15-D8. 

The basic difference between the interrupt acknowl· 
edge cycle and a read 9}/cle is that the interrupt ac· 
knowl~e signal (iNTA) is asserted in place of the 
read (AO) signal and the address bus is float~. 
(See Figure 7.) In the second of two successIVe 
INT A cycles, a byte of information is read from bus 
lines D7-DO as supplied by the interrupt system log
ic (i.e., 82C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter
rupt vector lookup table, as described earlier. 

BUS TIMING-MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is con
nected to Vss and the 82C88 Bus Controller· is add
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86AL il!.,capable of han
dling. Signals ALE, DEN, and DT IR are generated 
by the 82C88 instead of the processor in this config
uration although their timing remain! re~tively the 
same. The 80C86AL status outputs (S2, S1, and So) 
provide type·of-cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or 1/0), write (data or 110), inter· 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write 110 read of write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have 'the 
same timing as read strobes, and hence data isn't 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 82C88 
DT lFi and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an S2C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter· 
rupt Controller Is pOSitioned on the local ~us, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 

I, 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage 
(With respect to ground) ........... - 0.5 to S.OV 

Input Voltage Applied 
(w.r.t. ground) ........... ,. -2.0 to VCC + 0.5V 

Output Voltage Applied 
(w.r.t. grourad) ............. -0.5 to VCC + 0.5V 

Power Dissipation ..... , .................... 1.0W 

Storage Temperature ............. - 65°C to 150°C 

Ambient Temperature Under Bias ...... O°C to 70°C 

D.C. CHARACTERISTICS 

Case Temperature (PDIP) ............. O°C to SO°C 

Case Temperature (PLCC) ............ O°C to S5°C 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may 9ause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional seqtions of this specification Is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

(T A = O°C to 70°C. T CASE (Plastic) = O°C to SO°C. T CASE (PLCC) = o°c to S5°C) 
(VCC = 5V ± 10% for SOCS6AL. VCC = 5V ±5% for SOCS6AL-2) 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low Voltage +0.8 V (Note 4) 

VIH Input High Voltage 2.0 V (Note 5) 
(All inputs exce..e!.. 
Clock and MN/MX) 

VeH Clock and MN/MX Vee- 0.8 V 
Input High Voltage 

VOL Output Low Voltage 
, 

0.4 V IOl = 2.5 mA 

VOH Output High Voltage 3.0 V IOH = -2.5mA 
Vee- 0.4 IOH = -100 /LA 

Icc Power Supply Current 10mA/MHz Vil = GND, VIH = Vee 

Ices Standby Supply Current 500 /LA VIN ';" Vee or GND 
Outputs Unloaded 
CLK = GND or Vee 

III Input Leakage Current il.0 /LA OV,;: VIN';: Vee 

ISHl Input Leakage Current 50 300 /LA VIN = 0.8V 
(Bus Hold Low) 

ISHH I nput Leakage Current -50 -300 /LA VIN = 3.0V 
(Bus Hold High) 

ISHlO Bus Hold Low Overdrive 400. /LA (Note 2) 

ISHHO Bus Hold High Overdrive -400 /LA (Note 3) 

ILO Output Leakage Current il0 /LA Your = GND or Vee 

CIN Capacitance of I nput Buffer 
(All inputs excep~ 

5 pF (Note 1) 

ADo:"AD15. RQ/GD 

CIO Capacitance 01'1/0 Buffer 
(ADo-AD15. RQ/GD 

20 pF (Note 1) 

COUT Output Capacitance 15 pF (Note 1) 

NOTES: 
1. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) VIN at +5.0V or GND. 
2. An external driver must source at least leHlO to switch this node from LOW to HIGH. 
3. An external driver must sink at least ISHHO to switch this node from HIGH to LOW. 

'. 4. VIL for all input pins (except MN/MX pin) tested with MN/MX pin = GND. 
5. VIH tested with MN/MX pin = Vee. 
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A.C. CHARACTERISTICS 
(T A = O"C to 70"C, T CASE (Plastic) = O·C to 8O·C, T CASE (PlCC) = O"C to 85·C) 
(Vee = 5V ±10% for80C86Al, Vee = 5V ±5% for80C86Al-2) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

Symbol Parameter 80C88AL 80C86AL·2 Units 
Min Max Min Max 

TClCl ClK Cycle Period 200 D.C. 125 D.C. ns 

TClCH ClKlowTime 118 68 ns 

TCHCl ClK High Time 69 44 ns 

TCH1CH2 ClK Rise Time 10 10 ns 

TCL2Cl1 ClKFaliTime 10 10 ns 

TDVCl Data in Setup Time 30 20 ns 

TClDX Data in Hold Time 10 10 ns 

TR1VCl ROY Setup 1Jme 35 35 ns 
intb82C84A 
(Notes 1, 2) 

TClR1X ROY Hold Time 0 0 ns 
into 82C84A 
(Notes 1, 2) 

TRYHCH READY Setup 118 68 ns 
Time into 80C86Al 

TCHRYX READY Hold Time 30 20 ns 
into 80C86Al 

TRYlCl READY Inactive to -8 -8 ns 
ClK (Note 3) 

THVCH HOLD Setup Time 35 20 ns 

TINVCH INTR, NMI, Tm 30 15 ns 
Setup Time 
(Note 2) 

TILIH Input Rise Time 15 15 ns 
(Except ClK) 

TIHll Input Fall Time 15 15 ns 
(Except ClK) 
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Test 
Conditions 

From 1.0V to 3.5V 

From 3.5V to 1.0V 

From 0.8V to 2.0V 

From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
(T A = O°C to 70°C, T CASE (Plastic) = O°C to 80°C, T CASE (PLCC) =:' O°C to 85°C) 
(V CC = 5V ± 10% for 80C86AL, V CC = 5V ± 5 % for 80C86AL-2) 

Timing Responses 

Symbol Parameter 
80C86AL 80C86AL-2 

Min Max Min Max 

TCLAV Address Valid Delay 10 110 10 60 

TCLAX Address Hold Time 10 10 

TCLAZ Address Float TCLAX 80 TCLAX 50 
Delay 

TLHLL ALE Width TCLCH-20 TCLCH-10 

TCLLH ALE Active Delay 80 50 

TCHLL ALE Inactive Delay 85 55 

TLLAX Address Hold Time TCHCL-10 TCHCL-10 
to ALE Inactive 

TCLDV Data Valid Delay 10 110 10 60 

TCHDX Data Hold Time 10 10 

TWHDX Data Hold Time TCLCH-30 TCLCH-30 
AfterWR 

TCVCTV Control Active 10 110 10 70 
Delay 1 

TCHCTV Control Active 10 110 10 60 
Delay 2 

TCVCTX Control Inactive 10 110 10 70 
Delay 

TAZRL Address Float to 0 0 
READ Active 

TCLRL RD Active Delay 10 165 10 100 

TCLRH RD Inactive Delay 10 150 10 80 

TRHAV RD Inactive to Next TCLCL-45 TCLCL-40 
Address Active 

TCLHAV HLDA Valid Delay 10 160 10 100 

TRLRH RDWidth 2TCLCL-75 2TCLCL-50 

TWLWH WRWidth 2TCLCL-60 2TCLCL-40 

TAVAL Address Valid to TCLCH-60 TCLCH-40 
ALE Low 

TOLOH Output Rise Time 15 15 
(Note 4) 

TOHOL Output Fall Time 15 15 
(Note 4) 

NOTES: 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T2 state. (8 ns into T3). 
4. These parameters are characterized and not 100% tested. 
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Test 
Conditions 

From 0.8Vto 
2.0V 

From 2.0Vto 
0.8V 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

Yot+UV-V UYV
VIL -uv---.l'\-----------'~ 

240074-27 
240074-26 

A.C. Testing Inputs are driven at VIH + 0.4V for a logic "1" and 
VIL - 0.4V for a logic "0". The clock is driven at VCH + OAVand 
VCL - OAV. Timing measurements are made at 1.5V. CL Includes Jig Capacltence 

WAVEFORMS 

MINIMUM MODE 

T, T. T. Tw T. 

v !--TCLCL_TCH1CH2-! H I-TCUCL1A C." v---\ 
-~ '~ 

ALE 

ROY lI'CI4A Input) 
8E1! NOTI 4 

TCHCTV 

TCLAV-

TCLLH-

~ I\----J 
~ TCHCL 

l:( 
- - TCLII'I ~ TCLAX· 

~AlI .. AlI ' 

y TLH L-::::: I-TLLAX 

. TC' LL!!I AL !0- X V,._ 

V,,- --
TRYLCL-- " 

"""----' 
_TCLCH_ 

TCHDX- t s, .. s, 

r--
,~---

_TR1VCL 

\. 
- HCLR1X 

-
RIADY (IGIIIIIIJIUQ 

1 - -TCHRYX 

READ CYCLE 

(NOTE 1) 

AD 

(\VII,IIITl- VOIIl DT/A 

- TAVAL - TRYHCH..1 -

TCLAV--
I-TLLAX __ -I 

-TCLAZ t:::,TDVCL-
.-TCLAX ' 

A1S-ADo V DATA IN 

~:{ TAZRL- TCLRH-

=~TCHCTV' TCLRL TRLRH 

TCVCTV-- f TCVCTX .... 

2 .. 77 

I.-TCLDX_ 

..., FLO:~ 
rTRHAV 

........ 

I t:.TCHCTV 

f 
1:.1 
~ 
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WAVEFORMS (Continued) 

MINIMUM MODE (Continued) 

CLK (I2CI4A OUtput) 

INVALID ADDRESS SOFTWARE HALT 

240074-14 

NOTES: 
1. All output timing measurements are niade at 1.5V unless otherwise noted. 
2. RDY is sampled near the end of T 2. T 3. T w to determine if T w machines states are to be inserted. 
3. Two INTA cycles run back-to-back. The 80C86AL local ADDR/DATA BUS is floating during both INTA cycles. Control 
signals shown for second INTA cycle. 
4. Signals at 82C84A are shown,for reference only. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 8OC86AL 

Min Max 

TClCl ClK Cycle Period 200 D.C. 

TClCH ClKlowTime 118 

TCHCl ClK High Time 69 

TCH1CH2 ClK Rise Time 10 

TCl2Cl1 ClK Fall Time 10 

TDVCl Data in Setup Time 30 

TClDX Data in Hold Time 10 

TR1VCl ROY Setup Time into 82C84A 35 
(Notes 1, 2) 

TClR1X ROY Hold Time into 82C84A 0 
(Notes 1, 2) 

TRYHCH READY Setup Time into 80C86Al 118 

TCHRYX READY Hold Time into 80C86Al 30 

TRYlCl READY In~ctive to -8 
ClK (Note 4) 

TINVCH Setup Time for Recognition 30 
(INTR, NMI, TEST) 
(Note 2) 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 80C86Al 40 

TILIH Input Rise Time 15 
(Except ClK) (Note 5) 

TIHll Input Fall Time 15 
(Except ClK) (Note 5) 

80C86AL-2 Units Test 

Min Max Conditions 

125 D.C. ns 

68 n$ 

44 ns 

10 ns From 1.0V to 3.5V 

10 ns From-3.5Vto 1.0V 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

15 nil 

15 ns 

30 ns 

15 ns From 0.8V to 2.0V 

15 ns From 2.0V to 0.8V 

: . 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 8OC86AL 80C86AL·2 Units Test' 

Min Max Min Max Conditions 

TCI-Ml Command Active 6 46 6 35 ns 
Delay (Note 1) , 

TClMH Command Inactive 5 45 5 35 ns 
Delay (Note 1) 

TRYHSH READY Active to 110 65 ns 
StatUs Passive (Note 3) I 

TCHSV Status Active Delay 10 110 10 60 ns 

TC~SH Status Ina~lve Delay 10 130 10 70 ns 
TCLAV AddreSs Valid Delay 10 110 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Addre.ss Float Delay TCLAX 80 TCLAX 50 ns 

TSVlH Status Valid to ALE Higt) (Note 1) 35 20 ns 
TSVMCH StatUs Valid to 35 30 ns 

MCE High (Npte 1) 

TCllH ClK Low to ALE Valid (Note 1) 35 20 ns 

TClMCH elK Low to MCE High (Note 1) 35 25 ns 
TCHll ALE Inactive Delay (Note 1) 4 35 4 25 ns 

.TGlDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

,TCVf'lV Control Active Delay (Note t) 5 45 5 45 ns 

TCVNX Control Inactive Delay (Note 1) 5 45 10 45 ns 

TAlRl Address Float to Read ActIVe 0 0 ns 
TClRl RD Actiye Delay 10 165 10 100 ns 

TClRH RD Inactive Delay 10 150 10 80 ns 

TRHAV ' RD Inactive to TClCl-45 TClCl-40 ns 
Next Address Active 

TCHDTl Direction Control 50 50 ns 
Active Delay (Note 1) 

TCHDTH Direction Control 35 30 ns 
Inactiv~ Delay (Note 1) 

TCLGl GT Active Delay 0 85 0 50 ns 

TClGH GT Iflactlve Delay 0 85 0 50 ns 
TRlRH RDWldth 2TClCl-75 2TClCl-50 ns 

TOlOH Output Rise Time 15 15 ns From 0.8V to 2.0V 
TOHOl Output Fall Time 15 15 ns From ';..OV to 0.8V 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 for the most recent specifications. 
2. Setup requirement for asynchronous slg~ only to guarantee recognition at next eLK. 
3. Applies only to T3 and waH statfjS. 
4. Applies only to T2 state (8 ns Into T3). 
5. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT IOUTPUT 

UNDER Vnt+uv-y ,.rvV
¥IL-IAV~~-------~ 

DEVICE h 
..... _TE_IT_..... lc"= IDOp' 

240074-12 240074-11 
A.C. Tasting inpu1s are driven at VIH + 0.4V for a logic "1" and 
VIL - 0.4V for a logic "0". The clock is driven at VCH + 0.4Vand 
VeL - 0.4V. Timing measurements are made at 1.5V. 

CL Includes Jig Capacitance 

WAVEFORMS 

MAXIMUM MODE 

CLK ~Hr-"" 

. .J VCL 

READY c-L IIIPUl) I 

--_NOTII ... 

DT,R 

DIN 

TCLA".. 

r---

-
TSVLH 
TCLL .... 

,. 

TCLAV-

T, T. T. T. 

I::]!-- -t !--TCLlCL1 Tw 

~r\-{' "" r; r,,"", 
'---J 'L-...J E -TCHCL 

_TCLCH_ 

X 
TCHSV - -TCLS. ------

~ W1--71 \ 

.~ LA&1x_ ~TCLDY TCHDJI- .t-----
XI 111,- X ..... , X 
1:=- .r TCHLL --I \ ----

~ 
-T 1VCL -:0 'i ~~ ~ m~ .... -'":;: ~TCLR1X 

TAYLe 

~ --
I - -TCHRYX 

TRYHIH_ --- TCLAI -- l--~--
.'-. -TCL .. - I=TDVCL- -TCLDII-

X -.I5-ADo 

~ 
DATAl" 

'L~~ 
TAZRL- I- TCLRH TRHAY 

V I. 
TCHDTL- .r-- TCUIL 

TALRH 

\: t TCHDTH 

\ I 
TCLIIL- .1- TCLMH • 

~ \ 
TCYNY- 11--

/I l 
TCVNX- 1= 

240074-15 
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WAVEFORMS (Continued) 

MAXIMUM MODE (Continued) 

WRITE CYCLE 

AD15-AD. 

DEN 

82C88 OUTPUTS 
NOTES 5,6 AMWC OR AIOWC 

INTA CYCLE 

ADWADO 
NOTES 3,4 

MCEI 

80C86AL 

T, T, T. 

FLOAT 
TClDX 

FLOAT 

I 
~~--------+-~+--

,. -
PDEN TClMCH 
DTiR ---+"';"'-"";'""'\.1 

TCHDTH 

82C88 OUTPUTS 
NOTES5,6 INTA 

DEN 

SOFTWARE HAlT-
(DEN = YoL;RD,MRDC,IORC,MWTC,AMWC, 

iOWC,AIOWC,INTA, = YOH) AD,5-A-D.--+ .... Ir--IN-Y-A-l-ID-A-D-D-R-E-S-S--

TelAY 

TCYNX 

--,. ,,.-------.....,,r"' ----
82,$,,8. ,,\,,----- \ - - - • 

NOTES: 
1, All timing measurements are made at 1,5V unless otherwise noted, 
2, ROY is sampled near the end of T 2, T 3, T W to determine if T w machines states are to be inserted, 
3, Cascade address is valid between first and second INTA cycle, 

240074-16 

4, Two INTA cycles run back-to-back, The 80C86AL local ADDR/DATA BUS is floating during both INTA cycles, Control for 
pointer address is shown for second INT A cycle, 
5, Signals at 82C84A or 82C88 are shown for reference only, 
6, The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) 
lags the active high 82C88 CEN, 
7, Status inactive in state just prior to T 4' 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

NMI}~?_ 
INTR SIGNAL : 

1iif 
240074-17 

NOTE: Setup requirements for asynchronous signals only to guarantee recognition' at next elK. 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLy) 

240074-18 

RESET TIMING 

J41·---·ltlO ... ----t 

CLK 

RENT 

... CLKCYCLII 

240074-19 

REQUEST IGRANT SEQUENCE TIMING (MAXIMUM MODE ONLy) 

ADII·AD, 
A,.,..-A,A IOCIIAL 
11;.~ _--___ _ 

lIB. LOCK 
1iHIJS, 

COPROCESSOR 
RELEASE 

COPROCESSOR 

(8EENOTE) 

NOTE: The coprocessor may not drive the buses outside the region shown without risking contention. 
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WAVEFORMS (Continued) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

'1 elK CYCLE 

elK" rl 

~? 
TCLHAV 

HLoA -----AD1s-AD,. 
A,oIS.-A,oIS" ,------..... -....;;""Irr==--- .. ----"""'" 
l1li, 8OC86AL COPROCESSOR 
iiH~~no, !-' ______ ... 

oTIA, WA, DEN 

Mnemonic and 
Description 

DATA TRANSFER 

MOV ~ Move: 

Register/Memory to/from Register"'· 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator t~ Mel110ry 

RegISter/Memory to Segment Register·· 

Segment RegIster to Register/Memory 

PUSH ~ Push: 

RegIster/Memory 

RegIster 

Segment Register 

pop ~ Pop: 

Register/Memory 

Register, 

Segment Register 

XCHG ~ Exchange: 

Register/Memory with Register 

Register with \ Accumulator 

IN ~ Input from: 

Fixed Port 

Vanabie Port 

OUT ~ Output to: 

Fixed Port 

Variable Port 

XLAT ~ Translate Byte to AL 

LEA ~ Load EA to Register 

LOS = Load Pointer to OS 

LES ~ Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

PUSHF ~ Push Flags 

POPF = Pop Flags 

Table 2. Instruction Set Summary 
I Instruction Code 

765432"10 765(3210 76543210 

100010dw mod reg rim 

1100011 w modOOOr/m data 

1011 wreg data dataifw - 1 

1010000w addr-Iow addr-high 

1010001w addr-Iow addr-high 

10001110 mod 0 reg rim 

10001100 mod 0 reg rim 

11111111 mod 11 Or/m 

01010reg 

OOOregl1 0 

10001111 modOOOr/m 

01011 reg 

OOOreglll 

1000011w mod reg rim , 

10010reg 

1110010w port 

1110110w 

1110011w port 

1110111W 

11010111 

10001101 mod reg r/m 

11000101 mod reg r/m 

11000100 mod reg rIm 

10011111 

10011110 

10011100 

10011101 

2-84 
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ARITHMETIC 

ADD = Add: 

Mnemonic and 
Description 

Reg.lMemory with Register to Either 

Immediate to RegisterlMemory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg.lMemory with Register to Either 

Immediate to RegisterlMemory 

Immediate to Accumulator 

INC = Increment: 

RegisterlMemory 

Register 

AAA = ASCII Adjust for Add 

DAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg.lMemory and Register to Either 

Immediate from RegisterlMemory 

Immediate from Accumulator 

SBB = Subtract with Borrow 

Reg.lMemc:>ry and Register to Either 

Immediate from RegisterlMemory 

Immediate from Accumulator 

DEC = Decrement: 

ReglsterlMemory 

Register 

NEG = Change Sign 

CMP = Compare: 

Register IMemory and Register 

Immediate with RegisterlMemory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 

AAD = ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWO = Convert Word to Double Word 

80C86AL 

Table 2. Instruction Set Summary (Continued) 

I Instruction Code 

76543210 76543210 76543210 76543210 

OOOOOOdw mod reg rim 

100000sw modOOOr/m data dataifsw = 01 

0000010w data dataifw = 1 

000100dw mod reg rim 

100000sw modO 1 o rim data dataifsw = 01 

0001010w data dataifw = 1 

lllllllw modOOO rim 

01-000 reg 

00110111 

00100111 

001010dw mod reg rim 

100000sw mod 101 rim data dataifsw = 01 

0010110w data dataifw = 1 

000110dw mod reg rim 

100000sw modO 11 rim data data if sw = 01 

0001110w data dataifw = 1 

l111111w mod 0 0 1 rim 

01001 reg 

1111011 w modO 11 rim 

001110dw mod reg rim 

100000sw mod 111 rim data data its w = 01 

0011110w data dataifw = 1 

00111111 

00101111 

1111011 w mOd 1 OOr/m 

1111011 w mod 1 01 rim 

11010100 00001010 

1111011 w mod 110 rim 

1111011 w _ mod 111 rim 

11010101 00001010 

10011000 

10011001 
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Table 2. Instruction Set Summary (Continued) 
Mnemonic and I Instruction Code Deacrlptlon 

LOGIC 76543210 76643210 76543210 76543210 

NOT = Invert 1111011w modOl0r/m 

SHLISAL = Shift logical! Arithmetic Left 110100vw modl00r/m 

SHR = Shift Logical Right 110100vw mod 101 rIm 

SAR = Shift Arithmetic Right 110100vw mod 111 rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate Right 110100vw modOOlr/m 

RCL = Rotate Through Carry Flag Left 110100vw modO 1 0 rIm 

RCR = Rotate Through Carry Right 110100vw mod 0 11 rIm 

AND = And: 

Reg.lMemory and Register to Either 001000dw mod reg rIm 

Immediate to Register IMemory 1000000w modl00r/m data data Ifw = 1 

Immediata to Accumulator 0010010w data datalfw = 1 

TEST = And Function to Flags, No Result: 

Register IMemory and Register 1000010w mod reg rIm 

Immediate Data and Register/Memory 1111011w modOOOr/m data I dataifw = 1 

Immediate Data and Accumulator 1010100w data dataifw = 1 I 
OR = Or: 

Reg.lMemory and Register to Either 000010dw mod reg rIm, 

Immediate to Register/Memory 1000000w modOOlr/m data dataifw= 1 

Immediate to Accumulator 0OOO110w data dataifw= 1 

XOR = Exclusive OR: 

Reg.lMemory and Register to Either 001100dw mod reg rIm 

Immediate to Register/Memory 1000000w mod 11 Or/m data data ifw = 1 

Immediate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001z 

MOVS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111w 

LODS = Load Byte/Wd to ALI AX 1010110w 

STOS = Stor Byte/Wd from ALIA 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 11101000 disp-Iow disp-high 

Indirect Within Segment 11111111· modO 1 Or/m 

Direct Intersegment 10011010 offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 11111111 modOll rIm 
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Table 2. Instruction Set Summary (Continued) 

Mnemonic and 
Description 

CONTROL TRANSFER (Continued) 
JMP ~ Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect With,n Segment 

Direct Intersegment 

Indirect Intersegment 

RET ~ Return from CALL: 

With;n Segment 

Within Seg. Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ ~ Jump on Equal/Zero 

JL/JNGE ~ Jump on Less/Not Greater 
or Equal 

JLE/JNG ~ Jump on Less or Equal/ 
Not Greater 

JB/JNAE ~ Jump on Below/Not Above 
or Equal 

JBE/JNA ~ Jump on Below or Equal/ 
Not Above 

JP/JPE ~ Jump on Parity/Parity Even 

JO ~ Jump on Overflow 

JS ~ Jump on Sign 

JNE/JNZ ~ Jump on Not Equal/Not Zero 

JNLlJGE ~ Jump on Not Less/Greater 
or Equal 

JNLE/JG ~ Jump on Not Less or Equal! 
Greater 

JNBI JAE ~ Jump on Not Below/Above 
or Equal 

JNBE/ JA ~ Jump on Not Below or 
Equal/ Above 

JNP/JPO ~ Jump on Not Par/Par Odd 

JNO ~ Jump on Not Overflow 

.JNS ~ Jump on Not Sign 

LOOP ~ Loop CX Times 

LOOPZ/LOOPE ~ Loop While Zero/Equal 

LOOPNZlLOOPNE ~ Loop While Not 
Zero/Equal 

JCXZ ~ Jump on CX Zero 

INT ~ Interrupt 

Type Specified 

Type 3 

INTO ~ Interrupt on Overflow 

IRET ~ Interrupt Return 

I Instruction Code 

76543210 76543210 76543210 

11101001 disp-Iow disp-high 

11101011 disp 

11111111 mod 100 rIm 

11101010 offset-low offset-high 

seg-Iow seg-high 

11111111 mod 1 01 rIm 

11000011 

11000010 data-low data-high 

11001011 

11001010 data-low data-high 

01110100 disp 

01111100 disp 

01111110 disp 

01110010 disp 

01110110 d,sp 

01111010 disp 

01110000 disp 

01111000 disp 

01110101 disp 

01111101 disp 

01111111 disp 

01110011 disp 

01110111 disp 

01111011 disp 

01110001 disp 

01111001 disp 

11100010 disp 

11100001 disp 

11100000 disp 

11100011 d,sp 

11001101 type 

11001100 

11001110 

11001111 
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Table 2. Instruction Set Summary (Continued) 

Mnemonic and 
Description 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLO = Clear Direction 

STO = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

. ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8·bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0', disp-Iow and disp-high are 

absent 
if mod = 01 then OISP = disp-Iow sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then OISP = disp-high: disp-Iow 
if rIm = 000 then EA = (BX) + (SI) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (51) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (51) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (BP) + DISP' 
if rIm = 111 then EA = (BX) + OISP 
DISP follows 2nd byte of instruction (before data if re
quired) 
'except if mod = 00 and rIm = 110 then EA = disp-high: 
disp-Iow. 

"MOV CS, REG/MEMORY not allowed. 

2-88 

Instruction Code 

76543210 

modxxx rIm 

if s w = 01 then 16 bits of immediate data form the oper
and 

if s w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand 

if v = 0 then "count" = 1; if v = 1 then "count" in (Cl) 
register 

x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 

001reg110 
REG is assigned according to the following table: 

16·Bit (w = 1) 8·Blt(w = 0) Segment 

000 AX 000 AL 00 !=S 
001 CX 001 CL 01 CS 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

Instructions which reference the flag register file as a 16·bit 
object use the symbol FLAGS to representthe file: 
FLAGS = 
X:X:X:X:(OF):(OF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics @ Intel, 1978 
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8088 

• 
• 
• 
• 
• 
• 

8·BIT HMOS MICROPROCESSOR 
8088/8088·2 

8-Blt Data Bus Interface • Byte, Word, and Block Operations 

16-Blt Internal Architecture • 8-Blt and 16-Blt Signed and Unsigned 

Direct Addressing Capability to 1 Mbyte Arithmetic In Binary or Decimal, 

of Memory Including Multiply and Divide 

Direct Software Compatibility with 8086 • Two Clock Rates: 

CPU - 5 MHz for 8088 
- 8 MHz for 8088-2 

14-Word by 16-Blt Register Set with 
Available In EXPRESS Symmetrical Operations • - Standard Temperature Range 

24 Operand Addressing Modes - Extended Temperature Range 

The Intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate 
technology (HMOS), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and peripherals. 

MEMORY INTERFACE 

C·BUS 

4 

INSTRUCTION 
STREAM BYTE 

QUEUE 

BUS 
INTERFACE SS 

UNIT 
DS 

IP 

A·BUS 

AH Al 

BH BL 

CH CL 

EXECUTION DH Dl 

UNIT SP 

BP 

SI 

DI FLAGS 

231456-1 

Figure 1. 8088 CPU Functional Block Diagram 
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MIN 
[MAX 1 

MODE MODE 

GND Vee 
A14 A15 

A13 Al61S3 

A12 A17/S4 

All Al61S5 

Al0 A19/S8 

A9 sso (HIGH) 

AI MN/MX 

AD7 !iii 
AD8 HDlD (Ra/iffO) 

ADS HLDA (lm/em) 

AD4 WR (arei<) 

AD3 IO/M (82) 

AD2 DTfFi (81) 

ADl um (SO) 

ADO ALE (Q50) 

NMI mn (OSl) 

INTR TEST 
ClK READY 

GND RESET 

231456-2 

Figure 2. 8088 Pin Configuration 

October 1987 
Order Number: 2314560003 



8088 

T~ble 1. Pin Description 

The following pin function descriptions are for 8088 syste/T/$ in either minimum or maximum mode. The "local 
bus" in these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to 
addiuonalbusbuffe/S) , 

Symbol Pin No. Type Name and Function 
AD7-ADO 9-16 I/O ADDRESS DATA BUS: These lines constitute the time multiplexed 

memory/IO address (T1) and data (T2, T3, Tw, 14) bus. These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge. and 
local bus "hold acknowledge". 

A15-A8 2-8,39 0 ADDRESS BUS: These lines provide address bits 8 through 15 ,for the 
entire bus cycle (T1-T 4). These lines do not have to be latched by ALE 
to remain valid. A 15-A8 are active HIGH and float to 3-state OFF 
during interrupt acknowledge and local bus "hold acknowledge". 

A 19/56, A 18/S5, 35-38 0 ADDRESS/STATUS: During T1, these are the four most significant 
A17/S4, A16/S3 address lines for memory operations. During I/O operations, these lines 

are lOW. During memory and I/O operations, status information,is 
available on these lines during T2, T3, Tw, and T 4. S6 is always low. 

, The status of the interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are encoded as shown. 
This information indicates which segment register is presently being 
used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge". 

S4 S3 Characteristics 
o (lOW) 0 Alternate Data 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 
S6is 0 (lOW) 

RD 3~ 0 READ: Read strobe indicates that the processor is pe(formin.a a 
memory or I/O read cycle, depending on the state of the 10/M pin or 
S2. This signal is used to read devices which reside on the 8088 local 
bus. RD is active lOW during T2, T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH in T2 until the 8088 local bus has floated. 
This signal floats to 3-state OFF in "hold acknowledge". 

READY 22 I READY: is the acknowledgement from the addressed memory or I/O 
device that it will complete the data transfer. The ROY signal from 
memory or I/O is synchronized by the 8284 clock generator to form 
READY. This signal is active HIGH. The 8088 READY input is not 
synchronized, Correct ,operation is not guaranteed if the set up and hold 
times are not met. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
. during the last clock cycle of each instruction to determine if the 

processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located In 
system memory: It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This Signal is active 
HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the TEST 
input is lOW, execution continues, otherwise the processor waits in an 
"idle" state. This input is synchronized internally during each clock 
cycle on the leading edge of ClK. 
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Table 1. Pin Description (Continued) 
'Symbol Pin No. Type Name and Function 
NMI 17 I NON·MASKABLE INTERRUPT: is an edge triggered input which causes a 

type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup 
table located in system memory. NMI is not maskable internally by 
software. A transition from a LOW to HIGH initiates the interrupt at the end 
of the current instruction. This input is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. 
The signal must be active HIGH for at least four clock cycles. It restarts 
execution, as described in the instruction set description, when RESET 
returns LOW. RESET is internally synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 

Vee 40 Vee: is the + 5V ± 10% power supply pin. 
GND 1,20 GND: are the ground pins. 
MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to operate in. 

The two modes are discussed in the following sections. 

The fol/owing pin function descriptions are for the 8088 minimum mode (i.e., MNIMX = Ved. Only the pin 
functions which are unique to minimum mode are described: aI/ other pin functions are as described above. , 
Symbol Pin No. Type Name and Function 
101M 28 0 STATUS LINE: is an inverted maximum mode 52. It is used to distinguish a 

memory access from an I/O access. 101M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T 4 of the cycle (1/0 = HIGH, M = 
LOW). 101M floats to 3-state OFF in local bus "hold acknowledge". 

WR 29 0 WRITE: strobe indicates that the processor!! performing a write memory or write 
1/0 cycle, depending on the state of the 101M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus 
"hold acknowledge". 

INTA 24 0 INT A: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 

ALE 25 0 ADDRESS LATCH ENABLE: is provided by the processor to latch the address 
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus 
cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT IRECEIVE: is needed in a minimum system that desires to use 
a data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically, DT fA ~ equivalent to S1 in the maximum mode, and its 
timing is the same as for 101M (T = HIGH, R = LOW). This signal floats to 
3-state OFF in local "hold acknowledge". 

DEN 26 0 DATA ENABLE: is provided as an output enable for the data bus transceiver in a 
minimum system which uses the transceiver. DEN is active LOW during each 
memory and 1/0 access, and for INTA cycles. For a read or INTA cycle, it is 
active from the middle of T2 until the middle of T 4, while for a write cycle, it is 
active from the beginning of T2 until the middle of T 4. DEN floats to 3-state OFF 
during local bus "hold acknowledge". 
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-, Table 1. Pin Description (Continued) 
'Symbol Pin No. Type ., Name and Function 
HOLD, 31,30 1','0' HCI)LD: indicates that'another master is requesting a local bus "hold". To be 
HLDA acknowledged; HOLD must be active HIGH. The processor receiving the "hold" 

request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T 4 or 
T1 clock cycle. Simultaneous with the issuance of HLDA the processor will float 

" 

the local bus and oontrollines.·After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 
Hold is not an asynchronous input. External synchronization should be provided if 
the system cannot otherwise guarantee the set up time. 

SSO 34 0 STATUS LINE: is'logical~ equivale~ to SO In the maximum mode. The 
combination of S'SO, 101M and DT IR allows the system to completely decode the 
current bus cyole status. 

101M DT/R SSO Characteristics 
1 (HIGH) 0 0 Interrupt Acknowledge 
1 0 1, Read 1/0 Port 
1 1 0 Write 1/0 Port 
1 1 1 Halt 
O(LOW) 0 0 Code Access 
0 0 1 Read Memory 
0 1 0 Write Memory 
0 1 1 Passive 

The fol/owing pin funotion descriptions are for the 8088/8288 system in maximum mode (le., MN/MX = 
GND). Only the pin functions which are unique to maximum mode are described; aI/ other pin functions are as 
described above. . . 

Symbol Pin No. Type Name and Function 
S2, S1; SO 26-28 0 STATUS: is' active during clock high of T 4, T1, and T2, and is returned to the 

passive state (1,1,1) during T3 or duringTw when READY is HIGH. This status is 
used by the 8288 bus controller to ~nerate all memory and 1/0 access control 
signals. Any change byS2, S'f, or 0 during T4 is used to indicate the beginning 
of a bus cycle, and the return to the P!1ssive state in T3 and Tw is used to 
indicate the end of a bus cycle. 
These signals float to 3-state OFF during "hold acknowledge". During the first 
clock cycle after RESET becomes active, these signals are active HIGH. After 
this first clock, they float to 3-state OFF. 

" , S2 Sf ' SO Characteristics 
., . , O(LOW) '0 0 Interrupt Acknowledge 

0 0 1 Read 1/0 'port 
0 1 0 Write 1/0 Port 
0 1 1 Halt 
1(HIGH) 0 0 Code Access 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 '1 Passive 
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Table 1 Pin Description (Continued) 
Symbol Pin No. Type Name and Function 

RO/GTO, 30,31 I/O REQUEST IGRANT: pins are used by other local bus masters to force the 
RQ/GT1 processor to release the local bus at the end of the processor's current bus 

CY~le. EacMin is bidirectional with RQ/GTO having higher priority than RO/ 
G 1. RQ/ T has an internal pull-up resistor, so may be left unconnected. 
The request/grant sequence is as follows (See Figure 8): 
1. A pulse of one ClK wide from another local bus master indicates a local 
bus request ("hold") to the 8088 (pulse 1). 
2. During a T 4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local 
bus to float and that it will enter the "hold acknowledge" state at the next 
ClK. The CPU's bus interface unit is disconnected logically from the local 
bus during "hold acknowledge". The same rules as for HOLD/HOLDA apply 
as for when the bus is released. 
3. A pulse one ClK wide from the requesting master indicates to the 8088 
(pulse 3) that the "hold" request is about to end and that the 8088 can 
reclaim the local bus at the next ClK. The CPU then enters T 4. 
Each master-master exchange of the local bus is a sequence of three 
pulses. There must be one idle ClK cycle after each bus exchange. Pulses 
are active lOW. 
If the request is made while the CPU is performing a memory cycle, it will 
release the local bus during T 4 of the cycle when all the following conditions 
are met: 
1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 
4. A locked instruction is not currently executing. 
If the local bus is idle when the request is made the two possible events will 
follow: 
1. local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currefllly 
active memory cycle apply with condition number 1 already satisfied. 

LOCK 29 0 LOCK: indicates that other system bus masters are not to gain control of the 
system bus while lOCK is active (lOW). The LOCK ,signal is activated by 
the "lOCK" prefix instruction and remains active until the completion of the " 
next instruction. This signal is'active lOW, and floats to 3-state off in "hold 
acknowledge" . 

QS1,QSO 24,25 0 QUEUE STATUS: provide status to allow external tracking of the internal 
8088 instruction queue. 
The queue status is valid during the ClK cycle after which the queue 
operation is performed. 

QS1 QSO Characteristics 
O(lOW) 0 No Operation 
0 1 First Byte of Opcode from Queue 
1 (HIGH) 0 Empty the Queue , 
1 1 Subsequent Byte from Queue 

- 34 0 Pin 34 is always high in the maximum mode. 
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Figure 3. Memory Organization 

FUNCTIONAL DESCRIPTION 

Memory Organization 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries 
(See Figure 3). 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad-

Memory Segment 
Reference Used Register Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (DS) 

External (Global) Data EXTRA (ES) 

dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper
ands, the least significant byte of the word is stored 
in the lower valued address ·'ocation and the most 
significant byte in the next higher address location. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 

Segment Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references 
relative to BP base register except data references. 

Data references when: relative to stack, destination 
of string operation, or explicity overridden. 

Destination of string operations: Explicitly selected 
using a segment override. 
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Certain locations in memory are reserved for specific 
CPU operations (See Figure 4). Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system ini
tialization routine. Following RESET, the CPU will al
ways begin execution at location FFFFOH where the 
jump must be located. Locations OOOOOH through 
003FFH are reserved for interrupt operations. Four
byte pointers consisting of a 16-bit segment address 
and a 16-bit offset address direct program flow to 
one of the 256 possible interrupt service routines. 
The pointer elements are assumed to have been 
stored at their respective places in reserved memory 
prior to the occurrence of interrupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maxi
mum 8088 systems are sufficiently different that 
they'cannot be done efficiently with 40 uniquely de
fined pins. Cons~ently, the 8088 is equipped with 
a strap pin (MN/MX) which defines the system con-

RESET BOOTSTRAP 
FFFFFH 

PROGRAM JUMP 
FFFFOH 

• • 
• 

INTERRUPT POINTER 
3FFH 

FOR TYPE 255 
3FOH 

• 
• 
• 

7H 
INTERRUPT POINTER 

FOR TYPE t 4H 
INTERRUPT POINTER 3H 

FOR TYPE 0 
OH 

231456-4 

Figure 4. Reserved Memory Locations 
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figuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 8088 defines pins 24 thro~ 31 and 34 in maxi
mum mode. When the MN/MX pin is strapped to 
Vee, the 8088 generates bus control Signals itself on 
pins 24 through 31 and 34. 

The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS-85™ 
multiplexed bus peripherals. This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 8088 
processing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffering is required 
(See Figure 6). The 8088 provides DEN and DT IA to 
control the transceiver, and ALE to latch the ad
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re
quirements. 

The maximum mode employs the 8288 bus control
ler ~e Figure 7). The 8288 decodes status lines 
SO, Sl, and S2, and provides the system with all bus 
control signals. Moving the bus control to the 8288 
provides better source and sink current capability to 
the control lines, and frees the 8088 pins for extend
ed large system features. Hardware lock, queue 
status, and two request/grant interfaces are provid
ed by the 8088 in maximum mode. These features 
allow co-processors in local bus and remote bus 
configurations. 
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Bus Operation 

The 8088 address/data bus is broken into three 
parts-the lower eight address/data bits (ADO
AD?), the middle eight address bits (A8-A15), and 
the upper four address bits (A16-A19). The ad
dress/data bits and the highest four address bits are 
time multiplexed. This technique provides the most 
efficient use of pins on the processor, permitting the 
use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, i.e. they remain val-

id throughout each bus cycle. In addition, the bus 
can be demultiplexed at the processor with a single 
address latch if a standard, non-multiplexed bus is 
desired for the system: 

Each processor bus cycle consists of at least four 
eLK cycles. These are referred to as T1, T2, T3, and 
T 4 (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T 4. T2 is used primarily for chang-

!------14.NwAnl=Tcv------!------(4+NwAn)-Tcv------! 

T, T2 I T3 TWA" I T4 T, T. 

elK 

''---

-----~~ __ DA_T_AO_U_TI_D,_~_I_-J~-~ 

DTiR 

MEMORY ACCESS TIME 

\'---_-----'f 
231456-8 

Figure 8. Basic System Timing 
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ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 8088 driven bus cycles. These 
are referred to as "idle" states (Ti), or inactive ClK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits SO, Sf, and S2 are used by the bus con
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 

82 81 80 Characteristics 

O(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (No Bus Cycle) 

Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T 4. 53 and 54 indicate which segment reg
ister was used for this bus cycle in forming the ad
dress according to the following table: 

84 83 Characteristics 

O(lOW) 0 Alternate Data (Extra Segment) 
0 1 Stack 
1(HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to O. 

I/O Addressing 
In the 8088, 1/0 operations can address up to a 
maximum of 64K 1/0 registers. The I/O address ap
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A16 are 
zero in 1/0 operations. The variable 1/0 instructions, 
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which use register OX as a pointer, have full address 
capability, while the direct 1/0 instructions directly 
address one or two of the 256 1/0 byte locations in 
page 0 of the 1/0 address space. 1/0 ports are ad
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 8088 uses a full 16-bit addr~ss 
on its lower 16 address lines. 

EXTERNAL INTERFACE 

Processor Reset and Initialization 
Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8088 
RESET is required to be HIGH for greater than four 
clock cycles. The 8088 will terminate operations on 
the high~going edg~ of RESET and will remain dor~ 
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se
quence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with 
the instruction in absolute locations FFFFOH (See 
Figure 4). The RESET input is internally synchroniz
ed to the processor clock. At initialization, the HIGH 
to lOW transition of RESET must occur no sooner 
than 50 /-Ls after power up, to allow complete initiali
zation of the 8088: 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlDA are driven low. 

Interrupt Operations 
Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of "hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska
ble or maskable. 
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Interrupts result in a transfer of control to a new pro
gram location. A 256 element table containing ad
dreSs pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for'thispurpose. 
Each element in the table is 4 bytes in size and cor
responds to' an interrupt "type." An interrupting de
vice. supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable inter
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
WQuid be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this, pin causes a type 2 interrupt. 

NMI is required to. have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of Ylord moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high
going edge triggers another response if it occurs af
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounc:es on the low-going edge to avoid triggering 
extraneous responses. ' 

Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter
rupts are disabled. The enable bit is reset as part of 
tile response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis
ter which is automatically pushed onto'the stack re
flects the state of the processor prior to the inter
rupt. Until the old FLAGS register is restored, the 

enable bit will be zero unless specifically set by an 
instruction. . 

During the response sequence (See Figure 9), the 
processor executes' two successive (back to back) 
interrupt acknowledge cycles. The 8088 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system 
(e.g., 8259A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied· by four and 
used' as a pointer into the interrupt vector lookup 
table. An INTR Signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 

HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issueS 
ALE, delayed by one clock cycle, to allow the sys
tem to latch the halt status. Halt status is available 
on 101M, DT lA, and SSO. In maximum mode, the 
E!!'cessq0ssues appropriate HALT status on S2, 
S1, and SO, and the 8288 bus controller issues one 
ALE. The ~088 will not leave the HALT state when a 
local bus hold is entered while in HALT. In this case, 
the processor reissues the HALT indicator at the 
end of the local bus hold. An interrupt request or 
RESET will force the 8088 out of the HALT state. 

Read/Modify/Write (Semaphore) 
Operations via LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write opera
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac
complish "test and set lock" op~ations. The LOCK 
signal is activated (LOW) in the Clock cycle following 
decoding of the LOCK prefix instruction. It is deacU,· 
vated at the end of the last bus cycle of the instruc
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of ,the LOCK. 
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Figure 9. Interrupt Acknowledge Sequence 

External Synchronization via TEST 

As an alternative to interrupts, the 8088 provides a 
single software-testable input pin (TEST). This input 
is utilized by executing a WAIT instruction. The sin
gle WAIT instruction is repeatedly executed until the 
TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 

If a local bus request occurs during WAIT execution, 
the 8088 3-states all output drivers. If interrupts are 
enabled, the 8088 will recognize interrupts and pro
cess them. The WAIT instruction is then refetched, 
and reexecuted. 

Basic System Timing 

In minimum mode, the MN/MX pin is strapped to 
Vee and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
8288 bus controller uses to generate MUL TIBUS 
compatible bus control Signals. 

System Timing-Minimum System 

(See Figure 8) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
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going) edge of this signal is used to latch the ad
dress information, which is valid on the addressl 
data bus (ADO-AD?) at this time, into the 
8282/8283 latch. Address lines A8 through A 15 do 
not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the 101M 
signal indicates a memory or 1/0 operation. At T2 
the address is removed from the addressl data bus 
and the bus goes to a high impedance state. The 
read control signal is also asserted at T2. The read 
(RD) signal causes the addressed device to enable 
its data bus drivers to the local bus. Some time later, 
valid data will be available on the bus and the ad
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to buffer 
the 8088 local bus, signals DT IR and DEN are pro
vided by the 8088. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The 101M signal is 
again asserted to indicate a memory or 1/0 write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt ac" 
knowl~e (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 9) In the second of two successive INTA 
cycles, a byte of information is read from the data 
bus, as supplied by the interrupt system logic (Le. 
8259A priority interrupt controller). This byte identi
fies the source (type) of the interrupt. It is multiplied 
by four and used as a pointer into the interrupt vec
tor lookup table, as described earlier. 

Bus Timing-Medium Complexity 
Systems 

(See Figure 10) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 8288 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 8088 is capable of han
dling. Signals ALE, DEN, and DT IR are generated 
by the 8288 instead of the processor in this configu
ration, although their timing remains relatively the 
same. The 8088 status outputs (S2, S1, and SO) pro
vide type of cycle information and become 8288 in
puts. This bus cycle information specifies read 
(code, data, or 1/0), write (data or 1/0), interrupt ac
knowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, 1/0 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the 
leading edge of write. The transceiver receives the 
usual T and OE inputs from the 8288's DT IR and 
DEN outputs. 

The pOinter into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8289A priority interrupt 
controller is positioned on the local bus, a TTL gate 
is required to disable the transceiver when, reading 
from the master 8259A during the interrupt acknowl
edge sequence and software "poll". 

The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed 
around the 8086 internal structure. Most internal 
functions of the 8088 are identical to the equivalent 
8086 functions. The 8088 handles the external bus 

the same way the 8086 does with the distinction of 
handling only 8 bits at a time. Sixteen-bit operands 
are fetched or written in two consecutive bus cycles. 
Both processors will appear identical to the software 
engineer, with the exception of execution time. The 
internal register structure is identical 'and all instruc
tions have the same end result. The differences be
tween the 8088 and 8086 are outlined below. The 
engineer who is unfamiliar with the 8086 is referred 
to the iAPX 86, 88 User's Manual, Chapters 2 and 4, 
for function description and instruction set informa
tion. Internally, there are three differences between' 
the 8088 and the 8086. All changes are related to 
the 8-bit bus interface. 

• The queue length is 4 bytes in the SOSS, whereas 
the SOS6 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of 
the bus by the BIU when prefetching instructions. 
This was required because of the additional time 
necessary to fetch instructions S bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The SOS8 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1 byte hole (space available) in the 
queue. The 80S6 waits until a 2-byte space is 
available. 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 16-bit fetches 
and writes fromlto memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 8088 are being used, the queue has time to 
fill and the execution proceeds as fast as the exe
cution unit will allow. 

The 8088 and 80S6 are completely software com
patible by virtue of their identical execution units. 
Software that is system dependent may not be com
pletely transferable, but software that is not system 
dependent will operate equally as wen on an SOSS 
and an 8086. 

The hardware interface of the SOS8 contains the ma
jor differences between the two CPUs. The pin as
signments are nearly identical, however, with the fol
lowing functional changes: 

• AS-A15-These pins are only address outputs 
on the SOS8. These address lines are latched in
ternally and remain valid throughout a bus cycle 
in a manner similar to the SOS5 upper address 
lines. 

• BHE has no meaning on the SOS8 and has been 
eliminated. 
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• SSO provides the SO status information in the 
minimum mode. This out~t oc~rs on ~34 in 
minimum mode only. DT IR, 101M, and SSO pro
vide the complete bus status in minimum mode. 

T, 

ClK ~ r 
QS1.QSO 

8088 

A191S6 - Al61S3 A19-A16 

ALE "-

8288 ROY 8284 

READY 8088 

AD7-ADO ./ A7-AO 

8088 A15 - A8 

RD 

DTIR 

8288 MADC 

DEN 

T. 

• 10lM has been inverted to be compatible with the 
MeS-55 bus structure. 

• ALE is delayed by one clock cycle in the mini
mum mode when entering HALT, to allow the 
status to be latched with ALE. 

T3 T. 

~ 
II-

-
X 

1111/ ':- - ----
'- -- ---

56- S3 

,-
j --

DATA IN 

A15- A8 

231456-10 

Figure 10. Medium Complexity System Timing . 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O·C to + 70·C 

CaseTemperature(Plastic) ......... 0·Cto +95·C 

Case Temperature (CERDIP) ........ O·C to + 75·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin with 
Respect to Ground ............... -1.0 to + 7V 

Power Dissipation ....................... 2,5 Watt 

*Notice:'Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation 'of the device at these o( any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS , 
(T A = O·C to 70·C, T CASE (Plastic) = O·C to 95·C, T CASE (CERDIP) = O·C to 75·C, 
T A = O·C to 55·C and T CASE, = O·C to 75·C for P8088-2 only 
T A is guaranteed as long as T CASE is not exceeded) 

(VCC = 5V ± 10% for 8088, VCC = 5V ± 5% for 8088-2 and Extended Temperature EXPRESS) 

SYmbol Parameter 

Vil Input Low Voltage 

VIH Input High Voltage 

Val Output Low Voltage 

VOH Output High Voltage 

ICC 8088 
Power Supply Current: 8088-2 

P8088 

III Input Leakage Current 

ILO Output and I/O Leakage Current 

VCl Clock Input Low Voltage 

VCH Clock Input High Voltage 

CIN Capacitance If Input Buffer' 
(All Input Except 
ADo-AD7' RQ/GT) 

Cia Capacitance of I/O Buffer 
ADo-AD7' RQ/GT) 

NOTES: 
1. VIL tested with MN/MX Pin = OV 

VIH tested with MN/MX Pin = 5V 

Min 

-0.5 

2.0 

2.4 

-0.5 

3.9 

MN/MX Pin is a s~ Pin __ 
2. Not applicable to RQ/GTO and RQ/GT1 Pins (Pin 30 and 31) 
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Max " Units Test Conditions 

+0.8 V (Note 1) 

VCC + 0.5 V (Notes 1, 2) 

0.45 V IOL = 2.0mA 

V IOH = -400 IJ-A 

340 mA TA = 25·C 
350 
250 

±10 IJ-A OV:S: VIN:S: Vcc 

±10 IJ-A 0.45V :S: VOUT :S: Vcc 

+0.6 V 

Vcc + 1.0 V 

15 pF fc = 1 MHz 

15 pF fc = 1 MHz 
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A.C. CHARACTERISTICS 

(T A = O°C to 70°C, T CASE (Plastic) = O°C to 95°C, T CASE (CERDIP) = O°C to 75°C, 
T A = O°C to 55°C and T CASE = O°C to 75°C for P8088-2 only 
T A is guaranteed as long as T CASE is not exceeded) 

(VCC = 5V ± 10% for 8088, VCC = 5V ± 5% for 8088-2 and Extended Temperature EXPRESS) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

8088 8088-2 Test 
Symbol Parameter Units 

Conditions Min Max Min Max 

TClCl ClK Cycle Period 200 500 125 500 ns 

TClCH ClKlowTime 118 68 ns 

TCHCl ClK High Time 69 44 ns 

TCH1CH2 ClK Rise Time 10 10 ns From 1.0V to 3.5V 

TCl2Cl2 ClKFaliTime 10 10 ns From 3.5V to 1.0V 

TDVCl Data in Setup Time 30 20 ns 

TClDX Data in Hold Time 10 10 ns 

TR1VCl ROY Setup Time into 8284 35 35 ns 
(Notes 1, 2) 

TClR1X ROY Hold Time into 8284 0 0 ns 
(Notes 1,2) 

TRYHCH READY Setup Time 118 68 ns 
into 8088 

TCHRYX READY Hold Time 30 20 ns 
into 8088 

TRYlCl READY Inactive to ClK -8 -8 ns 
(Note 3) 

THVCH HOLD Setup Time 35 20 ns 

TINVCH INTR, NMI, TEST Setup Time 30 15 ns 
(Note 2) 

TILIH Input Rise Time (Except ClK) 20 20 ns From 0.8V to 2.0V 

TIHll Input Fall Time (Except ClK) 12 12 ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

8088 8088-2· Te$t 
Symbol . parameter 

Min Max Min Max 
Un!ts 

Conditions 

TCLAV . Address Valid Delay 10 110 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TCLAX SO TCLAX 50 ns 

TLHLL ALE Width TCLCH-20 TCLCH-10 ns 

TCLLH ALE Active Delay SO 50 ns 

TCHLL ALE Inactive Delay S5 55 ns 

TLLAX Address Hold Time to TCHCL-10 TCHCL-10 ns 
ALE Inactive 

TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

TWHDX Data Hold Time after WR TCLCH-30 TCLCH-30 ns 

TCVCTV Control Active Delay 1 10 110 10 70 ns 

TCHCTV Control Active Delay 2 10 110 10 60 ns 

TCVCTX Controllnaotive Delay 10 110 10 70 ns 

TAZRL Address Float to READ 0 0 ns 
Active 

TCLRL RD Active Delay 10 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 SO ns 

TRHAV RD Inactive to Next TCLCL-45 TCLCL-40 ns 
Address Active 

TCLHAV HLDA Valid Delay .10 160 10 100 ns 

TRLRH RDWidth 2TCLCL-75 2TCLCL-50 ns 

TWLWH WRWidth 2TCLCL-60 2TCLCL-40 ns 

TAVAL Address Valid to ALE Low TCLCt-I-60 TCLCH-40 ns 

TOLOH Output Rise Time 20 20 ns From O.SV to 2.0V 

TOHOL Output Fall Time 12 12 ns From 2.0V to O.SV 

NOTES: 
1. Signal at 8284A shown for reference only. See 8284A data sheet for the most recent specifications. 
2. Set up requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T2 state (8 ns into T3 state). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

8088 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

231456-12 

231456-11 

A.C. Testing; Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.6V for a logic "0". 

CL Includes Jig Capacitance 

WAVEFORMS 

BUS TIMING-MINIMUM MODE SYSTEM 

CLK (8214 OulpuQ 

IO/M.iiiii 

ALE 

RDY (8284 Inpul) 
SEE NOTE 5 

READY (1OII1"puQ 

READ CYCLE 

(NOTE 1) 

(WII,1IIn = Yo.) 

AOr-ADo 

DT/A 

T, 

Ht:}L 
T. 

Ye. _T .. ' .. ' 

~~~I----'" _ ..... 
-" TCHCTY E r .~n~. 

l 
: ... ·Ae (FI, .1 durilllllNT" 

I TClAy.. - I TClA;: 
j--'I /lDY TCHDX-I-

All-A,. .. ~ 
!TCllH-- r -Tln .-= r- T .LAX 

J 
TC iLL- - Y i:; -' _TAUo, 

~~ --~ Y 
!-TCUIX 

'RYLe i"- l-

f 

- h ..,1-

I -
Jf t-

-n.n~n- t - i-TC ,AZ [ 

AD, ....... .IN 

ff TA ~Rl- TClRH-

~ 

=~TCHCTY ., 'D' .'D' 

1 
TCYCTY- -r- TCYCTX- t: 

}J 
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WAVEFORMS (Continued) 

BUS TIMING-MINIMUM MODE SYSTEM (Continued) 

eLK (8284 Outpull 

WRITE CYCLE 
NOTE 1 

INTA CYCLE 
NOTES 1,3 

SOFTWARE HALT -

OEN,RD,WR.INTA YOH 

DT/R INDETERMINATE 

NOTES: 

AD7 - ADo 

DT/A 

AD1-ADo INVALID ADDRESS 

TelAY 

1. All signals switch between VOH and VOL unless otherwise specified. 

SOFTWARE HALT 

2. ROY is sampled near the end of T 2, T 3, T w to determine if T w machines states are to be inserted.' 

231456-14 

3. Two INTA cycles run back-to-back. The 8088 local AOOR/OATA bus is floating during both INTA cycles. Control 
signals are shown for the second INTA cycle. . 
4. Signals at 8284 are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 

TIMING REQUIREMENTS 

8088 8088-2. Test 
Symbol Parameter Units 

Conditions Min Max Min Max 

TCLCl CLK Cycle Period 200 500 125 500 ns 

TCLCH CLKLowTime 118 68 ns 

TCHCL ClK High Time 69 44 ns 

TCH1CH2 CLK Rise Time 10 10 ns From 1.0V to 3.5V 

TCL2CL1 CLKFaliTime 10 10 ns From 3.5V to 1.0V 

TDVCL Data in Setup Time 30 20 ns 

TCLDX Data in Hold Time 10 10 ns 

TR1VCL ROY Setup Time into 8284 35 35 ns 
(Notes 1, 2) 

TCLR1X ROY Hold Time into 8284 0 0 ns 
(Notes 1, 2) 

TRYHCH READY Setup Time into 8088 118 68 ns 

TCHRYX READY Hold Time into 8088 30 20 ns 

TRYLCL READY Inactive to CLK -8 -8 ns 
(Note 4) 

TINVCH Setup Time for Recognition 30 15 ns 
(INTR, NMI, TEST) (Note 2) 

TGVCH RQ/GT Setup Time 30 15 ns 

TCHGX RQ Hold Time into 8088 40 30 ns 

TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V 

TIHll Input Fall Time (Except ClK) 12 12 ns From 2.0V to 0.8V 
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A.,C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 
8088 8088-2 Test Symbol Parameter Min Max Min Max Units Conditions 

TCLML Command Active Delay " 10 35 10 35 ns 
(Note 1) 

TCLMH Command Inactive Delay 10 35 10 35 ns 
(Note 1) 

TRYHSH READY Active to 110 65 ns 
Status Passive (Note 3) 

TCHSV Status Active Delay 10 110 10 60 ns 
TCLSH Status Inactive Delay 10 130 10 70 ns 
TCLAV Address Valid Delay 10 110 10 60 ns 
TCLAX Address Hold Time 10 10 ns 
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns 
TSVLH Status Valid to ALE High 15 15 ns 

(Note 1) 
TSVMCH Status Valid to MCE High 15 15 ns 

(Note 1) , 

TCLLH CLK Low to ALE Valid 15 15 ns 
(Note 1) 

TCLMCH CLK Low to MCE (Note 1) 15 15 ns 
TCHLL ALE Inactive Delay (Note.1): 15 15 ns 
TCLMCL MCE Inactive Delay (Note 1) 15 15 ns 
TCLDV Data Valid Delay 10 110 10 60 ns 
TCHDX Data Hold Time 10 ,10 ns 

Cl':'" 20-100 pF for 
TCVNV Control Active Delay 5 45 5 45 ns All 8088 Outputs (Note 1) in Addition to 
TCVNX Control Inactive Delay 10 45 10 45 ns Intemal Loads 

(Note 1) 
TAZRL Address Float to 0 0 ns 

Read ActiVe 
TCLRl RD Active Delay 10 165 10 100 ns 
TCLRH RD Inactive Delay 10 150 10 80 ns 
TRHAV RD Inactive to Next TCLCL-45 TCLCL-40 ns 

Address Active 
TCHDTL Direction Control 50 50 ns 

Active Delay (Note 1) 
TCHDTH Direction Control 

Inactive Delay (Note 1) 
30 3Q ns 

TCLGL GT Active Delay 85 50 ns 
, TCLGH GT Inactive Delay 85 50 ns 

TRLRH RDWidth 2TCLCL-75 2TCLCL-50 ns 
TOLOH Output Rise Time ,20 20 ns From 0.8V to 2.0V 
TOHOL Output Fall Time 12 12 ns From 2.0V to 0.8V 

NOTES: 
1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous Signal only to guarantee recognition at next elK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8 ns into T3 state). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 
100 pF 

231456-12 

231456-11 

A.C. Testing; Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 

CL Includes Jig Capacitance 

WAVEFORMS (Continued) 

BUS TIMING-MAXIMUM MODE SYSTEM 

eLK 

050,05, 

S2.Sj.SO (EXCEPT HALT) 

f ALE ,.218 OUTPUT) 

SEE NOTE 5\ 

ROY (8284 INPUT) 

READY (aoaa INPUn 

READ CYCLE 

8288 OUTPUTS 

seE NOTES 5,8 

AD7- ADo 

RD 

DTlFi 

DEN 

. T, T. T. 

_TeLeL_ eHleHo-\ I- --II-TeUel1 Tw 

"-Jf\-veH,..--.. ,..--.. r--i ro..., 
,..J t ~ ~ 

TeLA .... - TCHCL ,-TeLeH_ 
veL 

1-- TCHSY - r-TeLSH ------
W,.0, WISEE NOTE 8) \ \._----

A15-A, 

- r--Te~txx_ ~eDv TeHDX- -- -A,.,A,. ;( ....... 
TSVLH- i='- J- TCHLL 
Tell .... 

i- t-
r--

I ----
~ -T 1VeL 

~ 

~ 
~~ ~~ ~ ~~ 
~CLA1 

lAYLe 

-
VJSH_ TCHRYX 

T -
-A- ,... 

J:=- - TCWC 1 - f-.lIo-rRYHe .... ~ 
TCLAV- - felAZ ~ ~YCL----li _eLDX ... 

L 
'\of-ADo 

dr 
DATA IN 

Fl:~ 
TA RL- TCLRH fAHAV 

I~ TCHDTL- .r I-- TelA lCHDTH 

\ 
TALA 

TClML_ r TClMH- H 
TevNV- l-

V l TCYNX-

231456-15 
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WAVEFORMS (Continued) 

!:SUS TIMING-MAXIMUM MODE SYSTEM (USING 8288) 

CLK 

----~--_+--~---+--+---~m7+_--~-------
~(-""'I Ii. s,.!iO (EXCEPT HALT) ----_. 

WRITE CYCLE TClAV- I- - TCLD~L--
.. TelAX - I-TCLSH TCHDX- -

AD7-ADO ;( DATA 

TCVNV- - TCVNX- -
DEN 

- -TCL L TCLMH- I-

- . rrCLML - -TCLMH 

INTA CYCLE 

A1S- AI 
(SEE NOTES 3.41 

FLOAt ~!~~:~~DA~~~ }--+=FL"'O""A::'T ------+---t-;F:-:-LO~A:;T,.....--{ 

82111 0U1PUTS 
see NOTES 5,6 

AD7 ADo 

MeEI 
rstm< 
OTIA 

INTA 

___ -I-r¥I/'""'-.IITCtAZ !-TDVCL- !-TCLDX 

POINTER 
FLOAT 

1 J. FLOA:p> 
_ TCLMCL- / \ r--

/ 
~T~C_L-M_C~H_::~ ____ -~~~icHD"TL--~~--~---------r--~\-~-.~'-TJC~~--

TSVMCH-

TCLML- '8\...-+-________ --1-' r--\1r--------U.H 
DEN 

TCVNX- k'--------
- \t::.TCVNV 

_-+-___ ---JJ 
SOFlWAAE 
HALT -(DEN. Vo"IIlI.~.lliIR:.1!WfC.A!IW(;.lIlWl:.~.lfIfA.DTlR= VOH 

A07-ADo. A1S-Aa 
INVALID ADDRESS 

~ /,...---------~' -- ----
\'-------' \. ~ -----

NOTES: 231456-16 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. ROY is sampled near the end of T 2, T 3, T w to determine if T w machines states are to be inserted. 
3. Ca!ilcade address is valid between first and second INT A cycles. 
4. Two INTA cycles run back-to-back. The 6088 local ADOR/DATA bus is floating during both INTA cycles. Control for 
pointer address is shown for second INTA cycle. 
5. Signals at 8284 or 8288 are shown for reference only. 
6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, iOWC, AIOWC, INTA and 
DEN) lags the active high 8288 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T 4. 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

ClK 

NMI 

INTR 

8088 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

ClK 

_=1-

Any elK CYCle-l 

Tffi 

1,,-, 
lOCK· \ 

'--_____ -J 

NOTE: 231456-17 
1. Setup requirements for asynchronous signals only to 
guarantee recognition at next eLK. 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

P,.,IOII'II'lnl 

omc,~ 

t 
A, .... A:'~ 11--____________ -1 

AD7-A~ _ 

::~ 1-1 ---------------1 
NOTE: 
1. The coprocessor may not drive the busses outside the region shown without risking contention. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

~ 1 eLK CYClf-

Clk 

I~ 
HOlD~ 

HlDA 

COPROCESSOR 

2-113 

231456-18 

231456-19 

-
231456-20 



Mnemonic and' 
De8crlptlon 

DATA TRANSFER 

MOV = Move: 

Register IMemory to/from Register 

Immediate to Register/Memory 

Immediate to Register, 

Memory to Accumulator 

Accumulator to Memory 

Register IMemory to, Segment Register 

Segment Register to Register/Memory 

PUSH = PU8h: 

Register IMemory 

Register 

Segment Register 

POP = Pop: 

Register/Memory 

Register 

Segment Register 

XCHG = Exchange: 

Register IMemory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

8088 

8086/8088 Instruction Set Summary 

76543210 76543210 76543210 76543210 

I 100010dw mod reg rIm 

I 1100011w modOOOr/m data dataHw= 1 

I 1011wreg data dataifw= 1 

I 1010000w addr-Iow addr-high 

I 1010001w addr-Iow addr-high 

I 10001110 mod 0 reg rIm 

I 10001100 modO reg rIm 

11111111 modl10r/m 

01010rea 

000regl10 

10001111 modOOOr/m 

01011reg 

000regll1 

1000011w mod reg rIm 

10010reg 

1110010w port 

1110110w 

1110011w port 

1110111w 

11010111 

10001101 mod reg rIm 

11000101 mod reg rIm 

11000100 , mod reg rIm 

10011'111 

10011110 

10011100 

10011101 
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8086/8088 Instruction Set Summary (Continued) 
Mnemonic and I Instruction Code 

Daacrlptlon 

ARITHMETIC 76543210 76543210 76543210 76543210 

ADD = Add: 

Reg.lMemory with Register to Either OOOOOOdw modregr/m 

Immediate to Register/Memory 100000sw modOOO rIm data data II s:w = 01 

Immediate to Accumulator 0000010w data datallw = 1 

ADC = Add with Carry: 

Reg.lMemory with Register to Either 000100dw modregr/m 

Immediate to Register/Memory 100000sw mod 0 10 rIm data data Hs:w = 01 

Immediate to Accumulator 0001010w data datallw = 1 

INC = Incremant: 

Register/Memory 1111 t llw modOOO rIm 

Register 01000reg 

AAA = ASCII Adjustlor Add 00110111 

BAA = Decimal Adjust lor Add 00100111 

SUB = Subtract: 

Reg.lMemory and Register to Either 001010dw modregr/m 

Immediate Irom Register/Memory 100000sw mod 1 0 1 rIm data data ils:w = 01 

Immediate Irom Accumulator 0010110w data datailw = 1 

SSB = Subtract with Borrow 

Reg.lMemory and Register to Either 000110dw modregr/m 

Immediate Irom Register/Memory 100000sw modO 11 rIm data data ils:w = 01 

Immediate Irom Accumulator 000111 w data datailw= 1 

DEC = Decrement: 

Register/memory l111111w modOOlr/m 

Register 01001 reg 

NEG = Change sign 1111011w modO 11 rIm 

CMP = Compare: 

Register/Memory and Register 001110dw mod reg r/m 

Immediate with Register/Memory 100000sw mod 111 rIm data data il s:w = 01 

Immediate with Accumulator 0011110w data datailw= 1 

AAS = ASCII Adjust lor Subtract 00111111 

DAS = Decimal Adjust lor Subtract 00101111 

MUL = Multiply (Unsigned) 1111011w modl00r/m 

IMUL = Integer Multiply (Signed) 1111011 w mod 1 0 1 rIm 

AAM = ASCII Adjust lor Multiply 11010100 00001010 

DIY = Divide (Unsigned) 1111011w mod 11 Or/m 

IDlY = Integer Divide (Signed) 1111011w mod 111 rIm 

AAD = ASCII Adjust lor Divide 11010101 00001010 

CBW = Convert Byte to Word 10011000 

CWD = Convert Word to Double Word 10011001 
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S086/8088 Instruction Set Summary (Continued) 

Mnemonic and I Instruction Code Description 

LOGIC 76,543210 76543210 76543210 76543210 

NOT = Invert 1111011w modOl0r/m 

SHL/SAL = Shift Logicall Arithmetic Left 110100vw mod 1 OOr/m 

SHR = Shift Logical Right 110100vw mod 101 rIm 

SAR = Shift Arithmetic Right 110100vw mod 111 rIm 

ROL = Rotate Left 110100vw modOOOr/m 

ROR = Rotate Right 110100vw mod 0 0 1 rIm 

RCL = Rotate Through Carry Flag Left 110100vw modO 1 Or/m 

RCR = Rotate Through Carry Right 110100vw mod011 rIm 

AND = And: 

Reg.lMemory and Register to Either 001000dw mod reg rIm 

Immediate to Register IMemory 1000000w mod 1 OOr/m data dataifw = 1 

Immediate to Accumulator 0010010w data dataifw = 1 

TEST = And Function to Flags. No Result: 

Register/Memory and Register 1000010w mod reg rIm 

Immediate Data and Register IMemory 1111011w modOOO rIm data dataifw = 1 

Immediate Data and Accumulator 1010100w data dataifw = 1 

OR = Or: 

Reg.lMemory and Register to Either 000010dw mod reg rIm 

Immediate to Register/Memory 1000000w mod'O 0 1 rIm data dataifw = 1 

Immediate to Accumulator 0000110w data dataifw = 1 

XOR = Exclusive or: 

Reg.lMemory and Register to Either 001100dw mod reg rIm 

Immediate to Register/Memory 1000000w mod 110 rIm data dataifw = 1 

Immediate to Accumulator 0011010w data dataifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001 z 

MOVS = Move Byte/Word 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111w 

LODS = Load Byte/Wd tt! ALI AX 1010110w 

STOS = Stor BytelWd from ALI A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 11101000 disp-Iow disp-high 

Indirect Within Segment 1 1 1 1 1 1 11 mod 0 10 rIm 

Directlntersegment 10011010 offset-low offset-high 

seg-Iow seg-high 

Indirectlntersegment 1 1 1 11 1 1 1 mod 0 11 rIm 
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8086/8088 Instruction Set Summary (Continued) 

Mnemonic and I Instruction Code 
Description 

JMP = Unconditional Jump: 76543210 76543210 76543210 

Direct Within Segment 11101001 disp-Iow disp-high 

Direct Within Segment-Short 11101011 disp 

Indirect Within Segment 11111111 mod 1 OOr/m 

Direct Intersegment 11101010 offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 11111111 mod 101 rIm 

RET = Return from CALL: 

Within Segment 11000011 

Within Seg Adding Immed to SP 11000010 data-low data-high 

Intersegment 11001011 

Intersegment Adding Immediate to SP 11001010 data-low data-high 

JE/JZ = Jump on Equal/Zero 01110100 disp 

JL/JNGE = Jump on Less/Not Greater 01111100 disp 
or Equal 

JLE/JNG = Jump on Less or Equal/ 01111110 disp 
Not Greater 

JB/JNAE = Jump on Below/Not Above 01110010 disp 
or Equal 

JBE/JNA = Jump on Below or Equal/ 01110110 disp 
Not Above 

JP/JPE = Jump on Parity/Parity Even 01111010 disp 

JO = Jump on Overflow 01110000 disp 

JS = Jump on Sign 01111000 disp 

JNE/JNZ = Jump on Not Equal/Not Zero 01110101 disp 

JNL/JGE = Jump on Not Less/Greater 01111101 disp 
or Equal 

JNLEI JG = Jump on Not Less or Equal/ 01111111 disp 
Greater 

JNBI JAE = Jump on Not Below I Above 01110011 disp 
or Equal 

JNBE/JA = Jump on Not Below or 01110111 disp I Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 01111011 disp I 
JNO = Jump on Not Overflow 01110001 disp I 
JNS = Jump on Not Sign 01111001 disp I 
LOOP = Loop ex Times 11100010 disp I 
LOOPZ/LOOPE = Loop While Zero/Equal 11100001 disp I 
LOOPNZlLOOPNE = Loop While Not 11100000 disp 

Zero/Equal 
JCXZ = Jump on ex Zero 11100011 disp 

,INT = Interrupt 

Type Specified I 11001101 type 

Type 3 I 11001100 

INTO = Interrupt on Overflow I 11001110 

IRET = Interrupt Return I 11001111 
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808618088 Instruction Set Summary (Continued) 

Mnemonic and 
Description 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Cerry 

STC = Set Cerry 

CLD = Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = WaH 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value 
Greater = more positive: 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte 

instruction 
if mod = 11 then rim is treated as a REG field 
if mod = 00 then OISP = 0". disp-Iow and disp-high are 

absent 
if mod = 01 then OISP = disp-Iow sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then OISP = disp-high; disp-Iow 
if rim = 000 then EA = (BX) + (SI) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (SI) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (SI) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (BP) + OISP" 
if rIm = 111 then EA = (BX) +OISP 
OISP follows 2nd byte of instruction (before data if re
quired) 
"except if mod = 00 and rIm = then EA = disp-high: 

disp-Iow. 
if s:w = 01 then 16 bits of immediate data form the oper

and 
if s:w = 11 then an immediate data byte is sign extended 

to form the 16-bit operand 
if v = 0 then "count" = 1; if v = 1 then "count" in (el) 

register 
x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 

001reg110 I 

Instruction Code 

76543210 

modxxxr/m 

REG is assigned according to the following table: 

16-Blt (w = 1) 8-Bit(w = 0) Segment 

000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 DL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 01 111 BH 

Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics @ Intel, 1978 

DATA SHEET REVISION REVIEW 

The following lists the key differences between this 
data sheet and the -002 revision of the 8088 data 
sheet. 
1. The maximum ambient temperature spec. for the 

8 MHz 8088 in a plastic package has been re
duced from 70·C to 55·C. This spec. change is for 
P8088-2 only. 

2. A case temperature spec. of 75·C has been add
ed that correlates to the new P8088-2 ambient 
temperature spec. 

3. The following statement regarding correlation of 
ambient and case temperature has been added: 
"T A is guaranteed as long as T CASE is not ex
ceeded." 

4. TCLAV Address Valid Delay Max has been 
changed from 70 ns to 60 ns for the 8088-2 to 
reflect the tested value. 
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8-BIT CIiMOS MICROPROCESSOR 

• Pln-for-Pln and Functionally Compatible • Direct Addressing Capability of 1 
to Industry Standard HMOS 8088 MByteofMemory 

• Direct Software Compatibility with • Architecture Designed for Powerful 
80C86,8086,8088 Assembly Language and Efficient High 

• Fully Static Design with Frequency Level Languages 

Range from D.C. to: • 24 Operand Addressing Modes 
- 8 MHz for 80C88A-2 • Byte, Word and Block Operations 

• Low Power Operation • 8 and 16-Blt Signed and Unsigned 
- Operating Icc '= 10 mA/MHz Arithmetic 
- Standby Ices =,500 p.A max - Binary or Decimal 

• Bus-Hold Circuitry Eliminates Pull-Up - Multiply and Divide 
Resistors • Available In 40-Lead Plastic DIP 

(See Packaging Spec .• Order #231369) 

The Intel 80C88A is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. The 
processor has attributes of both 8 and 16-bit microprocessors. The 80C88A, available in 8 MHz clock rate, 
offers two modes of operation: MINimum for sma" systems and MAXimum for larger applications such as 
multi-processing. It is available in 40-pin DIP. 

INSTRUCTION 
STREAM IYTE 

QUEUE 

INTERF:~: ~===~===j UNIT.. os 

EXECUTION 
UNIT 

I. 

A. AL 
I. IL 
CH CL 
D. DL 

IP 
8P 
81 
01 

Figure 1. aOC88A CPU 
Functional Block Diagram 
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Table 1. Pin Descrlpt!on 
The following pin function descriptions are for 80C88A systems in either minimum or maximum mode. The 
"local bus" in these descriptions is the direct multiplexed bus interface connection to the 80C88A (without 
regard to additional bus buffers). 

Symbol Pin No. Type Name and Function 

AD7-ADO 9-16 I/O ADDRESS DATA BUS: These lines constitute the time 
multiplexed memory/IO address (T1) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state OFF(1) 
during interrupt acknowledge and local bus "hold acknowledge". 

A15-A8 2-8,39 0 ADDRESS BUS: These lines provide address bits 8 through 15 for 
the entire bus cycle (T1-T 4). These lines do not have to be 
latched by ALE to remain valid. A15-A8 are active HIGH and float 
to 3-state OFF(1) during interrupt acknowledge and local bus 
"hold acknowledge". 

A19/56, A18/55, 35-38 0 ADDRESS/STATUS: During T1, these are the four most 
A17/54, A16/53 significant address lines for memory operations. During I/O 

operations, these lines are LOW. During memory and I/O 
operations, status information is available on these lines during 
T2, T3, Tw, and T4. 56 is always low. The status of the interrupt 
enable flag bit (55) is updated at the beginning of each clock 
cycle. 54 and 53 are encoded as shown. 

This information indicates which segment register is presently 
being used for data accessing. 

These lines float to 3-state OFF(1) during local bus "hold 
acknowledge" . 

S4 S3 CHARACTERISTICS 

O(LOW) 0 Alternate Data 
0 1 5tack 
1(HIGH) 0 Code or None 
1 1 Data 
56 isO(LOW) 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory or I/O read cycle, depending on the state of the 10lM pin 
or 52. This signal is used to read devices which reside on the 
80C88A local bus. RD is active LOW during T2, T3 and Tw of any 
read cycle, and is guaranteed to remain HIGH in T2 until the 
80C88A local bus has floated. 

This signal floats to 3-state OFF(1) in "hold acknowledge". 

READY 22 I READY: is the acknowledgement from the addressed memory or 
I/O device that it will complete the data transfer. The ROY Signal 
from memory or I/O is synchronized by the 82C84A clock 
generator to form READY. This signal is active HIGH. The 80C88A 
READY input is not synchronized; Correct operation is not 
guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type Name and Function . 
INTR 18 I INTERRUPT REQUEST: is a level t[iggered input which is sampled 

during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table located 
in system memory. It can be internally masked by software resetting 
the interrupt enable bit. INTR is internally synchronized. This signal is 
active HIGH. 

fEST 23 I TEST: input is examined by the "wait for test" instruction. If the 
TEST input is LOW, execution continues, otherwise the processor 
waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 

NMI 17 I NON·MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. NMI is not maskable 
internally by software. A transition from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. This input is internally 
synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock cycles. 
It restarts execution, as described in the instruction set description, 
when RESET returns LOW. RESET is internally synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: is the -+ 5V ± 10% power supply pin. 

GND 1,20 GND: are the ground pins. Both must be connected. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 

The following pin function descriptions are for the BOCBBA minimum mode (i.e., MNIMX = Vee). Only the pin 
functions which are unique to minimum mode are described; all other pin functions are as described above. 

101M 28 0 STATUS LINE: is an inverted maximum mode 52. It is used to 
distinguish a memory access from an 110 access. 101M becomes 
valid in the T 4 preceding a bus cycle and remains valid until the final 
T 4 of the cycle (1/0 = HIGH, M = LOW). 101M floats to 3-state 
OFF(1) in local bus "hold acknowledge". 

WR 29 0 WRITE: strobe indicates that the processor is performing a write 
memory or write 1/0 cycle, depending on the state of the 101M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF(1) in local bus "hold acknowledge". 

INTA 24 0 INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1. Pin Description (Continued) 

Symbol "Pin No. Type Name and Function 

ALE 25 0 ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock low of T1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
desires to use a data bus transceiver. It is used to control the 
direction of data floW through the transceiver. Logically, DT /A" is 
equivalent to S1 in the maximum mode, and its timing is the same as 
for 101M (T = HIGH, R = LOW). This signal floats to 3-state OFF(1) 
in local "hold acknowledge". 

DEN 26 0 DATA ENABLE: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active LOW 
during each memory and 1/0 access, and for INTA cycles. For a read 
or INTA cycle, it is active from the middle of T2 until the middle of T4, 
while for a write cycle, it is active from the beginning of T2 until the 
middle of T4. DEN floats to 3-state OFF(1) during local bus "hold 
acknowledge" . 

HOLD, HLDA 30,31 1,0 HOLD: indicates that another master is requesting a local bus 
"hold". To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as an 
acknowledgement, in the middle of a T 4 or T1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines~ After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 

Hold is not an aSynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 

550 34 0 STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of 550, 101M and DT /A" allows the system to 
completely decode the current bus cycle status. 

101M DTIR SSO CHARACTERISTICS 

1(HIGH) 0 0 Interrupt Acknowledge 
1 0 1 Read 1/0 port 
1 1 0 Write 1/0 port 
1 1 1 Halt 
O(LOW) 0 .0 Code access 
0 0 1 Read memory 
0 1 0 Write memory 
0 1 1 Passive 
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Table 1. Pin Description (Continued) 
The following pin function descriptions 8re for the 8OC88A/82C88 system in maximum mode (i.e., 
MN/MX = GND.) Only the pin functions which 8re unique to maximum mode 8f8 described; 8/1 other pin 
functions 8re 8S described 8bove. 

Symbol Pin No. Type Name and Function 

S2,ST,~ 26-28 0 STATUS: is active during clock high of T 4, T1, and T2, and is 
returned to the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status Is used by the 82C88 bus controller to 
generate all memory and I/O access control signals. Any change by 
S2, ST, or ~ during T4 is used to indicate the beginning of a bus 
cycle, and the return to the paSSive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These Signals float to 3-state OFF(1) during "hold acknowledge". 
During the first clock cycle after RESET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 

fi 11 SO CHARACTERISTICS 

O(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/O port 
0 1 0 Write itO port 
0 1 1 Halt 
1 (HIGH) 0 0 Code access 
1 0 1 Read memory 
1 1 0 Write memory 
1 1 1 Passive 

RQ/GTO, 30,31 I/O REQUEST/GRANT: pins are used by other local bus masters to 
Ra/G'ff force the processor to release the local bus at the end of the 

processor's current bus cycle. Each pin is bidirectional with Ra/crfO 
having higher priority than Ra/m. Ra/(IT has an internal pull-up 
resistor, so may be 19ft unconnected. The request/grant sequence is 
as follows (see timing diagram): 

1. A pulse of one ClK wide from another local bus master indicates a 
local bus request ("hold") to the 80C88A (pulse 1). 

2. During a T 4 or T1 clock cycle, a pulse one clock wide from the 
80C88A to the requesting master (pulse 2), indicates that the 
80C88A has allowed the local bus to float and that it will enter the 
"hold acknowledge" .state at the next ClK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one ClK wide from the requesting master indicates to the 
80C88A (pulse 3) that the "hold" request is about to end and that the 
80C88A can reclaim the local bus at the next ClK. The CPU then 
entersT4. 
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Table 1.Pln Descriptions (Continued) 

I Symbol Pin No. Type Name and Function 

RO/GTO, 30,31 1/0 Each master-master exchange of the local bus is a sequence of 
RO/GT1 three pulses. There must be one idle CLK cycle after each bus 

exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T 4 of the cycle when all the 
following conditions are met: 

1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible 
events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. , 

LOCK 29 0 LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This Signal is 
active LOW, and floats to 3-state OFF(I) in "hold acknowledge". 

OS1,OSO 24,25 0 QUEUE STATUS: provide status to allow external tracking of the 
internal 80C88A instruction queue. 

The queue status is valid during the CLK cycle after which the 
queue operation is performed. 

QS1 QSO CHARACTERISTICS 

O(LOW) 0 No operation 
0 1 First byte of opcode from queue 
1(HIGH) 0 Empty the queue 
1 1 Subsequent byte from queue 

- 34 0 Pin 34 is always high in the maximum mode. 

NOTE: 
I. See the section on Bus Hold Circuitry. 
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FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C88A circuitry is of static design. Internal regis
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed' on other microprocessors. The CMOS 
aOC88A can operate from DC to the appropriate up
per frequency limit. The processor clock may ~e 
stopped in either state (high/low) and held there in
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C88A can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency opera
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88A power 
dissipation is directly related to operating frequency. 
As the system frequency is reduced, so is the oper
'ating power until ultimately, at a DC input frequency, 
the 80C88A power requirement is the standby cur
rent. 

SEGMENT 
REGISTER FILE 

~FFFfI'H 

I } CODE SEGMENT 

...---'-..... -"1. XXXXOH 

r--+F==l } STACK SEGMENT 
+ OF ET 

WORD! ~S8 } DATA SEGMENT 

mg~BYTE 

} EXTRA DATA SEGMENT 

'--.... --1 
L........SOOOOOH 

240028-3 

Figure 3. Memory Organization 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes e~ch, 
with each segment falling on 16-byte boundaries. 
(See Figure 3.) 

All memory references are made relative to base ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad
dressing needs of programs. The segment re~ister 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able 'areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address locati~n. 
The BIU will automatically execute two fetch or wnte 
cycles for 16-bit operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system 

"'--";""R::E:::SET=.OO::;:;';TS;;;TRA=P --., FFF'FH 

I-__ -'-P.:.::ROG=RA::::M:..::JU;::M::..P __ ---j FFFFOH 

• • • 
INTERRUPT POINTER 

FOR TYPE 2" 
• 
• 
• 

INTERRUPT POINTER 
FOR TYPE 1 

INTERRUPT POINTER 
FOR TYPE 0 

3FFH 

3FOH 

7H 

4H 
3H 

OH 

240028-4 

Figure 4. Reserved Memory Locations 
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Memory Segment Register Segment 
Reference Need Used Selection Rule 

Instructions CODE (CS) Automatic with all instruction prefetch. 

Stack STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data DATA (DS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 

initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH 
through 003FFH are reserved for interrupt opera
tions. Four-byte pointers consisting of a 16-bit seg
ment address and a 16-bit offset address direct pro
gram flow to one of the 256 possible interrupt serv
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re
served memory prior to the occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 80C88A systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Conseque~, the 80C88A is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88A defines pins 24 thrQ!!gh 31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vee, the 80C88A generates bus control signals 
itself on pins 24 through 31 and 34. 

The minimum mode 80C88A can be used with either 
a multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS@-85 

multiplexed bus peripherals (8155, 8156, 8355, 
8755A, and 8185). This configuration (See Figure 5) 
provides the user with a minimum chip count sys
tem. This architecture provides the 80C88A pro
cessing power in a highly integrated form. 

The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus bufferin~ required. 
(See Figure 6.) The 80C88A provides DEN and DT / 
R to control the transceiver, and ALE to latch the> 
addresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re
quirements. 

The maximum mode employs the 82C88 bus con
troller. (See Figure 7.) The 82C88 decodes status 
lines SO, 51, and 52, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa
bility to the control lines, and frees the 80C88A pins 
for extended large system features. Hardware lock, 
queue status, and two request/grant interfaces are 
provided by the 80C88A in maximum mode. These 
features allow co-processors in local bus and re
mote bus configurations. 
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Bus Operation 
The 80C88A address/ data bus is broken into three 
parts-the lower eight address/data bits (ADO-AD7), 
the middle eight address bits (A8-A 15), and the up
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad
dress bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad
dress latch if a standard, non-multiplexed bus is de
sired for the system. 

Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1, T2, T3, and 
T 4. (See Figure 8). The address is .emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T 4. T2 is used primarily for chang
ing the direction of the bus during .read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in
serted between T3 and T 4. Each inserted "wait" 
state is of the same duration as a CLK cycle. Periods 
can occur between 80C88A driven bus cycles. 
These are referred to as "idle" states (Ti), or inac
tive ClK cycles. The processor uses these cycles 
for internal housekeeping. 

!-----C4+NwAIT)-TCy-----l-----C4+NwAld-'CY------! T, 
T. I " '. T1 12 TI T. 

",K 

\ 
ADDIU8T~TUS 

AD.R 

ADDJVDATA -----8~_·_·T_A_OU_T(_ •• _DoI_-...J)--~ 

jiji,iNii 

READY 

''--__ I 
240028-8 

Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the. MN/MX 
strap). At the trailing edge· of this pulse, a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits SO, 51, and 52 are used by the bus con
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 

S2 51 So CHARACTERISTICS 

o (LOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 110 
0 1 0 Write 110 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

Status bits 53 through 56 are multiplexed with high 
order address bits and are therefore valid during T2 
through T 4. 53 and S4 indicate which segment reg
ister was used for this bus cycle in forming the ad
dress according to the following table: 

S4 S3 CHARACTERISTICS 

o (LOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 
is equal to o. 

110 ADDRESSING 

In the 80C88A, 110 operations can address up to a 
maximum of 64k 110 registers. The 110 address ap
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A16 are 
zero in 110 operations. The variable 110 instructions, 
which use· register OX as a pointer, have full address 

capability, while the direct 110 instructions dirf;lctly 
address one or two of the 256 110 byte locations in 
page 0 of the 110 address space. 110 ports are ad
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both·halves of the 16-
bit address ·bus. The 80C88Auses a (ull 16-bit ad
dress on its lower 16 address lines. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C88A RESET is required to be HIGH for four or 
more clock cycles. The 80C88A will terminate oper
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. Af
ter this interval the 80C88A operates normally, be
ginning with the instruction in absolute location 
FFFFOH. (See Figure 4.) The RESET input is inter
nally synchronized to the processor clock. At initiali
zation, the HIGH to LOW transition of RESET must 
occur no sooner than 50 I£s after power up, to allow 
complete initialization of the 80C88A. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF(1) during RE
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(1). ALE and HLDA are driven low. 

NOTE: 
1. See the section on Bus Hold Circuitry. 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
Inputs to CMOS devices and to eliminate the need 
for pull-upl down resistors, "bus-hold" circuitry has 
been used on the 80C88A pins 2-16, 26-32, and 
34-39 (Figure 9a, 9b). These circuits will maintain 
the last valid logic state if no driving source is pres
ent (i.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 p.A minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis
tive" type element, the associated power supply 

current Is negligible and power dissipation is signifi
cantly reduced when compared to the u~e of pas
sive pull-up resistors. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska
ble or maskable. 

"Pull-Up/PuIl·Down·· 

Input buffer exists only on liD pins 

EXTERNAL 
PIN 

Figure 98. Bus hold circuitry pin 2-16, 35-39. 

"Pull-Up" 

Input buffer exists only on liD pins 

EXTERNAL 
PIN 

Figure 9b. Bus hold circuitry pin 26-32, 34. 
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Interrupts result in a transfer of control to a new pro
gram location. A 256 element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type." An interrupting de
vice supplies an 8-bit type number, during the inter
rupt acknowledge sequence, which is used to vector 
through the. appropriate element to the new interrupt 
service program location. 

NON·MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high
going edge triggers another response if it occurs af
ter the start of the NMI procedure. The signal must 

be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 80C88A provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request Signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of ClK. To be responded to, 
INTR must be present (HIGH) during the clock peri
od prepeding the end of the c.urrent instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis
ter which is automatically pushed onto the stack re
flects the state of the processor prior to the inter
rupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88A emits 
the lOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 

. T, I T, T. T, I T, I T, T, T, 

ALE~ __ ---Jn\...--__ 
\'--__ ..--J/ 

\'-----/ ~ f\ 
AIIo-A07 =>r~~LO;;'A;';"T ______________ --<~ "~"m0-

240028-11 

Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., B2C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used· as a pOinter into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 

HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys
tem to latch the halt status. Halt status is available 
on 10/M, DT lA', and SSO. In maximum mode, the 
~ocessor issues appropriate HALT status on 52, 
Sf, and SO, and the B2CBB bus controller issues one 
ALE. The BOCBBA will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET will force the BOC8BA out of the HALT 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the 'processor to perform read/modify/write opera
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti
vated at the end of the last bus cycle of the instruc
tion following the LOCK prefix; While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the BOCBBA provides 
a single software-testable input pin (TEST). This in
put is'utilized by executing a WAIT instruction. The 
single WAIT instruction is repeatedly executed until 
the TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 

If a local bus request occurs during WAIT execution, 
the BOCBBA 3-states all output drivers. If interrup~s 
are enabled, the BOC8BA will recognize interrupts 
and process them. The. WAIT instruction is then re
fetched, and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the MN/MX pin is strapped to 
Vee and the processor emits bus control signals 
compatible with the BOBS bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
B2CBB bus controller uses to generate MUL TIBUS 
compatible bus control signals. 

. System Timing - Minimum System 

(See Figure B.) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this Signal is used to latch the ad
dress information, which is valid on the address/ 
data bus (ADO-AD7) at this time, into a latch. Ad
dress lines AB through A 15 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the 10/M signal indicates a 
memory or I/O operation. At T2 the address is re
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad
dressed device will again 3-state its bus drivers. If a 
transceiver is required to buffer the BOCBBA local 
bus, signals DT lA' and DEN are provided by the 
BOCBBA. . 

A write cycle also begins with the assertion.of ALE 
and the emission of the address. The 10/M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T 4. During T2, T3, and 
T w, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the· bus to 
float. . 
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The basic difference between the interrupt acknowl
edge cycle and a read cycle is that,the interrupt ac
knowl~e (INTA) signal is asserted in place of the 
read (RD) signal and thfil address bus is floated" tl Figure 10.) In the second of two successive 

cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. 82C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is mul~i
plied by four and used as a pointer into the interrupt 
vector lookup table, as deScribed .earlier. 

BUS TIMING ""7 MEDIUM COMPLEXITY 
SYSTEMS 

(See Figure 11.) 

For medium complexity systems, the MN/~ pin is 
connected to GNO and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 80C88A is capable of 

. handling. Signals ALE, r5m, and OT IA' are generat
ed by the 82C88 instead of the processor in this 
cofltiguration, although their timing remains relatively 
the same. The'80C88A status outputs (S2, Sf, and 
SO) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or 110), write (data or 110), inter
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, 110 read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver' 
receives the usual T and OE inputs from the 
82C88's OT IA' and r5m outputs; 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter
rupt controller is positidned on the local bus, a TIL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowle~ge sequence and software "poll". 

THE 8OC88A COMPARED TO THE 80C86 

The 80C88A, CPU is an 8-bit processor designed 
around the 80C86 internal structure. Most internal 
functions of the 80C88A are identical to the equiva~ 

lent 80C86 functions. The 80C88A handles the ex
ternal bus the same way the 80C86 does with the 
distinction of handling only 8 bits at a time. Sixteen
bit operands are fetched or written in two consecu
tive bus cycles. Both processors will appear identical 
to the, software engineer, with the exception of exe
cution time. The internal register structure is identi
cal and all instructions have the same end result. 
The differences between the 80C88A and 80C86 
are outlined below. The engineer who is unfamiliar 
with the 80C86 is referred to the iAPX 86, 88 User's 
Manual, Chapters 2 and 4, for function description 
and instruction set information. Internally, there are, 
three differences between the 80C88A and the 
80C86. All changes are related to the 8-bit bus inter
face. 

• The queue length is 4 bytes in the 80C88A, 
whereas the 80C86 queue contains 6 bytes, or 
three words. The queue was shortened to pre
vent overuse of the bus by the BIU when pre
fetching Instructions. This was required because 
'of the additional time necessary to fetch instruc
tions 8 bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The 80C88A BIU will fetch 
a new instruction to load into the queue each 
time there is a 1 byte hole (space available) in the 
queue. The 80C86 waits until a 2-byte space is 
available. 

• The internal execution time of ~he instruction set 
is affected by the 8-bit interface. All 16-bit fetches 
and writes fromlto memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88A are being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution-unit will allow. 

The 80C88A and 80C86 are completely software 
compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable, but software that is not sys
tem dependent will, operate equally as well on an 
80C88A or an 80C86. 

The hardware interface of the 80C88A contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 

.. A8-A15 - These pins are only address outputs 
on the 80C88A. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
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• SHE has no meaning on the 80C88A and has 
been eliminated. 

• ~ provides the SO status information in the 
minimum mode. This out~t oC<2!:!rs on .E!!!,.34 in 
minimum mode only. DT/R, 101M, and SSO pro
vide the complete bus status in minimum mode. 

T, 

ClK ~ ~ 

OSl,OSO x 
8OC88A 

52,51, so 

A 19/56-A 16/S3 X Al9-Al 

.r-
(

ALE 

82C88 RDY 82C84A 

RDY 80C88 

A7·AO 

X 6OC88A[A::'::: 
RD 

" f 
DT/R 

82C88 MRDC 

DEN 

• 101M has been inverted to be compatible with the 
MCS-55 bus structure. 

• ALE is delayed by one clock cycle in the mini
. mum mode when entering HALT, to allow the 

status to be latched with ALE. 

T, T. 

~ 0~ ~. 
x x x >-

-----"", '-----
X S6-S3 "-

,..-... .:.._-

x 

x 

DATA IN -
A15·A8 X 

" / 

, 

" f 

, 
" 
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Figure 11. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage 
(With respect to ground) ..•. , ...... -0.5 to 7.0V 

Input Voltage Applied 
(w.r.t. ground) ............. -0.5 to Vcc + 0.5V 

Output Voltage Applied 
(w.r.t. ground) ............. -0.5 to Vee + 0.5V 

Power Dissipation .......................... 1.0W 

Storage Temperature .......... - 65·C to + 150·C 

Ambient Temperature Under Bias .... O·C to + 70·C 

·Notice;·Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is 'a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O·C to 70·C, Vcc = 5V ± 5% 

Symbol Parameter 
80C88A72 

U'nlts 
Min Max 

Vil Input low Voltage -'-0.5 +0.8 V 

VIH Input High Voltage (All inputs 2.0 V 
except clock) 

VCH Clock High Voltage Vcc- 0.8 V 

VOL Output low Voltage 0.45 V 

VOH Output High Voltage 3.0 V 
Vcc- 0.4 

Icc Power Supply Current 10 mA/MHz 

Ices Standby Supply Current 500 p.A 

III Input leakage Current ±1.0 p.A 

IBHl Input leakage Current 50 400 p.A 
(Bus Hold low) 

IBHH Input leakage Current -50 -400 p.A 
(Bus Hold High) 

IBHlO Bus Hold low Overdrive 600 p.A 

IBHHO Bus Hold High Overdrive -600 p.A 

IlO Output leakage Current ±10 p.A 

CIN Capacitance of Input Buffer 5 pF 
(All inputs except ADo-AD7, RQ/GT) 

CIO Capacitance of I/O Buffer 20 pF 
(ADo-AD7, RQ/GT) 

COUT Output Capacitance 15 pF 

NOTES: 
1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND 

c) VIN at + 5.0V or GND. 
2. An external driver must source at least leHlO to switch this node from lOW to HIGH. 
3. An external driver must sink at least leHHO to switch this node from HIGH to LOW. 

2-136 

Test Conditions 

IOl = 2.5mA 

IOH = -2.5 mA 
IOH = -100 p.A 

Vil = GND, VIH = Vcc 

VIN = Vcc or GND 
Outputs Unloaded 
ClK = GND or Vcc 

OV~VIN~VCC 

VIN = 0.8V 

VIN = 3.0V 

(Note 2) 

(Note 3) 

VOUT = GNDorVcc 

(Note 1) 

(Note 1) 

(Note 1) 
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A.C. CHARACTERISTICS TA = 0'Cto70'C, vee = 5V ±5% 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

Symbol Parameter 80C88A-2 Units 
Test 

Min Max Conditions 

TClCl ClK Cycle Period 125 D.C. ns 

TClCH ClKlowTime 68 ns 

TCHCl ClK High Time 44 ns 

TCH1CH2 ClK Rise Time 10 ns From 1.OV to 3.5V 

TCL2Cl1 ClKFaliTime 10 ns From 3.5V to 1.OV 

TDVCl Data in Setup Time 20 ns 

TClDX Data in Hold Time 10 ns 

TR1VCl ROY Setup Time into 82C84A 35 ns 
(Notes 1, 2) 

TClR1X ROY Hold Time into 82C84A 0 ns 
(Notes 1, 2) 

TRYHCH READY Setup Time into 80C88A 68 ns 

TCHRYX READY Hold Time into 80C88A 20 ns 

TRYlCl READY Inactive to ClK (Note 3) -8 ns 

THVCH HOLD Setup Time 20 ns 

TINVCH INTR, NMI, TEST Setup Time 15 ns 
(Note 2) 

TILIH Input Rise Time (Except ClK) 15 ns From 0.8V to 2.0V 
(Note 4) 

TIHll Input Fall Time (Except ClK) 15 ns From 2.0V to 0.8V 
(Note 4) 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES ',\, 

Symbol Parameter 8OC88A-~ Units Test 

MIn Max ConditIons 

TCLAV Address Valid Delay . 10 60 ns 

TCLAX Address Hold Time 10 ns 

TCLAZ Address Float Delay TCLAX 50 ns 

TLHLL ALE Width TCLCH-10 ns 

TCLLH ALE Active Delay 50 ns 

TCHLL ALE Inactive Delay 55 ns 

TLLAX Address Hold Time to ALE Inactive TCHCL-10 ns 

TCLDV Data Valid Delay 10· 60 ns 

TCHDX Data Hold Time 10 ns 

Data Hold Time After WR' 
, 

TCLCH-30 ris TWHDX 

TCVCTV Control Active Delay 1 10 70 ns 

TCHCTV Cpntrol Active Delay 2 10 .60 ns 

TCVCTX Control Inactive Delay 10 70 "ns 

TAZRL Address Float to READ Active 0 ns 

TCLRL AD Active Delay 10 100 ns 

TCLRH RD Inactive Delay 10 BO ns 

TRHAV RD Inactive to Next Address Active TCLCL-40 :. .lIS 

TCLHAV HLDA Valid Delay 10 100 ns 

TRlRH RDWidth 2TCLCL-50 ns 

TWLWH WR'Width 2TCLCL-40 ns 

TAVAL Address Valid to ALE Low TCLCH-40 ns 

TOLOH Output Rise Time (Note 4) 15 ns From O.BV to 2.0V 

TOHOL Output Fall Time (Note 4) 15 ns From 2.0V to O.BV 

NOTES: 
1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
S. Applies only to T2 state (8 ns into T3 state). 
4. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

Input/Output 

u==x 1':C 
D.45 ~------~ 

100pF 

240028-14 
240028-13 

A.C. Testing inpuls are driven at 2.4 for a logic "1" and 0.45 for a 
logic "0". Timing measurements are made at 1.5V 

CL Includes Jig Capacitance 

WAVEFORMS 

BUS TIMING - MINIMUM MODE SYSTEM 

T, T, T, Tw T4 

VeN "I----TCLCL-TCH'CH21H I- TCL2CL':r~ 
~ ~~---.J --n-.:.:; TCHCTV TCHCL _ TCLCH_ 

CUI (_ 0utpuI) 

.0/11. iili 

ALE 

RDye_'nput) 
SEE NOTE 1 

-I 

I 

TCLAV- - -rcLAX 

A'.·"1. 
TCLLH- I:: TLH L-=: 

I 
TCHLL- l-

!-TAVAL-

-
..". .... 

A"-Aa(FIoo'du",,, INTA) 

-T LDV 
TCHDX~ -

.. ... 
-TLLAX 

v ,j I-TR'VCL 

r···X '1(~:\)~ ~0S~ ~~ vr ~..., '":; !-TCLR'X 

A~~R t-
7 

I - +-~CHRYX 

TAYHeH -
i--TCLAZ !:::=:DVCL- !-TCLDX-

DATA IN 

TAZAL- I-rr TCLRH- -
AEADCYCLE 

(NOrE 1) 

(VIII, 1IITl. VON) 

iiii 

DTIR 

-=~TCHCTV TCLRL 

I 
TCVCTV- f 
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-

\::.'CHCTV 

I 
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inter 80C88A 
( 

WAVEFORMS (Continued) 

BUS TIMING -;- MINIMUM MODE SYSTEM (Continued) . 

WRITE CYCLE 
NOTE 1 

INTA CYCLE 
NOTEB1.3 

(1i1I. WlI KYO.) 

SOFTWARE HALT -

DEii.iiIi.WR.iN'fA ~ YO" 

DT/iINDETERMINATE 

NOTES: 

T, 

AD,-ADo 

DT/R 

AD,-ADo INYALID ADDRESS 

TCLAY 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

Tw 

SOFTWARE HALT 

2. ROY is sampled near the end of T 2. T 3. T w to determine if T w machines states are to be inserted. 

T. 

240028-16 

3. Two INTA Cycles run back-to-back. The 80C88A local AOOR/Oata bus is floating during both INTA Cycles. Control 
signals are shQwn for the second INTA cycle. 
4. Signals at 82C84A are shown for reference only. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 
80C88A·2 

Min Max 

TCLCL CLK Cycle Period 125 D.C. 

TCLCH CLKLowTime 68 

TCHCL CLK High Time 44 

TCH1CH2 CLK Rise Time 10 

TCL2CL1 CLKFaliTime 10 

mVCL Data In Setup Time 20 

TCLDX Data In Hold Time 10 

TR1VCL ROY Setup Time into 82C84 35 
(See Notes 1, 2) 

TCLR1X ROY Hold Time into 82CB4 0 
(See Notes 1, 2) 

TRYHCH READY Setup Time into BOCBBA 6B 

TCHRYX READY Hold Time into 80C8BA 20 

TRYLCL READY Inactive to CLK -B 
(See Note 4) 

TINVCH Setup Time for Recognition 15 
(INTR, NMI, TEST) (See Note 2) 

TGVCH RQ/GT Setup Time 15 

TCHGX RQ Hold Time into BOC8BA 30 

TILIH Input Rise Time (Except CLK) 15 
(Note 5) 

TIHIL Input Fall Time (Except CLK) 15 
(Note 5) 

2-141 

Units Test Conditions 

ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From O.BV to 2.0V 

ns From 2.0V to O.BV 
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A.C. CHARACTERISTICS 

TIMING RESPONSES 

Symbol Parameter 8OC88A·2 Units Test Conditions 
Min Max 

TCLML Command Active Delay (Note 1) 5 35 ns 

TCLMH Command Inactive Delay (Note 1) 5 35 ns 

TRYHSH READY Active to Status Passive (Note 3) 65 ns 

TCHSV Status Active Delay 10 60 ns 

TCLSH Status Inactive Delay 10 70 ns 

TCLAV Address Valid Delay 10 60 ns 

TCLAX Address Hold Time 10 ns 

TCLAZ Address Float Delay TCLAX 50 ns 

TSVLH Status Valid to ALE High (Note 1) 20 ns 

TSVMCH Status Valid to MCE High (Note 1) 30 ns 

TCLLH CLK Low to ALE Valid (Note 1) 20 ns 

TCLMCH CLK Low to MCE High (Note 1) 25 ns 

TCHLL ALE Inactive Delay (Note 1) 4 18 ns 

TCLDV Data Valid Delay 10 60 ns 

TCHDX Data Hold Time 10 ns 

TCVNV Control Active Delay (Note 1) 5 45 ns 

TCVNX Control Inactive Delay (Note 1) 10 45 ns 

TAZRL Address Float to Read Active 0 ns 

TCLRL RD Active Delay 10 100 ns 

TCLRH RD Inactive Delay 10 80 ns 

TRHAV RD Inactive to Next Address Active TCLCL·40 ns 

TCHDTL Direction Control Active Delay (Note 1) 50 ns 

TCHDTH Direction Control Inactive Delay (Note 1) 30 ns 

TCLGL GT Active Delay 0 50 ns 

TCLGH GT Inactive Delay 0 50 ns 

TRLRH RDWidth 2TCLCL·50 ns 

TOLOH Output Rise Tim~ (Note 5) 15 ns From 0.8V to 2.0V 

TOHOL Output Fall Time (Note 5) 15 ns From 2.0V to 0.8V 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent 
specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T3 and wait states (8 ns into T3 state). 
4. Applies only to T2 state (8 ns into T3 state). 
5. These parameters are characterized and not 100% tested. 

2·142 



i~ 80C88A 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

Input/Output 

:-=x_,,~ 100pF 

240028-17 
A.C. Testing inputs are driven at2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 1.5V. 

CL Includes Jig Capacitance 

WAVEFORMS 

BUS TIMING-MAXIMUM MODE 

T, T, T. T. 

I----TCLCI.----1"CH'CH2·'"i ~ ---I ~ TCLlCll Tw 

240028-18 

CLK YCH r-\ r--\ r---i r", r-\ 
YCL...J '----J f\.---l ~ ~r "--

I TeLAY- .1::. i---oITcHeL -, ..... -

1i.11.'IO (EXCEPT HAL n 

IALE Cl2COI0U1PUTl 

SEE NOTE 5\ 

RDV ('1CI4 INPUT) 

READY (IOCMA INPUT) I 
I 

READ CYCLE, 

I2CII OUTPUTS 
SEE NOTES 5.' 

AD7-ADo 

DTlli 

DEN 

I r--I--+-.. .r--!------. 

I--- TeHSY - r TCLSI 

~~r--+----t--+-___t_t77:mtJj'r'fl'::l==:-r~----- -
1~-+_+-_~~~W~/~V~ff«s .. _E 

------~,r_~--_+----4---4-~--+---+---~~ ------_,,-At 

TCHDTL- .\ I-++--TALAH---+-----I~ F 
_____ Te_LML-_____ { TCLMH,- \, 

___ TCYN---JY-~IIr----TCYNX~_Z 
240028-19 
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WAVEFORMS (Cpntinued) -: 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) 

ClK 
VCl 

5;. 5,. So (EXCEPT H~l T) 

WRITE CYCLE 

82C88 
OUTPUTS 

SEE 
NOTES 5.6 

INTA CYCLE 

DEN 

AMWC 
OR AIOWC 

MWTC 
OR IOWC 

MCEI 
PDEN 

DT/R 

82C88 OUTPUTS INT A 
SEENOTES 5.6 

DEN 

SOFTWARE 

FLOAT 

T, 

RESERVED FOR 
CASCADE ADDR 

HALT - (DEN = VOL; RD. MRDC. iOFiC.'MWTC. AMWC. iOWc. A'iOWc.INTA.DT/R = VOH' 

AD7-ADo' A,s-Aa 1 r INVALID ADDRESS 

TClAV::j • i= . 
~ ,,..------'"'"\ - ---
~. '----

NOTES: 
1. All output timing measurements are made at 1.5V unless otherwise noted. 
2. ROY is sampled near the e'nd of T 2, T 3, T W to determine if T W machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycles .. 

240028-20 

4. Two INTA cycles run back-to-back. The 80C88A local ADDR/Data bus is floating during both INTA cycles. Control for 
pOinter address is shown for second INTA cycle. 
5. Signals at 82C84A or 82C88 are shown for reference only. 
6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, iORC. IOWC, AIOWC. INTA and 
DEN) lags the active higtl 82C88 CEN. 
7. Status inactive in state just prior to T 4. 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

80C88A 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

NMI 

tNT A 

ANY CLK CYCL~ __ QANY CLK CYCL~ 

CLK~ ; 

:~ F~" 
240028-21 

NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next elK. 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

;> Cl-CLK CYCLE 

CLK 

A,,JS.-A,,JS. _PR_E_Vl_O_US ________ _ 
All-A. l-

AD AD IOC88A 
S;~ t-I ---------

AD,LOCK 

COPROCESSOR 

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

HLDA 
~\ ______________ ~~ ____ -+-J 

100M COPROCESSOA 
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80C88A 

80C86A/80C88A INSTRUCTION SET SUMMARY 
Mnemonic and 

Deecrlptlon 
DATA TRANSFER 

MOV = Move: 

Reglster/Memoty to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memoty 

Register/Memoty to Segment Register·· 

Segment Register to Register/Memory 

PUSH = Push: 

Register/Memory 

Register 

Segment Register 

POP - Pop: 

Register/Memory 

Register 

Segment Register 

XCHO = Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OIlT = Output to: 

Fixed Port 

Variable Port 

XLAT = Translste Byte to AL 

LEA = Load EA to Register 

LOS = Load Pointer to OS 

LES = Load Pointer to ES 

LAHF = Load AH with Flags 

SAHF = Store AH into Flags 

, PUst;'F = Push Flags 

POPF = Pop Flags 

I 
78543210 

tOO010dw 

1100011w 

1011 wreg 

1'010000w 

1010001w 

10001110 

10001100 

11111111 

01010reg 

OOOreg 11 0 

10001111 

01011reg 

OOOregill 

1000011w 

10010rag 

1110010w 

1110110w 

1110011 w 

1110111 w 

11010111 

10001101 

11000101 

11000100 

1001111,1 

10011110 

10011100 

10011101 

lnatructlon Code 

78643210 78643210 

mod reg rim 

modOOOr/m date 

date, dateifwl 

add-low addr-high 

addr-Iow addr-high 

modOregr/m 

modO reg r/m 

I mod 11 Or/m 

r 
I 

modOOOr/m 

mod reg r/m 

port 

port 

mod reg r/m 

mod rag r/m 

mod rag r/m 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 

ARITHMETIC 

ADD = Add: 

Mnemonic and 
Description 

Reg.lMemory with Register to Either 

Immediate to RegisterlMemory 

Immediate to Accumulator 

ADC = Add with Carry: 

Reg.lMemory w~h Register to Either 

Immediate to RegisterlMemory 

Immediate to Accumulator 

INC = Increment: 

RegisterlMemory 

Register 

AAA = ASCII Adjust for Add 

DAA = Decimal Adjust for Add 

SUB = Subtract: 

Reg.lMemory and Register to Either 

Immediate from Register IMemory 

Immediate from Accumulator 

SBB = Subtract with Borrow 

Reg.lMemory' and Register to Either 

Immediate from RegisterlMemory 

Immediate from Accumulator 

DEC = Decrement: 

Register IMemory 

Register 

NEG = phange Sign 

CMP = Compare: 

RegisterlMemory and Register 

Immediate with RegisterlMemory 

Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 

DAS = Decimal Adjust for Subtract 

MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

AAM = ASCII Adjust for Multiply 

DIY = Divide (Unsigned) 

IDlY = Integer Divide (Signed) 

AAD = ASCII Adjust for Divide 

CBW = Convert Byte to Word 

CWO = Convert Word to Double Word 

I 
78543210 

OOOOOOdw 

100000sw 

0000010w 

000100dw 

100000sw 

0001010w 

1111111 w 

01000reg 

00110111 

00100111 

001010dw 

100000sw 

0010110w 

000110dw 

100000sw 

0001110w 

1111111 w 

01001 reg 

1111011w 

001110dw 

100000sw 

0011110w 

00111111 

00101111 

1111011w 

1111011w 

11010100 

1111011 w 

1111011w 

11010101 

10011000 

10011001 

Instruction Code 

78543210 76543210 

mod reg rIm 

modOOOr/m data 

data datailw = 1 

mod reg rIm 

mod 0 10 rIm data 

data dataHw = 1 

modOO 0 rIm 

mod reg rIm 

mod 101 rIm data 

data dataifw = 1 

mod reg rIm 

modOll rIm data 

data dataifw = 1 

mod 0 0 1 rIm 

modOll rIm 

mod reg rIm 

mod 111 rIm data 

data dataifw = 1 

mod 1 00 rIm 

mod 101 rIm 

00001010 

mod 110 rIm 

mod 111 rIm 

00001010 
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76543210 

data i!s:w = 01 

data H s:w = 01 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and I Inlltructlon Code Description 

lOGIC 76543210 76643210 76543210 76543210 

NOT = Invert 1111011w modO 1 Or/m 

SHLiSAl = Shift Logical/ Arithmetic Left 110100vw mod 1 OOr/m 

SHR = Shift Logical Right 110100vw mod 1 01 rIm 

SAR = Shift Arithmetic Right 110100vw modlll rIm 

ROl = Rotete Left 110100vw modOOOr/m 

ROR = Rotate Right 110100vw modOOl rIm 

RCl = Rotete Through Carry Flag Left 110100vw modO 1 Or/m 

RCR = Rotete Through Carry Right 110100vw modOll rIm 

AND = And: 

Reg.lMemory and Register to EHher 001000dw mod regr/rI) 

Immediate to Register/Memory 1000000w mod 1 OOr/m data dataifw=l 

Immediate to Accumulator 0010010w data dataifw = 1 

TEST = And Function to Flags, No R_ull: 

Register/Memory and Register 1000010w mod regr/m 

Immediate Data and Register/Memory 1111011w modOOOr/m data dataifw=l 

Immediete Data and,Accu"!ulator 1010100w data dataifw = 1 

OR = Or: 

Reg.lMemory and Register to EHher 000010dw mod regr/m 

Immediate to Register/Memory 1000000w modOO 1 rIm data datalfw = 1 

Immediate to Accumulator 0000110w data dataHw= 1 

XOR = Exclusive or: 

Reg.lMemory and Register to EHher 001100dw mod reg r/m 

Immediate to Register/Memory 1000000w mod 11 Or/m data data if w = 1 

Immediate to Accumulator 0011010w data datalfw=l 

STRING MANIPULATION 

REP = Repeat 1111001z 

MOYS = Move BytelWord 1010010w 

CMPS = Compare Byte/Word 1010011w 

SCAS = Scan Byte/Word 1010111 w 

LODS = Load Byte/Wd to AL/AX 1010110w 

STOS = Stor Byte/Wd from ALI A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct WHhin Segment 11101000 dlsp-Iow dlsp-hl!!h 

Indirect Within Segment 11111111 modO 1 Or/m 

Direct Intersegment lQ011010 offset-low offset-high 

seg-Iow sag-high 

Indirect Intersegment 11111111 mod011 rIm 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and 

Deacrlptlon 

JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Sagment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 
Within Segment 

Within Sag Adding Immed to SP 

Intersagment 

Intersagment Adding Immediate to SP 

JEI JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBEI JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNEI JNZ = Jump on Not Equal/Not Zero 

JNL/JGE = Jump on Not Less/Greater 
or Equal 

JNLEI JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBEI JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop ex Times 

LOOPZ/LOOPE = Loop While Zero/Equal 

LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on ex Zero 

INT = Interrupt 

Type Specified 

TypeS 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 

I Instruction Code 

76543210 76543210 76543210 

11101001 disp-Iow disp-high 

11101011 disp 

11111111 modl00r/m 

11101010 offset-low offset-high 

seg-Iow sag-high 

11111111 mod 1 0 1 rIm 

11000011 

11000010 data-low data-high 

11001011 

11001010 data-low data-high 

01110100 disp 

01111100 disp 

01111110 disp 

01110010 disp 

01110110 disp 

01111010 disp 

01110000 disp 

01111000 disp 

01110101 disp 

01111101 disp 

01111111 disp 

01110011 disp 

01110111 disp 

01111011 disp 

01110001 disp 

01111001 disp 

11100010 disp 

11100001 disp 

11100000 disp 

11100011 disp 

11001101 type 

11001100 

11001110 

11001111 
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80C86A/80C88A INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and 

Deecrlptlon 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD = Clear Direction 

STD = Set DIrection 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Walt 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8-blt accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Abovelbelow refers to unsigned value. 
Greater = more positive; 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011xxx 

11110000 

Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word Instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then DISP = 0', dlsp-Iow and disp-high are 

absent 
If mod = 01 then DISP = disp-Iow slgn-extended to 

16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 
If rIm = 000 then EA = (BX) + (SI) + DISP 
If rIm = 001 then EA = (BX) + (01) + DISP 
if rIm = 010 then EA = (BP) + (SI) + DISP 
if rIm = 011 then EA = (BP) + (01) + DISP 
If rIm = 100 then EA = (SI) + DISP 
if rIm = 101 then EA = (01) + DISP 
If rIm = 110 then EA = (BP) + DISP' 
If rIm = 111 then EA = (BX) + DISP 
OISP follows 2nd byte of instruction (before data if re
quired) 
'except if mod = 00 and rIm = 110 then EA = disp
high: disp-Iow. 

"MOV CS, REG/MEMORY not allowed. • 

lnatrucllon Code 

76543210 

modxxxr/m 

if s:w = 01 then 16 bits of immediate data form the oper
and. 

if s:w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then "count" = 1; If v = 1 then ':count" in (Cl) 
x = don't care 
z is used for -string primitives for comparison with ZF FLAG. 
SEGMENT OVERRIDE PREFIX 

001reg110 

REG is assigned according to the following table: 

16-Blt (w = 1) 8-Blt(w = 0) segment 

000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(lF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

-Mnemonics @ Intel, 1978 
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80C88AL 

8-BIT CHMOS MICROPROCESSOR 

• Pln-for-Pln and Functionally Compatible 
to Industry Standard HMOS BOBB 

• Direct Software Compatibility with 
BOCB6AL,BOB6,BOBB 

• Fully Static Design with Frequency 
Range from D.C. to: 
- 5 MHz for BOCBBAL 
- B MHz for BOCBBAL-2 

• Low Power Operation 
- Operating Icc = 10 mA/MHz 
- Standby IcCs. = 750 p.A max 

• Bus-Hold Circuitry Eliminates Pull-Up 
Resistors 

• Direct Addressing Capability of 1 
MByte of Memory 

• Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages 

• '24 Operand Addressing Modes 

• Byte, Word and Block Operations 

• Band 16-Blt Signed and Unsigned 
Arithmetic 
- Binary or Decimal 
- Multiply and Divide 

• Available in 40-Lead Plastic DIP and 44-
Lead PLCC Packages 
(See Packaging Spec., Order # 231369) 

The Intel 80C88AL is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. 
The processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 and 8 MHz clock rates. 
The 80C88AL offers two modes of ope~ation: MINimum for small systems and MAXimum for larger applica
tions such as multi-processing. It is available in 40-pin DIP and 44-pin plastic leaded chip carrier (PLCC) 
package. 

OND 

INSTRUCTION 
STREAM BYTE 

QUEUE 

BUS 
CS 

INTERFACE 'S A .. UNIT 
DS AD. I. 

A·BUS 

A. 

B. B .. 
c. C" 

EXECUTION D. DL , 
UNIT s. I 

I. I 
51 ~ D, 

240075-1 

Figure 1. 80C88AL CPU 
Functional Block Diagram 

.'N {:E) MODE 

V" 
A15 

A18/S3 

A17IS4 

11.11185 ..... 
iiii IHIOH) 
MNliiX 

1m 
HOLD elm/lilli) 
HLDA {!mimi 
WI\ (ilR!R) 

101M ,So 
DTIII (Si) 

" 
.,.. ,So ,-

(QS1) 

RESET 

240075-2 

Figure 2a. 80C88AL 
40-Lead 

DIP Configuration 
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~ ~ ~ 

~~~~3~J!~~S~ 
65 .. 3 2 14443424140 (.AX} 

0 
A19/S6 

MN/iiiX 

.",." .. (iffi/GTO) 
CPU 

(iCi/iffi) 
(LOCK) 

IO/iii (52) .. " (51) 

(SO) 
18 19 20 21 22 23 24 25 26 27 28 

qnp~~l1ln 

~! 
240075-3 

Figure 2b. 80C88AL 44-Lead 
PLCC Configuration 

October 1987 
Order Number: 240075-001 



inter 80C88AL 

Table 1. Pin Description 
The following pin function descriptions are for BOCBBAL systems in either minimum or maximum mode. The 
''local bus" in these descriptions is the direct multiplexed bus interface connection to the BOC8BAL (without 
regard to additional bus buffers). . 

Symbol P·DIP Conflg. Type Name and Function 
Pin No. 

AD7-ADO 9-16 I/O ADDRESS DATA BUS: These lines constitute the time 
multiplexed memoryllO address (T1) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state OFF(1) 
during interrupt acknowledge and local bus "hold acknowledge". 

A15-AS 2-S,39 0 ADDRESS BUS: These lines provide address bits S through 15 
for the entire bus cycle (T1-T 4). These lines do not have to be 
latched by ALE to remain valid. A15-AS are active HIGH and 
float to 3·state OFF(1) during interrupt acknowledge and local bus 
"hold acknowledge". 

A19/S6, A1S/S5, 35-3S 0 ADDRESS/STATUS: During T1, these are the four most 
A17/S4, A16/S3 significant address lines for memory operations. During I/O 

operations, these lines are LOW. During memory and 1/0 
operations, status information is available on these lines during 
T2, T3, Tw, and T 4. S6 is always low. The status of the interrupt 

/ enable flag bit (S5) is updated at the beginning of each clock 
cycle. S4 and S3 are encoded as shown. 

This information indicates which segment register is presently 
being used for data aooessing. 

These lines float to 3·state OFF(1) during local bus "hold 
acknowledge" . 

S4 S3 CHARACTERISTICS 

O(LOW) 0 Alternate Data 
0 1 Stack 
1(HIGH) 0 Code or None 
1 1 Data 
S6isO(LOW) 

RD 32 0 READ: Read strobe indicates that the processor is performing a 
memory or I/O read oycle, depending on the state of the 101M 
pin or S2. This Signal is used to read devices whioh reside on the 
SOCSSAL local bus. RD is active LOW during T2, T3 and Tw of 
any read cycle, and is guaranteed to remain HIGH in T2 until the 
SOCSSAL local bus has floated. 

This signal floats to 3-state OFF(1) in "hold acknowledge". 

READY 22 I READY: is the acknowledgement from the addressed memory or 
1/0 device that it will complete the data transfer. The ROY signal 
from memory or 1/0 is synchronized by the S2C84A clock 
generator to form READY. This signal is active HIGH. The 
SOCSSAL READY input is not synchronized. Correot operation is 
not guaranteed if the set up and hold times are not met. 
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Table 1. Pin Description (Continued) 

Symbol 
P-DIP Conflg. 

Type Name and Function Pin No. 

INTR 18 I INTERRUPT REQUEST: is a level triggered input which is sampled 
during the last clock cycle of each instruction to determine if the 
processor should enter into an interrupt acknowledge operation. A 
subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software 
resetting the interrupt enable bit. INTR is internally synchronized. 
This signal is active HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the 
'fEST input is LOW, execution continues, otherwise the processor 
waits in an "idle" state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 

NMI 17 I NON-MASKABLE INTERRUPT: is an edge triggered input which 
causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input 
is internally synchronized. 

RESET 21 I RESET: causes the processor to immediately terminate its present 
activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, as described in the instruction set 
description, when RESET returns LOW. RESET is internally 
synchronized. 

CLK 19 I CLOCK: provides the basic timing for the processor and bus 
controller. It is asymmetric with a 33% duty cycle to provide 
optimized internal timing. 

Vee 40 Vee: is the + 5V ± 10% power supply pin. 

GND 1,20 GND: are the ground pins. Both must be connected. 

MN/MX 33 I MINIMUM/MAXIMUM: indicates what mode the processor is to 
operate in. The two modes are discussed in the following sections. 

The fol/owing pin function descriptions are for the BOC8BAL minimum mode (i.e., MNIMX = Vee). Only the 
pin functions which are unique to minimum mode are described; aI/ other pin functions are as described above. 

101M 28 0 STATUS LINE: is an inverted maximum mode S2. It is used to 
distinguish a memory access from an I/O access. 101M becomes 
valid in the T 4 preceding a bus cycle and remains valid until the final 
T 4 of the cycle (I/O = HIGH, M = LOW). 101M floats to 3-state . 
OFF(1) in local bus "hold acknowledge". 

WR 29 0 WRITE: strobe indicates that the processor is performing a write 
memory or write I/O cycle, depending on the state of the 101M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF(1) in local bus "hold acknowledge". 

INTA 24 0 INTA: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3, and Tw of each interrupt acknowledge 
cycle. 
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Table 1. Pin Description (Continued) 

Symbol P·DIP Conflg. , Type Name and Function 
Pin No. 

ALE 25 0 ADDRESS LATCH ENABLE: is provided by the processor to latch 
the address into an address latch. It is a HIGH pulse active during 
clock loW of T1 of any bus cycle. Note that ALE is never floated. 

DT/R 27 0 DATA TRANSMIT/RECEIVE: is needed in a minimum system that 
,desires to use a datl!ll;lus transceiver. It is used to control the 
direction of data flow through the transceiver. Logi~lIy, DT /Ff is 
equivalent to ~ in the maximum mode, and its timing is the same 
as for 101M (T = HIGH, R = LOW). This signal floats to 3-state 
OFF(1) in local ~'hold acknowledge". 

DEN 26 0 DATA' ENABLi:: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. DEN is active 
LOW during each memory and 1/0 access, and for INTA cycles. For 
a read or INTA cycle, it is active from the middle of T2 until the 
middle of T4, while for a write cycle, it is active from the beginning 
of T2 until the middle of T 4. DEN floats to 3-state OFF(1) during 
local bus "hold acknowledge". 

HOLD,HLDA 30,31 1,0 HOLD: indicates that another master is requesting a local bus 
"hold". To be acknowledged, HOLD must be active HIGH. The 
processor receiving the "hold" request will issue HLDA (HIGH) as 
an acknowledgement, in the middle of a T4 or T1 clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the 
local bus and control lines. After HOLD is detected as being LOW, 
the processor lowers HLDA, and when the processor needs to run 
another cycle, it will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should 
be provided if the system cannot otherwise guarantee the set up 
time. 

SSO 34 0 STATUS LINE: is logically equivalent to SO in the maximum mode. 
The combination of 850, 101M and DT IR allows the system to 
completely decode the current bus cycle status. 

101M DTIR SSO CHARACTERISTICS 

1(HIGH) 0 0 Interrupt Acknowledge 
1 0 1 Read 1/0 port 
1 t 0 Write 1/0 port 
1 1 1 Halt 
O(LOW) 0 0 Code access 
0 0 1 Read memory 
0 1 0 Write memory 
0 1 1 Passive 
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Table 1. Pin Description (Continued) 
The fol/owing pin function descriptions are for the 80C88AL/82C88 system in maximum mode (i.e., 
MNIMX = GND.) Only the pin functions which are unique to maximum mode are described; aI/ other pin 
functions are as described above. 

Symbol P-DIP Conflg. Type Name and Function 
Pin No. 

82,81, SO 26-28 0 STATUS: is active during clock high of T 4, n, and T2, and is 
returned to the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller to 
generate all memory and I/O access control signals. Any change by 
82, 81, or SO during T 4 is used to indicate the beginning of a bus 
cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These signals float to 3-state OFF(1) during "hold acknowledge". 
During the first clock cycle after RE8ET becomes active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 

52 S1 SO CHARACTERISTICS 

O(lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read I/O port 
0 1 0 Write I/O port 
0 1 1 Halt 
l(HIGH) 0 0 Code access 
1 0 1 Read memory 
1 1 0 Write memory 
1 1 1 Passive 

RO/GTO, 30,31 I/O REQUEST/GRANT: pins are used by other local bus masters to 
RO/GT1 force the processor to release the local bus at the end of the 

processor's current bus cycle. Each pin is bidirectional with RO/ 
GTO having higher priority than RO/GT1. RO/GT has an internal 
pull-up resistor, so may be left unconnected. The request/grant 
sequence is as follows (see timing diagram): 

1. A pulse of one ClK wide from another local bus master indicates 
a local bus request ("hold") to the 80C88Al (pulse 1). 

2. During a T 4 or T1 clock cycle, a pulse one clock wide from the 
80C88Al to the requesting master (pulse 2), indicates that the 
80C88Al has allowed the local bus to float and that it will enter the 
"hold acknowledge" state at the next ClK. The CPU's bus interface 
unit is disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 

3. A pulse one ClK wide from the requesting master indicates to 
the 80C88Al (pulse 3) that the "hold" request is about to end and 
that the 80C88Al can reclaim the local bus at the next ClK. The 
CPU then enters T 4. 
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Table 1. Pin Description (Continued) 

Symbol 
P·DIP Conflg. 

Type Name and .Functlon Pin No. 

RQ/GTO, 30,31 1/0 Each master-master exchange of the local bus is a sequence of 
RQ/GT1 three pulses. There must be one idle CLK cycle after each bus 

exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, 
it will release the local bus during T 4 of the cycle when all the 
following conditions are met: 

1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt 
acknowledge sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible 
events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a 
currently active memory cycle apply with condition number 1 
already satisfied. 

LOCK 29 0 LOCK: indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active (LOW). The LOCK 
signal is activated by the "LOCK" prefix instruction and remains 
active until the completion of the next instruction. This signal is 
active LOW, and floats to 3-state OFF(I) in "hold acknowledge". 

QS1,QSO 24,25 0 QUEUE STATUS: provide status to allow external tracking of the 
internal 80C88AL instruction queue. 

The queue status is valid during the CLK cycle after which the 
queue operation is performed. 

QS1 QSO CHARACTERISTICS 

O(LOW) 0 No operation 
0 1 First byte of opcode from queue 
1 (HIGH) 0 Empty the queue 
1 1 Subsequent byte from queue 

- 34 0 Pin 34 is always high in the maximum mode. 

NOTE: 
I. See the section on BlisHold Circuitry. 
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FUNCTIONAL DESCRIPTION 

STATIC OPERATION 

All 80C88AL circuitry is of static design. Internal reg
isters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi
nates the minimum operating frequency restriction 
placed on other microprocessors. The CMOS 
80C88AL can operate from DC to the appropriate 
upper frequency limit. The processor clock may ~e 
stopped in either state (high/low) and held there In
definitely. This type of operation is especially useful 
for system debug or power critical applications. 

The 80C88AL can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim
ple interface circuitry to provide critical information 
for bringing up your system. 

Static design also allows very low frequency ope.ra
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88AL pow
er dissipation is directly related to operating frequen
cy. As the system frequency is reduced, ~o is the 
operating power until ultimately, at a DC Input fre
quency, the 80C88AL power requirement is the 
standby current. 
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T 
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...-----1..+J:---t. XXXXOH 

} STACK SEGMENT 
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+ OFFSET 
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FR~EG~IS)TIER~F~ILElg~~W:;OIR_Df~~:~: DATA SEGMENT E BYTE 

~*---l 

} EXTRA OAT A SEGMENT 

-.:.--..J OOOOOH 
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Figure 3. Memory Organization 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H) to FFFFF(H). The 
memory is logically divided into code, data, extra 
data and stack segments of up to 64K bytes each, 
with' each segment falling on 16-byte boundaries. 
(See Figure 3.) 

All memory references are made relative to ba~e ad
dresses contained in high speed segment registers. 
The segment types were chosen based on the. ad
dressing needs of programs. The segment re.glster 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat
able areas of similar characteristics and by automati
cally selecting segment registers, programs are 
shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address locati~n. 
The BIU will automatically execute two fetch or wnte 
cycles for 16-bit operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system 
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PROGRAM JUMP 

1 • · • 
INTERRUPT POINTER 

FOR TYPE 255 
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• 
• 

INTERRUPT POINTER 
FOR TYPE 1 

INTERRUPT POINTER 
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Figure 4. Reserved Memory Locations 
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Memory Segment Register Segment 
Reference Need· Used Selection Rule 

Instructions CODE (CS) Automatic with all instruction prefetch. 

Stack STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data DATA (OS) Data references when: relative to stack, destination of string 
operation, or explicitly overridden. , 

External (Global) Data EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 

initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the jump must be located. Locations OOOOOH 
through 003FFH are reserved for interrupt opera
tions. Four-byte pointers consisting of a 16-bit seg
ment address and a 16-bit offset address direct pro
gram flow to one of the 256 possible interrupt serv
ice routines. The pOinter elements are assumed to 
have been stored at their respective places in re
served memory prior to the occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maxi
mum 8OC88AL systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de
fined pins. Conseque~, the 80C88AL is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88AL defines pins 24 th~h 31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vee, the 80C88AL generates bus control Signals 
itself on pins 24 through 31 and 34. 

The minimum mode 80C88AL can be used with ei
ther a multiplexed or demultiplexed bus. The multi
plexed bus configuration is compatible with the 

MCS@-85 multiplexed bus peripherals (8155, 8156, 
8355, 8755A, and 8185). This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 
80C88AL processing power in a highly integrated 
form. I 

The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A t~ird latch can be used for buffering if 
the address bus loading requires it. "A· transceiver 
can also be used if data bus buffering is DE9uired. 
(Se~ Figure 6.) The 80C88AL provides Nand 
DT IR to control the transceiver, and ALE to latch 
the addresses. This configuration of the minimum 
mode provides the standard demultiplexed bus 
structure with heavy bus buffering and relaxed bus 
timing requirements. 

The maximum mode employs the 82C88 bus con
troller. (See Figure 7.) The 82C88 decodes status 
lines SQ, Sf, and 52, and provides the system with 
all bus control Signals. Moving the bus control to the 
82C88 provides better source and sink current capa
bility to the control lines, and frees the 80C88AL 
pins for extended large system features. Hardware 
lock, Queue status, and two reQuestl grant interfaces 
are provided by the 80C88AL in maximum mode. 
These features allow co-processors in local bus and 
remote bus configurations. 
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Figure 5. Multiplexed Bus Configuration 
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Figure 6. Demultlplexed Bus Configuration 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation . 

The 80C88Al address/data bus is broken into three 
parts-the lower eight address/ data bits (ADO-AD7), 
the middle eight address bits (A8-A 15), and the up
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad
dress bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad
dress latch if a standard, non-multiplexed bus is de
sired for the system. 

Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1, T2, T3, and 
T 4. (See Figure 8). The address is emitted from the 
processor durjng T1 and data transfer occurs on the 
bus during T3 and T 4. T2 is used primarily for chang
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in
serted between T3 and T 4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C88Al driven bus cycles. 
These are referred to as "idle" states (Ti), or inac
tive ClK cycles. The processor uses these cycles 
for internal housekeeping. 

!------I .. NwW· TCY-----.j------(4 .... AlTI·TCY------! 

T. Tt I 'a I lWAIT I T.. Tt Tt T, T. 

cue 

'1IffU~ ?Tiu~." \ 

-----8~ ... _TAOU_T"""_ ... ----'>--_OC 

DTtii' 

MEMORY ACCDI TIMI 
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Figure 8. Basic System Timing 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge. of this puis!'!, a valid ad
dress and certain status information for the cycle 
may be latched. 

Status bits SO, 51, and "S2 are used by the bus con
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 

S2 S1 So CHARACTERISTICS 

o (LOW) 0 0 I nterrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

Status bits 53 through 56 are multiplexed with high 
order address bits and are therefore valid during T2 
through T 4. S3 and S4 indicate which segment reg
ister was used for this bus cycle in forming the ad
dress according to the following table: 

S4 S3 CHARACTERISTICS 

o (LOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

S5 is a reflection of the PSW interrupt enable bit. 56 
is equal to O. 

1/0 ADDRESSING 

In the 80C88AL, 1/0 operations can address up to a 
maximum of 64k 1/0 registers. The 1/0 address ap
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A16 are 
zero in 1/0 operations. The variable 1/0 instructions, 
which use register OX as a pointer, have full address 

capability, while the direct I/O instructions directly 
address one or two of the 256 1/0 byte locations in 
page 0 of the 1/0 address space. 1/0 po~ are ad
dressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 80C88AL uses a full 16-bit ad
dress on its lower 16 address lines. 

EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 
80C88AL RESET is required to be HIGH for four or 
more clock cycles. The 80C88AL will terminate op
erations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. Af
ter this interval the 80C88AL operates normally, be
ginning with the instruction in absolute location 
FFFFOH. (See Figure 4.) The RESET input is inter
nally synchronized to the processor clock. At initiali
zation, the HIGH to LOW transition of RESET must 
occur no sooner than 50 p.s .after power up, to allow 
complete initialization of the 80C88AL. 

NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that pbint and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 

All 3-state outputs float to 3-state OFF(1) during RE
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(1). ALE and HLDA are driven low. 

NOTE: 
1. See the section on Bus Hold Circuitry. 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C88AL pins 2-16, 26-32, and 
34-39 (Figure 9a, 9b). These circuits will maintain 
the last valid logic state if no driving source is pres
ent (Le. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 p.A minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis
tive" type element, the associated power supply 

current is negligible and power dissipation is signifi
cantly reduced when compared to the use of pas
sive pull-up resistors. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska
ble or maskable. 

"Pull·Up/Pull·Down" 

Input buffer exists only on I/O pins 

EXTERNAL 
PIN 

240075-24 

Figure 9a. Bus hold Circuitry pin 2-16, 35-39 for P-DIP package. 

"Pull·Up" 

Input buffer exists only on I/O pins 

EXTERNAL 
PIN 

240075-25 

Figure 9b. Bus hold Circuitry pin 26-32, 34 for P-DIP package. 
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Interrupts resultin a transfer of control to a new pro
gram location. A 256 element table containing ad
dress pointers to the interrupt service program loca
tions resides in absolute locations O'through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor
responds to an interrupt "type." An interrupting de
vice supplies an 8-bit type number, during the ,i!1ter
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrup~ 
service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable inter
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-Chip and will be serv
iced at the end of the current instruction or between' 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
N°MI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI.Another high
going edge triggers another response if it occurs af
ter the start of the NMI procedure. The Signal must 

be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABI,.E INTERRUPT (INTR) 

The 80C88Al proVides a single interrupt request in
put (INrR) which can be mask~ internally by soft
ware with the resetting of the interrupt enable (IF) 
flag bit. The interrupt request signal is level trig
gered. It is internally synchronized during eac::h clock 
cycle on the high-going edge of ClK. To be re
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block 
type instruction. During interrupt response se
quence, further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt, or single step), al
though the FLAGS register which is automatically 
pushed,onto the stack reflects the state of the proc
essor p~or to the interrupt. Until the old FLAGS reg
ister is restored, the enable bit will be zero unless 
specifically set by an instruction. 

During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88Al emits 
the LOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 

I T, I TI T. T. I T, I T, T, 

ALE Jl~-'------In\...-__ _ 
\\..-__ -----1/ 

\'---------.11 " I( 
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Figure 10. Interrupt Acknowledge Sequence 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 

HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering tne HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys
tem to latch the halt status. Halt status is available 
on 10lM', DT lA, and 550. In maximum mode, the 
E!!>cessQ!:..issues appropriate HALT status on S2, 
S1, and SO, and the 82C88 bus controller issues one 
ALE. The 80C88AL will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET will force the 80C88AL out of the HALT 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write opera
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac
complish "test and set lock" operations. The LOCK 
Signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti
vated at the end of the last bus cycle of the instruc
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the 80C88AL pro
vides a single software-testable input pin (TEST). 
This input is utilized by executing a WAIT instruction. 
The single WAIT instruction is repeatedly executed 
until the TEST input goes active (LOW). The execu
tion of WAIT does not consume bus cycles once the 
queue is full. 

If a local bus request occurs during WAIT execution, 
the 80C88AL 3-states all output drivers. If interrupts 
are enabled, the 80C88AL will recognize interrupts 
and process them. The WAIT instruction is then re
fetched, and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the MN/MX pin is strapped to 
Vee and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MUL TIBUS 
compatible bus control signals. 

System Timing - Minimum System 

(See FigI,Jre 8.) 

The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad
dress information, which is valid' 01') the ,addressl 
data bus (ADO-AD7) at this time, into a latch. Ad
dress lines A8 through A 15 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the 101M signal indicates a 
memory or liD OPeration. At T2 the address is re
moved from the addressl data bus and the bus goes 
to .a high impedance state. The read controi signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad
dressed device will again 3-state its bus .drivers. If a 
transceiver is required to buffer the 80C88AL local 
bus, Signals DT IR and DEN are provided by the 
80C88AL. 

A write cycle also begins with the assertion of ALE 
and the emission of the address. The 101M signal is 
again asserted to indicate a memory or 1/0 write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T 4. During T2, T3, arid 
T w, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. . 
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The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt ac
knowl~e (11ii'fA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. 82C59A priority interrupt contrOller). This byte 
identifies the source (type) of the interrupt. It is multi
plied by four and used as a pOinter into the interrupt 
vector lookup table, as described earlier. 

BUS TIMING - MEDIUM COMPLEXITY 
SYSTEMS 

(See Figure 11.) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as Ii latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 80C88AL is capable of 
handling. Signals ALE, DEN, and DT /R are generat
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The80C88AL status outputs (52, 51, and 
SO) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter
rupt acknowledge, or software halt. The 82C88 thus 
issues control Signals specifying memory read or 
write, 1/0 read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the usual T and OE inputs from the 
82C88's DT /R and DEN outputs. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter
rupt controller is positioned on the local bus, a TIL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 

THE 80C88AL COMPARED TO THE 80C86AL 

The 80C88AL CPU is an a-bit processor designed 
around the 80C86AL internal structure. Most internal 
functions of the 80C88AL are identical to the equiva-

lent 80C86AL functions. The 80C88AL handles the 
external bus the same way the 80C86AL does with 
the distinction of handling only 8 bits at a time. Six
teen-bit operands are fetched or written in two con
secutive bus cycles. Both processors will appear 
identical to the software engineer, with the excep
tion of execution time. The internal register structure 
is identical and all instructions have the. same filnd 
result. The differencfils bfiltwfilen the 80C88AL and 
80C86AL are outlined bfillow. The enginfiler who is 
unfamiliar with thfil 80C86AL is referred to the 
iAPX 86, 88 User's Manual, Chapters 2 and 4, for 
function description and instruction set information. 
Internally, there are three differences between the 
80C88AL and the 80C86AL. All changes are related 
to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80C88AL, 
whereas the 80C86AL queue contains 6 bytes, or 
three words. The queue was shortened to pre
vent overuse of the bus by the BIU when pre
fetching instructions. This was required because 
of the additional time necessary to fetch instruc
tions 8 bits at a time. 

• To further optimize the queue, the prefetching al
gorithm was changed. The 80C88AL BIU will 
fetch a new instruction to load into the queue 
each time there is a 1 byte hole (space available) 
in the queue. The 80C86AL waits until a 2-byte 
space is available. 

• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 16-bitfetches 
and writes from/to memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88AL are being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution unit will allow. 

The 80C88AL and 80C86AL are completely soft
ware compatible by virture of their identical execu
tion units. Software .. thatis system dependent may 
not be completely transferable, but software that is 
not system dependent will operate equally as well 
on an 80C88AL or an 80C86AL. 

The hardware interface of the 80C88AL contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 

• A8-A15 - These pins are only address outputs 
on the 80C88AL. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 
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• BHE has no meaning on the 80C88AL and has 
been eliminated. 

• "SS"O provides the SO status information in the 
minimum mode. This out~t oc~rs on .e!!!...34 in 
minimum mode only. DT IR, 101M, and ssa pro
vide the complete bus status in minimum mode. 

CL K~ 

OS1, OS 0 

8OC88AL 

Sz,S1,SO 

A 19/56-A 16/S 3 

E 

A I AL 

82~88 RDY 82C84 

RDY 80Caa 

AD7·AD 0 

8OC88AL A15-A 8 

R D 

DTI R 

82caa MRD C 

DE 

Tl 

r 
x 

X A19·A1 

/ "'-

A7·AO 

X 

" 

" 

• lolM has been inverted to be compatible with the 
MCS·85 bus structure . 

• ALE is delayed by one clock cycle in the mini· 
mum mode when entering HALT, to allow the 
status to be latched with ALE. 

T2 T3 T4 

r ;~ 

x x x 

-----IIIII ''-----
X S6-S3 ~ 

~-
~.:.-. 

x 

X 

DATA IN 

-A15·A8 ~ 

"- / 

, 
, 

, 
" 
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Figure 11. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage 
(With respect to ground) ....•...••• -0.5 to S.OV 

Input Voltage Applied 
(w.r.t. ground) ............. -2.0 to Vee + 0.5V 

Output Voltage Applied . 
(w.r.t. ground) .•...•.•..••• -0.5 to Vee + 0.5V 

Power Dissipation .......................... 1.0W 
Storage Temperature ........•. -65·C to + 150"C 
Ambient Temperature Under Bias .•.. O·C to + 70·C 

Case Temperature (Plastic) ...•.•.•.•.. O·C to SO·C 
Case Temperature (PLCC) .•.•.•....•. O·C to S5·C 

-Notice: Stresses above those listed under '~bso
lute Msximum Ratings" may cause permanent dam
age to the device. This is 8 stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O·C to 70"C, T CASE (Plastic) = O·C to SO·C, T CASE (PLCC) = O·C to 
S5·C, VCC = 5V ± 1 0% for SOCSSAL, VCC = 5V ± 5% for SOCSSAL-2 

Symbol Parameter Min Max Units Test Conditions 
VIL Input Low Voltage +O.S· V (Note 4) 

Input High Voltage 
VIH (All inputs except 2.0 V (Note 5) 

clock and MN/MX) 

VeH Clock and MN/MX Input 
Vee-O.S V High Voltage 

VOL Output Low Voltage 0.4 V IOL = 2.5mA 

VOH Output High Voltage 3.0 V IOH = -2.5mA 
Vee-0.4 IOH = -100/LA 

lee Power Supply Current 10 mA/MHz VIL = GND, VIH = Vee 

VIN = Vee or GND 
Ices Standby Supply Current 750 /LA Outputs Unloaded 

CLK = GNDorVee 

lu Input Leakage Current ±1.0 /LA OV:S:VIN:S:Vee 

ISHL 
Input Leakage Current 50 300 /LA 

VIN = O.SV 
(Bus Hold Low) 

ISHH 
Input Leakage Current -50 -300 /LA 

VIN = 3.0V 
(Bus Hold High) 

ISHLO Bus Hold Low Overdrive 400 /LA (Note 2) 

ISHHO Bus Hold High Overdrive -400 /LA (Note 3) 

ILO Output Leakage Current ±10 /LA VOUT = GND or Vee 
Capacitance of Input Buffer 

CIN (All inputs except 5 pF (Note 1) 
ADo-AD7 RQ/GT) 

CIO 
Capacitance of I/O Buffer 

20 pF (Note 1) (ADo-AD7 RQ/GT) 

COUT Output Capacitance 15 pF (Note 1) 

NOTES: 
1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND 

c) VIN at + 5.0V or GND. 
2. An external driver must source at least ISHLO to switch this node from LOW to HIGH. 
3. An external driver must sink at least ISHHO to switch this node from HIGH to LOW. 
4. VIL for all input pins ~cept MN/MX pin) tested with MN/MX pin = GND. 
5. VIH tested with MN/MX pin = Vee. 
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A.C. CHARACTERISTICS T A = O·C to 70"C, TeASE (Plastic) = O·C to 80·C, TeASE (PlCC) = O·C to 
85·C, Vee = 5V ± 10% for 80C88Al, Vee = 5V ± 5% for 80C88Al·2 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

SOCSSAL SOCSSAL-2 

Symbol Parameter Min Max Min Max Units Test 
Conditions 

TClCl ClKCycie Period 200 D.C. 125 D.C. ns 

TClCH ClKlowTime 118 68 ns 

TCHCl ClK High Time 69 44 ns 

TCH1CH2 ClK Rise Time 10 10 ns 
From 1.0V 
to3.5V 

TCL2Cl1 ClKFaliTime 10 10 ns 
From3.5V 
to 1.0V 

TDVCl Data in Setup Time 30 20 ns 

TClDX Data in Hold Time 10 10 ns , 

RDY Setup Time 
TR1VCl into 82C84A 35 35 ns 

(Notes 1, 2) 

RDY Hold Time 
TClR1X into 82C84A 0 0 ns 

(Notes 1, 2) 

TRYHCH 
READY Setup 

118 68 ns 
Time into 80C88Al 

TCHRYX 
READY Hold Time 

30 20 ns 
into 80C88Al 

TRYlCl 
READY Inactive to -8 -8 ns 
ClK (Note 3) 

THVCH HOLD Setup Time 35 20 ns 

INTR, NMI, 'i'ESf 
TINVCH Setup Time 30 15 ns 

(Not!'! 2) 

TILIH 
Input Rise Time 

15 15 
FromO.8V 

(Except ClK) (Note 4) 
ns 

to2.0V 

TIHll 
Input Fall Time 

15 15 
From2.0V 

(Except ClK) (Note 4) 
ns 

toO.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

80C88AL 80C88AL-2 

Symbol Parameter Min Max Min Max Units Test 
Conditions 

TCLAV Address Valid Delay 10 70 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns 

TLHLL ALE Width TCLCH-20 TCLCH-10 ns 

TCLLH ALE Active Delay 80 50 ns 

TCHLL ALE Inactive Delay 85 55 ns 

TLLAX Address Hold Time to 
TCHCL-25 TCHCL-25 ns ALE Inactive 

TCLDV Data Valid Delay 10 110 10 60 ns 

TCHDX Data Hold Time 10 10 ns 

TWHDX Data Hold Time 
TCLCH-30 TCLCH-30 ns AfterWR 

TCVCTV Control Active Delay 1 10 110 10 70 ns 

TCHCTV Control Active Delay 2 10 110 10 60 ns 

TCVCTX Control Inactive Delay 10 110 10 70 ns 

TAZRL 
Address Float to READ 

0 0 ns 
Active 

TCLRL RD Active Delay 10 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 80 ns 

TRHAV 
RD Inactive to Next 

TCLCL-45 TCLCL-40 ns 
Address Active 

TCLHAV HLDA Valid Delay 10 160 10 100 ns 

TRLRH RDWidth 2TCLCL-75 2TCLCL-50 ns 

TWLWH WRWidth 2TCLCL-60 2TCLCL-40 ns 

TAVAL Address Valid to ALE Low TCLCH-60 TCLCH-40 ns 

TOLOH Output Rise Time (Note 4) 15 15 ns From 0.8V to 2.0V 

TOHOL Output Fall Time (Note 4) 15 15 ns From 2.0V to 0.8V 

NOTES: 
1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3 state). 
4. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

Input/Output 

DEVICE 
VIH+UV=X uV-
Vn.- UV '----------~ 

240075-12 
A.C. Testing inputs are driven at V,H + 0.4V for a logic "1" and 
V,l - O.4V for a logic "0". The clock is driven at VCH + 0.4Vand 
VCl - 0.4V. Timing measurements are made at1.5V. 

UNDER 'lCL 

TEST 
100pF 

240075-13 

Cl Includes Jig Capacitance 

WAVEFORMS 

BUS TIMING - MINIMUM MODE SYSTEM 

101M, iili 

ALE 

IIDY,,_'nputl 
SEe NOTE • 

READY (lDC1IAL Inpull 

READ CYCLE 

(NOTE', 
(WII.tm.VOlt' 

AD,-ADo 

DT/R 

T1 T2 TI Tw T .. 

Y I---TCLCL_ TCH'CHZ--! H I- TCL2CL'r~ CHv-\h£ n-
~TCHCTV E '~ - ~ 

;( 

A,,-Ao IFIOOI dud .. INTA) 

TCLAY· - -T ~DY TCHDX- -TeLAX -
A,.-A,. ...... 

TCLLH- I:: TLH L-:::; -TLLAX r--
! ,~---

TCHLL- .... .:1. I-TR'VCl 

I-UYAL- Yr~\~~ ~ K\~ ~ 
vi~;- -: I-TCLR1X 

R:::cR l-

I I - I-rCHRYX 

TRYNCH -- i-TCLAZ !=.TDYCL-I-TCLDX-

L -- V DATA IN 

-:( FLOA:J-
TAZRL- TCLRH- -' -TRHAY 

....... 

'::~TCHCTV TCLRL TALAH t::.TCHCTV I 1 -' •. 

TCVCTV- f TCyeTX- t) 
.fJ 

240075-14 
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WAVEFORMS (Continued) 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 

ClK (82C84A 0UIput) 

WRITE CYCLE 
HOTEl 

INTA CYCLE 
NOTES 1,3 

(1m, Wfi • VOH) 

SOFTWARE HAlT

Dm,Rli,WR,iiii'A = VOH 

DTilr INDETERMINATE 

NOTES; 

/tot-AD, 

DT/Ii 

AD,-ADo INVALID ADDRESS 

TelAV 

1. All output timing measurements are made at 1.5V unless otherwise noted. 

SOFTWARE HALT 

2. ROY is sampled near the end of T 2. T 3. T w to determine if T w machines states are to be inserted. 

240075-15 

3. Two INTA Cycles run back-to-back. The 80C88AL local AODR/Data bus is floating during both INTA Cycles. Control 
signals are shown for the second INTA cycle. 
4. Signals at 82C84Aare shown for reference only. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 
80C88AL 

"'In Max 

TCLCL CLK Cycle Period 200 D.C. 

TCLCH CLKLowTime 118 

TCHCL CLK High Time 69 

TCH1CH2 CLK Rise Time 10 

TCL2CL1 CLK Fall Time 10 

TDVCL Data In Setup Time 30 

TCLDX Data In Hold Time 10 

TR1VCL 
ROY Setup Time into 82C84 

35 
(See Notes 1, 2) 

TCLR1X 
ROY Hold Time into 82C84 

0 
(See Notes 1, 2) 

TRYHCH 
READY Setup Time into 

118 
80C88AL 

TCHRYX READY Hold Time into 80C88AL 30 

TRYLCL 
READY Inactive to CLK (See 

-8 
Note 4) 

Setup Time for Recognition 
TINVCH (INTR, NMI, TEST) 30 

(See Note 2) 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 80C88AL 40 

TILIH 
Input Rise Time 

15 
(Except CLK) (Note 5) 

TIHIL Input Fall Time (Except CLK) . 15 
(Note 5) 
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80C88AL-2 
Units Test Conditions 

Min Max 

125 D.C. ns 

68 ns 

44 ns 

10 ns From 1.0V to 3.5V 

10 ns From 3.5V to 1.0V 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 

15 ns From 0.8V to 2.0V 

15 ns From 2.0V to 0.8V 



inter 80C88AL 

A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

8OC88AL 80C88AL-2 
Symbol Parameter Min Max Min Max Units Test Conditions 
TCLML Command Active Delay (Note 1) 5 45 5 35 ns 

TCLMH Command Inactive Delay (Note 1) 5 45 5 35 ns 

TRYHSH READY Active to Status Passive 
110 65 ns 

(Note 3) 

TCHSV Status Active Delay 10 100 10 60 ns 

TCLSH Status Inactive Delay 10 130 10 70 ns 

TCLAV Address Valid Delay 10 70 10 60 ns 

TCLAX Address Hold Time 10 10 ns 

TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns 

TSVLH Status Valid to ALE High (Note 1) 35 20 ns 

TSVMCH Status Valid to MCE High (Note 1) 35 30 ns 

TCLLH CLK Low to ALE Valid (Note 1) 35 20. ns 

TCLMCH CLK Low to MCE High (Note 1) 35 25 ns 

TCHLL ALE Inactive Delay (Note 1) 4 35 4 25 ns 

TCLDV Data Valid Delay 10 110 10 60 flS 
TCHDX Data Hold Time 10 10 ns 

TCVNV Control Active Delay (Note 1) 5 45 5 45 ns 

TCVNX Control Inactive Delay (Note 1) 5 45 10 45 ns 

TAZRL Address Float to Read Active 0 0 ns 

TCLRL RD Active Delay 10 165 10 100 ns 

TCLRH RD Inactive Delay 10 150 10 80 ns 

TRHAV 
RD Inactive to Next Address 

TCLCL-45 TCLCL-40 ns 
Active 

TCHDTL Direction Control Active Delay 50 50 ns 
(Note 1) 

TCHDTH Direction Control Inactive Delay 
35 30 ns (Note 1) 

TCLGL GT Active Delay 0 85 0 50 ns 

TCLGH GT Inactive Delay 0 85 0 50 ns 

TRLRH RDWidth 2TCLCL-75 2TCLCL-50 ns 

TOLOH Output Rise Time (Note 5) 15 15 ns 
From 0.8Vto 
2.0V 

TOHOL Output Fall Time (Note 5) 15 15 ns From2.0Vto 
0.8V 

NOTES: 
1. Signal at 82C84A or 82C88 shown for reference only. See 82C84A and 82C88 data sheets for the most recent 
specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T3 and wait states (8 ns into T3 state). 
4. Applies only to T2 state (8 ns into T3 state). 
5. These parameters are characterized and not 100% tested. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

Input/Output 

240075-12 
A.C. Testing inputs are driven at V,H + O.4V for a logic "1" and 
V,l - 0.4V for a logic "0". The clock is driven at VCH + 0.4Vand 
VCl - 0.4V. Timing measurements are made at 1.5V. 

WAVEFORMS 

BUS TIMING-MAXIMUM MODE 

T, 

CLK 
YCHr--; r--; 

VCL....J t TCLAY~ 

A 
~ TCHSY 

1i.11.1i (EXCEPT HAL 1) 

- I--T' itt&. .... 
A,,.A,, 

lALE (_OUTPUT) 

SEE NOTES 

RD'I(_'NPUT) 

~~~t~: 1=- .r-
I \ 

READY (IGCIIAL INPUT) I 
1 

... 
READCYCLf, 

Ao,-ADo 

TCLAY-

f- -
.... , ...... 

T. 

iiii 

I DTIlI 

UCIIOUTPVTII lIlIIJeoAllIRC 
SEE NOTES'" 

DEN 

TCHDTL- { 
TCLML-

T, 

L-...J 

fC 
-TCHLL 

~ 
TA-::: 

...... F 
ITCLAZ I-

f"'" 

'\ 
TCVNV-
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l00pF 
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Cl Includes Jig Capacitance 

T, T, 

1--1 I-TCUCL' ; ........ 

r--i 
~r\-L-....I 

- -TCLa ---rw Vlr~ ENCn£1) ---
An-" 

.DY TCHDX- -.. Sa 

--
~ 

-T,'YCL 

'i~~ ~\\\\\'\ i\\" \\\\~m 

~-
~TCL"' -

- I-TCHAYX 
~YHSH- -

¥-
--=- TAYHCH 1-

:Lr 

OATAIN 
FLOAT 

TCLAH 

1~1 TCHDTH 

TCLMH -

L I~-

r 
TCVNX- I-=-
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WAVEFORMS (Continued) 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) 

VC 
CLK 

VCL 

T T T T 

~ ~"''-.J~J;~ 
5;. 5;". 50 (EXCEPT HALT) 

WRITE CYCLE T 

,,(SEE NOTE' 7) 

CLAV- f. :::: TC'iV -- CLSHI---I -- ": re;D~ 

82C88 
OUTPUTS 

SEE 
NOTES 5.6 

INTA CYCLE 

AD7-ADo 

DEN 

AMWC 
OR AiOWC 

MWTC 
OR 10WC 

FLOAT 

TCLAXX DATA 

TCVNV- r-- TCVNX • 4 

-- ~TCLML TCLMH-. -, 
j 

-- -{'"TCLML .... 
__ TCLMH 

RESERVED FOR 
CASCADE ADDR 

" I FLOAT FLOAT 
T CLAZ- /., \ ~TDVCL .. !--TCLDX 

:1 FLOA~~ 
POINTER 

FLOAT 

SVMCH 
TCVNX - / ( r-

L._ 
T 

MCEt 
H PDEN TC 

)f j '{ 
LMCH_ 'l- {" TCHDTL / \-- ~ DTtR 

82C88 OUTPUTS INT A 
SEE NOTES 5.6 

DEN 

SOFTWARE __ _ --

TCLML~ ~ 

-1\ r::..TCVNV , 
TCVNX ..... 

---- ---- --- ---- --- -

I-
_\ 

..f1CLMH 

~ 

I-

HALT - (DEN = VOL: RD. MRDC. 10RC. MWTC. AMWC. IOWC. AIOWC.INTA.DTtR = VOH' 

AD7-ADo' A1s-Aa J X- INVALID ADDRESS 

. TCLAv=1 '\= 
~ ,,..-----\----
.. '----

NOTES: 
1. All output timing measurements are made at 1.SV unless otherwise noted. 
2. ROY is sampled near the end of T 2. T 3. T w to determine if T w machines states are to ~e inserted. 

240075-17 

3. Cascade address is valid between first and second INTA cycles. . 
4. Two INTA cycles run back-to-back. The 80C88AL local AOOR/Oata bus is floating during both INTA cycles. Control 
for pOinter address is shown for second INTA cycle. 
5. Signals at 82C84A or 82C88 are shown for reference only. 
6. The issuance of the 82C88 command and control signals (MRDC. J.ilWiC. ~. iORC. IOWC. AIOWG. INTA and 
DEN) lags the active high 82C88 CEN. 
7. Status inactive in state just prior to T 4. 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

80C88AL 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

HMO 

INTR 

CLK\ r\ . 
I ~L_~ 1-: ~ .: CLK-f ; 

ANY CLK CYCL~ __ QANY CLK CYCL~ 

:~ - f~" 
240075-18 

NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next eLK. 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

.. G-ClK CYCLE 

ClK 

A,JS.-A,",S, PREVIOUS 
A15-A. ~I -----------

AD,-AD 8OC88AL 
S;:1:~2 _I -----

An, fdCif 
COPROCESSOR 

NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLy) 

240075-19 

240075-20 

~
'CLKCYCLE-

CLK 

1~ 
HOLD~ 

~-' OR 2 CYCLE. 

,·-JL_:-- ~ 
, ~ 
'~H-LH'V_---i 

TCLHAY 

HLDA 

TCLAl 

COPROCESSOR 

240075-21 
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80C86AL/80C88AL INSTRUCTION SET 'SUMMARY 
Mnemonic and 

Deecrlplion 

DATA TRANSFER 

MOV = Move: 

Register/Memory to/from Register 

Immediate to Register/Memory 

Immediate to Register 

Memory to Accumulator 

Accumulator to Memory 

Register/Memory to Segment Register·· 

Segment Register to Register/Memory 

PUSH = PuIIh: 

Register/Memory 

Register 

Segmem Regis1er 

POP = Pop: 

Register/Memmy 

Register 

Segment Regiater 

XCHG - Exchange: 

Register/Memory with Register 

Register with Accumulator 

IN = Input from: 

Fixed Port 

Variable Port 

OUT = Output to: 

Fixed Port 

Veriable Port 

XLAT = Translate Byte to Al 

LEA = load EA to Regiater 

LOS = load Pointer to OS 

LES = load Pointer to ES 

LAHF = load AH with Flegs 

UHf: = Store AH Into Flags 

PUSHF = Push Flags 

POPF = Pop Flags 

I 
78543210 7&543210 

100010dw mod reg rim 

1100011w modOOOr/m 

1011wreg data 

1010000w add-Iow 

1010001w addr-Iow 

10001110 modOregr/m 

10001100 modOregr/m 

11111111 mod 11 Or/m 

01010reg 

000regll0 

10001111 modOOOr/m 

01011reg 

OOOreglll 

1000011w mod reg r/m 

10010reg 

1110010w port 

1110110w 

1110011w port 

1110111w 

11010111 

10001101 mod reg r/m 

11000101 mod reg r/m 

11000',00 mod reg r/m 

10011111 

10011110 

10011100 

10011101 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and I Inatrvctlon Code D88CI'Iption 

ARITHMmC 76643210 76543210 76643210 76643210 

ADD = Add: 

Reg.lMemory with Register to ERher OOOOOOdw mod r8g rIm 

Immediate to Register IMemory 100000sw modOOOr/m date date II s:w = 01 

Immediate to Accumulator 0000010w date dateWw= 1 

ADC = Add wHh Carry: 

Reg.lMemory with Register to Either 000100dw mod reg rIm 

Immediate to ReglsterlMemory 100000sw mod 0 1 o rIm date date Ws:w = 01 

Immediate to Accumulator 0001010w date dateilw= 1 

INC = Increment 

RegisterlMemory 1111111 w modOOOr/m 

Register .010001eg 

AAA = ASCII Adjust lor Add 00110111 

DAA = Decimal Adjust for Add 00100111 

SUB = Subtract 

Reg.lMemory and Register to ERher 001010dw mod reg rIm 

Immediate from Register IMemory 100000sw mod 1 01 rIm date date ifs:w = 01 

Immediate from Accumulator 0010110w date dateifw = 1 

S8S = Subtract with Borrow 

Reg.lMemOiy and Register to Either 000110dw mod reg rIm .1 
Immediate lrom RegisterlMemory 100000sw modOll rIm 1 date date if s:w = 01 

Immediate Irom Accumulator 0001110w date I datellw = 1 

DEC = Decrement 

RegisterlMemory 1111111 w modOOl rIm 

Register 01001 reg 

NEG = Change Sign 1111011 w modO 11 rIm 

CMP = Compare: 

Register IMemory and Register 001110dw mod reg rIm 

Immediate with RegisterlMemory 100000sw modlll rIm date date Hs:w = 01 

Immediate wHh Accumulator 0011110w date dateifw=l 

AAS = ASCII Adjust lor Subtract 00111111 

DAS = Decimal Adjust lor Subtract 00101111 

MUL = Mu"lply (Unsigned) 1111011 w mod 1 OOr/m 

IMUL = Integer MuHiply (Si!jned) 1111011w mod 101 rIm 

AAM = ASCII Adjust for Multiply 11010100 00001010 

DIY = Divide (UnSigned) 1111011 w modll0rlm 

IDlY = Integer Divide (Signed) 1111011 w mod 111 rIm 

AAD =' ASCII Adjust lor Divide 11010101 00001010 

caw = Convert Byte to Word 10011000 

CWD = Convert Word to Double Word 10011001 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and I Instruction Code 

Description 

LOGIC 76543210 76543210 76543210 76543210 

NOT ~ Invert 1111011w mod010r/m 

SHL/SAL ~ Shift Logicall Arithmetic Left 110100vw mod100r/m 

SHR ~ Shift Logical Right 110100vw mod 101 rIm 

SAR ~ 'Shift Arithmetic Right 110100vw mod 111 rIm 

ROL ~ Rotete Left 110100vw modOOOr/m 

ROR ~ Rotate Right 110100vw mod001r/m 

RCL ~ Rotete Through Carry Flag Left 110100vw mod010r/m 

RCR ~ Rotete Through Canry Right 110100vw mod011 rIm 

AND ~ And: 

Reg.lMemory and Register to Either 001000dw mod reg rIm 

Immediate to Register IMemory 1000000w mod100r/m data dateifw ~ 1 

Immediate to Accumulator 0010010w data dataifw ~ 1 

TEST ~ And Function to Flags, No Result: 

Register IMemory and Register 1000010w mod reg rIm 

Immediate Data and Register/Memory 1111011w modOOOr/m data dateifw ~ 1 

Immediate Data and Accu'mulator 1010100w data dataifw = 1 

OR = Or: 

Reg.lMemory and Register to Either 000010dw mod reg rIm 

Immediate to Register IMemory 1000000w modOO 1 rIm data dateifw = 1 

Immediate to Accumulator 0000110w date dataifw = 1 

XOR = Exclusive or: 

Reg.lMemo,¥ and Register to Either I· 001100dw mod reg rIm 

Immediate to Register/Memory 1 1000000w mod 11 Or/m date dateifw~1 

Immediate to Accumulator I 0011010w date date ifw = 1 

STRING MANIPULATION 

REP = Repeat 1111001 z 

MOVS ~ Move Byte/Word 1010010w 

CMPS = Compare BytelWord 1010011 w 

SCAS = Scan Byte/Word 1010111 w, 

LODS = Load Byte/Wd to ALI AX 1010110w 

STOS = Stor Byte/Wd from ALI A 1010101w 

CONTROL TRANSFER 

CALL = Call: 

Direct Within Segment 11101000 disp-Iow disp-high 

Indirect Within Segment 1111 11 1 1 mod 0 10 rIm 

Direct Intersegment 10011010 offset-low offset-high 

seg-Iow seg-high 

Indirect Intersegment 11111111 modO 11 rIm 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and 

Deacrlptlon 

JMP = Unconditional Jump: 

Direct Within Segment 

Direct Within Segment-Short 

Indirect Within Segment 

Direct Intersegment 

Indirect Intersegment 

RET = Return from CALL: 
Within Segment 

Within Seg Adding Immed to SP 

Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater 
or Equal 

JLE/JNG = Jump on Less or Equal/ 
Not Greater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
Not Above 

JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overllow 

JS = Jump on Sign 

JNE/ JNZ = Jump on Not Equal/Not Zero 

JNUJGE = Jump on Not Less/Greater 
or Equal 

JNLE/ JG = Jump on Not Less or Equal/ 
Greater 

JNB/JAE = Jump on Not Below/Above 
or Equal 

JNBE/JA = Jump on Not Below or 
Equal/Above 

JNP/JPO = Jump on Not Par/Par Odd 

JNO = ~ump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop ex Times 

LOOPZlLOOPE = Loop While Zero/Equal 

LOOPNZlLOOPNE = Loop While Not 
Zero/Equal 

JCXZ = Jump on ex Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 

IRET = Interrupt Return 

I Inetructlon Code 

76543210 76543210 76543210 

11101001 diSp-low disp-high 

11101011 dillp 

11111111 mod 1 OOr/m 

11101010 offset-low offset-high 

seg-Iow seg-hlgh 

11111111 mod 1 01 rIm 

11000011 

11000010 data-low data-high 

11001011 

11001010 data-low data-high 

01110100 disp 

01111100 disp 

01111110 disp 

01110010 disp 

01110110 disp 

01111010 disp 

01110000 disp 

01111000 dlsp 

01110101 disp 

01111101 disp 

01111111 dlsp 

01110011 disp 

01110111 disp 

01111011 disp 

01110001 disp 

01111001 disp 

11100010 disp 

11100001 disp 

11100000 dlsp 

11100011 disp 

11001101 type 

11001100 

11001110 

11001111 
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80C86AL/80C88AL INSTRUCTION SET SUMMARY (Continued) 
Mnemonic and 

Description 

PROCESSOR CONTROL 

CLC = Clear Carry 

CMC = Complement Carry 

STC = Set Carry 

CLD= Clear Direction 

STD = Set Direction 

CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 

LOCK = Bus Lock Prefix 

NOTES: 
Al = 8-bit accumulator 
AX = 16-bit accumulator 
ex = Count register 
OS = Oata segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive; 

I 
76543210 

11111000 

11110101 

11111001 

11111100 

11111101 

11111010 

11111011 

11110100 

10011011 

11011 xxx 

11110000 

less = less positive (more negative) Signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc

tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0·, disp-Iow and disp-high are 

absent 
if mod = 01 then OISP = disp-Iow sign-extended to 

16 bits, disp-high is absent 
if mod = 10 then OISP = disp-high: disp-Iow 
if rIm = 000 then EA = (BX) + (SI) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (SI) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (SI) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (BP) + OISp· 
if rIm = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data if· re
quired) 
"except if mod = 00 and rIm = 110 then EA = disp
high: disp-Iow. 

··MOV CS, REG/MEMORY not allowed. 

Instruction Code 

76543210 

modxxxr/m 

if s:w = 01 then 16 bits of immediate data form the oper
and. 

if s:w "" 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then "count" "" 1; if v = 1 then "count" in (Cl) 
x = don't care 
z is used for string primitives for comparison with ZF FLAG. 
SEGMENT OVERRIDE PREFIX 

001reg110 
REG is assigned according to the following table: 

16-Blt (w = 1) .8-Blt (w = 0) Segment 

000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 BH 

Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(OF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 

Mnemonics @ Intel, 1978 
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NUMERIC DATA COPROCESSOR 

8087/8087-2/8087-1 

• High Performance Numeric Data • Available In 5 MHz (8087), 8 MHz (8087-
Coprocessor 2) and 10 MHz (8087-1): 8 MHz 80186/ 

• Adds Arithmetic, Trigonometric, 80188 System Operation Supported 

Exponential, and Logarithmic with the 8087-1 

Instructions to the Standard 8086/8088 • Adds 8 x 80-Blt Individually 
and 80186/80188 Instruction Set for All Addressable Register Stack to the 
Data Types 8086/8088 and 80186/80188 

• CPU/8087 Supports 7 Data Types: 16-, Architecture 

32-, 64-Blt Integers, 32-, 64-, 80-Blt • 7 Built-In Exception Handling Functions 
Floating Point, and 18-Dlglt BCD • MUL TIBUS® System Compatible 
Operands Interface 

• Compatible with IEEE Floating Point 
Standard 754 

The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance 
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS III), housed in a 40-pin package. Sixty-eight numeric 
processing instructions are added to the 8086/8088, 80186/80188 instruction sets and eight 80-bit registers 
are added to the register set. The 8087 is compatible with the IEEE Floating Point Standard 754. 

CONTROL WOAD 

DATA 

STATUS 

ADDRESS 

OPERANDS 
QUEUE 

T 
A • 
W 
0 • D 

.. 

AEOISTERSTACK 

Figure 1.8087 Block Diagram 
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GND 
(A14)ADl4 ' 

(A13) AD13 ' 
(Al2) AD12 • 

(All) AD1l • 
(A10) ADlO • 

(A8)AD9 1 

(AI) ADa • 

Am • 

" A171S4 
,. All/S5 

" Alt/81 
1II!/S7 
IiDJIm 
INT 
iiQ~ 

NC 
NC 

fi 
i'I 
iii 
QSO 

21 RESET L-___ ....J 

205835-2 

. Figure 2. 8087 Pin 
Configuration 
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Symbol 

AD15-ADO 

A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 

BHE/S7 

52, S1, SO 

RQ/GTO 

8087 
,; :~, ': "~~ ., 

Table 1; 8087 Pin Description " 

Type Name and Function 

I/O ADDRESS DATA: These lines constitute the time multiplexed memory address (T1) 
and data (T 2, T 3, Tw, T 4) bus. AO is analogous to the SHE for the lower byte of the data 
bus, pins D7 -DO. It is LOW during T 1 when a byte is to be transferred on the lower 
portion of the bus in memory operations. Eight-bit oriented devices tied to the lower half 
of the bus would normally use AO to condition chip select functions. These lines are 
active HIGH. They are input/output lines for 8087-driven bus cycles and are inputs 
which the 8087 monitors when the CPU is in control of tne bus, A 15-A8 do not require 
an address latch in an 8088/8087 or 80188/8087. The 8087 will supply an address for 
theT1-T 4 period. 

I/O ADDRESS MEMORY: During T1 these are the four most significant address lines for 
memory operations. During memory operations, status information is available on these 
lines during T 2, T 3, T w, and T 4. For 8087 -controlled bus cycles, S6, S4, ~nd S3 are 
reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs 
which the 8087 monitors when the CPU is in control of the bus. 

I/O BUS HIGH ENABLE: During T1 the bus high enable signed (BHE) should be used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight-bit
oriented devices tied to the upper half of the bus would normally use BHE to condition 
chip select functions. SHE is LOW during T 1 for read and write cycles when a byte is to 
be transferred on the high portion of the bus. The S7 status information is available 
during T 2, T 3, T w, and T 4. The signal is active LOW. S7 is an input which the 8087 
monitors during the CPU-controlled bus cycles. 

I/O STATUS: For 8087-driven, these status lines are encoded as follows: 
S2 S1 SO 

o (LOW) X X Unused 
1 (HIGH) 0 0 Unused 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 
Status is driven active during T 4, remains valid during T 1 and T 2, and is returned to the 
passive state (1, 1, 1) during T 3 or during Tw when READY is HIGH. This status is used 
by the 8288 Bus Controller (or the 82188 Integrated Bus Controller with an 80186/ 
80188 CPU) to generate all memory access control signals. Any change in S2, S1, or 
SO during T 4 is used to indicate the beginning of a bus cycle, and the return to the 
passive state in T 3 or T w is used to indicate the end of a bus cycle. These signals are 
monitored by the 8087 when the CPU is in 'Control of the bus. 

I/O REQUEST/GRANT: This request/grant pin is used by the 8087 to gain'control of the 
local bus from the CPU for operand transfers or on behalf of another bus master. It 
must be connected to one of the two processor request/ grant pins. The request/ grant 
sequence on this pin is as follows: 
1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either 

the 8087 or the master connected to the 8087 RQ/GT1 pin. 
2. The 8087 waits for the grant pulse and whenJt is received will either initiate bus 

transfer activity in the clock cycle following the grant or pass the grant out on the 
RQ/GT1 pin in this clock if the initial request was for another bus master.. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the 
completion of the last 8087 bus cycle or on receipt of the release pulse from the bus 
master on RQ/GT1. 

For 80186/80188 systems the same sequence applies except RQ/GTsignals are 
converted to appropriate HOLD, HLDA signals by the 82188 Integrated Bus Controller. 
This is to conform with 80186/80188's HOLD, HLDA bus exchange protocol. Refer to 
the 82188 data sheet for further information. 
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Table 1.8087 Pin Description (Continued) 

Symbol Type Name and Function 
J!Kl/crf1 110 REQUEST/GRANT: This request! grant pin is used by another local bus master to 

force the 8087 to request the local bus. If the 8087 is not in control of the bus when the 
~uest is made the request/grant sequence is passed through the 8087 on the J!Kl/ 

o pin one cycle later. Subsequent grant and release pulses are also passed th~h 
the 8087 with a two and one clock delay, respectively, for resynchronization. J!Kl/ T1 
has an internal pullup resistor, and so may be left unconnected. If the 8087 has control 
of the bus the request! grant sequence is as follows: 
1. A pulse 1 ClK wide from another local bus master indicates a local bus request to 

the 8087 (pulse 1). 
2. During the 8087's next T 4 or T 1 a pulse 1 ClK wide from the 8087 to the requesting 

master (pulse 2) indicates that the 8087 has allowed the local bus to float and that it 
will enter the "RQ/GT acknowledge" state at the next ClK. The 8087's control unit 
is disconnected logically from the local bus during "RQ/GT acknowledge." 

3. A pulse 1 ClK wide from the requesting master indicates to the 8087 (pulse 3) that 
the "RQ/GT" request is about to end and that the 8087 can reclaim the local bus at 
the next ClK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead ClK cycle after each bus exchange. Pulses are active lOW. 
For 80186/80188 system, the 'RQ/G'f1 line may be connected to the 82188 Integrated 
Bus Controller. In this case, a third processor with a HOLD, HlDA bus exchange 
system may acquire the bus from the 8087. For this configuration, 'RQ/G'f1 will only be 
used if the 8087 is the bus master. Refer to 82188 data sheet for further information. 

QS1,QSO I QS1; QSO: QS1 and QSO provide the 8087 with status to allow tracking of the CPU 
instruction queue. 

081 QSO 
o (lOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 , 1 Subsequent Byte from Queue 

INT 0 INTERRUPT: This line is used to indicate that an unmasked exception has occurred 
during numeric instruction execution when 8087 interrupts are enabled. This signal is 
typical.!y routed to an 8259A for 8086/8088 systems and to INTO for 80186/80188 
systems. INT is active HIGH. 

BUSY 0 BUSY: This Signal indicates that the 8087 NEU is executing a numeric instruction. It is 
connected to the CPU's TEST pin to provide synchronization. In the case of an 
unmasked exception BUSY remains active until the exception is cleared. BUSY is 
active HIGH. 

READY I READY: READY is the acknowledgement from the addressed memory device that it 
will complete the data transfer. The RDY signal from memory is synchronized by the 
8284A Clock Generator to form READY for 8086 systems. For 80186/80188 systems, 
RDY is synchronized by the 82188 Integrated Bus Controller to form READY. This 
Signal is active HIGH. 

RESET I RESET: RESET causes the processor to immediately terminate its present activity. 
The signal must be active HIGH for at least four clock cycles. RESET is internally , 
synchronized. 

ClK I CLOCK: The clock provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% dUty cycle to provide optimized internal timing. 

Vee POWER: Vee is the + 5V power supply pin. 
GND GROUND: GND are the ground pins. 

NOTE: . . 
For the pin descriptions of the 8086, 8088, 80186 and 80188 epus, reference the respective data sheets (8086, 8088, 
80186,80188). 
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APPLICATION AREAS 

The 8087 provides functions meant specifically for 
high performance numeric processing requirements. 
Trigonometric, logarithmic, and exponential func
tions are built into the coprocessor hardware. These 
functions are essential in scientific, engineering, 
navigational, or military applications. 

The 8087 iilso has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 18 digits with
out roundoff errors. It can also perform arithmetic on 
integers as large as 64 bits ±1018). 

PROGRAMMING LANGUAGE 
SUPPORT 

Programs for the 8087 can be written in Intel's high
level languages for 8086/8088 and 80186/80188 
Systems; ASM-86 (the 8086,· 8088 assembly lan
guage), PLlM-86, FORTRAN-86, and PASCAL-86. 

RELATED INFORMATION 

For 8086, 8088, 80186 or 80188 details, refer to the 
respective data sheets. For 80186 or 80188 sys
tems, also refer to the 82188 Integrated Bus Con
troller data sheet. 

FUNCTIONAL DESCRIPTION 

The 8087 Numeric Data Processor's architecture is 
designed for high performance numeric computing 
in conjunction with general purpose processing. 

The 8087 is a numeric processor extension that pro
vides arithmetic and logical instruction support for a 
variety of numeric data types. It· also executes nu-· 
merous built-in· transcendental functions (e.g., tan
gent and log functions). The 8087 executes instruc
tions as a coprocessor to a maximum mode CPU. It 
effectively extends the register and instruction set of 
the system and adds several new data types as well. 

. Figure 3 presents the registers of the CPU + 8087. 
Table 2 shows the range of data types supported by 
the 8087. The 8087 is treated as an extension to the 
CPU, providing register, data types, control, and in
struction capabilities at the hardware level. At the 
programmer's level the CPU and the 8087 are 
viewed as a single unified processor. 

System Configu~ation 

As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
Figure 5 shows the 80186/80188 system configura
tion. The CPU's status (SO-S2) and queue status 
lines (OSO-OS1) enable the 8087 to monitor and 
decode instructions in sy.nchronization with the CPU 
and without any CPU overhead. For 80186/80188 
systems, the queue . status signals of the 801861 
80188 are synchronized to 8087 requirements by 
the 8288 Integrated Bus Controller. Once started, 
the 8087 can process in parallel with, and indepen
dent of, the host CPU. For resynchronization, the 
8087's BUSY signal informs the CPU that the 8087 
is executing an instruction and the CPU WAIT in
struction tests this signal to insure" that the 8087 is 
ready to execute subsequent instructions. The 8087 
can interrupt the CPU when it detects an error or 
exception. The 8087's interrupt request line is typi
cally routed to the CPU through an 8259A Program
mable Interrupt Controller for 8086, 8088 systems 
and INTO for 80186/80188. 

8087 
CPU DATA FIELD TAG FIELD 

15 FILE 0 79 18 64 63 0 1 0 

AX ~ A' E~SIG~Ni~EX~PO~N~EN~T~~~~SIG~N~IF~'CA~N~D ~3 m H ~ . 
ex A3 
ox A4 

51 A5 I--II-----+-------~ 
01 101 

BP A7 I-t::jt::::::±::::::::::::::J~ SP AI 

IP 
FLAGS 

--, 
I 
I 
I L.. ____ ...., 

§II--------II ] 

IS 

I-

CONTROL REGISTER 

STATUS REGISTER 

TAG WORD 

INSTRUCTION POINTER _ 

DATA POINTER -

Figure 3. CPU + 8087 Architecture 
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The 8087 uses one of the request/g!!nt lines of the 
8086/8088 architecture (typically RQ/GTO) to ob
tain control of the local bus for data transfers. The 
other request/ grant line is available for general sys
tem use (for instance by an I/O processor in LOCAL 
mode). A bus master can also be connected to the 
8087's FiCl/GT1 line. In this configuration the 8087 
will pass the request/grant handshake signals be
tween the CPU and the attached master when the 
8087 is not in control of the bus and will relinquish 
the bus to the master directly when the 8087 is in 
control. In this way two additional masters can be 
configured in an 8086/8088 system; one will share 
the 8086/8088 bus with the 8087 on a first-come 
first-served basis, and the second will be guaranteed 
to be higher in priority than the 8087. 

For 80186/80188 systems, OO/GTO and FiCl/CIT1 
are connected to the corresponding inputs of the 
82188 Integrated Bus Controller. Because the 
80186/80188 has a HOLD, HLDA bus exchange 
Q!:Qtocol, an interface is needed which will translate 
ROlGi signals to corresponding HOLD, HLDA sig
nals and vice versa. One of the functions of the 
82188 IBC is to provide this translation. RQ/GTO is 
translated to HOLD, HLDA signals which are then 
directly connected to the 80186/80188. The 'RO/ 
CIT1 line is also translated into HOLD, HLDA signals 
(referred to as SYSHOLD, SYSHLDA signals) by the 
82188 IBC. This allows a third processor (using a 
HOLD, HLDA bus exchange protocol) to gain control 
of the bus. 

Unlike an 8086/8087 system, 'RO/GT is only used 
when the 8087 has bus control. If the third processor 
requests the bus when the current bus master is the 
80186/80188, the 82188 IBC will directly pass the 
request onto the 80186/80188 without going 
through the 8087. The third processor has the high
est bus priority in the system. If the 8087 requests 
the bus while the third processor has bus control, 
the grant pulse will not be issued until the third proc
essor releases the bus (using SYSHOLD). In this 
configuration, the third processor has the highest 
priority, the 8087 has the next highest, and the 
80186/80188 has the lowest bus priOrity. 

Bus Operation 
The 8087 bus structure, operation and timing are 
identical to all other processors in the 8086/8088 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 16/8 
lines of the address/data bus. A16 through A19 are 
time multiplexed with four status lines S3-S6. 53, 
S4 and S6 are always one (HIGH) for 8087-driven 
bus cycles while S5 is always zero (LOW). When the 
8087 is monitoring CPU bus cycles (passive mode) 
S6 is also monitored by the 8087 to differentiate 
8086/8088 activity from that of a local I/O proces
sor or any other local bus master. (The 8086/8088 
must be the only processor on the local bus to drive 
S6 LOW). S7 is multiplexed with and has the same 
value as BHE for all 8087 bus cycles. 

Table 2. 8087 Data Types 

Data Range Precision Formats 

Word Integer 1()4 16 Bits 

Short Integer 109 32 Bits 

Long Integer 1018 64 Bits 

Packed BCD 1018- 18 Digits 

Short Real 10±38 24 Bits 

Long Real 10±308 53 Bits 

Temporary Real 10±4932 64 Bits 

Integer: I 
Packed BCD: (-1)8(017 .•• 00) 
Real: (-1)8(2E- B1as)(Fo.F1 ..• ) 
bias = 127 for Short Real 

1023 for Long Real 
16383 for Temp Real 

7 

115 

131 

163 

sl-

SIE7 

SIE10 

SIE14 

Most Significant Byte 

017 017 017 017 017 017 017 017 017 01 

10 Two's Complement 
< 

lohwo's Complement 

II Two's 
10 Complement 

0170 161 10 1 Dol 

EoIF1 F231 Fo Implicit 

EoIF1 F521Fo Implicit 

EolFo F631 
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The first three status lines, SO-S2, are used with an 
8288 bus controller or 82188 Integrated Bus Con
troller to determine the type of bus cycle being run: 

S2 S1 SO 

0 X X Unused 
1 0 0 Unused 
1 0 1 Memory Data Read 
1 1 0 Memory Data Write 
1 1 1 Passive (no bus cycle) 

Programming Interface 

The 8087 includes the standard 8086, 8088 instruc
tion set for general data ma!1ipulation and program 
control. It also includes 68 numeric instructions for 
extended precision integer, floating point, trigono
metric, logarithmic, and exponential functions, Sam
ple execution times for several 8087 functions are 
shown in Table 3. Overall performance is up to 100 
times that of an 8086 processor for numeric instruc
tions. 

Any instruction executed by the 8087 is the com
bined result of the CPU and 8087 activity. The CPU 
and the 8087 have specialized functions and regis
ters providing fast concurrent operation. The CPU 
controls overall program execution while the 8087 
uses the coprocessor interface to recognize and 
perform numeric operations. 

Table 2 lists the seven data types the 8087 supports 
and presents the format for each type. Internally, the 
8087 holds all numbers in the temporary real format. 
Load and store instructions automatically convert 
operands represented in memory as 16-, 32-, or 64-
bit integers, 32- or 64-bit floating point numbers or 
18-digit packed BCD numbers into temporary real 
format and vice versa. The 8087 also provides the 
capability to control round off, underflow, and over
flow errors in each calculation. 

Computations in the 8087 use the processor's regis
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The 8087 
register set can be accessed as a stack, with in
structions operating on the top one or two stack ele
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 

Table 5 lists the 8087's instructions by class. All ap
pear as ESCAPE instructions to the host. Assembly 
language programs are written in ASM-86, the 8086, 
8088 assembly language. 

Table 3. Execution Times for Selected 
8086/8087 Numeric Instructions and 

Corresponding 8086 Emulation 

Approximate Execution 

Floating Point 
Time (Il-s) 

Instruction 8086/8087 
8086 

(8 MHz 
Emulation 

Clock) 

Add/Subtract 10.6 1000 
Multiply. (Single 

Precision) 11.9 1000 
Multiply (Extended 

Precision) 16.9 1312 
Divide 24.4 2000 
Compare -5.6 812 
Load (Double Precision) -6.3 1062 
Store (Double Precision) 13.1 750 
Square Root 22.5 12250 
Tangent 56.3 8125 
Exponentiation 62.5 10687 

NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 

As shown in Figure 1, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU ex
ecutes all numeric instructions, while the CU re
ceives and decodes instructions, reads and writes 
memory operands and executes 8087 control in
structions. The two elements are able to operate in
dependently of one another, allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instructidn. 

Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all instructions from memory; by 
monitoring the status (S0-S2, S6) emitted by the 
CPU, the control unit determines when an instruction 
is being fetched. The CPU monitors the data bus in 
parallel with the CPU to obtain instructions that per
tain to the 8087. 
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The CU maintains an instruction queue that is identi-
. cal to the queue in the host CPU. The CU automati
cally determines if the CPU is an 8086/80186 or an 
8088/80188 immediately after reset (by monitoring 
the BHE/S7 line) and matches its queue length ac
cordingly. By monitoring the CPU's queue status 
lines (OSO, OS1), the CU obtains and decodes in
structions from the queue in synchronization with the 
CPU. . 

A numeric instruction appears as an ESCAPE in
struction to the CPU. Both the CPU and 8087 de
code and execute the ESCAPE instruction together. 
The 8087 only recognizes the numeric instructions 
shown in Table 5. The start of a numeric operation is 
accomplished when the CPU executes the ESCAPE 
instruction. The instruction mayor may not identify a 
memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per
forms a "dummy read" of the word at that location. 
(Any location within the 1 M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 instruction can have one of three memory 
reference options: (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into memo
ry. If no memory reference is required, the 8087 sim
ply executes its instruction. If a memory reference is 
required, the CU uses a "dummy read" cycle initiat
ed by the CPU to capture and save the address that 
the CPU places on the bus. If the instruction is a 
load, the CU additionally captures the data word 
when it becomes available on· the local data bus. If 
da!a required is longer than one word, the CU imme
diately obtains the bus from the CPU using the 
request/grant protocol and reads the rest of the in
formation in consecutive bus cycles. In a store oper
ation, the CU captures and saves the store address 
as in a load, and ignores the dlilta word that follows 
in the "dummy read" cycle. When the 8087 is ready 
to perform the store, the CU obtains the bus from 
the CPU and writes the operand starting at the spec
ified address. 

Numeric Execution Unit 

The NEU executes all instructions that involve the 
register stack; these- include arithmetic, logical, tran
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 frac
tions bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activates the 8087 BUSY Signal. This signal can be 
used in conjunction with the CPU WAIT instruction to 
resynchronize both processors when the NEU has 
completed its current instruction. 

Register Set 

The CPU + 8087 register set is shown in Figure 3. 
Each of the eight data registers in the 8087's regis
ter stack is 80 bits and is divided into "fields" corre
sponding to the 8087's temporary real data type. 

At a given point in time the TOP field in the contror 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1.1ike CPU stacks in mem
ory, the 8087 register stack grows "down" toward 
lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc
tions impliCitly address the register pointed to by the 
TOP. Other instructions allow the programmer to ex
plicitly specify the register which is to be used. Ex
plicit register addressing is "top-relative." 

Status Word 

The status word shown in Figure 6 reflects the over· 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
16-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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1. IR is set if any unmasked exception bit is set, cleared otherwise. 
2. See Table 3 for condition code interpretation. 
3. Top Values: 

000 = Register 0 is Top of Stack. 
001 = Register 1 is Top of Stack. 

• 
• 
• 

111 = Register 7 is Top of Stack. 

Figure 6. 8087 Status Word 

The four numeric condition code bits (Oo-C3) are 
Similar to flags in a CPU: various instructions update 
these bits to reflect the outcome of the 8087 opera
tions. The effect of these instructions on the condi
tion code bits is summarized in Table 4. 

Bits 14-12 of the status word point to the 8087 reg
ister that is the current top-of·stack (TOP) as de· 
scribed above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other
wise. 

Bits 5-0 are set to indicate that the NEU has detect
, ed an exception while executing an instruction. 

15 

TAGVAWES: 
00 = VALID 
01 = ZERO 
10 = SPECIAL 
11 = EMPTY 

Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the 8087's performance. The tag 
word can be used, however, to interpret the con
tents of 8087 registers. 

Instruction and Data POinters 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes a math instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc
tions can store this data into memory. 

o 

Figure 7. 8087 Tag Word 
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Table 4a. Condition Code Interpretation 

Instruction 
Ca C2 Type 

Compare, Test 0 0 
0 0 
1 0 
1 1 

Remainder 01 0 

U 1 

Examine 0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

NOTES: 
1. ST = Top of stack 
2. X = value is not affected by instruction 
a. U = value is undefined following instruction 
4. Qn = Quotient bit n 

Table 4b .. Condition Code Interpretation 
after FPREM Instruction As a 

Function of Divided Value 

. Dividend Range Q2 Q1 

Dividend < 2 " Modulus Ca1 C11 

Dividend < 4 • ModUlus Ca1 01 
Dividend 2 4 • Modulus 02 01 

NOTE: 

C1 

X 
X 
X 
X 

00 

U 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

Qo 

00 
00 
00 

1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 

, 
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Co 

0 
1 
0 
1 

02 

U 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

15 

Interpretation 

ST > Source or 0 (Fr:ST) 
ST < Source or 0 (FTST) 
.ST = Source or 0 (FTST) 
ST is not comparable 

Complete reduction with 
three low bits of quotient 
(See Table 4b) 
Incomplete Reduction 

Valid, positive un normalized 
Invalid, positive, exponent = 0 
Valid, negative, unnormalized 
Invalid, negative, exponent = 0 
Valid, positive, normalized 
Infinity, positive 
Valid, negative, normalized 
Infinity, negative 
Zero, positive 
Empty 
Zero, negative 
Empty 
Invalid, positive, exponent = 0 
Empty 
Invalid, negative, exponent = 0 
Empty 

CONTROL WORD 

STATUS WORD 

TAG WORD 

o 

MEMORY 
. OFFSET 

INSTRUCTION POINTER (15-0) 

+0 

+2 

+4 

+6 

INSTRUCTION II IINSTRUCTION 
POINTER (19-16) 0 OPCODE (10-0) 

+8 

DATA POINTER (15-0) +10 

DATA POINTER 1 
(19-16) 

0 +12 

15 12 11 o 

Figure 8. 8087 Instruction and Data Pointer 
Image in Memory 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod
ing of the fields in the control word. 

The low .order byt~ of this control word configures 
8087 inlerrupts and exception masking. Bits 5-0 of 
the control w"rd contain individual masks for each of 
the six exceptions that th~ 8087 recognizes and bit 7 
contains a generaj mask bit for all 8087 interrupts. 
The high order byte of the control word configures 
the 8087 operating mode including precision, round
ing, and infinity controls. The precision control bits 
(bits 9-8) can be used to set the 8087 internal oper
ating precision at less than the default of temporary 
real precision. This can be useful in providing com
patibility with earlier generation arithmetic proces
sors of smaller precision than the 8087. The round
ing control bits (bits 11-10) provide for directed 
rounding and true chop as well as the unbiased 
round to nearest mode specified in the proposed 
IEEE standard. Control over closure of the number 
space at infinity is also provided (either affine clo
sure, ± 00, or projective closure, 00, is treated as 
unsigned, may be specified). 

15 

Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply contin
ue execution regardless of whether the host clears 
the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-Chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the follow
ing: 

1. INVALID OPERATION: Stack overflow, stack un
derflow, indeterminate form (0/0, 00 - 00, etc.) 
or the use of a Non-Number (NAN) as an oper
and. An exponent value is reserved and any bit 
pattern with this value in the exponent field is 
termed a Non-Number and causes this exception. 
If this exception is masked, the 8087's default re
sponse is to generate a specific NAN called IN
DEFINITE, or to propagate already existing NANs 
as the calculation result. 

I xxx l,cIRCIPCIMIXIPMIUMIOMlzuIDMI'MI 

NOTES; 
1. Precision Control 

00 = 24 bits 
01 = Reserved 
10 = 53 bits 
11 = 64 bits 

I 

2. Rounding Control 
00 = Round to Nearest or Even 
01 = Round Down (toward - 00) 
10 = Round Up (toward + 00) 
11 = Chop (truncate toward zero) 

Figure 9. 8087 Control Word 
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EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALIO OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 

(RESERVED) 

INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 

PRECISION CONTROL'" 

ROUNDING CONTROL'" 

INFINITY CONTROL (0 = PROJECTIVE. 1 = AFFINE) 

(RESERVED) 
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2. OVERFLOW: The result is tqo I.~ge in magnitude 
to fit the specified format. The 8087 will generate 

'an eococling for infinity if this exception, is 
masked. 

3. ZERO DIVISOR: The divisor is zero while theaivi
dend is a non-infinite, non-zero number. 'Again, 
the 8087 will generate an encoding for infinity if 
this excepti<?"Js masked. ' 

4. UNPERFlOW: 'The result is non-zero but too 
small in .magnitude to fit in the specified forinat. If 
this exception is ""ask~ the 8087 will den,ormal-

ABSOLUTE MAXIMUM RATINGS·, 

Ambient Temperature Under Bias. , .... O·C to 70"C 
Storage Temperature ...•... : .. - 65·C to. + 150"C 
Voltage on Any Pin with 

RespecUo Ground .......•... ' ... -1.0V to + 7V 
Power Dissipation .•.... · ......... ; ....... 3.0 Watt . ' 

ize (shift right) the fraction until the exponent is In 
range. This process is'called gradual underflow. 

5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denormalized; it has the 
smallest exponent but a non-zero signiflcand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT: If the true result is not exactly 
representable in the specified format, the' result is 
rounded accotding to the rounding mode, and'this 
flag is ,set. If this exception is masked! processing 
will simply continue.. ; 

• Notice: Stress9s abov9 thOS9 list9d undt1r ':Abs0-
lute MBXimum Ratings" may CSUSB ptJfT1ISnBnt dam
age to the davicB. This is a strBss rating only and 
functional operation oMh9 davicB at these or any 
other conditions sboVBthose indicst9d in the opera
tional SBCtions of this $pBCificstion is not implied. Ex
posura to absolute mBXimum rating conditions for 
e)(fendee/periods mayaffBCt dsviCB. raHsbility. 

D.C. CHARACTERISTICS T A = O"C to 70·C, Vee = 5V ± 5% 

Symbol Parameter Min Max Units Test Conditions 

Vil Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc + 0.5 V 

VOL Output low Voltage (Note 8) 0,45 V IOl = 2.5mA 

VOH Output High Voltage 2.4 V IOH = -400 pA. 

lee Power Supply Current 475 mA TA = 25·C 

III Input leakage Current ±10 ,..,A OV:::;; VIN:::;; Vee 

ILO Output leakage Current ±10 pA. TA = 25·C 

VCl Clock Input 19W Voltage -0.5 0.6 V 

VCH Clock Input High Voltage 3.9 Vee + 1.0 V 

CIN Capacitance of Inputs 10 pF fc = 1 MHz 

CIO Capacitance of 1/0 Buffer, 15 pF 1c = 1 MHz 
(ADO-15, Are-A19, BHE, S2-SO, 
RQ/GT) and ClK 

COUT Capacitance of Outputs 10 pF fc = 1 MHz 
BUSYINT 
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A.C. CHARACTERISTICS TA = 0·Cto70·C, vee == 5V ±5% 

TIMING REQUIREMENTS 

8087-1 
8087 8087-2 (Preliminary: 

Symbol Parameter Note 7) Units Test Conditions 

Min Max Min Max Min Max 

TClCl ClK Cycle Period 200 500 125 500 100 500 ns 

TClCH ClKlowTime 118 68 53 ns 

TCHCl ClK High Time 69 44 39 ns 

TCH1CH2 ClK Rise Time 10 10 15 ns From 1.0V to 3.5V 

TCL2Cl2 ClK Fall Time 10 10 15 ns From 3.5V to 1.OV 

TDVCl Data In Setup Time 30 20 15 ns 

TClDX Data In Hold Time 10 10 . 10 ns 

TRYHCH READY Setup Time 118 68 53 ns 

TCHRYX READY Hold Time 30 20 5 ns 

TRYlCl READY Inactive to ClK (Note 6) -8 -8 -10 ns 

TGVCH RO/GT Setup Time (Note 8) 30 15 15 ns 

TCHGX RO/GT Hold Time 40 30 20 ns 

TOVCl OSO-1 Setup Time (Note 8) 30 30 30 ns 

TClOX OSO-1 Hold Time 10 10 5 ns 

TSACH Status Active Setup Time 30 30 30 ns 

TSNCl Status Inactive Setup Time 30 30 30 ns 

TILIH Input Rise Time (Except ClK) 20 20 20 ns From 0.8V to 2.0V 

TIHll Input Fall Time (Except ClK) 12 12 15 ns From 2.0V to 0.8V 

TIMING RESPONSES 

8087-1 
8087 8087-2 (Preliminary: 

Symbol Parameter Note 7) Units Test Conditions 

Min Max Min Max Min Max 

TClMl Command Active Delay 10/0 35/70 ·10/0 35170 10/0 35/70 ns CL = 20-100 pF 
(Notes 1, 2) for all 8087 Outputs 

TClMH Command Inactive Delay 10/0 35/55 10/0 35/55 10/0 35/70 ns (in addition to 8087 

(Notes 1,2) self-load) 

TRYHSH Ready Active to Status 110 65 45 ns 
Passive (Note 5) 

TCHSV Status Active Delay 10 110 10 60 10 45 ns 

TClSH Status Inactive Delay 10 130 10 70 10 55 ns 

TClAV Address Valid Delay 10 110 10 60 10 55 ns 

TCLAX Address Hold Time 10 10 10 ns 
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A.C. CHARACTERISTICS T A = O·C to 70·C, Vcc = 5V ± 5% (Continued) , 

TIMING RESPONSES (Continued) 

Symbol Parameter 8087 8087-2 

Min Max Min Max 

TCLAZ Address Float Delay TCLAX 80 TCLAX 50 

TSVLH Status Valid to ALE High 15/30 
(Notes 1, 2) 

TCLLH CLK Low to ALE Valid 15/30 
(Notes 1, 2) 

TCHLL ALE Inactive Delay 15/30 
(Notes 1, 2) 

TCLDV Data Valid Delay 10 110 

TCHDX Status Hold Time 10 

TCLDOX Data Hold Time 10 

TCVNV Control Active Delay 5 45 
(Notes 1,3) 

TCVNX Control Inactive Delay 10 45 
(Notes 1,3) 

TCHBV BUSY and INT Valid Delay 10 150 

TCHDTL Direction Control Active 50 
Delay (Notes 1, 3) 

TCHDTH Direction Control Inactive 30 
Delay (Notes 1 , 3) 

TSVDTV STATUS to DT/R Delay 0 30 
(Notes 1,4) 

TCLDTV DT /R Active Delay 0 55 
(Notes 1,4) 

TCHDNV DEN Active Delay 0 55 
(Notes 1,4) 

TCHDNX DEN Inactive Delay 5 55 
(Notes 1,4) 

TCLGL RQ/GT Active Delay 0 85 
(Note 8) 

TCLGH RQ/GT Inactive Delay 0 85 

TOLOH Output Rise Time 20 

TOHOL Output Fall Time 12 

NOTES: 
1. Signal at 8284A, 8288, or 82188 shown for reference only. 
2.8288 timing/82188 timing. 
3. 8288 timing. 
4. 82188 timing. 
5. Applies only to T 3 and wait states. 
6. Applies only to T 2 state (8 ns into T 3). 

15/30 

15/30 

15/30 

10 60 

10 

10 

5 45 

10 45 

10 85 

50 

30 

0 ,30 

0 55 

0 55 

5 55 

0 50 

0 50 

20 

12 

8087-1 
(Preliminary: 

Units 
Note 7) 

Min Max 

TCLAX 45 ns 

15/30 ns 

15/30 ns 

15/30 ns 

10 50 ns 

10 45 ns 

10 ns 

5 45 ns 

10 45 ns 

10 65 ns 

50 ns 

30 ns 

0 30 ns 

0 55 ns 

0 55 ns 

5 55 ns 

0 38 ns 

0 45 ns 

15 ns 

12 ns 

Test Conditions 

CL = 20-100 pF 
for all 8087 Outputs 
(in addition to 8087 
self-load) 

CL =40 pF (in 
addition to 8087 
self-load) 

From 0.8V to 2.0V 

From 2.0V to 0.8V 

7. IMPORTANT SYSTEM CONSIDERATION: Some 8087-1 timing parameters are constrained'relative to the corresponding 
8086-1 specifications. Therefore, 8086-1 systems incorporating the 8087-1 should be designed with the 8087-1 specifica
tions. 
8. Changes since last revision. 
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inter 
A.C. TESTING INPUT, OUTPUT WAVEFORM 

J'--~-'1C 
205835-8 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" aru:I 0.45V 
for a logic "0". 

WAVEFORMS 

MASTER MODE (with 8288 reference.) 

T, 

cue 

i;.i;.i; 

READCYC\.E 

WRITE CYCLE 

-......... { 
.... 

_-I,,, : 

8087 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER IIC'= 100pF 

TEST 

205835-9 
Ct. Includes Jig Capacitance 

T, T, T, 

NOTES: 205835-10 
1. All signals switch between VOL and VOH unless otherwise specified. 
2. READY is sampled near the end of T 2. T 3 and T w to determine if T w machine states are to be inserted. 
3. The local bus floats only if the 8087 is returning control to the 8086/8088. 
4. ALE rises at later of (TSVLH. TCLLH). 
5. Status inactive in state just prior to T 4. 
6. Signals at 8284A or 8288 are shown for reference only. 
7. The issuance of 8288 command and control Signals (MRDe. (MWTe. AMWC. and DEN) lags the active high 8288 
CEN. 
8. All timing measurements are made at 1.5V unless otherwise noted. 
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WAVEFORMS (Continued) 

MASTER MODE (with 82188 references) 

ClK 

s..s"s; 

READY (8087 INPUT) { 
(SEE NOTE 21 

READ CYCLE 

:~ VC 

TCLAV 

TSVLH'" 
TCLLH_ 

TCLAV ..... 

VDTV --I TS 
TC 

LDTV _ 

{(s~.r::TE 91 

82188 OUTPUTS RD 
(SEE NOTES 8.7) 

DEN 

T, T, T. 
I 

I+--- TClCL ~H1CH2 -- 1++1 i--TCL2CL1 
Tw 

'" H 
bf~~~ ~I--~CHCL I 

W;) V;I/(SEE NOTE 5) '. 

.I.': -----l:=i (_~DV -- TCHDX TCLAX 

A SHE. A"-A,, A 8,-s, 
,f FLOAT 

~ I:::jTCHLL 
(SEE NOTE 31 

,.--
!l \ ' 

I 
, 
----

TRYLCL 

~ 
4--

TRrSH-o 1--- It- TCHRYX 

jt 

f -- fTr
LAZ 

TRYHCH ---
!t4--TDVCL TCLDX 

Au-Ao IV 
DATA IN " ~ FLOAT FLOAT 

I:: 1\ 

* -+ T TLML - b::.TCLMH 

~HDNX I -l ~TCHDNV --t J(:J 

WRITE CYCLE 
lDOX TCLAV !::=j TCLDV tI - I_TC 

X A"-A,, X AD,,-ADo DATA OUT fFLOAT 

{ 

D_EN 82188 OUTPUTS 
(SEE NOTES 8.71 

WR 

3) 

TCHDNV --l /-
SEE NOTE 

I 
..... I-TCHDNX 

~ J - -TCLML - TCLMH 

~ __ r 
NOTES: 205835-11 
1. All signals switch between VOL and VOH unless otherwise specified. 
2. READY is sampled near the end of T 2, T 3 and T w to determine if T w machine states are to be inserted. 
3. The local bus floats only if the 8087 is returning control to the 80186/80188. 
4. ALE rises at later of (TSVLH, TCLLH). 
5. Status inactive in state just prior to T 4. 
6. Signals at 8284A or 82188 are shown for reference only. 
7. The issuance of 8288 command and control signals (MRDC, (MWTC, AMWC, and DEN) lags the active high 8288 
CEN. 
8. All timing measurements are made at 1.5V unless otherwise noted. 
9. DT/A' becomes valid at the later of (TSVDTV, TCLDTV). 
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WAVEFORMS (Continued) 

PASSIVE MODE 

elK 

os"os. 

AD,,-AD. 

READY { 
IN~ 

RESET TIMING 

~I~'------->H~HC--------~ 
VCC 

CLK 

RESET 

"" CLK CYCLES 

8087 

205835-12 

14 .. .------- ,,20 CLK CYCLES -------+I 

2-199 

8087 TRACKS 
CPU ACTIVITY 

8087 READY TO 
EXECUTE INSTRUCTIONS 

205835-13 



WAVEFORMS (Continued) 

REQUEST/GRANTO TIMING 

CLK 

ADlI-AD, 
A,,1S,-A,,iS, 
8",1,,1, 
Im/S7 

NOTE: 

_r~g~~ 

~ 

8087 

CPU 

The CPU provides active pullup of RC:i/GTO, see TCLGH spec. 

REQUEST IGRANT1 TIMING 

CLK 

AD1S-ADo 
A,,/S,-A,,1S, 

i"i"i, 
SHE/S7 

NOTE: 

8087 ALTERNATE MASTER 

(SEE NOTE) 

Alternate master may not drive the buses outside of the region shown without risking bus contention. 

BUSY AND INTERRUPT TIMING 

CLK ~~----------~ft 
SUSY.INT ,-'-------

TCHBV ~------------

205835-14 

205835-15 

205835-16 
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Table 5. 8087 Exten81on8 to the 86/186ln8tructlon8 Seta 

Data Trsnaf.r 

FLD = LOAD 

Integer/Aeal Memory to ST(O) 

Long Integer Memory to ST(O) 

Temporary Aeel Memory to 
ST(O) 

BCD Memory to ST(O) 

ST(,) to ST(O) 

FST = STOAE 

I Optional 
I." 811 DlepI __ nt 

, MF = 

- - - - - - "'l 
.... I_ES_C_A_PE_M_F __ '--O..'_M_O_D_O_O_O_A_/_M-'L __ PI!P __ , 

.... 1 E_SC_A_PE_'_'_'-L._M_O_D __ O __ Al.;,..M.....J[ = = :01~P = J 
1 ESCAPE 0 AIM [ 

- - - -, 
MOD 1 0 DISP - - - -' 

I ESCAPE AIM [ 
- - - - - -, 

MOD 0 0 DISP j - - - - -
, ESCAPE 0 0 1 1 1 0 0 0 ST(,) I 

ST(O) to Integer/Aeal Memory 'ESCAPE MF " MOD 0 1 0 A/M [ = =. ~I~P = J 
ST(O) to STeil I ESCAPE 1 0 " 1 0 1 0 ST(I) , 

FSTP = STOAE AND POP 

ST(O) to Integer/Aeal Memory , ESCAPE MF MOD 0 A/M [ = : EI~P: J 
:===========~========~ 

ST(O) to Long Integer Memory 1 ESCAPE 1 MOD AIM [ = = QUip - : 

ST(O) to Temporary Aeal 
Memory 

ST(O) to BCD Memory 

ST(O) to ST(,) 

FXCH = Exchange ST(,) and 
ST(O) 

Comparison 
FCOM = Compare 

Integer/Aeal Memory to ST(O) 

ST(I) to ST (0) 

FCOMP = Compare and Pop 

Integer/Aeel Memory to ST(O) 

ST(I) to ST(O) 

FCOMPP - Compare ST(I) to 
ST(O) and Pop lWice 

FTST = Test ST(O) 

FXAM = Examine ST(O) 

IESCAPE 011 MOD 11 1 A/M[::~I~p_l 

, ESCAPE MOD 0 AIM c::~ '~I~: l 
:::::=====!=====~ 
'ESCAPE 0 1 1" 0 1 ST(ld 

IESCAPE 0 0 1 I 1 1 0 0 1 STeil I 

I ESCAPE MF o MOD 0 o AIM L~ DISP 

I ESCAPE 0 0 0 1 1 0 o ST(i) , 

ESCAPE MF 0 L MOD 0 1 AIM I: j)I~P: :: 
~======4=========~ ESCAPE 0 0 0 1 0 ST(I) 

ESCAPE f 0 1 0 o 0 

ESCAPE 0 0 o 0 0 0 

ESCAPE 0 0 1, o 0 o 

2-201 

C_ Count Range 
32B11 32811 
Real Intege. 

00 01 

31-58 52-60 
+~ +EA 

60-68 +EA 

53-65 +EA 

290-310 +EA 

17-22 

.. 811 
Rael 

'0 

40-60 
+EA 

'.811 
In ..... 

11 

48-54 
+EA 

84-90 82-82 96-104 80-90. 
+EA +EA +EA +EA 

15-22 

86-92 84-94 96-106 82-92 
+EA +EA +EA +EA 

94-105 +EA 

52-58 +EA 

520-540 +EA 

17-24 

10-15 

&0-70 
+EA 

78-91 
+EA 

40-50 

63-73 80-93 
+EA +EA 

45-52 

45-55 

31-48 

12-23 

65-75 
+EA 

67-77 
+EA 

72-86 
+EA 

74-58 
+EA 

205835-17 
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Table 5.8087 Extensions to the 86/186 Instructions Sets (Continued) 

Constants 

0' I Opllonal 
8,18 BII 

DI.placement 

FLDZ = LOAD + 0.0 onto ST(O) 

FLDl = LOAD + 1 0 into ST(O) 

FLDPI = LOAD" onto ST(O) 

FLDL2T = LOAD 1092 10 Into 
ST(O) 

FLDL2E = LOAD log2 e onto 
ST(O) 

FLDLG2 = LOAD log'0 2 into 
ST(O) 

FLDLN2 = LOAD log.2 onto 
ST(O) 

Arithmetic 
FADD = Additi,on 

I MF 

ESCAPE 0 0 1 

ESCAPE b 0 1 

ESCAPE 0 0 

ESCAPE 0 0 

ESCAPE 0 0 

ESCAPE 0 0 

ESCAPE 0 0 

= 

1 1 1 0 1 1 1 0 

o 000 

o o 

o o 0 

1 1 o o o 

o o 0 

o '0 

IntegerlReal Memory with ST(O) L-E_S_C_A_PE __ M_F __ O--,_M_O_D_O_O_O __ Rl_M __ ..J[ _DI~P _ .! 
ST(i) and ST(O) ESCAPE d POI I' 0 0 '0 ST(I) 

FSUB = Subtraction 

IntegerlReal Memory with ST(O) ESCAPE MF 0 MOD o R RIM [ DISP ~ 

ST(I) and ST(O) ESCAPE d POll o R RIM 1 

FMUL = Multiplication 

IntegerlReal Memory with ST(O) ESCAPE MF 0 MOD 0 0 RIM [ DISP .! 

~======~======::::::; 
ST(I) and ST(O) ESCAPE d POlIO 0 RIM 

FDIV = DIvision 
IntegerlReal Memory with ST(O) ESCAPE MF 0 MOD R RIM [ DISP .! 

:========~==========:I 
ST(i) and ST(O) L-E_S_CA_P_E_d_P_0--,_1_1 ___ R_Rl_M __ ..J, 

FSORT = Square Root 01 ST(O) ESCAPE 0 0 0 0 

FSCALE = Scale ST(O) by ST(I) ESCAPE 0 0 'I 0 

FPREM = Partial Remainder 01 ESCAPE 0 0 1 1 1 1 1 1 0 0 0 
ST(O) +ST(I) '---------'-----------' 

FRNDINT = Round ST(O) to ESCAPE 0 0 1 1 1 1 1 1 1 0 0 Integer L-______ -'-_______ --,--' 

NOTE: 
1. If P = 1 then add 5 clocks. 

2-202 

Clock Counl Range 
32BII 32BII 84BII 18111 
Re.1 Inleger Real Integer 

00 01 10 11 

11-17 . 

15-21 

16-22 

16-22 

15-21 

18-24 

17-23 

90-120 108-143 95-125 102-137 
+EA +EA +EA +EA 

.70-100 (Note 1) 

90-120 108-143 95-125 102-137 
+EA +EA +EA +EA 

70-100 (Note 1) 

110-125 130-144 112-168 124-138 
+EA +EA +EA +EA 

90-145 (Note 1) 

215-225 230-243 220-230 224-238 
+EA +EA +EA, +EA 

193-203 (Note 1) 

180-186 

32-38 

15-190 

16-SO 

205835-18 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued) 

FXTRACT " Extract 
Components of St(O) 

FABS = Absolute Value of 
ST(O) 

FCHS = Change SIgn of ST(O) 

Transcendental 

FPTAN = Partial Tangent of 
ST(O) 

FPATAN = Partial Arctangent 
of ST(O) ~ST(I) 

F2XMl = 2ST(OI_1 

FYL2X = ST(I)· Log2 
IST(O)I 

FYL2XPl = ST(I)' Log2 
[ST(O) +1] 

Processor Control 

FINIT = Initialized 8087 

FENI = Enable Interrupts 

FDISI = DIsable Interrupts 

FLDCW = Load Control Word 

FSTCW = Store Control Word 

FSTSW = Store Status Word 

FCLEX = Clear ExceptIons 

ESCAPE 0 0 1 I 1 1 1 1 0 1 0 0 

ESCAPE 0 0 I 1 0 0 0 0 

ESCAPE 0 0 o 000 0 

Optional 
8,16BII 

Displacement 

~~_0 __ 1~L-' __ 1 ___ 1 __ 1 __ 0 __ 0 __ 1 __ 0~ 

ESCAPE 0 0 I 1 1 1 0 

ESCAPE 0 0 I 1 1 1 1 0 0 0 0 

ESCAPE 0 0 1 I 0 0 

ESCAPE 0 0 1 I 1 1 1 1 1 0 

ESCAPE 0 000 

ESCAPE 0 o 0 0 0 0 

ESCAPE 0 o 0 0 '1 

L-E_S_C_A_P_E __ o __ o __ ---' __ M_o_D __ ' __ o __ 1 ___ R/_M __ ---J[ ~ ~I~~ ~ ~ 

ESCAPE 0 0 MOD 

ESCAPE o MOD RIM DISP 

ESCAPE 0 1 1 o 0 0 1 0 

FSTENV = Store EnVironment ~L-E_S_C_A_P_E __ O __ O __ _'_ __ M_O_D ______ -O_ -_ -_R/=M===-= ~ ~ ~~~ ~ ~: 

FLDENV = Load EnVironment IL-E_S_C_A_PE ___ 0 __ 0 __ -'-__ M_O_D __ ' ____ 0 ___ R/_M __ ---JI __ ~I~~ _ ~ 

FSAVE = Save State 

FRSTOR = Restore State 

FINCSTP = Increment Stack 
POinter 

FDECSTP = Decrement Stack 
Pointer 

@CAPE o MOD o RIM 

I-E_S_C_AP_E ___ 0 ~D 1 0 0 RIM 

ESCAPE 0 0 t I 1 1 o 

ESCAPE 0 0 o o 

2·203 

ClOCk Count Range 

27-55 

10-17 

, 10-17 

30-540 

250-800 

310-630 

900-1100 

700-1000 

2-8 

2-8 

2-8 

7-14 + EA 

12-18+EA 

12-18 + EA 

2-8 

40-50 +EA 

35-45 +EA 

197-207+EA 

197-207+EA 

6-12 

6-12 

205835-19 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (Continued) 

FFREE - Free ST(I) ESCAPE 1 0 1 I 1 1 0 0 0 ST(I) 

FNOP = No OperatIon ESCAPE 0 0 1 I 1 1 0 1 0 0 o 0 

FWAIT = CPU waR lor 8087 I 1 0 0 1 1 0 1 1 I 
On = number of times CPU exam,ines TEST line before 8087 lowers BUSY. 

NOTES: 
1. if mod = 00 then OISP = 0°, disp-Iow and disp-high are absent 

if mod = 01 then OISP = disp-Iow sign-extended to l6-bits, disp-high is absent 
if mod = 10 then OISP = disp-high; disp-Iow 
if mod = 11 then rIm is treated as an ST(i) field 

2. if rIm = 000 tile" EA = (BX) + (SI) + OISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (SI) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (SI) + OISP 
if rIm = 101 thf;ln EA = (01) + OISP 
if rIm = 110 then EA = (BP) + OISP 
if rIm = 111 then EA = (BX) + OISP 

, °except if mod = 000 and rIm = 11~ then EA = disp-high; disp-Iow. 
3. MF = Memory Format 

00-32-bit Real 
01-32-bit Integer 
10-64-bit Real 
11-16-bit Integer 

4. ST(O) = Current stack top 
ST(i) = ith register below stack top 

5. d = Destination 
O-Deslination is ST(O) 
1-Destination is ST(i) 

6. P = Pop 
O-No pop 
1-PopST(0) 

7. R = Reverse: When d = 1 reverse the sense of R 
O-Destination (op) Source 
l-Source (op) Destination 

8. For FSQRT: -0 :s: ST(O) :s: + 00 
For FSCALE: -215 :s: ,ST(l) < +215 and ST(l) integer 
For F2XM1: 0 :s: ST(O) :s: 2-1 ' 
For FYL2X: 0 < ST(O) < 00 

-00 < ST(l) < +00 
For FYL2XP1: O:S: IST(O)I < (2 - \1'2)/2 

-00 < ST(l) < 00 
For FPTAN: 0 :s: ST(O) :s: 11"/4 
For FPATAN: O:S: ST(O) < ST(l) < + 00 

9-16 

10-16 

3,+5n· 

205835-20 
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82C84A 
CHMOS CLOCK GENERATOR AND DRIVER 

FOR 80C86, 80C88 PROCESSORS 
Generates the System Clock for the • Generates System Reset Output from 
80C86, 80C88 Processors: Schmitt Trigger Input 

.82C84A-5 for 5 MHz • Capable of Clock Synchronization with 
82C84A for 8 MHz other 82C84As 

P.n Compatible with Bipolar 8284A * • Low Power Consumption 
Uses a Crystal or an External • Single 5V Power Supply 
Frequency !)ource 

Provides Local READY and MUL TIBUS® • TTL Compatible Inputs/Outputs 

READY Synchronization • Available in 18-Lead Plastic DIP 
(See Packaging Spec., Order #231369) 

The Intel 82C84A is a high performance CHMOS clock generator-driver designed to service the requirements 
of the 80C86/88 and 8086188. Power consumption is a fraction of that of equivalent bipolar circuits. The chip 
contains a crystal controlled oscillator, a divide-by-three counter and complete READY synchronization and 
reset logiC. Crystal controlled operation up to 15, 25 MHz utilizes a parallel, fundamental mode crystal and two 
small load capacitors. 

·The Bipolar 8284A requires two load resistors and a resonant crystal. 

RU----------------------~ ~~--~ 

x, 

X2 

F/C--------r-l>O--L..J 

EFI--------____ ~J 

CSYNC -----------------------~--1H------J 

RDY1 

A"NC--------·----------~ 

82C84A Block Diagram 

CSYNC 1 

PClK 
AEN1 
RDY1 4 

READY 
RDY2 
nfi2 7 

ClK 
GND 

RUET 

OSC 

pelK 

ClK 

READY 

Vee 
X1 

X2 

ASVRC 
EFI 

Fie 

OSC 
RES 
RESET· 

82C84A 18·Lead 
DIP Configuration 

2·205 

Control Logical 1 Logical 0 
Pin 

FIG External Crystal 
Clock Drive 

RES Normal Reset 

RDY1 Bus Ready Bus not 
RDY2 ready 

AB'r1 Address Address 
AEiii2 Disabled Enabled 

ASYNC 1 Stage Ready 2 Stage Ready 
Synchronization Synchronization 

82C84A Pin Description 

·231198-2 

August 1987 
Order Number: 231198-004 



82C84A 

Table 1. Pin Description 

Symbol Type Name and function 

AEN1, I ADDRESS ENABLE: AEN is an active lOW signal. AEN serves to qualify 
AEN2 Its repective Bus Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 

while AE'N2 validates RDY2. Two AEN signal inputs are useful in system 
configurations which permit the processor to access two Multi-Master 
System Busses. In non Multi-Master configurations the AEN signal inputs 
are tied true (lOW). 

RDY1, I BUS READY: (Transfer Complete). aDY is an active HIGH signal which 
RDY2 is an indiCation from a device located on the system data bus that data 

has been received, or is available. RDY1 is qualified by AEN1 while 

"" 
" ( RDY2 is qualified by AEN2. 

ASYNC I READY SYNCHRONIZATION SELECT: ASYNC is an input which 
defines the synchronization mode of the READY logic. When ASYNC is 
lOW, two stages of READY synchronization are provided. When ASYNC 
is left open (an internal pull-up is provided) or HIGH a single stage of 
~EADY synchronization is provided. 

READY 0 READY: READY is an active HIGH signal which is the synchronized ROY 
signal input. READY is cleared after the guarante~d hold time to the 
processor has been met. 

X1,X2 I CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The 
crystal frequency is 3 times the desired processor clock frequency. (If no 
crystal is attached, then X1 should be tied to Vee or GND and X2 should 
be left open.) 

Fic I FREQUENCY ICRYSTAL SELECT: F/C is a strapping option. When 
strapped lOW, F/C permits the processor's clock to be generated by the 
crystal. When F/C is strapped HIGH, ClK is generated from the EFI 
input. 

EFI I EXTERNAL FREQUENCY: When F/C is strapped HIGH, ClK is 
generated from the input frequency appearing on this pin. The input 
signal is a square wave 3 times the frequency of the desired elK output. 
When F/C is strapped lOW, EFI should be tied HIGH or lOW. 

ClK 0 PROCESSOR CLOCK: ClK is the clock output used by the processor 
and all devices which directly connect to the processor's local bus (i.e., 
the bipolar support chips and other MOS devices). ClK has an output 
frequency which is % of the crystal or EFI input frequency and a % duty 
cycle. 

PClK 0 PERIPHERAL CLOCK: PClK is a TIL level peripheral clock signal 
whose output frequency is Yz that of ClK and has a 50% duty cycle. 

OSC 0 OSCILLATOR OUTPUT: OSC is the TIL level output of the internal 
oscillator circuitry. Its frequency is equal to that of the crystal. 

RES I RESET IN: "RES is an active lOW signal which is used to generate 
RESET. The 82C84A pr~vides a Schmitt trigger input so that an RC 
connection can be used to establish the power-up reset of proper 
duration. 
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Table 1. Pin Description (Continued) 

Symbol Type t-;lame and Fun~lon 
RESET 0 RESET: RESET is an active HIGH signal which is used to reset the 

80C86/88 family processors. Its timing characteristics are 
determined by RES. 

CSYNC I CLOCK SYNCHRONIZATION: CSYNC is an aCtive HIGH signal 
, which allows multiple 82C84A's to be synchronized to provide clocks 

that are in phase. When CSYNC is HIGH the internal coun~ers are 
reset. When CSYNC goes lOW the internal counters are allowed to 
resume counting. CSVNC needs to be externally synchronized to EFI. 
When using the internal oscillator CSYNC should be hardwired to 
ground. 

GNO GROUND. 

Vee POWER: + 5V supply. 

FUNCTIONAL DESCRIPTION 

Oscillator 
The oscillator circuit of the 82C84A is designed pri
marily for use with an external parallel resonant, fun
damental mode crystal from which the basic operat
ing frequency is derived. 

The crystal frequency should be selected at three 
times the required CPU clock. X1 and X2 are the two 
crystal input crystal connections. For the most sta
ble operation of the oscillator (OSC) output circuit, 
two capacitors (C1 = C2) as'shown in the waveform 
figures are recommended. The output of the oscilla
tor is buffered and brought out on OSC so that other 
system timing signals can be derived from this sta
ble, crystal-controlled source. 

Capacitors C1, C2 are chosen such that their com
bined capacitance: 

CT = C1· C2 (Including stray capacitance) 
C1 + C2 

matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within 
the frequency tolerance specified by the crystal 
manufacturer. 

Clock Generator 
The clock generator consiSts of a synchronous di
vide-by-three counter with a special clear input that 
inhibits the counting. This clear input (CSYNC) al
lows the output clock to be synchronized with an 
external event (such as another 82C84A clock). It is 
necessary to synchronize the CSYNC input to the 
EFI clock external to the 82C84A. This is accom-

plished with two Schottky flip-flops. The counter out
put is a 33% duty cycle clock at one-third the input 
frequency. 

The Fie input is a strapping pin that selects either 
the crystal oscillator or the EFI input as the clock for 
the + 3 counter. If the EFI input is selected as the 
clock source, the oscillator section can be used in
dependently for another clock source. Output is tak
en from OSC. 

Clock Outputs 

The ClK ouput is a 33% duty cycle MOS clock driv
er deSigned to drive the 80C86/88 processors di
rectly. PClK is a TTL level peripheral clock signal 
whose output frequency is % that of ClK. PClK has 
a 50% duty cycle. ' 

Reset Logic 
The reset logiC provides a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the 
reset timing. The reset signal is synchronized to the 
falling edge of ClK. A simple, RC network can be 
used to provide power-on reset by utilizing this func
tion of the 82C84A. 

READY Synchronization 

Two READY inputs (ROY1, ROY2) are provided to 
accommodate two Multi-Master ,system busses. 
Each input has a qualifier (AEN1 and AEN2, respec
tively). The AEN signals validate their respective 
'ROY"signals. If a Multi-Master system is not being 
used the Ai:N pin should be tied lOW. 

2-207 
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Synchronization is required Jor all asynchronous ac
tive-going edges of either ROY input to guarantee . 
that the ROY setup and hold times are met: Inactive
going edges of ROY in normally ready. systems do 
not require synchronization but must satisfy ROY .. 
setup and hold as a matter of proper system design. 

The ASYNC input defines two modes of READY 
synchronization operation. 

When ASYNC is lOW, .two stages of synchroniza
tion are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first 
be synchronized to flip-flop one at the rising edge of 
ClK and then synchronized to flip-flop two at the 
next falling edge of ClK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized 

CLOCK 
SYNCHRONIZE >-+---+-i 0 

EFI 

Q 

directly to flip-flop two at the falling edge of ClK, 
after which time the READY output will go inactive. 
This mode of operation is intended for use by asyn
chronous (normally not ready) devices in the system 
which cannot be guaranteed by design to meet the re
quired ROY setup timing, T R1 VCl, on each bus cycle. 

When ASYNC is HIGH, the first READY flip-flop is 
bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on 
the falling edge of ClK before they are presented to 
the processor. This mode is available. for synchro
nous devices that can be guaranteed to meet the 
required ROY setup time. 

ASYNC can be changed on every bus cycle to se
lect the appropriate mode of synchronization for 
each device in the system. 

o 
Q 

(TO OTHER 82C84Ae) 231198-3 

Flg~re 3. CSYNC Synchronization 

ABSOLUTE MAXIMUM RATINGS· 

Supply Voltage .................... -;-0.5V to 7.0V 

Input Voltage Applied ........ -0.5VtoVcc +0.5V 

Output Voltage Applied ...... -0.5VtoVcc +0.5V 

Storage Temperature .......... - 65·C to + 150·C 

Ambient Temp. Under Bias .......... O·C to + 70·C 

Power Dissipation ....................... 1.0 Watt 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = O·Cto +70·C, Vcc = 5V ±10%) 

Symbol Parameter Min Max Units Test Conditions 

Icc Operating Supply Current 82C84A 10 mA 25 MHz xtal, Cl = 0 

82C84A-5 10 mA 15 MHz xtal, Cl = 0 

Iccs Stand By Supply Current (Note 1) 100 p,A 

III Input ASYNC 10 p,A ASYNC= Vec 
leakage Only -130 p,A ASYNC = GND 
Current 

±1.0 p,A OV s VII-.i s Vcc (Note 2) All Other Pins 
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D.C. CHARACTERISTICS (Continued) 

Symbol Parameter Min Max Units Test Conditions 

VIL Input lOW Voltage 0.8 V 

VIH Input HIGH Voltage 2.2 VCC + 0.5 V 

VIHR Reset Input HIGH Voltage 0.6Vcc V 

VOL Output LOW Voltage 0.4 V ClK: IOL = 4 mA 
Others: IOL = 2.5 mA 

VOH Output HIGH Voltage 
Vee - 0.4 

V ClK: IOH = -4 mA 
V Others: IOH = - 2.5 mA 

VIHR-VILR .RES Input Hysteresis: 82C84A 0.15 V 
82C84A-5 0.25 V 

CIN Input Capacitance 7 pF freq = 1 MHz 

NOTES: 
1. VIH, FIC, X1 ~ Vee- O.2V; EFI = Vee or GND; ASYNC = Vec or OPEN; X2 = OPEN; VIL s: O.2V. 
2. An internal pull-up resistor is implemented on the ASYNC input. 

A.C. CHARACTERISTICS (TA = O·Cto +70·C, VCC = 5V ±10%) 

TIMING REQUIREMENTS 

82C84A 82C84A-5 
Symbol Parameter Units Test Conditions 

Min Max Min Max 

tEHEL External Frequency HIGH Time 13 20 ns 90%":90% VIN 

tELEH External Frequency lOW Time 13 20 ns 10%-10% VIN 

tELEL EFI Period 40 66 ns (Note 1) 

XT Al Frequency 2.4 25 6.0 15 MHz 

tRWCL RDY1, RDY2 Active Setup to ClK 35 35 ns ASYNC= HIGH 

tR1VCH RDY1, RDY2 Active Setup to ClK 35 35 ns ASYNC = lOW 
" 

tRWCL ' RDY1, RDY2 Inactive Setup to ClK 35 35 ns 

tCLR1X RDY1, RDY2Hoid to ClK 0 0 ns 

tAYVCL ASYNC Setup to ClK 50 50 ns 

tCLAYX ASYNC Hold to ClK 0 0 ns 

tAwR1V AEN1"AEN2 Setup to RDY1, RDY2 15 15 ns 

tcLA1X AEN1, AEN2 Hold to ClK 0 0 ns 

tYHEH CSYNC Setup to EFI 20 20 ns 

tEHYL CSYNC Hold to EFI 10 20 ns 

tYHYL CSYNCWidth 2· tELEL 2· tELEL ns 

tl1HCL RES Setup to ClK 65 65 ns (Note 2) 

tcLt1H RES Hold to ClK 20 20 ns (Note 2) 

tiLtH Input Rise Time 15 15 ns (Note 1) 

tlHIL Input Fall Time 15 15 ns (Note 1) 
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A.C. CHARACTERISTICS (Continued) 

,.', ' 

TIMING RESPONSES 

Symbol Parameter Min 82C84A Min 82C84A·5 Max Units Test Conditions 

tcLCL ClK Cycle Period 125 200 ns 

tcHCL ClK HIGH Time (Va tcLCLJ + 2 (Va tcLCLJ + 2 ns 

tcLCH ClKlOWTime (% tcLCLJ -15 (% tcLCLJ -15 , ns 

tcH1CH2 ClK Rise, or Fall Time 10 ns 1.0Vto3.5V 
tcL2CL1 

tpHPL PClK HIGH Time tcLCL -20 tcLCL -20 ns 

tpLPH ~ClK lOW Time tcLCL -20 tcLCL -20 ns 

tRVLCL Ready Inactive to 
ClK (Note 4) -8 -8 ns 

tRVHCH Ready Active to ClK 
(Note 3) (% tcLCLJ -15 (% tcLCLJ -15 .. ns 

tcLiL ClK to Reset Delay 40 ns 

tcLPH ClK to PClK HIGH DELAY 22 'ns 
.. 

tcLPL ClK to PClK lOW Delay 22 ns 

toLCH OSC to ClK HIGH Delay -5 -5 22 ns 

toLCL OSC to ClK lOW Delay 2 2 35 ns 

toLOH Output Rise Time 
(except ClK) 15 ns From 0.8V to 2.0V 

toHOL Output Fall Time 
(except ClK) 15 ns From 2.0V to 0.8V 

NOTES: 
1. Transition between Vll(max) - O.4V end VIH(min) + O.4V. 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 
4. Applies only to T2 states. ' 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

231198-4 

A.C. TESTING: All INPUT SIGNALS MUST SWITCH BETWEEN 
O.45V AND 2.4V. TRISE AND TFAU MUST BE s: 15 ns. 
AlL.,TIMING MEASUREMENTS ARE MADE AT 1.5V. 

A.C. TESTING LOAD CIRCUIT 

'"T" VL-I.HV 

ilL - 74G11 FOIl ALI._ 
EXCIPI' CUI , 

DEVICE 4IIIl FOIl CLDCIC OU\'IIUT 
UNDER I--

TEST 

rCL 

231198-5 
Ct. = 100 pF FOR ClK 
Ct. - 30 pF FOR READY 
CL INCLUDES PROBE AND JIG CAPACITANCE 
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WAVEFORMS 

CLOCKS AND RESET SIGNALS 

NAME 
IF! 

Ole 

eLK 0 

POLK 0 

ClYNe I 

82C84A 

RElET 0 ______ -Jlr----------------~~c: 
231198-6 

NOTE: 
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V, UNLESS OTHERWISE NOTED. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

eLK 

RDY1,2 --------4 

READY 

tRYHCH 

231198-7 
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WAVEFORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

eLK 

RDYI,2 

AiYiiC ------' 
READY 

tlWLCL 

231198-8 

Xl CLK I LOAD I 
24MHZ~ 

I (SEE NOTE 1) 

X2 I 

r t~ 1 Fill 

CSYNC 

231198-9 

Clock High and Low Time (Using X1, X2) 

, 
I PULSE I 

GENERATOR I EFI CLK I LOAD I 
I (SEE NOTE 1) 

VL 
Fie 

* 
CSYNC 

231198-10 

Clock High and Low Time (Using EFI) 
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NOTES: 
1. CL = 100 pF 
2.CL=30pF 

82C84A 

Vee 

RA1 ClK 

Xl 

24MHz c::J READY 

X2 

RDY2 osc 
FIC 
ArR2 
CSYNC 

Ready to Clock (Using X1, X2) 

..... -----1 EFI ClK t----1 

FIC 
RA1 

1-------1 RDY2 
XEm 
CSYNC READYt----t 

Ready to Clock (Using EFI) 

231198-11 

231198-12 

DATA SHEET REVISION REVIEW 2. Test conditions for Iccs (stand by supply current) 
were clarified in Note 1. 

The following list represents key differences be
tween this and the October 1986 (order no. 231198-
003) data sheet. Please review this summary. 

1. A diagram of the PLCC package was deleted. 

3. tCLl1H (RES Hold to CLK) for 82C84A changed 
from 10 ns to 20 ns to reflect current testing. 

4. For the '''Clocks and Reset Signals" diagram, all 
timing measurements voltages changed to 1.5V 
from 0.8V and 2.0V. 
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82C88 

CHMOS BUS CONTROLLER 

• Pin Compatible with Bipolar 8288 • 3-8tate Command Output Drivers 

• Provides Support for 8086/88, • High Drive Capability 
80C86/88, 80186, 801'88 • Conflgurable for Use with an 1/0 Bus 

• Low Power Operation • Single 5V Pow,er Supply 
-Ices = 100,...A 
-Icc = 10mA • 8 MHz Operation 

-82C88-2 • Provides Advanced Commands for 
Multi-Master Bu .. es 

The Intel 82C88-2 Is a high performance CHMOS version of the 8288 bipolar bus controller. The 82C88-2 
provides command and control timing generation for 8086 architecture· systems. Static CHMOS circuit design 
ensures low operating power. The 82C88-2 high output drive capability eliminates the need for additional bus 
drivers. 

·NOTE: 
In this data sheet, all references to 8086 or 8086 architecture include: 8086/88, 80C86/88, 80186 and 
80188. 

ST={~- MROCl STATUS --.~ DECODER 
COM· 

AiiWC MUL TlBUS. MAND 
SIGNAL iOiiC J COMMAND GENER· iOWC SIGNALS 
ATOR 

AiOWc 
iNTi 

CK DT/R 

CONTROL iiIiI 
CONTROL 1 ADDRESS ~TCH, DATA 

CONTROL SIGNAL DEN TRANSCEIYER, AND 
INPUT CEN- LOGIC GENER- MCElPDEN I INTERRUPT CONTROL 

ATOR ALE SIGNALS 101-

+IY GND 

240027-1 

Figure 1. Block Diagram 
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VCC 

CLK iii 
51 52 

MCElPiiiii 

ALE DEN 

AEN CEN 

iiRDC INTA 

AiiWC iOiiC 
AIOWC 

GND iOWC 
240027-2 

Figura 2a. 82088-2 2G-Lead 
DIP Configuration 

Auguat 1887 
Order Number: 240027-001 



82C88 

Table 1. Pin Description 

Symbol Type Name and Function 

Vee POWER: + 5V supply. 

GND GROUND. 

SO.S1.S2 I STATUS INPUT PINS: These pins are the ,status input pins from the 8086 or 8088 
processors. The'82C8B·2 decodes these inputs to generste command and control 
signals at the appropriate time. When these pins are not in use (passive) they are all 
HIGH. (See chart under Command and Control logic.) Internal pull-up resistors hold 
these lines HIGH when no other driving source is present 

CLK I CLOCK: This is a clock signal from the 82C84A clock generator and serves to establish 
when command and control signals are generated. 

ALE 0 ADDRESS LATCH ENABLE: This signal serves to strobe an address Into the address 
latches. This signal is active HIGH and latching occurs on the falling (HIGH to LOW) 
transition. ALE is intended for use with transparent D type latches. 

DEN 0 DATA ENABLE: This signal serves to enable data transceivers onto elthsr the lacel or 
sy,stem data bus. This signal is active HIGH. 

DT/J:( 0 DATA TR~NSMIT /RECEIVE: This signal establishes the direction of dats flow through 
, the transceivers. A HIGH on this line indicates Transmit (write to I/O or memory) and a 

LOW Indicates Receive (Read). 

AEiii I ADDRESS ENABLE: AEIiI enables command outputs of the 82CB8·2 Bus Controller at 
least T AELCV after it becomes active (LOW). AEiii going Inactive Immediately 3·states the 
command output drivers. AEN does not affect the I/O command lines if the 82C8B-21s In 
the I/O Bus mode (lOB tied HIGH). 

CEN I COMMAND ENABLE: When this signal is LOW all 82C8B-2 command outputs and the 
DEN and PDEN cQntrol outputs are forced, to their inactive state. When this signal is 
HIGH. these same outputs are enabled. 

lOB I INPUT/OUTPUT BUS MODE: When the lOB is strapped HIGH the 82C8B-2 functions In 
the I/O Bus mode. When It is strapped LOW. the 82C88·2 functions In the System Bus 
mode. (See sections on I/O Bus and System Bus modes). 

AIOWC 0 ADVANCED I/O WRITE COMMAND: The AIOWC issues an I/O Write Command earlier 
in the machine cycle to give I/O devices an early indication of a write instruction. Its 
timing is the same as a read command signal. AiOWC is active LOW. 

iOWO 0 I/O WRITE COMMAND: This command line instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 

iORC 0 I/O READ COMMAND: This command line instructs an I/O device to drive its data onto 
the data bus. This signal is active LOW. 

AfJWC 0 ADVANCED MEMORY WRITE COMMAND: The ~ Issues a memory write 
command earlier in the machine cycle to give memory dellices an early indication of a 
write instruction. Its timing is the same as read command Signal. AfJWC is active LOW. 

MWi'C 0 MEMORY WRITE COMMAND: This command Une insp-ucts the memory to recorc,l th" 
data present on the data bus. This signal is active LOW. 

JlFiI5C 0 MEMORY READ COMMAND: This command line Instructs the memory to drive Its data 
onto the data bus. This signal is active LOW. 

im'A 0 INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that Its 
interrupt has been acknowledged and that It, should drive vectoring Information onto the' 
data bus. This signal is active LOW. 

MCE/PD"EN 0 This is a dual function pin. 
MCE (lOB IS TIED LOW): Master Cascade Enable occurs during an interrupt sequence 
and serves to read a Cascade Address from a master PIC (Priority Interrupt Controller) 
onto the data bus. The MCE signal is active HIGH., 
ISI)EIij (lOB IS TIED HIGH): Periphersl Data Enable enables the data bus transceiver for 
the I/O bus that DEN performs for the system bus. PDEN is active LOW. 
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82C88 

FUNCTIONAL DESCRIPTION 

Command and ,Control Logic 
The command logic decodes the three 8086 or 8088 
CPU status lines (~, S1, 52) to determine what 
command is to be issued. 

This chart shows the meaning of each status 
''word''. 

tSzl1§O Processor State 82C88-2 Command 

0 0 o Interrupt Acknowledge INTA 

0 0 1 Read I/O Port iOFie 
0 1 o Write I/O Port iOWC,AIOWC 

0 1 1 Halt None 

1 0 o Code Access MROC 

1 0 1 Read Memory MRi5C 
1 1 o Write Memory MWTC,AMWC 

1 1 1 Passive None 

'The command is'issued in one of two ways depen
dent on the mode of the 82C88-2 Bus Controller. 

1/0 Bus Mode ...... The 82C88-2 is in the I/O Bus 
mode if the lOB pin is strapped HIGH. In the I/O Bus , 
mode 8111/0 command lines (iORe, IOWC, AIOWC, 
IN'i'A) are always enabled (i.e., not dependent on 
AEN). When an ,I/O command is initiated by the 
processor, the 82C88-2 immediately activates the 
command lines, using PDEN and DT /F!" to control 
the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present This 
mode allows one 82C88-2 Bus Controller to handle 
two external busses. No waiting is involved when the 
CPU wants to, gain access to the I/O bus. Noimsl 
memory access requires a "Bus Ready" signal (AEN 
LOW) before it will proceed. It is advantageous to 
use the lOB mode if I/O or periptierals dedicated to 
one processor exist in a multi-processor system. 

System Bus Mode - The 82C88-2 in the System 
Bus mode 'if the lOB pin is strapped LOW. In this 
mode no command is isSued until T AELCV after the 
AEN Une is 'activated (LOW). This mode assumes 
bus arbitration logic will inform the bus controller (on 

. the AEN line) when the bus is free for use. Both 
memory and '110 commands wait for bus arbitration. 

. This mode is used when only one bus exists. Here, 
both I/O and memory are shared by more than one 
processor. 

COMMAND OUTPUTS 

The advanced write commands are made available 
to initiate write procedures early in the machine Cy
cle. This signal can be .used to prevent the propes
sor from entering an unnecessary wait state. ' 

The command outputs are: 
MRi5C - Memory Read Command 
'MWTC' - Memory Write Command 
iOFiC - I/O Read Command 
iOWC - I/O Write Command 
~ - Advanced Memory Write Command 
AIOWC - Advanced I/O Write Command 
IN'i'A -Interrupt Acknowledge 

INTA (Interrupt Acknowledge) acts as an I/O read 
during an interrupt cycle. Its purpose is to inform an 
interrupting device that its interrlJpt is being acknowl
edged and that it should place vectoring information 
onto the data bus. 

CONTROL OUTPUTS 

The control outputs of the 82C88-2 are Data Enable 
(DEN), Data Transmit/Receive (DT /R) and Master 
Cascade Enable/Peripheral Data Enable (MCE/ 
'PiJEN). The DEN signal determines when the exter
nal bus should be enabled onto the local bus and 
,the DT /F!" determines the direction of data transfer. 
These two signals usually go to the chip select and 
direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two 
modes of the 82C88-2. When the 82C88-2 is in the 
lOB mode (lOB HIGH) the 'PiJEN signal serves as a 
dedicated data enable signal for the I/O or Peripher-
al System bus. . 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl. 
edge cycle if the 82C88-2 is in the System Bus mode 
(lOa LOW). During "ny interrupt sequence there are 
two interrupt acknowledge cycles that occur back to 
back. During the first interrupt cycle no data or ad
dress transfers take place. Logic should be provided 
to mask off MCE during this cycle. Just before the 
second cycle begins the MCE signal gates a master 
Priority Interrupt Controller'S (PIC) cascade address 
onto the processor's local bus where ALE (Address 
Latch Enable) strobes it into the address la1ches. On 
the leading' edge of the second interrupt 'cycle the 
addressed slave PIC gates an interrupt vector onto 
the system data bus where it is read by the proces
sor. 

If the system contains only one PIC, the MCE signal 
is not used. In this case the second interrupt Ac-
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .............. O·C to 70·C 

Storage Temperature .......... - SS·C to + 1S0·C 

Supply Voltage 
with Respect to GND .......... -O.SV to + 7.0V 

All Input Voltages 
with Respect to GND ...... -O.SVto Vee +O.SV 

All Output Voltages 
with Respect to GND ...... -O.SV to Vee + O.SV 

Power Dissipation ......................... O. 7W 

*Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device . . This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (Vcc = SV ±10%. TA = 0·Ct070·C) 

Symbol Parameter Min Max Unit Test Conditions 

Icc Operating Supply Current 10 mA Cl = OpF 
tclCl = 200 ns 

Iccs ,Standby Supply Current 100 p,A Outputs Unloaded (Note 1) 

VIH Input High Voltage 2.2 Vee + 0.3 V 

Vil Input Low Voltage -0.3 0.8 V 

VCH VIH for Clock. SO. S1. S2 3.0 Vce + 0.3 V 

Vel Vil for Clock. SO. S1. S2 -0.3 0.8 V 

III Input Leakage Current ±10 p,A OV ~ VIN ~ Vee (Note 2) 

IlO Output Leakage Current ±10 p,A OV ~ VOUT ~ Vec 

IllS Status Input Current -100 10 p,A OV ~ VIN ~ Vee 

VOL Output Low Voltage: 
Command Outputs O.S V IOl = 20mA 
Control Outputs 0.4S IOl = 8mA 

VOH Output High Voltage: 
Command Outputs 3.7 V IOH = -8mA 
Control Outputs 3.7 IOH = -4mA 

CIN Input Capacitance 7 pF 
Freq. = 1 MHz 
Unmeasured pins at GND 

COUT Output Capacitance 1S pF 
Freq. = 1 MHz 
Unmeasured pins at GND 

NOTES: 
1. Ices test conditions are: Status inputs @ Vee. other inputs @ Vee or GND. Outputs open. 
2. Except So. 51. S2. 

knowledge signal gates the interrup~ vector onto the 
processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each ma
chine cycle and serves to strobe the current address 
into the address latches. ALE also serves to strobe 
the status (So. 81. 82) into a latch for halt state de
coding. 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a com
mand qualifier for the 82C88-2. If the CEN pin is -high 
the 82C88-2 functions normally. If the CEN pin is 
pulled LOW. all command lines are held In their inac
tive state (not 3-state). This feature can be used to 
implement memory partitioning and to eliminate ad
dress conflicts between system bus devices and 
resident bus devices. 
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A.C. CHARACTERISTICS (Vcc = 5V ± 1 o o,{, , TA = O°C to 70°C)* 

82C88-2 TIMING REQUIREMENTS 

Symbol Parameter Min Max Units Test Conditions 

fd ClK Frequency 8 MHz 

TCLCl ClK Cycle Period 125 ns 

TClCH ClKlowTime 66 ns 

TCHCl ClK High Time 40 ns 

TSVCH Status Active Setup Time 35 ns 

TCHSV Status Inactive Hold Time 10 ns 

TSHCl Status Inactive Setup Time 35 ns 

TClSH Status Active Hold Time 10 ns 

82C88-2 TIMING RESPONSES 

Symbol Parameter Min Max Units Test Conditions· * 
TCVNV Control Active Delay 5 45 ns a 

TCVNX Control Inactive Delay 5 45 ns a 

TCLLH ALE Active Delay (from ClK) 25 ns a 

TClMCH MCE Active Delay (from ClK) 25 ns a 

TMHNl Command to DEN Delay TClCH-5 ns DEN: a 
Command: b 

TSVlH ALE Active Delay (from Status) 25 ns a 

TSVMCH MCE Active Delay (from Status) 30 ns a 

TCHll ALE Inactive Delay 4 25 ns a 

TClML Command Active Delay 5 35 b 
, 

ns 

TClMH Command Inactive Delay 5 45 ns b 

TCHDTl Direction Control Active Delay 50 ns a 

TCHDTH Direction Control Inactive Delay 30 ns a 

TAElCH Command Enable Time 40 n$ c 

TAEHCZ Command Disable Time 40 ns d 

TAElCV Enable Delay Time 100 250 ns b 

TAEVNV AENto DEN 35 ns a 

TCEVNV CEN to DEN, PDEN 35 ns a 

TCElRH CEN to Command TClMl +10 ns b 

TOlOH Output, Rise Time 15 ns a, b. Froll) 0.8V to 2.2V 

TOHOl Output, Fall Time 15 ns a, b. From 2.2V to 0.8V 

"See Test Condition Definition Table. 
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TEST LOAD CIRCUIT5-3·STATE COMMAND OUTPUT TEST LOAD 

V1 

41 

Test Condition Definition Table 

Test 
Condition 

OUTPUT FROM TEST 
DEVICE 

UNDER TEST POINT 

a 

b 
C1* 

1" 
c 
d 

240027-3 
'Includes stray and jig capacitance 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

=:A.5 +- TEST POINTS -+ l'C 
A.C. Testing: 
Input rise and fall times are: 
5 ns ±2 ns between 0.8V and 2.2V for AEN, CEN and lOB 
8 ns ± 2 ns between 0.8V and 3.0V for So, ~, S2 and ClK. 
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V1,v R1,n 
, 

2.13 220 

2.29 91 

1.5 187 

1.5 187 

240027-4 

C1, pt 

80 

150 

150 

50 
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WAVEFORMS 

ITAn 

CLK 

ADOOUSIDATA 

ALE 

, 

DENCWRITEj 

_CWRITE , 

NOTES: 

orIllCREO", 
(INTA I 

MCE 

_T 

n 
J 

TCHIV-

~ 

TCLLH_ 

TCHDTH- _.t: ----
----IJ 

TCLMCH-

82C88 

T, '2-- T.---~ 

-TCLCLn I--TCLCH~ if" Lr - i\.......-
- flVCH ~ TCHCL-

-\-TCL;; 
TlHeL - J J 1\ 

X ADO. WRITE CD VALID DATA VALID 
.--

Y J:5SYLf~--TCHLL 

rr 
-, 

~ - i-TCLML - _TCLML 

- -TCVNV 
? 

J 

TCVNX-

TCVNV- -
J 

- 1 lCHDTL 

Ii J @ \ 

1-- -rSYMcM" 
r-- TCYNX 

1. Address/Data Bus is shown only for reference purposes. 

I-----T.-

1\ V"""\ - ~ 
I-

~rCLMH 

J 

J 

, 
~ 

l-

V 
J 

, 
~ 

- -TCVNX 

J 

V 
J 

TCHDTH- t-

240027-5 

2. leading edge of ALE and MCE is determined by the falling edge of ClK or Status going active, whichever occurs last. 
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WAVEFORMS (Continued) 

DEN, PDEN QUALIFICATION TIMING 

CIfI 
If 

"'" 

III If 

_TAM "-
'If W 

1\ 1\ 
UN 

_TCEVNV_ 

W 
/1\ 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

OUTPUT CD 
COMMAND 

CEN 

NOTES: 

_TAELCY_ 

\ 

9 YOH 

r \ 

! , 
TCELRH-

V 
I 

~TCELRH. 

\ 

~ 

I! 
I 

~ 
\. 

CEN must be low or valid prior to T2 to prevent the command from being generated. 
1. All Command outputs when in system bus mode, MRDC, MW'i'C, and AMWC when in I/O bus mode. 

Data Sheet Revision Review 

240027-6 

240027-7 

The following represents key differences between this and the previous 82C88. (Order No. 231199-004) data 
sheet. Please review. 

1. This component has been redesigned from 5 MHz to 8 MHz for higher performance. 
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8289 

BUS ARBITER 
8289/8289-1 

• Provides Multi-Master System Bus . • Four Operating Modes for Flexible 
Protocol System Configuration 

• Synchronizes 8086, 8088 Processors • Compatible with Intel Bus Standard 
with Multi-Master Bus MULTIBUSGI> 

• 10 MHz Verlson, 8289-1, Fully • Provides System Bus Arbitration for 
Compatible with 10 MHz 8086 or 8 MHz 8089 lOP in Remote Mode 
80186 Based Systems • Available In EXPRESS 

• Provides Simple Interface with 8288 - Standard Temperature Range 
Bus Controller - Extended Temperature Range 

The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large 8086, 8088 
multi-master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus 
masters, such as an 8086 CPU with 8089 lOP in its REMOTE mode, while providing bipolar buffering and drive 
capability. 
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Table 1. Pin Deacrlptlon 

Symbol Type Name and Function 

Vee POWER: +5Vsupply ± 10%. 

GND GROUND. 

SO,Sf,S2 ,I STATUS INPUT PINS: The status input pins from an 8086, 8088 or 8089 
processor. The 8289 decodes these pins to initiate bus request and surrender 
actions. (See Table 2.) 

ClK I CLOCK: From the 8284 clock chip and serves to establish when bus arbiter 
actions are initiated. 

~ I LOCK: A processor generated signal which when activated (low) prevents the 
~rbiter from surrendering the multi·master system bus to arty other bus arbiter, 
regardless of its priority. 

CRQLCK I COMMON REQUEST LOCK: An active low signal which prevents the arbiter 
from surrendering the mUlti-masd: rostem bus to any other bus arbiter 
requesting the bus through the R input pin. 

RESB I RESIDENT BUS: A strapping option to configure the arbiter to operate in 
systems having both a multi-master system bus and a Resident Bus. Strapped 
high, the multi-master system bus is requested or surrendered as a function of 
the SYSB/RESB Input pin. Strapped low, the .SYSB/RESB input is ignored. 

ANYRQST I ANY REQUEST: A straPping dption which permits the multi-master system 
bus to be surrendered to a lower priority arbiter as if it were an arbiter of higher 
priOrity O.e., when a lower priority arbiter requests the use of the multi-master 
system bus, the bus is surrendered as soon as it is possible). When ' 
,ANYRQST is strapped low, the bus is surrendered according to Table 2. If 
ANYRQST is strapped high and cm:iQ is actlvat8d, the bus is surrendered at 
the end of the pres$nt bus cycle. Strapping eBFm low and ANYRQST high 
forces the 8289 arbiter to surrender the multi-master system bus after each 
transfer cycle. Notli' that when surrender occurs BREQ is driven false (high). 

roB I 10 BUS: A strapping option which' configures the 8289 Arbiter to operate in 
systems having both an 10 Bus (Peripheral But;l) and a multi-master system 
bus. The arbiter requests and surrenders the use of the multi-master system 
bus as a function of the status line, S2. The multi-master system bus is 
permitted to be surrendered while the processor is performing 10 commands 
and is requested whenever the processor performs a memory command. 
Interrupt cycles are assumed as coming from the peripheral bus and are 
treated as an 10 command. 

AEN 0 ADDRESS ENABLE: The output of the 8289 Arbiter to the processor's 
address latches, to the 8288 Bus Controller and 8284A Clock Generator. AEN 
serves to instruct the Bus Controller and address latches when to tri-state 
their output drivers. 

SYSB/ I SYSTEM BUS/RESIDENT BUS: An input signal when the arbiter is 
~ configured in the S.R. Mode (RESB is strapped high) which determines when 

the multi-master system bus is'requested and multi-master system bus 
surrendering is permitted. The signal is intended to originate from a form of 
address-mapping Circuitry, as a decoder or PROM attached to the residen~ 
address bus. Signal transitions and glitches are permitted 0,1) this pin from cfJ 1 

" of :r 4 to cfJ1 of T2 of the processor cycle. During the period from cfJ 1 of T2 to 
cfJ1 of T4,only clean transitions are permitted on this pin (no glitches)., If a 
glitch occurs, the arbiter may capture or miss it, and the multi-master system 
bus may be requested or surrendered, depending upon the state of the glitch. 
The arbiter requests the multi-master system bus in the S.R. Mode when the 
state of the SYSB/FiE'SB pin is high and permits the bus to be surrendered 
when this pin is low. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

CBRO 1/0 COMMON BUS REQUEST: An input signal which instructs the arbiter if there 
are any other arbiters of lower priority requesting the use of the multi-master 
system bus. 

The CBRQ pins (open-collector output) of all the 8289 Bus Arbiters Which 
surrender to the multi-master system bus upon request are connected 
together. 

The Bus Arbiter running the current transfer cycle will not itself pull the CBRO 
line low. Any other arbiter connected to the CBRO line can request the multi-
master system bus. The arbiter presently running the current transfer cycle 

. drops its BREO signal and surrenders the bus whenever the proper surrender 
'conditions exist. Strapping CBRO low and ANYROST high allows the multi-
master system bus to be surrendered after each transfer cycle. See the pin 
definition of ANYROST. 

INIT I INITIALIZE: An active low multi-master system bus input signal used to reset 
all the bus arbiters on the multi-master system bus. After initialization, no 
arbiters have the use of the multi-master system bus. 

BClK I BUS CLOCK: The multi-master system bus clock,to which all multi-master 
system bus interface signals are 'synchronized. 

BREO 0 BUS REQUEST: An active low output signal in the parallel Priority Resolving 
Scheme which the arbiter activates to request the use of the multi-master 
system bus. 

BPRN I BUS PRIORITY IN: The active low signal returned to the arbiter to instruct it 
that it may acquire the multi-master system bus on the next falling edge of 
BClK. BPRN indicates to the arbiter that it is the highest priority requesting 
arbiter presently on the bus. The loss of SPRN instructs the arbiter that it has 
lost priority to a higher priority arbiter. 

BPRO 0 BUS PRIORI.TY OUT: An active low output signal used in the serial priority 
resolving scheme where BPRO is daisy-chained to BPRN of the next lower 
priority arbiter. 

BUSY I/O BUSY: An active low open collector multi-master system bus interface signal 
used to instruct all the arbiters on the bus when the multi-master system bus is 
available. When the multi-master system bus is available the highest request 
arbiter (determined by BPRN) seizes the bus and pulls BUSY low to keep 
other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter 
to acquire the mUlti-master system bus. 

FUNCTIONAL DESCRIPTION system bus will appear as "Not Ready" and the 
processor will enter wait states. The processor will 
remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbi
ter will allow the bus controller, the data transceiv
ers, and the address latches to access the system. 
Typically, once the command has been issued and a 
data transfer has taken place, a transfer acknowl
edge (XACK).is returned to the processor to indicate 
"READY" from the accessed slave device. The 
processor then completes its transfer cycle. Thus 
the arbiter serves to multiplex a processor (or bus 
master) onto a mUlti-master system bus and avoid 
contention problems between bus masters. 

The 8289 Bus Arbiter operates in conjunction with 
the 8288 Bus Controller to interface 8086, 8088 
processors to a multi-master system bus (both the . 
8086 and 8088 are configured in their max mode). 
The processor is unaware of the arbiter's existence 
and Issues commands as though it has exclusive 
use of the system bus. If the processor does not 
have the uSe of the multi-master 'system bus, the 
arbiter prevents the Bus Controller (8288), the data 
transceivers and the address latches from access
ing the system bus (e.g., all bus driver outputs are 
forced into the high impedance state). Since the 
command sequence was not issued by the 8288, the 
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Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus 
when a lower priority master completes its present 
transfer cycle. Lower priority bus masters obtain the 
bus when a higher priority master is not accessing 
the system. bus. A strapping option (ANYRQST) is 
provided to allow the arbiter to surrender the bus to 
a lower priority master as though it were a master of 
higher priority. If there are no other bus masters re
questing the bus, the arbiter maintains the bus so 
long as its processor has not entered the HALT 
State. The arbiter will not voluntarily surrender the 
system bus and has to be forced off by another mas
ter's bus request, the HALT -State being the only ex
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets 
of conditions. 

Priority Resolving Techniques 
Since there can be many bus masters on a multi
master system bus, some means of resolving priority 
between bus masters simultaneously requesting the 
bus must be provided. The 8289' Bus Arbiter pro
vides several resovling techniques. All the tech
niques' are based on a priority concept that at a giv
en time one bus master will have priority above all 
the rest. There are provisions for using parallel prior
ity resolving techniques, serial priority resolving 
techniques, and rotating priority techniques. 

Parallel Priority Resolving 

The parallel priority resolv~~ technique uses a sepa
rate bus request line (BR ) for each arbiter on the 
multi-master system bus, see Figure 4. Each BREQ 
line enters into a priority encoder which genEaates 
the binary address of the highest priority BRE line 
which is active. The binary address is decoded by a 
decoder to select the corresponding 'Ei'PRN (Bus Pri
ority In) line to be returned to the highest priority 
r;ujGting arbiter. The arbiter receiving priority 
(B R true) then allows its associated bus master 
onto the mUlti-master system bus as soon as it be
comes available (i.e., the bus is no longer busy). 
When one bus arbiter gains priority over another ar
biter it cannot immediately seize the bus, it must wait 
until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant 
recognizes that it no longer has priB~ty and surren
ders the bus by releasing BUSY. B Y is an active 
low "OR" tied signal line which goes to every bus 
arbiter on the system bus. When BUSY goes inac
tive (high), the arbiter which presently has bus priori
ty ('Ei'PRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See wave
form timing diagram, Figure 5. Note that all multi
master system bus transactions are synchronized to 
the bus clock (BCLK). This allows the parallel priority 
resoMng circuitry or any other priority resolving 
scheme employed,to settle. 

74148 

~--I ::~~~~~ 
74138 
3Toa 

DECODER 

231460-4 

Figure 4_ Parall •• Priority Resolving Technique 
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231460-5 

NOTES: 
1. Higher priority bus arbiter requests the multi-master system bus. 
2. Attains priority. 
3. Lower priority bus arbiter releases busy. 
4. Higher priority bus arbiter then acquires the bus and pulls busy down. 

Figure 5. Higher Priority Arbiter Obtaining the Bus from a Lower Priority Arbiter 

SERIAL PRIORITY RESOLVING 

The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement 
by daisy-chaining the bus arbiters together, connect
ing the higher priority bus arbiter's BPRO (Bus Priori
ty Out) output to the BPRN of the next lower priority. 
See Figure 6. 

. . 
CBRO: : BUSY 

231460-6 
The number of arbiters that may be daisy-chained together in the 
serial priority resolving scheme is a function of BCLK and the 
propagation delay from arbiter to arbner. Normally. at 10 MHz 
only 3 arbiter may be dalsy-chained. 

Figure 6. Serial Priority Resolving 

ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is simi.lar to 
that of the priority resolving technique except that 
priority is dynamically re-assigned. The priority· en
coder is replaced by a more complex circuit which 
rotates priority between requesting arbiters thus al
lowing each arbiter an equal chance to use the mul
ti-master system bus, over time. 

Which Priority Resolving Technique To 
Use 

There are advantages and disadvantages for each 
of the techniques described above. The rotating pri
ority resolving technique requires substantial exter
nal logic to implement while the serial technique 
uses no external logic but can accommodate only a 
limited number of bus arbiters before the daisy-chain 
propagation delae exceeds the multi-master's sys
tem bus clock (B LK). The parallel priority resolving 
technique is in general a good compromise between 
the other two techniques. It allows for many arbiters 
to be present on the bus while not requiring too 
much logiC to implement. 

NOTE: 
In some system configurations it is possible for a 
non-I/O Processor to have access to more than 
one Multi-Master System Bus, see 8289 Application 
Note. 
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8289 Modes of Operation 

There are two types of processors in the 8086 fami
ly. An InputlOutput processor (the 8089 lOP) and 
the 8086/10, 8088/10 CPUs. Consequently, there 
are two basic operating modes in the 8289 bus arbi
ter. One, the lOB (1/0 Peripheral Bus) mode, permits 
the processor access to both an 110 Peripheral Bus 
and a multi-master system bus. The second, the 
RESB (Resident Bus mode), permits the processor 
to communicate over both a Resident Bus and a 
multi-master system bus. An 1/0 Peripheral Bus is a 
bus where all devices on that bus, including memory, 
are treated as 1/0 devices and are addressed by 1/0 
commands. All memory commands are directed to 
another bus, the multi-master system bus. A Resi
dent Bus can issue both memory and 1/0 com
mands, but it is a distinct and separate bus from the 
multi-master systel"(l bus. The distinction is that the 
Resident Bus has only one master, providing full 
availability and being dedicated to that one master. 

The iC5B strapp~ option configures the 8289 Bus 
Arbiter into the lOB mode and the strapping option 
RESB configures it into the RESB mode. It might be 
noted at this point that if both strapping options are 
strapped false, the arbiter interfaces the processor 
to a multi-master system bus only (see Figure 7). 

With both options strapped true, the arbiter interfac
es the processor to a multi-master system bus, a 
Resident Bus, and an 1/0 Bus. 

In the iOB mode, the processor communicates and 
controls a host of peripherals over the Peripheral 
Bus. When the 1/0 Processor needs to communi
cate with system memory, it does so over the sys
tem memory bus. Figure 8 shows a possible 1/0 
Processor system configuration. 

The 8086 and 8088 processors' can communicate 
with a Resident Bus and a multi-master system bus. 
Two bus controllers and only one Bus Arbiter would 
be needed in such a configuration as shown in Fig
ure 9. In such a system configuration the processor 
would have access to memory and peripherals of 
both busses. Memory mapping techniques are ap
plied to select which bus is to be accessed. The 
SYSB/RESB input on the arbiter serves to instruct 
the arbiter as to whether or not the system bus is to 
be accessed. The signal connected to SYSB/RES'B 
also enables or disables commands from one of the 
bus controllers. 

A summary of the modes that the 8289 has, along 
with its response to its status lines inputs, is summa
rized in Table 2. 

Table 2. Summary of 8289 Modes Requesting and Relinquishing the Multi-Master System Bus • 
Single 

ausMocIe 
Status Lin .. From 10BMocIe RESB (Mode) Only lOB Mode RESB Mode lOB = High 

8086 or 8088 or 8088 Only lOB = High RESB = High lOB = Low RESB = High RESB = Low 

S2 !1 SO ~=LOW SYSB/~ = High SYSB/RESS = Low SYSB/'RESB = High SYSB/AESB = Low 

1/0 
0 0 0 x .. x x x .. 

!cMOS 
0 0 1 x .. x x x .. 
0 1. 0 x .. x x x .. 

iHALT 0 1 1 x x x x x x 

MEM 
1 0 0 .. .. x .. x .. 

pMOS 
1 0 1 .. .. x .. x .. 
1 1 0 .. .. x .. x .. 

IDLE 1 1 1 x x 
, 

x x x x 

NOTES: 
1. X = Multi-Master System Bus is allowed to be Surrendered. 
2. ", = Multi-Master System Bus is Requested. 
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Mode Pin Multi-Master System Bus 
Strapping Requested" , Surrendered' 

Single Bus TOS = High Whenever the processor's HL T + TI • CSRQ + HPSRQt 
Multi-Master Mode RESS = Low status lines go active 

RESS Mode Only iOB = High SYSS/'R'ESB = High. (SYSS/'R'ESB = Low + TI) • 
RESS = High ACTIVE STATUS CSRQ + HLT + HPSRQ 

lOS Mode Only iOB = Low Memory Commands (I/O Status + TI) • CSRQ + 
RESS = Low HLT + HPSRQ 

lOS Mode. RESS Mode iOB = Low (Memory Command) • ((I/O Status Commands) + 
RESB = High (SYSB/FiESB = High) SYSB/RESB = LOW». CBRQ 

+ HPBRQt + HL T 

NOTES: 
.~ prevents surrender of Bus to any other arbiter, ~ prevents surrender of Bus to any lower priority arbiter. 
• ·Except for HALT and Passive or IDLE Status. 
tHPBRO, Higher Priority Bus Request or BJ5FUiI = 1. 
1. imi Active Low. 
2. RESB Active High. 
3. + is read as "OR" and • as "AND". 
4. TI = Processor Idle Status ~, sr, ~ = 111 
5. HL T = Processor Halt Status ~, sr, ~ = 011 
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• By adding another 8289 arbiter and connecting its AEIiI to the 8288 whose AEIiI is presently grounded, the processor 
could have access to two multi-master buses. 

Figure 9. 8289 Bus Arbiter Shown In System-Resident Bus Configuration 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .............. O·C to 70·C 

Storage Temperature .........• - 65·C to + 1S0·C 

All Output and Supply Voltages ..... -O.SV to + 7V 

All Input Voltages ................ -1.0V to + S.SV 

Power Dissipation ........................ 1.S Watt 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

DC CHARACTERISTICS TA = 0·Ct070·C, Vee = +SV ± 10% 

Symbol Parameter Min Max Units Test Conditions 

Ve Input Clamp Voltage . -1.0 V Vee = 4.S0V, Ie = -S mA 

IF Input Forward Current -0.5 mA Vee = 5.50V, VF = 0.45V 

IR Reverse Input Leakage Current 60 p.A Vee = 5.50, VR = 5.50 

VOL Output Low Voltage 
BUSY,CBRO 0.45 V IOL = 20mA 
AEN 0.45 V IOL = 16mA 
BPRO,BREO. 0.45 V IOL = 10 mA 

VOH Output High Voltage 
BUSY,CBRO Open Collector 

All Other Outputs 2.4 V IOH = 400,.,.A 

Icc Power Supply Current 165 mA 

VIL Input Low Voltage .8 V 

VIH Input High Voltage 2.0 V 

Cin Status Input Capacitance 25 pF 

Cin (Others) Input Capacitance 12 pF 

AC CHARACTERISTICS Vee = +5V ±10%, TA = 0·Ct070·C 

TIMING REQUIREMENTS 

Symbol Parameter 8289 Min 8289-1 Min Max Units Test Conditions 

TCLCL CLK Cycle Period 125 100 ns 

TCLCH CLKLowTime 65 53 ris 

TCHCL CLK High Time 35 26 ns 

TSVCH Status Active Setup 65 55 TCLCL-10 ns 

TSHCL Status Inactive Setup SO 45 TCLCL-10 ns 

THVCH Status Active Hold 10 10 ns 

THVCL Status Inactive Hold 10 10 ns 

TBYSBL BUS t J.. Setup to BCLK J.. 20 20 ns 

TCBSBL CBRO t J.. Setup to BCLK J.. 20 20 ns 

TBLBL BCLK Cycle Time 100 100 ns 

TBHCL BLCK High Time 30 30 .65 [TBLBL] ns 

TCLLL1 LOCK Inactive Hold 10 10 ns 
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AC CHARACTERISTICS (Continued) 

TIMING REQUIREMENTS, (Continued) 

Symbol Parameter 8289 Min 8289-1 Min Max Units Test Conditions 

TCLLL2 LOCK Active Setup 40 40 ns -, 

TPNBL BPRN t J. to BCLK Setup Time 15 15 ns 

TCLSR1 SYSB/RESB Setup 0 0 ns 

TCLSR2 SYSB/RESB Hold 20 20 ns 

TIVIH' , Initialization Pulse Width 3TBLBL+ 3TBLBL+ ns 
3 TCLCL 3 TCLCL 

TIMING RESPONSES 

Symbol Parameter ,Min Max Units Test Condltrons 

TBLBRL BCLK to BREa DELAY t J. 
TBLPOH BCLK to BPRO t J. (See Note 1) 

TPNPO BPRN t J. to BPRO t J. Delay 
(See Note 1) 

TBLBYL BCLK to BUSY Low 

TBLBYH BCLK to BUSY Float (See Note 2) 

TCLAEH CLK to AEN High 

TBLAEL BCLK to AEN Low 

TBLCBL BCLK to CBRa Low 

TRLCRH BCLK to CBRa Float (See Note 2) 

TOLOH Output Rise Time 

TOHOL Output Fall Time 
.. t .J.. Denotes that spec applies to both tranSItions of the Signal . 

NOTES: 

35 ns 

40 ns 

25 ns 

60 ns 

35 tis 

65 ns 

40 ns 

60 ns 

35 ns 

20 ns From 0.6V to 2.0V 

12 ns From 2.0V to O.SV 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 
2. Measured at .5V above GND. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

J.----,1C 
231480-10 

A.C. Testing: Inputs are drlven at 2.4V for a logic "1" and 0.45V 
lor a logic "0". The clock Is drlven at 4.3V and O.25V. Timing 
measurements are made at 1.5V for both a logic "1" and "0". 
Input rise and fall Umes (measured between O.BV and 2.0V) are 
driven at 5 ± 2 ns. 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

"1c~ = l00pF 
TEST 

231480-11 
Ct. - 100 pF 
CL Includes Jig Capacitance 
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1. lOCK Active can occur during any state, as long as the relationships shown above with respect to the ClK are 
maintained. " 
lOCK Inactive has no critical time and can be asynchronous. 
CRQlCK has no critical timing and is considered an asynchronous input signal 
2. Glitching of SYSB/RESB Pin is permitted during this time. Before </>2 of T1, and after </>1 of T4, SYSB/RESB should 
be stable. 
3. AEiii leading edge is related to BClK, trailing edge to ClK. The trailing edge of AEN occurs after bus priority is lost. 

ADDITIONAL NOTES: 
The signals related to ClK are typcial processor signals, and do not relate to the depicted sequence of events of the signals 
referenced to BClK. The signals shown related to the BClK represent a hypothetical sequence of events for illustration. 
Assume 3 bus arbiters of priorities 1, 2, and 3 configured in serial priority resolving scheme as shown in Figure 6. Assume 
arbiter 1 has the bus and is holding busy low. Arbiter #2 detec~ itsdrocessor wants the bus and pulls low BREQ#2. If 
BPRN # 2 is high (as shown), arbiter # 2 will pull low CBRQ line. BR Signals to the higher priority arbiter # 1 that a lower 
priority arbiter wants the bus. [A higher priority arbiter WOUI~ be ~lanted BPRN when it makes the bus request rather than 
having to wait for another arbiter to release the bus through BR ... Arbiter # 1 will relinquish the multi-master system bus 
when it enters a state not requiring it (see Table 1), by lowering its 8PR()iji"f (tied to BPRN#2) and releasing BUSY. Arbiter 
#2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As soon as BUSY signifies the bus is 
available (high), arbiter #2 pulls BUSY low on next falling edge of BClK. Note that if arbiter #2 didn't want the bus at the 
time it received priority,it would pass priority to the next lower PrigWV arbiter by lowering its BPRO#2[TPNPO]. 
"Note that even a higher priority arbiter which is acquiring the bus through RN will momentarily drop CiiRl:i until it has acquired the bus. 
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HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 

(8237 A, 8237 A-4, 8237 A-S) 

• Enable/Disable Control of Individual • Directly Expandable to Any Number of 
DMA Requests Channels 

• Four Independent DMA Channels • End of Process Input for Terminating 

• Independent Autoinitialization of All Transfers 

Channels • Software DMA Requests 

• Memory-to-Memory Transfers • Independent Polarity Control for DREQ 

• Memory Block Initialization and DACK Signals 

• Address Increment or Decrement • Available In EXPRESS 
- Standard Temperature Range 

• High Performance: Transfers up to 
Available In 40-Lead Cerdlp and Plastic 1.6M Bytes/Second with 5 MHz 8237A-5 • Packages 
(See Packaging Spec. Order #231369) 

The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc
essor systems. It is designed to improve system performance by allowing external devices to directly transfer 
information from the system memory. Memory-to-memory transfer capability is also provided. The 8237A 
offers a wide variety of programmable control features to enhance data throughput and system optimization 
and to allow dynamic reconfiguration under program control. 

The 8237 A is designed to be used in conjunction with an external 8-bit address latch. It contains four indepen
dent channels and may be expanded to any number of channels by cascading additional controller chips. The 
three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can 
be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). Each 
channel has a full 64K address and word count capability. 

The 8273A-4 and 8237A-5 are 4 MHz and 5 MHz versions of the standard 3 MHz 8237A respectively. 

.. 
CLOCK 

..... ..... ... ... 
DREGO- 4 ..... 
GACKa. 4 ..... 

TIMING 
.HD 

CONTAOL 

Figure 1. Block Diagram 
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Table 1. Pin Description 

Symbol Type Name and Function 

Vee POWER: + 5V supply. 

VSS GROUND: Ground. 

CLK I CLOCK INPUT: Clock Input controls the internal operations of the 
8237 A and its rate of data transfers. The input may be driven at up 
to 3 MHz for the standard 8237 A and up to 5 MHz for the 8237 A-5. 

C§ I CHIP SELECt: Chip Select is an active low input used to select 
the 8237A as an I/O device during the Idle cycle. This allows CPU 
communication on the data bus. 

RESET I RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the first/ 
last flip/flop and sets the Mask register. Following a Reset the 
device is in the Idle cycle. 

READY I READY: Ready is an input used to extend the memory read and 
write pulses from the 8237 A to accommodate slow memories or 
I/O peripheral devices. Ready (Tlust not make transitions during its 
specified setup/hold time. 

HLDA I HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 

DREQO-DREQ3 I DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated 
by activating the DREQ line of a channel. DACK will acknowledge 
the recognition of DREQ signal. Polarity of DREQ is 
programmable. Reset initializes these lines to active high. DREQ 
must be maintained until the corresponding DACK goes active. 

DBO-DB7 I/O DATA BUS: The Data Bus lines are bidirectional three-state 
signals connected to the system data bus. The outputs are 
enabled in the Program condition during the I/O Read to output 
the contents of an Address register, a Status register, the 
Temporary register or a Word Count register to the CPU. The 
outputs are disabled and the inputs are read during an I/O Write 
cycle when the CPU is programming the 8237 A control registers. 
During DMA cycles the most significant 8 bits of the address are 
output onto the data bus to be strobed into an external latch by 
ADSTB. In memory-to-memory operations, data from the memory 
comes into the 8237 A on the data bus during the read-from-
memory transfer. In the write-to-memory transfer, the data bus 
outputs place the data into the new memory locatiqn. 

lOR I/O I/O READ: I/O Read is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to 
read the control registers. In the Active cycle, it is an output control 
signal used by the 8237 A to access data from a peripheral during a 
DMA Write transfer. 

lOW 1/0 I/O WRITE: 1/0 Write is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to 
load information into the 8237 A. In the Active cycle, it is an output 
control signal used by the 8237 A to load data to the peripheral 
during a DMA Read transfer. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

EOP 1/0 END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of DMA services is 
available at the bidirectional EOP pin. The 8237 A allows an 
external signal to terminate an active DMA service. This is 
accomplished by, pulling the EOP input low with an external EOP 
signal. The 8237 A also generates a pulse when the terminal count 
(TC) for any channel il? reached. This generates an EOP signal 
which is output through the EOP line. The reception of EOP, either 
internal or external, will cause the 8237A to terminate the service, 
reset the request, and, if Autoinitialize is enabled, to write the base 
registers to the current registers of that channel. The mask bit and 
TC bit in the status word will be set for the currently active channel 
by EOP unless the channel is programmed for Autoinitialize. In that 
case, the mask bit remains unchanged. During memory-to-memory 
transfers, EOP will be output when the TC for channel 1 occurs. 
EOP should be tied high with a pull-up resistor if it is not used to 
prevent erroneous end of process inputs. 

AO-A3 1/0 ADDRESS: The four least significant address lines are 
bidirectional three-state Signals. In the Idle cycle they are inputs 
and are used by the CPU to address the register to be loaded or 
read. In the Active cycle they are outputs and provide the lower 4 
bits of the output address. 

A4-A7 0 ' ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled 
only during the DMA service. 

HRQ 0 HOLD REQUEST: This is the Hold Request to the CPU and is 
used to request control of the system bus. If the corresponding 
mask bit is clear, the presence of any valid DREQ causes 8237 A to 
issue the HRQ. 

DACKO-DACK3 0 DMA ACKNOWLEDGE:,DMA Acknowledge is used to notify the 
individual peripherals when one has been granted a DMA cycle. 
The sense of these lines is programmable. Reset initializes them 
to active low. 

AEN 0 ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 

ADSTB 0 ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 

MEMR 0 MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory 
location during a DMA Read or a memory-to-memory transfer. 

MEMW 0 MEMORY WRITE: The Memory Write is an active low three-state 
output used to write data to the selected memory location during a 

, DMA Write or a memory-to-memory transfer. 

PIN5 I PIN5: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish a logic high when the pin is left 

, floating. It is recommended however, that PIN5 be connected to 
Vee· 
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FUNCTIONAL DESCRIPTION 

The 8237 A block diagram includes the major logic 
blocks and all of the internal registers. The data In
terconnection paths are also shown. Not shown are 
the various control signals between the blocks. The 
8237 A contains 344 bits of internal memory in the 
form of registers. Figure 3 lists these registers by 
name and shows the size of each. A detailed de
scription of the registers and their functions can be 
found under Register Description. 

Name Size Number 

Base Address Registers 16 bits 4 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16 bits 4 
Temporary Address Register 16 bits 1 
Temporary Word Count Register 16 bits 1 
Status Register abita 1 
Command Register a bits 1 
Temporary Register a bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4 bits 1 

Figure 3. 8237A Internal Registers 

The 8237 A contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 8237 A. 
The Program Command Control block decodes the 
various commands given to the 8237 A by the micro
processor prior to servicing a DMA Request. It also 
decodes the Mode Control word used to select the 
type of DMA during the servicing. The Priority En
~oder block resolves priority contention between 
lMA channels requesting service simultaneously. 

The Timing Control block derives internal timing 
from the clock input. In 8237 A systems, this input 
will usually be the 4>2 TTL clock from an 8224 or 
ClK from an 8085AH or 8284A. 33% duty cycle 
clock generators, however, may not meet the clock 
high time requirement of the 8237 A of the same fre
quency. For example, 82C84A-5 ClK output violates 
the clock high time requirement of 8237A-5. In this 
case 82C84A ClK can simply be inverted to meet 
8237 A-5 clock high and low time requirements. For 
8085AH-2 systems above 3.9 MHz, the 8085 
ClK(OUT) does not satisfy 8237 A-5 clock lOW and 
HIGH time requirements. In this case, an external 
clock should be used to drive the 8237 A-5. 

DMA OPERATION 

The 8237 A is designed to operate in two major cy
cles. These are called Idle and Active cycles. Each 
device cycle is made up of a number of states. The 
8237 A can assume seven separate states, each 
composed of one full clock period. 5tate I (51) is the 
inactive state. It is entered when the 8237 A has no 

valid DMA requests pending. While in 51, the DMA 
controller is inactive but may be in the Program Con
dition, being programmed by the processor. 5tate 
50 (50) is the first state of a DMA service. The 
8237 A has requested a hold but the processor has 
not yet returned an acknowledge. The 8237 A may 
still be programmed until it receives HlDA from the 
CPU. An acknowledge from the CPU will Signal that 
DMA transfers may begin. 51, 52, 53 and 54 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with 
normal timing, wait states (5W) can be inserted be
tween 52 or 53 and 54 by the use of the Ready line 
on the 8237 A. Note that the data is transferred di
rectlt.!!2m the I/O device to memory (or vice versa) 
with lOR and MEMW (or MEMR and lOW) being ac
tive at the same time. The data is not read into or 
driven out of the 8237A in I/O-to-memory or memo
ry-to-I/O DMA transfers. 

Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (511, 512, 513, 514) are used for the read
from-memory half and the last four states (521, 522, 
523, 524) for the write-to-memory half of the trans
fer. 

IDLE CYCLE 

When no channel is requesting service, the 8237 A 
will enter the Idle cycle and perform "51" states. In 
this cycle the 8237A will sample the DREQ lines ev
ery clock cycle to determine if any channel is re
!J!!..esting a DMA service. The device will also sample 
CS, looking for an attempt by the microprocessor to 
write or read the internal registers of the 8237 A. 
When CS is low and HlDA is low, the 8237A enters 
the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part 
by reading from or writing to the internal registers. 
Address lines AO-A3 are inputs to the device and 
select which registers will be read or written. The 
lOR and lOW lines are used to select and time reads 
or writes. Due to the number and size of the internal 
registers, an internal flip-flop is used to generate an 
additional bit of address. This bit is used to deter
mine the upper or lower byte of the 16-bit Address 
and Word Count registers. The flip·flop is reset by 
Master Clear or Reset. A separate software com
mand can also reset this flip-flop. 

Special software commands can be executed by the 
8237 A in the Program Condition. These commands 
are decoded as sets of addresses with the CS and 
lOW. The commands do not make use of the data 
bus. Instructions include Clear First/last Flip-Flop 
and Master Clear. 
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ACTIVE CYCLE 

When the 8237 A is in the Idle cycle and a non
masked channel requests a DMA service, the device 
will output an HRO to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv
ice will take place, in one of four modes: 

Single Transfer Mode-In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto
initialize if the channel has been programmed to do 
so. 

DREO must be held active until DACK becomes ac
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed. In 8080A, 8085AH, 
8088, or 8086 system, this will ensure one full ma
chine cycle execution between DMA transfers. De
tails of timing between the 8237 A and other bus 
control protocols will depend upon the characteris
tics of the microprocessor involved. 

Block Transfer Mode-In Block Transfer mode the 
device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 

Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 

Demand Transfer Mode-In Demand Transfer 
mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the 1/0 device has exhausted its data 
capacity. After the 1/0 device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 8237 A Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener
ated either by TC or by an external signal. DREQ 
has to be low before S4 to prevent another Transfer. 

Cascade Mode-This mode is used to cascade 
more than one 8237 A together for simple system 
expansion. The HRQ and HLDA signals from the ad
ditional 8237A are connected to the DREQ and 
DACK signals of a channel of the initial 8237 A. This 
allows the DMA requests of the additional device to 
propagate through the priority network circuitry of 
the preceding device. The priority chain is preserved 
and the new device must wait for its turn to acknowl
edge requests. Since the cascade channel of the 
initial 8237 A is used only for prioritizing the addition
al device, it does not output any address or control 

2ND LEVEL 

1ST LEVEL 8237A 
MICROPROCESSOR 

~ HRC DREC -
~ HLDA DACK --

8237A 

DREQ -
DACK --

INITIAL DEVICE 

Figure 4. Cascaded 8237As 
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signals of its own. These could conflict with the out
puts of the active channel in the added tlevice. The 
8237 A will respond to DREC and DACK but all other 
outputs except HRC will be disabled. The ready in
put is ignored. 

Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA system. More 8237 As 
could be added at the second level by using the 
remaining channels of the first level. Additional de
vices can also be added by cascading into the chan
nels of the second level device, forming a third level. 

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from an 
1/0 device to the memory by activating MEMW and 
TOR. Read transfers move data from memory to an 
1/0 device by activating MEMf!i and lOW. Verify 
transfers are pseudo transfers. The 8237 A operates 
as in Read or Write transfers generating addresses, 
and responding to EOP, etc. However, the memory 
and 1/0 control lines all remain inactive. the ready 
input is ignored in verify mode. 

Memory-to-Memory-To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and time, the 
8237 A includes a memory-to-memory transfer fea
ture. Programming a bit in the Command register 
selects channels 0 and 1 to operate as memory-to
memory transfer channels. The transfer is initiated 
by setting the software DREC for channel o. The 
8237 A requests a DMA service in the normal man
ner: After HLDA is true, the device, using four state 
transfers in Block Transfer mode, reads data from 
the memory. The channel 0 Current Address register 
is the source for the address used and is decrement
ed or incremented in the normal manner. The data 
byte read from the memory is stored in the 8237 A 
internal Temporary register. Channel 1 then per
forms a four-state transfer of the data from the Tem
porary register to memory using the address in its 
Current Address register and incrementing or decre
menting it in the normal manner. The channel 1 cur
rent Word Count is decremented. When the word 
count of channel 1 goes to FFFFH, a TC is generat
ed causing an EOP output terminating the service. 

Channel o may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 

!he 8237A will respond to external EOP signals (jur
,ng memory-to-memory transfers. Data comparators 
in block search schemes may use this input to termi
nate the service when a match is found. The timing 
of memory-ta-memory transfers is found in Figure 
12. Memory-to-memory operations can be detected 
as an active AEN with no DACK outputs. 

Autoinitialize-By programming a bit in the Mode 
register, a Channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial
ize the channel is ready to perform another DMA 
service, without CPU intervention,as soon as a valid 
DREC is detected. In order to Autoinitialize both 
channels in a memory-to-memory. transfer, both 
word counts should be programmed identically. If in
terrupted externally, EOP pulses should be applied 
in both bus cycles. 

Priority-The 8237 A has two types of priority en
coding available as software selectable options. The 
first is Fixed Priority which fixes the channels in pri
ority order based upon the descending value of their 
number. The channel with the lowest priority is 3 
followed by 2, 1 and the highest priority channel, o. 
After the recognition of anyone channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 

After completion of a service, HRC will go inactive 
and the 8237A will wait for HLDA to go low before 
activating HRC to service another channel. 

The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 

high ••• 

lowest 

1,. _08 2nd _08 
o 2 _.ervlce \3_ servlc. 
1 _.ervlce""'\ 3 _request 0 
2 ,0 1 
3 1 2 
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With Rotating Priority ina single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
servic:es have occurred. This prevents anyone 
channel from monopolizing the system; 

Compressed Timing-In order to achieve even 
greater throughput where system characteristics 
permit, the 8237 A can compress the transfer time to 
two clock cycles. From Figure 11 it can be seen that 
state 53 is used to extend the access time of the 
read pulse. By removing state 53, the read pulse 
wldtl'l is made equal to the write pulse width and a 
transfer consists only of state 52 to change thead
dress and state 54 to perform the read/write. 51 
states will still occur when A8-A 15 need updating 
(see Address Generation). Timing for compressed 
transfers is found in Figure 14. 

Address Generation-In order to reduce pin count, 
the 8237A multiplexes the eight higher order ad
dress bits on the data lines. State 51 is used to out
put the higher order address bits to an external latch 
from which they may be placed on the address bus. 
The falling edge of Address Strobe (AD5TB) is used 
to load these bits from the data lines to the latch. 
Address Enable (AEN) is used to enable the bits 
onto the address bus through a three-state enable: 
The lower order address bits are output by the 
6237A directly. Lines AO-A7 should be connected 
to the address bus. Figure 11 shows the time rela
tionships between ClK, AEN, AD5TB, DBO-DB? 
and AO-A7. ' 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 8237A executes S1 states only when 
updating of A8-A15 in the latch is necessary. This 
means for long services, S 1 states and Address 
Strobes may occur only once every 259 transfers, a 
savings of 255 clock cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register-Each channel has a 
16-bit Current Address register. This register holds 
the value of the address used during DMA transfers. 
The address is automatically incremented or decre
mented after each transfer and the intermediate val
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize takes place 
only after an EOP. 

Current Word Reglster,....Each channel has a 16-
bit Current Word Count register; This register deter
mines the number' of transfers to be performed. The 
actual number of transfers will be one ·more than the 
number programmed in the Current Word Count reg
ister (i.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the· transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load
ed or read in successive 8-bit bytes by the micro
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its original value .. Auto
initialize can occur only when an EOP occurs.1f it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 

Base Address and Base Word Count Registers
Each channel has a pair of Base Address and Base 
Wor,d Count registers. These 16-bit registers store 
the original. value. of their associated current regis~ 
ters. During Autoinitialize these values are used to 
restore the current registers to their original values. 
The base registers are written simultaneously, with 
their corresponding current register in 8-bit bytes in 
the Program Condition by the microprocessor. 
These registers cannot be read by the microproces
sor. 

Command Register-This 8-bit register contrells 
the operation of the 8237 A. It is programmed by the 
microprocessor in the Program Conqition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 

Mode Register-Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written, to by the 'microprocessor in the Program 
Condition, ' bits' 0 and 1 determine which channel 
Mode register is to be written. 

Request Register-The 8237 A can respond to re
quests for pMAservice which are initiated by soft
ware as well as by a DREQ. Each channe.1 has a 
request bit associated with it in the 4-bit Request 
register. These are hon-maskable and subject to pri
oritization by the Priority Encoder network. Each reg
ister bit is set or. reset separately under software 
control or is cleared upon generation of a TC or ex
ternal EOP. The entire register is cleared by a Reset. 
To set or reset a pit, the software loads the proper 
form of the data word. See Figure 5 for register ad
dress coding. In order to make a software request, 
the channel must be in Block Mode. 
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Command Register 

7 8 & 4 a 2 1 o ___ In Number 

I I I I I I I I I 
0 Memory·to-memcxy disable 
1 Memory-to-mell\OfY enable 

y! Channel 0 eddreas hold disable 
Channel 0 eddress hold enable 

Mode Register 

II bit 0.0 

0 Controller enable 
1 Controller disable 

f 0 Normal liming 

I ~ Compreeeed liming 
II bltO=1 

10 Fixed priority 
, 1 Rotallng priority 

fOlate write eelecllon 
I 1 Extended write selecllon 

X,lIblt3=1 

10 DREQ aenee' active high 
, 1 DREQ eenee acllve low 

10 DACK senee acllve low 
, 1 DACK senee acllve high 

231466-5 

00 Verily tranaler 
01 Write tranafer 

'-----{ 10 Read transfer 
11 Illegal 
XX II blta 6 and 7=11 

o Autolnltlallzallon disable 
'-------I 1 Autolnltlallzallon enable 

\ 

'--____ -/ 0 Address Inenement eelact 
1 Address decrement eelect 

00 Damand mode eelect 
'--______ ..,..{ 01 Single mode select 

10 Block mode eelect 
11 Caecede mode eelect 

231466-6 

Request Register 

7 8 a 4 3 2 1 0 _SIINumber 

I I I I I I II I , -, L{ 00 Select channel 0 
Don'i Care 01 Select channel 1 

10 Select channel 2 
11 Select channel 3 

'--_--I' J 0 Reeet request bit 
I 1 Set request bit 

231466-7 
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Mask Register-Each channel has associated with 
it a mask bit which can be set to disable the incom
ing DREQ. Each mask bit is set when its associated 
channel produces an EOP if the channel is not pro
grammed for Autoinitialize. Each bit of the 4-bit 
Mask register may also be set or cleared separately 
under software control. The entire register is also set 
by a Reset. This disables all DMA requests until a 
clear Mask register instruction allows them to occur. 
The instruction to separately set or clear the mask 
bits is similar in form to that used with the Request 
register. See Figure 5 for instruction addressing. 

7 8 & 4 3 2 1 O-'-SnNumber 

I I I I I I I I I 
Oon't Cera L{ 00 Select channel 0 mask bit 

01 Selact channel 1 mask bit 
to Select channel 2 mask bit 
H Select channel 3 mask bit 

'--__ -(I 0 Clear mask bit 
I 1 Set mask bit 

231466-8 

All four bits of tile Mask register may also be written 
with a single command. 

0 Clew channel 0 mask bit 
1 Set channel 0 mask bit 

0 Clear channell mask bit 
1 Set channel 1 mask bit 

0 Clear channel 2 mask bit 
1 Set channel 2 mask bit 

0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 

231466-9 

Register Operation 
Signals 

CS lOR lOW A3 A2 A1 AO 

Command Write 0 1 0 1 0 0 0 
Mode Write 0 1 0 1 0 1 1 
Request Write 0 1 0 1 0 0 1 
Mask Set/Reset 0 1 0 1 0 1 0 
Mask Write 0 1 0 1 1 1 1 
Temporary Read 0 0 1 1 1 0 1 
Status Read 0 0 1 1 0 0 0 

Figure 5. Definition of Register Codes 

Status Register-The Status register is available,to 
be read out of the 8237 A by the microprocessor. It 
contains information about the status of the devices 
at this point. This information includes which chan
nelsflave reached a terminal count and which chan-
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7 8 5 4 3 2 1 o 41-- IH Number 

I I I I I I I I I 
I L.=~ Channel 0 has reached TC 

Channel 1 has reached TC ' 
1 Channel 2 has reached TC 

nels have pending DMA requests. Bits 0-3 are set 
every time a TC is reached by that channel or an 
external Ern' is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel Is requesting 
service. 

Temporary Register-The Temporary register is 
used to hold data during memory-to-memory trans
fers. Following the completion of the transfers, the 
fast word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ
ous memory-to-memory operation, unless cleared 
by a Reset. 

Software Command&-These are additional spe
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft. 
ware commands are: 

SI nala 
AS A2 A1 AO iOR 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 1 0 
1 0 0 1 1 

1 0 1 0 0 
1 0 1 0 1 
1 0 1 1 0 
1 0 1 1 1 
1 1 0 0 0 
1 1 0 0 1 
1 1 0 1 0 
1 1 0 1 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 1 1 

1 

1 
1 
1 
1 

Channel 3 has reached TC 

Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 

231466-10 

Clear First/Last Flip-Flop: This command must be 
executed prior to writing or reading new address 
or word Cdunt information to the 8237 A. This ini
tializes the flip-flop to a known state so that sub
sequent accesses to register contents by the mi
croprocessor will address upper and lower bytes 
in the correct sequence. 

Msster C/esr: This software instruction has the 
same effect as the hardware Reset. The Com
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 8237 A will enter the Idle 
cycle. 

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 

Figure 6 . lists the address codes for the software 
commands. 

iOW 
Operation 

1 Read Status Register 
0 Write Command Register 
1 Illegal 
0 Write Request Register 
1 Illegal 
0 Write Single Mask Register Bit 
1 Illegal 
0 Write Mode Register 
1 Illegal 
0 Clear Byte Pointer Flip/Flop 
1 Read Temporary Register 
0 Master Clear 
1 Illegal 
0 Clear Mask Register 
1 Illegal 
0 Write All Mask Register Bits 

Figure 6. Software Command Codes 
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Channel 
R .... _ Operation 

Signal. Internal Data Bu. 

CS lOR iOW A3 A2 A1 AD F:llp-Flop DBO-DB7 

0 Base and Current Address Write· 0 1 0 0 0 0 0 0 AO-A7 
0 1 0 0 0 0 0 1 AS-A15 

Current Address Read 0 0 1 0 0 0 0 0 AO-A7 
0 0 1 0 0 0 0 1 AS-A15 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 WO-W7 
0 1 0 0 0 0 1 1 WS-W15 

Current Word Count Read 0 0 1 0 0 0 1 0 WO-W7 
0 0 1 0 0 0 1 1 WS-W15 

1 Base and Current Address Write 0 1 ' 0 0 0 1 0 0 AO-A7 
0 1 0 0 0 1 0 1 AS-A15 

Current Address Read 0 0 1 0 0 1 0 0 AO-A7 
0 0 1 0 0 1 0 1 AS-A15 

Base and Current Word Count Write 0 1 0 0 0 1 1 0 WO-W7 
0 1 0 0 0 1 1 1 WS-W15 

Current Word Count Read 0 0 1 0 ·0 1 1 0 WO-W7 
0 0 1 0 0 1 1 1 WS-W15 

2 Base and Current Address Write 0 1 0 0 1 0 0 0 AO-A7 
0 1 0 0 1 0 0 1 AS-A15 

Current Address Read 0 0 1 0 1 0 0 0 AO-A7 
0 0 1 0 1 0 0 1 AS-A15 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 WO-W7 
0 1 0 0 1 0 1 1 WS-W15 

Current Word Count Read 0 0 1 0 1 0 1 0 WO-W7 
0 0 1 0 1 0 1 1 WS-W15 

3 Base and Current Address Write 0 1 0 0 1 1 0 0 AO-A7 
0 1 0 0 1 1 0 1 AS-A15 

Current Address Read 0 0 1 0 1 1 0 0 AO-A7 
0 0 1 0 1 1 0 1 AS-A15 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-W7 
0 1 0 0 1 1 1 1 WS-W15 

Current Word Count Read 0 0 1 0 1 1 1 0 WO-W7 
0 0 1 0 1 1 1 1 WS-W15 

FltUre 7. Word Count and Address Register Command Codes 
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PROGRAMMING 

The 8237 A will accept programming from the host 
ptocessor any time that HLDA is inactive; this is true 
even if HRQ is active. The responsibility of the host 
is to assure that programming and HLDA are mutual
ly exclusive. Note that a problem can occur if a DMA 
request occurs, on an unmasked channel while the 
8237 A is being programmed. For instance, the CPU 
may be starting to reprogram the two byte Address 
register of channel 1 when channel 1 receives a 
DMA request. If the 8237 A is enabled (bit 2 in the 
command register is 0) and channel 1 is unmasked, 
a DMA service will occur after only one byte of 'the 
Address register has been reprogrammed. This can 
be avoided by disabling the controller (setting bit 2 in 
the command register) or masking the channel be
fore programming any other registers. Once the pro
gramming is complete, the controller can be en
abled/unmasked. 

After power-up it is suggested that all internal loca
tions, especially the Mode registers, be load~d with 
some valid value. This should be done even If some 

channels are unused. An invalid mode may force all 
control signals to go active at the same time. 

APPLICATION INFORMATION (Note 1) 

Figure 8 shows a convenient method for configuring 
a DMA system with the 8237 A controller and a~ 
8080Al8085AH microprocessor system. The multl
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 
from a peripheral device. When the processor re
plies with a HLDA signal, the 8237A takes control of 
the address bus, the data bus and the control bus. 
The address for the first transfer operation comes 
out in two bytes-the least significant 8 bits on the 
eight address outputs and the most significant 8 bits 
on the data bus. The contents of the data bus are 
then latched into an 8-bit latch to complete the full 
16 bits of the address bus. The 8282 is a high 
speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is up
dated only after a carry or borrow is generated in the 
least significant address byte. Four DMA channels 
are provided when one 8237 A is used. 

ADDRESS BUS AO-A15 ) 

A8-A15 

f---
.. 

ilE 

1 
... 

UITLATCH 
STB 

~ I 
Ao.-A15 AEN AO-A3 A4-A7 ell ADSTB . 

BUSEN I--
.J\ 

HLDA 1237. 080-HLOA 

i ~ 
DB7 

HOLD HRC Iii ~ I ~ u ~ ~ ~ Ie ill u .. 
CPU 

I J ff CLOCK 

RESET 

iiEiiJi - } CONTROL 
roil BUS -

DIO-DB7 

~ ~ 

I SYSTEM DATA BUS ) 

231466-11 

Figure 8. 8237 A System Interface 

NOTE: . 
1. See Application Note AP-67 for 8086 design information. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature under Bias ..•... O"C to 70"C 
Case Temperature ••.......•...•... O"C to + 75·C 
Storage Temperature ....•..... - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground .........•.... - 0.5V to + 7V 
Power Dissipation ............•.......... 1.5 Watt 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under ':Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stf'fJss rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification Is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may-affect device reliability. 

T A = O"C to 70"C, T CASE = O"C to 75°C, Vee = + 5.0V ± 5%, GND = OV 

Symbol Parameter Min Typ Max Unit Test Conditions (Note 1) 

VOH Output High Voltage 2.4 V 10H = -200,...A 

3.3 V 10H = -100,...A (HRQ Only) 

VOL Output LOW Voltage 0.40 V 10L = 3.2mA 

VIH Input HIGH Voltage 2.0 Vee + 0.5 V 

VIL Input LOW Voltage -0.5 0.8 V 

III Input Load Current ±10 ,...A OV::S;; VIN::S;; Vee 

ILO Output Leakage Current ±10 ,...A 0.45V ::s;; VOUT ::s;; VCC 

lee Vcc Supply Current 110 130 mA TA = +25·C 

130 150 mA TA = O·C 

Co Output Capacitance 4 8 pF 

01 Input Capacitance 8 15 pF fc = 1.0 MHz, Inputs = OV 

CIO 1/0 Capacitance 10 18 pF 

NOTE: 
1. Typical values are for T A = 25·C, nominal supply voltage and nominal processing parameters. 

2-245 



8237A 

A.C. CHARACTERISTICS-DMA (MASTER) MODE 
TA = O°C to 70'C, TCASE = O'C to 7S'C, VCC = +SV ±S%, GND = OV 

Symbol Parameter 
8237A 8237A·4 8237A·5 

Unit 
Min Max, Min Max Min Max 

TAEl AEN HIGH trom ClK lOW (S1) Delay Time 300 225 200 ns 

TAET AEN lOW from ClK HIGH (SI) Delay Time 200 150 130 ns 

TAFAB ADR Active to Float Delay from ClK HIGH 150 120 90 ns 

TAFC READ or WRITE Float from ClK HIGH 150 120 120 ns 

TAFDB DB Active to Float Delay from ClK HIGH 250 190 170 ns 

TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns 

TAHS DB from ADSTB lOW Hold Time 40 40 30 ns 

TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns 

TAK DACK Valid from ClK lOW Delay Time (Note 1) 250 220 170 ns 

EOP HIGH from ClK HIGH Delay Time (Note 2) 250 190 170 ns 

EOP lOW from ClK HIGH Delay Time 250 190 170 ns 

TASM ADR Stable from ClK HIGH 250 190 170 ns 

TASS DB to ADSTB lOW Setup Time 100 100 100 ns 

TCH Clock High Time (Transitions,;; 10 ns) 120 100 80 ns 

TCl Clock lOW Time (Transitions,;; 1 0 ns) 150 110 68 ns 

TCY ClK Cycle Time 320 250 200 ns 

TDCl ClK HIGH to READ or wroTE lOW Delay (Note 3) 270 200 190 ns 

TDCTR READ HIGH from ClK HIGH 270 210 190 ns 
(S4) Delay Time (Note 3) 

TDCTW wroTE HIGH from ClK HIGH 200 150 130 ns 
(S4) Delay Time (Note 3) 

TD01 HRO Valid from ClK HIGH Delay Time (Note 4) 160 120 120 ns 

TD02 250 190 120 ns 

TEPS EOP lOW from ClK lOW Setup Time 60 45 40 ns 

TEPW EOP Pulse Width 300 225 220 ns 

TFAAB ADR Float to Active Delay from ClK HIGH 250 190 170 ns 

TFAC READ or WRITE Active from ClK HIGH 200 150 150 ns 

TFADB DB Float to Active Delay from ClK HIGH 300 225 200 ns 

THS HlDA Valid to ClK HIGH Setup Time 100 75 75 ns 

TIDH Input Data from M8iiiR HIGH Hold Time 0 0 0 ns 

TIDS Input Data to MEMR HIGH Setup Time 250 190 170 ns 

TODH Output Data from MEMW HIGH Hold Time 20 20 10 ns 

TODV Output Data Valid to MEMW HIGH 200 125 125 ns 

TOS DR EO to ClK lOW (SI, S4) Setup Time (Note 1) 0 0 0 ns 

TRH ClK to READY lOW Hold Time 20 20 20 ns 

TRS READY to ClK lOW Setup Time 100 60 60 ns 

TSTl ADSTB HIGH from ClK HIGH Delay Time 200 150 130 ns 

TSTT ADSTB lOW from ClK HIGH Delay Time 140 110 90 ns 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE 
TA = O·Cto 70·C, TCASE = o·C to 75·C, vcc = +5V ±5%, GND = OV 

Symbol Parameter 
8237A 

Min Max 

TAR ADR Valid or CS LOW to READ LOW 50 

TAW ADR Valid to. WRITE HIGH Setup Time 200 

TCW CS LOW to WRITE HIGH Setup Time 200 

TOW Data Valid to WRITE HIGH Setup Time 200 

TRA ADR or CS Hold from READ HIGH 0 

TRDE Data Access from READ LOW (Note 5) 200 

TRDF DB Float Delay from READ HIGH 20 100 

TRSTD Power Supply HIGH to RESET LOW Setup Time 500 

8237A-4 

Min Max 

50 

150 

150 

150 

0 

200 

20 100 

500 

TRSTS RESET to First IOWR 2TCY 2TCY 

TRSTW RESET Pulse Width 300 300 

TRW READ Width 300 250 

TWA ADR from WRITE HIGH Hold Time 20 20 

TWC CSHIGH from WRITE HIGH Hold Time 20 20 

TWO Data from WRITE HIGH Hold Time 30 30 

TWWS Write Width 200 200 

TWR End of Write to End of Read in DMA Transfer 0 0 

NOTES: 

8237A-5 

Min Max 

50 

130 

130 

130 

0 

140 

0 70 

500 

2TCY 

300 

200 

20 

20 

30 

160 

0 

1. OREO and OACK signals may be active high or active low. Timing diagrams assume the active high mode. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. EOP is allJlPen collector output. This parameter assumes the presence of a 2.2K pullup to Vee. 
:3. The net lOW or M'EMW Pulse width for normal write will be TCY -1 OQ ns and for extended write will be 2TCY -1 00 ns. 
The net iOR or MEMR pulse width for normal read will be 2TCY - 50 ns and for compressed read will be TCY - 50 ns. 
4. TOO is specified for two different output HIGH levels. T001 is measured at 2.0V. T002 is measured at 3.3V. The value 
for T002 assumes an external 3.3 KO pull-up resistor connected from HRO to Vee. 
5. Output Loading on the Data Bus is 1 TTL Gate plus 100 pF capaCitance. 

A.C. TESTING INPUT/OUTPUT WAVEFORM 

u=x )C 2.0 2.0 > TEST POINTS < 
0.8 0.8 

D ••• 

231466-12 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0." Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0." Input timing parameters as
sume transition times of 20 ns or less. Waveform measurement 
points for both input and output signals are 2.0V for HIGH and 
0.8V for LOW. unless otherwise noted. 
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WAVEFORMS ',' .:~ 

SLAVE MODE WRITE TIMING 

!--------TCW -------1 

~TWc 
~----------_TWWS------------t~~--(~~~~1~) 

~-------TAW--------·I 

AD-A3 INPUT VALID 

TWD 
i------------TDW ---:-------1 

D80-DB7 INPUT VALID 

~31466-13 

NOTE: ,0, 

1. Successive read and/or write operations by the external processor to program or examine the controlJe,r must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A·4, and at least'4QQ ns for the 8237A·5, as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. 

Figure ~. Slave Mode Write 

SLAVE MODE READ TIMING 

NOTE: 
1. Successive read and/or write operations by the external processor to program or examine the controller must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A·5 as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. " 

Figure 10. Slave Mode Read 
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WAVEFORMS (Continued) 

DMA TRANSFER TIMING 

eLK " "Uri"ri "rLrLH -rtr "H ",," " J 1\-1 ~ >-,. oJ ~ IV I;;: ~~f\----j TQO '-- TQO t-- r 1--=_ I--
(NOTE 1) 

LLfi . ~ ~ .\'~ - TCtt 

--~ -- .t~ 
~ HOD 

TNI_ I--

,LLL \.\ l\\\\\\\\\ 
TAI'-H 

TAITN 

, Vf - .!!!' 

H'OA 

AI. 

TOTL t-- - !-- TIPI 

r h .DOTI , 
~ ~QTA" ~ 

"AD' I-- c: I--'j"" , 
~ ~t!t-t" l- T_ - /--T .... 

"MI I-- /--l"- T ... I- tt--'ANW 

..... , ADDfllUlVALID ....... AU. 

~ l-t- t-T'" r-TAH" 

, j 

T.AI I- ~ TDCTII ~ TDCT1I t-- 1- t"-"T"'C 

, ~ r", It-

~~ 
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V ). 
'""""""' 

, 
~ ~ 1.000IX1'DlDlDWM , 

t1 ~J';;-r-TIN , 
\\\\\\\\\\\ (/llllfl11LfJ lIlT_ 
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NOTE: 
1. DREQ should be held active until DACK is returned. 

Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 

MEMORY-To-MEMORY TRANSFER TIMING 

8237A 

Figure 12. Memory-to-Memory Transfer 

READY TIMING 

Figure 13. Ready 
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WAVEFORMS (Continued) 

COMPRESSED TRANSFER TIMING 

ClK 

TDCl-,--+1 

RIII," 

IIIW,_ 

READY 

OfT _____________________ t_~_K __ ~ __ _.1 

:--""T"T'""\\\J.l-----orv 
231466-18 

Figure 14. Compressed Transfer 

RESET TIMING 

r-----------------------------------~.~.-----------
Vee ___ ---J1 ~-. ------ TRITD --------------1 

}

----TRITW -----+I 

REliT _______ -' ---------::31, 

lOR OR lOW 

231466-19 

Figure 15. Reset 
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DESIGN CONSIDERATIONS 

1. Cascading from channel zero. When using mul
tiple 8237s, always start cascading with channel 
zero. Channel zero of the 8237 will operate incor
rectly if one or more of channels 1, 2, or 3 are 
used in the cascade mode while channel zero is 
used in a mode other than cascade. 

2. Do not treat the DREQ signal as an asynchro
nous Input while the channel Is In the "de
mand" or "cascade" modes. If DREQ becomes 
inactive at any time during state 54, an illegal 
state may occur causing the 8237 to operate im
properly. 

3. HRQ must remain active until HLDA becomes 
active. If HRQ goes inactive before HLDA is re
ceived the 8237 can enter an illegal state causing 
it to operate improperly. 

4. Make sure the MEMR# line has 50 pF loading 
capacitance on It. When doing memory to memo 
ory transfers, the 8237 requires at least 50 pF 
loading capacitance on the MEMR # Signal for 
proper operation. In most cases board capaci
tance is sufficient. 

5. Treat the READY Input as a synchronous In
put. If a transition occurs during the setup/hold 
window, erratic operation may result. 

DATA SHEET REVISION REVIEW 

The following list represents key differences be
tween this and the -002 data sheet. Please review 
this summary carefully. 

1. Major cleanup on the "NOTE" sections of this 
data sheet. 

a. Pin 5 no longer references a note. It is now 
included in the pin description area under the 
name "PIN5". 

b. The note placed in the "typical" section of the 
D.C. Characteristics table is now referenced to 
a note section included with that table. 

c. Notes in the A.C. Characteristics table have 
been renumbered and are included in a notes 
section for the A.C. Characteristics. 

d. The note that was previously referenced in the 
A.C. TESTING INPUT/OUTPUT WAVEFORM 
diagram has been replaced with the actual 
note. 

e. The note that was previously referenced in the 
SLAVE MODE WRITE TIMING diagram has 
been included in a "NOTE" section with the 
diagram. 

1. The note that was previously referenced in the 
SLAVE MODE READ TIMING diagram has 
been included in a "NOTE" section with the dia
gram. 

g. The note that was previously referenced in the 
DMA TRANSFER TIMING diagram has been 
included in a "NOTE" section with the diagram. 

2. A "Design Considerations" section was added to 
alert designers to certain design aspects of the 
8237. 

3. The timing parameters TAR for the 8237 A"4 and 
8237 A-5 have been changed from 50 ns to 0 ns. 
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82C37A-5 

• 
• 
• 
• 
• 
• 
• 
• 

CHMOS HIGH PERFORMANCE 
PROGRAMMABLE DMA 'CONTROLLER 

Pin Compatible with NMOS 8237 A-5 • Address Increment or Decrement 

Enable/Disable Control of Individual • High performance: 5 MHz Speed 
DMA Requests Transfers up to 1.6 MBytes/Second 
Fully Static Design with Frequency • Directly Expandable to any Number of 
Range from DC to 5 MHz Cha~nels 

Low Power Operation • End of Process Input for Terminating 

Four Independent DMA Channels Tran,fers 

Independent Autoinitialization of all • Software DMA Requests 
Channels • Independent Polarity Control for DREQ 

Memory-to-Memory Transfers and DACK Signals 

Memory Block Initialization • Will Be Available in 40-Lead Plastic DIP 

The Intel 82C37A-5 Multimode Direct Memory Access (DMA) Controller is a CHMOS peripheral interface 
circuit for microprocessor systems. It is designed to improve system ~rformance by allowing external devices 
to directly transfer information from the system memory. Memory-to-memory transfer capability is also provid
ed. The 82C37 A-5 offers a wide variety of programmable control features to enhance data throughput and 
system optimization and to allow dynamic reconfiguration under program control. 

The 82C37 A-5 is designed to be used in conjunction with an external 8-bit address register. It contains four 
independent channels and may be expanded to any number of channels by cascading additional controller 
chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel 
can be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

..... 
.EA" 
CLOCIC 

,.N 
''''" I11II1I 

IIIIIW 
1l1li -

Figure 1. Block Diagram 
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Rjli A7 

lOW 'A8 

iiEiili AS 

MEMW A4 

PINS mil 
READY A3 

HLDA A2 

ADSTB Al 

AEN AO 

HRa VccC+5¥) 

eI DBO 
CLK DBl 

RESET 082 

DACK2 083 

DACK3 084 
DREa3 OACKO 

DREa2 DACKl 

OREal 085 

DREQO OBI 

(OND) Vas DB7 

231202-2 

Figure 2. 82C37 A-5 
40-Lead DIP Configuration 
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Table 1. Pin Description 

Symbol Type Name and Function 

Vee POWER: + 5 volt supply. 

Vss GROUND: Ground. 
ClK I CLOCK INPUT: Clock Input controls the internal operations of the 

82C3?:A·5 and its rate of data transfers. The input may be driven at 
up to 5 MHz for the 82C37 A-5. 

CS I CHIP SELECT: Chip Select is an active low input used to select the 
82C37A-5 as an 1/0 device during the Idle cycle. This allows CPU 
communication on the data bus. 

RESET I RESET: Reset is an active high input which clears the Command, 
Status, Request and Temporary registers. It also clears the firstllast 
flip-flop and sets the Mask register. Following a Reset the device is 
in the Idle cycle. 

READY I READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37 A-5 to accommodate slow memories or 
1/0 peripheral devices. Ready must not make transitions during its 
specified setuplhold time. 

HlDA I HOLD ACKNOWLEDGE: The active high Hold Acknowledge from 
the CPU indicates that it has relinquished control of the system 
busses. 

DREQO-DREQ3 I DMA REQUEST: The DMA Request lines are individual 
asynchronous channel request inputs used by peripheral Circuits to 
obtain DMA service. In fixed Priority, DREQO has the highest priority 
and DREQ3 has the lowest priority. A request is generated by 
activating the DREQ line of a channel. DACK will acknowledge the 
recognition of DREQ signal. Polarity of DREQ is programmable. 
Reset initializes these lines to active high. DREQ must be 
maintained until the corresponding DACK goes active. 

DBO-DB7 1/0 DATA BUS: The Data Bus lines are bidirectional three-state signals 
connected to the system data bus. The outputs are enabled in the 
Program condition during the 1/0 Read to output the contents of an 
Address register, a Status register, the Temporary register or a 
Word Count register to the CPU. The outputs are disabled and the 
inputs are read during an 1/0 Write cycle when the CPU is 
programming the 82C37 A-5 control registers. During DMA cycles 
the most significant 8 bits of the address are output onto the data 
bus to be strobed into an external latch by ADSTB. In memory-to-
memory operations, data from the memory comes into the 
82C37 A-5 on the data bus during the read-from-memory transfer. In 
the write-to-memory transfer, the data bus outputs place the data 
into the new memory location. 

iOR 1/0 1/0 READ: 1/0 Read is a bidirectional active low three-state line. In 
the Idle cycle, it is,an input control signal used by the CPU to read 
the control registers. In the Active cycle, it is an output control signal 
used by the 82C37 A-5. to access data from a peripheral during a 
DMA Write transfer. 

l()W 1/0 I/O WRITE: 1/0 Write is a, bidirectional active low three-state line. In 
the Idle cycle, it is an input control Signal used by the CPU to load 
Information into the 82C37 A-5. In the Active cycle, it is an output 
control signal used by the 82C37 A-5 to load data to the peripheral 
during a DMA Read transfer. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

EOP 1/0 END OF PROCESS: End of Process is an active low bidirectional 
signal. Information concerning the completion of DMA services is 
available at the bidirectional EOP pin. The 82C37 A-5 allows an 
external Signal to terminate an active DMA service. This is 
accomplished by pulling'the EOP input low with an external EOP 
Signal. The 82C37 A-5 also generates a pulse when the terminal 
count (TC) for any channel is reached. This generates an EOP 
Signal which is output through the EOP Line. The reception of EOP, 
either internal or external, will cause the 82C37 A-5 to terminate the 
service, reset the request, and, if Autoinitialize is enabled, to write 
the base registers to the current registers of that channel. The mask 
bit and TC bit in the status word will be set for the currently active 
channel by EOP unless the channel is programmed for 
Autoinitialize. In that case, the mask bit remains unchanged. During 
memory-to-memory transfers, EOP will be output when the TC for 
channel 1 occurs. EOP should be tied high with a pull-up resistor if it 
is not used to prevent erroneous end of process inputs. 

AO-A3 1/0 ADDRESS: The four least significant address lines are bidirectional 
three-state signals. In the Idle cycle they are inputs and are used by 
the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 

A4-A7 0 ADDRESS: The four most significant address lines are three-state 
outputs and provide 4 bits of address. These lines are enabled only 
during the DMA service. 

HRQ 0 HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control of the system bus. If the corresponding mask bit 
is clear, the presence of any valid DREQ causes 82C37 A-5 to issue 
the HRQ. After HRQ goes active at least one clock cycle (lCY) 
must occur before HLDA goes active. 

DACKO-DACK3 0 DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the 
individual peripherals when one has been granted a DMA cycle. The 
sense of these lines is programmable. Reset initializes them to 
active low. 

AEN 0 ADDRESS ENABLE: Address Enable enables the 8-bit latch 
containing the upper 8 address bits onto the system address bus. 
AEN can also be used to disable other system bus drivers during 
DMA transfers. AEN is active HIGH. 

ADSTB 0 ADDRESS STROBE: The active high, Address Strobe is used to 
strobe the upper address byte into an external latch. 

MEMR 0 MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory location 
during aDMA Read or a memory-to-memory transfer. 

MEMW 0 MEMORY WRITE: The MemQry Write is an active low three-state 
output used to write data to the selected memory location during a 
DMA Write or a memo,ry-to-memory transfer. 

PIN5 I PIN5: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish a logic HIGH when the pin is left 
floating. It is recommended, however, that PIN5 be connected to 
Vee· 

" 
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FUNCTIONAL DESCRIPTION 

The 82037 A-5 block diagram includes t~e major log
ic blocks and all of the internal registers. The data 
interconnection paths arEi also' shown. Not shown 
are the various control signals between the blocks. 
The 82037 A-5 contains 344 bits of internal memory 
in the form of registers. Figure 3 lists these registers 
by name and shows the size of each. A detailed 
description of the registers and their functions can 
be found under Register Description. 

Name SID 'Number 
Base Address Registers 16 blta 4 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 blta 4 
Current Word Count Registers 16 bits 4 
Temporary Address Register 16blta 1 
Temporary Word Count Register 16 bits 1 
Status Register abita 1 
Command Register a bits 1 
Temporary Register abita 1 
Mode Registers 6blta 4 
Mask Register 4blta 1 
Request Register 4blta 1 

Figure 3. 82C37A-5lnternal Registers 

The 82037 A-5 contains three basic blocks of control 
logiC. The Timing Control block generates internal 
timing and external control signals for the 82C37 A-5. 
The Program Command Control block decodes the 
various commands given to the 82C37 A-5 by the mi
croprocessor prior to servicing a DMA Request. It 
also decodes the Mode Control word used to select 
the type of DMA during the servicing. The PriOrity 
Encoder block resolves priority contention between 
DMA channels requesting service simultaneously. 

The Timing Control block derives internal timing 
from the clock input. In 82C37 A-5 systems this input 
will usually be the <fI2 TTL clock from an 8224 or 
ClK from an 8085AH or 82C84A. For 8085AH-2 
systems above 3.9 MHz, the 8085 ClK(OUT) does 
not satiSfy 82C37A-5 clock lOW and HIGH time re
quirements. In this case, an external clock should be 
used to drive the 82037 A-5. 

-DMA Operation 

The 82037 A-5 is designed to operate in two major 
cycles. These are called Idle and Active cycles. 
Each device cycle is made up of a number of states. 
The 82C37 A-5 can assume seven separate States, 
each composed of one full clock period. State 1 (S1) 
is the inactive state. It is entered when the 
82C37 A-5 has' no valid DMA requests pending. 
While in S1, the DMA qontroller is inactive but may 
be in the Prog~am Condition, being programmed by 
the processor. State SO (SO) is the first state of a 
.QMA service. The 82C37 A~5 has reqlJested a hold 
but the processor has not yet returned an acknowl-

edge. The 82037 A-5 may still be programmed until it 
receives HlDA from the CPU. An acknowledge from 
the CPU will signal that DMA transfers may begin. 
S1, S2, 53 and 54 are the working states of the 
DMA service. If more time is needed to complete a 
transfer than is available with normal timing, wait 
states (SW) can be inserted between S2 or S3 and 
54 by the use of the Ready line on the 82037 A-5. 
Note that the data is transferred directly from the 
110 device to memory (or vice versa) with R5Fi' and 
~ (or ~ and iOW) being active at the 
same time. The data is not read into or driven out of 
the 82C37 A-5 in 1I0-to-memory or memory-ta-1I0 
DMA transfers. ' 

Memory-to-memory 'transfers require a read-from 
and',a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identifioation. Eight 
states are required ,for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read
from-memory half and the last four states (S21 , S22, 
S23, S24) for the write-to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 
82C37 A-5 will enter the Idle 'cycle and perform "S1" 
states. In this cycle the 82C37A-5 wiD sample the 
DREQ lines every clock cycle to determine if any 
channel is re~esting a DMA service. The device will 
also sample CS, 190king for an attempt by the micro
processor to write or read the internal registers of 
the 82C37A-5. When CS is low and HlDA is low, the 
82C37 A-5 enters the Program Condition. The CPU 
can now eS,tablish, change or inspect the internal 
definition of the part by reading from or 'writing to the 
internal registers. Address lines AO-A3 are inputs to 
the device and select which registers will be read or 
written. The iOR 'and iC5W lines are used to select 
and time reads or writes. Due to the number and size 
of the internal registers, an internal flip-flop is used 
to generate an additional bit of address. This bit is 
used to determine the upper or lower byte of the 16-
bit Address and Word Count registers. The flip-flop 
is reset by Master Clear or Reset A separate soft
ware command can also reset this flip-flop. 

Special software commands can be exequted by the 
82C37 A-5 in the Program Condition. These com
mands are decoded as se,ts of addresses with the 
CS and lOW. The commands do not make use of 
the data bus, Instructions include Clear First/Last 
Flip-Flop and Master Clear. ' 

ACTIVE CYCLE 

When the 82C37 A-5 is in the Idle cycle and a non
masked channel requests a DMA seniice, the device 
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. will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv
ice will take place, in one of four modes: 

Single Transfer Mode - In Single Transfer mode 
the device is programmed to make one transfer only. 
The word count will be decremented and the ad
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC) will cause an Auto
initialize if the channel has been programmed to do 
so. 

DREQ must be held active until DACK becomes ac
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer-will be performed, in 8080A, 8085AHj 
80ca8, or 80C8S system this will ensure one full ma
chine cycle execution between DMA transfers. De
tails of timing between the 82C37 A-5 and other bus 
control protocols will depend upon the characteris
tics of the microprocessor involved. 

Block Transfer Mode - In Block Transfer mode 
the device is activ~ted. by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 

Demand Transfer Mode - In Demand Transfer 
mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the 1/0 device has exhausted its data 
capacity. After the 1/0 device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37 A-5 Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener
ated either by TC or by an external signal: 

Cascade Mode - This mode is used to cascade 
more than one 82C37 A-5 together for simple system 
expansion.'The HRQ and HLDA signals from the ad
ditional 82C37 A-5 are connected to the DREQ and 
DACK signals of a channel of the initial 82C37A-5. 
This allows the DMA requests of the additional de
vice to propagate through the priority network cir
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan
nel of the initial 82C37 A-5 is used only for prioritizing 
the additional device, it does not output any address 

or control signals of its own. These could conflict . 
with the outputs of the active channel in the added 
device. The 82C37 A-5 will respond to. DREQ and 
DACK but all other outputs except HRC will·be dis
abled. The ready input is ignored. 

Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA system. More 
82C37 A-5s could be added at the .second level by 
using .the remaining channels of the first leve.l. Addi
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 

MICROPROCESSOR 
1ST LEVEL 

r- HAO DAEO 

t-- HLOA OACK 

11C37A-I 

DREO 

DACK 

INITIAL DEVICE 

1-
r--

I-
r--

2ND LEVEL 

UCl7A-I 

HAO 

HLDA 

HRO 

HLOA 

nca7"" 

ADDITIONAL 
DEVIC£S 

231202-3 

Figure 4. Cascaded 82C37 A-5s 

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from and 
I/O device to the memory by activating MEMWand 
lOR. Read transfers move data from memory to an 
1/0 device by activating MEMR and lOW. Verify 
transfers are pseudo transfers. The 82C37A-5 oper
ates as in Read or Write transfers generating ad
dresses, and responding to EOP, etc. However, the 
memory and 1/0 control lines all remain inactive. 
The ready input is ignored in verify mode. . 

Memory-to-Memory - To perform block moves of 
data from one memory address space to another 
with a minimum of program effort and' time, the 
82C37 A-5 includes a memory-to-memory transfer 
feature. Programming a bit in the Command register 
selects channels 0 to 1. to operate as memory-to
memory transfer channels. The transfer i.s initiated 
by setting the software DREQ for channel O. The 
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82C37 A-5 requests a DMA service in the normal 
manner. After HlDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel...!.Jloes to FFFFH, a TC is 
generated causing an EOP output terminating the 
service. 

Channel 0 may be programmed to retain the same 
address for all transfers. This allows a Single word to 
be written to a block of memory. 

The 82C37 A-5 will respond to external &5J5 signals 
during memory-to-memory transfers. Data compara
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-tOomemory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 

Autoinitialize - By programming a bit in the Mode 
register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EC5J5. The base registers are load
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-tOomemory transfer, both 
word counts should be programmed identically. If in
terrupted externally, EOP pulses should be applied 
in both bus cycles. 

Priority - The 82C37 A-5 has two types of priority 
encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, o. 
After the recognition of anyone channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 

The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 

hlgheet 

II' ...... 2nd ....... ani ........ 
o 2_ •• rvlce\3_eervlC8 
1 _eervlce"""\ 3 _ request 0 
2 ,,0 1 
3 1 2 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents anyone 
channel from monopolizing the system. 

Compressed Timing - In order to achieve even 
greater throughput where system characteristics 
permit, the 82C37 A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state 54 to perform the read/write. 
S1 states will still occur when A8-A15 need updat
ing (see Address Generation). Timing for com
pressed transfers is found in Figure 14. 

Address Generation - In order to reduce pin 
count, the 82C37A-5 multiplexes the eight higher or
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to loed these bits from the data lines to the 
latch. Address Enable (AEN) is used to enable the 
bits onto the address bus through a three-state en
able. The lower order address bits are output by the 
82C37A-5 directly. Unes AO-A7 should be connect
ed to the address bus. Figure 11 shows the time 
relationships between ClK, AEN, ADSTB, DBO
DB7 and AO-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 82C37A-5 executes S1 states only 
when updating of A8-A15 in the latch is necessary. 
This means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 

REGISTER DESCRIPTION 

Current Address Register - Each channel has a 
1S-bit Current Address register. This register holds 
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the value of the address used during DMA transfers. 
The address, is automatically incremented or decre
mented after each transfer and the intermediate val
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by tile microprocessor in successive 8-bit 
bytes. It may also be reinitialized by an Autoinitialize 
back to its OriQinpl value. Autoinitialize takes place 
only after an EO . 

Current Word Register - Each channel has a 16-
bit Current Word Count register. This register deter
mines the number of transfers to be performed. The 
actual number of transfers wi" be one more than the 
number programme~ in the Current Word Count reg
ister (i.e., programming a count of 100 wi" result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC wi" be generated. This register is load
ed or read in successive 8-bit bytes by the micro
processor in the Program Condition. Fo"owing the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its ori~nal value. Auto
initialize can occur only when an E P OCCtlrs. If it is 
not Autoinitialized, this register wi" have a count of 
FFFFH after TC. 

Base Address and Base Word Count Registers 
- Each channel has a pair of Base Address and 
Base Word Count registers. These 16-bit registers 
store the original value of their ,associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val
ues. The base registers are written simultaneously 
with their corresponding current register in 8-bit 
bytes in the Program Condition by the microproces
sor. These registers cannot be read by the micro
processor. 

Command Register - This 8-bit register controls 
the operation of the 82C37 A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. 'The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 

Mode Register - Each channel has a 6-bit Mode 
register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 

Request Register - The 82037 A-5 can respond to 
requests for DMA service which are initiated by soft
ware as we" as' by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri
oritization by the Priority, Encoder network. Each 

register bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex
ternal EOP. The entire register is pleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad-

Command Regle.r 
7 • I 4 a 2 1 0 ___ IIINumbIr 

I I I I I I " I 

Lt 0 Memory-to-memory disable 
1 Memory-to-memory enable 

Y 0 Channel 0 add .... hOld disable 
1 Channel 0 eddreeI hold enable 
X II bit 0.0 

f 0 Controller enable 
I 1 Controller dlaabl. 

f 
I 

0 Normal timing 
1 Compreeeed timing 
X IIbltO.l 

f 0 Fixed priority 
I 1 Rotating priority 

J 
I 

0 Late write .. ,act'on 
1 Extended writa aateCtlon 
X If bit 3.1 

0 DREQ .an .. 80IIve high 
1 DREQ .en .. 80IIve low 

f 0 DACK .. n .. 80IIve low 
I 1 DAC,K .en .. active high 

Mode Register 
7 • I 4 a 2 1 D _IRN_bar 

I I""" -r-- -~L{ 

, 
, 1 

, , 
f 
l 

Request Reglater 

DO Channal 0 aetect 
01 Channel 1 ,,'ect 
10 Channel 2 "'ect 
11 Channel 3 "'act 

DO Verify tran8fer 
01 Write transfer 
10 Reed transfar 
11 Illegal 
XX II bits. and hll 

o AutOinitialization dlaabla 
1 AutOinitialization enable 

o Addna .. Incnament ,,'ecl 
1 Add .... decnamenl aetecl 

DO Demand mode ,,'ecl 
01 Single mode ,,'ecl 
10 Ilock moda .elecl 
11 ~ mode ,,'ecl 

'-----I 0 'Rnel reqUe.l bll 
1 Set naque.' bit 

231202-5 
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dress coding. In order to make a software request, 
the channel must be in Block Mode. 

Mask Register - Each channel has associated 
with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is set when its asso
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4-
bit Mask register may also be set or cleared sepa
rately under software control. The entire register is 
also set by a Reset. This disables all DMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad
dressing. 

7 8 5 4 3 2 1 O"'-BIINumber 

I I I I I I I I I 
Don·t Care L{oo Select channel 0 mask bit 

01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

'--_--II 0 Clear mask bit 
\ 1 Set mask bit 

231202-6 

All four bits of the Mask register may also be written 
with a single command. 

Register 

Command 
Mode 
Request 
Mask 
Mask 
Temporary 
Status 

o Clear channel 0 mask bit 
1 Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

'----~ ~ ~~~~h:~'::'e~~ ~:~s~i~1t 
231202-7 

Operation 
Signals 

CS lOR lOW A3 A2 A1 

Write 0 1 0 1 0 0 
Write 0 1 0 1 0 1 
Write 0 1 0 1 0 0 
Set/Reset 0 1 0 1 0 1 
Write 0 1 0 1 1 1 
Read 0 0 1 1 1 0 
Read 0 0 1 1 0 0 

Figure 5. Definition of Register Codes 

AD 

0 
1 
1 
0 
1 
1 
0 

Status Register - The Status register is available 
to be read out of the 82C37 A-5 by the microproces
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending DMA requests. Bits 0-3 are 
set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 

Chennel 0 has reached TC 
Channsl 1 has reached TC 
Chennel 2 has reached TC 
Chennel 3 has reached TC 

Chennel 0 request 
Channel 1 request 
Channel 2 request 

'--------- 1 Channel 3 request 

231202-8 

Temporary Register - The Temporary register is 
used to hold data during memory-to-memory trans
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ
ous memory-to-memory operation, unless cleared 
by a Reset. 

Software Commands - These are additional spe
cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft
ware commands are: 

Clear First/Last Flip-Flop: This command is exe
cuted prior to writing or reading new address or 
word count information to the 82C37 A-5. This ini
tializes the flip-flop to a known state so that subse
quent accesses to register contents by the micro
processor will address upper and lower bytes in 
the correct sequence. 

Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37A-5 will enter the 
Idle cycle. 

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 
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Figure 6 lists the address codes for the software 
commands: 

PROGRAMMING 

Signals 

A3 A2 At AO 

1 0 0 0 

1 0 0 0 

t 0 0 1 

1 0 0 1 

1 0 1 0 

1 0 1 0 

1 0 1 1 

1 0 1 1 

1 1 0 0 

1 1 0 0 

1 1 0 1 

1 1 0 1 

1 1 1 0 

1 1 i 0 

1 1 1 1 

1 1 1 1 

iOR iOW 
0 1 

1 0 

0 1 

1 0 

0 1 

t 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

0 1 

1 0 

Operation 

Read Status Register 

Write Command Register 

Illegal 

Write Request Register 

Illegal 

Write Single Mask Register Bit 

Illegal 

Write Mode Register 

Illegal 

Clear Byte Pointer Flip·Flop 

Read Temporary Register 

Master Clear 

Illegal 

Clear Mask Register 

Illegal 

Write All Mask Register Bits 

The 82C37 A-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLDA are 
mutually exclusive. Note that a problem can occur if 
a DMA request occurs, on an unmasked channel 
while the 82C37 A-5 is being programmed. For in
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan
nel 1 receives a DMA request. If the 82C37 A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked, a DMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 

Figure 6. Software Command Codes 

Channel 

0 

1 

2 

3 

Register Operation 
Signals 

Internal Flip-Flop 
CS lOR lOW A3 A2 AI AO 

Base and Current Address. Write 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 

Current Address Read 0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 1 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 
0 1 0 0 0 0 1 1 

Current Word Count Read o· 0 1 0 0 0 1 0 
0 0 1 0 0 0 1 1 

Base and Current Address Write 0 1 0 0 0 1 0 0 
0 1 0 0 0 1 0 1 

Current Address Read 0 0 1 0 0 1 0 0 
0 0 1 0 0 1 0 1 

Base and Current Word Count Write 0 1 O. 0 0 1 1 0 
0 1 0 0 0 1 1 1 

Current Word Count Read 0 0 1 0 0 1 1 0 
0 0 1 0 0 1 1 1 

Base and Current Address Write 0 1 0 0 1 0 0 0 
0 1 0 0 1 0 0 1 

Current Address Read 0 0 1 0 1 0 0 0 
0 0 1 0 1 0 0 1 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 
0 1 0 0 1 0 1 1 

Current Word Count Read 0 0 1 0 1 0 1 0 
0 0 1 0 1 0 1 1 

Base and Current Address Write 0 1 0 0 1 1 0 0 
0 1 0 0 1 1 0 1 

Current Address Read 0 0 1 0 1 1 0 0 
0 0 1 0 1 1 0 1 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 
0 1 0 0 1 1 1 1 

Current Word Count Read 0 0 1 0 1 1 1 0 
0 0 1 0 1 1 1 1 

Figure 7. Word Count and Address Register Command Codes 
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After power-up it is suggested that all internal loca
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 

APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37 A-5 controller and an 
8080A/8085AH microprocessor system. The multi
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 

from a peripheral device. When the processor re
plies with a HLDA Signal, the 82C37A-5 takes con
trol of the address buS,the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes - the least significant 8 bits 
on the eight address outputs and the most signifi
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37 A-5 is used. 

ADDRESS Bua AO-A115 ) 
... .. I-- r 

_A15 

t---
... 

OE 

I 
" 8-BIT LATCH 

I 
STB 

~ 

AQ-All AEN AQ-A3 A4-A7 III ADSTB 

"" BUSEN I---
A J. 

HLDA HLDA 12C17Ao1 DBO-

i ~ 
DB7 

HOLD HRO Iii ! I 
~ 

il fll l2 ~ <> 
"' I!!i a: .. 

CPU 

t I f4f CLOCK 

RESET 

iiEMII 

IiIUW 1--f6A BUS 

mw 

DBO-DB7 

~ 

... ... 
SYSTEM DATA BUS ) 

231202-9 

Figure 8. 82C37 A-5 System Interface 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature under Bias' ...... O·C to 70·e 

Case Temperature ........... ~ ..... O·C to + 75"C 

Storage Temperature ........... - 55·C to + 150·(( 

Voltage on Any Pin with 
Respect to Ground .....•...•.... ~0.5V to + 7V 

Power Dissipation ....................... 1.0 Watt 

D.C. CHARACTERISTICS 

• Notice: Stresses above those. listed under ''Abso
lute Maximum Ratings" maycausepermanent dam
age to the device. This is a stress rating only and 
functional operation of the device at, these' or any 
other conditions above those indicated in the opera
tional sections of this sPeciffcatkm is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect de.vice reliability. 

NOTICE: Specifications contained within· the 
following tables are subject to change. 

TA = 0·Ct070·C, TCASE = 0·Ct075·C Vee = +50V ±5% GND = OV , , 

Symbol Parameter Min Typ Max Unit Test Conditions 

VOH Output High Voltage 3.7 V IOH = -1.0mA 

VOL Output LOW Voltage 0.40 V IOL = 3.2mA 

VIH Input HIGH Voltage 2.2 Vee + 0.5 V 

VIL Input LOW Voltage -0.5 0.8 V 

III Input Load Current ±10 p.A OV::;; VIN::;; Vce 

ILO Output Leakage Current ±10 p.A OV ::;; VOUT ::;; Vee 

lee Vee Supply Current 10 mA (Note 1) 

lees Standby Supply Current 10 p.A HLDA = OV, VIL = OV, 
VIH = Vee 

Co Output Capacitance 4 8 pF 

CI Input Capacitance 8 15 pF fc = 1.0 MHz, Inputs = OV 

CIO I/O Capacitance 10 18 pF 
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A.C. CHARACTERISTICS-OMA (MASTER) MODE 
TA = O°C to 70°C, TeASE = O°C to 75°C, Vee = +5V ±5%, GND = OV 

Symbol Parameter Min Max Unit 

TAEL AEN HIGH from CLK LOW (51) Delay Time 200 ns 

TAET AEN LOW from CLK HIGH (51) Delay Time 130 ns 

TAFAB ADR Active to Float Delay from CLK HIGH 90 " ns 

TAFC READ or WRITE Float from CLK HIGH 120 ns 

TAFDB DB Active to Float Delay from CLK HIGH 170 ns 

TAHR ADR from READ HIGH Hold Time TCY-100 ns 

TAH5 DB from AD5TB LOW Hold Time 30 ns 

TAHW ADR from WRITE HIGH Hold Time TCY-50 ns 

TAK DACK Valid from CLK LOW Delay Time (Note 3) 170 ns 

EOP HIGH from CLK HIGH Delay Time (Note 4) 170 ns 

EOP LOW from CLK HIGH Delay Time 170 ns 

TAsM ADR Stable from CLK HIGH 170 ns 

TAs5 DB to AD5TB LOW Setup Time 100 ns 

TCH Clock High Time (Transitions:S:10 ns) 68 ns 

TCL Clock LOW Time (Transitions:S:10 ns) 68 ns 

TCY CLK Cycle Time 200 ns 

TDCL CLK HIGH to READ or WRITE LOW Delay (Note 2) 190 ns 

TDCTR READ HIGH from CLK HIGH 190 ns 
(54) Delay Time (Note 2) 

TDCTW WRITE HIGH from CLK HIGH 130 ns 
(54) Delay Time (Note 2) 

TDQ1 HRQ Valid from CLK HIGH Delay Time 120 ns 

TEPs EOP LOW from CLK LOW 5etup Time 40 ns 

TEPW EOP Pulse Width 220 ns 

TFAAB ADR Float to Active Delay from CLK HIGH 170 ns 

TFAC READ or WRITE Active from CLK HIGH 150 ns 
TFADB DB Float to Active Delay from CLK HIGH 200 ns 

TH5 HLDA Valid to CLK HIGH 5etup Time 75 ns 

TIDH Input Data from MEMR HIGH Hold Time 0 ns 

TID5 Input Data to MEMR HIGH Setup Time 170 ns 

TODH Output Data from MEMW HIGH Hold Time 10 ns 

TODV Output Data Valid to MEMW HIGH 125 ns 

TQ5 DREQ to CLK LOW (51, 54) 5etup Time (Note 3) 0 ns 

TRH CLK to READY LOW Hold Time 20 ns 

TR5 READY to CLK LOW Setup Time 60 ns 

TSTL ADSTB HIGH from CLK HIGH Delay Time 130 ns 

TSTT ADSTB LOW from CLK HIGH Delay Time 90 ns 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE 
TA = O"C to 70·C,'TCASE = O"C to 75·C, vee = +5V ±5%, GND =OV 

Symbol Parameter 

TAR ADR Valid or ~ LOW to 'FmAl5 LOW 

I TAW ADR Valid to WRliE HIGH Setup Time 

TCW CS LOW to WRITE HIGH Setup Time 

TOW Data Valid to WAITE HIGH Setup Time 

TRA ADA or CS Hold from READ HIGH 

TRDE Data Access from READ LOW 

TRDF DB Float Delay from ~ HIGH 

TRSTD Power Supply HIGH to RESET LOW Setup Time 

Min 

50 

130 

130 

130 

0 

0 

500 

TASTS RESET to First iOWA 2TCY 

TASTW RESET Pulse Width 300 

TRW . READ Width 200 

TWA ADA from WRITE HIGH Hold Time 20 

TWC CS HIGH from WRlTE HIGH Hold Time 20 

TWO Data from WAITE HIGH Hold Time 30 

TWWS Write Width 160 

NOTES: 

Max Unit 

ns 

ns. 

ns 

ns 

ns 

140 ns 

70 .ns 

ns 

ns 

ns 

ns 

ns 

I)S 

ns 

ns 

1. Input fr~cy 5 MHz, when RESET, VIN = OVlVee, CL = 0 pF. 
2. The net TOW or MEMW Pulse width for normal write will be TCY-l00 ns and for extended write will be 2TCY-100 ns. The 
net R5R or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 
3. DREQ and DACK signals may be active high or active low. TIming diagrams assume the active high mode for DREQ and 
active low for DACK. 
4. EOJ5 is an open collector output. This parameter assumes 1he presence of a 2.2K pullup to Vee. 

A.C. TESTING INPUT/OUTPUT WAVEFORM, 

u~ __ ~ __ v::
D.45~'-----:-----~~ 

231202-11 
A.C. Testing: Inputs are driven at 2.4V for a Logic "I" and O.!I5V 
for a Logic "0." All timing measurements are made at 1.5V. 
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WAVEFORMS 

SLAVE MODE WRITE TIMING 

I Tew 
-' 

I - i Twe 
TWWS ~ I 

- -TWA TAW -AU-A3 ---1 INPUT VALID 
- -TWO . TOW 

DBO-DB7 ~ INPUT VALID !>., 

231202-12 

Figure 9. Slave Mode Write 

SLAVE MODE READ TIMING 

a~ r 
~ =t""'-T-A-R j-------A-D-DR-ESS-MU-S-TB-E-VA-L-ID----------:1--:!~r--T-R-A~~------------

ilSli_ -~~~~~~:l~I-L~-_=~~~~_=_~~~--~~TR_D-E~-_-T_Rw-_=~_=_=~_=_=~~:}-I~~~_-_~C ___ TR_DF_-j_-!. 
D80-DB7 { DATA OUT VALID J--

231202-13 

Figure 10. Slave Mode Read 
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WAVEFORMS (Continued) 

DMA TRANSFER TIMING 
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Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 

MEMORY-TO-MEMORY TRANSFER TIMING 

ADST. 

AO-A? 

Dlo..DB1 

~ --------------~_r 

EXT EO; -""'t""'T'"-r-~ 

231202-15 

Figure 12. Memory-to-Memory Transfer 

READY TIMING 

eLK 

TDCL-+--i 

READY 

EXT~:~~ TRH I-
TRS1 

\\\\\\\\\\\ 
TRS 

231202-16 

Figure 13. Ready 
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WAVEFORMS (Continued) 

COMPRESSED TRANSFER TIMING 

CLK 

AO-A7 

TDCL-~--+I 

TWA 

RIW._ 

READY 

INT ___________ li_M_----J_---\J 

iOP 

:~ -----.,:-rsf-----w 
231202-17 

Figure 14. Compressed Transfer 

RESET TIMING 

r,------------------------------~·~I----------
Vee __ --J1 f--- ----TRITD----------! 

;

----TRITW -----I 

REI!T ________ ....J ---------

lOR OR lOW 

231202-18 

Figure 15. Reset 

DATA SHEET REVISION HISTORY 1. Changed "Advanced Information" to "Prelimi· 
, nary". 

The following list represents key differences be· 
tween this and the -003 data sheet. 

2. Added D.C. and A.C. Characteristics tables. 
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PROGRAMMABLE INTERRUPT CONTROLLER 
. (8259A/8259A-2/8259A-8) 

• SOS6, SOSS Compatible • Single + 5V Supply (No Clocks) 

• MCS-SOIB>, MC8-S51B> Compatible • 2S-Pln Dual-In-Llne Package 

• Eight-Level Priority Controller • Available In EXPRESS 

• Expandable to 64 Levels - Standard Temperature Range 
- Extended Temperature Range • Programmable Interrupt Modes 

• Individual Request Mask Capability 

The Intel 8259A Programmable Interrupt Controller handles up to eiQht vectored priority interrupts for the CPU. 
It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin 
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter
rupts. It has several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate 
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 

INT 

DATA CONTROL LOGIC 
0,-0. BUS Vee 

BUFFER ... 
iNrA 
IR7 

liD 
IRO 
IRI 

Wii READ! IR2 

WRITE 
IR2 

LOGIC 
A. 

cs 
231468-2 

Figure 2. Pin 
CASO Configuration 
CAS I 

CAS2 

S;!EN ~ INTERNAL BUS 

231468-1 

Figure 1. Block Diagram 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function 
" Vee 28, I SUPPLY: + 5V Supply. 

GNO 14 I GROUND 

CS 1 I CHIP SELECT: A low on this pin enables RO and WR cOmmunication 
betyteen the CPU and the 8259A. INTA functions are independent of ca ' , 

WR 2 I WRITE: A low on this pin when CS is low enables the 8259A to accept 
command words from the CPU. 

AD 3 I READ: A low on this pin when CS is low enables the 8259A to release 
status onto the data bus for the CPU. 

07-00 4-11 1/0 BIDIRECTIONAL DATA BUS: Control, status anI:! interrupt-vector 
information is transferred via this b\ls. 

CASo-CAS2 12,13,15 1/0 CASCADE LINES: The CAS lines form a private 8259A bus to control 
a multiple 8259A structure. These pins are outputs for a master 8259A 
and inputs for a slave 8259A. 

SP/EN 16 1/0 SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. 
When in tn.E! Buffered Mode it can be used, as an output to control 
buffer transceivers (EN). When not in the buffered mode it is used as 
an input to designate a master (SP = 1) or slave (SP = 0). 

INT 17 0 INTERRUPT: This pin goes high whenever a valid interrupt request is 
asserted. It is used to interrupt the CPU, thus it is connected to the 
CPU's interrupt pin. 

IRo-IR7 18-25 I INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request 
is executed by raising an IR input (low to high), and holding it high until 
it is acknowledged (Edge Triggered Mode), or just by a high level on an 
IR input (Level Triggered Mode). 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enable 8259A 
interrupt-vector data onto the data bus by a sequence of interrupt 
acknowledge pulses issued by the CPU. 

Ao 27 I AO ADDRESS LINE: This pin acts in conjunction with the CS, WR, and 
RO pins. It is used by the 8259A to decipher various Command Words 
the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A 1 for 8086, 8088). 
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FUNCTIONAL DESCRIPTION 

Interrupts In Microcomputer Systems 

Microcomputer system design requires that 1.0 de
vices such as keyboards, displays, sensors and oth
er components receive servicing in a an efficient 
manner so that large amounts of the total system 
'tasks can be assumed by the microcomputer with 
little or no effect on throughput. 

The most common method of servicing such devic
es is the Polled approach. This is where the proces
sor must test each device in sequence and in effect 
"ask" each one if.it needs servicing .. It i~ easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the. 
cost effectiveness of using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com
plete, however, the processor would resume exactly 
where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in
coming requests is of the highest importance (priori
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting 'device. This "pointer" is an ad
dress in a vectpring table and will often be referred 
to, in this document, as vectoring data. 
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The 8259A is a device specifically designed for use 
in real time, interrupt driven microcomputer systems. 
It manages eight levels or requests and has built-in 
features for expandability to other 8259A's (up to 64 
levels). It is programmed by the system's software 
as an 1/0 peripheral. A selection of priority modes is 
available to the programmer so that the manner in 
which the requests are processed: by the 8259A can 
be configured to match his system requirements. 
The priority modes can be changed or reconfigured 
dynamically at any time during the main program. 
This means that the complete interrupt structure can 
be defined as required, based on the total system 
environment. 

INTERRUPT REQUEST REGISTER (IRR) AND 
IN·SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg
ister (IRA) and the In-Service (ISR). The IRR is used 
to store all the interrupt levels which are requesting 
service; and the ISR is used to store all the interrupt 

-levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorites of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The, IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRA. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower quality. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The VOH level on this line is designed to be fully 
compatible with the 8080A, '808SA and 8086 input 
I~els. 

INTA (INTERRUPT, ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vector
ing information onto the data bus. The format of this 
data depends on the system mode (""PM) of the 
8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter
face the 8259A to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
,Command Word (OCW) registers which store, the 
various control formats for device operation. This 
function block also allows the status of the 8259A to 
be transferred onto the Data Bus. 

~ (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading 
or writing of the chip will occur unless the device is 
selected. . 

WR (WRITE) 

A LOW on this input enables the CPU to write con
trol words (leWs and OCWs) to the 8259A. 

RD (READ)' 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 

Ao, 

This input Signal is used in conjunction with WR and 
'Fit) Signals to write commands into the various com
mand registers, as well as reading the various status 
registers of the chip. This line can be tied ~irectly to 
one of the address lines. 
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Figure 4a. 8259A Block Diagram 
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Figure 4b. 8259A Block Diagram 

2·276 



inter 8259A 

THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 8259A's used in the system. The associated 
three I/O pins (CASO-2) are outputs when the 8259A 
is used as a master and are inputs when the 8259A 
is used as a slave. As a master, the 8259A sends 
the 10 of the interrupting slave device onto the 
CASO-2 lines. The slave thus selected will send its 
preprogrammed subroutine address _onto the Data 
Bus during the next one or two consecutive INTA 
pulses. (See section "Cascading the 8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcom
puter system are its programmability and the inter
rupt routine addressing capability. The latter allows 
direct or indirect jumping to the specific interrupt rou
tine requested without any polling of the interrupting 
devices. The normal sequence of events during an 
interrupt depends on the type of CPU being used. 

The events occur as follows in an MCS-80/85 sys
tem: 

1. One or more of the INTERRUPT REQUEST lines 
(IR7 -0) are raised high, setting the correspond
ing IRR bit(s). 

2. The 8259A evaluates these requests, and sends 
an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond
ing IRR bit is reset. The 8259A will also release a 
CALL instruction code (11001101) onto the 8-bit 
Data Bus through its 07-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU 
group. 

6. These two INTA pulses allow the 8259A to re
lease its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re
leased at the first INTA pulse and the higher 8-bit 
address is released at the. second INTA pulse. 

7. This completes the 3-byte CALL instruction re
leased by the 8259A. In the AEOI mode the ISR 
bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro
priate EOI command is issued at the end of the 
interrupt sequence. 

The events occuring in an 8086 system are the 
same until step 4. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond
ing IRR bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 

5. The 8086 will initiate a second INTA pulse. Dur
ing this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the sec
ond INTA pulse. Otherwise, the ISR bit remains 
set until an appropriate EOI command is issued 
at the end of the interrupt subroutine. 

If no interrupt request is present at step 4 of either 
sequence (Le., the request was too short in duration) 
the 8259A will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 
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~ 

INTERRUPT SEQUENCE OUTPUTS 

MCS-80®, MCS-85® 

This sequence is timed by three INTA pulses. During 
the first iNTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt Vector Byte 
D7 DB D5 D4 D3 D2 D1 DO 

CALL CODE 11 0 0 0 1 1 

During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro
grammed, while Ao-~ are automatically inserted by 
the 8259A. When Interval = 8 only As and A7 are 
programmed, while Ao-A5 are automatically insert
ed. 
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Content of Second Interrupt Vector Byte composed as follows (note the state of the ADI 
mode control is ignored and A5-A11 are unused in 
8086 mode): IR Interval = 4 

07 06 05 04 03 02 01 00 

7 A7 A6 A5 1 1 1 0 0 

6 A7 A6 A5 1 1 0 0 0 

5 A7 A6 A5 1 0 1 0 0 

4 A7 A6 A5 1 0 0 0 0 

3 A7 A6 A5 0 1 1 0 0 

2 A7 A6 A5 0 1 0 0 0 

1 A7 A6 AS 0 0 1 0 0 

0 A7 A6 A5 0 0 0 0 0 

IR Interval = 8 

07 06 05 04 03 02 01 00 

7 A7 A6 1 1 1 0 0 0 

6 A7 A6 1 1 0 0 0 0 

5 A7 A6 1 0 1 0 0 0 

4 A7 A6 1 0 0 0 0 0 

3 A7 A6 0 1 1 0 0 0 

2 A7 A6 0 1 0 0 0 0 

1 A7 A6 0 0 1 0 0 0 

0 A7 A6 0 0 0 0 0 0 

During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Aa-A15), is 
enabled onto the bus. 

Content of Third Interrupt Vector Byte 
07 06 05 04 03 02 01 00 

I A151 A141 A13 I A12 I A11 I A10 I A9 I A8i 

8086,8088 

8086 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is 
similar to that of MCS-80, 85 systems in that the 
8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it 
issues the interrupt code on the cascade lines at the 
end of the INTA pulse. On this first cycle it does not 
issue any data .to the processor and leaves its data 
bus buffers disabled. On the second interrupt ac
knowledge cycle in 8086 mode the master (or slave 
if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code 

IR7 

IR6 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

Content of Interrupt Vector Byte 
for 8086 System Mode 

07 06 05 04 03 02 01 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 0 

T7 T6 T5 T4 T3 1 0 

T7 T6. T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 0 

T7 T6 T5 T4 T3 0 0 

PROGRAMMING THE 8259A 

00 

1 

0 

1 

0 

1 

0 

1 

0 

The 8259A accepts two types of command words 
generated by the CPU: 

1. Initialization Command Words (ICWs): Before 
normal operation can begin, each 8259A in the 
system must be brought to a startinuoint-by a 
sequence of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 8259A 
to operate in various interrupt modes. These 
modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259A anytime 
after initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

General 

Whenever a command is issued with AO = 0 and D4 
= 1,. this is interpreted as Initializjiltion Command 
Word 1 (ICW1). ICW1 starts the intiitalization se
quence during which the following automatically oc
cur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in
put must make a low-to-high transistion to gener
ate an interrupt. 
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b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is 
set to IRA. 

f. If 1C4 = 0, then all functions selected in ICW4 
are set to zero. (Non-Buffered mode", no Auto
EOI, MCS-80, 85 system). 

·NOTE: 
MasterlSlave in ICW4 is only used in the buffered 
mode. 

Initialization Command Words 1 and 2 
(ICW1,ICW2) 

A5-A15:Page starting address of service routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. TheSE! can be programmed to be spaced at 
intervals of 4 or 8 memory locations, thus the 8 rou
tines will occupy a page of 32 or 64 bytes, respec
tively. 

The address format i$ 2 bytes long (Ao-A15). When 
the routine interval is 4, Ao-A4 are automatically in
serted by the 8259A, while A5-A15 are programmed 
externally. When the routine interval is 8, Ao-A5 are 
automatically inserted by the 8259A, while Aa-A15 
are pfOgrammed externally. 

The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 

In an 8086 system A15-A11 are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according 
to the interrupt level. A10-A5 are ignored and ADI 
(Address interval) has no effect. 

L TIM: If L TIM = 1, then the 8259A will operate in 
the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then inter
val = 4; ADI = 0 then interval = 8. 

SNGL: Single. Means that this is the only 8259A in 
the system. If SNGL = 1 no ICW3 will be 
issued. 

IC4: If this bit is set-ICW4 has to be read. If 
ICW4 is not needed, set IC4 = O. 

Initialization Command Word 3 (ICW3) 

This word is read only when there is more than one 
8259A in the system and cascading is used, in which 

case SNGL = O. It will load the 8-bit slave register. 
The functions of this register are: 

a. In the master mode (either when SP = 1, or in 
buffered mode when MIS = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS-
80185 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 8086 only byte 
2) through the cascade lines. 

b. In the slave mode (either when SP = 0, or if BUF 
= 1 and MIS = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 8086) are 
released by it on the Data Bus. 

NO (SINGL = 1) 

NO (1(:4 = 0) 

READY TO ACCEPT 
INTERRUPT REQUESTS 

231468-9 

Figure 6. Initialization Sequence 
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Initialization Command Word 4 (ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 

is programmed. 

BUF: If BUF = 1 the buffered mode is pro
grammed. In buffered mode SP/EN be
comes an enable output and the masterl 
slave determination is by MIS. 

MIS: If buffered mode is selected: MIS = 1 
means the 8259A is programmed to be a 

ICWI 

master, MIS = 0 means the 8259A is pro
grammed to be a slave. If BUF = 0, MIS 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed. 

,...PM: Microprocessor mode: ,...PM = 0 sets the 
8259A for MeS-80, 85 system operation, 
,...PM = 1 sets the 8259A for 8086 system 
operation. 

I o I A, I A, I ~ 1 I I L TIM I ADI1 SNGLl'C4) 

I I I 

ICW2 

I lew. NEEDED 
o • NO ICW. NEEDED 

I = SINGLE 
o = CASCADE MODE 

CALL At'DRESS INTERVAL 
I • INTERVAL OF • 
O. INTERVAL OF. 

1 = LEVEL TRIGGERED MODE 
o = EDGE TRIGGERED MODE 

A7 -A5 01INTERRUPT 
VECTOR ADDRESS 

(MCS·80 185 MODE ONL Y) 

A'5-A8 OF INTERRUPT 
VECTOR ADDRESS 

(MCS80/85 MODE) 
T 7 - T 3 OF INTERRUPT 
VECTOR ADDRESS 

(808618088 MODE) 

231468-10 

231468-11 

Figure 7. Initialization Command Word Format 
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ICWl {MASH A DEVICEI 

ICWllSLAVE DEVICE I 

I 1 I 0 -I 0 I 0 I 0 I 0 J lod '0, 1100 I 

\ 

lCW4 
11.0 1» D& 0," 04 03 02 01 00 

I 1 I 0 I 0 I o ISFNMI BUF I MIS I AEOII "PM I 

L-

,= IA INPUT HAS A SLAVE 
0= IA INPUT OOfS NOT HAVE 

'! SLAVE 

SLAVE 10(11 

o , 2 l • 5 , 7 

0 , o , o , o , 
0 o , , 0 0 , , 
000 o , , , 1 

1 = 8088/8088 MODE 
0" MCS-80/85 MODE 

1= AUTO EOI 
O· NOAMAI EOI 

E±H3-- NON BUFFERED MODE 
o - BUFFERED MODE/SLAVE 

, ,- BUFFEAED MODE/MASUA 

1 = SPECIAL FULLY NESTED 
MODE 

o • NOT SPECIAL FULLY 
NESTED MODE 

Slave 10 is equal to the corresponding master IR input. 

Figure 7. Initialization Command Word Format (Continued) 
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OPERATION COMMAND WORDS Operation Control Words (OCWs) 
(OCWS) OCW1 

After the Initialization Command Words (ICWs) are 
AO D7 DB D5 D4 D3 D2 D1 

programmed into the 8259A, the chip is ready to ac- G] IM7 M6 M5 M4 M3 M2 M1 
capt interrupt requests at its input lines. However, 
during the 8259A operation, a selection of algo- OCW2 
rithms can command the 8259A to operate in vari- 0 IR SL EOI 0 0 L2 L1 
ous modes through the Operation Command Words 
(OCWs). OCW3 

0 10 ESMM SMM 0 1 P RR 

DCW1 

Ao 0, 0, Dr. 0. °3 ~ 0, Do 

INTERRUPT MASK 
'-......11.-....1 ...... --1_...1._...&._...&._ ....... _--1 1 = MASK SET 

o = MASK RESET 

231468-15 

OCW2 

Ao 0., Db ~ O. OJ 0 1 0, Do 

lolR/a EOI / 0 / 0 J L1 I l, I Lo I 
IR LEVEL TO II 
ACTEDUI'ON 

0 1 2 3 4 !> 6 7 

0 1 n 1 0 1 0 1 

0 0 1 1 0 0 1 1 

0 0 0 0 1 1 I 1 

l- I"'" 

0 0 1 IIONoIPECIFlC EOICOMllAND l END OF INTERRUPT 
0 1 1 SPECIFIC EOI COMMAND 

1 0 1 ROTATE ON NON-IPECIFIC EOI COMMAND } 1 0 0 ROTATE IN AUTOMATIC EOI MOllE (lET) AUTOMATIC ROTATION 

0 0 0 ROTATE IN AUTOMATIC EOI MODE (CLEAR) 

1 1 1 -ROTATE ON SPECIFIC EOI COMMAND 1 SPECIFIC ROTATION 
1 1 0 -lET ""IORrrv COMMAND 

0 1 0 NO OPERATION 

-LO-U ARE USED 

DO 

Mol 

LO I 

Risl 

231468-16 

Figure 8_ Operation Command Word Format 
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Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7-MO represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 

OCW3 

I 0 I 0 lUMMI SMM I 0 I I I P I RR I RIS I 

Operation Control Word 2 (OCW2) 

R, SL, EOI-These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 

L2, Llo La-These bits determine the interrupt level 
acted upon when the SL bit is active. 

READ REGISTER COMMAND 

0 I 0 I 

0 0 I I 

READ READ 

NO ACTION 
IR REG IS REG 
ON NEXT ON NEXT 
RD PULSE AD PULSE 

1.!'Oll COMMAND 
O:NO !'OLL COMMAND 

SPECIAL MASK MODE 

0 1 0 I 

0 0 1 1 

"ESET SET 
NO ACTION Sl'ECIAl SPECIAL 

MASK MASK 

231468-17 

Figure 8. Operation Command Word Format (Continued) 
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Operation Control Word 3 (OCW3) 

ESMM-Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a "don't care". 

SMM-Special Mask Mode. If ESMM = 1 and SMM 
= 1 the 8259A' will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0 the 8259A will revert to 
normal mask mode. When ESMM = 0, SMM has no 
effect. 

Fully Nested Mode 

This mode is entered after initialization unless anoth
er mode is programmed. The interrupt requests are 
ordered in priority from 0 through 7 (0 highest). 
When an interrupt is acknowledged the highest pri
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic End of Inter
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev
els will generate an interrupt (which will be acknowl
edged only if the microprocessor internal Interupt 
enable flip-flop has been re-enabled through soft
ware). 

After the initialization sequence, IRO has the highest 
prioirity and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 

End of Interrupt (EOI) 

The In Service (IS) bit can be reset either automati
cally following the trailing edge of the last in se
quenc~ INT A pulse (when AEOI bit in ICW1 is set) or 
by a command word that must be issued to the 
8259A before returning from a service routine (EOI 
command). An EOI command must be issued twice 
if in the Cascade mode, once for the master and 
once for the corresponding slave. 

There are two forms of EOI command: Specific and 
Non-Specific. When the 8259A is operated in modes 
which perserve the fully nested structure, it can de
termine which IS bit to reset on EOL When a Non
Specific EOI command is issued the 8259A will auto
matically reset the highest IS bit of those that are 
set, since in the fully nested mode the highest IS 
level was necessarily the last level acknowledged 
and serviced. A non-specific EOI can be issued with 
OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully 
nested structure, the 8259A may no longer be able 
to determine the last level acknowledged. In this 
case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if 
the 8259A is in the Special Mask Mode. 

AutomatiC End of Interrupt (AEOI) 
Mode 

If AEOI = 1 in ICW4, then the 8259A will operate in 
AEOI mode continuously until reprogrammed by 
ICW4. in this mode the 8259A will automatically per
form a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in B086). Note that 
from a system standpoint, this mode should be used 
only when a nested multilevel interrupt structure is 
not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A 
and not a slave. 8259As with a copyright date of 
1985 or later will operate in the AEOI mode as a 
master or a slave. 

Automatic Rotation 
(Equal Priority Devices) 

In some applications there are a number of interrupt
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority,. so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (IR4 the highest prioirity requiring 
service) 

117 III III 1M IS3 112 lSI ISO 

101 11011101010101 
'"IS" Slatus 231468-18 . 

~. PrIoo\IJ "lIMe' PrIori., 
I 7 f. 1 5 I 4 1 3 1 2' I ;"'0 I 

Priority S1atus 231468-,19 
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After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 lSI 181 IS4 IS3 lSI IS1 ISO 

'I 0 I 11 0 I 0 I 0 I 0 I 0 I 0 I 
"IS" Status 231468-20 

Priority Status 231468-21 

There are two ways to accomplish Automatic Rota
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro
tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI =,0). 

Specific Rotation 
(Specific Priority) 

The programmer can change priorities by program
ming the bottom priority and thus fixing all other pri
orities; i.e., if IR5 is programmed as the bottom prior
ity device, then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1, LO-L2 is the binary priority level 
code of the bottom priority device. 

Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in
dependent of th~ End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 

Interrupt Masks 

Each Interrupt Request input can bem masked indi
vidually by the Interrupt Mask Register (IMR) pro
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if, it is set (1). Bit 0 masks'IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 

Special Mask Mode 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc-

ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori
ty requests for a portion of its execution but enable 
some of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 8259A would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by OWC3 where: 
SSMM,= 1,SMM = 1,andclearedwhereSSMM =, 
1, SMM ,= O. 

Poll Command 

In this mode the INT output is not used or the micro
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 

The Poll command is issued by se!!!!!9 P = '1" in 
OCW3. The 8259A treats the next RD pulse to the 
8259A (i.e., RD = 0, CS = 0) as an interrupt ac
kno\Vledge, sets the appropriate IS bit if there is a 
request, 'and reads the priority level. Interrupt is fro
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 

W2 W1 WO I 
WO-W2: Binary code of the highest priority level 

requesting service. 

I:, Equal to "1" if there is an interrupt. 

This mode is useful if there is a routine command 
common to several levels so that the INTA se
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 

Readillg the 8259A Status 

The input status of several internal registers can be 
read to update the ,user information on the system. 
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LnM liT 
0 .. EOGf 
t .. LEVU 

TO O'HER PRIORTY CILLS 
CU'IIII 

...... , 

EDGE 
• ."SI 
~LA~TC~"-t ____ ~ ____ -+ __ -+ ____ ~l:jtt-~==::i1.T~ 'RIO""y 

IIElOLwlfI 

"IOUIIT 
LATCH 

'R--6-[)oo--4-----cL.J D D~~-;----~~-H~--~, -_ED 

NOTES: 

RID 

L....t.-.--------+i~ ...... -----+---- ~"::::~ 

I 
i 

1. Master clear active only d~'l' ICW1. 
2. FREEZE is active during I T and poll sequences only. 

231468-22 

3. Truth Table for a O·Latch. 
C D Q Operation 

1 Oi Oi Follow 
o X Qn·1 Hold 

Figure 9. Priority Cell-Slmpllfled Logic Diagram 

The following registers can be read via OCW;3 (IRR 
and ISR or OCW1 [IMR]). 

Interrupt Request Register (IRR): 8·bit register which 
contains the levels requesting an interrupt to be ac
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af· 
fected by IMA.) 

In-Servic8 Register (ISR): 8·bit register which con· 
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 

Interrupt Mask Register: 8·bit register which con· 
tains the interrupt request lines which are masked. 

" 

The IRR can be read when. prior to the RD pulse, a 
Read Register Command is.-issued with OCW3 (RR 
= 1, RIS = 0.) , 

The ISR can be read, when, prior to the RD pulse, a 
Read Register Command is issued with qcW3 (RR 
= 1, RIS = 1). 

There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 8259A 
"remembers" whether the IRR or ISR has been pre· 
viously selected by the OCW3. This is not true when 
poll is used. 

After initialization the 8259A is set to IRA. 

For reading the IMR, no OCW3 is needed. The out· 
put data bus will contain the IMR whenever RD is 
active and AO = 1 (OCW1). ' 

Polling overrides status read when P = 1, RR = 1 
inOCW3. ' 

Edge and Level Triggered Modes 

This mode is programmed using bit 3 in ICW1. 

If L TIM ;= '0', an interrupt request will be recognized 
by a low to high transition on an IR Input. The IR 
input can remain ,high without generating another in· 
terrupt. 
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IR 

INT ____ -+-..J 

INTA -----+-----....... 

LATCH' 
ARMED 

EARLIESTIR 
CAN BE REMOVED 

aoM/8088 80l0I8085 

808818088 

8080/8085 

LATCH' 
'EDGE TRIGGERED MODE ONLY ARMED 

231468-23 

Figure 10.IR Triggering Timing Requirements 

If L TIM = '1', an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupts is enabled to prevent a second inter
rupt from occurring. 

The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit
ry of the 8259A. Be sure to note that the request 
latch is a transparent D type latch. 

In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac
knowledges the interrupt. This can be a useful safe
guard for detecting interrupts caused by. spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter
rupt. 1,1 IR7 is needed for other purposes a default 
IR7 can still be detected by reading the ISA. A nOJ
mallR7 interrupt will set the porresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs dur
inga normal IR7 routine, however, the ISIil will re
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en
tered. If another IR7 occurs it is a default. 

The Special Fully Nest Mode 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us-

ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: . 

a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's priority logic and further interrupt re
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nested 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the 
master too. If not, no EOI should be sent. 

Buffered Mode 

When the 8259A is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob-
lem of enabling buffers. . 

The buffered mode will structure the 8259A to send 
an enable signal on SP/EN to enable the buffers. In 
this mode, whenever the 8259A's data bus outputs 
are enabled, the SP/EN output becomes active. 

This modification forces the use of software pro
gramming to determine whether the 8259A is a mas
ter or a slave. Bit 3 in ICW4 programs the buffered 
mode, and bit 2 in ICW4 determines whether it is a 
master or a slave. 
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CASCAPE MODE 

The 8259A can be easily interconnected in a system 
of one master with up to eight slaves to handle up to 
64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INT A sequence. 

In a cascade configuration, the slave interrupt out
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INT A. (Byte 2 only 
for 8086/8088). 

The cascade bus lines are normally low and will con. 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 8259A in the system must follow a sep
arate initialization sequence and can be pro
grammed to work in a different mode. An EOI com
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de
coder is required to activate the Chip Select (CS) 
input of each 8259A. 

The cascade lines of the Master 8259A are activat~ 
ed only for slave inputs, non-slave inputs leave the 
cascade line inactive (low). 

AOOIIlSS aus "" 

\ CONTROL IUS 

INT REO 

\ DATA IUS II. \ 

-- -- - - --- f-- -
-- - - -- - f-- -
-- - - - --- - f-- - -

r-- I 
Ci ... 00-, INTA INT CS ... 00-, INTA INI cs ... DO·7 INTA INT 

CASO CASO CAS 0 

8259A CASI 1- 1259'" 
CAS' 

8259A 

SLAVE A SLAVES CAS 1 MASTER 

CA$2 I- CAS. CA52 

DIf1ii7 • 5 < 3 • , 0 DIm, • 5 .. 3 2 , 0 P,rliM7 Me M6 MO M3 M2 M' MO 

arD r r r I I r 1 I ~Drllrlll1 lLt.l1 11 I 
7 1.<3.' 0 11'<3"0 I < 3. , 0 

I I , 
INTERRUPT REOUESTS 

231468-24 

Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground ......•..• - 0.5V to + 7V 

Power Dissipation ............. ; ............. 1 W 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam- . 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D. C. CHARACTERISTICS (TA = 0·Ct070·C, Vee = 5V ±5% (8259A-8), Vee = 5V ± 10% 
(8259A, 8259A-2» 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0· Vee + 0.5V V 

VOL Output Low Voltage 0.45 V IOL = 2.2mA 

VOH Output High Voltage 2.4 V IOH = -400p.A 

VOH(INT) Interrupt Output High 3.5 V IOH =-100p.A 
Voltage 2.4 V IOH = -400p.A 

III Input Load Current -10 +10 p.A OV ~ VIN ~ Vee 

ILOL Output Leakage Current -10 +10 p.A 0.45V ~ VOUT ~ Vee 

Icc Vee Supply Current 85 mA 

ILiR IR Input Load Current -300 p.A VIN = 0 

10 p.A VIN = Vee 

°NOTE: 
For Extended Temperature EXPRESS VIH = 2.3V. 

CAPACITANCE TA = 25·C; Vee = GND = OV 

Symbol Parameter Min Typ Max Unit Test Conditions 

CIN Input Capacitance 10 pF tc = 1 MHz 

CliO 1/0 Capacitance 20 pF Unmeasured Pins Returned to Vss 
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A.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5V ±5% (8259 A-8), VCC = 5V ±10% (8259A, 8259A-2) 

TIMING REQUIREMENTS 

Symbol Parameter 
8259A·8 8259A 8259A·2 

Units Test Conditions 
Min Max Min Max Min Max 

TAHRL AO/CS Setup to RD/INTA .J, 50 0 0 ns 

TRHAX AO/CS Hold after 'FiD/INTA t 5 0 0 ns 

TRLRH RD Pulse Width 420 235 160 ns 

TAHWL AO/CS Setup to WR .J, 50 0 0 ns 

TWHAX AO/CS Hold after WR t 20 0 0 ns 

TWLWH WR Pulse Width 400 290 190 ns 

TDVWH Data Setup to WR t 300 240 160 ns 

TWHDX Data Hold after WR t 40 0 0 ns 

TJLJH Interrupt Request Width (Low) 100 100 100 ns See Note 1 

TCVIAL Cascade Setup to Second or Third 
55 55 40 

INTA.J, (Slave Only) 
ns 

TRHRL End of RD to Next RD 
End of INTA to Next INTA within 160 160 160 ns 
an INTA Sequence Only 

TWHWL End of WR to Next WR 190 190 190 ns 

*TCHCL End of Command to Ne~ Command 
500 500 500 

(Not Same Command Type) 
ns 

End of INTA Sequence to Next 
INTA Sequence. 

'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 
1.6 '"'S, 8085A-2 = 1 '"'S, 8086 = 1 '"'S, 8086-2 = 625 ns) 

NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 

TIMING RESPONSES 

Symbol Parameter 
8259A·8 8259A 8259A·2 

Units Test Conditions 
Min Max Min Max Min Max 

TRLDV Data Valid from RDIINTA.J, 
300 200 120 

C of Data Bus = 
ns 

100 pF 

TRHDZ Data Float after RDIINTA t 10 200 10 100 10 85 ns C of Data Bus 

TJHIH Interrupt Output Delay 400 350 300 ns Max Test C = 100 pF 
Min TestC = 15pF 

TIALCV Cascade Valid from First INTA.J, 
565 565 360 CINT = 100pF (Master Only) 

ns 

TRLEL Enable Active from RD.J, or INTA.J, 160 125 100 ns 
CCASCADE = 100 pF 

TRHEH Enable Inactive from RD t or INTA t 325 150 150 ns 

TAHDV Data Valid from Stable Address 350 200 200 ns 

TCVDV Cascade Valid to Valid Data 300 300 200 ns 
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A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

2.4~ )C 2.0 2.0 > ~BTPOINTB < 
_0.8 0.8., 

0,45 

231468-25 

A.C. Testing: Inputs are driven at 2,4V for a logic "1" and 0.45V 
fOr a logic "0". Timing measurements are:made at 2.0V fOr a logic 
"1" and 0.8V fOr a logic "0". 

WAVEFORMS 

WRITE 

\ 
~ TANWL -Ci 

AOOIIIII 

AI 

DATA lUI 

lUi 
, )~ 
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DEVICE 
UNDER '1".'." TEST 

231468-26 
CL = 100 pF 
CL Includes Jig Capacitance 

TWLWN 

- TMtAX I--

~K 
I--TDVWN- -TWNDX 

)r ~( 
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WAVEFORMS (Continued) 

REAOIINTA 

RlWiiiTA--------..... 
1-----TIILlI"-----t 1,. _________ _ 

TIILEL 

TRHAX a-----_ 
ADDIIESS lUI 

Ae------.1 
TIILDV::::L. ~-

DATA IUI- - -- - - - - - - - - -~:-: - =-{"----------l- ------
231468-28 

OTHER TIMING 

RD 

A=TRHRL~ 
INTA 

\ / 
WR 

\ ;f=TW"WL~ / 
iiii 

IIITl 

\ c_'~ 
WR 

iii) 
1NTA 

/ WR 

231468-29 
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WAVEFORMS (Continued) 

INTA SEQUENCE 

III 

INT --------' 

INTA------------_~ 

01- - '- - - - - - - ___ _ 

Tcvov---~I 

CO.2-------------------r-_____ ~~------~----~~-----------~--
-TlALCV_ 

NOTES: 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in 8086, 8088 systems, the Data Bus is not active. 

Data Sheet Revision Review 

The following changes have been made since revision 1 of the 8259A data sheet. 

231468-30 

1. A note was added indicating that the AEOI mode works when the 8259A is acting as a master or a slave for 
parts marked with a copyright date of 1985 or later. 
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82C59A-2 
CHMOS Programmable Interrupt Controller 

• Pin Compatible with NMOS 8259A-2 • 80C86/88 and 8080185/86/88 

• Eight-Level Priority Controller . Compatible 

• Expandable to 64 levels • Fully Static Design 

• Programmable Interrupt Modes • Single 5V Power Supply 

• Low Standby Power-10 IJ.A • Will Be Available in 28-Lead Plastic DIP 
and 28-Lead PLCC Packages 

• Individual Request Mask Capability (See Packaging Spec., Order #231369) 

The Intel 82C59A-2 is a high performance CHMOS Version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A is designed tp relieve the system CPU from the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro
processors such as the 80C86/88, 8086188 and 8080/8S. 

The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without 
additional circuitry. It is designed to minimize the software and real time overhead in handling multi-level 
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements. 
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin 
plastic DIP. 

DATA 
BUS 

BUFFER 

INTERNAL 8US 

Figure 1. Block Diagram 
231201-1 
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Figure 2a. 28·Lead DIP 
Configuration 

o 

82C59A-2 

12 13 14 15 16 17 18 

0_ Q "liS .. 0 

~ ~ is ~ I~ lE !! 

IR7 

IRa 

IRS 

IR4 

IR2 

IRI 

231201-23 

Figure 2b. 28-Lead PLCC 
Configuration 

September 1986 
Order Number: 231201-003 



82C59A-2 

Table 1 Pin Description 

Symbol Pin No. Type Name and Function 

Vee 28 I SVPPL Y: + 5V Supply. 

GND 14 I GROUND. 

CS 1 I CHIP SELECT: A low on this pin enables RD and WR 
communication between the CPU and the 82C59A-2.INTA 
functions are independent of CS. 

WA 2 I WRITE: A low on this pin when CS is low enables the 
82C59A-2 to accept command words from the CPU. 

AD 3 I READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 

D7-DO 4-11 110 BIDIRECTIONAL DATA BUS: Control, status and interrupt-
vector information is transferred via this bus. 

CA50-CAS2 12,13,15 1/0 CASCADE LINES: The CAS lines form a private 82C59A-2 
bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and inputs for a slave 
82C59A-2. 

SP/EN 16 110 SLAVE PROGRAMIENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 

INT 17 0 INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus it is 
connected to the CPU's interrupt pin. 

IAo-IA7 18-25 I INTERRUPT REQUESTS: Asynchronous inputs. An interrupt 
request is executed by raising an IA input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IA input (Level Triggered Mode). 
Internal pull-up resistors are implemented on IAO-7. 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enable 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 I AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WA, and AD pins. It is used by the 82C59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (A1 for 80C86, 80C88). 
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FUNCTIONAL DESCRIPTION 

Interrupts In Microcomputer Systems 
Microcomputer system design requires that 1/0 de
vices such as keyboards, displays, sensors and oth
er components receive serVicing in an efficient man
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 

The most common method of servicing such devic
es is the Polled approach. This is where the proces
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness bf using such devices. 

A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that- it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com
plete, however, the processor would resume exactly 
where it left off. 

This method is called Int9ffUpt. It is easy to see that 
system throughput would drastically increase, and 
thus more tasks could be assumed by the micro
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in
coming requests is of the highest importance (priori
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to 1he service routine associated 
with the requesting device. This "pointer" is an ad
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 

The 82C59A-2 

The 82C59A-2. is a device specifically designed for 
use in real time, interrupt driven microcomputer sys-

CN.DRIVIN 
MULTIPLEXOR 

CPU ---- --I! 
1'0 

RAM ~ ) ~ 1/0111 --.J 

ROM ~ /'--'\ 
~ 

110121 -

r---, 
~I IIOINI 

I I L ___ ..I 
V 

231201-3 

Figure 3a. Polled Method 

231201-4 

Figure 3b. Interrupt Method 
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tems. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A-2's (up to 64 levels). It is programmed by 
the system's software as an I/O peripheral. A selec
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc
essed by the 82C59A-2 can be configured to match 
system, requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com
plete interrupt structure can be defined as required, 
based on the total system environment. 

INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg
ister (IRR) and the In-Service Register (ISR). The 

. IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrLipt levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit 'of the ISR during 
INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The VOH level on this line is designed to be fully 
compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 82C59A-2 to release vec
toring information onto the data bus. The format of 
this data depends on the system mode (""PM) of the 
82C59A-2. 

DATA BUS BUFFER 

This 3-state, bidirectional8-bit buffer is used to'inter
face the 82C59A-2 to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats' for device operation. This 
function block also allows the status of the 
82C59A-2 to be transferred onto the Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 82C59A-2. No 
reading or' writing of the chip will occur unless the 
device is selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write con
trol words (ICWs and OCWs) to the 82C59A-2. 

RD (READ) 

A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 

AO 

This input signal is used in conjunction with WR and 
RD signals to write commands into the various com
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 

THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of 
all 82C59A-2's used in the system. The associated 
three I/O pins (CASO-2) are outputs when the 
82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de
vice onto the CASO-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con
secutive INTA pulses. (See section "Cascading the 
82C59A-2".) 
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INTERRUPT SEQUENCE lows direct or indirect jumping to the specific inter
rupt routine requested without any polling of the in
terrupting devices. The normal sequenc;:e of events 
during an interrupt depends on the type of CPU be
ing used. 

The powerful features of the 82C59A-2 in a micro
computer system are its programmability and the in
terrupt routine addressing capability. The latter al-

DATA 
IUS 

BUFFER 

Ci----' 

CASO 

CASt 

CAl 2 

CONTROL ,OGle 

1P1iN----' ~INTfR .. AL &uS 

Figure 4. 82C59A-2 Block Diagram 

CASCADE { 
LINES 

SLAVE PROGRESS / INTERRUPT REQUESTS 
ENABLE BUffER 

lAO 
IR' 

L... ..... _r-- IR7 

231201-8 

Figure 5. 82C59A-2 Interface to Standard System Bus 
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The events occur as follows in an MCS-80/8S sys
tem: 

1. One or more of the INTERRUPT REQUEST Lines 
(IR7 -0) are raised high, setting the corresponding 
IRR bit(s). 

2. The 82CS9A-2 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the correspond
ing IRR bit is reset. The 82CS9A-2 will also re
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7 -0 pins. 

S. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82CS9A-2 from the CPU 
group. 

S. These two INTA pulses allow the 82CS9A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8~bit address is re
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re
leased by the 82CS9A-2. In the AEOI mode the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro
priate EOI command is issued at the end of the 
interrupt sequence. 

. The events occurring in an 80C8S system are the 
same until step 4. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the correspond
ing IRR bit is reset. The 82CS9A-2 does not drive 
the Data Bus during this cycle. 

S. The 80C8S will initiate a second INTA pulse. Dur
ing this pulse, the 82CS9A-2 releases an 8-bit 
pOinter onto the Data Bus where it is read by the 
CPU. 

S. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 

If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82CS9A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 

INTERRUPT SEQUENCE OUTPUTS 

MCS®·80, MCS·85 

This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 00 

CALL CODE I 1 0 0 0 1 I 
~----------------------~ 

During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A? are pro
grammed, while Ao-~ are automatically inserted by 
the .82CS9A-2. When Interval = 8 only A6 and A? 
are programmed, while Ao-A5 are automatically in
serted. 

IR 

D7 

7 A7 

S A7 

S A7 

4 A7 

3 A7 

2 A7 

1 A7 

0 A7 

IR 

D7 

7 A7 

S A7 

S A7 

4 A7 

3 A7 

·2 A7 

1 A7 

0 A7 

Content of Second Interrupt 
Vector Byte 

Interval = 4 

DS DS D4 D3 D2 

AS AS 1 1 1 

AS AS 1 1 0 

AS AS 1 .0 1 

AS AS 1 0 0 

AS AS 0 1 1 

AS AS 0 1 0 

AS AS 0 0 1 

AS AS 0 0 0 

Interval = 8 

. DS DS D4 D3 D2 

AS 1 1 1 0 

AS 1 1 0 0 

AS 1 0 1 0 

AS 1 0 0 0 

AS 0 1 1 0 

AS 0 1 0 0 

AS 0 0 1 0 

AS 0 0 0 0 

D1 DO 

Q 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

D1 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

During the third I NT A pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (As - A15), is 
enabled onto the bus. 
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Content of Third Interrupt 
Vector Byte 

D7 D6 D5 D4 D3 D2 D1 DO 

I A1s1 A141 A131 A121 A11 I A10 I A91 A81 

80C86, 80C88 

80C86, 80C88 mode is similar to MCS-80 mode ex
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl
edge cycle is similar to that of MCS-80, 8S systems 
in that the 82CS9A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and As-A11 are 
unused in 80C86, 80C88 mode): 

IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IR1 

IRO 

Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 

D7 D6 D5 D4 D3 D2 D1 

T7 T6 TS T4 T3 1 1 

T7 T6 TS T4 T3 1 1 

T7 T6 TS T4 T3 1 0 

T7 T6 TS T4 T3 1 0 

T7 T6 TS T4 T3 0 l' 

T7 T6 TS T4 T3 0 1 

T7 T6 TS T4 T3 0 0 

T7 T6 TS T4 T3 0 0 

PROGRAMMING THE 82C59A-2 

DO 

1 

0 

1 

0 

1 

0 

1 

0 

The 82CS9A-2 accepts two types of command 
words generated by the CPU: 

1. Initialization Command Words (ICWs): Before nor
mal operation can begin, each 82CS9A-2 in the 
system must be brought to a startin9..E9int - by a 
sequence of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are 
the command words which command the 
82CS9A-2 to operate in various interrupt modes. 
These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 82CS9A-2 any
time after initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with AO = 0 and D4 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the initialization se
quence during which the following automatically oc
cur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) in
put must make a low-to-high transition to gener
ate an interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is aSSigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is 
set to IRA. 

t. If IC4 = 0, then all functions selected in ICW4 are 
set to zero. (Non-Buffered mode·, no Auto-EOI, -
MCS-80, 8S system). 

·NOTE: 
Master/Slave in ICW4 is only used in the buffered 
mode. 

INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

As-A1S: Page starting address of service routines. 
In an MCS 80/8S system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 

The address format is 2 bytes long (Ao-A1S). When 
the routine interval is 4, Ao-A4 are automatically in
serted by the 82CS9A-2, while As-A1S are pro
grammed externally. When the routine interval is 8, 
Ao-As are automatically inserted by the 82CS9A-2, 
while As-A1S are programmed externally. 

The 8-byte interval will maintain compatibility with 
-current software, while the 4-byte interval is best for 
a compact jump table. 

In an 80C86, 80C88 system A1S-A11 are inserted in 
the five most significant bits of the vectoring 
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byte and the 82C59A-2 sets the three least signifi
cant bits according to the interrupt level. A1O-A5 are 
ignored and ADI (Address Interval) has no effect: 

L TIM: If L TIM = 1, then the 82C59A-2 will operate 
in the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then inter
val = 4; AOI = 0 thenihterval = 8. 

SNGL: Single. Means that this is the only S2C59A-2 
in the system. If SNGL = 1 no ICW3 will be 
issued. 

IC4: If this bit is set - ICW4 has to be read. If 
ICW4 is not needed, set IC4 = O. 

INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 
82C59A-2 in the system and cascading is used, in 
which case SNGL =0. It will load the 8-bit slave 
register. The functions of this register are: 

a. In the master mode (either when SP = 1, or in 
buffered mode when MIS = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C8S, 80C88 
only byte 2) through the cascade lines. 

NO (IC'. 01 

b. In the slave mode (either when SP. = 0, or if BUF 
= 1 and MIS = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cllscade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 80C8S, 
80C88 are released by it on the Data Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 
SFNM: If SFNM = 1 the special fully nested mode 

is programmed. 

BUF: If BUF = 1 the buffered mode is pro
grammed. In buffered mode SP/EN be
comes an enable output and the master I 
slave determination is. by MIS. 

MIS: If buffered mode is selected: MIS = 1 
means the 82C59A-2 is programmed to be a 
master, MIS = 0 means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, MIS 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed. 

,...PM: Microprocessor mode: ,...PM = 0 sets the 
, 82C59A-2 for MCS-SO, 85 system operation, 
,...PM = 1 sets the 82C59A-2 for 80C8S sys
tem operation. 

231201-9 

Figure 6. Initialization Sequence 
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NOTE: 

82C59A·2 

ICWI 

ICW3 (MASTER DEVICE) 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

1 == JeW4 NEEDED 
O. NO ICW", HEEDED 

1 ==SINOLE 
0= CASCADE MODE 

CALL ADDRESS INltRVAL 
1 = INTERVAL or " 
O=INltRVAL OF a 

I = LEVEL TRIGGERED MODE 
0= EDGE TRIGGERED MODE 

A7 - A5 OF INltRRUPT 
VECTOR ADDRESS 

(MCS-BO / as MODE ONLY) 

AU - Aa OF INltRRUPT 
VECTOR ADDRESS 

(MCS-aO / a5 MODE ONLy) 
T7 -T3 OF INltRRUPT 

VECTOR ADORESS 
(BOCS& / aocaa MODE) 

I I I I I I I I 1 =IR INPUT HAS A SLAVE 
L_.L_-1_..JL--L_.L_..J~_L-_1 O=~ ~~~~ DOES NOT HAVE 

ICW3 (SLAVE DEVICE) 

07 0& 05 D. 03 O2 01 DO 

ICW. 

SLAVE 10(1) 

01234567 
o 1 0 1 0 1 a 1 
o 0 1 1 0 0 1 1 
o 0 Q 0 1 1 1 1 

I = aOCS& / BOCSB MODE 
0= MCS-BO / B5 MODE 

I =AUTO EOI 
0= NORMAL EOI 

I 0 BUFFERED MODE/SLAVE EEm NON-BUFFERED MODE 

I BUFFERED MODE / MASltR 

I = SPECIAL FULLY NESn:D MODE 
'---------.... O=NOT SPECIAL FULLY NESn:D 

MODE 

Slave 10 is equal to the corresponding master IR input. 

Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS 
(OCWs) 

After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip is ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (OCWs). 

OPERATION CONTROL WORDS (OCWs) 

OCW1 
AO 07 06 05 04 03 02 01 DO 

[2J I M7 M6 M5 M4 M3 M2 M1 MO I 

OCW2 

R SL EOI 0 0 L2 L 1 LO I 

OCW3 o I 0 ESMM SMM 0 1 P RR RIS I 

OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMRl. M7-MO represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 

OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOI - These three bits control the Rotate 
and End of Interrupt modes and combinations of the 
two. A chart of these combinations can be found on 
the Operation Command Word Format. 

L2, L1, La-These bits determine the interrupt level 
acted upon when the SL bit is active. 

OPERATION CONTROL WORD 3 (OCW3) 

ESMM - Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the .SMM bit 
becomes a "don't care". 

SMM - Special Mask Mode. If ESMM = 1 and 
. SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 

FULLY NESTED MODE 

This mode is entered after initialization unless anoth
er mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). 
When an interrupt is acknowledged the highest pri
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic. End of Inter
rupt) bit is set, until the trailing edge of the last INTA. 
While· the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev
els will generate an interrupt (which will be acknowl
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft
ware). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be 
changed, as will be explained, in the rotating priority 
mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automati
cally following the trailing edge of the last in se
quence INTA pulse (when AEOI bit in ICW4 is set) or 
by a command word that must be issued to the 
B2C59A-2 before returning from a service routine 
(EO I command). An EOI command must be issued 
twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 

There are two forms of EOI command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on EOL When a 
Non-Specific EOI command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high
est IS level was necessarily the last level acknowl
edged and serviced. A non-specific EOI can be is
sued with OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully 
nested structure, the B2C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EO I = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMA bit will not be cleared by a non-specific EOI if 
the 82C59A-2 is in the Special Mask Mode. 
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OCW1 

OCW2 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

l 0 J H I SL I EOI I 0 I 0 I LZ I L 1 I LO I 
IR LEVEL TO BE 

ACTED UPON 

o 1 Z 3 4 5 6 7 
'--- o 1 o 1 o 1 o 1 

o 0 1 1 o 0 1 1 
o 0 0 o 1 1 1 1 

~~~ NON SPECIFIC EOI COMMAND 
} END OF INTERRUPT 

~~~ SPECIFIC EOI COMMAND 
1 0 1 ROTATE ON NON-SPECIFIC EOI COMMAND 

} AUTOMATIC ROTATION r;-roro ROTATE IN AUTOMATIC EOI MODE (SET) 
roro~ ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
r,r;-r;- 'ROTATE ON SPECIFIC EOI COMMAND 

} SPECIFIC ROTATION r;-r;-ro "SET PRIORITY COMMAND 
ro'T~ NO OPERATION ...;..,,;,,10,;,, 

"LO - L2 ARE USED 

OCW! 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

I 0 I 0 IESMMI SMM I 0 I 1 I P I RR I RIS I 

I L~ 
READ REGISTER COMMAND 

0 1 0 1 
0 I 0 1 1 

READ IR READ IS 
NO AcnON REG ON REG ON 

NEXT iIil NEXT iIil 
PULSE PULSE 

1 = POLL COMMAND 
0= NO POLL COMMAND 

SPECIAL MASK MODE 

0 I 1 0 1 
0 0 1 1 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 

231201-11 

Figure 8. Operation Command Word Format 
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AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc
tl!re is not required within a single 82C59A. 

The AEOI mode can only be used in a master 
82C59A and not a slave. 

AUTOMATIC ROTATION 

(Equal Priority Devices) 

In some applications there are a number of interrupt
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (IR4 the highest priority requiring 
service) 

IS7 IS6 ISS IS4 IS3 IS2 IS1 ISO 

"IS" Status 1 0 1 1 1 0 I' 1 0 I 0 I 0 I 0 I 

Lowest Highest 
Priority Priority 

! ! 
Priority Status 1 7 I 6 I 5 I 4 I 3 I 2 11 I 0 I 

After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 IS6 1~5 IS4 ,IS3 IS2 IS1 ISO 

"IS" Status 1 0 I 1 I 0 I 0 I 0 I 0 I 0 I 0 I 

Highest Lowest 
Priority Priority 

! ! 
, Priority Status 'I 2 11 I 0 I 7 I 6.1 5 I 4 I 31 

There are two ways to accomplish Automatic Rota
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro-

tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 

SPECIFIC ROTATION 

(Specific Priority) 

The programmer can change priorities by program
ming the bottom priority and thus fixing all other pri
orities; i.e., if IR5 is programmed as the bottom prior
ity device, then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: ' 
R = 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. 

Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individ
ually by the Interrupt Mask Register (IMR) pro
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 

SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori
ty requests for a portion of its execution but enable 
some of them for another portion. 

The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 
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Thus, any interrupts may be selectivity enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = O. 

POLL COMMAND 

In this mode the INT output is not used or the micro
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 

The Poll command is issued by setting P = "1" in 
OCW3. The 82C59A:g treats the next RD pulse to 
the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 

request, and reads the priority level. Interrupt is fro
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 

I I W2 W1 WO 

WO-W2: 

Binary code of the highest priority level requesting 
service. 

I: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a routine command 
common to several levels so that the INT A se
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 

LTIM BIT 
O=EDGE 
1 = LEVEL 

TO OTH ER PRIORITY CELLS CLR ISR 

EDGE 
SENSE 

ISR BIT 

~~~T_C~H-4 ____ -4 ______ ~ __ -4--(~~--~+---~~---4~S~ISR 

IR 

MCS-800~5{ INTA~ 
M E FREEZE 

80C86 / 80C88 { iNTA (1..r1;--
MODE FREEZE~ 

I~ 

NOTES: 
1. Master Clear active only durin9 ICW1 
2. Freeze/ is active during INTAIand poll sequences only 
3. Truth Table for D·Latch 

c 
1 
o 

OPERATION 
FOLLOW 

HOLD 

Figure 9. Priority Ceil-Simplified Logic Diagram 
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READING THE 82C59A-2 STATUS 

The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRR 
and ISR 'or OCW1 lIMR]). 

Intenupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be ac
knowledged. The highest request level is reset fram 
the IRR when an interrupt is acknowledged. (Not af
fected by IMR). 

In-Service Register (ISR): 8-bit register which con
tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 

Intenupt Mask Register. 8-bit register which con
tains the interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 0.) 

The ISR can be read when, prior to thE! RD pulse, a 
Read Register Command is issued with OCW3 (RR 
= 1, RIS = 1): 

There is no need to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; i.e., the 
82C59A-2 "remembers" whether the,IRR or ISR has 
been previously selected by the OCW3. This is not 
true when poll is used. 

After initialization the 82C59A-2 is set to IRR. 

For reading the IMR, no OCW3 is needed. The out
put data bus will contain the IMR whenever RD is 
activ,e and AO = 1 (OCW1). 

Polling overrides status read when P = 1, RR = 1 
inOCW3. 

IR 

00----+-' 

I~A-----+--------~ 

LATCH· 
ARMED 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If L TIM = '0', ,an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in
terrupt. 

If LTIM = '1', an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter
rupt from occurring. 

The Priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 

In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR7 will occur when the CPU ac

, knowledges the interrupt. This can be a useful safe-
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter
rupt. If IR7 is needed for other purposes a default 
IR7 can still be detected by reading the ISA. A nor
mallR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't: If a default IA7 routine occurs dur
ing a normal IR7 routine, however, the ISR will re
main set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously en
tered. If another IR7 occurs it is a default. 

- -

•• ____ OIlLY 
231201-13 

Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us
ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 

a. When an interrupt request from a certain slave is 
in service this slave is not locked out from the 
master's prioritY logic and further interrupt re
quests from higher priority IR's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nestled 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EO I) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the mas
ter too. If not, no EOI should be sent. 

BUFFERED MODE 

When the 82C59A-2 is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob
lem of enabling buffers. 

The buffered mode will structure the 82C59A-2 to 
send an enable Signal on SP/EN to enable the buff
ers. In this mode, whenever the 82C59A-2's data 
bus outputs are enabled, the SP /EN output be
comes active. 

This modification forces the use of software pro
gramming to determine whether the 82C59A-2 is a 
master or a slave. Bit 3 in ICW4 programs the buff
ered mode, and bit 2 in ICW3 determines whether it 
is a master or a slave. 

CASCADE MODE 

The 82C59A-2 can be easily interconnected in a 
system of one master with up to eight slaves to han
dle up to 64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt out
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INT A. (Byte 2 only 
for 80C8S/80C88). 

The cascade bus lines are normally low and will con
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 82C59A-2 in the system must follow a 
separate initialization sequence and can be pro
grammed to work in a different mode. An EOI com
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de
coder is required to activate the Chip Select (CS) 
input of each 82C59A-2. 

The cascade lines of the Master 82C59A-2 are acti
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 

ADORESS IUS nil 

CONTAOl8US 

INT ,ua 

DATA 8US III 

-- - - - .- -- - - -
-- - - -- - - -
- - - - - -- - - - t---

r-----' 
cs .. 001 INTA 'N' 

C ... SO 

I C1 .. D01 INT. "T 
C ... SO 1-

cs.. 00-1 INTA INT 

1-4-++--Ic.50 -- CASl ....... _. 
CAS 1 1-....... _. 

1---+--++-1C.5 1 MMftR 

L l.1. I I I.! ! ! 
I 

il [i iii jl'l 
I 

C",S21--~-1C"'S2 
!;lJ1l'N1 6 5 .. 3 2 1 0 PIlNM1 Me "'5 M4 M3 M2 "'1 MO 

.!.IIIIIIII 
16543210 

I 
INTE.UUWT REQUlSTS 

Figure 11. Cascading the 82C59A-2 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...••. O"C to 70"C 
Storage Temperature ..•. ' •.•... - 65°C to + 150"C 
Supply Voltage (w.r.t. ground) •••..•.. -0.5 to 7.0V 
Input Voltage (w.r.t. ground) ... -0.5 to Vee + 0.5V 
Output Voltage (w.r.t. ground) .. - 0.5 to Vee + 0.5V 
Power Dissipation .•.•.•....••........... 0.9 Watt 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only 8nd 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not Implied. Ex
POSUf'8 to absolute maximum rating conditions for 
8Xl8nded periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TA = O"Ct070"C, vee = 5V ±100/0 

Symbol Parameter Min Max Units Teat Condltlona 

Ices Standby Supply Current 10 p.A VIN = Vee or GND 
AIlIR = Vee 
Outputs Unloaded 
Vee = 5.5V 

lee Operating Supply Current 5 rnA (Note) 

VIH Input High Voltage 2.2 Vee + 0.5 V 

VIL Input Low Voltage -0.5 0.8 V 

VOL ' Output Low Voltage 0.4 V 10L = 2.5 rnA 

VOH Output High Voltage 3.0 V 10H = -2.5 rnA 
Vee -0.4 10H = -100 p.A 

III Input Leakage Current ±1.0 p.A OV ~ VIN ~ Vee 

ILO Output Leakage Current ±10 p.A OV ~ VOUT ~ Vee ' 

ILIR IR Input Leakage Current -300 p.A VIN = 0 
+10 VIN = Vee 

NOTE: 
Repeated data input with 80C86-2 timings. 

CAPACITANCE TA = 25°C;Vee = GND = OV 

Symbol Parameter Min Max Units Teat Condltlona 

CIN Input Capacitance 7 pF fc = 1 MHz 

CliO I/O CapaCitance 20 pF Unmeasured pins at GND 

CoUT Output Capacitance 15 pF 
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A.C. CHARACTERISTICS T A = O"C to 70·C, Vee = 5V ± 10% 

TIMING REQUIREMENTS 

Symbol Parameter 82C59A·2 Units Test Conditione 
Min Max 

TAHRL Ao/es Setup to 'Fro/TNTA J.. 10 ns 

TRHAX AO/CS Hold after R15/INTA t 5 ns 

TRLRH 'Fro/INTA Pulse Width 160 ns 

TAHWL AO/CS Setup to WR J.. p ns 

TWHAX AO/CS Hold after WR t 0 ns 

TWLWH WR pulse Width 190 DS 

TDVWH Data Setup to iNA t 160 ns 

TWHDX Data Hold after WR t 0 ns 

TJWH Interrupt Request Width (Low) 100 ns (See Note) 

TCVIAL Qascade Setup to Second or Third 40 'ns 
INTA J.. (Slave Only) 

TRHRL End of RD to next 'Fro 160 ns 
End of INT A to next TNTA within 
an iNiA sequence on!y 

TWHWL End of WR to next WR 190 ns 

*TCHCL End of Command to next Command 400 ns 
(Not same command type) 
End of INTA sequence to next 
INTA sequence. 

.. ·Worst case tImIng for TCHCL In an actual microprocessor system IS typically much greater than 400 ns (i.e. BOS5A = 1.6 
pos, 8085-A2 = 1 pos, 80C86 = 1 pos, 80C86-2 = 625 ns) , 

NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 
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TIMING RESPONSES 

Symbol Parameter 
8259A·2 

Units Te,t Condltlons*~ 
Min Max 

TRLDV Data Valid from RD/INTA.J, 120 ns 1 

TRHDZ Data Float after RD/INTAt 10 85 ns 2 

TJHIH Interrupt Output Delay. 300 ns 1 

TIALCV Cascade Valid from First INTA.J, 360 ns 1 
(Master Only) 

TRLEL Enable Active from RD.J, or INTA.J, 110 ns 1 

TRHEH Enable .lnactivE! from RD t or INTA t 150 ns 1 

TAHDV . Data Valid from Stable Address 200 ns 1 

Tcvbv Cascade Valid to Valid Data 200 ns 1 

• "Test Condition Definition Table 

TEST CONDITION V1 R1 R2 C1 

1 1.7V 523.0 OPEN 100 pf 
2 4.5V 1.8 k.o 1.8 k.o 30 pf 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

VI 

INPUT OUTPUT 
VIH+O.4V~ ~2.4V 
VIL-O.4V --J'\. ____ 7'C..- O.45V OUTPUT TEST POINT h' 231201-15 

FROM 
DEVICE UNDER TEST 

A.C. Testing: All input signals must switch between VIL - O.4V 
and VIH + 0.4V. Input Rise and Fall Times must be :s: 15 ns. All 
timing measurements are made at 2.4V and 0.45V. 

. '::' R2 ~ c," 

"Includes Stray and 
Jig Capacitance 

WAVEFORMS 

WRITE 

~--------~ 

a _____ ~ ~-~-------H_~ r------
A_ ... IUI 

~ ______ J ~ __ -+ _______ -+~~ ~ ___ _ 

DATA lUI 
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WAVEFORMS (Continued) 

READ/INTA 

lID nmr------------ ~-----

TILIL 

TRMA)( 

Si--__ ..... Ir+--------+.-J r--------~I---------J ~~---------------+~ ~------
TIL~ J 

DATAIUI·------------~:~---1.-....... --------t------
231201-18 

OTHER TIMING 

A 
\ Jf=TRHRL~ '---_____ I 

\ if=_L=4\ 
lID 

V \ c_~ I 
231201-19 
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WAVEFORMS (Continued) 

INTA SEQUENCE 

IR~. ~ r-TJHIH 

~ ~k!--C-.-.. ~~r---~c<? 
INT-----'· -

iNrA -----------"" 

DB······.······· 

C02-------------+----~~------~--------~-

NOTES: 
Interrupt output must remain HiGH at least until leading edge of first INT A. 
1. Cycle 1 in SOGS6 and SOGSS systems, the Data Bus is not active. 
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CMOS MULTI-FUNCTION LSI PERIPHERAL 
• CMOS Multi-function Peripheral 

Combining Four Components Into 
Single Chip: 
-12C14A 
-12C59A 
-12C53 
-12C55A 

• Same Functions and Complete 
Compatibility with Discrete NMOS 
Components· 

• Offers Optimal Board-9pace Savings 
• IOCI6/CII and 1016/11 Compatible 

• I MHz Operation 
• 100-Pln Gull-Wing Flat-package 

• Low-Power CMOS Technology 

• TTL Compatible Inputs/Outputs 

The Intel 82261 is a high-performance CMOS multi-function peripheral designed to service the requirements of 
the 80C86/C88 and 808S/88 processors. The chip integrates four peripherals--82C84A, 82C59A, 82C53 and 
82C55A, and is functionally identical to the discrete components. Its advanced, space-saving 100-pin gull-wing 
flat-package requires less than 113 board space of the separate components. 

The clock oscillator (82C84A) generates up to 8 MHz system clock for the processor. The programmable 
interrupt controller (82C59A) can handle up to 8 vectored interrupts. Eight additional external interrupt control
lers may be cascaded to support a maximum of 64 interrupts. The programmable interval timer (82C53) 
provides 3 independent 16-bit counters, each capable of handling clock inputs up to 5 MHz. The programma-
ble 1/0 (82C55A) provides three 8-bit ports. . 

·Except 8284A. Identical to 82C84A. 

CS PIC--+irH 

CLOCK OSCILLATOR 

READY SYNCHRONIZATION 
(WAIT SIGNAL _ERATION) 

, 
: TIllER/COUNTER 0 

~ ~----------
~ : nt.tER/COUNTER 1 

~ .. -----------
TIllER/COUNTER 2 

~ 
~ INTERRUPT 

CONTROL , 
~ : 

IN~====;( ___ J ___________ _ 
~~~::~-+L~~~STER~~~LA~~~CONTROL~~ YDD--vss---

Figure 1. Block Diagram for G82261 
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CPUCLK 

PQ.K 

READY 

RESET 

P_7 

PCO-3 

PC","7 

PBO-7 

CLKO 
GATEO 
OUTO 
CLK! 
GATE! 
OUT! 

a.K2 
GATE2 
OUT2 

Il1O 
1ft! 
IR2 
IR3 
IR4 
IRS 
IRI 
IR7 

CASO-2 

240014-1 

August 1887 
Order Number: 240014-001 
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Xl 

VSS 

VSS 
ROYI 

AENI 

ASYNC 

CSYNC 

FIC 
RES 

GATE2 

OUT2 

OUT1 

OUTO 

(NC) 

Vss 
PA7 

PA6 

PAS 

PA4 

PA3 

PA2 

PAl 

PAO 

Vss 
VDD 

82261 

82261 
(TOP VIEW) 

Figure 2. 82261 Pin Configuration 
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Vss 
AO 

Al 

IRO 

IRI 

IR2 

IR3 

IR4 

IRS 

IR6 

IR7 

(NC) 

(NC) 

CSPIC 

CSPIT 

CSPPi 
Vss 
ClK2 

GATE 1 

ClKl 

ClKO 

GATEO 

INTA 

INT 

Vss 

240014-2 
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FUNCTIONAL DESCRIPTION 

Figure 1 shows the functional block diagram of the 
82261 LSI. A summary of features of individual func
tional units is listed below: 

A. Programmable Timer/Counter (Equivalent to 
82C53) 

• 3 16-bit counters-count binary/BCD 

• Programmable rate generator 

• Programmable one-shot 

• Square wave rate generator 

• Software triggered strobe 

• Hardware triggered strobe 

B. Programmable Interrupt Controller (Equivalent to 
89C59A) 

• 8-level interrupt controller with programmable pri
orities 

• Expandable to 64 levels in master/slave configu
ration 

• Masking capability for individual Interrupt levels 

C. Programmable I/O (Equivalent to 82C55A) 

• 3 8-bit ports with programmable I/O operation 

• Direct bit set/reset capabilities to ease peripheral 
control interface 

D. Clock Generator (Equivalent to 82C84A) 

• Generates system and peripheral clocks for 
8086/88 systems 

• Supports a choice of a crystal or an external fre
quency source 

• Provides READY synchronization 

• Capable of clock synchronization with other 
82C84A182261 in multiprocessor configurations 

• Generates system reset for the 8086/88 from 
Schmitt trigger input 

For a detailed operation of these functional units, 
please refer to their respective data sheets in the 
Intel 'Microprocessor and Peripheral Handbook' (or
der #230843). The pin diagram and package dimen
sions for the 82261 are shown in Figure,2 and Figure 
3 respectively. 
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, ." '. --, -, . , , , , , , , , -t- , , I - + I , + -
I , , , , , , , , , , . , . . . , -'- .. ' 

.... :... O.65:tO.l ~ 1-.30*0.1 
0.20 MIN. -I I-

1-------0.65x24= 15.60 ------
1-------18.00:t0.2-------I 

1---------22.90*0.4----------' 

l "150 ' TOP _ 1~
-----':------20.30*0'2--------I 

V ,t 
fJ:~-__ U IUUUUUlIU ,UU· UUU IUlIlIlIllllI1 ~- t!"1~ 

T +0.10 :to 10 J L 0.15-0.05 UNIT=mm 0.10 . 

240014-3 

Figure 3. Package Dimensions 
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Table 1.82261 Pin Definitions· 

Symbol Pin Type Function 

07-00 78-85 110 Bidirectional, TRI-STATE data bus. The bus is floated when RD, WR, and 
INTA are all active high. 

A1-AO 73-74 I These input signals, in conjunction with RD, WR, and CS, are used to select 
the internal registers of each functional block. Refer to Tables 2-5 for a 
complete decoding information. 

WR 89 I An active low signal on this pin allows to write to the 82261. Data (00-07) is 
written to the 82261 at the rising edge of the WR pulse. 

RD 88 I An active low signal on this pin allows to read from the 82261. 

CSPIC 62 I Chip-Select for the Interrupt Controller block. 

CSPIT 61 I Chip-Select for the TimerlCounter block. 

CSPPI 60 I Chip-Select for the 110 Control Block. 

RESET 93 0 This is an active high signal used to reset the CPU. Internally, it is also used 
to reset the 1/0 port (82C55A). Its timing characteristics are determined by 
RES. All three ports, PA, PB, and PC, are set to the input mode upon reset. 

RES 9 I An active low on this pin generates the RESET signal. This is a schmitt, 
trigger input to be connected to an R-C circuit to establish the power-up 
reset of proper duration. 

X1,X2 1,100 I Crystal connection terminals. Crystal frequency should be three times the 
desired CPU clock rate. When FIG is strapped high, X1 should be tied to 
Vee or Vss, and X2 should be left open. 

F/C 8 I F/C is a strapping option. When strapped low, CPU clock (CLK) is generated 
from the crystal input (X1, X2). When strapped high, CLK is generated from 
the EFI input. 

EFI 98 I This input is used to generate the CPU clock (CLK) when the F IC input is 
strapped high. The input signal is a square wave y!ith 3 times the desired 
CPU·clock. EFI must be tied high or low when F IC is strapped low. 

CLK 96 0 System clock used by the CPU and other devices which connect to the 
processor's local bus. It has % of the crystal or the EFI frequency, and % 
duty cycle. 

PCLK 94 0 Peripheral clock. It has 50% duty cycle and % of the CLK frequency. 

OSC 97 0 TIL level output of the internal oscillator circuitry. Its frequency is that of the 
crystal. The output is not affected when CSYNC is active high. 

RDY1, 4 I Data ready signals. When active high, it is an indication for the CPU from the 
RDY2 91 currently selected device that data has been received, or is available. RDY1 

is qualified by AEN1 while RDY2 is qualified by AEN2. 

AEN1 5 I Address enable signals. When active low, AEN1 qualifies RDY1, and AEN2 
AEN2 90 qualifies RDY2. Two AEN signals are provided to access two multi-master 

system buses. In non multi-master configurations, the AEN inputs are tied 
low. 

READY 92 0 This is an active high signal synchronized with the ROY input. READY is 
cleared after the guaranteed hold time for the CPU has been met. 

ASYNC 6 I Ready synchronization mode select. When held low, READY becomes 
active after second synchronization. When high or open (an internal pull-up 
is provided), READY goes active with the first synchrorizaton. 
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Table 1.82261 Pin Definitions· (Continued) 

Symbol Pin Type Function 

CSYNC 7 I Clock synchronization signal. This is an active high signal to permit other 
82C84A and/or 82261 in the system to be synchronized to provide clocks 
that are in phase. Internal counters are reset when CSYNC is active high. 
Counting resumes when CSYNC goes low. CSYNC must be externally 
synchronized with EFI. Must be tied to ground when using the internal 
oscillator. 

ClKO 55 I Clock input signal for corresponding timers/counters. When a count is set 
ClK1 56 in a counter, count-down begins at the next falling edge of the related ClK. 
ClK2 58 

OUTO 13 0 Timer/Counter outputs. The output waveforms are synchronized with the 
OUT1 12 respective clocks. 
OUT2 11 

GATEO 54 I Gate Inputs. Control start/stop/reset operation in accordance with their 
GATE1 57 respective timer/counter modes. 
GATE2 10 

PA7-PAO 16-23 110 a-bit 110 latch/buffer (same as 82C55A port A). 

PB7-PBO 35-43 110 8-bit 110 latch/buffer (same as 82C55A port B). 

PC7-PCO 26-33 110 Same as 82C55A port C. It can be divided and used as two 4-bit ports 
under the mode control. Each 4-bit port contains a 4-bit latch and can be 
used for control signal outputs and status signal inputs in conjunction with 
ports A and B. 

IR7-IRO 65-72 I Interrupt request signals. These are asynchronous inputs. A device may 
request an interrupt by raising (low -+ high) one of the IR lines (edge 
triggered method), or simply by holding it high (level triggered method). 

INTA 53 I Interrupt acknowledge from the CPU. A sequence of INTA pulses issued 
by the CPU allows the 82261 to place the interrupt vector on the data bus. 

INT 52 0 CPU interrupt. This pin goes active high whenever a valid interrupt request 
(IR) is asserted. 

SP/EN 48 110 Slave program/Buffer enable. Used in the buffer mode to control buffer 
transceivers. In non-buffered mode it is used to designate a master 
(SP = 1) or slave (SP = 0). 

Vss 2 I Ground. 
3 
15 
24 
34 
44 
51 
59 
75 
77 
86 
95 

Vee 25 I Supply Voltage. 
49 
87 
99 

" " ·Plns not hsted here are all No Connects (NC). 
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Table 2. Chip Selects for Individual Functional Blocks 

WR RO CSPIT CSPIO CSPIC INTA 00-7 Operation of Data Bus 

1 0 0 1 1 1 OUT Timer/Counter Part -. Data 
1 0 1 0 1 1 OUT I/O Part -. Data 
1 0 1 1 0 1 OUT Interrupt Control Part -. Data 
1 1 1 1 1 0 OUT Interrupt Control Part -. Data 

0 1 0 1 1 1 IN Data -. Timer/Counter Part 
0 1 1 0 1 1 IN Data -. I/O Part 
0 1 1 1 0 1 IN Data -. Interrupt Control Part 

1 0 X X X 1 Z Data Bus High Impedance 
X X 1 1 1 1 Z Data Bus High Impedance 

NOTE: 
X stands for don't care 

Table 3. Chip Selects for I/O Control Block 

A1 AO WR RO CSPIO Operation 

0 0 1 0 0 PA -. Data Bus' 
0 1 1 0 0 PB -. DataBus Read 
1 0 1 0 0 PC -. DataBus 

1 1 1 0 0 Inhibit 

0 0 0 1 0 Data Bus -. PA 
0 1 0 1 0 Data Bus -. PB 
1 0 0 1 0 Data Bus -. PC Write 
1 1 0 1 0 Data Bus -. Control 

X X X X 1 Data Bus High Impedance 
X X 1 1 0 Data Bus High Impedance 

Table 4. Chip Selects for Timer/Counter Block 

A1 AO WR RD CSPIT Operation of Bus 

0 0 1 0 0 Read from Counter #0 
0 1 1 0 0 Read from Counter # 1 
1 0 1 0 0 Read from Counter # 2 

1 1 1 0 0 No Operation (High Impedance) 

0 0 0 1 0 Write to Counter #0 
0 1 0 1 0 Write to Counter # 1 
1 0 0 1 0 Write to Counter #2 
1 1 0 1 0 Write Mode Word 

X X 1 1 X Disable (High Impedance) 

Table 5. Chip Selects for Interrupt Control Block 

04 03 AO WR RO CSPiC INTA Operation of Bus 

X X 0 1 0 0 1 Read from IRR, ISR 
X X 1 1 0 0 1 Read from IMR 

0 0 0 0 1 0 1 WriteOCW2 
0 1 0 0 1 0 1 WriteOCW3 
1 X 0 0 1 0 1 Write ICW1 
X X 1 0 1 0 1 Write ICW2, ICW3 and ICW4 

X X X 1 1 0 1 High Impedance 
X X X X X 1 1 High Impedance 
X X X 1 1 1 0 Read the Interrupt Vector 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature ........ ~ .... o~C to + 70·C 

Storage Temperature .....•.... - 65·C to + 150·C 

Supply Voltage VDD .......•.•... - 0.3V to + 7.0V 

Voltage on any Input. •....... -0.3V to VDD + 0.3V 

Voltage on any Output .....•. - 0.3V to VDD + O.3V 

Power Dissipation ...........•........... 500 mW 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE' Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Vcc = +5V ±10%. 

Symbol Parameter Min 

Vil Input Low Voltage +0.3V 

VIH Input High Voltage 2.0 

Val Output Low Voltage 

VOH Output High Voltage (Note 2) 

III Input Leakage Current (Note 3) 

IOFl Output Float Leakage Current 

IDAR Darlington Drive Current 

IDD Vcc Supply Current 

ICCSB Vcc Supply Current-Standby 

VINH-VIHR RES Input Hysteresis 

NOTES: 
1. IOL = 5 mA for ClK, PClK, ose, READY, RESET 

= 2.5 mA for Ports A, B, C of I/O Control Block 
= 2.2 mA for other outputs 

2. VOH = 4V, IOH = -1 mA for elK 

-10 

-1 

0.25 

= 2.8V, IOH = -1 mA for PClK, OSl, READY, RESET 
= 3.5V, IOH = -100 p.A for INT 
= 2.4V,IOH = -400 p.A for other outputs 

3. III Min = -300 p.A for IRO-IR7 and -200 p.A for ASYNC 
4. Output: Open, fCLKO-2 = 5 MHz, Jose = 24 MHz 

CAPACITANCE TA = 25·C, Vcc = GND = ov 

Max 

0.8 

Vcc 

0.45V 

+10 

+10 

80 

10 

Symbol . Parameter Min Max 

CIN Input Capacitance' 10 

CI/O I/O Capacitance" 20 

'Except Xl, X2, OSC, ClK, PClK, READY, RESET. 
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Units Test Conditions 

V 

V 2.5VforRES 

V (Note 1) 

V (Note 2) 

/LA VIN = VcctoOV 

/LA VIN = Vcc toOV 

mA For ports A, B, C of I/O Control 

mA (Note 4) 

/LA Vee = 5.5V 
VIN = Vec or GND 
Port Conditions 
If I/P = Open/High 

O/P = Open Only 
With Data Bus = High/Low 

CS = High 
Reset = Low 

Pure Inputs = Low/High 

V 

Units Test Conditions 

pF Unmeasured pins returned 

pF to GND fc = 1 MHz 
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A.C. CHARACTERISTICS TA = 0·Cto70"C, voo = 5.0V ±10% 

TIMINGS FOR READ/WRITE CYCLII;S (for timer/counter, I/O, and Interrupt control blocks) 

READ CYCLE 

Symbol Parameter 

tAR CS·, Address Stable before ~ 
for Timer/Counter 
for 110 and Interrupt Control 

tRA CS·, Address Hold Time for REAi5' 

tRR ~ Pulse Width 

tRO Data Delay from ~ (Note 1) 

tOF ~ to Data Floating (Note 2) 

tRY Command Recovery Time 

WRITE CYCLE 

Symbol Parameter 

tAW CS, Address Stable before WRiiE 

twA CS, Address Hold Time for WRITE 

tww WRiiE Pulse Width 
for Timer/Counter 
for 110 and Interrupt Control 

tow Data Set Up Time for WRITE 

two Data Hold Time for WRITE 

tRY Command Recovery Time 
.<:;S means <::SPIT, <::Sl5PI, or ~. 

NOTES: 
1. CL = 150 pF. 
2. CL = 20 pF, RL = 2 KG. 

WAVEFORMS FOR READ/WRITE CYCLf;S 
(for Timer/Counter, 110, and Interrupt Control Blocks) 

WRITE TIMING 

Min Max 

30 
0 

0 

150 

120 

10 85 

200 

Min Max 

0 

0 

160 
120 

120 

' 0 

200 

Ao-" cs __ ~r~ ____________ ~~'~ __ ___ 

DATA BUS __________ ~r~~--~ __ ~~~---
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Units 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 
ns 

ns 

ns 

ns 
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A.C. CHARACTERISTICS (Continued) 

WAVEFORMS FOR READ/WRITE CYCLES (for Timer/Counter,I/O, and Interrupt Control 
Blocks) (Continued) 

READ TIMING 

240014-5 

CLOCK AND GATE TIMINGS FOR TIMER/COUNTER 

Symbol Parameter Min Max Units 

tCLK Clock Period 200 DC ns 

tPWH High Pulse Width 80 ns 

tPWL low Pulse Width 60 ns 

tGW Gate Width High 50 ns 

tGL Gate Width low 50 ns 

tGS Gate Set Up Time to ClK t 50 ns 

tGH Gate Hold Time after ClK t 50 ns 

too Output Delay from ClK..J, (Note 1) 150 ns 

toOG Output Delay from Gate..J, (Note 1) 120 ns 

NOTES: 
1. CL = 150 pF. 

CLOCK AND GATE TIMINGS FOR TIMER/COUNTER 

eLK 

240014-6 
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TIMING FOR I/O CONTROL BLOCK 

Symbol Parameter Min Max Units 
Test 

Conditions 

tws WA = 1 to Output 350 ns CL = 150pF 

tlR Peripheral Data Before AD 0 ns 

tHR Peripheral Data After AD 0 ns 

tAK ACK Pulse Width 300 ns 

tST STB Pulse Width 350 ns 

tps Per. Date Before S'i'B High 0 ns 

tpH Per. Data After S'i'B High 150 ns 

tAD .ACK = 0 to Output 300 ns CL = 150pF 

tKD ACK = 1 to Output Float 20 250 ns CL = 150pF 

twos WA = 1 to OBF = 0 300 ns CL = 150pF 

tAOS ACK = OtoOBF = 1 350 ns CL = 150pF 

tslS STB = 0 to IBF = 1 300 ns CL = 150pF 

tRIS AD = 1 to IBF = 0 300 ns CL = 150pF 

tRIT AD = 0 to INTA = 1 400 ns CL = 150 pF 

tslT STB = 1 to INTA = 1 300 ns CL = 150 pF 

tAIT ACK = 1 to INTA = 1 350 ns CL = 150pF 

tWIT WA = 0 to INTA = 0(1) 450 ns CL = 150pF 

NOTE: 
1. INTR t may occur as early as WR .J, . 

WAVEFORMS FOR I/O CONTROL BLOCK 

MODE 0 (BASIC INPUT) 

0 
"A 

--'r -,F-

~~IR- _tHA_1 

INPUT 

r--- tAA -
_t ftA---+! 

C$,A1,AO 

--------.-~( --
tAD 0 to, 0 

240014-7 
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A.C. CHARACTERISTICS (Continued) 

MODE 0 (BASIC OUTPUT) 

Ci,A1.AO 

OUTPUT 

MODE 1 (STROBED INPUT) 

I.F 

INTA 

INPUT FROM 
PERIPHERAL ---

)r-

'.w 

+---tsT---+ 

~'''.y 
lSIT 

... 

MODE 1 (STROBED OUTPUT) 

INTA 

OUTPUT 

82261 

'ww 

71-
fo-:-- 'ow "'.-j 

.... 

- .... --
240014,-8 

1 I-t'''~l 

~7 j 

--.... -1 
---------------------

240014-9 

240014-10 
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WAVEFORMS FOR 1/0 CONTROL BLOCK (Continued) 

MODE 2 (BIDIRECTIONAL) 

INTR 

-tAlC 

----------------~~------------~~ 

_tST -

------------------~I r---~+_----~---------------

lB. 

PERIPHERAL 
BUS ----------

NOTE: 

DATA FROM 
PERIPHERAL TO 8255 

Any sequence where WR occurs before ACK AND STIi occurs before RD is permissible. 
(INTR = IBF • MASK. STIi • RD + OBF. MASK • ACK • WR) 

DATA FROM 
8256 TO 8080 
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TIMING FOR INTA CYCLES 

TIMING REQUIREMENTS 

Symbol Parameter Min Max Units Test Conditions 

TAHRL AO/CS Setup to INTA.J.. 0 ns 

TRHAX AO/CS Hold after INTA t <> ns 

TRLRH RD/INTA Pulse Width 120 ns 

TJLJH Interrupt Request Width (Low) 100 ns (Note 1) 

TCVIAL Cascade Setup to Second or Third 40 ns 
INTA.J.. (Slave Only) 

TRHRL End of INTA to next INTAwithin 160 ns 
an INTA sequence only 

TCHCL End of Command to next Command 250 ns 
(Not same command type) 
End of INT A sequence to next 
INTA sequence (Note 2) 

NOTES: 
1. This is the low time required to clear the input latch in the edge triggered mode. 
2. Worst case timing for TCHQL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 
1.6 ","s, 8085-A2 = 1 ","S, 80C86 = 1 "'"S, 80C86-2 = 625 ns). 

TIMING FOR INTA CYCLES (Continued) 

TIMING RESPONSES 

Symbol Parameter Min Max Units 

TRLDV Data Valid from INTA .J.. 120 ns 

TRHDZ Data Float after INTA t 10 85 ns 

TJHIH Interrupt Output Delay 300 ns 

TIALCV Cascade Valid from First INTA.J.. 360 ns 
(Master Only) 

TRLEL Enable Active from RD.J.. or iNTA .J.. 100 ns 

TRHEH Enable Inactive from RD t or INTA t 150 ns 

TAHDV Data Valid from Stable Address (CS, AO, INT) 200 ns 

TCVDV Cascade Valid to Valid Data 200 ns 
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WAVEFORMS FOR INTA CYCLES 

cs 
ADDRESS BUS 

TAHRL .... , 

, 
-

82261 

TRLEr 

r-

TRLRH 
i - TRHEH 

TRHAX .... 

X 
~TRLDV 

- TRHDZ j 
-TAHDV 

Ao 

DATA BUS· - - - - - - -- - -- - - - - - - - --- - -- ~Ii. ________ -')--- - --. 

INTA~ C ~ ~ '------- TRHRL ---!' _______ oJ 

INTA WR ~""-----""'C· 
"'HCL =1"-____ --'r-

240014-18 

INTA SEQUENCE 

IR 

INT ____ oJ 

DATA BUS .--------------

C02 

----------~----~-----~ 

NOTES: 
1, Interrupt request must remain HIGH at least until leading edge of first INTA. 
2, Cyole 1 in eOCe6 and eocee systems, the Data Bus is not aotive. 
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TIMINGS FOR CLOCK GENERATOR BLOCK 

TIMING REQUIREMENTS 

Symbol Parameter Min Max Units Test Conditions 

teHEL External Frequency HIGH Time 13 ns . 90%-90% VIN 

tELEH External Frequency lOW Time 13 ns 10%-10% VIN 

tELEL EFIPeriod 41.6 ns 

XTAl Frequency 8 24 MHz 

tR1VCL RDY1, RDY2 Active Setup to ClK 35 ns ~=HIGH 

tRWCH RDY1, RDY2 Active Setup to ClK 35 ns ~=lOW 

tRWCL RDY1, RDY2 Inactive Setup to ClK 35 ns 

tCLR1X RDY1, RDY2 Hold to ClK 0 ns 

tAYVCL ASYNC Setup to ClK 50 ns 

tcLAYX ASYNC Hold to ClK 0 ns 

tAwRW AEN1, AEN2 setup to RDY1, RDY2 15 n~ 

tcLA1X AENf, AEN2 Hold to ClK 0 ns 

tYHEH CSYNC Setup to EFI 20 ns 

tEHYL CSYNC Hold to EFI 10 ns 

tyHYL CSYNCWidth 2 -lELEL I1S 

tl1HCL RES Setup to ClK (Note 3) 65 ns (Note 2) 

tcU1H RES Hold to ClK 20 ns (Note 2) 

tlLIH . Input Rise Time 20 ns (Note 1) 

liHIL Input Fall Time 12 ns (Note 1) 

NOTES: 
1. Transition between 0.8V and 2.0V. 
2. Setup and hold necessary OIl/}'to guarantee recognition at next clock. 
3. For system reset, period of RES pulse must be at least 50 ,..s during or after power-on. Subsequent reset pulse should be 
500 ns min. . 
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TIMINGS FOR CLOCK GENERATOR BLOCK (Continued) 

TIMING RESPONSES 

Symbol Parameter Min Max Units Test Conditions 

tclCl CLK Cycle Period 125 ns 

tCHCl CLK HIGH Time (%tclCU + 2 ns 

tclCH CLKLOWTime (% tclCU -15 ns 

tcH1CH2 CLK Rise or Fall Time 10 ns 1.0Vt03.5V 
tcL2Cl1 

tpHPl PCLK HIGH Time tClCl - 20 ns 

tplPH PCLK LOW Time tclCl - 20 ns 

tRYlCl Ready Inactive to -s ns , 
CLK (Note 2) 

tRYHCH Ready Active to CLK (% tclCU - 15 ns 
(Note 1) 

tCLIL CLK to Reset Delay 40 ns 

tClPH CLK to PCLK HIGH DELAY 22 ns 

tclPl CLK to PCLK LOW Delay 22 ns 

tolCH OSC to CLK HIGH Delay -5 22 ns 

toLCl OSC to CLK LOW Delay 2 35 ns 

tolOH Output Rise Time 20 ns ExceptCLK 
(expect CLK) , from O.SV to 2.0V 

toHOl Output Fall Time 12 ns ExpectCLK 
(expect CLK) from 2.0V to O.SV 

NOTES: 
1. Applies only to T3 and TW states. 
2. Applies only to T2 states. 
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WAVEFORMS FOR CLOCK GENERATOR BLOCK 

CLOCKS AND RESET SIGNALS 

Ole 

CLK 0 

POlK 0 

ClYNC I 

RERT 0 ____ ~,~--------~~t 
240014-14 

NOTE: 
All timing. measurements are made at 1.5V un,less otherwise noted. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

T1 T2 T3/TW T4 

. eLK 

RDY1,2 ______ -') 

_________ ~}tRYHCH 
READY _ 

240014-15 
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WAVEFORMS FOR CLOCK GENERATOR BLOCK(Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

T1 T2 T3/TW T4 

eLK 

·RDY1. 2 -------'1 

ASYNC _____ -" 

_ _______ ....... JtRYHCH 
READY _ 

lrS-----

A.C. TESTING INPUT, OUTPUT WAVEFORM 

0.4SV 0.4SV 

240014-12 

A.C. Testing: All input signals must switch between 0.45V and 
2.4V. T RISE and T Fall must be s: 15 ns. Only ClK measurements 
are made at 1.5V. 

r-----t----i Xl 
24MHZ~ 

A.C. TESTING LOAD CIRCUIT 

CL = 100 pF for ClK 
CL = 30 pF for READY, PClK, RESET, OSC 
CL = 150 pF for other outputs 

CLK t------;-~ LOAD J 
(NOTE 1) 

Cl=C2=25pF 

240014-18 

240014-13 

240014-19 

Clock High and Low Time (Using X1, X2) 

I PULSE EFI CLK LOAD I GENERATOR I (NOTE 1) 

VL 
Fie 

* CSYNC 

240014-20 

Clock High and Low Time (Using EFI) 
NOTE: 
1. Cl = 100 pF 
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NOTES: 
1. CL = 100 pF 
2. CL = 30 pF 

82261 

Vee 

mn CLK 

Xl 
READY 

X2 

RDY2 OSC 

FIC 
AEN2 
CSYNC 

Ready to Clock (Using X 1, X2) 

H---t EFI eLK I-----f 

FtC 
mn 

1-----1 RDY2 

Am 
CSYNC READYI---~ 

Ready To Clock (Using EFI) 
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intJ. 80286 
High Performance Microprocessor 

with Memory Management and Protection 
(80286-12, 80286-10, 80286-8, 80286-6) 

• High Performance Processor (Up to six 
times 8086) 

• Large Address Space: 
- 16 Megabytes Physical 
- 1 Gigabyte Virtual per Task 

• Integrated Memory Management, Four· 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Systems 

• High Bandwidth Bus Interface 
(12.5 Megabyte/Sec) 

• Industry Standard O.S. Support: 
-IRMX® 
-XENIX· 
-UNIX· 
-MS·DOS· 

• Optional Processor Extension: 
- 80287 High Performance 80·blt 

Numeric Data Processor 

• Two 8086 Upward Compatible 
Operating Modes: 
- 8086 Real Address Mode 
- Protected Virtual Address Mode 

• Range of Clock Rates 
-12.5 MHz for 80286·12 
-10 MHz for 80286·10 
- 8 MHz for 80826·8 
- 6 MHz for 80286·6 

• Complete System Development 
Support: 
- Development Software: Assembler, 

PL/M, Pascal, FORTRAN, and System 
Utilities 

-In·Clrcult·Emulator (ICETM·286) 

• Available in 68 Pin Ceramic LCC 
(Leadless Chip Carrier), PGA (Pin Grid 
Array), and PLCC (Plastic Leaded Chip 
Carrier) Packages 
(See Packaging Spec., Order #231369) 

The 80286 is an advanced, high-performance microprocessor with specially optimized capabilities for multiple 
user and multi-tasking systems. The 80286 has built-in memory protection that supports operating system and 
task isolation as well as program and data privacy within tasks. A 10 MHz 80286 provides five times or more 
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabilities that map 230 
(one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) of physical memory. 

The 80286 is upward compatible with 8086 and 88 software. Using 8086 real address mode, the 80286 is 
object code compatible with existing 8086, 88 software. In protected virtual address mode, the 80286 is source 
code compatible with 8086, 88 software and may require upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 per
formance and execute a superset of the 8086 and 88 instructions. 

The 80286 provides special operations to support the efficient implementation and execution of operating 
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load 
its state, and start execution of the new task. The 80286 also supports virtual memory systems by providing a 
segment-not-present exception and restartable instructions. 

·XENIX and MS-DOS are trademarks of Microsoft Corp. 
·UNIX is a trademark. of. Bell Labs or AT&T 

r~~~--------------------' 

I 
I 
I ..... 
: PEAlQ 

I "10\0'(,1401.0 
I I1.IO.COD,lkTa 

I ~~~~~~~;;~~~~~t:~~::=1~~~R~ : L...J-,--,,~ 0" ~ Do 

I 
I 
I 

L1l~~=~_~-~~~--~~~-~-;-;--;-~-~-~-~-~-;-~-~--~-~-~;~~~~~~~::~~~ 
Figure 1_ 802861nternli\I Block Diagram 
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Component Pad Views-As viewed from underside of 
component when mounted on the board. 

P.C. Board Views-As viewed from the component 
side of the P.C. board. 
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N.C. signals must not be connected 

@@@@@@@@@ 
AD DO @@@@@@@@@@@ 
A2 AI ·°0·· VCC elK @@ @@ 
A3 RESET @@ @@ 
AS A4 @@ .@@ 
A7 A. @@ @@ 
A9 A8 @@ @@ 

All AID @@ @@ 
A13 AI2 @@@@@@®®®2@ 

@@@@®0®®1 

'" on " '" :;,: :;,: :;,: :;,: 

.. w '" ~ :;,: :;,: :;,: 

ERROR CAP 

N.C. BUSY 

INTR N.C. 

NMI N.C. 

PEREO Vss 

READY Vee 

HlDA HOl.D 

~8J~2~2~i~~~~o~8~ 
~ M ~ 

CAP ~'2 _ ~Ao 
ERROR ~ ;';' 

BUSY ~ ~ :: 
:~ ~~ 

~ i!!' Vee 
INTR ~ ~ RESET 
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~ ~ 

~. ~ 
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eOO/INTA ~ ~ 
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PIN NO 1 MARK 

Ne 
INTA 
NC 
NMI 

V" 
PERED 

Vee -HOLD 

HLOA 
eoll'llml 

MIllS 
Lm 

CAP ERROR 

BUSY N.C. 

N.C. INTR 

N.C. NMI 

Vss PEREO 

Vee READY 

HOLD HLDA 

, 
Vee 
AEHT 

, 
, 

j i lA' 

~ An 
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@@@@@@@@@ 
@@@@@@@@@@@ DO AD 

~@ @@ ., A2 

@@ @@ ClK VCC 
@@ @@ RESET A3 

@@ @@ A4 A5 

@@ @@ A. A7 

@@ @@ AS A. 

M /10 COD/INTA COD/INTA M/iO @@ @@ AID All 

LOCK LOCK N.C. 

PIN NO.1 MARK 

@2®®®@@@@@l@ 
1®®0®@@@@ 

.,2 AI3 
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Figure 2. 80286 Pin Configuration 
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Table 1. Pin Description 
The following pin function descriptions are for the 80286 microprocessor: 

Symbol Type Name and Function 
CLK I SYSTEM CLOCK provides the fundamental timing for 80286 systems. It is divided by two 

inside the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
be synchronized to an external clock generator by a LOW to HIGH transition on the RE8ET 
input. 

015-00 I/O DATA BUS inputs data during memory, 1/0, and interrupt acknowledge read cycles; 
outputs data during memory and 1/0 write cycles. The data bus is active HIGH and floats to 
3-state OFF,during bus hold acknowledge. 

A23-AO a ADDRESS BUS outputs phYSical memory and 1/0 port addresses. AO is LOW when data is 
to be transferred on pins 07-0. A23-A16 are LOW during 1/0 transfers. The address bus is 
active HIGH and floats to 3-state OFF during bus hold acknowledge. 

BHE a BUS HIGH ENABLE indicates transfer or data on the upper byte of the data bus. 015-8. 
~t-bit oriented devices assigned to the upper byte of the data bus would normally use 
BHE to condition chip select functions. BHE is active LOW and floats to 3-state OFF during 
bus hold acknowledge. 

BHE and AO Encodlngs 

BHEValue AOValue Function 

0 0 Word transfer 
0 1 Byte transfer on upper half of data bus (015-08) 
1 0 Byte transfer on lower half of data bus (07 -0) 
1 1 Will never occur 

81,80 a BUS CYCLE STATUS indicates Initiation of a bus cycle and, along with MIlO and COOl 
INTA, defines the type of bus cycle. The bus is in a Ts state whenever one or both are LOW, 
81 and 80 are active LOW and float to 3-state OFF during bus hold acknowledge. 

80286 Bus Cycle Status Definition 

CODIINTA MilO S1 SO Bus Cycle Initiated 

o (LOW) 0 0 0 Interrupt acknowledge 
0 0 0 1 Will not occur 
0 0 1 0 Will not occur 
0 0 1 1 None; not a status cycle 
0 1 0 0 IF A 1 = 1 then halt; else shutdown 
0 1 0 1 Memory data read 
0 1 1 0 Memory data write 
0 1 1 1 None; not a status cycle 
1 (HIGH) 0 0 0 Will not occur 
1 0 0 1 1/0 read 
1 0 1 0 110 write 
1 0 1 1 None; not a status cycle 
1 1 0 0 Will not occur 
1 1 0 1 Memory instruction read 
1 1 1 0 Will not occur 
1 1 1 1 None; not a status cycle 

MilO a MEMORY I/O SELECT distinguishes memory access from 1/0 access. If HIGH during Ts, a 
memory cycle or a halt/shutdown cyc~ is in progress. If LOW, an 1/0 cycle or an interrupt 
acknowledge cycle is in progress. MilO floats to 3-state OFF during bus hold acknowledge. 

COO/INTA a CODEIINTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from memory 
data read cycles. Also distinguishes interrupt acknowledge cycles from 1/0 cycles. COOl 
INTA floats to 3-state OFF during bus hold acknowledge. Its timing is the same as MIlO. 

LOCK a BUS LOCK indicates that other system bus masters are not to gain control of the system 
bus for the current and the following bus cycle. The LOCK Signal may be activated explicitly 
by the "LOCK" instruction prefix or automatically by 80286 hardware during memory XCHG 
instructions, interrupt acknowledge, or descriptor table access. LOCK is active LOW and 
floats to 3-state OFF during bus hold acknowledge. 

READY I BUS READY terminates a bus cycle. Bus cycles are extended without limit until terminated 
by READY LOW. READY is an active LOW synchronous input requiring setup and hold 
times relative to the system clock be met for correct operation. READY is ignored during 
bus hold acknowledge. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

HOLD I BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership pf 
HLDA a the 80286 local bus. The HOLD input allows another local bus master to 

request control of the local bus. When control is granted, the 80286 will float 
its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus 
hold acknowledge condition. The local bus will remain granted to the 
requesting master until HOLD becomes inactive which results in the 80286 
deactivating HLDA and regaining control of the local bus. This terminates the 
bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH. 

INTR I INTERRUPT REQUEST requests the 80286 to suspend its current program 
execution and service a pending external request. Interrupt requests are 
masked whenever the interrupt enable bit in the flag word is cleared. When 
the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the 
source of the interrupt. To assure program interruption, INTR must remain 
active until the first interrupt acknowledge cycle is completed. INTR is 
sampled at the beginning of each processor cycle and must be active HIGH 
at least two processor cycles before the current instruction ends in order to 
interrupt before the next instruction. INTR is level sensitive, active HIGH, and 
may be asynchronous to the system clock. 

NMI I NON-MASKABLE INTERRUPT REQUEST interrupts the 80286 with an 
internally supplied vector value of 2. No interrupt acknowledge cycles are 
performed. The interrupt enable bit in the 80286 flag word does not affect this 
input. The NMI input is active HIGH, may be asynchronous to the system 
clock, and is edge triggered after internal synchronization. For proper 
recognition, the input must have been previously LOW for at least four system 
clock cycles and remain HIGH for at least four system clock cycles. 

PEREa I PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE 
PEACK 0 extend the memory management and protection capabilities of the 80286 to 

processor extensions. The PEREa input requests the 80286 to perform a 
data operand transfer for a processor extension. The PEACK output signals 
the processor extension when the requested operand is being transferred. 
PEREa is active HIGH and floats to 3-state OFF during bus hold 
acknowledge. PEACK may be asynchronous to the system clock. PEACK is 
active LOW. 

BUSY I PROCESSOR EXTENSION BUSY AND ERROR indicate the operating 
ERROR I condition of a processor extension to the 80286. An active BUSY input stops 

80286 program execution on WAIT and some ESC instructions until BUSY 
becomes inactive (HIGH). The 80286 may be interrupted while waiting for 
BUSY to become inactive. An active ERROR input causes the 80286 to 
perform a processor extension interrupt when executing WAIT or some ESC 
instructions. These inputs are active LOW and may be asynchronous to the 
system clock. These inputs have internal pull-up resistors. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

RESET I SYSTEM RESET clears the internal logic of the 80286 and is active HIGH. 
The 80286 may be reinitialized at any time with a LOW to HIGH transition on 
RESET which remains active for more than 16 system clock cycles. During 
RESET active, the output pins of the 80286 enter the state shown below: 

80286 Pin State During Reset 

Pin Value Pin Names 

1 (HIGH) SO, 81, PEACK, A23-AO, SHE, LOCK 
o (LOW) M/iO, COD/INTA, HLDA (Note 1) 
3-state OFF D15- DO 

Operation of the 80286 begins after a HIGH to LOW transition on RESET. 
The HIGH to LOW transition of RESET must be synchronous to the system 
clock. Approximately 38 CLK cycles from the trailing edge Of RESET are 
required by the 80286 for internal initialization before the first bus cycle, to 
fetch code from the power-on execution address, occurs. 
A LOW to HIGH transition of RESET synchronous to the system clock will 
end a processor cycle at the second HIGH to LOW transition of the system 
clock. The LOW to HIGH transition of RESET may be asynchronous to the 
system clock; however, in this case it cannot be predetermined which phase 
of the processor clock will occur during the next system clock period. 
Synchronous LOW to HIGH transitions of RESET are required only for 
systems where the processor clock must be phase synchronous to another 
clock. 

Vss I SYSTEM GROUND: 0 Volts. 

Vee I SYSTEM POWER: + 5 Volt Power Supply. 

CAP I SUBSTRATE FILTER CAPACITOR: a 0.047 ",F ± 20% 12V capacitor must 
be connected between this pin and ground. This capaCitor filters the output of 
the internal substrate bias generator. A maximum DC leakage current of 1 ",A 
is allowed through the capaCitor. 
For correct operation of the 80286, the substrate bias generator must charge 
this capacitor to its operating voltage. The capacitor chargeup time is 5 
milliseconds (max.) after Vee and CLK reach their specified AC and DC 
parameters. RESET may be applied to prevent spurious activity by the CPU 
during this time. After this time, the 80286 processor clock can be 
synchronized to another clock by pulsing RESET LOW synchronous to the 
system clock. 

NOTE: 
1. HLDA is only Low if HOLD is inactive (Low). 
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FUNCTIONAL DESCRIPTION 

Introduction 

The 80286 is an advanced, high-performance micro
processor with specially optimized capabilities for 
multiple user and multi-tasking systems. Depending 
on the application, an 8 MHz 80286's performance 
is up to six times faster than the standard 5 MHz 
8086's, while providing complete upward software 
compatibility with Intel's 8086, 88, and 186 family of 
CPU's. 

The 80286 operates in two modes: 8086 real ad
dress mode and protected virtual address mode. 
Both modes execute a superset of the 8086 and 88 
instruction set. 

In 8086 real address mode programs use real ad
dresses with up to one megabyte of address space. 
Programs use virtual addresses in protected virtual 
address mode, also called protected mode. In pro
tected mode, the 80286 CPU automatically maps 1 
gigabyte of virtual addresses per task into a 16 
~egabyte real address space. This mode also pr\:)
vldes memory protection to isolate the operating 
system and ensure privacy of each tasks' programs 
and data. Both modes provide the same base in
strl,lction set, registe~, and addressing modes. 

The following Functional Description describes first, 
the base 80286 architecture common to both 
modes, second, 8086 real address mode, and third, 
protected mode. 

80286 BASE ARCHITECTURE 

The 8086, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and 

BYTE 
ADDRESSABLE 
(8-81T 
REGISTER 
NAMES 
SHOWN) 

16-81T 
REGISTER 

NAME 

{: 
BX 

BP 

SI 

DI 

SP 

15 

o 7 

AH Al 

DH Dl 

CH CL 

BH Bl 

GENERAl 
REGISTERS 

} 

} 

} 
} 

SPECIAL 
REGISTER 

FUNCTIONS 

MUl TIPl Y IDIVIDE 
110 INSTRUCTIONS 

LOOP/SHIFT/REPEAT/COUNT 

SASE REGISTERS 

INDEX REGISTERS 

STACK POINTER 

addressing modes. The 80286 processor is upward 
compatible with the 8086, 8088, and 80186 CPU's. 

Register Set 

The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into 
the following four categories: 

Qe~eral Registers: Eight 16-bit general purpose 
registers used to contain arithmetic and logical oper
ands. Four of these (AX, BX, CX, and OX) can be 
used either in their entirety as 16-bit words or split 
into pairs of separate 8-bit registers. 

Segment Registers: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. (For usage, refer to Memory Organi
zation.) 

Base and Index Registers: Four of the general pur
pose registers may also be used to determine offset 
addresses of operands in memory. These registers 
may contain base addresses or indexes to particular 
locations within a segment. The addressing mode 
determines the specific registers used for operand 
address calculations. 

Status and Control Registers: The 3 16-bit special 
purpose registers in figure 3A record or control cer
tain aspects of the 80286 processor state including 
the Instruction Pointer, which contains the offset ad
dress of the next sequential instruction to be execut
ed. 

15 

~ 
CS CODE SEGMENT SELECTOR 

os DATA SEGMENT SELECTOR 

ss STACK SEGMENT SELECTOR 

ES EXTRA SEGMENT SELECTOR 

SEGMENT REGISTERS 

15 

F 

I 
STATUS WORD 

IP INSTRUCTION POINTER 

STATUS AND CONmOl 

REGISTERS 

Figure 3. Register Set 
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Figure 3a. Status and Control Register Bit Functions 

Flags Word Description 

The Flags word (Flags) records specific characteris
tics of the result of logical and arithmetic instructions 
(bits 0,2,4,6, 7, and 11) and controls the operation 
of the 80286 within a given operating mode (bits 8 
and 9). Flags is a 16-bit register. The function of the 
flag bits is given in Table 2. 

Instruction Set 

The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string 
manipulation, control transfer, high level instruc
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register,. in 
the instruction itself, or in memory. Zero-operand in
structions (e.g. NOP and HL T) are usually one byte 
long. One-operand instructions (e.g. INC and DEC) 
are usually two bytes long but some are encoded in 
only one byte. One-operand instructions may refer
ence a register or memory location. Two-operand 
instructions permit the following six types of instruc
tion operations: 

-Register to Register 

-Memory to Register 

-Immediate to Register 

-Memory to Memory 

-Register to Memory 

-Immediate to Memory 
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Table 2 Flags Word Bit Functions 
Bit 

Name Function Position 

0 CF Carry Flag-Set on high-order bit 
carry or borrow; cleared otherwise 

2 PF Parity Flag-Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise 

4 AF Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 

6 ZF Zero Flag-Set if result is zero; 
cleared otherwise 

7 SF Sign Flag-Set equal to high-order 
bit of result (0 if positive, 1 if negative) 

11 OF Overflow Flag-Set if result is a too-
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 

8 TF Single Step Flag-Once set, a sin-
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 

9 IF Interrupt-enable Flag-When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter-
rupt vector specified location. 

10 OF Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing OF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and' ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a special class of string 
instructions requiring one to three bytes. For de
tailed instruction formats and encodings refer to the 
instruction set summary at the end of this document. 

For detailed operation and usage of each instruc
tion, &ee"Appendix of 80286 Programmer's Refer
ence Manual (Order No 210498) 

GENERAL PURPOSE 
MOV Move byte or word 

PUSH Push word onto stack 
POP Pop word off stack 

PUSHA Push all registers on stack 
POPA Pop all registers from ~ack 
XCHG Exchange byte or word 
XLAT Translate byte 

INPUT/OUTPUT 
IN Input byte or word 
OUT Output byte or word 

ADDRESS OBJECT 

LEA Load effective address 
LDS Load pointer using DS 

LES ,Load pointer using ES 

FLAG TRANSFER 
LAHF Load AH register from flags 

SAHF Store AH register in flags 

PUSHF Push flags onto stack 
POPF Pop flags off stack 

Figure 48. Data Transfer Instructions 

MOVS Move byte or word string 
INS Input bytes or word string 

OUTS Output bytes or word string 
CMPS Compare byte or word string 
SCAS Scan byte or word string 
LODS Load byte or word string 

STOS Store byte or word string 
REP Repeat 

REPE/REPZ Repeat while equal/zero 
REPNE/REPNZ Repeat while not equal/not zero 

Figure 4c. String Instructions 
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ADDITION 

ADD Add byte or word 

ADC Add byte or word wHh carry 
INC Increment byte or word by 1 

AM ASCII adjust for addition 

DAA Decimal adjust for addition 

SUBTRACTION 

SUB Subtract byte or word 

SBB Subtract byte or word with borrow 

DEC Decrement byte or word by 1 

NEG Negate byte or word 

CMP Compare byte or word 

AAS ASCII adjust for subtraction 
DAS Decimal adjust for subtraction 

MULTIPLICATION 

MUL Multiple byte or word unsigned 
IMUL' Integer multiply byte or word 

AAM ASCII adjust for multiply 

DIVISION 
DIV Divide byte or word unsigned 

IDIV Integer divide byte or word 
AAD ASCII adjust for divisiQn 

CBW Convert byte to word 
CWD Convert word to doubleword 

Figure 4b. Arithmetic Instructions 

LOGICALS 
NOT "Not" byte or word 
AND "And" byte or word' 

OR "Inclusive or" byte or word 

XOR "Exclusive or" byte or word 
TEST "Test" byte or word 

SHIFTS 
SHLISAL Shift loglcall arithmetic left byte or word 

SHR Shift logical right byte or word 

SAR Shift arithmetic right byte or word 

ROTATES 

ROL Rotate left byte or word 

ROR Rotate right byte or word 
RCL Rotate through carry left byte or word 

RCR Rotate through carry right byte or word 

Figure 4d. Shift/Rotate Logical Instructions 
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 

JA/JNBE Jump if above/not below nor equal CALL Call procedure 

JAE/JNB Jump If above or equal/not below RET Return from procedure 

JB/JNAE Jump if below/not above nor equal JMP Jump 

JBE/JNA Jump if below or equal/not above 

JC Jump if carry ITERATION CONTROLS 

JE/JZ Jump If equal/zero 

JG/JNLE Jump if greater/not less nor equal LOOP Loop 

JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 

JLlJNGE Jump If less/not greater nor equal LOOPNE/LOOPNZ Loop If not equal/not zero 

JLE/JNG Jump If less or equal/not greeter JCXZ Jump If register CX = 0 

JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd INT Interrupt 

JNS Jump if not sign INTO Interrupt if overflow 

JO Jump If overflow IRET Interrupt return 

JP/JPE Jump if parity/parity even 

JS Jump if sign 

Figure 4e. Program Transfer Instructions 

FLAG OPERATIONS 

STC Set carry flag 

CLC Clear carry flag 

CMC Complement carry flag 

STD Set direction flag 

CLD Clear direction flag 

STI Set interrupt enable flag 

CLI Clear interrupt enable flag 

EXTERNAL SYNCHRONIZATION 

HLT Halt until interrupt or reset 

WAIT Wait for BUSY not active 

ESC Escape to extension processor 

LOCK Lock bus during next instruction 

NO OPERATION 

NOP No operation 

EXECUTION ENVIRONMENT CONTROL 

LMSW Load machine status word 

SMSW Store machine status word 

Figure 4f. Processor Control Instructions 

ENTER Format stack for procedure entry 

LEAVE Restore stack for procedure exit 

BOUND Detects values outside prescribed range 

Figure 4g. High Level Instructions 
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Memory Organization 

Memory is organized as sets of variable length seg
ments. Each segment is a linear contiguous se
quence of up to 64K (216) a-bit bytes. Memory is 
addressed using a two component address (a point
er) that consists of a 16-bit segment selector, and a 
16-bit offset. The segment selector indicates the de
sired segment in memory. The offset component in
dicates the desired byte address within the segment. 

I ., 

32-111' POINTER .. 
SEGMENT I ~ I 

1f'. 0 

I 

~ 

OPERAND 
SELECTED 

~ 

~ 

L. 

SELECIED 
SEGIIEN!" 
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Figure 5. Two Component Address 
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Table 3. Segment Register Selection Rules 

Memory Segment Register Implicit Segment 
Reference Needed Used Selection Rule 

Instructions Code (CS) Automatic with instruction prefetch 

Stack Stack (SS) All stack pushes and pops. Any memory reference which uses BP 
as a base register. 

Local Data Data (DS) All data references except when relative to stack or 
string destination 

External (Global) Data Extra (ES) Alternate data segment and destination of string operation 

All instructions that address operands in memory 
must specify the segment and the offset. For speed 
and compact instruction encoding, segment selec
tors are usually stored in the high speed segment 
registers. An instruction need specify only the de
sired segment register and an offset in order to ad
dress a memory operand. 

Most instructions need not explicitly specify which 
segment register is used. The correct segment reg
ister is automatically chosen according to the rules 
of Table 3. These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 

Special segment override instruction prefixes allow 
the impliCit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 

Addressing Modes 

The 80286 provides a total of eight addressing 
modes for instructions to specify operands. Two ad
dressing modes are provided for instructions that 
operate on register or immediate operands: 

Register Operand Mode: The operand is locat
ed· in one of the 8 or 16-bit general registers. 

Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: seg
ment selector and offset. The segment selector is 
supplied by a segment register either implicitly cho
sen by the addressing mode or explicitly chosen by 
a segment override prefix. The offset is calculated 
by summing any combination of the following three 
address elements: 

the displacement (an 8 or 16-bit immediate val
ue contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 
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Figure 6. Segmented Memory Helps 
Structure Software 

the index (contents of either the SI or 01 index 
registers) 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements de
fine the six memory addressing modes, described 
below. 

Direct Mode: The operand's offset is contained in 
the instruction as an 8 or 16·bit displacement ele
ment. 

Register Indirect Mode: The operand's offset is in 
one of the registers SI, 01, BX, or BP. 

Based Mode: The operand's offset is the sum of an 
8 or 16-bit displacement and the contents of a base 
register (BX or BP). 
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Indexed Mode: The operand's offset is the sum of 
an 8 or 16-bit displacement and the contents of an 
index register (SI or 01). 

Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

Based Indexed Mode with Displacement: The op· 
erand's offset is the sum of a base register's con· 
tents, an index register'S contents, and an 8 or 16-bit 
displacement. 

Data Types 

The 80286 directly supports the following data 
types: 

Integer: A signed binary numeric value con· 
tained in an 8·bit byte or a 16·bit 
word. All operations assume a 2's 
complement representation. Signed 
32 and 64·bit integers are supported 
using the Numeric Data Processor, 
the 80287. 

Ordinal: An unsigned binary numeric value 
contained in an 8·bit byte or 16·bit 
word. 

Pointer: A 32·bit quantity, composed of a 
segment selector component and an 
offset component. Each component 
is a 16·bit word. 

String: A contiguous sequence of bytes or 
words. A string may contain from 1 
byte to 64K bytes. 

ASCII: A byte representation of alphanu· 
meric and control characters using 
the ASCII standard of character rep· 
resentation. 

BCD: A byte (unpacked) representation of 
the decimal digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 storing one 
digit in each nibble of the byte. 

Floating Point: A signed 32, 64, or 80·bit real num· 
ber representation. (Floating point 
operands are supported using the 
80287 Numeric Processor). 

Figure 7 graphically represents the data types sup· 
ported by the 80286. 

110 Space 

The I/O space consists of 64K 8·bit or 32K 16·bit 
ports. I/O instructions address the I/O space with 
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either an 8·bit port address, specified in the instruc· 
tion, or a 16·bit port address in the OX register. 8·bit 
port addresses are zero extended such that A15-Aa 
are LOW. I/O port addresses OOF8(H) through 
OOFF(H) are reserved. 
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Figure 7. 80286 Supported Data Types 
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Table 4. Interrupt Vector Assignments 

. Interrupt Related 
Does Return Address 

Function Point to Instruction 
Number 

Divide error exception 0 

Single step interrupt 1 

NMI interrupt 2 

Breakpoint interrupt 3 

INTO detected overflow exception 4 

BOUND range exceeded exception 5 

Invalid opcode exception 6 

Processor extension not available exception 7 

Intel reserved-do not use 8-15 

Processor extension error interrupt 16 

Intel reserved-do not use 17-31 

User defined 32-255 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma
chine state (Flags) are saved on the stack to allow 
resumption of the interrupted program. Interrupts fall 
into three classes: hardware initiated, INT instruc
tions, and instruction exceptions. Hardware initiated 
interrupts occur in response to an external input and 
are classified as non-maskable or maskable. Pro
grams may cause an interrupt with an INT instruc
tion. Instruction exceptions occur when an unusual 
condition, which prevents further instruction pro
cessing, is detected while attempting to execute an 
instruction. The return address from an exception 
will always point at the instruction causing the ex
ception and include any leading instruction prefixes. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In
terrupts 0-31, some of which are used for instruc
tion exceptions, are reserved. For each interrupt, an 
8-bit vector must be supplied to the 80286 which 
identifies the appropriate table entry. Exceptions 
supply the interrupt vector internally. INT instructions 
contain or imply the vector and allow access to all 
256 interrupts. Maskable hardware initiated inter
rupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maska
ble hardware interrupts use a predefined internally 
supplied vector. 

MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by 
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Instructions 
Causing Exception? 

DIV,IDIV Yes 

All 

INT 2 or NMI pin 

INT3 

INTO No 

BOUND Yes 

Any undefined opcode Yes 

ESC or WAIT Yes 

ESC or WAIT 

setting the interrupt flag bit (I F) in the flag word. All 
224 user-defined interrupt sources can share this in
put, yet they can retain separate interrupt handlers. 
An 8-bit vector read by the CPU during the interrupt 
acknowledge sequence (discussed in System Inter
face section) identifies the source of the interrupt. 

Further maskable interrupts are disabled while serv
icing an interrupt by resetting the IF but as part of 
the response to an interrupt or exception. The saved 
flag word will reflect the enable status of the proces
sor prior to the interrupt. Until the flag word is re
stored to the flag register, the interrupt flag will be 
zero unless specifically set. The interrupt return in
struction includes restoring the flag word, thereby 
restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable Interrupt input (NMI) is also provid
ed. NMI has higher priority than INTR. A typical use 
of NMI would be to activate a power failure routine. 
The activation of this input causes an interrupt with 
an internally supplied vector value of 2. No external 
interrupt acknowledge sequence is performed. 

While executing the NMI servicing procedure, the 
80286 will service neither further NMI requests, 
INTR requests, nor the processor extension seg
ment overrun interrupt until an interrupt return (IRET) 
instruction is executed or the CPU is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. IF is cleared at the beginning of an 
NMI interrupt to inhibit INTR interrupts. 
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SINGLE STEP INTERRUPT 

The 80286 has an internal interrupt that allows pro· 
grams to execute one instruction at a time. It is 
called the single step interrupt and is controlled by 
the single step flag bit (TF) in the flag word. Once 
this bit is set, an internal single step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc
tion to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they 
are processed in a fixed order as shown in Table 5. 
Interrupt processing involves saving the flags, return 
address, and setting CS:IP to point at the first in
struction of the interrupt handler. If other interrupts 
remain enabled they are processed before the first 
instruction of the current interrupt handler is execut
ed. The last interrupt processed is therefore the first 
one serviced. 

Table 5 Interrupt Processing Order 
Order Interrupt 

1 Instruction exception 

2 Single step 

3 NMI 

4 Processor extension segment overrun 

5 INTR 

6 INT instruction 

Initialization and Processor Reset 

Processor initialization or start up is accomplished 
by driving the RESET input pin HIGH. RESET forces 
the 80286 to terminate all execution and local bus 
activity. No instruction or bus activity will occur as 
long as RESET is active. After RESET becomes in
active and an internal processing interval elapses, 
the 80286 begins execution in real address mode 
with the instruction at physical location FFFFFO(H). 
RESET also sets some registers to predefined val
ues as shown in Table 6. 

Table 6. 80286 Initial Register State after RESET 
Flag word 
Machine Status Word 
Instruction pointer 
Code segment 
Data segment 
Extra segment 
Stack segment 

0002(H) 
FFFO(H) 
FFFO(H) 
FOOO(H) 
OOOO(H) 

.OOOO(H) 
OOOO(H) 

HOLD must not be active during the time from the 
leading edge of RESET to 34 ClKs after the trailing· 
edge of RESET. 

Machine Status Word Description 
The machine status word (MSW) records when a 
task switch takes place and controls the operating 
mode of the 80286. It is a 16-bit register of which the 
lower four bits are used. One bit places the CPU into 
protected mode, while the other three bits, as shown 
in Table 7, control the processor extension interface. 
After RESET, this register contains FFFO(H) which 
places the 80286 in 8086 real·address mode. 

Table 7 MSW Bit Functions 
Bit Name Function 

Position 

0 PE Protected mode enable places the 
80286 into protected mode and cannot 
be cleared except by RESET. 

1 MP Monitor processor extension allows 
WAIT instructions to cause a processor 
extension not present exception 
(number 7). 

2 EM Emulate processor extension causes a 
processor extension not present 
exception (number 7) on ESC 
instructions to allow emulating a 
processor extension. 

3 TS Task switched indicates the next 
instruction using a processor extension 
will cause exception 7, allowing software 
to test whether the current processor 
extension context belongs to the current 
task. 

The lMSW and SMSW instructions can load and 
store the MSW in real address mode. The recom
mended use of TS, EM, and MP is shown in Table 8. 

Table 8 Recommended MSW Encodlngs For Processor Extension Control 
Instructions 

T8 MP EM Recommended Use Causing 
Exception 7 

0 0 0 Initial encoding after RESET. 80286 operation is identical to 8086, 88. None 

0 0 1 No processor extension is available. Software will emulate its function. ESC 

1 0 1 No processor extension is available. Software will emulate its function. The current ESC 
processor extension context may belong to another task. 

0 1 0 A processor extension exists. None 

1 1 0 A processor extension exists. The current processor extension context may belong to ESC or 
another task. The Exception 7 on WAIT allows software to test for an error pending WAIT 
from a previous processor extension operation. 

3-13 
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Halt 

The HL T instruction stops program execution and 
prevents the 'CPU from using the local bus until re
started. Either NMI, INTR with IF = 1, or RESET will 
force the 80286 out of halt. If interrupted, the saved 
CS:IP will point to the next instruction after the HL T. 

8086 REAL ADDRESS MODE 

The 80286 executes a fully upward-compatible su
perset of the 8086 instruction set in real address 
mode. ,In real address mode the 80286 is object 
code compatible with 8086 and 8088 software. The 
real address mode architecture (registers and ad
dressing modes) is exactly as described in the 
80286 Sase Architecture section of this Functional 
Description. 

Memory Size 

Physical memory is a contiguous array of up to 
1,048,576 bytes (one megabyte) addressed by pins 
A(J through A19 and SHE. A20 through A23 should be 
ignored. 

Memory Addressing 

In real address mode physical memory is a contigu
ous array of up ~o 1,048,576 bytes (one rsegabyte) 
addressed by pins Ao through A19 and HE. Ad
dress bits A20-A23 may not always be zero in real 
mode. A20-A23 should not be used by the system 
while the 80286 is operating in Real Mode. 

The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always 
zero. Segment addresses, therefore, begin on mUlti
ples of 16 bytes. See Figure 8 for a graphic repre
sentation of address information. 

All segments in real address mode are 64K bytes in 
size and may be read, written, or executed. An ex
ception or interrupt can occur if data operands or 
instructions attempt to wrap around the end of a 
segment (e.g. a word with its low order byte at offset 
FFFF(H) and its high order byte at dffset OOOO(H). If, 
in real address mode, the information contained in a 
segment does not use the full 64K bytes, the unused 
end of the segment may be overlayed by another 
segment to reduce physical memory requirements. 

Reserved Memory Locations 

The 80286 reserves two fixed areas of memory in 
real address mode (see Figure 9); system initializa-
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tion area and interrupt table area. Locations from 
addresses FFFFO(H) through FFFFF(H) are re
served for system initialization. Initial execution be
gins at location FFFFO(H). Locations OOOOO(H) 
through 003FF(H) are reserved for interrupt vectors. 
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Table 9. Real Address Mode Addressing Interrupts 

Interrupt Related Return Address 
Function 

Number Instructions Before Instruction? 

Interrupt table limit too small exception 8 INT vector is not within table limit Yes 

Processor extension segment overrun 9 ESC with memory operand extend- No 
interrupt ing beyond offset FFFF(H) 

Segment overrun exception 13 Word memory reference with offset Yes 
= FFFF(H) or an attempt to exe-
cute past the end of a segment 

" 

Interrupts 

Table 9 shows the interrupt vectors reserved for ex
ceptions and interrupts which indicate an addressing 
error. The exceptions leave the CPU in the state ex
isting . before attempting to execute the failing in
struction (except for PUSH, POP, PUSHA, or paPA). 
Refer to the next section on protected mode initiali
zation for a discussion on exception 8. 

Protected Mode Initialization 

To prepare the 80286 for protected mode, the LlDT 
instruction is used to load the 24-bit interrupt table 
base and 16-bit limit for the protected mode interrupt 
table. This instruction can also set a base and limit 
for the interrupt vector table in real address mode. 
After reset, the interrupt table base is initialized to 
OOOOOO(H) and its size set to 03FF(H). These values 
are compatible with 8086, 88 software. LlDT should 
only be executed in preparation for protected mode. 

Shutdown 

Shutdown occurs when a severe error is detected 
that prevents further instruction processing by the 
CPU. Shutdown and halt are externally signalled via 
a halt bus operation. They can be distinguished by 
Al HIGH for halt and Al LOW for shutdown. In real 
address mode, shutdown can occur under two con
ditions: 

• Exceptions 8 or 13 happen and the lOT limit does 
not include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if 
the lOT limit is at least OOOF(H) and SP is greater 
than 0005(H), otherwise shutdown can only be exit
ed via the RESET input. 
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PROTECTED VIRTUAL ADDRESS 
MODE 

The 80286 executes a fully upward-compatible su
perset of the 8086 instruction set in protected virtual 
address mode (protected mode). Protected mode 
also provides memory management and protection 
mechanisms and associated instructions. 

The 80286 enters protected virtual address mode 
from real address mode by setting the PE (Protec
tion Enable) bit of the machine status word with the 
Load Machine Status Word (LMSW) instruction. Pro
tected mode offers extended physical and virtual 
memory address space, memory protection mecha
nisms, and new operations to support operating sys
tems and virtual memory. 

All registers, instructions, and addressing modes de
scribed in the 80286 Base Architecture section of 
this Functional Description remain the same. Pro
grams for the 8086, 88, 186, and real address mode 
80286 can be run in protected mode; however, em
bedded constants for segment selectors are differ
ent. 

Memory Size 

The protected mode 80286 provides a 1 gigabyte 
virtual address space per task mapped into a 16 
megabyte physical address space defined by the ad
dress pin A23-AO and BHE. The virtual address 
space may be larger than the physical address 
space since any use· of an address that does not 
map to a physical memory location will cause a re
startable exception. 

Memory Addressing 

As in real address mode, protected mode uses 32-
bit pOinters, consisting of 16-bit selector and offset 
components. The selector, however, specifies an in
dex into a memory resident table rather than the up
per 16-bits of a real memory address. The 24-bit 
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base address of the desired segment is obtained ' 
from the tables in memory. The 16-bit offs~t is add
ed to the segment base address to form the physical 
address as shown in Figure 10. The tables ar,e auto
matically referenced by the CPU whenever a seg
ment register is loaded with a selector. All 80286 
instructions which load a segment register will refer
ence the memory based tables without, additional 
software. The memory based tables contain 8 byte 
values called, descriptors. 

, DESCRIPTORS 

Descriptors'define the use of melT)ory. Special types 
of descriptors also define new functions for transfer 
of control and task Switching. The 80286 has seg
ment descriptorS for code, stack and data segments, 
and system control descriptors for special system 
data segments and control transfer operations. De
scriptor accesses are performed as locked bus op
erations to assure descriptor integrity in multi-proc
essor systems. 

CPU 

.... 
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CODE AND DATA SEGMENT DESCRIPTORS 
(S = 1) 

Besides segment base addresses, code and data 
descriptors contain other segment attributes includ
ing segment size (1 to 64K bytes), access rights 
(read only, read/write, execute only, and execute/ 
read), and presence in memory (for virtual memory 
systems) (See Figure 11). Any segment usage vio
lating a segment attribute indicated by the segment 
descriptor will prevent the memory cycle and cause 
an exception or interrupt. 

Code or Data Segment Descriptor . , • 
+7 IN,TEL IIEHRVEO" +8 

PIDPLISI TYPE IAI BAlE.11 +4 

+3 USE, ... +2 

+1 , UIIIT11-O 

Figure 10_ Protected Mode Memory Addressing , . , 
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Access Rights Byte Definition 

Name Function 

Present (P) P - 1 Segment is mapped into physical memory. 
p=o No mapping to physical memory exits. ,base and limit are 

not used. 
DeSCriptor Privilege Segment privilege attribute used in priviiege tests. 
Level (DPL) 
Segment Descrip- S=1 Code or Data (includes stacks) segment descriptor 
tor(S) S=O System Segment Descriptor or Gate Descriptor 
Executable (E) E-O Data segment descriptor type is: 

) 
If 

Expansion Dirac- ED = 0 Expand up segment. offsets must be is: limit. Data 
tion(ED) ED = 1 ' Expand down segment, offsets must be > limit. Segment 
Writeable (W) W=O Data segment may not be writtel'! into. (S = 1. 

W= 1 Data segment may be written into. E 0) 
Executable (E) E-1 Code Segment Descriptor type is: 

} 
If 

Conforming (C) C=1 Code segmant may only be executed Code 
when CPL :<!: DPL and CPL Segment 
remains unchanged. 

, Readable (R) , R =0 Code segment may not be read (S = 1, 
R=1 Code segment may be read. E 1) 

Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register 

or used by selector test instructions. 

Figure 11. Code and Data Segment Descriptor Formats ' 
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Code and data (including stack data) are stored in 
two types of segments: code segments and data 
segments. Both types are identified and defined by 
segment descriptors (S = 1). Code segments are 
identified by the executable (E) bit set to 1 in the 
descriptor access rights byte. The access rights byte 
of both code and data segment descriptor types 
have three fields in common: present (P) bit, De
scriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will 
cause a not-present exception. DPL specifies the 
privilege level of the segment descriptor. DPL con
trols when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed 
for usage profiling, a necessity for virtual memory 
systems. The CPU will always set this bit when ac
cessing the descriptor. 

Data segments (S = 1, E = 0) may be either read
only or read-write as controlled by the W bit of the 
access rights byte. Read-only (W = 0) data seg
ments may not be written into. Data segments may 
grow in two directions, as determined by the Expan
sion Direction (ED) bit: upwards (ED = 0) for data 
segments, and downwards (ED = 1) for a segment 
containing a stack. The limit field for a data segment 
descriptor is interpreted differently depending on the 
ED bit (see Figure 11). 

A code segment (S = 1, E = 1) may be execute
only or execute/read as determined by the Read
able (R) bit. Code segments may never be written 
into and execute-only code segments (R = 0) may 
not be read. A code segment may also have an attri
bute called conforming (C). A conforming code seg
ment may be shared by programs that execute at 
different privilege levels. The DPL of a conforming 
code segment defines the range of privilege levels 
at which the segment may be executed (refer to priv
ilege discussion below). The limit field identifies the 
last byte of a code segment. 

SYSTEM SEGMENT DESCRIPTORS (S = 0, 
TYPE = 1-3) 

In addition to code and data segment descriptors, 
the protected mode 80286 defines System Segment 
Descriptors. These descriptors define special sys
tem data segments which contain a table of descrip
tors (Local Descriptor Table Descriptor) or segments 
which contain the execution state of a task (Task 
State Segment Descriptor). 

Figure 12 gives the formats for the special system 
data segment descriptors. The descriptors contain a 
24-bit base address of the segment and a 16-bit lim
it. The access byte defines the type of descriptor, its 
state and privilege level. The descriptor contents are 
valid and the segment is in physical memory if P = 1. 
If P = 0, the segment is not valid. The DPL fielq is 
only used in Task State Segment descriptors and 
indicates the privilege level at which the descrip- ' 
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tor may be used (see Privilege). Since the Local De
scriptor Table descriptor may only be used by a spe
cial privileged instruction, the DPL field is not used. 
Bit 4 of the access byte is 0 to indicate that it is a, 
system control descriptor. The type field specifies 
the descriptor type as ,indicated in Figure 12. 

System Segment Descriptor 

D7 

+7 INTEL RESERVED' .1 .. pi DPL !oI TYPE I 1ASED-1 • .. 
.3 BASE,s--o +. 
•• LlIIIT,1-O 

" . , 
210253-12 

'Must be set to 0 for compatibility with B03B6. 

System Segment DescrIptor FIelds 

Name Value Description 

TYPE 1 Available Task State Segment (TSS) 
2 Local Descriptor Table 
3 Busy Task State Segment (TSS) 

P 0 Descriptor contents are not valid 
, 1 Descriptor contents are valid 

DPL 0-3 Descriptor Privilege Level 

BASE 24-bit Base Address of special system data 
number segment in real memory 

LIMIT 16-bit Offset of last byte in segment 
number 

Figure 12. System Segment Descriptor Format 

GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points 
within the target code segment. The gate descrip
tors are call gates, task gates, interrupt gates and 
trap gates. Gates provide a level of indirection be
tween the source and destination of the control 
transfer. This indirection allows the CPU to automati
cally perform protection checks and control entry 
point of' the destination. Call gates are used to 
change privilege levels (see Privilege); task gates 
are used to perform a task switch, and interrupt and 
trap gates are used to specify interrupt service rou· 
tines. The interrupt gate. disables interrupts (resets 
IF) while the trap gate does not. 

Gate Descriptor . , 
+7 INTEL RESERVED' .8 

+" PfDPLfof TYPE Ix x xl ~g~:"4-0 .. 
+3 DESTINATION SELECTORn_a I X X •• 
+. DESnNATION OFFSET 15-0 

" " 
210253-13 

'Must be set to 0 for compatibility with B03B6 (X is don't care) 
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Gate Descriptor Fields 

Name Value Description 

.I 4, -Call Gate 

TYPE S. -Task Gate 
6 -Interrupt Gate . 
7 ':'TrapGate 

P 0 -Descriptor Contents'are not 
valid 

1 - Descriptor Contents are 
'(alid 

DPL 0-3 Descriptor Privilege Level 

WORD Number of words to copy 
COUNT 0-31 from callers stack to called 

procadures stack. Only used 
with call gate. 
Selector to the target code 

DESTINATION 16-bit segment (Call, Interrupt or 

SELECTOR selector Trap Gate) 
Selector to the target task 
state segment (Task Gate) 

DESTINATION ~6-bit Entry pOint within the target 
OFFSET offset code segment 

Figure 13. Gat~ Desc~iptor Format 

Figure 13 shows the format of the "gate descriptors. 
The descriptor contains a destination pOinter that 
points to the descriptor"of the target segment and 
the entry point offset. The destination selector in an 
interrupt gate, trap gate, and call gate must refer to a 
code segment descriptor. These gate deSCriptors 
contain the entry point to prevent a program from 
constructing and using an illegal entry point. Task 
gates may only refer to a task state segment. Since 
task gates invoke a task switch, the destination off
set is not used in the task gate. 

Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de
scriptor type. The word count field is used in the call 
gate descriptor to indicate the number of parameters 
(0-31 words) to be automatically copied from the 
caller's stack to the stack of the called routine when 
a control transfer. changes privilege levels. Jhe word 
count field is not used by any other, gate descriptor. 

The access byteJormat is the same for all gate de
scriptors. P = 1 indicates that the gate contents are 
valid. P "" 0 indicates the contents are not valid and 
causes "exception 11 If referenced. OPL is the de-

scriptor privilege level and specifies when this de
sCriptor may be used by a task (refer to .privilege 
discussion below). Bit 4 must equal 0 to indicate a 
system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 13. 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to 
each of the four segment registers (eS, SS, OS, ES). 
Segment descriptors are automatically loaded 
(cached) into a segment descriptor cache register 
(Figure 14) whenever .the assoqiated se,gment regis
ter is loaded with a selector. Only segment descrip
tors may be loaded into segment descriptor cache 
registers. Once loaded, all references to that seg
ment of memory use the cached descriptor informa
tion instead of reaccessing the descriptor. The de
scriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They 
only change when a segment register is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields:descrip
tor entry index, local or global descriptor table indio 
cator (TI), and selector privilege (RPL) as shown in 
Figure 15. These fields select one of two memory 
based tables of descriptors, select the appropriate 
table entry and allow highspeed testing of the selec
tor's privilege. attribute (refer to privilege discussion 
below). 

SELECTOR 

INDEX I. , I I I , I 

'5 3 2 1 0 ' 

lIlTS NAME FUNCTION 

HI REQUESTED INDICATES SELECTOR PRMLEGE 
PRIVILEGE LEVEL DESIRED 
LEVEL 
(RPL) 

2 TABLE TI = D USE GI.08AI. DESCRIPTOR TABLE 
INDICATOR (GOT) 
(TIl TI =. USE LOCAL DESCRIPTOR TABLE 

(I.DTI 

,5-3 INDEX SELECT DESCRIPTOR ENTRY IN TABLE 

210253-15 . 

Figure 15. Selector Fields 

PftOGRAM VISIBLE, r - - - - - - - - - -...;o;.w.;,;;,;; - - - - - - - - - ., 
I' I 

~§ i '='---l-- i 
11 • I. iT .. -.. ..,. 

I I 
(=:~:~'C. I SEGMENT DESCRIPTOR CACHE REGISIERS . I L_, _____ ~~~~_~~ _________ J . 210253-14 

Figure 14. Descriptor Cache Registers 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any 
given time. A descriptor table is a linear array of up 
to 8192 descriptors. The upper 13 bits of the selec
tor value are an index into a descriptor table. Each 
table has a 24-bit base register to locate the descrip
tor table in physical memory and a 16-bit limit regis
ter that confine descriptor access to the defined lim
its of the table as shown in Figure 16. A restartable 
exception (13) will occur If an attempt is made to 
reference a descriptor outside the table limits. 

One table, called the Global Descriptor table (GOT), 
contains descriptors available to all tasks. The other 
table, called the Local Descriptor Table (LOT), con
tains descriptors that can be private to a task. Each 
task may have its own private LOT. The GOT may 
contain all descriptor types except interrupt and trap 
descriptors. The LOT may contain only segment, 
task gate, and call gate descriptors. A segment can
not be accessed by a task if its segment descriptor 
does not exist in either descriptor table at the time of 
access. 

"'V MEMORY "'V 

210253-16 

Figure 16. Local and Global 
Descriptor Table Definition 

The LGDT and LLDT instructions load the base and 
limit of the global and local descriptor tables. LGDT 
and LLDT are privileged, i.e. they may only be exe
cuted by trusted programs operating at level O. The 
LGDT instruction loads a six byte field containing the 
16-bit table limit and 24-bit physical base address of 
the Global Descriptor Table as shown in Figure 17. 
The LOT instruction loads a selector which refers to 
a Local Descriptor Table descriptor containing the 
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base address and limit for an LOT, as shown in Fig
ure 12. 

• 7 

+5 INTnRDDVID' I 1IABEao-,. +4 

+3 BASE,..., +2 

+1 LIMIT,..., 
15 • 7 

210253-17 
'Must be set to 0 for compatibility with 60386. 

Figure 17. Global Descriptor Table and Interrupt 
DeSCriptor Table Data Type 

INTERRUPT DESCRIPTOR TABLE 

The protected mode 80286 has a third descriptor 
table, called the Interrupt Descriptor Table (lOT) 
(see Figure 18), used to define up to 256 interrupts. 
It may contain only task gates, interrupt gates and 
trap gates. The lOT (Interrupt Descriptor Table) has 
a 24-bit physical base and 16-bit limit register in the 
CPU. The privileged LlDT instruction loads these 
registers with a six byte value of identical form to 
that of the LGDT instruction (see Figure 17 and Pro
tected Mode Initialization). 

GATE FOR 
INTERRUPT #n 

GATE FOR 
INTERRUPT #0-1 

GATEFOA 
INTERRUPT #1 

GATE FOR 
INTERRUPT," 

INTERRUPT 
DESCRIPTOR 
TABLE 
(IDT) 

lid 
"V 

210253-18 

Figure 18. Interrupt Descriptor Table Definition 

References to lOT entries are made via INT instruc
tions, external interrupt vectors, or exceptions. The 
lOT must be at least 256 bytes in size to allocate 
space for all reserved interrupts. 

Privilege 
The 80286 has a four-level hierarchical privilege sys
tem which controls the use of privileged instructions 
and access to descriptors (and their associated seg
ments) within a task. Four-level privilege, as shown 
in Figure 19, is an extension of the user/supervisor 
mode commonly found in minicomputers. The privi
lege levels are numbered 0 through 3. Level 0 is the 
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CPU 
ENFORCED 
SOFTWARE 
INTERFACES 

HIGH SPEED 
OPERATING 
SYSTEM 
INTERFACE 

NOTE, PI. BECOMES NUMERICALLY LOWER AS PRIVILEGE LEVEL 
INCREASES 

210253-19 

most privileged level. Privilege levels provide protec
tion within a task. (Tasks are isolated by providing 
private LDT's for each task.) Operating system rou
tines, interrupt handlers, and other system software 
can be included and protected within the virtual ad
dress space of each task using the four levels of 
privilege. Each task in the system has a separate 
stack for each of its privilege levels. 

Tasks, descriptors, and selectors have a privilege 
level attribute that determines whether the descrip
tor may be used. Task privilege effects the use of 
instructions and descriptors. Descriptor and selector 
privilege only effect access to the descriptor. 

TASK PRIVILEGE 
A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is called the Current Privilege Level (CPL) and is de
fined by the lower two bits of the CS register. CPL 
cannot change during ,execution in a single code 
segment. A task's CPL may only be changed by con
trol transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin exe
cuting . at the CPL value specified by the code seg
ment selector within TSS when the task is initiated 
via a task switch operation (See Figure 20). A task 
executing at Level 0 can access all data segments 
defined in the GDT and the task's LDT and is con
sidered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 

DESCRIPTOR PRIVILEGE 
D~s.criptor privilege is specified by the Descriptor 
PriVilege Level (DPL) field of the descriptor access 
byte. DPL specifies the least trusted task privilege 
level (CPL) at which a task may access the descrip-
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tor. Descriptors with DPL = 0 are the most protect
ed. Only tasks executing at privilege level 0 
(CPL = 0) may access them. Descriptors with DPL 
= 3 are the least protected (Le. have the least re
stricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3. This rule applies to all descrip
tors, except LDT descriptors. 

SELECTOR PRIVILEGE 
Selector privilege is specified by the Requested Priv
ilege Level (RPL) field in the least significant two bits 
of a selector. Selector RPL may establish a less 
trusted privilege level than the current privilege level 
for the use of a selector. This level is called the 
task's effective privilege level (EPL). RPL can only 
reduce the scope of a task's access to data with this 
selector. A task's effective privilege is the numeric 
maximum of RPL and CPL. A selector with RPL = 0 
imposes no additional restriction on its use while a 
selector with RPL = 3 can only refer to segments at 
privilege Level 3 regardless of the task's CPL. RPL 
is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed 
to use data at a more privileged level than the caller 
(refer to pointer testing instructions). 

Descriptor Access and Privilege 
Validation 
Determining the ability of a task to access a seg
ment involves the type of segment to be accessed 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL. The two basic types of segment 
accesses are control transfer (selectors loaded into 
CS) and data (selectors loaded into DS, ES or 55). 

DATA SEGMENT ACCESS 
Instructions that load selectors i.nto DS and ES must 
refer to a data segment descriptor or readable code 
segment de~criptor. The CPL of the task and the 
RPL of the selector must be the same as or more 
privileged (numerically equal to or lower than) than 
the descriptor DPL. In general, a task can only ac
cess data segments at the same or less privileged 
I~vels than the CPL or RPL (whichever is numerically 
higher) to prevent a program from accessing data it 
cannot be trusted to use. . 

An exception to the rule is a readable conforming 
code. segment. This type of code segment can be 
read from any privilege level. 

If the privilege checks fail (e.g. DPL is numerically 
less than the maximum of CPL and RPL) or an incor
rect type of descriptor is referenced (e.g. gate de-
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scriptor or execute only code segment) exception 13 
occurs. If the segment is not present, exception 11 
is generated. 

Instructions that load selectors into SS must refer to 
data segment descriptors for writable data seg
ments. The descriptor privilege (DPL) and RPL must 
equal CPL. All other descriptor types or a privilege 
level violation will cause exception 13. A not present 
fault causes exception 12. 

CONTROL TRANSFER 
Four types of control transfer can occur when a se
lector is loaded into CS by a control transfer opera
tion (see Table 10). Each transfer type can only oc
cur if the operation which loaded the selector refer
ences the correct descriptor type. Any violation of 
these descriptor usage rules (e.g. JMP through a call 
gate or RET to a Task State Segment) will cause 
exception 13. 

The ability to reference a descriptor for control trans
fer is also subject to rules of privilege. A CALL or 
JUMP instruction may only reference a code seg
ment descriptor with DPL equal to the task CPL or a 
conforming segment with DPL of equal or greater 
privilege than CPL. The RPL of the selector used to 
reference the code descriptor must have as much 
privilege as CPL. 

RET and IRET instructions may only reference code 
segment descriptors with descriptor privilege equal 
to or less privileged than the task CPL. The selector 
loaded into CS is the return address from the stack. 
After the return, the selector RPL is the task's new 
CPL. If CPL changes, the old stack pointer is popped 
after the return address. 

When a JMP or CALL references a Task State Seg
ment descriptor, the descriptor DPL must be the 
same or less privileged than the task's CPL. Refer-

ence to a valid Task State Segment descriptor caus
es a task switch (see Task Switch Operation). Refer
ence to a Task State Segment descriptor at a more 
privileged level than the task's CPL generates ex-
ception 13. .' 

When an instruction or interrupt references a gate 
descriptor, the gate DPL must have the same or less 
privilege than the task CPL. If DPL is at a more privi
leged level than CPL, exeception 13 occurs. If the 
destination selector contained in the gate refer
ences a code segment descriptor, the code seg
ment descriptor DPL must be the same or more priv
ileged than the task CPL. If not, Exception 13 is is
sued. After the control transfer, the code segment 
descriptors DPL is the task's new CPL. If the desti
nation selector in the gate references a task state 
segment, a task switch is automatically performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 

- JMP or CALL direct to a code segment (code 
segment descriptor) can only be to a conforming 
segment with DPL of equal or greater privilege 
than CPL or a non-conforming segment at the 
same privilege level. 

- interrupts within the task or calls that may 
change privilege levels, can only transfer control 
through a gate at the same or a less privileged 
level than CPL to a code segment at the same or 
more privileged level than CPL. 

- return instructions that don't switch tasks can 
only return control to a code segment at the 
same or less privileged level. 

- task switch can be performed by a call, jump or 
interrupt which references either a task gate or 
task state segment at the same or less privileged 
level. 

Table 10. Descriptor Types Used for Control Transfer 

Control Transfer Types 

Intersegment within the same privilege level 

Interseg,ment to the same or higher privilege level Interrupt 
within task may change CPL. 

Intersegment to a lower privilege level (changes task CPL) 

Task Switch 

·NT (Nested Task bit of flag word) = 0 
··NT (Nested Task bit of flag word) = 1 

Operation Types 

JMP, CALL, RET, IREP , 

CALL 

Interrupt Instruction, 
Exception, External 
Interrupt 

REt,IRET· 

CALL,JMP 

CALL.JMP 
IRET·· 
Interrupt Instruction. 
Exception. External 
Interrupt 
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Descriptor Descriptor 
Referenced Table 

Code Segment GOT/LOT 

Gall Gate GOT/LOT 

Trap or lOT 
Interrupt 
Gate 

Code Segment GOT/LOT 

Task State GOT 
Segment 

Task Gate GOT/LOT 

Task Gate lOT 
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PRIVILEGE LEVEL CHANGES 

Any control.transfer that changes CPL within the 
task, causes a change of stacks as part of the oper
ation. Initial values of SS:SP for privilege levels 0, 1, 
and 2 are kept in the task state segment (refer to 
Task Switch Operation). During a JMP or CALL con
trol transfer, the new stack pointer is loaded into the 
SS and SP registers and the previous stack pointer 
is pushed onto the new stack. 

When returning to the original privil~ge level, its 
stack is restored as part of the RET or IRET instruc
tion operation. For subroutine calls that pass param
eters on the stack and cross privilege levels, a fixed 
number of words, as specified in the gate, are cop
ied from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust
ment value will correctly restore the previous stack 
pointer upon return. 

Protection 
The 80286 includes mechanisms to protect critical 
instructions that affect the CPU execution state (e.g. 
HL T) and code or data segments from improper us
age. These protection mechanisms are grouped into 
three forms: 

Restricted usage of segments (e.g. no write al
lowed to read-only data segments). The only seg
ments available for use are defined by descrip
tors in the Local Descriptor Table (LOT) and 
Global Descriptor Table (GOT). 

Restricted access to segments via the rules of 
privilege and descriptor usage. 

Privileged instructions or operations that may 
only be executed at certain privilege levels as de
termined by the CPL and 1/0 Privilege Level 
(IOPL). The 10PL is defined by bits 14 and 13 of 
the flag word. 

These checks are performed for all instructions and 
can be split into three categories: segment load 
checks (Table 11), operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex
ception. A not-present exception related to the stack 
segment causes exception 12. 

The IRET and POPF instructions do not perform 
some of their defined functions if CPL is not of suffi
cient privilege (numerically small enough). Precisely 
these are: 

• The IF bit is not changed if CPL > 10PL. 

• The 10PL field of the flag word is not changed if 
CPL> O. 

No exceptions or other indication are given when 
these conditions occur. 
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Table 11 
Segment Register Load Checks 

Error Description Exception 
Number 

Descriptor table limit exceeded 13 

Segment descriptor not-present 11 or 12 

Privilege rules violated 13 

Invalid descriptor/segment type seg-
ment register load: 

-Read only data segment load to 
SS 

-Special Control descriptor load to 
DS,ES,SS 13 

-Execute only segment load to 
DS, ES,SS 

-Data segment load to CS 
-Read/Execute code segment 

load to SS 

Table 12_ Operand Reference Checks 

Efror Description 
Exception 
Number 

Write into code segment 13 
Read from execute-only code 
segment 13 
Write to read-only data segment 13 
Segment limit exceeded1 12 or 13 

NOTE: 
Carry out in offset calculations is ignored. 

Table 13 Privileged Instruction Checks 

Error Description Exception 
Number 

CPL "" 0 when executing the following 
instructions: 

13 LlDT, LLDT, LGDT, L TR, LMSW, 
CTS,HLT 

CPL > IOPL when executing the fol-
lowing instructions: 

13 
INS, IN, OUTS, OUT, STI, CLI, 
LOCK 

EXCEPTIONS 

The 80286 detects several types of exceptions and 
interrupts, in protected mode (see Table 14). Most 
are restartable after the exceptional condition is re
moved. Interrupt handlers for most exceptions can 
read an error code, pushed on the stack after the 
return address, that identifies the selector involved 
(0 if none). The return address normally points to the 
failing instruction, including all leading prefixes. For a 
processor extension segment overrun exception, 
the return address will not point at the ESC instruc
tion that caused the exception; however, the proces
sor extension registers may contain the address of 
the failing instruction. 
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Table 14. Protected Mode Exceptions 

Return Always Error Interrupt Function Address Restart· Code Vector At Failing able? on Stack? Instruction? 
8 Double exception detected Yes N02 Yes 
9 Processor extension segment overrun No N02 No 

10 Invalid task state segment Yes Yes Yes 
11 Segment not present Yes Yes Yes 
12 Stack segment overrun or stack segment not present Yes Yes1 Yes 
13 General protection Yes N02 Yes 

NOTE: 
1. When a PUSHA or POPA instruction attempts to wrap around the stack segment. the machine state after the exception 
will not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the 
saved SP being either OOOO(H), 0001 (H), FFFE(H), or FFFF(H). 
2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted 
under those conditions. 

These exceptions indicate a violation to privilege 
rules or usage rules has occurred. Restart is gener
ally not attempted under those conditions. 

All these checks are performed for all instructions 
and can be split into three categories: segment load 
checks (Table 11), operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex
ception. A not-present exception causes exception 
11 or 12 and is restartable. 

Special Operations 

TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation 
which saves the entire 80286 execution state (regis
ters, address space, and a link to the previous task), 
loads a new execution state, and commences exe
cution in the new task. Like gates, the task switch 
operation is invoked by executing an inter-segment 
JMP or CALL instruction which refers to Ii Task 
State Segment (TSS) or task gate descriptor in the 
GOT or LOT. An INT n instruction, exception, or ex
ternal interrupt may also invoke the task switch op
eration by selecting a task gate descriptor in the as
sociated lOT descriptor entry. 

The TSS descriptor points at a segment (see Figure 
20) containing the entire 80286 execution state 
while a task gate descriptor contains a TSS s,elector. 
The limit field of the descriptor must be >002B(H). 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80286 called the Task Register (TR). This register 
contains a selector referring to the task state seg
ment descriptor that defines the current TSS. A hid
den base and limit register associated with TR are 
loaded whenever TR is loaded with a new selector. 

The IRET instruction is used to return control to the 
task that called the current task or was interrupted. 
Bit 14 in the flag register is called the Nested Task 
(NT) bit. It controls the function of the IRET instruc
tion. If NT = 0, the IRET instruction performs the 
regular current task by popping values off the stack; 
when NT = 1, IRET performs a task switch opera
tion back to the previous task. 

When a CALL, JMP, or INT instruction initiates a 
task switch, the old (except for case of JMP) and 
new TSS will be marked busy and the back link field 
of the new TSS set to the old TSS selector. The NT 
bit of the new task is set by CALL or INT initiated 
task switches. An interrupt that does not cause a 
task switch will clear NT. NT may also be set or 
cleared by POPF or IRET instructions. 

The task state segment is marked busy by changing 
the descriptor type field from Type 1 to Type 3. Use 
of a selector that references a busy task state seg
ment causes Exception 13. 

PROCESSOR EXTENSION CONTEXT 
SWITCHING 

The context of a processor extension (such as the 
80287 numerics processor) is not changed by the 
task switch operation. A processor extension con-

. text need only be changed when a different task at
tempts to use the processor extension (which still 
contains the context of a previous task). The 80286 
detects the first use of a processor extension after a 
task switch by causing the processor extension not 
present exception (7). The interrupt handler may 
then decide whether a context change is necessary. 

3-23 

Whenever the 80286 switches tasks, it, sets the Task 
Switched (TS) bit of the MSW. TS indicates that a 
processor extension context may belong to a differ
ent task than the current one. The processor exten
sion not present exception (7) will occur when at- ' 
tempting to execute an ESC or WAIT instruction if 
TS = 1 and a processor extension is present (MP = 1 
in MSW). 



80286 

POINTER TESTING INSTRUCTIONS 

The .80286 provides several instructions to speed 
pointer testing and consistency checks for maintain
ing system integrity (see Table 15). These instruc-

tions use the memory management hardware to ver
ify that a selector value refers to an appropriate seg
ment without risking an exception. A condition flag 
(ZF) indicates whether use of the selector or seg
ment will cause an exception. 
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Figure 20. Task State Segment and TSS Registers 
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Table 15.80286 PoInter Test InstructIons mediately execute an intra-segment JMP instruction 

Instruction Operands Function 
ARPL Selector, Adjust Requested Privilege 

Register Level: adjusts the RPL of 
the selector to the numeric 
maximum of current selec-
tor RPL value and the RPL 
value in the register. Set 
zero flag if selector RPL 
was changed by ARPL. 

VERR Selector VERify for Read: sets the 
zero flag if the segment re-
ferred to by the selector 
can be read. 

VERW Selector VERify for Write: sets the 
zero flag if the segment re-
ferred to by the selector 
can be written. 

LSL Register, Load Segment Limit: reads 
Selector the segment limit into. the 

register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 

LAR Register, Load Access Rights: reads 
Selector the descriptor access 

rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 

DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions are detected during a sin
gle instruction execution, the 80286 performs the 
double fault exception (8). If an execution occurs 
during processing of the double fault exception, the 
80286 will enter shutdown. Ouring shutdown no fur
ther instructions or exceptions are p~ocessed. Either 
NMI (CPU remains in protected mode) or RESET 
(CPU exits protected mode) can force the 80286 out 
of shutdown. Shutdown is externally signalled via a 
HALT bus operation with A1 LOW. 

PROTECTED MODE INITIALIZATION 

The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be 
placed at the top of physical memory, A23-A20 will 
be HIGH when the 80286 performs memory refer
ences relative to the CS register until C$ is changed. 
A23-A20 will be zero for references to the OS, ES, or 
SS segments. Changing CS in real address mode 
will force A23-A20 LOW whenever CS is used again. 
The initial CS:IP value of FOOO:FFFO provides 64K 
bytes of code space for initialization code without 
changing CS. 

Protected mode operation requires several registers 
to be initialized. The GOT and lOT base registers 
must refer to a valid GOT and lOT. After executing 
the LMSW instruction to set PE, the 80286 must im-
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to clear the instruction queue of instructions decod
ed in real address mode. 

To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with a selector referring to the ini
tial TSS used in the system. This will load the task 
register, local descriptor table register, segment reg
isters and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the current task state. 

SYSTEM INTERFACE 
The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists 
of address, data, status, and control Signals at the 
pins of the CPU. A system bus is any buffered ver
sion of the local bus. A system bus may also differ 
from the local bus in terms of coding of status and 
control lines and/or timing and loading of signals. 
The 80286 family includes several devices to gener
ate standard system buses such as the IEEE 796 
standard MULTIBUS. . 

Bus Interface Signals and Timing 
The 80286 microsystem local bus interfaces the 
80286 to local memory and I/O components. The 
interface has 24 address lines, 16 data lines, and 8 
status and control signals. . 

The 80286 CPU, 82C284 clock generator, 82288 
bus controller, 82289 bus arbiter, tranceivers, and 
latches provide a buffered and decoded system bus 
interface. The 82C284 generates the system clock 
and synchronizes REAOY and RESET. The 82288 
converts bus operation status encoded by the 80286 
into command and bus control signals. The 82289 
bus arbiter generates Multibus bus arbitration sig
nals. These components can provide the timing and 
electrical power drive levels required for most sys
tem bus interfaces including the Multibus. 

Physical Memory and 1/0 Interface 
A maximum of 16 megabytes of physical memory 
can be addressed in protected mode. One mega
byte can be addressed in real address mode. Memo
ry is accessible as bytes or words. Words consist of 
any two consecutive bytes addressed with the least 
significant byte stored in the lowest address. 

Byte transfers occur on either half of the 16-bit local 
data bus. Even bytes are accessed over 07-0 while 
odd bytes are transferred over 015-8' Even-ad
dressed words are transferred over 015-0 in one 
bus cycle, while odd-addressed word require two 
bus operations. The first transfers data on 015-8, 
and the second transfers data on 07-0. Both byte 
data transfers occur automatically, transparent to 
software. 
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Two bus signals,.Ao and BHE, control transfers over 
the lower and upper halves cif the data bus. Even 
address byte transfers are indicated by Ao lOW and 
BHE HIGH. Odd ad,dress byte transfers are indicat
ed by Ao HIGH and BHE LOW. Both Ao and BHE are 
lOW for even address word transfers. 

The 1/0 address space contains 64K addresses in 
both m.odes. The 1/0 space is accessible as either 
bytes or words, as is memory. Byte wide peripheral 
devices may be attached to either the upper or lower 
byte of the data bus. Byte-wide 1/0 devices attached 
to the upper data byte (015-8) are accessed with 
odd 1/0 addresses. Devices on the lower data byte 
are accessed with even 110 addresses. An interrupt 
controller such as Intel's 8259A must be connected 
to the lower data byte (07-0) for proper return of the 
interrupt vector. 

Bus Operation 
The 80286 ",ses a double frequency system clock 
(ClK input) to control bus timing. All signals on the 
local bus are measured relative to the system ClK 
input. The CPU divides the system clock by 2 to pro
duce the internal processor clock, which determines 
bus state. Each processor clock is composed of two 
system clock cycles named phase 1 and phase 2. 
The 82C284 clock generator output (PClK) idt!mti
fies the next phase of the processor clock. (See Fig
ure 21.) 

ONE PROCESSOR CLOCK CYCLE 

CLK 

PCLKY \ ...... __ .,..--....J 

210253-21 

Figure 21. System and Processor 
Clock Relationships 

Six types of bus operations are supported; memory 
read, memory write, 1/0 read, 1/0 writ~, interrupt ac
knowlE!,dge, and halt/shutdown. Data ,can be trans
ferred at a maximum rate of one word per two proc
essor clock cycles .. 

The 80286 bus has three basic states: idle (Ti), send 
status (T S>, and 'perform command (T d. The 80286 ' 
CPU also has a fourth local bus state called hold 
(T h)· T h indicates that the 8028,6 hassurrEindered 
control of the local bus to another bus master in 
response to a HOLD request.' 

Each bus' state is one processor clock long., Figure 
22 shows the four 80286 local bus states and al
lowed transitions. 

RESET 

210253-22 

Figure 22. 80286 Bus States 

Bus States 
The idle (Ti) state indicates that no data transfers 
are in progress or requested. The first active state 
Ts is signaled by status line S1 or SO going lOW 
and identifying phase 1 of the processor clock. Dur
ing T s, the command encoding, the address, and 
data (for a write operation) are available on the 
80286 output pins. The 82288 bus controller de
codes the status signals and generates Multibus 
compatible readlwrite command and local trans
ceiver control Signals. 

After T s, the perform command (T cl state is en
tered. Memory or 1/0 devices respond to the bus 
operation during T c, either transferring read data to 
the CPU or accepting write data. T c states may be 
repeated as often as necessary to assure sufficient 
time for the memory or 1/0 device to respond. The 
READY signal determines whether T c is repeated. A 
repeated Testate is called a wait state. 

During hold (T h), the 80286 will float all address, 
data, and status output pins ,enabling another bus 
master to use the local bus. The 80286 HOLD input 
signal is used to place the 80286 into the T h state. 
The 80286 HlDA output signal indicates that the 
CPU has entered T h. 

Plpellned Addressing 
The 80286 u:ses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while al
lowing each individual bus operation to last for three 
processor cycles. 

The timing of the address outputs is pipelined such 
that the address of the next bus operation becomes 
available during the current bus operation. Or in oth
er words, the first clock of the hext bus operation is 
overlapped with the last clock of the current bus op
eration,'Therefore, apdress decode and routing logic 
can operate in advance of the next bus operation. 
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Figure 23. Basic Bus Cycle 

External address latches may hold the address sta
ble for the entire bus operation, and provide addi
tional AC and DC buffering. 

The 80286 does not maintain the address of the cur
rent bus operation during all T C states. Instead, the 
address for the next bus operation may be emitted 
during phase 2 of any T c' The address remains valid 
during phase 1 of the first T C to guarantee hold time, 
relative to ALE, for the address latch inputs. 

Bus Control Signals 
The 82288 bus controller provides control signals; 
address latch enable (ALE), Read/Write commands, 
data transmit/receive (DT /R), and data enable 
(DEN) that control the address latches, data trans
ceivers, write enable, and output enable for memory 
and I/O systems. 

The Address Latch Enable (ALE) output determines 
when the address may be latched. ALE provides at 
least one system CLK period of address hold time 
from the end of the previous bus operation until the 
address for the next bus operation appears at the 
latch outputs. This address hold time is required to 
support MUL TIBUS and common memory systems. 

The data bus transceivers are controlled by 82288 
outputs Data Enable (DEN) and Data Transmit/Re
ceive (DT /R). DEN enables the data transceivers; 
while DT /R' controls tranceiver direction. DEN and 
DT /R' are timed to prevent bus contention between 
the bus master, data bus transceivers, and system 
data bus transceivers. 
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Command Timing Controls 
Two system timing customization options, command 
extension and command delay, are provided on the 
80286 local bus. 

Command extension allows additional time for exter
nal devices to respond to a command and is analo
gous to inserting wait states on the 8086. External 
logic can control the duration of any bus operation . 
such that the operation is only as long as necessary. 
The READY input signal can extend any bus opera
tion for as long as necessary. 

Command delay allows an increase of address or 
write data setup time to system bus command active 
for any bus operation by delaying when the system 
bus command becomes active. Command delay is 
controlled by the 82288 CMDL Y input. After T s, the 
bus controller samples CMDL Y at each failing edge 
of CLK. If CMDL Y is HIGH, the 82288 will not acti
vate the command signal. When CMDL Y is LOW, 
the 82288 will activate the command signal. After 
the command becomes active, the CMDL Y input is 
not sampled. 

When a command is delayed, the available re
sponse time from command active to return read 
data or accept write data is less. To customize sys
tem bus timing, an address decoder can determine 
which bus operations require delaying the com
mand. The CMDL Y input does not affect the timing 
of ALE, DEN, or DTiR. 
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Figure 24. CMDL Y Controls the Leading Edge of Command Signal 

Figure 24 illustrates four uses of CMDl Y. Example 1 
shows delaying the read command two system 
ClKs for cycle N-1 and no delay for cycle N, and 
example 2 shows delaying the read command one 
system ClK for cycle N-1 and one system ClK de
lay for cycle N. 

Bus Cycle Termination 
At maximum transfer rates, the 80286 bus alternates 
between the status and command states. The bus 
status signals become inactive after T ~ so that they 
may correctly signal the start of the next bus opera
tion after the completion of the current cycle. No 
external indication of T c exists on the 80286 local 
bus. The bus master and bus controller enter T c di
rectly after T s and continue executing T c cycles until 
terminated by READY. 

READY Operation 
The current bus master and 82288 bus controller 
terminate each bus operation simultaneously to 
achieve maximum bus operation bandwidth. Both 
are informed in advance by READY active (open
collector output from 82C284) which identifies the 
last T c cycle of the current bus operation. The bus 
master and bus controller must see the same sense 
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of the READY signal, thereby requiring READY be 
synchronous to the system clock. 

Synchronous Ready 
The 82C284 clock generator provides READY syn
chronization from both synchronous and asynchro
nous sources (see Figure 25). The synchronous 
ready input (SRDY) of the clock generator is sam
pled with the falling edge of ClK at the end of phase 
1 of each T c. The state of SRDY is then broadcast to 
the bus master and bus controller via the READY 
output line. 

Asynchronous Ready 
Many systems have devices or subsystems that are 
asynchronous to the system clock, As a result, their 
ready outputs cannot be guaranteed to meet the 
82C284 SRDY setup and hold time requirements. 
But the 82C284 asynchronous ready input (ARDY) is 
designed to accept such signals. The ARDY input is 
sampled at the beginning of each Tc cycle by 
82C284 synchronization logic. This provides one 
system ClK cycle time to resolve its value before 
broadcasting it to the bus master and bus controller. 
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NOTES: 210253-25 
1. SRDYEN is active low. 
2. If SRDYEN is high, the state of SRDY will no affect READY. 
3. ARDYEN is active low. 

Figure 25. Synchronous and Asynchronous Ready 

ARDY or ARDYEN must be HIGH at the end of T S. 
ARDY cannot be used to terminate bus cycle with no 
wait states. 

Each ready input of the 82C284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the cur
rent bus operation will be terminated by the synchro
nous or asynchronous ready. Either of the ready in
puts may terminate a bus operation. These enable 
inputs are active low and have the same timing as 
their respective ready inputs. Address decode logic 
usually selects whether the current bus operation 
should be terminated by ARDY or SRDY. 

Data Bus Control 

Figures 26, 27, and 28 show how the DT IR, DEN, 
data bus, and address signals operate for different 
combinations of read, write, and idle bus operations. 
DT IR goes active (LOW) for a read operation. DT IR 
remains HIGH before, during, and between write op
erations. 
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The data bus is driven with write data during the 
second' phase of T s. The delay in write data timing 
allows the read data drivers, from a previous read 
cycle, sufficient time to enter 3-state OFF before the 
80286 CPU begins driving the local data bus for 
write operations. Write data will always remain valid 
for one system clock past the last T c to provide suffi
cient hold time for Multibus or other similar memory 
or 1/0 systems. During write-read or write-idle se
quences the data bus enters 3-state OFF during the 
second phase of the processor cycle after the last 
T c. In a write-write sequence the data bus does not 
enter 3-state OFF between T c and T s. 

Bus Usage 

The 80286 local bus may be used for several func
tions: instruction data transfers, data transfers by 
other bus masters, instruction fetching, processor 
extension data transfers, interrupt acknowledge, and 
halt/shutdown. This section describes local bus ac
tivities which have special signals or requirements. 
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Figure 26. Back to Back Read-Write Cycles 
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Figure 27. Back to Back Write-Read Cycles 
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Figure 28. Back to Back Write-Write Cycles 

HOLD and HLDA 
HOLD AND HLDA allow another bus master to gain 
control of the local bus by placing the 80286 bus into 
the T h state. The sequence of events required to 
pass control between the 80286 and another local 
bus master are shown in Figure 29. 

In this example, the 80286 is initially in the T h state 
as signaled by HLDA being active. Upon leaving Th, 
as signaled by HLDA going inactive, a write opera
tion is started. During the write operation another 
local bus master requests the local bus from the 
80286 as shown by the HOLD signal. After complet
ing the write operation, the 80286 performs one Tj 
bus cycle, to guarantee write data hold time, then 
enters T h as signaled by HLDA going active. 

The CMDL Y signal and ARDY ready are used to 
start and stop the write bus command, respectively. 
Note that SRDY must be inactive or disabled by 
SRDYEN to guarantee ARDY will terminate the cy
cle. 

HOLD must not be active during the time from the 
leading edge of RESET until 34 CLKs following the 
trailing edge of RESET. 

Lock 
The CPU asserts an active lock signal during Inter
rupt-Acknowledge cycles, the XCHG instruction, and 
during some descriptor accesses. Lock is also as
serted when the LOCK prefix is used. The LOCK 
prefix may be used with the following ASM-286 as~ 
sembly instructions; MOVS, INS, and OUTS. For bus 
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cycles other than Interrupt-Acknowledge cycles, 
Lock will be active for the first and subsequent cy
cles of a series of cycles to be locked. Lock will not 
be shown active during the last cycle to be locked. 
For the next-to-Iast cycle, Lock will become inactive 
at the end of the first T c regardless of the number of 
wait-states inserted. For Interrupt-Acknowledge cy
cles, Lock will be active for each cycle, and will be
come inactive at the end of the first T c for each cy
cle regardless of the number of wait-states inserted. 

Instruction Fetching 
The 80286 Bus Unit (BU) will fetch instructions 
ahead of the current instruction being executed. This 
activity is called prefetching. It occurs when the local 
bus would otherwise be idle and obeys the following 
rules: 

A prefetch bus operation starts when at least two 
bytes of the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches 
independent of the byte alignment of the code seg
ment base in physical memory. 

The prefetcher will perform only a byte code fetch 
operation for control transfers to an instruction be
ginning on a numerically odd physical address. 

Prefetching stops whenever a control· transfer or 
HL T instruction is decoded by the IU and plac!')d into 
the instruction queue. 

In real address mode, the prefetcher may fetch up to 
6 bytes beyond the last control transfer or HL T in
struction in a ~ode segment. 
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In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to 
execute beyond the last full instruction in the code 
segment. 

If the last byte of a code segment appears on an 
even physical memory address, the prefetcher will 
read the next physical byte of memory (perform a 
word code fetch). The value of this byte is ignored 
and any attempt to execute it causes exception 13. 

NOTES: 
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1. Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state. 
2. Address, M/iO and COD/INTA may start floating during any Tc depending on when internal 80286 bus arbiter de
cides to release bus to external HOLD. The float starts'in </>2 of T c. 
3. SHE and LOCK may start floating after the end of any T C depending on when internal 80286 bus arbiter decides to 
release bus to external HOLD. The float starts in </> 1 of T c. 
4. The minimum HOLD toHLDA time is shown. Maximum is one TH longer. 
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 
6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other 
machine state (Le" Interrupts, Waits, Lock, etc.). 
7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn
chronous ready state is ignored after ready is signaled via the asynchronous input. 

Figure 29. MUL TIBUS® Write Terminated by Asynchronous Ready with Bus Hold 
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Processor Extension Transfers 

The processor extension interface uses I/O port ad
dresses 00F8(H), OOFA(H), and OOFC(H) which are 
part of the I/O port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = 0 and TS = 0 will perform I/O bus operations 
to one or more of these I/O port addresses indepen
dent of the value of 10PL and CPL. 

ESC instructions with memory references enable. the 
CPU to accept PEREQ inputs for processor exten
sion operand transfers. The CPU will determine the 
operand starting address and read/write status of 
the instruction. For each operand transfer, two or 
three bus operations are performed, one word trans
fer with I/O port address OOFA(H) and one or two 
bus operations with memory. Three bus operations 
are required for each word operand aligned on an 
odd byte address. 

NOTE: 
Odd-aligned numerics operands should be avoided 
when using an 80286 system running six or more 
memory-write wait states. The 80286 can generate 
an incorrect numerics address if all the following 
conditions are met: 

- Two floating point (FP) instructions are fetched 
and in the 80286 queue. 

- The first FP instruction is any floating point store 
except FSTSW AX. 

- The second FP instruction accesses memory. 

- The operand of the first instruction is aligned on 
an odd memory address. 

- Six or more wait states are inserted during either 
of the last two memory write (odd aligned oper
ands are transferred as two bytes) transfers of 
the first instruction. 

The second FP operand's address will be incre
mented by one if these conditions are met. These 
conditions are most likely to occur in a mUlti-master 
system. For a hardware solution, contact your local 
Intel representative. 

Commands to the numerics coprocessor should not 
be delayed by nine or more T-states. Excessive 
(nine or more) command-delays can cause the 
80286 and 80287 to lose synchronization. 

Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge se
quence performed by the 80286 in response to an 
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INTR input. An interrupt acknowledge sequence 
consists of two INTA bus operations. The first allows 
a master 8259A Programmable Interrupt Controller 
(PIC) to determine which if any of its slaves should 
return the interrupt vector. An eight bit vector is read 
on 00-07 of the 80286 during the second INTA bus 
operation to select an interrupt handler routine from 
the interrupt table. 

The Master Cascade Enable (MCE) signal of the 
82288 is used to enable the cascade address driv
ers, during INTA bus operations (See Figure 30), 
onto the local address bus for distribution to slave 
interrupt controllers via the system address bus. The 
80286 emits the LOCK signal (active LOW) during T s 
of the first INTA bus operation. A local bus "hold" 
request will not be honored until the end of the sec
ond INTA bus operation. 

Three idle processor clocks are provided by the 
80286 between INTA bus operations to allow for the 
minimum INTA to INTA time and CAS (cascade ad
dress) out delay of the 8259A. The second INTA bus 
operation must always have at least one extra T c 
state added via logic controlling READY. This is 
needed to meet the 8259A minimum INTA pulse 
width. 

Local Bus Usage Priorities 

The 80286 local bus is shared among several inter
nal units and external HOLD requests. In case of 
simultaneous requests, their relative priorities are: 

(Highest) Any transfers which assert LOCK either 

(Lowest) 

explicitly (via the LOCK instruction prefix) 
or implicitly (i.e. some segment descriptor 
accesses, interrupt acknowledge se
quence, or an XCHG with memory). 

The second of the two byte bus opera
tions required for an odd aligned word op
erand. 

The second or third cycle of a processor 
extension data transfer. 

Local bus request via HOLD input. 

Processor extension data operand trans
fer via PEREQ input. 

Data transfer performed by EU as part of 
an instruction. 

An instruction prefetch request from BU. 
The EU will inhibit prefetching two proc
essor clocks in advance of any data 
transfers to minimize waiting by EU for a 
prefetch to finish. 



80286 

I~ INfA CYCLE '------"1 14----'NTA CYCLE 2-------+1 
BUS CYCLE TYPE Tc TS TC TC T, TI TI Ts Tc TC n I ,\, I ,"" ".1 I ,'4 I ,~t I ,1/1. I ,',1 I ,'12 .'.1 I .1/1. I ,'.1 I ,1(1 I "" I <b2 obI I ,J{l. I ,.1 I oJ(l I <,,' J <b2 .1,1 I ,1/1, I 

elK 

91 • so 

MliO, CODIINTl 

lOCI( 

~ (SEE NOTE 5) r------""""}- ______ (SEE_ N_O_TE_S'0 
A" - At LLLLLr - - - - - - - - - - - < ..... __ DO_"_·T_CA_"_E _--'. 'I-. __ _ 

BAE "ffJljjJJj)- -- - -- -- - - - -<1... __ D_O_"·T_e_A"_E __ Jr --- ----- ---c: 
(SEE NOTE 1 ) , (SEE NOTE I.) 

Du.- Dt w~~EE'1:~~E >------ -0----- ----- ------ -- --{YECTOR~--
OND7·DO 

(SEE NOTE 2.) (SEE NOTE 3., 

~ \\\\\\\ [lllJ.lll17J.lZl ~S~ Ll7JJJJlllm7111lll"[[ll).7.7.717J7If)J[l ~SS\~ Im77! 
NOT READY READY NOT READY READY 

))lTA \ I \ r-
MeE 1\ 1\ 

! ALE n n if 

DT" \ I \ I 

CE" I \ I '--
210253-31 

NOTES: 
1. Data is ignored, upper data bus, 08-015, should not change state during this time. 
2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 
3. Second INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 
4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi
master system. LOCK is also active for the second INTA cycle. 
5. A23-AO exits 3-state OFF during </>2 of the second Tc in the INTA cycle. 
6. Upper data bus should not change state during this time. 

Figure 30. Interrupt Acknowledge Sequence 

Halt or Shutdown Cycles issue ALE, nor is READY required to terminate a halt 
or shutdown bus operation. 

The 80286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions oc
cur due to a HL T instruction or multiple protection 
exceptions while attempting to execute one instruc
tion. A halt or shutdown bus operation is signalled 
when S1, SO and COD/INTA are LOW and MilO is 
HIGH. A1 HIGH indicates halt, and A1 LOW indi
cates shutdown. The 82288 bus controller does not 
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During halt or shutdown, the 80286 may service 
PEREQ or HOLD requests. A processor extension 
segment overrun exception during shutdown will in
hibit further service of PEREQ. Either NMI or RESET 
will force the 80286 out of either halt or shutdown. 
An INTR, if interrupts are enabled, or a processor 
extension segment overrun exception will also force 
the 80286 out of halt 
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Figure 31. Basic 80286 System Configuration 

SYSTEM CONFIGURATIONS 

The versatile bus structure of the 80286 microsys
tern, with a full complement of support chips, allows 
flexible configuration of a wide range of systems. 
The basic configuration, shown in Figure 31 I is simi
lar to an 8086 maximum mode system. It includes 
the CPU plus an 8259A interrupt controller, 82C284 
clock generator, and the 82288 Bus Controller. 

As indicated by the dashed lines in Figure 31 I the 
ability to add processor extensions is an integral fea
ture of 80286 microsystems. The processor exten
sion interface allows external hardware to perform 
special functions and transfer data concurrent with 
CPU execution of other instructions. Full system in
tegrity is maintained because the 80286 supervises 
all data transfers and instruction execution for the 
processor extension. 

3-35 

The 80287 has all the instructions and data types of 
an 8087. The 80287 NPX can perform numeric cal
culations and data transfers concurrently with CPU 
program execution. Numerics code and data have 
the same integrity as all other information protected 
by the 80286 protection mechanism. 

The 80286 can overlap chip select decoding and ad
dress propagation during the data transfer for the 
previous bus operation. This information is latched 
by ALE during the middle of a T s cycle. The latched 
chip select and address information remains stable 
during the bus operation while the next cycle's ad
dress is being decoded and propagated into the sys
tem. Decode logic can be implemented with a high 
speed bipolar PROM. 

The optional decode logic sh·own in Figure 31 takes 
advantage of the overlap between address and data 
of the 80286 bus cycle to generate advanced mem
ory and IO-select signals. This minimizes system 
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Figure 32. MUL TIBUS® System Bus Interface 

performance degradation caused by address propa
gation and decode delays. In addition to selecting 
memory and 1I0,the advanced selects may be used 
with configurations supporting local and system bus
es to enable the appropriate bus interface for each 
bus cycle. The COO/INTA and MilO signals are ap
plied to the decode logic to distinguish between in
terrupt, 1/0, code and data bus cycles. 

By adding the 82289 bus arbiter chip, the 80286 pro
vides a MUl TIBUSsystem bus interface as shown 
in Figure 32. The ALE output of the 82288 for the 
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MUl TIBUS bus is connected to its CMOl Y input to 
delay the start of commands one system ClK as 
required to meet MUl TIBUS address and write data 
setup times. This arrangement will add at least one 
extra Testate to each bus operation which uses the 
MUlTIBUS. 

A second 82288 bus controller and additional latch
es and transceivers could be added to the local bus 
of Figure 32. This configuration allows the 80286 to 
support an on-board bus for local memory and pe
ripherals, and the MUl TIBUS for system bus inter
facing. 
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Figure 33. 80286 System Configuration with Dual-Ported Memory 

Figure 33 shows the addition of dual ported dynamic 
memory between the MUL TIBUS system bus and 
the 80286 local bus. The dual port interface is pro
vided by the 8207 Dual Port DRAM Controller. The 
8207 runs synchronously with the CPU to maximize 
throughput for local memory references. It also arbi
trates between requests from the local and system 
buses and performs functions such as refresh, 

initialization of RAM, and read/modify/write cycles. 
The 8207 combined with the 8206 Error Checking 
and Correction memory controller provide for single 
bit error correction. The dual-ported memory can be 
combined with a standard MUL TIBUS system bus 
interface to maximize performance and protection in 
multiprocessor system configurations. 

. Table 16.80286 Systems Recommended Pull Up Resistor Values 

80286 Pin and Name PullupValue Purpose 

4-51 

5-S0 20KO±10% Pull SO, S1 , and PEACK inactive during 80286 hold periods(lj 

6-PEACK 

63-READY 9100 ±5% Pull READY inactive within required minimum time (CL = 150 pF, 
IR';; 7mA) 

NOTE: 
1. Pull-up resistors are not required on SO and S1 when the corresponding pins of the 82C284 are connected to SO and S1. 

12ICETM·286 System Design 
Considerations 

One of the advantages of using the 80286 is that full 
in-circuit emulation debugging support is provided 
through the 121CE system 80286 probe. To utilize 
this powerful tool it is necessary that the system de
Signer be aware of a few minor parametric and 
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functional differences between the 80286 and 121CE 
system 80286 probe. The 121CE data sheet (121CE 
Integrated Instrumentation and In-Circuit Emulation 
System, order # 210469) contains a detailed de
scription of these design considerations. It is recom
mended that this dpcument be reviewed by the 
80286 system designer to determine whether or not 
these differences affect his design. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .... O"C to + 70·C 
Storage Temperature ........... - 65·C to + 150"C 
Voltage on Any Pin with 

Respectto Ground .............. -1.0V to + 7V 
Power Dissipation .........•................ 3.3W 

*Notice: Stresses above those listed under ':Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS (Vcc = 5V ±5%, TCASE = O·Cto +85·C)* 

Symbol Parameter Min Max Unit Test Condition 

lee Supply Current (O·C Turn On) 600 rnA (Note 1) 

CCLK CLK Input CapaCitance 20 pF (Note 2) 

CIN Other Input Capacitance 10 pF (Note 2) 

Co Input/Output CapaCitance 20 pF (Note 2) 

NOTES: 
1. Tested at worst case load and maximum frequency. 
2. These are not tested. They are guaranteed by design characterization. 

D.C. CHARACTERISTICS 
(Vcc =' 5V ±5%, TCASE = O·C to + 85·C)* Tested at the minimum operating frequency of the part. 

Symbol Parameter Min Max Unit Test Condition 

VIL Input LOW Voltage -0.5 0.8 V 

VIH Input HIGH Voltage 2.0 Vec +0.5 V 

VILC CLK Input LOW Voltage -0.5 0.6 V 

VIHC CLK Input HIGH Voltage 3.8 VCC +0.5 V 

VOL OutPut LOW Voltge 0.45 V IOL = 2.0mA 

VOH Output HIGH Voltage 2.4 V IOH = -400.0 poA 

III Input Leakage Current ±10 poA OV ~ VIN ~ Vee 

ILCR Input CLK, RESET Leakage Current ±10 poA 0.45 ~ VIN ~ Vec 

ILCR Input CLK, RESET Leakage Current ±1 mA o ~ VIN < 0.45 

IlL InBst sustain~1cfRrrent on 30 500 poA VIN = OV B V and E Pins 

ILO Output Leakage Current ±10 p.A 0.45 ~ Your ~ Vee 

ILO Output Leakage Current ±1 rnA o ,;; Vour < 0.45 

*T A is guaranteed from OOC to + 55·C as long as T CASE IS not exceeded. 
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A.C. CHARACTERISTICS Ncc = SV ±S%, TCASE = O·Cto +8S·C)* 
AC timings are referenced to O.8V and 2.0V pOints of signals as illustrated in datasheet waveforms, unless 
otherwise noted. 

6 MHz 8MHz 10 MHz 12.SMHz 
(Preliminary) 

Symbol Parameter 
·6 ·6 ·8 ·8 ·10 ·10 ·12 ·12 

Unit Test Condition 

Min Max Min Max Min Max Min Max 
1 System Clock (ClK) Period 83 250 62 250 50 250 40 250 ns 

2 System Clock (ClK) lOW Time 20 225 15 225 12 232 11 237 ns at 1.0V 

3 System Clock (ClK) HIGH Time 25 230 25 235 16 239 13 239 ns at3.6V 

17 System Clock (ClK) Rise Time 10 10 8 - 8 ns 1.0V to 3.6V, 
(Note 7) 

18 System Clock (ClK) Fall Time 10 10 8 - 8 ns 3.6Vto 1.0V, 
(Note 7) 

4 Asynch. Inputs Setup Time 30 20 20 15 ns (Note 1) 

5 Asyncti. Inputs Hold Time 30 20 20 15 ns (Note 1) 

6 RESET Setup Time 33 28 23 18 ns 

7 RESET Hold Time 5 5 5 5 ns 

8 Read Data Setup Time 20 10 8 5 ns 

9 Read Data Hold Time 8 8 8 6 ns 

10 READY Setup Time 50 38 26 22 ns 

11 READY Hold Time 35 25 25 20 ns 

12 Status/PEACK Valid Delay 1 55 1 40 - - - - ns (Notes 2, 3) 

12a1 Status Active Delay - - - - 1 22 3 18 ns (Notes 2,3) 

12a2 PEACK Active Delay - - - - 1 22 3 20 ns (Notes 2, 3) 

12b Status/PEACK Inactive Delay - - - - 1 30 3 22 ns (Notes 2, 3) 

13 Address Valid Delay 1 80 1 60 1 35 1 32 ns (Notes 2, 3) 

14 Write Data Valid Delay 0 65 0 50 0 30 0 30 ns (Notes 2, 3) 

15 Address/Status/Data Float Delay 0 80 0 50 0 47 0 32 ns (Notes 2, 4, 7) 

16 HlDA Valid Delay 0 80 0 50 0 47 0 27 ns (Notes 2, 3) 

19 Address Valid To Status - 38 27 22 ns (Notes 3, 5, 6) 
Valid Setup Time 

'T A IS guaranteed from O'C to + SS'C as long as T CASE IS not exceeded. 

NOTES: 
1. Asynchronous inputs are INTR, NMI, HOLD, PEREa, ERROR, and BUSY. This specification is given only for testing 
purposes, to assure recognition at a specific ClK edge. 
2. Delay from 1.0V on the ClK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition. 
3. Output load: CL = 100 pF. 
4. Float condition occurs when output current is less than ILO in magnitude. 
5. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 2.0V or status going 
inactive reaching 0.8V. 
6. For load capacitance of 10 pF or more on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz, 10 MHz and 12.5 MHz 
spec. 
7. These are not tested. They are guaranteed by design characterization. 
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A.C. CHARACTERISTICS (Continued) 

NOTE 8: 
AC Test Loading on Outputs 

CLKINPUT 

NOTE 9: 

DEVICE 
OUTPUT 

4.0V 

O.45V 

AC Drive and Measurement Points-CLK Input 

4.0V 

CLKINPUT 

80286 

O.45V -------

NOTE 10: 

DEVICE 
OUTPUT 

AC Setup. Hold and Delay Time Measurement-General 
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1.0V 

tHOLD 

tDELAY ----I 

2.0V 

O.8V 
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A.C. CHARACTERISTICS (Continued) 

82C284 Timing Requirements 

82C284-8 82C284-8 82C284010 82C284·12 
Teat Symbol Parameter (Advance) (Advance) (Advance) (Advance) Units Condltiona 

Min Max Min Max Min Max Min Max 
11 sm5Y ISRDYEN Setup TIme 25 17 15 15 ns 

12 5Ri5'{ 1SFm'Y'EFJ Hold Time 0 0 2 2 ns 

13 AJ!m'? IA'ImYEf\l Setup TIme 5 0 0 0 ns (Note 1) 

14 ARDY/~ Hold Time 30 30 30 25 ns (Note 1) 

19 PCLKDelay 0 45 0 45 0 35 0 23 ns CL = 75pF 
IOL = 5mA 
IOH = -1 mA 

NOTE 1: 
These times are given for testing purposes to assure a predetermined action. 

82288 Timing Requirements 

82288-8 8228808 82288-10 82288·12 
Symbol Parameter (Preliminary) Units Teat 

Min Max Min Max Min Max Min Max Condltlona 

12 CMDL Y Setup Time 25 20 15 15 ns 

13 CMDL Y Hold Time 1 1 1 1 ns 

30 Command Delay Command Inactive 5 30 5 20 5 20 5 20 CL = 300 pF max 
fromCLK ns IOL - 32 mA max 

29 Command Active 3 40 3 25 3 21 3 21 IOH = -5mAmax 

16 ALE Active Delay 3 25 3 20 3 16 3 16 ns 

17 ALE Inactive Delay 35 25 19 19 ns 

19 DT /R Read Active Delay 40 25 23 23 ns 
CL = 150pF 

22 DT IR Read Inactive Delay 5 45 5 35 5 20 5 18 ns 
IOL = 16 mA max 

20 DEN Read Active Delay 5 50 5 35 5 21 5 21 ns 
IOH = -1 mAmax 

21 DEN Read Inactive Delay 3 40 3 35 3 21 3 19 ns 

23 DEN Write Active Delay 35 30 23 23 ns 

24 DEN Write Inactive Delay 3 35 3 30 3 19 3 19 ns 
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WAVEFORMS 

MAJOR CYCLE TIMING 

BUS CYCLE TYPE 
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1. The modified timing is due to the ·CMDL Y signal being active. 
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WAVEFORMS (Continued) 

80286 ASYNCHRONOUS 
INPUT SIGNAL TIMING 

80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 

BUS CYCLE TYPE 

ClK 

PCLK 
(SEE NOTE 1.) 

INTR._ 
HOLD,PEREQ 
(SEE NOTE 2.) u.L(..I..{..j~'"'1'--+-'I""~Lf..l.u. 

E"ROR.BUSY r7T:.v:-'-I-~T7'TT'J'Tl' ,...-__..11'T'7? 
(SEE NOTE 2.) u.L'I'-+..IJ"Lf..l.I.J.LI.:f\.._---l'VJ..I.J. 
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NOTES: 
1. PClK indicates which processor cycle phase will occur 
on the next ClK. PClK may not indicate the correct phase 
until the first bus cycle is performed. 
2. These inputs are asynchronous. The setup and hold 
times shown assure recognition for testing purposes. 

EXITING AND ENTERING HOLD 

<D 
OJ .... 
o 
OJ 

BUS CYCLE TYPE 

ClK 

HlDA 

CLK 

RESET 
----<f<.LI 

CLK 

RESET 
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NOTE: 
When RESET meets the setup time shown. the next ClK 
will start or repeat </>2 of a processor cycle. 

(SEE NOTE 4.) 

+--+"'rI--+----!I,.....--i-=+----------------------· 
PEACK 

BHE.COCR (SEE NOTE 5.) @ . r(SEE NOTE 1.) 
A23 ~~ • ____________ I"..,..,...,..,+-----+-VA-U-D ---I;\-: )r"'I)~)oor')oor')~»r"'I)~)~ ____________________ • 

COD/INTA I 

0'5 _ Do • ________________ ~~E~ ::~ _6~ __ 1,.,.,.,.+-A-U-Doo\{Ii-W-R-IT-~'or)'or)~/~)~5'!"') t-(:~ _N~:E_ 2~) ___________ • 

~[ PClK ____ oJ I ',-_-,I 
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NOTES: 
1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is 
shown. 
2. The data bus will be driven as shown if the last cycle before TI in the diagram was a write T c. 
3. The 80286 floats its status pins during T H. External 20 Kn resistors keep these signals high (see Table 16). 
4. For HOLD request set up to HlDA, refer to Figure 29. 
5. SHE and LOCK are driven at this time but will not become valid until Ts. 
6. The data bus will remain in 3-state OFF if a read cycle is performed. 
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WAVEFORMS (Continued) 

80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 

210253-44 

NOTES: 
1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The 
first bus operation will be either a memory read at operand address or 110 read at port address OOFA(H). 
2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3x 
(!) -12a2max. - @min .. The actual, configuration dependent, maximum time is: 3 x (!) -12a2max. -@min. + A X 2 X (!). 
A is the number of extra T c states added to either the first or second bus operation of, the processor extension data operand 
transfer sequence. 

INITIAL 80286 PIN STATE DURING RESET 
lUI CYQ.I TYPE 

.... T 

_NOWN 

w~ ---------------WM-NOW--N-------+-----------r----i-~ 
COO/IIIIA 

LOCK 

~ ______________ ~U*=NOWN==~ ________ ~----------------------~~--------
210253-45 

NOTES: 
1. Setup time for RESET t may be violated with the consideration that 4>1 of the processor clock may begin one system 
elK period later. 
2. Setup and hold times for RESET J, must be met for proper operation, but RESET J, may occur during 4>1 or 4>2. 
3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 
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BYTE. IYTEZ BYTE 3 BYTE 4 BYTES IYTEe 

nT-r-,r=TT-"':"':"':M,.:..r:.,.:.r.-r, -------,.- ----- -,. -------,.- ------., 
I I I I 

LOW DlSPIDAT.. I HIGH DlSPIDAT.. I LOW DAT.. I HIGH DAT.. I 

'---T""-...I.ryTJ...,,;r-'-,;;;;;...I-------.-------.&.--- ____ ~ _____ __ J 

REGISTER OPER .. ND/REGISTEAB TO USE IN OFfSET C .. LCULATION 
'---- REGISTER OPEAANDIEXTENSION DF OPCDDE 

'------- REGISTER IIOOEIMEMDRY MODE WITH DISPLACEMENT LENGTH 

'------- WORD/BYTE DPER .. TION 
'--------- DlRECTlDN IS TO REGISTEAIDIRECl'lON IS FRDM REGISTER 

'----------- OPER .. TION (INSTRUCTlDN) CODE 

... SHOAT OPCDDE FORM"T EXAMPLE 

BYTE' BYTEZ BYTE 3 BYTE 4 BYTES 

B. LONG OPCODE FORM .. T EX .... PLE 
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Figure 35. 80286 Instruction Format Examples 

80286 INSTRUCTION SET SUMMARY 

Instruction Timing Notes 

The instruction clock counts listed below establish 
the maximum execution rate of the 80286. With no 
delays in bus cycles, the actual clock count of an 
80286 program will average 5% more than the cal
culated clock count, due to instruction sequences 
which execute faster than they can be fetched from 
memory. 

To calculate elapsed times for instruction se
quences, multiply the sum of all instruction clock 
counts, as listed in the table below, by the processor 
clock period. An 8 MHz processor clock has a clock 
period of 125 nanoseconds and requires an 80286 
system clock (ClK input) of 16 MHz. 

Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded, 
and is ready for execution. Control transfer in
struction clock counts include all time required to 
fetch, decode, and prepare the next instruction for 
execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 
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Instruction Set Summary Notes 

Addressing displacements selected by the MOD 
field are not shown. If necessary they appear after 
the instruction fields shown. 

Above/below refers to unsigned value 

Greater refers to positive signed value 

less refers to less positive (more negative) signed 

values 

if d = 1 then to register; if d = 0 then from register 

if w = 1 then word instruction; if w = 0 then byte 
instruction 

if s = 0 then 16-bit immediate data form the oper
and 

if s = 1 then an immediate data byte is sign-ex
tended to form the 16-bit operand 

x don't care 

z used for string primitives for comparison with 
ZF FLAG 

If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 

• = add one clock if offset calculation requires 
summing 3 elements 

n = number of times repeated 

m = number of bytes of code in next instruction 

level (l)-lexical nesting level of the procedure 
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The following comments describe possible excep
tions, side effects, and allowed usage for instruc
tions in both operating modes of the 80286. 

REAL ADDRESS MODE ONLY 
1. This is a protected mode instruction. Attempted 

execution in real address mode will result in an 
undefined opcode exception (6). 

2. A segment overrun exception (13) will occur if a 
word operand reference at offset FFFF(H) is at
tempted. 

3. This instruction may be elSecuted in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain O. 

6. Processor extension segment overrun interrupt 
(9) will occur if the operand exceeds the seg
ment limit. 

EITHER MODE 
6. An exception may occur, depending on the value 

of the operand. 

7. [QCj{ is automatically asserted regardless of the 
presence or absence of the LOCK instruction 
prefix. 

8. LOCK does not remain active between all oper
and transfers. 

PROTECTED VIRTUAL ADDRESS MODE ONLY 
9. A general protection exception (13) will occur if 

the memory operand cannot be used due to ei
ther a segment limit or access rights violation. If 
a stack segment limit is violated, a stack seg
ment overrun exception (12) occurs. 

10. For segment load operations, the CPL, RPL, and 
OPL must agree with privilege rules to avoid an 
exception. The segment must be present to 
avoid a not-present exception (11). If the SS reg
ister is the destination, and a segment not-pres
ent violation occurs, a stack exception (12) oc
curs. 
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11. All segment descriptor accesses in the GOT or 
LOT ma~e by this instruction will automatically 
assert L CK to maintain descriptor integrity in 
multiprocessor systems. 

12. JMP, CALL, INT,RET, IRET instructions refer
ring to another code segment will cause a gener
alprotection exception (13) if any privilege rule is 
violated. 

13. A general protection exception (13) occurs if 
CPL'i= O. 

14. A general protection exception (13) occurs if 
CPL> IOPL. 

16. The IF field of the flag word is not updated if CPL 
> IOPL. The. IOPL field is updated only if 
CPL = O. 

16. Any violation of privilege rules as applied to the 
selector operand do not cause a protection ex
ception; rather, the instruction does not return a 
result and the zero flag is cleared. 

17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) 
will occur before the ESC instruction. is execut
ed. A stack segment overrun exception (12) will 
occur if the stack limit is violated by the oper
and's starting address. If a segment limit is vio
lated during an attempted data transfer then a 
processor extension segment overrun exception 
(9) occurs. 

18. The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of a 
code segment or a general protection exception 
(13) will occur. 
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80286 INSTRUCTION SET SUMMARY 

CLOCK COUNT COMMENTS 

FUNCTION Real 
Protected 

Real 
Protected 

FORMAT Virtual Virtual 
Addres. 

Address 
Address 

Address 
Mode 

Mode 
Mode 

Mode 

DATA TRANSFER 
MOV ~Moye: 

Register to Register IMemory 1000100w mod reg rim 2,3'" 2,3· 2 9 

Register/memory to register 1000101w mod reg rim 2.5· 2,5' 2 9 

mmediate to register/memory 1100011 w modOOO rim data I dataifw ~ 1 I 2,3· 2,3' 2 9 

mmedlste to register 10 11 w reg data datalfw~1 I 2 2 

Memory to accumulator 1010000w addr-Iow addr-high I 5 5 2 9 

Accumulator to memory 1010001w I addr-Iow addr-hlgh I 3 3 2 9 

Register/memory to segment register 10001110 I mod a reg rim 2,5' 17,19' 2 9,10,11 

Segment register to register I memory 10001100 I mod a reg rim 2,3' 2,3' 2 9 

PUSH~Pu.h: 

Memory I 11111111 I mod 1 1 0 rIm I 5' 5' 2 9 

Register I 01010 reg I 3 3 2 9 

Segment register I 000regl10 I 3 3 2 9 

Immtdi._ 1011010$0 I data I dataif& .. O I 3 a ? , ,;, 

PUSHA .. ~AlI . lonooooo I I] 17: 
, 

,2 9 ('c':: 

OP~Pop: 

Memory I 10001111 ImodOOO r/ml 5' 5' 2 9 

Register I a 10 11 reg I 5 5 2 9 

~egment register I 000regl11 I (reg"'OI) 5 20 2 9,10,11 

I'OPA* pOp Ail 10 1 1000011 111 ',19 .2 II 

~CHG~Exhcange: 

~egister/memorywlth register I 1000011 w ImOdreg r/ml 3,5' 3,5' 2.7 7,9 

~eglster With accumulator I 10010 reg I 3 3 

N ~ Input from: 

Ixed port I 111001 Ow I port I 5 5 14 

~anableport I 111011 Ow I 5 5 14 

pUT ~ Outputto: 

Fixed port I 1110011 wi port I 3 3 '14 

f,!ariableport I 1110111 wi 3 3 14 

~LA T ~ Translate byte to AL I 11010111 I 5 5 9 

EA ~ Load EA to regIster I 10001101 I mod reg r/ml 3' 3' 

DS ~ Load pOinter to DS I 11000 10 1 ImOdreg r/ml (mod"'ll) 7' 21' 2 9,10,11 

ES ~ Load pOInter to ES I 11000100 ImOdreg r/ml (mod'" 1) 7' 21' 2 9,10,11 

Shaded areas indicate instructions not avaIlable in 8086, BB micro systems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 

CLOCK COUNT COMMENTS 

Real 
Protechlcl 

Real 
Protected 

UNCTION FORMAT Virtual Virtual 
\ Add .... 

Add .... 
Add .... 

Addre •• 
Mode 

Mode 
Mode 

Mode 

[lATA TAANSFER,(Coniinued) 

I.AHF Loed AH with flags I 10011111 I 2 2 

SAHF = Store AH Into flags I 10011110 I 2 2 

~USHF = Push flags 110011100 I 3 3 2 9 

~OPF = Pop flags I 10011101 I 5 5 2,4 9,15 

.. RITHMETIC 
"DO = Add: 

Reg/memory with register to either I OOOOOOdw I modreg rIm I 2,7· 2,7' 2 9 

mmedlate to reglster/memory 1100000sw I modOOO rIm I data IdataHsw = 011 3,7' 3,7' 2 9 

mmedlate to accumulator I 0000010w I data I dataKw=1 I 3 3 

.. DC = Add with carry: 

Reglmemory with register to either 10001 OOdw I modreg rIm I 2,7' 2.7' 2 9 

mmedlate to reglsterlmemory 1100000 s w I mod 01 0 rIm I data I data ifsw = 011 3,7' 3,7· 2 9 

mmedlate to accumulator I 0001010w I data dataifw=1 I 3 3 

NC= Increment 

Register/memory 11 11 1 1 1 1 w I mod 0 0 0 rIm I 2,7' 2,7' 2 9 

Register I 01000reg I 2 2 

SUB = Subtract 

Reglmemory and register to either 100101 Odw I modreg rIm I 2,7' 2,7' 2 9 

mmediate from register Imemory 1100000sw I mod101 rIm I data I datalfsw = 011 3,7' 3,7' 2 9 

mmediate from accumulator 10010110wl data I dataifw=1 I 3 3 

saa = Subtrect with borrow: 

Reg/memory and register to either I 000110dw I modreg rIm I 2,7' 2,7' 2 9 

mmediate from reglsterlmemory 11 OOOOOsw I mod011 rIm I data I data~sw=01 I 3,7' 3,7' 2 9 

mmediate from accumulator 1 000111 Ow I data I dataKw=1 I 3 3 

[lEC = Oecrement 

Register/memory 11111111wlmod001 r/ml 2,7' 2,7' 2 9 

Register I 01001 reg I 2 2 

CMP = Compare 

Reglsterlmemory w11h register I 0011101w Imodreg r/ml 2,6' 2,S' 2 9 

Register With reglster/memory 100111 OOw Imodreg r/ml 2,7' 2,7' 2 9 

mmediate with registerlmemory 11 OOOOOsw Imod111 r/ml data I dataifsw=01 I 3,6' 3,6' 2 9 

mmedlate with accumulator 1001111 Ow I data I dataifw=1 I 3 3 

NEG = Change sign 11111011wlmod011 r/ml 2 7' 2' 9 

AAA = ASCII adjust for add I 00110111 I 3 3 

DAA = Decimal adjust for add I 00100111 I 3 3 
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80286 INSTRUCTION SET SUMMARY (Continued) 

(Continued) 

I adjust for subtract 

Decimal adjust for subtract 

Integer divide (Signed) 

IAA,M"' A~;l,;11 adjust for multiply 

I''''U ~",,,~,,I adjust for divide 

~ Convert byte to word 

Convert word to double word 

Ishllft/lRotate Instructions: 

fORMAT 

00111111 

00101111 

1111011w Imodl00 r/ml 

1111011w Imodl0l r/ml 

111 1 1 011 w I mod 1 1 1 r/ml 

11010100 00001010 

11010101 100001010 I 
10011000 

10011001 

1101000w ImodTTI r/ml 

1101001 w ImOdTTI r/ml 

ITT 
000 
001 
010 
011 
100 
101 
111 

Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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Instruction 
ROL 
ROR 
RCL 
RCR 

SHL/SAL 
SHR 
SAR 

Re.1 
Protected 

Re.1 
Protected 

Vlnual Vlnu.1 
Addr ... 

Add .... 
Add .... 

Addre •• 
Mode 

Mode 
Mode 

Mode 

3 

13 13 
21 21 
16' 16' 2 9 
24' 24' 9 

13 13 
21 21 
16' 16' 2 9 

14 14 6 6 
22 22 6 6 
17' 17' 2,6 6,9 
25' 25' 2,6 6,9 

17 17 6 6 
25 25 6 6 
20' 20' 2,6 6,9 
28' 28' 2,6 6,9 

16 16 

14 14 

2 

2,7· 2,7· 2 9 

5+n,8+n* 5+n,8+n· 2 
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80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION 

i"RITHMETIC (Con1Inued) 

i"ND = AncI: 

~eg/memory and regis1er to e"her 

mmedlate to register/memory 

mmediate to accumulator 

EST = And lunc60n to nags, no ...... It 

FORMAT 

I 001 OOOdw I modreg rim I 

11 OOOOOOw I mod 1 00 rim I data 

I 0010010w I data I dataifw=,j 

~egister/memory and register rl-1-0-0 -0 -0 -1 O-W-"I-mod--reg--r/-m'l 

mmedlate data and reglster/memory 11 1 1 1 011 w I mod 0 0 0 rIm I data 

mmediate data and accumulator 

PIt = Or: 

~eg/memory and regISter to eHher 

mmedlate to reglSter/memory 

mmedlate to accumulator 

11010100W I data I data If W=1 I 

I 000010dw I modreg rIm I 
11000000w I modOOI rIm I data 

I 000011 Ow I data I dataifw=1 I 

I 001100dw I mod reg rIm I 

dataffw=1 

data If w=1 

data If w= 1 

~OR=EXcl ....... or: 

~eg/memory and register to either 

mrhediate to r8gis1er/memory 11 OOOOOOw I mod 11 0 rIm I data data~w = 1 

mmediate to accumulator 

~OT= Invert reglster/memory 

~TRINO MANIPULATION: 

~VS=Move byte/word 

~MPS= Compare byte/word 

~AS = Scan byte/word 

ODS= Load byte/wd to ALI AX 

STOS= Stor byte/wd from ALIA 

10011010wl data I data If w = 11 

i 1111011 w I mod 0 10 rIm I 

11010010" 

11010011 w 

11010111W 

11010110W 

11010101 w 

CLOCK COUNT COMMENTS 

R_I 
ProtactecI 

Real 
Protected 

Add ... 
Virtual 

Acid ... 
Virtual 

Add ... Add .... 
Mode 

Mode 
Mode 

Mode 

2,7' 2,7' 2 9 

3,7- 3,7' 2 9 

3 3 

2,6' 2,6' 2 9 

2 9 

3 3 

2,7' 2,7' 2 9 

3,7- 3,7' 2 9 

'3 3 

2,7' 2,7' 2 9 

3,7' 2 9 

3 3 

2,7' 2 9 

5 5 9 

8 8 2 9 

7 7 2 9 

5 5 2 9 

3 3 2 

~~~~lj~~fJ~,':~~l!I!1~~l~~~~~"t~ii~~1{~~{~;f}~', ::~:~,~k'~:: /,', \< ::: ~;:',',,:., ::,~, ~~;,,:" 
~-0UIIKd~~~,< :~".. ~, d'1';%~-::::::~}!""t.,\~<,~{~~ ........ ::. ".,.).,.- .,',-v, ... ',,... ........ ~,:O:' .... ~.,'.:.~,.:: '~ ..& . ~ 
Repeated by count in ex 

1I0Y5= Move string 

CMPS = Compare string 

SCAS = Scan stnng 

ODS= L!,ad stnng 

STOS= Store string 

11110011 11010010w,1 

1111001z 11010011W I 
1111001z 1101 0111w I 
11110011 1101011 Ow I 
11110011 11010101 w I 

5+4" 

5+9n 

5+8n 

5+4n 

4+3n 

5+4n 

5+9n 

5+8n 

5+4n 

4+3n 

2 

2,8 

2,8 

2,8 

2,8 

9 

8,9 

8,9 

8,9 

8,9 

.;.:J~,;',;: :;',"" :1"'1' 1,t,i"f;ittii;t.nJuf.1.~~/,y;,t,;~::,~~~'.,'\,::>, ."~j+~::" , • .fI""" :, Ii' , '1),14' 
~~t>,;,,:, ,.:_;'!'l~i:al~lt'tMJ~~l,.~~~(~~~:;~~':'?,~;l;t,:::,,;:~', >.~"~;,:': $~~' ""'~ '-'14,':' 

Shaded areas indicate Instructions not available In 8086, 88 mlcrosystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 

CLOCK COUNT COMMENTS 

FUNCTION - Protected 
Real 

Protected 
FORMAT Virtual Virtual 

Add .... 
Add .... 

Add .... 
Add .... 

Mode 
Mode 

Mode 
Mode 

CONTROL TRANSFER 
CALL .. Clllt 

Direct within segment I 11101000 I dlsp-Iow I dlap-h!!!h, 
, 

7+m 7+m 2 18 

Reglster/memory I 11111111 ImodOl0 r/ml 7+m,11+m' 7+m,11+m· 2,8 8,9,18 
ndlrect within segment 

Direct Intersegment I 10011010 I segment offset 
, 

13+m 28+m 2 11,12,18 

!protected Mode Only (DINCllnhlrugment): I segment selector I 
Via call gate to earns pnvllege level 41+m 8,11,12, 18 
Via call gate to different privilege levs~ no paramaters 82+m 8,11,12,18 
Via call gate to different privilege level, x parameters 86 +4.+m 8,11,12,18 
VIaTSS 177+m 8,11,12, 18 
Via task gate 182+m 8,11,12,18 

Indirect Intersegment I 11111111 ImodOll rIm I (mOd .. ll) 16+m 29+m' 2 8,9,11,12,18 

[protected Mode Only (IndINCIlnterugment): 
VIa call gate to earne privilege level 44+m· 8,9,11,12,18 
Via call gate to different privilege level, no paramaters 83 +m' 8,9,11,12,18 
Voa call gate to differant privilege level, • parameters 90+4. +m' 8,9,11,12,18 
VlaTSS 180+m' 8,9,11,12,18 
Via_gate 185+m' 8,9,11,12,18 

~MP-Uncondltlonlliump: 

Shortllong I 11101011 I diap·low 
, 

7+m 7+m 18 

Direct within segment I 11101001 I disp-Iow I diap-hlgh 
, 

7+m 7+ m 18 

Register/memory Indirect within segment I 11111111 I mod 1 00 rIm' 7+m,11+m' 7+m,11+m' 2 9,18 

Direct Intersegment I 11101010 I segment offset 
, 

11+m 23+m 11,12,18 

'rotected Mode Only (DIreCt In_llmant): I segment selector 
, 

Via call gate to same privilege level 38+m 8,11,12,18 
ViaTSS 175+m 8,11,12,18 
Via_gate 180+m 8,11,12,18 

Indirect Intersegment I 11111111 I mod 1 01 rIm' (mod"ll) 15+m' 2S+m' 2 8,9,11,12,18 

Protected Mode Only (Indirect Interugment): 
Via call gate to same privilege level 41+m' 8,9,11,12,18 
VlaTSS 178+m' 8,9,11,12,18 
Via task gate 183+m' 8,9,11,12,18 

RET= Return Irom CALL: 

~lthln segment I 11000011 
, 

11+m 11+m 2 8,9,18 

~thin seg adding Immed to SP I 11000010 I date·1ow I data.high 
, 

11+m 11+m 2 , 8,9,18 

Intersegment I 11001011 , 15+m 25+m 2 8,9,11,12,18 

Intersegment adding Immediate to SP I 11001010 I data·low I data·high 
, 

15+m 2 8,9,11,12,18 

rrotected Mode Only (RET): 
To different privilege level 55+m 9,11,12,18 
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80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

CONTROL TRANSFER (Conllnued) 

JEI JZ ~ Jump on equal zero I 01110100 disp I 
JLIJNGE ~Jump on less/not greater or equal I 01111100 disp I 
JLE/JNG~Jump on less or equallnot greater I 01111110 disp I 
JBIJNAE~Jump on belowlnot above or equal I 01110010 disp I 
JBEI JNA ~ Jump on below or equal/not above I 01110110 disp I 
JPIJPE~Jump on parity/parityeven I 01111010 disp I 
JO ~ Jump on overflow I 01110000 disp I 
JS~Jump on sign I 01111000 dlsp I 
JNEI JNZ ~ Jump on not equallnot zero I 01110101 disp I 
JNLlJGE~Jump on not less/greater or equal I 01111101 disp I 
JNLE/JG~Jump on not less or equal/greater I 01111111 disp I 
JNBI JAE ~ Jump on not belowl above Or equal I 01110011 disp I 
JNBEI JA ~ Jump on not below or equall above I 01110111 disp I 
JNP/JPO~Jump on not par/par odd I 01111011 disp I 
JNO~ Jump on not overflow 01110001 disp I 
JNS ~ Jump on not sign 01111001 disp I 
LOOP ~ Loop CX times, 11100010 disp I 
LOOPZ/LOOPE~ Loop while zero/equal 11100001 disp I 
LooPNZ/LOOPNE~LooPwhilenotzerO/equall 11100000 disp I 
JCXZ ~ Jump on CX zero 111100011 disp I 
INr.R';'En1$i'~ 
"'. );>, " ' 

(,"'1 
L;;l':~"' 

·'·1 
, 

I' ,. HHl1 0'0'1. "' 
INT ~ Interrupt: 

Type specilled I 11001101 I type I 
Type 3 I 11001100 I 
INTO ~ Interrupt on overflow I 11001110 I 

Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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.. 

CLOCK COUNT 

Real 
Addr ••• 

Mode 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+ mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

8+mor4 

8+mor4 

8+mor4 

8+mor4 

23+m 

23+m 

24+mor3 
(3 ilno 

interrupt) 

Protecled 
Virtual 

Addresa 
Mod .. 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

7+mor3 

8+mor4 

8+mor4 

8+mor4 

8+mor4 

(3 II no 
Interrupt) 

COMMENTS 

Real 
Address 

Mode 

2,7,8 

2,7,8 

2,6,8 

Protected 
Virtual 

Addresa 
Mode 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 
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80286 INSTRUCTION SET SUMMARY (Continued) 

PRCICESSOR CONTROL 

FORMAT 

111001111 

11111000 I 
11110101 I 
11111001 I 
11111100 I 
11111101 I 
11111010 I 
11111011 I 
11110100 I 
100'11011 I 
11110000 I 

................... ,' ' ...... ' ",-, '} ::.l!_ ' "'.i."i::t;~:t',~J;,:~:~'"'''' 
Iml .. CilMf_ ........ ""'..... ' ''',,1 tlH"f,h:t:i.~!:N 'i~;;', 

ESC:=F'roca ... "E:danOlOnEscape 111011TTT I modLLl rIm I 

Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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Real 

AcId .... 
Mode 

17+m 

2 

2 

2 

2 

2 

3 

2 

2 

3 

o 

Protected 
Real 

Protected 
Virtual 

Add .... 
Virtual 

Add .... AcId .... 
Made 

Mode 

4O+m 7,8,11,12,18 
78+ m 7,8,11,12,18 
187+m 7,8,11,12,18 

31+ m 2,4 8,9,11,12,15,18 

55+m 8,9,11,12,15,18 

2 

2 

2 

2 

2 

3 14 

2 14 

2 13 

3 

o 14 

,:' ,8, .' :::' 1~" ': 
9-20' 5,8 8,17 
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80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION 

~"'~ .•. ' 
~, .fO"~~ 

, ,,) 

~~~.l!6statuiJ~. 
'!ftlm1l1\lliltW/~ . 

FORMAT 

Shaded areas indicate instructions not available in 8086, 88 microsystems. 
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CLOCK COUNT 

Real 

Addrs .. 
Mode 

Protected 
Virtual 

COMMENTS 

Real 

Addre •• 
Mode 

Protected 
Virtual 

Addre •• 
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Footnotes 

The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 

if mod = 11 then rim is treated as a REG field 
if mod = 00 then DISP = 0·, disp-Iow and disp-high 
are absent 
if mod = 01 then DISP = disp-Iow sign-extended to 
16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 

if rim = 000 then EA = (BX) + (SI) + DISP 
if rim = 001 then EA = (BX) + (01) + DISP 
if rim = 010 then EA = (BP) + (SI) + DISP 
if rim = 011 then EA = (BP) + (01) + DISP 
if rim = 100 then EA = (SI) + DISP 
if rim = 101 then EA = (01) + DISP 
if rim = 110 then EA = (BP) + DISp· 
if rim = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 
'except if mod = 00 and rIm = 110 then EQ = disp-high: disp-Iow. 

SEGMENT OVERRIDE PREFIX 

10 0 1 reg 1 1 0 I 

reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 CS 
10 SS 
11 DC 

REG is assigned according to the following table: 
16-Bit (w = 1) 8-Bit (w = 0) 

000 AX 000 AL 
001 CX 001 CL 
010 OX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
101 SI 110 DH 
111 01 111 BH 
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The physical addresses of all operands addressed 
by the BP register are computed using the SS seg
ment register. The physical addresses of the desti
nation operands of the string primitive operations 
(those addressed by the 01 register) are computed 
using the ES segment, which may not be overridden. 

Data Sheet Revision Review 

The following list represents key differences be
tween this and the -011 80286 data sheet. Please 
review this summary carefully. 

1. A diagram of the PLCC package was added to 
complete packaging information. 

2. A note was added to the BUSY IERROR pin de
scription to indicate internal pull-up resistors on 
these pins. 

3. The last paragrah in the "HOLD and HLDA" sec
tion was rewritten to clarify the RESET condition 
of the 80286. 

4. A note was added to the "Processor ExtenSion 
Transfers" to clarify some numerics design con
siderations. 

5. Table 16 was updated to reflect the internal pull
ups on the BUSY IERROR pins of the 80286 and 
the SO/S1 of the 82C284. 

6. The "D.C. CHARACTERISTICS" table was reor
ganized to clarify the different testing conditions. 

7. The "Preliminary" marking for the 10 MHz A.C. 
timings for the 80286 was deleted to indicate a 
standard timing. 

8. In the "A.C. CHARACTERISTICS" table for 10 
and 12.5 MHz, the timing t12a was split into two 
new timings: !:l.2.aL!9r STATUS ACTIVE DELAY, 
and t12a2 for PEACK ACTIVE DELAY. 

This split differentiates the bus control signals 
from the coprocessor acknowledge signal. 

9. The following preliminary A.C. timing characteris
tics for 12.5 MHz were changed to reflect current 
min and max operating values. 

- PEACK ACTIVE DELAY was changed from 
18 ns to 20 ns. 

- STATUS/PEACK INACTIVE DELAY, t12b, was 
changed from 20 ns to 22 ns. 

- In the "A.C. CHARACTERISTICS" table for 
12.5 MHz, the timing parameter HLDA VALID 
DELAY, t16, was changed from 25 ns to 27 ns. 
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80287 
80-BIT HMOS 

NUMERIC PROCESSOR EXTENSION 
(80287 -3, 80287-6, 80287-8,80287-10) 

High Performance 80-Bit Internal· • Protected Mode Operation Completely 
Architecture Conforms to the 80286 Memory 

Implements Proposed IEEE Floating Management and Protection 

Point Standard 754 Mechanisms 

Expands 80286 Data types to Include • Directly Extends 80286 Instruction Set 

32-, 64-, 80-Bit Floating Point, 32-, 64- to Trigonometric, Logarithmic, 

Bit Integers and 18-Diglt BCD Operands Exponential and Arithmetic Instructions 
for All Data types 

Object Code Compatible with 8087 
Operates with 80386 CPU without • Built-in Exception Handling Software Modification 

Operates in Both Real and Protected • Available In EXPRESs-standard 
Mode 80286 Systems Temperature Range 
8x80-Blt, Individually Addressable, • Available In 40 pln-CERDIP package 
Numeric Register Stack (see Packaging Spec: Order" 231369) 

The Intel 80287 is a high performance numerics processor extension that extends the 80286 architecture with 
floating point, extended integer and BCD data types. The 80286/80287 computing system fully conforms to 
the proposed IEEE Floating Point Standard. Using a numerics oriented architecture, the 80287 adds over fifty 
mnemonics to the 80286/80287 instruction set, making the 80286/80287 a complete solution for high per
formance numeric processing. The 80287 is implemented in N-channel, depletion load, silicon gate technology 
(HMOS) and packaged in a 40-pin cerdip package. The 80286/80287 is object code compatible with the 
808618087 and 8088/8087. 

BUS INTERFACE UNIT 

DATA 

STATUI 

ADDRESS 

NUMERIC EXECUTION UNIT 

EXPONNENT 
• us 

FRACTION .u .... __ .. 

MICROCODE 
CONTROL 

UN'T 

i 
I-----""""""i'~ 

I--.-OO-'.-TE-•• -"lAC-.---I ::: 
I-------i IS) 
1-------1.(., 
1--------1 :~ 

___ ~BI!! 

Figure 1.80287 Block Diagram 
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210920-1 

.J 

NIC 

NiC 

D1I 

D13 

Dl' 
Vee 
Vss 
D11 

D10 

NIC 

DI 

D. .. 
D3 

NOTE: 

Nle 

210920-2 

N/C Pins should not be connected 

Figure 2. 
80287 Pin Configuration 

September 1987 
Order Number: 210920·007 
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Table 1.80287 Pin Description 

Symbols Type Name and Functon 

CLK I CLOCK INPUT: this clock provides the basic timing for internal 80287 
operations. Special MOS level inputs are required. The 82284 or 8284A 
CLK outputs are compatible to this input. 

CKM I CLOCK MODE SIGNAL: indicates whether CLK input is to be divided by 
3 or used directly. A HIGH input will cause CLK to be used directly. This 
input must be connected to Vee or Vss as appropriate. This input must 
be either HIGH or LOW 20 CLK cycles before RESET goes LOW. 

RESET I SYSTEM RESET: causes the 80287 to immediately terminate its 
present activity and enter a dormant state. RESET is required to be 
HIGH for more than 4 80287 CLK cycles. For proper initialization the 
HIGH-LOW transition must occur no sooner than 50 ,...s after Vee and 
CLK meet their D.C. and A.C. specifications. 

015-00 1/0 DATA: 1-bit bidirectional data bus. Inputs to these pins may be applied 
asynchronous to the 80287 clock. 

BUSY 0 BUSY STATUS: asserted by the 80287 to indicate that it is currently 
executing a command. 

ERROR 0 ERROR STATUS: reflects the ES bit of the status word. This signal 
indicates that an unmasked error condition exists. 

PEREa 0 PROCESSOR EXTENSION DATA CHANNI;:L OPERAND TRANSFER 
REQUEST: a HIGH on this output indicates that the 80287 is ready to 
transfer data. PEREa will be disabled upon assertion of PEACK or upon 
actual data transfer, whichever occurs first, if no more transfers are 
required. 

PEACK I PROCESSOR EXTENSION DATA CHANNEL OPERAND tRANSFER 
ACKNOWLEDGE: acknowledges that the request signal (PEREa) has 
been recognized. Will cause the request (PEREa) to be withdrawn in 
case there are no more transfers required. PEACK may be 
asynchronous to the 80287 clock. 

NPRO I NUMERIC PROCESSOR READ: Enables transfer of data from the 
80287. This input may be asynchronous to the 80287 clock. 

NPWR I NUMERIC PROCESSOR READ: Enables transfer of data from the 
80287. This input may be asynchronous to the 80287 clock. 

NPS1, NPS2 I NUMERIC PROCESSOR SELECTS: indicate the CPU is performing an 
ESCAPE instruction. Concurrent assertion of these signals (I.e., NPS1 is 
LOW and NPS2 is HIGH) enables the 80287 to perform floating point 
instrucctions. No data transfers involving the 80287 will occur unless the 
device is selected via these lines. These inputs may be asynchronous to 
the 80287 clock. 

CM01,CMOO I COMMAND LINES: These, along with select inputs, allow the CPU to 
direct the operation of the 80287. 
These inputs may be asynchronous to the 80287 clock. 
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Table 1. 80187 Pin Description (Continued) 

Symbols Type Name and Function 

Vss I System ground, both pins must be connected to ground. 

Vee I +5Vsupply 

FUNCTIONAL DESCRIPTION 

The 80287 Numeric Processor Extension (NPX) pro
vides arithmetic instructions for a v/iriety of numeric 
data types in 80286/80287 systems: It alsoexe
cutes numerous built-in transcendental functions 
(e.g., tangent and log functions). The 80287 exe
cutes instructions in parallel with an 80286. It effec-

80288 

tively extends the register and instruction set of an 
80286 system for existing 80286 data types and 
adds several new data types as well. Figure 3 pres
ents the program visible register model of the 
80286/80287. Essentially, the 80287 can be treated 
as an additional resource or an extension to the 
80286 that can be used as a single unified system, 
the 80286f80287. 

80287 
STACK: TAG FIELD 

~~~·r7~8~~~~M~a~ ____ ~~~~ ____ ~o 1 0 
EXPONENT SIGNIFICAND 

15 FILE: o I 78 

AX I SIGN R1 
ax I R2 
CX I 

R3 I DX 
I R4 

51 R5 
DI I 

I" 
ap I 

R7 
8P I 

RI I 
15 

L __ , 

o I 

I IP I : FLAGS 

~
5 1... ____ , 

CS I 
D8 . I 
E8 I 
S8 . 

. J 

15 o 
CONTROL REGISTER 

STATUS REGISTER 

TAG WORD 

_ INSTRUCTION POINTER -

- DATA POINTER -

210920-3 

Figure 3. 80286/80287 Architecture 

The 80287 has two operating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the pro
tected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the 80286/80287 is 
completely software compatible with 808618087 and 
8088/8087. 
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Once in protected mode, all references to memory 
for numerics data or status information, obey the 
80286 memory management and protection rules 
giving a fully protected extension of the 80286 CPU. 
I!) Jhe protected mode, 80286/80287 numerics soft
ware is also completely compatible with 808618087 
and 8088/8087. 
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SYSTEM CONFIGURATION 
WITH 80286 

As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 
4A. The data channel control signals (PEREa, 
PEACK), the BUSY signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected rhode, all 
information received by the NPX is validated by the 
80286 memory management and protection unit. 
Once started, the 80287 can process in parallel with 
and independent of the host CPU. When the NPX 
detects an error or exception, it will indicate this to 
the CPU by asserting the ERROR Signal. 

The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory, under the protection 
model of the CPU. The full virtual and physical ad
dress space of the 80286 is available. Data for the 
80287 in memory is addressed and represented in 
the same manner as for an 8087. 

The 80287 can operate either directly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM = 0), the 80287 works at one
third the frequency of the system clock (i.e., for an 
8 MHz 80286, the 16 MHz system clock is divided 
down to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a % duty cycle 
clock on the CLK input (CKM = 1). The following 
table describes the relationship between the clock 
speed and the 287 speed version needed as a func
tion of the CKM state. 

287 Speed CLKSpeed 
Version CKM = 0 

5MHz 12 MHz 
6MHz 16 MHz 
8MHz 20 MHz 

10 MHz 25 MHz 

SYSTEM CONFIGURATION 
WITH 80386 

CKM = 1 

5MHz 
6MHz 
8MHz 

10MHz 

The 80287 can also be connected as a processor 
extension to the 80386 CPU as shown in Figure 4b. 
All software written for 8086/8087 and 802861 
80287 is object code compatible with 80386/80287 
and can benefit from the increased speed of the 
80386 CPU. 
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Note that the PEACK input pin is pulled high. This is 
because the 80287 is not required to keep track of 
the number of words transferred during an operand 
transfer when it is connected to the 80386 CPU. Un
like the 80286 CPU, the 80386 CPU knows the exact 
length of the operand being transferred tolfrom the 
80287. After an ESC instruction has been sentto the 
80287, the 80386 processor extension data channel 
will initiate the data transfer as soon as it· receives 
the PEREa signal from the 80287. The, transfer is 
automatically terminated by the 80386 CPU as soon 
as all the words of the operand have been trans
ferred. 

Because of the very high speed local local bus of 
the 80386 CPU, the 80287 cannot reside directly on 
the CPU local bus. A local bus controller logic is 
used to generate the necessary read and write cycle 
timings as well as the chip select timings for the 
80287. The 80386 CPU uses I/O addresses 
800000F8 through 800000FF to communicate with 
the 80287. This is beyond the normal 1/0 address 
space of fhe CPU and makes it easie~enerate 
the chip select signals using A31 and MilO. It may 
also be noted .that the 80386 CPU automatically 
generates 16-bit bus cycles whenever it communi
cates with the 80287. 

HARDWARE INTERFACE 
Communication of instructions and data operands 
between the 80286 and 80287 is handled by the 
CMDO, CMD1, NPS1, NPS2, NPRD, and NPWR sig
nals. 1/0 port addresses 00F8H, OOFAH, and OOFCH 
are used by the 80286 for this communication. 
When any of these addresses are used, the NPS1 
ibut must be LOW and NPS2 input HIGH. The 
I RC and 10WC outputs of the 82288 identify 1/0 
space transfers (see Figure 4A). CMDO should be 
connected to latched 80286 A 1 and CMD1 should 
be connected to latched 80286 A2, 

1/0 ports 00F8H to OOFFH are reserved for the 
80286/80287 interface. To guarantee correct opera
tion of the 80287, programs must not perform any 
1/0 operations to these ports. 

The PEREa, PEACK, BUSY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when the 80286 reads from the 80287. The 
use of MIlO in the decoder prevents INTA bus cy
cles from disabling the data transceivers. 

PROGRAMMING INTERFACE 

Table 2 lists the seven data types the 80287 sup
ports and presents the format for each type. These 
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values are stored in memory with the least signifi
cant digits at the lowest memory address. Programs 
retrieve these values by generating the lowest ad
dress. All values should start at even addresses for 
maximum system performance. 

Internally the 80287 holds all numbers in the tempo
rary real format. Load instructions automatically con
vert operands represented in memory as 16-, 32-, or 
64-bit integers, 32- or 64-bit floating point number or 
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stack. These eight 80-bit registers provide the equiv
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Figure 4A. 80286/80287 System Configuration 
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Table 2 80287 Data Type Representation In Memory 

Moat Significant Byte HIGHEST ADDRESSED BYTE 
Data 

Formata 
Range Precision 

017 017 017 017 017 017 017 017 017 01 7 
Word Integer 10" 16 Bits I (TWO'S 

COMPLEMENT) 
I 

15 0 

Short Integer 109 32 Bits I (TWO'S 
COMPLEMENT) 

31 0 

Long Integer 1019 64 Bits 1 (TWO'S 
COMPLEMENT) 

63 0 

Packed BCD 1018 18 Digits 51 x Idu MAGNITUDE d,~ d'b d,s du du d'l d" d,U d, d, d r d. de. d, d~ dol d, 

7t 72 0 

Short Real lo±38 24 Bits .1 BIASED I 
S EXPDNENT SIGNIFICAND I 
31 23'- 0 

16 

Long Real lo±308 53 Bits 51 BIASED I SIGNIFICAND I EXPONENT 

83 52'-16 0 

Tem~orary Real lo±4932 64 Bits sl BIASED hl SIGNIFICAND I EXPONENT 

79 84 83" 0 

NOTES: 210920-6 

1. S = Sign bit (0 = posltive,l = negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance; 6087 ignores when loading, zeros when storing. 
4. & = Position of implicit binary point 
5. I = Integer bit of significant; stored In temporary real, implicit In short and long real. 
6. Exponent Bias (normalized values): 

Short Real: 127 (7FH) 
Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 

7. Packed BCD: (-1)8 (017 " . Do) 
8. Real: (-1)8 (2E-BIAS)(FoF1"') 

Table 6 lists the 80287's instructions by class. No 
special programming tools are necessary to use the 
80287 since all new instructions and data types are 
directly supported by the 80286 assembler and 
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appropriate high level languages. All 8086/8088 de
velopment tools which support the 8087 can also be 
used to develop software for the 80286/80287 in 
real address mode. 
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SOFTWARE INTERFACE 
The 80286/80287 is programmed as a single proc
essor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU auto
matically controls the 80287 whenever a numeric in
struction is executed. All memory addressing 
modes, physical memory, and virtual memory of the 
CPU are available for use by the NPX. 

Since the NPX operates in parallel with the CPU, any 
errors detected by the NPX may be reported after 
the CPU has executed the ESCAPE instruction 
which caused it. To allow identification of the failing 
numeric instruction, the NPX contains two pOinter 
registers which identify the address of the failing nu
meric instruction and the numeric memory operand if 
appropriate for the instruction encountering this er
ror. 

INTERRUPT DESCRIPTION 

Several interrupts of the 80286 are used to report 
exceptional conditions while executing numeric pro
grams in either real or protected mode. The inter
rupts and their functions are shown in Table 3. 
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PROCESSOR ARCHITECTURE 

As shown in Figure 1, the NPX is internally divided 
into two processing elements, the bus interface unit 
(BIU) and the numeric execution unit (NEU). The 
NEU executes all numeric instructions, while the BIU 
receives and decodes instructions, requests oper
and transfers to. and from memory and executes 
processor control instructions. The two units are 
able to operate independently of one another allow
ing the BIU to maintain asynchronous communica
tion with the CPU while the NEU is busy processing 
a numeric instruction. 

BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by 
the CPU. If the ESC code defines a math instruction, 
the BIU transmits the formatted instruction to the 
NEU. If the ESC code defines an administrative in
struction, the BIU executes it independently of the 
NEU. The parallel operation of the NPX with the 
CPU is normally transparent to the user. The BIU 
generates the BUSY and ERROR signals for 808261 
80287 processor synchronization and error notifica
tion, respectively. 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 
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Table 3. 80286 Interrupt Vectors Reserved for NPX 

Interrupt Number Interrupt Function 
7 An ESC instruction was encountered when EM or TS of the 80;286 MSW was 

set. EM = 1 indicates that software emulation of the instruction is required. 
When TS is set, either an ESC or WAIT instruction will cause interrupt 7. This 
indicates that the current NPX context may not belong to the current task. 

9 The second or subsequent words of a numeric operand in memory exceeded a 
segment's limit. This interrupt occurs after executing an ESC instruction. The 
saved return address will not point at the numeric instruction causing this 
interrupt. After processing the addressing error, the 80286 program can be 
restarted at the return address with IRET. The address of the failing numeric 
instruction and numeric operand and saved in the 80287. An interrupt handler 
for this interrupt must execute FNINIT before any other ESC or WAIT 
instruction. 

13 The starting address of a numeric operand is not in the segment's limit. The 
return address will point at the ESC instruction, including prefixes, causing this 
error. The 80287 has not executed this instruction. The instruction and data 
address is 80287 refer to a previous, correctly executed, instruction. 

16 The previous numeric instruction caused an unmasked numeric error. The 
address of the faulty numeric instruction or numeric data operand is stored in 
the 80287. Only ESC or WAIT instructions can cause this interrupt. The 80286 
return address will pointat a WAIT or ESC instruction, including prefixes, which 
may be restarted after clearing the error condition in the NPX. 

80286 tests the BUSY pin and waits until the 80287 
indicates that it is not busy before initiating the com
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC in
struction. In 8086/808'7 systems, this synchroniza
tion is achieved by placing a WAIT instruction before 
an ESC instruction. For most ESC instructions, the 
80287 does not require a WAIT instruction before 
the ESC opcode. However, the 80287 will operate 
correctly with these WAIT instruction. In ali cases, a 
WAIT or ESC instruction should be inserted after 
any 80287 store to memory (except FSTSW and 
FSTCW) or load from memory (except FLDENV or 
FRSTOR) before the 80286 reads or changes the 
value to be sure the numeric value has already been 
wrtten or read by the NPX. 

Data transfers between memory and the 80287, 
when needed, are controlled by the PEREO PEACK, 
NPRD, NPWR, NPS1, NPS2 signals. The 80286 
does the actual data transfer with memory through 
its processor extension data channel. Numeric data 
transfers with memory performed by the 80286 use 
the same timing as any other bus cycle. Control sig
nal for the 80287 are generated by the 80826 as 
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shown in Figure 4a, and meet the timing require
ments shown in the AC requirements section. 

NUMERIC EXECUTION UNIT 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi
cand bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activated the BIU BUSY signal. This signal is used in 
conjunction with the CPU WAIT instruction or auto
matically with most of the ESC instructions to syn
chronize both processors. 

REGISTER SET 

The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087's register stack 
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DATA FIELD TAG FIELD 
79 78 6463 0 1 0 

SIGN EXPONENT SIGNIFICAND 

15 0 

CONTROL REGISTER 

STATUS REGISTER 

TAG WORD 

- INSTRUCTION POINTER-

- DATA POINTER -

Figure 5. 80287 Register Set 

is 80 bits wide and is divided into "fields" corre
sponding to the NPX's temporary real data type. 

At a given point in time the TOP field in the status 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows "down" 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions implicitly address the register pointed by the 
TOP. Other instructions allow the programmer to ex
plicitly specify the register which is to be used. This 
explicit register addressing is also "top-relative." 

STATUS WORD 

The 16-bit status word (in the status register) shown 
in Figure 6 reflects the overall state of the 80287. It 
may be read and inspected by CPU code. The busy 
bit (bit 15) indicates whether the NEU is executing 
an instruction (B = 1) or is idle (B = 0). 
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The instructions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in or
der to be executed. 

The four numeric condition code bits (Co-Cs) are 
similar to the flags in a CPU: instructions that per
form arithmetic operations update these bits to re
flect the outcome of NPX operations. The effect of 
these instructions on the condition code is summa
rized in Tables 4a and 4b. 

Bits 14-12 of the status word point to the 80287 
register that is the current top-of-stack (TOP) as de
scribed above. Figure 6 shows the six error flags in 
bits 5-0 of the status word. Bits 5-0 are set to indi
cate that the NEU has detected an exception while 
executing an instruction. The section on exception 
handling explains how they are set and used. 

Bit 7 is the error summary status bit. This bit is set if 
any unmasked exception bit is set and cleared oth
erwise. If this bit is set, the ERROR signal is assert
ed. 
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1. ES is set if any unmasked exca,tion bit is set, cleared otherwise. 
2. See Table 5 for condition code interpretation. 
3. Top Values 

000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

• 
• 
• 

111 = Register 7 is Top of Stack . 

• For definitions, see the section on exception handling 

Figure 6. 80287 Status Word 

TAG WORD 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX's performance. The 
eight two-bit tags in the tag word can be used, how
ever, to interpret the contents of 80287 registers. 

INSTRUCTION AND DATA POINTERS 

The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error handlers. 
Whenever the 80287 executes a new instruction, the 
BIU saves the instruction address, the operand ad
dress (if present) and the instruction opcode. 80287 
instructions can store this data into memory. 

The instruction and data pointers appear in one of 
two formats depending on the operating mode of the 
80287. In real mode, these values are the 20-bit 
physical address and 11-bit opcode formatted like 
the 8087. In protection mode, these values are the 
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32~bit virtual address used by the program which ex
ecuted an ESC instruction. The same FLDENV I 
FSTENV/FSAVE/FRSTOR instructions as those of 
the 8087 are used to transfer these values between 
the 80287 registers and memory. 

The saved instruction address in the 80287 will point 
at any prefixes which preceded the instruction. This 
is different than in the 8087 which only' pointed at 
the ESCAPE instruction opcode. 

CONTROL WORD 

The NPX provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod
ing of fields in the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six. exceptions that the 80287 recognizes. The 
high order byte of the c;ontrol word configures the 
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Table 4a. Condition Code Interpretation 

Instruction 
C3 Ca Type 

Compare, Test 0 0 
0 0 
1 0 
1 1 

Remainder 01 0 

U 1 

Examine 0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

NOTES: 
1. ST "" Top of Stack 
2. X "" value is not affected by instruction 
3. U = value is undefined following instruction 
4. Qn = Quotient bit n 

Table 4b. Condition Code Interpretation after 
FPREM (See Note 1) Instruction as a Function of 

Dividend Value 

Dividend Range Qa Q1 Qo 

Dividend < 2 • Modulus C3 C1 00 
Dividend < 4 • Modulus C3 01 00 
Dividend 2 4 • Modulus 02 01 00 

NOTE: 
1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 

C1 

X 
X 
X 
X 

00 

U 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
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Co Interpretation 

0 ST > Source or 0 (FTST) 
1 ST < Source or 0 (FTST) 
0 ST = Source or 0 (FTST) 
1 ST is not comparable 

02 Complete reduction with 
three low bits of quotient 
(See Table 5b) 

U Incomplete Reduction 

0 Valid, positive unnormalized 
1 Invalid, positive, exponent = 0 
0 Valid, negative, un normalized 
1 Invalid, negative, exponent = 0 
0 "alid, positive, normalized 
1 Infinity, positive 
0 Valid, negative, normalized 
1 Infinity, negative 
0 Zero, positive 
1 Empty 
0 Zero, Negative 
1 Empty 
0 Invalid, positiv~, exponent = 0 
1 Empty 
0 Invalid, negative, exponent = 0 
1 Empty 

80287 operating mode including preciSion, roun.ding, 
and infinity control. The precision control bits (bits 
9-8) can be used to set the 80287 internal operating 
precision at less than the default of temporary real 
(80-bit) preCision. This can be useful in providing 
compatibility with the early generation arithmetic 
processors of smaller precision than the 80287. The 
rounding control bits (bits 11-10) provide for direct
ed rounding and true chop as well as the unbiased 
round to nearest even mode specified in the IEEE 
standard. Control over closure of the number space 
at infinity is also provided (either affine closure: ± 
00, or projective closure: 00, is treated as unsigned, 
may be specified). 
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15 

TAG (7) TAG (6) TAG (5) TAG (4) 

NOTE: 
The index i of tag (i) is not top-relative. A program 
typically uses the "top" field of Status Word to deter
mine which tag(i) field refers to logical top of stack. 

TAG (3) TAG (2) TAG (1) 

TAG VALUES: 
00 ~ VALID 
01 ~ ZERO 
10 ~ INVALID or INFINITY 
11 ~ EMPTY 

o 

TAG (0) 

Figure 7. 80287 Tag Word 

MEMORY OFFSET 
15 0 

CONTROL WORD +0 

STATUS WORD +_2 

TAG WORD +4 

IPOFFSET +6 

CSSELECTOR +8 

OAT A OPERAND OFFSET +10 

DATA OPERAND SELECTOR +12 

Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 

EXCEPTION HANDLING 

The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the 'de
fault' procedures that will be carried out if the excep-
tion is masked, are as follows: . 

Invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, 00, - 00, etc) or the use of 
a Non-Number (NAN) as an operand. An exponent 
value of all ones and non-zero significand is re
served to identify NANs. If this exception is masked, 
,the 80287 default response is to generate a specific 
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NAN called INDEFINITE, or to propogate already ex
isting NANs as the calculation result. 

Overflow: The result is too large in magnitude to fit 
the specified format. The 80287 will generate an en
coding for infinity if this exception is masked. 

Zero Divisor: The divisor is zero while the dividend 
is a non-infinite, non-zero number. Again, the 80287 
will generate an encoding for infinity if this exception 
is masked. 

Underflow: The result in non-zero but too small in 
magnitude to fit in the specified format. If this excep
tion is masked the 80287 will de normalize (shift 
right) the fraction until the exponent is in range. The 
process is called gradual underflow. 
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15 o 
CONTROL WORD 

STATUS WORD 

TAG WORD 

INSTRUCTION POINTER (15-0) 

INSTRUCTION I I INSTRUCTION 
POINTER (19-16) 0 OPCODE (10-0) 

DATA POINTER (15-0) 

DATA POINTER I 0 
(19-16) 

15 12 11 o 

MEMORY 
OFFSET 

+0 

+2 

+4 

+6 

+8 

+10 

+12 

Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 

16 o 
I xx X IIC I RC I pc I x I x IPMluMloMlzMIDMllMI 

(1) PRECISION CONTROL 
00 = 24 BITS (SHORT REAL) 
01 = RESERVED 
10 = 53 BITS (LONG REAL) 
11 = 64 BITS (TEMP REAL) 

I 

(2) ROUNDING CONTROL 
00 = ROUND TO NEAREST OR EVEN 
01 = ROUND DOWN (TOWARD --'l 
10 = ROUND UP (TOWARD +-'l 

EXCEPTION MASKS (1 - EXCEPTION IS MASKED} 

INVALID OPERATION 
DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 
PRECISION 

(RESERVED} , 

(RESERVED} 

PRECISION CONTROL (1) 

ROUNDING CONTROL(2I 

INFINITY CONTROL (0 ~ PROJECTIVE, 1 ~ AFFINE} 
(RESERVED} 

210920-8 

11 = CHOP (TRUNCATE TOWARD ZERO) 

Figure 9. 80287 Control Word 
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Denormallzed Operand: At least one of the oper
ands is denormalized; it has the smallest exponent 
but a non-zero significand. Normal processing con
tinues if this exception is masked off. 

Inexact Result: The true result is not exactly repre
sentable in the specified format, the result is round
ed according to the rounding mode, and this flag is 
set. If this exception is masked, processing will sim
ply continue. 

If the error is not masked, the corresponding error 
bit and the error status bit (ES) in the control word 
will be set, and the ERROR output signal will be as
serted. jf the CPU attempts to execute another ESC 
or WAIT instruction, exception 7 will occur. 

The error condition must be resolved via an interrupt 
service routine. The 80287 saves the address of the 
floating point instruction causing the error as well as 
the address of the lowest memory location of any 
memory operand required by that instruction. 

8086/8087 COMPATIBILITY: 

The 80286/80287 supports portability of 808618087 
programs when it is in the real address mode. How
ever, because of differences in the numeric error 
handling techniques, error handling routines may 
need to be changed. The differences between an 
80286/80287 and 808618087 are: 

1. The NPX error Signal does not pass through an 
interrupt controller (8087 INT signal does). 
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Therefore, any interrupt controller oriented in
structions for the 8086/8087 may have to be de
leted. 

2. Interrupt vector 16 must point at the numeric error 
handler routine. 

3. The saved floating point instruction address in the 
80287 includes any leading prefixes before the 
ESCAPE opcode. The corresponding saved ad
dress of the 8087 does not include leading prefix
es. 

4. In protected mode, the format of the saved in
struction and operand pointers is different than for 
the 8087. The instruction opcode is not saved-it 
must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC instruc
tions with either TS or EM or MSW = 1. If TS of 
MSW = 1 then WAIT will also cause interrupt 7. 
An interrupt handler should be added to handle 
this situation. 

6. Interrupt 9 will occur if the second or subsequent 
words of a floating point operand fall outside a 
segment's size. Interrupt 13 will occur if the start
ing address of a numeric operand falls outside a 
segment's size. An interrupt handler should be 
added to report these programming errors. 

In the protected mode, 8086/8087 application code 
can be directly ported via recompilation if the 80286 
memory protection rules are not violated. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... -65·C to + 150·C 

Case Temperature ................... O·C to B5·C 

Voltage on any Pin with 
Respect to Ground ............... -1.0 to + 7V 

Power Dissipation ....................... 3.0 Watt 

·Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Te = 0·CtoB5·C, Vee = 5V ±5% 

ALL SPEEDS SELECTIONS 

Symbol Parameter Min Max Unit Test Conditions 

VIL Input lOW Voltage -0.5 O.B V 

VIH Input HIGH Voltage 2.0 Vee +0.5 V 

VI He Clock Input HIGH Voltage 
CKM = 1: 2.0 Vee +1 V 
CKM = 0: 3.B Vee +1 V 

VILe Clock Input lOW Voltage 
CKM = 1 -0.5 O.B V 
CKM = 0 -0.5 0.6 V 

VOL Output lOW Voltage 0.45 V IOL = 3.0mA 

VOH Output HIGH Voltage 2.4 V IOH = -400/LA 

III Input leakage Current • ±10 /LA OV S; VIN S; Vee 

ILO Output leakage Current ' • ±10 /LA 0.45V S; VOUT S; Vee 

lee Power Supply Current 600 mA TA = O·C 
475 mA TA = 25·C 

• 375 mA TA = 70·C 

CIN Input Capacitance • 10 pF Fe = MHz 

Co Input/Output CapaCitance • 20 pF Ve = 1 MHz 
(00-015) 

CeLK ClK Capacitance • 12 pF Fe = 1 MHz 
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A.C. CHARACTERISTICS T A = O·C to 70·C, T CASE = o·C to 85·C, vcc = 5V ± 5% 

TIMING REQUIREMENTS 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 

80287-3 80287-6 80287-8 80287-10 

Symbol Parameter 5 MHz 6 MHz 8 MHz 10 MHz 
Units Test 

Preliminary Conditions 
Min Max Min Max Min Max Min Max 

TCLCL CLK Period 
CKM = 1: 200 500 166 500 125 500 100 500 ns 
CKM = 0: 62.5 250 62.5 166 50 166 40 166 ns 

TCLCH CLKLOWTime 
CKM = 1: 118 100 343 68 343 62 343 ns AtO.8V 
CKM = 0: 15 230 15 146 15 146 11 146 ns AtO.6V 

TCHCL CLK HIGH Time 
CKM = 1: 69 50 230 43 230 28 230 ns At 2.0V 
CKM = 0: 20 235 20 151 20 151 18 151 ns At3.6V 

TCH1CH2 CLK Rise Time 10 10 10 10 ns 1.0Vto 3.6V 
ifCKM = 0 

TCL2CL1 CLKFaliTime 10 10 10 10 ns 3.6Vto 1.0V 
ifCKM = 0 

TDYWH Data Setup to 75 75 75 75 ns 
NPWR Inactive 

TWHDX Data Hold from 30 30 18 18 ns 
NPWR Inactive 

TWLWH NPWR NPRD 95 95 90 90 ns AtO.8V 
TRLRH Active Time 

TAVWL Command Valid 
TAVRL to NPWR or 0 0 0 0 ns 

NPRDActive 

TMHRL Minimum Delay 
from PEREQ Active 130 130 130 100 ns 
to NPRD Active 

TKLKH PEAK Active Time 85 85 85 60 ns AtO.8V 

TKHKL PEAK Inactive Time 250 250 250 200 ns At2.0V 

TKHCH PEAK Inactive to 
NPWR, NPRD 50 50 40 40 ns 
Inactive 

TCHKL NPWR, NPRD 
Inactive to -30 -30 -30 -30 ns 
PEAK Active 

TWHAX Command Hold 
TRHAX from NPWR, 30 30 30 22 ns 

NPRD Inactive 

TKLCL PEAK Active 
Setup to NPWR 50 50 40 40 ns 
NPRDActive 
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A.C. CHARACTERISTICS T A = O·C to 70·C, TCASE = O·C to 85·C, Vcc = 5V ± 5% (Continued) 

TIMING REQUIREMENTS (Continued) 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 

80287-3 80287-6 80287-8 80287-10 

Symbol Parameter 5MHz 6 MHz 8MHz 10 MHz 
Units Test 

Preliminary Conditions 
Min Max Min Max Min Max Min Max 

TIVCL NPWR, NPRD 70 70 70 53 ns (Note 1) 
to ClK Setup Time 

TCLIH NPWR,NPRD 45 45 45 37 ns (Note 1) 
from ClK Hold Time 

TRSCL RESET to ClK 20 20 20 20 ns (Note 1) 
Setup Time 

TCLRS RESET from ClK 20 20 20 20 ns (Note 1) 
Hold Time 

TIMING RESPONSES 

80287-3 80287-6 80287-8 80287-10 

Symbol 5MHz 6MHz 8MHz 10 MHz 
Units Test Parameter Preliminary Conditions 

Min Max Min Max Min Max Min Max 

TRHQZ NPRD Inactive to 37.5 37.5 35 21 ns (Note 2) 
Data Float 

TRLOV NPRD Active to 60 60 60 60 ns (Note 3) 
Data Valid 

TILBH ERROR Active~o 100 100 100 100 ns (Note 4) 
BUSY Inactive 

TWLBV NPWR Active to 
BUSY Active 

100 100 100 100 ns (Note 5) 

TKLML PEAK Active to 127 127 127 100 ns (Note 6) 
PEREQ Inactive 

TCMOI Command .Inactive 
Time 

Write-to-Write 95 95 95 75 ns At2.0V 
Read-to-Read 250 95 95 75 ns At2.0V 
Write-to-Read 105 95 95 75 ns At2.0V 
Read-to-Write 95 95 95 75 ns At2.0V 

TRHQH Data Hold from 5 3 3 3 ns (Note 7) 
NPRD Inactive 

NOTES: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific eLK 
edge. 
2. Float condition occurs when output current is less than ILO on 00-015. 
3.00-015 10SINF¢: XL = 100 pF. 
4. BUSY loading: CL = 100 pF. 
5. BUSY loading: CL = 100 pF. 
6. On last data transfer on numeric instruction. 
7.00-015 loading: CL = 100 pF. 
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WAVEFORMS 

DATA TRANSFER TIMING (Initiated by 80286) 

1 CMDOCMD 
NISfi,NPS2 

NPRD 

5 

} VALID 

_TRLRH .. TRHAX 

TAVRL \ V --- ""'_TRHOZ_ - TRLOV 1_ _TRHOH-j 

/////V DATA OUT 

D TAVWL \. \. \. \. \. \. 
VALID 

.. .. _TWLWH_ • TWHAX 

\ V , 
TDVWH TWHDX _ .. .. 

-' 

J( 
.. 

.. 

00-0, 5 DATA MAY CHANGE 

>- ~ DATA IN DATA MAY CHANGE 
VALID .. - TWLBN 4-

BUSY ~j; 
------------------~~~-------------------------

DATA CHANNEL TIMING (Initiated by 80287) 

CMDO'CMD1~~ 
FlPSl,NPS2 j---J--.:r 

----l 

NPRD'NPWR 

TAVWL I-TAVRL 

\k-

VALID 

- TRHAX -TWHAX 

J' 

I DATA 
TRANSFER 
FROM 
80287 

) 
DATA 
TRANSFER 
TO 
80287 

210920-12 

"",Qr 
.. TCMDI_ 

_TMHRL "_TCLML_ 
_TCHKL_ 

TKLCL_ - ~Ir-.. TKLML_ -TKHCH 4-
_TKHKL __ 

S -------------
Ie ~ }f- -I'-

----I 
PEACK 

.. TKLKH .. 
210920-13 
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WAVEFORMS (Continued) 

ERROR OUTPUT TIMING 

·:-----------c·~--1 
ClK, RESET TIMING (CKM = 1) 

NOTE: 

CLK 
(lFCKM=1) '------~ 

_____________________ . __ ._-T~------
RESET 

-----------------------

210920-14 

210920-15 

Reset, NPWR, NPRD are inputs asynchronous to ClK. Timing requirements on this page are given for testing purposes only, 
to assure recognition at a specific ClK edge. 

3-75 



80287 

WAVEFORMS (Continued) 

CLK, NPRD, NPWR TIMING (CKM = 1) 

CLK (IFCKM=1) '--___ ......J 

NPRD. 
NPWR \\\\\\\\\ 

CLK, RESET TIMING (CKM = 0) 

NOTE: 
Reset must meet liming shown to guarantee known phase of internal + 3 circuit. 

CLK, NPRD, NPWR TIMING (CKM = 0) 

\\\\\\\\\\\ 
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Deta Tran.f.r 

FLD - LOAD 

IntegeriRea' Memory to ST(OI 

Long 'nteger Memory to ST(OI 

Temporary Real Memory to 
ST(OI 

BCD Memory to ST(OI 

ST(lI to ST(OI 

FST = STORE 

80287 

Table 6. 80287 Extensions to the 80286 Instruction Set 

I ~--I Clock eoUllt Ra_ 
',1. Bli 32BII 32B11 I4BII llBII 

Dllplaca .. nt Real I ...... ' Real In,-, 

, MF = GO 01 10 11 

- - - - -.- "1 
L-ESC_A_P_E_M_F __ -,-_M_O_D_O_O_O_Rl_M-I'_ _ _ ,!>1l!P _ . _, 38-56 52-80 40-80 48-54 

RIM [ = 
- -, 

ESCAPE 1 1 1 MOD 0 DISP 60-88 - - -' 
ESCAPE 0 1 MOD 1 0 1 RIM [ =. = =DI~P = -, 53-65 -' 
ESCAPE 1 MOD 0 0 RIM I: ~ ~.~I~P~ J 290-310 

ESCAPE 0 0 1 1 0 0 0 ST(ill 17-22 

ST(OI to IntegerlRea' Memory 1 ESCAPE MF MOD 0 0 RIM [ ~ ~ ~I~P ~ J 84-90 82-92 96-104 80-90 

:====*==~ ST(OI to ST('I , ESCAPE 1 0 1 1 0 1 0 ST(II I 15-22 

FSTP = STORE AND POP 

ST(OI to Integer/Rea'~emory 

ST(OI to Long Inleger Memory 

ST(OI to Temporary Real 
Memory 

ST(OI to BCD Memory 

ST(OI 10 ST('I 

FXCH ~ Exchange ST(ol and 
ST(OI 

Comparison 
FCOM ~ Compare 

ESCAPE MF 1 

ESCAPE 1 1 1 , 

ESCAPE 0 1 1 1 

ESCAPE 1 1 

ESCAPE 1 0 1 

'ESCAPE 0 0 1 I 

MOD 0 RIM I~ = = EI~P =.J 86-82 84-94 98-106 82-92 

MOD 1 1 RIM [ ~ :'~I~P: J 94-105 

MOD RIM [ =.= ~I~= J 52-58 

MOD 1 1 0 RIM [ =·=.'~I~ = J 
1 1 0 ST(i»! 11-24 

1 1 0 0 1 ST(ol I 10-15 

Int.r/Re.' Memory to ST(OI 1 ESCAPE MF 0 MOD 0 o RIM I: ~. ~ ~;~ ~ J 80-70 78-91 65-75 72-86 

ST(il to ST (01 

FCOMP m Compare and Pop 

IntegerIRe.' Memory to ST(OI 

ST('I to ST(OI 

FCOMPP ~ Compare ST(11 to 
ST(OI and Pop 'tWice 

FTIT = Test ST(OI 

FXAM = Examine ST(OI 

IESCAPE 0 0 0 1 1 0 o ST(II, 40-50 

ESCAPE MF 0 MOD 0 1 RIM [ ji,~p = . =: 63-73 80-93 '67-n 74-88 

ESCAPE 0 0 0 0 1 ST(II I 45-52 

ESCAPEll0 0100 I 45-55 

ESCAPE 0 0 0 0 1 0 0 38-48 

ESCAPE 0 0 1 1 o 0 o 12-23' 

210920-19 
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CLK 
INPUT 

4.0V 
2.4V 

o.45VCKM - 0 
o.45VCKM = 1 

80287 

CKM' 0 
CKM'1 

210920-9 

AC Drive and Measurement Polnts-CLK Input 

4.0V' CKM' 0 
2.4V CKM'1 

O.45V CKM'O 
O.45V CKM'1 

1.0V CKM· 0 
O.IV CKM'1 

'HOLD 

3.IV CKM· 0 
2.0V CKM'1 

toV CKM=O 
O.IV CKM = 1 

OTHER 2.0V 

2.4V ~~ml~:~~~[~~~~~I~~~~ DEVICE 
INPUT 

O.IV 
O.45V 

DEVICE 
OUTPUT 

'DELAY ---I 

2.0V 

O.IV 

AC Setup, Hold and Delay Time Measurement-General 

DEVICE 
OUTPUT 

AC Test Loading on Outputs 
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Table 6. 80287 Extensions to the 80286 Instruction Set (Continued) 

Constants I 
Optional Clock Count R.ng. 
8.1' BIt 32 Bit 32 Bit 84 Bit ,. Bit 

DI.pl .... m.nt R •• I Int.g., R •• I Integ., 

I MF = 00 01 10 11 

FLDZ = LOAD + 0.0 ,nlo ST(O) ESCAPE 0 0 1 1 1 1 0 1 1 1 0 11-17 

FLDI = LOAD + 1.0 inlo ST(O) ESCAPE 0 0 1 1 1 0 1 0 0 0 15-21 

FLDPI = LOAD" inlo ST(O) ESCAPE 0 0 0 0 16-22 

FLDL2T = LOAD log2 10 into ESCAPE 0 0 0 0 0 16-22 
ST(O) 

FLDUE = LOAD log2 e inlo ESCAPE 0 0 0 0 0 15-21 
ST(O) 

FLDLG2 = LOAD log,o 2 ,nto 
ST(O) ESCAPE 0 0 0 0 0 18-24 

FLDLN2 = LOAD log.2 into ESCAPE 0 0 0 0 17-23 
ST(O) 

Arithmetic 
FADD = Add'tion 

Inleger/Aeal Memory w,th ST(O) ESCAPE MF 0 MOD 0 0 0 AIM [ DISP 
-, 

90-120 108-143 95-125 102-137 .! 

ST(,) and ST(O) ESCAPE d P 0 1 1 0 0 0 ST(,) 70-100 (Nole 1) 

FSUB = Subtract,on 

Integer/Aeal Memory w,th ST(O) ESCAPE MF 0 MOD 0 A AIM [ DISP I 90-120 108-143 95-125 102-137 
-! 

ST(,) and ST(O) ESCAPE d P 0 1 1 0 A A/M I 70-100 (Note 1) 

FMUL = Multiplication 

Integer/Aeal Memory with ST(O) ESCAPE MF 0 MOD 0 0 AIM [ DISP 
, 

110-125 130-144 112-168 124-138 
.! 

ST(,) and ST(O) ESCAPE d P 0 1 1 0 0 AIM 90-145 (Note 1) 

FDIV = Division -I -, 
Integer/Aeal Memory w,th ST(O) ESCAPE MF 0 MOD A A/M DISP 

.! 
215-225 230-243 220-230 224-238 

ST(i) and ST(O) ESCAPE d P 0 1 1 A AIM I 193-203 (Note 1) 

FSQRT = Square Aoot of ST(O) ESCAPE 0 0 1 '0 0 180-186 

FSCALE = Scale ST(O) by ST(I) ESCAPE 0 0 1 32-38 

FPREM = Partial Aemalnder of ESCAPE 0 0 1 1 1 1 1 1 0 0 0 15-190 
ST(O) +ST(l) 

FRNDINT = Aound ST(O) to ESCAPE 0 0 1 1 1 1 1 1 1 0 0 16-50 
Integer 

210920-20 

NOTE: 
1. If P = 1 then add 5 clocks. 
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Table 6, 80287 Extensions to the 80286 Instruction Set (Continued) 

FXTRACT ~ Extract 
Components of St(O) 

FABS ~ Absolute Value of 
ST(O) 

FCHS ~ Change S.gn of ST(O) 

Transcendental 

ESCAPE 0 0 I 

ESCAPE 0 0 

ESCAPE 0 0 

I I I I 0 I 0 0 

o 0 0 0 

100 0 0 0 

Optional 
',18BII 

Dlaplacament 

FPTAN ~ Part.al Tangent of ~ 0 0 I 
ST(O) ---'---------' 

I I I I 0 0 I 0 

FPATAN ~ Part.al Arctangent ESCAPE 0 0 I 
of ST(O) -ST(1) L-_____ -'-________ -' 

I I I I 0 0 

F2XMl ~ 25T(0) _ I 

FYL2X = ST(1)' L092 
IST(O)l 

FYL2XPI = ST(1) • L092 
IST(O) +1 I 

Processor Control 

FINIT = Inillahze NPX 

FSETPM = Enter Protected 
Mode 

FSTSW AX = Store Control 
Word 

FLDCW = Load Control Word 

FSTCW = Store Control Word 

FSTSW = Store Status Word 

FCLEX = Clear Exceptions 

FSTENV = Store Environment 

FLDENV = Load Environment 

FSAVE = Save St.te 

FRSTOR = Restore State 

F.NCSTP = Increment Stack 
POinter 

FOECSTP = Decrement Stack 
Pointer 

ESCAPE 0 0 o 0 0 0 

ESCAPE 0 0 I 000 

ESCAPE o 1 1 o 0 

ESCAPE 000 

ESCAPE 0 o 0 o 0 

ESCAPE o o 0 0 I 
L-E_S_C_A_P_E_O_O_--1._M_O_D __ O __ R_'_M_-J[ ~ ~I~~ ~ J 
L-E_S_C_A_PE __ O_O_--1._M_O_D ____ R_'_M.:J ~ ~ ~I~~ ~ ~: 

ESCAPE 1 0 MOD 11 R'M I~~~I~~~J 
ESCAPE 0 1 1 

ESCAPE 0 0 MOD 

L-E_S_C_A_PE ___ O_--L_M_O_D __ O_O_R_'_M_--,[ ~ ~I~~~.J 

L...-E_SC_A_P_E __ O_--,,_M_O_D ___ O_R_'M_-..JC ~~~ ~.J 

I-E_S_C_A_PE ___ O_--L_M_D_D __ O_O_R_'_M_--,C ~~~.~ J 

ESCAPE 0 0 o 1 I 
ESCAPE 0 0 o o 

3-80 

CIDck CDunt Rang. 

27-55 

10-17 

10-17 

30-540 

250-800 

310-630 

900-1100 

700-1000 

2-8 

2-8 

10-16 

7-14 

12-18 

12-18 

2-8 

40-50 

35-45 

205-215 

205-215 

6-12 

6-12 
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Table 6_ 80287 Extensions to the 80286 Instruction Set (Continued) 

Clock Count Ran,. 

FFREE = Free ST(i) ESCAPE 1 0 1 1 1 0 0 0 ST(I) 

FNOP = No Operallon ESCAPE 0 0 1 I 1 1 0 1 0 0 0 0 

NOTES: 
1. if mod = 00 then DISP = 0·. disp-Iow and disp-high are absent 

if mod = 01 then DISP = disp-Iow sign-extended to 16-bits. disp-high is absent 
if mod = 10 then DISP = disp-high; disp-Iow 
if mod = 11 then rim is treated as an ST(i) field 

2. if rim = 000 then EA = (BX) + (SI) +DISP 
if rim = 001 then EA = (BX) + (DI) + DISP 
if rim = 010 then EA = (BP) + (SI) +DISP 
if rim = 011 then EA = (BP) + (DI) + DISP 
if rim = 100 then EA = (SI) + DISP 
if rim = 101 then EA = (DI) + blsP 
if rim = 110 then EA = (BP) + DISP 
if rim = 111 then EA = (BX) + DISP 
·except if mod = 000 and rim = 110 then EA = disp-high; disp-Iow. 

3. MF = Memory Format 
00-32-bit Real 
01-32-bit Integer 
10-64-bit Real 
11-16-bit Integer 

4. ST(O) = Current stack top 
ST(i) = ith register below stack top 

5. d = Destination 
O-Destination is ST(O) 
1-Destination is ST(i) 

6. P = Pop 
O-No pop 
1-Pop ST(O) 

7. R = Reverse: When d = 1 reverse the sense of R 
O-Destination (op) Source 
1-Source (op) Destination 

8. For FSQRT: -0 ,;;; ST(O) ,;;; + 00 
For FSCALE: -215 ,;;; ST(1) < +215 and ST(1) integer 
For F2XM1: 0 ,;;; ST(O) ,;;; 2-1 
For FYL2X: 0 < ST(O) < 00 

-00 < ST(1) < +00 
For FYL2XP1: 0 ,;;; IST(O)I < (2 - v'2)/2 

- 00 < ST(1) < 00 
For FPTAN: 0 ,;;; ST(O) ,;;; 'Tr14 
For FPATAN: 0 ,;;; ST(O) < ST(1) < + 00 

9. ESCAPE bit pattern is 11011. 

DATA SHEET REVISION REVIEW 

9-16 

10-16 

210920-22 

The following list represents the key differences between this and the -006 80287 Data Sheet. Please review 
the summary carefully. 

1. The CLK speed table in the section entitled "SYSTEM CONFIGURATION WITH 80286" was modified to 
show the required CLK frequencies in the divide-by-3 mode (CKM = 0) for the 287 speeds tabulated. 

2. Obsolete components were replaced with readily available components in Figure 4A. 

3. In the AC TIMING REQUIREMENTS table. the timing symbols, T AVRL and T AVWL were reversed in order to 
match the parameter description. 
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ADVANCED DIRECT MEMORY ACCESS COPROCESSOR 

(ADMA) 
• High Performance 16 Bit DMA 

Coprocessor for the 80386, 80286 and 
80186 Families 
-8 MByte/sec Maximum Transfer Rate 

in 8 MHz 80286 Systems 

• Four Independently Programmable 
Channels 

• Multiplexor Channel Capability to 
Support Up to 32 Subchannels 

• On Chip Bus Interface for the Whole 
8086 Architecture 
-80286 
-80186/188 
-8086/88 

• Command Chaining for CPU 
Independent Processing 

INTRODUCTION 

• Automatic Data Chaining for Gathering 
and Scattering of Data Blocks 

• 16 MByte Addressing Range 

• 16 MByte Block Transfer Capability 

• "On the Fly" Compare, Translate and 
Verify Operations 

• Automatic Assembly/Disassembly of 
Data 

• Programmable Bus Loading 

• 6 and 8 MHz Speed Selections 

• Available in 68-Pin LCC and PGA 
Packages 
(See Packaging Spec. Order #231369) 

Intel's 82258, Advanced Direct Memory Access Coprocessor is a high performance, 16 bit DMA processor 
optimized for the 80286, 80186 and the 8086 families of CPUs and compatible with 80386 CPU. It has on-chip 
bus interface for the whole 8086 family architecture. Four high speed, independently programmable DMA 
channels can achieve a maximum cumulative transfer rate of 8 MByte/sec in an 8 MHz 80286 system and 
4 MByte/sec in 8 MHz 8086/80186 systems. Channel 3 can be used as a Multiplexor channel, whereby, it 
supports 32 subchannels. This flexibility allows one to use a single DMA channel to handle a large number of 
slow and medium speed I/O devices. Advanced capabilities like Command and Data chaining and "On the fly" 
operations allow the 82258 to remove the I/O management load from the processor. The 82258 addresses 
the full 80286 CPU memory (16 MB for 80286), thus simplifying the system design. Automatic assembly/disas
sembly of data allows 16 bit processors to interface with common 8 bit peripherals and vice-versa. Remote 
mode of operation, where the 82258 has its own resident bus, allows modular system design. The 82258 
complements the high performance, multitasking capabilities of the 80286. 
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Figure 1. 82258 Internal Block Diagram 
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FABRICATION 

The 82258 is a 68 pin device, fabricated in Intel 
HMOS II technology. It is packaged in JEDEC type A 
hermetic leadless chip carrier and pin grid array. 

Pins of the 82258 have different definitions for differ
ent modes. 286 and remote modes have the same 
non-multiplexed bus structure and similar pin de
scriptions. Similarly, the 186 and the 8086 modes 
have multiplexed bus and Similar pin description. 

PIN DEFINITIONS AND FUNCTIONS . PINNING IN THE 286 MODE' 

The 82258 has four operational modes 

- 286 

In the 286 mode, the bus Signals and the bus timings 
of the 82258 are the same as those of the 80286 
processor. The processor can access the internal 
registers of the 82258 and these accesses must be - 186-for the 80186/88 and the 8086188 (Min. 

, supported by the bus Signals. Therfore, some of the 
bus control signals are bidirectional and some addi
tional bus control signals are necessary. 

mode) CPUs 

- 8086-for the 8086/88 (Max. mode) CPUs 

- Remote 

Component Pad View· As viewed from underside of component 
when mounted on the board 

P.C. Board VIew • As viewed from the component side of the P.C. 
board 

PGA, 

35 37 39 41 43 A5 47 49 51 

@@@@@@@@@ 
36 53 

34 @ €> @ (§) @@ @ @ @ @ €> 52 
32 @ @3~l 40.42 4446 48 535@ @ 54 

30 @ @31 57@ @ 56 

28 @ @29 ' 59@ @ 58 

26 @ @27 82258 61@ @ 60 

24 @ .@25 63@ @ 62 

22 @ @23 65@ @ 64 

20 @ @2ls 14 12 10 8 6 f@ @ 66 
18 @ @) @ (@) @ @ @ @ @ @>.' @ 68 

19 ' 2 
@@@@@@(§)@@ ~ 

1715 13 11 9 7 5 3 1 

Bottom, View 

Figure 2. Pin Configuration In 286 Mode 
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Table 1. Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) 

Pin 
Identical 

Symbol Type In Functions 
Input (I) Number All MOdes 

Output (0) 

BHE I/O 1 YES BUS HIGH ENABLE indicates transfer of data on the upper 
byte of the data bus, 015-08. Eight bit devices assigned to 
the upper byte of the data bus would normally use BHE to 
condition chip select fulletion. BHEis active LOW and 
floats to Tri-5tate OFF when the 82258 does not own the 
bus. 

BHE and AD Encoding 

BHE AD 
Function 

Value Value 

0 0 Word Transfer (015-00) 
0 1 Byte Transfer on upper half of data 

bus (015-08) 
1 0 Byte Transfer on lower half of data 

bus (07-00) 
1 1 Odd a:tldress.ed byte on 8 bit 

bus (07-00) 

AD I 2 NO READ command in conjunction with chip select (C5) 
enables reading out of the 82258 register, addressed by 
the address lines A7-AO. AD is an active LOW signal and is 
asynchronous to the 82258 clock. 

WR I 3 NO WRITE command along with C5 is used for writing into the 
82258 registers. WR is an active LOW signal and is 
asynchronous to the 82258 clock. 

OREQ3-DREQO I 4-7 YES DMA REQUEST input signals are used for externally 
synchronized DMA transfers. If channel 3 is used as a 
Multiplexor channel, OREQ3 is defined as I/O Request 
(lOREQ) signal. These signals are active HIGH signals and 
are asynchronous to the 82258 clock. Unused OREQn 
lines should not be left floating, but should be tied inactive 
toVss· 

C5 I 8 NO ·CHIP SELECT is used to enable a processor to access the 
82258 registers. This access is additionally controlled 
either by bus status signals or by the Read or Write 
command signals. C5 is an active LOW signal, 
asynchronous to the 82258 clock. 

READY I 10 NO BUS READY terminates a bus cycle. Bus cycles are 
extended without limit until terminated by an active READY. 
READY is an active LOW, synchronous input, requiring set 
up and hold times relative to system clock to be met for 
correct operation. 

51,50 I/O 11,13 YES BUS CYCLE STATUS signals control the support circuitry. 
The beginning of a bus cycle is indicated by 51, or SO, or 
both going active: The termination of a bus cycle is 
indicated by all the status signals going inactive in the 186 
mode or the bus ready (READY) going active in the 286 
mode. Both ~ & 51 are active LOW signals. ~, 51 along 
with 52 (in the 186 mode) or MilO (in the 286 mode) define 
the type of bus cycle. 52 and M/ra have the same meaning 
but, in the 186 mode 52 signal can be active only when at 
least one of 51 and SO is active, whereas in the 286 mode 
the M/ra signal is valid with the address on address lines. 
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Table 1. Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) (Continued) 

PI" Identical 
I, Symbol Type In Function. 

Input (I) Number All Mode. 
Output (0) 

The 82258 Bus Cycle Statu. Definitions 
(82258 Local Bus Master, All Signal. (0» 

M/iO Sf SO Bus Cycle Initiated 
orS2 

0 0 0 Read IIO-Vector 
(For Multiplexor channel) 

0 0 1 Read from 1/0 space 
0 1 0 Write into 1/0 space 
0 1 1 None. (Does not occur 

in the 186 mode). 
1 0 0 None. (Does not occur) 
1 0 1 Read from memory space 
1 1 0 Write into memory space 
1 1 1 None; not a bus cycle 

When the 82258 is not a bus master of the local bus, the 
status Signals are used as inputs for detection of 
synchronous accesses to the 82258. 

Interpretation of the Status and CS Signals 
by the 82258 

(82258 Slave, All Signals (I» 

~ Sf SO Interpretation 

1 X X 82258 not selected 
(No action) 

0 0 0 No 82258 access 
(No action) 

0 0 1 Read from an 82258 register 
0 1 0 Write into an 82258 register 
0 1 1 Not a bus cycle· 

, .: The 82258 is selected but no synchronous access is 
activated. The 82258 monitors AD and WR signals for 
detection of an asynchronous access. 

CLK I 12 NO SYSTEM CLOCK provides the fundamental system timing. It ' 
is divided by two to generate the 82258 internal clock. eLK is 
an active HIGH Signal which can be connected directly to the 
82284 eLK output. The internal divide-by-two circuitry is 
synchronized to the external clock generator by a LOW to 
HIGH transition on the RESET input, or by first HIGH to LOW 
transition on the Status Input SO or 5'f after RESET. 

M/io 0 14 NO MEMORY /10 SELECT disting~ishes between memory and 
1/0 space addresses. 

RESET I 15 YES SYSTEM RESET forces the 82258 to the initial state. RESET 
is an active HIGH Signal and must be synchronous to the 
system clock. Reset must be activated for at least 16 eLK 
cycles. 
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Table 1. 'Pin Description for the 286 Mode (Also Contains Pins Identical in Other Modes) (Continued) 

Pin 
Identical 

Symbol Type In Functions 
Input (I) Number All Modes 

Output{O) 

HOLD 0 16 NO BUS HOLD REQUEST AND HOLD ACKNOWLEDGE 
HLOA I 17 control ownership of the local 82258 bus. When active, 

HOLD indicates a request for the control of the local bus. 
'HOLD goes inactive when the 82258 relinquishes the bus. 
HLOA, when active, indicates that the 82258 can acquire 
the control of the bus. When HLDA goes inactive, the 
82258 must relinquish the bus at the end of its current 
cycle. HLDA may be asynchronous to the system clock. 
Both HOLD and HLDA are active HIGH signals. 

015-00 110 18-25, NO DATA BUS is the bidirectional 16 bit bus. For use with an 8 
27-34 bit bus, only the lower 8 data lines 00-07 are relevant. The 

data bus is active HIGH. 

AD-A7 1/0 35-42 NO ADDRESS LINES AD-A7 are the lower 8 address lines for 
DMA transfers. They are also used to input the register 
address when the processor accesses an 82258 register. 
All lines are active HIGH. 

A8-A23 0 44-59 NO ADDRESS LINES A8-A23 form the remainder of the 
82258 address bus. Address bus is active HIGH. Pin A21 
must have a pull-up resistor (n 10k OJ connected to It 
to ensure that it is high during reset. 

OACKO-OACK3 0 61-64 YES DMA ACKNOWLEDGE signal acknowledges the requests 
of the corresponding DREQ signal. DACKi goes active 
when the requested transfers are performed on the 
channel i in response to a OREQi. If channel 3 is in the 
multiplexor mode, OACK3 is defined as 1/0 acknowledge 
(IOACK). These signals are active LOW. 

EOOO-E003 1/0 65-68 YES END OF DMA signals are open drain drivers Y'ith internal 
high impedance pull up resistors (an external pull-up 
resistor is required) and can be used as quasi-bi-directional 
lines. These signals are active LOW. 
As OUTPUTs the signals are activated (if enabled) for two 
T -STATE cycles at the end of the OMA transfer of the 
corresponding channel or they are activated under 
~am control (End of DMA output or interrupt output). 
EODs acts as "End of OMAn level triggered INPUTs if the 
signals are held high internally but forced low by the 
external Circuitry for at least 250 ns. The current transfer is 
aborted and the 82258 continues with the next command. 
EOD2 can also be used as a common active high interrupt 
Signal (INTOUT) for all four channels. In this mode, this 
signal is a push-pull output and not an open drain output. 
Other EODi pins may still be used in their regular 1/0 mode. 

Vss I 9,43 YES SYSTEM GROUND: 0 Volt. 

Vee I 26,60 YES SYSTEM POWER: + 5V Power Supply Pin. 
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PINNING IN THE 186 MODE 

The 80186 has a multiplexed bus structure. Therefore, many 82258 pins have different meaning in the 186 
mode than in the 286 mode. Since the 80186 has 20 address lines compared to 24 for the 80286, the 4 extra 
lines are used to generate additional bus control signals. The following table gives the details of pins having 
different meaning in the 186 mode compared to the 286 mode: 

Component Pad View - As viewed from underside 01 component 
when mounted on the board 

P.C. Board View - As viewed lrom the component side 01 the P.C. 
board 

PGA 

35 37 39 41 43 45 47 49 51 

@)@)@)@)@)@)@)@@) 
36 ·53 

34 @) @@@)@) @)@)@)@)€) @ 52 
32 @)@J.ll 40 42 44 46 48 585@) @) 54 

30 @) @)31 57(§) @> 56 

28 @) @)29 59@) @ 58 

26 @) @)27 82258 61@) @ 60 

24 @) @)25 63@) @ 62 

22 @) @)23 65 (§) <e) 64 

20 @) @)2l6 14 12 10 8 6 f<e> @) 66 
18 @) @) @) @) @) @) @) @) @) @) @) 68 

19 2 
@)@)@)@)@)@)@)@)@) / 

17 15 13 11 9 7 5 3 1 

Bottom View 

Figure 3. Pin Configuration In the 186 Mode 
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Table 2. Changes in Pin Description in the 186 Mode: (Compared to the 286 Mode) 

Pin 

Symbol Type Functions 
Input (I) Number 

Output (0) 

AD,WA I/O 2,3 READ, WRITE In the 186 mode, the AD & WA pins are used 
additionally as output pins to support the 80186 or the 8086 
minimum systems. These signals are active lOW. 

ALE 0 58 ADDRESS LATCH ENABLE signal provides a strobe to separate 
the address information on the multiplexed address·data lines. 
ALE is an active HIGH signal. 

DEN 0 56 DATA ENABLE signal is used for enabling the data transceiver, 
8286/8287. DEN is an active lOW signal. 

DT/A 0 57 DATA TRANSMIT/RECEIVE signal controls the direction of data 
flow through the external data bus transceiver, depending on 
whether a read, or a write bus cycle is performed. This pIn must 
have a pul/up resistor connected to it to ensure that it is high 
during reset. 

SAEADY I 10 SYNCHRONOUS READY input signal must be synchronized 
externally. Use of this pin permits a relaxed system and timing 
specification by eliminating the clock phase, required for resolving 
the signal level, when using AAEADY input. SAEADY is an active 
HIGH signal. 

ClK I 12 SYSTEM CLOCK input gets a prescaled signal from the 186 
clock (ClKOUT) or the 8086 clock (50% duty cycle for 186 and 
33% duty cycle for 8086). No internal prescaling is done. ClK is 
an active HIGH signal. 

52 0 14 STATUS SIGNAL along with SO and S1 provides the bus cycle 
description (for details see 286 mode pin description of SO and 
S"f). 

ADO-AD15 I/O 18-25 ADDRESS/DATA BUS signals ADO-AD15 contain multiplexed 
27-34 lower address and data information. Also, the demultiplexed 

AO-A7 I/O 35-42 address information is available on address pins AO-A 15. 
A8-A15 0 44-51 

A16/S3-A19/S6 0 52-55 ADDRESS PINS A 16-A 19 are multiplexed with additional status 
information on the bus cycle. These pins are active HIGH. 
Signals S5 and S6 provide information on the status of the bus 
cycle. During an active bus cycle, S6 is always high and S5 always 
low. low 56 implies a processor bus cycle. 
Signals S4 and S3 give the channel number for the running bus 
cycle as follows: 

S4 S3 Channel Number 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

AAEADY I 59 ASYNCHRONOUS READY is an asynchronous bus ready signal. 
The rising edge is internally synchronised. During reset, AAEADY 
must be low to enter the 82258 into the 186 mode. AAEADY is an 
active HIGH signal. 
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PINNING FOR THE 8086 MODE 

For the 8086 MIN configuration the ~ning is identical to the 186 mode. For the 8086 MAX configuration, the 
bus arbitration is done via the RQ/GT protocol. Otherwise, the function of pins is identical to the 186 mode. 

Component Pad View· As viewed from underside of component 
when mounted on the board 

P.C. Board View· As viewed from the component side of the P.C. 
board 

Symbol 

RQ/GT 

HLDA 

PGA 

35 37 39 41 43 45 47 49 51 

@)@)@)@)@)@)@)@)@) 

34 @)3~ @) @) @) @) @) @) @) @)53@) 52 

32 @) @)3~8 40 42 44 46 48 Sfs@) @) 54 

30 @) @)31[J57@) @) 56 
28 @) @)29 59@) @) 58 

26 @) @)27 82258 61 @) @) 60 

24 @) @)25 . 63@) @) 62 

22 @) @)23 65@) @) 64 

20 @) @)2/6 14 12 10 8 6 f@) @) 66 
18 @)lfPJ @) @) @) @) @) @) @) @)2 @) 68 

@) @) @) @) @) @) @) @) @) ,I 

17 15 13 11 9 7 5 3 1 
Bottom View 

231263-4 

231263-56 

Figure 4. Pin Configuration in the 8086 (Max) Mode 

Table 3. Changes In Pin Description In the 8086 (Max) Mode 
(Compared to the 186 Mode) 

Pin 

Type Functions 
Input (I) Number 

Output (0) 

I/O 16 REQUEST/GRANT implements a one line communication 
protocol to arbitrate the use of the system bus; normally done 
via HOLD/HLDA. RQ/GT is an active LOW signal having an 
internal pull-up resistor. 

I 17 HOLD ACKNOWLEDGE has no meaning in the 8086 (Max) 
mode. It should be tied high for mode recognition during reset. 

3-89 



82258 

PINNING IN THE REMOTE MODE 

In the remote mode, most of the signals have the same function as in the 286 mode. Exceptions are noted in 
the follOwing table: ' 

Component Pad View • As viewed from underside of component 
when mounted on the board 

P.C. Board View· As viewed from the component side of the p, C, 
board 

lit .. ., 
DO .. ." .. 
." ... .. .,. .. ... 
lit ... 
07 .,. 

~.AAAAAA~~~~~"~~~~ Al. A,I . ~ III 
.17 A17 04 ~ DB 

D 
Al • Al' 01 ~ In .11 

:: 01 ~ : ... 
!21 A!1 ~ t 010 ... AU 01 ~ D3 ... AD oj ~ 011 ... '" ~ • vee 
iiiiili iiiii'1 ~ . " """ iiiCf'i . .. ~ • =-: ~ .. 

~ . . .. 
~ . !I!!!.i li!!i] .. ... , ... , ~ ~ 014 
" • 01 EDO. :1 llii3 j I ... 
"~,.~~~~~ ~~~~~~~~~T , . 

n illaill .. li 11111 ii ii IIII Ii PIN NO llW1K Illilliiii illll!lll .. illildi~ 

PGA 

35 37 39 41 43 45 47 49 51 
@@@@@@@@@ 

34 @36@ @ @ @ @ @ @ @ @53@ 52 
32 @ @3~8 40 42 44 46 46 5g5@ @ 54 

30 @ @31[J57@ @ 56 
28 @ @29 59@ @ 58 

26 @ @27 82258 61@ @ 60 

24 @ @25 63@ @ 62 

22 @ @23 65@ @ 64 

20 @ @216 14 12 10 8 6 2'@ @ 66 
18 @1~ @ @ @ @ @ @ @ @2 @ 68 

@@@@@@@@@ 

17 15 13 11 9 7 5 3 1 

Bottom View 
231263-57 

Figure 5. Pin Configuration in Remote Mode 
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Table 4 Changes In Pin Description in the Remote Mode (Compared to the 286 Mode) 

Pin 

Symbol Type Functions 
Input (I) Number 

Output (0) 

CS I 8 CHIP SELECT has two functions in the remote mode. As in 
the 286 mode, CS enables access to the 82258 internal 
registers. In addition CS works as an Access Request Input. 
When forced LOW, it signals to the 82258 that another bus 
master needs access to the local bus of the 82258. The 
82258 releases the bus as soon as possible and si~ls it to 
the CPU by activating BREL (Bus Release) output. CS is an 
active LOW signal. 

BREL 0 14 BUS RELEASE Signal is used to indicate when the 82258 
releases control of the resident bus. 

HOLD 0 16 HOLD & HOLD ACKNOWLEDGE signals are used 
HLDA I 17 only for access to the system bus. They are connected to the 

bus arbiter (Le., 82289). Resident bus accesses are directly 
executed without the HOLD/HLDA sequence. 

3-90 



inter 82258 

FUNCTIONAL DESCRIPTION 

The 82258 is an advanced DMA coprocessor for the 
8086 family architecture. In addition to providing 
high speed DMA transfers (8 MByte/sec in an 
8 MHz 80286 and 4 MByte/sec in 8 MHz 80186/86 
systems), the 82258 takes I/O processing load off 
the CPU, thus improving overall system perform
ance. The 82258 has advanced features not'found 
In the previous generation DMA controllers: multiple
xor channel, command & data chaining and 'on the 
fly' data manipulation operations. . 

MODES OF OPERATION 

The 82258 has a number of different modes of oper
ation based upon its coupling with the CPU (tight or 
loose) and its adaptive on-chip bus interface (the 
286 bus or the 186 bus). 

Figure 6 shows the different operating modes of the 
82258 and the CPUs it can interface with in those 
modes. Figure 7 shows how to configure the 82258 
into these· different modes. 

211 
MODE 

IIEMIII1! 
MODE 

LOCAL MODE 

In this mode the 82258 shares the local bus and all 
the support/control devices with the CPU. Because 
of its on-chip bus interface, the 82258 can be direct
ly coupled to the whole 8086 family of microproces
sors. 

BUS INTERFACE 

NON-MULTIPLEXED MULTIPLEXED 
BUS BUS 

LOOSE 
(REMOTE MODE) 

TIGHT 
(LOCAL MODE) 

80386 
80286 
80186 
80188 
8086 
8088 

, 
80286 

(286 MODE) 

DOES 
NOT 

EXIST 

80186 
80188 
8086 
8088 

(186/86 MODE) 

"231263-52 

Figure 6. Operating Modes tor the 82258 

,. 
MOllE -"MOllE 

I lUI WIDTIt r.-, ... rrr:::t 
L.:..J L...::--1 

231263-6 

Figure 7. Selecting ModeS of Operation 
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286 System 

The configuration in Figure 8 shows the 82258 in the 
local mode (286 mode) in an 80286 system which 
includes the Numeric Processor Extension, 80287. 
The 286 mode is selected during reset (Figure 7). In 
this mode the 82258 supports the non-multiplexed, 
pipelined 286 bus. The DMA coprocessor resides on 
the processor's local bus (physical pins of the 
80286) and shares al,l the support circuits: latches, 
trancelvers, bus controller and arbiter, clock genera
tor etc. By residing on the 286 bus, the 82258 
achieves maximum data transfer rate; up to 8 
MByte/sec at 8 MHz for single cycle transfer. 
HOLD/ HLDA protocol is used for bus exchange be
tween the 80286 and the 82258. The 82258 can be 
programmed to handle b9th internal and external 
terminate conditions. Internal termination is pro
grammed in the command block (in type 2 command 
as explained later). External termination is handled 
by the EOD (end of DMA) pins if they are enabled. 
Interrupts for the CPU are handled by an interrupt 
controller (~8259A) which receives the end of 
DMA' pins (EOD 0~3) as interrupts. The multiplexor 
channel uses external 8259As to prioritize and arbi
trate service requests between peripherals (Figure 
13). 

To link this system to the MUL TIBUS@ bus architec
ture another set of latches, tranceivers, bus control
lers and a bus arbiter (I.e., 82289) as shown in Fig
ure 11 (for remote mode configuration) are needed. 

186/188 (8086/8088 Min) Systems 

The 82258 can be configured into the 186 mode dur
ing reset (Figure 7). In this mode it supports the 
80186 and the 8086 (Min) processors. It can be pro
grammed to support the 80188 and the 8088 (Min) 
by programming the bus width in General Mo~e 
Register (GMR). Figure 9 shows the 82258 used In 
an 80186 system containing the 8087 numeric co
processor. This system uses the 8086 bipolar sup
port components: latches, transceivers and the bus 
controller (8288). The Integrated Bus Controller 
(82188) links the 80186 to the 8087. The 82188 is 
also used to support the 82258, since the 80186 has 
only one set of bus exchange signals (HOLD/ 
HLDA). An interrupt controller (8259A) processes 
the EOD signals for the CPU. 

In the 186 mode, the 82258 directly supports the 
80186/8086 bus with 16 address bits internally mUl
tiplexed into the data lines (AD15-ADO). The address 
pins A 19-A 16 are multiplexed with the status lines 
S6-S3. The address pins A22-A20 (in the 286 mode) 
are used to generate the control signals ALE, DEN 
and DT /R (in the 186 mode). The A23 pin (in the 
286 mode) serves as an asynchronous ready input 
AREADY (in the 186 mode). As a master in the 186 

mode, the 82258 offers address lines A 15-AO as 
latched outputs and shares all the 186/8086 support 
components with the processor. 

8086/88 Systems 

The 82258 is configured into the,8086 mode during 
reset (Figure 7). In this mode the 82258 supports 

, 8086/88 in the maximum mode and uses the 
RQ/GT protocol for the processor - DMA coproces
sor bus exchange. The 8087 can be supported in the 
system without requiring the integrated bus control
ler, 82188. To support the 8088 system in the maxi
mum mode, the General Mode Register is pro, 
grammed for 8 bit bus width. Figure 10 shows the 
82258 in an 8086 system containing the 8087. The 
system configuration is very similar to the 80186 
system in Figure 9. 

REMOTE MODE 

The 82258 is configured to be in the Remote Mode 
(Figure 7) by programming the General Mode Regis
ter (RM bit), after putting the 82258 in the 286 mode 
during the reset. The 82258 has the bus timings and 
signals compatible to the 286 bus. 

In the remote mode, the ADMA can access two 
16 MByte address spaces normally called the resi
dent space and the system space. The ADMA does 
not distinguish between accessing an I/O device 
and accessing a memory in the remote mode, so 
either peripheral or memory can belong to either of 
the two spaces. 
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In the remote mode, the 82258 is the sole local bus 
(resident bus) master and interfaces to the proces
sor through the system bus (using a bus arbiter). 
Therefore, the 82258 can work in parallel with the 
processor. The remote mode is useful for a modular 
I/O subsystem. 

Figure 11 shows the 82258 configured in the remote 
mode of operation. The peripherals interface to the 
82258 on the resident bus. The resident bus compo
nents are similar to the ones used for the 286 syS" 
tem. Additional support components are used to 
interface the 82258 to a system bus e.g. the MUL TI
BUS. The 82258 communicates with the CPU 
(80286) over the system bus. 

Since the 82258 is the only master of the local/resi
dent bus, it can start the local bus cycles without any 
bus arbitration. For system bus accesses, a dead
lock can arise if: 

- The 82258 occupies the local bus to gain access 
to the system bus and 

- The CPU (80286) occupies the system bus to 
gain access to the 82258 (through its local bus) 
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Figure 10. 82258 in an iAPX 86 System 

To prevent this deadlock, for the system bus ac
cesses the 82258 does not occupy the local bus 
until it has the system bus. Therefore, in the remote 
mode, the 82258 initiates all system bus accesses 
(and only these) through the HOLD/HLDA protocol. 
The local bus arbitration (for the CPU) is done 
throlJgh the C5 and the BREL lines. 

COMMUNICATION MECHANISMS 

CPU -+ 82258 COMMUNICATION 

Communication from the CPU to the 82258 is two
fold: 

- 50me 82258 registers receive the main com
mands from the CPU, through the slave interface 
of the 82258. Access to the 82258 is either syn
chronous (usin9..Q5, 51, 50) or asynchronous 
(using C5, RD, WR; 51 = 52 = 1). 

Most of the data is transferred via the control 
space in the memory in terms of organization 
blocks e.g. command blocks and multiplexor ta-
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ble. Control space can lie in the memory space 
or the memory mapped 110 space (system or 
resident space for the remote mode) and can be 
dynamically changed with every start channel 
command. 

The CPU communicates with the 82258 by deposit
ing data in the memory and into the on-chip registers 
of the 82258. The CPU can access the 82258 gener
al registers and status registers, and can start a 
channel by writing the proper command to the gen
eral command register (GCR). The 82258 will then 
read the data from the memory command block and 
set itself up. 

Slave Interface 

The slave interface of the 82258 is used by the CPU 
to ,access the 82258 internal registers. Although 
most of the CPU to 82258 communication is done 
through memory based data blocks, some direct ac
cesses to the 82258 registers are necessary. For 
example, during the initialization phase the general 
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Figure 11. 82258 In Remote Mode 

mode register (GMR) must be written to set up the 
62258 or, to start a channel the command pointer 
registor (CPR) and the general command register 
(GCR) must be loaded. During the system debug
ging phase, access to the 82258 internal registers is 
very important. 

The slave interface is enabled by the C8 input and 
consists of the following lines: . 

81, SO -Status Lines (inputs) 

RD, WR -Control Lines (inputs) 

A7-AO -Register Address (inputs) 

D15-DO -Data Lines (inputs/outputs)-(for the 
286 and the remote modes) 

AD15-ADO -Address/Data Lines (inputs/out-
puts)-(for the 186 and 8086 modes) 

In the 286 mode ~nd the 186/86 mode, two types of 
accesses are possible: 
- synchronous access through the status lines Si 

and SO 
- Asynchronous access using RD and WR 
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The register address must be supplied on the ad
dress pins A7 -AO, except for the synchronous ac
cess in the 186/86 mode. Address data lines AD7-
ADO are used for the register address information in 
case of a synchronous access in the 186/86 mode. 

In the remote mode, a synchronous access is not 
possible as the 82258 has to release its local bus to 
enable the CPU to access its registers. On receiving 
an access request (C8 input asserted), the 82258 
releases the local bus as soon as possible and sig
nals it by asserting the BREL line. Only then, can the 
CPU access the 82258 registers. 

82258 -+ CPU COMMUNICATION 

The 82258 to the CPU communication is also two
fold: 

Hardware based communication, using one or 
more EOD lines as interrupt request lines to the 
CPU. The CPU can then read the status registers 
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(and the interrupt vector register for the multi
plexor channel) and service the interrupt. 

- Control space based communication: At the end 
of a DMA transfer, the 82258 write!; the contents 
of the appropriate channel status register into 
the channel command block. Additionally, it may 
transfer some other information (e.g. the updat
ed source pointer) into the command status 
block. 

The 82258 updates its internal registers (e.g. the 
channel command pointer, the general status regis
ter etc.) for any CPU access. 

82258 - PERIPHERAL COMMUNICATION 

The DMA interface of the 82258 is used for its com
munication with the peripherals. It consists of three 
signal lines: 

DREQ -DMA Request 

DACK -DMA Acknowledge 

EOD -End of DMA 

DREQ and DACK control the externally synchroniz
ed DMA transfers. A burst of data is transferred for a 
continuous DMA request, as long as the request sig
nal is active. 

EOD lines, which are quasi-bidirectional, enhance 
the 82258-Peripheral communication link. First 
these can be used as inputs to the 82258 to receive 
an asynchronous external terminate signal to termi
nate a running DMA. As outputs, they can be used to 
interrupt the CPU and lor to signal a specific status 
to the peripheral (e.g. transfer aborted or, end of a 
block or, send/re,ceive next block .. ). In addition, the 
EOD output of channel 2 can be used as a collective 
interrupt output (INTOUT) for all the DMA channels 
while the other three EOD lines retain their normal 
function. 

An EOD output signal can be generated synchro
nous to a synchronising device at the last data trans
fer or, synchronous to the internal clock at the last 
destination cycle. An EOD can also be generated 
asynchronously through a Type 2 command. 

BUS ARBITRATION 

HOLD/HLDA Sequence 

These signals are used for the bus arbitration in the 
286 mode and the 186188 (8086/88 Min.) mode. 
Whenever the 82258 needs the bus, it activates the 
HOLD signal and the processor surrenders the local 
bus as soon as possible by asserting HLDA. The 
82258 performs the transfer and switches the HOLD 
to low. The processor takes the bus and switches 
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the HLDA to low. To force the 82258 to surrender 
the bus, the HLDA must be set to low. The. 82258 
will release the bus after the currently running bus 
cycle or the unseparable bus cycles. Unseparable 
bus cycles are: 

- The two 10 acknowledge bus cycles for the 
8259A PIC. 

- Word transfers on odd boundary addresses, real
ised by two bus cycles where each transfer is a 
byte. 

- Fetch of 24 bit address pointers out of the memo-
ry or restore of the pointers. 

- Read- modify- write the 8259A mask registers. 

The 82258 Signals the surrendering of the bus by 
floating the bus and removing the HOLD signal. If 
requests for bus cycles are present, the HOLD will 
go active after a delay of two T -states. 

RQ/GT Sequence 

RQ/GT protocol is used for the 8086/88 (Max.) 
Mode. The 82258 requests the bus by sendil]L a 
~uest pulse of one CLK period length, via the ROI 
GT signal, to the processor. The processor acknowl
edges it with a pulse on the same line. Then the 
82258 controls the bus. When surrendering the bus, 
it sends a release pulse on the RQ/GT line. 

CS/BREL Sequence 

This is used in the remote mode along with the 
HOLD/HLDA signals. HOLD/HLDA are used for 
system bus arbitration and CS/BREL for local bus 
arbitration (to allow the CPU to access the 82258 
~isters or the resident bus). The CPU asserts the 
CS signal to ask for the local bus and the 82258 
releases the bus as soon as possible by activating 
BREL. After the CPU has completed its access, it 
should set CS high. The 82258 deactivates BREL 
and proceeds with its own bus cycles on the local 
bus. 

NOTE: 
When the 82258 is not in possession of the bus, all 
output Signals are tristated except the following: 

HOLD (except in the RQ/GT protocol), DACKO
DACK3, EODO-EOD3, 
BREL (remote mode) and ALE (186 mode) 

CHANNEL CONFIGURATION 

The 82258 has four independently programmable 
DMA channels with their own register sets. All chan
nels can be used as high speed selector channels 
for achieving maximum transfer rate or channel 3 
can be used as a multiplexor channel to allow the 
82258 to interface to a large number of I/O devices. 
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Figure 12. 82258 Channel Configuration 
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The selector channels support synchronised and 
non synchronised transfers as well as advanced fea
tures like single cycle transfer, command and data 
chaining. Channel switching imposes no perform
ance penalty on the 82258. Programmable priority 
schemes alldw flexible multiple channel processing. 

MULTIPLEXOR CHANNEL 

Channel 3 of the 82258 can also be operated as a 
multiplexor channel supporting 'up to 32 ,subchan
nels. External 8259As are used to arbitrate and pri
oritize channel requests (Figure 13). Multiplexor 
channel allows command chaining but data chaining 
is not supported. ' 

As a multiplexor channel, channel 3 uses an exter
nal multiplexor table '(MT) in the memory to store 
separate command pOinters and, the PIC' (8259A) 
mask register locations for each device in that chan
nel. Each entry in the MT consists of 8 bytes; the 
first 4 give the command pOinter. for the subchannel 
and the second 4 the address of the mask register 
of the 8259A for that subchannel (Figure 14). 

After' ari I/O request from the 8259A, the 82258 
fetches' an 8 bit vector (device number) from the in
terruptcontroller (by the INTIINTA mechanism), left 
shifts it by three and, uses that as an offset into the 
multiplexor table with that entry pointing to the cur
rent subchannel command block. The 8259A should 
be programmed for AEOI mode. 

'", 

Each subchannel can have a subchannel program 
or a command chain. The command chain must be 
terminated by a stop and mask command (as op
posed to a stop command for a selector channel). 
Thr~ kinds of data transfers are possible: 
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Byte/Word One byte/word Is transferred per 
Multiplex: request. The source/destination 

pointer and the byte count fields 
of the command block are updat
ed. The command pointer is not 
advanced until the block transfer 
is terminated. Maximum cumula
tive data transfer rate of 275K 
Bytes/sec can be achieved for 
the channel. 

Single Transfer: Similar to the byte/word multplex. 

..... 

But, the command pointer is ad
vanced after each transfer, thus, 
executing command chaining. 

231263-12 ' 

Figure 13. Multlpl~xor Configuration 
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Block Multiplex The whole command block is ex
Transfer: ecuted and a block transfer made 

upon receiving a request. Such 
transfer is necessarily free run
ning or non-synchronized and is 
carried out at a maximum speed 
of 4 MByte/sec in an 8 MHz 
80286 system. After termination, 
the command pointer is ad
vanced (command chaining). 

The type 2 commands have the same function as for 
the selector channels (Table 6). A subchannel is 
stopped with a stop and mask command which must 
oCcur at the end of a command block chain. The 
82258 generates the interrupt (INTOUT) or EOO, if 

programmed. The 82258 automatically masks the 
request line on the 8259A by s$tting its mask bit. 
Thus no further requests can come from this sub
channel until it is enabled by the CPU. The 82258 
indicates the interrupted subchannel (vector) in the 
Multiplexor Channel Interrupt Vector Register 
(MIVR). The MIVR can be accessed by the CPU 
and, after reading the MIVR, the stop bit of the indi
cated subchannel is reset. If no channel 3 interrupt 
(EOD or programmed INTOUT) is enabled, the inter
nal interrupt flag is set by the stop and mask com
mand. Then the CPU checks the MIVR by polling, 
i.e., with each reference of this register, the CPU can 
read off the stopped subchannel vector that has the 
highest priority in queue until the NV (vector is not 
valid) bit in MIVR is set. 

l MULTIPLEXOR TAILE POINTER ON CHIP 
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Figure 14. Multiplexor Table 
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DATA TRANSFER AND 
MANIPULATION CONTROL 

SINGLE CYCLE AND TWO CYCLE TRANSFERS 

"fhe 82258 provides the flexibility to optimi~e the 
system design by allowing: . 

..:... Highest speed DMA transfers in the single cycle 
transfer mode. In this mode bytes or words (16 
bits) are ·transferred directly from ,.the. source to 
the destination without storing the data in the 
82258 registers (Figure 15). The single cycle 
transfer mode does not,' necessarily, mean one 
bus cycle for transfer (though most of the trans
fers require either a source or .a destination data 
cycle only). Maximum single channel or multiple 
channel transfer rate of 8 MByte/sec. in an 8 
MHz 80286 system (4 MByte/sec in 8 MHz 
80186 systems) is achieved in this mode. 

, . 

a) Single Cycle Transfer 

In the single cycle transfer mode, while the re
questing device is serviced (and addressed) us
ing DACK Signal, the pointer to the other location 
(memory or I/O) is issued and its bus cycle exe
cuted by the 82258. It is tile duty of the I/O de
vice to' know whether the cycle is a read cycle or 
a write cycle and, to generate its command Signal 
out of the bus command signals . 

Single cycle transfers mode is not allowed for the 
multiplexor channel. All single cycle transfer are 
externally synchronised and "On the fly" opera-
tions are' restricted (see Table 5). . 

- Maximum data manipulatiolJ operations in the two 
cycle transfer mode. The two cycle transfer mode 
does not, neyessarily, imply two bUll cycles, 
though most of the transfers consist of a fetch 
cycle from the source and a store cycle to the 
destination location. In this mode the source data 
is always stored in the 82258 registers before be
ing sent out to the destination. Although half as 

IIEMORY PERIPHERAL 
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< I > 
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BUS 1 BUS CYCLE/IRANSFER 
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Figure 1'5. Single/Two cycle Transfer 
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fast as the single cycle mode, a number of "On 
the fly" operations e.g., translation, make this 
mode extremely versatile. The two cycle transfer 
mode also allows automatic assembly and disas
sembly of the data, i.e., the data can be read as 
one 16 bit word and written as 2 bytes or vice
versa. It is useful for linking the 8 bit peripherals 
to a 16 bit system and vice-versa .. 

The two cycle transfer mode allows multiplexor 
channel operation and memory to memory trans
fers. Two special cases of two cycle data transfer 
are: 

Read Operation or, data transfer without a 
destination address (the data assembly regis
ter of the 82258 itself is the destination of the 
source data). Compare operations on the 
source data are possible (e.g. to test the 
status of a disk controller). 

Write Operation or, data transfer with no 
source address i.e., the source data is a byte 

or word constant (literal) in the data assembly 
register of the 82258 (loaded during the setup 
routine with a low word out of the source point
er field). The write operation can be used to 
erase a memory/peripheral data block (or pe
ripheral register) or to load it with a certain 
constant. 

CHANNEL COMMANDS AND COMMAND 
BLOCKS 

The 82258 controls the data transfer, with all its 
modifications, through the channel command 
blocks. These contain the channel command word 
and all the initial parameters for the data transfer 
execution. The channel start command from the 
CPU causes the 82258 to read the channel eom
mand block, with all its parameters from the memory 
and, to load them into the internal channel registers. 
The channel registers that are loaded via the com
mand blocks are: CCR, SPR, DPR, BCR, TTPR, 

Table 5. Data Manipulation Operations 

Single Two Byte/Word Block 
Operation Cycle Cycle Multiplex· Multiplex· 

Bus Cycles Required·· 

Masked Compare (Byte/Word) 2 2 2 2 
Verify N/A 2 N/A 2 
Verify and Halt N/A 2 N/A 2 
Verify and Save 2 F F F 
Translate F 3 3 3 
Transfer w/o Source or Destination F 1 1 1 

Operation Allowed 

Command Chaining Yes Yes Yes Yes 
List Data Chaining Yes Yes No No 
Linked List Data Chaining Yes Yes No No 
Assembly IDisassembly No Yes Yes Yes 
Source Synchronization Yes Yes Yes Yes 
Destination Synchronization Yes Yes Yes Yes 
Free Running No Yes Yes Yes 

: The multiplexor channel can only run in the two cycle transfer mode. 
: Actual number of bus cycles may vary depending upon address boundary, hardware wait state 

number, pointer modification direction etc. 
F : Fatal error is generated. 
Nt A : Not Allowed 
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LPR/MTPR, MASKR and COMPR (see the register 
description for details on these registers). After ex
amining the channel command for programming er
rors, the data block transfer is executed if no errors 
are detected. After the transfer termination, the rea
son for the termination is displayed in a word in the 
channel command block (channel status). Optional
ly, the last values of the source and the destination 
pointers and the byte count register may also be 
written out to the command block (constituting a 
status block if enabled). The CPU should not access 
the channel's control space while the channel is ac
tive (not stopped). 

There are two basic types of channel commands: 

Type 1 Channel Command-Data transfer Op
eration (Transfer Channel Command). 

Type 2 Channel Command-Control Operation 
(Organizational Channel Command). 

ON 
CHIP 

IN hlEhlORY 

A complete channel program consists of at least 
one channel command block with a type one com
mand and one type 2 command (stop). 

Type 1 Channel Commands And Command 
Blocks 

A command block always specifies a data transfer 
operation. The type 1 channel command defines the 
task to be performed by the channel (see the chan
nel command register for details). Simple block 
transfer is specified by the short channel command 
block (Figure 16), which also allows data chaining. 
For more complex operations, the standard block is 
expanded by a command and a block extension, 
forming a long channel command block (Figure 16). 
The command block is always pointed at by the 
command pointer. Each channel has its own com
mand pointer. Enabling of the status block (a bit in 
the channel command extension) extends the long 
channel command block by a status field of 12 byte 
length. This status field is loaded by the 82258 after 
the termination of the block transfer (Figure 16). 
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~: - a - I 
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~: -0- 1 : 
~.------- ------_. 231263-15 

Figure 16. Type 1 Command Block 
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Type 2 Channel Commands and Command 
Blocks 

The type 2 channel commands support the con· 
struction of channel programs by allowing opera· 
tions such as auto·initialization, conditional chaining 
or program controlled interrupts. Figure 17 shows 
the structure of the type 2 channel command blocks. 

The first word of the type 2 command block is the 
command and the second and the third may be an 
address. 

Most of the type 2 commands can be executed con· 
ditionally; only exception being the unconditional 
stop which on the multiplexor channel functions as 
the Stop and Mask command. The 4 termination 
conditions are given in the CSR. If more than one 
condition is specified, the conditions are ORed. A 
special flag in the command word (I flag) allows to 
invert the channel status register bits before they are 
compared with the termination conditions. Table 6 
gives the list of the different type 2 channel com· 
mands. 

The type 2 commands can also activate ~ogram 
controlled interrupt (INTOUT) and/or an EOD signal 
during the execution of a command (controlled by 
the ED and the IT flags). In ~e 2 command the 
EOD is an asynchronous EOD (compared to the 
type 1 EOD which is synchronous to the last data 
transfer). If the ED or the IT flag is set, the signal 
generation is unconditional, independent of the con· 
dition code. 

Table 6. Type 2 Channel Commands 

Command 
Relative Jump· 
Absolute Jump· 
Unconditional Stop 
(Stop and Mask Subchannel 

for multiplexor channel) 
Conditional Stop·· 

• : Both conditional or unconditional 
•• : The 82258 does not check if a selector channel only 

type 2 qommand Is used on the multiplexor channel, 
but its execution will lead to erroneous channel 
processing. 

15 o 
Type 2 Command 

Signed 16-bit Displacement - Relative JUMP 

-0-

Type 2 Command 

24·bit Pointer 
1---_-o::...;_c...:::..;,,;,;1 

- Absolute JUMP 

Type 2 Command - Conditional STOP 
t---=-_-o-_-----t- Unconditional STOP 
r-------~-------;-STOPandMASK 

- 0 - for MUX Channel 

Figure 17. Type 2 Command Block 
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COMMAND AND DATA CHAINING 

Command Chaining 

The 82258 allows chaining of the command blocks in the memory, for any channel, for sequential execution. 
Figures 16 and 17 show channel command blocks and Figure 18 shows the examples of command chaining. 
The 82258 gets the address of the command block from its on-chip command pointer (initialized by the CPU) 
and starts executing. When it comes to the end of one command, it automatically starts to fetch and execute 
the next command block until a stop command is found. Conditional and unconditional STOP and JUMP 
commands allow complex sequences of DMAs to be performed. 

Command chaining allows the 82258 to do CPU indepedent 1/0 processing, thus, saving valuable CPU time . 

.. 

( 
TYPE 1 DMA ( DMA lYPEl 

\~ 
""-.. JUMP 

lYPE 2 TYPE 2 STOP 

A) SIMPLEST DMA OPERATION B) AUTO-RELOAD DMA 

lYPE 1 

lYPE 2 
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/ ..... DIT_IO_N_"_M_ET_-t 

,. ________ ~ DMA 
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#2 
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EXTERNAL TERMINATE 

OR 
BYTE COUNT END 

C) cONDmONAL DMA OPERATION 

Figure 18. Command Chaining 
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Data Chaining 

Data chaining allows gathering and scattering of data blocks. The 82258 permits automatic, dynamic linking of 
the data blocks scattered in the memory. Each data block in a chain can be up to 64K bytes. Two types of data 
chaining are allowed: 

List Chaining: The chained data block descriptors are contiguous in a block which forms the data chain list 
(Figure 19). End of the chain is indicated by making the byte count field zero in the data chain list. List chaining 
is fast (1 microsecond between completion of one block transfer and going to the next element in the list, in an 
8 MHz 80286 system) but not very flexible. 

I COt.lt.lAND POINTER I 
---------------------;t------~~------------------. 
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Figure 19. Destination List Chaining of Data 
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Linked List Chaining: Each list element which describes a particular data block (location and length) also 
holds a pointer to the next list element to be processed (Figure 20). End of the chain is indicated by making the 
byte count field zero in the linked list. 

Linked list chaining is slower than the list chaining but the data blocks can be included, removed or, their 
sequence altered dynamically, through the link pOinter manipulation by the CPU. 
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15 TYPE 1 COMMAND 0 

LINKm LIST POINTER 

-0- I BYTE COUNT 

DESTINATION, POINTER DATA POINTER 

-0- I / -0- I 
NOT USED LINK POINTER 

-0- I DATA -0- I BLOCK 
CHANNEL STATUS # 1 

BYTE COUNT 

DATA POINTER 

-------
-0- I 

DATA 
LINK' POINTER 

BLOCK -0- I #2 

BYTE COUNT 

DATA POINTER 

1/ 
-0- I 

LINK POINTER 

-0- I DATA 
BLOCK 
#3 

BYTE COUNT=O j 
DATA CHAIN LINKED LIST 

231263-18 

Figure 20. Source Linked List Chaining 01 Data 
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"ON THE FLY" OPERATIONS 

The 82258 allows various data manipulation opera
tions during the transfer: 

Mask and Compare 

Allows comparison of each byte, word or bit field 
(masking) in source data with some given pattern. 
Data transfer can be terminated on a match or a 
mismatch depending upon the program. This is pos
sible both for the single and the two cycle transfer 
modes but, the transfer rate is halved in the single 
cycle mode. 

Verify 

No data transfer is performed, but the complete 
source data block is compared with a given data 
block. The data conversion can be terminated on 
mismatch (Verify and Halt). Supported only for the 
two cycle transfer mode. 

I. SOURCE POINTER 

I TRANSLATE POINTER t-
.--------~-------~ 

I TRANSLATED SOURCE POINTER 

. ----- -. I I 
I I 
I 0P1I0IIAL I 
I MASK-COMPARE I 
I I 
I I . _--- --_ . 

I OESTINATION POINTER 

82258 

Verity and Save 

The data block is transferred from source to destina
tion and in parallel compared with a given data 
block. The data transfer is not stopped on a mis
match. This operation is supported only for the sin
gle cycle transfer. 

Translate 

The source data (bytes) is translated with the aid of 
a translation table (Figure 21) before being sent to 
the destination. Translafion is supported for the two 
cycle transfer mode only. If the destination is 16 bits, 
the two translated source bytes are assembled in 
the DAR before the destination cycle is executed. 

Various 'on the fly' operations can be combined to 
allow the 82258 to perform versatile DMA opera
tions. 

V 

BY1E 

-$+ 

-r-
BY1E 

-~ 

... 

..I' 

~ 

SOURCE 
BI.OCI( 

TRANSLATE 
TAlll.E 
(MAX. 251 
BYlES LONG) 

DESTIN.t.11ON 
BLOCK 

231263-19 

Figure 21. Translate Operation 

3-107 



inter 82.258 

PRIORITY CONTROL 

The 82258 controls concurrent processing of its dif
ferent channels (and subchannels) and, the internal 
and the external requests through a flexible priority 
scheme. 

The PRI bits in the GMR are used to select the prior
ity scheme which can be fixed or variable or a com
bination of the two (see the GMR description for the 
details). The unseparable bus cycles (e.g., 24 bit 
pointers) are not. affected by the p~iority rotation. Ex
ternal 8259As determine the priQrities for the multi
plexed subchannels. 

The processing of the internal or the external re
quests is controlled by a fully nested priority system 
including all four channels. Since more than one re
quest can compete for the same channel, the re
quests are also prioritised in relation to their types as 
follows (in descending order of priority). 

- Channel Stop (Command from the CPU out of the 
GCR) 

- External ~nchronous termination request 
(through EOD) 

- Internal continue request on previously interrupt
ed sequence 

- Start or stop subchannel or multiplexor channel 

- Internal (without synchronization) or external 
(with synchronization) data service request or 10 
request for the multiplexor channel 

- Channel wait (idle) 

Data chaining and internal termination belong to the 
data service request processing, command chaining 
belongs to the termination processing. 

Slave operations, where the 82258 is addressed by 
the CPU, have the highest priority of all the activities. 

ADDRESSABILITY 

The 82258 has two address spaces like the 80286, 
the 80186/188 and the 8086/88 processors: 

- Memory space 

- I/O space 

Both the spaces are 16 MByte large for the 286/re
mote mode and 1 Mbyte for the 186/8086 mode. All 
types of transfers are possible: -

- Memory/Memory 

- I/O / I/O 

- Memory/I/O 

- I/O / Memory 

Either of the memory or the peripheral can lie in ei· 
ther of the two spaces. Each space can be indepen
dently 8 bit or 16 bit wide. All possible Even-Odd 
boundary address combinations are supported for 
the data transfer from source (8 bit or 16 bit) to des
tination (8 bit or 16 bit) in the two cycle transfer 
mode. The source and the destination pointers can 
be incremented, decremented or not modified at all 
(INC/DEC bits of type 1 channel command. in the 
CCR) after the corresponding data bus cycle. The 
82258 does not indicate or check an 'address out of 
range' condition. Address overflow and underflow 
during a block transfer results in an address wrap 
around. Maximum length of the data block can be 16 
MBytes in an 80286 system. In the 186/86 mode the 
maximum byte count is (1M-1). This is not checked 
by the 82258. 

SYNCHRONIZATION OF DATA TRANSFER 

The 82258 allows both the external synchronization 
of a DMA transfer (from a source or a destination 
device) or a free running DMA (internally synchroniz
ed). 

The external synchronization allows control of input! 
output operations in the cycle of thE'; peripheral de
vice, hence occupying the bus only when the periph
eral is able to receive or transmit data. 

Free running DMA (no external synchronization) is 
used for the memory to memory transfers, during a 
continuous DMA request or, in the block multiplex 
subchannel after the channel start. It is not support
ed for the single cycle transfer mode. 
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286 PROTECTION Figure 23 gives a layout of the registers. Note that all 
registers lie on even addresses. 

The 82258 needs special consideration to operate in 
an 80286 system in the protected mode. The 82258 
works only with the real addresses but it supports a 
protected mode 80286 system if the following condi
tions are fulfilled: 

- The 286 kernel software must check all the pro
tection rules during the set up routine for the 
82258 and perform the limit checks for the block 
transfers. This is supported by the 80286 instruc
tions e.g. VERR (verify Read Access), VERW 
(verify Write Access), LSL (load Segment Limit). 

- The 286 kernel has to translate the logical ad
dresses into the phYSical addresses. 

- All the 82258 registers should be memory 
mapped and access to them should be allowed 
only for a 286 kernel routine (task isolation). 

Normally an 1/0 utility routine is provided by the op
erating system to service the 82258. No direct user 
access should be allowed to the 82258 from the 
lower privilege levels. The real addresses can be 
generated only by using the 286 protection mecha
nism and are so checked against any protection vio
lation. 

82258 REGISTER MODEL 

The 82258 has three sets of registers (Figure 22): 

General Registers 
Channel Registers 
Multiplexor Channel Registers 

All registers can be read or written into by the CPU 
but, most are accessed only for the test purposes. 
The CPU loads some registers (e.g. General Mode 
Register) during the initialization after the reset, and 
others during the invocation of a channel (General 
Command Register). Some of the channel registers 
are programmed or read by the CPU but most of 
them are loaded by the 82258 itself during the setup 
routine after a channel start. All accessible registers 
can be accessed bytewise or wordwise by the CPU. 
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CPR 

SPR 

OPR 

TlPR 

LPR 

BCR 

CCR 

GENERAL R£GISI£RS 

15 ° 
OSR I STATUS 

GNR I IIOOE 

OCR COMMAND 

oaR BURST 

GDR DELAY 

7 ° 

CHANHEL REGISTERS (4 S£TS; 1 PER alANNEL) 

° __ OPOINT£1I 

SOURCE .POINTER 

DESTINATION POINlDI 

TRANSLATE TABLE POINTER 

UST POINlDI 

BYTE COUNT 

CHANNEL 00II_0 

IMSKR MASK 

COUPR COMPARE 

DAR ASSEMBLY/DISASSEMBLY 

15 CSR I alANNEL STATUS 

7 ° 
MULTIPLEXOR CHANNEL REGISTERS 

7 ° 
MIVR INlDIRUPT VECTOR 

LVR LAST VECTOR 

SCR SUBCHANNEL 

7 ° 231263-20 

Figure 22. 82258 Register Set 
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Address Bits Address Bits 7,6 Address Bits 
s-o S-O 

(hexadecimal) 00 01 10 11 (binary) 

0 GCR 000000 
2 SCR 000010 
4 GSR 000100 .. 
6 RESERVED 

RESERVED RESERVED RESERVED 
000110 

8 GMR 001000 
A GBR 001010 
C GDR 001100 
E RESERVED 001110 

10 CSRO CSR1 CSR2 CSR3 010000 
12 DARO DAR1 DAR2 DAR3 010010 
14 MASKRO MASKR1 MASKR2 MASKR3 010100 
16 COMPRO COMPR1 COMPR2 COMPR3 010110 
18 MIVR 011000 
1A 

RESERVED RESERVED RESERVED 
LVR 011010 

1C 011100 
1E 

RESERVED 
011110 

20 CPRLO CPRL1 CPRL2 CPRL3 100000 
22 CPRHO CPRH1 CPRH2 CPRH3 100010 
24 SPRLO SPRL1 SPRL2 SPRL3 100100 
26 SPRHO SPRH1 SPRH2 SPRH3 100110 
28 DPRLO DPRL1 DPRL2 DPRL3 101000 
2A DPRHO DPRH1 DPRH2 DPRH3 101010 
2C TTPRLO TTPRL1 TTPRL2 TTPRL3 101100 
2E TTPRHO TTPRH1 TTPRH2 TTPRH3 101110 

30 LPRLO LPRL1 LPRL2 LPRL3/MTPRL 110000 
32 LPRHO LPRH1 LPRH2 LPRH3/MTPRH 110010 
34 RESERVED RESERVED RESERVED RESERVED 110100 
36 RESERVED RESERVED RESERVED RESERVED 110110 
38 BCRLO BCRL1 BCRL2 BCRL3 111000 
3A BCRHO BCRH1 BCRH2 BCRH3 111010 
3C CCRLO CCRL1 CCRL2. CCRL3 111100 
3E CCRHO CCRH1 CCRH2 CCRH3 111110 

GCR = General Command Register MIVR . = Multiplexor Interrupt Vector Register 

SCR = Subchannel Register LVR = Last Vector Register 

GSR = General Status Register CPR = Command Pointer Register 

GMR = General Mode Register SPR = Source Pointer Register 

GBR = General Burst Register DPR = Destination Pointer Register 

GDR = General Delay Register TTPR = Translate Table Pointer Register 

CSR = Channel Status Register LPR = List Pointer Register 

DAR = Data Assembly Register MTPR = Multiplexor Table Pointer Register 

MASKR = Mask Register BCR = Byte Count Register 

COMPR = Compare Register CCR = Channel Command Register 

L = Low Word 0,1,2,3 = Channel Number 

H = High Byte 
Figure 23. Layout of Register Addresses 
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GENERAL REGISTERS 

These registers are common to all the channels. 

General Mode Register (GMR) 

This is the first register to be programmed after the reset since it describes the 82258 environment. Here the 
system wide parameters are specified. The 16 bit register is loaded bytewise with the low byte being pro
grammed first. 

15 14 13 9 7 3 2 

EN 
MINT CYC 

0 CI 
3 I 2 I 0 

PRI 

3 I 2 1 I 0 

CON RM 
1 

, It " , 

Figure 24. General Mode Register 
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o 

I/O MEW 
(RES) (SYS) 
BUS BUS 

, , 

L PHYSICAL BUS WIDTH 

0- 8 BIT 
1 - 16 BIT 

REMOTE MODE ENABLE 

o - LOCAL MODE 
1 - REMOTE MODE 

MODE OF CHANNEL 3 

o - NORMAL CHANNEL 
1 - MULTIPLEXOR CHA NNEL 

TRANSFER TYPE 

0- TWO CYCLE 
1 - SINGLE CYCLE 

CHANNEL PRIORITY 

00 - ALL FIXED, CH.O 
HIGHEST 

01 - CH.O,I,2 ROTATIN G, 
CH.3 FIXED (LOW EST) 

10 - CH.O,1 ROTATING 
(HIGHER GROUP) 
CH.2,3 ROTATING 
(LOWER GROUP) 

11 - ALL ROTATING 

INTERRUPT MASK 
FOR TYPE 2 
CHANNEL COMMAND 

o - INTERRUPT ENABLE o 
ED 1 - INTERRUPT DISABL 

COMMON INTERRUPT 
ENABLE 

o - EOD2 PIN = EOD2 
1 - EOD2 PIN = COMMON 

INTERRUPT 
(INTOUT) 
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General Status Register (GSR) 

This register provides the status information for all the channels. It also shows which channels have interrupts 
pending and, where the channel control space lies. It is a 16 bit register. 

15 ,12 8 " 3 2 

CH.3 CH.2 CH.I CH.O 

SIRIINT DMST SIR liNT DMST SIR liNT DMST SIR liNT I . n , It , 

, 

., 

Figure 25. General Status Register 
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o 

DMST 

lmM"-' 00 - CHANNEL INAcnvE/ 
STOPPED, NO REQU EST 

01 - CHANNEL INAcnvE/ 
STOPPED, REQUEST 
PENDING 

10 - CHANNEL IN 
OROANISAnONAL 
PROCESSING 

II - DMA IN PROGRESS 

INTERRUPT STATUS 

o - NO INTERRUPT 
I - INTERRUPT PENDING 

CONTROL SPACE LOCAnON 

o - CONTROL SPACE ON 
RESIDENT BUS (REMO TE MODE) 

DE) OR 10 BUS (LOCAL MO 
I - CONTROL SPACE ON 

SYSTEM BUS (REMOTE MODE) 
CAL MODE) OR MEMORY BUS (LO 

STATUS CHANNEL I 

STATUS CHANNEL 2 

STATUS CHANNEL 3 
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General Command Register (GCR) 

GCR is an 8 bit register directly loaded by the CPU to start or stop a channel. The START command also 
defines the control space assignment. The pending interrupt from any channel is also cleared through the 
GCR. Any combination of channels can be addressed simultaneously. To start/stop a multiplexor subchannel, 
the subchannel number must be first loaded in the Subchannel Register (SCR). The Halt/single step com
mand is useful for the system debugging. 

7 

CHANNEL 

3 J 2 1 I 0 

3 o 

CO .... AND 

L ""'." ""''''"' 000 - NOP 
001 - CONTINUE CHANNEL (s) AFTER IT HAS BEEN STOPPED 

010 - START 
011 - START 
100 - STOP 
101 - START 
110 - STOP 
111 - HALT 

BY THE STOP CO .. MAND 
CHANNEL (S) - CO .... AND BLOCK IN SYSTEM/ME .. ORY SPACE 
CHANNEL (s) - CO .... AND BLOCK IN RESIDENT/IO SPACE 
CHANNEL (S) 
SUBCHANNEL (N IN SCR) 
SUBCHANNEL (N IN SCR) 
SINGLE STEP CHANNEL (S): START EXECUTION AND STOP 
AFTER NEXT CO .... ANO BLOCK HAS BEEN LOADED 

'------.. INTERRUPT CO .... ANO 

0- NOP 
1 - CLEAR INTERRUPT (S) OF CHANNEL (s) 

'----------+ CHANNEL SELECT 

231263-23 

Figure 26. General Command Register 
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General Burst Register (GBR) 

This 8 bit register determines the maximum number 
of contiguous bus cycles that can be requested by 
the 82258. GBR = 0 means unlimited contiguous 
bus cycles for the 82258. The GBR must be directly 
loaded by the CPU. 

General Delay Register (GDR) 

GDR is an 8 bit register which determines the mini
mum number of clocks between the 82258 burst ac
cesses. GDR = 0 means no minimum delay be
tween the HOLD request. 

BurstlDelay Algorithm 

Both the GBR and the GOR do their actual counting 
through their respective counters the GBC and the 
~DC. For the burst and delay counters, the following 
rules apply: 

- Whenever the 82258 controls a bus cycle the 
burst counter is decremented by one but not be-
yond zero. ' 

- Whenever the 82258, in the local mode, does 
not have t~e bus, the delay counter isdecre
mented by one: every second T -state in the 286 
mode or, every fourth T-state in the 186 mode. 

- Whenever the delay counter is zero, the burst 
and the delay counters are loaded from the burst 
and the delay registers. 

- If the burst counter is zero (and no exception 
occurs), the 82258 releases the bus and the de
lay counter counts until it is zero. Then both 
counters are loaded from their corresponding 
registers and the 82258 can again request the 
bus by activating HOLD signal. Unseparable bus 
cycles are the exception to this rule. Counting of 
the burst is not prevented but surrendering of the 
bus is. 

- In the remote mode the burst and the delay are 
relevant only for the system bus cycles. The 
GBC is only decremented while the 82258 per
forms the system bus cycles and the GDC decre
ments when the 82258 does not control the sys
tem bus (idling or the resident bus cycles). 

CHANNEL REGISTERS 

Each of the four 82258 channels has these regis
ters. All the channel ~egisters are loaded by the 
82258 from the memory except the Command Point-

er (CPR) [Multiplexor Table Pointer, (MTPR) & Sub
channel Register (SCR) for the channel 3 in the mul
tiplexor mod~l. lhe initial contents of the registers 
are specified, by the CPU in the command blocks in 
the memory. 

Command Pointer Register (CPR) 

This 24 bit register contains the physical address of 
the command block. It must be loaded by the CPU 
before starting the channel. For the channel 3 in the 
multiplexor mode, the CPR is loaded by the 82258 
from the multiplexor table (MT) in the memory. 

Source Pointer Register (SPR) 

SPR is 24 bits and contains the physical address of 
the source (memory or 110, system or resident 
space) in a DMA transfer. In the single cycle transfer 
mode,'it contains the only address pointer (source or 
destination). 

Destination POinter Register (DPR) 

DPR contains the physical address of the destina
tion (memory or 110, system or resident space) in a 
OMA transfer. During Verify operations it contains 
the verify pointer (pointer to compare the data 
block). For the single cycle transfer mode, it is only 
used for the verify and save operation. It is a 24 bit 
register. 

Translate Table POinter Register (TTPR) 

This 24 bit register is used to reference the translate 
table in the memory when the translate function is 
enabled in the channel command register extension 
(CCRX). 

List Pointer Register (LPR) 

LPR is used for data chaining (list and linked list) 
operation. It is a 24 bit register and points to the list 
element. In the multiplexor mode for the channel 3, it 
is used as the Multiplexor Table Pointer Register 
(MTPR). (Multiplexor mode does not support data 
chaining). 

Byte Count Register (BCR) 

BCR is a 24 bit register and contains the byte count 
for the OMA transfer. 
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Channel Command Register (CCR) 

CCR specifies the type of DMA transfer or the type 
of internal operation. The channel commands are 
contained in a channel command block. The 82258 
has two types of channel commands: 

- Type 1 for data movement 

- Type 2 for command chaining control 

The channel command register has threeconfiglJra-
~~ . 

- Short Type 1 command: SYN field NE. 00 and 
ECX = O. Upper 8 bits, i.e., Channel Command 
Register Extension (CCRX field), are not valid. 

15 13 12 11 10 

- Long Type 1 command: SYN field. NE. 00 and 
ECX = 1. All 24 bits are valid. 

- Type 2 command: SYN field = 00, Upper 8 bits 
(CCRX field) are not valid. 

Figure 27 shows CCR for Type 1 command and Fig
ure 28 has the CCRX (Channel Command Register 
Extension). Figure 29 shows CCR for type 2 com
mand. 

I I ECxl EXT I EODI SC ILLC 
LC I DESTINATION I SOURCE I SYN 

IW/BIINC OEC I M/IO I W/B I INC I DEC IM/IOI 

~ '----" 

l~~~1~w- I 

o - I/o OR RESIDENT 
1 - ... EMORY OR SYSTEM 

SOURCE POINTER 

00 - NO INC/DEC 
01 - DEC 
10 - INC 
11 - NO POINTER (CONSTANT VALUE) 

LOGICAL BUS WIDTH 

0- 8 BIT 
t - 16 BIT 

DESTINA110N DESCRIPTION 

SAME AS SOURCE DESeR. 

DATA CHAINING 

LLC LC 
0 0 NO CHAINING 
0 1 LIST CHAINING 
1 0 LINKED LIST CHAINING 
1 1 NOT ALLOWED 

SELECT CHAINING L 0 - DESTINATION CHAINING 
1 - SOURCE CHAINING 

(ALWAYS 1 f'OR SINGLE CYCLE) 
FOR MUX. CHANNEL: 
TRANSFER CHAINING 

o - TRANSFER IS SYNCHRONIZED 
1 - TRANSFER NOT SYNCHRONIZEO 

o - OISABLE EOD OUTPUT 
1 - ENABLE £00 OUTPUT 

0- DISABLE EXTERNAL TERMINATE INPUT 
1 - ENABLE EXTERNAL TERUINATE INPUT 

CHANNEL COMMAND BLOCK LENGTH 

0- SHORT 
1 - LONG (WITH COMMANO EXltNSION) 

L-________________ .,.._. SYNCHRONIZA11ON 

00 - TYPE 2 COMMANO 
01 - SOURCE SYNC. 
10 - DESTINA110N SYNC. 
11 - NO SYNC. (FREE RUNNING) 

FOR MUUjpLEXOR CHANNEL 

00 - TYPE 2 COMMANO 
01 - BYTEjWORO MULTIPLEX OPERATION 
10 - SINGLE TRANSFER OPERATION 
11 - BLOCK MULTIPLEX OPERATION 231263-24 

Figure 27. Type 1 Channel Command CCR 
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10 0 I~~I~I ~ I ~~ I 
'----''----' 

L: :~.::oARE 01 - ENAIILE WISIIA~ (8YIE/IVORD) 
10 - EHA8LE 8YTE ~~ 
11 - .... BLE WORD ~tai 

~fY 

OO::-IIO~fY 
01 - VER1FY 
10 - YER1FY AND HALT (ON WI_tail 
11 - VERIFY AND SAVE 

'-------+ TRANSLJoTE ENABLE 

o - TRANSLJoTE DISAIlLED 
1 - TRANSLATE ENABLm 

...... -----....;.,~ ENAJlLE ~AlUS BLOCk 
o - UPDATE IN alANNEL COWWAND BLOCK D1SAILED 
1 - UPDATE ENAILED ' 231263-25 

Figure 28. Channel Command Register Extension CCRX 

11 10 9 7 II " 3 o 

~ CONDmON CODE 

BYTE COUNT. 0 

EXlERNAL TERI/INATE 

BYTE/WORO 
WATCH/MISI/ATCH 

VERIFY WATCH 

~ 
INVERT CHANNEL STATUS 
Bn'S BEFORE COl/PARING 
WITH CONDITION CODE 

GENERATE INTERRUPT 

GENERATE EOD PULSE 

~, 
00 - UNCONDITIONAL STOP 

STOP AND l/ASK FOR 
I/UX CHANNEL 

01 - CONDITIONAL STOP 
10 - CONDITIONAL' JUI/P 

RELA11YE 
11 - CONDITIONAL' JUI/P 

ABSOLUTE 231263-26 

• If all condition code bits are 1, Jump becomes unconditional. 

Figure 29. Type 2 Channel Command CCR 
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Mask Register (MASKR) and Compare Register 
(COMPR) 

ations. MASKR and CQMPR each should contain 
two identical bytes for Byte Match/Mismatch opera
tions. 

Channel Status Register (CSR) 

Both of these registers are 16 bit and are used dur
ing the match/mismatch operation. For comparison 
with the transferred data, only those bit positions in 
the Compare Register which are not masked with 
1's in the Mask register are considered. These two 
registers together allow byte, wor~ or bit le~el com
parisons. MASKR is also used dunng the venfy oper-

CSR an 8 bit register, reflects the status of the 
cha~nel. The least significant half byte is the termi
nation condition and the most significant half byte 
indicates fatal error, busy state and halted state. 

7 B 5 <4 3 

BUSY FE H 

2 o 

DMA TERMINATION 

L FLAGS SET ON DMA TERMINATION 

BC - BYTE COUNT EXCEED 
ET - EXTERNAL TERMINATE 
lolA - MATCH/MISMATCH 
VER - VERIFY OPERATION ENDING IN MISMATCH 

L.. ________ --". SINGLE STEP HALT MODE 

CHANNEL OPERATING 
IN SSH MODE 

L.. __________ ...... ~ HALTED 

CHANNEL IN HALTED STATE 

1------------.-,...... FATAL ERROR 
FATAL ERROR HAS OCCURED 

L.. _____________ ...... ~ BUS~ 

• Valid only for channel 3 in multiplexor mode; zero otherwise. 

LAST SUBCHANNEL COMMAND TRANSFERRED 
IS PROCESSED 

Figure 30. Channel Status Register 
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Data Assembly Register (DAR) 

This 16 bit register is used for automatic assemblyl 
disassembly of data. 

Mutlplexor Channel Registers 

These registers are valid only for channel 3, when 
used as a multiplexor channel. 

Multiplexor Table Pointer (MTPR) 

This register is used to reference the multiplexor ta
ble in the memory when channel 3 is programmed 
as a multiplexor channel. Since data chaining is not 
allowed for the multiplexor channel, the List Pointer 
Register (LPR) is used as the MTPR. MTPR is 24 bit 
and must be loaded by the CPU. 

Multiplexor Interrupt Vector Register (MIVR) 

This 8 bit register is used by the CPU to determine 
which channels are stopped. The vectors of the 
stopped subchannels are output in the priority order 
(0 has the highest priority) upon each reference of 
this register, until the NV bit is set. A maximum of 32 
vectors can° be distinguished. 

7 6 5 4 a 

VECTOR 

Last Vector Register (L VR) 

L VR gives the last vector read by the 82258 (from 
the 8259A). In case of a fatal error stop of channel 3, 
L VR determines the guilty subchannel. L VR is an 8 
bit register. 

Subchannel Register (SCR) 

This register gives the 8 bit subchannel number for 
the general commands START ISTOP Subchannel. 
It must be loaded by the CPU before a subchannel 
command is written into the GCR. MIVR limits the 
number of subchannels supported to 32 (5 bits). 

82258 OPERATION AND 
PROGRAMMING OVERVIEW 

INITIAL STATE 

Upon activation of the RESET Signal: 

- all channels are disabled (by clearing the DMA 
status bits in the General Status Register) 

- all bus activities are stopped 

- all tristate signals are tristated and the others en-
ter the inactive state 

L "' ..... ,"- '"""" 
VECTOR OF" THE HIGHEST PRIORITY 
SUBCHANNEL STOPPED ANa NOT YET READ 

L... _____________ • NON VALID 

a - VECTOR IS VALID 
1 - VECTOR IS NOT VALID 

(NO CHANNEL STOPPED OR 
ALL VECTORS READ) 

Figure 31. Multiplexor Interrupt Vector Register 
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After the RESET signal becomes inactive, the 82258 
state gets defined: 

- it is in the 186 mode if A23 pin was low at the 
falling edge of RESET; otherwise it is in the 286 
mode 

- it is in the 8086 max (Request/Grant) mode if the 
186 mode is detected and HLOA pin was high at 
the falling edge of RESET; otherwise it is in the 
186/8086 Min. (HOLO/HLOA) mode. 

- The contents of the 82258 registers are as follows: 

• GMR: All bits are zero 

• GBR: Zero value 

• GOR: Zero value 

• GSR: OMST bits for channels: OX 
(Stopped) 

INT for all chann,els: 0 (no interrupt 
pending) 

SIR = 0 (I/O or resident space) 

• All Channel Status Registers (CSR): Zero Values 

• MIVR: NV = 1 (Vector not valid) 

- Vector is all 1, rest zero 

- All stop bits in matrix are reset 

• All other registers (GCR, LVR, SCR, CPRn, SPRn, 
OPRn, TTPRn, LPRn, BCRn, CCRn, COMPRn, 
MASKRn, MTPR) are undefined 

INITIALIZATION AND CHANNEL INVOCATION 

After RESET, the 82258 has to bEl initialized by the 
CPU. The General Mode Register (GMR) should be 
loaded first in the 16 bit systems; the lower byte of 
the GMR (which gives main configuration informa
tion) in the 8 bit systems. 

SYSBUS (MEMBUS) bit of the GMR determines the 
physical bus width of the CPU-82258 communica
tion. All register write and read operations are exe
cuted: 

- Bytewise on the lower half of the data bus 
(07-00), if SYSBUS (MEMBUS) = 0 

-wordwise on 015-00 if SYSBUS (MEMBUS) = 
1. Byte transfers are also possible here with the ' 
bytes being transferred on that half of the data 
bus which is addressed by the least significant bit 
of the register address. 

Internally the 82258 uses BHE and AO to detect the 
effective transfer width of the 82258-CPU commu
nications. After the GMR, the General Burst Register 
(GBR) and the General Delay Register (GOR) 
should be programmed, if needed (Initial state = 0 
for both), by the CPU. 

Before a channel is invoked, the control space in the 
memory and the channel registers in the 82258 have 
to be initialized: 

Selector Channel Start 

Following conditions should be met 

- channel program in the control space 

- if data chaining enabled, the chaining list or the 
linked lists in the control space 

- if translate enabled, the translate table in the con
trol space 

-:- load the CPR with the start address of the chan
nel program 

Multiplexor Channel Start 

For the multiplexor channel operation, the following 
is essential: 

- the multiplexor table MT in the control space with 
the subchannel command pointer and the mask 
register pOinter of the aSSOCiated 8259A for each 
subchannel 

- initialization of the 8259A's mask registers by 
masking off all the request inputs. In the remote 
mode, this can also be done by the data transfer 
operation on the selector channel (or by stop 
subchannel commands) 

- load MTPR with the base address of the multiple
xor table (MT) 

For the subchannel start 

- the subchannel program should be in the control 
space ' ' 

- if translate enabled, the translate table should be 
in the control space 

- the subchannel command pointer should be in 
the multiplexor table 

- read the multiplexor channel' status register 
CSR3. Write a new subchannel number into the 
SCR only if BUSY bit = O. 

In case of a normal channel start, the last CPU oper
ation is to write the general command into the GCA. 
Then the start will be processed by the 82258 ac
cording to the requested channel's priority, with the 
highest priority being processed first. If the ad
dressed channel is already a~ve, the start com
mand is ignored. If I = 1 in GCR, the INT bit(s) of the 
indicated channel(s) will be erased in the GSR. 
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COMMAND EXECUTION 

Selector Channel: The command bits in the GCR 
give the commands available to a selector channel. 
Execution of the continue and the start commands is 
prioritized; the stop commands are executed imme
diately. The stop command forces the OMA status 
bit (OMST) in the GSR to channel inactive (stopped) 
without any additional routine. The' continue com
mand works directly with internal stored register 
parameters and continues a previously stopped 
channel operation. The start commands define the 
location of the control space and initiate the set up 
routine. The halt command has multiple functions: 

- It forces the channel into the single step and halt 
mode, indicated by the SSH bit in the CSR 

- If the channel is running, it will be halted after the 
completion of the current command block execu
tion; the halted data is shown by the H bit of the 
CSR; the OMST bits of the GSR are not changed 

- If the channel is halted (or stopped) the halt/sin
gle step command starts the channel, and the 
channel will again be halted after the completion 
of the next' command block execution (type 1 or 
2) 

The single step and halt mode is finished by a start 
or a continue command. Attera channel start, first 
the general status reflected in the GSR is changed 
into 'OMA in organizational processing'. GSR also 
indicates the location of the control space (S/R bit). 
After the prioritization of the start· command, the 
channel's set up routine is executed. 

.' 
After the set up routine execution, all the transfer 
parameters are accessible in the 82258 internal reg
isters. The SYN bits in the CCR decide: 

- if the channel activity is continued by an immedi
ate start of the data transfer (Le., free running 
mode or an internal data transfer service request) 

- or the channel is waiting for a OMA request Le., 
extetnal synchronization mode. 

Multiplexor Channel: On the multiplexor channel, 
there are two cases: 

a. The whole channel has to be treated by a gen
eral command 

b. Only the addressed subchannel has to be 
treated by a general command 

a. In case of the whole channel, the commands are 
the same as the selector channel commands. 
Execution of the continue and the stop (stops 
whole channel) is the same. The channel 3 start 
command has only two functions: 

- specify whether the system/memory or the 
resident/IO control space has to be used on 
·the multiplexor channel (S/R bit in GSR) 

- change of the general status of the channel 3 
(OMST bits in GSR) into "Channel started but 
idling" thus, enabling the 10REas and the 
Subchannel poryunands. 

The general channel command "Halt/Single 
Step" has a slightly different interpretation for 
thEl multiplexor channel. While the selector chan
nel can only be halted during the chaining of the 
command blocks, the multiplexor channel in the 
single step/halt mode will also be halted when it 
takes the idle state. In that case, a new halt/sin
gle step command will only be executed if an 
10REa or a subchannel start/stop command is 
pending. 

b. With the start subchannel command, the 82258 
unmasks the corresponding bit in the 8259A 
mask register for the addressed subchannel, 
thus enabling the subchannel. The BUSY bit in 
the CSR is set indicating the state: "subchannel 
command pending". After prioritization, the sub
channel routine is executed. When an I/O re
quest is received on the subchannel, the com
mand pointer. is fetched from the MT and the 
channel's set up' routine is executed. After the 
reset of the BUSY bit, a new start/stop subchan
nel command can be accepted by the multiple
xorchannel. 

Only distinction between the stop subchannel 
command and the start subchannel command is 
the handling of the mask bit in the 8259A. For 
the STOP command, the vector specific mask bit 
is set by the 82258. As the start command, the 
stop command has also to be prioritized before 
execution. 

For the multiplexor channel the following rules 
are observed: 

- Before any 10REa can be processed, the 
whole channel 3 has to be started and the 
channel 3 must be in the idle state 

- In any state a subchannel command can be 
accepted and transferred into the state "sub
channel command pending" 

- A pending subchannel command can be pro
cessed only in the idle state 

- In the idle state, a subchannel command has 
a higher priority than an 10REa 

-In case of a fatal error stop of a subchannel, 
the whole channel 3 is stopped. L VR identi
fies the guilty subchannel. To stop (mask) this 
subchannel, the CPU at first has to issue a 
START CH3 command and' tllen stop the af
fected subchannel. 
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TERMINATION CONDITIONS 

The 82258 distinguishes the following conditions for 
termination of a block transfer: 

- byte count is zero and the data chaining not en
abled; a standard termination condition 

- data chaining enabled and the new fetched byte 
count is zero 

- external termination via the channel's EOI5 line if 
enabled by the EXT bit in the CCR 

- match/mismatch during the masked byte or word 
compare, as specified and enabled in the com
mand extension CCRX 

- mismatch during a verify & halt operation, as 
specified and enabled in the command extension 
CCRX 

- The CPU loading the GCR with a stop command, 
though the channel is not really terminated. 

INTERRUPT CONTROL 

The 82258 has four programmable EOO pins (one 
for each channel) for the CPU interruption and for 
communication with the system environment. As in
puts, the EOO pins are used for external termination, 
enabled by the EXT bit of the type 1 channel com
mand in the CCR. When used as output, the EOO 
pins provide two basic functions: 

EOO (end of OMA), a channel specific active 
LOW pulse signal of 2 T -stat~s length, always en
abled by the software. With a type 1 channel 
command, EOOs, if enabled, are synchronous 
and always controlled by th~e count. If data 
chaining is enabled, type 1 EODs should not be 
used for interrupts since multiple EOOs (with ev
ery exceeding byte count) are issued. With a type 
2 command, the EOO, if enabled (ED '= 1 in the 
CCR), is an asynchronous Signal generated after 
a command execution. 

INTOUT (interrupt dutput) is a hardware generat
ed (error detection) or a software enabled static 
active HIGH signal on the E002 pin, if pro
grammed (ENCI = 1 in the GMR). The channel 
generating the INTOUT is indicated by the INT bit 
in the GSA. Hardware generated interrupt occurs 
in case of a fatal error (INTOUT issued if not 
masked by the MINT bit in the GMR). Type 2 
channel command allows software generated 
INTOUT if programmed (IT = 1 in the CCR and 
not masked by the MINT bit in the GMR). A chan
nel's INT bit in the GSR is activated independent 
of the MINT (in GMR). INTOUT remains active 
until alllNT bits in the CSR are reset by the CPU 
with the general command CLEAR INTERRUPT. 

Multiplexor Channel Interrupts 

Interrupts from the multiplexor, channel belong to a 
certain subchannel. For program controlled inter-

rupts, the status and the context information cannot 
be fetched from the internal 82258 registers (since 
the multiplexor channel is not stopped). Hence, the 
CPU can only investigate the interrup~ via the MIVR 
register. After the MIVR read from the CPU, the valid 
bit and matrix stop bit (the vector of which was indi
cated in the MIVR) are erased. For multiple stop 
conditions in the stop matrix, the stopped subchan
nels get their vectors in the MIVR in the priority order 
(highest for vector zero). The MIVR is activated inde
pendent of the programming of EOD or INTOUT. 
Therefore, the CPU can Sample the MIVR in a poll
ing mode when neither E 0 nor INTOUT is used. 
With the interrupt vector out of the MIVR, the CPU 
finds the related command pointer (in Mn which 
points to the last executed channel command (stop' 
and maSk). For status information of last block trans
fer, the CPU has to find the last type 1 command 
block in the channel program. Programmable inter
mediate interrupt messages should not be used on 
the multiplexor subchannels (MIVR is activated only 
for the stopped subchannel). 

For hardware generated INTOUT the whole channel 
3 is stopped with the LVR indicating the last (guilty) 
vector. After the error investigation the CPU should 
start the channel 3 and then stop the affected sub-
channel. . 

FAULT DETECTION 

On detecting a fatal error, the 82258 does the 
following: 

immediately stops the affected channel 
sets error bit in the channel's status register 
sets channel specific INT bit in the GSR 
sends interrupt if not masked (in GMR) 

For error investigation, the CPU should: 
read GSR (what channel?, channel stopped?) 
read CSR (error?) 
read CPR and investigate the channel command 
(type 1 command) 
read LVR for multiplexor channel, if affected 
(what subchannel?) 

The 82258 recognizes only type 1 command errors. 
Other error types are defaulted into non-fatal errors 
and not identified. The FE bit in the CSR indicates 
the fatal errors. 

Fatal Errors: Fatal errors are detected during the 
decoding of a type 1 channel command with the 
GMA. Six conditions are used for detection and the 
allowed six combinations of them lead to six differ
ent transfer executions (Table 7). All other combina
ti,ons pf the six conditions generate a fatal error. 
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Table 7. Fatal Error Detection 

. Valid Conditions Decoded 
Operation 

Combination Single No Dst.· NoSrc. 
Cycle Ptr. Ptr. 

1 False False False 

2 False False False 

3 False False True 

4 False True False 

5 True False False 

6 True False False 

The synchronization error is predecoded and acti
vated in the following cases: 

Single cycle combined with free running 

,No source pointer mode combined with the 
source synchronization on a selector channel 

No destination pointer combined with the destina
tion synchronization on a selector channel 

Non Fatal Errors and Undetected Fatal Errors 

A non fatal error is not indicated in the channel 
status register. It is only defaulted. Channel process
ing is not interrupted. Following are some examples 
of non fatal errors and the undetected fatal errors: 

Fault Action 

Remote mode + 186 RM not inhibited but 
mode read/write pins are also 

used as outputs 

Both list chaining and Linked list data chaining 
linked list chaining executed 
enabled 

Start/Stop subchannel New command 
and BUSY active overwrites old command 

(Fatal Error) 

Data chaining enabled MTPR is overwritten with 
on the multiplexor the list pointer 
channel (Fatal Error) . 

TRANSFER RATES 

Selector Channel 

Table 8 illustrates the different transfer rates (in 
MBytes/sec) for the 286 mode of operation. These 
transfer rates are not affected by switching channels 
and are halved for both 186 and 86 modes of opera
tion. 

Verify Trans- Sync. Performed 
& Save late Error 

False False - Two Cycle DMA 

False True - Translate 

False False False No Source Ptr. DMA 

False False False No Dest. Ptr. DMA 

False False False Single Cyc. DMA 

True False False Verify & Save 

Table 8. Cummulative Selector Channel 
Transfer Rates (8 MHz 286 System) 

Transfer Single Cycle Two Cycle 

Word - Word 8 4 

Word - Byte not possible 2.66 

Byte - Word not possible 2.66 

Byte - Byte 4 2 

Byte - Byte w/ not possible 800 KBytes 
Translate 

Multiplexor Channel 

The transfer rates on the multiplexor channel are 
different from the selector channel and depend on 
the mode of operation and the size of the command 
block. 

Table 9. Cummulatlve Multiplexor 
Channel Transfer Rates 

Mode 
Command Word Byte 

Block Transfers Transfers 

Byte/ short 275 KBytes/sec 138 KBytes/ sec 
Word 

Multiplex long 240 KBytes/sec 120 KBytesl sec 

Block short 4 MBytes/sec 2 MBytes/sec 

Multiplex long 4 MBytes/sec 2 MBytes/sec 

Data Chaining 

The transfer rate for data chaining depends on the 
block length of each chained data block, the number 
of blocks in the chain and also the type of chaining 
that is being done. See the section on data chaining 
latencies. 
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LATENCIES 

The latency calculations do not take into account set 
up, hold and output delay times which are specified 
in the A.C. Characteristics section. These should be 
added to get the final latency figures. All timings are 
in units of T-states (125 ns in an 8 MHz system). If 
bus cycles are involved then the following abbrevia
tions are used: 

T = time for one bus transfer 

W = wait time during bus cycles for a slow device 

In case of various influences affecting the timing, the 
most typical case is mentioned in the table and ex
plained in notes. 

DMA Request Processing: 

Assumptions: 

1. The channel for which latencies are calculated 
currently has the highest priority and will not be 
blocked by other still higher priority requests. 

2. In remote mode delays due to CPU accesses to 
the 82258 are not taken into account for laten
cies. 

3. All control space accesses are on a 16 bit bus 
and command blocks and data chain lists are ad
dressed on even boundaries. 

4. Organizational and other unsynchronlzed trans
fers (e.g. prefetch) have been completed before 
the processing of DREO starts. 

231263-29 

Figure 32. DREQ to DACK Latency In Local Mode" 

Table 10 DREQ to DACK In Local Mode" 

Minimum Typical., Maximum 

DREOtoHOLD 2.5 3 3 + W (1) (2) 

HOLD to HLDA 1 4.5 (3) 

HLDA to CYCLE START 1.5 2.5 2.5 

DR EO to CYCLE START 
2 2.5 4 + W (1) 

(without bus arbitration) 

CYCLE START to DACK 0.5 0.5 0.5 

Notes are indicated in parenthesis 
• All timings are in units of T -states (125 ns in an 8 MHz system). If bus 

cycles are involved then the following abbreviations are used: 
T ';" Time for one bus transfer 
W = Wait time during bus cycles for a slow device 
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Figure 33. DREQ to DACK Latency in Remote Mode' 

Table 11. DREQ to DACK in Remote Mode' 

DREQ to HOLDset 

HOLDset to HLDAset 

HOLDAset TO CYCLE START 

DREQ to HOLDreset 

HOLDreset to HLDAreset 

HLDAreset to CYCLE START 

DREQ to CYCLE START 
(without bus change) 

CYCLE START to DACK 

Notes: 
(1) Single bus cycle running: 1 + W 

unseparable bus cycles running: 

Minimum 

2.5 

2BC 

1.5 

1.5 

1 

1.5 

2 

0.5 

Typical Maximum 

3 3 + W (1)(2) 

2 + 2BC (4) 

2 2.5 

3 5.5 + W(1) 

2 2 

2 2.5 

3.5 5 + W (1) 

0.5 0.5 

-word access at odd addresses (and pointer transfers): 3 + 2W 
-IOACK cycle (only multiplexor channel): 7 +. 2W 

(2) General Burst Counter = 0: 2 X GDR 
HLDA = 1, HOLD = 0: Wait for HLDA = 0 
HLDA lost: 2 

(3) 16 + 15W (from the 286 manual, assumed repeat and lock prefix not combined) 
(4) Bus arbitration + currently running bus transfers. . 

BC = Multibus clock cycle . 
• All timings are in units of T-states (125 ns in an 8 MHz system). 

If bus cycles are involved then the following abbreviations are used: 
T = Time for one bus transfer 
W = Wait time during bus cycles for a slow device 
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General Command Processing:· 

Minimum Typical Maximum 
WRITE to Set Up 6.5 8 9.5 

+ HOLD/HOLDA sequence 

At this point the start command is ready for the start 
of the channel set up routine 

Set Up Processing:· 

Standard command block 
additional for long command block 
additional for list data chaining 
additional for linked list data chaining 

Type 1 Command Processing:· 

Chaining: same as the, set up processing 

Termination: 
store CSR and calculate next 
command pointer 
store status block (if programmed) 

Type 2 Command Processing:· 

Standard: 
CCR load 
CCR decode and execution 
additional for jump 

:'7T + 4 
:5T 
:1T + 2 
:3T + 2 

:1T + 6 
:6T 

1T 
2T + 2 
4 

START ISTOP Subchannel:· 

(see General Command Processing for set up) 

Execution :4T + 6 

Multiplexor Channel:· 

(see General Command Processing for set up) 

IOREQ to IOACK: identical to DREQ to DACK timing 
. First IOACK to second IOACK : 1T + 2 
Second IOACK to vector in LVR : 1 T + 2 
Calculate MT address and read 
command pointer into CPR 
Data transfer 
Restore pointers 
Restore byte count 

Data Chaining:· 

:2T + 4 
:2T + 2 
:4T + 4 
:2T 

Latencies in data chaining occur when transfers are 
changed between data blocks. 

List Chaining 
Linked List Chaining 

:3T + 6 
:5T + 6 

• All timings are in units of T-states (125 ns in an 8 MHz 
system). 

If bus cycles are involved then the following abbreviations 
are used: 

T = Time for one bus transfer 
W = Wait time during bus cycles for a slow device 
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Absolute Maximum Ratings 

Ambient Temperature Under Bias 
Case Temperature 
Storage Temperature 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 

o·Cto 55·C 
O·Cto 85·C 

- 65·C to + 150·C 

-1.0Vto +7V 
3.6 Watt 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. Characteristics Vcc=5V ±5%; TA =O·C to + 55·C, or TCASE=O·C to +85·C 

Symbol Parameter Limit Values UnIts Test Conditions 
Min Max 

VIL Input low Voltage -0.5 '+0.8 
(except ClK) 

-
VIH Input High Voltage 2.0 VCC + 0.5 V 

(except ClK) 

VOL Output low Voltage - 0.45 IOL = 3.00mA 

VOH Output High Voltage 2.4 - IOH = -400/-LA 

Icc Power Supply Current 475 mA TA = O·C, 
370 TA = 55· 

ali outputs open 

III Input leakage Current . ±10 /-LA OV s: VIN s: VCC 

ILO Output leakage Current 

50,51, 52, BHE, RD, -200 /-LA 

WR,M/IO - 0.45V s: VOUT = VCC 

HOLD (RQ/GT mode), EOD -1.5 mA 

other pins ± 10 /-LA 

VCL Clock Input low Voltage -0.5 +0.6 
V -

VCH Clock Input High Voltage 3.8 Vcc+1.0 

CIN Capacitance of Inputs 10 
(except ClK) 

Co Capacitance of 1/0 or - 20 pF fc = 1,MHz 
Outputs 

CClK Capacitance of ClK Input 12 

3-126 



82258 

A.C. Characteristics Vcc=5V ±5%; TA=O·Cto + 55·C, or TCASE=O·Cto +85·C 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless 
otherwise noted 

Sym Parameter 
6 MHz 8 MHz 

Unit Test Conditions 
Min Max Min Max 

1 ClK Cycle Period (286 Mode) 83 250 62 250 ns 

2 ClK low Time (286 Mode) 20 225 15 230 ns at 1.0V 

3 ClK High Time (286 Mode) 25 230 20 235 ns at3.6V 

4 Output Valid Delay 1- 80 1- 60 ns Cl = 125 pF 

5 Output Valid Delay 1- 55 1- 40 ns Cl = 125 pF 

6 Data Setup Time 15 10 ns 

6a Address Input Setup (186 Mode) 20 15 ns 

7 Data Hold Time 8 5 ns 

8 READY Setup Time 50 38 ns 

9 READY Hold Time 35 25 ns 

10 Input Setup Time 25 20 ns 

10a Status Setup Time (186 Mode) 30 30 ns 

11 Input Hold Time 25 20 ns 

11a SHE Hold Time (186 Mode) 15 10 ns 

12 Address Setup Time 3 2 ns 

13 Data Valid Delay 0 60 0 50 ns 

14 Data Float Delay 8 80 5 60 ns 

15 Chip Select Setup 30 20 ns 

16 Command length 320 290 ns 

17 Data Setup Time 185 165 ns 

18 Address Setup Time 30 20 ns 

19 Command Inactive 320 290 ns 

19a Access Time 420 380 ns 

20 ClK Period (186 Mode) 166 SOO 125 500 ns 

21 ClK low Time (186 Mode) 76 55 ns 

22 ClK High Time (186 Mode) 76 55 ns 

23 ClK Rise Time (186 Mode) 15 15 ns 

24 ClK Fall Time (186 Mode) 15 15 ns 

25 READY Active Setup Time 20 20 ns 

26 READY Hold Time 10 10 ns 

26a SREADY Hold Time (186 Mode) 15 15 ns 

27 READY Inactive Setup Time 35 35 ns 

28 Control Reset Setup Time 25 20 ns 

29 Control Reset Hold Time 0 0 ns 

30 Address/Data Valid Delay 10 55 10 50 ns 

31 Status Delay 10 75 10 55 ns 

32 Address/Data Float Delay 10 50 10 50 ns 

33 DT /R Delay (186 Mode) 10 76 10 55 ns 

34 DEN Delay (186 Mode) . 10 80 10 60 ns 
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A.C. MEASUREMENT POINT DESCRIPTION 

4.DDV 

0.45 V 

2.40 V 

0.45 V 

A.ClK Input 

'"/ D.8V --

\3.6V 
X-1.DV 
'----

231263-31 

\" - 0.8V 
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B. Outputs and Other Inputs 

Figure 33a. AC Drive and Measurement Points 

CLK 
INPUT 

OTHER 
DEVICE 
INPUTS 

DEVICE 
OUTPUT 

4.00 V 

0.45 V 

_T SETUP 

2.0V 

O.BV 

r------------------------------, 

0=1 T <1.= 150pf 
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Figure 33b. AC Test loading on Outputs 

2.0V __ '_A"_A" 

O.8V -6-"Y"'Y'" 
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Figure 34. AC Setup, Hold and Delay Time Measurement - General 

BUS CYCLE T-STATES: 

The bus cycles are subdivided into T-states which 
are interpreted differently depending on whether the 
82258 is in the 286 mode or the 186 mode. 

286 Mode T·states: Each T-state is two clock cy
cles long and starts in the middle of a processor 
cycle and ends in the middle of the succeeding proc
essor cycle. 

TI: [The bus is idle) This state will occur if the 
82258 cannot start the next bus cycle. 

TO: [A new bus cycle is beginning) When the 
address and status of a new bus cycle is to 
be sent as output, this state is used. 

T1 : [A bus cycle is proceeding) This state is 
used to allow the bus controller commands 
to become active and, to output data during 
a write cycle. 

T21: [A bus cycie is prepared for termination with 
no new cycle ready to begin) If the READY 
signal is active and no new bus cycle is 
ready to begin, this will be the state used. 
Input data will be accepted during this state 
if the READY signal is active and if the bus 
cycle is an input cycle. 

T20: [A bus cycle is prepared for termination with 
a new cycle ready to begin) This state ter
minates a bus cycle if the READY signal is 
active and if a new bus cycle is ready to 
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begin. As with the T21 state, input data will T2: 
be accepted during this state if the cycle is 
an input cycle and if the READY signal is 
active. This state will also output the ad-
dress of the new bus cycle, and if READV is T3: 
active, the status also. 

186 Mode T-states: The T-states are one eLK peri
od long, beginning and ending with the falling edge 
of the eLK signal. 

TI: [The bus is idle] This state occurs if the T 4: 
82258 cannot start the following bus cycle. 

T1: [The first bus cycle T-state] During this 
state, address information is output to the 
A19/S6-A16/S3 and AD15-ADO pins. The 
status is activated with the rising edge of, 
the eLK previous to this state. 

Waveforms 

PRocESSOR STATES 

Ts I 
TO OR T20 11 

eLK 

[The second bus cycle T-state] This state 
allows the bus controller and the 82258 
commands to become active and outputs 
data if the cycle is a write cycle. 

[The third bus cycle T-state] This state is 
used to synchronize the ready signals. If the 
bus is not ready, then the bus cycle is ex
tended by repeating this state, with the 
status lines going inactive during the last 
T3-state. 

[The last bus cycle T-state] During this cy
cle, data is input for input cycles and the 
bus controller and the 82258 commands 
are disactivated. If the following state is T1, 
then the status is activated during this state. 

T21 OR T20 
NOTE 2 

A23-AO.M/iO ---.....,~f----+---i-----....J~f---+----
BHE-------f-w----+------i------------f-~--~-----

D15-oo (INPUT) FLOAT 

D15- 00 (OUTPUT) .....;.-----~-----+~Ir_--------------~-----+-__'\Jr_---NOTE 1 ________ 1-___ -+--" _________________ 1-____ + ___ _ 

EOiiii ----------~r NOTE 3 ._ 
~L 
I 
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NOTES: 
1. 015-00 floats during Single Cycle Transfer like a Read Cycle. 
2. T2 will be repeated, if READY is inactive. 
3. Initiated by terminal count. 

Figure 35. Timing of an Active Bus Cycle (286 and Remote Modes) 
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NOTES: 
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4. For a Single Cycle Transfer the timings of AD15-ADO, DEN and DT fA are the same as in a Read Bus Cycle. 
5. Additional T3 cycles will be inserted if bus is not ready (see Figure 40). 

Figure 36. Timing of an Active Bus Cycle (186 and 8086 Modes) 
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Figure 37. Timing of a Synchronous Access to the 82258 (286 Mode) 
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Figure 38. Timing of a Synchronous Access to the 82258 (186 and 8086 Modes) 
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Figure 39. Timing of an Asynchronous Access to the 82258 (All Modes) 
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Figure 40. READY Timing (186 Mode) 

ClK 

WITHOUT 
BUS ARBITRATION: 

DREOn 

DACKn 

WITH 
BUS ARBITRATION: 

DREOn 

HOLD -----i!~l _____ _ 

HlDA -----l~---------"'I 

51,50 

MCKn-------l!l~------------------------

NOTE: 

231263-39 
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6. The trailing edge of DREQn, as specified in this. diagram, is necessary if only one' bus cycle should be executed. 
A later trailing edge may cause an additional bus cycle (continuous DREQl, if no READY-wait-states are inserted. 

Figure 41. DREQ, DACK Timing (286 and Remote Modes) 
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NOTE: 
The DREQ and DACK signal timings are the same for the 8086 mode. 

Figure 42. DREQ, DACK Timing (186 Mode) 
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Figure 43. BREL, Bus Tristate Timing (Remote Mode,) 
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Figure 44. RESET Timing (All Modes) 
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See Figures 32, 33 and Table 10, 11 for HLDA to Cycle Start Latency. 

Figure 45. HOLD, HLDA Timing (286 and Remote Modes) 

3-1-34 



NOTE: 

CLK 
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BUS 
ACTIVITY 

82258 

SEE NOTE 

See Figure 32 and Table 10 for HLDA to Cycle Start Latency. 

Figure 46. HOLD, HLDA Timing (186 Mode) 

CLK 

Figure 47. RQ/GT Timing (8086 Mode) 
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Figure 48. INTOUT, EOD Timing (286 and Remote Modes) 
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Figure 49. INTOUT, EOD Timing (186 and 8086 Modes) 
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Figure 50. Single Cycle Transfer (286 Mode) 
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(Note 2) 

--1 -2S --1 ~ TC 

CLK~ 
TronSfer~f 
Subchannel 
Number 4 

IOACK 
(ADMA) 

INTA 
(82C288) 

Modification 
of Mask Bit. 

NOTES: 
1. These timings are 82C288 timings. 
2. Additional wait states may be inserted. 

82258 

TI TI TS 

Figure 52. Access to 8259A In 80286 and Remote Modes. 
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NOTES: 
1. These timings are 8288A timings. 
2. Additional wait states may be inserted. 

Figure 53. Access to 8259A in 8086 and 80186 Modes 

DATA SHEET REVISION REVIEW 

The following list represents key differences be
tween this and the -003 82258 data sheet. Please 
review this summary carefully. 

1. Figure 35 was updated. The new timing diagram 
now illustrates DACKN#, IOACK#, and EODn# 
timings during active bus cycles in the 80286 and 
remote modes. 

2. Figure 37 was updated. The new timing diagram 
now illustrates the READY # signal during a syn
chronous access to the 82258. 

3. Figure 41 was updated. The new timing diagram 
completely separates the DREQ, DACK # timings 
from "without bus arbitration" and "with bus arbi
tration". 

4. Two new timing illustrations were added to the 
82258 data sheet. Figure 52 illustrates bus ac
cesses to the 8259A in 80286 and remote modes, 
and Figure 53 illustrates bus accesses to the 
8259A in 80186 and 8086 modes. 

5. A note to the DREQ pin description was added to 
advise designers to leave unused DREQn inputs 
left floating. 
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BUS CONTROLLER FOR 80286 PROCESSORS 
(82C288-12, 82C288-10, 82C288-8) 

• Provides Commands and Controls for 
Local and System Bus 

• Wide Flexibility In System 
Configurations 

• Implemented In High Speed CHMOS III 
Technology 

• Fully Compatible with the HMOS 82288 

• Fully Static Device 

• Single + 5V Supply 
• Available In 20 Pin PLCC (Plastic 

Leaded Chip Carrier) and 20 Pin Cerdlp . 
Packages 
(See Packaging Spec. Order #231369) 

The Intel 82C288 Bus Controller is a 20-pin CHMOS III component for use in 80286 microsystems. The 
82C288 is fully compatible with its predecessor the HMOS 82288. The bus controller is fully static and 
supports a low power mode. The bus controller provides command and control outputs with flexible timing 
options. Separate command outputs are used for memory and 1/0 devices. The data bus is controlled with 
separate data enable and direction control signals. 

Two modes of operation are possible via a strapping option: MUL TIBUSII> I compatible bus cycles, and high 
speed bus cycles. 

CLK-+-", 
CONTROL 

INPUTS 
CENIAEN 

CENL 

CMDLY 

READY 

MI 

Figure 1. 82C288 Block Diagram 
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20 Pin Cerdlp Package 

240042-2 

P.C. Board Views-As viewed from the compo
nent side of the P.C. board. 

Component Pad Views-As viewed from under
s,ide of component when mounted on the board. 

CENL 
CEN/AEN 

DEN 
DT/R 
M/iO 

151 JlIS d liii 

20 Pin PLCC Package 

MRDC 
CMDLY 
MB 
ALE 
MCE 

240042-3 

MRDC 8 
CMDLY 7 

MB 6 
ALE 5 
MCE 4 

Figure 2. 82C288 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for the 82C288 bus controller. 

Symbol Type Name and Function 

ClK I SYSTEM CLOCK provides the basic timing control for the 82C288 in an 80286 
microsystem. Its frequency is twice the internal processor clock frequency. The falling 
edge of this input signal establishes when inputs are sampled and command and control 
outputs change. 

SO,S1 I BUS CYCLE STATUS starts a bus cycle and, along with MilO, defines the ty~ of bus 
cycle. These inputs are active lOW. A bus cycle is started when either S1 or SO is 
sampled lOW at the falling edge of ClK. Setup and hold times must be met for proper 
operation. 

80286 Bus Cycle Status Definition 

MilO S1 SO Type of Bus Cycle 

0 0 0 Interrupt Acknowledge 
0 0 1 1/0 Read 
0 1 0 110 Write 
0 1 1 None; Idle 
1 0 0 Halt or Shutdown 
1 0 1 Memory Read 
1 1 0 Memory Write 
1 1 1 None; Idle 

MilO I MEMORY OR I/O SELECT determines whether the current bus cycle is in the memory 
space or 1/0 space. When lOW, the current bus cycle is in the 1/0 space. Setup and 
hold times must be met for proper operation. 

MB I MUL TIBUS MODE SELECT determines timing of the command and control outputs. 
When HIGH, the bus controller operates with MULTI BUS I compatible timings. When 
lOW, the bus controller optimizes the command and control output timing for short bus 
cycles. The function of the CENI AEN input pin is selected by this signal. This input is 
typically a strapping option and not dynamically changed. 

CENl I COMMAND ENABLE LATCHED is a bus controller select signal which enables the bus 
controller to respond to the current bus cycle being initiated. CENl is an active HIGH 
input latched internally at the end of each T S cycle. CENl is used to select the 
appropriate bus controller for each bus cycle in a system where the CPU has more than 
one bus it can use. This input may be connected to Vee to select this 82C288 for all 
transfers. No control inputs affect CENL. Setup and hold times must be met for proper 
operation. 

CMDlY I COMMAND DELAY allows delaying the start of a command. CMDl Y is an active HIGH 
input. If sampled HIGH, the command output is not activated and CMDl Y is again 
sampled at the next ClK cycle. When sampled lOW the selected command is enabled. If 
READY is detected lOW before the command o!Jtput is activated, the 82C288 will 
terminate the bus cyCle, even if no command was issued. Setup and hold times must be 
satisfied for proper operation. This input may be connect.ed to GND if no delays are 
required before starting a command. This input has no effect on 82C288 control outputs. 

READY I READY indicates the end of the current bus cycle. READY is an active lOW input. 
MUl TIBUS I mode reguires at least one wait state to allow the command outputs to 
become active. READY must be lOW during reset, to force the 82C288 into the id_le __ 
state. Setup and hold times must be met for proper operation. The 82C284 drives READY 
lOW during RESET. 
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Table 1 Pin Description (Continued) 
Symbol Type Name and Function 

CEN/AEN I COMMAND ENABLEI ADDRESS ENABLE controls the command and DEN 
outputs of the bus controller. CENI AEN inputs may be asynchronous to CLK. 
Setup and hold times are given to assure a guaranteed response to 
synchronous inputs. This input may be connected to Vee or GND. 
When MB is HIGH this pin has the AEN function. AEN is an active LOW input 
which indicates that the CPU has been granted use of a shared bus and the 
bus contoller command outputs may exit 3-state OFF and become inactive 
(HIGH). AEN' HIGH indicates that the CPU does not have control of the shared 
bus and forces the command outputs into 3-state OFF and DEN inactive 
(LOW). 
When MB is LOW this pin has the CEN function. CEN is an unlatched active 
HIGH input which allows the bus controller to activate its command and DEN 
outputs. With MB LOW, CEN LOW forces the command and DEN outputs 
inactive but does not tristate them. 

ALE 0 ADDRESS LATCH ENABLE controls the address latches used to hold an 
address stable during a bus cycle. This control output is active HIGH. ALE will 
not be issued for the halt bus cycle and is not affected by any of the control 
inputs. 

MCE 0 MASTER CASCADE ENABLE signals that a cascade address from a master 
8259A interrupt controller may be placed onto the CPU address bus for 
latching by the address latches under ALE control. The CPU's address bus 
may then be used to broadcast the cascade address to slave interrupt 
controllers so only one of them will respond to the interrupt acknowledge cycle. 
This control output is active HIGH. MCE is only active during interrupt 
acknowledge cycles and is not affected by any control input. Using MCE to 
enable cascade address drivers requires latches which save the cascade 
address on the falling edge of ALE. 

DEN 0 DATA ENABLE controls when data transceivers connected to the local data 
bus should be enabled. DEN is an active HIGH control output. bEN is delayed 
for write cycles in the MUL TIBUS I mode. 

DT/R: 0 DATA TRANSMIT IRECEIVE establishes the direction of data flow to or from 
the local data bus. When HIGH, this control output indicates that a write bus 
cycle is being performed. A LOW indicates a read bus cycle. DEN is always 
inactive when DT /R: changes states. This output is HIGH when no bus cycle is 
active. DT IR is not affected by any of the control inputs. 

iOWC 0 110 WRITE COMMAND instructs an I/O device to read the data on the data 
bus. This comma,nd output is active LOW. The MB and CMDL Y inputs control 
when this output 'becomes active. READY controls when it becomes inactive. 

10RC 0 1/0 READ COMMAND instructs an I/O device to place data onto the data bus. 
This command output is active LOW. The MB and CMDL Y inputs control when 
this output becomes active. READY controls when it becomes inactive. 

MWTC 0 MEMORY WRITE COMMAND instructs a memory device to read the data on 
tl)e data bus. This comman(:l output Is acti~. The MB and CMDL Y inputs 
control when this output becomes active. READY controls when it becomes 
inactive. . 

MRDe 0 MEMORY READ COMMAND instructs the memory device to place data onto 
the data bus. This command output is active LOW. The MB and CMDL Y inputs 
control when this output becomes active. READY controls when it becomes 
inactive. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

INTA 0 INTERRUPT ACKNOWLEDGE tells an interrupting device that its interrupt 
request is being acknowledged. This command output is active LOW. The MB 
and CMDL Y inputs control when this output becomes active. READY controls 
when it becomes inactive. 

Vee System Power: + 5V Power Supply 

GND System Ground: OV 

Table 2. Command and Control Outputs for Each Type of Bus Cycle 

Type of MIlO S1 SO Bus Cycle 

Interrupt Acknowledge 0 0 0 

1/0 Read 0 0 1 

1/0 Write 0 1 0 

None; Idle 0 1 1 

Halt/Shutdown 1 0 0 

Memory Read 1 0 1 

Memory Write 1 1 0 

None; Idle 1 1 1 

Operating Modes 

Two types of buses are supported by the 82C288: 
MUL TIBUS I and non-MUL TIBUS I. When the MB 
input is strapped HIGH, MUL TIBUS I timing is used. 
In MUL TIBUS I mode, the 82C288 delays command 
and data activation to meet IEEE-796 requirements 
on address to command active and write data to 
command active setup timing. MUL TIBUS ~ mode 
requires at least one wait state in the bus cycle since 
the command outputs are delayed. The non
MUL TIBUS I mode does not delay any outputs and 
does not require wait states. The MB input affects 
the timing of the command and DEN outputs. 

Command and Control Outputs 

The type of bus cycle performed by the local bus 
master is encoded in the MilO, S1, and SO inputs. 
Different command and control outputs are activat
ed depending on the type of bus cycle. Table 2 indi
cates the cycle decode done by the 82C288 and the 
effect on command, DT IR, ALE, DEN, and MCE out
puts. 

Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, 1/0 
read, and interrupt acknowledge. The timing of the 
associated read command outputs (MRDC, 10RC, 

Command DTIR ALE,DEN MCE 
Activated State Issued? Issued? 

INTA LOW YES YES 

10RC LOW YES NO 

10WC HIGH YES NO 

None HIGH NO NO 

None HIGH NO NO 

MRDC LOW YES NO 

MWTC HIGH YES NO 

None HIGH NO NO 

and INTA), control outputs (ALE, DEN, DT/R) and 
control inputs (CENI AEN, CENL, CMDL Y, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output· is acti
vated. The MCE control output is only asserted dur
ing interrupt acknowledge cycles. 

Write bus cycles activate different control and com
mand outputs with different timing than read bus cy
cles. Memory write and 1/0 write are write bus cy
cles whose timing for command outputs .lMWTC and 
10WC), control outputs (ALE, DEN, DT IR) and con
trol inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical. They differ only in which com
mand output is activated. 

Halt bus cycles are different because no command 
or control output is activated. All control inputs are 
~ored until the next bus cycle is started via S1 and 
SO. 

Static Operation 

All 82C288 circuitry is of static design. Internal regis
ters and logic are static and require no refresh as 
with dynamic circuit design. This eliminates the mini
mum operating frequency restriction placed on the 
HMOS 82288. The CHMOS III 82C288 can operate 
from DC to the appropriate upper frequency limit. 
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The clock may be stopped in either state (HIGHI 
lOW) and held there indefinitely. 

Power dissipation is directly'related to operating fre
quency. As the system frequency is reduced, so is 
the operating power, When the clock is stopped to 
the 82C288, power dissipation is at a minimum. This 
is useful for low-power and portable applications. 

FUNCTIONAL DESCRIPTION 

Introduction 

The 82C288 bus controller is used in 80286 systems 
to provide address latch control, data transceiver 
control, and standard level-type command outputs. 
The command outputs are timed and have sufficient 
drive capabilities for large TIL buses and meet all 
IEEE-796 requirements for MUl TIBUS, I. A special 
MUl TIBUS I mode is provided to satisfy all addressl 
data setup and hold time requirements. Command 
timing may be tailored to special needs via a CMDl Y 
input to determine the start of a command and 
READY to determine the end of a command. 

Connection to multiple buses are supported with s, 
latched enable input (CENl). An address decoder 
can determine which, if any, bus controller should be 
enabled for the bus cycle. This input is latched to 
allow an address decoder to take full advantage of 
the pipelined timing on the 80286 local bus. 

Buses shared by several bus controllers are sup
ported. An AEN input prevents the bus controller 
from driving the shared bus command and data 
Signals except when enabled, by an external 
MUl TIBUS I ,type bus arbiter. 

Separate DEN and DT IR outputs control the data 
transceivers for all buses. Bus contention is eliminat
ed by disabling DEN before changing DT /F.i. The 
DEN timing allows sufficient time for tristate bus driv
ers to enter 3-state OFF before enabling other driv
ers onto the same bus. 

The term CPU refers to any 80286 processor or 
80286 support component which may become an 
80286 local bus master and thereby drive the 
82C288 status inputs. 

Processor Cycle Definition 

Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (ClK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the 80286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status Signals. 

, Status Signals are always asserted beginning in 
Phase 1 of the local bus master's internal clock. 

ONE PROCESSOR CLOCK CYCLE 

i+----ONE BUS T STATE----i 

82C284 
(FOR REFERENCE) 

Figure 3. ClK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82C288 bus controller has three bus states (see 
Figure 4): Idle (TI) Status (Ts) and Command (Te). 
Each bus state is two ClK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The TI bus state occurs when no bus cycle is cur
rently active on the 80286 local bus. This state may 
be repeated indefinitely. When control of the local 
bus is being passed between masters, the bus re
mains in the TI state. 

READY . 
NEW CYCLE 

Figure 4. 82C288 Bus States 

VOM 
CLK 

VOL 

1n.1ii v.. __ " 
FROM 
CPU VL 

240042-6 

Bus Cycle Definition 

The S1 and SO inputs signal the start of a bus cycle. 
When either input becomes lOW, a bus cycle is 
started. The T S bus state is defined to be the two 
ClK cycles during which either S1 or 'SO are active 
(see Figure 5). These inputs are sampled by the 
82C288 at every falling edge of ClK. When either 
S1 or SO are sampled lOW, the next ClK cycle is 
conSidered the second phase of the internal CPU 
clock cycle. 

The local bus enters the T c bus state after the T S 
state. The shortest bus cycle may have one T S state 
and one Testate. longer bus cycles are formed by 
repeating Testate. A repeated T c bus state is called 
a wait state. 

The READY input determines whether the current 
T C bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each T C bus state 
to see if it is active. If sampled HIGH, the T C bus 
state is repeated. This is called inserting a wait state. 
The control and command outputs do not change 
during wait states. 

When READY is sampled lOW, the current bus cy
cle is terminated. Note that the bus controller may 
enter the T S bus state directly from T C if the status 
lines are sampled active at the next falling edge of 
ClK. 

240042-7 

Figure 5. Bus Cycle Definition 

3-147 



82C288 

Figures 6 through 10 show the basic .. command and 
control output timing for read and write bus cycles. 
Halt bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CMD repre
sents the appropriate command output for the bus 
cycle. For Figures 6 through 10, the CMDL Y input is 
connected to GND and CENL to Vee. The effects of 
CENL and CMDL Yare described later in the section 
on control inputs. 

Figures 6, 7 and 8 show non-MUL TIBUS I cycles. 
MB is connected to GND while CEN is connected to 
Vee. Figure 6 shows a read cycle with no wait states 
while Figure 7 shows a write cycle with one wait 
state. The READY input is shown to illustrate how 
wait states are added. 

T, 

elK 

r----READ_CYCI.E~ 
, T. I Tc ., 

AlE ____ ....J 

DEN ______ +-....J 

DTIII 

~--------~ 

T, 

240042-8 

Figure 6. Idle-Read-Idle Bus Cycles with MB = 0 

T, T. 
~WAlTSTATE 

WRITE BUS CYCLE =9 
Tc I Tc T, 

eLK 

AlE ____ -t' 

DEN ____ -.J 

VOH DT/R ______ + _____ \-___ --l~------

CMO------~~ 

240042-9 

Figure 7. Idle-Write-Idle Bus Cycles with MB = 0 
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Bus cycles can occur back to back with no T, bus 
states between T c and T s. Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within T s. T c or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = O. In this case. DT /R 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 

Figures 9 and 10 show a MUL TIBUS I cycle with MB 
= 1. AEN and CMDL Yare connected to GND. The 
effects of CMDL Y and AEN are described later in 
the section on control inputs. Figure 9 shows a read 
cycle with one wait state and Figure 10 shows a 
write cycle with two wait states. The second wait 
state of the write cycle is shown only for example 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 

T, T. Tc 

1ST WRITE CYCLE -1- 2ND WRITE CYCLE 

Tc I T. I Tc 

ClK 

DE:"" --t--------+ 

v"" __ +-_______ + 
DT/R 

CMD ___ ..J 

240042-10 

Figure 8. Write-Write Bus Cycles with MB = 0 . 

Tc T, 

240042-11 

Figure 9. Idle-Read-Idle Bus Cycles with 1 Wait State and with MB = 1 
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To T. Tc Tc Tc To 

ClK 

11.§ij--....... 

AlE _____ -' 

DEN ________ ..J 

CMD-----------~~ 

240042-12 

Figure 10. Idle-Write-Idle Bus Cycles with 2 Walt States and with MB = 1 

The MB control input affects the timing of the com
mand and DEN outputs. These outputs are automat
ically delayed in MUl TIBUS I mode to satisfy three 
requirements: 

1) 50 ns minimum setup time for valid address be
fore any command output becomes active. 

2) 50 ns minimum setup time for valid write data 
before any write command output becomes ac
tive. 

3) 65 ns maximum time from when any read com
mand becomes inactive until the slave's read 
data drivers reach 3-state OFF. 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

1) The HIGH to lOW transition of the read com
mand outputs (IORC, MRDC, and INTA) are de
layed one ClK cycle. 

2) The HIGH to lOW transition of the write com
mand outputs (IOWC and MWTC) are delayed 
two ClK cycles. 

3) The lOW to HIGH transition of DEN for write cy
cles is delayed one ClK cycle. 

Back to back bus cycles with MB = 1 do not change 
the timing of any of the command or control outputs. 
DEN always becomes inactive between bus cycles 
with MB =1. 

Except for a halt or shutdown bus cycle, ALE will be 
issued during the second half of T s for any bus cy
cle. ALE becomes inactive at the end of the T s to 
allow latching the address to keep it stable during 
the entire' bus cycle. The address outputs may 
change during Phase 2 of any T c bus state. ALE is 
not affected by any control input. 

Figure 11 shows how MCE is timed during interrupt 
acknowledlge (INTA) bus cycles. MCE is one ClK 
cycle longer than ALE to hold the cascade address 
from a master 8259A valid after the falling edge of 
ALE. With the exception of the MCE control output, 
an INTA bus cycle is identical in timing to a read bus 
cycle. MCE is not affected by any control input. 
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MCE ____ .....J 

240042-13 

Figure 11. MCE Operation for an INTA Bus Cycle 

Control Inputs 

The control intputs can alter the basic timing of com
mand outputs, allow interfacing to multiple buses, 
and share a bus between different masters. For 
many 80286 systems, each CPU will have more than 
one bus which may be used to perform a bus cycle. 
Normally, a CPU will only have one bus controller 
active for each bus cycle. Some buses may be 
shared by more than one CPU (i.e. MUL TIBUS) re
quiring only one of them use the bus at a time. 

Systems with multiple and shared buses use two 
control input Signals of the 82C288 bus coritroller, 
CENL and AEN (see Figure 12). CENL enables the 
bus controller to control the current bus cycle. The 
AEN input prevents a bus controller from driving its 
command outputs. AEN HIGH means that another 
bus controller may be driving the shared bus. 

In Figure 12, two buses are shown: a local bus and a 
MUL TIBUS I. Only one bus is used for each CPU 
bus cycle. The CENL inputs of the bus controller 
select which bus controller is to perform the bus cy
cle. An address decoder determines which bus to 
use for each bus cycle. The 82C288 connected to 
the shared MUL TIBUS I must be selected by CENL 
and be given access to the MUL TIBUS I by AEN 
before it will begin a MUL TIBUS I operation. 

CENL must be sampled HIGH at the end of the T S 
bus state (see waveforms) to enable the bus control
ler to activate its command and control outputs. If 
sampled LOW the commands and DEN .will not go 
active and DT/A: will remain HIGH. The bus control
ler wHI ignore the CMDL Y, CEN, and READY inputs 
until another bus cycle is started via S1 and SO. 
Since an address decoder is commonly used to 
identify which bus is required for each bus cycle, 
CENL is latched to avoid the need for latching its 
input. 

The CENL input can affect the DEN control output. 
When MB = 0, DEN normally becomes active dur
ing Phase 2 of T s in write bus cycles. This transition 
occurs before CENL is sampled. If CENL is sampled 
LOW, the DEN output will be forced LOW during T C 
as shown in the timing waveforms. 

When MB = 1, CENI AEN becomes AEN. AEN con
trols when the bus controller command outputs en
ter and exit 3-state OFF. AEN is intended to be driv
en by a MUL TIBUS I type bus arbiter, which assures 
only one bus controller is driving the shared bus at 
any time. When AEN makes a LOW to HIGH tran
sition, the command outputs immediately enter 
3-state OFF and DEN is forced inactive. An inactive 
DEN should force the local data transceivers con
nected to the shared data bus into 3-state OFF (see 
Figure 12). The LOW to HIGH transition of AEN 
·should .only occur during TI or T S bus states. 

The HIGH to LOW transition of AEN Signals that the 
bus controller may now drive the shared bus com
mand Signals. Since a bus cycle may be active or be 
in the process of starting, AEN can become active 
during any T-state. AEN LOW immediately allows 
DEN to go to the appropriate state. Three CLK edg
es later, the command outputs will go active (see 
timing waveforms). The MUL TIBUS I requires this 
delay for the address and data to be valid on the bus 
before the command becomes active. 

When MB = 0, CENI AEN becomes CEN. CEN is an 
asynchronous input which immediately affects the 
command and DEN outputs. When CEN makes a 
HIGH to LOW transition, the commands and DEN 
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are immediately forced inactive. When CEN makes a, 
LOW to HIGH transition, the commands and DEN 
outputs immediately go to the appropriate state (see 
timing waveforms). READY must still become active 
to terminate a bus cycle if CEN remains LOW for ,a 
selected bus controller (CENL was latched HIGH). 

CMD 

ADDRESS 
DATA 

iimiV 

<=: 
READY 

CM~CLK 

MliO 
sUo 

CENL 

MB CEN 

t +!y 

ADDRESS 

DECODER 

II 
II 
AUG 

rO~ 
Xl X2 

iiiDv Aiiiii 
Sii6Yiii I2C2IM iRiiYiN 

* CLK iimiV sUii 

-
< 

~ 

MIlO 

J 
CLK READY M/IO 

ii.so 

80218 

Some memory or I/O systems may require more ad
dress or write data setup time to command active 
than provided by the basic command output timing. 
To provide flexible command timing, the CMDLY in
put can delay the activation of command outputs. 
The CMDL Y input must be sampled LOW to activate 
the command outputs. CMDL Y does not affect the 
control outputs ALE, MCE, DEN, and DT /R. 

mK 

.100 *"' 
READY COMM ANDS 

CLKucaeiMD 

M/RI DEN ~ I1,lAI 
DT/A ,.. CENL AU 

MB AEN 

Jy t 

READY AEN 
IIULTIlUSel 

eLK =: CON TAOL 

M/RI CNTL 

li.lAI 

SYSlAESa 

/ '"" ~ 
/ 

/ -
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~~ 

-
1.1 

/OIROE/ 

DI~o ~ ~n1 ) 

----LV 
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Figure 12. System Use of AEN and CENL 
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CMDl Y is first sampled on the falling edge of the 
ClK ending T s. If sampled HIGH, the command out
put is not activated, and CMDl Y is again sampled 
on the next falling edge of ClK. Once sampled 
lOW, the proper command output becomes active 
immediately if MB = O. If MB = 1, the proper com
mand goes active no earlier than shown in Figures 9 
and 10. 

READY can terminate a bus cycle before CMDl Y 
allows a command to be issued. In this case no 
commands are issued an the bus controller will de
activate DEN and DT IA in the same manner as if a 
command had been issued. 

Waveforms Discussion 

The waveforms show the timing relationships of in
puts and outputs and do not show all possible tran-

sitions of all signals in all modes. Instead, all signal 
timing relationships are shown via the general cas
es. Special cases are shown when needed. The 
waveforms provide some functional descriptions of 
the 82C288; however, most functional descriptions 
are provided in Figures 5 through 11. 

To find the timing specification for a signal transition 
in a particular mode, first look for a special case in 
the waveforms. If no special case applies, then use 
a timing specification for the same or related func
tion in another mode. 
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ABSOLUTE MAXIMUM RATINGS* 

AmbieAt Temperature Under Bias O·C to + 70·C 

Storag,9 Temperature - 65"C to + 150·C 

Voltage on Any Pin with 
Respect to GND - 0.5V to + 7V 

Power Dissipation 1 Watt 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS Vcc = 5V ±5%, TCASE = 0·Cto85·C· 

Symbol Parameter Min Max 

VIL Input lOW Voltage -0.5 0.8 

VIH Input HIGH Voltage 2.0 Vcc + 0.5 

VILC ClK Input lOW Voltage -0.5 0.6 

VIHC ClK Input HIGH Voltage 3.8 VCC + 0.5 

VOL Output lOW Voltage 
Command Outputs 0.45 
Control Outputs 0.45 

VOH Output HIGH Voltage 
Command Outputs 2.4 

VCC - 0.5 
Control Outputs 2.4 

VCC - 0.5 

IlL Input leakage Current ±10 

ILO Output leakage Current ±10 

Icc ' Power Supply Current 75 

Icc!'; Power Supply Current (Static) 1 

CCLK ClK Input Capacitance 12 

CI Input Capacitance 10 

Co Input/Output Capacitance 20 

°T A is guaranteed from O'C to + 70'C as long as T CASE is not exceeded. 

NOTES: 
1,. Command Outputs are INTA, 10RC, 10WC, MRDC and MWRC. 
2. Control Outputs are DT IR, DEN, ALE and MCE. 
3. Tested while outputs are unloaded, and inputs at Vee or Vss. 
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Units Test Conditions 

V 

V 

V 

V 

V 10L = 32 mA (Note 1) 
V 10L = 16 mA (Note 2) 

V IOH = -5 mA (Note 1) 
V 10H = -1 mA (Note 1) 
V 10H = -1 mA (Note 2) 
V IOH = -0.2 mA (Note 2) 

p.A OV ~ VIN ~ VCC 

p.A 0.45V ~ VOUT ~ VCC 

mA 

mA (Note 3) 

pF Fc = 1 MHz 

pF Fc = 1 MHz 

pF Fc = 1 MHz 
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A.C. CHARACTERISTICS 

Vee = 5V, ± 5%, TeASE = O°C to + 85°C.· AC timings are referenced to 0.8V and 2.0V points of signals as 
illustrated in data sheet waveforms, unless otherwise noted. 

8 MHz 10 MHz 12.5 MHz 

Symbol Parameter 
(Advance) (Advance) (Advance) 

Unit 
Test 

-8 -8 -10 -10 -12 -12 Condition 

Min Max Min Min Min Max 

1 ClK Period 62 250 50 250 40 250 ns 

2 ClK HIGH Time 20 16 13 ns at3.6V 

3 ClK lOW Time 15 12 11 ns at 1.0V 

4 ClK Rise Time 10 8 8 ns 1.0Vto 3.6V 

5 ClKFaliTime 10 8 8 ns 3.6Vto 1.0V 

6 MIlO and Status 22 18 15 ns 
Setup Time 

7 M/iO and Status 1 1 1 ns 
Hold Time 

8 CENl Setup Time 20 15 15 ns 

9 CENl Hold Time 1 1 1 ns 

10 READY Setup Time 38 26 18 ns 

11 READY Hold Time 25 25 20 ns 

12 CMDl Y Setup Time 20 15 15 ns 

13 CMDl Y Hold Time 1 1 1 ns 

14 AEN Setup Time 20 15 15 ns (Note 3) 

15 AEN Hold Time 0 0 0 ns (Note 3) 

16 ALE, MCE Active 3 20 3 16 3 16 ns (Note 4) 
Delay from ClK 

17 ALE, MCE Inactive 25 19 19 ns (Note 4) 
Delay from ClK 

18 DEN (Write) 35 23 23 ns (Note 4) 
Inactive from CENl 

19 DT IR lOW from ClK 25 23 23 ns (Note 4) 

20 DEN (Read) ActiveR 5 35 5 21 5 21 ns (Note 4) 
from DTI 

21 DEN (Read) Inactive 3 35 3 21 3 19 ns (Note 4) 
Diy from ClK 

22 DT/R HIGH from 5 35 5 20 5 18 ns (Note 4) 
DEN Inactive 

23 DEN (Write) Active 30 23 23 ns (Note 4) 
Delay from ClK 

24 DEN (Write) Inactive 3 30 3 19 3 19 ns (Note 4) 
DiyfromClK 

*T A is guaranteed from Q'e to + 7Q'e as long as T CASE is not exceeded. 
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A.C. CHARACTERISTICS 

VCC'= 5V, ±5%, TCASE = O°C to + 85°C. * AC timings are referenced to 0.8V and 2.0V points of signals as 
illustrated in data sheet waveforms, unless otherwise noted. (Continued) 

8 MHz 10 MHz 

Symbol Parameter 
(Advance) (Advance) 

-8 -8 -10 -10 
Min Max Min· Min 

25 DEN Inactive from 30 25 
CEN 

26 DEN Active from 30 24 
CEN 

27 DT fR HIGH from ClK 35 25 
(when CEN = LOW) 

28 ~ DEN Active from AEN 30 26 

29 CMD Active Delay 3 25 3 21 
from ClK 

30 CMD Inactive Delay 5 20 5 20 
from ClK 

31 CMD Active from 25 25 
CEN 

32 CMD Inactive from CEN 25 25 

33 CMD Inactive Enable from AEN 40 40 

34 CMD Float Delay from AEN 40 40 

35 MB Setup Time 20 20 

36 MB Hold Time 0 0 

37 Command Inactive Enable 40 40 
from MB J, 

38 Command Float Time from MB t 40 40 

39 DEN Inactive from MB t 30 26 

40 DEN Active from MB J, 30 30 

·T A is guaranteed from O°C to + 70°C as long as T CASE is not exceeded. 

NOTES: 

12.5 MHz 
(Advance) 

Unit 
Test 

-12 -12 Condition 

Min Max 

25 ns (Note 4) 

24 ns (Note 4) 

25 ns (Note 4) 

26 ns (Note 4) 

3 21 ns (Note 5) 

5 20 ns (Note 5) 

25 ns (Note 5) 

25 ns (Note 5) 

40 ns (Note 5) 

40 ns (Note 6) 

20 ns 

0 ns 

40 ns (Note 5) 

40 ns (Note 6) 

26 ns (Note 4) 

30 ns (Note 4) 

3. AEN is an asynchronous input. lhis specification is for testing purposes only, to assure recognition at a specific ClK 
edge. 
4. Control output load: CI = 150 pF. 
5. Command output load: CI = 300 pF. 
6. Float condition occurs when output current is less than ILO in magnitude. 

4.0V 

D.4SV 
240042-15 

Note 7: AC Drive and Measurement Points-CLK Input 
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4.0V 

CLKINPUT 

1.0V 

O.45V -------T'-------' 

DEVICE 
OUTPUT 

'HOLD 

2.0V 

O.8V 

240042-16 

Note 8: AC Setup, Hold and Delay Time Measurement-General 

WAVEFORMS 

ClK CHARACTERISTICS 

eLK 

DEVICE 
OUTPUT 

Note 9: AC Test loading on Outputs 
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WAVEFORMS (Continued) 

STATUS, ALE, MCE, CHARACTERISTICS 

CLK 

M/iO,iii,iii ---f~I.{ 

ALE _____ --l'-:!.. 

MCE ______ ..J 

240042-19 

CENL, CMDL Y, DEN CHARACTERISTI~S WITH MB = 0 AND CEN = 1 DURING WRITE CYCLE 

CLK 

DEN ___ -+..J 

CENL 

CMDLY 

READ CYCLE CHARACTERISTICS WITH MB = 0 AND CEN = 1 

CLK 

DT/R--+'\ 

DEN __ -+::,...--J 

Ciiii---+'\ 

CENL 
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WAVEFORMS (Continued) 

WRITE CYCLE CHARACTERISTIC WITH MB = 0 AND CEN = 1 

240042-22 

CEN CHARACTERISTICS WITH MB = 0 

ClK 

CEN 

DEN 

DTlii _________ .I\ ___ ~ 

240042-23 
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WAVEFORMS (Continued) 

AEN CHARACTERISTICS WITH MB = 1 

NOTE: 

eLK 

AEN 

DEN __ -.f 

82C288 

240042-24 

1. AEliI is an asynchronous input. AEf;I setup and hold time is specified to guarantee the response shown in the waveforms. 

MB CHARACTERISTICS WITH AEN/CEN = HIGH 

Ts TC Tc TC TS 

elK 

MB 

_______ ~O~T~~ =-: ---4-A-KID-3;::;.1------.t_@_---c.c,...-_-II-=""'Ir-+----

-- *.--®~~----------~,~-~~~~~---DEN 

240042-25 
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WAVEFORMS (Continued) 

MB CHARACTERISTICS WITH AEN/CEN = HIGH (Continued) 

TS TC TC TS 

eLK 

MB 

®-+o~ ...... 
;-------''''1 

DTiii 

DEN 

240042-26 

240042-27 

NOTES: 
1. MB is an asynchronous input. MB setup and hold times specified to guarantee the response shown in the waveforms. 
2. If the setup time, t35, is met two clock cycles will occur before CMD becomes active after the falling edge of MB. 

3-161 



• 
• 
• 
• 

82C284 
CLOCK GENERATOR AND READY INTERFACE 

FOR 80286 PROCESSORS 
(82C284-12, 82C284-10, 82C284-8) 

Generates System Clock for 80286 • CHMOS III Technology 
Processors • Generates System Reset Output from 
Uses Crystal or TTL Signal foor Schmitt Trigger Input 
Frequency Source • Available In . 18-Lead Cerdip and 20-Pln 
Provides Local READY and PLCC (Plastic Leaded Chip Ca:rrier) 
MULTIBUS®I READY Synchronization Packages 

Single + 5V Power Supply (See Packaging Spec, Order #231369) 

The 82C284 is a clock generator/driver which provides clock signals for 80286 processors and support 
components. It also contains logic to supply RE;ADY to the CPU from either asynchronous or synchronous 
sources and synchronous RESET from an asynchronous input with hysteresis. 

RES 

Xl 

X2 

EFI 

FIC 

ARDYEN 
AIiDY 

SRDYEN 

SIIDY 

51 
so 

RESET 

D 
SYNCHRONIZER 

Figure 1. 82C284 Block Diagram 
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ARDY 
SRDY 

SRDYEN 
READY 

EFt 
Fie 
x, 
X. 

GND 

82C284 

18-Lead Cerdlp 

Vee 
ARDYEN 
s;-
SG 
N.C. 

PCLK 
RESET 
RES 
CLK 

210453-2 
P.C. Board Views-As viewed from the compo
nent side of the P.C. Board. 

Component Pad Views-As viewed from under
side of component when mounted on the board. 

NOTE: 

RESET 
PCLK 

GND 
so 
51 

1. N.C. Signals must not be connected. 

XI 

FIC 
EFt 
READY 

SRDYEN 

20 Pin PLCC 

210453-18 

X18 

FIC 7 
EFt 6 

READY 5 
SRDYEN 4 

Figure 2. 82C284 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for the 82C284 clock generator. 

Symbol Type Name and Function 

ClK a SYSTEM' CLOCK is the signal used by the processor and support 
devices which,must be synchronous with the processor. The frequency 
of the ClK output has twice the desired internal processor clock 
frequen,cy. ClK can drive both TTL and MaS level inputs. 

F/C I FREQUENCY ICRYSTAL SELECT ~ a strapping option to select the 
source for the ClK output. When F/C is strapped lOW, the internal 
crystal oscillator drives ClK. When FIC is strapped HIGH, the EFI 
input drives the ClK output. 

X1, X2 I CRYSTAL IN are the pins to which a parallel resonant fundl!,.mental 
mode crystal is attached for the internal oscillator. When F/C is lOW, 
the internal oscillator will drive the ClK output at the crystal frequency. 
The crystal frequency must be twice the desired internal processor 
clock frequency. 

EFI I EXTERNAL FREQUENCY IN drives ClK when the F/C input is 
strapped HIGH. The EFI input frequency must be twice the desired 
internal processor clock frequency. 

PClK a PERIPHERAL CLOCK is an output which provides a 50% duty cycle 
clOck with 112 the frequency of ClK. PClK will be in phase with the 
internal processor clock following the first bus cycle after the 
processor has been reset. 

ARDYEN I ASYNCHRONOUS READY ENABLE is an active lOW input which 
qualifies the ARDY input. ARDYEN selects ARDY as the source of 
ready for the current bus cycle. Inputs to ARDYEN may be applied 
asynchronously to ClK. Setup ,and hold times are given to assure a 
guaranteed response to synchronous inputs. 

ARDY I ASYNCHRONOUS READY is an active lOW input used to terminate 
the current bus cycle. The ARDY input is qualified by ARDYEN. Inputs 
to ARDY may be applied asynchronously to ClK. Setup and hold times 
are given to assure a guaranteed response to synchronous outputs. 

SRDYEN I SYNCHRONOUS READY ENABLE is an active lOW input which 
qualifies SRDY. SRDYEN selects SRDY as the source for READY to 
the CPU for the current bus cycle. Setup and hold times must be 
satisfied for proper operation. 

SRDY I SYNCHRONOUS READY is an active lOW input used to terminate 
the current bus cycle. The SRDY input is qualified by the SRDYEN 
input. Setup and hold times must be satisfied for proper operation. 

READY a READY is an active lOW output which signals the current bus...2}'cle is 
to be completed. The SRDY, SRDYEN, ARDY, ARDYEN, S1, SO and 
RES inputs control READY as explained later in the READY generator 
section. READY is an open drain output requiring an external pull-up 
resistor. 
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Table 1. Pin Description (Continued) 

The following pin function descriptions are for the 82C284 clock generator. 

Symbol Type Name and Function 

SO,S1 I STATUS input prepare the 82C284 for a subsequent bus cycle. SO and 
S1 synchronize PClK to the internal processor clock and control 
READY. These inputs have internal pull-up resistors to keep them 
HIGH if nothing is driving them. Setup and hold times must be satisfied 
for proper operation. 

RESET a RESET is an active HIGH output which is derived from the RES input. 
RESET is used to force the system ihto an initial state. When RESET is 
active, READY will be active (lOW). 

RES I RESET IN is an active lOW input which generates the system reset 
signal, RESET. Signals to RES may b~lied asynchronously to ClK. 
A Schmitt trigger input is provided on RES, so that an RC circuit can be 
used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 

Vee SYSTEM POWER: + 5V Power Supply 

GND SYSTEM GROUND: OV 

FUNCTIONAL DESCRIPTION 

Introduction 

The 82C284 generates the clock, ready, and reset 
signals required for 80286 processors and support 
components. The 82C284 is packaged in an 18-pin 
DIP and contain~ a crystal controlled oscillator, 
clock generator, peripheral clock generator, Multi
bus ready synchronization logic and system reset 
generation logic. 

Clock Generator 

The ClK output provides the basic timing control for 
an 80286 system. ClK has output characteristics 
sufficient to drive MaS devices. ClK is generated by 
either an internal crystal oscillator or an external 
source as selected by the F /C strapping option. 
When FIG is lOW, the crystal oscillator drives the 
ClK output. When FIG is HIGH, the EFI input drives 
the ClK output. 

The 82C284 provides a second clock output, PClK, 
for peripheral devices. PClK is ClK divided by two. 
PClK has a duty cycle of 50% and MaS output 
drive characteristics. PClK is normally synchronized 
to the internal processor clock. 

After reset, the PClK signal may be out of phase 
with the internal processor clock. The S1 and SO 
signals of the first bus cycle are used to synchronize 

PClK to the internal processor clock. The phase of 
the PClK output changes by extending its HIGH 
time beyond one system clock (see waveforms). 
PClK is forced HIGH whenever either SO or S1 were 
active (lOW) for the two previous ClK cycles. PClK 
continues to oscillate when both SO and S1 are 
HIGH. 

Since the phase of the internal processor clock will 
not change except during reset, the phase of PClK 
will not change except during the first bus cycle after 
reset. 

Oscillator 

The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel reso
nant, fundamental mode, crystal. The output of the 
oscillator is internally buffered. The crystal frequency 
chosen should be twice the required internal proces
sor clock frequency. The crystal should have a typi
cal load capacitance of 32 pF. 

X1 and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capac
itors are recommended, as shown in Table 2. The 
sum of the board capacitance and loading capaci
tance should equal the values shown. It is advisable 
to limit stray board capacitances (not including the 
effect of the loading capacitors or crystal capaci
tance) to less than 10 pF between the X1 and X2 
pins. Decouple Vee and GND as close to the 
82C284 as possible. 
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10 
Xl ClK ClK 

Vee 80218 
CPU or 

SUPPORT X2 82C214 COMPONENT 
C1 

I I READY READY 
18 

Vee 
SEE TABLE 

2 FOR DECOUPUNG 
CAl'llClTOR ICAMCITOR VALUES 

210453-3 

Figure 3. Recommended Crystal 
and READY Connections 

elK Termination 

Due to the ClK output having a very fast rise and fall 
time, it is recommended to properly terminate the 
ClK line at frequencies above 10 MHz to avoid sig
nal.reflections and ringing. Termination is accom
plished by inserting a small resistor (typically 100-
740) in series with the output, as shown in Figure 4. 
This is known as series termination. The resistor val
ue plus the circuit output impedance should be 
made equal to the impedance of the transmission 
line. . 

210453-15 

Figure 4. Series Termination 

Reset Operation 

The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is active (lOW), the RESET output becomes 
active (HIGH). RES is synchronized il'!ternally at the 
falling edge of ClK before generating the RESET 
output (see waveforms). Synchronization of the RES 
input introduces a one or two ClK delay before af
fecting the RESET output. 

At power up, a system does not have a stable V cc 
and elK. To prevent spurious activity, RES should 
be asserted until Vee and ClK stabilize at their oper
ating values. 80286 processors and support compo
nents also require their RESET inputs be HIGH a 
minimum of 16 ClK cycles. An RC network, as 
shown in Figure 5, will keep RES lOW long enough 
to satisfy both needs. 

Vee 

10Kn 
11 ezc214 

RES 

+ 

~ rO.F 
210453-4 

Figure 5. Typical RC RES Timing Circuit 

A Schmitt trigger input with hysteresis on RES as
sures a single transition of RESET with an RC circuit 
on RES. The hysteresis separates the input voltage 
level at which the circuit output switches between 
HIGH to lOW from the input voltage level at which 
the circuit output switches between lOW to HIGH. 
The RES HIGH to lOW input transition voltage is 
lower than the RES lOW to HIGH input transition 
voltage. As long as the slope of the RES input volt
age remains in the same direction (increasing or de
creaSing) around the RES input tranSition voltage, 
the RESET output will make a single transition. 

Ready Operation 

The 82C284 accepts two ready sources for the sys
tem ready signal which terminates the current bus 
cycle. Eithe~nchronous (SRDY) or asynchro
nous ready (ARDY) source may be used. Each ready 
input has an enable (5RDYEN and ARDYEN) for se
lecting the type of ready source required to termi
nate the current bus cycle. An address decoder 
would normally select one of the enable inputs. 

READY is enabled (lOW), if either SRDY + 
SRDYEN = 0 or ARDY + ARDYEN = 0 when 
sampled by the 82C284 READY generation logic. 
READY will remain active for at least two ClK cy
cles. 

The READY output has an open-drain driver allow
ing other ready circuits to be wire or'ed with it, as 
shown in Figure 3. The READY Signal of an 80286 
system requires an external pull-up resistor. To force. 
the READY signal inactive (HIGH) at the start o~ 
bus cycle, the READY output floats when either S1 
or SO are sampled lOW at the falling edge of ClK. 
Two system clock periods are allowed for the pull-up 
resistor to pull the READY signal to VIH. When RE
SET is active, READY is forced active one ClK later 
(see waveforms). 

Figure 6 illustrates the operation of SRDY and 
SRDYEN. These i~ts ar~sampled on the falling 
edge of ClK when S1 and 50 are inactive and PClK 
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is HIGH. FiEAi5Y is forced active when both SRDY 
and SRDYEN are sampled as .LOW. 

Figure 7 shows the operation of ARDY and 
ARDYEN. These inputs are. sampled by an internal 
synchronizer at each falling edge of CLK. The output 
of the synchronizer is then sampled when PCLK is 
HIGH. If the synchronizer resolved both the ARDY 

and ARDYEN as active, the SRDY and SRDYEN in
puts are ignored. Either ARDY or ARDYEN must be 
HIGH at the end of T s (see Figure 7). 

NOTE: 

READY remains active until either S1 or SO are sam
pled LOW, or the ready inputs are sampled as inac
tive. 

Table 2. 82C284 Crystal Loading Capacitance Values 

Crystal Frequency 
C1 Capacitance C2 Capacitance 

(Pin 7) (Pin 8) 

1 toS MHz 60pF 40pF 
St020 MHz 25pF 15 pF 

Above 20 MHz 15 pF 15 pF 

Capacitance values must inclUde stray board capacitance. 

T, 

CLK 

PCLK 

VIM 
AR~~--------~~----------+---------------~----~------

SRDYEN 
+ 

SRDY 

RE~Y--------------' 

Figure 6. Synchronous Ready Operation 

T. 

CLK 

PCLK 

T, 

V'H 
SR~EN-----------+-----+----+-----~--------~---------+--

ARDY 
+ 

AlIDYEN 

READY - ________ ~, 

Figure 7. Asynchronous Ready Operation 
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ABSOLUTE MAXIMUM 'RATINGS· 

Temperature Under Bias .....• '. ;/ .... 00Cto +70"C 
Storage T~mperature ..•. , •.•.. - 65'C to + 150'C 
All Output and Supply Voltages ..... -0.5V to + 7V 
All Input Voltages ................ -1.0V to + 5.5V 
Power Dissipation ........................ 1 Watt 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings",may cause permanent dam
age tQ the device. This Is a stress rating only and 
functional operation of the deVice at these or any 
other conditions above those indicated in the opera
tional sections of this 'specification is not Implied. Ex
posure to absolute maximum rating conditions for 
extended periOds may affect device reliability. 

'NOTICE: Specifications contained within the 
fol/owing tables are subject to change. 

D.C. CHARACTERISTICS TCASE = O'Cto + S5'C, " Vee = 5V ±5% 

Symbol Parameter 

VIL Input lOW Voltage 

VIH Input HIGH Voltage 

VIHR 'FiES and EFllnput HIGH Voltage 

VHYS RES Input Hysteresis 

VOL RESET, PClK Output lOW Voltage 

VOH RESET, PClK Output 
HI~H Voltage 

VOLR READY, Output lOW Voltage 

VOLC ClK Output lOW Voltage 

VOHC ClK Output HIGH Voltage 

IlL Input Sustaining Current 
on SO and Sf Pins 

III Input leakage Current 

Icc Power Supply Current 

CI Input Capacitance 
·T A IS guaranteed from O'C to + 70'C as long as T CASE Is not exceeded, 

NOTE: 

Min Max 

O.S 

2.0 

2.6 

0.25 

0.45 

2.4 

Vee-0.5 

0.45 

0.45 

4.0 

30 500 

±10 

75 

10 

1. Status lines SO and S1 excluded because they have internal pull-up resistors. 
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Unit Test Condition 

V 

V 

V 

V 

V IOL = 5mA 

V IOH= -1mA 

V IOH = -0.2mA 

V' IOL = 9mA 

V IOL = 5mA 

V IOH = - SOOp.A 

p.A 'VIN;" OV 

p.A o :s: VIN :s: Vee(1) 

rnA 
at 25 MHz Output 
ClK Frequency 

pF Fc = 1 MHz 



82C284 

A.C. CHARACTERISTICS vee = 5V ± 5%, T CASE = O"C to + 85·C.· 

Timings are referenced to 0.8V and 2.0V points of signals as illustrated in the datasheet waveforms, unless 
otherwise noted. . 

82C284 A.C. Timing Parameters 
8.0 MHz 10.0 MHz 12.SMHz 

Symbol Parameter Preliminary Preliminary Preliminary Units Test· 
Min Max Min Max Min Max Conditions 

1 EFI to ClK Delay 25 25 25 ns At 1.5V (1) 

2 EFllOWTime 28 22.5 13 ns At 1.5V (1, 7) 

3 EFI HIGH Time 28 22.5 22 ns At 1.5V (1, 7) 

4 ClKPeriod 62 500 50 500 40 500 ns 

5 ClKlOWTime 15 12 11 ns At 1.0V (1, 2, 7, 8, 9,10) 

6 ClK HIGH Time 25 16 13 ns At 3.6V (1, 2, 7, 8, 9,10) 

7 ClK Rise Time 10 8 8 ns 1.0V to 3.6V (1, 2, 10, 11) 

8 ClK Fall Time 10 8 8 ns 3.6V to 1.0V (1, 9, 10, 11) , 

9 Status Setup Time 22 - - ns (Note 1) 

9a Status Setup Time for - 20 22 ns (Note 1) 
Status Going Active 

9b Status Setup Time for - 20 18 ns (Note 1) 
Status Going Inactive 

10 Status Hold Time 1 1 3 ns (Note 1) 

11 ID=il5V or SRDYEN 17 15 15 ns (Note 1) 
Setup Time 

12 SRDY or SRDYEN 0 2 2 ns (Notes 1,11) 
Hold Time 

13 ARDY or ARDYEN 0 0 0 ns (Notes 1, 3) 
Setup Time 

14 ARDY or ARDYEN 30 30 25 ns (Notes 1, 3) 
Hold Time 

15 'RES Setup Time 20 20 18 ns (Notes 1, 3) 

16 RES Hold Time 10 10 8 ns (Notes 1, 3) 

17 READY Inactive Delay 5 5 5 ns AtO.8V(4) 

18 READY Active Delay 0 24 0 24 0 18 ns AtO.8V(4) 

19 PClKDeiay 0 45 0 35 0 23 ns (Note 5) 

20 RESET Delay 5 34 5 27 3 22 ns (Note 5) 

21 PClK lOW Time t4-20 t4-20 T4-20 ns (Notes 5, 6) 

22 PClK HIGH Time t4-20 t4-20 T4-20 ns (Notes 5, 6) 
"T A IS guaranteed from ooe to 700e as long as T CASE 18 not exceadad. 

NOTES: 
1. ClK loading: Cl = 100 pF. The 82C284's Xi and X2 inputs are designed primarily for parallel.resonant crystals. Serial· 
resonant crystals may also be used, however, they may oscillate up to 0.01 % faster than their nominal frequencies when 
used with the 82C284. For either type of crystal, capacitive loading should be as specified by Table 2. 
2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting speci· 
fications t2 and t3. The recommended crystal loading for ClK frequencies of 8 MHz-20 MHz are 25 pF from pin Xl to 
ground, and 15 pF from pin X2 to ground; for ClK frequencies above 20 MHz 15 pF from pin Xl to ground, and 15 pF from 
pin X2 to ground. These recommended values are ±5 pF and include all stray capacitance. Decouple Vee and GND as 
close to the 82C284 as possible. 
3. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific ClK 
edge. . 
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NOTES: 
4. Pull·up Resistor values for READY Pin: 

OPU Frequency 8 MHz 10 MHz 12.5 MHz 

Resistor 9100 7000 6000 
Cl 150 pF 150 pF 150pF 
IOL 7mA 7mA 9mA 

5. PClK and RESET loading: CL = 75 pF. 
6. t4 refers to any allowable ClK period. 
7. When driving the 82C284 with EFI, provide minimum EFI HIGH a!1d lOW times.as follows: 

elK Output Frequency 16MHz 20 MHz 25 MHz 

Min. Required EFI HIGH Time 28 ns 22.5 ns 22 ns 
Min. Required EFI lOW Time 28 ns 22.5 ns 13 ns 

.. 
8. When uSing a crystal (with recommended capacitive loading per Table 2) appropriate for the speed of the 80286, ClK 
output HIGH and lOW times guaranteed to meet the 80286 requirements. 

Reset Drive EFI Drive and 
Measurement Points 

O.4SV 

~
.ov 

1.SV. 1.SV 

Note 9 

210453-7 

82C264 
CLK 

OUTPUT 

DEVICE 
INPUT 

OTHER 
DEVICE 
OUTPUT 

ClK Output Measurement 
Points 

3.61 
1.0V \; 1.0V 

210453-8 

Note 10 

FIC Drive Points 

.20r---\ 
.45~· L 

·210453-9 

Note 11 

210453-10· 

Note 12. AC Setup, Hold and Delay Time Measurement-General 
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PCLK 
output 0----. 

-r 
WAVEFORMS 

CLK as a Function of EFI 

EFl 

ClK 

NOTE: 

82C284 

READY 0----'" output 

Note 13. AC Test Loading on Outputs 

:;..Oo----l""l 
~I 

210453-11 

210453-12 

The EFI input lOW and HIGH times as shown are required to guarantee the elK lOW and HIGH times shown. 

RESET and READY Timing as a Function of RES with S1, SO, ARDY + ARDYEN, and SRDY + 
SRDYEN High 

210453-13 

NOTE: 
1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 
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WAVEFORMS (Continued) 

READY and PCLK Timing with RES High 

210453-14 

NOTES: . . 
1. This is an a§ROhrEnous input. The setup and hold times shown are required to guarantee the response show_n. __ 
2. If SRDY + Y N or ARDY + ARDYEN are active before and/or during the first bus cycle after RESET, READY 
may not be deasserted until after the falling edge of 4>2 of T s. 

ICC vs Frequency @ Nominal Conditions 

1.6..,-------------~ 

1.5 

1.4 

1.3 

1.2 

1.1 

12 14 ·16 18 20 22 24 

ClK OUTPUT FREQUENCY, 101Hz 
2310453-16 

ICC vs Case Temperature @ 25 MHz 

1.04 
~ 1.03 
on 1.02 

'" 1.01 
~ 1 

0.99 a 0.98 

~ 0.97 
0.96 -c 0.95 :::E 

IX 0.94 
0 0.93 z 0.92 .; 0.91 .!! 0.9 

0.89 
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DATA SHEET 
REVISION REVIEW 

This 82C284 data sheet, version -007, contains up
dates and improvements to the version -006. A revi
sion summary is listed here for your convenience. 

1. A PLCC package diagram was added to show 
the 82C284 pinout for this package. 

2. Table 2 was updated to reflect correct capacitor 
values on the crystal pins X1 and X2 for frequen
cies above 20 MHz. 

3. The 12.5 MHz timing t2 was improved from 14 ns 
to 13 ns. 

4. The 12.5 MHz timing t9b was improved from 20 
ns to 18 ns. 

3-173 

5. Note 2 for the A.C. timing parameters was 
changed to reflect the correct capacitance val
ues on pins X1 and X2 for frequencies above 20 
MHz. 

6. Note 7 for the A.C. timing parameters was 
changed to reflect the change in timing parame
ter t2' 

7. A new D.C. current specifications, IlL, was added 
to reflect the input sustaining current on the SO # 
and S1 # pins caused by the internal pull-up re
sistors on these pins. 

8. In the D.C. and A.C. Specifications, T A is now 
guaranteed to be valid from O°C to + 70°C as 
long as T CASE is not exceeded. 

9. All 6 MHz timing parameters were deleted. Intel 
no longer manufactures 6 MHz 82C284s. 

10. Output HIGH voltage, VOH, is now additionally 
specified at CMOS levels. 
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HIGH PERFORMANCE 32-BIT CHMOS MICROPROCESSOR 

WITH INTEGRATED MEMORY MANAGEMENT 
• Flexible 32·Blt Microprocessor 

-8,16, 32·Blt Data Types 
- 8 General Purpose 32·Blt Registers· 

• Very Large Address Space 
- 4 Gigabyte Physical 
- 64 Terabyte Virtual 
- 4 Gigabyte Maximum Segment Size 

• Integrated Memory Management Unit 
- Virtual Memory Support 
- Optional On·Chlp Paging 
- 4 Levels of Protection 
- Fully Compatible with 80286 

• Object Code Compatible with All 8086 
Family Microprocessors 

• Virtual 8086 Mode Allows Running of 
8086 Software in a Protected and 
Paged System 

• Hardware Debugging Support 

• Optimized for System Performance 
- Pipellned Instruction Execution 
- On·Chlp Address Translation Caches 
-16 and 20 MHz Clock 
- 32 and 40 Megabytes/Sec Bus 

Bandwidth 

• High Speed Numerics Support via 
80387 Coprocessor 

• Complete System Development 
Support 
- Software: C, PL/M, Assembler 

System Generation Tools 
- Debuggers: PSCOPE, ICETM·386 

• High Speed CHMOS III Technology 

• 132 Pin Grid Array Package 
(See Packaging Specification, Order #231369) 

The 80386 is an advanced 32-bit microprocessor designed for applications needing very high performance 
and optimized for multitasking operating systems. The 32-bit registers and data paths support 32-bit addresses 
and data types. The processor addresses up to four gigabytes of physical memory and 64 terabytes (2**46) of 
virtual memory. The integrated memory management and protection architecture includes address translation 
registers, advanced multitasking hardware and a protection mechanism to support operating systems. In 
addition, the 80386 allows the simultaneous running of multiple operating systems. Instruction pipelining, on
chip address translation, and high bus bandwidth ensure short average instruction execution times and high 
system throughput. 
The 80386 offers new testability and debugging features. Testability features include a self-test and direct 
access to the page translation cache. Four new breakpoint registers provide breakpoint traps on code execu
tion or data accesses, for powerful debugging of even ROM-based systems. 
Object-code compatibility with all 8086 family members (8086, 8088, 80186, 80188, 80286) means the 80386 
offers immediate access to the world's largest microprocessor software base. 

Figure 1·1.80386 Plpellned 32·Blt Mlcroarchltecture 
UNIXTM is a Trademark of AT&T Bell Labs. 
MS-DOS is a Tr!ldemark of MICROSOFT Corporation. 
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2. BASE ARCHITECTURE 

2.1 INTRODUCTION 

The 80386 consists of a central processing unit, a 
memory management unit and a bus interface. 

The central processing unit consists of the execu
tion unit and instruction unit. The execution unit con
tainlil the eight 32-bit general purpose registers 
which are used for both address calculation, data 
operations and a 64-bit barrel shifter used to speed 
shift, rotate, multiply, and divide operations. The 
multiply and divide logic uses a 1-bit per cycle algo
rithm. The multiply algorithm stops the iteration 
when the most significant bits of the multiplier are all 
zero. This allows typical 32-bit multiplies to be exe
cuted in under one microsecond. The instruction unit 
decodes the instruction opcodes and stores them in 
the decoded instruction queue for immediate use by 
the execution unit. 

The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi
cient sharing. The paging mechanism operates be
neath and is transparent to the segmentation pro
cess, to allow management of the physical address 
space. Each segment is divided into one or more 4K 
byte pages. To implement a virtual memory system, 
the 80386 supports full restartability for all page and 
segment faults. 

Memory is organized into one or more variable 
length segments, each up to four gigabytes in size. A 
given region of the linear address space, a segment, 
can have attributes associated with it. These attri
butes include its location, size, type (i.e. stack, code 
or data), and protection characteristics. Each task 
on an 80386 can have a maximum of 16,381 seg
ments of up to four gigabytes each, thus providing 
64 terabytes (trillion bytes) of virtual memory to each 
task. 

The segmentation unit provides four-levels of pro
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 

The 80386 has two modes of operation: Real Ad
dress Mode (Real Mode), and Protected Virtual Ad
dress Mode (Protected Mode). In Real Mode the 
80386 operates as a very fast 8086, but with 32-bit 
extensions if desired. Real Mode is required primari-
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Iy to setup the processor for Protected Mode opera
tion. Protected Mode provides access to the sophis
ticated' memory management, paging and privilege 
capabilities of the processor. 

Within Protected Mode, software can perform a task 
switch to enter into tasks deSignated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se
mantics, thus allowing 8086 software (an application 
program, or an entire operating system) to execute. 
The Virtual 808~ tasks can be isolated and protect
ed from one another and the host 80386 operating 
system, by the use of paging, and the 1/0 Permis
sion Bitmap. 

Finally, ,to facilitate high performance system hard
ware designs, the 80386 bus interface offers ad
dress pipelining, dynamic data bus sizing, and direct 
Byte Enable signals for each byte of the data bus. 
These hardware features are described fully begin
ning in Section 5. 

2.2 REGISTER OVERVIEW 

The 80386 has 32 register resources in the following 
categories: 

• General Purpose Registers 

• Segment Registers 

• Instruction Pointer and Flags 

• Control Registers 

• System Address Registers 

• Debug Registers 

• Test Registers. 

The registers are a superset of the 8086, 80186 and 
80286 registers, so all 16-bit 8086, 80186 and 
80286 registers are contained within the 32-bit 
80386. 

Figure 2-1 shows all of 80386 base architecture reg
isters, which include the general address and data 
registers, the instruction pointer, and the flags regis
ter. The contents of these registers are task-specific, 
so these registers are, automatically loaded with a 
new context upon a task switch operation. 

The base architecture ~Iso includes six directly ac
cessible segments, each up to 4 Gbytes in size. The 
segments are indicated by the selector values 
placed in 80386 segment registers of Figure 2-1. 
Various selector values can be loaded as a program 
executes, if desired. 
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GENERAL DATA AND ADDRESS REGISTERS 
31 16 15 0 

AX EAX 

BX EBX 

CX ECX 

DX EDX 

SI ESI 

DI EDI 

BP EBP 

SP ESP 

SEGMENT SELECTOR REGISTERS 
15 0 

CS CODE 

SS STACK 

DS 

} DATA 
ES 

FS 

GS 

INSTRUCTION POINTER 
AND FLAGS REGISTER 
31 16 15 0 

I I 
IP I EIP 

FLAGS : EFLAGS 

Figure 2-1. 80386 Base Architecture Registers 

The selectors are also task-specific, so the segment 
registers are automatically loaded with new context 
upon a task switch operation. 

The other types of registers, Control, System Ad
dress, Debug, and Test, are primarily used by sys
tem software. 

2.3 REGISTER DESCRIPTIONS 

2.3.1 General Purpose Registers 

General Purpose Registers: The eight general pur
pose registers of 32 bits hold data or address quanti
ties. The general registers, Figure 2-2, support data 
operands of 1, 8, 16, 32 and 64 bits, and bit fields of 
1 to 32 bits. They support address operands of 16 
and 32 bits. The 32-bit registers are named EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 

The least significant 16 bits of the registers can be 
accessed separately. This is done by using the 16-
bit names of the registers AX, BX, CX, DX, SI, DI, 
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BP, and SP. When accessed as a 16-bit operand, 
the upper 16 bits of the register are neither used nor 
changed. 

Finally 8-bit operations can individually access the 
lowest byte (bits 0-7) and the higher byte (bits 8-
15) of general purpose registers AX, BX, CX and DX. 
The lowest bytes are named AL, BL, CL and DL, 
respectively. The higher bytes are named AH, BH, 
CH and DH, respectively. The individual byte acces
sibility offers additional flexibility for data operations, 
but is not used for effective address calculation. 

31 

31 

I 

16 15 8 7 0 

AH AX AL 

BH BX BL 

CH CX CL 

DH DX DL 

SI 

DI 

BP 

SP 

~6 15 0 

I I 
, ) 

T 

IP 

Figure 2-2. General Registers 
and Instruction Pointer 

2.3.2 Instruction Pointer 

EAX 

EBX 

ECX 

EDX 

ESI 

EDI 

EBP 

ESP 

EIP 

The instruction pointer, Figure 2-2, is a 32-bit regis
ter named EIP. EIP holds the offset of the next in
struction to be executed. The offset is always rela
tive to the base of the code segment (CS). The low
er 16 bits (bits 0-15) of EIP contain the 16-bit in
struction pointer named IP, which is used by 16-bit 
addressing. 

2.3.3 Flags Register 

The Flags Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2-3, control certain opera
tions and indicate status of the 80386. The lower 16 
bits (bit 0-15) of EFLAGS contain the 16-bit flag 
register named FLAGS, which is most useful when 
executing 8086 and 80286 code. 
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FLAGS' 

33222 222 2 222 1 111 1 1 1 1 1 , 
109 8 7 6 5 4 3 2 1 0 9 ~ 7 6 5 432 0 9 8 7 6 5 432 1 0 

EFLAGS 

231630-50 

NOTE: 
0' indicates Intel reserved: do not define; see section 2.3.10. 

Figure 2-3. Flags Register 

VM (Virtual 8086 Mode, bit 17) 
The VM bit provides Virtual 8086 Mode within 
Protected Mode. If set while the 80386 is in 
Protected Mode, the 80386 will switch to Vir
tual S086 operation, handling segment loads 
as the 8086 does, but generating exception 
13 faults on privileged opcodes. The VM bit 
can be set only in Protected Mode, by'the 
IRET instruction (if current privilege level = 
0) and by task switches at any privilege level. 
The VM bit is unaffected by POPF. PUSHF 
always pushesaO in this bit, even if execut
ing in virtual 8086 Mode. TlJe EFLAGS image 
pushed during interrupt processing or saved 
during task switches will contain a 1 in this bit 
if the interrupted code was executing as a Vir
tual 8086 Task. 

RF (Resume Flag, bit 16) 

The RF flag is used in conjunction' with the 
debug register breakpoints. It is checked at 
instruction bOl,lndaries before breakpoint pro
cessing. When RF is set, 'it causes any debug 

, fault to be ignored on the next instruction. RF 
is then automatically reset at the, successful 
completion of every instruction (no faults are 
signalled) except the IRET instruction, the 
POPF instruction, (and JMP; CALL, and INT 
instructions causing a task switch). These in
structions set RF to the value specified by the 
memory image. For example, at the end of 
the breakpoint service routine, the IRET 
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instruction can pop an EFLAG image having 
the RF bit set and resume the program's exe
cution at the breakpoint address without gen
erating another breakpoint fault on the same 
location. 

NT (Nested Task, bit 14) 

This flag applies to Protected Mode. NT is set 
to indicate that the execution of this task is 
nested within another task. If set, it indicates 
that the current nested task's Task State 
Segment (TSS) has a valid back link to the 
previous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the setting of this 
bit according to the image popped, at any 
privilege level. 

10PL (Input/Output Privilege Level, bits 12-13) , 

This two-bit field applies to Protected Mode. 
10PL indicates the numerically maximum CPL 
(current privilege level) value permitted to ex
ecute I/O instructions without generating an 
exception 13 fault or consulting the I/O Per
mission Bitmap. It also indicates the maxi
'mum CPL value allowing alteration of the IF 
(INTR Enable Flag) bit,when new values are 
popped into the EFLAG register. POPF and 
IRETinstruction can alter thelOPL field whEln 
executed at CPL = O. Task switches can al
ways alter the 10PL field, when the new flag 
image is loaded from the incoming task's 
TSS. 



80386 

OF (Overflow Flag, bit 11) 

OF is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow Into the 
sign bit (high-order bit) of the result but did 
not result in a carry/borrow out of the high
order bit, or vice-versa. For 8/16/32 bit oper
ations, OF is set according to overflow at bit 
7115/31, respectively. 

DF (Direction Flag, bit 10) 

DF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the 
string instructions. Postincrement occurs if 
DF is reset. Postdecrement occurs if DF is 
set. 

IF (INTR Enable Flag, bit 9) 

The IF flag, when set, allows recognition of 
external interrupts signalled on the INTR pin. 
When IF is reset, external interrupts signalled 
on the INTR are not recognized. IOPL indi
cates the maximum CPL value allowing alter
ation of the IF bit when new values are 
popped into EFLAGS or FLAGS. 

TF (Trap Enable Flag, bit 8) 

TF controls the generation of exception 
trap when single-stepping through code. 
When TF is set, the 80386 generates an ex
ception 1 trap after the next instruction is exe
cuted. When TF is reset, exception 1 traps 
occur only as a function of the breakpOint ad
dresses loaded into debug registers DRO
DR3. 

SF (Sign Flag, bit 7) 

SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16-, 32-bit 
operations, SF reflects the state of bit 7, 15, 
31 respectively. 

SEGMENT 

ZF (Zero Flag, bit 6) 

ZF is set if all bits of the result are O. Otherc 
wise it is reset. 

AF (Auxiliary Carry Flag, bit 4) 

The Auxiliary Flag is used to simplify the addi
tion and subtraction of packed BCD quanti
ties. AF is set if the operation resulte'd in a 
carry out of bit 3 (addition) or a borrow into bit 
3 (subtraction). Otherwise AF is reset. AF is 
affected by carry out of, or borrow into bit 3 
only, regardless of overall operand length: 8, 
16 or 32 bits. 

PF (Parity Flags, bit 2) 

PF. is set if the low-order eight bits ot'the op
eration contains an even number of "1's" 
(even parity). PF is reset if the low-order eight 
bits have odd parity. PF is a function of only 
the low-order eight bits, regardless of oper
and size. 

CF (Carry Flag, bit 0) 

CF is set if the operation resulted in a carry 
out of (addition), or a borrow into (subtraction) 
the high-order bit. Otherwise CF is reset. For 
8-, 16- or 32-bit operations, CF is set accord
ing to carry/borrow at bit 7, 15 or 31, respec
tively. 

Note in these descriptions, "set" means "set to 1," 
and "reset" means "reset to 0." 

2.3.4 Segment Registers 

Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 2-
4. In Protected Mode, each segment may range in 
size from one byte up to the entire linear and physi-

REGISTERS DESCRIPTOR REGISTERS (LOADED AUTOMATICALLY) 
~ • r , r Other 

, 
Segment 

15 0 Physical Base Address Segment Limit Attributes from Descriptor 

Selector CS- -
Selector SS- - -
Selector DS- - - -
Selector ES- - - -
Selector FS- - - -
Selector GS- - - -

Figure 2·4_ 80386 Segment Registers, and Associated Descriptor Registers 
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cal space of the machine, 4 Gbytes (232 bytes). In 
Real Address Mode, the maximum segment size is 
fixed at 64 Kbytes (216 bytes). 

The six segments addressable at any given moment 
are defined by the segment registers CS, SS, OS, 
es, FS and GS. The selector in CS indicates the 
current code segment; the selector in SS indicates 
the current stack segment; the selectors in OS, ES, 
FS and GS indicate the current data segments. 

2.3.5 Segment Descriptor Registers 

The segment descriptor registers are not program
mer visible, yet it is very useful to understand their 
content. Inside the 80386, a descriptor register (pro
grammer Invisible) is associated with each program
mer-visible segment register, as shown by Figure 2-
4. Each descriptor'register holds a 32-bit segment 
base address, a 32-bit segment ,limit, and the other 
necessary segment attributes. 

When a selector value is loaded into a segment reg
ister, the associated descriptor register is automati
cally updated with the correct information. In Real 
Address Mode, only the base address is updated 
directly (by shifting the selector value four bits to the 
left), since the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor indexed 
by the selector. 

Whenever a memory reference occurs, the segment 
descriptor register associated with the segment be
ing used is automatically in"olved with the memory 
reference. The 32-bit segment base address be
comes a component of the linear address calcula
tion, the 32-bit I,imit is used for the limit-check opera
tion, and the attributes are checked against the type 
of memory reference requested. 

2.3.6 Control Registers 

The 80386 has three control registers of 32 bits, 
CRO, CR2 and CR3, to hold machine state of a glob
al nature (not specific to an individual task). These 
registers, along with System Address Registers de
scribed in the next section, hold machine ~tate that 
affects all tasks in the system. To access the Con
trol Registers, load and store instructions are de
fined. 

CRO: Machine Control Register (Includes 80286 
Machine Status Word) 

CRO, shown in Figure 2-5, contains 6 defined bits for 
control and status purposes. The low-order 16 bits 
of CRO are also known as the Machine Status Word, 
MSW, for compatibility with 80286 Protected Mode. 
LMSW and SMSW instructions are taken as special 
aliases of the load and store CRO operations, where 
only the low-order 16 bits of CRO are involved. For 
compatibility with 80286 operating systems the 
80386's LMSW instructions work in an identical 
fashion to the LMSW instruction on the 80286. (i.e. It 
only operates on the low-order 16-bits of CRO and it 
ignores the new bits in CRO.) New 80386 operating 
systems should use the MOV CRO, Reg instruction. 

The defined CRO bits are described below. 

PG (Paging Enable, bit 31) 

the PG bit is set to enable the on-chip paging 
unit. It is reset to disable the on-chip paging 
unit. 

ET (Processor Extension Type, bit 4) 

ET indicates the processor extension type (ei
ther 80287 or 80387) as detected by the level 
'of the ERROR # input following 80386 reset. 
The ET bit may also be set or reilet by loading 
CRO under program control if desired. If ET is 
set, the 80387 -compatible 32-bit protocol is 
used. If ET is reset, 80287-compatible 16-bit 
protocol is used. 

Note that for strict 80286 compatibility, ET is 
not affected by the LMSW instruction. When 
the MSW or CRO is stored, bit 4 accurately re
flects the current state of the ET bit. 

CRO 

~~--------------~T---------------,j 
MSW 

NOTE: lindiicat.es Intel reserved: Do not define; SEe SECTION 2.3.10 

Figure 2-5. Control Register 0 
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TS (Task Switched, bit 3) 

TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coproces
sor ESCape opcode will cause a Coprocessor 
Not Available trap (exception 7). The trap han
dier typically saves the 80287/80387 context 
belonging to a previous task, loads the 
80287/80387 state belonging to the current 
task, and clears the TS bit before returning to 
the faulting coprocessor opcode. 

EM (Emulate Coprocessor, bit 2) 

The EMulate coprocessor bit is set to cause all 
coprocessor opcodes to generate a Coproces
sor Not Available fault (exception 7). It is reset 
to allow coprocessor opcodes to be executed 
on an actual 80287 or 80387 coprocessor (this 
the default case after reset). Note that the 
WAIT opcode is not affected by the EM bit set
ting. 

MP (Monitor Coprocessor, bit 1) 

The MP bit is used in conjunction with the TS 
bit to determine if the WAIT opcode will gener
ate a Coprocessor Not Available fault (excep
tion 7) when TS = 1. When both MP = 1 and 
TS = 1, the WAIT opcode generates a trap. 
Otherwise, the WAIT opcode does not gener
ate a trap. Note that TS is automatically set 
whenever a task switch operation is performed. 

PE (Protection Enable, bit 0) 

The PE bit is set to enable the Protected Mode. 
If PE is reset, the processor, operates again in 
Real Mode. PE may be set by loading MSW or 
CRO. PE can be reset only by a load into CRO. 
Resetting the PE bit is typically part of a longer 
instruction sequence needed for proper tran
sition from Protected Mode to Real Mode. Note 
that for strict 80286 compatibility, PE cannot be 
reset bycthe LMSW instruction. 

CR1: reserved 

CR1 is reserved for use io fut~re Intel processors. 

CR2: Page Fault Linear Address 

CR2, shown in Figure 2-6, holds the 32-bit linear ad
dress that caused the last page fault detected. The 

31 24 23 

error code pushed onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 

CR3: Page Directory Base Address 

CR3, shown in Figure 2-6, contains the physical 
base address of the page directory table. The 80386 
page directory table is always page-aligned 
(4 Kbyte-aligned). Therefore the lowest twelve bits 
of CR3 are ignored when written and they store as 
undefined. 

A task switch through a TSS which changes the 
value in CA3, or ,an explicit load into CR3 with any 
value, will invalidate all cached page table entries in 
the paging unit cache. Note that if the value in CR3 
does not change during the task switch, the cached 
page table entries are not flushed. 

2.3.7 System Address Registers 

Four· special registers are defined to reference the 
tables or segments supported by the 80286/80386 
protection model. These tables or segments are: 

GOT (Global Descriptor Table), 

lOT (Interrupt Descriptor Table), 

LOT (Local Descriptor Table), 

'TSS (Task State Segment). 

The addresses of these tables and segments are 
stored in special registers, the System Address and 
System Segment Registers illustrated in Figure 2-7. 
These registers are named GDTR, IDTR, LDTR and 
TR, respectively. Section 4 Protected Mode Archi
tecture describes the use of these registers. 

GOTR and IOTR 

These registers hold the 32-bit linear base address 
and 16-bit limit of the GOT and lOT, r~spectively. 

T.he GOT and lOT segments, since they are global to 
all tasks in the system, are defined by 32-bit linear 
addresses (subject to page translation if paging is 
enabled) and 16-bit limit values. 

8 7 o 

r-________ ~--~--------------------~~~~~~~~~~~CR2 
PAGE DIRECTORY BASE REGISTER CR3 

~----------~~~~--~~~~~------~~~~~~~~~~~~ 

NOTE: f';&'''::1 indicates lotel reserved: Do not define; SEE SECTION 2.3.10 

Figure 2-6. Control Registers 2 and 3 

4-7 



inter , 80386 

SYSTEM ADDRJ;SS REGISTERS 
47 32-BITLlNEAR,BASEADDFiESS 1El15 • LIMIT 0, 

~~~:I 'I' :1 

SYSTEM SEGMENT 
REGISTERS DESCRIPTOR REGISTERS (AU'TOMATICALL Y LOADED) 

~5 ~' o r 32-Brt LINEAR BASE ADDRESS 32-BIT SEGMENT: LIMIT ATTRIBUTES' 

I II II TR SELECTOR 

LDTR SELECTOR 

Figure 2-7_ System Address and System Segment Registers 

LDTR and TR 

These registers hold the 16·bit selector·for the LDT 
descriptor and the TSS descriptor, respectively. 

The LDT and TSS segments, since they are task· 
specific segments, are defined by selector values 
stored in the system segment registers. Note that a 
segment descriptor register (programmer·invisible) 
is associated with each system segment register. 

2.3.8 Debug and Test Registers 

Debug Registers: The six programmer accessible 
debug registers provide on·chip support for debug
ging. Debug Registers DRO-3 specify thE! four linear 
breakpoints. The Debug Control Register DR7 is 
useq to set the breakpoints and the Detlug Status 
Register DR6, displays the current state of the 
breakpoints. The use of the debug registers is de
scribe~ in section 2.12 Debugging support. 

DEBUG REGISTERS 
31 0 

LINEAR BREAKPOINT ADDRESS 0 DRO 

LINEAR BREAKPOINT ADDRESS 1 DR1 

LINEAR BREAKPOINT ADDRESS 2 DR2 . 
LINEAR BREAKPOINT ADDRESS 3 DR3 

Intel reserved. Do not define; DR4 

Intel reserved. Do not define. DR5 

BREAKPOINT STATUS DR6 

BREAKPOINT CONTROL DR7 

TeST REGISTERS (FOR PAGE CACHE) 
31 0 I TEST CONTROL 

I 
TR6 

TR7 TEST STATUS 

Figure 2·8. Debug and Test Registers 
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Test Registers: Two registers are used to control 
the testing of the RAMI CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por· 
tion of the 80386. TR6 is ,the command test register, 
and TR7 is the data register which contains the data 
of the Translation Lookasidebuffer test. Their use is 
discussed in section 2.11Testa~lIIty_ 

Figure 2-8 shows the Debug and Test registers. 

2.3.9 Register Accessibility 

There are a few differences regarding the accessibil
ity of the registers in Real and Protected Mode. Ta
ble 2-1 summarizes these differences: See Section 
4 Protected Mode Architecture for further details. 

2.3.10 Compatibility 

VERY IMPORTANT NOTE: 
COMPATIBILITY WITH FUTURE PROCESSORS 

In the preceding register descriptions, note cer
tain 80386 register bits are Intel reserved. When 
reserved bits are called out, treat them as fully 
undefined. This Is It'sential for your software 
compatibility with future processorsl Follow the 
guidelines below: 

1) Do not depend on, the states of any unde
fined bits when testing the values of defined 
register bits. Mask them out when testing. 

2) Do not depend on the states of any unde
fined bits when storing them to memory or 
another register. 

3) Do not depend on the ability to retain Infor
mation written Into any undefined bits. . 

4) When loading registers always load the unde
fined bits as zeros. 
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Table 2-1. Register Usage 

Use In Use In Use In 

Register Real Mode Protected Mode Virtual 8086 Mode 

Load Store Load Store Load Store 

General Registers Yes Yes Yes Yes Yes Yes 

Segment Registers Yes Yes Yes Yes Yes Yes 

Flag Register ' Yes· Yes Yes Yes IOPL IOPL~ 

Control Registers Yes Yes PL = 0 PL = 0 No Yes 

GDTR Yes Yes PL = 0 Yes No Y,es 
.. 

IDTR 'Yes Yes PL = 0 Yes No Yes 

LDTR No No PL = 0 Yes No No 

TR No No PL = 0 Yes No No 

Debug Control Yes Yes PL = 0 PL = 0 No No 

Test Registers Yes Yes PL = 0 PL = 0 No No 

NOTES: 
PL = 0: The registers can be accessed only when the current privilege lavells zero. 
*IOPL: The PUSHF and POPF instructions are made 110 Privilege Lavel sensitive In Virtual 8086 Mode. 

5) However, registers which have been previ
ously stored may be'reloaded without mask
Ing. 

Depending upon the values of undefined regis
ter bits will make your softWare dependent upon 
the unspeCified 80386 ruindllng of'these bits. De
pending on undefined values rls"s making your 
softWare Incompatible with futu", prOcessors 
that define usages for the 80386-undeflned bits. 
AVOID ANY SOFTWARE DEPENDENCE UPON 
THE STATE OF UNDEFINED ,80386 REGISTER 
BITS. 

2.4 INSTRUCTION SET 

2.4.1 Instruction Set Ov,rvlew 

The instruction set is divided into nine categories of 
operations: 

Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipula1iofl .' , ' 
Control Transfer 
High Level Language Support 
Operating System Support 
Processor Control 

These 80386 instructions are listed in Table 2-2. 

4-9 

All 80386 instructions operate on either 0, 1, 2, or 3 
operands; where an operand resides in a register, in 
the instruction itseH, or in memory. Most zero oper
and instructions (e.g. CLI, .STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80386 has a 16-byte instruction queue, an 
average of 5 instructions will be prefetched. The use 
of two operands permits the following types of com
mon instructions: 

Register to Register 
Memory to Register 
Immediate to Register 
Register to Memory 
Immediate to Memory. 

The operands can be either 8, 16, or 32 bits long. As 
a general rule, when executing code written for the 
80386 (32-bit code), operands are 8 or 32 bits; when 
executing existing 80286 or 8086 code (16-bit code), 
operands are 8 or 16 bits. Prefixes can be added to 
all instructions which override the default length of 
the operands, (i.e. use 32-bit operands for 16-bit 
code, or 16-bit operands for 32-bit code). ' 
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2.4.2 80386 Instructions Table 2-2b Arithmetic InstruCtions 

Tal:»le 2-2a Data Transfer . 'ADDITION 

GENERAL PURPOSE ADD 'Add op~rands 

MOV Move operand ADC Add with carry . 

PUSH Push operand, onto stack INC Increment operand by 1 

POP Pop operand off stack AM ASCII, adjust for addltion 
.. 

PUSHA Push all registers on stack DAA ' Decimal adjust for addition 

POPA Pop all registers off stack 
, SUBTRACTION 

XCHG Exchange Operand, Register SUB Subtract operands 

XLAT Translate S~B Subtract with borrow 

CONVERSION DEC Decrement 9perand by 1 

MOVZX Move byte or Word, Dword, with zero NEG Negate operand 
extension CMP Compare operands 

MOVSX Move byte or Word, Dword, sign 
extended 

DAS Decimal adjust for subtraction 
AAS ASCII Adiust for subtraction 

CBW Convert byte to Word, or Word to Dword MULTIPLICATION 
CWD Convert Word to DWORD 
CWDE Convert Word to DWORD extended 
CDa Convert DWORD to aWORD 

INPUT IOUTPUT 
IN Input operand from 1/0 space 
OUT Output-operand to 1/0 space 

ADDRESS OBJECT 
LEA Load effective address 

MUL Multiply Double/Single Precision 
IMIJL Integer mul~iply 
AAM ASCII adjust after'multiply 

DI,(ISION 
DIV Divide unsigned 
IDIV Integer Divide 
AAD ASCII adjust befo~e ,division 

. , 

LDS ' Load pOinter into 0 segment register Table 2-2c Strrng Instructions . 
LES Load pOinter il')t9 E segment register MOVS Move byte or Word; Dword string 

LFS Load pointer into F segmentiegister INS Input string from I/O space' 

LGS Load pOinter into (3 segment register OUTS Output string to 1/0 spape \ 

LSS Load pointer into S (S~ck) segment . CMPS. Compare byte or Word, Dword string 
register SCAS Scan Byte or Word, Dword string 

FLAG MANIPULATION LODS' Load byte or Word, Dword string 
LAHF Load A register from Flags STOS Store byte or Word, Dword string 
SAHF Store A register in Flags REP Repeat 
PUSHF Push flags onto stack REPEl 
POPF Pop' flags 'off staclt REPZ Repeat while equal/zero 

PUSHFD Push EFlags onto stack 
POPFD Pop EFlags off stack 
CLC Clear Carry Flag 
CLD Clear Direction Flag 
CMC Complement Carry Flag 
STC Set Carry Flag 
STD Set Direction Flag 

RENE/ 
REPNZ Repeat while not equal/not zero 

Table 2-2d logical Instructions 
LOGICALS 

NOT "NQT" operands 
AND "AND" operands' 
OR "Inclusive OR" operands 
XOR "Exclusive OR" operands 
TEST "Test" operands , 
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Table 2-2d Logical Instructions (Continued) Table 2-2f. Program ContrQllnstructlons 
SHIFTS (Continued) 

SHL/SHR Shift logical left or right UNCONDITIONAL TRANSFERS 

SAL/SAR Shift arithmetic left or right CALL Call procedure/task 

SHLD/ RET Return from procedure 
SHRD Double shift left or right JMP J\lmp 

ROTATES ITERATION CONTROLS 
ROL/ROR Rotate left/right , LOOP Loop 
RCL/RCR Rotate through carry left/right LOOPE/ 

Table 2-2e Bit Manipulation Instructions LOOPZ Loop if equal/zero 

SINGLE BIT INSTRUCTIONS 
BT Bit Test 
BTS Bit Test and Set 
BTR Bit Test and Reset 
BTC Bit Test and Complement 
BSF Bit Scan Forward 
BSR Bit Scan Reverse 

Table 2-2f Program Control Instructions 
CONDITIONAL TRANSFERS 

SETCC Set byte equal to condition code 
JA/JNBE Jump if above/not below nor equal 
JAE/JNB Jump if above or equal/not below 

LOOPNE/ 
LOOPNZ Loop if not equal/ not zero 
JCXZ JUMP if register CX = 0 

INTERRUPTS 
INT Interrupt 
INTO Interrupt if overflow 
IRET Return from Interrupt/Task 
ClI Clear interrupt Enable 
STI Set Interrupt Enable 

Table 2 2g High Level Language Instructions -
BOUND Check Array Bounds 
ENTER Setup Parameter Block for Entering 

Procedure 
JB/JNAE Jump if below/not abovEl nor equal LEAVE Leave Procedure 
JBE/JNA Jump if below or equal/not above Table 2-2h Protection Model 
JC Jump if carry 
JE/JZ Jump if equal/zero 
JG/JNLE Jump if greater/not less nor equal 
JGE/JNL Jump if greater or equal/not less 
JL/JNGE Jump if less/not greater nor equal 
JLE/JNG Jump if less or equal/not greater 
JNC Jump if not carry 
JNE/JNZ Jump if not equal/not zero 
JNO Jump if not overflow 
JNP/JPO Jump if not parity/parity odd 
JNS Jump if not sign 
JO Jump if overflow 

SGDT Store Global Descriptor Table 
SlOT Store Interrupt DescriptorTable 
STR Store Task Register 
SLOT Store Local Descriptor Table 
LGDT Load Global Descriptor Table 
lIDT Load Interrupt Descriptor Table 
LTR Load Task Register 
LLDT Load Local Descriptor Table 
ARPL Adjust Requested Privilege Level 
LAA Load Access Rights 
LSL Load Segment Limit 
VERR/ 

JP/JPE Jump if parity/parity even VERW Verify Segment for Reading or Writing 
JS . Jump if Sign LMSW Load Machine Status Word (lower 

16 bits of CRO) 
SMSW Store Machine Status Word 

Table 2-21 Processor Control Instructions 
HLT Halt 
WAIT Wait until BUSY # negated 
ESC Escape 
LOCK Lock Bus 
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2.5 ADDRESSING MODES 

2.5.1 Addressing Modes Overview 

'The 80386 provides a total of 11 addressing modes 
'for instructions to specify operands. The 'addressing 
'modes are optimized to allow the efficient execution 
of high level languages such as'C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 

2.5.2 Register and Immediate Modes 

Two of the addressing modes provide for instruc
tions that operate on register or immediate oper
ands: 

Register Operand Mode; The operand is located 
in one of the 8-, 16- or 32-bit general registers. 

Immediate Operand Mode: The operand is in
cluded in the instruction as part of the opcode. 

2.5.3 32·Bit Memory Addressing 
Modes 

The remaining 9 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg
ment base address and an effective address. The 
effective address is calculated by using combina-
tions of the following four address elements: ' 

DISPLACEMENT: An 8-, or 32-bit immediate value, 
following the instruction. . . 

BASE: The contents of any general purpose regis
ter. The base registers are generally used by compil
ers to point to the start of tile local variable area. 

INDEX: The contents of ariy general purpose regis
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char
acters. 

SCALE: The index register's ·value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. Scaled index 
mode is especielily useful for accessing arrays or 
structures. . 

Combinations of these 4 components make up the 9 
additional addressing modes. There is no perform
ance penalty for using any of these addressing com
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 

The one exception is the simultaneous use of Base 
and Index components which requires one addition
al clock. 

As shown in Figure 2-9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 

EA = Base Reg + (Index Reg • Scaling) + Displacement 

Direct Mode: The operand's offset is contained as 
part ofJhe instruction as an 8-, 16- or 32-bit dis
placement. 
EXAMPLE: INC Word PTR [500J 

Register Indirect Mode: A BASE register contains 
the address of the operand. 
EXAMPLE: MOV [ECXJ, EDX 

Based Mode: A BASE register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: MOV ECX, [EAX+ 24J 

Index Mode: An INDEX register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPL,E: ADD EAX, TABLE[ESIl 

Scaled Index Mode: An INDEX register'S contents is 
multiplied by a scaling factor which is added to a 
DISPLACEMENT to form the operands offset. 
EXAMPLE: IMUL EBX, TABLE[ESI*4J,7 

Based Index Mode: The contents of a BASE register 
is added to the contents of an INDEX register to 
form the effective address of an operand . 
. EXAMPLE: MOV EAX, [ESIl [EBX) 
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Based Scaled Index Mode: The contents of an IN
DEX register is multiplied by a SCALING factor and 
the result is added to the contents of a BASE regis
ter to obtain the operands offset. 
EXAMPLE: MOV ECX, [EDX*S) [EAX) 

Based Index Mode with Displacement: The contents 
of an INDEX Register and a BASE register'S con
tents and a DISPLACEMENT are all summed to
gether to form the operand offset. 
EXAMPLE: ADD EDX, [ESIl [EBP + OOFFFFFOH) 

Based Scaled Index Mode with Displacement: The 
contents of an INDEX register are multiplied by a 
SCALING factor, the result is added to the contents 
of a BASE register and a DISPLACEMENT to form 
the operand's offset. 
EXAMPLE: MOV EAX, LOCALTABLE[EDI*4) 
[EBP+SOJ 
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SEGMENT REGISTER 

SS 
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ES 
OS 
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~ 
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./ 

SEGMENT BASE ADDRESS 

231630-51 

Figure 2·9. Addressing Mode Calculations 

2.5.4 Differences Between 16 and 32 
Bit Addresses 

In order to provide software compatibility with the 
80286 and the 8086, the 80386 can execute 16-bit 

, instructions in Real and Protected Modes. The proc
essor determines the size of the instructions it is .ex
ecuting by examining the 0 bit in the CS segment 
Descriptor. If the 0 bit is 0 then all operand lengths 
and effective addresses are assumed to be 16 bits 
long. If the 0 bit is 1 then the default length for oper
ands and addresses is 32 bits. In Real Mode the 
default size for operands and addresses is 16-bits. 

Regardless of the default precision of the operands 
or addresses, the 80386 is able to execute either 16 
or 32-bit instructions. This is specified via the use of 
override prefixes. Two prefixes, the Operand Size 
Prefix and the Address Length Prefix, override the 
value of the 0 bit on an individual instruction basis. 
These prefixes are automatically added by Intel as
semblers. 
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Example: The processor is executing in Real Mode 
and the programmer needs to access the EAX regis
ters. The assembler code for this might be MOV 
EAX, 32bitMEMORYOP, ASM 386 automatically de
termines that an Operand Size Prefix is needed and 
generates it. 

Example: The 0 bit is 0, and the programmer wishes 
to use Scaled Index addressing mode to access an 
array. The Address Length Prefix allows the use of 
MOV O~, TABLE[ESI*2]. The assembler uses an 
Address Length Prefix since, with 0 = 0, the default 
addressing mode is 16-bits. 

Example: The 0 bit is 1, and the program wants to 
store a 16-bit quantity. The Operand Length Prefix is 
used to specify only a 16-bit,value; MOV MEM16, 
OX. 
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Table 2-3. BASE and INDEX Registers for 16- and 32-Blt Addresses 

16-Blt Addressing 32-Blt Addressing 

BASE REGISTER BX,BP 
INDEX REGISTER SI,DI 

SCALE FACTOR none 
DISPLACEMENT 0,8, 16 bits 

The OPERAND LENGTH and Address Length Pre
fixes can be applied separately or in combination to 
any instruction. The Address Length Prefix does not 
allow addresses over 64K bytes to be accessed in 
Real Mode. A memory address which exceeds 
FFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad-
ditional 80386 addressing modes. . 

When executing 32-bit code, the 80386 uses either 
8-, or 32-bit displacements, and any register can be 
used as base or index registers. When executing 16-
bit code, the displacements are either 8, or 16 bits, 
and the base and index register conform to the 286 
model. Table 2-3 illustrates the differences. 

2.6 DATA TYPES 

The 80386 supports all of the data types commonly 
used in high level languages: 

Bit: A single bit quantity. 

Bit Field: A group of up to 32 contiguous bits, 
which spans a maximum of four bytes. 

Bit String: A set of contiguous bits, on the 80386 
bit strings can be up to 4 gigabits long. 

Byte: A signed 8-bit quantity. 

Unsigned Byte: An unsigned 8-bit quantity. 

Integer (Word): A Signed 16-bit quantity. 

Long Integer (Double Word): A signed 32-bit quan
tity. All operations assume a 2's complement rep-
resentation. . 

Unsigned Integer (Word): An unsigned 16-bit 
quantity. 
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Any 32-bit GP Register 
Any 32-bit GP Register 
Except ESP 
1,2,4,8 
0,8,32 bits 

Unsigned Long Integer (Double Word): An un
signed 32-bit quantity. 

Signed Quad Word: A signed 64-bit quantity. 

Unsigned Quad Word: An unsigned 64-bit quanti
ty. 

Offset: A 16- or 32-bit offset only quantity which 
indirectly references another memory location. 

Pointer: A full pointer which consists of a 16-bit 
segment selector and either a 16- or 32-bit offset. 

Char: A byte representation of an ASCII Alphanu
meric or control character. 

String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 
4 Gbytes. 

BCD: A byte (unpacked) representation of decimal 
digits 0-9. 

Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 storing one digit in each 
nibble. 

When the 80386 is coupled with a 80387 Numerics 
Coprocessor then the following common Floating 
Point types are supported. 

Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. Floating point numbers 
are supported by the 80387 numerics coproces
sOr. 

Figure 2-10 illustrates the data types supported by 
the 80386 and the 80387. 
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Figure 2-10. 80386 Supported Data Types 
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2.7 MEMORY ORGANIZATION 

2.7.1 Introduction 
~emory on the 80386 is divided up into 8-bit quanti
ties (bytes), 16-bit quantities (words), and 32-bit 
quantities (dwords). Words are stored in two consec
utive bytes in memory with the low-order byte at the 
lowest address, the high order byte at the high ad
dress. Dwords are stored in four consecutive bytes 
in memory with the low-order byte at the lowest ad
dress, the high-order byte at the highest address. 
The address of a word or dword is the byte address 
of the low-order byte, 

In addition to these basic data types the 386 sup
ports two larger units of memory:' pages and seg
ments. Memory can be divided up into one or more 
variable length segments, which can be swapped to 
disk or shared between programs. Memory can also 
be organized into one or more 4K byte pages. Final
ly, both segmentation and paging can be combined 
gaining the advantages of both systems. The 80386 
supports both pages and segments in order to pro
vide maximum flexibility to the system designer. 
Segme.ntat!on and paging are complementary. Seg
mentation IS useful for organizing memory in logical 
modl,lles, and as such is a tool for the application 
programmer, while pages are useful for the system 
programmer for managing the physical memory of a 
system. 

2.7.2 Address Spaces 
The 80386 has three distinct address spaces: 
logical, linear, and physical. A logical address 

EFFECTIVE ADDRESS CALCULATION 

I INDEX 1 
II BASE I ~ I DISPLACEMENT I 

I SCALE 1 1.2.4.8 

~ 
[32 EFFECTIVE 

ADDRESS 
15 2 0 LOGICAL OR I R 114 VIRTUAL ADDRESS 

SELECTOR P 
L I DESCRIPTOR 

SEGMENT 
REGISTER 

INDEX 

SEGMENTATION 
UNIT 

(also known as a virtual address) consists of a se
lector and an offset. A selector is the contents of a. 
segment register. An offset is formed by summing all 
of the addressing components (BASE, INDEX, DIS
PLACEMENT) discussed in section 2.5.3 Memory 
Addressing Modes into an effective address. Since 
each task on 80386 has a maximum of 16K (214 
-1) selectors, and offsets can be 4 gigabytes, (232 
bits) this gives a total of 246 bits or 64 terabytes of 
logical address space per task. The programmer 
sees this virtual address space. 

The segmentation unit translates the logical ad
dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad
dress corresponds to 'the physical address. The 
paging unit translates the linear address space into 
the physical address space. The physical address 
is what appears on the address pins. 

The primary difference between Real Mode and Pro
tected Mode is how the segmentation unit performs 
the translation of the logical address into the linear 
address. In Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
offset to form the linear address. While in Protected 
Mode every selector has a linear base address as
sociated with it. The linear base address is stored in 
one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). The 
selector's linear base address is added to the offset 
to form the final linear address. 

Figure 2-11 shows the relationship between the vari
ous address spaces. 

32 0 

PHYSICAL 
MEMORY 

BE3-BEO 
A31-A2 

32 PAGING UNIT 32 

LINEAR (OPTIONAL USE) PHYSICAL 
ADDRESS ADDRESS 

231630-53 

Figure 2-11. Address Translation 
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2.7.3 Segment Register Usage 

The main data structure used to organize memory is 
the segment. On the 386, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments: code and data, the segments are 
of variable size and can be as small as 1 byte or as 
large as 4 gigabytes (232 bytes). 

In order to provide compact instruction encoding, 
and increase processor performance, instructions 
do not need to explicitly specify which segment reg
ister is used. A default segment register is automati
cally chosen according to the rules of Table 2-4 
(Segment Register Selection Rules). In general, data 
references use the selector contained in the OS reg
ister; Stack references use the SS register and In
struction fetches use the CS register. The contents 
of the Instruction Pointer provides the offset. Special 
segment override prefixes allow the explicit use of a 
given segment register, and override the implicit 
rules listed in Table 2-4. The override prefixes also 
allow the use of the ES, FS and GS segment regis, 
ters. ' 

There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero 
and create a system with a four gigabyte linear ad
dress space. This creates a system where the virtual 
address space is the same as the linear address 
space. Further details of segmentation are dis
cussed in section 4.1. 

2.8 1/0 SPACE 

The 80386 has two distinct physical address 
spaces: Memory and 1/0. Generally, peripherals are 
placed in 1/0 space although the 80386 also sup
ports memory-mapped peripherals. The 1/0 space 
consists of 64K bytes, it can be divided into 64K 8-
bit ports, 32K 16-bit ports, or 16K 32-bit ports, or any 
combination of ports which add up to less than 64K 
bytes. The 64K 1/0 address space refers to physical 
memory rather than linear address since 1/0 instruc
tions do not go through the segmentation or paging 
hardware. The M/IO# pin acts as an additional ad
dress line thus allowing the system designer to easi
ly determine which address space the processor is 
accessing. 

Table 2-4. Segment Register Selection Rules 

Type of Implied (Default) Segment Override 
Memory Reference Segment Use Prefixes Possible 

Code Fetch CS None 

Destination of PUSH, 
PUSHA instructions SS None 

Source of POP, POPA 
instructions SS None 

Other data references, 
with effective address 
using base register of: 

[EAX] OS CS,SS,ES,FS,GS 
[I;SX] OS CS,SS,ES,FS,GS 
[ECX] OS CS,SS,ES,FS,GS 
[EDX] OS CS,SS,ES,FS,GS 
[EBX] OS CS;SS,ES,FS,GS 
[ESI] OS CS,SS,ES,FS,GS 
[EDI]· OS CS,SS,ES,FS,GS 
[ESP] SS CS,DS,ES,FS,GS 
[ESP] SS CS,DS,ES,FS,GS 

• Data references for the memory destination of the SlOS and MOVS instructions (and REP SlOS and REP MOVS) 
use 01 as the base register and lOS as the segment. with no override possible. 
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The I/O ports are accessed via the IN and OUT I/O 
instructions, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the 
OX register. AIIS- and 16-bit port addresses are zero 
extended on the upper address lines. The 1/0 in
structions cause the MIIO# pin to be driven low. 

I/O port addresses 00F8H through OOFFH are re
served for use by Intel. 

2.9 INTERRUPTS 

2.9.1 Interrupts and Exceptions 
Interrupts and exceptions alter the no.rmal program 
flow, in order to handle external events, to report 
errors or exceptional conditions. The difference be
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro
gram can generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions. 

Hardware interrupts occur as the result of an exter
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter
rupt handler is finished servicing the interrupt, exe
cution proceeds with the instruction immediately 
after the interrupted instruction. Sections 2.9.3 and 
2.9.4 discuss the differences between Maskable and 
Non-Maskable interrupts. 

Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth
er or not restart of the instruction causing the excep
tion is supported. Faults are exceptions that are de
tected and serviced before the execution of the 
faulting instruction. A fault would occur in a virtual 
memory system, when the processor referenced a 
page or a segment which was not present. The oper
ating system would fetch the page or segment from 
disk, and then the 80386 would restart the instruc
tion. Traps are exceptions that are reported immedi
ately after the execution of the instruction which 
caused the problem. User defined interrupts are ex
amples of traps. Aborts are exceptions which do 
not permit the precise location of the instruction 
causing the exception to be determined. Aborts are 
used to report severe errors, such as a hardware 
error, or illegal values in system tables. 
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Thus, when an interrupt ~ervice routine has been 
completed, execution proceeds from ttie instruction 
immediately following the interrupted instruction. On 
the other hand, the return address from an excep
tion fault routine will always point at the instruction 
causing the exception and include any leading in
struction prefixes. Table 2-5 summarizes the possi
ble interrupts for the 80386 and shows where the 
return address points. 

The 80386 has the ability to handle up to 256 differ
ent interrupts/exceptions. In order to service the in
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
In Real Mode (see section 3.1), the vectors are 4 
byte quantities, a Code Segment plus a 16-bit offset; 
in Protected Mode, the interrupt vectors are 8 byte 
quantities, which are put in !l.n Interrupt Descriptor 
Table. (see section 4.1). Of the 256 possible inter
rupts, 32 are rese.rved for use by Intel, the remaining 
224 are free to be used by the system designer. 

2.9.2 Interrupt Processing 

When an interrupt occurs the following actions hap
pen. First, the Current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is S!up
plied to the 80386 which identifies the appropriate 
entry in the interrupt table. The table contains the 
starting address of the interrupt service routine. 
Then, the user supplied interrupt service routine is 
executed. Finally, when an IRET instruction is exe
cuted the old processor state is restored and pro
gram execution resumes at the appropriate instruc
tion. 

The 8-bit in,errupt vector is supplied to the 80386 in 
several different ways: exceptions supply the inter
rupt vector internally; software INT instructions con
tain or imply the vector; maskable hardware inter
rupts supply the 8-bit vector via the interrupt ac
knowledge bus sequence: Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 

2.9.3 Maskable. Interrupt 

Maskable interrupts are the most common way used 
by the 80386 to respond to asynchronous external 
hardware events. A hardware interrupt occurs when 
the INTR is pulled high and the Interrupt Flag bit (IF) 
is enabled. The processor only responds to inter
rupts between instructions, (REPeat String instruc-
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Table 2-5. Interrupt Vector Assignments 

Instruction Which 
Return Address 

Interrupt Points to 
Function Can Cause Type 

Number 
Exception 

Faulting 
Instruction 

Divide Error 0 DIV,IDIV YES FAULT 

Debug Exception 1 any instruction YES TRAp· 

NMllnterrupt 2 INT 20r NMI NO NMI 

One Byte Interrupt 3 INT NO TRAP 

Interrupt on Overflow 4 INTO NO TRAP 

Array Bounds Check 5 BOUND YES FAULT 

Invalid OP-Code 6 Any Illegal Instruction YES FAULT 

Device Not Available 7 ESC,WAIT YES FAULT 

Double Fault 8 Any Instruction That Can ABORT 
Generate an Exception 

Coprocessor Segment Overrun 9 ESC NO ABORT 

InvalidTSS 10 JMP, CALL, IRET, INT YES FAULT 

Segment Not. Present 11 Segment Register Instructions YES FAULT 

Stack Fault 12 Stack References YES FAULT 

General Protection Fault 13 Any Memory Reference YES FAULT 

Page Fault 14 Any Memory Access or Code Fetch YES FAULT 

Coprocessor Error 16 ESC,WAIT YES FAULT 

Intel Reserved 17-32 

Two Byte Interrupt 0-255 INTn NO TRAP 
• Some debug exceptIons may report both traps on the prevIous InstructIon, and faults on the next InstructIon. 

tions, have an "interrupt window", between memory 
moves, which allows interrupts during long string 
moves). When an interrupt occurs the processor 
reads an 8-bit vector supplied by the hardware which 
identifies the source of the interrupt, (one of 224 
user defined interrupts). The exact nature of the in
terrupt sequence is discussed in section 5. 

The IF bit in the EFLAG registers is reset when an 
interrupt is being serviced. This effectively disables 
servicing additional interrupts during an interrupt 
service routine. However, the IF may be set explicitly 
by the interrupt handler, to allow the nesting of inter
rupts. When an IRET instruction is executed the 
original state of the IF is restored. 

2.9.4 Non-Maskable Interrupt 

Non-maskable interrupts provide a method of servic
ing very high priority interrupts. A common example 
of the use of a non-maskable interrupt (NMI) would 
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be to activate a power failure-routine. When the NMI 
input is pulled high it causes an interrupt with an 
internally supplied vector value of 2. Unlike a normal 
hardware interrupt, no interrupt acknowledgment se
quence is performed for an NMI. 

While executing the NMI servicing procedure, the 
80386 will not service further NMI requests, until an 
interrupt return (IRET) instruction is executed or the 
processor is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for serv
icing after executing the first IRET instruction. The IF 
bit is cleared at the beginning of an NMI interrupt to 
inhibit further INTR interrupts. 

2.9.5 Software Interrupts 

A third type of interrupt/exception for the 80386 is 
the software interrupt. An INT n instruction causes 
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the processor to execute the interrupt sef'\(ice rou
tine pointed to by the nth vector in the interrupt ta
ble. 

A special case of the two byte software interrupt INT 
n is the one byte INT3, or breakpoint interrupt. By 
inserting this one byte instruction in a program, the 
user can set breakpoints in his program as a debug
ging tool. 

A final' type of software interrupt, is the Single step 
interrupt. It is discussed in section 2.12. 

2.9.6 Interrupt and Exception 
Priorities 

Interrupts are externally-generated events. Maska
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 80386 invokes the NMI service rou
tine first. If, after the NMI service routine has been 
invoked, maskable interrupts are still enabled, then 
the 80386 will invoke the appropriate interruptserv-
ice routine. ' 

Table 2-6a. 80386 Priority for Invoking 
Service Routines In Case of 

Simultaneous External Interrupts 

1.NMI 

2.INTR 

Exceptions are internally-generated events. Excep
tions are detected by the 80386 if, in the course of 
executing an instruction, the 80386 detects a prob
lematic condition. The 80386 then immediately in
vokes the appropriate exception service routine. The 
state of the 80386 is such that the instruction caus
ing the exception can be restarted. If the exception 
service routine has taken care of the problematic 
condition, the instruction will execute without caus
ing :the same exception. 

It is possible for a single instruction to generate sev
eral exceptions (for example, transferring a single 
operand could generate two page faults if the oper
and location spans two "not present" pages). How
ever, only one exception is generated upon each at
tempt to execute the instruction. Each exception 
service routine should correct its corresponding ex
ception, and resta,rt the instruction. In this manner, 
exceptions are serviced until the instruction exe
cutes succe,ssfully. ' 

As the 80386 executes instructions, it follows a con
sistent cycle in checking for exceptions, as shown in 
Table 2-6b. This cycle is repeated as each instruc-
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tion is executed, and occurs in parallel with instruc
tiondecoding and exeqution. 

Table 2-6b. Sequence of Exception Checking 

Consider the case of the 80386 having just com
pleted an instruction. It then performs the follow
ing checks before reaching the pOint where the 
next instruction is completed: 

1. Check for Exception 1 Traps from the instruc
tion just completed (single-step via Trap Flag, 
or Data Breakpoints set in the Debug Regis
ters). ' 

2. Check for Exception 1 Faults in the next in
struction (Instruction Execution Breakpoint set 
in the Debug Registers for the next instruc
tion). 

3. Check for external NMI and INTR. 

4. Check for Segmentation Faults that prevented 
fetching the entire next instruction (exceptions 
11 or 13). 

5. Check for Page Faults that prevented fetching 
the entire next instruction (exception 14). 

6. Check for Faults decoding the next instruction 
(exception 6 if illegal opcode; exception 6 if in 
Real Mode or in Virtual 8086 Mode and at
tempting to execute an instruction for Protect
ed Mode only (see 4.6.4); or exception 13 if 
instruction is longer than 15 bytes, or privilege 
violation in Protected Mode (Le. not at IOPL or 
at CPL=O). 

7. If WAIT opcode, check if TS=1 and MP=1 
(exception.7 if both are 1). 

8. If ESCAPE opcode for numeric coprocessor, 
check if EM = 1 or TS = 1 (exception 7 if either 
are 1). 

9. If WAIT opcode or ESCAPE opcode for nu
meric coprocessor, check ERROR # input sig
nal (exception 16 if ERROR# input is assert
ed). 

10. Check in the following order for each memo
ry reference required by the instruction: 

a. Check for Segmentation Faults that pre
vent transferring the entire memory quanti
ty (exceptions 11, 12, 13). 

b. Check for Page Faults that prevent trans
ferring the entire memory quantity (excep
tion 14). 

Note that the order stated supports the concept 
of the paging mechanism being "underneath" 
the segmentation mechanism. Therefore, for any 
given code or data reference in memory, seg
mentation exceptions are generated before pag
ing exceptions a:re generated. 
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2.9.7 Instruction Restart 

The 80386 fully supports restarting all instructions 
after faults. If an exception is detected in the instruc
tion to be executed (exception categories 4 through 
10 in Table 2-6c), the 80386 invokes the appropriate 
exception service routine. The 80386 is in a state 
that permits restart of the instruction, for all cases 
but those in Table 2-6c. Note that all such cases are 
easily avoided by proper design of the operating sys
tem. 

Table 2·6c. Conditions Preventing 
Instruction Restart 

A. An instruction causes a task switch to a task 
whose Task State Segment is partially "not 
present". (An entirely "not present" TSS is re
startable.) Partially present TSS's can be 
avoided either by keeping the TSS's of such 
tasks present in memory, or by aligning TSS 
segments to reside entirely within a single 4K 
page (for TSS segments of 4K bytes or less). 

B. A coprocessor operand wraps around the top 
of a 64K-byte segment or a 4G-byte segment, 
and spans three pages, and the page holding 
the middle portion of the operand is "not pres
ent." This condition can be avoided by starting 
at a page boundary any segments containing 
coprocessor operands if the segments are ap
proximately 64K-200 bytes or larger (i.e. large 
enough for wraparound of the coprocessor 
operand to possibly occur). 

Note that these conditions are avoided by using 
the operating system designs mentioned in this 
table. 

2.9.8 Double Fault 

A Double Fault (exception 8) results when the proc
essor attempts to invoke an exception service rou
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so, detects an exception 
other than a Page Fault (exception 14). 

A Double Fault (exception 8) will also be generated 
when the processor attempts to invoke the Page 
Fault (exception 14) service routine, and detects an 
exception other than a second Page Fault. In any 
functional system, the entire Page Fault service rou
tine must remain "present" in memory. 

When a Double Fault occurs, the 80386 invokes the 
exception service routine for exception 8. 
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2.10 RESET AND INITIALIZATION 

When the processor is initialized or Reset the regis
ters have the values shown in Table 2-7. The 80386 
will then start executing instructions near the top of 
physical memory, at location FFFFFFFOH. When the 
first InterSegment Jump or Call is executed, address 
lines A20-31 will drop low for CS-relative memory 
cycles, and the 80386 will only execute instructions 
in the lower one megabyte of physical memory. This 
allows the system designer to use a ROM at the top 
of physical memory to initialize the system and take 
care of Resets. 

RESET forces the 80386 to terminate all execution 
and local bus activity. No instruction execution or 
bus activity will occur as long as Reset'is active. 
Between 350 and 450 CLK2 periods atter Reset be
comes inactive the 80386 will start executing in
structions at the top of physical memory. 

Table 2·7. Register Values after Reset 

Flag Word 
Machine Status Word (CRO) 
Instruction Pointer 
Code Segment 
Data Segment 
Stack Segment 
Extra Segment (ES) 
Extra Segment (FS) 
Extra Segment (GS) 
DX register 

All other registers 

NOTES: 

UUUU0002H Note 1 
UUUUUUUOH Note 2 

OOOOFFFOH 
FOOOH Note 3 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
OOOOH 

component and 
stepping ID Note 5 

undefined Note 4 

1. EFLAG Register. The upper 14 bits of the EFLAGS reg
ister are undefined, VM (Bit 17) and RF (Bin 16 are 0 as 
are all other defined flag bits. ' 
2. CRO: (Machine Status Word). All of the defined fields in 
the CRO are 0 (PG Bit 31, TS Bit 3, EM Bit 2, MP Bit 1, and 
PE Bit 0) except for ET Bit 4 (processor extension type). 
The ET Bit is set during Reset according to the type of Co
processor in the system. If the coprocessor is an 80387 
then ET will be 1, if the coprocessor is an 80287 or no 
coprocessor is present then ET will be O. All other bits are 
undefined. 
3. The Code Segment Register (CS) will have its Base Ad
dress set to FFFFOOOOH and Limit set to OFFFFH. 
4. All undefined bits are Intel Reserved and should not be 
used. 
5. OX register always holds component and stepping iden
tifier (see 5.7). EAX register holds self-test signature if self
test was requested (see 5.6). 
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2.11 TESTABILITY 

2.11.1 Self-Test 

The 80386 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and most of the non-random logic of the part. 
Approximately one-half of the 80386 can be tested 
during self-test. 

Self-Test is initiated on the 80386 when the RESET 
pin transitions from HIGH to LOW, and the BUSY# 
pin is low. The self-test takes about 2**19 clocks, or 
approximately 33 milliseconds with a 16 MHz 80386. 
At the completion of self-test the processor per
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents of 
the EAX register are zero (0). If the results of EAX 
are not zero then the self-test has detected a flaw in 
the part. 

2.11.2 TLB Testing 

The 80386 provides a mechanism for testing the 
Translation Lookaside Buffer (TLB) if desired. This 
particular mechanism is unique to the 80386 and 
may not be continued in the same way in future 
processors. When testing the TLB paging must be 
turned off (PG = 0 in CRO) to enable the TLB test
ing hardware and avoid interference with the test 
data being written to the TLB. . 

There are two TLB testing operations: 1) write en
tries into the TLB, and, 2) perform TLB lookups. Two 
Test Registers, shown in Figure 2-12; are provided 
for the purpose of testing. TR6 is the "test command 
register", and TR7 is the "test data register". The 
fields within these registers are defined below. 

C: This is the command bit. For a write into TR6 to 
cause an immediate write into the TLB entry, write a 
o to this bit. For a write into TR6 to cause an immedi
ate TLB lookup, write a 1 to this bit. 

Linear Address: This is the tag field of the TLB. On 
a TLB write, a TLB entry is allocated to this linear 
address and the rest of that TLB entry is set per the 
value of TR7 and the value just written into TR6. On 
a TLB lookup, the TLB is interrogated per this value 
and if one and only one TLB entry matches, the rest 
of the fields of TR6 and TR7 are set from the match
ing TLB entry. 

Physical Address: This is the data field of the TLB. 
On a write to the TLB, the TLB entry allocated to the 
linear address in TR6 is set to this value. On a TLB 
lookup, the data field (physical address) from the 
TLB is read out to here. 
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PL: On a TLB write, PL= 1 causes the REP field of 
TR7 to select which of four associative blocks of the 
TLB is to be written, but PL = 0 allows the internal 
pointer in the paging unit to select which TLB block 
is written. On a TLB lookup, the PL bit indicates 
whether the lookup was a hit (PL gets set to 1,) or a 
miss (PL gets reset to 0). 

V: The valid bit for this TLB entry. All valid bits can 
also be cleared by writing to CR3. 

0, 0#: The dirty bit for/from the TLB entry. 

U, U#: The user bit for/from the TLB entry. 

W, W#: The writable bit for/from the TLB entry. 

For 0, U and W, both the attribute and its comple
ment are provided as tag bits, to permit the option of 
a "don't care" on TLB lookups. The meaning of 
these pairs of bits is given in the following table: 

X X# 
Effect During Value of Bit 
TLBLookup X after TLB Write 

0 0 Miss All Bit X Becomes Undefined 
0 1 Match if X = 0 Bit X Becomes 0 
1 0 Match if X = 1 Bit X Becomes 1 
1 1 Match all Bit X B~comes Undefined 

For writing a TLB entry: 

1. Write TR7 for the desired physical address, PL 
and REP values. 

2. Write TR6 with the appropriate linear address, 
etc. (be sure to write C = 0 for "write" com
mand). 

For looking up (reading) a TLB entry: 

1. Write TR6 with the appropriate linear address (be 
sure to write C= 1 for "lookup" command). 

2. Read TR7 and TR6. If the PL bit in TR7 indicates 
a hit, then the other values reveal the TLB con
tents. If PL indicates a miss, then the other values 
in TR7 and TR6 are indeterminate. 

2.12 DEBUGGING SUPPORT 

The 80386 provides several features which simplify 
the debugging process. The three categories of on
chip debugging aids are: 

1) the code execution breakpoint opcode (OCCH), 

2) the single-step capability provided by the TF bit in 
the flag register, and 

3) the code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 
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Figure 2·12. Test Registers 

2.12.1 Breakpoint Instruction 
A single-byte-opcode breakpoint instruction is avail
able for use by software debuggers. The breakpoint 
opcode is OCCh, and generates an exception 3 trap 
when executed. In typical use, a debugger program 
can "plant" the breakpoint instruction at all desired 
code execution breakpoints. The single-byte break
pOint opcode is an alias for the two-byte general 
software interrupt instruction, INT n, where n = 3. 
The only difference between INT 3 (OCCh) and INT n 
is that INT 3 is never IOPL-sensitive but INT n is 
IOPL-sensitive in Protected Mode and Virtual 8086 
Mode. 

2.12.2 Single-Step Trap 
If the single-step flag (TF, bit 8) in the EFLAG regis
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex
ception is auto vectored to exception number 1. Pre
cisely, exception 1 occurs as a trap after the instruc
tion following the instruction which set TF. In typical 
practice, a debugger sets the TF bit of a flag register 
image on the debugger's stack. It then typically 
transfers control to the user program and loads the 
flag image with a Signal instruction, the IRET instruc
tion. The single-step trap occurs after executing one 
instruction of the user program. 

Since the exception 1 occurs as a trap (that is, it 
occurs after the instruction has already executed), 
the CS:EIP pushed onto the debugger's stack points 
to the next unexecuted instruction of the program 
being debugged. An exception 1 handler, merely by 
ending with an IRET instruction, can therefore effi
ciently support single-stepping through a user pro
gram. 

2.12.3 Debug Registers 
The Debug Registers are an advanced debugging 
feature of the 80386. They allow data access break
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 

ROM code or in code shared by several tasks, nei
ther of which can be supported by the INT3 break
point opcode. 

The 80386 contains six Debug Registers, providing 
the ability to specify up to four distinct breakpoints 
addresses, breakpoint control options, and read 
breakpoint status. Initially after reset, breakpoints 
are in the disabled state. Therefore, no breakpoints 

'will occur unless the debug registers are pro
grammed. Breakpoints set up in the Debug Regis
ters are autovectored to exception number 1. 
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2.12.3.1 LINEAR ADDRESS BREAKPOINT 
REGISTERS (DRO-DR3) 

Up to four breakpoint addresses can be specified by 
writing into Debug Registers DRO-DR3, shown in 
Figure 2-13. The breakpoint addresses specified are 
32-bit linear addresses. 80386 hardware continuous
ly compares the linear breakpoint addresses in 
DRO-DR3 with the linear addresses generated by 
executing software (a linear address is the result of 
computing the effective address and adding the 32-
bit segment base address). Note that if paging is not 
enabled the linear address equals the physical ad
dress. If paging is enabled, the linear address is 
translated to a physical 32-bit address by the on
chip paging unit. Regardless of whether paging is 
enabled or not, however, the breakpoint registers 
hold linear addresses. 

2.12.3.2 DEBUG CONTROL REGISTER (DR7) 

A Debug Control Register, DR7 shown in Figure 
2-13, allows several del;>ug control functions such as 
enabling the breakpoints and setting up other con
trol options for the breakpoints. The fields within the 
Debug Control Register, DR7, are as follows: 

LENi (breakpoint length specification bits) 

A 2-bit LEN field exists for each of the four break
points.LEN specifies the length of the associated 
breakpoint field. The choices for data breakpoints 
are: 1 byte, 2 bytes, and 4 bytes. Instruction execu-
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Figure 2·13. Debug Registers 

tion breakpoints must have a length of 1 (LENi = 
00). Encoding of the LENi field is as follows: 

Usage of Least 
LEN! Breakpoint Significant Bits In 

Encoding Field Width Breakpoint Address 
Register i, (I = 0"':' 3) 

00 1 byte All 32-bits used to 
specify a single-byte 
breakpoint field. 

01 2 bytes A 1-A31 used to 
specify a two-byte, 
word-aligned 
breakpoint field. AO in 
Breakpoint Address 
Register is not used. 

10 Undefined-
do not use 

this encoding 

11 4 bytes A2-A31 used to 
specify a four-byte, 
dword-aligned 
breakpoint field. AO 
and A 1 in Breakpoint 
Address Register are 
not used. 

The LENi field controls the size of breakpoint field i 
by controlling whether all low-order linear address 
bits in the breakpoint address register are used to 
detect the breakpoint event. Therefore, all break
point fields are aligned; 2-byte breakpoint fields be
gin on Word boundaries, and 4-byte breakpoint 
fields begin on Dword boundaries. 

The following is an example of various size break
point fields. Assume the breakpoint linear address in 
DR2 is 00000005H. In that situation, the followil)g 
illustration indicates the region of the breakpoi'nt 
field for lengths of 1, 2, or 4 bytes. 
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DR2 = 00000005H; LEN2 = OOB 

1-11-3~1~-=--=--=-:I-=-,-=--_-_-+t-lb~k:""P-t~fl_d-2:1 ====0:1;1oo~; 
DR2 = 00000005H; 
31 

LEN2 = 01B 

I 
o 

I 00000008H 
t------~----r-----~--~ 

- bkpt fld2 -+ 00000004H 

I OOOOOOOOH 
~ ____ J-____ ~ ____ ~ __ ~ 

DR2 = 00000005H; LEN2 = 11B 
31 

I I I 
0 

J I 00000008H - bkptfld2 -+ 00000004H 

J I OOOOOOOOH 
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RWi (memory access qualifier bits) 

A 2-bit RW field exists for each of the four break
points. The 2-bit RW field specifies the type of usage 
which must occur in order to activate the associated 
breakpoint. 

RW Usage 
Encoding causing Breakpoint 

00 Instruction execution only 
01 Data writes only 
10 Undefinecl-do not use this encoding 
11 Data reads and writes only 

RW encoding 00 is used to set up an instruction 
execution breakpoint. RW encodings 01 or 11 are 
used to set up write-only or read/write data break
points. 

Note that Instruction execution breakpoints are 
taken as faults (i.e. before the instruction exe
cutes), but data breakpoints are taken as traps 
(i.e. after the data transfer takes place). 

Using LENi and RWi to Set Data Breakpoint i 

A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, 
RWi can = 01 (write-only) or 11 (write/read). LEN 
can = 00,01, or 11. ' 

If a data access entirely or partly falls within the data 
breakpoint field, the data breakpoint condition has 
occurred, and if the breakpoint is enabled, an excep
tion 1 trap will occur. 

Using LENi and RWi to Set Instruction Execution 
Breakpoint i 

An instruction execution breakpoint can be set up by 
writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i = 0-3). RWi 
must = 00 and LEN must = 00 for instruction exe
cution breakpOints. 

If the instruction beginning at the breakpoint address 
is about to be executed, the instruction execution 
breakpoint condition has occurred, and if the break
point is enabled, an exception 1 fault will occur be
fore the instruction is executed. 

Note that an instruction execution breakpoint ad
dress must be equal to the beginning byte address 
of an instruction (including prefixes) in order for the 
instruction execution breakpoint to occur. 

GO bit, when set, provides extra protection against 
any Debug Register access even in Real Mode or .at 
privilege level 0 in Protected Mode. This additional 
protection feature is provided to guarantee that a 
software debugger (or ICE-386) can have full control 
over the Debug Register resources when required. 
The GO bit, when set, causes an exception 1 fault if 
an instruction attempts to read or write any Debug 
Register. The GO bit is t~~n automatically cleared 
when the exception 1 handler is invoked, allowing 
the exception 1 handler free access to the debug 
registers. 

GE and LE (Exact data breakpOint match; global and 
local) 

If either GE or LE is set, any data breakpoint trap will 
be reported exactly after completion of the instruc
tion that caused the operand transfer. Exact report
ing is provided by forcing the 80386 execution unit to 
wait for completion of data operand transfers before 
beginning execution of the next instruction. 

If exact data breakpoint match is not selected, data 
breakpoints may not be reported until several in
structions later or may not be reported at all. When 
enabling a. data breakpoint, it is therefore recom
mended to enable the exact data breakpoint match. 

When the 80386 performs a task switch, the LE bit is 
cleared. Thus, the LE bit supports fast task switching 
out of tasks, that have enabled the exact data break
point match for their task-local breakpoints. The LE 
bit is cleared by the processor during a task switch, 
to avoid having exact data breakpoint match en
abled in the new task. Note that exact data break
point match must be re-enabled under software con
trol. 

The 80386 GE bit is unaffected during a task switch. 
The GE bit supports exact data breakpoint match 
that is to remain enabled during all tasks executing 
in the system. 

Note that Instruction execution breakpoints are al
ways reported exactly, whether or not exact data 
breakpoint match is selected .. 

Gi and Li (breakpoint enable, global and local) 

If either Gi or Li is set then the associated breakpoint 
(as defined by the linear address in DRi, the length 
in LENi and the usage criteria in RWi) is enabled. If 
either Gi or Li is set, and the 80386 detects the ith 
breakpoint condition, then the exception 1 handler is 
invoked. 

GO (Global Debug Register access detect) When the 80386 performs a task switch to a new 
TSS, all Li bits are cleared. Thus, the Li bits support 

The Debug Registers can only be accessed in Real fast task switching out of tasks that use some task-
Mode or at privilege level 0 in Protected Mode. The local breakpoint registers. The Li bits are cleared by 
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the processor during a task switch, to avoid spurious 
exceptions in the new task. Note that the break
points must be re-enabled under software control. 

All 80386 Gi bits are unaffected during a task switch. 
The Gi bits support breakpoints that are active in all 
tasks executing in the system. 

2.12.3.3 DEBUG STATUS REGISTER (DR6) 

A Debug Status Register, DR6 shown in Figure 2-13, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 

1) ORO Breakpoint fault/trap. 

2) DR1 Breakpoint fault/trap. 

3) DR2 Breakpoint fault/trap. 

4) DR3 Breakpoint fault/trap. 

5) Single-step (TF) trap. 

6) Task switch trap. 

7) Fault due to attempted debug register access 
when GD==1. 

The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1. 
Note below that some of these events are faults (ex
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 

The flags in DR6 are set by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro
gram to avoid future confusion in identifying the 
source of exception 1. 

The fields within the Debug Status Register, DR6, 
are as follows: 

Bi (debug fault/trap due to breakpoint 0-3) 

Four breakpoint indicator flags, BO-B3, correspond 
one-to-one with the breakpoint registers in DRO
DR3. A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 

If Gi or Li is set, and if the ith breakpoint is detected, 
the processor will invoke the exception 1 handler. 
The exception is handled as a fault if an instruction 
execution breakpoint occurred, or as a trap if a data 
breakpoint occurred. 

IMPORTANT .NOTE: A flag Bi is set whenever the 
hardware detects a match condition on enabled 
breakpoint i. Whenever a match is detected on at 
least one enabled breakpoint i, the hardware imme
diately sets all Bi bits corresponding to breakpoint 
conditions matching at that instant, whether enabled 
or not. Therefor6, the exception 1 handler may see 
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that multiple Bi bits are set, but only set Bi bits corre
sponding to enabled breakpoints (Li or Gi set) are 
true indications of why the exception 1 handler was 
invoked. 

BD (debug fault due to attempted register access 
when GO bit set) 

This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GO bit was set. If such an 
event occurs, then the GO bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 

BS (debug trap due to single-step) 

This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). See section 2.12.2. 

BT (debug trap due to task switch) 

This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having a 386 
TSS with the T bit set. (See Figure 4-15a). Note the 
task switch into the new task occurs normally, but 
before the first instruction of the task is executed, 
the exception 1 handler is invoked. With respect to 
the task switch operation, the operation is consid
ered to be a trap. 

2.12.3.4 USE OF RESUME FLAG (RF) IN FLAG 
REGISTER 

The Resume Flag (RF) in the flag word can sup
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. See section 2.3.3. 

3. REAL MODE ARCHITECTURE 

3.1 REAL MODE INTRODUCTION 

When the processor is reset or powered up it is ini
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32-bit register set of the 80386. The addressing 
mechanism, memory size, interrupt handling, are all 
identical to the Real Mode on the 80286. 

All of the 80386 instructions are available in Real 
Mode (except those instructions listed in 4.6.4). The 
default operand size in Real Mode is 16-bits, just like 
the 8086. In order to use the 32-bit registers and 
addressing modes, override prefixes must be used. 
In addition, the segment size on the 80386 in Real 
Mode is 64K bytes so 32-bit effective addresses 
must have a value less the OOOOFFFFH. The primary 
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purpose of Real Mode is to set up the processor for 
Protected Mode Operation. 

The LOCK prefix on the 80386, even in Real Mode, 
is more restrictive than on the 80286. This is due to 
the addition of paging on the 80386 in Protected 
Mode and Virtual 8086 Mode. Paging makes it im
possible to guarantee that repeated string instruc
tions can be LOCKed. The 80386 can't require that 
all pages holding the string be physically present in 
memory. Hence, a Page Fault (exception 14) might 
have to be taken during the repeated string instruc
tion. Therefore the LOCK prefix can't be supported 
during repeated string instructions. 

These are the only instruction forms where the 
LOCK prefix is legal on the 80386: 

Opcode 
Operands 

(Dest, Source) 

BIT Test and 
Mem, Reg/immed 

SET/RESET/COMPLEMENT 
XCHG Reg, Mem 
XCHG Mem, Reg 
ADD, OR, ADC, SBB, Mem, Reg/immed 

AND, SUB, XOR 
NOT, NEG, INC, DEC Mem 

An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/modify/write operations on memory operands 
using the instructions above. For example, even the 
ADD Reg, Mem is not LOCKable, because the Mem 
operand is not the destination (and therefore no 
memory read/modify/operation is being performed). 

Since, on the 80386, repeated string instructions are 
not LOCKable, it is not possible to LOCK the bus for 
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a long period of time. Therefore, the LOCK prefix is 
not IOPL-sensitive on the 80386. The LOCK prefix 
can be used at any privilege level, but only on the 
instruction forms listed above. 

3.2 MEMORY ADDRESSING 

In Real Mode the maximum memory size is limited to 
1 megabyte. Thus, only address lines A2-A19 are 
active. (Exception, the high address lines A20-A31 
are high during CS-relative memory cycles until an 
intersegment jump or call is executed (see section 
2.10». 

Since paging is not allowed in Real Mode the linear 
addresses are the same as physical addresses. 
Physical addresses are formed in Real Mode by 
adding the contents of the appropriate segment reg
ister which is shifted left by four bits to an effective 
address. This addition results in a physical address 
from OOOOOOOOH to 0010FFEFH. This is compatible 
with 80286 Real Mode. Since segment registers are 
shifted left by 4 bits this implies that Real Mode seg
ments always start on 16 byte boundaries. 

All segments in Real Mqde are exactly 64K bytes 
long, and may be read, written, or executed. The 
80386 will generate an exception 13 if a data oper
and or instruction fetch occurs past the end of a 
segment. (i.e. if an operand has an offset greater 
than FFFFH, for example, a word with a low byte at 
FFFFH and the high byte at OOOOH) 

Segments may be overlapped in Real Mode. Thus, if 
a particular segment does not use all 64K bytes an
other segment can be overlayed on top of the un
used portion of the previous segment. This allows 
the programmer to minimize the amount of physical 
memory needed for a program. 
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3.3 RESERVED LOCATIONS 

There are two fixed areas in memory which are re
served in Real address mode: system initialization 
area and the interrupt table area. Locations OOOOOH 
through 003FFH are reserved for interrupt vectors. 
Each one of the 256 possible interrupts has a 4-byte 
jump vector reserved for it. Locations FFFFFFFOH 
through FFFFFFFFH are reserved for system ini~iali
zation. 

3.4 INTERRUPTS 

Many of the exceptions shown in Table 2-5 and dis
cussed in section 2.9 are not applicable to Real 
Mode operation, in particular exceptions 10, 11, 14, 
will not happen in Real Mode. Other exceptions 
have slightly different meanings in Real Mode; Table 
3-1 identifies these exceptions. 

3.5 SHUTDOWN AND HALT 

The HL T instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, INTR with interrupts enabled 
(IF = 1), or RESET will force the 80386 out of halt. If 
interrupted, the saved CS:IP will point to the next 
instruction after the HL T. 

~hutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 

An interrupt or an exception occur (Exceptions 8 
or 13) and the interrupt vector is larger than the 
Interrupt Descriptor Table (Le. There.is not an in
terrupt handler for the interrupt). 

A CALL, INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 
(e.g. pushing a value on the stack when SP = 
0001 resulting in a stack segment greater than 
FFFFH) 

An NMI input can bring the processor out of shut
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
0017H) and the stack has enough room to contain 
the vector and flag information (Le. SP is greater 
than 0005H). Otherwise shutdown can only be exit
ed via the RESET input. 

4. PROTECTED MODE 
ARCHITECTURE 

4.1 INTRODUCTION 

The complete capabilities of the 80386 are unlocked 
when the processor operates in Protected Virtual 
Address Mode (Protected Mode). Protected Mode 
vastly increases the linear address space to four gig
abytes (232 bytes) and allows the running of virtual 
memory programs of almost unlimited size (64 tera
bytes or 246 bytes). In addition Protected Mode al
lows the 80386 to run all of the existing 8086 and 
80286 software, while providing a sophisticated 
memory management and a hardware-assisted pro
tection mechanism. Protected Mode allows the use 
of additional instructions especially optimized for 
supporting multitasking operating systems. The base 
architecture of the 80386 remains the same, the reg
isters, instructions, and addressing modes described 
in the previous sections are retained. The main dif
ference between Protected Mode, and Real Mode 
from a programmer's view is the increased address 
space, and a different addressing mechanism. 

Table 3·1 

Function 
Interrupt Related Return 
Number Instructions Address Location 

Interrupt table limit too small 8 INT Vecto(is not Before 
within table limit Instruction 

CS, OS, ES, FS, GS 13 Word memory reference Before 
Segment overrun exception beyond offset = FFFFH. Instruction 

An attempt to execute 
past the end of CS segment. 

SS Segment overrun exception 12 Stack Reference Before 
beyond offset = FF:FFH Instructio.n 
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4.2 ADDRESSING MECHANISM 

Uke Real Mode, Protected Mode uses two compo
nents to form the logical address, a 16-bit selector is 
used to determine the linear base address of a seg
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as the 32-bit physical 
address, or if paging is enabled the paging mecha
nism maps the 32-bit linear address into a 32-bit 
physical address .. 

. The difference between the two modes lies in calcu
lating the base address. In Protected Mode the se
lector is used to specify an index into an operating 

48/32 BIT POINTER 

SEGMENT 
DESCRIPTOR 

system defined table (see Figure 4-1). The table 
contains the 32-bit base address of a given seg
ment. The physical address is formed by adding the 
base address obtained from ,the table to the offset. 

Paging provides an additional memory management 
mechanism which operates only in Protected' Mode. 
Paging provides a means of managing the very large 
segments of the 80386. As such, paging operates 
beneath segmentation. The paging mechanism 
translates the protected linear address which comes 
from the segmentation unit into a physical address. 
Figure 4-2 shows the complete 80386 addressing 
mechanism with paging enabled. 

MEMORY OPERAND 
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Figure 4-1. Protected Mode Addressing 
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Figure 4-2. Paging and Segmentation 
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4.3 SEGMENTATION 

4.3.1 Segmentation Introduction 

Segmentation is one method of memory manage
ment. Segmentation provides the basis for protec
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam
ple, all of the code of a given program could be con
tained in a segment, or an operating system table 
may reside in a segment. All information about a 
segment is stored in an 8 byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in tables recognized by hardware. 

4.3.2 Terminology 

The following terms are used throughout the discus
sion of descriptors, privilege levels and protection: 

PL: Privilege Level-One of the four hierarchical 
privilege levels. Level 0 is the most privileged level 
and level 3 is the least privileged. More privileged 
levels are numerically smaller than less privileged 
levels. 

RPL: Requestor Privilege Level-The privilege level 
of the original supplier of the selector. RPL is deter
mined by the least two significant bits of a selector. 

DPL: Descriptor Privilege Level-This is the least 
privileged level at which a task may access that de
scriptor (and the segment associated with that de
scriptor). Descriptor Privilege Level is determined by 
bits 6:5 in the Access Right Byte of a descriptor. 

CPL: Current Privilege Level-The privilege level at 
which a task is currently executing, which equals the 
privilege level of the code segment being executed. 

15 

LOTR I LOT OESCR 
SELECTOR 

15 

J lOT Llt.lIT 

I lOT BASE 
IDTR LINEAR ADDRESS 

31 

15 

I GOT LIMIT 

I GOT BASE 
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CPL can also be determined by examining the low
est 2 bits of the CS register, except for conforming 
code segments. 

EPL: Effective, Privilege Level-The effective privi
lege level is the least privileged of the RPL and DPL. 
Since smaller privilege level values indicate greater 
privilege, EPL is the numerical maximum of RPL and 
DPL. 

Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 

4.3.3 Descriptor Tables 

4.3.3.1 DESCRIPTOR TABLES INTRODUCTION 

The descriptor tables define all of the segments 
which are used in an 80386 system. There are three 
types of tables on the 80386 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Descriptor Table. All of the tables 
are variable length memory arrays. They can range 
in size between 8 bytes and 64K bytes. Each table 
can hold up to 8192 8 byte descriptors. The upper 
13 bits of a selector are used as an index into the 
descriptor table. The tables have registers associat
ed with them which hold the 32-bit linear base ad
dress, and the 16-bit limit of each table. 

Each of the tables has a register associated with it 
the GDTR, LDTR, and the IDTR (see Figure 4-3). 
The LGDT, LLDT, and LlDT instructions, load the 
base and limit of the Global, Local, and Interrupt De
scriptor Tables, respectively, into the ,appropriate 
register. The SGOT, SLDT, and SlOT stofe the, base 
and limit values. These tables are manipulated by 
the operating system. Therefore, the load descriptor 
table instructions are privileged instructions. 

.--------------. o I 15 0 I 
I I : I LOT LIt.l1T 

I 
I 
I 

I I 
I I LOT BASE I 

: LINEAR ADDRESS I 
I 

0: 32 I 
I 

I PROGRAM INVISIBLE I 

I AUTOMATICALLY LOADED: 
: rROt.l LOT DESCRIPTOR I 

-------------_ .. 
0 

0 

0 
231630-57 

Figure 4·3. Descriptor Table Registers 
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4.3.3.2 GLOBAL DESCRIPTOR TABLE 

The Global Descriptor Table (GOT) contains de
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for descriptors which are 
used for servicing interrupts (i.e. interrupt and trap 
descriptors). Every 386 system contains a GOT. 
Generally the GOT contains code and data seg. 
ments used'by the operating systems and task state 
segments, and descriptors for the LOTs in a system. 

The first slot of the Global Descriptor Table corre· 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 

4.3.3.3 LOCAL DESCRIPTOR TABLE 

LOTs contain descriptors which are associated with 
a given task. Generally, operating systems are de· 
signed so that each task has a separate LOT. The 
LOT may contain only code, data, stack, task gate, 
and call gate descriptors. LOTs provide a mecha· 
nism for isolating a given task's code and data seg· 
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac· 
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro
vides both isolation and protection for a task's seg· 
ments, while still allowing global data to be shared 
among tasks. 

Unlike the 6 byte GOT or lOT registers which contain 
a base address and limit, the visible portion of the 
LOT register contains only a 16·bit selector. This se· 
lector refers to a Local Descriptor Table descriptor in 
the GOT. 
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4.3.3.4 INTERRUPT DESCRIPTOR TABLE 

The third table needed for 80386 systems is the In· 
terrupt Descriptor Table. (See Figure 4-4.) The lOT 
contains the descriptors which point to the location 
of up to 256 interrupt service routines. The lOT may 
contain only task gates, interrupt gates, and trap 
gates. The lOT should be at least 256 bytes in size in 
order to hold the descriptors for the 32 Intel Re
served Interrupts. Every interrupt used by a system 
must have an entry in the lOT. The lOT entries are 
referenced via INT instructions, external interrupt 
vectors, and exceptions. (See 2.9 Interrupts). 

I 
" 

~ MEMORY ~ , . 
GA'lEFOII 

IlTERRUPT"" 

ClATEFCII 
INTER~" ... , 

• 
CPU u' • · R' GATEFCII 

INTERRUPT '" 

ClATEFOII 
INTERRUPT," 

IM_ 

• ~ ~ 

INTERRUPT 
DESCRIPTOR 
TAllLE 
(IDl) 

1111 
231630-58 

Figure 4-4. Interrupt Descriptor 
Table Register Use 

4.3.4 Descriptors 

4.3.4.1 DESCRIPTOR ATTRIBUTE BITS 

The object to which the segment selector points to 
is called a descriptor. Descriptors are eight byte 

0 BYTE 
ADDRESS 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 
0 

BASE 31 ... 24 G 0 0 0 
LIMIT 

P OPL S TYPE A 
BASE 

+4 19 ... 16 
I I I 

23 ... 16 

BASE Base Address of \he segment 
LIMIT The length of \he segment 
P Present Bit 1 = Present 0= Not Present 
OPL Descriptor Privilege Level 0-3 
S Segment Descriptor 0= System Descriptor 1 = Code or Date Segment Descriptor 
TYPE type of Segment 
A Accessed Bit 
G Granularity BH 1 = Segment length is page granular 0= Segment length Is byte granular 
0 Default Operation Size (recognized in coda segment descriptors only) 1 = 32.1Jit segment 0= 16·bH segment 
0 BH must be zero (0) for compatibility with future processors 

NOTE: 
In a maximum·size segment (ie. a segment with G = 1 and segment limit 19 ... 0 = FFFFFH), the lowest 12 bits of the 
segment base should be zero (ie. segment base 11 ... 000 = OOOH). 

Figure 4-5. Segment Descriptors 
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quantities which contain attributes about a given re
gion of linear address space (Le. a segment). These 
attributes include the 32-bit base linear address of 
the segment, the 20-bit length and granularity of the 
segment, the protection level, read, write or execute 
privileges, the default size of the operands (16-bit or. 
32-bit), and the type of segment. All of the attribute 
information about a segment is contained in 12 bits 
in the segment descriptor. Figure 4-5 shows the gen
eral format of a descriptor. All segments on the 
80386 have three attribute fields in common: the P 
bit, the DPL bit, and the S bit. The Present P bit is 1 
if the segment is loaded in physical memory, if P = 0 
then any attempt to access this segment causes a 
not present exception (exception 11). The Descrip
tor Privilege Level DPL is a two-bit field which speci
fies the protection level 0-3 associated with a seg
ment. 

The 80386 has. two main categories o.f segments 
system segments and non-system segments (for 
code and data). The segmentS bit in the segment 
descriptor determines if a given segment is a system 
segment or a code or data segment. If the S bit is 1 
then the segment is either a code or data segment, if 
it is 0 then the segment is a system segment. 

4.3.4.2386 CODE, DATA DESCRIPT9RS (S= 1) 

Figure 4-6 shows the general format of a code and 
data descriptor and Table 4-1 illustrates how the bits 
in the Access Rights Byte are interpreted. 

31 o 
SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 o 

LIMIT 
ACCESS BASE 

BASE 31 ... 24 G 0 0 0 RIGHTS 
19 ... 16 

BYTE 
23 ... 16 

+4 

D/B 1 = Default Instructions Attnbutes are 32·Blts 
0= Default InstrUction Attributes are 16-Bits 

G Granularity B~ 1 = Segment length IS page granular 
'0 = Segment length is byte granular 

Type 
Field 
Definition 

o Bit must' be zero (0) for compatibility with future processors 

Figure 4-6. Segment Descriptors 

Table 4-1. Access Rights Byte Definition for Code and Data Descriptions 

Bit 
Name Function 

Position 

7 Present (P) P = 1 Segment is mapped into physical memory. 
P=O No mapping to physical memory exits, b'ase and limit are 

not used. 
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 

Level (DPL) 
4 Segment Descrip- S = 1 Code or Data (includes stacks) segment descriptor 

tor (S) S=O System Segment Descriptor or Gate Descriptor 

3 Executable (E) E ~ 0 """"pro, type • data ... mont r 
2 Expansion Direc- ED = 0 Expand up segment, offsets must be :;;; limit. Data 

tion (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 
1 Writeable (W) W = 0 Data segment may not be written into. (S = 1, 

W = 1 Data segment may be written into. E = 0) 

3 Executable (E) E = 1 Descriptor type is code segment: 

r 2 Conforming (C) C = 1 Code segment may only be executed Code 
when CPL ~ DPL and CPL Segment 
remains unchanged. (S = 1, 

1 Readable (R) R=O Code segment may not be read. E = 1) 
R = 1 Code segment may be read. 

0 \ Accessed (A) A=O Segment has not been accessed. 
A=1 Segment selector has been loaded into segment register 

or used by selector test instructions. 
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Code and data segments have several descriptor 
fields in common. The accessed A bit is set whenev
er the processor accesses a descriptor. The A bit is 
used by operating systems to keep usage statistics 
on a given segment. The G bit, or granularity bit, 
specifies if a segment length is byte-granular or 
page-granular. 80386 segments can be one mega
byte long with byte granularity (G = 0) or four giga
bytes with page granularity (G = 1), (Le., 220 pages 
each page is 4K bytes in length). The granularity is 
totally unrelated to paging. A 80386 system can con
sist of segments with byte granularity, and page 
granularity, whether or not paging is enabled. 

The executable E bit tells if a segment is a code or 
data segment. A code segment (E = 1, S = 1) may be 
execute-only or execute/read as determined by the 
Read R bit. Code segments are execute only if 
R = 0, and execute/read if R = 1. Code segments 
may never be written into. 

NOTE: 
Code segments may be modified via aliases. Alias
es are writeable data segments which occupy the 
same range of linear address space as the code 
segment. 

The D bit indicates the default length for operands 
and effective addresses. If D= 1 then 32-bit oper
ands and 32-bit addressing modes are assumed. If 
D = 0 then 16-bit operands and 16-bit addressing 
modes are assumed. Therefore all existing 286 code 
segments will execute on the 80386 assuming the D 
bit is set O. 

Another attribute of code segments is determined by 
the conforming C bit. Conforming segments, C = 1, 
can be executed and shared by programs at differ
ent privilege levels. (See section 4.4 Protection.) 

31 16 

SEGMENT BASE 15 ... 0 

BASE 31 ... 24 I G I 0 I 0 I 0 11 ~I.~~~ 6 

Type Defines 

0 Invalid 
1 Available 286 TSS 
2 LOT 
3 Busy 286 TSS 
4 286 Call Gate 
5 Task Gate (for 286 or 386 Task) 
6 286 Interrupt Gate 
7 286 Trap Gate 

Segments identified as data segments (E = 0, S = 1) 
are used for two types of 80386 segments: stack 
and data segments. The expansion direction (ED) bit 
specifies if a segment expands downward (stack) or 
upward (data). If a segment is a stack segment all 
offsets must be greater than the segment limit. On a 
data segment all offsets must be less than or equal 
to the limit. In other words, stack segments start at 
the base linear address plus the maximum segment 
limit and grow down to the base linear address plus 
the limit. On the other hand, data segments start at 
the base linear address and expand to the base lin
ear address plus limit. 

The write W bit controls the ability to write into a 
segment. Data segments are read-only if W = O. The 
stack segment must have W = 1. 

The B bit controls the size of the stack pointer regis
ter. If B = 1, then PUSHes, POPs, and CALLs all use 
the 32-bit ESP register for stack references and as
sume an upper limit ofFFFFFFFFH. If B = 0, stack 
instructions all use the 16-bit SP register and as
sume an upper limit of FFFFH. 

4.3.4.3 SYSTEM DESCRIPTOR FORMATS 

System segments describe information about oper
ating system tables, tasks, and gates. Figure 4-7 
shows the general format of system segment de
scriptors, and the various types of system segments. 
80386 system descriptors contain a 32-bit base lin
ear address and a 20-bit segment limit. 80286 sys
tem descriptors have a 24-bit base address and a 
16-bit segment limit. 80286 system descriptors are 
identified by the upper 16 bits being all zero. 

0 

SEGMENT LIMIT 15 ... 0 0 

pi DPL I 0 I TYPE I BASE 
23 ... 16 

+4 

Type Defines 

8 Invalid 
9 Available 386 TSS 
A Undelined (Intel Reserved) 
B Busy 386 TSS 
C 386 Call Gate 
0 Undefined (Intel Reserved) 
E 386 Interrupt Gate 
F 386 Trap Gate 

Figure 4-7. System Segments Descriptors 
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4,.3.4.4 LDT DESCRIPTORS (S = 0, TYPE = 2) 

LDT descriptors (S = 0 TYPE = 2) contain informa
tion about Local Descriptor Tables. LDTs contain a 
table of segment deSCriptors, unique to a particular 
task. Since the instruction to load the LDTR is only 
available at privilege level 0, the DPL field is ignored. 
LDT descriptors are only allowed in the Global De
scriptor Table (GDT). 

4.3.4.5 TSS DESCRIPTORS (S = 0, 
TYPE = 1,3,9,8) 

A Task State Segment (TSS) descriptor contains in
formation about the location, size, and privilege level 
of a Task State Segment (TSS). A TSS in tum is a 
special fixed format segment which contains all the 
state information for a task and a linkage field to 
permit nesting tasks.' The TYPE field is used to indi
cate whether the task is currently BUSY (i.e. on a 
chain of active tasks) or the TSS is available. The 
TYPE field also indicates if the segment contains a 
286 or a 386 TSS. The Task Register (TR) contains 
the selector which points to the current Task State 
Segment. 

4.3.4.6 GATE DESCRIPTORS (S=O, 
TYPE = 4-7, C, F) 

Gate~ are used to control access to entry points 
within the target code segment. The various types of 

31 24 16 

gate descriptors are call gates, task gates, 
Interrupt gates, and trap gates. Gates provide a 
level of indirection ~tween the source and destina
tion of the control transfer. This indirection allows 
the processor to automatically perform protection 
checks. It also allows system designers to control 
entry points to the operating system. Call gates are 
used to change privilege levels (see section 4.4 
Protection), task gates are used to perform a task 
switch, and interrupt and trap gates are used to 
specify interrupt service routines. 

Figure 4-8 shows the format of the four types of gate 
descriptors. Call gates are primarily used to transfer 
program control to a more privileged level. The call 
gate descriptor consists of three fields: the access 
byte, a long pointer (selector and offset) which 
points to the start of a routine and a word count 
which specifies how many parameters are to be cop
ied from the caller's stack to the stack of the called 
routine. The word count field is only used by call 
gates when there is a change in the privilege level, 
other types of gates ignore the word count field. 

Interrupt and trap gates use the destination selector 
and destination offset fields of the gate descriptor as 
a pointer to the start ,of the interrupt or trap handler 
routines. The difference between interrupt gates and 
trap gates is that the interrupt gate disables inter
rupts (resets the IF bit) while the trap gate does not. 

8 5 0 

SELECTOR OFFSET 15 ... 0 0 

WORD 
OFFSET 31 ... 16 P DPL 0 TYPE 0 0 0 COUNT +4 

4 ... 0 

Gate Descriptor Flalda 
Nama Valua DeacrlpUon 
Type 4 286 call gate 

5 Task gate (for 286 or 386 task) 
6 286 interrupt gate 
7 286 trap gata 
e 386 call gate 

\ 
E 386 interrupt gate 
F 386 trap gate 

P 0 Descriptor contents are not valid 
1 Descriptor contents are valid 

DPL-Ieast privileged level at which a task may access the gate. WORD COUNT 0-31-the number of parameters to copy from caller's stack 
to the called procedure's stack. The parameters are 32·bH quantities for 386 gatas, and 16-bH quantities for 288 gatas. 

DESTINATION 16-bit Selector to the target code segment 
SELECTOR selector or 

Selector to the target task state segment for task gate 

DESTINATION offset ' Entry POInt within the target code segment 
OFFSET 16·bit 286 

32·bH 386 

Figure 4-8. Gate Descriptor Formats 
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Task gates are used to switch tasks. Task gates 
may only refer to a task state segment (see section 
4.4.6 Task Switching) therefore only the destination 
selector portion of a task gate descriptor is used, 
and the destination offset is ignored. 

Exception 13 is generated when a destination selec
tor does not refer to a correct deSCriptor type, i.e., a 
code segment for an interrupt, trap or call gate, a 
TSS for a task gate. 

The access byte format is the same for all gate de
scriptors. P = 1 indicates that the gate contents are 
valid. P = 0 indicates the contents are not valid and 
causes exception 11 if referenced. DPL is the de
scriptor privilege level and specifies when this de
scriptor may be used· by a task (see section 4.4 
Protection). The S field, bit 4 of the access rights 
byte, must be 0 to indicate a system control descrip
tor. The type field specifies the descriptor type as 
indicated in Figure 4-8. 

4.3.4.7 DIFFERENCES BETWEEN 386 AND 286 
DESCRIPTORS 

In order to provide operating system compatibility 
between the 80286 and 80386, the 386 supports all 
of the 80286 segment deSCriptors. Figure 4-9 shows 
the general format of an 80286 system segment de
scriptor. The only differences between 286 and 386 
descriptor formats are that the values of the type 
fields, and the limit and base address fields have 
been expanded for the 386. The 80286 system seg
ment descriptors contained a 24-bit base address 
and 16-bit limit, while the 386 system segment de
scriptors have a 32-bit base address, a 20-bit limit 
field, and a granularity bit. 

By supporting 80286 system segments the 80386 is 
able to execute 286 application programs on a 
80386 operating system. This is possible because 
the processor automatically understands which de-
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scriptors are 286-style descriptors and which de
scriptors are 386-style descriptors. In particular, if 
the upper word of a descriptor is zero, then that de
scriptor is a 286-style deSCriptor. 

The only other differences between 286-style de
scriptors and 386 descriptors is the interpretation of 
the word count field of call gates and the B bit. The 
word count field specifies the number of 16-bit quan
tities to copy for 286 call gates and 32-bit quantities 
for 386 call gates. The B bit controls the size of 
PUSHes when using a call gate; if B = 0 PUSHes are 
16 bits, if B = 1 PUSHes are 32 bits. 

4.3.4.8 SELECTOR FIELDS 

A selector in Protected Mode has three fields: Local 
or Global Descriptor Table Indicator (TI), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4-10. The 
TI bits select one of two memory-based tables of 
deSCriptors (the Global Descriptor Table or the Local 
Descriptor Table). The Index selects one of 8K de
scriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 

4.3.4.9 SEGMENT DESCRIPTOR CACHE 

In addition to the selector value, every segment reg
ister has a segment descriptor cache register asso
ciated with it. Whenever a segment register's con
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val
ue. 

0 

SEGMENT BASE 15 ... 0 SEGMENT LIMIT 15 ... 0 0 

Intel Re~rved 
P I DPL lsi TYPE I BASE, +4 Set to 0 23 ... 16 

BASE Base Address of the segment DPL Descriptor Privilege Level 0-3 
LIMIT The length of the segment S System Descriptor 0= System 1 = User 
P Present BH 1 = Present 0= Not Present TYPE Type of Segment 

Figure 4·9. 286 Code and Data Segment Descriptors 
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INDEX 

N 

6 

5 

4 

--2. 
2 

1 

0 

. 
TABLE 
INDICATOR 

TI=1 

. ~EJ;cRlJ>TOR . 

LOCAL 
DESCRIPTOR 

TABLE 

N 

DESCRIPTOR 
NUMBER 

6 

5 

4 

3 

2 

1 

0 

TI=O! 

NULL 

GLOBAL 
DESCRIPTOR 

TABLE 

Figure 4-10. Example Descriptor Selection 
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4.3.4.10 SEGMENT DESCRIPTOR REGISTER 
SETTINGS 

The contents of the segment descriptor cache vary 
depending on the mode the 80386 is operating in. 
When operating in Real Address Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-11. 

For compatiblity with the 8086 architecture, the base 
is set to sixteen times the current selector value, the 
limit· is fixed at OOOOFFFFH, and the attributes are 
fixed so as to indicate the segment is present and 
fully usable. In Real Address Mode, the internal 
"privilege level" is always fixed to the highest level, 
level 0, so I/O and other privileged opcodes may be 
executed. 

SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32- BIT BASE 

(UPDATED DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

32 - BIT LIMIT 

(FIXED) 

OTHER ATIRIBUTES 

(FIXED) 

CONFORMING PRIVILEGE ----------------------. 
STACK SIZE-----------------------, 
EXECUTABLE--------------------, 
WRITEABLE-----------------------, 
READABLE--------------------, 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 
PRIVILEGE LEVEL· 1 
~R~~E~~ _______ ~A~~ ___________ ~I~I! ___ t _ ~ _ _ _ __ 
CS '6X CURRENT CS SELECTOR" OOOOFFFFH Y 0 Y B U Y Y Y - N 
SS 16X CURRENT SS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N W -
OS 16X CURRENT OS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N - -
ES '6X CURRENT ES SELECTOR OOOOFFFFH Y 0 Y B U y y N - -
FS , 6X CURRENT FS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N - -
GS '6X CURRENT GS SELECTOR OOOOFFFFH Y 0 Y B U Y Y N - -

231630-60 

'Except the 32-bit CS base is initialized to FFFFFOOOH after reset until first intersegment control transfer (e.g. intersegment CALL. or 
intersegment JMP. or INT). (See Figure 4-13 Example.) 

Key: Y = yes 
N = no 
o = privilege level 0 
1 = privilege level 1 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

o = expand down 
8 = byte granularity 
P = page granularity 
W = push/pop 16-bit words 
F = push/pop 32-bit dwords 
- = does not apply to that segment cache register 

Figure 4·11. Segment Descriptor Caches for Real Address Mode 
(Segment Limit and Attributes are Fixed) 
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When operating in Protected Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-12. 
In Protected Mode, each of these fields are defined 

according to the contents of the segment descriptor 
indexed by the selector value loaded into the seg
ment register. 

SEGt.4ENT . DESCRIPTOR CACHE REGISTER CONTENTS 

32- BIT BASE 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGt.4ENT REGISTER) 

32 - BIT Llt.4IT 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGt.4ENT REGISTER) 

OTHER ATTRIBUTES 

(UPDATED DURING 
SELECTOR LOAD INTO 

SEGt.4ENT REGISTER) 

CONF'ORt.4ING PRIVILEGE----------------------. 
STACK SIZE-----------------------. 
EXECUTABLE---------------------...., 
WRITEABLE ---------------------, READABLE-------------________ ., 

EXPANSION DIRECTION-----------------, 

GRANULARITY 1 
ACCESSED 1 
PRIVILEGE LEVEL ! 1 
~R~~E~~ ____ !'~S: ___________ :I~I! ______ ~ _1_ _ _ __ . 
CS 

SS 

OS 

ES 

F'S 

GS 

Key: Y = fixed yes 
N = fixed no 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

BASE PER SEG OEseR 

BASE PER SEG DESCR 

BASE PER SEG DESCR 

d = per segment descriptor 

LIt.4IT PER SEG DESCR 

Llt.4IT PER SEG DESCR 

LIt.4IT PER SEG DESCR 

LIt.4IT PER SEG DESCR 

LIt.4IT PER SEG DESCR 
LIt.4IT PER SEG DESCR 

P d d 

P d d 

p d d 
p d d 

P d d 

p d d 

p = per segment descriptor; descriptor must indicate "present" to avoid exception 11 
(exception 12 in case of SS) 

d 

d 

d 
d 
d 

d 

r = per segment descriptor, but descriptor must indicate "readable" to avoid exception 13 
(special case for SS) 

w = per segment descriptor, but descriptor must indicate "writable" to avoid exception 13 
(special case for SS) 

- = does not apply to that segment cache register 

d d N 

d r w 
d d d 
d d d 
d d d 

d d d 

Y - d 

N d -
N - -
N - -
N - -
N - -

231630-61 

Figure 4·12. Segment Descriptor Caches for Protected Mode (Loaded per Descriptor) 
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When operating in a Virtual 8086 Mode within the 
Protected Mode, the segment base, limit, and other 
attributes within the segment cache registers are de
fined as shown in Figure 4-13. For compatibility with 
the 8086 architecture, the base is set to sixteen 
times the current selector value, the limit is fixed at 

OOOOFFFFH, and the attributes are fixed so as to 
indicate the segment is present and fully usable. The 
virtual program executes at lowest privilege level, 
level 3, to allow trapping of all IOPL-sensitive in
structions and level-O-only instructions. 

SEGMENT DESCRIPTOR CACHE REGISTER CONTENTS 

32- BIT BASE 

(UPDATED. DURING SELECTOR 
LOAD INTO SEGMENT REGISTER) 

32 - BIT LIMIT 

(fiXED) 

OTHER ATIRIBUTES 

(fiXED) 

CONfORMING PRIVILEGE---------------------. 
STACK SIZE----------------------, 
EXECUTABLE---------------------, 
WRITEABLE---------------------, 
R~DABLE--------------------. 
EXPANSION DIRECTION 

GRANULARITY 1 
ACCESSED 1 
PRIVILEGE LEVEL 1 
~R~E~~ • u u uB~~E_ u u _ u u u ~I~,! _ ut J u _ u u _ 

cs 16X CURRENT CS SELECTOR OOOOffffH Y 3 Y B U Y Y Y - N 
SS 16X CURRENT SS SELECTOR OOOOffffH Y 3 Y B U Y Y N W -
os 16X CURRENT DS SELECTOR OOOOffffH Y 3 Y B U Y Y N - -
ES 16X CURRENT ES SELECTOR OOOOffffH Y 3 Y B U Y Y N - -
fS 16X CURRENT fS SELECTOR OOOOffFfH Y 3 Y B U Y Y N - -
GS 16X CURRENT GS SELECTOR OOOOffFfH Y 3 Y B U Y Y N - -

Key: Y = yes 
N = no 

o = expand down 
B = byte granularity 
P = page granularity 
W = push/pop 16-bH words 
F = push/pop 32·M dwords 

231630-62 

o = privilege level 0 
1 = privilege level 1 
2 = privilege level 2 
3 = privilege level 3 
U = expand up 

- = does nol apply to thai segment cache register 

Figure 4-13. Segment Descriptor Caches for Virtuala086 Mode within Protected Mode 
(Segment Limit and Attributes are Fixed) 
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4.4 PROTECTION 

4.4.1 Protection Concepts 

CPU 
ENFORCED 
SOFTWARE 
INTERFACES 

HIGH SPEED 
OPERATING 
SYSTEM 
INTERFACE 

231630-63 

Figure 4-14. Four-Level Hierachlcal Protection 

The 80386 has four levels of protection which are 
optimized to support the needs of a multi·tasking op
erating system to isolate and protect uSer programs 
from each other and the operating system. The privi
lege levels control the use of privileged instructions, 
I/O instructions, and access to segments and seg
ment descriptors. Unlike traditional microprocessor
based systems where this protection is achieved 
only through the use of complex external hardware 
and software the 80386 provides the protection as 
part of its integrated Memory Management Unit. The 
80386 offers an additional type of protection on a 
page basis, when paging is enabled (See section 
4.5.3 Page Level Protection). 

The four·level hierarchical privilege system is illus
trated in Figure 4·14. It is an extension of the user/ 
supervisor privilege mode commonly used by mini
computers and, in fact, the user/supervisor mode is 
fully supported by the 80386 paging mechanism. 
The privilege levels (PL) are numbered 0 through 3. 
Level 0 is the most privileged or trusted level. 

4.4.2 Rules of Privilege 

The 80386 controls access to both data and proce
dures between levels of a task, according to the fol· 
lowing rules. 

• Data stored in a segment with privilege level p can 
be accessed only by code executing at a privilege 
level at least as privileged as p. 

• A code segment/procedure with privilege level p 
, can only be called by a task executing at the same 
or a lesser privilege level than p. 

4.4.3 Privilege Levels, 

4.4.3.1 TASK PRIVILEGE, 

At any point' in time, a task on the 80386 always 
executes at one of the four privilege levels. The Cur
rent Privilege Level (CPL) specifies the task's privi
lege level. A task's CPL may only be changed by 
control transfers through gate descriptors to a code 
segment with a different privilege level. (See section 
4.4.4 Privilege Level Transfers) Thus, an applica
tion program running at PL = 3 may call an operat
ing system routine at ,PL = 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 

4.4.3.2 SELECTOR PRIVILEGE (RPL) 

The privilege level of a selector is specified by the 
RPL field. The RPL is the two least Significant bits of 
the selector. The selector's RPL is only used to es
tablish a less trusted privilege level than the current 
privilege level for the use of a segment. This level is 
called the task's effective privilege level (EPL). The 
EPL is defined as being the least privileged (I.e. nu
merically larger) level of a task's CPL and a selec
tor's RPL. Thus, if selector's RPL = 0 then the CPL 
always specifies the privilege level for making an ac
cess using the selector. On the other hand if RPL = 
3 then a selector can only access segments at level 
3 regardless of the task's CPL. The RPL is most 
commonly used to verify that pointers passed to an 
operating system procedure do not access data that 
is of higher privilege than the procedure that origi
nated the pointer. Since the originator of a selector 
can specify any RPL value, the Adjust RPL (ARPL) 
instruction is provided to force the RPL bits to the 
originator's CPL. 

4.4.3.3 I/O PRIVILEGE AND I/O PERMISSION 
BITMAP 

The I/O privilege level (IOPL, a 2-bit field in the 
EFLAG register) defines the least privileged level at 
which I/O instructions can be unconditionally per
formed. I/O instructions can be unconditionally per
formed when CPL ~ 10PL. (The I/O instructions are 

, IN, OUT, INS, OUTS, REP INS, and REP OUTS.) 
When CPL > 10PL, and the current task is associat
ed with a 286 TSS, attempted I/O instructions cause 
an exception 13 fault. When CPL > 10PL, and the 
current task is associated with a 386 TSS, the I/O 
Permission' Bitmap (part of a 386 TSS) is consulted 
on whether I/O to the port is allowed, or an excep
tion 13 fault is to be generated instead. For diagrams 
of the I/O Permission Bitmap, refer to Figures 4-15a 
and 4-15b. For further information on how the I/O 
Permission Bitmap is used in Protected Mode or in 
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Virtual 8086 Mode, refer to section 4.6.4 Protection 
and I/O Permission Bitmap. 

The 1/0 privilege level (IOPL) also affects whether 
several other instructions can be executed or cause 
an exception 13 fault instead. These instructions are 
called "IOPL-sensitive" instructions and they are 
CLI and STI. (Note that the LOCK prefix is not 10PL
sensitive on the 80386.) 

The 10PL also affects whether the IF (interrupts en
able flag) bit can be changed by loading a value into 
the EFLAGS register. When CPL :;;; 10PL, then the 
IF bit can be changed by loading a new value into 
the EFLAGS register. When CPL > 10PL, the IF bit 
cannot be changed by a new value POP'ed into (or 
otherwise loaded into) the EFLAGS register; the IF 
bit merely remains unchanged and no exception is 
generated. 

Table 4·2. Pointer Test Instructions 

Instruction Operands Function 

ARPL Selector, Adjust Requested Privi-
Register lege Level: adjusts the 

RPL of the selector to the 
numeric maximum of 
current selector RPL value 
and the RPL value in the 

. register. Set zero flag if 
selector RPL was 

. changed. 

VERR Selector VERify for Read: sets the 
zero flag if the segment 
referred to by the selector 
can be read. 

VERW Selector VERify for Write: sets the 
zero flag if the segment 
referred to by the selector 
can be written. 

LSL Register, Load Segment Limit: reads 
Selector the segment limit into the 

register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 

LAR Register, Load Access Rights: reads 
Selector the descriptor access 

rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 

4-41 

4.4.3.4 PRIVILEGE VALIDATION 

The 80386 provides several instructions to speed 
pointer testing and help maintain system integrity by 
verifying that the selector value refers to an appro
priate segment. Table 4-2 summarizes the selector 
validation procedures available for the 80386. 

This pointer verification prevents the common prob
lem of an application at PL = 3 calling a operating 
systems routine at PL = 0 and passing the operat
ing system routine a "bad" pointer which corrupts a 
data structure belonging to the operating system. If 
the operating system routine uses the ARPL instruc
tion to ensure that the RPL of the selector has no 
greater privilege than that of the caller, then this 
problem can be avoided. 

4.4.3.5 DESCRIPTOR ACCESS 

There are basically two types of segment accesses: 
those involving code segments such as control 
transfers, and those involving data accesses. Deter
mining the ability of a task to access a segment in
volves the type of segment to be accessed, the in
struction used, the type of descriptor used and CPL, 
RPL, and DPL as described above. 

Any time an instruction loads data segment registers 
(OS, ES, FS, GS) the 80386 makes protection vali
dation checks. Selectors loaded in the OS, ES, FS, 
GS registers must refer only to data segments or 
readable code segments. The data access rules are 
specified in section 4.2.2 Rules of Privilege. The 
only exception to those rules is readable conforming 
code segments which can be accessed at any privi
lege level. 

Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL an exception 13 (gen
eral protection fault) is generated. 

The rules regarding the stack segment are slightly 
different than those involving data segments. In
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg
ments. The DPL and RPL must equal the CPL. All 
other descriptor types or a privilege level violation 
will cause exception 13. A stack not present fault 
causes exception 12. Note that an exception 11 is 
used for a not-present code or data segment. 

4.4.4 Privilege Level Transfers 

Inter-segment control transfers occur when a selec
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
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Table 4·~. Descriptor Types Used .for Control Transfer 

Control Transfer Types 

Intersegment within the Same privilege level 

Intersegment to the same or higher privilege level 
Interrupt within task may change CPL 

Intersegment to a lower privilege level 
(changes task CPL) 

Task Switch 

'NT (Nested Task bit of flag register) = 0 
"NT (Nested Task bit of flag register) = 1 

or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4-3. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only via 
control transfers, by using gates, task switches, and 
interrupt or trap gates. 

Control transfers can only occur if the operation 
which loaded the selector references the correct de
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13 (e.g. JMP through a 
call gate, or IRET from a normal subroutine call). 

In order to provide further system security, all control 
transfers are also subject to the privilege rules. 

The privilege rules require that: 

- Privilege level transitions can only occur via 
gates. 

- JMPs can be made to a non-conforming code 
segment with the same privilege or to a conform
ing code segment with greater or equal privilege. 

- CALLs can be made to a non-conforming code 
segment with the same privilege or via a gate to a 
more. privileged level. 

- Interrupts handled within the task obey the same 
privilege rules as CALLs. 

- Conforming Code segments are accessible by 
privilege levels which are the same or less privi
leged than the .conforming-code segment's OPL. 

- Both the requested privilege level (RPL) in the 
selector pointing to the gate and the task's CPL 

Operation Types 
Descriptor Descriptor 
Referenced Table 

JMP, CALL, RET, IREP Code Segment GOT/LOT 

CALL Call Gate GOT/LOT 

Interrupt Instruction, Trap or lOT 
Exception, External Interrupt 
Interrupt Gate 

RET,IREP Code Segment GOT/LOT 

CALL,JMP Task State GOT 
Segment 

CALL,JMP Task Gate GOT/LOT 

IREP" Task Gate lOT 
Interrupt Instruction, 
Exception, External 
Interrupt 
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must be of equal or greater privilege than the 
gate's OPL. 

- The code segment selected in the gate must be 
the same or more privileged than the task's CPL. 

- Return instructions that do not switch tasks can 
only return control to a code segment with same 
or less privilege. 

- Task switches can be performed by a CALL, 
JMP, or INT which references either a task gate 
or task state segment who's OPL is less privi
leged or the same privilege as the old task's CPL. 

Any control transfer that changes CPL within a task 
causes a change of stacks as a result of the privi
lege level change. The initial values of SS:ESP for 
privilege levels 0, 1, and 2 are retained in the task 
state segment (see section 4.4.6 Task Switching). 
Ouring a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and ESP regis
ters and the previous stack pointer is pushed onto 
the new stack. 

When RETurning to the original privilege level, use 
of the lower-privileged stack is restored as part of 
the RET or IRET instruction operation. For subrou
tine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words (as 
specified in the gate's word count field) are copied 
from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust
ment value will correctly restore the previous stack 
pointer upon return. 
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4.4.5 Call Gates 

Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust
ed procedures (such as those which allocate memo
ry, or perform I/O). 

Gate descriptors follow the data access rules of priv
ilege; that is, gates can be accessed by a task if the 
EPL, is equal to or more privileged than the gate 
descriptor's OPL. Gates follow the control transfer 
rules of privilege and therefore may only transfer 
control to a more privileged level. 

Call Gates are accessed via a CALL instruction and 
are syntactically identical to calling a normal subrou
tine. When an inter-level 386 call gate is activated, 
the following actions occur. 

1. Load CS:EIP from gate check for validity 

2. SS is pushed zero-extended to 32 bits 

3. ESP is pushed 

4. Copy Word Count 32-bit parameters from the 
old stack to the new stack 

5. Push Return address on stack 

The procedure is identical for 286 Call gates, except 
that 16-bit parameters are copied and 16-bit regis
ters are pushed. 

Interrupt Gates and Trap gates work in a similar 
fashion as the call gates, except there is no copying 
of parameters. The only difference between Trap 
and Interrupt gates is that control transfers through 
an Interrupt gate disable further interrupts (Le. the IF 
bit is set to 0), and Trap gates leave the interrupt 
status unchanged. 

4.4.6 Task Switching 

A very important attribute of any multi-tasking/multi
user operating systems is its ability· to rapidly switch 
between tasks or processes. The, 80386 directly 
supports this operation by providing a task switch 

instruction in hardware. The 80386 task switch oper
ation saves the entire state of the machine (all of the 
registers, address space, and a link to the previous 
task), loads a new execution state, performs protec
tion checks, and commences execution in the new 
task, in about 17 microseconds. Like transfer of con
trol via gates, the task switch operation is invoked by 
executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS), or a 
task gate descriptor in the GOT or LOT. An INT n 
instruction, exception, trap, or external interrupt may 
also invoke the task switch operation if there is a 
task gate descriptor in the associated lOT descriptor 
slot. 

The T$S descriptor points to a segment (see Figure 
4-15) containing the entire 80386 execution state 
while a task gate descriptor contains a TSS selector. 
The 80386 supports both 286 and 386 style TSSs. 
Figure 4-16 shows a 286 TSS. The limit of a 386 
TSS must be greater than 0064H (002BH for a 286 
TSS), and can be as large as 4 Gigabytes. In the 
additional TSS space, the operating system is free 
to store additional information such as the reason 
the task is inactive, time the task has spent running, 
and open files belong to the task. 

Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80386 called the Task State Segment Register (TR). 
This register contains a selector referring tothe task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register' associated 
with TR are loaded whenever TR is loaded with a 
new selector. Returning from a task is accomplished 
by the IRET instruction. When IRET is executed, 
control is returned to the task which was interrupted. 
The current executing task's state is saved in the 
'TSS and the old task state is restored from its TSS. 
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Several bits in the flag register and machine status 
word (GRO) , give information about the state of a 
task which are uSeful to the operating system. The 
Nested Task (NT) (bit 14 in EFLAGS) controls the 
function of the IRET instruction. If NT = 0, the IRET 
instruction performs the regular return; when NT = 
1, IRET performs a task switch operation b~ck to the 
previous task. The NT bit is set or reset in the follow
ing fashion: 
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Figure 4·16, 286 TSS 

When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that does 
not cause a task switch will clear NT. (The NT bit will 
be restored after execution of the interrupt handler) 
NT may also be set or cleared by POPF or IRET 
instructions. 

The 386 task state segment is marked busy by 
changing the descriptor type field from TYPE 9H to 
TYPE BH. A 286 TSS is marked busy by changing 
the descriptor type field from TYPE 1 to TYPE 3. 
Use of a selector that references a busy task state 
segment causes an exception 13. 

The Virtual Mode (VM) bit 17 is used to indicate if a 
task, is a virtual 8086 task. If VM = 1, then the tasks 
will use the Real Mode addressing mechanism. The 
virtual 8086 environment is only entered and exited 
via a task switch (see section 4.6 Virtual Mode). 

The coprocessor's state i~ not automatically saved 
when a task switch occurs, because the incoming 
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task may not use the coprocessor. The Task 
Switched (TS) Bit (bit 3 in the CRO) helps deal with 
the coprocessor's state in a multi-tasking environ
ment. Whenever the 80386 switches tasks, it sets 
the TS bit. The 80386 detects the first use of a proc
essor extension instruction after a task switch and 
causes the processor extension not available excep
tion 7. The exception handler for exception 7 may 
then decide whether to save the state of the co
processor. A processor extension not present ex
ception (7) will occur when attempting to execute an 
ESC or WAIT instruction if the Task Switched and 
Monitor coprocessor extension bits are both set (i.e. 
TS = 1 and MP = 1). 

The T bit in the 386 TSS indicates that the processor 
should generate a debug exception when switching 
to a task. If T = 1 then upon entry to a new task a 
debug exception 1 will be generated. 

4.4.7 Initialization and Transition to 
Protected Mode 

Since the 80386 begins executing in Real Mode im
mediately after RESET it is necessary to initialize the 
system tables and registers with the appropriate val
ues. 

The GOT and lOT registers must refer to a valid GOT 
and lOT. The lOT should be at least 256 bytes long, 
and GOT must contain descriptors for the initial 
code, and data segments. Figure 4-17 shows the 
tables and Figure 4-18 the descriptors needed for a 
simple Protected Mode 80386 system. It has a sin
gle code and single data/stack segment each four 
gigabytes long and a single privilege level PL = O. 

The actual method of enabling Protected Mode is to 
load CRO with the PE bit set, via the MOV CRO, R/M 
instruction. This puts the 80386 in Protected Mode. 

After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS 
register and flush the instruction decode queue. The 
final step is to load all of the data segment registers 
with the initial selector values. . 

An alternate approach to entering Protected Mode 
which is especially appropriate for multi-tasking op
erating systems, is to use the built in task-switch to 
load all of the registers. In this case the GOT would 
contain two TSS descriptors in addition to the code 
and data descriptors needed for the first task. The 
first JMP instruction in Protected Mode would jump 
to the TSS causing a task switch and loading all of 
the registers with the values stored in the TSS. The 
Task State Segment Register should be initialized to 
pOint to a valid TSS descriptor since a task switch 
saves the state of the current task in a task state 
segment. 
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Figure 4·18. GOT Descriptors for Simple System 

4.4.8 Tools for Building Protected 
. Systems . 

In order to simplify the design of a protected multi~ 
tasking system, Intel provides a tool which allows 
the system designer an easy method of constructing 
the data structures needed for a Protected Mode 
80386 system. This tool is the builder BLD-386TM. 
BLD-386 lets the operating system writer specify all 
of the segment descriptors discussed in the previous 
sections (LOTs, lOTs, GDTs, Gates, and TSSs) in a 
high-level language. 
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4.5 PAGING 

4.5.1 Paging Concepts 

Paging is another type of memory management use
ful for· virtual memory multitasking operating sys
tems. Unlike segmentation which modularizes pro
grams and data into variable length segments, pa-
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ging divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
structure of a program. While segment selectors can 
be considered the logical "name" of a program 
module or data structure, a page most likely corre
sponds to only a portion of a module or data struc
ture. 

By taking advantage of the locality of reference dis
played by most programs, only a small number of 
pages from each active task need be in memory at 
anyone moment. 

4.5.2 Paging Organization 

4.5.2.1 PAGE MECHANISM 

The 80386 uses two levels of tables to translate the 
linear address (from the segmentation unit) into a 
physical address. There are three components to 
the pa:ging mechanism of the 80386: the page direc
tory, the page tables, and the page Itself (page 
frame). All memory-resident elements of the 80386 
paging mechanism are the same size, namely, 4K 
bytes. A uniform size for all of the elements simpli
fies memory allocation and reallocation schemes, 
since there is no problem with memory fragmenta
tion. Figure 4-19 shows how the paging mechanism 
works. 

4.5.2.2 PAGE DESCRIPTOR BASE REGISTER 

CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
page fault detected. 

CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory. The lower 12 bits of CR3 are 
always zero to ensure that the Page Directory is al
ways page aligned. Loading it via a MOV CR3, reg 
instruction causes the Page Table Entry cache to be 
flushed, as will a task switch through a TSS which 
changes the value of CRO. (See 4.5.4 Translation 
Lookaslde Buffer). 

4.5.2.3 PAGE DIRECTORY 

The Page Directory is 4K bytes long and allows up to 
1024 Page Directory Entries. Each Page Directory 
Entry contains the address of the next level of ta
bles, the Page Tables and information about 'the 
page table. The contents of a Page Directory Entry 
are shown in Figure 4-20. The upper 10 bits of the 
linear address (A22-A31) are used as an index to 
select the correct Page Directory, Fntry. 

TWO LEVEL PAGING SCHEME 
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Figure 4-21. Page Table Entry (Points to Page) 

4.5.2.4 PAGE TABLES 

Each Page Table is 4K bytes and holds up to 1024 
Page Table Entries. Page Table Entries contain the 
starting address of the page frame and statistical 
information about the page (see Figure 4-21). Ad
dress bits A 12-A21 are used as an index to select 
one of the 1024 Page Table Entries. The 20 upper
bit page frame address is concatenated with the 
lower 12 bits of the linear address to form the physi· 
cal address. Page tables can be shared between 
tasks and swapped to disks. 

4.5.2.5 PAGE DIRECTORY ITABLE ENTRIES 

The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively. The P 
(Present) bit 0 indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 the entry can be used for address translation 
if P = 0 the entry can not be used for translation, 
and all of the other bits are available for use by the 
software. For example the remaining 31 bits could 
be used to indicate where on the disk the page is 
stored. 

The A (Accessed) bit 5, is set by the 80386 for both 
types of entries before a read or write access occurs 
to an address covered by the entry. The D (Dirty) bit 
6 is set to 1 before a write to an address covered by 
that page table entry occurs. The 0 bit is undefined 
for Page Directory Entries. When the P, A and 0 bits 
are updated by the 80386, the processor generates 
a Read-Modify·Write cycle which locks the bus and 
prevents conflicts with other processors or perpheri
als. Software which modifies these bits should use 
the LOCK prefix to ensure the integrity of the page 
tables in mUlti-master systems. 

The 3 bits marked OS Reserved in Figure 4-20 and 
Figure 4-21 (bits 9-11) are software definable. OSs 
are free to use these bits for whatever purpose they 
wish. An example use of the OS Reserved bits 
would be to store information about page aging. By 
keeping track of how long a page has been in mem
ory since being accessed, an operating system can 
implement a page replacement algorithm like Least 
Recently Used. 

The (User/Supervisor) U/S bit 2 and the (Read/ 
Write) R/W bit 1 are used to provide protection attri
butes for individual pages. 

4.5.3 Page Level Protection 
(R/W, U/S Bits) 

The 80386 provides a set of protection attributes for 
paging systems. The paging mechanism distin
guishes between two levels of protection: User 
which corresponds to level 3 of the segmentation 
based protection, and supervisor which encompass
es all of the other protection levels (0, 1, 2). Pro
grams executing at Level 0, 1 or 2 bypass the page 
protection, although segmentation based protection 
is still enforced by the hardware. 

The U/S and R/W bits are used to provide Us
er/Supervisor and Read/Write protection for individ
ual pages or for all pages covered by a Page Table 
Directory Entry. The U/S and R/W bits in the first 
level Page Directory Table apply to all pages de
scribed by the page table pOinted to by that directory 
entry. The U/S and R/W bits in the second leyel 
Page Table Entry apply only to the page described 
by that entry. The U/S and R/W bits for a given 
page are obtained by taking the most restrictive of 
the UlS and R/W from the Page Directory Table 
Entries and the Page Table Entries and using these 
bits to address the page. 

Example: If the U/S and R/W bits for the Page Di
rectory entry were 10 and the U/S and R/W bits for 
the Page Table Entry were 01, the access rights for 
the page would be 01, the numerically smaller of the 
two. Table 4-4 shows the affect of the U/S and R/W 
bits on accessing memory. 

Table 4-4. Protection Provided by R/W and U/S 

U/S R/W 
Permitted Permitted Access 

Level 3 Levels 0, 1, or 2 

0 0 None Read/Write 
0 1 None Read/Write 
1 0 Read-Only Read/Write 
1 1 Read/Write Read/Write 

, However a given segment can be easily made read
only for level 0, 1, or 2 via the use of segmented 
protection mechanisms. (Section 4.4 Protection). 
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4.5.4 Translation Lookaslde Buffer 

The 80386 paging hardware is designed to support 
demand paged virtual memory systems. However, 
performance would degrade substantially if the proc
essor was required to access two levels of tables for 
every memory reference. To solve this problem, the 
80386 keeps a cache of the most recently accessed 
pages, this cache is called the Translation Looka
side Buffer (TLB). The TLB is a four-way set associa
tive 32-entry page table cache. It automatically 
keeps the most commonly used Page Table Entries 
in the processor. The 32-entry TLB coupled with a 
4K page size, results in coverage of 128K bytes of 
memory addresses. For many common multi-tasking 
systems, the TLB will have a hit rate of about 98%. 
This means that the processor will only have to ac
cess the two-level page structure on 2% of all mem
ory references. Figure 4-22 illustrates how the TLB 
complements the 80386's paging mechanism. 

4.5.5 Paging Operation 

32 ENTRIES 
PHYSICAL 
MEMORY 

A~~~=S -+-
TRANSLATION 

LOOKASIDE 
BUFFER HIT 

MISS 

31 0 

LJ -
-+ 

PAGE PAGE 
DIRECTORY TABLE 

.98" HIT RATE 
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Figure 4-22. Translation Lookaslde Buffer 

The paging hardware operates in the following fash
ion. The p~ging unit hardware receives a 32-bit lin
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en
tries in the TLB to determine if there is a match. If 
there is ~ match (i.e. a TLB hit), then the 32-bit phys
ical address is calculated and will be placed on the 
address bus. 

However, if the page table entry is not in the TLB, 
the 80386 will read the appropriate Page Directory 
Entry. If P = 1 on the Page Directory Entry indicat
ing that the page table is in memory, then the 80386 
will read the appropriate Page Table Entry and set 
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the Access bit. If P = 1 on the Page Table Entry 
indicating that the page is in memory, the 80386 will 
update the Access and Dirty bits as needed and 
fetch the operand. The upper 20 bits of the linear 
address, read from the page table, will be stored in 
the TLB for future accesses. However, if P=;O for 
either the Page Directory Entry or the Page Table 
Entry, then the processor will generate a page fault, 
an Exception 14. 

The processor will also generate an exception 14, 
page fault" if the memory reference violated the 
page protection attributes (i.e. U/S or R/W) (e.g. try
ing to write to a read-only page). CR2 wHI hold the 
linear address which caused the page fault: If a sec
ond page fault occurs, while the processor is at
tempting to enter the service routine for the first, 
then the processor will invoke the page fault (excep
tion 14) handler a second time, rather than the dou
blefault (exception 8) handler. Since Exception 14 is 
classified as a fault, CS: EIP will point to the instruc
tion causing the page fault. The 16-bit error code 
pushed as part of the page fault handler will contain 
status bits which indicate the cause of the page 
~~ " 

The 16-bit error code is used by the operating sys
tem to determine how to handle the page fault Fig
ure 4-23A shows the format of the page-fault error 
code and the interpretation of the bits. 

NOTE: 
Even though the bits in the error code (U/S, W/R, 
and P) have similar names as the bits in the Page 
Directory/Table Entries, the interpretation of the er
ror code bits is different. Figure 4-23B indicates 
what type of access caused the page fault. 

15 3 '2 1 0 

H+I+H+I+H+H~~H 
Figure 4·23A. Page Fault Error Code Format 

U/S: The U/S bit indicates whether the access 
causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S = 0) 

W/R: The W/R bit indicates whether the access 
causing 1he fault was a Read (W /R = 0) or a Write 
(W/R = 1) 

P: The P bit indicates whether a page .fault was 
caused by a not-present pagt;! (P = 0), or by a page 
level protection violation (p, = 1) 

U: UNDEFINED 
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U/S W/R Access Type 

0 0 Supervisor· Read 
0 1 Supervisor Write 
1 0 User Read 
1 1 User Write 

"Descnptor table access will fault with UlS 0, even If the program 
is executing at level 3. 

Figure 4-238. Type of Access 
Causing Page Fault 

4.5.6 Operating System 
Responsibilities 

The 8Q386 takes care of the page address transla
tion process, relieving the burden from I!-n operating 
system in a demand-paged system. The operating 
system is responsible for setting up the initial page 
tables, and handling any page faults. The operating 
system also is required to .invalidate (i.e. flush) the 
'tLB when any changes are made to any of the page 
table entries. The operating system must reload 
CR3 to cause the TLB to be flushed. 

Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory. and the 
Page Tables. The primary responsibili~ of th~ oper
ating system is to implement a swapping policy and 
handle all of the page faults. 

A final concern of the operating system is to ensure 
that the TLB cache matches the. information in the 
paging tables. In particular, any time the operating 
system sets the P present bit of page table entry to 
zero the TLB must be flushed. Operating systems 
may' want'to take advantage of the fact that CR3 is 
stored as part of a TSS, to give every task or group 
of tasks its own set of page tables. 

4.6 VIRTUAL 8086 ENVIRONMENT 

4.6.1' Executing 8086 Programs 

The 80386 allows the execution of 8086 application 
programs in both Real Mode and in the Virtual 8086 
Mode (Virtual Mode). Of the two methods, Virtual 
8086 Mode offers the system designer the most 
flexibility. The Virtual 8086 Mode allows the execu
tion of 8086 applications, while still allowing the sys
tem designer to take full advantage of the 80386 
protection mechanism. In particular, the 80386 al
lows the Simultaneous execution of ,8086 operating 
systems and its applications, and an 80386 operat-
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ing system and both 80286 and 80389 applications. 
Thus, in a multi-user 80386 computer, one person 
could be running an. MS-DOS spreadsheet, another 
person using MS-DOS, and a third person could be 
running multiple Unix utilities and applications. Each 
person in this scenario would believe that he had the 
computer completely to himself. Figure 4-24 illus
trates this concept. 

4.6.2 Virtual 8086 Mode Addressing 
Mechanism 

One of the major differences between 80386 Real 
and Protected modes is how the segment selectors 
are interpreted. When the processor is executing in 
Virtual 8086 Mode the segment registers are used in 
an identical fashion to Real Mode. The contents of 
the segment register is shifted left 4 bits and added 
to the offset to form the' segment base linear ad
dress. 

The 80386 allows the operating system to specify 
which programs use the 8086 style address mecha
nism, and which programs use Protected Mode ad
dressing on a per task basis. Through the use of 
paging, the one megabyte address space of .the Vir
tual Mode task can be mapped to anywhere In the 4 
gigabyte linear address space of the 80386. Like 
Real Mode, Virtual Mode effective addresses (i.e., 
segment offsets) that exceed 64K byte will cause an 
exception 13. However, the~e restrictions should ~ot 
prove to be important, because most tasks running 
in Virtual 8086 Mode will simply be existing 8086 
application programs. 

4.6.3 Paging In Virtual Mode 

The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec
tion aild operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 

The paging hardware allows the 20-bit linear ad
dress prOduced by a Virtual Mode program to be 
divided into up to 256 pages. Each one of the pages 
can be located anywhere within the maximum 4 giga
byte phYSical address space of the 80386. In addi
tion, since CR3 (the Page Directory Base Register) 
is loaded by a task switCh, each Virtual Mode task 
can lise a different mapping scheme to map pa~es 
to different physical locations. Finally, the paging 
hardware allows the sharing of the 8086 operating 
system code between multiple 8086 applications. 
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Figure 4-24. Virtual 8086 Environment Memory Management 

FigulII 4-24 shows how the 80386 paging hardware 
enableS multiple 8086 programs to run under a virtu
al memory demand paged system. 

4.6.4 Protection and 1/0 Permission 
Bitmap 

All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 
8086 Mode programs are subject to all of the protec
tion checks defined in Protected Mode. (This is dif
ferent from Real Mode which implicitly is executing 
at privilege level 0, the level of greatest privilege.) 
Thus, an attempt to execute a privileged instruction 
when in Virtual 8086 Mode will cause an exception 
13 fault. 

The following are privileged instructions, which may 
be executed only at Privilege Level O. Therefore, at
tempting to execute these instructions in Virtual 
8086 Mode (or anytime CPL > 0) causes an excep
tion 13 fau It: 

LIDT; 
LGOT; 

MOV ORn,reg; 
MOV TRn,reg; 

MOV reg,ORn; 
MOV reg, TRn; 
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LMSW; 
CLTS; 
HLT; 

MOV CRn,reg; MOV reg,CRn. 

Several instructions, particularly those applying to 
the multitasking model and protection model, are 
available only in Protected Mode. Therefore, at
tempting to execute the following instructions in 
Real Mode or in Virtual 8086 Mode generates an 
exception 6 fault: 

LTR; 
LLOT; 
LAR; 
LSL; 
ARPL. 

STR; 
SLOT; 
VERR; 
VERW; 

The instructions which are IOPL-sensitive in Protect
ed Mode are: 

IN; STI; 
OUT; CLI 
INS; 
OUTS; 
REP INS; 
REP OUTS; 
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,In Virtual 8086 Mode, a slightly different set of in
,structions are made 10PL-sensitive. The following in
structions are 10PL-sensitive in Virtual 8086 Mode: 

INT n; STI; 
PUSHF; eLI; 

, POPF; lRET 

The PUSHF, POPF, and IRET instructions are 10PL
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag (interrupt enable flag) to be virtual
ized to the Virtual 8086 Mode' progtam. The INT n 
software interrupt instruction is also 10PL-sensitive 
in Virtual 8086 Mode. Note, however, that the INT 3 
'(opcode OCCH), INTO, and BOUND instructions are 
not 10PL-sensitive in Virtual 808~1' mode Ohey aren't 
10PL sensitive in Protected Mode either). 

Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not 10PL-sensitive in 
Virtual 8086 mode. Rather, the 110 instructions be
,come automatically sensitive to the 110 Permission 
, Bitmap contained in the 386 Task State Segment. 
The I/O Permission Bitmap, automatically used 'by 
the 80386 in Virtual 8086 Mode,is illustrated by Fig
ures 4.15a and 4-15b. 

The 110 Permission Bitmap can be viewed as a 0-
,64 Kbit bit string, which begins in memory at' offset 
BiLMap_Offset in the current TSS. BiLMap_ 
'Offset must be :;;; DFFFHso the entire bit map and 
the byte FFH which follows the, bit map are all at 
, offsets :;;; FFFFH from the TSS base. The 16-bit 
pointer BiLMap_Off$et (15:0) is found in the word 
beginning at offset 66H (102 decimal) from the TSS 
base, as shown in Figure 4-15a. 

Each bit in the I/O Permission Bitmap corresponds 
to a single byte-wide I/O port, as illustrated in Figure 
4-1,5a. If a bit is 0, 1/0 to the corresponding byte
wide port can occur without generating an excep
tion. Otherwise the 1/0 instruction causes an excep
tion 13·fault. Since every byte-wide 1/0 port must be 
protectable, all bits:corresponding to a word-wide or 
dword-wide port must be 0 for the word-wide or 
dword-wide 1/0 to be permitted. If all the referenced 
bits are 0, the 1/0 will be allowed. If any referenced 
bits are 1, the attempted 1/0 will cause an exception 
13 fault. 

Due to the use of a pOinter to the base of the 1/0 
Permission Bitmap, the bitmap may be located any
where wjthin the TSS, or may be ig'nored completely 
by pointing the BiLMap_Offset (15:0) beyond the 
limit of the TSS segment. In the same manner, only 
a small portion of the 64K 1/0 space need have an 
associated map bit, by adjusting the TSS limit to 
truncate the bitmap. This eliminates the commitment 
of 8K of memory when a complete bitmap is not 
required, while allowing the fully general case if de
sired. 

EXAMPLE OF BITMAP FOR 1/0 PORTS 0-255: ' 
Setting the TSS limit to IbiLMap_Offset + 31 
+ 1·· J [ •• see note below] will allow a 32-byte bit
map for the 1/0 ports #0-255, plus a terminator 
byte of all 1 's [ •• see note below). This allows the 
1/0 bitmap to control 1/0 Permission to 1/0 port 0-
255 while ,causing an exception 13 fault on attempt
ed 1/0 to any 1/0 port 256 through 65,565. 

"IMPORTANT IMPLEMENTATION NOTE: Beyond 
the last byte of 1/0 mapping information in the 1/0 
Permission Bitmap must be a byte containing all 1 'so 
The byte of all 1 's must be within the limit of the 386 
TSS segment (see Figure 4-15a). 

4.6.5 Interrupt Handling 

In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are han
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi
lege change back to the host 80386 operating sys
tem., The 8038,6 operating system determines if the 
interrupt comes from a Protected Mode application 
or from. a Virtual Mode program by examining the 
, VM bit ,in the EFLAGS image, stored on the stack. 

When a Virtual Mode program is interrupted and ex
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 

The 80386 operating system in turn handles the ex
ception or interrupt and then returns control to the 
8086 program. The 80386 operating system may 
choose to let the 8086 operating system handle the 
interrupt or it may emulate the function of the inter
rupt handler. For example, many 8086 operating 
system calls are accessed by PUSHing parameters 
on the stack, and then executing an INT n instruc
tion. If the 10PL is set to 0 then all INT n instructions 
will be intercepted by the 80386 operating system. 
The 80386 operating system could emulate the 
8086 operating system's call. Figure 4-25 shows 
how the 80386 operating system could intercept an 
8086 operating system's call to "Open a File". 

,An 80386,operating system can provide a Virtual 
8086 Environment which is totally transparent to the 
application software via intercepting and then, emu
lating 8086 operating system's calls, and intercept
ing IN and OUT instructions. 
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4.6.6 Entering and Leaving Virtual 
8086 ,Mode " , " 

Virtual 8086 mode is entered by executing an IRET 
instruction (at CPL= 0), or Task Switch (at any CPL) 
to a 386 task whose 386 TSS has a FLAGS image 
containing a 1 in the VM bit pOsition while the proc-
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essor is executing in Protected Mode. That is, one 
way to enter Virtual 8086 mode is to switch to a task 
with a 386 TSS that has a 1 in the VM bit in the 
EFLAGS image. The other way is to execute a 32-bit 
IRET instruction at privilege level 0, where the stack 
has a 1 in the VM bit in the EFLAGS image. POPF 
does not affect the VM bit, even if the processor is in 
'Protected Mode or level 0, and so cannot be used to 
enter Virtual 8086 Mode. PUSHF always pushes a 0 
in the VM bit, even if the processor is in Virtual 8086 
Mode, so that a program cannot tell if it is executing 
in REAL mode, or In Virtual 8086 mode. 

The VM bit can be set by executing an IRET instruc
tion only at privilege level 0, or by any instruction or 
Interrupt which causes a task switch in Protected 
Mode (with VM = 1 in the new FLAGS image), and 
can be cleared only by an interrupt or exception in 
Virtual 8086 Mode. IRET and POPF instructions exe
cuted in REAL mode or Virtual 8086 mode will not 
change the value in the VM bit. 

The transition out of virtual 8086 mode to 386 pro
tected mode occurs only on receipt of an interrupt or 
exception (such as due to a sensitive instruction). In 
Virtual 8086 mode, all interrupts and exceptions vec
tor through the protected mode lOT, and enter an 
interrupt handler in protected 386 mode. That is, as 
part of interrupt processing, the VM bit is cleared. 

Because the matching IRET must occur from level 0, 
if an Interrupt or Trap Gate is used to field an inter
rupt or exception out of Virtual 8086 mode, the Gate 
must perform an inter-level interrupt only to level O. 
Interrupt or Trap Gates through conforming seg
ments, or through segments with OPL>O, will raise a 
GP fault with the CS selector as the error code. 

4.6.6.1 TASK SWITCHES TO/FROM VIRTUAL 
8086 MODE 

Tasks which can execute in virtual 8086 mode must 
be described by a TSS with the new 386 format 
(TYPE 9 or 11 descriptor). 

A task switch out of virtual 8086 mode will operate 
exactly the same as any other task switch out of a 
task with a 386 TSS. All of the programmer visible 
state, including the FLAGS register with the VM bit 
set to 1, is stored in the TSS. The segment registers 
in the TSS will contain 8086 segment base values 
rather than selectors. 

A task switch intp a task described by a 386 TSS will 
have an additional check to determine if the incom
ing task should be resumed in virtual 8086 mode. 
Tasks described by 286 format TSSs cannot be re
sumed in virtual 8086 mode, so no check is required 
there (the FLAGS image in 286 format TSS has only 
the low order 16 FLAGS bits). Before loading the 
segment register images from a 386 TSS, the 
FLAGS image is loaded, so that the segment 
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registers are loaded from the TSS image as 8086 
segment base values. The task is now ready to re
sume in virtual 8086 execution mode. 

4.6.6.2 TRANSITIONS THROUGH TRAP AND 
INTERRUPT GATES, AND IRET 

A task switch is one way to enter or exit virtual 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use a 386 Trap Gate (Type 
14), or 386 Interrupt Gate (Type 15), which must 
point to a non-conforming level 0 segment (OPL=O) 
in order to permit the trap handler to IRET back to 
the Virtual 8086 program. The Gate must pOint to a 
non-conforming level 0 segment to perform a level 
switch to level 0 so that the matching IRET can 
change the VM bit. 386 gates must be used, since 
286 gates save only the low 16 bits of the FLAGS 
register, so that the VM bit will not be saved on tran
sitions through the 286 gates. Also, the 16-bit IRET 
(presumably) used to terminate the 286 interrupt 
handler will pop only the lower 16 bits from FLAGS, 
and will not affect the VM bit. The action taken for a 
386 Trap or Interrupt gate if an interrupt occurs while 
the task is executing in virtual 8086 mode is given by 
the following sequence. 
(1) Save the FLAGS register in a temp to push later. 

Tum off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt Gate, tum off IF also. 

(2) Interrupt and Trap gates must perform a level 
switch from 3 (where the VM86 program exe
cutes) to level 0 (so IRET can return). This pro
cess involves a stack switch to the stack given in 
the TSS for privilege level O. Save the Virtual 
8086 Mode SS and ESP registers to push in, a 
later step. The segment register load of SS will 
be done as a Protected Mode segment load, 
since the VM bit was turned off above. 

(3) Push the 8086 segment register values onto the 
new staCk, in the order: GS, FS, OS, ES. These 
are pushed as 32-bit quantities, with undefined 
values in the upper 16 bits. Then load these 4 
registers with null selectors (0). 

(4) Push the old 8086 stack pointer onto the 'new 
stack by pushing the SS register (as 32-bits, high 
bits undefined), then pushing the 32-bit ESP reg
ister saved above. 

(5) Push the 32-bit FLAGS register saved in step 1. 
(6) Push the old 8086 instruction pOinter onto the 

new stack by pushing the CS register (as 32-bits, 
high bits undefined), then pushing the 32-bit EIP 
register. 

(7) Load up the new CS:EIP value from the interrupt 
gate, and begin execution of the interrupt routine 
in protected 386 mode. 

The tranSition out of virtual 8086 mode performs a 
level change and stack switch, in addition to chang-
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8086 Application makes "Open File Call" -+ causes 
General Protection Fault (Arrow #1) 
Virtual 8086 Mon~or intercepts call. Calls 386 OS (AFroW # 2) 
386 OS opens file returns control to 8086 OS (Arrow # 3) 
8086 OS returns control to application. (Arrow #4) 
Transparent to Application 
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Figure 4-25. Virtual 8086 Environment Interrupt and Call Handling 

ing back to protected mode. In addition, all of the (2) Read the FLAGS image from SS:8[ESPI into the 
8086 segment register images are stored on the FLAGS register. This will set VM to the value ac-
stack (behind the SS:ESP image), and then loaded tive in the interrupted routine. 
with null (0) selectors before entering the interrupt (3) Pop off the instruction pointer CS:EIP. EIPis 
handler. This will permit the handler to safely save popped first, then a 32-bit word is popped which 
and restore the OS, ES, FS, and GS registers as 286 contains the CS value in the lower 16 bits. If 
selectors. This is needed so that interrupt handlers VM = 0, this CS load is done as a protected 
which don't care about the mode of the interrupted mode segment load. If VM = 1, this will be done 
program can use the same prolog and epilog code as an 8086 segment load. 
for state saving (I.e. push all registers in prolog, pop (4) Increment the ESP register by 4 to bypass the 
all in epilog) regardless of whether or not a "native" FLAGS image which was "popped" in step 1. 
mode or Virtual 8086 mode program was interrupt-
ed. Restoring null selectors to these registers before (5) If VM = 1, load segment registers ES, OS, FS, 
executing the IRET will not cause a trap in the inter- and GS from memory locations SS: [ESP + 81, 
rupt handler. Interrupt routines which expect values SS: [ESP + 121, SS: [ESP + 161, and 
in the segment registers, or return values in segment SS: [ESP + 201, respectively, where the new val-
registers will have to obtain/return values from the ue of ESP stored in step 4 is used. Since VM = 1, 
8086 register images pushed onto the new stack. these are done as 8086 segment register loads. 
They will need to know the mode of the interrupted Else if VM = 0, check that the selectors in ES, 
program in order to know where to find/return seg- OS, FS, and GS are valid in the interrupted rou-
ment registers, and also to know how to interpret tine. Null out invalid selectors to trap if an at-
segment register values. tempt is made to access through them. 

The IRET instruction will perform the inverse of the 
above sequence. Only the extended 386 IRET in
struction (operand size = 32) can be used, and must 
be executed at level 0 to change the VM bit t01. 

(1) If the NT bit in the FLAGs register is on, an inter-
task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSSis used to locate the TSS for the 
interrupted task which is to be resumed. 
Otherwise, continue with the following sequence. 
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(6) If (RPL(CS) > CPL), pop the stack pointer 
SS:ESP from the stack. The ESP register is 
popped first, followed by 32-bits containing SS in 
the lower 16 bits. If VM = 0, SS is loaded as a 
protected mode segment register load. If VM = 1, 
an 8086 segment register load is used. 

(7) Resume execution of the interrupted routine. The 
VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter
mines whether the processor resumes the inter
rupted routine in Protected mode of Virtual 8086. 
mode. . 
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5. FUNCTIONAL DATA 

5.1 INTRODUCTION 

The 80386 features a straightforward functional in
terface to the external hardware. The 80386 has 
separate, parallel buses for data and address. The 
data bus is 32-bits in width, and bidirectional. The 
address bus outputs 32-bit address values in the 
most directly usable form for the high-speed local 
bus: 4 individual byte enable Signals, and the 30 up
per-order bits as a binary value. The data and ad
dress buses are interpreted and controlled with their 
associated control signals. 

A dynamic data bus sizing feature allows the proc
essor to handle a mix of 32- and 16-bit external bus
es on a cycle-by-cycle basis (see 5.3.4 Data Bus 
Sizing). If 16-bit bus size is selected, the 80386 au
tomatically makes any adjustment needed; even 
performing another 16-bit bus cycle to complete the 
transfer if that is necessary. 8-bit peripheral devices 
may be connected to 32-bit or 16·bit buses with no 
loss of performance. A new address plpellnlng op
tion is provided and applies to 32-bit and 16-bit bus
es for substantially improved memory utilization, es
pecially for the most heavily used memory resourc
es. 

The address plpellning option, when selected, typ
ically allows a given memory interface to operate 
with one less wait state than would otherwise be 
required (see 5.4.2 Address Plpellnlng). The pipe
lined bus is also well suited to interleaved memory 
designs. For 16 MHz interleaved memory deSigns 
with 100 ns access time DRAMs, zero wait states 
can be achieved when pipelined addressing is se
lected. When address pipelining is requested by the 
external hardware, the 80386 will output the address 
and bus cycle definition of the next bus cycle (if it is 
internally available) even while waiting for the cur
rent cycle to be acknowledged. 

Non-pipelined address timing, however, is ideal for 
external cache deSigns, since the cache memory will 
typically be fast eno!Jgh to allow non-pipelined cy
cles. For maximum design flexibility, the address 
pipe lining option is selectable on a cycle-by-cycle 
basis. 

The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc
essor, or from processor to system. 80386 bus cy
cles perform data transfer-in a minimum of only two 

. clock periods. On a 32-bit data bus, the maximum 
80386 transfer bandwidth at 16 MHz is therefore 
32 Mbyteslsec and at 20 MHz bandwidth is 
40 MBytes/sec. Any bus cycle will be extended for 
more than two clock periods. however, i,f external 
hardware withholds acknowledgement of the cycle. 
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At the appropriate time, acknowledgement is sig
nalled by asserting the 80386 READY 41 input. 

The 80386 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access channels. When relinquished, HLDA 
is the only output pin driven by the 80386, providing 
near-complete isolation of the processor from its 
system. The near-complete isolation characteristic is 
ideal when driving the system from test equipment, 
and in fault-tolerant applications. 

Functional data covered in this chapter describes 
the processor's hardware interface. First, the set of 
signals available at the processor pins is described 
(see 5.2 Signal Description). Following that are the 
signal waveforms occurring during bus cycles (see 
5.3 Bus Transfer Mechanism, 5.4 Bus Functional 
Description and 5.5 Other Functional Descrip
tions). 

5.2 SIGNAL DESCRIPTION 

5.2.1 Introduction 

Ahead is a brief description of the 80386 input and 
output Signals arranged by functional groups. Note 
the 41 symbol at the end of a signal name indicates 
the active, or asserted, state occurs when the signal 
is at a low Voltage. When no 41 is present after the 
signal name, the signal is asserted when at the high 
voltage level. 

Example signal: M/I041 - High voltage indicates 
Memory selected 

- Low voltage indicates 
liD selected 

The signal descriptions sometimes refer to AC tim
ing parameters, such as "t25 Reset Setup Time" and 
"t26 Reset Hold Time." The values of these parame
ters can be found in Tables 7-4 and 7-5. 

5.2.2 Clock (CLK2) 

CLK2 provides the fundamental timing for the 
80386. It is divided by two internally to generate the 
internal processor clock used for instruction execu
tion. The internal clock is comprised of two phases, 
"phase one" and "phase two." Each CLK2 period is 
a phase of the internal clock. Figure 5,2 illustrates 
the relationship. If desired, the phase of the internal 
processor clock can be synchronized to a known 
phase by ensuring the RESET signal falling edge 
meets its applicable setup and hold times, t25 and 
t26' 
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Figure 5·2. CLK2 Signal and Internal Processor Clock 

5.2.3 Data Bus (DO through 031) 

These three-state bidirectional signals provide the 
general purpose data path between the 80386 and 
other devices. Data· bus inputs and outputs indicate 
"1" when HIGH. The data bus can transfer data on 
32- and 16-bit buses using a data bus sizing feature 
controlled by the 8516# input. See section 5.2.6 
Bus Contol. Data bus reads require that read data 
setup and hold times t21 and t22 be met for correct 
operation.· During any write operation (and during 
halt cycles and shutdown cycles), the 80386 always 
drives all 32 signals of the data bus even if the cur
rent bus size is 16-bits. 
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5.2.4 Address B.us (BEO # through 
BE3#, A2 through A31) 

These three-state outputs provide physical memory 
addresses or 1/0 port addresses. The address bus 
is capable of addressing 4 gigabytes. of physical 
memory space (OOOOOOOOH through FFFFFFFFH), 
and 64 kilobytes of 1/0 address space (OOOOOOOOH 
through OOOOFFFFH) for. programmed 1/0. 1/0 
transfers automatically generated for 80386-to-co
processor communication use I/O addresses 
800000F8H through 800000FFH, so A31 HIGH in 
conjunction witt) M/IO# LOW allows simple genera
tion of the coprocessor select signal. 
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The Byte Enable outputs, BEO#-BE3#, directly in
dicate which bytes of the 32-bit data bus are in
volved with the current transfer. This is most conve
nient for external hardware. 

BEO# applies to 00-07 
BE1 # applies to 08-015 
BE2# applies to 016-023 
BE3# applies to 024-031 

The number of Byte Enables asserted indicates the 
physical size of the operand being transferred (1, 2, 
3, or 4 bytes). Refer to section 5.3.6 Operand Align
ment. 

When a memory write cycle or 1/0 write cycle is in 
progress, and the operand being transferred occu
pies only the upper 16 bits of the data bus (016-
031), duplicate data is simultaneously presented on 
the corresponding lower 16-bits of the data bus 
(00-015). This duplication is performed for optimum 
write performance on 16-bit buses. The pattern of 
write data duplication is a function of the Byte En
ables asserted during the write cycle. Table 5-1 lists 
the write data present on 00-031, as a function of 
the asserted Byte Enable outputs BEO#-BE3#. 

5.2.5 Bus Cycle Definition Signals 
(W/R#, D/C#, MIIO#, LOC,K#) 

These three-state outputs define the type of bus cy
cle being performed. W/R# distinguishes between 
write and read cycles. O/C# distinguishes between 
data and control cycles. M/IO# distinguishes be
tween memory and 1/0 cycles. LOCK# distin
guishes between locked and unlocked bus cycles. 

The primary bus cycle definition signals are W/R#, 
O/C# and M/IO#, since these are the signals driv
en valid as the AOS# (Address Status output) is 
driven asserted. The LOCK # is driven valid at the 
same time as the first locked bus cycle begins, 
which due to address pipelining, could be later than 
AOS# is driven asserted. See 5.4.3.4 Plpellned Ad
dress. The LOCK # is negated when the READY # 
input terminates the last bus cycle which was 
lOCked. 

Exact bus cycle definitions, as a function of W/R#, 
O/C#, and MI/IO#, are given in Table 5-2. Note 
one combination of W/R#, O/C# and M/IO# is 
never given when AOS# is asserted (however, that 
combination, which is listed as "does not occur," will 
occur during Idle bus states when ADS # is not as-
serted). If M/IO#, O/C#, and W/R# are qualified 
by AOS# asserted, then a decoding scheme may 
use the non-occurring combination to its best advan
tage. 

Table 5-1. Write Data Duplication as a Function of BEO#-BE3# 

80386 Byte Enables 80386 Write Data AutomatiC 

BE3# BE2# BE 1# BEO# 024-031 016-023 08-015 00-07 Duplication? 

High High High Low undef undef undef A No 
High High Low High undef undef B undef No 
High Low High High undef C undef C Yes 
Low High High High 0 undef 0 undef Yes 

High High Low Low undef undef B A No 
High Low Low High undef C B undef No 
Low Low High High 0 C 0 C Yes 

High Low Low Low undef C B A No 
Low Low Low High 0 C B undef No 

Low Low Low Low 0 C B A No 

Key: 
o = logical write data d24-d31 
C = logical write data d16-d23 
B = 10gicaJ write data d8-d15 
A = logical write data dO-d7 
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Table 5-2 Bus Cycle Definition 

M/IO# D/C# W/R# Bus Cycle Type Locked? 

Low Low Low INTERRUPT ACKNOWLEDGE Yes 

Low Low High does not occur 

Low High Low I/O DATA READ No 

Low High High I/O DATA WRITE No 

High Low Low MEMORY CODE,READ No 

High Low High HALT: SHUTDOWN: No 
Address = 2 Address = 0 

(BEO# High (BEO# Low 
BE1# High BE1 # High 
BE2# Low BE2# High 
BE3# High BE3# High 
A2-A31 LoW) A2-A31 Low) 

High High Low MEMORY DATA READ Some Cycles 

High High High MEMORY DATA WRITE Some Cycles 

5.2.6 Bus Control Signals 

5.2.6.1 INTRODUCTION 

The following Signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining, data bus 
width and bus cycle termination. 

5.2.6.2 ADDRESS STATUS (ADS#) 

This three-state output indicates that a valid bus cy
cle definition, and address (W/R#, D/C#, M/IO#, 
BEO#-BE3#, and A2-A31) is being driven at the 
80386 pins. It is asserted during T1 and T2P bus 
states (see 5.4.3.2 Non-pipellned Address and 
5.4.3.4 Plpelined Address for additional information 
on bus states). 

5.2.6.3 TRANSFER ACKNOWLEDGE (READY #) 

This input indicates the current bus cycle is com
plete, and the active bytes indicated by BEO # -
BE3# and BS16# are accepted or provided. When 
READY # is sampled asserted during a read cycle or 
interrupt acknowledge cycle, the 80386 latches the 
input data and terminates the cycle. When READY # 
is sampled asserted during a write cycle, the proc~s
sor terminates the bus cycle. 

READY # is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY # must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica
tion and Shutdown Indication bus cycles. When be-
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ing sampled, READY must always mee~ setup and 
hold times t19 and t20 for correct operation. See all 
sections of 5.4 Bus Functional Description. 

5.2.6.4 NEXT ADDRESS REQUEST (NA #) 

This is used to request address pipelining. This input 
indicates the system is prepared to accept new val
ues of BEO#-BE3#, A2-A31, W/R#, D/C# and 
M/IO# from the 80386 even if the end of the current 
cycle is not being acknowledged on READY #. If th~s 
input is asserted when sampled, the next address IS 
driven onto the bus, provided the next bus request is 
already pending internally. See 5.4.2 Address Pipe
lining and 5.4.3 Read and Write Cycles. 

5.2.6.5 BUS SIZE 16 (BS16#) 

The BS16# feature allows the 80386 to directly con
nect to 32-bit and 16-bit data buses. Asserting this 
input constrains the current bus cycle to use only the 
lower-order half (DO-DiS) of the data bus, corre
sponding to BEO# and BE1 #. Asserting BS16# has 
no additional effect if only BEO# and/or BE1 # are 
asserted in the current cycle. However, during bus 
cycles asserting BE2# or BE3#, asserting BS~6# 
will automatically cause the 80386 to make adlust
ments for correct transfer of the upper bytes(s) using 
only physical data signals DO-DiS. 

If the operand spans both halves of the data bus 
and BS16# is asserted, the 80386 will automatically 
perform another 16-bit bus cycle. BS16# must al
ways meet setup and hold times t17 and t18 for cor
rect operation. 
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80386 1/0 cycles are automatically generated for 
coprocessor communication. Since the 80386 must 
transfer 32-bit quantities between itself and the 
80387, BS16# must not be asserted during 80387 
communication cycles. 

5.2.7 Bus Arbitration Signals 

5.2.7.1 INTRODUCTION 

This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
5.5.1 Entering and Exiting Hold Acknowledge for 
additional information. 

5.2.7.2 BUS HOLD REQUEST (HOLD) 

This input indicates some device other than the 
80386 requires bus mastership. 

HOLD must remain asserted'as long as any other 
device is a local bus master. HOLD is not recognized 
while RESET is asserted. If RESET is asserted while 
HOLD is asserted, RESET has priority and places 
the bus into an idle state, rather than the hold ac
knowledge (high impedance) state. 

HOLD is level-sensitive and is a synchronous input. 
HOLD signals must always meet setup and hold 
times t23 and t24 for correct operation. 

5.2.7.3 BUS HOLD ACKNOWLEDGE (HLDA) 

Assertion of this output indicates the 80386 has re
linquished control of its local bus in response to 
HOLD asserted, and is in the bus Hold Acknowledge 
state. 

The Hold Acknowledge state offers near-complete 
Signal isolation. In the Hold Acknowledge state, 
HLDA is the only signal being driven by the 80386. 
The other output Signals or bidirectional signals 
(00-031, BEO#-BE3#, A2-A31, W/R#, D/C#, 
M/IO#, LOCK# and ADS#) are in a high-imped
ance state so the requesting bus master may control 
them. Pullup resistors may be desired on several sig
nals to avoid spurious activity when no bus master is 
driving them. See 7.2.3 Resistor Recommenda
tions. Also, one rising edge occuring on . .the NMI 
input during Hold Acknowledge is remembered, for 
processing after the HOLD input is negated. 

In addition to the normal usage of Hold Acknowl
edge with DMA controllers or master peripherals, 
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the near-complete isolation has particular attractive
ness during system test when test equipment drives 
the system, and in hardware-fault-tolerant applica
tions. 

5.2.8 Coprocessor Interface Signals 

5.2.8.1 INTRODUCTION 

In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition Signals, these following signals control 
communication between the 80386 and its 80387 
processor extension. 

5.2.8.2 COPROCESSOR REQUEST (PEREQ) 

When asserted, this input signal indicates a coproc
essor request for a data operand to be transferred 
tolfrom memory by the 80386. In response, the 
80386 transfers information between the coproces
sor and memory. Because the 80386 has internally 
stored the coprocessor opcode being executed, it 
performs the requested data transfer with the cor
rect direction and memory address. 

PEREQ is level-sensitive and is allowed to be asyn
chronous to the CLK2 signal. 

5.2.8.3 COPROCESSOR BUSY (BUSY #) 

When asserted, this input indicates the coprocessor 
is still executing an instruction, and is not yet able to 
accept another. When the 80386 encounters any 
coprocessor instruction which operates on the nu
meric stack (e.g. load, pop; or arithmetic operation), 
or the WAIT instruction, this input is first automatical
ly sampled until it is seen to be negated. This. sam
pling of the BUSY", input prevents overrunning the 
execution of a previous coprocessor instruction. 

The FNINIT and FNCLEX coprocessor instructions 
are allowed to execute even if BUSY # is asserted, 
since these instructions are used for coprocessor 
initialization and exception-clearing. 

BUSY # is level-sensitive and is allowed to be asyn
chronous to the CLK2 signal. 

BUSY # serves an additional function. If BUSY # is 
sllmpled LOW at the falling edge of. RESET, the 
80386 performs an internal self-test (see 5.5.3 Bus 
Activity During and Follqwlng Reset). If BUSY # is 
sampled HIGH, no self-test is pel1ormed. 
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5.2.8.4 COPROCESSOR ERROR (ERROR #) 

This input signal indicates that the previous.coproc
essor instruction generated a coprocessor error of a 
type not masked by the coprocessor's control regis
ter. This input is automatically sampled by the 80386 
when a coprocessor instruction is encountered, and 
if asserted, the 80386 generates exception 16 to ac
cess the error-handling software. 

Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces
sor or save coprocessor state, do execute without 
the 80386 generating exception 16 even if ER
ROR # is asserted. These instructions are FNINIT, 
FNCLEX, FSTSW, FSTSWAX, FSTCW, FSTENV, 
FSAVE, FESTENV and FESAVE. 

ERROR # is level-sensitive and is allowed to be 
asynchronous to the CLK2 signal: 

ERROR # serves an additional function. If ERROR # 
is LOW no later than 20 CLK2 periods after the faIl
ing edge of FlESET and remains LOW at leas~ until 
the 80386 begins its first bus cycle, an 80387 IS as
sumed to be present (ET bit in CRO automatically 
gets set to 1). Otherwise, an 80287 (or no coproces
sor) is assumed to be present (ET bit in CRO auto
matically is reset to 0). See 5.5.3 Bus Activity Dur· 
ing and After Reset. Only the ET bit is set by this 
ERROR # pin test. Software must set the EM and 
MP bits in CRO as needed. Therefore, distinguishing 
80287 presence from no coprocessor requires a 
software test and appropriately resetting or setting 
the EM bit of CRO (set EM = 1 when no coproces
sor is present). If ERROR # is sampled LOW after 
reset (indicating 80387) but software later sets 
EM = 1, the 80386 will behave as if no coprocessor 
is present. 

5.2.9 Interrupt Signals 

5.2.9.1 INTRODUCTION 

The following descriptions cover inputs that can in
terrupt or suspend execution of the processor's cur
rent instruction stream. 

5.2.9.2 MASKABLE INTERRUPT REQUEST (INTR) 

When asserted, this input indicates a request for in
terrupt service, which can be masked by the 80386 
Flag Register IF bit. When the 80386 responds to 
the INTR. input, it performs two interrupt acknowl
edge bus cycles, and at the end of the second, 
latches an 8-bit interrupt vector on 00-07 to identify 
the ·source of the interrupt. 

INTR is level-sensitive and is allowed to be asyn
chronous to the CLK2 signal. To assure recognition 

of an INTR request, INTR should remain asserted 
until the first interrupt acknowledge bus cycle be
gins. 

5.2.9.3 NON·MASKABLE INTERRUPT REQUEST 
(NMI) 

This input indicates a request for interrupt service, 
which cannot be masked by software. The non
maskable interrupt request is always processed ac
cording to the pointer qr gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are perfomed when 
processing NMI. 
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NMI is rising edge-sensitive and is allowed to be 
asynchronous to the CLK2 signal. To assure recog
nition of NMI, it must be negated for at least eight 
CLK2 periods, and then be asserted for at least 
eight CLK2 periods. 

Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in
struction, which is typically the end of the NMI serv
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem
bered for processing after executing the next IRET 
instruction. 

5.2.9.4 RESET (RESET) 

This input signal suspends any operation in progress 
and places the 80386 in a known reset state. The 
80386 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re
questing self test). When RESET is asserted, ~II oth
er input pins are ignored, and all other bus pIns are 
driven to an idle bus state as shown in Table 5-3. If 
RESET and HOLD are both asserted at a point in 
time, RESET takes priority even if the 80386 was in 
a Hold Acknowledge state prior to RESET asserted. 

RESET is level-sensitive and must be synchronous 
to the CLK2 signal. If desired, the phase of the inter
nal processor clock, and the entire 80386 state can 
be completely synchronized to external circuitry by 
ensuring the RESET signal falling edge meets its ap
plicable setup and hold times, t25 and t26. 

Table 5·3 Pin State (Bus Idle) During Reset 

Pin Name Slgmll Level During Reset 

AOS# High 
00-031 High Impedance 
BEO#-BE3# Low 
A2-A31 High 
W/R# Low 
O/C# High 
MIIO# Low 
LOCK# High 
HLOA Low 
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5.2.10 Signal Summary 

Table 5·4 summarizes the characteristics of all 80386 signals. 

Table 5-4. 80386 Signal Summary 

Signal Name Signal Function 

CLK2 Clock 

00-031 Data Bus 

BEO#'-BE3# Byte Enables 

A2-A31 Address Bus 

W/R# Write·Read Indication 

D/C# Data·Controllndication 

M/IO# Memory·I/O Indication 

LOCK # Bus Lock Indication 

ADS# Address Status 

NA# Next Address Request 

BS16# Bus Size 16 

READY # Transfer Acknowledge 

HOLD Bus Hold Request 

HLDA Bus Hold Acknowledge 

PEREQ Coprocessor Request 

BUSY# Coprocessor Busy 

ERROR # Coprocessor 'Error 

INTR Maskable Interrupt Request 

NMI Non·Maskable Intrpt Request 

RESET Reset 

5.3 BUS TRANSFER MECHANISM 

5.3.1 Introduction 

All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte, word and 
double·word lengths may be transferred without reo 
strictions on physical address alignment. Any byte 
boul"ldary may be used, although two or even three 
physical bus cycles are performed as required for 
unaligned operand transfers. See 5.3.4 Dynamic 
Data Bus Sizing and 5.3.6 Operand Alignment. 

Input 
Output 

Active Input! Synchor 
High Impedance 

State Output ,Asyn~h During HLDA? 
toCLK2 

- I - -
High 1/0 S Yes 

Low 0 - Yes 

High 0 - Yes 

High 0 - Yes 

High 0 - Yes 

High 0 - Yes 

Low 0 - Yes 

Low 0 - Yes 

Low I S -
Low I S -
Low I S -
High I S -
High 0 - No 

High I A -
Low I A -
Low I A -
High I A -
High I A -
High I S -

The 80386 address signals are designed to simplify 
external system hardware. Higher·order address bits 
are provided by A2-A31. Lower·order address in the 
form of BEO#-BE3# directly provides linear selects 
for the ,four bytes of the 32·bit data bus. Physical 
operand size information is thereby implicitly provid
ed each bus cycle in the most usable form. 
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Byte Enable outputs BEO#-BE3# are asserted 
when their aSSOCiated data bus bytes are involved 
with the present bus cycle, as listed in Table 5·5. 
During a bus cycle, any possible pattern of contigu· 
ous, asserted Byte Enable outputs can occur, but 
never patterns having a negated Byte Enable sepa· 
rating tWo or three asserted Enables. 



80386 

Address bits AO and A1 of the physical operand's 
base address can be created when necessary (for 
instance, for MUL TIBUS~ I or MUL TIBUS~ II inter
face), as a function of the lowest-order asserted 
Byte Enable. This is shown by Table 5-6. Logic to 
generate AO and A 1 is given by Figure 5-3. 

Table 5·5. Byte Enables and Associated 
Data and Operand Bytes 

Byte Enable Signal Asaoclated Data Bus Signals 

BEO# 00-07 (byte O-Ieast significant) 

BE1# 08-015 (byte 1) 

BEU 016-023 (byte 2) 

BE3# 024-031 (byte 3-most significant) 

BEO# 
L H 

L x !,! L L 
L 

L x L 

A31 

A31 

A31 

A31 

A31 

A31 

BEO# 

Table 5·6. Generating AO-A31 from 
BEO# -BE3# and A2-A31 

80386 Addr.ss Signals 

......... A2 BE3# BE2# BE1# 

Physical Bas. 
Addr.ss 

......... A2 A1 AO 

......... A2 0 0 X X X 

......... A2 0 1 X X Low 

......... A2 1 0 X Low High 

......... A2 1 1 Low" High High 

BEO# 

Low 

High 

High 

High 

BE2# :11. 
H 

L L :~ L 
[~Al 

BE3# BE1# - ........ -H 
x x 1:1 

L H 

BE1# 

K • Map for A 1 Signal 

BEO# 
L 

L x L 
L 

L x L 

L L x 
H 

BE2# 

x x H 

L H 

BE1# 

K • Map for AO Signal 

H 

If 
H 

H 

·x 

L 

x L 

L 

231630-3 

L 

H BE3# 

L 

231630-4 

Figure 5-3. Logic to Generate AO, A1 from BEO#-BE3# 

Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See 5.4 Bus Functional 
Description. 

Since a bus cycle requires a minimum of two bus 
states (equal to two processor clock periods), data 
can be transferred between external devices and 
the 80386 at a maximum rate of one 4-byte Dword 
every two processor elock periods, for a maximum 
bus bandwidth of 40 megabytesl second (80386-20 
operating at 20 MHz processor clock rate). 
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5.3.2 Memory and 1/0 Spaces 

Bus cycles may access physical memory space or 
1/0 space. Peripheral devices in the system mayei
ther be memory-mapped, or I/O-mapped, or both. 
As shown in Figure 5-4, physical memory addresses 
range from OOOOOOOOH to FFFFFFFFH (4 gigabytes) 
and 1/0 addresses from OOOOOOOOH to OOOOFFFFH 
(64 kilobytes) for programmed 1/0. Note the 1/0 ad
dresses used by the automatic 1/0 cycles for co
processor communication are 800000F8H to 
800000FFH, beyond the address range of pro
grammed 1/0, to allow easy generation of a coproc
essor chip select Signal using the A31 and M/IO# 
signals. 
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NOTE: 
Since A31 is HIGH during automatic communication with coprocessor, A31 HIGH and MIIO# LOW can be used to 
easily generate a coprocessor select signal. 

, Figure 5-4. Physical Memory and 1/0 Spaces 

5.3.3 Memory and 1/0 Organization 

The 80386 datapath to memory and I/O spaces can 
be 32 bits wide or 16 bits wide. When 32-bits wide, 
memory and I/O spaces are organized naturally as 
arrays of physical 32-bit Dwords. Each memory or 
I/O Dword has four individually addressable bytes at 
consecutive byte addresses. The lowest-addressed 
byte is associated with data signals 00-07; the 
highest-addressed byte with 024-031. 

The 80386 includes a bus control input, BS16#, that 
also allows direct connection to 16-bit memory or 
I/O spaces organized as a sequence of 16-bit 
words. Cycles to 32-bit and 16-bit memory or I/O 
devices may occur in any sequence, since the 
B816# control is sampled during each bus cycle. 
8ee 5.3.4 Dynamic Data Bus Sizing. The Byte En
able signals, BEO#-BE3#, allow byte granularity 
when addressing any memory or I/O structure, 
whether 32 or 16 bits wide. 

5.3.4 Dynamic Data Bus Sizing 

Dynamic data bus sizing is a feature allowing direct 
processor connection to 32-bit,or 16-bit data buses 
for memory or I/O. A single processor may connect 
to both size buses. Transfers to or from 32- or 16-bit 
ports are supported by dynamically determining the 
bus width during each bus cycle. During eac~ bus 
cycle an address decoding circuit or the slave de-
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vice itself may assert B816# for 16-bit ports, or ne
gate B816# for 32-bit ports. 

With ,B816# asserted, the processor automatically 
converts operand transfers farger than 16 bits, or 
misaligned 16-bit transfers, into two or three trans
fers as required. All operand transfers physically oc
cur on 00-015 when B816# is asserted. There
fore; 16-bit memories or I/O devices only connect 
on data ~ignals 00-015. No extra transceivers are 
required. 

Asserting B816# only affects the processor when 
BE2# and/or BE3# are asserted during the current 
cycle. If only 00-015 are involved with the transfer, 
asserting B816# has no affect since the transfer 
can proceed normally over a 16-bit bus whether 
B81'6# is asserted or not. In other words, asSerting 
B816 # has no effect when only the lower half of the 
bus is involved with the current cycle. 

There are two types of situations where the proces
sor is affected by asSerting B816#, depending on 
which Byte Enables are asserted during the current 
bus cycle: ' 

Upper 'Half Only: 
Only BE2# and/or BE3# asserted. 

Upper and Lower Half: 
At least BE1#, BE2# asserted (and perhaps 
also BEO# and/or BE3#). 



inter 80386 

Effect of asserting BS16# during "upper half only" 
read cycles: 

Asserting BS16# during "upper half only" reads 
causes the 80386 to read data on the lower 16 
bits of the data bus and ignore data on the upper 
16 bits of the data bus. Oata that would have been 
read from 016-031 (as indicated by BE2# and 
BE3#) will instead be read from 00-015 respec
ti~ely. 

Effect of asserting BS16# during "upper half only" 
write cycles: 

Asserting BS16# during "upper half only" writes 
does not affect the 80386. When only BE2 # 
and/or BE3# are asserted during a write cycle. 
the 80386 always duplicates data signals 
016-031 onto 00-015 (see Table 5-1). There
fore, no further 80386 action is required to per
form these writes on 32-bit or 16-bit buses. 

Effect of asserting BS16# during "upper and lower 
half" read cycles: 

Asserting BS16# during "upper and lower half" 
reads causes the processor to perform two 16-bit 
read cycles for complete physical operand trans
fer. Bytes 0 and 1 (as indicated by BEO# and 
BE1 #) are read on the first cycle using 00-015. 
Bytes 2 and 3 (as indicated by BEU and BI::3#) 
are read during the second cycle, again using 
00-015.016-031 are ignored during both 16-bit 
cycles. BEO# and BE1 # are always negated dur
ing the second 16-\:lit cycle (See Figure 5-14, cy
cles 2 and 2a). 

Effect of asserting BS16# during "upper and lower 
half" write cycles: 

Asserting BS16# during "upper and lower half" 
writes causes the 80386 to perform two 16-bit 
write cycles for complete physical operand trans
fer. All bytes are available the first write cycle al
lowing external hardware to receive Bytes 0 and 1 
(as indicated by BEO# and BE1 #) using 00-015. 
On the second cycle the 80386 duplicates Bytes 2 
and 3 on 00-015 and Bytes 2 and 3 (as indicated 
by BE2# and BE3#) are written using 00-015. 
BEO# and BE1 # are always negated during the 
second 16-bit cycle. BS 16 # must be asserted 
during the second 16-bit cycle. See Figure 5-14, 
cycles 1 and 1a. 

5.3.5 Interfacing with 32· and 16·Blt 
Memories 

In 32-bit-wide physical memories such as Figure 5-5, 
each phySical Dword begins at a byte address that is 
a multiple of 4. A2-A31 are directly used as a Oword 
select and BEO#-BE3# as byte selects .. BS16# is 
negated for all bus cycles involving the 32-bit array. 

When 16-bit-widephysical arrays are included in the 
system, as in Figure 5-6, each 16-bit physical word 
begins at a address that is a multiple of 2. Note the 
address is decoded, to assert BS16# only during 
bus cycles involving the 16-bit array. (If desiring to use 

32 DATA BUS (00-031) . 

80386 
32-BIT 

ADDRESS BUS (BEO#-BE3#,A2-A31) MEMORY 

lBSI6# 

"HIGH" 
231630-6 

Figure 5-5. 80386 with 32-81t Memory 

32 DATA BUS (00-031) 

AOORESS BUS 

(BEO#-BE3',A2-A31 ) 

DATA BUS (00-015) 

231630-7 

Figure 5-6. 80386 with 32-81t and 16-81t Memory 
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pipelined address with 16-bit memories then BEO#
BE3 # and W IR # are also decoded to determine 
when BS16# should be asserted. See 5_4.3.6 Pipe
lined Address with Dynamic Data Bus Sizing.) 

A2-A31 are directly usable for addressing 32-bit 
and 16-bit devices. To address 16-bit devices, A1 
and two byte enable signals are also needed. 

To generate an A1 signal and two Byte Enable sig
nals for 16-bit access, BEO#-BE3# should be de
coded as in Table 5-7. Note certain combinations of 
BEO#-BE3# are never generated by the 80386, 
leading to "don't care" conditions in the decoder. 
Any BEO#-BE3# decoder, such as Figure 5-7, may 
use the non-occurring BEO#-BE3# combinations 
to its best advantage. 

5.3.6 Operand Alignment 

With the flexibility of memory addressing on the 
80386, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or 1/0. Examples are 32-bit Dword oper
ands beginning at addresses not evenly divisible by 

4, or a 16-bit word operand split between two physi
cal Dwords of the memory array. 

Operand alignment and data bus size dictate when 
multiple bus cycles are required. Table 5-8 describes 
the transfer cycles generated for all combinations of 
logical operand lengths, alignment, and data bus siz
ing. When multiple bus cycles are required to trans
fer a multi-byte logical operand, the highest-order 
bytes are transferred first (but if BS16# asserted 
requires two 16-bit cycles be performed, that part of 
the transfer is low-order first). 

5.4 BUS FUNCTIONAL DESCRIPTION 

5.4.1 Introduction 

The 80386 has separate, parallel buses for data and 
address. The data bus is 32-bits in width, and bidi
rectional. The address bus provides a 32-bit value 
using 30 signals for the 30 upper-order address bits 
and 4 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con
trolled via several associated definition or control 
signals. 

Table 5-7. Generating A1, BHE# and BLE# for Addressing 16-Bit Devices 

80386 Signals 16-Blt Bus Signals 
Comments 

BE3# BE2# BE1# BEO# A1 BHE# BLE# (AO) 

H* H* H* H* x x x x-no active bytes 
H H H L L H L 
H H L H L L H 
H H L L L L L 
H L H H H H L 
H* L* H* L* x x x x-not contiguous bytes 
H L L H L L H 
H L L L L L L 
L H H H H L H ~ 

L* H" H" L" x x x x-not contiguous bytes 
L" H* L" H* x x x x-not contiguous bytes 
L* H" L" L" x x x x-not contiguous bytes 
L L' H H H L L 
L" L" H* L" x x x x-not continguous bytes 
L L L H L L H 
L' 'L L L L L L 

BLE# asserted when 00-07 of 16-bit bus is active. 
BHE# asserted when 08-015 of 16-bit bus is active. 
A 1 low for all even words; A 1 high for all odd words. 

Key: 
x = don't car!,! 
H = high voltage level 
L = low voltage level 
• = a non-occurring pattern of Byte Enables; either no"e are asserted, 

or the pattern has Byte Enables asserted for non~contiguous bytes 
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L 

BE2# 

H 

L 

L 
L 

BE2# 
L 

L 
H 

x 

L 

BEO# 

H 

x lot L 

x H L 

L 'l(" L 

x H x 

H L 

BE1# 

L 

H 

L 

80386 

BEO#[~Al 
BE3# BE1# --......... 

K-map for A 1 signal (same as Figure 5-3) 

BEO# 
L H 

L x L L L 
L 

L x .. H L 
H 

L H x L 
H 

BE1# 

['~HE BE3# BE3# --......... BE2# 

x x L x L 

L H L 

BE1# 

K-map for 16-bit SHEll' signal. 

BEO# 
L H 

L x L f.f L 

L x L H 
H 

L L x H 
BE3# 

x x H x L 

L H L 

BE1# 

K-map for 16-bit SLE # signal (same as AO signal in Figure 5-3) 

231630-8 

231630-9 

Figure 5·7. Logic to Generate A1, BHE# and BLE# for 16·Blt Buses 

Table 5·8. Transfer Bus Cycles for Bytes, Words and Dwords 

Physical Byte Address xx 00 01 10 11 00 01 
in Memory (low-order bits) 

231630-10 

10 11 

Transfer Cycles over b w w w hb,· d hb hw, h3, 
32-Bit Data Bus 

Transfer Cycles over 
16-Bit Data Bus 

b w 

Key: b = byte transfer 
w = word transfer 
I = low-order portion 
m = mid-order portion 
x = don't care 

w 

Ib 13 

hb, 

Ib 

3 = 3-byte transfer 
d = Dword transfer 
h = high-order portion 

. .:;<j= 8516# asserted causes second bus cycle 
• For this case, 8086, 88, 186, 188, 286 transfer Ib first, then hb. . 
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The definition of each bus cycle is given by three 
definition signals: M/IO#, W1R# and D/C#. At the 
same time, a valid address is present on the byte 
enable signals BEO#-BE3# and other address sig
nals A2-A31. A status signal, ADS#, indicates 
when the 80386 issues a new bus cycle definition 
and address. 

Collectively, the address bus, data bus and all asso
ciated control signals are referred to simply as "the 
bus". 

When active, the bus performs one of the bus cycles 
below: 

1) read from memory space 

2) locked read from memory space· 

3) write to memory space 

4) locked write to memory space 

5) read from 1/0 space (or coprocessor) 

6) write to 1/0 space (or coprocessor) 

7) interrupt acknowledge 

8) indicate halt, or indicate shutdown 

CYCLE 1 
NON-PIPELINED 

(READ) 

Table 5-2 shows the encoding of the bus cycle defi
nition signals for each bus cycle. See section 5.2.5 
Bus Cycle Definition. 

The data bus has a dynamic sizing feature support
ing 32· and 16-bit bus size. Data bus size is indicated 
to the 80386 using its Bus Size 16 (8516#) input. All 
bus functions can be performed with either data bus 
size. 

When the 80386 bus is not. performing one of the 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex
ternal circuitry. The idle state can be identified by the 
80386 giving no further assertions on its address 
strobe output (ADS #) since the beginning of its 
most recent bus cycle, and the most recent bus cy
cle has been terminated. The hold acknowledge 
state is identified by the 80386 asserting its hold ac
knowledge (HLDA) output. 

The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 

CYCLE 2 
NON-PIPELINED 

(READ) 

CYCLE 3 
NON-PIPELINED 

(READ) 

nun u n u 
.11.2 .11.2 .11.2 .11.2 .11.2 .11.2 .1 

CLK2[ 
(INPUT) 

BEO#-BE3#, A2-A31, [ 
1.4/10#, D/C#, W/R# 

(OUTPUTS) 

ADS#[ 
(OUTPUT) 

NA# [ 
(INPUT) 

READY# [ 
(INPUT) 

LOCK#[ 
(OUTPUT) 

00-03.1 [ 
(INPUT DURING READ) 

Fastest non-pipelined bus cycles consist of T1 and T2 

Figure 5-8. Fastest Read Cycles with Non-Plpelined Address Timing 
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The fastest 80386 bus cycle requires only two bus 
states. For example, three consecutive bus read cy
cles, each consisting of two bus states, are shown 
by Figure 5-8. The bus states in each cycle are 
named T1 and T2. Any memory or 1/0 address may 
be accessed by such a two-state bus cycle, if the 
external hardwar~ is fast enough. The high-band
width, two-clock bus cycle realizes the full potential 
of fast main memory, or cache memory. 

Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80386 
READY # input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY # is not immedi
ately asserted, however, T2 states are repeated in
definitely until the READY # input is sampled assert-
ed. . 

5.4.2 Address Pipellning 

The address pipelining option provides a choice of 
bus cycle timings. Pipelined or non-pipelined ad
dress timing is selectable on a cycle-by-cycle basis 
with the Next Address (NA #) input. 

CYCLE 1 
PIPELINED 

(READ) 

When address pipellning is not selected, the current 
address and bus cycle definition remain stable 

. throughout the ·bus cycle. 

Wh8'n address pipelining is selected, the address 
(BEO#-BE3#, A2-A31) and definition (W/R#, 
D/C# and MIIO#) of the next cycle are available 
before the end of the current cycle. To signal their 
availability, the 80386 address status output (ADS#) 
is also asserted. Figure 5-9 illustrates the'.fastest 
read cycles with plpelined address timing. 

Note from Figure 5-9 the fastest bus cycles using 
pipelined address require only two bus states, 
named T1P and T2P. Therefore,cycles with pipe
lined address timing allow the same data bandwidth 
as non-pipelined cycles, but address-to-data access 
time is increased compared to that of a non-pipe
lined cycle. 

By increasing the address-to-data access time, pipe
lined address timing reduces, walt state require
ments. For example, if one wait state is required with 
non-pipelined address timing, no wait states would 
be required with pipelined address. " 

CYCLE 2 
PIPELINED 

(READ) 

CYCLE 3 
PIPELINED 

(READ) 
TIP T2P TIP T2P TIP T2P 

CLK2[ 
(INPUT) 

BEOH-BE3H,A2-A31, [ 
M/IOH,D/C#,W/R# 

(OUTPUTS) 

ADSH[ 
(OUTPuT) 

NA#[ 
(INPUT) 

READY# [ 
(INPUT) 

LOCK#[ 
(OUTPUT) 

DO-D31 [ 
(INPUT DURING READ) 

.11.2 .11.2 .11.2 .11.2 .11.2 .11.2 

Fastest pipelined bus cycles ccnsist of Tl P end T2P 

Figure 5-9. Fastest Read Cycles with Plpellned ~ddressTlmlng , 
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Pipelined address timing is useful in typical systems 
having address latches. In those systems, once an 
address has been latched, pipelined availability of 
the next address allows decoding circuitry to gener
ate chip selects (and other necessary select signals) 
in advance, so selected devices are accessed im
mediately when the next cycle begins. In other 
words, the decode time for the next cycle can be 
overlapped with the end of the current cycle. 

If a system contains a memory structure of two or 
more interleaved memory banks, pipelined address 
timing potentially allows even more overlap of activi
ty. This is true when the interleaved memory control
ler is designed to allow the next memory operation 

TWO-BANK INTERLEAVED MEMORY 

a) Address signal A2 selects bank 

b) 32-bit datapath to each bank 

FOUR-BANK INTERLEAVED MEMORY 

a) Address signals A3 and A2 select bank 

b) 32-bit datapath to each bank 

to begin in one memory bank while the current bus 
cycle is still activating another memory bank. Figure 
5-10 shows the general structure of the 80386 with 
2-bank and 4-bank interleaved memory. Note each 
memory bank of the interleaved memory has full 
data bus width (32-bit data width typically, unless 16-
bit bus size is selected). 

Further details of pipelined address timing are given 
in 5.4.3.4 Plpellned Address, 5.4.3.5 Initiating and 
Maintaining Plpellned Address, 5.4.3.6 Plpellned 
Address with Dynamic Bus Sizing, and 5.4.3.7 
Maximum Plpellned Address Usage with 16-Blt 
Bus Size. 

231630-13 

231630-14 

Figure 5-10. 2-Bank and 4-Bank Interleaved Memory Structure 
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5.4.3 Read and Write Cycles 

5.4.3.1 INTRODUCTION 

Data transfers occur as a result of bus cycles, classi
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces
sor. During write cycles data is transferred in the oth
er direction, from the processor to an external de
vice. 

Two choices of address timing are dynamically se-. 
lectable: non·pipelined, or pipelined. After a bus i.dle 
state, the processor always uses non-pipelined ~d
dress timing. However, the NA# (Next Address) in
put may be asserted to select pipelined address lim· 
ing for the next bus cycle. When pipelining is select
ed and the 80386 has a bus request pending inter
nally, the address and definition of the next cycle !s 
made available even before the current bus cycle IS 

acknowledged by READY#. Generally, the NA# in
put is sampled each bus cycle to select the desired 
address timing for the next bus cycle. 

Two choices of physical data bus width are dynami
cally selectable: 32 bits, or 16 bits. Generally, the 
BS16# (Bus Size 16) input is sampled near the end 
of the bus cycle to confirm the physical data bus size 
applicable to the current cycle. Negation of BS16# 
indicates a 32-bit size, and assertion indicates a 16-
bit bus size. 

If 16-bit bus size is indicated, the 80386 automatical
ly responds as required to complete the transfer on 
a 16-bit data bus. Depending on the size and align
ment of the operand, another 16-bit bus cycle may 
be required. Table 5·7 provides all details. When 
necessary, the 80386 performs an additional 16-bit 
bus cycle, using DO-D15 in place of D16-D31. 

Terminating a read cycle or write cycle, like any bus 
cycle, requires acknowledging the cycle by asserting 
the READY # input. Until acknowledged, the proces
sor inserts wait states into the bus cycle, to allow 
adjustment for the speed of any external device. Ex
ternal hardware, which has decoded the address 
and bus cycle type asserts the READY # input at the 
appropriate time. 

I 
CYCLE 1 I 

NON-PIPELINED 
(WRITE) 

CYCLE 2 I 
NON-PIPELINED 

(READ) 

IDLE CYCLE 3 I 
NON-PIPELINED 

(WRITE) 

IDLE 

I CYCLE 4 I 
NON-PIPELINED 

(READ) 

IDLE I 
TI n T1 T2 Tl T2 Tl T2 TI T1 T2 

CLK2 [ 

(CLK) [ 

8EO#-8E3# [ 

A2-A31, ~~.!::lJ.~-~~--f""'''':':;;F-':'''-I'~'';';'~';'''-i~~f1''''''-I-'T''''''''''' MilO #' D/C # .. 

AD5# [ 

NA# [ ~M*,~~~~~jOf\~~~~~~~~~~.1f'"~ 

8516# [ 

READY # [ 

00- 031 [ 

231630-15 
Idle states are shown here for diagram variety only. Write cycles are not always fOllowed by an idle state. An active bus cycle can immediately 
follow the write cycle. 

Figure 5·11. Various Bus Cycles and Idle States with Non·Pipelined Address (zero wait states) 
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At the end .of the sec.ond bus state within the bus 
cycle, READY IF is sampled. At that time, if external 
hardware ackn.owledges the bus cycle by asserting 
READY IF, the bus cycle terminates as sh.own in Fig
ure 5-11. If READY IF is negated as in Figure 5-12, 
the cycle c.ontinues an.other bus state (a wait state) 
and READY IF is sampled again at the end .of that 
state. This c.ontinues indefinitely until the cycle is ac
kn.owledged by READY IF asserted. 

When the current cycle is ackn.owledged, the 80386 
terminates it. When a read cycle is ackn.owledged, 
the 80386 latches the inf.ormati.on present at its data 
pins. When a write cycle is ackn.owledged, the 
80386 write data remains valid thr.ough.out phase 
.one .of the next bus state, t.o pr.ovide write data h.old 
time. 

5.4.3.2 NON-PIPELINED ADDRESS 

Any bus cycle may be perf.ormed with n.on-pipelined 
address timing. F.or example, Figure 5-11 sh.ows a 
mixture .of read and write cycles with n.on-pipelined 
address timing. Figure 5-11 sh.ows the fastest possi-

ble cycles with n.on-pipelined address have tw.o bus 
states per bus cycle. The states are named T1 and 
T2. In phase .one .of the T1, the address signals and 
bus cycle definiti.on signals are driven valid, and t.o 
signal their availability, address status (ADSIF) is 
simultane.ously asserted. 

During read .or write cycles, the data bus behaves as 
f.oll.ows. If the cycle is a read, the 80386 fl.oats its 
data signals t.o all.ow driving by the external device 
being addressed. The 80386 requires that all data 
bus pins be at a valid logic state (high or low) at 
the end of each read cycle, when READY IF Is 
asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the 80386 beginning in phase 
tw.o .of T1 until phase .one .of the bus state f.oll.owing 
cycle ackn.owledgment. 

Figure 5-12 illustrates n.on-pipelined bus cycles with 
.one wait added t.o cycles 2 and 3. READY IF is sam
pled negated at the end .of the first T2 in cycles 2 
and 3. Theref.ore cycles 2 and 3 have T2 repeated. 
At the end .of the sec.ond T2, READY IF is sampled 
asserted. 

IDLE I CYCLE 1 I 
NON-PIPELINED 

(READ) 

CYCLE 2 
NON-PIPELINED 

(WRITE) 

CYCLE 3 
NON-PIPELINED 

(READ) 

TI Tl T2 11 T2 T2 TI 11 T2 T2 Ti 

CLK2 [ _nIL rut lJl lJl nIL rut rut nIL rut nn rut 
(CLK) [ 

BEO#-BEl # [ 
A2-A31, 

tI./IO#,D/C# 

W/R# [ 

ADS# [ 

NA# [ 

BS16# [ 

READY# [ 

LOCI<# [ 

00-031 [ 

-V V V V V V V V V V V 
X VALID 1 X VALID 2 !XXX VALID 3 OC:XX)( 

XXXXX)' II r<XXX >.. .m5( 

'--V-i\-V ,,---I 
x x x x IY ~Xx x IXXXXY 'X xxx xx 

32-BI1 32-BI1 32-BI1 
BUStZE BUStZE Bui SIZE 

xx xxx X x 'X xx IXXX XXX Y I~ ~ 

XIXXX xx X)' I. T w.. I. X xY ~ m 
END CYCLE 1 END CYCLE 2 END CYCLE 3 

xxx IX VALID 1 I)( VALID 2 xx IX VALID 3 I)(XX)( 

-----~--¢< ---- --~---------- OUT - ----
I 

231630-16 
Idle states are shown here for diagram variety only. Write cycles are not always followeq by an idle state. An .active bus cycle can immediately 
follow the write cycle. 

Figure 5-12. Various Bus Cycles and Idle States with Non-Pipelined Address 
(various number of wait states) 
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HOLD ASSERTED 

Bus States: 

REOUEST PENDING
HOLD NEGATED 

ALWAYS 

READY# ASSERTED
HOLD NEGATED

REOUEST PENDING 

READY # NEGATED
NA#NEGATED 

T1-first clock of a non-pipelined bus cycle (80386 drives new address and asserts ADS #) 
T2-subsequent clocks of a bus cycle when NA # has not been sampled asserted in the current bus cycle 

231630-17 

Ti- idle state 
Th-hold acknowledge state (80386 asserts HLDA) 
The fastest bus cycle consists of two ststes: T1 and T2. 
Four basic bus states describe bus operation when not using pipelined address. These states do include BS16# usage for 32-bit and IS-bit 
bus size. If asserting BS 16 # requires a second 16-bit bus cycle to be performed, it is performed before HOLD asserted is acknowledged. 

Figure 5-13. 80386 Bus States (not using pipelined address) 

When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and you desire 
to maintain non'pipelined address timing, it is neces· 
sary to negate NA# during each T2 state except the 
last one, as shown in Figure 5·12 cycles 2 and 3. If 
NA # is sampled asserted during a T2 other than the 
last one, the next state would be T21 (for pipelined 
address) or T2P (for pipelined address) instead of 
another T2 (for non·pipelined address). 

When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
5·13. The bus transitions between four possible 
states: T1, T2, Ti, and Th. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth· 
erwise, the bus may be idle, in the Ti state, or in hold 
acknowledge, the Th state. 

When address pipelining is not used, the bus state 
diagram is as shown in Figure 5·13. When the bus is 
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idle it is in state Ti. Bus cycles always begin with T1. 
T1 always leads to T2. If a bus cycle is not acknowl· 
edged during T2 and NA # is negated, T2 is repeat· 
ed. When a cycle is acknowledged during T2, the 
followin~ state will be T1 of the next bus cycle if a 
bus request is pending internally, or Ti if there is no 
bus request pending, or Th if the HOLD input is be· 
ing asserted. 

The bus state diagram in Figure 5·13 also applies to 
the use of B516#. If the 80386 makes internal ad
justments for 16-bit bus size, the adjustments do not 
affect the external bus states. If an additional 16·bit 
bus cycle is required to complete a transfer on a 16· 
bit bus, it also follows the state transitions shown in 
Figure 5·13. 

Use of pipelined address allows the 80386 to enter 
three additional bus states not shown in Figure 5·13. 
Figure 5·20 in 5.4.3.4 Pipellned· Address is the 
complete bus state diagram, including pipe lined ad· 
dress cycles. 
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5.4.3.3 NON·PIPELINED ADDRESS WITH 
DYNAMIC DATA BUS SIZING 

The physical data bus width for any non-pipelined 
bus cycle can be either 32-bits or 16-bits. At the 
beginning of the bus cycle, the processor behaves 
as if the data bus is 32-bits wide. When the bus cy
cle is acknowledged, by asserting READY # at the 
end of a T2 state, the most recent sampling of 
8516# determines the data bus size for the cycle 
being acknowledged. If 8516# was most recently 
negated, the phYSical data bus size is defined as 

32 bits. If 8516# was most recently asserted, the 
size is defined as 16 bits. 

When 8516# is asserted and two 16-bit bus cycles 
are required to complete the transfer, 8516# must 
be asserted during the second cycle; 16-bit bus size 
is not assumed. Like any bus cycle, the second 16-
bit cycle must be acknowledged by asserting 
READY#. 

When a second 16-bit bus cycle is required to com
plete the transfer over a 16-bit bus, the addresses 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-BIT DATA BUS 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-BIT DATA BUS 

CLK2 [ 

(CLK) [ 

BED#,BEI # [ 

BE2#.BE3# 
A2-A31. 

M/IO#,D/C# 
[ 

W/R# [ 

ADS# [ 

NA# [ 

BSI6# [ 

READY # [ 
LOCK # [ 

00- 015 [ 

IDLE 

n 

016- 031 [ . -----
Key: Dn = physical data pin n 

dn = logical data bit n 

(WRITE WRITE) 

CYCLE 1 *CYCLE 1 A NON-PIPELINED NON-PIPELINED 

PART ONE PART TWO . 

T1 T2 T1 T2 

-- OUT 

CYCLE 2 TCYCLE 2A NON-PIPELINED NON-PIPELINED 
(READ READ) 

PART ONE PART TWO 

T1 T2 T1 T2 

IDLE 

TI 

IGNORED IGNORED 

-.. @-- ---0---
I I 

231630-18 

Figure 5·14. Asserting BS16# (zero walt states, non·plpellned address) 
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IDLE 

n 

CLK2 [ -rtIL 
(CLK) [ -V 

BEO#.BE1# [ XIXXXX 

BE2#. BE3# 
A2-A31. 

M/IO#.D/C# 
[ )IXXXX 

W/R# [ X~ 
ADS# [ 

~( 
NA# [ X XXXX 

BSI6# [ ) XXX 

READY # [ }XXX 

LOCK# [ XXXXX 

00- DIS [ - ----

016-031 [ . ----
Key: Dn = physical data pin n 

dn = logical data bit n 

80386 

A TRANSfER REQUIRING TWO 
CYCLES ON 16-BIT DATA BUS 

CYCLE 1 CYCLE 1 A 
NON-PIPELINED NON-PIPELINED 

CYCLE 2 
NON-PIPELINED 

(READ ---+--READ) 
PART ONE PART TWO 

(WRITE) 

Tl T2 T2 T1 T2 T 2 Tl T2 T2 

ru-u rut rut rut nIL rLfL rut rtrl rut 
V V V V \.r V \.r V V 
.x VALID 1 V NEGATED DURING \ VALID 2 PART TWO 

I 

X VALID 1 J\ VALID 2 

I 

~/ ~V L V 
TE: NA# MY§! BE NEGATED 

HERE TO ALLOW RECOGNITION 
Of ASSERTED BSI6# IN fiNAL T2 

XXXX Y '< ~~~~)( xxxx'" '< ~~~l( xxxx rt' XXX 

3~ 
BUS XZE 

XXX XXX X iA '(XXXX IXXXX IA j. XXX : XXX Y " 
16-BIT 16-BIT 

BUS SIZE B~Zf AX XXX ~ \\ I .(x .XY XI '\\.. 
X VALID 1 VALID 2 

dO-dIS d16-d31 dO-dIS 

---- --- --0-- --- --0< OUT 

IGNORED IGNORED d16-d31 

---- ~--- --0-- --- --0< OUT 

I I I 
231630-19 

Figure 5-15. Asserting 8S16# (one walt state, non-plpellned address) 

generated for the two 16-bit bus cycles are closely 
related to each other. The addresses are the same 
except BEO# and BE1 # are always negated for the 
second cycle. This is because data on 00-015 was 
already transferred during the first 16-bit. cycle. 

Figures 5-14 and 5-15 show cases where assertion 
of B516# requires a second 16-bit cycle for com
plete operand transfer. Figure 5-14 illustrates cycles 
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without wait states. Figure 5-15 illustrates cycles 
with one wait state. In Figure 5-15 cycle 1, the bus 
cycle during which B516# is asserted, note that 
NA# must be negated in the T2 state(s) prior to the 
last T2 state. This is to allow the recognition of 
B516# asserted in the final T2 state. The relation of 
NA# and B516# is given fully in 5.4.3.4 Pipelined 
Address, but Figure 5-15 illustrates this only pre
caution you need to know when using B516# with 
non-pipelined address. 
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5.4.3.4 PIPELINED ADDRESS 

Address pipelining is the option of requesting the 
address and the bus cycle definition of the next, In
ternally pending bus cycle before the current bus 
cycle is acknowledged with READY # asserted. 
ADS # is asserted by the 80386 when the next ad
dress is issued. The address pipelining option is con
trolled on a cycle-by-cycle basis with the NA # input 
signal. 

Once a bus cycle is in progress and the current ad
dress has been valid for at least one entire bus 
state, the NA # input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur
ing non-pipelined bus cycles, therefore, NA # is 
sampled at the end of phase one in every T2. An 
example is Cycle 2 in Figure 5-16, during which NA# 
is sampled at the end of phase one of every T2 (it 
was asserted once during the first T2 and has no 
further effect during that bus cycle). 

If NA# is sampled asserted, the 80386 is free to 
drive the address and bus cycle definition of the next 
bus cycle, and assert ADS#, as soon as it has a bus 
request internally pending. It may drive the next ad
dress as early as the next bus state, whether the 
current bus cycle is acknowledged at that time or 
not. 

Regarding the details of address pipelining, the 
80386 has the following characteristics: 

1) For NA# to be sampled asserted, 8816# must 
be negated at that sampling window (see Figure 
5-16 Cycles 2 through 4, and Figure 5-17 Cycles 1 
through4). If NA# and 8516# are both sampled 
asserted during the last T2 period of a bus cycle, 
8816# asserted has priority. Therefore, if both 
are asserted, the current bus size is taken to be 
16 bits and the next address is not pipelined. Con
ceptually, Figure 5-18 shows the internal 80386 
logic providing these characteristics. 

IDLE CYCLE 1 
NON~PIPELINED 

CYCLE 2 
NO.N,...PIPELINED 

CYCLE 3 
PIPELINED 

CYCLE 4 
PIPELINED 

IDLE 

CLK2 [ 

(CLK) [ 

8EO# - 8E3# [ 
A2-A31, 

M/IO#,D/C# 

TI 

W/R# [ ~~~ 

AD5# [ 

(WRITE) (READ) 

T1 T2 T1 T2 

8516# [ £¥~t:::Jl.~c:'£'II?'~~'£i.~ 

READY # [ qJL:lt.::JI.fI'.lo~I4l'JL:l~~~~)f 

(WRITE) (READ) 

T2P T1 P T2P T1 P T21 

LOCK# [ 4~~"-....:.;=..:..-r-+:"::::"':'--4 ...... -:---f' '-~_-{ 
00-031 [ 

n 

231630-20 
Following any idle bus state (Ti), addresses are non·pipelined. Within non·pipelined bus cycles, NA# is only sampled during wait states. 
Therefore, to begin address pipe lining during a group of non·pipelined bus cycles requires a non-pipelined cycle with at least one wait state 
(Cycle 2 above). 

Figure 5·16. Transitioning to Pipelined Address During Burst of Bus Cycles 
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IDLE 

TI TI 

ClK2 [ 

(ClK) [ 

CYCLE 1 
NON-PIPELINED 

(WRITE) 

CYCLE 2 
PIPEllNED 

(READ) 

CYCLE 3 
PIPELINED 
(WRITE) 

T2 T2P TIP T2P TIP T2P TIP 

CYCLE" 
PIPELINED 

(READ) 

T21 

IDLE 

T21 n 

BEO # - BE3 #, [ d'J'V~1k7-::,:77;:-:-""~-::::77.::-::-;T~~-:-~r-7:7:-:::-:-bl'J'V"\I7t;7V~~~ 
A2-A31, 

M/IO#,D/C# 

W/R# [~~~ 

AD5# [ 

B516 # [ C¥~CiJI.~~~ 

READY# [ ~~~~~~~ 

lOCK # [ ~~tJ/.~--+";';;=-~_-l'l.....,;.;.;;;;;..:;._.p._';;;:;:";:~:.l.._~;";;;;;";"_~:.K.l~ 
00- 031 [ 

231630-21 
Following any idle bus state (Ti) the address is always non-pipelined and NA# is only sampled during wait slates. To slar! address pipelining 
after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2,3,4 above) are shown with various numbers of wa~ states. 

Figure 5·17. Fastest Transition to Plpellned Address Following Idle Bus State 

2) The next address may appear as early as the bus 
state after NA# was sampled asserted (see Fig
ures 5-16 or 5-17). In that case, state T2P is en- . 
tered immediately. However, when there is not an 
internal bus request already pending, the next ad
dress will not be available immediately after NA # 
is asserted and T21 is entered instead of T2P (see 
Figure 5-19 Cycle 3). Provided the current bus cy
cle isn't yet acknowledged by READY # asserted, 
T2P will be entered as soon as the 80386 does 
drive the next address. External hardware should 
therefore observe the AD5 # output as confirma
tion the next address is actually being driven on 
the bus. 

3) Once NA # is sampled asserted, the 80386 com
mits itself to the highest priority bus request that 
is pending internally. It can no longer perform an
other 16-bit transfer to the same address should 
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8516# be asserted externally, so thereafter must 
assume the current bus size is 32 bits. Therefore 
if NA # is sampled asserted within a bus cycle, 
8516# must be negated thereafter in that bus 
cycle (see Figures 5-16,5-17,5-19). Consequent
ly, do not assert NA# during bus cycles which 
must have 8516# driven asserted. 5ee 5.4.3.6 
Dynamic Bus Sizing with Plpellned Address. 

4) Any address which is validated by a pulse on the 
80386 AD5# output will remain stable on the ad
dress pins for at least two processor clock peri
ods, The 80386 cannot produce a new address 
more frequently than every two processor clock 
periods (see Figures 5-16, 5-17, 5-19), 

5) Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca
pability cannot look further than one bus cycle 
ahead (see Figure 5-19 Cycle 1). 
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NA#OI_-t 
(PIN 013) NA# 

(INTERNAL) 

8516# 8516# 
(PIN C14) 01-..... --- (INTERNAL) 

231630-22 

.Flgure 5-18. 80386 Internal 
Logic on NA# and 8516# 

The complete bus state transition diagram, including 
operation with pipelined address is given by 5-20. 
Note it is a superset of the diagram for non-pipelined 
address only, and the three additional bus states for 
pipelined address are drawn in bold. 

The fastest bus cycle with pipelined address con· 
sists of just two bus states, T1 P and T2P (recall for 
non·pipelined address it is T1 and T2). T1 P is the 
first bus state of a pipelined cycle. 

5.4.3.5 INITIATING AND MAINTAINING 
PIPELINED ADDRESS 

Using the state diagram Figure 5·20, observe the 
transitions from an idle state, Ti, to the beginning of 
a pipelined bus cycle, T1 P. From an idle state Ti, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA # is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast· 
est path from an idle state to a bus cycle with pipe· 
lined address is shown in bold below: 

~\T1-T~.r2p'J ,T1P~T2P,) 

idle non·pipelined pipelined 
states cycle cycle 

T1· T2· T2P are the states of the bus cycle that es· 
tablishes address pipelining for the next bus cycle, 
which begins with T1 P. The same is true after a bus 
hold state, shown below: 

,Th, Th, Th'I\T1 • T2· T2P'J \T1P - T2P'J 
T T ¥ 

hold non-pipelined pipe lined 
acknowledge cycle cycle 

states 

4-77 

The transition to pipelined address is shown func
tionally by Figure 5-17 Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe
lined. The NA # input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 

Once a bus cycle is in progress and the current ad
dress has been valid for one entire bus state, the 
NA# input is sampled at the end of every phase one 
until the bus cycle is acknowledged. During Figure 5-
17 Cycle 1 therefore, sampling begins in T2. Once 
NA# is sampled asserted during the current cycle, 
the 80386 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 5-16 Cycle 1 for example, the neXt 
address is driven during state T2P. Thus Cycle 1 
makes the transition to pipelined address timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1P. Cycle 2 begins as soon as 
READY # asserted terminates Cycle 1. 

Example transition bus cycles are Figure 5-17 Cycle 
1 and Figure 5-16 Cycle 2. Figure 5-17 shows tran
sition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad
dress pipelining. Figure 5-16 Cycle 2 shows a tran
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (you assert 
NA# at that time), and T2P (provided the 80386 has 
an internal bus request already pending, which it al
most always has). T2P states are repeated if wait 
states are added to the cycle. 

Note three states (T1, T2 and T2P) are only required 
in a bus cycle performing a transition from non
pipelined address into pipelined address timing, for 
example Figure 5-17 Cycle 1. Figure 5-17 Cycles 2, 
3 and 4 show that address pipelining can be main
tained with two-state bus cycles consisting only of 
T1P and T2P. 

Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the 80386 enters T2P dur
ing the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS #. Figures 5-16 and 5-17 however, each show 
pipelining ending after Cycle 4 because Cycle 4 
ends in T21. This indicates the 80386 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T21, the next 
cycle will not be pipelined. 
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CLK2 [ 

(CLK) [ 

BEO#- BE1#. [ 
A2-A31. 

M/IO#.D/C# 

W/R# [ 

ADS# [ 

BS16# [ 

READY# [ 

LOCK# [ 

00-031 [ 

T1P 

CYCLE 1 
PIPELINED 
(WRITE) 

T2P T2P 

ASSERTING NA# MORE 
THAN ONCE DURING 
ANY CYCLE HAS NO 
ADDITIONAL EFFECTS 

T1P 

80386 

CYCLE 2 
PIPELINED 

(READ) 

T2 T2P T1P 

NA# COULD HAVE 
BEEN ASSERTED 

IN T1 P IF DESIRED. 
ASSERTION NOW IS 

THE LATEST TIME 
POSSIBLE TO ALLOW 
80386 TO ENTER T2P 

STATE TO MAINTAIN 
PIPELINING IN CYCLE 3 

CYCLE 3 
PIPELINED 
(WRITE) 

T21 T2P T1P 

Figure 5-19. Details of Address Plpellnlng During Cycles with Walt States 
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CYCLE 4 
PIPELINED 

(READ) 

231630-23 
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HOlD ASSERTED 

Bu. Stat •• : 

READY, ASSERTED
HOLD NEGATED. 

NO REQUEST 

Tl-first clock of a non-pipelined bus cycle (80386 drives new address and 
asserts ADS #). 
T2-subsequent clpcks of a bus cycle when NA # has not been sampled 
asserted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NA # has been sampled as
serted in the current bus cycle but there is not yet an internal bus request 
pending (80386 will not drive new address or assert ADS #). 
T2P-subsequent clocks of a bus cycle when NA # has been sampled 
asserted in the current bus cycle and there is an internal bus request pend
ing (80386 drives new address and asserts ADS #). 
T1 P-first clock of a pipelined bus cycle. 
Ti-idle state. 
Th-hold acknowledge state (80386 asserts HLDA). 
Asserting NA # for pipelined address gives access to three more bus 
states: T21, T2P and T1 P. 
Using pipelined address, the fastest bus cycle consists of Tl P and T2P. 

READY, NEGATED 

Figure 5-20. 80386 Complete Bus States (Including plpellned address) 
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Realistically, address pipelining is almost always 
maintained as long as NA# is sampled asserted. 
This is so because in the absence of any other reo 
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre· 
fetch queue are completely full. Therefore address 
pipelining is maintained for long bursts of bus cycles, 
if the bOs is available (i.e., HOLD negated) and NA # 
is sampled asserted in each of the bus cycles. 

hardware performs appropriate action to make the 
transfer using a 16-bit data bus connected on 
00-015. 

5.4.3.6 PIPE LINED ADDRESS WITH DYNAMIC 
DATA BUS SIZING 

The BS16# feature allows easy interface to 16-bit 
data buses. When asserted, the 80386 bus interface 
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There is a degree of interaction, however, between 
the use of Address Pipelining and the use of Bus 
Size 16. The interaction results from the multiple bus 
cycles required when transferring 32-bit operands 
over a 16-bit bus. If the operand requires both 16-bit 
halves of the 32-bit bus, the appropriate 80386 ac
tion is a second bus cycle to complete the operand's 
transfer. It is this necessity that conflicts with NA # 
usage. 

When NA # is sampled asserted, the 80386 commits 
itself to perform the next internally pending bus re-
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quest, and is allowed to drive the next internally 
pending address onto the bus. Asserting NA # there
fore makes it impossible for the next bus cycle to 
again access the current address on A2-A31, such 
as may be required when 8816# is asserted by the 
external hardware. 

sampled asserted in the current cycle. If NA # is 
sampled asserted, the current data bus size is as
sumed to be 32 bits. 

2} To also avoid conflict, if NA# and 8816# are 
both asserted during the same sampling window, 
8816# asserted has priority and the 80386 acts 
,as if NA# was negated at that time. Internal 
80386 circuitry, shown conceptually in Figure 5-
18, assures that 8816# is sampled asserted and 
NA# is sampled negated if both inputs are exter
nally asserted at the same sampling window. 

To avoid conflict, the 80386 is designed with follow
ing two provisions: 

1} To avoid conflict, 8816# must be negated in the 
current bus cycle if NA # has already been 

A TRANSFER REQUIRING TWO 
CYCLES ON 16-BIT BUS 

CYCLE 2. PREVIOUS 
CYCLE 

CYCLE I~YCLE lA 
PIPELINED NON-PIPELINED 

(WRITE WRITE) 
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T2P TIP n n n n n n T2 T2P 

-tul tul tul tul tul tul tul tul tul nn 
-V V V V V V V V V V 

ALWAYS 
-DC VALID 1 I/NEGATED DURING r< VALID 2 DC VALID 3 - PART TWO 

-DC - VALID 1 IX V~ 02 IX VALID 3 

_V ~ 

-f\-
1/ iC NOTE: NA# IAUS~rrED IN THESE T'S ~ f\-

, RECOGNITION OF ASSERTED BSI6# IN FINAL T2's. , 

'V ~ DC DON'T CAR~Q ~ ~1X2 9t'T. ~~RtQ(J>.. 
~ 

/IXXX.x1Y /1 1X.x..x.X 
32-BIT 
BU~rl 

~IXXX.x IXXX.x IXXXXIX XX XX '(IXXXX W ~ 
16-BIT 16-BIT 

BUS SIZE BUS SIZE 

')~ '(XX IXXY ~ '(X XT ~ '(XX IXXY ~ 

IY VALID 1 DC VALID 2 

dO-diS dO-diS d16-d31 ' dO-dl 

. ---@-{ OUT X OUT )- ---- --~ 
S 

d16-d31 d16-d31 dl6-d 31 

. ---<:1p-< OUT }- ---- --~ 
I I 

Key: On ~ physical data pin n 23163Q-25 
dn ~ logical data bit n 

Cycles 1 and 2 are pipelined. Cycle 1 a cannot be pipelined. but its address can be inferred from that of Cycle 1. to externally simulate address 
pipelining duri~g Cycle 1 a. 

Figure 5-21. Using NA# and 8516# 
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Certain types of 16-bit or 8-bit operands require no 
adjustment for correct transfer on a 16-bit bus. 
Those are read or write operands using only the low
'er half of the data bus, and write operands using 
only the upper half of the bus since the 80386 simul
taneously duplicates the write data on the lower half 
of the data bus. For these patterns of Byte Enables 
and the R/W# signals, B516# need not be assert
ed at the 80386, allowing NA# to be asserted during 
the bus cycle if desired. 

5.4.4 Interrupt Acknowledge (INTA) 
Cycles 

In response to an interrupt request on the INTR in
put when interrupts are enabled, the 80386 performs 

PREVIOUS I 
CYCLE 

T2 Tl 

INTERRUPT 
ACKNOWLEDGE 

CYCLE 1 

T2 T2 Ti 

two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig
nals define the type of bus activity taking place, and 
each cycle continues until acknowledged by 
READY # sampled asserted. 

The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A31-A3 low, A2 high, BE3#-BE1# high, and 
BEO# low). The address driven during the second 
interrupt acknowledge cycle is 0 (A31-A2 low, 
BE3#-BE1# high, BEO# low). 
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T1 T2 T21 
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CLK2[ 

(CLK>[ 
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BSI6#[ 
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00-07[ 

-V-V-V V V 
IXXX :XX 

IXXX '~XX 

xx ,xxx 

X XX IX 

1\-.-' 
xx IXXX IT ~XX XX 

XXX XX IXX IGNORED XD<xx 

XXX XX IXXT ~\ ~X 
IGNORED 

. ---- ----- ----- --G)--
IGNORED 

V V-V V V-V V-
IXXX xxx XXX ,xx IXXX 

r 
IX XXX XXX xx ~XXX IXXXX 

V 
XX IXXX xX)()" xx IXXX 

V 
~ 

'---/ 
XXX xXX D<xx Xx)(1).. XXX XX 

XXX ,XX IXXX IXXX IT ,~ 

XXX ,XX IXXX IXXX IXXT, ~ m 
VECTOR 

---- ----- ----- .'---- ---- --0---
IGNORED 

- ---- ----- ----- --ep-- ---- ----- ----- -_ .. _-1-----~--ep---
231630-26 

Interrupt Vector (0-255) is read on 00-D7 at 'end of second Interrupt Acknowledge bus cycle. 
Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA iF has no practical effect. Choose the approach 
which is simplest for your system hardware design. 

Figure 5-22. Interrupt Acknowledge Cycles 
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I CYCLE 1 I 
NON-PIPELINED 

. (WRITE) 

T1 T2 
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NON-PIPELINED 
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T1 T2 TI TI . n TI 

CLK2[ 
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-4tT''"'':'':'~~--t:r--+---b~?d~7\j~ 80386 REMAINS HALTED 
UNTIL INTR. NMI OR 

~~~~~t- RESET IS ASSERTED. 

I I BE2#. A2-A31. [ 
D/C# ~~-~--~~~~~~~~~~~~80386RESPONDSTO 

ADS#[ 
,_~~_-+ __ ~ HOLD INPUT WHILE IN 

THE HALT STATE. 

READY#[ 

LOCK#[ 

00-031 [ - (FLOATING) - - - -

I I 
231630-27 

Figure 5-23. Halt Indication Cycle 

The LOCK# output is asserted from the beginning 
of the first interrupt acknowledge cycle until the end 
of the second interrupt acknowledge cycle. Four idle 
bus states, Ti, are inserted by the 80386 between 
the two interrupt acknowledge cycles, allowing at 
least 160 ns of locked idle time for future 80386 
speed selections up to 25 MHz (CLK2 up to 
50 MHz). for compatibility with spec TRHRL of the 
8259A Interrupt Controller. 

During both interrupt acknowledge cycles, 00-031 
float. No data is read at the end of the first interrupt 
acknowledge cycle. At the end of the second inter
rupt acknowledge cycle, the 80386 will read an ex
ternal interrupt vector from 00-07 of the data bus. 
The vector indicates the specific interrupt number 
(from 0-255) requiring service. 
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5.4.5 Halt Indication Cycle 

The 80386 halts as a result of executing a HALT 
instruction. Signaling its entrance into the halt state, 
a halt indication cycle is performed. The halt indica
tion cycle is identified by the state of the bus defini
tion signals shown in 5.2.5 Bus Cycle Definition 
and a byte address of 2. BEO# and BE2# are the 
only signals distinguishing halt indication from shut
down indication, which drives an address of O. Dur
ing the halt cycle undefined data is driven on 
00-031. The halt indication cycle must be acknowl
edged by READY # asserted. 

A halted 80386 resumes execution when INTR (if 
interrupts are enabled) or NMI or RESET is assert
ed. 
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5.4.6 Shutdown Indication Cycle 

The 80386 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig
naling its entrance into the shutdown state, a shut
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in 5.2.5 Bus Cycle DefInI
tIon and a byte address of O. BEO# and BE2# are 

the only Signals distinguishing shutdown indication 
from halt indication, which drives an address of 2. 
During the shutdown cycle undefined data is driven 
on 00-031. The shutdown indication cycle must be 
acknowledged by READY # asserted. 

CYCLE 1 
PIPELINED 

(READ) 

T1P T2P 

A shutdown 80386 resumes execution when NMI or 
RESET is asserted. 

CYCLE 2 
PIPELINED 

(SHUTDOWN) 

T1P T21 

I IDLE 

n n TI n 

BEl #. BE2#. BE3#, [ -+~,:",,::,-+r-+--*,~~b~7db:~d- 80386 REMAINS SHUTDOWN 
M/IO#. W/R# "~~~~~~~q.. UNTIL NMI OR RESET 

IS ASSERTED. 

BEO#. A2-A31. [ 
D/C# 

ADS#[ 

I I 
~~~~~-+ __ ~~~~OL~~~~80386RESPONDSTO 

HOLD INPUT WHILE IN _--+---of---+----+- THE SHUTDOWN STATE. 

NA# [ ~~~t::JI:::J.CljO.---i~~~~~~~iiOO~~ 
8S16#[ 

READY# [ ~.&:J.~Q"Q,Q,...~~~~+t::J.a~~~Q"Q,~~~ 

LOCK#[ 

00-031 [ 

231630-28 

FIgure 5-24. Shutdown IndIcatIon Cycle 
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5.5 OTHER FUNCTIONAL 
DESCRIPTIONS 

5.5.1 Entering and Exiting Hold 
Acknowledge 

The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80386 floats all 
output or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80386 remains in 
the bus hold acknowledge state. In the bus hold ac
knowledge state, all inputs except HOLD, RESET, 
BUSY #, ERROR #, and PEREQ are ignored (also 
up to one rising edge on NMI is remembered for 
processing when HOLD is no longer asserted). 

I 
IDLE I--- HOLD ------.j IDLE I _ ACKNOWLEDGE _ I 

TI Th Th Th TI 

CLK2[ 

(CLKJ[ 

8EO#-8E3# [ ~~~ 
A2-A31. M/IO# 

D/c#. w/R# 

ADS#[ ...... (FLOATING) •••• 

NA#[ ~t::>A~~~~~~~~ 

LOCK#[ ~~~ •• _. (FLOATING)-··· 

I 
(FLOATING) 

---------------~----
231630-29 

NOTE: 
For maximum design flexibility tl'\e 80386 has no inter
nal pullup resistors on its outputs'. Your design may re
quire an external pullup on ADS# and other 80386 out
puts to keep them negated during float periods. 

Figure 5·25. Requesting Hold from Idle Bus 

Th may be entered from a bus idle state as in Figure 
5-25 or after the acknowledgement of the current 
physical bus cycle if the LOCK # signal is not assert
ed, as in Figures 5-26 and 5-27. If HOLD is asserted 
during a locked bus cycle, the 80386 may execute 
one unlocked bus cycle before acknowledging 
HOLD. If asserting BS16# requires a second 16-bit 
bus cycle to complete a physical operand transfer, it 
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is performed before HOLD is acknowledged, al
though the bus state diagrams in Figures 5-13 and 
5-20 do not indicate that detail. 

Th is exited in response to the HOLD input being 
negated. The following state will be Ti as in Figure 
5-25 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5-26 and 5-27. 

Th is also exited in response to RESET being assert
ed. 

If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non
maskable interrupt 2 and is serviced when Th is exit
ed, unless of course, the 80386 is reset before Th is 
exited. 

5.5.2 Reset During Hold Acknowledge 

RESET being asserted takes priority over HOLD be
ing asserted. Therefore, Th is exited in reponse to 
the RESET input being asserted. If RESET is assert
ed while HOLD remains asserted, the 80386 drives 
its pins to defined states during reset, as in Table 
5·3 Pin State During Reset, and performs internal 
reset activity as usual. 

If HOLD remains asserted when RESET is negated, 
the 80386 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80386 would otherwise perform 
its first bus cycle. If HOLD remains asserted when 
RESET is negated, the BUSY # input is still sampled 
as usual to determine whether a self test is being 
requested, and ERROR # is still sampled as usual to 
determine whether an 80387 vs. an 80287 (or none) 
is present. 

5.5.3 Bus Activity During and 
Following Reset 

RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 

RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
80386, and at least 78 CLK2 periods if 80386 self
test is going to be requested at the falling edge. RE
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 78 CLK2 
periods followed by a self-test may cause the self
test to report a failure when no true failure exists. 
The additional RESET pulse width is required to 
clear additional state prior to a valid self-test. 
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CYCLE 1 
NON-PIPELINED 

(READ) 

HOLD CYCLE 2 
ACKNOWLEDGE NON-PIPELINED 

(WRITE) 

T1 T2 T2 Th Th T1 T2 

CLK2[ 

HOLD [ 

HLDA [ -fo---+---t---t-of 

NOTE: 

8EO#-8E3#. A2-A31. [ 
M/IO#. D/C#. W/R# 

ADS# [ 

NA# [ 

231630-30 

HOLD is a synchronous input and can be asserted at any CLK2 edge. provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5-26. Requesting Hold from Active Bus (NA # negated) 

Provided the RESET falling edge meets setup and 
hold times t25 and t26, the internal processor clock 
phase is defined at that time, as illustrated by Figure 
5-28 and Figure 7-7. 

An 80386 self-test may be requested at the time RE
SET is negated by having the BUSY # input at a 
LOW level, as shown in Figure 5-28. The self-test 
requires (220) + approximately 60 CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a prob
lem, the 80386 attempts to proceed with the reset 
sequence afterwards. 
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After the RESET falling edge (and after the self-test 
if it was requested) the 80386 performs an internal 
initialization sequence for apProximately 350 to 450 
CLK2 periods. Also during the initialization, between 
the 20th CLK2 period and the first bus cycle, the 
ERROR # input is sampled to determine the pres
ence of an 80387 coprocessor versus the presence 
of an 80287 (or no coprocessor). During this time 
period, BUSY# must be HIGH. To distinguish be
tween an 80287 being present and no coprocessor 
being present requires a software test. 
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CLK2[ 

HOLD [ 

HLDA [ 

BEO#-BE3#.A2-A31. [ 
t.l/IO#. D/C#. W/R# 

AD5# [ 

T1P 

CYCLE 1 
PIPELINED 

(WRITE) 

T21 T21 

HOLD CYCLE 2 
ACKNOWLEDGE NON-PIPELINED 

(READ) 

Th Th T1 T2 

NA#[ ~...e-~~~~~~~~~~~~ 
8516#[ 

231630-31 

NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require
ments are met. This waveform is useful for determining Hold Acknowledge latency. 

Figure 5·27. Requesting Hold from Active Bus (NA# asserted) 

5.6 SELF-TEST SIGNATURE 

Upon completion of self·test, (if self-test was re
quested by holding BUSY # LOW at least eight 
CLK2 periods before and after the falling edge of 
RESET), the EAX register will contain a signature of 
OOOOOOOOh indicating the 80386 passed its self·test 
of microcode and major PLA contents with no prob· 
lems detected. The passing signature in EAX, 
OOOOOOOOh, applies to all 80386 revision levels. Any 
non·zero signature indicates the 80386 unit is faulty. 

5.7 COMPONENT AND REVISION 
IDENTIFIERS 

To assist 80386 users, the 80386 after reset holds a 
component identifier and a revision identifier in its OX 
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register. The upper 8 bits of OX hold 03h as identifi
cation of the 80386 component. The lower 8 bits of 
OX hold an 8·bit unsigned binary number related to 
the component revision level. The revision identifier 
begins chronologically with a value zero and is sub· 
ject to change (typically it will be incremented) with 
component steppings iJ:1tended to have certain im· 
provements or distinctions from previous steppings. 

These features are intended to assist 80386 users 
to a practical extent. However, the revision identifier 
value is not guaranteed to change with every step· 
ping revision, or to follow a completely uniform nu· 
merical sequence, depending on 'the type or inten
tion of revision, or manufacturing materials required 
to be changed. Intel has sole discretion over these 
characteristics of the component. 
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CLK2[ 

RESET [ 

CLK (INTERNAL) [ 

8USY# [ 

ERROR# [ 

8EO#-8E3#. 
W/R#. M/IO#. [ 

HLDA 

A2-A31. [ 
D/C#.LOCK# 

ADS#[ 

NA# [ 

8S16# [ 

READY# [ 

80386 

INTERNAL 
1+----RESET-----l+---INITIALIZATION-------1 
~15 CLK2 DURATION IF 
NOT GOING TO REQUEST 
SELF-TEST. 

CYCLE 1 

NON-PIPELINED 
(READ) 

T1 T2 

DO-D31#[ XXXXXX)(}-u -(FLOATING)uuu-uu u_ u _ uU _u 

231630-32 

NOTES: 
1. BUSY # should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 
2. If self-test is requested. the 80386 outputs remain in their reset state as shown here and in Table 5-3. 

Figure 5-28. Bus Activity from Reset Until First Code Fetch 

Table 5-10. Component and Revision Identifier History 

80386 
Component Revision 

80386 
Component Revision 

Stepping Stepping 
Name 

Identifier Identifier 
Name 

Identifier Identifier 

BO 03 03 
B1 03 03 

4-87 
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5.8 COPROCESSOR INTERFACING 

The 80386 provides an automatic interface for the 
Intel 80387 numeric floating-point coprocessor. The 
80387 coprocessor uses an liD-mapped interface 
driven automatically by the 80386 and assisted by 
three dedicated signals: BUSY #, ERROR #, and 
PEREQ. 

As the 80386 begins supporting a coprocessor in
struction, it tests the BUSY # and ERROR # signals 
to determine if the coprocessor can accept its next 
instruction. Thus, the BUSY# and ERROR# inputs 
eliminate the need for any "preamble" bus cycles 
for communication between processor and coproc
essor. The 80387 can be given its command opcode 
immediately. The dedicated signals provide instruc
tion synchronization, and eliminate the need of using 
the 80386 WAIT opcode (9Bh) for 80387 instruction 
synchronization (the WAIT opcode was required 
when 8086 or 8088 was used with the 8087 coproc
essor). 

Custom coprocessors can be included in' 80386-
based systems, via memory-mapped or liD-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". Instead, 
memory-mapped or liD-mapped interfaces may use 
all applicable 80386 instructions for high-speed co
processor communication. The BUSY # and 
ERROR # inputs of the 80386 may also be used for 
the custom coprocessor interface, if such hardware 
assist is desired. These signals can be tested by the 
80386 WAIT opcode (9Bh). The WAIT instruction 
will wait until the BUSY # input is negated (interrupt
able by an NMI or enabled INTR input), but gener
ates an exception 16 fault if the ERROR # pin is in 
the asserted state when the BUSY # goes (or is) 
negated. If the custom coprocessor interface is 
memory-mapped, protection of the addresses used 
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for the interface can be provided with the 80386 on
chip paging or segmentation mechanisms. If the 
custom interface is liD-mapped, protection of the 
interface can be provided with the 80386 10PL (liD 
Privilege Level) mechanism. 

The 80387 numeric coprocessor interface is liD 
mapped as shown in Table 5-11. Note that the 
80387 coprocessor interface addresses are beyond 
the Oh-FFFFh range for programmed liD. When the 
80386 supports the 80387 coprocessor, the 80386 
automatically generates bus cycles to the coproces
sor interface addresses. 

Table 5-11. Numeric Coprocessor 
Port Addresses 

Address In 80387 
80386 Coprocessor 

1/0 Space Register 

800000F8h Opcode Register 
(32-bit port) 

800000FCh Operand Register 
(32-bit port) 

To correctly map the 80387 registers to the appro
priate liD addresses, connect the 80387 CMDO# 
pin directly to the A2 output of the 80386. 

5.8.1 Software Testing for 
Coprocessor Presence 

When software is used to test for coprocessor 
(80387) presence, it should use only the following 
coprocessor opcodes: FINIT; FNINIT, FSTCW mem, 
FSTSW mem, FSTSW AX. To use other coproces
sor opcodes when a coprocessor is known to be not 
present, first set EM = 1 in 80386 CRO. 
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6. MECHANICAL DATA vee and GND connections must be made to multi-
ple Vee and Vss (GND) pins. Each Vee and Vss 
must be connected to the appropriate voltage level. 

6.1 INTRODUCTION The circuit board should include Vee and GND 
planes for power distribution and all Vee and Vss 

In this section, the physical packaging and its con- pins must be connected to the appropriate plane. 
nections are described in detail. 

NOTE: 
Pins identified as "N.C." should remain completely 

6.2 PIN ASSIGNMENT unconnected. 

The 80386 pinout as viewed from the top side of the 
component is shown by Figure 6-1. Its pinout as 
viewed from the Pin side of the component is Figure 
6-2. 

p N t.t L K H G F E D C B A 

,., ,., ,., ,., ,., ,., 
'"' '"' '"' '"' A30 A27 A26 A23 A21 A20 A17 A16 A15 A14 All A8 VSS VCC 

2 
,... ,... ,... ,... ,... ,... ,... ,... ,... 

2 
'"' '"' '"' '"' '"' '"' '"' VCC A31 A29 A24 A22 VSS A18 VCC VSS A13 Al0 A7 A5 VSS 

3 
,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... 

3 
'"' '"' '"' '"' '"' '"' '"' '"' '"' '"' 030 VSS vee A28 A25 VSS A19 VCC VSS A12 A9 A6 A4 A3 

4 
,... ,... 

4 
'"' '"' 029 VCC VSS A2 NC NC 

5 
,... ,... ,... ,... ,... 

5 
'"' '"' '"' 026 027 031 VCC VSS VCC 

6 
,... ,... ,... ,... 

6 '"' '"' VSS 025 028 NC NC VSS 

7 
,... ,... ,., 

7 '"' '"' 024 VCC VCC NC INTR VCC 

8 
,... ,., 

8 '"' '"' '"' VCC 023 VSS PEREQ NMI ERROR# 

9 
,... ,... 

9 '"' 022 021 020 RESET BUSY# VSS 

10 
,... ,... ,... ,... 

10 '"' '"' '"' '"' '"' 019 017 VSS LOCK#W/R# VCC 

11 
,... 

11 '"' '"' '"' 018 016 015 VSS VSS O/C# 

12 
,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... 

12 '"' '"' '"' '"' '"' '"' '"' '"' '"' 014 012 010 VCC 07 VSS DO VCC CLK2 BED# VCC VCC NC 1.1/10# 

13 
,... ,... ,... ,... ,... ..... ,... ,... ,... ,... ,.. 

13 '"' .... .... .... .... .... .... .... 
013 011 VCC 08 05 VSS 01 REAOY# NC NC NA# BE1# BE2# BE3# 

14 
,... ,... ,... ,... ,... ,... ,... 

14 .... .... .... '"' .... .... .... .... .... .... .... 
VSS 09 HLOA 06 04 03 02 VCC VSS AOS# HOLD BS 16# VSS VCC 

P N t.t L K H G F E D C B A 

231630-33 

Figure 6·1. 80386 PGA Pinout-View from Top Side 
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A B C D E F' G H J K L M . N P 

0 0 0 0 0 0 0 0 >0 0 0 0 0 0 
VCC VSS AS All A14 A15 A16 A17 A20 A21 A23 A26 A27 A30 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
VSS A5 A7 Al0 A13 VSS vee A18 VSS A22 A24 A29 A31 vee 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
A3 A4 A6 A9 A12 VSS vee A19 VSS A25 A28 vee VSS 030 

4 0 0 0 0 0 0 4 
NC NC A2 VSS vee 029 

5 0 0 0 0 0 0 5 
VCC VSS vee 031 027 026 

0 0 0 
METAL LID 

0 0 0 6 6 
VSS NC NC 028 025 VSS 

7 0 0 0 0 0 0 7 
vee INTR NC VCC vee 024 

8 0 0 0 0 0 0 8 
ERROR# NIII PEREQ VSS 023 vee 

9 0 0 0 0 0 0 9 
VSS BUSY, RESET 020 021 022 

10 0 0 0 0 0 0 10 
VCC W /RII LOCK# VSS 017 019 

11 0 0 0 0 0 0 11 
O/CII VSS VSS 015 016 018 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
11/1011 NC vee vee BEO# CLK2 VCC DO VSS 07 vee 010 012 014 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 
BE311 BE211 BElli NAil NC NC REAOYII 01 VSS os DB vec 011 013 

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 
vee VSS BS 1611 HOLD ADSII VSS vee 02 03 04 06 HLDA D9 VSS 

A B C D E F' G H K L M N P 
231630-34 

Figure 6-2. 80386 PGA Pinout-View from Pin Side 
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Table 6·1. 80386 PGA Plnout-Functlonal Grouping 

Pin/Signal Pin/Signal Pin/Signal Pin/Signal 

N2 A31 M5 031 A1 Vee A2 Vss 
P1 A30 P3 030 A5 Vee A6 Vss 
M2 A29 P4 029 A7 Vee A9 Vss 
L3 A28 M6 028 A10 Vee B1 Vss 
N1 A27 N5 027 A14 Vee 85 Vss 
M1 A26 P5 026 C5 Vee B11 Vss 
K3 A25 N6 025 C12 Vee B14 Vss 
L2 A24 P7 024 012 Vee C11 Vss 
L1 A23 N8 023 G2 Vee F2 Vss 
K2 A22 P9 022 G3 Vee F3 Vss 
K1 A21 N9 021 G12 Vee F14 Vss 
J1 A20 M9 020 G14 Vee J2 Vss 
H3 A19 P10 019 L12 Vee J3 Vss 
H2 A18 P11 018 M3 Vee J12 Vss 
H1 A17 N10 017 M7 Vee J13 Vss 
G1 A16 N11 016 M13 Vee M4 Vss 
F1 A15 M11 015 N4 Vee M8 Vss 
E1 A14 P12 014 N7 Vee M10 Vss 
E2 A13 P13 013 P2 Vee N3 Vss 
E3 A12 N12 012 P8 Vee P6 Vss 
01 A11 N13 011 P14 Vss 
02 A10 M12 010 
03 A9 N14 09 F12 CLK2 A4 N.C. 
C1 A8 L13 08 B4 N.C. 
C2 A7 K12 07 E14 AOS# B6 N.C. 
C3 A6 L14' 06 B12 N.C. 
B2 A5 K13 05 B10 W/R# C6 N.C. 
B3 A4 K14 04 A11 O/C# C7 N.C. 
A3 A3 J14 03 A12 M/IO# E13 N.C. 
C4 A2 H14 02 C10 LOCK# F13 N.C. 
A13 BE3# H13 01 
B13 BE2# H12 DO 013 NA# C8 PEREQ 
C13 BE1# C14 BS16# B9 BUSY# 
E12 BEO# G13 REAOY# A8 ERROR# 

014 HOLD 
C9 RESET M14 HLOA B7 INTR B8 NMI 
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LIN #1 POSITION 

·@@@@@@'I@@@@@@@ 
2 @@@@@@@@@@@@@@ 
3 @@(i)@@@@'@@@@(i)@@ 
4 @@@ @@@ 
5 @@@ , @@@ 
6 @@@ I @@@ 

7 @@@ + @@@ 
8 -@@@ -- -- @@@ 

9 @@@ I @@@ 
10 @@@ @@@ 
11 @@@ @@@ 
12 @@~@@@@,@@@@ @@ 
13 @@@@@@@I@@@@@@@ 
14 @@@@@@@,@@@@@@@ 

C D E F G H J K L M N P Ii 
.020(0.508) .020 -
MIN TYP (0.508) 
.070 (1.777) DIA 
TYP BRAZE PAD 

1------1.450(36.802) • 

.725 (18.401) 

.650 (16.497) 

.550 (13.959) 

.450 (11.421) 

.350 (8.883) 

.250 (6.345) 

.150 (3.807) 

.050 (1.269) 
o 

SWEDGE PIN 
STANDOFF 
(4) PLACES 

.001 (0.025) R 
MIN TYP 

.018(0.47) 1 
DIA TYP - c::::~tIi' 

.165(4'189~1 ~ 
.110(2~ 

231630-35 

Figure 6-3. 132-Pln Ceramic PGA Package Dimensions 

6.3 Package Dimensions and 
Mounting 

The initial 80386 package 'is a 132-pin ceramic pin 
grid array (PGA). Pins of this package are arranged 
0.100 inch (2.S4mm) center-to-center, in a 14 x 14 
matrix, three rows around. 
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A wide variety of available sockets allow low inser
tion force or zero insertion force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Table 6-2. 
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SPECIFICATION 

80386 

to determine whether the 80386 is within specified 
operating range. 

The 80386 is specified for operation when case tem
perature is within the range of 0·C-8S·C. The case 
temperature may be measured in any environment, 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 6-4. 

231630-36 

Figure 6-4. Measuring 80386 PGA Case Temperature 

Table 6-2. Several Socket Options for 132-Pln PGA 

• Low insertion force (UF) soldertall 
55274·1 

• Amp tests Indicate 50% reduction In insertion 
force compared to machined sockets 

Othar socket options 
• Zero insertion force (ZIF) soldertail 

55583-1 
• Zero Insertion force (ZIF) Burn-in version 

55573-2 

Amp Incorporated 
(Harrisburg, PA 17105 U.S.A. 
Phone 717-564-0100) 

231630-45 
Cam handle locks in low profile position when substrate IS installed (handle UP for 
open and DOWN for closed positions) 

courtesy Amp Incorporated 
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Table 6-2. Several Socket Options for 132-Pln PGA (Continued) 

Peel·A·WayTM Mylar and Kapton 
Socket Terminal Carriers 

o Low insertion force surface mount 
CSI32-37TG 

o Low insertion force soldertail 
CSI32-0HG 

o Low insertion force wire-wrap 
CS132-02TG (two level) 
CS132-03TG (three-level) 

• Low insertion force press-fit 
CS132-05TG 

Advanced Interconnections 
(5 Division Street 
Warwick, RI 02818 U.S.A. 
Phone 401-885-0485) 

o Low insertion force socket soldertail 
(for production use) 
2XX-6576-00-3308 (new style) 
2XX-6003-00-3302 (older style) 

• Zero insertion force soldertail 
(for test and burn-in use) 
2XX-6568-00-3302 

Textool Products 

Peel-A-Way Carrier No. 132: 
Kapton Carrier is KS 132 
Mylar Carrier is MS132 

Molded Plastic Body KS132 
is shown below: 

FOOT PRINT NO. 111 

14. 14x:tROWI 

231630-46 

IOLDlEftTAlL-01 LOWPROfllLE-04 I PRI" FIT .OS 

R B. r ~ :1ii :iii' .1. 

~ --+ 
AlI. ." 

..1 ~DlA, ~ ~~~DIA. ~A. 

........ !!t!i::. 
WIREWRAP-otIo03 SOLDER TAIL·33 SURFACE MOUNTtNG·37 

PlEL.oA·WAY 

I! 
H fl .1M 

,. ... 
~ ~ ILIVIL ..L!!. 

.1!:!!..oa J ... ILlYIL 
.iTo I-~ .... 

courtesy Advanced Interconnections 
(Peel-A-Way Terminal Carriers 

U.S. Patent No. 4442938) 

e e--------e e 0 

Ti-------~ ~ ru 
:: II ~ 
II : : 
:: !!~ 
II ' 'V CJ 

• ~-------l ~ i>_-------ee 

I 

231630-47 

Electronic Products Dlvislon/3M 
(1410 West Pioneer Drive 
Irving, Texas 75601 U.S.A. 
Phone 214-259-2676) I UI 1.. _______ 1 I ~ 

courtesy TeXiool Products/3M 

Table 6-3. 80386 PGA Package Thermal Characteristics 

Thermal Resistance - 'C/Wall 

Airflow -It.lmln (m/sec) 

Parameter 0 50 100 200 400 600 800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 

o Junction-to-Case 2 2 2 2 2 2 2 
8J pin ("'\ (case measured 

as Fig. 6-4) 

o Case-to-Ambient 19 18 17 15 12 10 9 I (no heatsink) 

UUlJ o Case-to-Amblent 16 15 14 12 9 7 6 
(with omnidirectional 
heatsink) 

9 Case-to-Ambient 15 14 13 11 8 6 5 
(with unidirectional 
heatsink) 

NOTES: 
1. Table 6-3 applies to 80386 PGA plugged 3. OJ-CAP = 4'C/w (approx.) 
into socket or soldered directly into board. OJ-PIN = 4'C/w (inner pins) (approx.) 
2. OJf>i = OJC + OCA. OJ-PIN = 8'C/w (outer pins) (approx.) 
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Ii. 
I 

8Ja 

8Jc 

231630-48 

8J cap I 
UUU 

231630-72 
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7. ELECTRICAL DATA 

7.1 INTRODUCTION 

The following sections describe recommended elec
trical connections for the 80386, and its electrical 
specifications. 

7.2 POWER AND GROUNDING 

7.2.1 Power Connections 

The 80386 is implemented in CHMOS III technology 
and has modest power requirements. However, its 
high clock frequency and 72 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 20 Vee and 21 Vss pins separate
ly feed functional units of the 80386. 

Power and ground connections must be made to all 
external Vee and GND pins of the 80386. On the 
circuit board, all Vee pins must be connected on a 
Vee plane. All Vss pins must be likewise connected 
on a GND plane. 

7.2.2 Power Decoupling 
Recommendations 

Liberal decoupling capacitance should be placed 
near the 80386. The 80386 driving its 32-bit parallel 
address and data buses at high frequencies can 
cause transient power surges, particularly when driv
ing large capacitive loads. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance can be reduced by shortening 
circuit board traces between the 80386 and decou-

piing capacitors as much as possible. Capacitors 
specifically for PGA packages are also commercially 
available, for the lowest possible inductance. 

7.2.3 Resistor Recommendations 

The ERROR # and BUSY # inputs have resistor pull
ups of approximately 20 Kn built-in to the 80386 to 
keep these signals negated when neither 80287 or 
80387 are present in the system (or temporarily re
moved from its socket). The BS16# input also has 
an internal pullup resistor of approximately 20 Kn, 
and the PEREa input has an internal pulldown resis
tor of approximately 20 Kn. 

In typical designs, the external pullup resistors 
shown in Table 7-1 are recommended. However, a 
particular design may have reason to adjust the re
sistor values recommended here, or alter the use of 
pullup resistors in other ways. 

7.2.4 Other Connection 
Recommendations 

For reliable operation, always connect unused in
puts to an appropriate signal level. N.C. pins should 
always remain unconnected. 

Particularly when not using interrupts or bus hold, 
(as when first ptototyping, perhaps) prevent any 
chance of spurious activity by connecting these as
sociated inputs to GND: 

Pin Signal 

B7 INTR 
B8 NMI 
D14 HOLD 

If not using address pipelining, pull up D13 NA# to 
Vee· 

If not using 16-bit bus size, pullup C14 BS16# to 
Vee· 

Pullups in the range of 20 Kn are recommended. 

Table 7·1. Recommended Resistor Pullups to Vee 

Pin and Signal Pullup Value Purpose 

E14 ADS# 20 Kn ±10% Lightly Pull ADS # Negated 
During 80386 Hold Acknowledge 
States 

C10 LOCK# 20 Kn ± 10% Lightly Pull LOCK # Negated 
During 80386 Hold Acknowledge 
States 
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7.3 MAXIMUM RATINGS 

Table 7-2. Maximum Ratings 

80386-16 
Parameter 80386,20 

Maximum Rating 

Storage Temperature - 65'C to + 150'C 
Case Temperature Under Bias -65'C to + 110'C 
Supply Voltage with Respect to Vss -0.5Vto +6.5V 

80386 

Table 7-2 is a stress rating only, and functional oper
ation at the maximums is not guaranteed. Functional 
operating conditions are given in 7.4 D.C. Specifica
tions and 7.5 A.C. Specifications. 

Extended exposure to the Maximum Ratings may af
fect device reliability. Furthermore, although the 
80386 contains protective circuitry to resist damage 
from static electric discharge, always take precau
tions to avoid high static voltages or electric fields. 

Voltage on Other Pins -0.5V to Vee + 0.5V 

7.4 D.C. SPECIFICATIONS 
Functional Operating Range: Vcc = 5V ± 5%; T CASE = O'C to 85°C 

Table 7-3. 80386-20, 80386-16, D.C. Characteristics 

Symbol Parameter 

Input Low Voltage 

Input High Voltage 

CLK2 Input Low Voltage 

CLK2 Input High Voltage 

VOL Output Low Voltage 

III 

IIH 

III 

ILO 

ICC 

CIN 

COUT 

CClK 

NOTES: 

IOl = 4 mA: A2-A31, 00-
IOl = 5 mA: BEO#-BE3#, 

D/C#, M/IO#, 

Output High Voltage 
IOH = -1 mA: 
IOH = -0.9 mA: B 

Of 

Output 

Supply t 

AD 

CLK2 = 32 MHz: with 80386-16 
CLK2 = 40 MHz: with 80386-20 

Input Capacitance 

Output or 1/0 Capacitance 

CLK2 Capacitance 

1. The min value, -0.3, is not 100% tested. 
2. PEREO input has an internal pulldown resistor. 

80386-20 80386-20 
80386-16 80386-16 

Min Max 

±15 

200 

-400 

±15 

460 
550 

10 

12 

20 

3. BS16#, BUSY# and ERROR# inputs each have an internal pullup resistor. 
4. Not 100% tested. 
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V 
V 

p.A 

p.A 

p.A 

p.A 

mA 
mA 

pF 

pF 

pF 

Notes 

Note 1 

Note 1 

OV s VIN S VCC 

VIH = 2.4V (Note 2) 

Vil = 0.45V (Note 3) 

0.45V s VOUT S Vcc 

Icc typo = 370 mA 
Icc typo = 460 mA 

Fc = 1 MHz (Note 4) 

Fc = 1 MHz (Note 4) 

Fc = 1 MHz (Note 4) 
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7.5 A.C. SPECIFICATIONS 

7.5.1 A.C. Spec Definitions 

The AC. specifications, given in Tables 7-4 and 7-5, 
consist of output delays, input setup requirements 
and input hold requirements. All AC. specifications 
are relative to the CLK2 rising edge crossing the 
2.0V level. 

AC. spec measurement is defined by Figure 7-1. In
puts must be driven to the voltage levels indicated 
by Figure 7-1 when AC. specifications are mea
sured. 80386 output delays are specified with mini
mum and maximum limits, measured as shown. The 

minimum 80386 delay times are hold times provided 
to external circuitry. 80386 input setup and hold 
times are specified as minimums, defining the small
est acceptable sampling window. Within the sam
pling window, a synchronous input signal must be 
stable for correct 80386 operation. 

Outputs NA#, W/R#, O/C#, M/IO#, LOCK#, 
8EO#-8E3#, A2-A31 and HLOA only change at 
the beginning of phase one. 00-031 (write cycles) 
only change at the beginning of phase two. The 
READY #, HOLD, BUSY #, ERROR #, PEREa and 
00-031 (read cycles) inputs are sampled at the be
ginning of phase one. The NA#, 8516#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. ' 

Tx 

CLK2 [J~~~~~:~;=:t2_V __ 
OUTPUTS 

(A2-A31. D/C#. BEO#-BE3#. [ 

'-___ -'l 2V 

ADS#.M/IO#. W/R#. LOCK#. HLDA) -¥,lj~""'_.IWOI""~~=::J~~~~~:~~~~L~~ 
OUTPUTS [ VALID OUTPUT n 1.5V 1.5V VALID OUTPUT n+l 

(00-031) 

INPUTS 
(NA#. BSI6#. [ 

INTR. NMI) 
3.0V ~\\\\\~VALI~I'~PUT~\\\\\1 

ov I 

INPUTS 
(READY#. HOLD. BUSY#. [ 

ERROR#. PER EO. 00-031) 

3.0V ~~~~IJW.~~~~~-m~~~ 

NOTES: 

LEGEND: 
@-MAXIMUM OUTPUT DELAY SPEC. 

@- MINIMUM OUTPUT DELAY SPEC. 

© - MINIMUM INPUT SETUP SPEC. 

@-MINIMUM INPUT HOLD SPEC. 

1. Input waveforms have tr ,;; 2.0 ns from O.BV to 2.0V. 
2. See section 7.5.6 for typical output rise time versus load capacitance. 

OV~""~~--~---~~""~ 

231630-37 

Figure 7-1. Drive Levels and Measurement Points for A.C. Specifications 
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7.5.2 .A.C. Specification Tables, 

Functional Operating Range: Vee = 5V ±5%; TeASE = O°C to 85°C 

. Table 7·4. 80386-20 A.C. Characteristics 

Symbol Parameter 
80386-20 

Unit Ref. Notes 
Min Max Fig. 

Operating Frequency 4 20 MHz Half ofCLK2 
Frequency 

t1 CLK2 Period 25 125 ns 7-3 

t2a CLK2 High Time 8 ns 7-3 at2V 

t2b CLK2 High Time 5 ns 7-3 at (Vee - 0.8V) 

t3a CLK2 Low Time 8 ns 7-3 at2V 

t3b CLK2 Low Time 6 ns 7-3 atO.8V 

~ CLK2 Fall Time 8 ns 7-3 (Vee - 0.8V) to 0.8V 

t5 CLK2 Rise Time 8 ns 7-3 ~to(vee - 0.8V) 

ts A2-A31 Valid Delay 4 30 .ns 7-5" :. L=120pF 

t7 A2-A31 Float Delay 4 32 ~. ns , (Note 1) 

ta BEO#-BE3#, LOCK# 4 3Q; ns CL = 75 pF 
Valid Delay 

t9 BEO#-BE3#, LOCK# 4 7-6 (Note 1) 
Float Delay m~;~ 

t10 W/R#, M/IO#, D/C#, 

~ -;j'; 
~';7-5 CL = 75pF 

ADS# Valid Delay 

tll W/R"MIIO~ ~!'~"6 .~~ , 7-6 (Note 1) 
ADS # Float Delay , yf/ t:;;;/4 

t12 DO-D31 Write • 4 " • t· ns 7-5 CL = 120 pF 
Valid Delay ,;?!;~ 

t13 00-031 "/Oat'ilel,y J:'4 ,-- !::~'7!;'i27 ns 7-6 (Note 1) 

t14 
HLOA V,'W D~:Jf1~i"'" ;t 28 ns 7-6 CL = 75pF 

t15 NA# Setup Ti ; ~\. ns 7-4 

t1S NA# Hold Tim 14 ns 7-4 

t17 BS16#. e 13 ns 7-4 

t18 BS~¥~6Pfti Time 21 ns 7-4 

t19 RE~Y# Setup Time 12 ns 7-4 

t20 READY # Hold Time 4 ns 7-4 

t21 DO-D31 Read 11 ns 7-4 
Setup Time 

t22 DO-D31 Read 6 ns 7-4 
Hold Time 

t23 HOLD Setup Time 17 ns 7-4 

t24 HOLD Hold Time 5 ns 7-4 

t25 RESET Setup Time 12 ns 7-7 
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7.5.2 A.C. Specification Tables (Continued) 
Functional Operating Range: Vee = 5V ±5%; TCASE = O·C to 85·C 

Table 7·4. 80386·20 A.C. Characteristics (Continued) 

Symbol Parameter 
80386·20 

Unit Ref. Notes 
Min Max Fig. 

t26 RESET Hold Time 4 ns 7-7 

t27 NMI, INTR Setup Time 16 ns 7-4 (Note 2) 

t2S NMI, INTR Hold Time 16 ns 7-4 (Note 2) 

t29 PEREO,ERROR#,BUSY# 14 ns 7-4 (Note 2) 
Setup Time 

t30 PER EO, ERROR #, BUSY # 5 ns 7-4 (Note 2) 
Hold Time 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 

Table 7·5. 80386·16 A.C. Characteristics 

Symbol Parameter 
80386·16 

Unit Ref. Notes 
Min Max Fig. 

Operating Frequency 4 16 MHz 
uency 

t1 CLK2 Period 31 125 

t2a CLK2 High Time 9 

t2b CLK2 High Time at (Vcc - 0.8V) 

t3a CLK2 Low Time at2V 

t3b CLK2 Low Time atO.8V 

t4 CLK2 Fall Time (Vcc - 0.8V) to 0.8V 

t5 CLK2 Rise Time 0.8V to (VCC - 0.8V) 

t6 A2-A31 Valid Delay 7-5 CL = 120 pF 

t7 A2-A31 Float D 7-6 (Note 1) 

ts BEO#-BE3# 7-5 CL = 75pF 

t9 ns 7-6 (Note 1) 

t10 33 ns 7-5 CL = 75 pF 

t11 35 ns 7-6 (Note 1) 

t12 DO- 4 48 ns 7-5 CL = 120pF 
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7.5.2 A.C. Specification Tables 
Functional Operating Range: Vcc = 5V ±5%; TCASE = O°C to 85°C (Continued) 

Table 7-5. 80386-16 A.C. Characteristics (Continued) 

Symbol Parameter 
80386-20 

Unit Ref. Notes 
Min Max Fig. 

t13 00-031 Float Oelay 4 35 ns 7-6 (Note 1) 

t14 HLOA Valid Oelay 6 33 ns CL = 75 pF 

t15 NA # Setup Time 11 

t16 NA # Hold Time 14 

t17 BS 16 # Setup Time 

t18 BS16# Hold Time 7-4 

t19 REAOY # Setup Time 7-4 

t20 REAOY # Hold Time 7-4 

t21 00-031 Read 7-4 
Setup Time 

t22 00-031 Read 7-4 
Hold Time 

t23 HOLO Setup T' ns 7-4 

t24 ns 7-4 

t25 ns 7-7 

t26 ns 7-7 

t27 16 ns 7-4 (Note 2) 

t28 16 ns 7-4 (Note 2) 

t29 16 ns 7-4 (Note 2) 

t30 P 5 ns 7-4 (Note 2) 

NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 

, tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 
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7.5.3 A.C. Test Loads 

80386 
OUTPUT~ 

~CL 

CL = 120 pF on A2-A31. 00-031 

231630-38 

CL = 75 pF on BEO*-BE3*. W/R*. M/IO*. O/C*. ADS*. 
LOCK#. HLOA 
CL includes all parasitic capacitances. 

Figure 7·2. A.C. Test Load 

TliC 
.2 

CLK2 [ 

READY# [ 

HOLD [ 

00-031 [ 
(INPUT) 

BU5Y#. [ 
ERROR# 

PEREQ 

NA# [ 

B516# [ 

INTR. [ 
Nt.l1 

80386 

7.5.4 A.C. Timing Waveforms 

Figure 7·3. CLK2 Timing 

Tx Tx 

231630-40 

Figure 7-4. Input Setup and Hold Timing 
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CLK2 [ 

8EO#-8E3#. 
LOCK'; [ 

W/R#.M/IO#. 
D/C# •. ADS# 

42-A31 [ 

DO-D31 [ 
(OUTPUT) 

HLDA [ 

80386 

Tx 

231630-41 

Figure 7-5. Output Valid Delay Timing 

7.5.5 Typical Output Valid Delay Versus Load Capacitance at Maximum Operating 
Temperature 

nom+6 

'OJ' nom +3 
.s. 
~ 
!!:l nom 

0 :::; 
~ nom-3 ... 
~ 
0 nom-6 

nom-9 '----'---'----'----' 
50 75 100 125 15D 

CL (picofarads) 
231630-77 

NOTE: 
This graph will not be linear outside of the CL range shown. 
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7.5.6 Typical Output Rise Time Versus Load Capacitance at Maximum Operating 
Temperature 

B 

~ 
'" 6 I 
> 
"! 
0 
';;' 4 
-5. ... 
::E 
i= 2 ... 
III 
iii: 

B~--~----~--~--~ 
50 75 100 125 150 

CL (picofarads) 
231630-78 

NOTE: 
This graph will not be linear outside of the CL range shown. 

CLK2 [ 

8EO#-8E3#. [ LOCK# 

W/R#.tI./IO#. [ D/C#.ADS# 

A2-A31 [ 

DO-D31 [ 

HLDA [ 

Th TI OR Tl 

.-;~-.,.:::::::...-~tI.:~IGH~~ ~ 'tl~ - - - 'tAX 

@ALSO APPLIES TO DATA FLOAT WHEN WRITE 
CYCLE IS FOLLOWED BY READ OR IDLE 

Figure 7-6. Output Float Delay and HLDA Valid Delay Timing 

-RESET-I~'---

CLK2 [ 

RESET [ 

231630-43 
The second internal processor phase following RESET high-to-Iow transition (provided t25 and t26 are met) is <1>2. 

Figure 7-7. RESET Setup and H61d Timing, and Internal Phase 
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7.6 DESIGNING FOR ICE-386 USE 

The 80386 in-circuit emulator product is ICE-386. 
Because of the high operating frequency of 80386 
systems and ICE-386, there is no cable separating 
the ICE-386 probe module from the target system. 
The ICE-386 probe module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the hardware. 

Capacitive loading: ICE-386 adds up to 25 pF to 
each line. 

Drive requirement: ICE-386 adds one standard 
TTL load on the CLK2 line, up to one advanced low
power Schottky TTL load per control signal line, and 
one advanced low-power Schottky TTL load per ad
dress, byte enable, and data line. These loads are 
within the probe module and are driven by the 
probe's 80386, which has standard drive and load
ing capability listed in Tables 7-3 and 7-4. 

Power requirement: For noise immunity the ICE-
386 probe is powered by the user system. The high
speed probe circuitry draws up to 0.7 A plus the max
imum 80386 Icc from the user 80386 socket. 

80386 location and.orlentation: The ICE-386 Proc-· 
essor Module (PM), and the Optional Isolation Board 
(OIB) used for extra electrical buffering of the 

I 
0 

3.80 

L 0 

ICE initially, require clearance as illustrated in Fig
ures 7-8 and 7-9, respectively. Figures 7-8 and 7-9 
also illustrate the via holes in these modules for rec
ommended orientation of a screw-actuated ZIF 
socket. Figure 7-10 illustrates the recommended ori
entation for a Jever-actuated ZIF socket. 

READY # drive: The ICE-386 system may be able 
to clear a user system READY # hang if the user's 
READY # driver is implemented with an open-collec
tor or tri-state device. 

Optional Interface Board (OIB) and CLK2 speed 
reduction: When the ICE-386 processor probe is 
first attached to an unverified user system, the OIB 
helps ICE-386 function in user systems with bus 
faults (shorted signals, etc.). After electrical verifica
tion it may be removed. Only when the OIB is in
stalled, the user system must have a reduced CLK2 
frequency of 16 MHz maximum. 

Cache coherence: ICE-386 loads user memory by 
performing 80386 write cycles. Note that if the user 
system is not designed to update or invalidate its 
cache (if it has a cache) upon processor writes to 
memory, the cache could contain stale instruction 
code and/or data. For best use of ICE-386, the user 
should consider designing the cache (if any) to up
date itself automatically when processor writes oc
cur, or find another method of maintaining cache 
data coherence with main user memory. 

t + r2 
00 

t • PIN 1 !1 

/ 
~ 

~.187 ---.. 
-+ ~15 

.80 
2PL 

231630-75 

Figure 7-8. ICE-386 Processor Module Clearance Requirements (Inches) 
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• 5.100 

0 0 

3 .800 

PIN 1 

II Do 
1 p. 0 0 

.150-1 -

• 

0 0 

~oD 
PIN 1 

0 ~ 

- .150"!': 
.80 ~ 

,.200 

2.380 

11 

0.188 
2PL 

231630-76 

Figure 7-9. ICE-386 Optional Interface Module Clearance Requirements (inches) 

COMPONENT SIDE 
PROCESSOR MODULE 

PIN 1 

-~ 

~ It= ___ _ 

o 

LEVER OF ZlF SOCKET 

231630-74 

Figure 7-10. Recommended Orientation of Lever-Actuated ZIF Socket for ICE-386 Use 
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8. INSTRUCTION SET 

This section describes the 80386 instruction set. A 
table lists all instructions along with instruction en
coding diagrams and clock counts. Further details of 
the instruction encoding are then provided in the fol
lowing sections, which completely describe the en
coding structure and the definition of all fields occur
ring within 80386 instructions. 

8.1 80386 INSTRUCTION ENCODING 
AND CLOCK COUNT SUMMARY 

To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8-1 
below, by the processor clock period (e.g. 62.5 ns 
for an 80386-16 operating at 16 MHz (32 MHz CLK2 
signal) and 50 ns for an 80386-20). 

For more detailed information on the encodings of 
instructions refer to section 8.2 Instruction Encod
ings. Section 8.2 explains the general structure of 
instruction encodings, and defines exactly the en
codings of all fields contained within the instruction. 

Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded,. 
and is ready for execution. 

2. Bus cycles do not require wait states. 

3. There are no local bus HOLD requests delaying 
processor access to the bus. 

4. No exceptions are detected during instruction ex
ecution. 

5. If an effective address is calculated, it does not 
use two general register components. One regis
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 

Instruction Clock Count Notation 

1. If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a mem
ory operand. 

2. n = number of times repeated. 

3. m = number of components in the next instruc
tion executed, where the entire displacement (if 
any) counts as one component, the entire imme
diate data (if any) counts as one component, and 
each of the other bytes of the instruction and pre
fix(es) each count as one component. 
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Table 8-1. 80386 Instruction Set Clock Count Summary 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Add .... Protected Addre .. Protacted 

Modo or Virtual Mode or Virtual 
Virtual Add .. ss Virtual Addre .. 
8086 Mode 8088 Mode 
Mode Mode 

GENERAL DATA TRANSFER 
MOV = Move: 

Register to Register IMemory I 1000100w I mod reg r/ml_ 2/2 2/2 b h 

ReglsterlMemory to Register 1000101w I mod reg rIm I 2/4 2/4 b h 

Immediate to ReglsterlMemory 1100011 w Imoqooo rIm I Immediate data 2/2 2/2 b h 

,Immediate to Register (short form) 1011 w reg immediate data 2 2 

Memory to Accumulator (short form) 1010000w full displacement 4 4 b h 

Accumulator to Memory (short form) 1010001w full displacement 2 2 b h 

Register Memory to Segment Register 10001110 modsreg3 r/ml 2/5 18/19 b h, i,j 

Segment Register to Register IMemory 10001100 mod sreg3 rIm I 2/2 2/2 b h 

MOVSX = Move With Sign Extension 

Register From Reglster/Memory I 00001111 I 1011111 w I mod reg rIm I 3/6 3/6 b h 

MOVZX = Move With Zero Extension 

Register From Register/Memory OOOOtlll 1011011w I mod reg rIm I 3/6 3/6 b h 

PUSH = Push: 

Reglster/Memory 11,111111 mod 11 0 rIm I 5 5 b h 

Register (short form) 01010 reg 2 2 b h 

Segment Register (ES, ~S, SS or OS) 000sreg2110 2 2 b h 

Segment Register (FS or GS) 
00001111 10sreg3000 I 2 2 b h 

Immediate 011010s0 Immediate data 2 2 b h 

PUSHA = Push All 01100000 18 18 b h 

POP = Pop 

RegisterlMemory I 10001111 I modOOO rIm I 5 5 b h 

Register (short form) 101011 reg I 4 4 b h 

Segment Register (ES, SS or OS) 
1000Sreg21111 7 21 b h, i,j 

Segment Register (FS or GS) I 00001111 I 10sreg3001 I 7 21 b h, i,j 

POPA = Pop All I 01100001 I 24 24 b h 

XCHG = Exchange 

ReglsterlMemory With Register I 1000011w I mod reg rIm I 3/5 3/5 b,f f, h 

Register With Accumulator (short form) 110010 reg I ClkCount 3 3 

IN = Input from: 
Virtual 

8086 Mode 

Fixed Port I 1110010wl port number t26 12 6·/26" m 

Variable Port I 1110110w I t27 13 7·/27" m 

OUT = Output to: 

Fixed Port I 1110011w I port number t24 10 4*/24" m 

Variable Port I 1110111w I t25 11 5·/25·· m 

LEA = Load EA to Register I 10001101 I mod reg rIm I 2 2 

• If CPL ,;; IOPL •• If CPL > IOPL 
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Table 8·1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre •• Protected Addre •• Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre •• Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

SEGMENT CONTROL 

LOS ~ Load Pointer to OS 1 110001COI mod reg rIm 7 22 b h, i,j 

1 
1 

LES ~ Load Pointer to ES 11000100 mod reg rIm 7 22 b h,I,'j 

LFS ~ Load Pointer to FS 1 00001111 10110100 mod reg rIm I 7 25 b h, i,j 

LGS ~ Load Pointer to GS 1 00001111 10110101 mod reg rIm I 7 25 b h, i,j 

LSS ~ Load Pointer to SS I 00001111 10110010 mod reg rIm I 7 22 b h, i, j 

FLAG CONTROL 

CLC ~ Clear Carry Flag 11111000 I 2 2 

CLD ~ Clear Direction Flag 11111100 I 2 2 

CLI ~ Clear Interrupt Enable Flag 11111010 I 8 8 m 

CL TS ~ Clear Ta.k Switched Flag 00001111 I 00000110 I 5 5 c I 

CMC ~ Complement Carry Flag 11110101 I 2 2 

LAHF ~ Load AH Into Flag 1 10011111 I 2 2 

POPF ~ Pop Flag. 1 10011101 I 5 5 b h, n 

PUSHF ~ Push Flags I 10011100 I 4 4 b h 

SAHF ~ Store AH Into Flags I 10011110 I 3 3 

STC ~ Sat Carry Flag I 11111001 I 2 2 

STD ~ Set Direction Flag 1 11111001 I 2 2 

STI =' Sat Interrupt Enable Flag 1 11111011 I 8 8 m 

ARITHMETIC 
ADD ~ Add 

Register to Register 1 OOOOOOdw I mod reg rIm I 2 2 

Register to Memory 1 OOOOOOOw I mod reg rIm I 7 7 b h 

Memory to Register 1 0000001w I mod reg rIm I 6 6 b h 

Immediate to RegisterlMemory I 10.o000sw I modOOO rIm I immediate data 217 217 b h 

Immediate to Accumulator (short form) 1 0000010w I immediate data 2 2 

ADC ~ Add With Carry 

Register to Register 1 000100dw mod reg rIm I 2 2 

Register to Memory 1 0001000w mod reg rIm I 7 7 b h 

Memory to Register 1 0001001w mod reg rIm I 6 6 b h 

Immediate to f1egister IMemory I 100000sw modOl0 rIm I immediate data 217 217 b h 

Immediate to Accumulator (short form) I 0001010w immediate data 2 2 

INC = Increment 

RegisterlMemory I lllllllw I modOOO rIm I ,2/6 2/6 b h 

Register (short form) 101000 reg I 2 2 

SUB ~ Subtract 

Register from Register 1 001010dw I mod reg rIm I 2 2 
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Table 8-1. 80386 Instruction Set Clock Count SummaryjContinuedJ 
CLOCK COUNT NOTES 

Real Real 
, INSTRUCTION FORMAT Addres. Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre.s Virtual Addre •• 
8086 Mode 8086 Mode 
Mode Mode 

ARITHMETIC (Continued) 

Register from Memory 100101 OOw I mod reg r/mi 7 7 b h 

Memory from Register I 0010101w I mod reg r/mi 6 6 b h 

Immediate from Register IMemory 1100000sw Imodl0l r/mllmmediate data 217 2/7 b h 

Immediate from Accumulator (short form) 10010110wl immediate data 2 2 

SBB ~ Subtract with Borrow 

Register from Register 00011 Odw I mod reg r/ml 2 2 

Register from Memory 00011 OOw ImOdreg r/ml 7 7 b h 

Memory from Register 0001101 w ImOdreg r/ml 6 6 b h 

Immediate from Register/Memory 1 OOOOOsw ImodO 11 r/ml immediate data 217 217 b h 

Immediate from Accumulator (short form) 0001110wl immediate data 2 2 

DEC ~ Decrement 

Register/Memory I lllllllWlregOOI r/ml 2/6 2/6 b h 

Register (short form) 101001 regl 2 2 

CMP ~ Compare 

Register with Register I 001110 d w I mod reg r/ml 2 2 

Memory with Register 100111 OOw I mod reg r/ml 5 5 b h 

Register with Memory I 0011101w I mod reg r/ml 6 6 b h 

Immediate with Register/Memory 11 OOOOOsw I mod 1 t 1 r/ml immediate data 2/5 2/5 b h 

Immediate with Accumulator (short form) 1001111 Ow I immediate data 2 2 

NEG ~ Change Sign I 1111011 w I mod 011 r/ml 2/6 2/6 b h 

AAA ~ ASCII Ad)ust lor Add I 00110111 I 4 4 

AAS ~ ASCII Ad)ust lor Subtract I 00111111 I 4 4 

DAA ~ Decimal Ad)ust lor Add I 00100111 I 4 4 

DAS ~ Decimal Ad)ust for Subtract I 00101111 I 4 4 

MUL ~ Multiply (unsigned) 

Accumulator with Register/Memory I 1111011 w Imod 1 00 r/mi 
Multiplier-Byte ! 12-17/15-20 12-17/15-20 b,d d, h 

-Word 12-25/15-28 12-25/15-28 b,d d, h 
-Doubleword 12-41/15-44 12-41/15-44 b,d d, h 

IMUL ~ Integer Multiply (Signed) 

Accumulator with Register/Memory I 111 tOllw Imodl0l r/ml 
Multiplier-Byte 12-17/15-20 12-17/15-20 b,d d, h 

-Word 12-25/15-28 12-25/15-28 b,d d, h 
-Ooubleword 12-41/15-44 12-41/15-44 b,d d, h 

Register With Register/Memory I 00001111 I 10101111 ImOd reg r/ml 
Multiplier-Byte 12-17115-20 12-17/15-20 b,d d, h 

-Word 12-25/15-28 12-25/15-28 b, d d, h 
-Doubleword 12-41/15-44 12-41/15-44 b,d d, h 

Register/Memory with Immediate to Register I 011010 s 1 Imod reg r/mltmmediate data 

-Word 13-26/14-27 13-26/14-27 b, d d, h 
-Doubleword 13-42/14-43 13-42/14-43 b,d d, h 
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Table 8-1. 80386 Instruction Set Clock Count Summa~ (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addreaa Protected Addreaa Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

!ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 

Accumulator by Register IMemory 11 11 101 1 w Imod 1 1 0 rlml 

Divisor-Byte 14117 14/17 b,e e,h 
-Word 22/25 22/25 b,e e,h 
-Doubleword 38/41 38/41 b,e e,h 

IDIV = Integer Divide (Signed) 

Accumulator By Register IMemory 11111011 w Imod 111 r/ml 

Divisor-Byte 19/22 19/22 b,e e,h 
-Word 27/30 27/30 b,e e,h 
-Doubleword 43/46 43/46 b,e e,h 

AAD = ASCII Adjust lor Divide 111010101 100001010 I 19 19 

AAM = ASCII Adjust lor Multiply 111010100 I 00001010 I 17 17 

CBW = Convert Byte to Word 1100110001 3 3 

CWD = Convert Word to Double Word I 10011001 I 2 2 

LOGIC 

Shill Rotste Instructions 
Nol Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 

Register IMemory by 1 11101 OOOw ImodTTT r/ml 317 317 b h 

RegisterlMemory by CL 11101001 w ImodTTT r/ml 317 3/7 b h 

RegisterlMemory by Immediate Count 111 00000 w I mod TTT r/mlimmed 8·b~ data 317 3/7 b h 

hrough Carry (RCL and RCR) 

Register IMemory by 1 11101 OOOw ImodTTT r/ml 9110 9110 b h 

RegisterlMemory by CL 11101001W ImOdTTT r/ml 9110 9110 b h 

RegisterlMemory by Immediate Count 11 100000 w Imod TTT r/mllmmed 8·blt data 9110 9110 b h 

TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 

SHLD = Shift Lett Double 

Register IMemory by Immediate 100001111 110100100 Imodreg r/mlimmed B·blt data 317 317 

Register IMemory by CL I 00001 11 1 11 01 001 01 Imod reg r/ml 317 3/7 

SHRD = Shllt Right Double 

ReglsterlMemory by Immediate 100001111 110101100 Imodreg r/mlimmed B·bit data 317 317 

RegisterlMemory by CL I 00001 111 11 01011 01 Imod reg r/ml 317 3/7 

AND = And 

Register to Register 1001 OOOdw Imodreg rIm I 2 2 
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a e T bl 8 -1. 803861 nstructlon et oc S CI kC ount S ummarlf (C ontlnue d) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Address Protected Address Protected 

Mode or Virtual Mode or Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

LOGIC (Conlinued) 

Register to Memory I 001 OOOOw I mod reg r/ml 7 7 b h 

Memory to Register I 0010001w I mod reg r/ml 6 6 b h 

Immediate to Register/Memory I 1 OOOOOOw I mod 1 00 r/mllmmediatedata 217 2/7 b h 

Immediate to Accumulator (Short Form) I 001001 Ow I Immediate data 2 2 

TEST ~ And Function to Flags, No Result 

Register/Memory and Register I 100001 Ow I mod reg r/ml 2/5 2/5 b h 

Immediate Data and Register/Memory I 1111011w ImodOOO r/mllmmedlatedata 2/5 2/5 b h 

Immediate Data and Accumulator 
(Short Form) I 1 0 1 0 1 0 0 w I Immediate data 2 2 

OR ~Or 

Register to Register I 00001 Odw ImOdreg r/ml 2 2 

Register to Memory I 0000100w ImOdreg r/ml 7 7 b h 

Memory to Register I 0000101w I mod reg r/ml 6 6 b h 

Immediate 10 Register/Memory I 1000000w ImodOOl r / m I Immediate data 217 2/7 b h 

Immediate to Accumulator (Short Form) I 000011 Ow I Immediate data 2 2 

XOR ~ Exclusive Or 

Register to Register I 0011 OOdw ImOdreg r/ml 2 2 

Register to Memory 0011 OOOw I mod reg r/ml 7 7 b h 

Memory to Register 0011001w I mod reg r/ml 6 6 b h 

Immediate to Register/Memory 1 OOOOOOw Imodll 0 rIm I Immediate data 2/7 2/7 b h 

Immediate to Accumulator (Short Form) 001101 Ow I Immediate data 2 2 

NOT ~ Invert Reglster/Memory 1111011w ImodOl0 r/ml 2/6 2/6 b h 
Clk 

STRING MANIPULATION Count 
Virtual 

CMPS ~ Compare Byte Word I 1010011 w 8086 10 10 b ,h Mode 

INS - Input Byte/Word from DX Port I 0110110w I t29 15 9*/29"" b h,m 

LODS ~ Load Byte/Word to AL/ AX/EAX I 1010110w 5 5 b h 

MOVS ~ Move Byte Word I 1010010w 7 7 b h 

OUTS ~ Output Byte/Word to DX Port I 0110111 w I t28 14 8"'/28"" b h,m 

SCAS ~ Scan Byte Word I 1010111 wi 7 7 b h 

STOS ~ Store Byte/Word from 

AL/AX/EX I 1010101 wi 4 4 b h 

XLA T ~ Translate String I 11010111 I 5 5 h 

REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 

REPE CMPS ~ Compare String 

(Find Non-Match) I 11110011 I 1010011 wi 5+9n 5+9n b h 

• If CPL ~ IOPL •• If CPL > IOPL 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRIJCTION FORMAT Address Protected Address Protected 

Mode or Virtual Modeor Virtual 
Virtual Address Virtual Address 
8086 Mode 8086 Mode 
Mode Mode 

REPEATED STRING MANIPULATION (Continued) 

REPNE CMPS = Compare String ClkCount 

(Find Match) 11110010 I 1010011w 
Virtual 

5+9n 5+9n b h 80aaMode 

REP INS = Input String 1111001010110110W I t27+6n 13+6n 7+6n'/27+6n" b h,m 

REP LODS = Load String 11110010 I 1010110w 5+6n 5+6n b h 

REP MOVS = Move String 1111001011010010W 7+4n 7+4n b h 

REP OUTS = Output String 1111001010110111W I t26+5n 12+5n 6+5n'/26+5n" b h,m 

REPE SCAS = Scan String 

(Find Non·ALI AX/EAX) 11111001111010111wI 5+8n 5+8n b h 

REPNE SCAS = Scan String 

(Find ALI AX/EAX) 111110010 11010111 W I 5+8n 5+8n b h 

REP STOS = Store String 11111001011010101WI 5+5n 5+5n b h 

BIT MANIPULATION 

BSF = Scan Bit Forward I 000011 11 11 011 1 100 Imod reg r/ml 10+3n 10+3n b h 

BSR = Scan Bit Rever.e I 00001 111 11 011 11 01 Imod reg r/ml 10+3n 10+3n b h 

BT = Test Bit 

ReglsterlMemory, Immediate I 00001 111 11 011 1 01 0 Imod 1 00 r/mlimmed 8~bit datal 3/6 3/6 b h 

RegisterlMemory, Register 100001111 110100011 Imodreg r/ml 3/12 3/12 b h 

BTC = Test Bit and Complement 

Register/Memory, Immediate 100001111110111010lmodlll r/mlimmed 8~blt datal 6/8 6/8 b h 

ReglsterlMemory, Register I 00001111 11 0111 011 Imod reg r/ml 6/13 6/13 b h 

BTR = Test Bit and Reset 

RegisterlMemory, Immediate l 000011 1 1 11 0111 010 Imod 11 0 r/mlimmed8.bitdatal 6/8 6/8 b h 

RegisterlMemory, Register 1000011111101100111modreg r/ml 6/13 6/13 b h 

BTS = Test Bit and Set 

Register/Memory, Immediate I 00001111 I 1 0 1 11 010 ImOd 1 0 1 r/mhmmed 8-bitdatal 6/8 6/8 b h 

RegisterlMemory, Register 1000011111101010111modreg r/ml 6/13 6/13 b h 

CONTROL TRANSFER 

CALL = Call 

Direct Within Segment 11 1 1 0 1 0 0 0 I full displacement 7+m 7+m b r 

Register IMemory 

Indirect Wijhin Segment 1111111111modOl0 r/ml 7+ml 7+ml 
b h,r 10+m 10+m 

Direct Intersegment 11 0 0 1 1 0 1 0 IUnSigned full offset, selector 17+m 34+m b j,k,r 

Notes: 
t Clock count shown applies if 1/0 permission allows 110 to the port in virtual 8086 mode, If 110 bit map denies permission 
exception 13 fault occurs; refer to clock counts for I NT 3 instruction, 
• If CPL ,;;: 10PL •• If CPL > 10PL 
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Table 8-1. 80388lnatructlon Set Clock Count SUmmar" (Continued) 
CLOCK COUNT NOTES 
R_I R .. I 

INSTRUCTION FORMAT AcIcIreu Pro-.d AcId ..... Pro-.d 
_.or Virtual Mode or VlrIUlIl 
Virtual AcId,.. VIrtual Ad ... - M_ - Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 

Protected Mode Only (Direct Intarsegment) 

Via Call Gate to Same PrivIlege Level 52+m hJ,k,r 
Via Call Gate to Different PrivIlege Level, 

(No Parameters) 86+m hJ,k,r 
Voa Call Gate to Different PrivIlege Level, 

(x Parsmeters) 94+4x+m hJ,k,r 
From 286 Taak to 286 TSS 273 hJ,k,r 
From 286 Taak to 386 TSS 298 hJ,k,r 
From 286 Taak to Virtual 8086 Taak (386 TSS) 217 hJ,k,r 
From 386 Taak to 286 TSS 273 hJ,k,r 
From 386 Taak to 386 TSS 300 h,l,k,r 
From 386 Taak to Virtual 8086 Taak (386 TSS) 217 hJ,k,r 

Indirect Irrtersegment 111111111 ImodOll r/ml 22+m 38+m b hJ,k,r 

Protected Mode Only (Indirect Intereegment) 
Via Call Gete to Same Privttege Level 56+m h,l,k,r 
Via Call Gate to DiIIerent PrivIlege Level, 

(No Parameters) 9O+m hJ,k,r 
Via Call Gate to DIfferent Privttege Level, 

(x Parameters) 86+4x+m hJ,k,r 
From 286 Taak to 286 TSS 278 hJ,k,r 
From 286 Taak to 386 TSS 303 h,l,k,r 
From 286 Taak to Virtual 9086 Taak (386 TSS) 221 hJ,k,r 
From 386 Taak to 286 TSS 278 h,l,k,r 
From 386 Taak to 386 TSS 305 hJ,k,r 
From 386 Taak to Vlrtual8086 Task (386 TSS) 221 h,i,k,r 

JMP - Uncanclltlonlll Jump 

Short 111101001 Ie-bit dlaplacementl 7+m 7+m r 

Direct within Segment 111101001 I full displacement 7+m 7+m r 

RegisterlMemory Indirect within Segment 11 11 1111 1 I mod 1 00 rim I 7+ml 7+ml b h,r 10+m 10+m 

Direct Irrtersegment 11 1 1 0 1 0 1 0 I unsigned full offaet, selector 12+m 27+m I,k,r 

Protected Mode Only (Direct Intarsegment) 
Via Call Gate to Same Privilege Level 45+m h,l,k,r 
From 286 Taak to 286 TSS 274 hJ,k,r 
From 286 Taak to 366 TSS 301 h,i,k,r 
From 286 Taak to Virtual 8086 Taak (386 TSS) 218 hJ,k,r 
From 386 Taak to 286 TSS 270 h,l,k,r 
From 366 Taak to 386 TSS 303 hJ,k,r 
From 386 Taak to Virtual 8086 Taak (386 TSS) 220 h,l,k,r 

Indirect Irrtersegment 111111111 Imodl0l r/ml 17+m 31+m b hJ,k,r 

Protected Made Only (Indirect Irrtersegment) 
Via Call Gate to Same PrIvIlege Level 48+m h,I,k,r 
From 286 Taak to 286 TSS 279 h,l,k,r 
From 286 Taak to 366 TSS 306 h,j,k,r 
From 286 Taak to Virtual 8086 Taak (386 TSS) 222 h,j,k,r 
From 386 Taak to 266 TSS 275 hJ,k,r 
From 386 Taak to 386 TSS 306 hJ,k,r 
From 386 Taak to Virtual 8086 Taak (386 TSS) 224 hJ,k,r 
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Table 8·1. 80386 Instruction Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addre .. Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre .. Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

CONTROL TRANSFER (Continued) 
RET = Return from CALL: 

Within Segment I 1.1000011 1 10+ m 10 + m b g, h,r 

Within Segment Adding Immediate to SP I 11000010 I 16-bit displ I 10 + m 10 + m b g, h,r 

Intersegment I 11001011 I 18 + m 32+m b g, h,j, k, r 

Intereegment Adding Immediate to SP I 11001010 I 16-bit displ 1 18+ m 32+m b g, h,j, k, r 

Protected Mode Only (REn: 
to Different Privilege Level 

Intersegment 68 h,j,k,' 
Intersegment Adding Immediate to SP 68 h,j,k,' 

CONDITIONAL JUMPS 
NOTE: Times A,e Jump "Taken 0' Not Taken" 
JO = Jump on Overflow 

8-Bij Displacement I 01110000 I 8-bitdispl 1 7+mo,3 7+mo,3 , 
Full Displacement I 00001111 I 10000000 I full displacement 7 + mo,3 7+mo,3 , 

JNO = Jump on Not Overflow 

8-Bij Displacement I 01110001 I 8-bltdispl I 7+mo,3 7+mo,3 , 
Full Displacement I 00001111 I 10000001 I full displacement 7+mor3 7+mor3 , 

JB/JNAE = Jump on Below/Not Above or Equal 

8-Bit Displacement I 01110010 I 8-bltdispl I 7+mo,3 7+mor3 , 
Full Displacement I 00001111 I 1 0 0 0 0 0 1 0 I full displacement 7+mo,3 7+mor3 , 

JNB/JAE = Jump on Not Below/Above or Equal 

8-Bit Displacement I 01110011 I 8-bitdispl 1 7 + mor3 7+mo,3 , 
Full Displacement I 00001111 I 10000011 1 full displacement 7+mo,3 7+mo,3 , 

JE/ JZ = Jump on Equal/Zero 

8-Bit Displacement I 01110100 I 8-bitdispl I 7+mo,3 7+mor3 , 
Full Displacement I 00001111 I 10000100 I full displacement 7 + mor3 7 + mo,3 , 

JNE/JNZ = Jump on Not Equal/Not Zero 

8-Bit Displacement I 01110101 I 8-bit displ I 7+mor3 7+mo,3 , 
Full Displacement I 00001111 I 10000101 I full displacement 7+mo,3 7 + mo,3 , 

JBE/JNA = Jump on Below or Equal/Not Above 

8-Bit Displacement 1 01110110 I 8-bitdlspl 1 7+mo,3 7+mo,3 , 
Full Displacement I 00001111 I 10000110 1 full displacement 7+mo,3 7+mo,3 , 

JNBE/ JA ,. Jump on Not Below or Equal/Above 

8-Bit Displacement I 01110111 I 8-bitdispl I 7+mo,3 7+mo,3 , 
Full Displacement I 00001111 I 10000111 1 full displacement 7+mo,3 7 + mo,3 r 

JS = Jump on Sign 

8-Bit Displacement I 01111000 I 8-bijdispl I 7 + mo,3 7+mor3 , 
Full Displacement I 00001111 I 10001000 I full displacement 7 + mo,3 7+mo,3 r 
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Tabl. 1-1. 10316 InatrucUon Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

.... 1 RHI 
INBTRUcnON FORMAT Add_ Protected Add_ Protected 

Mode or VI~ _or VIrtuM 
Vlrtuel Add .... VIrtuM Addrna ... Mode ... Mode 
Mode Mode 

CONDITIONAL JUMPS (Continued) 

JNS - Jump on Not SIgn 

8-B~ Dlaptacemenl I 01111001 I 8-bltdlepl I 7 + mor3 7 + mor3 r 

Full Dlaplacement I 00001111 I 10001001 I full displacement 7 + mor3 7 + mor3 r 

JP/JPE = Jump on ParIty/ParIty Even 

8·~ Displacement I 01111010 I 8-bltdlepl I 7 + mor3 7 + mor3 r 

Full Dleplacement I 00001111 I 10001010 I lull displacement 7 + mor3 7 + mor3 r 

JNP/JPO = Jump on Not PerIty/PerIty Odd 

8-~ DIsplacement I 01111011 I 8-bltdlepl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001011 I full displacement 7 + mor3 7 + mor3 r 

JUJNOE = Jumpon'--'NotO_orEquai 

B·Bit DI8p/aCement I 01111100 I 8-bltdiepl I 7 + mora 7 + mor3 r 

Full Displacement I 00001111 I 10001100 I full dleplacemenl 7 + mor3 7 + mor3 r 

JNUJGE = Jump on Not '--'0_ or Equal 

8-Bil Displacement I 01111101 I B·bltdiepl I 7 + mor3 7 + mor3 r 

Full Displecement I 00001111 I 10001101 I lull dieplacement 7 + morS 7 + mor3 r 

JLE/JNG = Jump on Lees or EqueJ/Not Greeter 

8·Bft Displacement I 01111110 I B-bltdiepl I 7 + mor3 7 + mor3 r 

Full Dieplaosment I 00001111 I 10001110 I lull dleplaosment 7 + morS 7 + mor3 r 

JNLE/JG = Jump on Not Lees or EqueVGreeter 

8-Bft Displacement I 01111111 I B·bft dlepl I 7 + mor3 7 + mor3 r 

Full Displacement I 00001111 I 10001111 I full dlsplaosment 7 + mor3 7 + mor3 r 

JCXZ = Jump on CX Zero I 11100011 I 8-bltdiepl I 9 + mor5 9 + mor5 r 

JECXZ = Jump on ECX Zero I 11100011 I 8-bltdlepl I 9 + mor5 9 + mur5 r 

(Address Size PrefIx Differentiates JCXZ from JECXZ) 

LOOP = Loop CX TI_ I 11100010 I 8-bft dlspl I 11 +m 11+m r 

LOOPZ/LOOPE = Loop wtth I I Zero/Equal I 11100001 8-bltdlspl 11 +m 11 +m r 

LOOPNZlLOOPNE - Loop While I I I NoIZero 11100000 8-bltdlspl 11 +m 11 +m r 

CONDITIONAL BYTE SET 
NOTE: Times Are Reglster/Memory 

SETO = Set Byte on Overflow 

To Regl8ter/Memory I 00001111 I 10010000 I modOOO rIm I 4/5 4/5 h 

SETNO = Set Byte on Not Overflow 

To RegisterlMemory I 00001111 I 10010001 I modOOO rIm I 4/5 4/5 h 

SETB/SETNAE = Set Byte on Below/Not Above or Equal 

To Regl8ter/Memory I 00001111 I 10010010 I modOOO rIm I 4/5 4/5 h 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Reel 
INSTRUCTION FORMAT Addre .. P.otected Add .... Protected 

Modeo. VIMUaI _eo. Virtual 
Virtual Addre .. Virtual Addre .. 
8086 Mode 8086 Mode 
Mode Mode 

CONDITIONAL BYTE SET (Continued) 

SETNB - Set Byte on Not Below/Above 0' Equal 

To Register/Memory I 00001111 I 10010011 I mcdOOO rIm I 4/5 4/5 h 

SETE/SETZ - Set Byte on.Equal/Ze.o 

To Register/Memory I 00001111 I 10010100 I modOOO rIm I 4/5 4/5 h 

SETNE/SETNZ - Set Byte on Not Equal/Not Ze.o 

To Register/Memory I 0000 1 1 1 1 I 10010101 I modOOO rIm I 4/5 4/5 h 

SETBE/SETNA - Set Byte on Below 0. EquallNot Above 

To Register/Memory I 0000 1 1 1 1 I 10010110 ImodOOO rIm I 4/5 4/5 h 

SETNBE/SETA - Set Byte on Not Below 0' Equal/Above 

To Register/Memory I 0000 1 1 11 I 10010111 ImodOOO r/ml 4/5 4/5 h 

SETS := Set Byte on Sign 

rIm I To RegIster/Memory I 00001111 I 10011000 I modOOO 4/5 4/5 h 

SETNS - Set Byte on Not Sign 

To Register/Memory I 00001111 I 10011001 ImodOOO, rIm I 4/5 4/5 h 

SETP/SETPE - Set Byte on Pa.lty/Partty Even 

To Register/Memory I 00001111 I 10011010 I mcdOOO . rIm I 4/5 4/5 h 

SETNP/SETPO - Set Byte on Not Pa.lty/Parlty Odd 

To Register/Memory I 000'01111 I 10011011 I mcdOOO rIm I 4/5 4/5 h 

SETL/SETNGE - Set Byte on Le .. /Not Greate. 0. Equal 

To Register/Memory I 00001 111 I 10011100 I mcdOOO rIm I 4/5 4/5 h 

SETNL/SETGE - Set Byte on Not Less/G.eate. 0. Equal 

To Register/Memory I 0000 1 1 1 1 I 01111101 I modOOO rIm I 4/5 4/5 h 

SETLE/SETNG - Set Byte on Le.s 0' Equal/Not Greate. 

To Register/Memory I 0000 1 1 1 1 I 10011110 I modOOO rIm I 4/5 4/5 h 

SETNLE/SETG - Set Byte on Not Le .. 0' Equal/Greate. 

To Register/Memory I 00001111 I 10.011111 ImcdOOO rIm I 4/5 4/5 h 

ENTER - Ente. Procedure I 11001000 116-b~ displacement, B-bit level I 
L-O 10 10 b h 
L-l 12 12 b h 
L>1 15 + 15 + b h 

4(n - 1) 4(n-l) 

LEAVE - Leave P.ocedure I 11001001 I 4 4 b. h 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

R_I ~I 
INSTRUCTION FORMAT ~ Pro-.cI Add_ Pro~ 

Mode or Vlr!UI Mode or -VIrt .... Add_ VIrtu8I Add_ 
8088 Mode 8088 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS 

INT = Interrupt 

Type Specified I 11001101 I type ! 37 b 

Type 3 I 11001100 ! 33 b 

INTO = Interrupt 41t Overtl_ Flag Set I 11001110 ! 

IIOF=1 35 b,a 
II OF = 0 3 3 b,a 

Bound = Interrupt 51t Detect Value I 01100010 I mod reg rIm! 
Out of Range 

"Out of Range 44 b,e e,g,h,j,k,r 
If In R"",lIe 10 10 b,e e,g,h,j,k,r 

~ Mode Only (INT) 
INT: Type Specified 

Via Interrupt or Trap Gate 
to Same Privtlage Level 59 g,j,k,r 

Via Interrupt or Trap Gate 
to Different Privilege L8ve1 99 g,j,k,r 

From 2S6 Task to 286 TSS via Task Gate 282 g,j,k,r 
From 286 Task to 386 TSS via Task Gate 309 g,j,k,r 
From 286 Task to Vllt 8086 md via Task Gate 228 g,j,k,r 
From 386 Task to 286 TSS via Task Gate 284 g,j,k,r 
From 386 Task to 386 TSS via Task Gate 311 g,j, k,r 
From 386 Task to vir! 8086 md via Task Gate 228 9oj, k, r 
From vir! 8086 md to 286 TSS via Task Gate 289 g,j, k, r 
From vir! 8086 md to 386 TSS via Task Gate 316 g,j,k,r 
From vir! 8086 md to pnv level 0 VIa Trap Gate or Interrupt Gate 119 

INT:TYPE3 
Via Interrupt or Trap Gate 

to same Pnvilege Level 59 g,j,k,r 
Via Interrupt or Trap Gate 

to Different Prlvilage Level 99 g,j,k,r 
From 286 Task to 286 TSS via Task Gate 278 g,j,k,r 
From 286 Task to 386 TSS via Task Gate 305 g,j,k,r 
From 286 Task to V1I18086 md via Task Gate 222 g,j,k,r 
From 386 Task to 286 TSS via Task Gate 280 9oj, k, r 
From 386 Task to 386 TSS via Task Gate 307 g,j,k,r 
From 386 Task to Vir! 8086 md via Task Gate 224 g,j,k,r 
From vir! 8086 md to 286 TSS via Task Gate 285 g,j, k,r 
From vir! 8086 md to 386 TSS via Task Gate 312 g,j,k,r 
From vir! 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 

INTO: 

Via Interrupt or Trap Grate 
to same Privilege Level 59 g,j, k,r 

Via Interrupt or Trap Gale 
to Dtfferent Privilege Level 99 g,j,k,r 

From 286 Task to aB6 TSS VIa Task Gate 280 g,j, k,r 
From 2S6 Task to 386 TSS via Task Gale 307 g,j,k,r 
From 2S6 Task to vir! 8086 md via Task Gate 224 g,j,k,r 
From 386 Task to 286 TSS via Task Gate 282 g,j, k,r 
From 386 Task to 386 TSS via Task Gate 309 g,j, k,r 
From 386 Task to vir! 8086 md via Task Gate 225 g,j,k,r 
From vir! 8086 md to 286 TSS via Task Gate 287 g,j,k,r 
From vir! 8086 md to 386 TSS via Task Gate 314 g,j, k,r 
From vir! 8086 md to priv level 0 via Trap Gate or Interrupt Gate 119 

4·117 



80386 

Table 8-1. 80386 Instruction Set Clock Count Summary (Continued 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre .. Protected Addre •• Protected 

Mode or Virtual Mode or Virtual 
Virtual Addre •• Virtual Addre •• 
8086 Mode 8086 Mode 
Mode Mode 

INTERRUPT INSTRUCTIONS (Continued) 

BOUND: " 

Via Interrupt or Trap Gate 
to Same Privilege Level 59 g,J,k,r 

Via Interrupt or Trap Gate 
to Dillerent Privilege Level 99 g,l, k,r 

From 266 Task to 266 TSS via Task Gate 254 g,l, k, r 
From 286 Task to 366 TSS via Task Gate 284 g, I, k, r 
From 288 Task to virt 8086 Mode via Task Gate 231 g,l, k, r 
From 386 Task to 266 TSS via Task Gate 264 g,j. k. r 
From 388 Task to 386 TSS via Task Gate 294 g,l, k,r 
From 368 Task to vlrt 8086 Mode via Task Gate 243 g,l,k,r, 
From vlrt e086 Mode to 286 TSS via Task Gate 264 g,l, k,r 
From virt 8066 Mode to 386 TSS via Task Gate 294 g,l, k,r 
From virt 8086 md to prjv level 0 via Trap Gate or Interrupt Gate 119 

INTERRUPT RETURN 

IRET = Interrupt Return I 11001111 I 22 g, h,J,k,r 

Protected Mode Only (IRET) 

To the Same Privilege Level (within task) 38 g, h,l,k, r 
To Dillerent Privilege Level (within task) 82 g, h,l, k, r 
From 286 Task to 286 TSS 232 h,J, k, r 
From 286 Task to 366 TSS 265 h,J,k,r 
From 286 Task to Virtual 8086 Task 214 h,l, k,r 
From 286 Task to Virtual 8086 Mode (w~hin task) 60 
From 386 Task to 286 TSS 271 h,l, k,r 
From 386 Task to 386 TSS 275 h,l, k,r 
From 366 Task to Virtual 8086 Task 224 h,l, k,r 
From 366 Task to Virtual 8086 Mode (w~hln tesk) 60 

PROCESSOR CONTROL 

HLT = HALT 111110100 I 5 5 I 

MOV = Move to and From ControllDebuglTe.t Register 

CRO/CR2/CR3 from register 00001111 00100010 11 eee reg I 10/4/5 10/4/5 I 

Register From CRO-3 00001111 00100000 11 eeereg I 6 6 I 

DRO-3 From Register 00001111 00100011 11 eeereg 22 22 I 

DR6-7 From Register 00001111 00100011 11 eeereg 16 16 I 

Register from DR6-7 00001111 00100001 11 eeereg 14 14 I 

Register from DRO-3 00001111 00100001 11 eeereg 22 22 I 

TR6-7 from Register I 00001111 00100110 11 eee reg 12 12 I 

Register from TR6-7 I 00001111 00100100 11 eeereg 12 12 I 

NOP = No Oparatlon I t0010000 3 3 

WAIT=Walt until BUSY# pin I. negated I 10011011 I 6 6 
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Table 8·1. 803" Instruction Set Clock Count Summary (Continued 

INSTRUCTION FORMAT 

PROCESSOR EXTENSION INSTRUCTIONS ' 

Processor Extenalon Escape 1""1 -1-1 -0 -11-T-T-T-rI-mod-L-L-L-r/-m'l 

ITT and LLL bits are opcode 

InformaIIon lor coprocessor, 

PREFIX BYTES 

Aden. SID Prefix 

LOCK - ilia Lock Prefix 

Operand SID PrefIx 

Segmenl OVerride PrefIx 

1 01100111 I 
1 11110000 I 
1 01100110 I 

CS: 

DB: 

Ell; 

FI: 

GS: 

SS: 

00101110 

00.111110 

00100110 

01100100 

01100101 

00110110 

PROTECTION CONTROL 

ARPL - AdJuaI Requ .. ted PrIvl .... FLev::.; .. =-_--,r--___ -, 
From ReglB1er/Memory 1 01100011 I mod reg rIm I 

LAR = Load AccetIe RIghte 

From Reglster/Memory 1 00001111 I 00000010 I mod reg rIm I 
LGOT = Load Global Dncrlptor r------,r------,-----, 

Table Register 1 00001111 I 00000001 I modO 1 0 rIm I 
UOT = Load Intenupl DeacriptOi-r -----r------r-------, 

Tabla RaglB1er 100001111 100000001 ImodOll rIm I 
LLOT - Load Local Deacrlptor 

Table Register to 
Register/Memory 1 '00001111 I 00000000 1 modO 1 0 rIm I 

LIISW = Load Machine Statu. Word;.;;-___ ---.r--___ ........ ____ --. 

FromReglster/Memcry 1 00001111 I 00000001 I modl1 0 rIm I 
LSL = Load Bagmenl Umll 

LTR 

From ReglB1er/Memcry 1 00001111 I 00000011 1 mod reg rIm I 
Byt&-Granular Umit 
Page-Granular UmH 

= Load T .... Reglater 

FromReglster/Memcry 1 00001111 I 00000000 I modOOl rIm I 
SGOT = StoreGlobal-.mn .... ,-----r------r-------, 

~ableRegI ... r '1000'01111 100000001 ImociOOO r/tnl 

SlOT = Store Interrupt Deacrlptori-___ ---.r--___ --. ____ --. 

Table Re9lster 1 00001111 I 00'000001 I modOOl rIm I 
SLOT = Store Local Oe8crIptor TIIbI""'e'-'R.:.;...-=;.;;.;...---.r--___ --. ____ --. 

ToReglster/Memory 1 00001111 I 00000000 1 modOOO rIm I 
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CLOCK COUNT 

Real 
Addre .. 
Mode or 
Virtual 
8088 
Mode 

See 
80287/80387 
d .... healsfor 
clock coun1s 

o 

o 

o 

o 

o 

o 

o 

o 

o 

N/A 

N/A 

11 

11 

. N/A 

10/13 

N/A 
N/A 

N/A 

9 

9 

N/A 

Protected 
VIrtual 

Add .... 
lIOIIe 

o 

o 

o 

o 

o 

o 

o 

o 

o 

20/21 

15/18 

11 

11 

20/24 

10/13 

20/21 
25/28 

23/27 

9 

9 

2/2 

NOTES 
R .. I 

Add,... 
Mode or 
Virtual 
8088 
Mode 

a 

a 

b,o 

b,o 

a 

b,o 

a 
a 

a 

b,o 

b,o 

a 

Protected 
VIrtual 

Add,... 
Mode 

h 

m 

g,h,J,p 

h,1 

hoi 

g,hoJ,1 

h,l. 

g,h,J,p 
g,h,J,p 

g,h,l,l 

h 

h 

h 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 
CLOCK COUNT NOTES 

Real Real 
INSTRUCTION FORMAT Addre •• Protected Address Protecfed 

Mode or Vlrt~al Mode or Virtual 
Virtual Addre •• Virtual Addre •• 
8086 Mode 8086 Mode 
Mode Mode 

SMSW ~ Store Machine 
Statu. Word I 00001111 I 00000001 Imedl00 rIm I 2/2 2/2 , b,c h, I 

STR ~ Store Task Register 

To RegisterlMemory I 00001111 I 00000000 ImodOOl rIm I N/A 2/2 a h 

VERR ~ Verify Read Acce_ 

RegisterlMemory , I 00001111 I 00000000 Imodl00 r/mi N/A 10/11 a g, h,i,p 

VERW ~ Verify Write Acce.ss I 00001111 I 00000000 I mod 1 01 r/mi N/A 15/16 a g, h,i, P 

INSTRUCTION NOTES FOR TABLE 8-1 

Notes a through c apply to 80386 Real Address Mode only: 
a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode). 
b. Exception 13 fault (general protection) will 'occur in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, OS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit., 
c. This instruction may be executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 

Notes d through g apply to 80386 Real Address Mode and 80386 Protected Virtual Address Mode: 
d. The 80386 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi
cant bit in the operand (multiplier). 

Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > 0 then max ([I092 Imll. 3) + b clocks: 

if m = 0 then 3+b clocks 
In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 12 for memory to register, 
b = 10 for register with immediate to register, 
b = 11 for memory with immediate to register. 

e. An exception may occur, depending on the value of the operand. 
f. LOCK .. is automatically asserted, regardless of the presence or absence of the LOCK .. prefix. 
g. LOCK .. is asserted during descriptor table accesses. 

Notes h through r apply to 80386 Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, ES, FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 
limit violation or not present) occurs. 
i. For segment load operations, the CPL, RPL, and DPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. 
j. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK .. ~o maintain 
descriptor integrity in multiprocessor systems. 
k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL is greater than IOPL. 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 
updated only if CPL = O. 
o. The PE bit of the MSW (CRO) cannot be reset by this instruction. Use MOV into CRO if desiring ,to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. ' 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception. 13 lault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment Ijrnit violation 
or not present) will occur if the stack limit is violated by the operand's starting address. 
r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 
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8.2 INSTRUCTION ENCODING 

8.2.1 Overview 

All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scale~ index" byte, a displacement if re
quired, and an immediate data field if required. 

Within the primary opcode or opcodes, smaller en
coding fields may be defined. These fields vary ac
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex
tension. 

Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 

encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 

Addressing modes can include a displacement im
mediately following the mod rim byte, or scaled in
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 

If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 

Figure 8-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc
tions, sometimes within the opcode bytes them
selves. Table 8-2 is a complete list of all fields ap
pearing in the 80386 instruction set. Further ahead, 
following Table 8-2, are detailed tables' for each 
field. 

ITT TT T TT rl T TT TT T TT I mod TTT rim I ss index base Id32116181 none data32 1 16181 none 

( 07 01\765,.320 J \.?65320J\. I\. J 
'-----v-----'--~ T T '---........ -- '---v---~ 

opcode 
(one or two bytes) 
(T represents an 

opcode bit.) 

"mod rim" "s-i-b" address 

\. 
byte byte 

J 
displacement 
(4, 2, 1 bytes 

register and address or none) 
mode specifier 

Figure 8-1. General Instruction Format 

Table 8-2. Fields within 80386 Instructions 

Field Name Description 

w Specifies.if o.<)ta is Byte or Full Size (Full Size is either 16 or 32 Bits 
d Specifies Direction of Data Operation 
s Specifies ,if an Immediate Data Field Must be Sign-Extended 
reg General Register Specifier 
mod rim Address Mode Specifier (Effective Address can be a General Register) 

ss Scale Factor for Scaled Index Address Mode 
index General Register to be used as Index Register 
base General Register to be used as Base Register 
sreg2 Segment Register Specifier for CS, SS, OS, ES 
sreg3 Segment Register Specifier for CS, SS, OS, ES, FS, GS 
mn For Conditional Instructions, Specifies a Condition Asserted 

or a Condition Negated 

Note: Table 8-1 shows encoding of individual Instructions. 
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immediate 
data 

(4, 2, 1 bytes 
or none) 

Number of Bits 

1 
1 
1 
3 

2 for mod; 
3 for rim 

2 
3 
3 
2 
3 
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8.2.2 32-81t Extensions of the 
I,n~tructlon Set 

With the 80386, the 86/186/286 instruction set is 
extended in two orthogonal directions: 32-bit forms 
of all 16-bit instructions are added to support the 32-
bit data types, and 32~bit addressing modes are 
made available for all instructions referencing mem
ory. This orthogonal instruction set extension is ac
complished having a Default (D) bit in the code seg
ment descriptor, and by having 2 prefixes to the in
struction set. 

Whether the instruction defaults to oper~tions of 16 
bits or 32 bits depends on the setting of the 0 bit in 
the code segment deSCriptor, which gives the de
fault length (either 32 bits or 16 bits) for both oper
ands and effective addresses when executing that 
code segment. In the R~I Address Mode or Virtua,l 
8086 Mode, no code segment descriptors are used, 
but a 0 val4e of 0 is assumed internally by the 80386 
when operating in those modes (for 16-bit default 
sizes compatible with the 8086/80186/80286). , 

Two prefixes, the Operand Size Prefix and the Effec
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op
code bytes and affect only the instruction they pre
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the defau,t 
operand size is for 32-bit data operations, then pres
ence of the Operand Size Prefix toggles the instruc
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa
tions. 

These 32-bit extensions are available in all 80386 
modes, including the Real Address Mode or the Vir
tual 8086 Mode. In these modes the default is al
ways 16 bits, so prefixes are needed to specify 32-
bit operands or addresses. For instructions with 
more than one prefix, the order of prefixes is unim
portant. 

Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 

8.2.3 Encoding of Instruction Fields 
Within the instruction are several fields' indicating 
register selection, addressing mode and so on. The 
exact encodings of these fields are defined immedi
ately ahead. 

8.2.3.1 ENCODING Of: OPERAND J,.ENGTH (w) 
FIELD, 

For any given instruction performing ,a data op~ra
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of, the 
operation size, the w field encodes the operand size 
as either one byte or the full operation ,size, as 
shown in the table below. 

Operand Size Operand Size 
wFleld During 16-81t 'During 32-81t 

Data Operations Data Operations 

0 8 Bits 8 Bits 
1 16 Bits 32 Bits 

8.2.3.2 ENCODING OF THE GENERAL 
REGISTER (reg) ,FIELD 

The general register ,s specified by the reg' field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rIm" byte, or as the rIm 
field of the "mod rIm" byte. 

Encoding of reg Field When w Field 
Is not Present In Instruction 

Register SeleCted Register Selected 
reg Field During 16-81t During 32-81t 

Data Operations 

000 
001 
010 
011 
100 
101 
101 
101 

reg 

000 
001 
010 
011 
100 
101 
110 

. 111 

Data Operations 

AX EAX 
CX ECX 
OX EDX 
BX EBX 
SP ESP 
BP EBP 
SI ESI 
01 EDI 

Encoding of reg Field When w Field 
Is Present In Instruction 

Register Specified by reg F!eld 
During 16-81t Data Operations: 

Function of w Field 

, (whenw ,= 0) '; (whenw = 1) 

AL AX 
CL " CX 
DL OX 
Bt BX 

; 
' AH ' SP 
CH BP 
DH' SI 
BH DL 
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Aeglster Specified by reg Field 
During 32-Blt Data Operations 

reg Function of w Field 

(whenw = 0) (whenw = 1) 

000 AL EAX 
001 CL ECX 
010 DL EDX 
011 BL EBX 
100 AH ESP 
101 CH EBP 
110 DH ESI 
111 BH EDI 

8.2.3.3 ENCODING OF THE SEGMENT 
AEGISTEA (sreg) FIELD 

The srag field in certain instructions is a 2-bit field 
allowing one of the four 80286 segment registers to 
be specified. The sreg field in other instructions is a 
3-bit field, allowing the 80386 FS and GS segment 
registers to be specified. 

2-Blt sreg2 Field 

2-Blt Segment 

sreg2Fleid 
Aeglster 
Selected 

00 ES 
01 CS 
10 SS 
11 OS 

3-Blt sreg3 Field 

3-Blt 
Segment 

sreg3Fleid Aeglster 
Selected 

000 ES 
001 CS 
010 SS 
011 OS 
100 FS 
101 GS 
110 do not use 
111 do not use 

8.2.3.4 ENCODING OF ADDAESS MODE 

Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the "mod 
rIm" byte, and a second byte of addressing informa
tion, the "s-i-b" (scale-index-base) byte, can be 
specified. 

The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the "mod 
rIm" byte has rIm = 100 and mod = 00,01 or 10. 
When the sib byte is present, the 32·bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 

The primary addressing byte, the "mod rIm" byte, 
also contains three bits (shown as TTT in Figure 8-1) 
sometimes used as an extension of the primary op
code. The three bits. however, may also be used as 
a register field (reg). 

When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad· 
dressing uses 16-bit address components to calcu
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef
fective address. When 16-bit addressing is used, the 
"mod rIm" byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
"mod rIm" byte is interpreted as a 32-bit addressing 
mode specifier. 

Tables on the following three pages define all en
codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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• Encoding of 16-blt Address Mode with "mod rim" Byte 

mod rim Effective Address mod rim Effective Address 

00000 OS:[BX+SI] 10000 OS:[BX+SI+d16] 
00001 OS:[BX+OI] 10001 OS:[BX + 01 + d16] 
00010 SS:[BP+SI] 10010 SS:[BP+SI+d16] 
00011 SS:[BP+OI] 10011 SS:[BP+01+d16] 
00100 OS:[SI] 10100 OS:[SI+d16] 
00101 OS: [01] 10101 OS:[OI+d16] 
00110 OS:d16 10110 SS:[BP+d16] 
00111 OS: [BX] 10111 OS:[BX+d16] 

01000 OS: [aX + SI + d8] 11000 register-see below 
01 001 OS:[BX+01+d8] 11001 register-see below 
01010 SS: [BP + SI + d8] 11010 register-see below 
01011 SS:[BP+01+d8] 11 011 register-see below 
01100 OS:[SI+d8] 11100 register-see below 
01101 OS: [01 + d8] . 11101 register-see below 
01110 SS:[BP+d8] 11110 register-see below 
01 111 OS:[BX+d8] 11 111 register-see below 

Register Specified by rim 
During 16·Blt Data Operations 

mod rim Function of w Field 

(when w=O) (whenw =1) 

11000 AL AX 
11001 CL CX 
11010 OL OX 
11 011 BL BX 
11100 AH SP 
11 101 CH BP 
11 110 OH SI 
11 111 BH 01 

Register Specified by rim 
During 32·Blt Data Operations 

mod rim Function of w Field 

(when w=O) (whenw =1) 

11000 AL EAX 
11001 CL ECX 
11010 OL EOX 
11 011 BL EBX 
11100 AH ESP 
11 101 CH ESP 
11 110 OH ESI 
11 111 BH EOI 
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Encoding of 32.blt Addre88 Mode wHh "mod rim" byte (no .... I·b" byte present): 

mod rim Effective Addre88 mod rim Effective Addre88 

00000 OS: [EAX) 10000 OS: [EAX + d32) 
00001 OS: [ECX) 10001 OS: [ECX + d32) 
00010 OS: [EOX) 10010 OS: [EDX + d32) 
00011 OS: [EBX) 10011 DS:[EBX+d32) 
00100 s-i·b is present 10100 s-i·b is present 
00101 OS:d32 10101 SS: [EBP + d32) 
00110 OS: [ESI) 10110 OS: [ESI + d32) 
00 111 OS: [EOI) 10111 OS: [EDI + d32) 

01000 OS:[EAX+d8) 11000 register-see belpw 
01001 OS:[ECX+d8) 11001 register-see below 
01010 OS:[EOX+d8) 11010 register-see below 
01011 OS:[EBX+d8) 11 011 register-see belo\,\( 
01100 s-i·b is present 11 100. register-see belo\\, 
01101 SS:[EBP+ d8) 11 101 register-see below 
01110 OS: [ESI + d8) 11 110 register-see below 
01111 OS: [EOI+ d8) 11 111 register-see beldw 

Register Specified by reg or rim 
during 16-Blt Data Operations: 

mod rim function of w field 

(whenw=O) (whenw=1) 

11000 AL AX 
11001 CL CX 
11010 DL OX 
11 011 BL BX 
11100 AH SP 
11101 CH BP 
11 110 OH SI 
11 111 BH 01 

Register Specified by reg or rim 
during 32·Blt Data Operations: 

mod rim function of w field 

(whenw=O) (whenw=1) 

11000 AL EAX 
11001 CL ECX 
11010 OL EDX 
11 011 BL EBX 
11100 AH ESP 
11 101 CH EBP 
11 110 DH ESI 
11 111 BH EDI 
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00000 
00001 
00010 
00011 
00100 
00 101 
00 110 
00111 

01000 
01001 
01010 
01011 
01100 
01101 
01110 
01 111 

10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 

NOTE: 

80386 

Encoding of. 32-blt Addr ... Mode ("mod rim" .byte and " .. I-b" Ityte pre .. nt): 

Effective Address 

OS: [EAX + (scaled index)} 
OS; [ECX + (scaled index)] 
OS: [EOX + (scaled index)] 
OS: [EBX + (scaled index» 
SS: [ESP + (scaled index)) 
OS: [d32 + (scaled index)] 
OS: [ESI + (scaled index)] 
OS: [EOI + (scaled index)] 

OS: [EAX + (scaled index) + d8] 
OS: [ECX + (scaled index) + d8] 
OS: [eOX + (scaled index) + d8] 
OS: [EBX + (scaled index) + d8] 
SS: [ESP + (scaled index) + d8] 
88: rEBP + (scaled index) + d8] 
OS:[ESI + (scaled index) + d8] 
OS: [EOI + (scaled index) + d8] 

OS: [EAX + (scaled index) + d32] 
OS: [ECX + (scaled index) + d32] 
OS: [EOX + (scaled index) + d32] 
OS: [EBX + (scaled index) + d32] 
SS: [ESP + (scaled index) + d32] 
SS: [EBP + (scaled index) + d32] 
OS: [ESI + (scaled index) + d32] 
OS: [EOI + (scaled index) + d32] 

88 Scale Factor 

00 x1 
01 x2 
10 x4 
11 x8 

Index Index Register 

000 EAX 
001 ECX 
010 EOX 
011 EBX 
100 no index reg" 
101 EBP 
110 ESI 
111 EOI 

"IMPORTANT NOTE: 
When index field is 1 00, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 

Mod field in "mod rIm" byte; 88, index, base fields in 
"s-j·b" byt~. 
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8.2.3.5 ENCODING OF OPERATION DIRECTION 
(d) FIELD 

In many two-operand instructions the d field·is pres
ent to indicate which operand is considered the 
source and which is the destination. 

d Direction of Operation 

0 Register/Memory <. - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 

1 Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 

8.2.3.6 ENCODING OF SIGN-EXTEND (s) FIELD 

The s field occurs primarily to instructions with im
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 

Effeeton Efteeton 
Immediate Data8 Immediate Data 1613~ 

None None 

1 Sign-Extend Data8 to Fill None 
16-Bit or 32-Bit Destination 

8.2.3.7 ENCODING OF CONDITIONAL TEST 
(tttn) FIELD 

For the conditional instructions (conditional Jumps 
and set on condition), tttn is encoded with n indicat
ing to use the condition (n = 0) or its negation (n = 1), 
and ttt giving the condition to test. 

Mnemonic Condition tttn 

0 Overflow 0000 
NO No Overflow 0001 
B/NAE Below/Not Above or Equal 0010 
NB/AE Not Below/ Above or Equal 0011 
E/Z Equal/Zero 0100 
NE/NZ Not Equal/Not Zero 0101 
BE/NA Below or Equal/Not Above 0110 
NBE/A Not Below or Equal/ Above 0111 
S Sign 1000 
NS Not Sign 1001 
PIPE Parity/Parity Even 1010 
NP/PO Not Parity/Parity Odd 1011 
LlNGE Less Than/Not Greater or Equal 1100 
NL/GE Not Less Than/Greater or Equal 1101 
LE/NG, Less Than or Equal/Greater Than 1110 
NLE/G Not Less or Equal/Greater Than 1111 

8.2.3.8 ENCODING OF CONTROL OR DEBUG 
OR TEST REGISTER (eee) FIELD 

For the loading and storing of the Control, Debug 
and Test registers. 

When Interpreted as Control Register Field 

eeeCode RegName 

000 CRO 
010 CR2 
011 CR3 

Do not use any other encoding 

When Interpreted as Debug Register Field 

eeeCode RegName 

000 ORO 
001 DR1 
010 DR2 
011 DR3 
110 ORe 
111 DR7 

Do not use any other encoding 

When Interpreted as Test Register Field' 

eeeCode Reg Name 

110 TR6 
111 TR7 

Do not use any other encoding 
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9.0 Revision History 

This 80386 data sheet, version -004, contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 

The sections slgnlflcllntly revised since version -001 are: 
2.9.6 , Sequence of exception checking table added. 

2.9.7 

2.11.2 

2.12 

3.1 

4.4.3.3 

Figures 4-15a, 4-15b 

4.6.4 

4.6.6 

5.6 

5.8 

5.8.1 

Table 6-3 

7.6 

Figures 7-8, 7-9, 7-10 

8.2.3.4 

Instruction restart revised. 

TL8 testing revised. 

Debugging support revised. 

LOCK prefix restricted to certain instructions. 

1/0 privilege level and 1/0 permission bitmap added. 

1/0 permission bitmap added. 

Protection and 1/0 permission bitmap revised. 

Entering and leaving virtual 8086 mode through task switches, trap and interrupt 
gates, and IRET explained. 

Self-test signature stored in EAX. 

Coprocessor interface description added. 

Software testing for coprocessor presence added. 

PGA package thermal characteristics added. 

Designing for ICE-38S revised. 

ICE-386 clearance requirements added. 

Encoding of 32-bit address mode with no "sib" byte corrected. 

The sections significantly revised since version -002 are: 
Table 2-5 Interrupt vector assignments updated. 

Figure 4-15a 8iLmap_offset must be less than or equal to DFFFH. 

Figure 5-28 

5.7 

7.4 

7.5 

Table 8-1 

80386 outputs remain in their reset state during self-test. 

Component and revision identifier history updated. 

80386-20 D.C. specifications added. 

80386-16 AC. specifications updated. 80386-20 AC. specifications added. 

Clock counts updated. 

The sections significantly revised since version -003 are: 
Table 2-6b Interrupt priorities 2 and 3 interchanged. 

2.9.8 Double page faults do not raise double fault exception. 

Figure 4-5 

5.4.3.4 

Figures 5-16, 5.17, 
5-19,5-22 

7.5 

Maximum-sized segments must have segments 8ase11'lO = O. 
8516# timing corrected. 

8516# timing corrected. 8516# must not be asserted once NA# has been 
sampled asserted in the current bus cycle. 

80386-20 and 80386-16 A.C. specifications revised. All timing parameters are 
now guaranteed at 1.5V test levels. The timing parameters have been adjusted to 
remain compatible with previous 0.8V 12.0V specifications. 
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• 
• 

• 
• 
• 

• 

80-BIT CHMOS III 
NUMERIC PROCESSOR EXTENSION 

High Performance SO-Bit Internal • Full-Range Transcendental Operations 
Architecture for SINE, COSINE, TANGENT, 

Implements ANSI/IEEE Standard 754- ARCTANGENT and LOGARITHM 

19S5 for Binary Floating-Point • Built-In Exception Handling 
Arithmetic • Operates Independently of Real, 
Five to Seven Times SOS7/S02S7 Protected and Virtual-SOS6 Modes of 
Performance the S03S6 

Upward Object-Code Compatible from • Eight SO-Bit Numeric Registers, Usable 
SOS7 and S02S7 as Individually Addressable General 

Expands S03S6 Data Types to Include Registers or as a Register Stack 

32-, 64-, SO-Bit Floating POint, 32-, 64- • Available in 6S-Pin PGA Package 
Bit Integers and 1S-Dlgit BCD Operands (See Packaging Spec: Order # 231369) 

Directly Extends S03S6 Instruction Set 
to Include Trigonometric, LogarithmiC, 
Exponential and Arithmetic Instructions 
for All Data Types 

The Intel 80387 is a high-performance numerics processor extension that extends the 80386 architecture with 
floating point, extended integer and BCD data types. The 80386/80387 computing system fully conforms to 
the ANSIIIEEE floating-point standard. Using a numerics oriented architecture, the 80387 adds over seventy 
mnemonics to the 80386/80387 instruction set, making the 80386/80387 a complete solution for high-per
formance numerics processing. The 80387 is implemented with 1.5 micron, high-speed CHMOS III technology 
and packaged in a 68-pin ceramic pin grid array (PGA) package. The 80386/80387 is upward object-code 
compatible from the 80386/80287, 80286/80287 and 808618087 computing systems. 

I 
BUS CONTROL LOGIC I DATA INTERFACE AND CONTROL UNIT I FLOATING POINT UNIT 

32 OBUS INTERFACE 
DATA AUGNMENT AND OPERAND CHECKING 

" 
(0) 

DO-031 

386CLK2 387ClK2 

231920-1 

Figure 0.1. 80387 Block Diagram 
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80386 Registers 
, > 

80387 Data Registers 
.. Tag 

GENERAL REGISTERS SEGMENT RE~ISTERS ' Field 
31 15 0 15 0 79 '78 64 63 0 ~ 
EAX AX CS RO Sign Exponent SigniflCand 

1 AH,I AL 
f--

SS R1 
f--

EBX BX R2 

'I BH 1 BL 
OS f--

R3 
ES f--

ECX CX R4 

I·CH 1 CL 
~ 

FS R5 
f--

EDX OX GS R6 
1 DH 1 DL 

>----:-
R7 

L......-

ESI 
1 

31 0 
SI 

I :':.;.. : I 
15 0 47 0 

EDI I Instruction Pointer (in 80386)1 
1 

Control Register 
01 Status Register I Data, Pointer (in 80386)' I 

EBP 
1 

Tag Word 
BP 

ESP 
I· SP 

I -, 

I 
I 

, ' 
Figure 1.1.80386(80387 Register Set 

1.0 FUNCTIONAL' DESCRIPTION 

The 80387 Numeric Processor Extension (NPX) pro-
- vides arithmetic instructions for a variety of numeric 

data types in 80386/80387 systems. It also exe
cutes numerous built-in transcendental functions 
(e,.g. tangent, sine, cosine, and log functions). The 
80387 effectively extends the register and instruc
tion set of an 80386 system for existing data types 
and adds several new data types as well. Figure 1.1 
shows the model of registers visible to 80386/80387 
programs. Essentially, the 80387 can be treated as 
an additional resource or an extension to the' 80386. 
The 80386 together with an 80387 can be used as a 
single unified system, the 80386/80387. 

The 80387 works the same whether the 80386 is 
executing in real-address mode, protected mode, or 
virtual-8086,mode. All memory access is handled by 
the 80386; the 80387 merely operates on instruc
tions and values passed to it by the 80386. There
fore, the 80387 is not sensitive to the processing 
mode of the 80386. ' 

In real-address mode and virtual-8086 mode, the 
80386/80387 is completely upward compatible with 
software for 808618087, 80286/80287 real-address 
mode, ,and 80386/80287 real-address mode sys
tems. 

In protected mode, the ,80386/80387 is completely 
upward compatible with software for 80286180287 
protected mode, and 80386/80287 protected mode 
systems. 

The only differences of operation 'that may appear 
when 808618087 pr9grams are Ported to a protect
ed-mode 80386/80387 system (not' using virtual-
8086 mode), is in the format of operands for the 
administrative instructions FLDENV, FSTENV, 
FRSTOR and FSAVE. These instructions are nor
mally used only by exception handlers and operating 
systems, not by app.lications programs. 

The 80387 contains three functional units that can 
operate in parallel to increase system performance. 
The 80386 can be transferring commands and data 
to the 80387 bus control logic for the next instruction 
while the 80387 floating-point unit is performing the 
current numeric instruction. 
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2.0 PROGRAMMING INTERFACE 

The 80387 adds to an 80386 system additional data 
types, registers, instructions, and interrupts specifi
cally designed to facilitate high-speed numerics pro
cessing. To use the 80387 requires no special pro
gramming tools, because all new instructions and 
data types are directly supported by the 80386 as
sembler and compilers for high-level languages. All 
8086/8088 development tools that support the 8087 
can also be used to develop software for the 
80386/80387 in real-address mode or virtual-8086 
mode. All 80286 development tools that support the 
80287 can also be used to develop software for the 
80386/80387. 

All communication between the 80386 and the 
80387 is transparent to applications software. The 
CPU automatically controls the 80387 whenever a 
numerics instruction is executed. All physical memo
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro
grams that use the 80387. All memory addressing 
modes, including use of displacement, base register, 
index register, and scaling, are available for address
ing numerics operands. 

Section 6 at the end of this data sheet lists by class 
the instructions that the 80387 adds to theinstruc
tion set of an 80386 system. 

2.1 Data Types 
Table 2.1 lists the seven data types that the 80387 
supports and presents the format for each type. Op
erands are stored in memory with the least signifi
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad
dress. For maximum system performance, all oper
ands should start at physical-memory addresses 
evenly divisible by four (doubleword boundaries); op
erands may begin at any other addresses, but will 
require extra memory cycles to access the entire op
erand. 

Internally, ·the 80387 holds all numbers in the ex
tended~precision real format. Instructions that load 
operands from memory automatically convert oper
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18-
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem
ory perform the inverse type conversion. 

2.2 Numeric Operands 
A typical NPX instruction accepts one or two oper
ands and produces a single result. In two-operand 

. instruc.tions, one operand is the contents of an NPX 
register, while the other may be a memory location. 
The operands of some instructions are predefined; 
for example FSQRT always takes the square root of 
the number in the top stack element. 
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Table 2.1. 80387 Data Type Representation In Mem~ry 

, , 

Most Slgnlflcant BJIe HIGHEST ADDRESSED BYTE 
Data 

Formats 
Ranga PreCIsion 

01 7 017 017 017 017 017 017 7 

WOrd Integer 104 . 1~ Bits IITWOS 
COMPLEME,NT) 

15 '" 0 

Short Integer 109 32'Bits I !TWOS ' 
COMPLEMENTI 

31 0 

Long Integer 1019 64 Bits 
83 

Packed BCD ,1018, 18 Digits 51 'x 1" 
MAGNITUDE 

,d~l d 1b d l !) d'4 d13 d12 dll diU dlf' de d, d. 

, 79 72 

Single Precision 1cf38 24 Bits sl BIASED I 5 EXPONENT SIGNIFICAND I, 
31 23'- 0 

" 
Double Precision 1cf308' 53 'Bit's 51 ' BIASED 

I SIGNIFICAND EXPONENT 

83 • 52'- 10 

Extended 1cf4932 64 Bits 51 BIASED t-il SIGNIFICAND 
Precision EXPONENT 

79 

NOTES: 
(1) S = Sign bit (0 = positive. 1 = negative) 
(2) dn = Decimal digit (two per byte) 

84 83' 

(3) X = Bits have no significance; 80387 ignores when loading. zeros when storing 
(4). = Position of implicit binary point 
(5) I = Integer bit of significand; stored in temporary real, implicit in single and double preciSion 
(6) Exponent Bias (normalized values): 

Single: 127 (7FH) 
Double: 1023 (3FFH) 
Extended Real: 16383 (3FFFH) 

(7) Packed BCD: (-1)8 (017 ... 00) 
(8) Real: (-1)8 (2E-BIA8) (Fa F1 .. ') 
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15 o 
TAG (7) TAG (6) TAG (5) TAG (4) TAG (3) TAG (2) TAG (1) TAG (0) 

NOTE: 
The index i of tag(i) is not top-relative. A program typically uses the "top" field of Status Word to determine which tag(i) 
field refers to logical top of stack. 
TAG VALUES: 

00 = Valid 
01 = Zero 
10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 
11 = Empty 

Figure 2_1_ 80387 Tag Word 

2.3 Register Set 

Figure 1.1 shows the 80387 register set. When an 
80387 is present in a system, programmers may use 
these registers in addition to the registers normally 
available on the 80386. 

2.3.1 DATA REGISTERS 

80387 computations use the 80387's data registers. 
These eight 80-bit registers provide the equivalent 
capacity of twenty 32-bit registers. Each of the eight 
data registers in the 80387 is 80 bits wide and is 
divided into "fields" corresponding to the NPXs ex
tended-precision real data type. 

The 80387 register set can be accessed either as a 
stack, with instructions operating on the top one or 
two stack elements, or as a fixed registe~ set, with 
instructions operating on explicitly designated regis
ters. The TOP field in the status word identifies the 
current top-of-stack register. A "push" operation 
decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 

TOP by one. Like 80386 stacks in memory. the 
80387 register stack grows "down" toward lower
addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to user. This explicit 
register addressing is also relative to TOP. 

2.3.2 TAG WORD 

The tag word marks the content of each numeric 
data register, as Figure 2.1 shows. Each two-bit tag 
represents one of the eight numerics registers. The 
principal function of the tag word is to optimize the 
NPXs performance and stack handling by making it 
possible to distinguish between empty and nonemp
ty register locations. It also enables exception han
dlers to check the contents of a stack location with
out the need to perform complex decoding of the 
actual cjata. 
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,------------------ 80387 BUSY 

r-r-r-------------- TOP Of STACK POINTER 

.--11-++.,--,--,----------- CONDITION CODE 

ERROR SUMMARY STATUS -------' 
STACK fLAG ----------' 

EXCEPTION fLAGS: 

PRECISION ----------' 

UNDERfLOW ----------' 
OVERfLOW -----------' 

ZERO DIVIDE ------------' 
DENORMALIZED OPERAND -------------' 

INVALID OPERATION ---------------' 
231920-3 

ES Is set n any unmasked exception bit is set; cleared otherwise. 
Sse Table 2.2 for interpretation of condition code. 
TOP values: 

000 = Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

• 

111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entnled 
"Exception Handling" 

Figure 2.2. 80387 Status Word 

2.3.3 STATUS WORD 

The 16-bit status word (in the status register) shown 
in Figure 2.2 reflects the overall state of the 80387. 
It may be read and inspected by CPU code. 

Bit 15, the B-bit (busy bit) is included for 8087 com
patibility only. It reflects the contents of the ES bit 
(bit 7 of the status word), not the status of the 
BUSY# output of 80387/80287. 

Bits 13 -11 (TOP) pOint to the 80387 register that is 
the current top-of-stack. 

The four numeric condition code bits (Ca-Co) are 
similar to the flags in a CPU; instructions that per
form arithmetic operations update these bits to re
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2.2 
through 2.5. 

Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR # signal is 
asserted. 

Bit 6 is the stack flag (SF). This bit is used to distin
guish invalid operations due to stack overflow or un
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C1) distinguishes between stack 
overflow (C1 = 1) and underflow (C1 == 0). 

Figure 2.2 shows the six exception flags in bits 5-0 
of the status word. Bits 5-0 are set to indicate that 
the 80387 has detected an exception while execut
ing an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 

Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR # output of the 
80387 is activated immediately. 

4-134 



80387 

Table 2.2. Condition Code Interpretation 

Instruction CO(S) J C3(Z) C1 (A) C2(C) 

FPREM, FPREM1 Three least significant bits 
Reduction 

(see Table 2.3) of quotient 0= complete 
Q2 CO Q1 

orO/U# 1 = incomplete 

FCOM, FCOMP, 
FCOMPP, FTST, Result of comparison 

Zero 
Operand is not 

FUCOM, FUCOMP, (see Table 2.4) 
orO/U# 

comparable 
FUCOMPP, FICOM, (Table 2.4) 
FICOMP 

FXAM Operand class Sign Operand class 
(see Table 2.5) orO/U# (Table 2.5) 

FCHS, FABS, FXCH, 
FINCTOP, FDECTOP, 

Zero 
Constant loads, UNDEFINED 

orO/U# 
UNDEFINED 

FXTRACT, FLD, 
FILD,FBLD, 
FSTP (ext real) 

FIST, FBSTP, 
FRNDINT, FST, 
FSTP, FADD, FMUL, 

Roundup FDIV, FDIVR, UNDEFINED UNDEFINED 
FSUB, FSUBR, orO/U# 

FSCALE, FSQRT, 
FPATAN, F2XM1, 
FYl2X, FYL2XP1 

FPTAN,FSIN Roundup Reduction 
FCOS, FSINCOS UNDEFINED orO/U#, 0= complete 

undefined 1 = incomplete 
ifC2 = 1 

FLDENV, FRSTOR Each bit loaded from memory 

FLDCW, FSTENV, 
FSTCW, FSTSW, UNDEFINED 
FCLEX, FIN IT, 
FSAVE 

O/U# When both IE and SF bits of status word are set, indicating a stack exception, this bit 
distinguishes. between stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction If FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is 
complete. When reduction is incomplete the value at the top of the stack is a partial 
remainder, which can be used as input to further reduction. For FPTAN, FSIN, FCOS, and 
FSINCOS, the reduction bit is set if the operand at the top of the stack is too large. In this 
case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether the last rounding in the 
. instruction was upward. 

UNDEFINED 00 not rely on finding any specific value in these bits. 
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Table 2.3. Condition Code Interpretation after FPRE~'_and FPREM1 Instructions 

Condition Code 
Interpretation after FPREM arid FPREM1 

C2 C3 C1 CO 

Incomplete Reduction: 
1 X X X further interation required 

for complete reduction 

01 00 02 o MOD8 

0 0 0 0 
0 1 0 1 

Complete Reduction: 
1 0 0 2 

0 
1 1 0 3 

CO, C3, C1 contain three least 

0 0 1 4 
significant bits of quotient 

0 1 1 5 
1 0 1 6 
1 1 1 7 

Table 2.4. Condition Code Resulting from Comparison 

9rder C3 C2 CO 

TOP> Operand 0 0 0 
TOP < Operand 0 0 1 
TOP = Operand 1 0 0 
Unordered 1 1 1 

Table 2.5. Condition Code Defining Operand Class 

C3 C2 C1 CO Value at TOP 

0 0 0 0 + Unsupported . 
0 0 0 1 + NaN 
0 0 1 0 - Unsupported 
0 '0 1 1 - NaN 
0 1 0 0 + Normal 
0 1 0 1 + Infinity 
0 1 1 0 - Normal 
0 1 1 1 - Infinity 
1 0 0 0 +0 
1 0 0 1 + Empty 
1 0 1 . 0 -0 
1 0 1 1 - Empty 
1 1 0 0 + Denormal 
1 1 1 0 - Denormal 

. '. 
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2.3.4 INSTRUCTION AND DATA POINTERS 

Because the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESC instruction 
which caused it. To allow i~entification of the failing 
numeric instruction, the 80386/80387 contains two 
pointer registers that supply the address of the fail
ing numeric instruction and the address of its numer
ic memory operand (if appropriate). 

The instruction and data pointers are provided for 
user-written error handlers. These registers are ac
tually located in'the 80386, but appear to be located 
in the 80387 because they are accessed by the ESC 
instructions FLDENV; FSTENV, FSAVE, and 
FRSTOR. (In the 8086/8087 arid 80286/80287, 
these registers are located in the NPX.) Whenever 
the 80386 decodes a new ESC instruction, it saves 

the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 

The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the 80386 (protected mode or real-address mode) 
and depending on the operand-size attribute in ef
fect (32-bit operand or 16-bit operand). When the 
80386 is in virtual-8086 mode, the real-address 
mode formats are used. (See Figures 2.3 through 
2.6.) The ESC instructions FLDENV, FSTENV, 
FSAVE, and'FRSTOR are uSed to transfer these val
ues between the 80386 registers and memory. Note 
that the value of the data pointer is undefined if the 
prior ESC instruction did' not have a memory oper
and. 

32-BIT PROTECTED MODE FORMAT 
3123 15 7 o 

RESERVED . CONTROL WORD o 

RESERVED STATUS WORD 4 

RESERVED TAG WORD 8 

IPOFFSET C 

00000 I OPCODE 10 .. 0 CSSELECTOR 10 

DATA OPERAND OFFSET 14 

RESERVED OPERAND SELECTOR 18 

Figure 2.3. ~rotected Mode 8Q387 Instruction and Data Pointer Image In Memory, 32-81t Format 
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32-BIT REAL-ADDRESS MODE FORMAT 
31 23 15 7 o 

RESERVED CONTROL WORD 

RESERVED . STATUS WORD 

RESERVED TAG WORD 

RESERVED INSTRUCTION POINTER 15 .. 0 

0000 I . INSTRUCTION POINTER 31 .. 16 I 0 I OPCODE 10 .. 0 

RESERVED OPERAND POINTER 15 .. 0 

0000 I OPERAND POINTER 31 .. 16 I 0000 00000000 

Figure 2.4. Real Mode 80387 Instruction and Data Pointer Image In Memory, 32-Blt Format 

16-BIT PROTECTED MODE FORMAT 
15 7 0 

CONTROL WORD 

STATUS WORD 

TAG WORD 

IPOFFSET 

CSSELECTOR 

OPERAND OFFSET 

OPERAND SELECTOR 

Figure 2.5. Protected Mode 80387 
Instruction and Data Pointer 

Image in Memory, 16-Blt Format 

o 

2 

4 

6 

8 

A 

C 
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16-BIT REAL-ADDRESS MODE AND 
VIRTUAL-8086 MODE FORMAT 

15 7 0 

CONTROL WORD 

STATU~WORD 

TAG WORD 

INSTRUCTION POINTER 15 .. 0 

IP19.161 01 OPCODE 10 .. 0 

. OPERAND POINTER 15 .. 0 

DP 19.161 oj 0 0 0 0 0 0 0 0 0 0 

Figure 2.6. Real Mode 80387 
Instruction and Data Pointer 

Image In Memory, 16-Bit Format 

0 

o 

4 

8 

C 

10 

14 

18 

o 

2 

4 

6 

8 

A 

C 
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5 lL 0 

RESERVED 

RESERVED" 
ROUNDING CONTROL 
PRECISION CONTROL 

IX X xix I RC I PC IX XI:I~I~I~I~I~1 " "0" AFTER RESET OR FIN IT; 
CHANGEABLE UPOIII LOADING THE 
CONTROL WORD (CW). PROGRAt.lS 
t.lUST IGNORE.JHIS BIT. 

RESERVED 

EXC EPTlON t.lASKS: 

PRECISION 

U NDERFLOW 
OVERFLOW 

ERO DIVIDE 
D OPERAND 

Z 
DENORt.lALIZE 

INVALID OPERATION 

Precision Control 
00-24 bits (single precision) 
Ol-(reserved) 
10-53 bits (double precision) 
11---64 bits (extended precision) 

Rounding Control 
OO-Round to nearest or even 
Ol-Round down (toward - 00) 
IO-Round up (toward + 00) 
II-Chop (truncate toward zero) 
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Figure 2.7. 80317 Control Word 

2.3.5 CONTROL WORD 

The NPX provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 2.7 shows the format 
and encoding of fields in the control word. 

The low-order byte of this control word configures 
the 80387 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 80387 recognizes. 

The high-order byte of the control word configures 
the 80387 operating mode, including precision and 
rounding, 

• Bit 12 no longer defines infinity control and is a 
reserved bit. Only affine closure is supported for 
infinity arithmetic. The bit is initialized to zero after 
RESET or FINIT and is changeable upon loading 
the CW. Programs must ignore this bit. 

• The rounding control (RC) bits (bits 11-10) pro
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 

affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 

• The precision control (PC) bits (bits 9-8) can be 
used to set the 80387 internal operating precision 
of the significand at less than the default of 64 
bits (extended precision). This can be useful in 
providing compatibility with early generation arith
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci
sion is determined by the opcode or extended 
precision is used. 

2.4 Interrupt Description 

Several interrupts of the 80386 are used to report 
exceptional conditions while executing numeric pro
grams in either real or protected mode. Table 2.6 
shows these interrupts and their causes. 
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Table 2.6. 80386 Interrupt Vectors Reserved for NPX 

Interrupt 
Cause of Interrupt 

Number 

7 An ESC instruction was encountered when EM or TS of 80386 control register zero (CRO) 
was set. EM = 1 indicates that software emulation of tne instruction is required. When TS 
is set, either an ESC or WAIT instruction causes interrupt 7. This indicates that the current 
NPX context IT)ay not belong to the current task. 

9 An operand of a coprocessor instruction wrapped around an addressing limit (OFFFFH for 
small segments, OFFFFFFFFH for big segments, zero for expand-down segments) and 
spanned inaccessible addressesa. The failing numerics instruction is not restartable. The 
address of the failing numerics instruction and data operand may be lost; an FSTENV does 
not return reliable addresses. As with the 80286/80287, the segment overrun exception 
should be handled by executing an FNINIT instruction (i.e. an FINIT without a preceding 
WAIT). The return address on the stack does not necessarily point to the failing instruction 
nor to the following instruction. The interrupt can be avoided by never allowing numeric 
data to start within 108 bytes of the end of a segment. 

13 The first word or doubleword of a numeric operand is not entirely within the limit of its 
segment. The return address pushed onto the stack of the exception handler points at the 
ESC instruction that caused the exception, including any prefixes. The 80387 has not 
executed this instruction; the instruction pointer and data pointer register refer to a 
previous, correctly executed instruction. 

16 The previous numerics instruction caused an unmasked eXception. The address of the 
faulty instruction and the address of its operand are stored in the instruction pointer and 
data pointer registers. Only ESC and WAIT instructions can cause this interrupt. The 
80386 return address pushed onto the stack of the exception handler points to a WAIT or 
ESC instruction (including prefixes). This instruction can be restarted after clearing the 
exception condition in the NPX. FNINIT, FNCLEX, FNSTSW, FNSTENV, and FNSAVE 
cannot cause this interrupt. 

. . .. 
a. An operand may wrap around an addressing IIm!t when the segment limit .s near an addreSSing IIm.t and the operan!1 is near the largest valid 
address in the segment. Because of the wrap·around, the beginning and ending addresses of such an operand will be at opposite ends of the 
segment. There are' two ways that such an operand may also span inaccessible addresses: 1) if the segment limit is not equal to the addressing 
limit (e.g. addressing limit is FFFFH and segment limit is FFFDH) the operand will span addrElsses that are not within the segment (e,g. an a·byte 
operand that starts at valid offset FFFC will span addresses FFFC-FFFF and 0000·0003; however addresses FFFE and FFFF are not valid, 
because they exceed the limit); 2) if, the operand begins and ends in present and accessible pages but intermedjate bytEls of the opElrand fall in a 
not·present page or a page to which the procedure does not have access rights. ' 

2.5 Exception Handling 

The 80387 detects six different exception conditions 
that clm occur during instruction execution. Table 
2.7 lists the exception conditions in order of prece
dence, showing for each the cause and the default 
action taken by the 80387 if the exception is masked 
by its corresponding mask bit in the control word. 

Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sefsthe ES bit of the status Word, and 
asserts the ERROR # signal. When the CPU at
tempts to execute another ESC instruction or WAIT, 
exception 7 occurs. The' exception condition must 
be resolved via an interrupt service routine. The 
80386/80387 saves the address of the floating
point instruction that caused the exception and the 
address of any memory operand required by that in
struction. 

2_6 Initialization 

80387 initialization software must execute an FNIN
IT instruction (I.e. an FIN IT without a preceding 
WAIT) to clear ERROR#. The FNINIT is not re
quired for the 80287, though Intel documentation 
recommends its use (refer to the Numerics Supple
ment to the iAPX 286 Programmer's Reference 
Manual). After a hardware RESET, the ERROR# 
output is asserted to indicate that an 80387 is pres
ent. To accomplish this, the IE and ES bits of the 
status word are, set, and the 1M bit in the control 
word is reset. After FNINIT, the status word and the 
control word have the same values all in an 80287 
after RESET. 
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2.7 8087 and 80287 Compatibility 

This section· summarizes the differences between 
the 80387 and the 80287. Any migration from the 
8087 directly to the 80387 must also take into ac
count the differences between the 8087 and the 
80287 as listed in Appendix A. 

Many changes have been designed into the 80387 
to directly support the IEEE standard in hardware. 
These changes result in increased performance by 
eliminating the need for software that supports the 
standard. 

2.7.1 GENERAL DIFFERENCES 

The 80387 supports only affine closure for infinity 
arithmetic, not projective closure. Bit 12 of the Con
trol Word (CW) no longer defines infinity control. It is 
a reserved bit; but it is initialized to zero after RESET 
or FINIT and is changeable upon loading the CWo 
Programs must ignore this bit. 

Operands for FSCALE and FPATAN are no longer 
restricted in range (except for ± 00); F2XM1 and 
FPT AN accept a wider range of operands. 

The results of transcendental operations may be 
slightly different from those computed by 80287. 

In the case of FPTAN, the 80387 supplies a true 
tangent result in ST(1), and (always) a floating pOint 
1 in ST. . 

Rounding control is in effect for FLO constant. 

Software cannot change entries of the tag word to 
values (other than empty) that do not reflect the ac
tual register contents. 

After reset, FINIT, and incomplete FPREM, the 
80387 resets to zero the condition code bits Cs-Co 
of the status word. 

In conformance with the IEEE standard, the 80387 
does not support the special data formats: pseu
dozero, pseudo-NaN, pseudoinfinity, and un normal. 

Table 2.7. Exceptions 

Exception Cause 
Default Action 

(if exception Is masked) 

Invalid Operation on a signaling NaN, unsupported format, Result is a quiet NaN, integer 
Operation indeterminate form (0· 00, 0/0, (+ 00) + (- 00), etc.), or indefinite, or BCD indefinite 

stack overflow/underflow (SF is also set). 

Denormalized At least one of the operands is denormalized, i.e. it has Normal processing 
Operand the smallest exponent but a nonzero significand. continues 

Zero Divisor The divisor is zero while the dividend is a noninfinite, Result is 00 
nonzero number. 

Overflow The result is too large in magnitude to fitin the specified Result is largest finite value 
format. or 00 

Underflow The true result is nonzero but too small to be Result is denormalized or 
represented in the specified format, and, if underflc;>w zero 
exception is masked, denormalization causes loss of 
accuracy. 

Inexact The true result is not exactly representable in the Normal processing 
Result specified format (e.g. 1/3); the result is rounded continues 
(Precision) according to the rounding mode. 
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2.7.2 EXCEPTIONS 

A number of differences exist due to changes in the, 
IEEE standard and to functional improvements to 
the architecture of the 80387: 

1. When the overflow or underflow exception is 
masked, the 80387 differs from the 80287 in 
rounding when overflow Of underflow occurs. 
The 80387 produces results that are' consistent 
with the rounding mode. 

2. When the underflow exception is masked, the 
80387 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 

3. Fewer invalid-operation exceptions due to de
normal operands, because the instructions 
FSQRT, FDIV, FPREM, and conversions to BCD 
or to integer normalize denormal operands be
fore proceeding. ' 

4. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de
normal operands. 

5. The denormal exception can occur during the 
transcendental instructions and the FXTRACT 
instruction. 

6. The denormal exception no longer takes prece
dence over all other exceptions. 

7. When the denormal exception is masked, the 
80387 automatically normalizes denormal oper
ands. The 8087/80287 performs unnormal arith
metiC, which might produce an unnormal result. 

8. When the operand is zero, the FXTRACT in
struction reports a zero-divide exception and 
leaves - 00 in ST(1). 

9. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 

10. FLO extended precision no longer reports denor
mal exceptions, because the instruction is not 
numeric. 

11. FLO single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized operand 
exception. When loading a signaling NaN, FLO 
single/double precision Signals an,invalid-oper
and exception. 

12. The 80387 only generates quiet NaNs (as on the 
80287); however, the 80387 distinguishes be
tween quiet NaNs and signaling NaNs. Signaling 
NaNs trigger exceptions when they are used as 
operands; quiet NaNs do not (except for FCOM, 
FIST, and FBSTP which also raise IE for quiet 
NaNs). 

13. When stack overflow occurs during FPT AN and 
overflow is masked, both ST(O) and ST(1) con
tain quiet NaNs. The 80287/8087 leaves the 
original operand in ST(1) intact. 

14. When the scaling factor is ± 00, the FSCALE 
(ST(O), ST(1» instruction behaves as' follows 
(ST(O) and ST(1) contain the scaled and scaling 
operands respectively): 
• FSCALE(O, 00) generates the invalid operation 

exception. ' 

• FSCALE(finite, - 00) generates zero with the 
same sign as the scaled operand. 

• FSCALE(finite, + 00) generates 00 with the 
same sign ,as the scaled operand. 

The 8087/80287 returns zero in the first case 
and raises the invalid-operation exception in the 
other cases. 

15. The 80387 returns signed infinity/zero as the un
masked response to massive overflow/under
flow. The 8087 and 80287 support a limited 
range for the scaling factor; within this range ei
ther massive overflow/underflow do not occur or 
undefined results are produced. 

3.0 HARDWARE INTERFACE 

In the following description of hardware interface, 
the " symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low voltage. When no " is present after 
the signal name, the signal is asserted when at the' 
high voltage level. 

3.1 Signal Description 
In the following signal descriptions, the 80387 pins 
are grou~ed by function as follows: 
1. Execution control-386CLK2, 387CLK2, CKM, 

RESETIN 
2. NPX handshake-,-PEREQ, BUSY", ERROR" 
3. Bus interface pins-D31-oo, W/R#r, ADS", 

READY", READYO" ' 
4. Chip/Port Select-STEN, NPS1", NPS2, 

CMoo" 
5. Power supplies-Vee, Vss 

Table 3.1 lists evefY pin by its identifier, gives a brief 
description of its function, and lists some of its char
acteristics. All output signals are tristate; they leave 
floating state only when STEN is active. The output 
buffers of the bidirectional data pins 031-00 are 
also tristate; they leave floating state only in read 
cycles when the 80387 is selected (i.e. when STEN, 
NPS1 ", and NPS2 are all active). 

Figure 3.1 and Table 3.2 together show the location 
of every pin in the pin grid array. 
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Table 3.1. 80387 Pin Summary 

Pin 
Function 

Active Input/· Referenced 
Name State Output To 

386CLK2 80386 CLocK 2 I 
387CLK2 80387 CLocK 2 I 
CKM 80387 CLocKing Mode I 
RESETIN System reset High I 386CLK2 

PEREQ Processor Extension High 0 386CLK2/STEN 
REQuest 

BUSY# Busy status Low 0 386CLK2/STEN 
ERROR# Error status Low 0 387CLK2/STEN 

031-00 Oata pins High I/O 386CLK2 
W/R# Write/Read bus cycle Hi/Lo I 386CLK2 
AOS# AOdress Strobe Low I 386CLK2 
REAOY# Bus ready input Low I 386CLK2 
REAOYO# Ready output Low 0 386CLK2/STEN 

SlEN STatus ENable High I 386CLK2 
NPS1# NPX select # 1 Low I 386CLK2 
NPS2 NPX select # 2 High I 386CLK2 
CMOO# CoMmanO Low I 386CLK2 

Vee I 
Vss I 

NOTE: 
STEN is referenced to only when getting the output pins into or out of tristate mode. 

Table 3.2. 80387 Pin Cross-Reference 

A2 ~ 09 C11 - Vss J10 - Vss 
A3 - 011 01 - 05 J11 - CKM 
A4 - 012 02 - 04 K1 - PEREQ 
A5 - 014 010 - 024 K2 - BUSY# 
A6 - Vee 011 - 025 K3 - Tie High 
A7 - 016· E1 - Vee K4 - W/R# 
A8 - 018 E2 - Vss K5 - Vee 
A9 - Vee E10 - 026 K6 - NPS2 
A10 - 021 E11 - 027 K7 - AOS# 
B1 - 08 F1 - Vee K8 - REAOY# 
B2 - Vss F2 - Vss K9 - No Connect 
B3 - 010 F10 - Vee K10 - 386CLK2 
B4 - Vee F11 - Vss K11 - 387CLK2 
B5 - 013 G1 - 03 L2 - ERROR# 
B6 - 015 G2 - 02 L3 - REAOYO# 
B7 - Vss G10 - 028 L4 - STEN 
B8 - 017 G11 - 029 L5 - Vss 
B9 - 019 H1 - 01 L6 - NPS1# 

B10 - 020 H2 - 00 L7 - Vee 
B11 - 022 H10 - 030 L8 - CMOO# 
C1 - 07 H11 - 031 L9 - Tie High 
C2 - 06 J1 - VSS L10 - RESETIN 
C10 - 023 J2 - Vee 
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3.1.1 80386 CLOCK 2 (386CLK2) 

This input useS the 80386 CLK2 signal to time the' 
bus control logic. Several other 80387 signals are 
referenced to the rising edge of this signal. When 
CKM = 1 (synchronous mode) this pin also clocks 
the data interface and control unit and the floating
point unit of the 80387. This pin requires MOS-Ievel 
input. The signal on this pin is divided by two to pro
duce the internal clock signal CLK. 

3.1.2 80387 CLOCK 2 (387CLK2) 

When CKM = 0 (asynchronous mode) this pin pro
vides the clock for the data interface and control unit 
and the floating-point unit of the 80387. In this case, 
the ratio of the frequency of 387CLK2 to the fre
quency of 386CLK2 must lie within the range 10:16 
to 16:10. When CKM = 1 (synchronous mode) this 
pin is ignored; 386CLK2 is use<;l instead for the data 
interface and control unit and the floating-point unit. 
This pin requires TIL-level input. 

ABCDEFGHJKL 

* 2 + + 
3 + + 
<4 + + 
5 + + 
6 + + 
7 + + 
8 + + 
9 + + 
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·Pin 1 

+ + + 

+ + + + 

+ + 
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+ + 

+ + 

+ + 
+ + 
+ + 

+ + + + 
+ + + 
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Figure 3.1. 80387 Pin Configuration 

3.1.380387 CLOCKING MODE (CKM) 

This pin is a strapping option. When it is strapped to 
Vee, the 80387 operates in synchronous mode; 
when strapped to Vss, the 80387 operates in asyn
chronous mode. These modes relate to clocking of 
the data interface and control unit and the floating
point unit only; the bus control logic always operates 
synchronously with respect to the 80386. 

3.1.4 SYSTEM RESET (RESETIN) 

A LOW to HIGH transition on this pin causes the 
80387 to terminate its present activity and to enter a 

dormant state. RESETIN must remain HIGH for at 
least 40 387CLK2 periods. The HIGH to LOW tran
sitions of RESETIN must be synchronous with 
386CLK2, so that the phase of the internal clock of 
the bus control Iqgic (which is the 386CLK2 divided 
by 2) is the same as the phase of the internal clock 
of the 80386. After RESETIN goes LOW, at least 50 
387CLK2 periodS must pass before the first NPX in
struction is written into the 80387. This pin should be 
connected to the 80386 RESET pin. Table 3.3 
shows the status of other pins after a reset. 

Table 3.3. Output Pin Status During Reset 

Pin Value Pin Name 

HIGH REAOYO#, BUSY# 

LOW PEREa, ERROR # 

Tri-State OFF 031-00 

3.1.5 PROCESSOR EXTENSION REQUEST 
(PEREQ) 

When active, this pin signals to the 80386 CPU that 
the 80387 is ready for data transfer to/from its data 
FIFO. When all data is written to or read from the 
data FIFO, PEREa is deactivated. This Signal al
ways goes inactive before BUSY # goes inactive. 
This signal is referenced to 386CLK2. It should be 
connected to the 80386 PEREa input. Refer to Fig
ure 3.7 for the timing relationships between this and 
the BUSY # and ERROR # pins. 

3.1.6 BUSY STATUS (BUSY#) 

When active, this pin signals to the 80386 CPU that 
the 80387 is currently executing an instruction. This, 
signal is referenced to 386CLK2. It should be con
nectedto the 80386 BUSY# pin. Refer to Figure 3.7 
for the timing relationships between this and the 
PEREa and ERROR # pins. 

3.1.7 ERROR STATUS (ERROR#) 

This pin reflects the ES bits of the status register. 
When active, it indicates that an unmasked excep
tion has occurred (except that, immediately after a 
reset, it indicates to the 80386 that an 80387 is pres
ent in the system). This signal can be changed to 
inactive state only by the following instructions (with
out a preceding WAIT): FNINIT, FNCLEX, 
FNSTENV, and FNSAVE. This signal is referenced 
to 387CLK2. It should be connected to the 80386 
ERROR # pin. Refer to Figure 3.7 for the timing rela
tionships between this and the PEREa and BUSY # 
pins. 
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3.1.8 DATA PINS (D31-DO) 

These bidirectional pins are used to transfer data 
and opcodes between the 80386 and 80387. They 
are normally connected directly to the correspond
ing 80386 data pins. HIGH state indicates a value of 
one. DO is the least significant data bit. Timings are 
referenced to 386CLK2. 

3.1.9 WRITE/READ BUS CYCLE (W/R#) 

This signal indicates to the 80387 whether the 
80386 bus cycle in progress is a read or a write cy
cle. This pin should be connected directly to the 
80386 W/R# pin. HIGH indicates a write cycle; 
LOW, a read cycle. This input is ignored if any of the 
signals STEN, NPS1 #, or NPS2 is inactive. Setup 
and hold times are referenced to 386CLK2. 

3.1.10 ADDRESS STROBE (ADS#) 

This input, in conjunction with the READY # input 
indicates when the 80387 bus-control logic may 
sample W/R# and the chip-select signals. Setup 
and hold times are referenced to 386CLK2. This pin 
should be connected to the 80386 ADS# pin. 

3.1.11 BUS READY INPUT (READY#) 

This input indicates to the 80387 when an 80386 
bus cycle is to be terminated. It is used by the bus
control logic to trace bus activities. Bus cycles can 
be extended indefinitely until terminated by 
READY #. This input should be connected to the 
same signal that drives the 80386 READ# input. 
Setup and hold times are referenced to 386CLK2. 

3.1.12 READY OUTPUT (READYO#) 

This pin is activated at such a time that write cycles 
are terminated after two clocks and read cycles after 
three clocks. In configurations where no extra wait 
states are required, it can be used to directly drive 
the 80386 READY # input. Refer to section 3.4 "Bus 
Operation" for details. This pin is activated only dur
ing bus cycles that select the 80387. This signal is 
referenced to 386CLK2. 

3.1.13 STATUS ENABLE (STEN) 

This pin serves as a chip select for the 80387. When 
inactive, this pin forces BUSY#, PEREa, ERROR#, 
and READYO# outputs into floating state. 031-00 
are normally floating and leave floating state only if 
STEN is active and additional conditions are met. 
STEN also causes the chip to recognize its other 
chip-select inputs. STEN makes it easier to do on
board testing (using the overdrive method) of other 

chips in systems containing the 80387. STEN should 
be pulled up with a resistor so that it can be pulled 
down when testing. In boards that do not use on
board testing, STEN should be connected to Vee. 
Setup and hold times are relative to 386CLK2. Note 
that STEN must maintain the same setup and hold 
times as NPS1 #, NPS2, and CMDO# (i.e. if STEN 
changes state during an 80387 bus cycle, it should 
change state during the same CLK period as the 
NPS1 #, NPS2, and CMDO# signals). 

3.1.14 NPX Select #1 (NPS1#) 

When active (along with STEN and NPS2) in the first 
period of an 80386 bus cycle, this ,signal indicates 
that the purpose of the bus cycle is to communicate 
with the 80387. This pin should be connected direct
ly to the 80386 M/IO# pin, so that the 80387 is 
selected only when the 80386 performs 1/0 cycles. 
Setup and hold times are referenced to 386CLK2. 

3.1.15 NPX SELECT #2 (NPS2) 

When active (along witl) STEN and NPS1 #i) in the 
first period of an 80386 bus cycle, this signal indi
cates that the purpose of the bus cycle is to commu
nicate with the 80387. This pin should be connected 
directly to the 80386 A31 pin, so that the 80387 is 
selected only when the 80386 uses one of the 1/0 
addresses reserved for the 80387 (800000F8 or 
800000FC). Setup and hold times are referenced to 
386CLK2. 

3.1.16 COMMAND (CMDO#) 

During a write cycle, this signal indicates whether an 
opcode (CMDO# active) or data (CMDO# inactive) 
is being sent to, the 80387. During a read cycle, it 
indicates whether the control or status register 
(CMDO# active) or a data register (CMDO# inactive) 
is being read. CMDO # should be connected directly 
to the A2 output of the 80386. Setup and hold times 
are referenced to 386CLK2. 

3.2 Processor Architecture 

As shown by the block diagram on the front page, 
the NPX is internally divided into three sections: the 
bus control logic (BCL), the data interface and con
trol unit, and the floating pOint unit (FPU). The FPU 
(with the support of the control unit which contains 
the sequencer and other support units) executes all 
numerics instructions. The data interface and control 
unit is responsible for the data flow to and from the 
FPU and th,e control registers, for receiving the in
structions, decoding them, and sequencing the mi
croinstructions, and for handling some of the admin-
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istrative instructions. The BCl is. responsible for 
80386 bus tracking and interface. The BCl is the 
only unit in the 80387 that must run synchronously 
with the 80386; the rest of the 80387 can run asyn
chronously with respect to the 80386. 

3.2.1 BUS CONTROL LOGIC 

The BCl communicates solely with the CPU using' 
I/O bus cycles. The BCl appears to the CPU as a 
special peripheral device. It is special in two re
spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re
served I/O addresses to communicate with the BCL. 
The BCl does not communicate directly with memo
ry. The CPU performs all memory access, transfer
ring input operands from memory to the 80387 and 
transferring outputs from the 80387 to memory. 

3.2.2 DATA INTERFACE AND CONTROL UNIT 

The data interface and control unit latches the data 
and, subject to BCl control, directs the data to the 
FIFO or the instruction decoder. The instruction de
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 

CLOCK 
GENERATOR 

CLK2 

CLK -+ I 
RESET 

t 
t 

HLOA 

4 RESET O/C# ... 
---+ REAOY# LOCK# ... 

CLK2 BE3#-BEO# ... 
-+ BSI6# 1.4/10# 

..... NA# A31 .... HOLD A30-A3 f+ .... INT# 80386 A2 .... NMI W/R# 

AOS# 

031-00 

BUSY# 

ERROR# 

PEREO 

in the FIFO. It also triggers the microinstruction se
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FClEX, FSTSW, 
FSTSW AX, or FSTCW, the control executes it inde
pendently of the FPU and the sequencer. The data 
interface and control unit is the one that generates 
the BUSY#, PEREa and ERROR# signals that syn
chronize 80387 activities with the 80386. It also sup
ports the FPU in all operations that it cannot perform 
alone (e.g. exceptions handling, transcendental op
erations, etc.). 

3.2.3 FLOATING POINT UNIT 

The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen
dental, constant, and data transfer instructions. The 
data path in. the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 

3.3 System Configuration 
As an extension to the 80386, the 80387 can be 
connected to the CPU as shown by Figure 3.2. A 
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Figure 3.2. 80386/80387 System Configuration 
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Table 3.4. Bus Cycles Definition 

STEN NPS1# NPS2 CMDO# 

0 x x x 

1 1 x x 
1 x 0 x 
1 0 1 0 
1 0 1 0 
1 0 1 1 
1 0 1 1 

dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be· 
tween the 80386 and 80387. The 80387 is designed 
so that no additional components are required for. 
interface with the 80386. The .80387 shares the 32-
bit wide local bus of the 80386 and most control pins 
of the 80387 are connected directly to pins of the 
80386. 

3.3.1 BUS CYCLE TRACKING 

The ADS # and READY # signals allow the 80387 to 
track the beginning and end of 80386 bus cycles, 
respectively. When ADS# is asserted at the same 
time as the 80387 chip-select inputs, the bus cycle is 
intended for the 80387. To signal the end of a bus 
cycle for the 80387, READY# may be asserted di
rectly or indirectly by the 80387 or by other bus-con
trol logic. Refer to Table 3.4 for definition of the 
types of 80387 bus cycles. 

3.3.2 80387 ADDRESSING 

The NPS1 #, NPS2 and STEN signals allow the NPX 
to identify which bus cycles are intended for the 
NPX. The NPX responds only to I/O cycles when bit 
31 of the I/O address is set. In other words, the NPX 
acts as an I/O device in a reserved 1/0 address 
space. 

Because A31 is used to select the 80387 for data 
transfers, it is not possible for a program running on 
the 80386 to address the 80387 with an 1/0 instruc
tion. Only ESC instructions cause the 80386 to com
municate with the 80387. The 80386 BS16# input 
must be inactive during 1/0 cycles when A31 is ac
tive. 

3.3.3 FUNCTION SELECT 

The CMDO# and W/R# signals identify the four 
kinds of bus cycle: control or status register read, 
data read, opcode write, data write. 

3.3.4 CPU/NPX Synchronization 

The pin pairs BUSY #, PEREa, and ERROR # are 
used for various aspects of synchronization between 
the CPU and the NPX. 

W/R# Bus Cycle Type 

x 80387 not selected and all 
outputs in floating state 

x 80387 not selected 
x 80387 not selected 
0 CW or SW read from 80387 
1 Opcode write to 80387 
0 Data read from 80387 
1 Data write to 80387 

BUSY # is used to synchronize instruction transfer 
from the 80386 to the 80387. When the 80387 rec
ognizes an ESC instruction, it asserts BUSY #. For 
most ESC instructions, the 80386 waits for the 
80387 to deassert BUSY # before sending the new 
opcode. 

The NPX uses the PEREa pin of the 80386 CPU to 
signal that the NPX is ready for data transfer to or 
from its data FIFO. The NPX does not directly ac
cess memory; rather, the 80386 provides memory 
access sarvices for the NPX. Thus, memory access 
on behalf of the NPX always obeys the rules applica-

. ble to the mode of the 80386, whether the 80386 be 
in real-address mode or protected mode. 

Once the 80386 initiates an 80387 instruction that 
has operands, the 80386 waits for PEREa Signals 
that indicate when the 80387 is ready for operand 
transfer. Once all operands have been transferred 
(or if the Instruction has no operands) the 80386 
continues program execution while the 80387 exe
cutes the ESC instruction. 

In 8086/8087 systems, WAIT instructions may be 
required to achieve synchronization of both com
mands and operands. In 80286/80287 and 
80386/80387 systems, WAIT instructions are re
quired only for operand synchronization; namely, af
ter NPX stores to memory (except FSTSW and 
FSTCW) or loads from memory. Used this way, 
WAIT ensures that the value has already been writ
ten or read by the NPX before the CPU reads or 
changes the value. 

Once it has started to execute a numerics instruction 
and has transferred the operands from the 80386, 
the 80387 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR # Signal, 
which causes an 80386 interrupt. 

3.3.5 SYNCHRONOUS OR ASYNCHRONOUS 
MODES· 

The internal logic' of the 80387 (the FPU) can either 
operate directly from the CPU clock (synchronous 
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mode) or from a separate clock (asynchronous 
m.ode). The two configurations are distingui~hed by 
the CKM pin. In either case, the bus control logic 
(BCL:) of the 80387 is synchronized with the CPU 
clock. Use of asynchronous mode allows the 80386 
and the FPU section of the 80387 to run at different 
speeds. In this case, the ratio of the frequency of 
387ClK2 to the frequency of 386ClK2 must lie with
in the range 10:16 to 16:10. Use of synchronous 
mode eliminates one clock generator from the board 
design. 

3.3.6 AUTOMATIC BUS CYCLE TERMINATION 

In configurations ' where no extra wait states are re
quired, READYO# can be used to drive the 80386 
READY # input. If this pin is used, it should be con
nected to the logic that ORs all READY outputs froin 
peripherals on the 80386 bus. READYO# is assert
ed by the 80387 only during I/O cycles that select 
the 80387. Refer to section 3.4 "Bus Operation" for 
details. 

3.4 Bus Operation 

With respect to the bus interface, the 80387 is fully 
synchronous with the 80386. Both operate at the 
same rate, because each generates its internal ClK 
signal by dividing 386ClK2 by two. 

The 80386 initiates a new bus cycle by activating 
ADS#. The 80387 recognizes a bus cycle, if, during 
the cycle in which ADS# is activated, STEN, 
NPS1 #, and NPS2 are all activated. Proper opera
tion is achieved if NPS1 # is connected to the 
MIIO# output of the 80386, and NPS2 to 'the A31 
output. The 80386's A31'output is guaranteed to be 
inactive in all bus cycles that do not address the 
80387 (i.e. 1/0 cycles to other devices, interrupt ac
knowledge, and reserved types of bus cycles). Sys
tem logic must not signal a 16-bit bus cycle via the 
80386 BS16# input during 1/0 cycles when A31 is 
active. 

During the ClK period in which ADS # is activated, 
the 80387 also examines the WIR# input Signal to 
determine whether the cycle is a read' or a write cy
cle and examines tHe CMDO# input to determine 
whether an opcode, operand, or control/status reg
ister transfer is to occur. 

The 80387 supports both pipelined and nonpipe
lined bus cycles. A nonpipelined cycle is one for 
which the 80386 'asserts ADS#, , when no, other 
80387 bus cycle is in progress. A pipelined bus cycle 
is one for which the 80386 asserts ADS # and pro
vides valid next-address and control signals as soon 
as in the second ,elK period after the ADS# asser
tion for the previous 80386 bus cycle. Pipelinil1g in· 

creases the availability of the bus by at least one 
ClK period. The 80387 supports pipelined bus cy. 
cles in order to optimize address pipelining by the 
80386 for memory cycles. 

Bus operation is described in terms of, an abstract 
state machine. Figure 3.3 illustrates the states and 
state transitions for 80387 bus cycles: 

• T, is the idle state. This is the state of the bus 
logic after RESET, the state to which bus logic 
returns after evey nonpipelined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 

• T RS is the READY # sensitive state. Different 
types of bus cycle may require a minimum of one 
or two successive T RS states. The bus logic re
mains in T RS state until READY # is sensed, at 
which point the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY #, thereby causing additional successive 
TRS states. 

• T p is the first state for every pipelined bus cycle. 

The F\EADYO# output of the 80387 indicates when 
a bus cycle for the 80387 may be terminated if no 
extra wait states are required. For all write cycles 
(except those for the instructions FlDENV and 
FRSTOR), READYO# is always asserteQ, in the first 
T RS state, regardless of the number of wait states. 
For all read cycles and write cycles for FlDENV and 
FRSTOR, READYO# is always asserted in the sec
ond T RS state, regardless of the number of wait 
states. These rules apply to both pipelined and non
pipelined cycles. Systems designers may use 
READYO# in one of thre,e ways: 
1. leave it disconnected and use external logic to 

generate READY # signals. When C/loosing this 
option, 80387 requirements for wait states in read 
cycles and write cycles of FlDENV and FRSTOR 
must be obeyed. 

ADS, 

READY, 
231920-7 

Figure 3.3. Bus State Diagram 
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2. Connect it (directly or through logic that ORs 
READY signals from other devices) to the 
READY# inputs of the 80386 and 80387. 

3. Use it as one input to a wait-state generator. 

The following sections illustrate different types of 
80387 bus cycles. 

Because different instructions have different 
amounts of overhead before, between, and after op
erand transfer cycles, it is not possible to represent 
in a few diagrams all of the combinations of succes
sive operand transfer cycles. The following bus-cy
cle diagrams show memory cycles between 80387 
operand-transfer cycles. Note however that, during 
the instructions FLDENV, FSTENV, FSAVE, and 
FRSTOR, some consecutive accesses to the NPX 
do not have intervening memory accesses. For the 
timing relationship between operand transfer cycles 
and opcode write or other overhead activities, see 
Figure 3.7. 

3.4.1 NONPIPELINED BUS CYCLES 

Figure 3.4 illustrates bus activity for consecutive 
nonpipelined bus cycles. 

3.4.1.1 Write Cycle 

At the second clock of the bus cycle, the 80387 en
ters the T RS (READY # -sensitive) state. During this 
state, the 80387 samples the READY # input and 
stays in this state as long as READY # is inactive. 

In write cycles, the 80387 drives the READYO# sig
nal for one CLK period beginning with the second 
CLK of the bus cycle; therefore, the fastest write 
cycle takes two CLK cycles (see cycle 2 of Figure 
3.4). For the. instructions FLDENV and FRSTOR, 
however, the 80387 forces a wait state by delaying 
the activation of READYO# to the second TRS cy
cle (not shown in Figure 3.4). 

When READY # is asserted the 80387 returns to the 
idle state, in which ADS # could be asserted again 
by the 80386 for the next cycle. 

3.4.1.2 Read Cycle 

At the second clock of the bus cycle, the 80387 en
ters the T RS state. See Figure 3.4. In this state, the 
80387 samples the READY # input and stays in this 
state as long as READY # is inactive. 

At the rising edge of CLK in the second clock period 
of the cycle, the 80387 starts to drive the D31-DO 
outputs and continues. to drive them as long as it 
stays in T RS state. 

In read cycles that address the 80387, at least one 
wait state must be inserted to insure that the 80386 
latches the correct data. Since the 80387 starts driv
ing the system data bus only at the rising edge of 
CLK in the second clock period of the bus cycle, not 
enough time is left for the data signals to propagate 
and be latched by the 80386 at the falling edge of 
the same clock period. The 80387 drives the READ
YO# signal for one CLK period in the third CLK of 
the bus cycle. Therefore, if the READYO # output is 
used to drive the 80386 READY # input, one wait 
state is inserted automatically. 

Because one wait state is required for 80387 reads, 
the minimum is three CLK cycles per read, as cycle 
3 of Figure 3.4 shows. 

When READY # is asserted the 80387 returns to the 
idle state, in which ADS # . could be asserted again 
by the 80386 for the next cycle'. The transition from 
T RS state to idle state causes the 80387 to put the 
tristate D31-DO outputs into the floating state, al
lowing another device to drive the system data bus. 
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386ClK2 

(ClK) 

CYCLE 1 
NON-PIPELINED 
.. E .. ORY READ 

CYCLE 2 
NON-PIPElINED 

NPX WRITE 

CYCLE 3 
NON-PIPELINED 

NPX READ 

CYCLE" 
NON-PIPELINED 
.. EIIORY WRITE 

NPS2,rr~-+-----rr---+-----rr~~~~--~--~~--~~--~----+---~ 
NPS1#, 
"/10# IU--+--f""'-+--f""'~lo-fi"'-___ I---+--~-+-___ I----I 

W/Rfl 

ADS# 

READYD# 

Do-D31 ---- --

231920-8 

Cycles 1 & 2 represent part of the operand transfer cycle for instructions Involving either 4-byte or 8-byte operand loads. 
Cycles 3 & 4 represent part of the operand transfer cycle for a store operation. 
·Cycles 1 & 2 could repeat here or TI states for various non-operand transfer cycles and overhead. 

Figure 3.4. Nonplpellned Read and Write Cycles 

3.4.2 PIPELINED BUS CYCLES 

Because all the activities of the 80387 bus interface 
occur either during the T RS state or during the tran
sitions to or from that state, the only difference be
tween a pipelined and a nonpipelined cycle is the 
manner of changing from one state to another. The 
exact activities in each state are detailed in the pre
vious section "Nonpipelined Bus Cycles". 

When the 80386 asserts ADS #: before the end of a 
bus cycle, both ADS#: and READY#: are active dur
ing a T RS state. This condition causes the 80387 to 
change to a different state named T p. The 80387 
activities in the transition from a T RS state to a T p 
state are exactly the same as those in the transition 
from a T RS state to a TI state in nonpipelined cyples. 

T p state is metastable; therefore, one clock period 
later the 80387 returns to T RS state. In consecutive 
pipelined cycles, the 80387 bus logic uses only T RS 
and T p states. 

Figure 3.5 shows the fastest transition into and out 
of the pipelined bus cycles. Cycle 1 in this figure 
represents a nonpipelined cycle. (Nonpipelined write 
cycles with only one T RS state (i.e. no wait states) 
are always followed by another nonpipelined cycle, 
because READY #: is asserted before the earliest 
possible assertion of ADS#: for the next cycle.) 

Figure 3.6 shows the pipelined write and read cycles 
with one additional T RS states beyond the minimum 
required. To delay the assertion of READY#: re
quires external logic. 
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3.4.3 BUS CYCLES OF MIXED TYPE 

When the 80387 bus logic is in the T RS state, it dis
tinguishes between nonpipelined and pipelined cy
cles according to the behavior of ADS# and 
READY #. In a nonpipelined cycle, only READY # is· 
activated, and the transition is from T RS to idle state. 
In a pipelined cycle, both READY# and ADS# are 
active and the transition is first from T RS state to T p 
state then, after one clock period, back to T RS state. 

386CLK2 

(CLK) 

CYCLE 1 
NON-PIPELINED 
t.lEt.lORY READ 

CYCLE 2 
PIPELINED 

NPX WRITE 

3.4.4 BUSY # AND PEREQ TIMING 
RELATIONSHIP 

Figure 3.7 shows the activation of BUSY # at the 
beginning of instruction execution and its deactiva
tion after execution of the instruction is complete. 
PEREQ is activated in this interval. If ERROR # (not 
shown in the diagram) is ever asserted, it would oc
cur at least six 386CLK2 periods after the deactiva
tiQn of PEREQ and at least six 386CLK2 periods be
fore the deactivation of BUSY #. Figure 3.7 shows 
also that STEN is activated at the beginning of a bus 
cycle. 

CYCLE 3 
PIPELINED 

t.lEt.lORY READ 

CYCLE 4 
NON-PIPELINED 

NPX WRITE 

NPS2, ~--~----~~---+-----rr---~----+-----~--~~--~----~ 
NPS1#, 
t.ljIO# jI.Io.--+--ofoI---f---foi~-+---+--ofoI---II---+----i 

WjR# 

ADS# 

READYO# 

DO-D31 ---- ----- --

231920-9 

Cycle 1-Cycle 4 represent the operand transfer cycle for an instruction involving a transfer of two 32·bit loads in total. 
The opcode write cycles and other overhead are not shown. . 
Note that the next cycle will be a pipelined cycle if both READY# and ADS# are sampled active at the end of a TRS 
state of the current cycle. 

Figure 3.5. Fastest Transitions to and from Pipellned Cycles 
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388CLK2 

CYCLE 1 
PIPELINED WRITE 

80387 

NOTE 1 CYCLE 2 
PlPEUNED READ 

TRS Tp 

NPS2.,lrr-+--II7""-+r--+.....,!~n--+---+--r--""n ..... -+----t 
NPS1#. 
M/IOI [&.L.-+--P--fL-+-lHLJ..-t---+--I--ofl--+---t 

W/R# 

READYD# 

NOTE: 
1. Cycles between operand write to the NPX and storing result. 

NOTES: 
1. Instruction dependent. 

OPCODE 
WRITE 

Figure 3.6. Plpellned Cycles with Walt States 

NOTE 4 

NOTE 1 NOTE 2 

1ST OPERAND 
WRITE 

NOTE 3 NOTE 1 

2. PEREQ is an asynchron9us input to the 80386; it may not be asserted (instruction dependent). 
3. More operand transfers. 
4. Memory read (operand) cycle is not shown. 

Figure 3.7. STEN, BUSY'" and PEREQ Timing Relationship 
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4.0 MECHANICAL DATA 

88 LEAD CERAMIC PIN GRID ARRAY PACKAGE INTEL TYPE A 

Symbol 
Min 

A 3.56 

A1 0.76 

1.1 

A2 2.72 

A2 3.43 

Aa 1.14 

B 0.43 

0 28.83 

01 25.27 

81 2.29 

L 2.29 

N' 

Sl 1.27 

ISSUE IWSREV7 

SEATING 
PLANE 

A,~ 
BASE 
PLANE 

SEAnN~ PLANE ' 

·r"~~ 
SWAGGED 

PIN 
DETAIL, 

Family: Ceramic Pin Grid Array PIlckage 

Millimeters Inches 

Max Notes Min Max 

4.57 0.140 0.180 

1.27 Solid Lid 0.030 ,0.050 

0.41 EPROM Lid 0.016 

3.43 Solid Lid 0.107 0.135 

4.32 EPROM Lid 0.135 0.170 

1.40 0.045 0.055 

0.51 0.017 0.020 

29.59 1.135 1.165 

25.53 ,0.995 1.005 

2.79 0.090 0.110 

3.30 0.090 0.130 

68 68 

2.54 0.050 0.100 

3/26/86 

Figure 4.1. Package Description 
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Notes 

Solid Lid 

EPROM Lid 

Solid Lid 

EPROM Lid 
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5.0 ELECTRICAL DATA 

5.1 Absolute Maximum Ratings· 

Case Temperature T C 
Under Bias ... ',' .......•.... - 65·C to + 11 O"C 

Storage Temperature .......... - 65·C to + 150"C 
Voltage on Any Pin with 

Respect to Ground .... .' .... -0.5 to Vee + 0.5V 
Power Dissipation ............. ; ............ 1.5W 

5.2 D.C. Characteristics 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam· 
age to the device.' This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera· 
tional sections of this specification is not implied. Ex· ' 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
fol/owing, tables are subject to change. 

Table 5.1. DC Specifications T C = O· to 80·C, Vee = 5V ± 5% 

Symbol Parameter Max 

Vil Input LO Voltage 
VIH Input HI Voltage 
VCl 386CLK2 Input LO Voltage 
VCH ,386CLK2 Input HI Voltage 
VOL Output LO Voltage 
VOH Output HI Voltage 
Icc Supply Current 

387CLK2 = 32 MHz(4) q 250 
387CLK2 = 40 MHz(4,) 310 

III Input Leakage Current ±15 
ILO I/O Leakage Current ~ ~ ±15 
CIN ' Input Capacitance ~ 10 
Co I/O or Output Capac ce 12 
CC!..K Clock Capacitance 20 

NOTES: 
1. This parameter is for all inpLlts, including 387ClK2 but excluding 386ClK2. 
2. This parameter is measured at IOL as follows: 

data = 4.0 mA 
READYO# = 2.5'mA 
ERROR#, BUSY#, PEREQ = 2.5 mA , 

3. This parameter is l1)6aSured at IOH as follows: 
data = 1.0 mA 
READYO# = 0.6 mA 
ERROR#, BUSY#, PEREQ = 0.6 mA 

Units Test Conditions 

V (Note 1) 
V (Note 1) 
V 
V 
V (Note 2) 
V (Note 3) 

mA Icc typo = 150 mA 
mA lee typo = 190 rnA 
poP. OV:S: VIN:S: Vee 
/LA 0.45V :s: Vo :s: Vee 
pF fc = 1 MHz 
pF fc = 1 MHz 
pF fc = 1 MHz 

4. Icc is measured at steady state, maximum capacitive loading on the outputs, and worst·case DC level at the inputs; 
386ClK2 at the'same frequency as 381ClK2. 
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5.3 A.C. Characteristics 

Pin Symbol 

387CLK2 tl 
387CLK2 t2a 
387CLK2 t2b 
387CLK2 t3a 
387CLK2 t3b 
387CLK2 t4 
387CLK2 t5 

Pin Symbol 

386CLK2 tl 
386CLK2 t2a 
386CLK2 t2b 
386CLK2 t3a 
386CLK2 t3b 
386CLK2 t4 
386CLK2 t5 

386CLK21 
387CLK2 
REAOYO# t7 
REAOYO# t7 
PEREQ t7 
BUSY# t7 
BUSY# t7 
ERROR # t7 

031-00 t8 
031-00 tl0 
031-00 tll 
031-00 t12* 

PEREQ t13* 
BUSY# t13 
ERROR # t13 
REAOYO# t13* 
AOS# t14 
AOS# t15 
W/R# t14 
W/R# t15 

8 8 
8 8 

Test 
Conditions 

1.4V 
1.4V 
2.0V 
1.4V 
0.8V 
2.0VtoO.8V 
0.8Vto2.0V 

20 
20 

TIming Requirements of the Bus Interface Unit 
Tc = O·Cto +80"C, Vee = SV ±S% 

16 MHz 20 MHz 

Parameter 1.SV 1.SV 

Min Max MI~. 
(ns) (ns) s' 

Period 31.25 .OV 
High Time 9 2.0V 
High Time 5 3.7V 
Low Time 9 2.0V 
Low Time 7 0.8V 
Fall Time 3.7VtoO.8V 
Rise Time 0.8Vto3.7V 

Ratio 

31 CL = 75 pF 
27 CL = 25pF 
34 CL = 75pF 
29 CL = 75pF 

N/A CL = 25pF 
34 CL = 75pF 

1 54 CL=120pF 
11 
11 

6 33 6 27 CL = 120pF 

1 60 50 CL = 75pF 
1 60 50 CL = 75pF 
1 60 50 CL = 75pF 
1 60 50 CL = 75pF 

Setup Time 26 21 
Hold Time 5 5 
Setup Time 26 21 
Hold Time 5 5 

Figure 
Reference 

5.1 

Figure 
Reference 

5.1 

5.2 

5.3 

5.5 

5.3 

·Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not tested. 
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Table 5.2c. Timing Requirements of the Bus Interface Unit (Continued) 
Te = O"Cto +80"C, Vee = 5V ±5% 

16 MHz 20 MHz 

Pin Symbol Parameter 1.5V 1.5 Test Figure 

Min Conditions Reference 

(ns) 

READY# t16 Setup Time 
READY # t17 Hold Time 
CMDO# t16 Setup Time 
CMDO# t17 Hold Time 
NPS1# t16 Setup Time 
NPS2 
NPS1# t17 Hold Time "- 2 
NPS2 
STEN t16 21 
STEN t17 2 

RESETIN t18 SetupTI 13 12 5.4 
RESETIN t19 Hold Time 4 4 

HOM-12 '--__ -'-___ "'--__ -'-__ ---' 

·nom - nominal value 
50 75 100 125 150 

231920-19 

NOTE: 
This graph will not be linear outside of the CL range shown. 

Figure 5.0a. Typical Output Valid Delay vs Load Capacitance at Max Operating Temperature 

l0r----r---r----r----, 

50 75 100 125 150 
231920-20 

NOTE: 
This graph will not be linear outside of the CL range shown. 

Figure 5.0b. Typical Output Rise Time vs Load Capacitance at Max Operating Temperature· 
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386ClK2/387ClK2 

1.4V/2.0V 

80387 

1+------t1-----+I 

rSETUP HOLD 
TIME rTIME 

1.~"--~}
INPUiS'",---:--

Figure 5.1. 386CLK2/387CLK2 Waveform and Measurement Points for 
Input/Output A.C. Specifications 

(ClK) (PH2) \\,, __ {P_H_l )_--11 ''"'l 

386ClK2 

(OUTPUTS) 

(ERROR# REfERENCED TO 387ClK2) 
231920-14 

Figure 5.2. Output Signals 
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(CLK), (PHI) / (PH2) \ (PHI) / (PH2) "--

ADS# 

W/RI/ 

NPSI II. NPS2. 
STEN. 

CMOO# 

REAOY# 

00-031 
(INPUT) 

00-031 
(OUTPUT) 

Figure 5.3. Input and 1/0 Signals 

(CLK) / (PHI or PH2) \ (PHI or PH2) F 
386CLK2 

RESET 

The second internal processor phase following RESET high to low transition is PH2. 

STEN 

00-031, PEREQ 
BUSYII. ERRORI/. REAOYOII 

Figure 5.4. RESET Signal 

Figure 5.5. Float from STEN 
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Table 5.3. Other Parameters 

Pin Symbol Min Max Units 

RESETIN t30 40 387CLK2 

RESETIN t31 50 387CLK2 

BUSY# t32 6 386CLK2 

BUSY#, ERROR# t33 6 386CLK2 

PEREQ, ERROR # t34 6 386CLK2 

READY #, BUSY # t35 4 4 386CLK2 

READY # t36 6 386CLK2 

READY# t37 um Time from Operand Write to 8 386CLK2 
Operand Write 

•• 
1ST OPCODE 

NOTE 1 
1ST OPERAND 2ND OPERAND 

WRITE WRITE WRITE (NOTE 1) 

H 
READY# 

BUSY# 
H 

PEREQ I 
H 

ERROR# 

t3S--1i---+--t---t-t32-i---t---i--+i 

I 
231920-18 

• In 387CLK2's 
•• or last operand 

NOTE: 
1. Memory read (operand) cycle is not shown. 

Figure 5.6. Other Parameters 
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Instruction 

1 

2 

3 

4 

5 

" 

11011 

11011 

11011 

11011 

11011 

. 15-11 

First Byte 

OPA 1 

MF OPA 

d P OPA 

0 0 1 

0 1 1 

10 9 8 

6.0 80387 EXTENSIONS TO THE 
80386 INSTRUCTION SET 

MOD 

MOD 

1 

1 

1 

7 

Instructions for the 80387 assume one of the five 
forms shown in the following table. In all cases, in
structions are at least two bytes long and begin with 
the bit pattern 11011 B, which identifies the ESCAPE 
class of instruction. Instructions that refer to memory 
operands specify addresses using the 80386 ad
dressing modes. 

OP = Instruction opcode, possible split into two 
fields OPA and OPB . 

MF = Memory Format 
00-32-bit real 
01-32-bit integer 
10-64-bit real 
11-16-bit integer 

P = Pop 
0-00 not pop stack 
1-Pop stack after operation 

ESC = 11011 

d = Destination 
O-Destination is ST(O) 
1-Destination is ST(i) 

R XOR d = O-Destination (op) Source 
R XOR d = 1-Source (op) Destination 

Optional 

Second Byte Fields 

1[ OPB RIM SIB I DISP 

OPB RIM SIB I DISP 

1 OPB ST(i) 

1 1 I OP 

1 1 I OP 

6 5 4 3 2 1 0 

ST(i) = Register stack element i 
000 = Stack top 
001 = Second stack element 

• 
• 
• 

111 = Eighth stack element 

MOD (Mode field) and RIM (Register/Memory spec
ifier) have the same interpretation as the corre
sponding fields of 80386 instructions (refer to 80386 
Programmer's Reference Manual) 

SIB (Scale Index Base) byte and DISP (displace
ment) are optionally present in instructions that have 
MOD and RIM fields. Their presence depends on 
the values of MOD and RIM, as for 80386 instruc
tions. 

The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re
quest delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. If the instruction has MOD and RIM fields 
that call for both base and index registers, add one 
clock. 
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80387 ExtensIons to the 80386 InstructIon Set 
" 

I encoding 
In.tructlon " I Br:- I ~ 1 B~' 

DATA TRANSFER 
FLD = Load-

Integer/real memory to ST(O) I ESCMFl I MOD 000 RIM I SIB/DISP 

Long Integer memory to ST(O) I ESC 111 I MOD 101 RIM I SIB/DISP 

Extended real memory 10 ST(O) I ESC 011 I MOD 101 RIM I SIB/DISP 

BCD memory to ST(O) I ESC 111 I MOD100R/M I SIB/DISP 

ST(i) to ST(O) I ESC 001 I lloooST(I) I 
FST = Store 

ST(O) to integer/real memory I ESCMFl j MOD010R/M SIB/DISP 

ST(O) to ST(O I ESC 101 I 11010ST(I) I 
FSTP - Store and Pop 

ST(O) to Integer/real memory I ESCMFl I MOD 011 RIM I SIB/DISP 

ST(O) to long Inteear memory I ESClll I MODlll RIM I SIB/QISP 

ST(O) to extended real I ESC 011 I MOD 111 RIM I SIB/DISP 

ST(O) to BCD memory I ESC 111 I MODll0R/M I SIB/DISP 

ST(O) to ST(I) I ESC 101 I 11001 STO) I 
FXCH = Exchange 

ST(I) and ST(O) I ESC 001 I 11001 STO) I 
COMPARISON 

FCOM = Compare 

Integer/real memory to Sl(O) I ESCMFO I MOD010R/M I SIB/DISP 

STO) to ST(O) 1 ESC 000 I 11010STO) I 
FCOMP = Compare and pop 

Integer/real memory to ST I ESCMFO I MODOll RIM I SIB/DISP 

ST(I) to ST(O) I, ESC 000 I 11011 ST(O I 
FCOMPP = Compare and pop twice 

ST(l)to ST(O) ,I ESC 110 I 11011001 I 
FTST = Test ST(O) I ESC 001 I 11100100 I 
· .. :·'::tif£~~{:~+'" ~~":'~".~~"',,: .. ~" .~+ ~1'1itf!\;.~<,):t"'''·::'k; ;:t"'-" + +" "- ..... "':++!f~:.+:.\ 
E~·"''1w ""~JJi"@i,, "Th/f1i;"'*'W "I1»~'1W ' ,," " '."", r~t~H'+'0~~1~;v,,~'trO+t11f\4\t V,\.fi}fifJ7' al~1tlr:f;y,,@~:}r~~~i&:;~:.,,~~ ::ot~'" ","< \' ."" H;V " 

§~i"'~i '" 'it ~f!'~~~ ;'~v ;~7 ;lLill:1-"~I;1': ;:?: " .. ~ ~ . .'~ 1\:,. 'i-' ~f • h"''' it, ",,, ~"'~". : ''0:., " 
,/~ ~;JM;~O+@t~\r>~I\\~flf£~K1*$\;+} ~lhW. i>',. :.'i,.,->'". 

~~::':~:~::;~t~;~:;~~~~~~I~i;~~~t~~:;~~;~:,~!\·~, ;'/::' :~:,:',':~:":: .. ,:, ,: 
FXAM = Examine ST(O) ESC 001 11100101 

CONSTANTS 

FLDZ = Load + 0.0 into ST(O) ESC 001 11101110 

FLD1 = Load + 1.0 into ST(O) ESC 001 11101000 

FLDPI = Load pi into ST(O) ESC 001 11101011 

FLDL2T = Load 1092(10) into ST(O) ESC 001 11101001 

Shaded areas indicate instructions not available in 8087/80287. 

NOTE: 
a. When loading single- or double-precision zero from memory. add 5 cl~. 
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Clock Caunt Range 

SMit I 32-BIt I 84-BIt I 1= RNI Integer RNI I 

20 

44 

44 

26 

26 

, 

" 

45-52 25 

56-67 

44 

266-275 

14 

79-93 45 

11 

79-93 45 

60-97 

53 

512-534 

12 

18 

56-63 31 

24 

56-63 31 

26 

26 

28 

, ,. , 
~ , 

20 

24 

40 

40 

61-85 

82-95 

82-95 

71-75 

71-75 

~ 

." =.:'" 
, , 

, 

' " 
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80387 Extensions to the 80386 Instruction Set (Continued) 

InstrucUOn 

CONSTANTS (Continued) 

FLDL2E = Load log2(e) into ST(O) 

FLDLG2 = Load 10910(2) inlo ST(O) 

FLDLN2 = Load log8(2) into ST(O) 

ARITHMETIC 

FADD = Add 

Integer/real memory w~h ST(O) 

STeil and ST(O) 

FSUB = Subtracl 

Integer/real memory with ST(O) 

STeil and ST(O) 

~MUL = Multiply 

Inleger/real memory wilh ST(O) 

STeil and ST(O) 

FDIV = Divide 

Inleger/real memory with ST(O) 

STeil and ST(O) 

FSQRTI = Square root 

FSCALE = Scale ST(O) by ST(I) 

FXTRACT = Extract components 
oIST(O) 

FABS = Absolute value 01 ST(O) 

FCHS = Change sign 01 ST(O) 

ESC 001 I 11101010 

ESC 001 I 11101100 

ESC 001 I 11101101 

. ESCOOI 11111010 

ESC 001 11111101 

ESC 001 11110100 

ESC 001 11100001 

ESC 001 11100000 

Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 
b. Add 3 clocks to the range when d = 1. 
c. Add 1 clock to each range when R = 1. 
d. Add 3 clocks to the range when d = O. 
e. typical = 52 (When d = 0, 46-54, typical = 49). 
f. Add 1 clock to the range when R = 1. 
g. 135-141 when R = 1. 
h. Add 3 clocks to the range when d = 1. 
i. -0 ,,; ST(O) ,,; + 00. 
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24-32 

27-35 

89 

40 

41 

41 

57-72 29-37 

23-31b 

57-82 28-36 

26-34d 

61-82 32-57 

29-578 

120-127' 

88h 

122-129 

67-86 

70-76 

22 

24-25 

94 

71-85 

71-830 

76-87 
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80387 Extensions to the 80386 Instruction Set (Continued) 

InatruCUon Clock Count Ranga 

= Partial tangent of ST(O) 191-4971 

= ST(l) • 1og2(ST(O) 120-538 

= ST(l) • log2(ST(0) + 1.0) ESC 001 11111001 257-547 

ESC 011 11100011 33 

ESC 111 11100000 13 

= Load control word 19 

= Store control word 15 

= Store status word 15 

ESC011 11100010 11 

= Store environment 103-104 

= Load environment 71 

375-378 

= Restore steta 308 

= InCrement stack pointer ESC 001 11110111 21 

= Decrement stack pointer ESC 001 11110110 22 

ESC 101 ll000ST(~ 18 

= No operations ESC 001 11010000 12 

Shaded areas indicate instructions not available in 8087/80287. 

NOTES: 
j. These timings hold for operands in the range Ixl < 'IT 14. For operands not in this range, up to 76 additional clocks may be 
needed to reduce the operand. 
k. 0 s: I'ST(O) I < 263. 
I. -1.0 s: ST(O) s: 1.0. 
m.O s: ST(O) < 00, -00 < ST(l) < + 00. 

n. 0 s: IST(O)I < (2 - SQRT(2»/2, - 00 < ST(l) < + 00. 
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APPENDIX A 
COMPATIBILITY BETWEEN 
THE 80287 AND THE 8087 

The 80286/80287 operating in Real-Address mode 
will execute 808618087 programs without major 
modification. However, because of differences in the 
handling of numeric exceptions by the 80287 NPX 
and the 8087 NPX, exception-handling routines may 
need to be changed. 

This appendix summarizes the differences between 
the 80287 NPX and the 8087 NPX, and provides 
details showing how 8086/8087 programs can be 
ported to the 80286/80287. 

1. The NPX signals exceptions through a dedicated 
ERROR line to the 80286. The NPX error signal 
does not pass through an interrupt controller (the 
8087 INT signal does). Therefore, any interrupt
controller-oriented instructions in numeric excep
tion handlers for the 8086/8087 should be delet
ed. 

2. The 8087 instructions FENI/FNENI and FDISII 
FNDISI perform no useful function in the 80287. If 
the 80287 encounters one of these opcodes in its 
instruction stream, the instruction will effectively 
be ignored-none of the 80287 internal states will 
be updated. While 8086/8087 containing these 
instructions may be executed on the 
80286/80287, it is unlikely that the exception
handling routines containing these instructions 
will be completely portable to the 80287. 

3. Interrupt vector 16 must point to the numeric ex
ception handling routine. 

4. The ESC instruction address saved in the 80287 
includes any leading prefixes before the ESC op
code. The corresponding address saved in the 
8087 does not include leading prefixes. 

5. In Protected-Address mode, the format of the 
80287's saved instruction and address pointers is 
different than for the 8087. The instruction op
code is not saved in Protected mode-exception 
handlers will have to retrieve the opcode from 
memory if needed. 

6. Interrupt 7 will occur in the 80286 when executing 
ESC instructions with either TS (task switched) or 
EM (emulation) of the 80286 MSW set (TS = 1 or 
EM = 1). If TS is set, then a WAIT instruction will 

also cause interrupt 7. An exception handler 
should be included in 80286/80287 code to han
dle these situations. 

7. Interrupt 9 will occur if the second or subsequent 
words of a floating-point operand fall outside a 
segment's size. Interrupt 13 will occur if the start
ing address of a numeric operand falls outside a 
segment's size. An exception handler should be 
included in 80286/80287 code to report these 
programming errors. 

8. Except for the processor control instructions, all 
of the 80287 numeric instructions are automati
cally synchronized by the 80286 CPU-the 80286 
automatically tests the BUSY line from the 80287 
to ensure that th.e 80287 has completed its previ
ous instruction before executing the next ESC in
struction. No explicit WAIT instructions are re
quired to assure this synchronization. For the 
8087 used with 8086 and 8088 processors, ex
plicit WAITs are required before each numeric in
struction to ensure synchronization. Although 
808618087 programs having explicit WAIT in-

. structions will execute perfectly on the 
80286/80287 without reassembly, these WAIT in- . 
structions are unnecessary. 

9. Since the 80287 does not require WAIT instruc
tions before each numeric instruction, the 
ASM286 assembler does not automatically gener
ate these WAIT instructions. The ASM86 assem
bler, however, automatically precedes every ESC 
instruction with a WAIT instruction. Although nu
meric routines generated using the ASM86 as
sembler will generally execute correctly on the 
80286/80287, reassembly using ASM286 may re
sult in a more compact code image. 

The processor control instructions for the 80287 
may be coded using either a WAIT or No-WAIT 
form of mnemonic. The WAIT forms of these in
structions cause ASM286 to precede the ESC in
struction with a CPU WAIT instruction, in the iden
tical manner as does ASM86. 
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DATA SHEET REVISION REVIEW 
The following list represents the key differences be
tween this and the -002 versions of the 80387 Data 
Sheet. Please review this summary carefully. 

1. On the front page, the high side of the relative 
performance increase of the 80387 over the 
8087/80287 was changed from six times to sev
en times to reflect the higher performance from 
a 20 MHz 80387. 

2. Figure 2.3 was' updated with the addition of a 
new opcode field to the 32-bit protected mode 
format. The opcode field facilitates easier error 
recovery for numeric' operation in protected 
mode. 

3. Section 2.7.2 entitled, "EXCEPTION" was up
dated with a few differences from the 80287 due" 
to changes in the IEEE standard and to the func
tional improvements to the architecture· of the 
80387. 

4. Table 3.2 was updated with correct pin numbers: 
K4 and L4 for W/R# and STEN respectively. K4 
and L4 had been incorrectly typewritten as K5 
and L5 before. . 

5. In Section 3.1.4, the RESETIN high time was 
corrected from 78 387CLK2 periods to 40 
387CLK2 periods. 

6. The title of Table 3.3 was corrected to read, 
"Output Pin Status During Reset." 

7. In Figure 3.2, the 82384 clock generator was re
placed with a generic clock generator. 

8. The maximum case temperature was changed, 
from 85·C to 800C for all DC and AC characteris
tics speCification. At a case temperature of 800C, 
the equivalent ambient temperature for the 
80387 matches that for the 80386 at 85·C. It is 
due to lower power dissipation in the 80387. 

9.80387-20 and 80387-16 A.C. specifications were 
revised. All timing parameters are now guaran
teed at 1.5V test levels. The timing parameters 
were adjusted to remain compatible with previ
ous 0.8/2.0V specifications. The changes were 
reflected in Tables 5.2a, 5.2b and 5.2c. 

10. Figures 5.0a and 5.0b: typical output valid delay 
and rise/fall times vs load capacitance, were 
added to complement the 1.5V specification. 

11. Figures 5.1 through 5.5 were changed to show 
the new 1.5V test level for timing specification. 
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HIGH PERFORMANCE 32-BIT DMA CONTROLLER WITH 
INTEGRATED SYSTEM SUPPORT PERIPHERALS 

• High Performance 32-Blt DMA 
Controller 
-40 MBytes/sec Maximum Data 

Transfer Rate at 20 MHz 
- 8 Independently Programmable 

Channels 

• 20-Source Interrupt Controller 
-Individually Programmable Interrupt 

Vectors 
-15 External, 5 Internal Interrupts 
- 82C59A Superset 

• Four 16-Blt Programmable Interval 
Timers 
- 82C54 Compatible 

• Programmable Walt State Generator 
-0 to 15 Wait States 

• DRAM Refresh Controll~r 

• 80386 Shutdown Detect and Reset 
Control 
r- Software/Hardware Reset 

• IBM PC Compatible* 

• High Speed CHMOS III Technology 

• 132-Pin PGA Package 

• Optimized for use with the 80386 
Microproces$or 
- Resides on Local Bus for Maximum 

Bus Bandwidth 

The 82380 is a multi-function support peripheral that integrates system functions necessary in an 80386 
environment. It has eight channels of high performance 32-Qit DMA. with the most efficient transfer rates 
possible on the 80386 bus. System support peripherals integrated into the 82380 provide Interrupt Control, 
Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. . 

The 82380's DMA Controller can transfer data between devices of different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 

·IBM and PC-DOS are registered trademarks of International Business Machines, Inc. 

80386 LOCAL BUS 

32-BIT 
8-CHANNEL 

DMA 
CONTI\OLLER 

TIMER 0 

TIMER 1 

TIMER 2 

TIMER 3 

--------------------------~ 
82380 Internal Block Diagram 
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1.0 FUNCTIONAL OVERVIEW 

The 82380 contains several independent functional 
modules. The following is a brief discussion of the 
components and features of the 82380. Each mod
ule has a corresponding detailed section later in this 
data sheet. Those sections should be. referred to for 
design and programming information. 

1.1 82380 Architecture 

The 82380 is comprised of several computer system 
functions that are normally found in separate LSI 
and VLSI components. These include: a high-per
formance, eight-channel, 32-bit Direct Memory Ac
cess Controller; a 20-level Programmable Interrupt 
Controller which is a superset of the 82C59A; four 
16-bit Programmable Interval Timers which are func
tionally equivalent to the 82C54 timers; a DRAM Re
fresh Controller; a Programmable Wait State Gener
ator; and system reset logic. The interface to the 
82380 is optimized for high-performance operation 
with the 80386 microprocessor. 

The 82380 operates directly on the 80386 bus. In 
the Slave mode, it monitors the state of the proces-

sor at all times and acts or idles according to the 
commands of the host. It monitors the address pipe
line status and generates' the programmed number 
of wait states for the device being accessed. The, 
82380 also has logic to reset the 80386 via hard
ware or software reset requests and processor shut
down status. 

After a system reset, the 82380 is ,in the Slave 
mode. It appears to the system as an I/O device. It 
becomes a bus master when it is performing DMA 
transfers. 

To maintain compatibility with existing software, the 
registers within the 82380 are accessed as bytes. If 
the internal logic of the 82380 requires a delay be
fore another access by the processor, wait states 
are automatically inserted into the access cycle. 
This allows the programmer to write initialization rou
tines, etc. without regard to hardware recovery 
times. 

Figure 1-1 shows the basic architectural compo
nents of the 82380. The following sections briefly 
discuss the architecture and function of each of the 
distinct sections of the 82380. 

80386 LOCAL BUS 

TOUT1/REF# 

INT 
I 
I 

RESET ;--+ CPU 
CPURST RESET 

32- BIT 
8-CHANNEL 

DIAA 
CONTROLLER 

OREQO 

DREQ7 
EDACKO 

EDACKI 

EDACK2 

EOP# 

TOUT2# 

L2~~j,["t;»~ TOUT3# 

.. ______________ ~ ______ L._-_~_~_-_--;4- ClK IN 

Figure 1-1. Architecture of the 82380 
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1.1.1 DMA CONTROLLER , ' . 
The 82380 contains a high-performance, 8-channel, 
32-bit DMA controller. It'is capable of traNsferring 
any combination of bytes, words, and double words. 
The addresses of ,both source and distination can be 
independently incremented, decrem~nted or held 
constant, and C()ver the entire 32-blt physical ad
dress space of the 80386. It can disassemble and 
assemble misaligned data via a 32-bit internal tem
porary data storage register. Data transferred be
tween devices of different data path widths can also 
be assembled and disassembled using the internal 
temporary data storage register. The DMA Controller 
can also transfer aligned data between I/O and 
memory on the fly, allowing data transfer rates up to 
32 megabytes per second for an 82380 operating at 
16 MHz. Figure 1-2 illustrates the functional compo-
nents of the DMA Controller: ' 

There are twenty-four general status and command 
registers In the 82380 DMA Controller. Through 
these registers any, of the channels 'may be pro
grammed into any of the possible mottes. The oper
ating modes of anyone channel are independent of 
the operation of the other channels.' 

Each channel has three programmable registers 
Which determine the location and amount of data to 
be transferred: 

Byte Count Register-Number of bytes to trans
fer. (24-bits) 

Requester Register-Address of memory or pe
ripheral which is requesting DMA service. (32-
bits) 

Target Register-Address of peripheral or mem
ory which will be accessed. (32-bits) 

There are also port addresses which, when ac
cessed, cause the 82380 to perform specific func
tions. The actual data written does not matter, the 
act of writing to the specific address causes the 
command to be executed. The commands which op
erate in this mode are: Master Clear, Clear Terminal 
Count Interrupt Request, Clear Mask Register, and 
Clear Byte Pointer Flip-Flop. 

DMA transfers can be done between all combina
tions of memory and I/O; memory-ta-memory, mem
ory-to-I/O, I/O-to-memory, and I/O~to-I/O. DMA 
service can be requested through software and/or 
hardware. Hardware DMA acknowledge Signals are 
available for all channels (except channel 4) through 
an encoded 3-blt DMA acknowledge bus 
(EDACKO-2). 

I 
HOLD+------, 
HLDA 

CONTROL/STATUS REGISTERS CHANNEL REGISTERS 

DREOO 
DREQI 
DREQ2 
DRE03 
DREQ4 
DRE05 
DRE06 
DREQ7 

:::::: 
:::::: 
:::::: 
:::::: 

~ 

DMA, 
REQUEST 

ARBITRATION 
LOGIC 

COMMAND REGISTER I 
COMMAND REGISTER II 

MODE REGISTER I 

MODE REGISTER 1I 

SOFTWARE REQUEST 
REGISTER 

MASK REGISTER 
STATUS REGISTER, 
BUS SIZE REGISTER 
CHAINING REGISTER 

BASE CURRENT TEMPORARY 
BYTE COUNT BYTE COUNT REGISTER 

BASE CURRENT 
REQUESTER REQUESTER 

ADDRESS ADDRESS 
CHANNEL 0 

BASE CURRENT 
TARGET TARGET 

ADDRESS ADDRESS 

CHANNEL 1 (SAME AS CH 0) 
CHANNEL 2 (SAME AS CH 0) 
CHANNEL 3 (SAME AS CH 0) 

I "LOWER" GROUP 01' CHANNELS \ 

EDACKO 

EDACKI 

EDACK2 

EOPtI' 

+--

+--

+--
.......... 

PROCESS 
CONTROL 

I "UPPER" GROUP OF CHANNELS 

CHANNEL 4 SAME AS CH 0 
CONTROL/STA'I'US CHANNEL 5 SAME AS CH 0 
(SAME AS 

CHANNEL 6 SAME AS CH 0 LOWER GROUP) , CHANNEL 7 (SAME AS CH 0) 

Figure 1-2. 82380 DMA Controller 
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The 82380 DMA controller transfers blocks of data 
(buffers) in three modes: Single Buffer, Buffer Auto
Initialize, and Buffer Chaining. In the Single Buffer 
Process, the 82380 DMA Controller is programmed 
to transfer one particular block of data. Successive 
transfers then require reprogramming of the DMA 
channel. Single Buffer transfers are useful in sys
tems where it is known at the time the transfer be
gins what quantity of data is to be transferred, and 
there is a contiguous block of data area available. 

The Buffer Auto-Initialize Process allows the same 
data area to be used for successive DMA transfers 
without having to reprogram the channel. 

The Butter Chaining Process allows a program to 
specify a list of buffer transfers to be executed. The 
82380 DMA Controller, through interrupt routines, is 
reprogrammed from the list. The channel is repro
grammed for a new buffer before the current buffer 
transfer is complete. This pipelining of the channel 
programming process allows the system to allocate 
non-contiguous blocks of data storage space, and 
transfer all of the data with one DMA process. The 
buffers that make up the chain do not have to be in 
contiguous locations. 

Channel priority can be fixed or rotating. Fixed priori
ty allows the programmer to define the priority of 
DMA channels based on hardware or other fixed pa
rameters. Rotating priority is used to provide periph
erals access to the bus on a shared basis. 

With fixed priority, the programmer can set any 
channel to have the current lowest priority. This al-

CONTROL ..... _-+1 
LOGIC 

elKIN 

lows the user to reset or manually rotate the priority 
schedule without reprogramming the command reg
isters. 

1.1.2 PROGRAMMABLE INTERVAL TIMERS 

Four 16-bit programmable interval timers reside 
within the 82380. These timers are identical in func
tion to the timers in the 82C54 Programmable Inter
val Timer. All four of the timers share a common 
clock input which can be independent of the system 
clock. The timers are capable of operating in six dif
ferent modes. In all of the modes, the current count 
can be latched and read by the 80386 at any time, 
making these very versatile event timers. Figure 1-3 
shows the functional components of the Program
mable Interval Timers. 

The outputs of the timers are directed to key system 
functions, making system design simpler. Timer 0 is 
routed directly to an interrupt input and is not avail
able externally. This timer would typically be used to 
generate time-keeping interrupts. 

Timers 1 and 2 have outputs which are available for 
general timer I counter purposes as well as special 
functions. Timer 1 is routed to the refresh control 
logic to provide refresh ~iming. Timer .~Us conne~ted 
to an interrupt request Input to provld$ other timer 
functions. Timer 3 is a general purpose timer I coun
ter whose output is available to external hardware. It 
is also connected internally to the interrupt request 
which defaults to the highest priority (IROO). 

TOUTO 

TIMER 0 

TIMER l' TOUT1 

TIMER 2 TOUT2 

TIMER 3 TOUT3 
290128-4 

Figure 1-3. Programmable Interval Timers-Block Diagram 
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1.1.3 I~TERRUPT CONTROLLER 

The 82380 has the equivalent of three enhanced 
82C59A Programmable Interrupt Controllers. These 
controllers can aU I:>e operated in the Master mode, 
but the priority is always as if they were cascaded. 
There are. 15 interrupt request inputs provided for 
the user, all of which can be inputs from external 
slave interrupt controller~. Cascading 82C59As to 
these requestinputs allows a possible total of 120 
external interrupt requests. Figure 1-4 is a block dia
gram of the 82380 Interrupt Controller. 

Each of the interrupt request inputs can be individu
ally programmed with its own interrupt vector, allow
ing more flexibility in interrupt vector mapping than 
was available with the 82C59A. An interrupt is pro
vided to alert the system that an attempt is being 

IRQO 
IRQl 
IRQ2 
IRQ3 
IRQ4 
IRQS 
IRQ6 
IRQ7. 

DATA (0-1) 

made to program the vectors in the method of the 
82C59A. This provides compatibility of existing soft
ware that used the 82C59A or 8259A with new de
signs using the 82380. 

In the event of an unrequested or otherwise errone
ous interrupt acknowledge cycle, the 82380 Interrupt 
Controller issues a default vector. This vector, pro
grammed by the system software, will alert the sys
tem of unsolicited interrupts of the 80386. 

The functions of the 82380 Interrupt Controller are 
"identical to the 82C59A, except in regards to pro
gramming the interrupt vectors as mentioned above. 
Interrupt request inputs are programmable as either 
edge or level triggered and are software maskable. 
Priority can be either fixed or rotating and interrupt 
requests can be nested. 

IRQ 1 
IRQ2 

IRQ3 
IRQ4 
IRQS 
IRQ6 
IRQ7 

,.-___ ,.INTERRUPT 
TO HOST 

IN
SERVICE 

REG. 

DATA (0-7) 

INDIVIDUALLY PROGRAMMABLE 
VECTOR BANK 

~-----------------------------.--82380 ENHANCEMENT OVER THE 82CS9A 
290128-5 

Figure 1·4. 82380 Interrupt Controller-Block Diagram 
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Enhancements are added to the 82380 for cascad
ing external interrupt controllers. Master to Slave 
handshaking takes place on the data bus, instead of 
dedicated 'cascade lines. 

1.1.4 WAIT STATE GENERATOR 

The Wait State Generator is a programmable 
READY generation circuit for the 80386 bus. A pe
ripheral requiring wait states can request the Wait 
State Generator to hold the processor's READY, in
put inactive for a predetermined number of bus 
states. Six different wait state counts can be pro~ 
grammed into the Wait State Generator by software; 
three for memory accesses and three for I/O ac~ 
cesses. A block diagram of the 82380 Wait State 
Generator is shown in Figure 1-5. 

The peripheral being accessed selects the required 
wait state count by placing a code on a 2-bit wait 
state select bus. This code along with the MIIO# 
signal from the bus master is used to select one of 
six internal 4-bit wait state registers which has been 
programmed with the desired number of wait states. 
From zero to fifteen wait states can be programmed 
into the wait state registers. The Wait State Genera
tor tracks the state of the processor or current bus 
master at all times, regardless of which device is the 
current bus master and regardless of whether or not 
the Wait State Generator is currently active. ' 

The 82380 Wait State Generator is disabled by mak
ing the select inputs both high. This allows hardware 
which is intelligent enough to generate its own ready 
signal to be accessed without penalty. As previously 

mentioned, deselecting the Wait State Generator 
does not disable its ability to determine the proper 
number of wait states due to pipeline status in sub-
sequent bus cycles. ' 

The number of wait Iltates inserted into a pipelined 
bus cycle is the value in the selected wait state reg
ister. If the bus master is operating in the non-pipe
lined mode, the Wait State Generator will increase 
the number of wait states inserted into the bus cycle 
by one. 

On reset, the Wait State Generator's registers are 
loaded with the value FFH, giving the maximum 
number of wait states for any access in which the 
wait state select inputs are active. 

1.1.5 DRAM REFRESH CONTROLLER 

The 82380 DRAM Refresh Controller consists of a 
24-bit ,refresh address counter and bus arbitration 
logic. The output of Timer 1 is used to periodically 
request a refresh cycle. When the controller re
ceives the request, it requests access to the system 
bus through the HOLD signal. When bus control is 
acknowledged by the processor or current bus mas
ter, the refresh controller executes a memory read 
operation at the address currently in the Refresh Ad
dress Register. At the same time, it activates a re
fresh signal (REF #) that the memory uses to force a 
refresh instead of a normal read. Control of the bus 
is transferred to the processor at the completion of 
this cycle. Typically a refresh cycle will take six clock 
cycles to execute on an 80386 bus. 

INTERNAL WAIT STATE 
. REQUIREtAENT 

0403 DO 

tAEtAORY 0 I/o 0 
wsco 

WSCI 

1.4/10# 

tAEtAORY 1 

tAEtAORY 2 I/O 2 

(RESERVED) REFRESH 

PROGRAtAtAABLE WAIT STATE 
REGISTERS 

WAIT STATE 
COUNTER 

Figure 1·5.82380 Walt State Generator-Block Diagram 
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The 82380 DRAM Refresh Controller has the high
est priority when requesting bus access and will in
terrupt any active DMA process, This allows large 
blocks of data to be moved by the DMA controller 
without affecting the refresh function. Also the DMA 
controller is not required to completely relinquish the 
bus, the refresh controller simply steals a bus cycle 
between DMA accesses. 

The amount by which the refresh address is incre
mented is programmable to allow for different bus 
widths and memory bank arrangements. 

1.1.6 CPU RESET FUNCTION 

The 82380 contains a special reset function which 
can respond to hardware reset signals from the 
82384, as well as a software reset command. The 
circuit will hold the 80386's RESET line active while 
an external hardware reset signal is present at its 
RESET input. It can also reset the 80386 processor 
as the result of a software command. The software 
reset command causes the 82380 to hold the proc
essor's RESET line active for a minimum of 62 CLK2 
cycles; enough time to allow an 80386 to re-initialize. 

The 82380 can be programmed to sense the slM
down detect code on the status lines from the 
80386. If the Shutdown Detect function is enabled, 
the 82380 will automatically reset the processor. A 
diagnostic register is available which ban be used to 
determine the cause of reset. 

1.1.7 REGISTER MAP RELOCATION 

After a hardware reset, the internal registers of the 
82380 are located in liD space beginning at port 
address OOOOH. The map of the 82380's registers is 
relocatable via a software command. The default 
mapping places the 82~80 between liD addresses 
OOOOH and OODBH. The relocation register allows 
this map to be moved to any even 256-byte bounda
ry in the processor's 16-bit liD address space or any 
even 16-Mbyte boundary in the 32-bit memory ad
dress space. 

1.2 Host Interface 

The 82380 is designed to operate efficiently on the 
local bus of an 80386 microprocessor. The control 

signals of the 82380 are identical in function to 
those of the 80386. As a slave, the 82380 operates 
with all of the features available i on the 80386 bus, 
When the 82380 is in the Master mode, it looks iden
tical to the 80386 to the connected devices. 

The 82380 monitors the bus at all times, and deter
mines whether the current bus cycle is a pipelined or 
non-pipelined access. All of the status signals of the 
processor are monitored. 

The control, status, and data registers within the 
82380 are located at fixed addresses relative to 
each other, but the group can be relocated to either 
memory or liD space and to different locations with
in those spaces. 

As a Slave device, the 82380 monitors the controll 
status lines of the CPU. The 82380 will generate all 
of the wait states it needs whenever it is accessed. 
This allows the programmer the freedom of access
ing 82380 registers without having to insert NOPs in 
the program to wait for siower 82380 internal regis
ters. 

The 82380 can determine if a current bus cycle is. a 
pipelined or a non-pipelined cycle. It does this by 
monitoring the ADS# and READY# signals and 
thereby keeping track of the current' state of the 
80386. 

As a bus master, the 82380 looks like an 80386 to 
the rest of· the system. This enables the designer 
greater flexibility in systems which include the 
82380. The deSigner does not have to alter the inter
faces of any peripherals designed to operate with 
the 80386 to accommodate the 82380. The 82380 
will access any peripherals on the bus in the same 
manner as the 80386, including recognizing pipe
lined bus cycles. 

The 82380 is accessed as an 8-bit peripheral. This is 
done to maintain compatibility with existing system 
architectures and software. The 80386 places the 
data of all 8-bit accesses either on D (0-7) or D (8-
15). The 82380 will only accept data on these lines 
when in the Slave mode. When in the Master mode, 
the 82380 is a full 32-bit machine, sending and re
ceiving data in the same manner as the 80386. 
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1.3 IBM PC'" System Compatibility 

The 82380 is an 80386 companion device designed 
to provide an enhancement of the system functions 
common to most small computer systems. It is mod
eled after and is a 'superset of the Intel peripheral 
products found in the IBM PC, PC-AT, and other 
popular small computers. 

The hardware is compatible with the equivalent 
functions provided by the IBM PC-AT. All of the en
hancements of the 82380 are available as software 
programmable features. 

2.0 80386 HOST INTERFACE 

The 82380 contains a set of interface Signals to op
erate effiCiently with the 80386 host processor. 
These signals were designed so that minimal hard
ware is needed to connect the 82380 to the 80386. 

·IBM PC and IBM PC-AT are registered trademarks of Inter
national BUSiness Machines Inc. 

Figure 2-1, depicts a typical system configuration 
with the 80386 processor. As shown in the diagram, 
the 82380 is designed to interface directly with the 
80386 bus. 

Since the 82380 is residing on the opposite side of 
the data bus transceiver (with respect to the rest of 
the peripherals in the system), it is important to note 
that the transceiver should be controlled so that 
contention between the data bus transceiver and 
the 82380 will not occur. In order to do this, port 
address decoding logic should be included in the di
rection and enable control logic of the transceiver. 
When any of the 82380 internal registers is read, the 
data bus transceiver should be disabled so that only 
the 82380 will drive the local bus. 

This section describes the basic bus functions of the 
82380 to show how this device interacts with the 
80386 processor. Other signals which are not direct
ly related to the host interface will be discussed in 
their associated functional block description. 

FROW OTHER 
PERIPHERALS 

CLOCK GENERATOR I RESET 
CLK2 I 

1 
CLK2 

'" '" 
ADS# 

ADS# CLK2 82380 

RESET CPURST 

I 
~' OPTIONAL: r--READY# WAIT STATE READYO# 

LOGIC 
80386 READY# 

HOLD HOLD 

HLDA HLDA 

INT INT 

NA# NA# 

D/C# D/C# 
W/R# W/R# 
M/IO# W/IO# 

9EO-3#, 
A ~ 

9E0-3#, 
A2-A31 

~ I I 
A2-A31 

~ 

00-031 00-031 
'II 

~.JJ. 
TO BUS TO BUS 

CONTROLLER BUFFERS 
290128-7 

Figure 2·1. 80386/82380 System Configuration 
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2.1 Master and Slave Modes 

At any time, the 82380 acts as either a Slave device 
or a Master device in the system. Upon reset,' the 
82380 will be in the Slave Mode. In this mode, the 
80386 processor can read/write into the 82380 in
ternal registers. Initialization information may be pro
grammed into the 82380 during Slave Mode. 

When DMA service (including DRAM Refresh Cycles 
generated by the 82380) is requested, the 82380 will 
request and subsequently get control of the 80386 
local bus. This is done through the HOLD and HLDA 
(Hold Acknowledge) Signals. When the 80386 proc
essor responds by asserting the· HLDA Signal, the 
82380 will switch into Master Mode and perform 
DMA transfers. In this mode, the 82380 is the bus 
master of the system. It can read/write data from/to 
memory and peripheral devices. The 82380 will re
turn to the Slave Mode upon completion of DMA 
transfers, or when HLDA is negated. 

2.2 80386 Interface Signals 

As mentioned in the Architecture section, the Bus 
Interface module of the 82380 (see Figure 1-1) con
tains signals that are directly connected to the 
80386 host processor. This module has separate 
32-bit Data and Address busses. Also, it has addi
tional control signals to support different bus opera
tions on the system. By residing on the 80386 local 
bus, the 82380 shares the same address, data and 
control lines with the processor. The following sub
sections discuss the Signals which interface to the 
80386 host processor. 

2.2.1 CLOCK (CLK2) 

The CLK2 input provides fundamental timing for the 
82380. It is divided by tWo internally to generate the 
82380 internal clock. Therefore, CLK2 should be 
driven with twice the 80386's frequency. In order to 
maintain synchronization with the 80386 host proc
essor, the 82380 and the 80386 should share a 
common clock source. 

The internal clock consists of two phases: PHI1 and 
PHI2. Each CLK2' period is a phase of the internal 
clock. PHI2 is usually used to sample input and set 
up internal signals and PHI1 is for latching internal 
data. Figure 2-2 illustrates the relationship of CLK2 
and the 82380 internal clock signals. The CPURST 
signal generated by the 82380 guarantees that the 
80386 will wake up in phase with PHI1. 

2.2.2 DATA BUS (00-031) 

This 32-bit three-state bidirectional bus provides a 
general purpose data path between the 82380 and 
the system. These pins are tied directly to the corre
sponding Data Bus pins of the 80386 local bus. The 
Data Bus is also used for interrupt vectors generated 
by the 82380 in the Interrupt Acknowledge cycle. 

During Slave I/O operations, the 82380 expects a 
single byte to be written or read. When the 80386 
host processor writes into the 82380, either 00-07 
or 08-015 will be latched into the 82380, depend
ing upon how the Byte Enable (BEO#-BE#3) sig
nals are driven. The 82380 does not need to look at 
01.6-031 since the 80386 duplicates the single byte 

I 

82380 CLOCK PERIOD 82380 CLOCK PERIOD 82380 CLOCK PERIOD 
CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD 

1il1 I 1il2 1il1 I 1il2 1il1 I 1il2 

CLK2 

I J,-PHI1J, \ \ I \ 
I I I 

PHI2\ I I ~ I }-I 
290128-8 

Figure 2-2. CLK2 and 82380 Internal Clock 
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data on both halves of the bus. When the 80386 
host processor reads from the 82380, the single 
byte data will be duplicated four times on the Data 
Bus; i.e., on 00-07, 08-015, 016-023 and 024-
031. 

During Master Mode, the 82380 can transfer 32-, 16-, 
and 8-bit data between memory (or I/O devices) and 
I/O devices (or memory) via the Data Bus. 

2.2.3 ADDRESS BUS (A31-A2) 

These three-state bidirectional signals are connect
ed directly to the 80386 Address Bus. In the Slave 
Mode, they are used as input signals so that the 
processor can address the 82380 internal ports/reg
isters. In the Master Mode, they are used as output 
signals by the 82380 to address memory and perIph
eral devices. The Address Bus is capable of ad
dressing 4 G-bytes of physical memory space 

(OOOOOOOOH to FFFFFFFFH), and 64 K-bytes of I/O 
addresses (OOOOOOOOH to OOOOFFFFH). 

2.2.4 BYTE ENABLE (BE3#-BEO#) 

These bidirectional pins select specific byte(s) in the 
double word addressed by A31-A2. Similar to the 
Address Bus function, these signals are used as in
puts to address internal 82380 registers during 
Slave Mode operation. During Master Mode opera
tion, they are, used as outputs by the 82380 to ad
dress memorY and I/O locations. 

In addition to the abpve function, BE3# is used to 
enable a production test mode and must be LOW 
during reset. The 80386 processor will automatically 
hold BE3# LOW during RESET. 

The definitions of the Byte Enable signals depend 
upon whether the 82380 is ,in the Master or Slave 
Mode. These definitions are depicted in Table 2-1. 

Table 2-1. Byte Enable Signals 

As INPUTS (Slave Mode): 

BE3#-BEO# Implied A1, AO 
Data Bits WrHten 

to 823SO· 

XXXO 00 00-07 
XX01 01 08-015 
X011 

, 
10 00-07 

X111 11 08-015 
X-DON'T CARE 
'During READ, data will be duplicated on 00-07, OS-015, 016-023, and 024-031. 
DurIng WRITE, the 80366 host processor dupllcatas data on 00-015, and 016-031, so that the 82380 
is conoerned only with the lower half of the Oeta Bus. 

As OUTPUTS (Master Mode): 

Byte to be Accessed 
logical Byte Presented On 

BE3#-BEO# Data Bus During WRITE Only· 
Relative to A31-A2 

024-31 016-23 08-15 DO-7 

1110 
1101 
1011 
0111 
1001 
1100 
0011 
1000 
0001 
0000 

U = Undefined 
A = Logical 00-07 
B = Logical OS-015 
C = Logical 016-023 

0 U 
1 U 
2 U 
3 A 
1,2 U 
0,1 U 
2,3 B 
0,1,2 U 
1,2,3 C 
0,1,2,3 0 

o = logical 024-031 , 

U U 
U A 
A U 
U A 
B A 
U B 
A B 
C B 
B A 

'C B 

'Actual number of bytes acc:eseed depends upon the P.IQ9raIllrned data path width. 

4-175 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 



82380 

2.2.5 BUS CYCLE DEFINITION SIGNALS (D/C#, 
W/R#, M/IO#) 

These three-state bidirectional signals define the 
type of bus cycle being performed. W/R# dist~n
guishes between wrjte and read cycles. D/C# dIs
tinguishes between processor data and control cy
cles, M/IO# distinguishes between memory and 1/0 
cycles. 

During Slave Mode, these signals are driven by the 
80386 host processor; during Master Mode, .t~~y are 
driven by the 82380. In either mode, these signals 
will be valid when the Address Status (ADS#) is 
driven LOW. Exact bus cycle definitions are given in 
Table 2-2. Note that some combinations are recog
nized as inputs, but not generated as outputs. In the 
Master Mode, D/C# is always HIGH. 

2.2.6 ADDRESS STATUS (ADS#) 

This bidirectional signal indicates that a valid ad
dress (A2-A31, BEO#-BE3#) and bus cycle.defini
tion (W/R#, D/C#, M/IO#) is being driven on the 
bus. In the Master Mode, it is driven by the 82380 as 
an output. In the Slave Mode, this signal is moni
tored as an input by the 82380. By the current and 
past status of ADS# and the READY# input, the 
82380 is able to determine, during Slave Mode, if the 
next bus cycle is a pipelined address cycle. ADS# is 
asserted during T1 and T2P bus states (see Bus 
State Definition). 

Note that during the idle states at the beginning and 
the end of a DMA process, neither the 80386 nor the 
82380 is driving the ADS# signal; Le., the signal is 
left floated. Therefore, it is important to use a pull-up 
resistor (approximately 10 KO) on the ADS# signal. 

2.2.7 TRANSFER ACKNOWLEDGE (READY#) 

This input indicates that the current bus cycle is 
complete. In the Master Mode, assertion of this sig-

nal indicates the end .of a DMA bus cycle. In the 
Slave Mode the 82380 monitors this input and 
ADS # to det~ct a pipelined address cycles. This sig
nal should be tied directly to the READY # input of 
the 80386 host processor. 

2.2.8 NEXT ADDRESS REQUEST (NA#) 

This input is used to indicate to the 82380 in the 
Master Mode that the system is requesting address 
pipelining. When driven LOW by either memory or 
peripheral devices during Master Mode, it indicates 
that the system is prepared to accept a new address 
and bus cycle definition signals from .the 82380 be
fore the end of the current bus cycle. If this input is 
active when sampled by the 82380, the next address 
is driven onto the bus, provided a bus request is 
already pending'internally. 

This input pin is monitored only in the Master Mode. 
In the Slave Mode, the 82380 uses the ADS# and 
READY # signals to determine address pipelining 
cy~les, and NA # will be ignored. 

2.2.9 RESET (RESET, CPURST) 

RESET 

This synchronous input suspends any operation in 
progress and places the 82380 in a known initial 
state. Upon reset, the 82380 will be in the Slave 
Mode waiting to be initialized by the 80386 host 
processor. The 82380 is reset by asserting RESET 
for 15 or more CLK2 periods. When RESET is as
serted all o.ther input pins are ignored, and all other 
bus pi~s are driven to an idle bus state as shown in 
Table 2-3. The 82380 will determine the phase of its 
internal clock following RESET going inactive. 

Table 2-2 Bus Cycle Definition 

M/IO# D/C# W/R# As INPUTS As OUtpUTS 

0 0 0 Interrupt NOT GENERATED 
Acknowledge 

0 0 1 UNDEFINED NOT GENERATED 
0 1 0 I/O Read I/O Read 
0 1 1 I/O Write I/O Write 
1 0 0 UNDEFINED NOT GENERATED 
1 0 1 HALT if NOT GENERATED 

BE(3-0) # = X011 
SHUTDOWN if 

BE (3-0)# = XXXO 
1 1 0 Memory Read Memory Read 
1 1 1 Memory Write Memory Write 
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Table 2-3. Output Signals Following RESET 

Signal Level 

A2-A31, 00-031, BEO#-BE3# Float 
D/C#, W/R#, M/IO#, ADS# Float 
READYO# '1 ' 
EOP# '1' (Weak Pull-UP) 
EDACK2-EDACKO '100' 
HOLD '0' 
INT UNDEFINED" 
TOUT1/REF#, TOUTU/IRQ3#, TOUT3# UNDEFINED" 
CPURST '0' 

0" • 'The Interrupt Controller and Programmable Interval Timer are Initialized by software commands. 

RESET is level-sensitive and must be synchronous 
to the CLK2 signal. Therefore, this RESET input 
shOuld be tied to the RESET output of the Clock 
Generator. The RESET setup and hold time require
ments are shown in Figure 2.3. 

CPURST 

This output signal is used to reset the 80386 host 
processor. It will go active (HIGH) whenever one of 
the following events occurs: a) 82380's RESET input 
is active; b) a software RESET command is issued 
to the 82380; or c) when the 82380 detects a proc
essor Shutdown cycle and when this detection fea
ture is enabled (see CPU Reset and Shutdown De
tect). When activated, CPURST will be held active 
for 62 CLK2 periods. The timing of CPURST is such 
that the 80386 processor will be in synchronization 
with the 82380. This timing is shown in Figure 2-4. 

CLK2 

PHI ? 

2.2.10 INTERRUPT OUT (lNT) 

This output pin is used to signal the 80386 host 
processor that one or more interrupt requests (either 
internal or external) are pending. The processor is 
expected to respond with an Interrupt Acknowledge 
cycle. This signal should be connected directly to 
the Maskable Interrupt Request (INTR) input of the 
80386 host processor. . 

2.3 82380 Bus Timing 

The 82380 internally divides the CLK2 signal by two 
to generate its internal Clock. Figure 2-2 shows the 
relationship of CLK2 and the internal clock. The in
ternal clock consists of two phases: PHI1 and PHI2. 
Each CLK2 period is a phase of the internal clock. In 
Figure 2-2, both PHI1 and PHI2 of the 82380 internal 
clock are shown. 

PHI 2 PHil PHI 2 

RESET \~--------------------------
T30-RESET Hold Time 
T31-RESET Setup Time 

CLK2 

CPURST 

T33-CPU Reset from CLK2 

Figure 2-3. RESET Timing 

I PHI 2 PHil 

l r-0
"" \\\\\\~ .~IT33 MAX. 

Figure 2-4. CPURST Timing 
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I 
82380 CLOCK PERIOD 82380 CLOCK PERIOD 82380 CLOCK PERIOD 

CLK2 PERIOD CLK2 PERIOD CLK2 PERIOD 
fill I 1112 fill I '1112 1111. I 1112 

CLK2 

I 
\ \ \ PHI1J 

I I I I PHI2, 

I 
290128-11 

Figure 2-2. CLK2 and 82380 Intemal Clock 

In the 82380, whether it is in the Master or Slave 
Mode, the shortest time unit of bus activity is a bus 
state. A bus state, which is also referred as a 
'T-state', is defined as one 82380 PHI2 clock period 
(i.e., two CLK2periods). Recall in Table 2-2, there 
are six different types of bus cycles in the 82380 as 
defined by the MIIO#, ·D/C# and W/R# signals. 
Each of these bus cycles is .composed of two ·or 
more bus states. The length of a bus cycle depends 
on when the READY # input is asserted (i.e., driven 
LOW). 

2.3.1 ADDRESS PIPE LINING 

The 82380 supports Address Pipelining, as an option 
in both the Master and Slave Mode. This feature typ
ically allows a memory or peripheral device to oper
ate with one less wait state than would otherwise be 
required. This is possible because during a pipelined 
cycle, the address and bus cycle definition of the 
next cycle will be generated by the bus master while 
waiting for the end of the current cycle to be ac
knowledged. The pipelined bus is especially well 
suited for interleaved memory environment. For 16 
MHz interleaved memory designs With 100 ns ac
cess time DRAMs, zero wait state memory accesses 
can be achieved when pipelined addressing is se
lected. 

In the Master Mode, the 82380 is capable of initiat
ing, on a cycle-by-cycle basis, either a pipelined or 
non-pipelined access depending upon the state of 
the NA# input. If a pipelined cycle is requested (indi
cated by NA# being driven LOW), the 82380 will 

drive the address and bus cycle definition of the next 
cycle as soon as there is an internal bus request 
pending. 

In the Slave Mode, the 82380 is constantly monitor
ing the ADS# and READY# signals on the proces
sor local bus to determine if the current bus cycle is 
a pipelined cycle. If a pipelined cycle is detected, the 
82380 will r~questone less wait state from the proc
essor if the Wait State Generator feature ill selected. 
On the other hand, during an 82380 internal register 
access in a pipelined cycie, it will make use of the 
advance address and bus cycle inf~rmation. In all 
cases" Address Pipelining will result in a savings of 
one wait state. 

2.3.2 MASTER MODE BUS TIMING 

When the 82380 is in the Master Mode, it will be in 
one of six bus states. Figure 2-5 shows the complete 
bus state diagram of the Master Mode, including 
pipelined address states. As seen in the figure, the 
82380 state diagram is very similar to that of the 
80386. The major difference is that in the 82380, 
there is no Hold state. Also, in the 82380, the condi
tions for some state transitions depend upon wheth
er it is the end of a DMA process·. 

NOTE: 
·The term 'end of a DMA process' is loosely de
fined here. It depends on the DMA modes of oper
ation as well as the state of the EOP# and DREQ 
inputs. This is explained in detail in section 3-DMA 
Controller. 
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Th~ 82380 will enter the idle state, Ti, upOn RESET 
and whenever the intemal address is not available at 
the end of a DMA cycle or at the end of a DMA 
process. When address pipellning is not used (NA # 
Is not asserted), a new bus cycle always begins with 
state T1. During T1, address and bus cycle definition 
signals will be driven on the bus. T1 is always fol
lowed byT2. 

If a bus cycle is not acknowledged (with READY#) 
during T2 and NA # is negated, T2 will be repeated. 
When the end of the bus cycle is acknowledged dur
ing T2, the following state will be T1 of the next bus 
cycle (if the intemal address latch is loaded and if 
this is not the end of the DMA process). Otherwise, 
the Ti state will be entered. Therefore, if the memory 
or peripheral accessed is fast enough to respond 
within the first T2, the fastest non-pipelined cycle will 
take one T1 and one T2 state. 

Use of the address pipelining feature allows the 
82380 to enter ·three additional bus states: T1P, 
T2P, and T2i. T1 P is the first bus state of a pipelined 
bus cycle. T2P follows T1P (or T2) if NA# is assert
ed when sampled. The 82380 will drive the bus with 
the address and bus cycle definition signals of the· 
next cycle during T2P. From the state diagram, it can 
be seen that after an idle state Ti, the first bus cycle 
must begin with T1, and is therefore a non-pipelined 
bus cycle. The next bus cycle can be pipelined if 
NA # is asserted and the previous bus cycle ended 
in a T2P state. Once the 82380 is in a pipelined 
cycle and provided that NA# is asserted in subse
quent cycles, the 82380 will be switching between 
T1 P and T2P states. If the end of the current bus 
cycle is not acknowledged by the READY # input, 
the 82380 will extend the cycle by adding T2P 
states. The fastest pipelined cycle will consist of one 
T1 P and one T2P state. 

NA# Asserted. [Not ADAV + End of DNA] 

Not·ADAV. READY# Negated 
290128-12 

NOTE: 
ADAV-Internal Address Available 

Figure 2-5. Master Mode State Diagram 
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The 82380 will enter state T2i when NA# is assert· 
ed and when one of the following two conditions 
occurs. The first condition is when the 82380 is in 
state T2. T2i will be entered if READY # is not as
serted and there is no next address available. This 
situation is similar toa wait state. The 82380 Will stay 
in T2i for as long as this condition exists. Tile sec
ond condition which will cause the 82380 enter T2i is 
when the 82380 is in state T1 P. Before going to 

state T2P, the 82380 needs to wait in state T2i until 
the next address is available. Also, in both cases, if 
the DMA process is complete, the 82380 will enter 
the T2i state in order to finish the current DMA cycle. 

Figure 2-6 is a timing diagram showing non-pipelined 
bus accesses in the Master Mode. Figure 2-7 shows 
the timing of pipelined accesses in the Master Mode. 

TI T2 TI T2 T2 T1 T2 

CLK2 

PHI2 

ADS# , 1 \ I \ 
ADDRESS 

AND CONTROL --< X X 
DATA c::J c::J C (READ) 

DATA X X (WRITE) 

NA# XXXXXXXXXXXXXXX ."WOOOOOOOOOOOQO \ 
READY# XXXXXXXXXXXXXXX I.XXXXXXXXXY WX\"IQ,I,_-"mxxxxmUlll~IQgj~_ 

I 0 WAIT STATE 1 WAIT STATE 0 WAIT STATE 

290128-13 

Figure 2-6. Non-Plpellned Bus Cycles 

TIp T2p TIp T2p T2p I TIp T2p 

CLK2 

PHI2 

ADS# --1 \"' __ .JI \"' _____ ...11 '---
ADDRESS v---AND CONTROL _____ X'-______ nX __________ "---

DATA ~ ~ C 
(READ) ------<~ ~ 

DATA ---"'X,....-----"'\X,....--------....,Xil'--~-
(WRITE) .... .. 
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Figure 2-7. Plpellned Bus Cycles 
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2.3.3 SLAVE MODE BUS TIMING 

Figure 2-8 shows the Slave Mode bus timing in both 
plpelined and non-pipelined cycles when the 82380 
is being accessed. Recall that during Slave Mode, 
the 82380 will constantly monitor the ADS# and 
READY # signals to determine if the next cycle is 
pipelined. In Figure 2-8, the first cycle is non-pipe
lined and the second cycle is pipelined. In the pipe
lined cycle, the 82380 will start decoding the. ad-

NON-PIPELINED 
CYCLE 

CLK2 

PHI2 

dress and bus cycle signals one bus state earlier 
than in a non-pipelined cycle. 

The READY # input signal is sampled by the 80386 
host processor to determine the completion of a bus 
cycle. This occurs during the end of every T2 and 
T2P state. Normally, the output of the 82380 Wait 
State Generator, READYO #, is directly connected 
to the READY # input of the 80386 host processor 
and the 82380. In such case, READYO# and 
READY # will be identical (see Wait State Genera
tor). 

PIPELINED 
CYCLE 

A(2-31) 
8E(0-3)# ?OI:?OI:~r---t----"""t~---.. U"--+----!"""\,,,,,,,,---?. ~-----l 

M/IO# oI.Q"j;\,Aj:l.llf'r'I .... ----+-----+-,,-----? ~-___ f----_+J'----n------l 
D/C#.W/R# 

ADS# 

READYO# __ _+"" 

READY# 

0(0-31) 
(READ) 

0(0-15) 
(WRITE) 

NOTE: 

(TWO OR MORE WAIT STATES) 

XW>. ~XX .XXX [T \l.XX 

(ONE OR MORE WAIT STATES) 

, 
.Jr-~ 

, 
~X .XX .XX .XYJ -.. -

, , X , 

NA'" is shown here only for timing reference. It is not sampled by the 82380 during Slave Mode. 

290128-15 

When the 82380 registers are accessed, it will take one or more wait states in pipelined and two or more wait states in 
non-pipelined cycle to complete the internal access. 

Figure 2 .. 8. Slave Read/Write Timing 
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3~O D,..A Controller 

T~e 82380 DMA Controller is capable of transferring 
data between any combination of memory andlor 
110, wi~h any combination (8-, 16-, or 32-bits) of data 
path widths; Bus bandwidth is optimized through the 
use of an internal temporary register which· can dis
assemble or assemble da,ta to or· from either an 
aligned or a non-aligned aestination or source. Fig-

ure 3-1 is a block diagram of the 82380 DMA Con
troller. 

The 82380 has eight channels of DMA. Each chan
nel operates independently of the others. W.ithin the 
operation of the individual channels, there are. many 
different modes of data transfer available. Many of 
the operating modes can be intermixed to provide a 
very versatile DMA controller. 

HOLD+------, 
HLDA 

CONTROL/STATUS REGISTERS CHANNEL REGISTERS 

I 
DREQO 
DREQl 
DREQ2 
DREQ3 
DREQ4 
DREQ5 
DREQ6 
DREQ7 

EDACKO 

EDACKl 

=: 
=: 
:::::: 
:::::: 
+--
+--
+--:-
.......... 

• COMMAND REGISTER I BASE CURRENT TEMPORARY 
COMMAND REGISTER D: BYTE COUNT BYTE COUNT REGISTER 

MODE REGISTER I BASE CURRENT 
REQUESTER REQUESTER 

OMA MODE REGISTER D: ADDRESS ADDRESS 
CHANNEL 0 

REQUEST SOFTWARE REQUEST BASE CURRENT ARBITRATION REGISTER TARGET TARGET 
LOGIC 

MASK REGISTER ADDR~S ADDRESS 

, STATUS REGISTER CHANNEL 1 (SAME AS CH 0) 

BUS SIZE REGISTER CHANNEL 2 (SAME AS CH 0) 
CHAINING REGISTER {:HAN~EL 3 (SAME AS CH 0) 

1 "LOWER" GROUP or CHANNEI,S . 

PROCESS 
CONTROL 

I "UPPER" GROUP or CHANNELS 

CHANNEL 4 SAME AS CH 0 
CONTROL/s;rATUS CHANNEL 5 SAME AS CH 0 
(SAME AS 

CHANNEL 6 SAME AS CH 0 LOWER GROUP) 
CHANNEL 7 (SAME AS CH 0) 
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Figure 3-1. 82380 DMA Controller Block Diagram 
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3.1 Functional Description 

In describing the operation of the 82380's DMA Con
troller, close attention to terminology is required. Be
fore entering the discussion of the function of the 
82380 DMA Controller, the following explanations of 
some of the terminology used herein may be of ben
efit. First, a few terms for clarification: 

DMA PROCESS-A DMA process, is the execution 
of a programmed DMA task from beginning to end. 
Each DMA process requires initial programming by 
the host 80386 microprocessor. 

BUFFER-A contiguous block of data. 

BUFFER TRANSFER-The action required by the 
DMA to transfer an entire buffer. 

DATA TRANSFER-The DMA action in which a 
group of bytes, words, or double words are moved 

, between devices by the DMA Controller. A data 
transfer operation may involve movement of one or 
many bytes. 

BUS CYCLE-Access by the DMA to a Single byte, 
word, or double word. 

Each DMA channel consists of three major compo
nents. These components are identified by the con
tents of programmable registers which, define the 
memory or I/O devices being serviced by the DMA. 
They are the Target, the Requester, and the Byte 
Count. They will be defined generically here and in 
greater detail in the DMA register definition section. 

The Requester is the device which requires service 
by the 82380 DMA Controller, and makes the re
quest for service. All of the control signals which the 
DMA monitors or generates for specific channels 
are logically related to the Requester. Only the Re
quester is considered capable of initiating or termi
nating a DMA process. 

The Target is the device with which the Requester 
wishes to communicate. As far as the DMA process 
is concerned, the Target is a slave which is incapa
ble of control over the process. 

The direction of data transfer can be either from Re
quester to Target or from Target to Requester; i.e., 
each can be either a source or a destination. 

The Requester and Target may each be either I/O 
or memory. Each has an address associated with it 
that can be incremented, decremented, or held con
stant. The addresses are stored in the Requester 
Address Registers and Target Address Registers, 

respectively. These registers have two parts: one 
which contains the current address being used in the 
DMA process (Current Address Register), and one 
which holds the programmed base address (Base 
Address Register). The contents of the Base Regis
ters are never changed by the 82380 DMA Control
ler. The Current Registers are incremented or decre
mented according to the progress of the DMA pro
cess. 

The Byte Count is the component of the DMA pro
cess which dictates the amount of data which must 
be transferred. Current and Base Byte Count Regis
ters are provided. The Current Byte Count Register 
Is decremented once for each byte transferred by 
the DMA process. When the register is decremented 
past zero, the Byte Count is considered 'expired' 
and the process is terminated or restarted, depend
ing on the mode of operation of the channel. The 
pOint at which the Byte Count expires is called 'Ter
minal Count' and several status signals are depen-
dent on this event. ' 

Each channel of the 82380 DMA Controller also 
contains a 32-bit Temporary Register for use in as
sembling and disassembling non-aligned data. The 
operation of this register is transparent to the user, 
although the contents of it may affect the timing of 
some DMA handshake sequences. Since there is 
data storage available for each channel, the DMA 
Controller can be interrupted without loss of data. 

The 82380 DMA Controller is a slave on the bus until 
a request for DMA service is received via either a 
software request command or a hardware request 
signal. The host processor may access any of the 
control/status or Channel registers at any time the 
82380 is a bus slave. Figure 3-2 shows the flow of 
operati,ons that the DMA Controller performs. 

At the time a DMA service request is received, the 
DMA Controller issues a bus hold request to the 
host processor. The 82380 becomes the bus master 
when the host relinquishes the bus by asserting a 
hold acknowledge signal. The channel to be serv
iced will be the one with the highest priority at the 
time the DMA Controller becomes the bus master. 
The DMA Controller will remain in control of the bus 
until the hold acknowledge signal is removed, or un
til the current DMA transfer is complete. 

While the 82380 DMA Controller has control of the 
bus, it will perform the required data transfer(s). The 
type of transfer, source and destination addresses, 
and amount of data to transfer are programmed in 
the control registers of the DMA channel which re
ceived the request for service. 
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At completion of the DMA process, the 82380 will 
remove the bus hold request. At this time the 82380 
becomes a slave again, and the hqst returns to be
ing a master. If there are other DMA channels with 
requests pending, the controller will again assert the 
hold request signal and restart the bus arbitration 
and switching process. 

3.2 Interface Signals 

Figure 3-2. Flow of DMA Controller Operation 

There are fourteen control Signals dedicated to the 
DMA process. They include eight DMA Channel Re
quests (DREQn), three Encoded DMA Acknowledge 
Signals (EDACKn), Processor Hold and Hold Ac
knowledge (HOLD, HLDA), and End-Of-Process 
(EOP#). TheDREQn inputs and EDACK(0-2) out
puts are handshake signals to the devices requiring 
DMA service. The HOLD output and HLDA input are 
handshake signals to the host processor. Figure 3-3 
shows these signals and how they interconnect be
tween the 82380 DMA Controller, and the Requester 
and Target devices. 

END OF PROCESS 

OREQn 

TO HOST { 82830 
PROCESSOR OMA CONTROLLER 1-_-+1 

HLOA L--ooor-JiDAc;<+J 
OACKn 

290128-18 

. Figure 3-3. Requester, Target, and DMA Controller Interconnection 
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3.2.1 DREQn and EDACK(O-2) 

These signals are the handshake signals between 
the peripheral and the 82380. When the peripheral 
requires DMA service, it asserts the DREOn Signal 
of the channel which is programmed to perform the 
service. The 82380 arbitrates the DREOn against 
other pending requests and begins the DMA pro· 
cess after finishing other higher priority processes. 

When the DMA service for the requested channel is 
in progress, the EDACK(0-2) signals represent the 
DMA channel which is accessing the Requester. 
The 3·bit code on the EDACK(0-2) lines indicates 
the number of the channel presently being serviced. 
Table 3-2 shows the encoding of these signals. Note 
that Channel 4 does not have a corresponding hard· 
ware acknowledge. 

The DMA acknowledge (EDACK) signals indicate 
the active channel only during DMA accesses to the 
Requester. During accesses to the Target, 
EDACK(0-2) has the idle code. (100). EDACK(0-2) 
can thus be used to select a Requester device duro 
ing a transfer. 

Table 3-2. EDACK Encoding During 
a DMA Transfer 

EDACK2 EDACK1 EDACKO Active Channel 

0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 Target Access 
1 0 1 5 
1 1 0 6 
1 1 1 7 

DREOn can be programmed as either an Asynchro· 
nous or Synchronous input. See section 3.4.1 for de· 
tails on synchronous versus asynchronous operation 
of this pin. 

The EDACKn signals are always active. They either 
indicate 'no acknowledge' or they indicate a bus ac· 
cess to the requester. The acknowledge code is ei· 
ther 100, for an idle DMA or during a DMA access to 
the Target, or 'n' during a Requester access, where 
n is the binary value representing the channel. A 
simple 3·line to 8-line decoder can be used to pro· 
vide discrete acknowledge signals for the peripher· 
als. 

3.2.2 HOLD and HLDA 

The Hold Request (HOLD) and Hold Acknowledge 
(HLDA) signals are the handshake Signals between 

the DMA Controller and the host processor. HOLD is 
an output from the 82380 and HLDA is an input. 
HOLD is asserted by the DMA Controller when there 
is a pending DMA request, thus requesting the proc· 
essor to give up control of the bus so the DMA pro· 
cess can take place. The 80386 responds by assert· 
ing HLDA when it is ready to relinquish control of the 
bus. 

The 82380 will begin operations on the bus one 
clock cycle after the HLDA signal goes active. For 
this reason, other devices on the bus should be in 
the slave mode when HLDA is active. 

HOLD and HLDA should not be used to gate or se· 
lect peripherals requesting DMA service. This is be· 
cause of the use of DMA·like operations by the 
DRAM Refresh Controller. The Refresh Controller is 
arbitrated with the DMA Controller for control of the 
bus, and refresh cycles have the highest priority. A 
refresh cycle will take place between DMA cycles 
without relinquishing bw control. See section 3.4.3 
for a more detailed discussion of the interaction be· 
tween the DMA Controller and the DRAM Refresh 
Controller. 

3.2.3 EOP# 

EOP# is a bi-directional signal used to indicate the 
end of a DMA process. The 82380 activates this as 
an output during the T2 states of the last Requester 
bus cycle for which a channel is programmed to exe· 
cute. The Requester should respond by either with· 
drawing its DMA request, or interrupting the host 
processor to indicate that the channel needs to be 
programmed with a new buffer. As an input, this sig· 
nal is used to tell the DMA Controller that the periph· 
eral being serviced does not require any more data 
to be transferred. This indicates that the current 
buffer is to be terminated. 

EOP# can be programmed as either an Asynchro· 
nous or a Synchronous input. See section 3.4.1 for 
details on synchronous versus asynchronous opera· 
tion of this pin. 

3.3 Modes of Operation 

The 82380 DMA Controller has many independent 
operating functions. When designing peripheral in· 
terfaces for the 82380 DMA Controller, all of the 
functions or modes must be considered. All of the 
channels are independent of each other (except in 
priority of operation) and can operate in any of the 
modes. Many of the operating modes, though inde· 
pendently programmable, affect the operation of 
other modes. Because of the large number of com· 
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binations possible, each programmable mode is dis
cussed here with its affects on the operation of other 
modes. The entire list of possible combinations will 
not'be presented. ' 

Table 3-1 shows the categories of DMA features 
available in the 82380. Each of the five major cate
gories is independent of the others. The sub-catego
ries are the available modes within the major func
tion or mode category. The following sections 
explain each mode or function and its relation to oth
er features. 

Table 3-1. DMA Operating Modes 

I. Target/Requester Definition 
a. Data Transfer Direction 

b. Device Type 

c. Increment/Decrement/Hold 

II. Buffet Processes 
a. Single Buffer Proc~ss 

b. Buffer Auto-Initialize Process 

c. Buffer Chaining Process 

III. Data Transfer/Handshake Modes 
a. Single Transfer Mode 

b: Demand Transfer Mode 

c. Block Transfer Mode 

d. Cascade Mode 

IV. Priority Arbitration 
a. Fixed 

b. Rotating 

c. Programmable Fixed 

V. Bus Operation 
a.Fly-By (Single-Cycle)/Two-Cycle 

b. Data Path Width 

c. Read, Write, or Verify Cycles 

3.3.1 TARGET/REQUESTER DEFINITION 

All DMA transfers involve three devices: the DMA 
Controller, the Requester, and the Target. Since the 
devices to be accessed by the DMA Controller vary 
widely, the operating characteristics of the DMA 
Controller must be tailored to the Requester ,and 
Target devices. 

The Requester can be defined as either the source 
or the destination of the data to be, transferred. This 
is done by specifying a Write or a Read transfer, 
respectively. In a Read transfer, the Target is the 
data source and the Requester is the_ destination for 

the data. In a W~te transfer, the Requester is the 
source and the Target in the destination. 

The Requester and Target addresses can each be 
independently programmed to be incremented, dec
remented, or held constant. As an example, the 
82380 is capable of reversing a string or data by 
having a Requester address increment and the Tar
get address decrement in a memory-to-memory 
transfer. 

3.3.2 BUFFER TRANSFER PROCESSES 

The 82380 DMA Controller allows three programma
ble Buffer Transfer Processes. These processes de
fine the logical way in which a buffer of data is ac
cessed by the DMA. 

The three Buffer Transfer Processes include the Sin
gle Buffer Process, the Buffer Auto-Initialize Pro
cess, and the Bl:Jffer Chaining Process. These pro
cesses require special programming cOl1siderations. 
See the DMA Programming section for more details 
on setting up the Buffer Transfer Processes. 

Single Buffer Process 
The Single Buffer Process allows the DMA channel 
to transfer only one buffer of data. When the buffer 
has been completely transferred (Current Byte 
Count decremented past zero or ,EOP;II input ac
tive), the DMA process ends and the channel be
comes idle. In order for that channel to be used 
again, it must be reprogrammed. 

The single Buffer Process is usually used when the 
amount of data to be transferred is known exactly, 
and it is also known that there is not likely to be any 
data to follow before the operating system can 
reprog~am the channel. 

Buffer Auto-Initialize Process 
The Buffer Auto-Initialize Process allows multiple 
groups of data to be transferred to or from a single 
buffer. This process does not require reprogram
ming. The Current Registers are automatically repro
gr.ammed from the Base Registers when the current 
process is terminated, ei~her by an expired Byte 
Count or' by an external EOP;II Signal. The data 
transferred will always ,be between the same Target 
and Requester. 

The auto-initialization/process-execution cycle is re
peated, with a HOLD/HLDA re-arbitration, until the 
channel is either disabled or re-programmed. 
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Buffer Chaining Process 

The Buffer Chaining Process is useful for transfer
ring large quantities of data into non-contiguous 
buffer areas. In this process, a single channel is 
used to process data from several buffers, while 
having 'to program the channel only once. Each new 
buffer is programmed in a pipelined operation that 
provides the new buffer information while the old 
buffer is being processed. The chain is created by 
loading new buffer information while the 82380 DMA 
Controller is processing the Current Buffer. When 
the Current Buffer expires, the 82380 DMA Control
ler automatically restarts the channel using the new 
buffer information. 

Loading the new buffer information is done by an 
interrupt routine which is requested by the 82380. 
Interrupt Request 1 (IRQ1) is tied internally to the 
82380 DMA Controller for this purpose. IRQ1 is gen
erated by the 82380 when the new buffer informa
tion is loaded into the channel's Current Registers, 
leaving the Base Registers 'empty'. The interrupt 
service routine loads new buffer information into the 
Base Registers. The host processor is required to 
load the information for another buffer before the 
current Byte Count expires. The process repeats un
til the host programs the chanl')el back to single buff
er operatiot!, or until the channel runs out of buffers. 

The channel runs out of buffers when the Current 
Buffer expires and the Base Registers have not yet 
been loaded with new buffer information. When this 
occurs, the channel must be reprogrammed. 

If an external EOP # is encountered while executing 
a Buffer Chaining Process, the current buffer is con
sidered expired and the. new buffer information is 
loaded into the Current Registers. If the Base Regis
ters are 'empty', the chain is terminated. 

The channel uses the Base Target Address Register 
as an indicator of whether or not the Base Registers 
are full. When the most significant byte of the Base 
Target Register is loaded, the channel considers all 
of the Base Registers loaded, and removes the in
terrupt request. This requires that the other Base 
Registers (Base Requester Address, Last Byte 
Count) must be loaded before the Base Target Ad
dress Register. The reason for implementing the re-

loading process this way is that, for most applica
tions, the Byte Count and the Requester will not 
change from one buffer to the next, and therefore do 
not need to be reprogrammed., The details of pro
gramming the channel for the Buffer Chaining Pro
cess can be found in the section of DMA program
ming. 

3.3.3 DATA TRANSFER MODES 

Three Data Transfer modes are available in the 
82380 DMA Controller. They are the Single Transfer, 
Block Transfer, and Demand Transfer Modes. 
These transfer modes can be used in conjunction 
with anyone of three Buffer Transfer modes: Single 
Buffer, Auto-Initialized Buffer, and Buffer Chaining. 
Any Data Transfer Modes can be used under any of 
the Buffer Transfer Modes. These modes are inde
pendently available for all DMA channels. 

Different devices being serviced by the DMA Con
troller require different handshaking sequences for 
data transfers to take place. Three handshaking 
modes are available on the 82380, giving the de
signer the opportunity to use the DMA Controller as 
efficiently as possible. The speed at which data can 
be presented or read by a device can affect the way 
a DMA controller uses the host's bus, thereby affect
ing not only data throughput during the DMA pro
cess, but also affecting the host's performance by 
limiting its access to the bus. ' 

Single Transfer Mode 
In the Single Transfer Mode, one data transfer to or 
from the Requester is performed by the DMA Con
troller at a time. The DREQn input is arbitrated and 
the HOLD/HLDA sequence is executed for each 
transfer. Transfers continue in this manner until the 
Byte Count expires, or until EOP# is sampled active. 
If the DREQn input is held active continuously, the 
entire DREQ-HOLD-HLDA-DACK sequence is re
peated over and over until the programmed number 
of bytes has been transferred. Bus control is re
leased to the host between each transfer. Figure 3-4 
shows the logical flow of events which make up a 
buffer transfer using the Single Transfer Mode. Re
fer to section 3.4 for an explanation of the bus con
trol arbitration procedure. 
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Figure .3-4. Buffer Trahsfer In 
Single Tra','sfer Mode 
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The Single Transfer Mode is ulled for devices which 
require complete handshake cycles with each data 
access. Data is transferred· to or from the Requester 
only when the Requester is ready to perf~rm the 
transfer. Each transfer requires the entire DREQ. 
HOlD·HlDA·DACK handshake cycle. Figure 3·5 
shows the timing of the Single Transfer Mode cy. 
cles. 

Block Transfer Mode· 
In the Block Transfer Mode, the DMA process is ini· 
tiated by a DMA request and continues until the Byte 
count expires, or until EOP# is activated by the Re· 
quester. The DREQn signal need only be held active 
until the first Requester access. Only a refresh cycle 
will interrupt the block transfer process. 

Figure ;3·6 illustrates the operation of the DMA duro 
ing the Block Transfer Mode. Figure 3·7 shows the 
timing of the handshake signals during Block Mode 
Transfers. 

n Tl T2 

HlDA 
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Figure 3-5. DMA Single Transfer Mode 
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Figure 3-6. Buffer Transfer In 
Block Transfer Mode 
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Demand Transfer Mode 

The Demand Transfer Mode provides the most flex
ible handshaking procedures during the DMA pro
cess. A Demand Transfer is initiated by a DMA re
quest. The process continues until the Byte Count 
expires, or an external EOP# is encountered. If the 
device being serviced (Requester) desires, it can in
terrupt the DMA process by de-activating the 
DREQn line. Action is taken on the condition of 
DREQn during Requester accesses only. The ac
cess during which DREQn is sampled inactive is the 
last Requester access which will be performed dur
ing the current transfer. Figure 3-8 shows the flow of 
events during the transfer of a buffer in the Demand 
Mode. 

T1 T2 T1 T2 Ti Tx Tx 
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Figure 3·7. Block Mode Transfers 
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INITIALIZE BUFFER 

END OF BUFFER 
290128-23 

Figure 3-8. Buffer Transfer in 
Demand Transfer Mode 

When the DREQn line goes inactive, the DMA con
troller will complete the current transfer, including 
any necessary accesses to the Target, and relin" 
quish control of the bus to the host. The current pro
cess information is saved (byte count, Requester 
and Target addresses, and Temporary Register). 
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The Requester can restart the transfer process by 
reasserting DREQn. The 82380 Will arbitrate the re
quest with other pending requests and begin the 
process where it left off. Figure 3-9 shows the timing 
of handshake signals during Demand Transfer Mode 
operation. \ 

Using the Demand Transfer Mode allows peripherals 
to access memory in small, irregular bursts without 
wasting bus control time. The 82380 is designed to 
give the best possible bus control latency in the De
mand Transfer Mode. Bus control latency is defined 
here as the time from the last active bus cycle of the 
previous bus master to the first active bus cycle of 
the new bus master. The 82380 DMA Controller will 
perform its first bus access cycle two bus states af
ter HLDA goes active. In the typical configuration, 
bus control is returned to the host one bus state 
after the DREQn goes inactive. 

There are two cases where there may be more than 
one bus· state of bus control latency at the end of a 
transfer. The first is at the end of an Auto-Initialize 
process, and the second is at the end of a process 
where the source is the Requester and Two-Cycle 
transfers are used. 

When a Buffer Auto-Initialize Process is complete, 
the 82380 requires seven bus. states to reload the 

Tl .. T2 T1 T2 TI T. T. 
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Figure 3·9. Demand Mode Transfers 

4-190 



inter 82380 

Current Registers from the Base Registers of the 
Auto-Initialized channel. The reloading is done while 
the 82380 is still the bus master so that it is prepared 
to service the channel immediately after relinquish
ing the bus, if necessary. 

In the case where the Requester is the source, and 
Two-Cycle transfers are being used, there are two 
extra idle states at the end of the transfer process. 
This occurs due to housekeeping in the DMA's inter
nal pipeline. These two idle states are present only 
after the very last Requester access, before the 
DMA Controller de-activates the HOLD signal. 

3.3.4 CHANNEL PRIORITY ARBITRATION 

DMA channel priority can be programmed into one 
of two arbitration methods: Fixed or Rotating. The 
four lower DMA channels and the four' upper DMA 
channels operate as if they were two separate DMA 
controllers operating in cascade. The lower group of 
four channels (0-3) is always prioritized between 
channels 7 and 4 of the upper group of channels (4-
7). Figure 3-10 shows a pictorial representation of 
the priority grouping. 

The priority can thus be set up as rotating for one 
group of channels and fixed for the other, or any 
other combination. While in Fixed Priority, the pro
grammer can also specify which channel has the 
lowest priority. 

I 
CHANNEL 7 
CHANNEL 6 I CHANNEL 5 
CHANNEL 4 

CHANNEL 3 

PHANTOIol - CHANNEL 2 

f 
CHANNEL 1 
CHANNEL 0 

1 
290128-25 

Figure 3-10. DMA Priority Grouping 

The 82380 DMA Controller defaults to Fixed Priority. 
Channel 0 has the highest priority, then 1, 2, 3, 4, 5, 
6, 7. Channel 7 has the lowest priority. Any time the 
DMA Controller arbitrates DMA requests, the re
questing channel with the highest priority will be 
serviced next. 

Fixed Priority can be entered into at any time by a 
software command. The priority levels in effect 

after the mode switch are determined by the current 
setting of the Programmable Priority. 

Programmable Priority is available for fixing the prior
ity of the DMA channels within a group to levels oth
er than the default. Through a software command, 
the channel to have the lowest priority in a group 
can be specified. Each of the two groups of four 
channels can have the priority fixed in this way. The 
other channels in the group will follow the natural 
Fixed Priority sequence. This mode affects only the 
priority levels while operating with Fixed Priority. 

For example, if channel 2 is programmed to have the 
lowest priority in its group, channel 3 has the highest 
priority. In descending order, the other channels 
would have the following priority: (3, 0, 1, 2), 4, 5, 6, 
7 (channel 2 lowest, channel 3 highest). If the upper 
group were programmed to, have channel 5 as the 
lowest priority channel, the priority would be (again, 
highest to lowest): 6, 7, (3, 0, 1, 2), 4, 5. Figure 3-11 
shows this example pictorially. The lower group is 
always prioritized as a fifth channel of the upper 
group (between channels 4 and 7). 

CHANNEL 6 
CHANNEL 7 
PHANTOIol ~ 

CHANNEL 4 
CHANNEL 5 

CHANNEL 3 
CHANNEL 0 
CHANNEL 1 
CHANNEL 2 

High Priority 

Low Priority 
290128-26 

Figure 3·11. Example of Programmed Priority 

The DMA Controller will only accept Programmable 
Priority commands while the addressed group is op
erating in Fixed Priority. Switching from Fixed to Ro
tating Priority preserves the current priority levels. 
Switching from Rotating to Fixed Priority returns the 
priority levels to those which were last programmed 
by use of Programmable Priority. 

Rotating Priority allows the devices using DMA to 
share the system bus more evenly. An individual 
channel does not retain highest priority after being 
serviced, priority is passed to the next highest priori
ty channel in the group. The channel which was 
most recently serviced inherits the lowest priority. 
This rotation occurs each time a channel is serviced. 
Figure 3-12 shows the sequence of events as priori
ty is passed between channels. Note that the lower 
group rotates within the upper group, and that serv
icing a channel within the lower group causes rota
tion within the group as well as rotation of the upper 
group. 
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1 0 1 1 2 1 3 1 1 4 1 5 1 6 1 7 I -default (highest to lowest) 

DRE02 and DRE06-process channel 2 

1 3 1 0 1 1 2 I -channel 2 drops to lowest priority within group. 
L...---1.....--L.._l....-....J Lower group drops to lowest priority within upper group. 

2(Double Rotation) 

DRE06 (still) an.d DRE07-process channel 6 

[2] 1 3 1 0 1 1 1 2 I 1 4 1 5 1 6 I -channel 6 drops to lowest priority within group 

DREOO (still) and DRE07-process channel 7 

1 3 1 0 1 1 1 2 I 1 4 I 5 I 6 1 7 I -channel 7 drops to lowest priority within group 

DREOO (still) and DRE01-process channel 0 

14 1 5 1 6 1 7 I 11 1 2 1 3 1 0 I -channel 0 drops to lowest priority within group (Double R~tation) 
DRE01 (still)-process channel 1 

1 4 1 5 1 6 1 7 I 1 2 1 3 1 0 1 1 I -channel 1 drops to lowest priority within group 

Figure 3·12. Rotating Channel Priority. Lower and Upper 
. groups are programmed for the Rotating Priority Mode. 
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3.3.5 COMBINING PRIORITY MODES 

Since the DMA Controller operates as two four
channel controllers in cascade, the overall priority 
scheme of all eight channels can take on a variety of 
forms. There are four possible combinations of prior-

High Low 

I 0 I 1 2 I 3 4 I 5 6 

High Low 

I 4 I 5 6 7 I 0 2 

High Low 

[2] I o I 1 I 2 3 I 4 I 5 

High 

I 4 I 5 I 6 I 7 I 0 I 1 I 2 I 
CASE 1 0-3 Fixed Priority, 4-7 Rotating Priority 

High 

I 0 I 1 2 3 4 5 6 

High 

I 3 I 0 I 1 2 4 I 5 I 6 I 
High 

I 3 I 0 I 1 2 I 4 I 5 I 6 I 
High 

I 2 I 3 I 0 I 1 4 I 5 I 6 I 
CASE 2 0-3 Rotating Priority, 4-7 Fixed Priority 

ity modes between the two groups of channels: 
Fixed Priority .only (default), Fixed Priority upper 
group/Rotating Priority lower group, Rotating Priority 
upper group/Fixed Priority lower group, and Rotating 
Priority only. Figure 3-13 illustrates the operation of 
the two combined priority methods. 

7 I -Default priority 

3 After servicing channel 2 

I 6 I -After servicing channel 6 

Low 

3 -After servicing channel 1 

Low 

7 Default priority 

Low 

7 After servicing channel 2 

Low 

7 After servicing channel 6 

Low 

7 After servicing channel 1 

Figure 3-13. Combining Priority Modes 
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3.3.6 BUS OPERATION 

Data may be tram;ferred by the DMA Controller us
ing two different bus cycle operations: Fly-By (one
cycle) and Two-Cycle. These bus halildshake meth
ods are selectable independently for each channel 
through a command register. Device data path 
widths are independently programmable for both 
Target and Requester. Also selectable through soft
ware is the direction of data transfer. All of these 
parameters affect the operation of the 82380 on a 
bus-cycle by bus-cycle basis. 

3.3.6.1 Fly-By Transfers 

The Fly-By Transfer Mode is the fastest and most 
efficient way to use the 82380 DMA Controller to 
transfer data. In this method of transfer, the data is 
written to the destination device at the same time it 
is read from the source. Only one bus cycle is used 
to accomplish the transfer. 

In the Fly-By Mode, the DMA acknowledge signal is 
used to select the Requester. The DMA Controller 
simultaneously places the address of the Target on 
the address bus. The state of MIIO# and W/R# 
during the Fly-By transfer cycle indicate the type of 
Target and whether the target is being written to or 
read from. The Target's Bus Size is used as an in
crementer for the Byte Count. The Requester ad
dress registers are ignored during Fly-By transfers. 

Note that memory-to-memory transfers cannot be 
done using the Fly-By Mode. Only one memory or 
I/O address is generated by the DMA Controller at a 
time during Fly-By transfers. Only one of the devices 
being accessed can be selected by an address. 
Also, the Fly-By method of data transfer limits the 
hardware to accesses of devices with the same data 
bus width. The Temporary Registers are not affect
ed in the Fly-By Mode. 

Fly-By transfers also require that the data paths of 
the Target and Requester be directly connected. 
This requires that successive Fly-By accesses be to 
doubleword boundaries, or that the Requester be 
capable of switching its connections to the data bus. 

3.3.6.2 Two-Cycle Transfers 

Two-Cycle transfers can also be performed by the 
82380 DMA Controller. These transfers require at 
least two bus cycles to execute. The data being 
transferred is read into the DMA Controller'S Tempo
rary Register during the first bus cycle(s). The sec
ond bus cycle is used to write the data from the 
Temporary Register to the destination. 

If the addresses of the data being transferred are 
not word or doubleword aligned, the 82380 will rec
ognize the situation and read and write the data in 
groups of bytes, placing them always at the proper 
destination. This process of collecting the desired 
bytes and putting them together is called 'byte as
sembly'. The reverse process (reading from aligned 
locations and writing to non-aligned locations) is 
called 'byte disassembly'. 

The assembly/disassembly process takes place 
transparent to the software, but can only be done 
while using the Two-Cycle transfer method. The 
82380 will always perform the assembly/disassem
bly process as necessary for the current data trans
fer. Any data path widths for either the Requester or 
Target can be used in the Two-Cycle Mode. This is 
very convenient for interfacing existing 8- and 16-bit 
peripherals to the 80386's 32-bit bus. 

The 82380 DMA Controller always attempts to fill 
the Temporary Register from the source before writ
ing any data to the destination. If the process is ter-. 
minated before the Temporary Register is filled (TC 
or EOP #), the 82380 will write the partial data to the 
destination. If a process is temporarily suspended 
(such as when DREQn is de-activated during a de
mand transfer), the contents of a partially filled Tem
porary Register will be stored within the 82380 until 
the process is restarted. 

For example, if the source is specified as an 8-bit 
device and the destination as a 32-bit device, there 
will be four reads as necessary from the 8-bit source 
to fill the Temporary Register. Then the 82380 will 
write the 32-bit contents to the destination. This cy
cle wm repeat until the process is terminated or sus
pended. 

Note that for a Single-Cycle transfer mode of opera
tion (see section 3.3.3), the internal circuitry of the 
DMA Controller actually executes single transfers by 
removing the DREQ from the internal arbitration. 
Thus single transfers from an 8-bit requester to a 32-
bit target will consist of four complete and indepen
dent 8-bit requester cycles, between which bus con
trol is released and re-requested. Finally, the 32-bit 
data will be transferred to the target device from the 
temporary register before the fifth requester cycle. 

With Two-Cycle transfers, the devices that the 
82380 accesses can reside at any address within 
I/O or memory space. The device must be able to 
decode the byte-enables (BEn#). Also, if the device 
cannot accept data in byte quantities, the program
mer must take care not to allow the DMA Controller 
to access the device on any address other than the 
device boundary. 
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3.3.6.3 Data Path Width and Data Transfer Rate 
Consideration •. 

The number of bus cycles used to transfer a single 
'word' of data is affected by whether the Two-Cycle 
or the Fly-By (Single-Cycle) transfer method is used. 

The number of bus cycles used to transfer data di· 
rectly affects the data transfer rate. Inefficient use of 
bus cycles will decrease the effective data transfer 
rate that can be obtained. Generally, the data trans
fer rate is halved by using Two-Cycle transfers .in
stead of Fly-By transfers. 

The choice of data path widths of both Target and 
Requester affects the data transfer rate also. During 
each bus cycle, the largest pieces of data possible 
should be transferred. 

The data path width of the devices to be accessed 
must be programmed into the DMA controller. The 
82380 defaults after reset to 8-bit-to-8-bit data trans
fers, but the Target and Requester can have differ
ent data path widths, independent of each other and 
independent of the other channels. Since this is a 
software programmable function, more discussion of 
the uses of this feature are found in the section on 
programming. 

3.3.6.4 Read, Write, and Verify Cycles 

Three different bus cycle types may be used in a 
data transfer. They are the Read, Write, and Verify 
cycles. These cycle types .dictate the way in which 
the 82380 operates on the data to be transferred. 

A Read Cycle transfers data from the Target,to the 
Requester. A Write Cycle transfers data from the 
Requester to the target. In a Fly-By transfer, the ad
dress and bus status signals indicate the access 
(read or write) to the Target; the access to the Re
quester, is assumed to be the opposite. 

The Verify Cycle is used to perform a data read only. 
No write access is indicated or assumed in a Verify 
Cycle. The Verify Cycle is useful for validating block 
fill operations. An external comparator must be pro
vided to do any comparisons on the data read. 

3.4 Bus Arbitration and Handshaking 

Figure 3-14 shows the flow of events in the DMA 
request arbitration process. The arbitration se-

quence starts when the Requester asserts a DREQn 
(or DMA service is requested by software). Figure 
3-15 shows the timing of the sequenpe of events, 
following a DMA request. This sequence is executed 
for each channel that is activated. The DREQn sig
nal can be replaced by a software DMA channel re
quest with no change in the sequence. 

82830 DE-ASSERTS HOLD REQUEST 

290128-27 

Figure 3-14. Bus Arbitration and DMA Sequence 

After the Requester asserts the service request, the 
82380 will request control of the bus via the HOLD 
signal. The 82380 will always assert the HOLD sig
nal one bus state after the service request Is assert
ed. The 80386 responds by asserting the HLDA sig
nal, thus releasing control of the bus to the 82380 
DMA Controller. 

Priority of pending DMA service requests is arbitrat
ed during the first state after HLDA is asserted by 
the 80386. The next state will be the beginning of 
the first transfer access of the highest priority pro
cess. 
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When' the 82380 DMA' Controller is finished with its 
current bus activity, it returns 'control ,of the bus to 
the host, processor; This is done by driving the 
HOLD signal inactive. The 82380 does not drive any 
address otdata bus signals after HOLD goes low. It 
enters the Slave Mode until another DMA process is 
requested. The processor acknowledges that it has 
regained control of the bus by forcing the HLDA sig
nal inactive. Note that the 82380's DMA Controller 
will not re-request control of the bus' until the entire 
HOLD/~LbA handshake sequence is cOmplete. 

The 82380 DMA Controller will terminate a current 
DMA process for one of three reasons: expired byte 
count, end-of-proc.ess command (EOP# activated) 
from a peripheral, or de-activated DMA request sig
nal. In each case, the controllet will de-assert HOLD 
immediately after completing the data transfer in 
progress. These three methods of process termina
tion are illustrated in Figures 3-16,,3-19, and 3-18, 
respectively. 

Tx Tx 

,CLK2 

384CLK 
'" 

DREOn 

HOLD 

HLDA' 

A (2-31) 
BE (0-3)# 

1.4/10# 
EDACK(0-2) 100 

ADS# 

READY# 

n 

An,expir~l,lyte coum,indicate~ that the current pro-, 
cess is complete as programm~ and the channel 
has no further transfers to process. The channel 
must be restarted according to the currently pro
grammed Buffer TraAsfer' Mode, or reprogrammed 
completely, including a new Buffer Transfer Mode. 

It the peripheral activates the EOP# Signal, itis indi" 
cating that it will not accept or deliver any more data 
for the current buffer. The 82380 DMA Controller 
conSiders this as a completioA of the channel's cur
rent process and interprets the condition the same 
way as if the byte count expired. 

The action taken by the 82380 DMA Controller in 
response to a de-activated DREQn signal depends 
on the Data Transfer Mode of the channel. In the 
Demand Mode, data transfers will take place as long 
as the DREQn is active and the byte count has not 
expired. In the Block Mode, the controller will com
plete the entire block transfer without relinquishing 

TI Tl T2 Tl 

n 

, 290128-28 

'NOTE: , 
Channel priority resolution lakes place during the bus Slate before HLDA is asserted. allowing ,the OM~ Controller to 
respond to HLDA without extra idle bus slates. '-

Figure 3·15. Beginning of a DMA process 
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the bus, even if CREan goes inactive before the 
transfer is complete. In the Single Mode, the control
ler will execute single data transfers, relinquishing 
the bus between each transfer, as long as CREan is 
active. 

Normal termination of a CMA process due to expira
tion of the byte count (Terminal Count-TC) is shown 

Single 
Buffer Process: or Chainlng-

Base Empty 

Event 

Terminal Count True X 
EOP# Input X 0 

Results 

Current Registers - -
Channel Mask Set Set 
EOP# Output O· X 
Terminal Count Status Set Set 
Software Request CLR CLR 

in Figure 3-16. The condition of CREan is ignored 
until after the process is terminated. If the channel is 
programmed to auto-initialize, HOLD will be held ac
tive for an additional seven clock cycles while the 
auto-initialization takes place. 

Table 3-3 shows the CMA channel activity due to 
EOP# or Byte Count expiring (Terminal Count). 

Auto- Chaining-
Initialize Base Loaded 

True X True X 
X 0 X 0 

Load Load Load Load 
- - - -
0 X 1 X 

Set Set - -
CLR CLR - -

Table 3-3. DMA Channel Activity Due to Terminal Count or External EOP # 

T2 T1 T2 TI Tx Tx Tx 

ClK2 

ClK 

DREQn _____ -J1XXXXXXA�logQj~AA:¥¥XKm~~X~X,QmAlloXXgQj"~ ________ _ 
HOLD 

HlDA 

ADS#~ 

EOP# 

READY# XXXXXXXXX>. 

\ 

12 I \ 
- BYTE COUN~T ":::EX:'!'!P:'!'!IR~ES~(T~C'l") ----

\~--~~~~~----------
~~ 

txxxxxxxxxxxAAxxxxxxxxxx 
290128-29 

Figure 3-16. Termination of a DMA Process Due to Expiration of Current Byte Count 
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The 82380 always relinquishes control of the bus 
between channel services. This allows the hardware 
designer the flexibility to externally arbitrate bus hold 
requests, if desired. If another DMA request is pend
ing when a higher priority channel service is com
pleted, the 82380 will relinquish the bus until the 
hold acknowledge is inactive. One bus state after 
the HLDAsignal goes inactive, the 82380 will assert 
HOLD again. This is illustrated in Figure 3-17. 

3.4.1 SYNCHRONOUS AND ASYNCHRONOUS 
SAMPLING OF DREQn AND EOP# 

As an indicator that a DMA service is to be started, 
DREQn is always sampled asynchronously. It is 
sampled at the beginning of a bus state and acted 
upon at the end of the state. Figure 3-15 illustrates 
the start of a DMA process due to a DREQn input. 

The DREQn and EOP# inputs can be programmed 
to be sampled either synchronously or asynchro
nously to signal the end of a transfer. 

The synchronous mode affords the Requester one 
bus state of extra time to react to an access. This 
means the Requester can terminate a process on 
the current access, without losing any data. The 
asynchronous mode requires that the input signal be 
presented prior to the beginning of the last state of 
the Requester access. 

CLK2 

384CLK 

The timing relationships of the DREQn and EOP# 
signals to, the termination of a DMA transfer are 
shown in Figures 3-18 and 3-19. Figure 3-18 shows 
the termination of a DMA transfer due to inactive 
DREQn. Figure 3-19 shows the termination of. a 
DMA process due to an active EOP # input. 

In the Synchronous Mode, DREQn and EOP# are 
sampled at the end of the last state of every Re
quester data transfer cycle. If EOP # is active or 
DREQn is inactive at this time, the 82380 recognizes 
this access to the Requester as the last transfer. At 
this pOint, the 82380 completes the transfer in prog
ress, if necessary, and returns bus control to the 
host. 

In the asynchronous mode, the inputs are sampled 
at the beginning of every state of a Requester ac
cess. The 82380 waits until the end of the state to 
act on the input. 

DREQn and EOP# are sampled at the latest possi
ble. time when the 82380 can determine if another 
transfer is required. In the Synchronous Mode, 
DREQn and EOP# are sampled on the trailing edge 
of the last bus state before another data access cy
cle begins. The Asynchronous Mode requires that 
the signals be valid one clock cycle earlier. 

DREQa \~-------------------------------
DREOb mmamam 
HOLD \~ ________ -J~~S----------

HLDA . I 
--CHANNEL A---I 

\'-----:-~H--' 
I. CHANNEL B--

290128-30 

Figure 3-17. Switching between Active DMA Channels 
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T2 T1 T2 TI Tx Tx 

ClK2 

ClK 

ADS# 

READY# 

DREQn 
(ASYNCHRONOUS) 

DREQn 
(SYNCHRONOUS) 

4 I 

HOLD 

HlDA 

Figure 3-18. Termination of a DMA Process Due to De-Asserting DREQn 

ClK2 

ClK 

ADS# 

EOPU 
(ASYNCHRONOUS) 

T2 T1 T2 TI Tx Tx 

Tx 

290128-31 

Tx 

EOPU ~"t1=rl~~mm~.w:mmxmm~mm:mm (SYNCHRONOUS) .A 

::~: --+---+---+----1-'-~-u4--+---I-I--+--
290128-32 

Figure 3-19. Termination of a DMA Process Due to an External EOP# 
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While in the Pipeline Mode, if the NA # signal is sam
pled active during a transfer, the end of the state 
where NA # was sampled active is when the 82380 
decides whether to commit to another transfer. The 
device must de-assert DREQn or assert EOP# be
foreNA # is asserted, otherwise the 82380 will com
mit to another, possibly undesired, transfer. 

Synchronous DREQn and EOP# sampling allows 
the peripheral to prevent the next transfer from oc
curring by de-activating DREQn or asserting EOP# 
during the current Requester access, before the 
82380 DMA Controller commits itself to another 
transfer. The DMA Controller will not perform the 
next transfer if it has not already begun the bus cy
cle. Asynchronous sampling allows less stringent 
timing requirements than the Synchronous Mode, 
but requires that the DREQn signal be valid at the 
beginning of the last bus state of the current Re
quester access. 

Using the Asynchronous Mode with zero wait states 
can be very difficult. Since the addresses and con
trol signals are driven by the 82380 near half-way 

80386 82380 

DREQO 
HOLD HOLD 

HLKDA HLDA 

through the first bus state of a transfer, and the 
Asynchronous Mode requires that DREQn be active 
before the end of the state, the peripheral being ac-

. cessed is required to present DREQn only a few 
nanoseconds after the control information is avail
able. This means that the peripheral's control logic 
must be extremely fast (practically non-causal). An 
alternative is the Synchronous Mode. 

3.4.2 ARBITRATION OF CASCADED MASTER 
. REQUESTS 

The Cascade Mode allows another DMA-type de
vice to share the bus by arbitrating its bus accesses 
with the 82380's. Seven of the eight DMA channels 
(0-3 and 5-7) can be connected to a cascaded de
vice. The cascaded device requests bus control· 
through the DREQn line of the channel which is pro
grammed to operate in Cascade Mode. Bus hold ac
knowledge is signaled to the cascaded device 
through the EDACK lines. When the EDACK lines 
are active with the code for the requested cascade 
channel, the bus is available to the cascaded master 
device. 

BUS 
MASTER 0 

HOLD REQUEST 

O~ HOLD ACKNOWLEDG E 

EDACKO 
I : 

A · · EDACKl B · · f---+ EDACK2 C LATCHED · · 
DECODER 

n--. HOLD ACKNOWLEDG E 
BUS 

MASTER n 
DREQn HOLD REQUEST 

290128-33 

Figure 3·20. Cascaded Bus Master 
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A Cascade cycle begins the same way a regular 
DMA cycle begins. The requesting bus master as
serts the DREQn line on the 82380. This bus control 
request arbitrated as any other DMA request would 
be. If any channel receives a DMA request, the 
82380 requests control of the bus. When the host 
acknowledges that it has released bus control, the 
82380 acknowledges to the requesting master that it 
may access the bus. The 82380 enters an idle state 
until the new master relinquishes control. 

A cascade cycle will be terminated by one of two 
events: DREQn going inactive, or HLDA going inac
tive. The normal way to terminate the cascade cycle 

is for the cascaded master to drop the DREQn sig
nal. Figure 3-21 shows the two cascade cycle termi
nation sequences. 

The Refresh Controller may interrupt the cascaded 
master to perform a refresh cycle. If this occurs, the 
82380 DMA Controller will de-assert the EDACK sig
nal (hold acknowledge to cascaded master) and wait 
for the cascaded master to remove its hold request. 
When the 82380 regains bus control, it will perform 
the refresh cycle in its normal fashion. After the re
fresh cycle has been completed, and if the cascad
ed device has re-asserted its request, the 82380 will 
return control to the cascaded master which was in
terrupted. 

OREQn \~--------------------------------------
EOACK ____ ~n~ __________ _Jx~ __________ ~10~O~ ______________ __ 

HOLD \~------------------------------
HLOA \~--------- 290128-34 

Cascade cycle termination by DREQn inactive 

HLOA \~--------------------------------------EOACK ________ n __________ ~X~ _________ 1_0~O __________________ __ 

OREQn \\\\\\ 
HOLD \\.----------- 290128-35 

Cascade cycle termination by HLDA inactive 

Figure 3-21. Cascade Cycle termination 
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The 82380 assumes that it is the only device moni
to.ri.ng the HLDA signal. If· the system designer 
wishes to place other devices on the bus as bus 
masters, the HLDA from the processor must be in
tercepted before presenting it to the 82380. Using 
the Cascade capability of the 82380 DMA Controller 
offers a much better solution. 

3.4.3 ARBITRATION OF REFRESH REQUESTS 

The arbitration of refresh requests by the DRAM Re
fresh Controller is slightly different from normal DMA 
channel request arbitration. The 82380 DRAM Re
fresh Controller always has the highest priority of 
any DMA process. It also can interrupt a process ·in 
progress. Two types of processes in progress may 
be encountered: normal DMA, and bus master cas
cade. 

In the event of a refresh request during a normal 
DMA process, the DMA Controller will complete the 
data transfer in progress and then execute the re
fresh cycle before continuing with the current DMA 
process. The priority of tl;le interrupted process is 
not lost. If the data transfer cycle interrupted by the 
Refresh Controller is the last of a DMA process, the 
refresh cycle will always be executed before control 
of the bus is transferred back to the host. 

When the Refresh Controller request occurs during 
a cascade cycle, the Refresh Controller must be as
sured that the cascaded master device has relin
quished control of the bus before it can execute the 
refresh cycle. To do this, the DMA Controller drops 
the EDACK signal to the cascaded master and waits 
for the corresponding DREQn input to go inactive. 
By dropping the DREQn signal, the cascaded mas
ter relinquishes the bus. The Refresh Controller then 
performs the refresh cycle. Control of the bus is re
turned to the cascaded master if DREQn returns to 
an active state before the end of the refresh cycle 
otherwise control is passed to the processor and th~ 
cascaded master loses its priority. 

3.5 DMA Controller Register Overview 

The 82380 DMA Controller contains 44 registers 
which are accessable to the host processor. Twen
ty-four of these registers contain the device ad
dresses and data counts for the individual DMA 
channels (three per channel). The remaining regis
ters are control and status registers for initiating and 
monitoring the operation of the 82380 DMA Control
ler. Table 3-4 lists the DMA Controller'S registers 
and their accessability. 

Register Name Access 

Control/Status Reglster-one Each Per 
Group 

Command Register I Write Only 
Command Register II Write Only 
Mode Register I Write Only 
Mode Register II Write Only 
Software Request Register Read/Write 
Mask Set-Reset Register Write Only 
Mask Read-Write Register Read/Write 
Status Register Read Only 
Bus Size Register Write Only 
Chaining Register Read/Write 

Channel Reglsters-Qne Each Per Channel 

Base Target Address Write Only 
Current Target Address Read Only 
Base Requester Address Write Only 
Current Requester Address Read Only 
Base Byte Count Write Only 
Current Byte Count Read Only 

Table 3-4. DMA Controller Registers 

3.5.1 CONTROL/STATUS REGISTERS 

The following registers are available to the host 
processor for programming the 82380 DMA Control
ler into its various modes and for checking the oper
ating status of the DMA processes. Each set of four 
DMA channels has one of each of these registers 
associated with it. 

Command Register I 

Enables or disables the DMA channels as a group. 
Sets the Priority Mode (Fixed or Rotating) of the 
group. This write-only register is cleared by a hard
ware reset, defaulting to all channels enabled and 
Fixed Priority Mode. 

Command Register II 

Sets the sampling mode of the D~EQn and EOP# 
inputs. Also sets the lowest priority channel for the 
group in the Fixed Priority Mode. The functions pro
grammed through Command Register II default after 
a hardware reset to: asynchronous DREQn and 
EOP#, and channels 3 and 7 lowest priority. 

Mode Register I 

Mode Register I is identical in function to the Mode 
register of the 8237 A. It programs the following func
tions for an individually selected channel: 
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Type of Transfer-read, write, verify 
Auto-Initialize-enable or disable 
Target Address Count-increment or 
decrement 
Data Transfer Mode--demand, Single, block, 
cascade 

Mode Register I functions default to the following 
after reset: verify transfer, Auto-Initialize disabled, In
crement Target address, Demand Mode .. 

Mode Register II 

Programs the following functions for an individually 
selected channel: 

Target Address Hold-enable or disable 
Requester Address Count-increment or 
decrement 
Requester Address Hold-enable or disable 
Target Device Type-I/O or Memory 
Requester Device Type-I/O or Memory 
Transfer Cycles-Two-Cycle or Fly-By 

Mode Register II functions are defined as follows 
after a hardware reset: Disable Target Address Hold, 
Increment Requester Address, Target (and Re
quester) in memory, Fly-By Transfer Cycles. Note: 
Requester Device Type ignored in Fly-By Transfers. 

Software Request Register 

The DMA Controller can respond to service requests 
which are initiated by software. Each channel. has an 
internal request status bit associated with it. The 
host processor can write to this register to set or 
reset the request bit of a selected channel. 

The status of the group's software DMA service re
quests can be read from this register as well. Each 
request bit is cleared upon Terminal Count or exter
nal EOP#. 

The software DMA requests are non-maskable and 
subject to priority arbitration with all other software 
and hardware requests. The entire register is 
cleared by a hardware reset. 

Mask Registers. 

Each channel has associated with it a mask bit 
which can be set/reset to disable/enable that chan
nel. Two methods are available for setting and clear
ing the mask bits .. The Mask Set/Reset Register is a 
write-only register which allows the host to select an 
individual channel and either set or reset the mask 
bit for that channel only. The Mask Read/Write Reg
ister is available for reading the mask bit status and 
for writing mask bits in groups of four. 

The mask bits of a group may be cleared in one step 
by executing the Clear Mask Command. See the 
DMA Programming section for details. A hardware 
reset sets all of the channel mask bits, disabling all 
channels. 

Status Register 

The Status register is a read-only register which con
tains the Terminal Count (TC) and Service Request 
status for a group. Four bits indicate the TC status 
and four bits indicate the hardware request status 
for the four channels in the group. The TC bits are 
set when the Byte Count expires, or when anexter
nal EOP # is asserted. These bits are cleared by 
reading from the Status Register. The Service Re
quest bit for a channel indicates when there is a 
hardware DMA request (DREOn) asserted for that 
channel. When the request has been removed, the 
bit is cleared. 

Bus Size Register 

This write-only register is used to define the bus size 
of the Target and Requester of a selected channel. 
The bus sizes programmed will be used to dictate 
the sizes of the data paths accessed when the DMA 
channel is active. The values programmed into this 
register affect the operation of the Temporary Regis
ter. Any byte-assembly required to make the trans
fers using the specified data path widths will be done 
in the Temporary Register. The Bus Size register of 
the Target is used as an increment/decrement value 
for the Byte Counter and Target Address when in 
the Fly-By Mode. Upon reset, all channels default to 
8-bit Targets and 8-bit Requesters. 

Chaining Register 

As a command or write register, the Chaining regis
ter is used to enable or disable the Chaining Mode 
for a selected channel. Chaining can either be dis
abled or enabled for an individual channel, indepen
dently of the Chaining Mode status of other chan
nels. After a hardware reset, all channels default to 
Chaining disabled. 

When read by the host, the Chaining Register pro
vides the status of the Chaining Interrupt of each of 
the channels. These interrupt status bits are cleared 
when the new buffer information has been loaded. 

3.5.2 CHANNEL REGISTERS 

Each' channel has three individually programmable 
registers necessary for the DMA process; they are 
the Base Byte Count, Base Target Address, and 
Base Requester Address registers. The 24-bit Base 
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Byte Count register contains the· number of bytes to 
be'transferred by the channel. The 32-bit Base Tar
get Address Register contains the beginning ad
dress (memory or 110) of the Target device. The 32-
bit Base Requester Address register contains the 
base address (memory or I/O) of the device which is 
to request DMA service. 

Three more registers for each DMA channel· exist 
within the DMA Controller which are directly related 
to the registers mentioned above. These registers 
contain the current status of the DMA process. They 
are the Current Byte Count register, the Current Tar
get Address, and the Current Requester Address. It 
is these registers which are manipulated (increment
ed, decremented, or held constant) by the 82380 
DMA Controller during the DMA process. The Cur
rent registers are loaded from the Base registers. 

The Base registers are loaded when the host proc
essor writes to the respective channel register ad
dresses. Depending on the mode in which the chan
nel is operating, the Current registers are typically 
loaded in the same operation. Reading from the 
channel register addresses yields the contents of 
the corresponding Current register. 

To maintain compatibility with software which ac
cesses an 8237 A, a Byte Pointer Flip-Flop is used to 
control access to the upper and lower bytes of some 
words of the Channel Registers. These words are 
accessed as byte pairs at single port addresses. The 
Byte Pointer Flip-Flop acts as a one-bit pointer 
which is toggled each time a qualifying Channel 
Register byte is accessed. It always points to the 
next logical byte to be accessed of a pair of bytes. 

The Channel registers are arranged as pairs of 
words, each pair with its own port address. Address
ing the port with the Byte Pointer Flip-Flop reset ac
cesses the least significant byte of the pair. The 
most significant byte is accessed when the Byte 
Pointer is set. 

For compatibility with existing 8237 A designs, there 
is one exception to the above statements about the 
Byte Pointer Flip-Flop. The third byte (bits 16-23) of 
the Target Address is accessed through its own port 
address. The Byte Pointer Flip-Flop is not affected 
by any accesses to this byte. 

The upper eight bits of the Byte Count Register are 
cleared when the least significant byte of the regis
ter is loaded. This provides compatibility with soft
ware which accesses an 8237 A. The .8237 A has 
16-bit Byte Count Registers. . 

3.5.3 TEMPORARY REGISTERS 

Each channel has a 32-bit Temporary Register used 
for temporary data storage during two-cycle DMA 
transfers. It is this register in which any necessary 
byte assembly and disassembly of non-aligned data 
is performed. Figure 3-22 shows how a block of data 
will be moved between memory locations with differ
ent boundaries. Note that the order of the data does 
not change. 

SOURCE 

20H 

DESTINATION 

21H 

22H 

23H 

24H 

25H 

26H 

27H 

A 

B 

C 

D 

E 

F 

G 

50H 

51H 

52H 

53H 

54H 

55H 

56H 

57H 

58H 

59H 

5AH 
Target = source = 0OO00020H 
Requester = destination = 00000053H 
Byte Count = 000006H 

A 

B 

C 

D 

E 

F 

G 

Figure 3-22. Transfer of Data between Memory 
Locations with Different Boundaries. This will be 

the result, Independent of data path width. 

If the destination is the Requester and an early pro
cess termination has been indicated by the EOP# 
signal or DREQn inactive in the Demand Mode, the 
Temporary Register is not affected. If data remains 
in the Temporary Register due to differences in data 
path widths of the Target and Requester, it will not 
be transferred or otherwise lost, but will be stored for 
later transfer. . 

If the destination is the Target and the EOP# signal 
is sensed active during the Requester'access of a 
transfer, the DMA Controller will complete the trans
fer by sending to the Target whatever information is 
in the Temporary Register at the time of process 
termination. This implies that the Target could be 
accessed with partial data. For this reason it is ad
visable to have an I/O device designated as a Re
quester, unless it is capable of handling partial data 
transfers. . 
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3.6 DMA Controller Programming , 

Programming a DMA Channel to perform a needed 
DMA function is In general a four step process. First 
the global attributes of the DMA Controller are pro
grammed via the two Command' Registers. These 
global attributes include: priority levels, channel 
group'enables, priority mode, and DREOn/EOP# in
put sampling. 

The second step involves setting the operating 
modes of the particular channel. The Mode Regis
ters are used to defihe the type of transfer and the 
handshaking modes. The Bus Size Register and 
Chaining Register may also need to be p~ogrammed 
in this step. 

The third step is setting up the channel is to load the 
Base Registers in accordance with the needs of the 
operating modes chosen in step two. The Current 
Registers are automatically loaded from the Base 
Registers, if required by the Buffer Transfer Mode in 
effect. The information loaded and the order in 
which it is loaded depends on the operating mode. A 
channel 'used for cascading, for example, needs no 
buffer information and this step can be skipped en
tirely. 

The last step is to enable the newly programmed 
channel using one of the Mask Registers. The chan
nel is then available to perform the desired data 
transfer. The status of the channel can be observed 
at any time through the Status Register, Mask Reg
ister, Chaining Register, and Software Request reg
ister. 

Once the channel is programmed and enabled, the 
DMA process may be initiated in one of two ways, 
either by a hardware DMA request (DR EOn) or a 
software request (Software Request Register). 

Once programmed to a Particular Process/Mode 
configuration, the channel will operate in that config
.uration I,mtil programmed otherwise. For this reason, 
restarting a channel after the current buff",r expires 
does not require complete reprogramming of the 
channel. Only ~hose parameters which have 
changed need to be reprogrammed. The Byte Count 

Register is always changed ilnd m~t be, repro
grammed. A Target or Requester Address RegisJer 
which is incremented or decremented sh.ould be ,re~ 
programmed alse. 

3.6.1 BUFFER PROCESSES 

The Buffer Process is determined by the Auto-Initial
ize bit of Mode Register I and the Chaining Register. 
If Auto-lnltiaHze is enabled, Chaining should not be 
used. 

3.6.1.1 Single Buffer Process 

The Single Buffer Process is programmed by dis
abling Chaining via the Chaining Register and pro
gramming Mode Register I for non-Auto-Initialize. 

3.6.1.2 Buffer Auto-Initialize Process 

Setting the Auto-Initialize bit in Mode Register I is all 
that is necessary to place the channel in this mode. 
Buffer Auto-Initialize must not be enabled simulta
neous to enabling the Buffer Chaining Mode as this 
will have unpredictable results. 

Once the Base Registers are loaded, the channel is 
ready to be enabled. The channel will reload its Cur
rent Registers from the Base Registers each time 
the Current Buffer expii'es, either by an expired Byte 
Count or an external EOP#. 

3.6.1.3 Buffer Chaining Process 

The Buffer Chaining Process is entered into from.'the 
Single Buffer Process. The Mode Registers should 
be programmed first, with all of the Transfer Mopes 
defined as if the channel were to operate in the Sin
gle Buffer Process. The channel's Base and Current 
Registers are then loaded. When the channel.,has 
been set up in this way, and the chaining interrupt 
service routine is in place, the Chaining Process can 
be entered by programming the Chaining Register. 
Figure 3.23 illustrates the Buffer Chaining Process. 

An interrupt (IR01) will be generated immediately af
ter the Chaining Process is entered, as the channel 
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then perceives the Base Registers as empty and in 
need of reloading. It is important to have the inter
rupt service routine in place at the time the Chaining 
Process is entered into. The interrupt request is re
moved when the most significant byte of the Base 
Target Address is loaded. 

The interrupt will occur again when the first buffer 
expires and the Current Registers are loaded from 
the Base Registers. The cycle continues until the 
Chaining Process is disabled, or the host fails to re
spond to IRQ1 before the Current Buffer expires. 

INSTALL IRQ1 INTERRUPT SERVICE ROUTINE 

SET THE CHANNEL TO NON-CHAINING PROCESS 

PROGRAM TH E MODE REGISTERS 

LOAD BASE REGISTERS fOR fiRST BUffER 

SET THE CHANNEL TO CHAINING PROCESS 

(IRQ 1 WILL BE ACTIVATED) 

ENABLE INTERRUPT 

(IRQl WILL NEED SERVICE
LOAD BASE REGISTERS) 

ENABLE THE CHANNEL 

fROM THIS POINT, THE HOST CAN PERfORM ANOTHER 
TASK. THE INTERRUPT SERVICE ROUTINE LEfT BEHIND 

WILL MAINTAIN THE CHANNEL. 

290128-36 

Figure 3-23. Flow of Events In the 
Buffer Chaining Process 

Exiting the Chaining Process can be done by reset
ting the Chaining cMode Register: If an interrupt is 
pending for the channel when the Chaining Register 
Is reset, the interrupt request will be removed. The 
Chaining Process can be temporarily· di$abled by 
setting the channel's Mask bit in the Mask Register. 

The interrupt service routine for IRQ1 has there
sponsibility of reloading the Base Register as neces
sary. It should check the status of the channel to 
determine the cause of channel expiration, etc. It 
should also have access to operating system infor
mation regarding the channel, if any exists. The 
IRQ1 service routine should be capable of determin
ing whether the chain should be continued or termi
nated and act on that information. 

3.6.2 DATA TRANSFER MODES 

The Data Transfer Modes are selected via Mode 
Register I. The Demand, Single, and Block Modes 
are selected by bits 06 and 07. The individual trans
fer type (Fly-By vs Two-Cycle,· Read-Write-Verify, 
and 110 vs Memory) is programmed through both of 
the Mode registers. 

3.6.3 CASCADED BUS MASTERS 

The Cascade Mode is set by writing ones to 07 and 
06 of Mode Register I. When a channel is pro
grammed to operate in the Cascade Mode, all of the 
other modes associated with Mode Registers I and II 
are ignored. The priority and OREQn/EOP# defini
tions of the Command Registers will have the same 
effect on the channel's operation as any other 
mode. 

3.6.4 SOFTWARE COMMANDS 

There are five port addresses which, when written 
to, command certain operations to be performed by 
the 82380 DMA Controller. The data written to these 
locations is not of consequence, writing to the loca
tion is all that is necessary to command the 82380 to 
perform the indicated function. Following are de
scriptions of the command function. . 
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Clear Byte Pointer Flip-Flop-location OOOCH 

Resets the Byte Pointer Flip-Flop. This command 
should' be performed at the beginning of any access 
to the channel registers in order to be assured of 
beginning at a predictable place in the register pro
gramming sequence. 

Master Clear-location OOODH 

All DMA functions are set to their default states. This 
command is the equivalent of a hardware reset to 
the DMA Controller. Functions other than those in 
the DMA Controller section of the 82380 are not af
fected by this command. 

Clear Mask 
Register -Channels 0-3-location OOOEH 

Channels 4-7-location OOCEH 

Channel Registers 
Channel Register Name 

Channel 0 Target Address 

Byte Count 

Requester Address 

Channel 1 Target Address 

Byte Count 

Requester Address 

This command simultaneously clears the Mask Bits 
of all channels in the addressed group, enabling all 
of the channels in the group. 

Clear TC Interrupt Request-location 001 EH 

This command resets the Terminal Count Interrupt 
Request Flip-Flop. It is provided to allow the pro
gram which made a software DMA request to ac
knowledge that it has responded to the expiration of 
the requested channel(s). 

3.7 Register Definitions 

The following diagrams outline the bit definitions and 
functions of the 82380 DMA Controller's Status and 
Control Registers. The function and programming of 
the registers is covered in the previous section on 
DMA Controller Programming. An entry of 'X' as a bit 
value indicates "don't care." 

(Read Current, Write Base) 
Address Byte Bits 

(Hex) Pointer Accessed 

00 0 0-7 
1 8-15 

87 x 16-23 
10 0 24-31 
01 0 0-7 

1 8-15 
11 0 16-23 
90 0 0-7 

1 8-15 
91 0 16-23 

1 24-31 

02 0 0-7 
1 8-15 

83 x 16-23 
12 0 24-31 
03 0 0-7 

1 8-15 
13 0 16-23 
92 0 0-7 

1 8-15 
93 0 16-23 

1 24-31 
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Channel Registers (Read Current, Write Base) 

Channel Register Name Address Byte Bits 
(Hex) Pointer Accessed 

Channel 2 Target Address 04 0 0-7 
1 8-15 

81 x 16-23 
14 0 24-31 

Byte Count 05 0 0-7 
1 8-15 

15 0 16-23 
! Requester Address 94 0 0-7 

1 8-15 
95 0 16-23 

1 24-31 

Channel 3 Target Address 06 0 0-7 
1 8-15 

82 x 16-23 
16 0 24-31 

Byte Count 07 0 0-7 
1 8-15 

17 0 16-23 
Requester Address 96 0 0-7 

1 8-15 
97 0 16-23 

1 24-31 

Channel 4 Target Address CO 0 0-7 
1 8-15 

8F x 16-23 
DO 0 24-31 

Byte Count C1 0 0-7 
1 8-15 

01 0 16-23 
Requester Address 98 0 0-7 

1 8-15 
99 0 16-23 

1 24-31 

Channel 5 Target Address C2 0 0-7 
1 8-15 

8B x 16-23 
02 0 24-31 

Byte Count C3 0 0-7 
1 8-15 

03 0 16-23 
Requester Address 9A 0 0-7 

1 8-15 
9B 0 16-23 

1 24-31 
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Channel Registers (Read Current, Write Base) 
Register Name Address Byte Channel (Hex) Pointer 

Channel 6 Target Address C4 0 
1 

89 x 
04 0 

Byte Count C5 0 
1 

05 0 
Requester Address 9C 0 

1 
90 0 

1 

Channel 7 Target Address C6 0 
1 

8A x 
06 0 

Byte Count C7 0 
1 

07 0 
Requester Address 9E 0 

1 
9F 0 

1 

Command Register I (Write Only) 

Port Address-Channels 0-3-0008H 
Channels 4-7-00C8H 

07 06 - 05 04 03 02 01 DO 

xl xl xl pi xl MI xl xl 
L-.---GROUP MASK 

o = ENABLE CHANNELS 
1 = DISABLE CHANNELS 

L..-------PRIORITY 
o = FIXED PRIORITY 

Bits 
Accessed 

0:"'7 
8-15 
16-23 
24-31 
0-7 
8-15 
16-23 

0-7 
8-15 
16-23 
24-31 

0-7 
8-15 
16-23 
24-31 
0-7 
8-15 
16-23 

0-7 
8-15 
16-23 
24-31 

1 = ROTATING PRIORITY 
29012B-37 

Command Register II (Write Only) 

Port Addresses-Channels 0-3-001 AH 
Channels 4-7-000AH 

07 06 05 04 03 02 01 DO 

Lolololol~I~I~I~1 

L.!:= ~REQn SAMPLING 
EOP# SAMPLING 

o = ASYNCHRONOUS 
1 = SYNCHRONOUS 

LOW PRIORITY LEVEL SET 
00 = CHANNEL Or) LOWEST 
01 = CHANNEL 1 5) LOWEST 
10= CHANNEL 2 6~ LOWEST 
11 = CHANNEL 3(7 LOWEST 
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,Mode Register I (Write Only} 

Port Addresses-Channels 0-3-000BH 
Channels 4-7-00CBH 

82380 

07 06 05 04 D3 02 01 DO 

I Bl I BO I T1 I AI I Tl I TO I Cl I CO I 
I 

° Target and Requester DECREMENT is allowed only for byte transfers. 

Mode Register II (Writ~ Only) 

Port Addresses-Channels 0-3-001 BH 
Channels 4-7-00DBH 

I 

07 D6 05 04 03 02 01 00 

I cy I RD I TO I RH I RI I TH I Cl I CO I ' 

I L 1 

• Target and Requester DECREMENT is allowed only for byte transfers. 
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CHANNEL SELECT 

00 = CHANNEL °1~ ~~46~ 01 =CHANNEL 
10 = CHANNEL 
11 = CHANNEL 

TRA~~~E~~ 
01 =WRITE 
10=READ 
11 =ILLEGAL 
xx I, IN CASCADE MODE 

AUTO-INITIALIZE o = DISABLE, 1 = ENABLE 

TARGET INCREMENT/DECREMENT 
0= INCREMENT lARGET 
1 = DECREMENT TARGETo 
X IF" TARGET HOLD ENABLED 

DATA TRANS,ER MODE 
00 = DEWAND WODE 
01 = SINGLE TRANS,ER MODE 
10 = BLOCK WODE 
11 = CASCADE MODE 

CHANNEL SELECT 
SEE WODE REGISTER :r 

TARgE,! l~gk~MENT/DECREMENT 
1 = HOLD 

REQ~~S~ElRr.,cE'WfENT 
1 = DECREMENT ° 
X IF" REQUESTER HOLD ENABLED 

REQ~~Jf&~Sf2T/DECREWENT 
1 = HOLD 

TARGET DEVICE TYPE 
O=WEMORY 
1 = INPUT/OUTPUT 

REQUESTER DEVICE TYPE 
O=MEMORY 
1 = INPUT/OUTPUT 

TRA~~6~~g.~EE (YLY-BY) 
1 = TWO-CYCLE 
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Software Request Register (Read/Write) 

Port Addresses-Channels 0-3-0009H 
Channels 4-7-00C9H 

Write Format: Software DMA Service Request 

Read Format: 

07 06 05 04 03 02 01 DO 

X I x I x I x I x I R I Cl I CO I 
I CHANNEL SELECT 

SEE MODE REGISTER I 

REQUEST SERVICE 
0= REMOVE REQUEST 
1 = ASSERT REQUEST 

Software Requests Pending 

07 06 05 04 03 02 01 DO 

CHANNEL 0 (4) REQUEST 
...... --CHANNEL 1 (5) REQUEST 

~----CHANNEL 2 (6) REQUEST 
~------CHANNEL 3 (7) REQUEST 

Mask Set/Reset Register "Individual Channel Mask (Write Only) 

Port Addresses-Channels 0-3-000AH 
Channels 4-7-00CAH 

07 06 05 04 03 02 01 DO 

x I x I x I x I x I M I Cl I CO I 
L..-..... I-CHANNEL SELECT 

SEE MODE REGISTER I 

~----t.4ASK SET BIT 
o = CLEAR MASK 
1 = SET MASK 
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Mask Read/Write Register Group Channel Mask (Read/Write) 

Port Addresses-Channels 0-3-000FH 
Channels 4-7-00CFH 

07 06 05 04 03 02 01 DO 

x I x x I x I 1.13 I 1.12 I 1.11 I 1.101 

L..........I ..... ...I.-..... - ..... .,.'-L._' ..... ..,I.....L-rc:::.. ... CHANNEL 0(4) MASK BIT 
1... ---CHANNEL 1 (5) MASK BIT 

CHANNEL 2 (6) MASK BIT 
'--------CHANNEL 3(7) MASK BIT 

MASK BIT = 0 -CHANNEL ENABLE 
= 1 -CHANNEL DISABLE 

Status Register Channel Process Status (Read Only) 

Port Addresses-Channels 0-3-000SH 
Channels 4-7-00CSH 

07 06 05 04 113 02 01 DO 

I R3 I R2 I R 1 I RO I TC3 I TC2 I TCl I TCO I 
, 

I 
L...- CHANNEL 0 (4) EXPIRED 

CHANNEL 1 (5) EXPIRED 
CHANNEL 2 (6) EXPIRED 
CHANNEL 3 (7) EXPIRED 

Bus Size Register Set Data Path Width (Write Only) 

Port Addresses-Channels 0-3-001SH 
Channels 4-7-00DSH 

07 06 05 04 03 02 01 DO 

I RBS 11 RBSO ITBS 11 TBSO I o I 0 I Cl I CO I 

I I 

Bus Size Encoding: 
00 = Reserved by Intel 10 = 16·bit Bus 
01 = 32·bit Bus 11 = B·blt Bus 

4-212 

CHANNEL 0 (4) REQUEST 
CHANNEL 1 (5) REQUEST 
CHANNEL 2 (6) REQUEST 
CHANNEL 3 (7) REQUEST· 

CHANNEL SELECT 
SEE MODE REGISTER I 

TARGET BUS SIZE 

REQUESTER BUS SIZE 
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Chaining Register (Read/Write) 

Port Addresses-Channels 0-3-0019H 
Channels 4-7-00D9H 

Write Format: Set Chaining Mode 

07 06 05 04 

o I o I o I o I 
03 02 

o I CH I 

I 

Read Format: Channel Interrupt Status 

01 00 

Cl I CO I 
I CHANNEL SELECT 

SEE MODE REGISTER :r 
CHAINING ENABLE BIT 

0= DISABLE CHAINING MODE 
1 = ENABLE CHAINING MODE 

290128-47 

07 06, 05 04 03 02 01 DO 

CHANNEL 0(4) BASE EMPlY 
'----CHANNEL 1 (5) BASE EMPlY 

l_~====:CHANNEL 2(6) BASE EMPlY 
CHANNEL 3 (7) BASE EMPlY 

290128-48 

3.8 8237 A Compatibility 

The register arrangement of the 82380 DMA Con
troller is a superset of the 8237 A DMA Controller, 
Functionally the 82380 DMA Controller is very differ
ent from the 8237 A. Most of the functions of the 
8237 A are performed also by the 82380. The follow~ 
ing discussion points out the differences between 
the 8237 A and the 82380. 

The 8237A is limited to transfers between 1/0 and 
memory only (except in one special case, where two 
,channels can be used to perform memory-to-memo
ry transfers). The 82380 DMA Controller can transfer 
between any combination of memory and 1/0. Sev
eral other ,features of the 8237 A are enhanced or 
expanded in the 82380 and other features are add
ed. 

The 8237 A is an 8-bit only DMA device. For pro
gramming compatibility, all of the 8-bit registers are 
preserved in the 82380. The 82380 is programmed 
via 8-bit registers. The address registers in the 
82380 are 32-bit registers in order to support the 

80386's 32-bit bus. The Byte Count Registers are 
24-bit registers, allowing support of larger data 
blocks than possible with the 8237 A. 

All of the 8237 A's operating modes are supported 
by the 82380 (except the cumbersome two-channel 
memory-to-memory transfer). The 82380 performs 
memory-to-memory transfers using only one chan
nel. The 82380 has the added features of buffer 
pipelining (Buffer Chaining Process), programmable 
priority levels, and Byte Assembly. 

The 82380 also adds the feature of address regis
ters for both destination and source. These address
es may be incremented, decremented, or hele! con
stant, as required by the application of the individual 
channel. This allows any combination of destination 
and source device. 

Each DMA channel has associated with it a Target 
and a"Requester. In the 8237A, the Target is the 
device which can be accessed by the address regis~ 
ter, the Re.quester is the device which is accessed 
by the DMA Acknowledge signals and must be an 
1/0 device. 
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4.0 Programmable Interrupt 
Controller 

4.1 Functional Description 

The 82380 Programmable. Interrupt Controller (PIC) 
consists of three enhanced 82C59A Interrupt Con
toilers. These three controllers together provide 15 
external and 5 internal interrupt request inputs. Each 
external request input can be cascaded with an ad
ditional 82C59A slave collector. Thi!l scheme allows 
the 82380 to support a maximum of 120 (15 x 8) 
external interrupt request inputs. 

, 
Following one or more interrupt requests, the 82380 
PIC issues an interrupt signal to the 80386. When 
the 80386 host processor responds with an interrupt 
acknowledge Signal, the PIC will arbitrate between 
the pending interrupt requests and place the inter
rupt vector associated with the highest priority pend
Ing request on the data bus. 

The major enhancement in the 82380 PIC over the 
82C59A is that each of the interrupt request inputs 
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can be individually programmed with its own inter
rupt vector, allowing more flexibility in interrupt vec
tor mapping. 

4.1.1 INTERNAL BLOCK DIAGRAM 

The block diagram of the 82380 Programmable ,In
terrupt Controller is shown in Figure 4-1. Internally, 
the PIC consists of three 82C59A banks: A, Band C. 
The three banks are cascaded to one another: C is 
casca<;led to B, B is cascaped ip A. The INT output 
of Bank A is used externally to interrupt the 80386. 

Bank A has nine interrupt request inputs (two are 
unused), and Banks Band C have eight interrupt 
request inputs. Of the fifteen external interrupt re
quest inputs, two are shared by other functions. Spe
cifically, the Interrupt Request 3 input (IRQ3#) can 
be used as the Timer 2 output (TOUT2 #). This pin 
can be used in three different ways: IR03 # input 
only, TOUT2# output only, or using, TOUT2#· to 
generate an IR03# interrupt request. Also, the In
terrupt Request 9 input (IRO 9#) can be used as 
DMA Request 4 input (DRE04). Typically, only 
IR09# or DRE04 can be used at a time. 

~ INTERRUPT 
4 BANK .!!'!! 
5 C 
6 
7 

0 
1 

~ INTERRUPT 
4 .BANK 
5 B 
6 
7 

0 
1 
1.5 
2 INTERRUPT 
3 BANK 
4 A 
5 
6 
7 

tlli! 

1-+ INT 
(OUTPUT) 

" 

290128-49· 

Figure 4-1. Interrupt Controller Block Diagram 

4·214 



inter 82380 

4.1.2 INTERRUPT CONTROLLER BANKS 

All three banks are identical, with the exception of 
the IRQ1.5 on Bank A. Therefore, only one bank will 
be discussed. In the 82380 PIC, all external requests 
can be cascaded into and each interrupt controller 
bank behaves like a master. As compared to the 
82C59A, the enhancements in the banks are: 

- All interrupt vectors are individually programma
ble. (In the 82C59A, the vectors must be pro
grammed in eight consecutive interrupt vector lo
cations.) 

IRQO# 
IRQ1# 
IRQ2# 
IRQ3# 
IRQ4# 
IRQ5# 
IRQ6# 
IRQ7# 

DATA (0-7) 

- The cascade address is provided on the Data 
Bus (00-07). (In the 82C59A, three dedicated 
control signals (CASO, CAS1, CAS2) are used for 
master/slave cascading.) 

The block diagram of a bank is shown in Figure 4-2. 
As can be seen from this figure, the bank consists of 
six major blocks: the Interrupt Request Register 
(IRR), the In-Service Register (ISR), the Interrupt 
Mask Register (IMR), the Priority Resolver (PR), the 
Vector Register (VR), and the Control Logic. The 
functional description of each block follows. 
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Figure 4-2. Interrupt Bank Block Diagram 
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INTERRUPT REQUEST (IRR) AND IN-SERVICE 
REGISTER (ISR) 

~he interrupts at the Interrupt Request (IRQ) input 
Imes are handled by two registers in cascade, the 
Interrupt Request Register (IRR) and the In-Service 
Register (ISR). The IRR is used to store all interrupt 
levels which are requesting service; and the ISR is 
used to store all interrupt levels which are being 
serviced. 

PRIORITY RESOLVER (PR) 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
an Interrupt Acknowledge cycle. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt 
lines to be masked (disabled). The IMR operates on 
the IRR. Masking of a higher priority input will not 
affect the interrupt request lines of lower priority. 

VECTOR REGISTERS (VR) 

. This block contains a set of Vector Registers, one 
for each interrupt request line, to store the pre-pro
grammed interrupt vector number. The correspond
ing vector number will be driven onto the Data Bus 
of the 82380 during the Interrupt Acknowledge cy
cle. 

CONTROL LOGIC 

The .Control Logic coordinates the overall operations 
of the other internal blocks within the same bank. 
This logic will drive the Interrupt Output signal (I NT) 
HIGH when one or more unmasked interrupt inputs 
are active (LOW). The INT output signal goes direct
ly to the 80386 (in Bank A) or to another bank to 
which this bank is cascaded (see Figure 4-1). Also, 
this log!c will recognize an Interrupt Acknowledge 
c~cle (via MIIO#, D/C# and W/R# signals). During 
thiS bus cycle, the Control Logic will enable the cor
responding Vector Register to drive the interrupt 
vector onto the Data Bus. 

In Bank A, the Control Logic is also responsible for 
handling the special ICW2 interrupt request input 
(IRQ1.5#). 

4.2 Interface Signals 

4.2.1 INTERRUPT INPUTS 

There are 15 external Interrupt Request inputs and 5 
internal Interrupt Requests. The external request in
puts are: IRQ3#, IRQ9#, IRQ11 # to IRQ23 #. They 
are shown in bold arrows in Figure 4-1. All IRQ in
puts are active LOW and they can be programmed 
(via a control bit in the Initialization Command Word 
1 (ICW1» to be either edge-triggered or level-trig
gered. In order to be recognized as a valid interrupt 
request, the interrupt input must be active (LOW) 
during the first INTA cycle (see Bus Functional De
scription). Note that all 15 external Interrupt Request 
inputs have weak internal pull-up resistors. 

As mentioned earlier, an 82C59A can be cascaded 
to each external interrupt input to expand the inter
rupt capacity to a maximum of 120 levels. Also, two 
of the interrupt inputs are dual functions: IRQ3# can 
be used as Timer 2 output (TOUT2#) and IRQ9# 
can be used as DREQ4 input. IRQ3# is a bidirec
tional dual function pin. This interrupt request input is 
wired-OR with the output of Timer 2 (TOUT2 #). If 
only IRQ3# function is to be used, Timer 2 should 
be programmed so that OUT2 is LOW. Note that 
TOUT2 # can also be used to generate an interrupt 
request to IRQ3# input. 

The five internal interrupt requests serve special 
system functions. They are shown in Table 4-1. The 
following paragraphs describe these interrupts. 

Table 4·1. 82380 Internal Interrupt Requests 

Interrupt Request Interrupt Source 

IRQO# Timer 3 Output (TOUT3 #) 
IRQ8# Timer 0 Output (TOUTO #) 
IRQ1# DMA Chaining Request 
IRQ4# DMA Terminal Count 
IRQ1.5# ICW2Written 

TIMER 0 AND TIMER 3 INTERRUPT REQUESTS 

IRQ8# and IRQO# interrupt requests are initiated 
by the output of Timers 0 and 3, respectively. Each 
of these requests is generated by an edge·detector 
flip-flop. The flip-flops are activated by the following 
conditions: 

Set- Rising edge of timer output (TOUT); 

Clear- Interrupt acknowledge for this request; 
OR Request is masked (disabled); OR 
Hardware Reset. 
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CHAINING AND TERMINAL COUNT INTERRUPTS 

These interrupt requests are generated by the 
82380 DMA Controller. The chaining request 
(IRQ1 #) indicates that the DMA Base Register is 
not loaded. The Terminal Count request (IRQ4#) in
dicates that a software DMA request was cleared. 

ICW2 INTERRUPT REQUEST 

Whenever an Initialization Control Word 2 (ICW2) is 
written to a Bank, a special ICW2 interrupt request is 
generated. The interrupt will be cleared when the 
newly programmed ICW2 Register is read. This in
terrupt request is in Bank A at level 1.5. This inter
rupt request is internally ORed with the Cascaded 
Request from Bank B and is always assigned a high
er priority than the Cascaded Request. 

This special interrupt is provided to support compati
bility with the original 82C59A. A detailed description 
of this interrupt is discussed in the Programming 
section. 

DEFAULT INTERRUPT 

During an Interrupt Acknowledge cycle, if there is no 
active pending request, the PIC will automatically 

PREVIOUS 
CYCLE 

ClK 

READY# 

INTERRUPT ACKNOWLEDGE 
CYCLE 1 (5 WAIT STATES) 

T2 

generate a default vector. This vector corresponds 
to the IRQ7 # vector in Bank A. 

4.2.2 INTERRUPT OUTPUT (INT) 

The INT output pin is taken directly from bank A. 
This signal should be tied to the Maskable Interrupt 
Request (INTR) of the 80386. When this signal is 
active (HIGH), it indicates that one or more internal/ 
external interrupt requests are pending. The 80386 
is expected to respond with an interrupt acknowl
edge cycle. 

4.3 Bus Functional Description 

The INT output of bank A will be activated as a result 
of any unmasked interrupt request. This may be a 
non-cascaded or cascaded request. After the PIC 
has driven the INT signal HIGH, 80386 will respond 
by performing two interrupt acknowledge cycles. 
The timing diagram in Figure 4-3 shows a typical in
terrupt acknowledge process between the 82380 
and the 80386 CPU. 

IDLE 
(4 BUS STATES) 

INTERRUPT ACKNOWLEDGE 
CYCLE 2 (5 WAIT STATES) 

T2 T2 T2 T2 

SEE NOTE 

00-07 -t--+--+--1--1~-t--t1~:=~~r--t--t--T--l---r--t--t--i~~~~)-
SEE NOTE 

NOTE: 
What is actually driven on the Data Bus depends on if the current interrupt request is a Slave Request. 

NON-SLAVE REQUEST 
SLAVE REQUEST 

'Slave will place a vector at this time. 

INTACycle 1 
OOH 
Slave Address 

INTACycle2 
Vector 
High Impedance' 

Figure 4·3. Interrupt Acknowledge Cycle 
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After, activating, the INT signal, the 82380 monit~rs 
the status lines (M/IO#, D/C#, W/A#) and walts 
for the 80386 to initiate the first interrupt acknowl
edge cycle. In the 80386 environment, two succes
sive interrupt acknowledge cycles (INTA) marked by 
MIIO# = LOW, D/C# = LOW, and W/R# = 
LOW are performed. During the first INTA cycle, the 
PIC will determine the highest priority request. As
suming this Interrupt input has no external Slave 
Controller cascaded to it, the 82380 will drive the 
Data Bus with OOR in the first INTA cycle. During the 
second INTA cycle, the 82380 PIC will drive the 
Data Bus with the corresponding preprogrammed in
terrupt vector. 

If the PIC determines (from the ICW3) that this inter
rupt input has an external Slave Controller cascaded 
to it it will drive the Data Bus with the specific Slave 
Cas~ade Address (instead ofOOH) during the first 
INTA cycle. This Slave Cascade Address is the pre
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be OOH. Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INT A cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 
and direction control logiC must take this into consid
eration. 

In order to have a successful interrupt service, the 
interrupt request input must be held active (LOW) 
until the beginning of the first interrupt acknowledge 
cycle. If there is no pending interrupt request when 
the first INTA cycle is generated, the PIC will gener
ate a default vector, which is the IRQ7 vector (bank 
A level 7). 

According to the Bus Cycle definition of the 80386, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These idle bus cycles 
will be initiated by the 80386. Also, during each inter
rupt acknowledge cycle, the internal Wait State Gen
erator of- the 82380 will automatically generate the 
required number of wait states for internal delays. 

4.4 Mode of Operation 

A variety of modes and commands are available for 
controlling the 82380 PIC. All of them are program
mable; that is, they may be changed dynamically un
der software control. In fact, each bank can be pro
grammed individually to operate in different modes. 
With these modes and commands, many possible 

configurations are conceivable, giving the user 
enough versatility for almost any interrupt controlled 
application. 

This section is not intended to show how the 82380 
PIC can be programme!;!. Rather, it describes the 
operation in different modes. 

4.4.1 ENO-oF·INTERRUPT 

Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISA can 
be updated. This allows the' PIC to keep track of 
which interrupt levels are in the process of being 
serviced and their relative priorities. Three different 
End-Of-Interrupt (EO I) formats are available. They 
are: Non-Specific EOI Command, Specific EOI Com
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera
tions the user wishes to perform. 

If the 82380 is NOT programmed in the' Automatic 
EOI Mode, an EOI command must be issued by the 
80386 to the specific 82380 PIC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam
ple, if an interrupt request of Bank C? in t~e 82380 
PIC is serviced, an EOI should be wntten Into Bank 
C, Bank B and Bank A. If the request comes from an 
external interrupt controller cascaded to Bank C, 
then an EOI should be written into the external con
troller as well. 

NON-SPECIFIC EOI COMMAND 

A Non-Specific EOI command sent from the 80386 
lets the 82380 PIC bank know when a service rou
tine has been completed, without specification of its ' 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re
sets the correct bit in the ISR. 

To take advantage of the Non-Specific EOI, the in
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most rece.nt level ~c~nowl
edged and serviced is always the highest prlonty lev
el (I.e., in the Fully Nested Mode structure to be de
scribed below). When the interrupt bank receives a 
Non-Speclfic EOI command, it simply resets the 
highest priority ISR bit to indicate that the highest 
priority routine in service is finished. 

Special consideration should be taken when decid
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 
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used since the Fully Nested Mode structure will be 
destroyed: 

- Using the Set Priority command within an inter
rupt service routine. 

- Using a Special Mask Mode. 

These conditions are covered in more detail in their 
own sections, but are listed here for reference. 

SPECIFIC EOI COMMAND 

Unlike a Non-Specific EOI command which automat
ically resets the highest priority ISR bit, a Specific 
EOI command specifies an exact ISR bit to be reset. 
Anyone of the IRQ levels of an interrupt bank can 
be specified in the command. 

The Specific EOI command is needed to reset the 
ISR bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific EOI command usage mentioned 
above. 

AUTOMATIC EOI MODE 

When programmed in the Automatic EOI Mode, the 
80386 no longer needs to issue a command to notify 
the interrupt bank it has completed an interrupt rou
tine. The interrupt bank accomplishes this by per
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 

Special consideration should be taken when decid
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure. In the Auto
matic EOI Mode, the ISR bit of a routine in service is 
reset right after it is acknowledged, thus leaving, no 
designation in the ISR that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en
abled, it will get serviced regardless of its priority. 

Therefore, when using this mode; the 80386 should 
keep its interrupt request input disabled during exe
cution of a service routine. By doing this, higher pri
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt
ed since the host's interrupt request input is dis
abled. 

4.4.2 INTERRUPT PRIORITIES 

The 82380 PIC provides various methods for arrang
ing the interrupt priorities of the interrupt request in
puts to suit different applications. The following sub
sections explain these methods in detail. 

4.4.2.1 Fully Nested Mode 

The Fully Nested Mode of operation is a general pur
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Re
quest (IRQ) inputs within one bank are arranged 
from highest to lowest. 

Unless otherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, IRQO# is assigned the highest priority (priority 
= 0) and IRQ7 # the lowest (priority = 7). This de
fault priority can be changed, as will be explained 
later in the Rotating Priority Mode. 

When an interrupt is acknowledged, the. highest pri
ority request is determined from the Interrupt Re
quest Register (IRR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv
ice Register (lSR) is set to designate the routine in 
service. This ISR bit will remain set until the 80386 
issues an End Of Interrupt (EOI) command immedi
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second,INTA cycle. 
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While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in
terr:upts:C8n still generate an interrupt, which will'be 
acknowledged only, if the 80386 internal interrupt en
able flip-flop has been re-enabled (thr-ough software 
inside the current service routine). ,. 

4.4.2.2 Automatic Rotatlo.1-Equal Priority 
Devices 

Automatic rotation of priofities serves in applications 
w~e~e th~ interrupting devices are of equal prioritY 
within an Interrupt bank. In this kind of environment, 
once a 'device is serviced, all other equal priority pe
ripherals should be given a chance to. be serviced 
before t~e original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other periphf\lrals coonected to the same bank are 
serviced before it is serviced again. 

There are two methods. of .~ccomplishing automatic 
rotation. One is used in conjunction with the Non
Specific EOI command and the other is used with 

the Automatic EOI mode. These two methods are 
discussed below. 

ROTATE ON NON-SPECIFIC EOI COMMAND 

When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to conform to the Fully Nested Mode based 
on the newly assigned low priority. 

Figure 4-4 shows how the Rotate On Non-Specific 
EOI command affects the interrupt priorities. As
sume the IRQ priorities were assigned with IRQO the 
highest and IRQ7 the lowest. IRae and IRQ4 are 
already in service but neither is completed. Being 
the higher priority routine, IRQ4 is necessarily the 
routine being executed. During the IRQ4 routine, a 
rotate on Non-Specific EOI command is executed. 
When this happens, Bit 4 in the ISR is reset. IRQ4 
then becomes the lowest priority and IRQS becomes 
the highest. 

IS7 IS6 ISS IS4 IS3 IS2 IS1 ISO 

ISR ~TATUS t----1r--+--+-+-.f-~j.....;~~-I (BEFORE 
PRIORllY CO ...... AND) 

LOWES] PRIQRllY HIGHEST PRIORllY 
290128-52 

IS7 IS6 ISS IS4 IS3 IS2 IS 1. ISO 

ISR STATUS t----1r--+-+-+--I--+...:..-I-.:;,....j (AFTER 
PRIORITY CO ...... AND) 

HIGHEST PRIQRllY LOWEST PRIORllY 
290128-53 

Figure 4-4. Rotate On Non-Specific EOI Command 
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ROTATE ON AUTOMATIC EOI MODE 

The Rotate On Automatic EOI Mode works much 
like the Rotate On Non-Specific EOI Command. The 
main difference is that priority rotation is done auto
matically after the second INTA cycle of an interrupt 
request. To enter or exit this mode, a Rotate-On-Au
tomatic-EOI Set Command and Rotate-On-Automat
ic-EOI Clear Command is provided. After this mode 
is entered, no other commands are needed as in the 
normal Automatic EOI Mode. However, it must be 
noted again that when using any form of the Auto
matic EOI Mode, special consideration should be 
taken. The guideline presented in the Automatic EOI 
Mode also applies here. 

4.4.2.3 Specific Rotation-Specific Priority 

Specific rotation gives the user versatile capabilities 
in interrupt controlled operations. It serves in those 
applications in which a specific device's interrupt pri
ority must be altered. As opposed to Automatic Ro
tation which will automatically set priorities after 
each interrupt request is serviced, specific rotation is 
completely user controlled. That is, the user selects 
which interrupt level is to receive the lowest or the 
highest priority. This can be done during the main 

program or within interrupt routines. Two specific ro
tation commands are available to the user: Set Prior
ity Command and Rotate On Specific EOI Com. 
mand. 

SET PRIORITY COMMAND 

The Set Priority Command allows the programmer to 
assign an IRQ level the lowest priority. All other in· 
terrupt levels will conform to the Fully Nested Mode 
based on the newly assigned low priority. 

ROTATE ON SPECIFIC EOI COMMAND 

The Rotate On Specific EOI Command is literally a 
combination of the Set Priority Command and the 
Specific EOI Command. Like the Set Priority Com· 
mand, a specified IRQ level is aSSigned lowest priori
ty. Like the Specific EOI Command, a specified level 
will be reset in the ISA. Thus, this command accom· 
plishes both tasks in one single command. 

4.4.2.4 Interrupt Priority Mode Summary 

In order to simplify understanding the many modes 
of interrupt priority, Table 4-2 is provided to bring out 
their summary of operations. 

Table 4-2. Interrupt Priority Mode Summary 

Interrupt Operation Effect On Priority After EOI 
Priority Mode Summary Non-Specific! Automatic Specific 

Fully·Nested Mode IRQO#·Highest Priority No change in priority. Not Applicable. 
IRQ7#-Lowest Priority Highest ISR bit is reset. 

Automatic Rotation Interrupt level just serviced Highest ISR bit is reset and the Not Applicable. 
(Equal Priority Devices) is the lowest priority. Other corresponding level becomes the 

priorities rotate to conform lowest priority. 
to Fully·Nested Mode. 

Specific Rotation User specifies the lowest Not Applicable. As described under 
(Specific Priority priority level. Other priorities 'Operation Summary'. 
Devices) rotate to conform to Fully· 

Nested Mode. 
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4.4.3 INTERRUPT MASKING· 

VIA INTERRUPT MASK REGISTER 

Each bank in the 82380 PIC has an Interrupt Mask 
Register (IMR) which enhances interrupt controlca
pabilities. This IMR allows individual IRQ masking. 
When an IRQ is masked, its interrupt request is dis
abled until it is unmasked. Each bit in the 8-bit IMR 
disables one interrupt channel if it is set (HIGH). Bit 
o masks I ROO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel will only disable the corre
sponding channel and does not affect the others op
erations. 

The IMR acts only on the output of the IRR. That is, 
if an interrupt occurs while its IMR bit is set, this 
request is not 'forgotten' . Even with an IRQ input 
masked, it is still possible to set the IRR. Therefore, 
when the IMR bit is reset, an interrupt request to the 
80386 will then be generated, providing that the IRQ 
request remains active. If the IRQ request is re
moved before the IMR is reset, the Default Interrupt 
Vector (Bank A, level 7) will be generated during the 
interrupt acknowledge cycle. 

SPECIAL MASK MODE 

In the Fully Nested Mode, all IRQ levels of lower 
priority than the routine in service are inhibited. How
ever, in some-applications, it may be desirable to let 
a lower prjority interrupt request to interrupt the rou
tine in service. One method to· achieve this is by 
using the Special Mask Mode. Working in conjunc
tion with the IMR, the Special Mask Mode enables 
interrupts from all levels except the level in service. 
This is usually done inside an interrupt service rou
tine by masking the level that is in service and then 
issuing the Special Mask Mode Command. Once the 
Special Mask Mode is enabled, it remains in effect 
until it is disabled. 

82380 
D(0r:zL,. 

4.4.4 EDGE OR LEVEL INTERRUPT 
TRIGGERING 

Each bank in the 82380 PIC can be .programmed 
independently for either edge or level sensing for the 
interrupt request signals. Recall that all IRQ inputs 
are active LOW. Therefore, in the edge triggered 
mode, an active edge is defined as an input tran
sition from an inactive (HIGH) to active (LOW) state. 
The interrupt input may remain active without gener
ating another interrupt. During level triggered mode, 
an interrupt request will be recognized by an active 
(LOW) input, and there is no need for edge detec
tion. However, the interrupt request must be re
moved before the EOI Command is issued, or the 
80386 must be disabled to prevent a second false 
interrupt from occurring. 

In either modes, the interrupt request input must be 
active (LOW) during the first INTA cycle in order to 
be recognized. Otherwise, the Default Interrupt Vec
tor will be generated at level 7 of Bank A. 

4.4.5 INTERRUPT CASCADING 

As mentioned previously, the 82380 allows for exter
nal Slave interrupt controllers to be cascaded to any 
of its external interrupt request pins. The 82380 PIC 
indicates that a external Slave Controller is to be 
serviced by putting the contents of the Vector Regis
ter associated with the particular request on the 
80386 Data Bus during the first INTA cycle (instead 
of OOH during a non-slave service). The external log
ic should latch the vector on the Data Bus using the 
INT A status signals and use it to select the external 
Slave Controller to be serviced (see Figure 4-5). The 
selected Slave will then respond to the second INT A 
cycle and place its vector on the Data Bus. This 
method requires that if external Slave Controllers 

POSITIVE 
EDGE 

MASTER/SLAVE 
FLIP-FLOP CAS(0-7) 

IN OUT 1-+ TO SLAVE 
8259', 

ClK 

I :~ DATA BUS INTA# """\....( (FROM BUS CONTROllER) 

LATCH HERE 
290128-54 

Figure 4-5. Slave cascade Address Capturing 
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are used in the system, no vector should be pro
grammed to OOH. 

Since the external Slave Cascade Address is provid
ed on the Data Bus during INTA cycle 1, an external 
latch is required to capture this address for the Slave 
Controller. A simple scheme is depicted in Figure 
4-5. 

4.4.5.1 Special Fully Nested Mode 

This mode will be used where cascading is em
ployed and the priority is to be conserved within 
each Slave Controller. The Special Fully Nested 
Mode is similar to the 'regular' Fully Nested Mode 
with the following exceptions: 

- When an interrupt request from a Slave Control
ler is in service, this Slave Controller is not 
locked out from the Master's priority logic. Fur
ther interrupt requests from the higher priority 
logiC within the Slave Controller will be recog
nized by the 82380 PIC and will initiate interrupts 
to the 80386. In comparing to the 'regular' Fully 
Nested Mode, the Slave Controller is masked out 
when its request is in service and no higher re
quests from the same Slave Controller can be 
serviced. 

- Before exiting the interrupt service routine, the 
software has to check whether the interrupt serv
iced was the only request from the Slave Con
troller. This is done by sending a Non-Specific 
EOI Command to the Slave Controller and then 
reading its In Service Register. If there are no 
requests in the Slave Controller, a Non-Specific 
EOI can be sent to the corresponding 82380 PIC 
bank also. Otherwise, no EOI should be sent 

4.4.6 READING INTERRUPT STATUS 

The 82380 PIC provides several ways to read differ
ent status of each interrupt bank for more flexible 
interrupt control operations. These include polling 
the highest priority pending interrupt request and 
reading the contents of different interrupt status reg
isters. 

4.4.6.1 Poll Command 

The 82380 PIC supports status polling operations 
with the Poll Command. In a Poll Command, the 

pending interrupt request with the highest priority 
can be determined. To use this command, the INT 
output is not used, or the 80386 interrupt is disabled. 
Service to devices is ~chieved by software using the 
Poll Command. 

This mode is useful if there is a routine command 
common to several levels so that the INTA se
quence is not needed. Another application is to use 
the Poll Command to expand the number of priority 
levels. 

Notice that the ICW2 mechanism is not supported 
for the Poll Command. However, if the Poll Com-. 
mand is used, the programmable Vector Registers 
are of no concern since no INTA cycle will be gener
ated. 

4.4.6.2 Reading Interrupt Registers 

The contentEl of each interrupt register (IRR, ISR, 
and IMR) can be read to update the user's program 
on the present status of the 82380 PIC. This can be 
a versatile tool in the decision making process of a 
service routine, giving the user more control over 
interrupt operations. 

The reading of the IRR and ISR contents can be 
performed via the Operation Control Word 3 by us
ing a Read Status Register Command and the con
tent of IMR can be read via a simple read operation 
of the register itself. 

4.5 Register Set Overview 

Each bank of the 82380 PIC consists of a set of 8-bit 
registers to control its operations. The address map 
of all the registers is shown in Table 4-3. Since all 
three register sets are identical in functions, only 
one set will be described. 

Functionally, each register set can be divided into 
five groups. They are: the four Initialization Com
mand Words (ICW's), the three Operation Control 
Words (OCW's), the Pollllnterrupt Requestlln-Serv
ice Register, the Interrupt Mask Register, and the 
Vector Registers. A deSCription of each group fol
lows. 
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Table 4·3. Interrupt Controller Register Address Map 

Port Access Register Description Address' 

20H Write Bank B ICW1, OCW2, or OCW3 
Read Bank B Poll, Request or In-Service 

Status Register 
21H Write Bank B ICW2, ICW3, ICW4, OCW1 

Read Bank B Mask Register 
22H Read BankB ICW2 
2SH Read/Write IRQS Vector Register 
29H Read/Write IRQ9 Vector Register 
2AH Read/Write Reserved 
2BH Read/Write IRQ11 Vector Register 
2CH Read/Write IRQ12 Vector Register 
20H Read/Write IRQ13 Vector Register 
2EH Read/Write IRQ14 Vector Register 
2FH Read/Write IRQ15 Vector Register 

AOH Write Bank C ICW1 f OCW2, or OCW3 
Read Bank C Poll, Request or In-Service 

Status Register 
A1H Write Bank C ICW2, ICW3, ICW4, OCW1 

Read Bank C Mask Register 
A2H , Read BankCICW2 
ASH Read/Write IRQ16 Vector Register 
A9H Read/Write IRQ1? Vector Register 
AAH Read/Write IRQ1S Vector Register 
ABH Read/Write IRQ19 Vector Register 
ACH Read/Write IRQ20 Vector Register 
AOH Read/Write IRQ21 Vector Register 
AEH Read/Write IRQ22 Vector Register 
AFH Read/Write IRQ23 Vector Register 

30H Write Bank A ICW1, OCW2, or OCW3 
Read Bank A Poll, Request or In-Service 

Status Register 
31H Write Bank A ICW2, ICW3, ICW4, OCW1 

Read Bank A Mask Register 
32H Read BanklCW2 
3SH Read/Write IRQO Vector Register 
39H Read/Write IRQ1 Vector Register 
3AH Read/Write IRQ1.5 Vector Register 
3BH Read/Write IRQ3 Vector Register 
3CH Read/Write IRQ4 Vector Register 
30H Read/Write Reserved 
3EH Read/Write Reserved 
3FH Read/Write IRQ? Vector Register 
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4.5.1 INITIALIZATION COMMAND WORDS (ICW) 

Before normal operation can begin, the 82380 PIC 
must be brought to a known state. There are four 
8-bit Initialization Command Words in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second common 
word (ICW2) which is a read/write register, the other 
three are write-only registers. Without going into de
tail of the bit definitions of the command words, the 
following subsections give a brief description of what 
functions each command word controls. 

ICW1 

The ICW1 has three major functions. They are: 

- To select between the two IRQ input triggering 
modes (edge-or level-triggered); 

- To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program
ming. Otherwise, no ICW3 will be accepted; 

- To determine whether or not ICW4 will be issued; 
that is, if any of the ICW4 operations are to be 
used. 

ICW2 

ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from Bank A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80386. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif
ferent addresses for read and write operations. 

ICW3 

The interrupt bank will only accept an ICW3 if pro
grammed in the external cascade mode (as indicat
ed in ICW1). ICW3 is used for specific programming 
within the cascade mode. The bits in ICW3 indicate 
which interrupt request inputs have a Slave cascad
ed to them. This will subsequently affect the inter
rupt vector generation during the interrupt acknowl
edge cycles as described previously. 

ICW4 

The ICW4 is accepted only if it was selec;ted in 
ICW1. This command word register serves two func
tions: 

- To select either the Automatic EOI mode or soft
ware EOI mode; 

- To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 

4.5.2 OPERATION CONTROL WORDS (OCW) 

Once initialized by the ICW's, the interrupt banks will 
be operating in the Fully Nested Mode by default. 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's. Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8-bit write-only registers. 

The modes and operations controlled by the OCW's 
are: 

- Fully Nested Mode; 
- Rotating Priority Mode; 
- Special Mask Mode; 
- Poll Mode; 
- EOI Commands; 
- Read Status Commands. 

OCW1 

OCW1 is used solely for masking operations. It pro
vides a direct link to the Interrupt Mask Register 
(IMR). The 80386 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
pre-programmed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 

OCW2 

OCW2 is used to select End-Of-Interrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper
ations. Associated commands and modes of these 
operations are selected using the different combina
tions of bits in OCW2. 

Specifically, the OCW2 is used to: 

- DeSignate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific 'priori
ty. This function can be enabled or disabled; 

- Select which software EOI command (if any) is to 
be executed (i.e., Non-Specific or Specific EOI); 

- Enable one of the priority rotation operations 
(i.e., Rotate On Non-Specific EOI, Rotate On Au
tomatic EOI, or Rotate on Specific EOI). 

OCW3 

There are three main categories of operation that 
OCW3 controls. That are summarized as follows: 
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- To select and execute the Read Status Register 
Commands, either reading the Interrupt Request 
Register (IRR) or the In-Service Register (ISR); 

- To isswe the Poll Command. The Poll Command 
will override a Read Register Command if both 
functions are enablEld simultaneously; 

- To set or reset the Special Mask Mode. 

4.5.3 POLLIINTERRUPT REQUEST IIN·SERVICE 
STATUS REGISTER 

As the name implies, this 8-bit read-only register has 
multiple functions. Depending on the command is
sued in the OCW3, the content of this register re
flects the result of the command executed. For a 
Poll Command, the register read contains the binary 
code of the highest priority level requesting service 
(if any). For a Read IRR Command, the register con
tent will show the current pending interrupt re
quest(s). Finally, for a Read ISR Command, this reg
ister will specify all interrupt levels which are being 
serviced. 

4.5.4 INTERRUPT MASK REGISTER (IMR) 

This is a read-only 8-bit register which, when read, 
will specify all interrupt levels within the same bank 
that are masked. 

4.5.5 VECTOR REGISTER (VR) 

Each interrupt request input has an 8-bit read/write 
programmable vector register associated with it. The 

\ registers should be programmed to contain the inter-
rupt vector for the corresponding request. The con
tents of the Vector Register will be placed on the 
Data Bus during the INTA cycles as described previ
ously. 

4.6 Programming 

Programming the 82380 PIC is accomplished by us
ing two types of· command words: ICW'sand 
OCW's. All modes and commands explained in the 
previous sections are programmable using the 
ICW's and OCW's. The ICW's are issued from the 
80386 in a sequential format and are used to setup 
the banks in the 82380 PIC in an initial state of oper
ation. The OCW's are issued as needed to vary and 
control the 82380 PIC's operations. 

Both ICW's and OCW's are sent by the 80386 to the 
interrupt banks via the Data Bus. Each bank distin
guishes between the different ICW's and OCW's by 
the I/O address map, the sequence they are issued 
(ICW's only), and by some dedicated bits among the 
ICW's and OCW's. 

All three interrupt banks are programmed in a similar 
way. Therefore, only a single bank will be described. 

4.6.1 INITIALIZATION (ICW) 

Before normal operation can begin, each bank must 
be initialized by programming a sequence of two to 
four bytes written into the ICW's. 

Figure 4-6 shows the initialization flow for an inter
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. However, ICW3 and ICW4 are 
used only if designated in ICW1. Once initialized, if 
any programming changes within the ICW's are to 
be made, the entire ICW sequence must be repro
grammed, not just an individual ICW. 

Note that although the ICW2's in the 82380 PIC do 
not affect the Bank's operation, they still must be 
programmed in order to preserve the compatibility 
with the 82C59A. The contents programmed are hot 
relevant to the overall operations of the interrupt 
banks. Also, whenever one of the three ICW2's is 
programmed, an interrupt level 1.5 in Bank A will be 
generated. This interrupt request will be cleared 
upon reading of the ICW2 registers. Since the three 
ICW2's share the same interrupt level and the sys
tem may not know the origin of the interrupt, all three 
ICW2's must be read. 

However, it is not necessary to provide an interrupt 
service routine for the ICW2 interrupt.. One way to 
avoid this is as follows. At the beginning of the initial
ization of the interrupt banks, the 80386 interrupt 
should be disabled. After each ICW2 register write 
operation is performed during the initialization, the 
corresponding ICW2 register is read. This read oper
ation will clear the interrupt request of the 82380. At 
the end of the initialization, the 80386 interrupt is re
enabled. With this method, the 80386 will not detect 
the ICW2 interrupt request, thus eliminating the need 
of an interrupt service routine. 

Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issued. There are: 

- The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 

- The Interrupt Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 

- IRQ7 input of each bank is assigned priority 7 
(lowest); 

- Special Mask Mode is cleared and Status Read 
is set to IRR; 

- If no ICW4 is needed, then no Automatic-EOI is 
selected. . 
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NO (I~=O) 

'ICW2 vector address must be programmed now. 

(1CW2 INTERRUPT GENERATED) 

(ALLOW SERVICING 
OF ICW2 INTERRUPT) 

290128-55 

Other vector addresses may be programmed via ICW2 interrupt service routine. 

Figure 4-6. Initialization Sequence 

4.6.2 VECTOR REGISTERS (VR) 

Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop· 
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev
er an ICW2 is written during the initialization se
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter
rupt service routine of this vector is set up before the 
ICW's are written. 

4.6.3 OPERATION CONTROL WORDS (OCW) 

After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the OCW's as explained before. There is 
no special programming sequence required for the 
OOW's. Any OCW may be written at any time in or
der to change the mode of or to perform certain op
erations on the interrupt bal')ks. 

4.6.3.1 Read Status and Poll Commands (OCW3) 
c 

Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the 
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same read-only Status Register, a special Read 
Status/Poll Command must be issued before the 
Poll/Interrupt Request/In-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the Poll 
Command will override the Status Read. That is, af
ter the command execution, the Status Register will 
contain the result of the Poll Command. 

Note that for reading IRR and ISR, there is no need 
to issue a Read Status Command to the OCW3 ev
ery time the IRR or ISR is to be read. Once a Read 

4.7 Register Bit Definition 

INITIALIZATION COMMAND WORD 1 (ICW1) 

07 06 05 04 03 

Status Command is received by the interrupt bank, it 
'remembers' which register is selected. However, 
this is not true when the Poll Command is used. 

In the Poll Command, after the OCW3 is written, the 
82380 PIC treats the next read to the Status Regis
ter as an interrupt acknowledge. This will set the ap
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 

In addition to the above read commands, the Inter
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre
programmed OCW1 which contains information on 
which interrupt request(s) is(are) currently disabled. 

02 01 , DO 

I x I x I x I 1 I LTIt.l I 'x I SNGL I IC4 I 
. ~~ 

0- EDGE TRIGGERED 0 - NO ICW4 NEEDED 
1 - LEVEL TRIGGERED 1 - ICW4 NEEDED 

0- EXTERNAL CASCADE 
(ICW3 NEEDED) 

1 - NO EXTERNAL CASCADE 
(ICW3 NOT NEEDED) 

INITIALIZATION COMMAND WORD 2 (ICW2) 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 I DO I 
II 

CONTENT IS NOT RELtANT TO THE ACTUAL 
OPERATION Of THE BANK BUT CAN BE READ 
BY THE INTERRUPT SERVICE ROUTINE TO 
DETERt.lINE WHERE THE INTERRUPT VECTORS 
Of EACH BANK START. 
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INITIALIZATION COMMAND WORD 3 (ICW3) 
ICW3 for Bank A: 

07 06 05 0'4 D3 02 01 DO 

olololol~ololol 
0- NO SLAVE CASCADED TO BANK A 
1 - THERE IS A SLAVE CASCADED TO 

TOUT2#/IRQ3# PIN 

ICW3 for Bank B: 

07 06 05 04 03 02 01 DO 

I 515 1 sui 5131 5121 511 I x I S9 I 0 I 
I I I I I I 

L..... 0 - NO CASCADED REQUEST TO IRQn 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO IRQn (1.0. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 

ICW3 for Bank C: 

07 06 05 D4 03 02 01 DO 

152315221 S211 520 15191 SIS I 5171 516 1 

I I I I I I I I 

INITIALIZATION COMMAND WORD 4 (ICW4) 

4 0 - NO CASCADED REQUEST TO IRQn 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO IRQn 

07 06 05 04 03 02 01 DO 

I 0 I 0 I 0 JsrNtoll x I x I AEOII x I 

I 0 = NORMAL EOI 
~ 1 = AUTOMATIC EOI 

OPERATION CONTROL WORD 1 (OCW1) 

07 06 05 04 03 02 01 00 
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OPERATION CONTROL WORD 2 (OCW2) 

D7 D6 D5 D4 D3 D2 Dl DO 

I R I SL I EOI o I 0 I. L2 1 LELO I I I I I 
!"""RUPT LML 

0 - 0 1 NON-SPECIFIC EOI COMMAND TO BE ACTED UPON 

0 1 1 SPECIFIC EOI CQMMAND 
1 0 1 ROTATE ON NON-SPECIFIC EOI 
1 0 0 ROTATE ON AUTO-EOI MODE ~SET) 
0 0 0 ROTATE ON AUTO-EOI MODE CLEAR) 
1 1 1 ROTATE ON SPECIFIC EOI (L2-LO USED) 
1 1 0 SET PRIORITY (L2-LO USED) 
0 1 0 NO OPERATION 

290128-60 

OPERATION CONTROL WORD 3 (OCW3) 

D7 D6 D5 D4 D3 D2 Dl DO 

ESMM SMM RIS 
o 0 NO ACTION o NO ACTION 
o 1 NO ACTION 0- POLL COMMAND 1 NO ACTION 
1 0 RESET SPECIAL MASK 1 - NO POLL COMMAND o READ IR REG. 
1 1 SET SPECIAL MASK 1 READ IS REG. 

290128-61 

ESMM-Enable Special Mask Mode: When this bit is set to 1, it enables the SMM bit to set or reset the Special Mask 
Mode. When this bit is set to 0, SMM bit becomes don't care. 

SMM-Special Mask Mode. If ESMM = 1 and SMM = 1, the interrupt controller bank will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0, the bank will revert to normal mask mode. When E,SMM = 0, SMM has no effect. 

Poll/Interrupt Request/In-Service Status Register 

POLL COMMAND STATUS 

D7 D6 D5 D4 D3 D2 Dl DO 

0- NO PENDING INTERRUPT 
1 - PENDING INTERRUPT 

4' .. 230 

BINARY CODE OF 
THE HIGHEST PRIORITY 
LEVEL REQUES:rING 
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INTERRUPT REQUEST STATUS 

'07 06 05 04 03 02 01 DO 

IIRQ711RQ611RQSIIRQ411RQ311RQ211RQ111RQO I 
IF" IRQ BIT IS: 0 - NO REQUEST 

1 - REQUEST PENDING 
290128-63 

NOTE: 
Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pins so that when 
there is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request 
Status register. 

IN-SERVICE STATUS VECTOR REGISTER (VR) 

07 06 05 04 03 02 01 DO 

1157 1156 1155 1154 1153 1152 I IS 1 1150 I 
IF" IS" BIT IS: 0 - NOT IN-SERVICE 

1 - REQUEST IS IN..,SERVICE 8-BIT VECTOR NUMBER 
290128-64 290128-65 

4.8 Register Operational Summary 

For ease of reference, Table 4-4 gives a summary of the different operating modes and commands with their 
corresponding registers. 

Table 4-4 Register Operational Summary 

Operational Command 
Bits 

Description Words 

Fully Nested Mode OCW-Default -
Non-specific EOI Command OCW2 EOI 
Specific EOI Command OCW2 SL, EOI, 

LO-L2 
Automatic EOI Mode ICW1,ICW4 IC4,AEOI 
Rotate On Non-Specific OCW2 EOI 

EOICommand 
Rotate On Automatic OCW2 R,SL, EOI 

EOI Mode 
Set Priority Command OCW2 LO-L2 
Rotate On Specific OCW2 R,SL, EOI 

EOICommand 
Interrupt Mask Register OCW1 MO-M7 
Special Mask Mode OCW3 ESMM,SMM 
Level Triggered Mode ICW1 LTIM 
Edge Triggered Mode ICW1 LTIM 
Read Register Command, IRR OCW3 RR,RIS 
Read Register Command, ISR OCW3 RR, RIS 
Red IMR IMR MO-M7 
Poll Command OCW3 P 
Special Fully Nested Mode ICW2,ICW4 IC4, SFNM 
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5.0 PROGRAMMABLE INTERVAL 
TIMER 

5.1 Functional Description 

The 82380 contains four independently Programma
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) have specific functions. 
The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. 

Table 5-1. Programmable 
Interval Timer Functions 

Timer Output Flinction 

0 IR08 Event Based 
IR08 Generator 

1 TOUT1/REF# Gen. Purpose/DRAM 
Refresh Req. 

2 TOUTUIIR03# Gen. Purpose/Speaker 
OutIlR03# 

3 TOUT3# Gen. PurposellROO 
Generator 

DATA BUFFER 
4 

8-BIT • &: COUNTER 0 
INTERNAL BUS 

LOGIC 

COUNTER 1 

CONTROL 
GATE WORD 

REGISTER I 

COUNTER 2 

L.......,. 
CONTROL 

WORD COUNTER 3 
REGISTER II 

TIMER 0- Event .Based IR08 Generator 

Timer 0 is intended to be used as an Event Counter. 
The output of this timer will generate an Interrupt 
Re,quest 8 (IR08) upon a rising edge of the timer 
output (TOUTO). Typically, this timer is used to im
plement a time-of-day clock or system tick. The Tim
er 0 output is not available as an external signal. 

TIMER 1-General Purpose/DRAM Refresh 
Request 

The output of Timer 1, TOUT1, can be used as a 
general purpose timer or as a DRAM Refresh Re
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82380 DRAM Refresh 
Controller. Upon reset, the Refresh Request func~ 
tion is disabled, and the output pin is the Timer 1 
output. 

TIMER 2-General Purpose/Speaker OutIlR03# 

The Timer 2 output, TOUT2 #, could be used to sup
port tone generatiqn to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter
rupt Register 3 (IR03#) (see Programmable Inter
rupt Controller). 

OUT 0 

~ 

OUT1 

~ 

OUT2 

~ 

OUT3 

~ 

CLKIN 

I EDGE 1 IRo8 
'I DETECTOR 1 (INTERN AL) 

1 EDGE REFRESH I 
'I DETECTOR CONTROLLER 

REF# 

I REF' 
2-TO-1 
1 t.lUX 

-,Toun/R Toun 
o select 

EF# 

L-~EFENA 
OPEN COLLECTOR ' (INTERN 

BLE 
AL) 

- TOUT2#/ - ! 
IR03# 

TO IR03# (INTERNAL) 

1 EDGE I 'IROO 
'I DETECTOR I. (lNTERNA L) 

4 TOUT3# 

290128-66 

Figure 5-1. Block Diagram of Programmable Interval Timer 
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TIMER 3-General Purpose/Interrupt Requ~st 0 
Generator 

The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request 0 (I ROO) in the 
82380. The inverted output of this timer (TOUT3 #) 
is also available as an external signal for general 
purpose use. 

5.1.1 INTERNAL ARCHITECTURE 

The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1. Follow
ing is a description of each block. 

DATA BUFFER & READ/WRITE LOGIC 

This part of the Programmable Interval Timer is used 
to interface the four timers to the 82380 internal bus. 
The Data Buffer is for transferring commands and 
data between the 8-bit internal bus and the timers. 

GATEn 
elK n OUT n 

The Read/Write Logic accepts inputs from the inter
nal bus and generates signals to control other func
tional blocks within the timer section. 

CONTROL WORD REGISTERS I & II 

The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register " controls Timer 
3. Detailed description of the Control Word Regis
ters will be included in the Register Set Overview 
section. 

COUNTER 0, COUNTER 1, 
COUNTER 2, COUNTER 3 

Counters 0, 1, 2, and 3 are the major parts of Timers 
0, 1, 2, ·and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia
gram of one counter is shown in Figure 5-2. 

290128-67 

Figure 5-2. Internal Block Diagram of A Counter 
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The four counters share a common clock input 
(ClKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
Mode. 

Although the Control Word Register is shown in the 
Figure 5-2, it is not part of the counter itself. Its pro
grammed contents are used to control the opera
tions of the counters. 

The Status Register, when latched, contains the cur
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 

The Counting Element (CE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 

The Output latches (Ol) contain two 8-bit latches 
(OlM and Oll). Normally, these latches 'follow' the 
content of the CEo OlM contains the most signifi
cant byte of the counter and Oll contains the least 
significant byte. If the Counter latch Command is 
sent to the counter, Ol will latch the present count 
until read by the 80386 and then return to follow the 
CEo One latch at a time is enabled by.the timer's 
Control logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the Ol's that is being 
read. 

When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CEo The transferring of the contents 
from CR's to CE is defined as 'loading' of the coun
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRl (which contains the least significant byte). Simi
lar to the Ol's, the Control logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the least significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written. 

As shown in the diagram, the Control logiC consists 
of three signals: ClKIN, GATE, and OUT. ClKIN 
and GATE will be discussed in detail in the section 
that follows. OUT is the internal output of the coun
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode 
of operation of the timer. 

5.2 Interface Signals 

5.2.1 elKIN 

ClKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde
pendent of the 82380 system clock, ClK2. In the 
following discussion, each 'ClK Pulse' is defined as 
the time period between a rising edge and a falling 
edge, in that order, of ClKIN. 

During the rising edge of ClKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of ClKIN. 

5.2.2 TOUT1, TOUT2#, TOUT3# 

TOUT1, TOUT2# and TOUT3# are the external 
output signals of Timer 1, Timer 2 and Timer 3, re
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer O. 

If Timer 2 is to be used as a tone. generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 

The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2 # /IR03 #), which 
is a bidirectional open-collector Signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable, In
terrupt Controller), a lOW on this input will generate 
an Interrupt Request 3# to the 82380 Programma
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IR03# function, Timer 2 
should be programmed so that OUT2 is lOW. Addi
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 0 
(IROO) to the 82380 after the rising edge of OUT3 
(see Figure 5-1). 

5.2.3 GATE 

GATE is not an externally controllable signal. Rath
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of ClKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 

For Timer 0 and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit 0 and 
6, respectively, of an Internal Control Port (at ad
dress 61 H) of the 82380. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (lOW). 
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5.3 Modes of Operation 

Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the con
trol Word Register followed by an Initial Count (see 
Programming). 

T.he following are defined for use in describing the 
different modes of operation. 

ClK Pulse-A rising edge, then a falling edge, in 
that order of ClKIN. . 
Trigger-A rising edge of a timer's GATE input. 
Timer/Counter loading-The transfer· of a count 
from Count Register (CR) to Count Element (CE). 

5.3.1 MODE o-INTERRUPT ON TERMINAL 
COUNT 

Mode 0 is typically used for event counting. After the 
Cont~ol Word is written, OUT is initially lOW, and will 
remain lOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode 0 Control Word is written into 
the counter. 

In this mode, GATE = HIGH enables counting; 
GATE = lOW disables counting. However, GATE 
has no effect on OUT. 

After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
ClK pulse. This ClK pulse does not decrement the 
count, so. for an initial count of N, OUT does not go 
HIGH until N + 1 ClK pulses after the initial count is 
written. 

If a new count is written to the timer, it will be loaded 
on the next ClK pulse and counting will continue 

from the new count. If a two-byte count is written 
the following happens: ' 

1. Writing the first byte disables counting, OUT is set 
lOW immediately (i.e., no ClK pulse required). 

2. Writing the second byte allows the new count to 
be loaded on the next ClK pulse. 

This allows the counting sequence to be synchroniz
ed by software. Again, OUT does not go HIGH until 
N + 1 ClK pulses after the new count of N is writ
ten. 

If an initial count is written while GATE is lOW the 
counter will be loaded on the next ClK pulse. When 
GATE goes HIGH, OUT will go HIGH N ClK pulses 
later; no ClK pulse is needed to load the counter as 
this has already been done. 

5.3.2 MODE 1-GATE RETRIGGERABLE 
ONE-SHOT-

In this mode, OUT will be initially HIGH. OUT will go 
lOW on the ClK pulse following a trigger to start the 
one-shot operation. The OUT Signal will then remain 
l~W until the timer reaches zero. At this pOint, OUT 
Will stay HIGH until the next trigger comes in. Since 
the state of GATE signals of Timer 0 and 1 are inter
na"y set to HIGH. 

After writing the Control Word and initial count, the 
~imer is considered 'armed'. A trigger results in load
Ing the timer and setting OUT lOW on the next ClK 
pulse. Therefore, an initial count of N will result in a 
one-shot pulse width of N ClK cycles. Note that this 
one-shot operation is retriggerable; Le., OUT will re
main lOW for N ClK pulses after every trigger. The 
one-shot operation can be repeated without rewrit
ing the same count into the timer. 

If a new count is written to the timer during a one
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered. This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 
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NOTES: 
The following conventions apply to all mode timing diagrams. 
1. Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (lSB) only. 
2. The counter is always selected (CS always low). 
S. CW stands for "Control Word"; CW = 10 means a control word of 10, Hex is written to the counter. 
4. lSB stands for "least significant byte" of count. 
5. Numbers below diagrams are count values. 

The lower number is the least significant byte. 
The upper number is the most significant byte. Since the counter is programmed to read/write lSB only, the 
most significant byte cannot be read. 
N stands for an undefined count. 
Vertical lines show transitions between count values. 

Figure 5·3. Mode 0 
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CW-12 LSI.3r--___________ _ 

WRITE LfL.J 
CLK 

OUT =.=.J 
INININININI:I: ~lgl~~I:I: 

CW-12 LSI.3 

WRITE LJUr--------------

CLK 

GATE -------In----1n----------

\'--____ --lr 
N I N I : I: ~ : : ~ I g I 

WRITE 

CLK 

GATE -- -----In --------l rr-----
OUT =.::J 

o 
:I 

290128-69 

Figure 5·4. Mode 1 

5.3.3 MODE 2-RATE GENERATOR 

This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec
remented to 1, OUT goes lOW for one ClK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se
quel'!ce is repeated itself indefinitely. For an initial 

count of N, the sequence repeats every N ClK cy
cles. 

Similar to Mode 0, GATE = HIGH enables counting, 
where GATE = lOW disables counting. If GATE 
goes lOW during an output pulse (lOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
ClK pulse. Then, OUT will go lOW (for one ClK 
pulse) N ClK pulses after the new trigger. Thus, 
GATE can be used to synchronize the timer. 
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CW= 14 lS8=3....-___________ _ 

WRITE LrL.J 
ClK 

GATE 

OUT 

I N I N I N I N I 
CW=14 lS8=3 

WRITE Ln...J 
ClK 

GATE 

0 0 
3 2 

LJ 

0 
1 

0 
3 

o 0 
1 3 

OUT:=.:J U-
ININININI:I~I~I: ~I~I:I 

WRITE 

ClK 

GATE 

OUT =.:.J 
I H I N I N I N I : 

NOTE: 

U 
:I~I~I:I: o 

3 
290128-70 

A GATE transition should not occur one clock prior to terminal count. 

Figure 5-5. Mode 2 

After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. OUT 
goes lOW (for the ClK pulse) N ClK pulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence because the new 
count' will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 
new count but before the end of the current period, 

the timer will be loaded with the new count on the 
next ClK pulse after the trigger, and counting will 
continue with the new count. 

5.3.4 MODE 3-SQUARE WAVE GENERATOR 

Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex
pired, OUT goes low for the remainder of the count. 
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The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N ClK 
pulses. 

The GATE input can be used to synchronize the tim
er. GATE = HIGH enables counting; GATE = lOW 
disables counting. If GATE goes lOW while OUT is 
lOW, OUT is set HIGH immediately (i.e., no ClK 
pulse is required). A trigger reloads the timer with the 
initial count on the next ClK pulse. 

After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This al
lows the timer to be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim
er will be loaded with the new count on the next ClK 

cw-,. LSI •• 

pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 

There is a slight difference in operation depending 
on whether the initial count is EVEN or 000. The 
following description is to show exactly how this 
mode is implemented. 

EVEN COUNTS: 

OUT is initially HIGH. The initial count is loaded on 
one ClK pulse and is decremented by two on suc
ceeding ClK pulses. When the count expires (decre
mented to 2), OUT changes to lOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 

000 COUNTS: 

OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one ClK 

WAITE LJU---------------

eLK 

GATE -------------------

OUT 

CW_18 LSB.S WAITE LJU---------------

eLK 

GATE -------------------

OUT 

CW.,S LS ... ,...... _____________ _ 

WAITELJU 

eLK 

GATE 

OUT 

NOTE: 
A-GATE transition should not occur one clock prior to terminal count. 

Figure 5·6. Mode 3 
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pulse and is decremented by two on, succeeding 
, elK pulses. One elK pulse after the count expires 

(decremented to 2), OUT goes lOW and the timer is 
loaded with the initial count minus one again. Suc
ceeding elK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi
nitely. So for ODD counts, OUT will be HIGH for (N 
+ 1)/2 counts and lOW for (N - 1)/2 counts. 

5.3.5 MODE 4-INITIAL COUNT TRIGGERED 
STROBE 

This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 

CW.l. LSB=3 

be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
lOW for one elK pulse and then go HIGH again. 

Again, GATE = HIGH enables counting while GATE 
= lOW disables counting. GATE has no effect on 
OUT. 

After writing the Control Word and initial count, the 
timer will be loaded on the next elK pulse, This elK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe lOW until N + 1 
ClK pulses after initial count is written. 

If a new count is written during counting, it will be 
loaded in the next elK pulse and counting will con
tinue from the new count. 

WRITE ~r-------------

CLK 

BATE ------------------

OUT =::.J 
o 
3 

u 
CW.l. LSB.3 ___________ _ 

WRITE~ 

CLK 

BATE 

OUT =::.J 

WRITE 

CLK 

BATE 

OUT =::.J 
I N I N I N I N I ~ I ~ I ~ I ~ 

Figure 5-7. Mode 4 
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If a two-byte count is written, the following will 6ccur: 

1. Writing the first byte has no effect on counting. 

2. Writing the second byte allows the new count to 
be loaded on the next CLK pulse. 

OUT will strobe LOW N + 1 CLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 

5.3.6 MODE 5-GATE RETRIGGERABLE 
STROBE 

Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the GATE signal instead of 

by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 

After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 CLK pulses after a 
trigger. 

CW.1A LSB=3r--_________ _ 

WRITELJU 

CLK 

OUT :=J u 
I N I N I N I N I N I o I 0 I FF I 1 0 FF 

CW=1A LSB=3i-____________ _ 

WRITE LJU 

CLK 

GATE ---------In=lll------------

OUT =.::J Ll 
I N I N I N I N I N I N I ~. I o I 0 I FF I 1 0 FF 

WRITE 

....-_-.LSB = 5_,-________ _ 

CLK 

GATE --------1{r---------"\n-----

OUT =.:J U 
I N I N I N I N I N I ~ I ~ I ~ I ~ I ~~ I ~: I 

Figure 5-8. Mode 5 
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SUMMARY OF GATE OPERATIONS 

Mode 
GATE LOW or 

Going LOW· 

0 Disable Count 
1 No Effect 

2 1. Disable Count 
2. Sets Output HIGH 

Immediately 
3 1. Disable Count 

2. Sets Output HIGH 
Immediately 

4 Disable Count 
5 No Effect 

The counting sequence is retriggerable. Every trig
ger will result in the timer being loaded with the initial 
count on the next ClK pulse. 

If the new count is written during counting, the cur
rent counting sequence will not be affected. If a trig
ger occurs after the new count is written but before 
the current count expires, the timer· will be loaded 
with the new count on the next ClK pulse and a new 
count sequence will start from there. 

5.3.7 OPERATION COMMON TO ALL MODES 

5.3 .. 7.1 GATE 

The GATE input is always sampled on the rising 
edge of ClKIN. In Modes 0, 2, 3 and 4, the GATE 
input is level sensitive. The logic level is sampled on 
the rising edge of ClKIN. In Modes 1, 2, 3 and 5, the 
GATE input is rising edge sensitive. In these modes, 
a rising edge of GATE (trigger) sets an edge sensi
tive flip-flop in the timer. The flip-flop is reset imme
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; i.e., a HIGH logic 
level does not have to be maintained until the next 
rising edge of ClKIN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 

5.3.7.2 Counter 

New counts are loaded and counters are decre
mented on the falling edge of ClKIN. The largest 
possible initial count is o. This is equivalent ~o 2"16 
for binary counting and 10"4 for BCD counting. 

Note that the counter does not stop when it reaches 
. zero. In Modes 0, 1, 4, and 5, the counter 'wraps 

GATE Rising HIGH 

No Effect Enable Count 
1. Initiate Count No Effect 
2. Reset Output 

After Next Clock 
Initiate Count Enable.Count 

Initiate Count Enable Count 

No Effect Enable Count 
Initiate Count No Effect 

around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and con
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con
tinues counting from there. 

The minimum and maximum initial count in each 
counter depends on the mode of operation. They 
are summarized below. 

Mode Min Max 

0 1 0 
1 1 0 
2 2 0 
3 2 0 
4 1 0 
5 1 0 

5.4 Register Set Overview 

The Programmable Interval Timer module of the 
82380 contains a set· of six registers. The port ad
dress map of these registers is shown in Table 5-2. 

Table 5-2. Timer Register Port Address Map 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register (read/write) 
43H Control Word Register I 

(Counter 0, 1 & 2) (write-only) 

44H Counter 3 Register (read/write) 
45H Reserved 
46H Reserved 
47H Control Word Register II 

(Counter 3) (write-only) 
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.5.4.1 COUNTER 0, 1, 2, 3 REGISTERS 

These four 8-bit registers are functionally identical. 
They are used to write the initial count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since they are 8-bit 
registers, reading and writing of the 16-bit initial 
count must follow the count format specified in the 
Control Word Registers; i.e., least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 

5.4.2 CONTROL WORD REGISTER I & II 

There are two Control Word Registers associated 
with the Timer section. One of the two registers 
(Control Word Register I) is used to control the oper
ations of Counters 0, 1, and 2 and the other (Control 
Word Register II) is for Counter 3. The major func
tions of both Control Word Registers are listed be
low: 

- Select the timer to be programmed. 

- Define which mode the selected timer is to oper-
ate in. 

- Define the count sequence; i.e., if the selected 
timer is to count as a Binary Counter or a Binary 
Coded Decimal (BCD) Counter. 

- Select the byte access sequence during timer 
read/write operations; i.e., least significant byte 
only, most significant byte only, or least signifi
cant byte first, then most significant byte. 

Also, the Control Word Registers can be pro
grammed to perform a Counter latch Command or a 
Read Back Command which will be described later. 

5.5 Programming 

5.5.1 INITIALIZATION 

Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers are random. From this point on, how each 
timer operates is determined solely by how it is pro
grammed. Each timer must be programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82380, all timers 
should be initialized to a known state. 

Timers are programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond-

ing Count Register. In general, the programming pro
cedure is very flexible. Only two conventions need to 
be remembered: 

1. For each timer, the Control Word must be written 
before the initial count is written. 

2. The 16-bit initial count must follow the count for
mat specified in the Control Word (least signifi
cant byte only, most significant byte only, or least 
significant byte first, followed by most significant 
byte). 

Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro
priate Control Word Register, no special instruction 
sequence is required. Any programming sequence 
that follows the conventions above is acceptable. 

A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
in any way. Count sequence will be affected as de
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 

If a timer is previously programmed to read/write 
two-byte counts, the following precaution applies. A 
program must not transfer control between writing 
the first 'and second byte to another routine which 
also writes into the same timer. Otherwise, the 
read/write will result in incorrect count. 

Whenever a Control Word is written to a timer, all 
control logic for that timer(s) is immediately reset 
(i.e., no ClK pulse is required). Also, the corre
sponding output pin, TOUT(#), goes to a known ini
tial state. 

5.5.2 READ OPERATION 

Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter latch Command 
and Read Back Command. Following is a descrip
tion of these methods. 

READ COUNTER REGISTERS 

The current count of a timer can be read by perform
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the ClKIN of the timers must be inhibited by 
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using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same ClKIN signal, inhibiting ClKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter latch Com
mand or the Read Back Command be used to ~ead 
the current count of a timer. 

Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE = lOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 

COUNTER lATCH COMMAND 

A Counter latch Command will be executed when
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 

Upon execution of this command, the selected 
counter's Output latch (Ol) latches the count at the 
time the Counter latch Command is received. This 
count is held in the latch until it is read by the 80386, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the Ol returns to 'fol
lowing' the Counting Element (CE). This allows read
ing the contents of the counters 'on the fly' without 
affecting counting in progress. Multiple Counter 
latch Commands may be used to latch more than 
one counter. Each latched count is held until it is 
read. Counter latch Commands do not affect the, 
programmed mode of the timer in any way. 

If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter latch Command is ignored. The 
count read will then be the count at the time the first 
command was issued. 

In any event, the latched count must be read ac
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 

. programming operations of other timers may be per
formed between them. 

Another feature of this Counter latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro
grammed for two-byte counts, the following se
quence is valid. 

1. Read least significant byte. 

2. Write new least significant byte. 

3. Read most significant byte. 

4. Write neW most significant byte. 

If a timer is programmed to read/write two-byte 
counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 

READ BACK COMMAND 

The Read Back Command is another special Com
mand Word operation which allows the user to read 
the current count value and/or the status'of the se
lected timer(s). Like the Counter, latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 

The Read Back Command may be used to latch 
multiple counter Output latches (Ol's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter latch Commands, one for each counter to 
be latched. Each counter's latched count will be 
held until it is read by the 80386 or until the timer is 
reprogrammed. The counter is automatically un
latched when read, but other counters remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; Le., 
the count read will correspond to the very first Read 
Back Command issued. 

As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 

1. Mode of timer: 

This allows the user to check the mode of opera
tion of the timer last programmed. 

2. State of TOUT pin of the timer: 

This allows the user to monitor the counter's out
put pin via software, possibly eliminating some 
hardware from a system. 
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3. Null Count/Count available: 

The Null Count Bit in the status byte indicates if 
t~e last count written to the .Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 

If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e., the status read in will 
correspond to the first Read Back Command issued. 

Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi
ple read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 

If both. count and stat!Js of a t,imer are latched, the 
first read operation of that timer wi!1 return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 

5.6 Register Bit Definitions 

COUNTER 0, 1, 2, 3 REGISTER (READ/WRITE) 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register (read/write) 
44H Counter 3 Register (read/write) 
45H Reserved 
46H Reserved 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 ~ 
I LSB OF COUNT,BYTE 

MSB OF COUNT BYTE 
290128-74 
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Note that these a-bit registers are for writing and 
reading of one byte of the 16-bit count value, either 
the most significant or the least significant byte. 

CONTROL WORD REGISTER I & " (WRITE-ONLY) 

Port Address Description 
, , 

43H Control Word Register I 
(Counter 0, 1, 2) (write-only) 

47H Control Word Register" 
(Counter 3) (write-only) 

CONTROL WORD REGISTER I 

07 06 05 04 03, 02 

SELECT COUNTER: 
00 SELECT COUNTER a 
01 SELECT COUNTER 1 
10 SELECT COUNTER 2 
11 REAO BACK CO .... AND 

fOR COUNTER 0-2 

READ/WRITE: 
00 COUNTER LATCH CO .... AND 
01 REAO/WRITE LSB BYTE ONLY 
10 READ/WRITE .. SB BYTE ONLY 

01 DO 

0- 16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 READ/WRITE LSB, THEN .. SB BYTE 

"ODE: 
000 MODE a 
001 MODE 1 
Xl0 MODE 2 
XII MOOE 3 
100 .. ODE 4 
101 MODE 5 

290128-75 

CONTROL WORD REGISTER" 

07 06 05 D4 D3' ,02 01 ,po 

SELECT COUNTER: 
00 SELECT COUNTER 3 
01 RESERVED 
10 RESERVED 
11 READ BACK COM .. AND 

fOR COUNTER 3 

READ/WRITE: 
00 COUNTER LATCH COMMAND 
01 REAO/WRI'rE LSB BYTE ONLY 
10 READ/WRITE MSB BYTE ONLY 

0- 16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 READ/WRITE LSB, THEN MSB BYTE 

MODE: 
000 MODE 0 
001 MODE l' 
Xl0 MODE 2 
XII MODE 3 
100 MODE 4 
101 MODE 5 

290128-76 

COUNTER LATCH COMMAND FORMAT 
(Write to Control Word Register) 

D7 D6 DS D4 D3 D2 Dl DO I'yl 0 0 x x x x 

00 COUNTER 0 (OR 3) 
01 COUNTER 1 
10 COUNTER 2 
11 READ BACK COMMAND 

290128-77 
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READ BACK COMMAND FORMAT 
(Write to Control Word Register) 

07 06 05 04 

0- LATCH COUNT 
1 - DO NOT LATCH 

COUNT 

03 02 01 DO 

0- COUNTER NOT 
SELECTED 

0- LATCH STATUS 
1 - DO NOT LATCH 

STATUS 

1 - COUNTER IS 
SELECTED 

290128-78 

STATUS FORMAT 
(Returned from Read Back Command) 

07 06 05 04 03 02 01 DO 

0- COUNT AVAILABLE 
FOR READING COUNTER 

MODE 1 - NULL COUNT 

6.0 WAIT STATE GENERATOR 

6.1 Functional Description 

The 82380 contains a programmable Wait State 
Generator which can generate a pre-programmed 
number of wait states during both CPU and DMA 
initiated bus cycles. This Wait State Generator is ca
pable of generating 1 to 16 wait states in non-pipe-

290128-79 

lined mode, and 0 to 15 wait states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro
grammed number of wait states in the selected Wait 
State Register will be generated. 

The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY# signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 
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6.2 Interface Signals 

The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY #, WSCO and WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 

6.2.1 READY # 

READY # is an active LOW input signal which indi
cates to the 82380 the completion of a bus cycle. In 
the Master mode (e.g., 82380 initiated DMA trans
fer), this signal is monitored to determine whether a 
peripheral or memory needs wait states inserted in 
the current bus cycle. In the Slave mode, it is used 
(together with the ADS# signal) to trace CPU bus 
cycles to determine if the current cycle is pipelined. 

6.2.2 READYO# 

READYO# (Ready Out#) is an active LOW output 
signal and is the output of the Wait State Generator. 
The number of wait states generated' depends on 
the WSC(O-1) inputs. Note that special cases are 

handled for access to the 82380 internal regjsters 
and for the Refresh cycles. For 82380 internal regis
ter access, READYO# will be delayed to take into 
account the command recovery time of the register. 
One or more wait states will be generated in a pipe
lined cycle. During refresh, the number of wait states 
will be determi,{1ed by the preprogrammed value in 
the Refresh Wait State Register. 

In the simplest configuration, READYO# can be 
connected to the READY # input of the. 82380 and 
t~e 80386 CPU. This is, however, not always the 
case. If external circuitry is to control the READY # 
inputs as well, additional logic will be required (see 
Application Issues). 

6.2.3 WSC(O-1) 

These two Wait State Control inputs select one of 
the three pre-programmed 8-bit Wait State Registers 
which determines the number of wait states to be 
generated. The most significant half of the three 
Wait State Registers corresponds to memory ac
cesses, the least significant half to I/O accesses. 
The combination WSC(O-1) = 11 disables the Wait 
State Generator. 

INTERNAL WAIT STATE 
REQUIREMENT 

.0403 DO 

MEMORY 0 I/O 0 
WSCO 

WSCI 

1.1/10# 

REGISTER 
SELECT 
LOGIC 

MEMORY 1 I/O 1 

MEMORY 2 I/o 2 

(RESERVED) REFRESH 

PROGRAMMABLE WAIT STATE 
REGISTERS 

WAIT STATE 
COUNTER 

Figure 6-1. Walt State Generator Block Diagram 
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T1 T2 T2 T1 T2 T2 T2 

ClK2 

ClK 

A(2- 31) Jr---+---+----L,.....--..... ---I----I----J.. 
t.l/IO# 

BE(O - 3)# I'---+----+---.JI\----I----I---....I---~ 

WSC(O-l) -H:m:m$r:=~--~~:m:m~=::>+--_+---+ 
ADS# 

READY# ixm!DD:m,..-t\. __ J-~~IW--+---.n ... __ ~ 

READYO# 

.TWO WAIT STATES 
290128-81 

Figure 6-2. Walt States in Non-Plpelined Cycles 

6.3 Bus Function 

6.3.1 WAIT STATES IN NON-PIPELINED CYCLE 

The timing diagram of two typical non-pipelined cy
cles with 82380 generated wait states is shown in 
Figure 6-2. In this diagram, it is assumed that the 
internal registers of the 82380 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# inputs are sampled to 
determine which Wait State Register (if any) is se
lected. If the WSC inputs are active (Le., not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 

The WSC(0-1) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 

rising edge of the next clock (82384 ClK) after the 
last state when ADS# (Address Status) is asserted. 

The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 

1. Access the 82380 internal registers: 2 to 5 wait 
states, depending upon the specific register ad
dressed. Some back-to-back sequences to the In
terrupt Controller will require 7 wait states. 

2. Interrupt Acknowledge to the 82380: 5 wait 
states. 

3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). Note 
that if WSC(0-1) = 11, READYO # will stay inac
tive. 

4. Other bus cycles: Depending on WSC(0-1) and 
M/IO# inputs, these inputs select a Wait State 
Register in which the number of wait states will be 
equal to the pre-programmed wait state count in 
the register plus 1. The Wait State Register selec
tion is defined as follows (Table 6-1). 
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Table 6-1. Wait State Regi.ter Selection 

M/IO# WSC(1-0) RegllSter Selected 

0 00 WAIT REG 0 (1/0 half) 
0 01 ' WAIT REG 1 (1/0 half) 
0 ' 10 WAIT REG 2 (1/0 half) 
1 00 WAIT REG 0 (MEM half) 
1 01 WAIT REG ~, (MEM half) 
1 10 WAIT REG 2 (MEM half) 
X 11 WaitState'Gen. Disabled 

The Wait State Control signals, WSC(0-1 ),' can be 
generated with the address decode and the Readl 
Write control signals as shown in Figure 6-3. 

ADDRESS DECODEB-' 
lOGIC WSC (0-1) 

W/R# " 

290128-82 

FigUre 6-3. WSC(O-1) Generation 

T1p T2 T2p 

ClK2 

ClK 

A(2-31) 
M/IO# 

8E(0-3)# 

WSC(0-1) 

ADS# 

READY# 

READYO# 

ONE'WAIT STATE 

Note that during HALT and SHUTDOWN, the num
ber of wait states will depend on the WSC(0-1) in
puts, which will select the memory half of, one of the 
Wait State Registers (see CPU Reset and Shutdown 
Detect). 

6.3.2 WAIT STATES IN PIPELINED CYCLE 

The timing diagram of two typical pipelined cycles 
with 82380 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82380 internal registers are not addressed. As de
fined in the timing of the 80386 processor, the Ad
dress (A 2-31), Byte Enable (BE 0-3), and other 
control signals (M/IO#, ADS#) are asserted one 
T state earlier than in a non-pipelined cycle; i.e., they 
are asserted at T2P. Similar to the non-pipelined 
case, the Wait State Control (WSC) inputs are sam
pled in the middle of the state after the last state 
when the ADS# signal is asserted. Therefore, thEi 
WSC inputs should be asserted during the T1 P state 
of each pipelined cycle (which is one T'state earlier 
than in the non-pipelined cycle). 

T1p T2 T2 T2p 

TWO WAIT STATES 
290128-83 

Figure 6-4. Wait State In Plpellned Cycles 
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The number of wait states generated in a pipelined 
cycle is selected in a similar manner as in the non
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non.pipelined cycle. This is done automatically 
by the Wait State Generator. 

6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 

The 82380 alloWs external logic to either add wait 
states or cause early termination of a bu.s cycle by 
controlling the READY" input to the 82380 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 

The EXT. RDY # (External Ready) signal of Figure 
6-5 allows external devices to cause early termina
tion of a bus cycle. When this signal is asserted 
LOW, the output of the circuit will also go LOW 
(even though the READYO# of the 82380 may still 

be HIGH). This output is fed to the READY # input of 
the 80386 and the 82380 to indicate the completion 
of the current bus cycle. 

Similarly, the EXT. NOT READY (External Not 
Ready) signal is used to delay the READY # input of 
the processor and the 82380. As long as this Signal 
is driven HIGH, the output of the circuit will drive the 
READY # input HIGH. This will effectively extend the 
duration of a bus cycle. However, it is important to 
note that if the twp.level logic is not fast enough to 
satisfy the READY# setup-time, the OR gate should 
be eliminated. Instead, the 82380 Wait State Gener
ator can be disabled by driving both WSC(0-1) 
HIGH. In this case, the addressed memory or 1/0 
device should activate the external READY # input 
whenever it is ready to terminate the current bus 
cycle. 

Figure 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten
sion of the· bus cycles. Section 6.7, Application Is
sues, contains a detailed timing analysiS of the ex
ternal circuit. 

80386 

EXTERNAL READY# 
(EARLY TERt.lINATION) 

82380 

READY# 

READYO# 

.... ------..... --1READY# 1...-__ ..... 

290128-84 

Figure 6-5. External 'READY' Control Logic 

T1 T2 T1 T2 T2 T2 Tx 

ClK2 

ClK 

A(2-31) It---+----v---+--+--+--'"'\Ir---+ 
t.l/IO# 

8E(0": 3)# 

ADS# 

READYO# 
_ TWO WAIT STATES 

290128-85 

Figure 6-6. Early Termination of Bus Cycle By 'READY #' 
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ClK2 

ClK 
A(2-31) 

M/IO# 
BE(O- 3)# 

ADS# 

T1 T2 T2 T2 T2 , Tx 

READY# ~xx:m~:XX'i7-t--1---i""\_-+J 
READYO# 

290128-86 

Figure 6-7. Extending Bus Cycle by 'READV#' 

Due to the following implications, it should be noted 
that early termination of bus cycles in which 82380 
internal registers are accessed is not recommended. 

1. Erroneous data may be read from or written into 
the addressed register. 

2. The 82380 must be allowed to recover either be
fore HLDA (Hold Acknowledge) is asserted or be
fore another bus cycle into an 82380 internal reg
ister is initiated. 

The recovery time, in bus periods, equals the re
maining wait states that were avoided plus 4. 

6.4 Register Set Overview 

Altogether, there are four 8-bit internal registers as
sociated with the Wait State Generator. The port ad
dress map of these registers is shown below in Ta
ble 6-2. A detailed description of each follows. 

Table 6-2. Register Address Map 

Port Address Description 

72H Wait State Reg 0 (read/write) 
73H Wait State Reg 1 (read/write) 
74H Wait State Reg 2 (read/write) 
75H Ref. Wait State Reg (read/write) 

WAIT STATE REGISTER 0,1,2 

These three 8-bit read/write registers are functional
ly identical. They are used to store the pre-pro
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe
lined cycle, the actual number of wait states request
ed is equal to the \/Vait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and 0 to 15 wait states in pipelined mode. 

Note that the minimum wait state count in each reg
ister is o. This is equivalent to 0 wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 

REFRESH WAIT STATE REGISTER 

Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during the DRAM refresh cy
cle. Note that the Refresh Wait State Register is not 
selected by the WSC inputs. It will automatically be 
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chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re
fresh cycle (WSC(0-1) = 11), READYO# will stay 
inactive and the Refresh Wait State Register is ig
nored. 

6.5 Programming 

Using the Wait State Generator is relatively straight
forward. No special programming sequence is re
quired. In order to ensure the expected number of 
wait states will be generated when a register is se
lected, the registers to be used must be pro
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset, all Wait State Registers are initial
ized with the value FFH, giving the maximum num
ber of wait states possible. Also, each register can 
be read to check the wait state count previously 
stored in the register. 

6.6 Register Bit Definition 

WAIT STATE REGISTER 0,1,2 

Port Address Description 

72H Wait State Register 0 (read/write) 
73H Wait State Register 1 (read/write) 
74H Wait State Register 2 (read/write) 

I-___ --L_ I/O WAIT 
STATE COUNT 

L-___ --L_ MEI/ORY WAIT STATE COUNT 

290128-87 

REFRESH WAIT STATE REGISTER 

Port Address: 75H (Read/Write) 

I-.....I.._..I---L_ REfRESH WAIT 
STATE COUNT 

290128-88 

6.7 Application Issues 

6.7.1 EXTERNAL 'READY' CONTROL LOGIC 

As mentioned in section 6.3.3, wait state cycles gen
erated by the 82380 can be terminated early or ex
tended longer by means of additional external logic 
(see Figure 6-5). In order to ensure that the 
READY # input timing requirement of the 80386 and 
the 82380 is satisfied, special care must be taken 
when designing this external control logic. This sec
tion addresses the design requirements. 
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A simplified block diagram of the external logic along 
with the READY # tiiming diagram is shown in Figure, 
6-8. The purpose is to determine the maximum delay 
time allowed in the external control logic in order to 
satisfy the READY # setup time. 

First, it will be assumed that the 80386 is running at 
16 MHz (Le., CLK2 and 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 62.5 
nsec. According to the AC specifications of the 

82380, the maximum delay time for valid READYO# 
signal is 31 I"Is after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for . 
pip~lined cycle). Also, the minimum READY 1# setup 
time of the 80386 and the 82380 should be 20 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY # control logic to be 11 ns 
(62.5-31-21) in order to meet the READY# setup 
timing requirement. 

EXT. READY# EXT. NOT READY 

80386-16 
82380 

READY 
READY# 

I 
CONTROL READYO# 

LOGIC 

READY# 

~--------------A----------------~ 

CLK2 

READYO# __ ~ __________ ~J 

A = PHil + PHI2 = 62,5 ns 
8 = Maximum READYO# Valid Delay = 31 ns 
C = READY # Set-up Time = 21 ns 
D = Maximum Ready Control Logic Delay = A - 8 - C = 11 ns 

Figure 6-8. 'READY' Timing Consideration 
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7.0 DRAM REFRESH CONTROLLER 

7.1 Functional Description 

The 82380 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re
quest logic for DRAM refresh operations (see-Figure 
7-1). TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8-, 16-, or 32-bit wide. ' 
Depending on the Refresh Bus Size, the Refresh 
A~dress Counter will be incremented with the appro
pnate value after every refresh cycle. The internal 
logic of the 82380 will give the Refresh operation the 
highest priority in the bus control arbitration process. 
Bus control is not released and re-requested if the 
82380 is already a bus master. 

OUT1 T 
(lNT ERNAL) DRAM 

REFRESH 
CONTROLLER 

7.2 Interface Signals 

7.2.1 TOUT1/REF# 

The dual function output pin of TIMER 1 (TOUT11 
REF#) can be programmed to generate DRAM Re
fresh Signal. If this feature is enabled, the rising edge 
of TIMER 1 output (TOUT1) will trigger the DRAM 
Refresh Request logic. After some delay for gaining 
access of the bus, the 82380 DRAM Controller will 
generate a DRAM Refresh signal by driving REF # 
output LOW. This signal is cleared after the refresh 
cycle has taken place, or by a hardware reset. 

If the DRAM Refresh feature is disabled, the 
TOUT1/REF# output pin is simply the TIMER 1 out
put. Detailed information of how TIMER 1 operates 
is discussed in section 6-Programmable Interval 
Timer, and will not be repeated here. 

INTERNAL 
DMA 

DMA HAND~HAKE CONTROLLER H EDGE ~ DETECTOR 

l 
ARBITRATION 

24-BIT ~ 
ADDRESS 

LOGIC 

COUNTER 

I TO DMA 

I 
24- BIT 

CONTROLLER 

REFRESH 
(INTERNAL) 

REF8 
2-TO-l ADDRESS 1 MUX 

TOUT1 o select TOUT1/REf, 

f 
REFRESH ENABLE (INTERNAL) 

290128-90 

Figure 7·1. DRAM Refresh Controller 
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7.3 Bus Function 

7.3.1 ARBITRATION 

In order to ensure data integrity of the DRAMs, the 
82380 gives the DRAM Refresh Signal the highest 
priority in the arbitration logic. It allows DRAM Re
fresh to interrupt a DMA in progress in order to per
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 

In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by deasserting the EDACK signal. 
Once DREQn goes inactive, the 82380 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur
ing refresh. The Refresh Generator simply 'steals' a 
bus cycle between DMA accesses. 

Figure 7-2 shows the timing diagram of a Ref!esh 
Cycle. Upon expiration of TIMER 1, the 82380 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82380 see HlDA go active, 
the DRAM Refresh Cycle will be carried out by acti
vating the REF# signal as well as the refresh ad
dress and control signals on the system bus (Note 

Tx Tx TI 

CLK2 

CLK 

HOLD -+----If 

that REF # will not be active until two ClK periods 
after HlDA is asserted). The address bus will con
tain the 24-bit address currently in the Refresh Ad
dress Counter. The control signals· are driven the 
same way as in a· Memory Read cycle. Thi~ 'rea~' 
operation is complete when the READY # signal IS 
driven lOW. Then, the 82380 will relinquish the bus 
by de-asserting HOLD. Typically, a Refresh Cycle 
without wait states will take six bus states. to exe
cute. If 'n' wait states are added, the Refresh Cycle 
will last for six plus 'n' bus states. 

How often the Refresh Generation will initiate a re
fresh cycle depends on the frequenCY of ClKIN as 
well as 'TIMER1 's programmed mode of operation. 
For this specific application, TIMER1 should be pro
grammed to operate in Mode 2 or 3 to generate a 
constant clock rate. See section 6-Programmable 
Interval Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat
ed each time TIMER 1 expires (when TOUT1 chang
es to .lOW to HIGH). 

The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82380 will auto
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 

TI n T2 TI 

HLDA -+----+----r 
A(2-31) M/IO# ~~~~~XXXX~--+---1C==+===1----t BE (0-3)# W/R# ~ 

Toun 

REF# 

ADS# XExx:m~---r--i--"1.--J--i' ...... --+ 
290128-91 

Figure 7-2. 82380 Refresh Cycle 
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7.4 Modes of Operation 

7.4.1 WORD SIZE AND REFRESH ADDRESS 
COUNTER 

The 82380 supports 8-, 16- and 32-bit refresh cycle. 
The bus width during a refresh cycle is programma
ble (see Programming). The bus size can be pro
grammed via the Refresh Control Register (see Reg
ister Overview). If the DRAM bus size is 8-, 16-, or 
32-bits, the Refresh Address Counter will be incre
mented by 1, 2, or 4, respectively. 

The Refresh Address Counter is cleared by a hard
ware reset. 

7.5 Register Set Overview 

The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 

Port Address Description 

1CH Refresh Control Reg. (read/write) 
75H Ref. Wait State Reg. (read/write) 

Table 7·1. Register Address Map 

The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detail in section 7 
(Wait State Generator) and will not be repeated 
here. 

REFRESH CONTROL REGISTER 

This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 

7.6 Programming 

Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro
grammed, this timer must be initialized with the de
sired mode of operation as well as the correct re
fresh interval (see Programming Interval Timer). 

Whether or not wait states are to be generated dur
ing a refresh cycle, the Re/resh Wait State Register 
must also be programmed with the appropriate val
ue. Then, the DRAM Refresh feature must be en
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro
priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done the refresh operation will automatically be in
voked by the Refresh Generator upon expiration of 
Timer 1. 

In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1 /REF # becomes the Timer 1 output, the 
state of this pin is undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh Signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 

7.7 Register Bit Definition 

REFRESH CONTROL REGISTER 
Port Address: 1 CH (Read/Write) 

00 REF. DISABLE 
01 BUS SIZE = 32 
10 BUS SIZE= 16 
11 BUS SIZE=8 

290128-92 

8.0 RELOCATION REGISTER AND 
ADDRESS DECODE 

8.1 Relocation Register 

All the integrated peripheral devices in the 82380 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive. address 
locations (although not all the 256 locations are 
used). The 82380 provides a Relocation Register 
which allows the user to map this set of internal reg
isters into either the memory or i/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82380 as well as if the registers are to be memory
or I/O-mapped. The format of the Relocation Regis
ter is depicted in Figure 8-1. 
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07 OJ 02 01 DO 

FOR I/O MAPPED: A lS-A9 '0 -I/O MAPPED 
FOR MEMORY MAPPED: A31-A2S 1 - MEMORY 

MAPPED 

290128-62 

Figure 8·1. Relocation Register 

Note that the Relocation Register is part of the inter
nal register set of the 82380. It has a port address of 
7FH. Therefpre, any time the content of the Reloca
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82380, 
the content of the Relocation Register will be 
cleared. This implies that the 82380 will respond to 
its I/O addresses in the range of OOOOH to OOFFH. 

8.1.1 Ilo-MAPPED 82380 

As shown in the figure, Bit 0 of the Relocation Regis
ter determines whether the ,82380 registers are to be 
memqry-mapped or I/O-mapped. When Bit 0 is set 
to '0', the 82380 will respond to 1/0 Addresses. Ad
dress signals BEO#-BE3#, A2-A7 will be used to 
select one of the internal registers to be accessed., 
Bit 1 to Bit 7 of the Relocation Register will corre
spond to A9 to A 15 of the Address bus, respectively. 
Together with A8 implied to be '0', A 15 to A8 will be 
fully decoded by the', 82380. The following shows 
how the 82380 is mapped into the 1/0 address 
space. 

Example 

Relocation Register = 11001110 (OCEH) 

82380 will respond to,I/O address range from 
OCEOOH to OCEFFH. 

Therefore, this 1/0 mapping mechanism anows the 
82380 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system 1/0 
space. ' 

Port Address: 7FH (Read/Write) 

8.1.2 MEMORY·MAPPED 82380 

When Bit 0 of the Relocation Register is set to '1', 
the 82380 will respond to memory addresses. Again, 
Address signals BEO#-BE3#, A2-A7 will be. used 
to select one of the internal registers to be ac
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A25-A31, respectively. A24 is as
sumed to, be '0', and A8-A23 are ignored. Consider 
the following example. 

Example 

Relocation Register =: 10100111 (OA 7H) 

The 82380 will respond to memory addresses in 
the range of OA6XXXXOOH to OA6XXXXFFH 
(where 'X' is don't card). 

This scheme implies that the internal register can be 
located in any even, contiguous, 2· ·24 byte page of 
the memory space. 

8.2 Address Decoding 
As mentioned previously, the 82380 internal regis
ters do not occupy the entire contiguous 256 ad
dress locations. Some of the locations are 'unoccu
pied'. The 82380 always decodes the lowe~ 8 ad
dress bits (AO-A7) to determine if anyone of its 
registers ,is being accessed. If the address does not 
correspond to any of its registers, the 82380 will not 
respond. This allows external devices to be located 
within the 'holes' in the 82380 address space. Note 
that there are several unused addresses reserved 
for future Intel peripheral devices. 

9.0 CPU RESET AND SHUTDOWN 
DETECT 

The 82380 will activate the CPURST signal to reset 
the host processor when one of the following condi
tions occurs: 

- 82380 RESET is active; 

- 82380 detects a 80386 Shutdown cycle (this fea-
ture can be disabled); 

- CPURST software command is issued to 80386. 

Whenever the CPURST signal is activated, the 
82380 will reset its own internal Slave-Bus state ma
chine. 

9.1 Hardware Reset 

Following Ii hardware raset, the 82380 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active. During a hardware reset, the 82380 internal 
registers will be initialized as defined in the corre
sponding functional descriptions. 

9.2 Software Reset 
CPURST can be generated by writing the following 
bit pattern into 82380 register location 64H. 

DO 
x x x o 

x = Don't Care 
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The Write operation into tn!S port is considered as 
an 82380 access and the internal Wait State, Gener
ator will automatically determine the required num
ber of wait states. The CPURST will be active follow
ing the completion 'of the Write cycle to ,this port. 
This signal will last for 62 CLK2 periods. The 82380 
should not be accessed until the CPURST is deacti-
vated. ' 

, , 

This internal port is Write-Only and the 823aO will 
not respond to a Read operation to this location. 
Also, during a CPU software reset command, the 
82380 will reset its Slave-Bus state machine. How
ever, its internal registers remain unchanged. This 
allows the .operating system to distinguish a 'warm' 
reset by reading any 82380 internal register previ
ously programmed for an non-default value. The Di
agnostic registers can be used or this purpose (see 
Internal Control and Diagnostic Ports). 

9.3 Shutdown Detect 

The 82380 is constantly monitoring the Bus Cycle 
Definition signals (M/IO#, D/C#, R/W#) and is 
able to detect when the 80386 executes a Shutdown 
bus cycle. Upon detection of a processor shutdown, 
the 82380 '!Viii activate the CPURST output for 62 
CLK2periods to reset the host processor. This sig
nal is generated after the Shutdown cycle is termi-

. nated by the READY # signal. 

Although the 82380 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSCO, WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82380 bus cycle. 

This Shutdown Detect feature can be enabled or dis
abled by writing a control bit in the Internal Control 
Port at address 61 H (see Internal Control and Diag-

Port Address: 61H (Write Only) 

07 06 

nostic Ports). This feature is disabled upon a hard
ware reselof the 82380. As in the case of Software 
Reset, the 82380 will reset its Slave-Bus state ma
chin~ ,but will, not change any of its'internal register 
contents. 

10.0 INTERNAL CONTROL AND 
DIAGNOSTIC PORTS 

10.1 Internal Control Port 

The format of the Internal Control. Port of .the 82380 
is shown in Figure 10.1. This Control Port is used to 
enable/disable the Processor Shutdown Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82380 will not respond to a read op
eration to this port. Upon hardware reset, this port 
will be cleared; Le., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 

10.2 Diagnostic Ports 

Two 8-bit read/write Diagnostic Ports are provided 
in the 82380. These are two storage registers and 
have no effect on the operation of the 82380. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in CPU RESET AND 
SHUTDOWN DETECT section, these Diagnostic 
Ports can be used to distinguish between 'cold' and 
'warm' reset. Upon hardware reset, both Diagnostic 
Ports are cleared. The address map of these Diag
nostic Ports is shown in Figure 10-2. 

Port Address 

Diagnostic Port 1 (Read/Write) 80H 
Diagnostic Port 2 (Read/Write) 88H 

Figure 10-2. Address Map of Diagnostic Ports 

05 04 03 02 01 DO 

290126-93 

Figure 10-1. Internal Control Port 
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11.0 INTEL RESERVED 110 PORTS ticn may occur if any peripheral is assigned to the 
same address location. 

There are eleven 110 ports in the .82380 address 
space which are reserved for Intel future peripheral 12.0 MECHANICAL DATA. device use only. Their address locations are: 2AH, 
30H, 3EH, 45H, 46H, 76H, 77H, 70H, 7EH, CCH 
and COHo These addresses should not be used in 12.1 Introduction 
the system since the 82380 may respond to read/ 
write operations to these locations ilnd·bus conten- In this section, the physical package and its connec-

tions are clescribEid in detail. 

P N M L K H G r E 0 C B A 

01 .... .... .... .... .... .... , 
01 ... ... ... ... ... 

Vee Vss EOACKI BEO# BEI# A3 AS AS A9 AI2 Vee Vss Vee Vss 

02 .... .... .... 
02 ... ... ... 

Vee Vss INT EDACK2 ADS(I BE3(1 A4 A7 AIO AI3 AIS AI7 AI9 Vee 

03 
.... .... .... .... .... 

03 .... ... ... .... .... 
OREQS OREQ7 HLOA EOACKO EOPII BE21 A2 A6 All AI4 AI6 AI8 A21 Vss 

04 
.... .... 04 

OREQ3 NAI OREQ6 A20 A22 Vee 

os. .... .... .... 05 ..... ~ .... ... 
OREQI. OREQ2 DREQ4/IRQ9# A23 A24 A25 

06 .... .... 
06 ... .... 

IRQ23# IRQ22# ' OREQO A26 A27 A28 

07 
.... .... 

07 ..... ..... .... 
IRQI9# IRQ201 IRQ21N A30 .A29 A31 

08 
.... .... 

08 .... .... 
IRQI8# IRQI6N IRQI7# 015 023 03! 

09 
..... 

DB 
IRQIS# IRQI4# IRQI31 022 030 07 

10 .:.. 10 

IRQII# IRQI2# WSCI 013 os 014 

II .... II .... 
WSCO CLKIN REAOY# 028 021 D29 

12 
.... .... .... .... .... .... 

12 .... .... .... ... ... ... 
Vee RESET CPURST D/C# W/R# HOLO REAOYOI 017 010 03 027 012 os Vee 

13 
.... .... .... .... 

13 ... ... .... .... ... ... 
Vss TOUT2#/lRQ3# TOUT3# M/lD1l TOUTI/REF"# 024 016 DB 02 026 019 04 020 Vss 

14 .... .... .... .... .... .... 
14 .... ... .... .... .... ... 

Vee Vss Vee Vss DB .00 01 CLK2 025 018 011 Vee Vss Vee 

P N M L K H G r E 0 C B A 
290128-94 

Figure 12.1.82380 PGA Pinout-View from TOP side 
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12.2 Pin Assignment ,-' 

The 82380 pinout as viewed. from the top side of the 
component is shown in Figure 12.1. Its pinout as 
viewed from the pin side of the component is shown 
in Figure 12.2. 

Vee and GND connections must be made to multi· 
pie Vee and Vss (GND) pins. Each Vee and Vss 
MUST be connected to the appropriate voltage lev· 
el. The circuit board should include Vee and GND 
planes for power distribution and all Vee pins must 
be connected to the appropriate plane. 

A B C o E G H K l II . N P 

01 f" 0 o o o o o o o o o 00 o o 01 

Vss Vee Vss 'Vee A12 A9 AB AS A3 BEl # BEO# EOACKI V ss Vee 

02 0 o o o o o o o o o o o o 02 

Vee A19 A17 A15 A13 Al0 A7 A04 BEll ADS# EDACK2 INT Vss Vee 

03 0 o o o o o 
Vss A21 A18 A16 AI 04 All 

·04 0 o o 
Vee A22 A20 

,05 0 0 0 
A25 A24 A23 

06 0 0 0 
A28 A27 A26 

07 0 o o 
A31 A29 A30 

08 0 o o 
031 023 015 

09 0 
07 

10 o 
0104 

11 0 

o . 0 
030 022 

Q o 
'06 013 

o o 

o o o o o o o o 03 
A6 A2 BE2# EOP# EDACKO HlOA OREQ7 DREQ5 

IAETAL LID 

o o o 004 
DREQ6 NA# OREQ3 

o 0 0 05 
DREQ04/ OREQ2 DREQI 
lRQ9# 

o 0 0 06 
DREQO IRQ22# IRQ23# 

o o o 07 
IRQ21# IRQ20# IRQI9# 

o o o 08 
IRQI7# IRQI6# IRQI8# 

o o o 09 

IRQI3# IRQI4# IROI5# 

o o o 10 

WSCI IRQI2# IRQll # 

o a o 11 
029 021 028 L.-________________ ....... REAOY# ClKIN WSCO 

12 o o o o o o o o o o o 0 o 12 

Vee 05 012 027 03 010 017 READYO# HOLD W/R# O/CII CPURST RESET Vee 

13 0 0 0 0 0 0 o 0 0 0 0 0 0 0 13 
Vss 020 Do4 019 026 02 D9 016 0204 TOUTl/RE1'# 11/10# TOUT3# TOUT2#/1R03# vss 

104 0 o o o o o o o o o o o o o 104 

Vee Vss Vee 011 018 025 ClK2 01 DO DB 

A B C o E G H K l 

Figure 12.2. 82380 PGA Pinout-View from PIN side 
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,Table 12-1.82380 PGA Pinout-Functional Grouping 

Pin/Signal " . ".' Pin/Signal Pin/Signal . Pin/Signal 

A7 A31 A8 031 P12 Vee L14 Vss 
C7 A30 B9 030 M1'4 Vee .' A1 VS$ 
B7 A29 .4.11 029 P1 Vee P13 Vss 
A6 A28 C11 028 P2 Vee N1 Vss 
B6 A27 012 027 P14 Vee N2 Vss 
C6 A26 E13 026 . 01 Vee C1 'Vss 
A5 A25 F14 025 C14 Vee A3 Vss 
B5 A24 J13 024 B1 Vee B14 Vss 
C5 A23 B8 023 A2 Vee A13 Vss 
B4. A22 C9 022 A4 Vee N14 Vss 
B3 A21 B11 021 A12 Vee 
C4 A20 B13 020 A14 Vee P6 IRQ23# 
B2 A19 013 019 N6 IRQ22# 
C3 A18 E14 018 G14 CLK2 M7 IRQ21 # 
C2 'A17 G12 017 L12 O/C# N7 . IRQ20# 
03 A16 H13 016 K12 W/R# P7 IRQ19# 
02 A15 C8 015 L13 M!lO# P8 IRQ18# 
E3 A14 A10 014 K2 AOS# M8 IRQ17# 
E2 A13 C10 013 N4 NA# N8 IRQ16# 
E1 A12 C12 012 J12 HOLD P9 IRQ15# 
F3 A11 014 011 M3 HLOA N9 IRQ14# 
F2 ' A10 F12 010 M6 OREQO M9 IRQ13# 
F1 . A9 G13 09 P5 OREQ1 N10 IRQ12# 
G1 A8 1:<14 08 N5 OREQ2 P10 ' IRQ11 # 
G2 A7 A9 07 P4 OREQ3 M2 I INT 
G3 A6 B10 06 M5 OREQ4!1RQ9# 
H1 A5 B12 05 P3 OREQ5 N11 CLKIN 

. H2 A4 C13 04 M4 OREQ6 K13 TOUT1/REF# 
J1 A3 E12 .. 03 N3 OREQ7 N13 TOUT2# !lRQ3 # 
H3 A2 F13 02 M13 TOUT3# 
J2 BE3# H14 01 K3 EOP# M11 REAOY# 
J3 BE2# J14 00 L3 EOACKO H12 REAOYO# 
K1 BE1# M1 EOACK1 P11 WSCO 
L1 BEO# N12 RESET L2 EOACK2. M10 WSC1 

M12 CPURST 

4·262 



inter 82380 

12.3 Package Dimensions and 
Mounting 

The 82380 package is a 132-pin ceramic Pin Grid 
Array (PGA). The pins are arranged 0.100 inch (2.54 
mm) center-to-center, in a 14 x 14 matrix, three rows 
around. 

A wide variety of available sockets allow low inser
tion force or zero insertion force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Figure 12-4. 

"'" "'" "'" "'" N 
(j) r:::-

'" " It) ttl It) '" CD 0 '* ~ ~ '" '* "! 00 "l ..; cD 
.::.. e e. e. .::.. .::.. .::.. 

CIN #1 POSITION 

.@@@@@@j'@@@@@@@ 
2 @@@@@@@@@@@@@@ 
3 @@8@@@@'@@@@~@@ 
4 @@@ @@@ 
5 @@@ , @@@ 
6 @@@ I @@@ 

7 @@@ + @@@ 
8 -@@@ -- -- @@@ 

9 @@@ I @@@ 
10 @@@ @@@ 
11 @@@ @@@ 
12 @@~@@@@,@@@@ @@ 
13@ @ @ @ @@ @j@ @ @ @ @ @ @ 
14 @@@@@'@@,@@@@@@@ 

0 
~ 
00 

.::.. 
It) ... 
I': 

C D. E F' G H J K L t.t N P Ii .020 (0.508) .020 --I 
t.tIN TYP (0.508) 
.070 (1 .777) DIA 
TYP BRAZE PAD 

1------1.450 (36.802) .• 

.725 (18.401) 

.650 (16.497) 

.550 (13.959) 

.450 (11.421) 

.350 (8.883) 

.250 (6.345) 

.150 (3.807) 

.050 (1.269) 
o 

SWEDGE PIN 
STANDOF'F' 
(4) PLACES 

.057(1.269) l t t.tAX TYP 

.001 (0.025) R 
t.tIN TYP 

.018(0.47) 1.. 
DIA TYP c:::~:lI1' 

'165(4'189~1 ~ 
.110(2=U 

290128-96 

Figure 12_3. 132-Pln CeramiC PGA Package Dimensions 
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• Low insertion force (LlF) soldertail' 
55274-1 

• Amp tests indicate 50% reduction in insertion 
force compared to machined sockets 

Other socket options 
• Zero insertion force (ZIF) soldertail 
55583-1 

• Zero insertion force (ZIF) Burn-in version 
55573-2 

Amp Incorporated 
(Harrisburg, PA 17105 U.S.A. 
Phone 717-564-0100) 

82380 

290128-97 
Cam handle iOCks in low profile position when substrate is installed 
(handle UP fo~ open and DOWN for closed positions) 

Peel-A-WayTM Mylar and Kapton Peel-A.Way Carrier No. 132; 
Socket Terminal Carriers Kapton Carrier is KS132 
• Low insertion force surface mount Mylar Carrier is MS 132 

CS132-37TG Molded Plastic Body KS132 
• Low insertion force soldertail is shown below: 

CS132-01TG 

• Low insertion force wire-wrap 
CS132-02TG (two level) 
CS132-03TG (three-level) 

• Low insertion force press-fit 
CS132'()5TG 

Advanced Interconnections 
(5 Division Street 
Warwick, RI 02818 U.S.A. 
Phone 401-885-0485) 

FOOT PIUNT NO. 112 

C 
ooJl-.,OOT1P 
141 14 II 'R""*I 

290128-98 

courtesy Amp Incorporated 

IOLDER TAIL-G1 LOWPRQPlLt:-04 PR!IIF1T-OB 

r B. r ... .!!!. 

-i 
..• . ... 
~ -+ ... 

~ lIDiA. ~ ~~:a. .... ~A. ...... _ir; • 
WlREWRAP-CI2I-03 SOLDER TAIL·33 SURfACE IIOUNnNO-37 

iJ 
'Pt:!L.oAoWA,Y 

I! ... 

~ . .. .. 14 -oa 

~ 
__ JLIVIL .J.ll 

.!!::!! -eta ... 
--.l ... ILIVIL 

~..j~ IJ. . ... 
290128-99 

courtesy Advanced Interconnections 
(Peel-A-Way Terminal Carriers 
U.S. Patent No. 4442938) 

Figure 12-4. Several Socket Options for 132-pln PGA 
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• Low insertion force socket soldertail 
(for production use) 
2XX.6576-00·3308 (new style) 
2XX·6003·00·3302 (older style) 

• Zero insertion force soldertail 
(for test and burn·in use) 
2XX.s568·00·3302 

Textool Products 
Electronic Products Division/3m 
(1410 West Pioneer Drive 
Irving, Texas 75601 U.S.A. 
Phone 214-259·2678) 

• .--------.. 0 TT--------. CU , , <.D 

: : ! 1 111 

11 ii@ .. ..~ 
II "W a 
.~ .. -----l~ 
IJI-·------·· 

I 

I ' °1 1.. _______ 1 I ~ 
Ii. 
I 

290128-AO 
courtesy Textoll Products/3M 

Figure 12-4. Several Socket Options for 132-pln PGA (Continued) 

12.4 Package Thermal Specification 

The 82380 is specified for operation when case tem· 
perature is within the range of O·C - 85·C. The case 
temperature may be measured in any environment, 

to determine whether the 82380 is within the speci· 
fied operating range. 

The PGA case temperature should be measured at 
the center of the top surface OPPOSite the pins. as in 
Figure 12.5. 

, ' 

290128-A1 

Figure 12.5. Measuring 82380 PGACase Temperature 
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" 

Thermal Reslstance-°C/Watt 

, Alrflow-f3/mln (m3/sec) 

Parameter 0 50 100 200 400 600 800 
(0) (Q.25) (0.50) (1.01) (2.03) (3.04) (4.06) 

8 Junction-to-Case 2 2 2 2 2 2 2 
(case measured 
as Fig. 6.4) 

8 Case-to-Amblent 19 18 17 15 12 10 9 
(no heatsink) 

8Ja 
8 Case-to-Ambient 16 15 14 12 9 7 6 
(with omnidirectional 8J pin ('"\ 8Jc 
heatsink) 

8 Case-to-Ambient 15 14 13 11 8 6 5 I 8J cap I 
(with unidirectional 

UUlI 'UUU heatsink) 

NOTES: 290128-A2 

1. Table 6-3 applies to 80386 PGA plugged Into socket or soldered 
directly into board. 
2. (JJA = (JJC + (JCA. 
3. (JJ-CAP = 4°C/W (approx.) 

(JJ-PIN = 4°C/W (inner pins) (approx.) 
8J-PIN = 8°C/W (outer pins) (approx.) 

Figure 12-6.82380 PGA Package Typical Thermal Characteristics 

13.0 ELECTRICAL DATA 

13.1 Power and Grounding 

The large number of output buffers (address, data 
and control) can cause power surges as multiple 
output buffers drive new signal levels simultaneous
ly. The 22 VCC and Vss pins of the 82380 each feed 
separate functional units to minimize switching in
duced noise effects. All V cc pins of the 82380 must 
be connected on the circuit Doard. 

13.2 Power Decoupllng 

Liberal decoupling capacitance should be placed 
close to the 82380. The 82380 driving its 32-bit par
allel address and data buses at high frequencies can 
cause transient power surges when driving large ca- , 
pacitive loaels. Low inductance capacitors and inter-

connects are recommended for the best reliability at 
high frequencies. Low inductance capacitors are 
'available specifically for Pin Grid Array packages. 

13.3 Unused Pin Recommendations 

For reliable operation, ALWAYS connect unused in
puts to a valid logic level. As' is the case with most 
other CMOS processes, a floating input will increase 
the current consumption of the component and give 
an indeterminate state to the component. 

13.4 ICE-3S6 Support 

The 82380 specifications provide sufficient drive ca
pability to support the ICE;386. On the pins that are 
generally shared between the 80386 and the 82380, 
the additional loading represented by the ICE386 
was allowed for in the design of the 82380. 
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13.5 Ma,xlmum Ratings 

Storage Temperature .......... - 65°C to + 150°C 
Case temperature Under Bias ... -65°C to +11 QOC 
Supply Voltage with Respect 

to Vss ....................... -0.5V to + 6.5V 
Voltage on any other Pih ..... -0.5Vto Vee +0.5V 

NOTE: 
Stress above those listed above may-cause perma
nent damage to the device. This is a stress rating 

13.6 D.C. Specifications 

TeAsE = O°C to 85°C; Vee = 5V ±5%; Vss = OV. 

only and functional operation at these or any other 
conditions above those listed in the operational 
sections of this specification is not implied. 

Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. Al
though .the 82380 contains protective circuitry to re
set damage from static electric discharges, alwaYs 
take precautions against.high static voltages or elec
tric fields. 

Table 13-1. 

Symbol 

VOL 

VOH 

Parameter 

Input Low Voltage 

Input High Voltage 

CLK2 Input Low Voltage 

CLK2 Input High Voltage 

Output Low Voltage 
IOL = 4 mA: A2-A31, 

00-031, 
IOL = 5 mA: All Others 

Output High Voltage 
IOH = -1 mA: A2-A31, 

00-031 
IOH = -0.9 mA: All Others 

III Input Leakage Current for 
all ins except: 

IRQ11#':"IRQ23#, 
TOUT2/IRQ3#, EOP#, DR 

ILl1 Input Leakage Current f 
pins: IRQ11 # -IRQ23 
TOUTU/IRQ3#, 

lee 

(CAP) Capacitance (InputlIO) 

CCLK CLK2 Capacitance 

NOTES: 
1. Minimum value is not 100% tested. 
2. Sampled only. 
3. These pins have internal pullups on them. 

Min Max 

, -0.3 0.8 

2.0 Vee + 0.3 

-0.3 0.8 

Vee - 0.8 Vee + 0.3* 

-300 

±15 

300 
325 

12 

20 

Unit 

V 

V 

V 

V 
V 

j.tA 

j.tA 

j.tA 

mA 
mA 

pF 

pF 

4. Icc is specified with inputs driven to eMOS levels. Icc may be higher if driven to TTL levels. 
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Notes 

(Note 1) 

(Note 1) 

OV<VIN<Vee 

OV<VIN<Vee 
(Note 3) 

0.45 < VOUT < Vee 

CL:K2 = 32 MHz 
= 40 MHz 

(Note 4) 

fc = 1 MHz 
(Note 2) 

fc = 1 MHz 
(Note 2) 
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. 13.7 A.C. Specl~lcatlon.· 
The A.C. specifications given in the following tables 
consist of output delays and input setup r~uin~ .. 
ments. The A.C. diagram's purpose Is to illustrate 
the clock edges from which the timing parameters 
are measured. The reader should not infer any other 
timing relationships from them. For specific·lnforma
tion on timing relationships· between signals, refer to 
the appropriate functional section. . 

CLK2 [ 2V 

OUTPUTS 
(A2-A31.0/C#. 

BEOH-BE3#. AOS#. 
t.I/IO#. W /R#, 
LOCK#. HLOA) 

LEGEND: 

OUTPUTS [ 
(00-031) 

INPUTS [ 
(NA#.8S16#. 

INTR.Nt.l1) 

INPUTS 
(REAOY#.HOLO. [ 
BUSY#. ERROR#, 
PEREO.00-031) 

®-maximum output delay spec 

®-minimum output delay spec 

©-minimum input setup spec 

®--minimum input hold spec 

NOTES: 
~. Input waveforms have tr s: 2.0 ns from 0.8V to 2.0V. 

A.C. spec measurement is<d!ilf.in~d. in Fig.ure 13 .. 1 . 
Inputs must be driven to the levels shown when A.C. 
specifications are measured. 8~38Q, ·,putput. delays 
are specified with minimUm and. maximum, limits, 
which are measured as shawl'). The l1linimulT1 82380 
output delay times are hold times for external cirbuit
ry. 82380 input setup and hold ti~ are specifiE,d as 
minimums and define the smallest acceptable sam
pling window. Within the sampling window, a syn
chronous input signal must be stable for correct 
82380 operation. 

Tx 

VALID 
1.5V OUTPUT n+l 

290128-83 

2. Under rated loading (120 pF) 388 output tr, tf is typically s: 4.0 ns from 0.8V to 2.0V. 

Figure 13-1. Drive Levels and Measurement Points for A.C. Specification 
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inter 82380 

A.C. SPECIFICATION TABLES 

Functional Operating Range: Vee = 5V ±5%; TeASE = O·C to +85·C 

Table 13·2. 82380 A.C. Characteristics 

Symbol Parameter 
82380-16 82380-20 

Min Max Min Max 

Operating Frequency 4MHz 16MHz 4MHz 20 MHz 

t1 CLK2 Period 31 ns 125ns 25 ns 125 ns 

t2a CLK2 High Time 9 8 

t2b CLK2 High Time 5 5 

t3a CLK2 Low Time 9 8 

t3b CLK2 Low Time 7 6 

t4 CLK2 Fall Time B ... 'li 
t5 CLK2 Rise Time B 

" ~8~ A (2-31), BE (0-3) #, ~~ 

~ EDACK (0-2) 
t6 Valid Delay 4 36~ ~~~ t7 Float Delay 4 40 

A (2-31), BE (0-3) # O~ '~d ~ t8 Setup Time 6 ~~~ A t9 Hold Time 4 

W/R#, M/IO#, D/C#, 

f, ~T~' 
~'r 

t10 Valid Delay ~6 28 
t11 Float Delay 

~'14 ".~ ~. 4 30 
t12 Setup Time .... 6 
t13 Hold Time to. ~.O 4 

t14 ADS# Valid De~ .... ~~ ~ 33 6 28 
t15 Float Dela"!t"~~ 35 4 30 
t16 SetupTiWe 21 15 
t17 Hold Time ~' 4 4 

Slave Mode- ..,. 
0(0-31) Read 

t18 Valid Delay 3 46 4 46 
t19 Float Delay 6 35 6 29 

Slave Mode-
0(0-31) Write 

t20 Setup Time 31 29 
t21 Hold Time 26 26 
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Notes 

Half CLK2 Frequency 

at2.0V 

at (Vcc-0.8)V 

at2.0V 

atO.8V 

(Vee-0.8)V to O.BV 

0.8V to (Vec-0.8)V 

CL = 120 pF 
(Note 1) 

CL = 75 pF 
(Note 1) 

CL = 75 pF 

CL = 120 pF 
(Note 1) 
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82380 

A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vcc = 5V ±5%;'TcASE = O"C to +85·C. 

Table 13-2. 82380A.C. Cha;acterlstlcs (Continued) 

Symbol Parameter 
82380-18 82380-20 ' 

Min Max Min Max 

MasterMod~ 
D(0-31) Write 

122 Valid Delay 4 48 4 38 
123 Float Delay .. 4 35 4 27 

MasterMod~ 

D(0-31) Read 
t24 Setup Time 11 11 
125 Hold Time 6 6 

t,26 READY # Setup Time 21 12 

* 127 . Hold Time 4 4 .~ 

128 WSC (0-1) Setup 6 6 ' p~~ 129 Hold 21 21;~ 
t31 RESET Setup Time 13 .. fj' fr-t30 HoldTime , 4 <ill 

132 READYO# Valid Delay 4 3JO! ~""'1.~ 
t33 CPU Reset From CLK2 2 ~AQT I~ ~ ~6 
134 HOLD Valid Delay 5 ~4Ii ~33.A. ... ~f.; 'v 30 

135 HLDA Setup Time L~'i .(;O~ ~v 136 Hold Time 

t37a EOP# Setup Time . .as ~21 ... "'~ 17 

t38a EOP# Hold TIme .... ~ .. A"~ .0'" 4 

t37b EOP# setuPliP" ~~ ~,,~ ~ " 11 

t38b EOP# Holctfj)( ... ~ ~ ~- 11 

t39 EOP# 'falidDel6Y 5 38' 5 30 

t40 EOP# Float rll/J"T 5 40 5 32 

t41a OREQ Setup Time' 21 l 19 
t42a Hold Time '4 4 

t41b DREQ Setup Time 11 11 -. 
t42b Hold Time 11 11 

t43 INT Valid Delay 500 500 

t44 NA # Setup Time 11 10 
t45 Hold Time 15 15 
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Notes 

, GL = 120 pF 
(Note 1) 

,. 
CL = 25pF 

CL = 50 pF 

CL = 100pF 

I 

Synch. EOP 

I, 

Asynch. EOP 

<, 

" 

CL = 1QO pF ('1'->'0') 

Synchronous DREQ 

Asynchronous DREQ 

from IRQ Input 
CL = 75pF 



82380 

A.C. SPECIFICATION TABLES (Continued) 

Functional Operating Range: Vee = 5V ±5%; TeAsE = O°C to + 85°C. 

Table 13-2.82380 A.C. Characteristics (Continued) 

Symbol Parameter 
82380-16 82380-20 

Notes 
Min Max Min 

t46 ClKIN Frequency OMHz 10 MHz 

t47 ClKIN High Time 30 At 1.5V 

t48 ClKIN low Time 50 At 1.5V 

t49 ClKIN Rise Time 0.8Vto 2.0V 

t50 ClKIN Fall Time 10 2.0Vto O.8V 

t51 TOUT1 IREF # Valid 30 From ClK2, Cl = 25 pF 

,t52 TOUT1 IREF # Valid 93 From ClKIN, Cl = 120 pF 

t53 TOUTU Valid Delay 93 From ClKIN, Cl = 120 pF 
(Falling Edge Only) 

t54 TOUT2 # Float Delll.y 3 40 From ClKIN (Note 1) 

t55 TOUT3 # Valid Delay 3 93 From ClKIN, Cl = 120 pF 

NOTE: 
1. Float condition occurs when the maximum output current becomes less than ILO in magnitude. Float delay is not 
tested. For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current 
loads. 

82380 
OUTPUT~ 

~CL 
290128-M 

Figure 13-2. A.C. Test load 

290128-A5 

Figure 13-3. CLK2 Timing 
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intJ 82380 

CLK2 

I PHil I PHI2 PHil I PHI2 PHil I PHI2 

~ ~ ~ 
I-- 18 - - 19--

A(2-31). BE(0-3)# 

t- T12 - -T13--

W/R#. M/IO#. D/C# 

t-126- -127-

READY# 

t-T16- -117-

ADS# 

I-- 135- -136-

HLOA 

-124-1--125-

0(0- 31) (OMA Read) 

-120-1--121-

0(0-31) (CPU Write) 

I-- 137-1--138-

EOP# 

t- 141-1-142-

DREQ(0-7) 

1-144- -145-

NA# 

1-128 .... -129-

WSC(O-1) 

290128-A6 

Figure 13·4. Input Setup and Hold Timing 
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inter 82380 

Tx 

. 
I· PHI2 I PHI1 I PHI2 

CLK2 . 
T30 T31 

RESET . 

Tx 
PHI2 I PHI1 I PHI2 

CLK2 

CPURST 

__________ -I-,..:,t--..... T .... 33 MIN. 

i-- T33 MAX. . 

290128-A7 

Figure 13·5. Reset Timing 



inter 82380 

PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

A(2-31). 8E(0-3)# ----~-----+_1~~~::::::::::::: 

A(2-31). 8E(0-3)# ----------r-\k~7\IJ-------------
EOACK(O- 2) 

A(2-31). 8E(0-3)# :::=======:tj~~t-------------EOACK(O- 2) 

AOS# ___________ ~~~~---------------

AOS#--------------------1~~~~c:::::::::::::::::::::::::= 

AOS#::::::::::::::t:J~~~-----------------------------

HOLD 

----------------+-~ 1-----1 T34t.lax 
29012B-AB 

Figure 13-6. Address Output Delays 

Tx Tx 
PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

0(0 - 31) (CPU Read) -----------t--i~~t:::::::::::t:::::::::!::::}Z~---------

0(0-31) (Oma Write) ----------------+-~8X~c:::::::::: 

0(0-31) (Oma Write) ----------------i:=~~::r'm;;,;_-----....... -

0(0-31) (Oma Write) :::::::::::::::::1;~~~:::--------
29012B-A9 

Figure 13-7. Data Bus Output Delays 
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82380 £IP>W£OO©I! OOOIP@ImIMl£'1rO@OO 
" 

Tx Tx 

ClK2 

W/R#. IA/IO#.D/C# __________ ~""'~~-------------

W/R#. IA/IO#.D/C# ==========t:~~~-------------

W/R#. IA/IO#.D/C# ----------t-{l~~============: 

R~~O# ___________________ ~~~~~--------------------------

EOP# 

EOP# 

RU# ____________________ ~~~~~--------------------------

2901~-BO 

Figure 13-8. Control Output Delays 

ClKIN 

TOUT1 _______________ -t:+~~~2.;;_-------------------------

TOUT2# -----------------+~"" 

TOUT2# _______ ~~_I 

TOUT3# -----------------1=~~~;;;;----------------------------
T55IAox 

290128-81 

Figure 13-9. Timer Output Delays 
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Port Address (HEX) 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
00 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
1E 
20 

21 

22 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 

82380 

APPENDIX A 
Ports Listed by Address 

Descriptio" 

Read/Write OMA Channel 0 Target Address, AO-A 15 
Read/Write OMA Channel 0 Byte Count, BO-B15 
Read/Write OMA Channel 1 Target Address, AO-A 15 
Read/Write OMA Channel 1 Byte Count, BO-B15 
Read/Write OMA Channel 2 Target Address, AO-A 15 
Read/Write OMA Channel 2 Byte Count, BO-B 15 
Read/Write DMA Channel 3 Target Address, AO-A15 
Read/Write OMA Channel 3 Byte Count, BO-B15 
Read/Write OMA Channel 0-3 Status/Command I Register 
Read/Write OMA Channel 0-3 Software Request Register 
Write OMAChannel 0-3 Set-Reset Mask Register 
Write OMA Channel 0-3 Mode Register I 
Write. Clear Byte-Pointer FF 
Write OMA Master-Clear 
Write OMA Channel 0-3 Clear Mask Register 
Read/Write DMA Channel 0-3 Mask Register 
Read/Write DMA Channel 0 Target Address, A24-A31 
Read/Write OMA Channel 0 Byte Count, B16-B23 
Read/Write OMA Channel 1 Target Address, A24-A31 
Read/Write OMA Channel 1 Byte Count, B16-B23 
Read/Write DMA Channel 2 Target Address, A24-A31 
Read/Write OMA Channel 2 Byte Count, B 16-B23 
Read/Write OMA Channel 3 Target Address, A24-A31 
Read/Write OMA Channel 3 Byte Count, B16-B23 
Write OMA Channel 0-3 Bus Size Register 
Read/Write OMA Channel 0-3 Chaining Register 
Write OMA Channel 0-3 Command Register II 
Write OMA Channel 0:-3 Mode Register II 
Read/Write Refresh Control Register 
Reset Software Request Interrupt . 
Write, Bank B ICW1 ,OCW2, or OCW3 
Read Bank B Poll, Interrupt Request or In-Service 

Status Register 
Write Bank BICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 
Read Bank B ICW2 
Read/Write IR08 VQctor Register 
Read/Write IR09 Vector Register 
Reserved 
Read/Write IR011 Vector Register 
Read/Write IR012 Vector Register 
Read/Write IR013 Vector Register 
Read/Write IR014 Vector Register 
Read/Write IR015 Vector Register 
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APPENDIX A-Ports Listed by Address (Continued) 

Port Address (HEX) 

30 

31 

32 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 
40 
41 
42 
43· 
44 
45 
46 
47 
61 
64 
72 
73 
74 
75 
76 
77 
7D 
7E 
7F 
80 
81 
82 
83 
87 
88 
89 
8A· 
8B 
8F 

Description 

Write Bank A ICW1, OCW2 or OCW3 
Read Bank A Poll, Interrupt Request or In-Service 

Status· Register 
Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 
Read Bank A ICW2 
Read/Write IROO Vector Register 
Read/Write IR01 Vector Register 
Read/Write IR01.5 Vector Register 
Read/Write IR03 Vector Register 
Read/Write IR04 Vector Register 
Reserved 
Reserved 
Read/Write IR07 Vector Register 
Read/Write Counter 0 Register 
Read/Write Counter 1 Register 
Read/Write Counter 2 Register 

. Write Control Word Register I-Counter 0, 1, 2 
Read/Write Counter 3 Register 
Reserved 
Reserved 
Write Word Register II-Counter 3 
Write Internal Control Port 
Write CPU Reset Register (Data-1111 XXXOH) . 
Read/Write Wait'State Register 0 
Read/Write Wait State Register 1 
Read/Write Wait State Register 2 
Read/Write Refresh Wait State Register 
Reserved 
Reserved 
Reserved 
Reserved 
Read/Write Relocation Register 
Read/Write Internal Diagnostic Port 0 
Read/Write DMA Channel 2 Target Address, A 16-A23 
Read/Write DMA Channel 3 Target Address, A16-A23 
Read/Write DMA Channel 1 Target Address, A 16-A23 
Read/Write DMA Channel 0 Target Address, A16-A23 
Read/Write Internal Diagnostic Port 1 

. Read/Write DMA Channel 6 Target Address, A16-A23 
Read/Write DMA Channel 7 Target Address, A16-A23 
Read/Write DMA Channel 5 Target Address, A16-A23 
Read/Write DMA Channel 4 Target Address, A16-A23 
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82380 

APPENDIX A-Ports Listed by Address (Continued) 

Port Address (HEX) 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
9A 
9B 
9C 
90 
9E 
9F 
AO 

A1 

A2 
A8 
A9 
AA 
AB 
AC 
AD 
AE 
AF 
CO 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CA 
CB 
CC 
CD 
CE 
CF 

Description 

Read/Write DMA Channel 0 Requester Address, AO-A 15 
Read/Write DMA Channel 0 Requester Address, A 16-A31 
Read/Write DMA Channel 1 Requester Address, AO-A 15 
Read/Write DMA Channel 1 Requester Address, A 16-A31 
Read/Write DMA Channel 2 Requester Address, AO-A 15 
Read/Write DMA Channel 2 Requester Address, A 16-A31 
Read/Write DMA Channel 3 Requester Address, AO-A 15 
Read/Write DMA Channel 3 Requester Address, A 16-A31 
Read/Write DMA Channel 4 Requester Address, AO-A 15 
Read/Write DMA Channel 4 Requester Address, A 16-A31 
Read/Write DMA Channel 5 Requester Address, AO-A 15 
Read/Write DMA Channel 5 Requester Address, A 16-A31 
Read/Write DMA Channel 6 Requester Address, AO-A 15 
Read/Write DMA Channel 6 Requester Address, A 16-A31 
Read/Write DMA Channel 7 Requester Address, AO-A15 
Read/Write DMA Channel 7 Requester Address, A 16-A31 
Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt Request or In-Service 

Status Register 
Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt Mask Register 
Read Bank C ICW2 
Read/Write IRQ16 Vector Register 
Read/Write IRQ17 Vector Register 
Read/Write IRQ18 Vector Register 
Read/Write IRQ19 Vector Register 
Read/Write IRQ20 Vector Register 
Read/Write IRQ21 Vector Register 
Read/Write IRQ22 Vector Register 
Read/Write IRQ23 Vector Register 
Read/Write DMA Channel 4 Target Address, AO-A 15 
Read/Write DMA Channel 4 Byte Count, BO-B15 

: Read/Write DMA Channel 5 Target Address, AO-A 15 
Read/Write DMA Channel 5 Byte Count, BO-B15 
Read/Write DMA Channel 6 Target Address, AO-A 15 
Read/Write DMA Channel 6 Byte Count, 80-B15 
Read/Write DMA Channel 7 Target Address, AO-A 15 
Read/Write DMA Channel 7 8yte Count, 80-815 
Read DMA Channel 4-7 Status/Command I Register 
Read/Write DMA Channel 4-7 Software Request Register 
Write DMA Channel 4-7 Set-Reset Mask Register 
Write DMA Channel 4-7 Mode Register I 

. Reserved 
Reserved 
Write DMA Channel 4-7 Clear Mask Register 
Read/Write DMA Channel 4-7 Mask Register 
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APPENDIX A-Ports Listed by Address (Continued) 

Port Address (HEX) 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
08 

Description 

Read/Write OMA Channel 4 Target Address, A24-A31 
Read/Write OMA Channel 4 8yte Count, 816-823 
Read/Write OMA Channel 5 Target Address, A24-A31 
Read/Write OMA Channel 5 8yte Count, 816-823 
Read/Write OMA Channel 6 Target Address, A24-A31 
Read/Write OMA Channel 6 8yte Count, 816-823 
Read/Write OMA Channel 7 Target Address, A24-A31 
Read/Write OMA Channel 7 8yte Count, 816-823 
Write OMA Channel 4-7 8us Size Register 
Read/Write OMA Channel 4-7 Chaining Register 
Write OMA Channel 4-7 Command Register II 
Write OMA Channel 4-7 Mode Register II 
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intJ 

Port Address (HEX) 

OD 
OC 

08 
C8 
1A 
DA 

OB 
CB 
1B 
DB 

09 
C9 
1E 

OE 
CE 
OF 
CF 
OA 
CA 

18 
D8 

19 
D9 

00 
87 
10 
01 
11 
90 
91 
02 
83 
12 
03 
13 
92 
93 

82380 

APPENDIX B 
Ports Listed by Function 

Description 

DMA CONTROLLER 
Write DMA Master-Clear 
Write DMA Clear Byte-Pointer FF 

Read/Write DMA Channel 0-3 Status/Command I Register 
Read/Write DMA Channel 4-7 Status/Command I Register 
Write DMA Channel 0-3 Command Register II 
Write DMA Channel 4-7 Command Register II 

Write DMA Channel 0-3 Mode Register I 
Write DMA Channel 4-7 Mode Register I 
Write DMA Channel 0-3 Mode Register II 
Write DMA Channel 4-7 Mode Register II 

Read/Write DMA Channel 0-3 Software Request Register 
Read/Write DMA Channel 4-7 Software Request Register 
Reset Software Request Interrupt 

Write DMA Channel 0-3 Clear Mask Register 
Write DMA Channel 4-7 Clear Mask Register 
Read/Write DMA Channel 0-3 Mask Register 
Read/Write DMA Channel 4-7 Mask Register 
Write DMA Channel 0-3 Set-Reset Mask Register 
Write DMA Channel 4-7 Set-Reset Mask Register 

Write DMA Channel 0-3 Bus Size Register 
Write DMA Channel 4-7 Bus Size Register 

Read/Write DMA Channel 0-3 Chaining Register 
Read/Write DMA Channel 4-7 Chaining Register 

Read/Write DMA Channel 0 Target Address, AO-A 15 
Read/Write DMA Channel 0 Target Address, A16-A23 
Read/Write DMA Channel 0 Target Address, A24-A31 
Read/Write DMA Channel 0 Byte Count, BO-B15 
Read/Write DMA Channel 0 Byte Count, B16-B23 
Read/Write DMA Channel 0 Requester Address, AO-A 15 
Read/Write DMA Channel 0 Requester Address, A 16-A31 

Read/Write DMA Channel 1 Target Address, AO-A 15 
Read/Write DMA Channel 1 Target Address, A 16-A23 
Read/Write DMA Channel 1 Target Address, A24-A31 
Read/Write DMA Channel 1 Byte Count, BO-B15 
Read/Write DMA Channel 1 Byte Count, B16-B23 
Read/Write DMA Channel 1 Requester Address, AO-A 15 
Read/Write DMA Channel 1 Requester Address, A 16-A31 
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APPENDIX B-Ports Listed by Function (Continued) 

Port Address (HEX) 

04 
81 
14 
05 
15 
94 
95 

06 
82 
16 
07 
17 
96 
97 
CO 
8F 
00 
C1 
01 
98 
99 
C2 
88 
02 
C3 
03 
9A 
98 

C4 
89 
04 
C5 
05 
9C 
90 
C6 
8A 
06 
C7 
07 
9E 
9F 

Description 

DMA CONTROLLER 

Read/Write OMA Channel 2 Target Address, AO-A15 
Read/Write OMA Channel 2 Target Address, A 16-A23 
Read/Write OMA\Channel2 Target Address, A24-A31 
Read/Write OMA Channel 2 8yte Count, 80-815 
Read/Write OMA Channel 2 8yte Count, 816-823 
Read/Write OMA Channel 2 Requester Address, AO-A 15 
Read/Write OMA Channel 2 Requester Address, A16-A31 

Read/Write OMA Channel 3 Target Address, AO-A 15 
Read/Write OMA Channel 3 Target Address, A16-A23 
Read/Write OMA Channel 3 Target Address, A24-A31 
Read/Write OMA Channel 3 8yte Count, 80-815 
Read/Write OMA Channel 3 8yte Count, 816-823 
Read/Write OMA Channel 3 Requester Address, AO-A 15 
Read/Write OMA Channel 3 Requester Address, A16-A31 

Read/Write OMA Channel 4 Target Address, AO-A15 
Read/Write OMA Channel 4 Target Address, A 16-A23 
Read/Write OMA Channel 4 Target Address, A24-A31 
Read/Write OMA Channel 4 8yte Count, 80-815 
Read/Write OMA Channel 4 8yte Count, 816-823 
Read/Write OMA Channel 4 Requester Address, AO-A 15 
Read/Write OMA Channel 4 Requester Address, A16-A31 

Read/Write OMA Channel 5 Target Address, AO-A 15 
Read/Write OMA Channel 5 Target Address, A16-A23 
Read/Write OMA Channel 5 Target Address, A24-A31 
Read/Write OMA Channel 5 8yte Count, 80-815 
Read/Write OMA Channel 5 8yte Count, 816-823 
Read/Write OMA Channel 5 Requester Address, AO-A 15 
Read/Write OMA Channel 5 Requester Address, A 16-A31 

Read/Write OMA Channel 6 Target Address, AO-A 15 
Read/Write OMA Channel 6 Target Address, A 16-A23 
Read/Write OMA Channel 6 Target Address, A24-A31 
Read/Write OMA Channel 6 8yte'Count, 80-815 
Read/Write OMA Channel 6 8yte Count, 816-823 
Read/Write OMA Channel 6 Requester Address, AO-A 15 
Read/Write OMA Channel 6 Requester Address, A16-A31 

Read/Write OMA Channel 7 Target Address, AO-A 15 
Read/Write OMA Channel 7 Target Address, A16-A23 
Read/Write OMA Channel 7 Target Address, A24-A31 
Read/Write OMA Channel 7 8yte Count, 80-815 
Read/Write OMA Channel 7 8yte Count, 816-823 
Read/Write OMA Channel 7 Requester Address, AO-A 15 
Read/Write OMA Channel 7 Requester Address, A16-A31 
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APPENDIX B-Ports Listed by Function (Continued) 

Port Addres8 (HEX) 

20 

21 

22 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 

AO 

A1 

A2 
A8 
A9 
M 
AB 
AC 
AD 
AE 
AF 
30 

31 

32 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

Description 

INTERRUPT CONTROLLER 

Write Bank B ICW1, OCW2, or OCW3 
Read Bank B Poll, Interrupt Request or In-Service 

Status Register 
Write Bank B ICW2, leW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 
Read Bank B ICW2 
Read/Write IRQ8 Vector Register 
Read/Write IRQ9 Vector Register 
Reserved 
Read/Write IRQ11 Vector Register 
Read/Write IRQ12 Vector Register 
Read/Write IRQ13 Vector Register 
Read/Write IRQ14 Vector Register 
Read/Write IRQ15 Vector Register 
Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt Request or In-Service 

Status Register 
Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt Mask Register 
Read Bank C ICW2 
Read/Write IRQ16 Vector Register 
Read/Write IRQ17 Vector Register 
Read/Write IRQ18 Vector Register 
Read/Write IRQ19 Vector Register 
Read/Write IRQ20 Vector Register 
Read/Write IRQ21 Vector Register 
Read/Write IRQ22 Vector Register 
Read/Write IRQ23 Vector Register 
Write Bank A ICW1, OCW2 or OCW3 
Read Bank A Poll, Interrupt Request oor In-Service 

Status Register 
Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 
Read Bank A ICIJII2 
Read/Write IRoo Vector Register 
Read/Write IRQ1 Vector Register 
Read/Write IRQ1.5 Vector Register 
Read/Write IRQ3 Vector Register 
Read/Write IRQ4 Vector Register 
Reserved 
Reserved 
Read/Write IRQt Vector Register 
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APPENDIX B-Ports Listed by Function (Continued) 

Port Address (HEX) Description 

PROGRAMMABLE INTERVAL TIMER 

40 Read/Write Counter 0 Register 
41 Read/Write Counter 1 Register 
42 Read/Write Counter 2 Register 
43 Write Control Word Register I-Counter 0, 1, 2 
44 Read/Write Counter 3 Register 
47 Write Word Register II-Counter 3 

CPU RESET 
64 Write CPU Reset Register (Data-1111 XXXOH) 

WAIT STATE GENERATOR 

72 Read/Write Wait State Register 0 
73 Read/Write Wait State Register 1 
74 Read/Write Wait State Register 2 
75 Read/Write Refresh Wait State Register 

DRAM REFRESH CONTROLLER 

1 C Read/Write Refresh Control Register 

INTERNAL CONTROL AND DIAGNOSTIC PORTS 

61 Write Internal Control Port 
80 Read/Write Internal Diagnostic Port 0 
88 Read/Write Internal Diagnostic Port 1 

RELOCATION REGISTER 

7F Read/Write Relocation Register 

INTEL RESERVED PORTS 

2A Reserved 
3D Reserved 
3E Reserved 
45 Reserved 
46 Reserved 
76 Reserved 
77 Reserved 
70 Reserved 
7E Reserved 
CC Reserved 
CD Reserved 
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APPENDIXC 
'Pin Descriptions 

The 82380 provides all of the signals neCessary to 
interface it to an 80386 processor. It has separate 
32-bit address and data buses. It also has a set of 
control signals to support operation as a bus master 
or a bus slave. Several special function signals e)Cist 
on the 82380 for interfacing the system support pe
ripherals to their respective system counterparts. ' 
Following are the definitiQns ,of the individual pins of 
the 82380. These brief descriptions are provided as 
a reference. Each signal is further defined within the 
sections which describe the associated 82380 func-
tion. " , 

A2-A31 1/0 ,ADDRESS BUS 

This is the 32-bit address bus. The addresses are 
doubleword memory and 1/0 addresses. These are 
three-state signals which are active only during Mas
ter mode. The address lines should be connected 
directly to the 80386's local bus. ' , 

BEO# 1/0 BYTE-ENABLE 0 

BEO# active indicates that data bits DO-D7 are be
ing accessed or are valid. It is connected directly to 
the 80386's BEO#. The byte enable signals are ac
tive outputs when the 82380 is in the Master mode. 

BE1# 1/0 BYTE-ENABLE 1 

BEU active indicates that data bits D8-D15 are' 
being accessed or are valid. It is connected directly' 
to the 80386's BE1 #. The byte enable signals are 
active only when the 82380 is in the Master mode., 

BE2# 1/0 BYTE-ENABLE 2 

BE2# active indicates that data bits D15-D23 are 
being accessed or are valid. It is connected directly 
to the 80386's BE2 #. The byte enable signals are 
active only when the 82380 is in the Master mode. 

BE3# 1/0 BYTE-ENABLE 3 

BE3# active indicates that data bits D24-D31 are 
being accessed or are valid. The byte enable signals 
are active only when the 82380 is in the Master 
mode. This pin should be connected directly to the 
80386's BE3#. This pin is used for factory testing 
and must be low during reset. The 80386 drives 
BE3 # low during reset. 

DO-D31 1/0 DATA BUS 

This is the 32-bit data bus. These pins are active 
outputs during interrupt acknowledges, during Slave 
accesses, and when the 82380 is in the Master 
mode. , 

CLK2 PROCESSOR CLOCK 

. This pin must be connected to CLK2. The 82380 
monitors the phase of this clock in order to remain 
synchronized with the 80386. This clock drives all of 
the internal synchronous circuitry. 

D/C# 1/0 DATAICONTROL 

, D/C# is used to distinguish between 80386 control 
cycles and DMA or 80386 data access cycles. It is 
active as an output only in the Master mode. 

W/~# 1/0 WRITEIREAD 

W/R# is used to distinguish between write and read 
cycles. It is active as an output only in the Master 
mode. 

M/IO# 1/0 MEMORYIIO 

M/IO# is used to distinguish between memory and 
10 accesses. It is active as an output only in the 
Master mode. 

ADS#' 1/0 ADDRESS STATUS 

This signal indicates presence of a valid address on 
the address bus. It is active as output only in the 
Master mode. ADS# is active during the first T-state 
where addresses and control signals are valid. 

NA# NEXT ADDRESS 

Asserted by a peripheral or memory to begin a pipe
lined address cycle. This pin is monitored only while 
the 82380 is in the Master mode. In the Slave mode, 
pipelining is determined by the current and past 
status of the ADS# and READY # signals. 
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HOLD o HOLD REQUEST 

This is an active-high signal to· the 80386 to request 
control of the system bus. When control is granted, 
the 80386 activates the hold acknowledge signal 
(HlDA). 

HlDA HOLD ACKNOWLEDGE 

This input signal tells the DMA controller that the 
80386 has relinquished control of the system bus to 
the DMA controller. 

DREQ (0-3, 5-7) DMA REQUEST 

The DMA Request inputs monitor requests from pe
ripherals requiring DMA service. Each of the eight 
DMA channels has one DREQ input. These active
high inputs are internally synchronized and priori
tized. Upon reset, channel 0 has the highest priority 
and channel 7 the lowest. 

DREQ4/IRQ9# 
QUEST 

DMAIINTERRUPT RE-

This is the DMA request input for channel 4. It is also 
connected to the interrupt controller via interrupt re
quest 9. This internal connection is available for 
DMA channel 4 only. The interrupt input is active low 
and can be programmed as either. edge of level trig
gered. Either function cE\n be masked by the appro
priate mask register. Priorities of the DMA channel 
and the interrupt request are not related but follow 
the rules of the individual controllers. 

Note that this pin has a weak internal pull-up. This 
causes the interrupt request to be inactive, but the 
DMA request will be active if there is no external 
connection made. Most applications will require that 
either one or the other of these functions be used, 
but not both. For this reason, it is advised that DMA 
channel 4 be used for transfers where a software 
request is more appropriate (such as memory-to
memory transfers). In such an application, DREQ4 
can be masked by software, freeing IRQ9# for other 
purposes. 

EOP# I/O END OF PROCESS 

As an output, this signal indicates that the current 
Requester access is the last access of the currently 
operating DMA channel. It is activated when Termi
nal Count is reached. As an input, it Signals the DMA 
channel to terminate the current buffer and procede 
to the next buffer, if one is available. This Signal may 
be programmed as an asynchronous or synchro
nous input. 

EOP# must be connected to a pull-up resistor. This 
will prevent erroneous external requests for termina
tion of a DMA process. 

EDACK (0-2) 0 ENCODED DMA ACKNOWL
EDGE 

These signals contain the encoded acknowledge
ment of a request for DMA service by a peripheral. 
The 'binary code formed by the three signals indi
cates which channel is active. Channel 4 does not 
have a DMA acknowledge. The inactive state is indi
cated by the code 100. During a Requester access, 
EDACK presents the code for the active DMA chan
nel. During a Target access, EDACK presents the 
inactive code 100. 

IRQ (11-23)# INTERRUPT REQUEST 

These are active low interrupt request inputs. The 
inputs can be programmed to be edge or level sensi
tive. Interrupt priorities are programmable as either 
fixed or rotating. These inputs have weak internal 
pull-up resistors. Unused· interrupt request inputs 
should be tied inactive externally. 

INT o INTERRUPT OUT 

INT signals the 80386 that an interrupt request is 
pending. 

ClKIN TIMER CLOCK INPUT 

This is the clock input signal to all of the 82380's 
programmable timers. It is independent of the sys
tem clock input (ClK2). 

TOUT1/REF# 0 TIMER 1 OUTPUT/REFRESH 

This pin is software programmable as either the di
rect output of Timer 1, or as the indicator of a refresh 
cycle in progress. As REF #, this signal is active dur
ing the memory read cycle which occurs during re
fresh. 

TOUTU/IRQ3# I/O TIMER 2 OUTPUT/IN
TERRUPT REQUEST 

This is the inverted output of Timer 2. It is also con
nected directly to interrupt request 3. External hard
ware can use IRQ3# if Timer 2 is programmed as 
OUT = 0 (TOUTU = 1) 

TOUT3# o TIMER 3 OUTPUT 

This is the inverted output of Timer 3. 
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READY# READY INPUT 

This active-low input indicates to the 82380 that the 
current bus cycle is complete. READY is sampled by 
the 82380 both while it is in the Master mode, and 
while it is in the Slave mode. 

WSC (0-1) WAIT STATE CONTROL 

WSCO AND WSC1 are inputs used by the Wait-State 
Generator to determine the number of wait states 
required by the currently accessed memory or 1/0. 
The binary code on these ins, combined with the MI 
10# signal, selects an internal register in which a 
wait-state count is stored. The combination WSC = 
11 disables the wait-state generator. 

READYO# o READY OUTPUT 

This is the synchronized output of the wait-state 
generator. It is also valid during 80386 accesses to 
the 82380 in the Slave Mode when the 82380 re
quires wait states. READYO# should feed directly 
the 80386's READY # input. 

RESET RESET· 

This synchronous input serves to initialize the state 
of the 82380 and provides basis for the CPURST 
output. RESET must be held active for at least 15 
CLK2 cycles in order to guarantee the state of the 
82380. After Reset, the 82380 is in the Slave mode 
with all outputs except timers and interrupts in their 
inactive states. The state of the timers and interrupt 
controller must be initialized through software. This 
input must be active for the entire time required by 
the 80386 to guarantee proper reset. 

CPURST o CPU RESET 

CPURST provides a synchronized reset signal for 
the CPU. It is activated in the event of a software 
reset command, an 80386 shut-down detect, or a 
hardware reset via the RESET pin. The 82380 holds 
CPURST active for 62 clocks in response to either a 
software reset command or a shut-down detection. 
Otherwise CPURST reflects the RESET input. 

Vee + 5V input power 
Vss Ground 

Table C-1. Walt-State Select Inputs 

Port Walt-State Registers Select Inputs 
Address 07 04 03 DO WSC1 WSCO 

72H Memory 0 1/00 0 0 
73H Memory 1 1/01 0 1 
74H Memory 2 1/02 1 1 

DISABLED 1 1 

M/IO# 1 0 
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HIGH PERFORMANCE 
32-81T CACHE CONTROLLER 

Improves 80386 System Performance • Synchronous Dual Bus Architecture· 
- Reduces Average CPU Wai~ States to - Bus Watching Maintains Cache 

Nearly Zero Coherency 
- Zero Walt State Read Hit • Maps Full 80386 Address Space 
- Zero Walt State Posted Writes (4 Gigabytes) 
- Allows Other Masters to Access the 

System Bus More Readily • Flexible Cache Mapping Policies 

Hit Rates up to 990/0 
- Direct Mapped or 2-Way Set 

Associative Cache Organization 
Optimized as 80386 Companion - Supports Non-Cacheable Memory 
- Simple 80386 Interface Space 
- Part of 386-Based Compute Engine - Unified Cache for Code and Data 

·Inclu.dlng 80387 Numerics • Integrates Cache Directory and Cache 
Coprocessor and 82380 Integrated Management Logic 
System Peripheral 

-16 MHz and 20 MHz Operation • High Speed CHMOS III Technology 

SoftWare Transparent • 132-Pln PGA Package 

The 82385 Cache Controller is a high performance 32-bit peripheral for Intel's 80386 Microprocessor. It stores 
a copy of frequently accessed code and data from main memory in a zero wait state local cache memory. The 
82385 enables the 80386 to run at its full potential by reducing the average number of CPU wait states to 
nearly zero. The dual bus architecture of the 82385 allows other ma~ters to access system resources while the 
80386 operates locally out of .its cache. in this situation, the 82385's "bus watching" mechanism preserves 
cache coherency by monitoring the system bus address lines at no cost to system or local throughput. 

The 82385 is completely software transparent, protecting the integrity of system software. High performance 
and board savings are achieved because the 82385 integrates a cache. directory and all cache management 
logic on one chip. . 
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1.0 82385 FUNCTIONAL OVERVIEW 

The 82385 Cache Controller is.a hjgh performance 
32·bit peripheral for Intel's 80386 microprocessor. 
This chapter provides an overview of the 82385, and 
of the basic architecture and operation of an 803861 
82385 system. . 

1.1 82385 OVERVIEW 

The main function of a cache memory system is to 
provide fast local storage for frequently accessed 
code and data. The cache system intercepts ,80386 
memory references to see if _he required data re
sides in the cache. If the data resides in the.cache (a 
hit), it is returned to the 80386 without incurring wait 
states. If the data is not cached (a miss), the refer
ence is forWarded to the system and the data re
trieved from main memory: An efficient cache will 
yield a high "hit rate" (the ratio of cache hits to total 
80386 accesses), such that the majority of accesses 
are serviced with zero wait states. The net effect is 
that the wait states incurred in a relatively infrequent 
miss are averaged over a large number of acces~es, 
resulting in an average of nearly zero wait states per 
access .. Sinc.e cache hits are serviced locally, a 
processor operating. out of its local cache has a 
much lower "bus utilization" which reduces system 
bus bandwidth requirements, rJ,aking more band-
width available to other bus masters. . 

The 82385 Cache Controller integrates a 'cache di
rectory and all cache management logic required to 
support an external 32 Kbyte cache. The ca~he di-

80386 

rectory structure is such that the entire physical ad
dress range' of the 80386 (4 Gigabytes) is mapped 
into the cache. Provision is made to allow areas of 
memory to be set aside a non-cacheable. The user 
has two cache organization options: direct mapped 
and 2-way set associative. Both provide the high hit 
rates necessary to make a large, relatively slow 
main memory array look like a fast, zero wait state 
memory to the 80386. 

A good hit rate is an essential ingredient of a suc
cessful cache implementation. Hit rate is the mea· 
sure of how efficient a cache is in maintaining a copy 
of the most frequently requested code arid data. 
However, efficiency is not the only factor for per
formance consideration. Just as essential are sound 
cache management policies. These policies refer to 
the handling of 80386 writes, preservation of cache 
coherency, and ease of system design. The 82385's 
"posted write" capability allows the majority of 
80386 writes, including non-cache~ble and 110 
writes, to run with zero wait states, and the 82385's 
"bus watching" mechanism preserves cach~ .coher
ency with no impact on system performance. Physi
cally, the 82385 ties directly to the 80386 with. virtu· 
ally no external logic. 

1.2 SYSTEM OVERVIEW I: BUS 
STRUCTURE 

A good grasp of the bus structure of an 803861 
82385 system is essential in understanding both the 
82385 and its role in an 80386 system. The following 
is a description of this structure. 

I 
80386 

LOCAL BUS 

,.........-..... ~ 

SYSTEM BUS 

SYSTEM 
MEMORY SYSTEM I/O I 

Figure 1-1.80386 System Bus Structure 
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1.2.1 80386 Local Bus/82385 Local 
Bus/System Bus 

Figure 1-1 depicts the bus structure of a typical 
80386 system. The "80386 Local Bus" consists of 
the physical 80386 address, data, and control bus
ses. The local address and data busses are buffered 
and/or latched to become the "system" address 
and data busses. The local control bus is decoded 
by bus control logic to generate the various system 
bus read and write commands. 

The addition of an 82385 Cache Controller causes a 
separation of the 80386 bus into two distinct busses: 
the actual 80386 local bus and the "82385 Local 
Bus" (Figure 1-2). The 82385 local bus is designed 
to look like the front end of an 80386 by providing 
82385 local bus equivalents to all appropriate 80386 
Signals. The system ties to this "80386-like" front 
end just as it would to an actual 80386. The 80386 
simply sees a fast system bus, and the system sees 
an 80386 front end with low bus bandwidth require
ments. The cache subsystem is transparent to both. 
Note that the 82385 local bus is not simply a buff
ered version of the 80386 bus, but rather is distinct 
from, and able to operate in parallel with the 80386 
bus. Other masters residing on either the 82385 lo
cal bus or system bus are free to manage system 
resources while the 80386 operates out of its cache. 

1.2.2 Bus Arbitration 

The 82385 presents the "80386-like" interface 
which is called the 82385 local bus. Whereas the 
80386 provides a Hold Request/Hold Acknowledge 
bus arbitration mechanism via its HOLD and HLDA 
pins, the 82385 provides an equivalent mechanism 
via its BHOLD and BHLDA pins. (These signals are 
described in section 3.7.) When another master re
quests the 82385 local bus, it issues the request to 
the 82385 via BHOLD. Typically, at the end of the' 
current 82385 local bus cycle, the 82385 will release 
the 82385 local bus and acknowledge the request 
via BHLDA. The 80386 is of course free to continue 
operating on the 80386 local bus while another mas
ter owns the 82385 local bus. 

1.2.3 Master/Slave Operation 

The above 82385 local bus arbitration discussion is 
strictly true only when the 82385 is programmed for 
"Master" mode operation. The user can, however, 
configure the 82385 for "Slave'.' mode operation. 
(Programming is done via a hardware strap option.) 
The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode; BHOLD is now an output indi
cating a request to control the bus, and BHLDA is an 
input indicating that a request has been granted. An 
82385 programmed in slave mode drives the 82385 
local bus only when it has requested and subse
quently been granted bus control. This allows multi
ple 80386/82385 subsystems to reside on the same 
82385 local bus (Figure 1-3). 

1 
80386 

LOCAL BUS 

~ 
82385 

LOCAL BUS 

J 
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Figure 1-2.,80386/82385 System Bus Structure 
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Figure 1-3. Multl-Master/Multl-Cache Environment 

1.2.4 Cache Coherency 

Ideally, a cache contains a copy of the most heavily 
used portions of main memory. To maintain cache 
"coherency" is to make sure that this local copy is 
identical to main memory. In a system where multi
ple masters can access the same memory, there is 
always a risk that one master will alter the contents 
of a memory location that is duplicated in the local 
cache of another master. (The cache is said to con
tain "stale" data.) One rather restrictive solution is to 
not allow cache subsystems to cache shared memo
ry. Another simple solution is to flush the cache any
time another master writes to system memory. How
ever, this can seriously degrade system perform
ance as excessive cache flushing will reduce the hit 

SNOOP BUS -_ --' 
-SYSTEM ADDRESS BUS 
-WRITE CYCLE INDICATOR 

rate of what may otherWise be a highly efficient 
cache. 

The 82385 preserves cache coherency via "bus 
watching" (also called snooping), a technique that 
neither impacts performance nor restricts memory 
mapping. An 82385 that is not currently bus master 
monitors system bus cycles, and when a write cycle 
by another master is detected (a snoop), the system 
address is sampled and used to see if the refer
enced location is duplicated in the cache. If so (a 
snoop hit), the corresponding cache entry is invali
dated, which will force the 80386 to fetch the up-to
date data from main memory the next time it access
es this modified location. Figure 1-4 depicts the gen
eral form of bus watching. 

.. -... --.. }~5~~ BUS 

290143-5 

Figure 1-4.82385 Bus Watching-Monitor System Bus Write Cycles 
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1.3 SYSTEM OVERVIEW II: BASIC 
OPERATION 

This discussion is an overview of the basic operation 
of an 80386/82385' system. Items discussed include 
the 82385's response to all 80386 cycles, including 
interrupt acknowledges, halts, and shutdowns. Also 
discussed are non-ca.cheable and local accesses. 

1.3.1 80386 Memory Code and Data 
Read Cycles 

1.3.1.1 READ HITS 

When the 80386 initiates a memory code or data 
read cycle, the 82385 compares the high order bits 
of the 80386 address bus with the appropriate ad
dresses (tags) stored in its on-chip directory. (The 
directory structure is described in chapter 2.) If the 
82385 determines that the requested data is in the 
cache, it'issues the appropriate control signals that 
direct the cache to drive the requested data onto the 
80386 data bus, where it is read by the 80386. The 
82385 terminates the 80386 cycle without inserting 
any, wait states. 

1.3.1.2 READ MISSES 

If the 82385 determines that the requested data is 
not in the cache, the request is forwarded to the 
82385 local bus and the data retrieved from main 
memory. As the data returns from main memory, it is 
directed to the 80386 and also written into the 
cache. Concurrently, the 82385 updates the cache 
directory such that the next time this particular piece 
of information is requested by the 80386, the 82385 
will find it in the cache and return it with zero wait 
states. 

The basic unit of transfer between main memory and 
cache memory in a cache subsystem is called the 
line size. In an 82385 system, the line size is one 32-
bit aligned doubleword. During a read miss, all four 
82385 local bus byte enables are active. This en
sures that a full 32-bit entry is written into the cache. 
(The 80386 simply ignores what it did not request.) 
In any other type of 80386 cycle that is forwarded to 
the 82385 local bus, the logic levels of the 80386 
byte enables are duplicated on the 82385 local bus. 

The 82385 does not actively fetch main memory 
data independently of the 80386. The 82385 is es
sentially a passive device which only monitors the 
address bus and activates control Signals. The read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. 
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In an isolated read miss, the number of wait states 
seen by the 80386 is that required by the, system 
memory to respond with data plus the cache com
parison cycle (hit/miss decision). The cache system 
must determine that the cycle is a miss before it can 
begin, the system memory access. However, since 
misses most often occur consecutively, the 82385 
will begin 80386 address pipelined cycles to effec
tively "hide" the comparison cycle beyond the first 
miss (refer to section 4.1.3). 

The 82385 can execute a main memory access on 
the 82385 local bus only if it currently owns the bus. 
If not, 'an 82385 in master mode will run the cycle 
after the current master releases the bus. An 82385 
in slave mode will issue a hold request, and will run 
the cycle as soon as the request is acknowledged. 
(This is true for any read or write cycle that needs to 
run on the 82385 local bus.) 

1.3.2 80386 Memory Write Cycles 
The 82,385's "posted write" capability allows the 
majority of 80386 memory write cycles to rUr) with 
zero wait states. The primary memory update policy 
implemented in a posted write is the traditional 
cache ''write through" technique, which implies that 
main memory is always updated in any memory write 
cycle. If the referenced location also happens to re
side in the cache (a write hit), the cache is updated 
as~~ . 

Beyond this, a posted write latches the 80386 ad
dress, data, and cycle definition Signals, and the 
80386 local bus cycle is terminated without any wait 
states, even though the corresponding 82385 local 
bus cycle is not yet completed, or perhaps not even 
started. A. posted write is possible because the 
82385's bus state machine, which is almost identical 
to the 80386 bus state machine, is able to run 82385 
local bus cycles independehtly of the 80386. The 
only time the 80386 sees wait states in a write cycle 
is when a previously latched write has not-yet been 
completed on the 82385 local bus. An 80386 write 
can be posted even if the 82385 does not currently 
own the 82385 local bus. In this case, an 82385 in 
master mode will run the cycle as soon as the cur
rent master releases the bus, and an 82385 in slave 
mode will request the bus and run the cycle when 
the request is acknowledged. The 80386 is free to 
continue operating out of its cache (on the 80386 
local bus) during this time. 

1.3.3 Non-Cacheable Cycles 

Non-cacheable cycles fall into one of two catego
ries: cycles decoded as non-cacheable, and cycles 
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that are by default non.cacheable' according to the 
82385!s design., All non-cacheable cycles are for
warded to the 82385 local bus. Non-cacheable cy
cles have nO effect on the cache or cache directory. 

" ' 

The 82385 allows the system designer to define ar
eas of main memory as non-cacheable. The 80386 
address, bus is decoded and the decode 'output is 
connected to the 82385'8 .,non-cacheable access 
(NCA #) input. This decoding is done in the first 
80386 bus state in which the non-cacheable cycle 
address becomes available. Non-cacheable read, cy
cles resemble cacheable read miss cycles, except 
that the cache and cache directory are unaffected. 
Non-cacheable writes, like all writes, are posted. ' 

The 82385 defines certain cycles as non-cacheable 
without using its non..cacheable' access input. These 
include 110 cycles, interrupt ,acknowledge cycles, 
and halt/shutdown cycles. 110 reads and interrupt 
acknowledge' cycles execute as any other non
cacheable read. 110 write cycles and Halt/Shut
down cycles, as with other non-cacheable writes, 
are posted. During a halt/shutdown cbndition, the 
82385 local bus' duplicates the behavior of the 
80386, including the ability to recognize and respond 
to a BHOLD request. (The 82385's bus watching 
mechanism is function,!'!1 in this condition.) 

1.3.3.1 16-BIT MEMORY SPACE 

The 82385 does not cache 16-bit memory space (as 
decoded by the 80386 BS16# input), but does 
make provisions ,to handle 16-bit space as non
cacheable. (Tl;lere is no 82385 equivalent to the 
80386 BS16# input,) In a system without an 82385, 
the 80386 BS16# input need not be asserted until 
the last state of a 16-bit cycle for the 80386 ~o rec
ognize it as such (unless NA'# is sampled active ear
lier in the cycle.) The 82385, however, neecs this 
information earlier, specifically at the end of the first 
80386 bus state in which the address of the 16-bit 
cyCle becomes available. The resllit is that in a sys
tem without an 82385, 16-bit deviCeS can inform the 
80386 that they are 16-bit'devices "on the fly," 

while ina system with, an 82385, devices,decoded 
as 16-bit (using' the 80386 BS16#) must be, located 
in address space set aside for 16-bit devices.' If 1~
bitspa~ is decod!3d according '0 82385 ,guidelines 
(as described later ,in the data sheet), then the 
82385 will handle, 16-bit cycles just like the 80386 
does, Including effectively locking the two halves of 
a ",on-aligned 16-bit transfer from interruption by ~~ 
other master. 

1.3.4 80386 Local Bus Cycles 

80386 Local Bus Cycles are accesses to resources 
on the 80386 local bus rather than to the 82385 it· 
self. The 82385 simply ignores these accesses: they 
are neither forwarded to the system nor do they af
fect the cache. The designer sets aside memory 
andlor 110 space for ' local resources by decoding 
the 80386, address bus and feeding the decode to 
the 82385's local bus access (LBA#) input. The de
signer can also decode the 80386 cycle definition 
signals to keep specific 80386 cycles from being for
warded to the system. For' example, a multi-proces
sOr design may wish to capture and remedy an 
80386 shutdown locally without having it detected 
by the rest of the system. Note that in such a deSign, 
the local shutdown cycle must be terminated by lo
cal bus control logic. The 80387 Numerics Coproc
essor is considered an 80386 local bus resource, 
but it need not be de~ded as such, by the user since 
the 82385, is able to internally recognize 80387 a~
cesses, via the MIIO# and A31 pins. 

1.3.5 Summary of 82385 Response to 
All 80386 Cycles 

,T8ble 1-1 summarizes the 8?385 response to filII 
80386 bus cycles, as conditioned by whether or not 
the cycle is decoded as local or non-cacheable. The 
table describes the impact of each cycle on the 
cactie and on the cache directory, and whether or 
not the cycle is forwarded to the 82385 local bus. 
Whenever the 82385 local bus is marked ':IDLE", it 
implies that this bus !s available'to other masters., 

,,' 
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Table 1-1.82385 Response to 80386 Cycles 

M/IO# 

0 

0 

0 

0 

1 

1 

1 

1 

NOTES: 

80386 Bus Cycle 
Definition 

D/C# W/R# 
80386 
Cycle 

0 0 INTACK 

0 1 UNDEFINED 

1 0 1/0 READ 

1 1 1/0 WRITE 

MEMCODE 
0 0 

READ 

0 1 
HALTI 

SHUTDOWN 

MEMDATA 
1 0 

. READ 
.. 

MEMDATA 
1 1 

WRITE 

Cache 

N/A -
N/A 

N/A -
N/A -

HIT 
CACHE 
READ 

MISS 
CACHE 
WRITE 

N/A -

HIT 
CACHE 
READ 

MISS 
CACHE 
WRITE 

HIT 
CACHE 
WRITE 

MISS -

82385 Response 
when Decoded 
as eacheable 

eache 82385 
Directory Local Bus 

- INTACK 

UNDEFINED 

- 1/0 READ 

- 1/0 WRITE 

- IDLE 

DATA MEMCODE 
VALIDATION READ 

HALTI - SHUTDOWN 

- IDLE 

DATA MEMDATA 
VALIDATION READ 

MEMDATA - WRITE 

MEMDATA -
WRITE 

eache 

-

-
-

-

-

-

-

82385 Response 
when Decoded 

as Non-Cacheable 

eache 82385 
Directory Local Bus 

- INTACK 

UNDEFINED 

- 1/0 READ 

- 1/0 WRITE 

MEM 
- CODE 

READ 

HALTI -
SHUTDOWN 

MEM 
- DATA 

READ 

MEM 
- DATA 

WRITE 

• A dash (-) indicates that the cache and cache directory are unaffected. This table does not reflect how an access affects the LRU bit 
• An "IDLE" 82385 Local Bus implies that this bus is available to other masters. 
• The 82385's response to 80387 accesses is the same as when decoded as an 803.86 Local. Bus access. 
• The only other operations that affect the cache directory are: 

1. RESET or Cache Flush-all tag valid bits cleared. 
2. Snoop Hit---corresponding line valid bit cleared. 
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1.3.6 Bus Watching 

As previously discussed, the 82385 "qualifies" an 
80386 bus cycle in the first bus state in which the 
address and cycle definition signals of the cycle be
come available. The cycle is qualified as read or 
write, cacheable or non-cacheable, etc. Cacheable 
cycles are further classified as hit or miss according 
to the results of the cache comparison, which ac
cesses the 82385 directory and compares the ap
propriate directory location (tag) to the current 
80386 address. If the cycle turns out to be non
cacheable or a 80386 local bus access, the hit/miss 
decision is ignored. The cycle qualification requires 
one 80386 state. Since the fastest 80386 access is 
two states, the second state can be used for bus 
watching. 

When the 82385 does not own the system bus, it 
monitors system bus cycles. If another master writes 
into main memory, the 82385 latches the system ad-

• dress and executes a cache look-up to see if the 
altered main memory location resides in the cache. 
If so (a snoop hit), the cache entry is marked invalid 
in the cache directory. Since the directory is at most 
only being used every other state to qualify 80386 
accesses, snoop look-ups are interleaved between 
80386 local bus look-ups. The cache directory is 
time multiplexed between the 80386 address and 
the latched system address. The result is that all 
snoops are caught and serviced without slowing 
down the 80386, even when running zero wait state 
hits on the 80386 local bus. 

1.3.7 Cache Flush 

The 82385 offers a cache flush input. When 'activat
ed, this signal causes the 82385 to invalidate all 
data which had previously been cached. Specifically, 

INTERNAL EXTERNAL 
CACHE DIRECTORY DATA CACHE 

all . tag valid bits are cleared. (Refer to the 82385 
directory structure in chapter 2.) Therefore, the 
cache is effectively empty and subsequent cycles 
are misses until the 80386 begins repeating the new 
accesses (hits). The primary use of the FLUSH input 
is for diagnostics and multi-processor support. 

NOTE: 
The use of this pin as a coherency mechanism may 
impact software transparency. 

2.0 82385 CACHE ORGANIZATION 

The 82385 supports two cache organizations: a sim
ple direct mapped organization and a slightly more 
complex, higher performance two way set associa
tive organization. The choice is made by strapping 
an 82385 input (2W/O#) either high or low. This 
chapter describes the structure and operation of 
both organizations. 

2.1 DIRECT MAPPED CACHE 

2.1.1 Direct Mapped Cache Structure 
and Terminology 

Figure 2-1 depicts the relationship between the 
82385's internal cache directory, the external cache 
memory, and the 80386's 4 Gigabyte physical ad
dress space. The 4 Gigabytes can conceptually be 
thought of as cache "pages" each being 8K double
words (32 Kbytes) deep. The page size matches the 
cache size. The cache can be further divided into 
1024 (0 thru 1023) sets of eight doublewords (8 x 32 
bits). Each 32-bit doubleword is called a "line." The 
unit of transfer between the main memory and 
cache is one line. 

t;;;=~ PAGE SIZE 
=32KB 

(SK DOUBLE 
WORDS) 

... GIGABYTES MAIN MEMORY 

290143-6 

Figure 2-1. Direct Mapped Cache Organization 
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Each block in the external cache has an associated 
26-bit entry in the 82385's internal cache directory. 
This entry has three components: a 17-bit "tag," a 
"tag valid" bit, and eight "line valid" bits. The tag 
acts as a main memory page number (17 tag bits 
support 217 pages). For example, if line 9 of page 2 
currently resides in the cache, then a binary 2 is 
stored in the Set 1 tag field. (For any 82385 direct 
mapped cache page in main memory, Set 0 consists 
of lines 0-7, Set 1 consists of lines 8-15, etc. Line 9 
is shaded in Figure 2-1.) An important characteristic 
of a direct mapped cache is that line 9 of any page 
can only reside in line 9 of the cache. All identical 
page offsets map to a single cache location. 

The data in a cache set is considered valid or invalid 
depending on the status of its tag valid bit. If clear, 
the entire set is considered invalid. If true, an individ
ual line within the set is considered valid or invalid 
depending on the status of its line valid bit. 

The 82385 sees the 80386 address bus (A2-A31) 
as partitioned into three fields: a 17 -bit "tag" field 
(A15-A31), a 10-bit "set-address" field (A5-A14), 
and a 3-bit "line select" field (A2-A4). (See Figure 
2-2.) The lower 13 address bits (A2-A14) also serve 
as the "cache address" which directly selects one 
of 8K doublewords in the external cache. 

2.1.2 Direct Mapped Cache Operation 

The following is a description of the interaction be
tween the 80386, cache, and cache directory. 

2.1.2.1 READ HITS 

When the 80386 initiates a memory read cycle, the 
82385 uses the 10-bit set address to select one of 

1024 directory entries, and the 3-bit line select field 
to select one of eight line valid bits within the entry. 
The 13-bit cache address selects the corresponding 
doubleword in the cache. The 82365 compares the 
17-bit tag field (A15-A31 of the 80386 access) with 
the tag stored in the selected directory entry. If the 
tag and upper address bits match, and if both the 
tag and appropriate line valid bits are set, the result 
is a hit, and the 82385 directs the cache to drive the 
selected doubleword onto the 80386 data bus. A 
read hit'does not alter the contents of the cache or 
directory. 

2.1.2.2 READ MISSES 

A read miss can occur in two ways. The first is 
known as a "line" miss, and occurs when the tag 
and upper address bits match and the tag valid bit is 
set, but the line valid bit is clear. The second is 
called a "tag" miss, and occurs when either the tag 
and upper address bits do not match, or the tag valid 
bit is clear. (The line valid bit is a "don't care" in a 
tag ~iss.) In both cases, the 82365 forwards the 
80386 reference to the system, and as the returning 
data is fed to the 80386, it is written into the cache 
and validated in the cache directory. . 

In a line miss, the incoming data is validated simply 
by setting the previously clear line valid bit. In a tag 
miss, the upper address bits overwrite the previously 
stored tag, the tag valid bit is set, the appropriate 
line valid bit is set, and the other seven line valid bits 
are cleared. Subsequent tag hits with line misses will 
only set the appropriate line valid bit. (Any data as
sociated with the previous tag is no longer consid
ered resident in the cache.) 

CACHE ADDRESS r (1 OF 8K DOUBLE WORDS) 'I 
A31 A15 A14 A5 A4 A2 

~IIIIIIIIIIIIIIIIIIIIIIII 

17-BIT TAG ~ SET ADDRESS ~ LINE) 
(1 OF 217 PAGES (1 OF 1024 SETS) SELECT 

(1 OF 8 LINES) 

290143-7 

Figure 2·2. 80386 Address Bus Bit Fields-Direct Mapped Organization 
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2.1.2.3 OTHER OPERATIONS THAT AFFECT 
THE CACHE AND CACHE DIRECTORY' 

The other operations that affect the cache and/or 
directory are write hits, snoop hits, cache flushes, 
and 82385 resets. In a write hit, the cache is updat
ed along with main memory, but the directory is un
affected. In a snoop hit, the cache is unaffected, but 
the affected line is invalidated by clearing its line 
valid bit in the directory. Both an 82385 reset and 
cache flush clear all tag valid bits. 

When an 80386/82385 system "wakes up" upon re
set, all tag valid bits are clear. At this point, a read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. Assume an early 80386 code ac
cess seeks (for the first time) line 9 of page 2. Since 
the tag valid bit is clear, the access is a tag miss, 
and the data is fetched from main memory. Upon 
return, the data is fed to the 80386 and simulta
neously written into line 9 of the cache. The set di
rectory entry is updated to show this line as valid. 
Specifically, the tag and appropriate line valid bits 
are set, the remaining seven line valid bits cleared, 
and a binary 2 written into the tag. Since code is 
sequential in nature, the 80386 will likely next want 
line 10 of page 2, then line 11, and so on. If the 
80386 sequentially fetches the next six fines, these 
fetches will be line misses, and as each is fetched 
from main memory and written into the cache, its 
corresponding line valid bit is set. This is the basic 

flow of events that fills the cache with valid data. 
Only after a piece of data has been copied into the 
cache and validated can it be accessed in a zero 
wait state read hit. Also, a cache: entry must have 
been validated before it can be subsequently altered 
by a write hit, or invalidated by a snoop hit. 

An extreme example of "thrashing" is if line 9 of 
page two is an instruction to jump to line 9 of page 
one, which is an instruction to jump back to line 9 of 
page two. Thrashing results from the direct mapped 
cache characteristic that all identical page offsets 
map to a single cache location. In this example, the 
page one access overwrites the cached page two 
data, and the page two access overwrites the 
cached page one data. As long as the code jumps 
back and forth the hit rate is zero. This is of course 
an extreme case. The effect of thrashing is that a 
direct mapped cache exhibits a slightly reduced 
overall hit rate as compared to a set associative 
cache of the same size. 

2.2 TWO WAY SET ASSOCIATIVE 
CACHE 

2.2.1 Two Way Set Associative Cache 
Structure and Terminology 

Figure 2-3 illustrates the relationship between the 
directory, cache, and 4 Gigabyte address space. 

DIRECTORY A DIRECTORY B BANK A BANK B 

TAG VALID TAG VALID 
BIT BIT 

18-BIT VALID LBU 18-BIT VALID I LINE I LINE. 

TAG BITS BITS TA~G-!r~BI~TS~~1-:::":3!!.2':::-I+-..,t1-~32~-I=+ __ ~t::~7( 
SETO qpmttfm E3 q\-.lW.l.lJ.W 

S~1 q~w.u E3 q!lmnmr-:t;~-::t=;t--t;;=1=r1lllj 
, , 

t;;;;;;;;;;;;Jax1lllj PAGE SIZE 
= 16KB 

(4K DOUBLE 
WORDS) 

INTERNAL 
CACHE DIRECTORY 

EXTERNAL 
DATA CACHE 

4 GIGABYTES I.lAIN I.lEI.lORY 

290143-8 

Figure 2-3. Two-Way Set Associative Cache Organization 
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Whereas the direct mapped cache is organized as 
one bank of 8K doublewords, the two way set asso
ciative cache is organized as two banks (A and B) of 
4K doublewords each. The page size is halved, and 
t~e number of pages doubl~d. (Note the extra tag 
bit.) The cache now has 512 sets in each bank. (Two 
banks times 512 sets gives a total of 1024. The 
structure can be thought of as two half-sized direct 
mapped caches in parallel.) The performance ad
vantage over a direct mapped cache is that all iden
tical page offsets map to two cache locations in
stead of one, reducing the potential for thrashing. 
The 82385's partitioning of the 80386 address bus is 
depicted in Figure 2-4. 

2.2.2 LRU Replacement Algorithm 

The two way set associative directory has an addi
tional feature: the "least recently used" or LRU bit. 
In the event of a read miss, either bank A or bank B 
will b~ updated with new data. The LRU bit flags the 
candidate for replacement. Statistically, of two 
blocks of data, the block most recently used is the 
block most likely to be needed again in the near 
future. By flagging the least recently used block, the 
82385 ensures that the cache block replaced is the 
least likely to have data needed by the CPU. 

2.2.3 Two Way Set Associative 
Cache Operation 

2.2.3.1 READ HITS 

When the 80386 initiates a memory read cycle, the 
82385 uses the 9-bit set address to select one of 
512 sets. The two tags of this set are simultaneously 
compared with A14-A31, both tag valid bits 
checked, and both appropriate line valid bits 
checked. If either comparison produces a hit, the 
corresponding cache bank is directed to drive the 
selected doubleword onto the 80386 data bus. 
(Note that both banks will never concurrently cache 
the same main memory location.) If the requested 
data resides in bank A, the LRU bit is pointed toward 

A31 

B. If B produces the hit, the LRU bit is pOinted 
toward A. 

2.2.3.2 READ MISSES 

As in direct mapped operation, a read miss can be 
either a line or tag miss. Let's start with a tag miss 
example. A~sume the 80386 seeks line 9 of page 2, 
and that neither the A nor B directory produces a tag 
match. Assume also, as indicated in Figure 2-3 that 
the LRU bit points to A. As the data returns 'from 
main memory, it is loaded into offset 9 of bank A. 
Concu~rently, this data is validated by updating the 
set 1 directory entry for bank A. Specifically, the up
pe~ ad~r~ss bits overwrite the previous tag, the tag 
valid bit IS set, the appropriate line valid bit is set, 
and the other seven line valid bits cleared. Since this 
data is the most recently used, the LRU bit is turned 
toward B. No change to bank B occurs. 

If the next 80386 request is line 10 of page two, the 
result will be a line miss. As the data returns from 
main memory, it will be written into offset 10 of bank 
": (tag ~itll!ne .miss in bank A), and the appropriate 
line valid bit Will be set. A line miss in one bank will 
cause the LRU bit to point to the other bank. In this 
example, however, the LRU- bit has already been 
turned toward B. 

2.2.3.3 OTHER OPERATIONS THAT AFFECT 
THE CACHE AND CACHE DIRECTORY 

Other operations that affect the cache and cache 
directory are write hits, snoop hits, cache flushes, 
and 82385 resets. A write hit updates the cache 
along with main memory. If directory A detects the 
hit, bank A is updated. If directory B detects the hit 
bank B is updated. If one bank is updated, the LRU 
bit is pointed toward the other. 

If a snoop hit invalidates an entry, for example, in 
cache bank A, the corresponding LRU bit is pointed 
toward A. This ensures that invalid data is the prime 
candidate for replacement in a read miss. Finally, 
resets and flushes behave just as they do in a direct 
mapped cache, clearing all tag valid bits. 

CACHE ADDRESS r- (1 Of 4K DOUBLE WORDS) l 
A14 A13 A5 A4 A2 

~I 11111111111111111111 

18:-BIT TAG ~ SET ADDRESS A LINE) 
(1 OF 218 PAGES) (1 OF 512 SETS) SELECT 

(1 Of 8 LINES) 

Figure 2-4. 80386 Address Bus Bit Fields-Two-Way Set ASSOCiative Organization 
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3.0 82385 PIN DESCRIPTION 

The 82385 creates the 82385 local bus, which is a 
functional 80386 interlace. To facilitate understand
ing, 8238& local bus signals go by the same name as 
their 80386 equivalents, except that they are pre
ceded by the letter. "S". The 82385 local bus equiva
lent to ADS # is SADS #, the equivalent to NA # is 
SNA #, etc~ This convention appli~s to bus states .as 
we)!. For example, ST1 P is the 82385 local bus .state 
equivalent to the 80386 T1 P state. 

3.1 80386/82385 INTERFACE 
SIGNALS 

These signals form the direct interlace between the 
80386 and 82385. 

3.1.1 80386/82385 Clock (CLK2) 

CLK2 provides the fundamental timing for an 
80386/82385 system, and is driven by the same 
source that drives the 80386 CLK2 input. The 
82385, like the 80386, divides CLK2 by two to gen
erate an internal "phase indication" clock. (See Fig
ure 3-1.) The CLK2 period whose rising edge drives 
the internal clock low is called PHI1, and the CLK2 
period that drives the internal clock high is called 
PHI2. A PHI1-PHI2 combination (in that order) is 

CLK2 

INTERNAL CLOCK· 

known as a "T" state, and is the basis for 80386 bus 
cycles. 

3.1.2 80386/82385 Reset (RESET) 

This input resets the 82385, bringing it to an initial 
known state, and is driven by the same source that 
drives the 80386 RESET input. A reset effectively 
flushes the cache by clearing all cache directory tag 
valid bits. The falling edge of RESET is synchronized 
to CLK2, and used by the 82385 to properly estab
lish the phase of its internal clock. (See Figure 3·2.) 
Specifically, the second internal phase following the 
falling edge of RESET is PHI2. 

3.1.3 80386/82385 Address Bus 
(A2-A31), Byte Enables 
(BEO # -BE3 #), and Cycle 
Definition Signals (MIlO # , 
D/C#, W/R#, LOCK#) 

The 82385 directly connects to these 80386 out
puts. The 80386 address bus is used in the cache 
directory comparison to see if data referenced by 
80386 resides in the cache, and. the byte enables 
inform the 82385 as to which portions of the data 
bus are involved in an 80386 cycle. The cycle defini
tion Signals are decoded by the 82385 to determine 
the type of cycle the 80386 is executing. 

290143-10 

Figure 3·1. CLK2 and Internal Clock 

CLK2 

RESET 

INTERNAL CLOCK 
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Figure 3·2. Reset/Internal Phase Relationship 
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3.1.4 80386/82385 Address Status 
(ADS II) and Ready Input 
(READYIII) 

AOS# is an 80386 output, and tells the 82385 that 
new address and cycle definition information is avail
able. REAOYI # is an input to both the 80386 (via 
the 80386 READY # input pin) and 82385, that indi
cates the completion of an 80386 bus cycle. AOS# 
and REAOYI # are used to keep track of the 80386 
bus state. 

3.1.5 80386 Next Address Request 
(NAil) , 

This 82385 output controls the pipelining of the 
80386. It can be tied directly to the 80386 NA # in
put, or it can be logically "ANO"ed With other 80386 
local bus next address requests. 

3.1.6 Ready Output (READYO II) and 
Bus Ready Enable (BRDYEN II) 

The 82385 directly terminates all but two types of 
80386 bus cycles with its REAOYO# output. 80386 
local bus cycles must be terminated by the local de
vice being accessed. This includes devices decoded 
using the 82385 LBA # signal and 80387 accesses. 

The other cycles not directly terminated by the 
82385 are 82385 local bus reads, specifically cache 
read misses and non-cacheable reads. (Recall that 
the 82385 forwards and runs such cycles on the 
82385 bus.) In these cycles the signal that termi
nates the 82385 local bus access is BREADY #, 
which is gated through to the 80386 local bus such 
that the 80386 and 82385 local bus cycles are con
currently terminated. BROYEN # is used to gate the 
BREADY # signal to the 80386. 

3.2 CACHE CONTROL SIGNALS 

These 82385 outputs control the external 32KB 
cache data memory. 

3.2.1 Cache Address Latch Enable 
(CALEN) 

This signal controls the latch (typically an F or AS 
series 74373) that resides between the low order 
80386 address bits and the cache SRAM address 
inputs. (The outputs onhis latch are the "cache ad
dress" described in the previous chapter.) When 
CALEN is high the latch is transparent. The falling 
edge of CALEN latches the current inputs which re-

main applied to the cache data memory until CALEN 
returns to an active high state. 

3.2.2 Cache Transmit/Receive 
(CT/RII) 

This signal defines the direction of an optional data 
transceiver (typically an F or AS series 74245) be
tween the cache and 80386 data bus .. When nigh, 
the transceiver is pointed towards the 80386 local 
data bus (the SRAMs are output enabled). When 
low, the transceiver points towards the cache data 
memory. A transceiver is required if the cache is de
signed with SRAMs that lack an output enable con
trol. A transceiver may also be desirable in a system 
that has a heavily loaded 80386 local data bus. 
These devices are not necessary when using 
SRAMs which incorporate an output enable. 

3.2.3 Cache Chip Selects 
(CSOII-CS311) 

These active low signals tie to the cache SRAM chip 
selects, and individually enable the four bytes of the 
32-bit wide cache. CSO# enables 00-07, CS1 # 
enables 08-015, CS2# enables 016-023, and 
CS3# enables 024-031. During read hits, all four 
bytes are enabled regardless of whether or not all 
four 80386 byte enables ·are active. (The 80386 ig
nores what it did not request.) Also, all four cache 
bytes are enabled in a read miss so as to update the 
cache with a complete line (double word). In a write 
hit, only those cache bytes that correspond to active 
byte enables are selected. This prevents cache data 
from being corrupted in a partial doubleword write. 

3.2.4 Cache Output Enables 
(COEA II, COEB II) and Write 
Enables (CWEA II, CWEB II) 

COEA # and COEB # are active low signals which 
tie to the cache SRAM output enables and respec
tively enable cache bank A or B to drive the 80386 
data bus. In a two-way set associative cache, either 
COEA # or COEB # is active during a read hit, de
pending on which bank is selected. In a direct 
mapped cache, both are activated, so the designer 
is free to use either one. 

CWEA # and CWEB # are active low signals which 
tie to the cache SRAM write enables, and respec
tively enable cache bank A or B to receive data from 
the 80386 data bus (80386 write hit or read miss 
update). In a two-way set associative cache, one or 
the other is enabled in a read miss or write hit. In a 
direct mapped cache, both are activated, so the de
signer is free to use either one. 
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If the cache is implemented with 8RAMs that do not 
have output enables, then a transceiver betweeMhe 
cache memory and 80386 data bus is required. In 
this case, the output enable of e~ch bank must be 
"ANO"ed with the corresponding write enable to 
provide the transceiver enable signal. For example, 
COEA# and CWEA# are "ANO"ed to enable the 
transceiver between cache bank A and the 80386 
data bus (chapter 4, Figures 4-4B and 4-40). The 
various cache configurations supported by the 
82385 are described in chapter 4. 

3.3 80386 LOCAL BUS DECODE 
INPUTS 

These 82385 inputs are generated by decoding the 
80386 address and cycle definition lines. These ac
tive low inputs are sampled at the end of the first 
state in which the address of a new 80386 cycle 
becomes available (T1 or first T2P). The signals 
must be kept stable' during the entire time the ad
dress is valid. They are not internally latched by the 
82385. 

3.3.1 80386 Local Bus Access (LBA #) 

This input identifies' an 80386 access as directed to 
a resource (other than the cache) on the 80386 local 
bus. (The 80387 Numerics Coprocessor is consid
ered an 80386 local bus resource, but LBA # need 
not be generated as the 82385 internally decodes 
80387 accesses.) The 82385 simply ignores these 
cycles. They are. neither forwarded to the system nor 
do they affect the cache or cache directory. Note 
that LBA# has priority over all other types of cycles. 
If LBA # is asserted, the cycle is interpreted as an 
80386 local bus access, regardless of the cycle type 
or status of NCA# or X16#. This allows any 80386 
cycle (memory, 1/0, interrupt acknowledge, etc.) to 
be kept on the 80386 10ca.1 bus if desired. 

. , 

3.3.2 Non-Cacheable Access (NCA #) 

This active low input identifies an 80386 cycle as 
non-cacheable. The 82385. forwards non-cacheable 
cycles to the El2385 ,local bus and runs them. The 
cache and cache directory are unaffected. 

NCA# allows a designer to set aside a portion of 
main memory as non-cacheable. Potential appliea
tions include memory-mapped 110 and systems 
where multiple masters access dual ported memory 
via different busses: Another. possibility makes use 
of the 80386 O/C# output. The.-82385 by default 
implements a unified code and data Cache, but driv
ir:JQ NCA# directly by O/C# creates a data only 
cache. If O/C# is inverted first, ,the result isa.code 
only cache. 

3.3.3 ,16-Bit Access (X16#) 

X16# is an active low input which identifies 16-bit 
memory and lor 1/0 space, and the decoded signal 
that drives X16# should al.so drive the 80386 
B816# input. 16-bit accesses are treated like non
cacheable accesses: they are forwarded to and exe
cuted on the 82385 local bus with ,no impact on the 
cache or cache directory. In addition, the 82385 
locks the two halves of a non-aligned 16-bit transfer 
from interruption by another master, as does the 
80386. 

3.4 82385 LOCAL BUS INTERFACE 
SIGNALS 

The 82385 presents an "80386-like" front end to the 
system, and the signals discussed in this section are 
82385 local bus equivalents to actual 80386 signals. 
These signals are named with respect to their 80386 
counterparts, but with the letter "B" appended to the 
front. 

Note that the 82385 itself does not have equivalent 
output signals to the 80386 data bus (00-031), ad
dress bus (A2-A31), and cycle definition signals 
(M/IO#, O/C#, W/R#). The 82385 data bus (BOO-
8031) is actually the system side of a latching t~ans
ceiver, and the 82385 address bus and cycle, defini
tion signals (BA2-BA31, BM/IO#, BO/C#, 
BW/R#) are the outputs of an edge-triggered latch. 
The signals that control this data transceiver and ad
dress ,latCh are discussed in section 3.5. 

3.4.1 82385 Bus Byte Enables 
(BBEO # -BBE3 #) 

BBEO#-BBE3#are the 82385 local bus equiva
lents to the 80386 byte enables. In a cache read 
miss, the 82385 drives all four signals low, regard
less of whether or not all four 80386 byte enables 
are active. This ensures that a complete line (dou
bleword) is fetched from main memory for the cache 
update. In all other 82385 local bus cycles, . the 
82385 duplicates the logic levels of the 80386 byte 
enables. The 82385 tri-states these outputs when it 
is not the current bus master. 

3.4.2 82385 Bus Lock (BLOCK #) 

BLOCK # is the 82385 local bus equivalent to the 
80386 LOCK# output, and .distinQuishes .between 
locked and unlocked cycles. When the 80386 runs a 
locked sequence of cycles (and LBA # is negated), 
the 82385 forwards and runs the sequence on the 
82385 local. bus, regardless of whether any locations 
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referenced in the sequence reside in the cache. A 
read hit will be run as if it is a read miss, but a write 
hit will update the cache as well as being completed 
to system memory. In keeping with 80386 behavior, 
the 82385 does not allow another master to interrupt 
the sequence. BLOCK# is tri-stated when the 
82385 is not the current bus master. 

3.4.3 82385 Bus Address Status 
(BADS#) 

BADS# is the 82385 local bus equivalent of ADS#, 
and indicates that a valid address (BA2-BA31, 
BBEO#-BBE3#) and cycle definition (BM/IO#, 
BW/R#, BD/C#) is available. It is asserted in BT1 
and BT2P states, and is tri-stated when the 82385 
does not own the bus. ' 

3.4.4 82385 Bus Ready Input 
(BREADY#) 

82385 local bus cycles are terminated by 
BREADY #, just as 80386 cycles are terminated by 
the 80386 READY # input. In 82385 local bus read 
cycles; BREADY # is gated by BRDYEN # onto the 
80386 local bus, such that it terminates both the 
80386 and 82385 local bus cycles. 

3.4.5 82385 Bus Next Address 
Request (BNA #) 

BNA# is the 82385 local bus equivalent to the 
80386 NA # input, and indicates that the system is 
prepared to accept a pipelined address and cycle 
definition. If BNA # is asserted and the new cycle 
information is avail~ble, the 82385 begins a pipe
lined cycle'on the 82385 local bus. 

3.5 82385 BUS DATA TRANSCEIVER 
AND ADDRESS LATCH CONTROL 
SIGNALS 

The 82385 data bus is the system side of a latching 
transceiver (typically an F or AS series 74646), and 
the 82385 address bus and cycle definition signals 
are the outputs of an edge-triggered latch (F or AS 
series 74374). The following is a discussion of the 
82385 outputs that control these devices. An impor
tant characteristic of these signals and the devices 
they control is that they ensure that BDO-BD31, 
BA2-BA31, BM/IO#, BD/C#, and BW/R# repro
duce the functionality and timing behavior of their 
80386 equivalents. 

3.5.1 Local Data Strobe (LDSTB), Data 
Output Enable (DOE #), and Bus 
Transmit/Receive (BT /R #) 

These signals control the latching data transceiver. 
BT /R # defines the transceiver direction. When 
high, the transceiver drives the 82385 data bus in 
write cycles. When low, the transceiver drives the 
80386 data bus in 82385, local bus read cycles. 
DOE # enables the transceiver o~tputs. 

The rising edge of LDSTB latches the 80386 data 
bus in all write cycles. The interaction of this signal 
and the latching transceiver is used to perform the 
82385's posted write capability. 

3.5.2 Bus Address Clock Pulse 
(BACP) and Bus Address 
Output Enable (BAOE #) 

These signals control the latch that drives BA2-
BA31, BM/IO#, BW/R#, and BD/C#. In any 80386 
cycle that is forwarded to the 82385 local bus, the 
riSing eqge of BACP latches the 80386 address and 
cycle definition signals. BAOE # enables the latch 
outputs when the 82385 is the current bus master 
and disables them otherwise. 

3.6 STATUS AND CONTROL 
SIGNALS 

3.6.1 Cache Miss Indication (MISS#) 

This output accompanies cacheable read and write 
miss cycles. This signal transitions to its active low 
state when the 82385 determines that a cacheable 
80386 access is a miss. Its timing behavior follows 
that of the 82385 local bus cycle definition signals 
(BMIIO#, BD/C#, BW/R#) so that it becomes 
available with BADS# in BT1 or the first BT2P. 
MISS# is floated when the 82385 does not own the 
bus, such that multiple 82385's can share the same 
node in multi-cache systems. (As discussed in Chap
ter 7, this signal also serves a reserved fUnction in 
testing the 82385.) 

3.6.2 Write Buffer Status (WBS) 

The latching data transceiver is also known as the 
"posted write buffer." WBS indicates that this buffer 
contains data that has riot yet been written to the 
system even though the 80386 may have begun its 
next' cycle. It is activated when 80386 data is 
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latched, and .deactivated .when the corresponding 
82385 local bus write cycle is completed 
(BREADY#). (As discussed in Chapter 7, this signal 
also serves a reserved function in testing the 
82385.) 

WBS .can serve several functions. In multi-processor 
applications, it can act as a ~oherency mechanism 
by informing a bus arbiter that it should .Iet a write 
cycle run on the system bus so that main memory 
has the latest data. If any other 82385 cache sub
systems are on the bus, they will monitor the cycle 
via their bus watching mechanisms. Any 82385 that 
detects a snoop hit will invalidate the corresponding 
entry in its local cache. 

3.6.3 Cache Flush (FLUSH) 

When activated, this signal causes the 82385 to 
clear all of its directory tag valid bits, effectively 
flushing the cache. (As discussed in Chapter 7, this 
signal also serves a reserved function in testing the 
82385.) The primary use of the FLUSH input is for 
diagnostics and multi-processor support. The use of 
this pin as a coherency mechanism may impact soft
ware transparency .. 

The FLUSH input must be held active for at least 4 
CLK (8 CLK2) cycles to complete the flush se
quence. If FLUSH is still active after 4 CLK cycles, 
any accesses to the cache will be' misses and the 
cache will not be updated (since FLUSH is active). 

3.7 BUS ARBITRATION SIGNALS 
(BHOLD AND BHLDA) 

In master mode, BHOLD is an input that indicateS a 
request by a slave device for bus ownership. The 
82385 acknowledges this request via its BHLDA out
put. (These signals function Identically to the 80386 
HOLD and HLDA signals.) 

The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode. BHoLD is now an output indi
cating a request for bus ownership, and BHLDA an 
input indicating that the request has been granted. 

3.8 COHERENCY (BUS WATCHING) 
SUPPORT SIGNALS (SA2-SA31, 
SSTB#, SEN) 

These signals form the 82385'5 bus watching inter
face. The Snoop Address Bus (SA2-SA31) con
nects to the system address lines if masters reside 
at both the system and 82385 local bus levels, or 

the 82385 local bus address lines if masters reside 
only at the 82385 local bus level. Snoop Strobe 
(SSTB #) indicates that a valid address is on the 
snoop address inputs. Snoop· Enable (SEN). indi
cates that the cycle is a write. In a system with mas
ters only at the 82385.1ocal bus level, SA2-SA31, 
SSTB #, and SEN can be driven respectively by 
BA2-BA31, BADS#, and BW/R# without any sup
port circuitry. 

3.9 CONFIGURATION INPUTS 
(2W/D#, M/S#) 

These signals select the configurations supported 
by the 82385. They are hardware strap options and 
must not be changed dynamically. 2W/D# (2-Way/ 
Direct Mapped Select) selects a two-way set asso
ciative cache when tied high, or a direct mapped 
cache when tied low. M/S# (Master/Slave Select) 
chooses between master mode (M/S# high) and 
slave mode (M/S# low). 

4.0 80386 LOCAL BUS INTERFACE 

The following is a detailed description of how the 
82385 interfaces to the 80386 and to 80386 local 
bus resources. Items specifically addressed are the 
interfaces to the 80386, the cache SRAMs, and the 
80387 Numerics Coprocessor. 

The many timing diagrams.in this and the next chap
ter provide insight into the dual pipelined bus struc
ture of an 80386/82385 system. It's important to re
alize, however, that one need not know every possi
ble cycle combination to use the 82385. The inter
face is simple, and the dual bus operation invisible to 
the 80386 and system. To facilitate discussion of the. 
timing diagrams, several conventions have been 
adopted. Refer to Figure 4-2A, and note that 80386 
bus cycles, 80386 bus states, and 82385 bus states 
are identified along the top. All states can be identi
fied by the "frame numbers" along the bottom. The 
cycles in Figure 4-2A include a cache read hit 
(CRDH), a cache read miss (CRDM), and a write 
(WT). WT represents any write,. cacheable or not. 
When necessary to distinguish cacheable writes, a 
write hit goes by CWTH and a write miss by CWTM. 
Non-cacheable system reads go by SBRD. Also, it is 
assumed that system bus. pipelining Qccurs even 
though the BNA # signal is not shown. When the 
system pipeline begins is a function of the system 
bus controller. 

80386 bus cycles.can be tracked by ADS# .and 
READYI#, and 82385 cycles by BADS# and 
BREADY #. These four signals are thus a natural 

4-302 



inter 82385 

choice to help track parallel bus activity. Note in the 
timing diagrams that 80386 cycles are numbered us
ing ADS# and READYI#, and 82385 cycles using 
BADS# and BREADY #. For example, when the ad
dress of the first 80386 cycle becomes available, the 
corresponding assertion of ADS# is marked "1", 
and the READYI # pulse that terminates the cycle is 
marked "1" as well. Whenever an 80386 cycle is 
forwarded to the system, its number is forwared as 
well so that the corresponding 82385 bus cycle can 
be tracked by BADS# and BREADY#. 

The "N" value in the timing diagrams is the assumed 
number of main memory wait states inserted in a 
non-pipe lined 82386 bus cycle. For example, a non
pipelined access to N = 2 memory requires a total of 
four bus states, while a pipelined access requires 
three. (The pipeline advantage effectively hides one 
main memory wait state.) 

4.1 PROCESSOR INTERFACE 

This section presents the 80386/82385 hardware in
terface and discusses the interaction and timing of 
this interface. Also addressed is how to decode the 
80386 address bus to generate the 82385 inputs 

LBA#, NCA#, and X16#. (Recall that LBA# allows 
memory and lor 1/0 space to be set aside for 80386 
local bus resources; NCA # allows system memory 
to be set aside as non-cacheable; and X16# allows 
system memory andlor 1/0 space to be reserved for 
16-bit resources.) Finally, the 82385's handling of 
16-bit space is discussed. 

4.1.1 Hardware Interface 

Figure 4-1 is a diagram of an 80386/82385 system, 
which can be thought of as three distinct interfaces. 
The first is the 80386/82385 interface (including the 
Ready Logic). The second is the cache interface, as 
depicted by the cache control bus in the upper left 
corner of Figure 4-1. The third is the 82385 bus inter
face, which includes both direct connects and sig
nals that control the 74374 addresslcycle definition 
latch and 74646 latching data transceiver. (The 
82385 bus interface is the subject of the next chap
ter). 

As seen in Figure 4-1, the 80386/82385 interface is 
a straightforward connection. The only necessary 
support logic is that required to sum all ready sourc
es. 
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4.1.2 Ready Generation 

Note in Figure 4·1 that the ready logic consists of 
two gates. The upper three·input AND gate (shown 
as a negative logic OR) sums all 80386 local bus 
ready sources. One such source is the 82385 
READYO# output, which terminates read hits and 
posted writes. The output of this gate drives the 
80386 READY # input and is monitored by the 
82385 (via READYI#) to track the 80386 bus state. 

When the 82385 forwards an 80386 read cycle to 
the 82385 bus (cache read miss or non·cacheable 
read), it does not directly terminate the cycle via 
READYO#. Instead, the 80386 and 82385 bus cy. 
cles are concurrently terminated by a system ready 

source. This is the purpose of the additional two·in· 
put OR gate (negative logic AND) in Figure 4·1. 
When the 82385 forwards a read to the 82385 bus, it 
asserts BRDYEN # which enables the system ready 
signal (BREADY #) to directly terminate the 80386 
bus cycle. 

Figures 4·2A and 4·2B illustrate the behavior of the 
signals involved in ready generation. Note in cycle 1 
of Figure 4·2A that the 82385 READYO# directly 
terminates the hit cycle. In cycle 2, READYO# is not 
activated. Instead the 82385 BRDYEN # is activated 
in BT2, BT2P, or BT21 states such that BREADY# 
can concurrently terminate the 80386 and 82385 
bus cycles (frame 6). Cycle 3 is a posted write. The 

. write data becomes available in T1 P (frame 7), and 

8038~0:~~ ~~~ I n CR10H T2 I n I T2 CR
1
DMT2P I T2P I n P WTI T2 I n I T2 CRD

1 
M T2 I T2P I 

80385 BUS STATE BTl BTl BTl Bn BT2 BT21 Bn Bn BT2 BT2P BTl P BT21 

ADS(I 

BRDYEN# 

READYO(l 

READYl(l 

NA# 

BADS# 

BREAOY# 

FRAME 
NUMBER 

2 3 5 6 7 8 9 10 11 12 13 14 15 16 

290143-13 

Figure 4-2A. READYO#, BRDYEN#, and NA# (N= 1) 
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the address, data, and cycle definition of the write 
are latched in T2 (frame 8). The 80386 cycle is ter. 
minated by READYO# in frame 8 -with no wait 
states. The 82385, however, sees the-write cycle 
through to completion on the 82385 bUS-where it is 
terminated in frame 10 by BREADY#. In this case, 
the BREADY # signal is not gated through to the 
80386. Refer to Figures 4-2A and 4-2B for clarifica
tion. 

4.1.3. NA # and 80386 Local Bus 
Pipellning 

Cycle 1 of Figure 4-2A is a typical cache read hit. 
The 80386 address becomes available in T1, and 
the 82385 uses this address to determine if the ref
erenced data resides in the cache. The cache look
up is completed and the cycle qualified as a hit or 
miss in T1. If the data resides in the cache, the 
cache is directed to drive the 80386 data bus, and 
the 82385 drives its READYO# output so the cycle 
can be terminated at the end of the first T2 with no 
wait states. 

Although cycle 2 starts out like cycle 1, at the end of 
T1 (frame 3), it is qu,alified as a miss and forwarded 
to the 82385 bus. The 82385 bus cycle begins one 
state after the 80386 bus cycle, implying a one wait 
state overhead associated with cycle 2 due to the 
look-up. When the 82385 encounters the miss, it im
mediately asserts NA#, which puts the 80386 into 
pipelined mode. Once in pipelined mode, the 82385 
is. able to qualify an 80386 cycle using the 80386 
pipelined address and control.signals. The result is 
that the cache look-up state is hidden in all but the 
first of a contiguous sequence of read misses. This 
is shown in the first two cycles, both read misses, of 
Figure 4-2B. The CPU sees the look-up state in the 
first cycle, but not in the second. In fact, the second 
miss requires a total of only two states, as not only 
does 80386 pipelining hide the look-up state, but 
system pipelining hides one of the main memory 
wait states. (System level pipelining via BNA # is dis
cussed in the next chapter.) Several characteristics 
of the 82385's pipelining of the 80386 are as fol
lows: 

-The above discussion applies to all system 
reads, not just cache read misses. 

80386 CYCLE I CRDM I CRDM I CRDH I CRDH I 
80386 BUS STATE TI I T2 I T2P I T2 TIP I T2P TIP I T2P TIP I T2 
80385 BUS STATE BTl BTl BT2 BT2P BTl P BT21 BTl BTl BTl BTl 

ClK2 

ClK 

ADS# 

BRDYEN# 

READYO# 

READYI# 

NA# 

BADS# 

BREADY# 

FRAME 
NUMBER 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

290143-14 

Figure 4-2B. READYO#, BRDYEN#, and NA# (N= 1) 
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- The 82385 provides the fastest possible switch 
to pipelining, Tl-T2-T2P. The exception to this is 
when a system read follOWS a posted write. In 
this case, the sequence is Tl-T2-T2-T2P. (Refer 
to cycle 4 of Figure 4-2A.) The number of T2 
states is dependent on the number of main 
memory wait states. 

- Refer to the read hit in Figure 4-2A (cycle 1), and 
note that NA # is actually asserted before the 
end of Tl, before the hit/miss decision is made. 
This is of no consequence sin~ even though 
NA # is sampled active in T2, the activation of 
REAOYO# In the same T2 renders NA# a 
"don't care." NA# is asserted in this manner to 
meet 80386 timing requirements and to ensure 
the fastest possible switch to pipelined mode. 

- All read hits and the majority of writes can be 
serviced by the 82385 with zero wait states in 
non-pipelined mode, and th~ 82385 accordingly 

. attempts to run all such c;ycles in non-pipelined 
mode. An exception is seen in the hit cycles (cy
cles 3 and 4) of Figure 4-2B. The 82385 does not 
know soon enough that cycle 3 is a hit, and thus 
sustains the pipeline. The result is that three se
quential hits are required before the 80386 is to
tally out of pipelined mode. (The three hits look 

80386 

like T1P-T2P, T1P-T2, T1-T2.) Note that this 
does not occur if the number of main memory 
wait states is equal to or greater than two. 

As far as the design is concerned, NA # is generally 
tied directly to the 80386 NA# input. However, other 
local NA# sources may be logically "ANO"ed with 
the 82385 NA # output if desired. It is essential, 
however, that no device other than the 82385 drive 
the 80386 NA# input unless that device resides on 
the 80386 local bus in space decoded via LBA #. If 
desired, the·B2385 NA# output can be ignored and 
the 80386 NA# input tied high. The 80386 NA# in
put should never be tied low, which would always 
keep it active. 

4.1.4 LBA#, NCA#, and X16# 
Generation 

The 82385 input signals LBA#. NCA#. and X16# 
are generated by decoding ·the 80386 address (A2-
A31) and cycle definition CN/R#. O/C#, M/IO#) 
lines. The 82385 samples them at the end of the first 
state in which they become available, which is either 
Tl or the first T2P cycle. The decode configuration 
and timings are illustrated respectively in Figures 
4-3A and 4-3B. 

82385 
ADDRESS AND " 80386 LOCAL ... 

CYCLE DEF'INITION NCA#.LBA#.X16(1 
SIGNALS r BUS DECODE .. 

290143-15 

A. Decode Configuration 

80386 BUS STATE T1 T2 T2 T1 T2 T2P T1P T2 - -~ 1/ ~ 1/ \ 1/ ADS(I 

-"X X X -r-
ADDRESS &c CYCLE DEF'. 

-"X: X X -~ NCA#. LBA#. x 16(1 

290143-16 

B. Decode Timing 

Figure 4·3. NCA#, LBA#, X16# Generation 
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4.1.5 82385 Handling of 16·Bit Space 

As discussed previously, the 82385 does not cache 
devices decoded as 16-:bit. Instead it makes provi
sion to accommodate 16-bit space as non-cache
able via the X16# input. X16# is generated when 
the user decodes the 80386 address and cycle defi
nition lines for the BS16# input of the 80386 (Figure 
4-3). The decode output now drives both the 80386 
BS16# input and the 82385 X16# input. Cycles de
coded this way are treated as non-cacheable. They 
are forwarded to and executed on the 82385 bus, 
but have no impact on the cache or cache directory. 
The 82385 also monitors the 80386 byte enables in 
a 16-bit cycle to see if an additional cycle is required 
to complete the transfer. Specifically, a second cy
cle is required if (BEO# OR BE1 #) AND (BE2# OR 
BE3 #) is asserted in the current cycle. The 82385, 
like the 80386, will not allow the two halves of a 16-
bit transfer to be interrupted by another master. 

There is an important distinction between the han
dling of 16-bit space in an 80386 system with an 
82385 as compared to a system without an 82385. 
The 80386 BS 16 # input need not be asserted until 
the last state of a 16-bit cycle for the 80386 to rec
ognize it as such. The 82385, however, needs the 
information earlier, specifically at the end of the first 
80386 bus state (T1 or first T2P) in which the ad
dress of the 16-bit cycle becomes available. The re
sult is that in a system without an 82385, 16-bit de
vices can define themselves as 16-bit devices "on 
the fly," while in a system with an 82385, 16-bit de
vices should be located in space set aside for 16-bit 
devices via the X16# decode. 

4.2 CACHE INTERFACE 

The following is a description of the external data 
cache and 82385 cache interface. 

4.2.1 Cache Configurations 

The 82385 controls the cache memory via the con
trol signals shown in Figure 4-1. These signals drive 
one of four possible cache configurations, as depict
ed in Figures 4-4A through 4-40. Figure 4-4A shows 
a direct mapped cache organized as 8K double
words. The likely design choice is four 8K x 8 
SRAMs. Figure 4-4B depicts the same cache memo
ry but with a data transceiver between the cache 
and 80386 data bus. In this configuration, CT fR # 
c9ntrols the transceiver direction, and the logical 
"AND" of COEA# and CWEA# drives the trans
ceiver output enable. (COEB # and CWEB # could 
also be used.) A data buffer is required if the chosen 
SRAM does not have a separate output enable. Ad
ditionally, buffers may be used to ease SRAM timing 
requirements or in a sys~em with a heavily loaded 
data bus. (Guidelines for SRAM selection are includ
ed in Chapter 6.) 

Figure 4-4C depicts a two-way set associative cache 
organized as two banks (A and B) of 4K double
words each. The likely design choice is sixteen 
4K x 4 SRAMs. Finally, Figure 4-40 depicts the two
way organization with data buffers between the 
cache memory and data bus. 
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4.2.2 Cache Control-Dlrect Mapped 

Figure 4·5A illustrates the timing of cache read and 
write hits, while Figure 4·58 Illustrates cache up· 
dates. In a read hit, the cache output enables are 
driven from the beginning of T2 (cycle 1 of Figure 
4-5A). If at the end of T1 the cycle is qualified as a 
cacheable read, the output enables are asserted on 
the assumption that the cycle will be a hit. (Driving 
the output enables before the actual hit/miss deci· 
sion is made eases SRAM timing requirements.) 

Cycle 1 of Figure 4·58 illustrates what happens 
when the assumption of a hit turns out to be wrong. 

Note that the output enables are asserted at the be· 
ginning of T2, but then disabled at the end of T2. 
Once the output enables are inactive, the 82385 
turns the transceiver around (via CT /R"') and drives 
the write enables to begin the cache update cycle. 
Note in Figure 4·58 that once the 80386 is in pipe· 
lined mode, the output enables need not be driven 
prior to a hit/miss decision, since the decision is 
made earlier via the pipelined address information. 

One consequence of driving the output enables low 
in a miss before the hit/miss decision is made is that 
since the cache starts driving the 80386 data bus, 

80386 CYClE I CRDH 

80386 BUS STATE Tl I T2 
80385 BUS STATE BTl an 

CRDH I (BYT~. 1) I (~. 3) I CROH I 
Tl1T2 T11T2 T1IT2IT2 T11T2 an an an m m m m m m 
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BADS# 

BREADY# 
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Figure 4-5A. Cache Read and Write Cycles-Oirect Mapped (N= 1) 
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the 82385 cannot enable the 74646 transceiver (Fig
ure 4·1) until after the cache outputs are disabled. 
(The timing of the 74646 control signals is described 
in the next chapter.) The result is that the 74646 
cannot be enabled soon enough to support N = 0 
main memory ("N" was defined in section 4.0 as the 
number of non-pipelined main memory wait states). 
This means that memory which can run with zero 
wait states in a non-pipelined cycle should not be 
mapped into cacheable memory. This should not 
present a problem, however, as a main memory sys
tem built with N = 0 memory has no need of a cache. 
(The main memory is as fast as the cache.) Zero 
wait state memory can be supported if it is decoded 
as non-cacheable. The 82385 knows that a cycle is 

non-cacheable in time not to drive the cache output 
enables, and can thus enable the 74646 sooner. 

In a write hit, the 82385 only updates the cache 
bytes that are meant to be updated as directed by 
the 80386 byte enables. This prevents corrupting 
cache data in partial doubleword writes. Note in Fig
ure 4-5A that the appropriate bytes are selected via 
the cache byte select lines CSO # -CS3 #. In a read 
hit, a/l four select lines are driven as the 80386 will 
simply ignore data it does not need. Also, in a cache 
update (read miss), a/l four selects are active in or
der to update the cache with a complete line (dou
bleword). 
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Figure 4-58. Cache Update Cycles-DIrect Mapped (N = 1) 
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4.2.3 Cache Control-Two-Way Set 
Associative 

Figures 4-6A and 4-6B illustrate the timing of cache 
read hits, write hits, and updates for a two-way set 
associative cache. (Note that the cycle sequences 
are the same as those in Figures 4-5A and 4-5B.) In 
a cache read hit, only one bank or the other is en
abled to drive the 80386 data bus, so unlike the con
trol of a direct mapped cache, the appropriate cache 
output enable cannot be driven until the outcome of 
the hit/miss decision is known. (This implies stricter 
SRAM timing requirements for a two-way set asso
ciative cache.) In write hits and read misses, only 
one bank or the other is updated. 

4.3 80387 INTERFACE 

The 80387 Numerics Coprocessor interfaces to the 
80386 just as it would in a system without an 82385. 
The 80387 READYO# output is logically "AND"ed 
along with all other 80386 local bus ready sources 
(Figure 4-1), and the output is fed to the 80387 
READY#, 82385 READYI#, and 80386 READY# 
inputs. 

The 80386 uniquely addresses the 80387 by driving 
M/IO# low and A31 high. The 82385 decodes this 
internally and treats 80387 accesses in the same 
way it treats 80386 cycles in which LBA# is assert
ed, it ignores them. 
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Figure 4-6A. Cache Read and Write Cycles-Two Way Set ASSOCiative (N = 1) 
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Figure 4-6B. Cache Update Cycle.-Two Way Set Associative (N = 1) 

5.0 82385 LOCAL BUS AND SYSTEM 
INTERFACE 

The 82385 system interface is the 82385 local Bus, 
which presents an "80386-like" front end to the sys
tem. The system ties to it just as it would to an 
80386. Although this 80386-like front end is func
tionally equivalent to an 80386, there are timing dif
ferences which can easily be accounted for in a sys
tem design. 

The following is a deSCription of the interface the 
82385 presents to a system. After presenting the 
82385 bus state machine, the 82385 bus Signals are 
described, as are techniques for accommodating 
any differences between the 82385 bus and 80386 
bus. Following this is a discussion of the 82385's 
condition upon reset. 

5.1 THE 82385 BUS STATE MACHINE 

5.1.1 Master Mode 

Figure 5-1 A illustrates the 82385 bus state machine 
when the 82385 is programmed in master mode. 
Note that it is almost identical to the 80386 bus state 
machine, only now the bus'states are 82385 bus 
states (BT1 P, BTH, etc.) and the state transitions 
are conditioned by 82385 bus inputs (BNA", 
SHOlD, etc.). Whereas a "pending request" to the 
80386 state machine indicates that the 80386 exe
cution or prefetch unit needs bus access, a pending 
request to the 82385 state machine indicates that an 
80386 bus cycle needs to be forwarded to the sys
tem (read miss, non-cacheable read, write, etc.). 
The only difference between the state machines is 
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Figure 5-1A. 82385 Local Bus State Machine-Master Mode 
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that the 82385 does not implement a direct BT1 P
BT2P transition. If BNA# is asserted in BT1P, the 
resulting state sequence is BT1 P-BT21-BT2P. The 
82385's ability to sustain a pipeline is not affected by 
the lack of this state transition. 

5.1.2 Slave Mode 

The 82385's slave mode state machine (Figure 
5-1 B) is similar to the master mode machine except 
that now transitions are conditioned by BHLDA rath
er than BHOLD. (Recall that in slave mode, the roles 
of BHOLD and BHLDA are reversed from their mas
ter mode roles.) Figure 5-2 clarifies slave mode state 
machine operation. Upon reset, a slave mode 82385 
enters the BTH state. When the 80386 of the slave 
82385 subsystem has a cycle that needs to be for
warded to the system, the 82385 moves to BTl and 
issues a hold request via BHOLD. It is important to 
note that a slave mode 82385 does not drive the bus 
in a BTl state. When the master or bus arbiter re
turns BHLDA, the slave 82385 enters BT1 and runs 
the cycle. When the cycle is completed, and if no 
additional requests are pending, the 82385 moves 
back to BTH and disables BHOLD. 

If, while a slave 82385 is running a cycle, the master 
or arbiter drops BHLDA (Figure 5-2B), the 82385 will 
complete the current cycle, move to BTH .and re
move the BHOLD reqllest. If the 82385 still had cy
cles to run when it was kicked off the bus, it will 
immediately assert a new BHOLD and move to BTl 
to await bus acknowledgement. Note, however, that 
it will only move to BTl if BHLDA is negated, ensur
ing that the handshake sequence is completed. 

There are several cases in which a slave 82385 will 
not immediately release the bus if BHLDA is 
dropped. For example, if BHLDA is dropped during a 
BT2P state, the 82385 has already committed to the 
next system bus pipelined cycle and will execute it 
before releasing the bus. Also, the 82385 will com
plete the second half of a two-cycle 16-bit transfer, 
or will complete a sequence of locked cycles before 
releasing the bus. This should not present any prob
lems, as a properly designed arbiter will not assume 
that the 82385 has released the bus until it sees 
BHOLD become inactive. . 

BTH BTl BTl BTl BT2 BT2 BTH BTH 

BTH BTl 

BHOLD 1/// 

BHLDA 

BHOLD 
-I-~~ 

BHLDA 
-I-~f---+'" 

A. Normal Slave Mode Sequence 

BTl BTl BT2 BT2 BTl BT2 BT2 BTH 

~ 

BTl BTl 

IfU 

1/// 1\.\\ 12385 RJ.ASSfRTS 
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t 
ARBITER 

DROPS BHLDA 
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B. Sequence of Events If Master or Arbiter Drops BHLDA 

Figure 5·2. BHOLD/BHLDA.:..slave Mode 
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5.2 The 82385 Local Bus 

The 82385 bus can be broken up into two groups of 
signals: those which have direct 80386 counterparts, 
and additional status and control Signals provided by 
the 82385. The operation and interaction of all 
82385 bus signals are depicted in Figures 5-3A 
through 5-3L for a wide variety of cycle sequences. 
These diagrams serve as a refe~ence for the 82385 
bus discussion and provide insight into the dual bus 
operation of the 82385. 

5.2.1 82385 Bus Counterparts to 
80386 Signals 

The following sections discuss the signals presented 
on the 82385 local bus which are functional equiva
lents to the Signals present at the 80386 local bus. 

5.2.1.1 ADDRESS BUS (BA2-BA31) .AND 
CYCLE DEFINITION SIGNALS 
(BM/IO#, BD/C#, BW/R#) 

These signals are not driven directly by the 82385, 
but rather are the outputs of the 74374 address/cy
cle definition latch. (Refer to Figure 4-1 for the hard-

. ware interface.) This latch is controlled by the 82385 
BACP and BAOE # outputs. The behavior and timing 
of these outputs and the latch they control (typically 
F or AS series TTL) ensure that BA2-BA31, 
BM/IO#, BW/R#, and BO/C# are completely 
compatible in timing and function to their 80386 
counterparts. 

The behavior of BACP can be seen in Figure 5-3B, 
where the rising edge of BACP latches and forwards 
the 80386 address and cycle definition signals in a 
BT1 or first BT2P state. However, the 82385 need 
not be the current bus master to latch the 80386 
address, as evidenced by cycle 4 of Figure 5-3A. In 
this case, the.address is latched in frame 8, but not 
forwarded to the system (via .BAOE #) until frame 
10. (The latch and output enable functions of the 
74374 are independent and invisible to one 
another.) 

Note that in frames 2 and 6 the BACP pulses are 
marked "False." The reason is that BACP is issued 
and the address latched before the hit/miss deter
mination is made. This ensures that should the cycle 
be a miss, the 82385 bus can move directly into BT1 
without delay. In the case of a hit, the latched ad
dress is simply never qualified by the assertion of 
BAOS#. The 82385 bus stays in BTl if there is no 
access pending (new cycle is a hit) and no bus activ
ity. It will move to and stay in BT21 if the system has 
requested a pipelined cycle and the 82385 does not 
have a pending bus access (new cycle is a hit). 

5.2.1.2. DATA BUS '(BDO-BD31) 

The 82385 data bus is the system side of the 74646 
latching transceiver. (See Figure 4-1.) This device is 
controlled by the 82385 ou,puts LOSTB, OOE #, and 
BT/R#. LOSTB latches data in write cycles, OOE# 
enables the transceiver outputs, and BT /R # con
trols the transceiver direction. The interaction of 
these signals and the transceivElr is such that BOO
B031 behave just like their 80386 counterparts. The 
transceiver is configured such that data flow in write 
cycles (A to B) is latched, and data flow in read cy
cles (B to A) is flow-through. 

Although BOO-B031 function just like their 80386 
counterparts, there is a timing difference that must 
be accommodated for in a system design. As men
tioned above, the transceiver is transparent during 
read cycles, so the transceiver propagation delay 
must be added to the 80386 data setup. In addition, 
the cache SRAM setup must be accommodated for 
in cache read miss cycles. 

For non-cacheable reads the data setup is given by: 

Min BDO-BD31 
Read Data Setup 

80386 Min 74646 B-to-A 
Data Setup + Max Propagation 

Delay 

The required BOO-B031 setup in a cache read miss 
is given by: 

Min BDO-BD31 
Read Data 
Setup 

74646 B-to-A 
Max Propagation 
Delay 

+ OneCLK2 
Period 

+ CacheSRAM 
Min Write 
Setup 

82385 CWEA# or 
CWEB # Min Delay 

If a data buffer is located between the 80386 data 
bus and the cache SRAMs, then its maximum propa
gation delay must be added to the above formula as 
well. A design analysis should. be completed for ev
ery new design to determine actual margins. 

A design can accommodate the increased data set
up by choosing appropriately fast main memory 
ORAMs and data buffers. Alternatively, a designer 
may deal with the longer setup by inserting an extra 
wait state into cache read miss cycles. If an addition
al state is to be inserted, the system bus controller 
should sample the 82385 MISS# output to distin-· 
guish read misses from cycles that do not require 
the longer setup. Tips on using the 82385 MISS# 
signal are presented later in this chapter. 

The behavior of LOSTB, OOE #, and BT /R # can be 
understood via Figures 5-3A through 5-3L. Note that 
in cycle 1 of Figure 5-3A (a non-cacheable system 
read), OOE# is activated midway through BT1, but 
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in cycle 1 of Figure 5-3B (a cache read miss), DOE # 
is not activated until midway through BT2. As de
scribed in the last chapter, the reason is that in a 
cacheable read cycle, the cache SRAMs are en
abled to drive the 80386 data bus bef.ore the out
come of the hit/miss decision (in anticipation of a 
hit). In cycle 1 of Figure 5-3B, the assertion of 
DOE # must be delayed until after the 82385 has 
disabled the cache output buffers. The result is that 
N = 0 main memory should not be mapped into the 
cache. 

5_2.1.3 BYTE ENABLES (BBEO#-BBE3#) 

These outputs are driven directly by the 82385, and 
are completely compatible in timing and function 
with their 80386 counterparts. When an 80386 cycle 
is forwarded to the 82385 bus, the 80386 byte en
ables are duplicated on BBEO#-BBE3#. The one 
exception is a cache read miss, during which 
BBEO#-BBE3# are all active regardless of the 
status of the 80386 byte enables. This ensures that 
the cache is updated with a valid 32-bit entry. 

5.2.1.4 ADDRESS STATUS (BADS#) 

BADS# is identical in function and timing to its 
80386 counterpart. It is asserted in BT1 and BT2P 
states, and indicates that valid address and cycle 
definition (BA2-BA31, BBEO#-BBE3#, BMlIO#, 
BW/R#, BD/C#) information is available on the 
82385 bus. 

5.2.1.5 READY (BREADY#) 

The 82385 BREADY # input terminates 82385 bus 
cycles just as the 80386 READY # input terminates 
80386 bus cycles. The behavior of BREADY # is the 
same as that of READY #, but note in the A.C. timing 
specifications that a cache read miss requires a 
longer BREADY # setup than do other cycles. This 
must be accommodated for in ready logic design. 

5.2.1.6 NEXT ADDRESS (BNA#) 

BNA# is identical in function and timing to its 80386 
counterpart. Note that in Figures 5·3A through 5·3L, 
BNA# is assumed asserted in everyBT1 P or first 
BT2 state. Along with the 82385's pipelining of the 
80386, this ensures that the timing diagrams accu
rately reflect the full pipelined nature of the dual bus 
structure. 

5.2.1.7 BUS LOCK (BLOCK#) 

The 80386 flags a locked sequence of cycles by as
serting LOCK #. During a locked sequence, the 
80386 does not acknowledge hold requests, so the 
sequence executes without interruption by another 
master. The 82385 forces all locked 80386 cycles to 
run on the 82385 bus (unless LBA# is active), re
gardless of whether or not the referenced location 
resides in the cache. In addition, a locked sequence 
of 80386 cycles is run as a locked sequence on the 
82385 bus; BLOCK # is asserted and the 82385 
does not allow the sequence to be interrupted. 
Locked writes (hit or miss) and locked read misses 
affect the cache and cache directory just as their 
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unlocked counterparts do. A locked read hit, howev
er, is handled differently. The read is necessarily 
forced to run on the 82385 local bus, and as the 
data returns from main memory, it is "re-copied" into 
the cache. (See Figure 5-3L.) The directory is not 
changed as it already indicates that this location ex
ists in the cache. This activity is invisible to the sys
tem and ensures that semaphores are properly han
dled. 

BLOCK;II is asserted during locked 82385 bus cy
cles just as LOCK;II is asserted during locked 80386 
cycles. The BLOCK;II maximum valid delay, howev
er, differs from that of LOCK;II, and this must be 
accounted for in any circuitry that makes use of 
BLOCK;II. The difference is due to the fact that 
LOCK;II, unlike the other 80386 cycle definition sig
nals, is not pipelined. The situation is .clarified ~n Fig
ure 5-3K. In cycle 2 the state of LOCK;II /s not 
known before the corresponding system read starts 
(Frames 4 and 5). In this case, LOCK;II is asserted 
at the beginning of T1 P, and the delay for BLOCK;II 
to become active is the delay of LOCK;II from the 
80386 plus the propagation delay through the 
82385. This occurs because T1 P and the corre
sponding BT1 P are concurrent (Frame 5). The result 
is that BLOCK;II should not be sampled at the end 
of BT1 P. The first appropriate sampling point is mid
way through the next state, as shown in Frame 6. In 
Figure 5-3L, the maximum delay for BLOCK;II ~o be
come valid in Frame 4 is the same as the max/mum 
delay for LOCK;II to become valid from the 80386. 
This is true since the pipelining issue discussed 
above does not occur. 

5.2.2 Additional 82385 Bus Signals . 

The 82385 bus provides two status outputs and one 
control input that are unique to cache operation and 

thus have no 80386 counterparts. The outputs are 
MISS;II, and WBS, and the input is FLUSH. 

5.2.2.1 CACHE READ/WRITE MISS 
INDICATION (MISS;II) 

MISS# can be thought of as an extra 82385 bus 
cycle definition signal similar to BMIIO#, BW/R#, 
and BD/C#, that distinguishes cacheable read and 
write misses from other cycles. MISS#, like the oth
er definition signals, becomes valid with BADS# 
(BT1 or first BT2P). The behavior of MISS# is illus
trated in Figures 5-3B, 5-3C, and 5-3J. The 82385 
floats MISS# when another master owns the bus, 
allowing multiple 82385s to share the same node in 
multi-cache systems. MISS# should thus be lightly 
pulled up (- 20 Kn) to keep it negated during hold 
(BTH) states. 

MISS;II can serve several purposes. As discussed 
previously, the BDO-BD31 and BREADY # setup 
times in a cache read miss are longer than in other 
cycles. A bus controller can distinguish these cycles 
by gating MISS# with BW/R#. MISS# may also 
prove useful in gathering 82385 system perform-
ance data. ' 

5.2.2.2 WRITE BUFFER STATUS (WBS) 

WBS is activated when 80386 write cycle data is 
latched into the 84646 latching transceiver (via 
LDSTB). It is deactivated upon completion of the 
write cycle on the 82385 bus when the 82385 sees 
the BREADY # signal. WBS behavior is illustrated in 
Figures 5-3F through 5-3J, and potential applica
tions are discussed in chapter 3. 
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Figure 5·3B. Consecutive CRDM Cycles-(N = 1) 
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Figure S·3F. SBRD, WT, SBRD, CRDH-(N = 1) 
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Figure 5-31. WT, WT, SBRD-(N= 1) 
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5.2.2.3 CACHE FLUSH (FLUSH) 

FLUSH is an 82385 input which is used to reset all 
tag valid bits within the cache directory. The FLUSH 
input must be kept active for at least 4 ClK (8 ClK2) 
periods to complete the directory flush. Flush is gen
erally used in diagnostics but can also be used in 
applications where snooping cannot guarantee co
herency. 

5.3 BUS WATCHING (SNOOP) 
INTERFACE 

The 82385's bus watching interface consists of the 
snoop address (SA2-SA31), snoop strobe 
(SSTB #), and snoop enable (SEN) inputs. If mas
ters reside at, the system bus level, then the SA2-
SA31 inputs are connected to the system address 
lines and SEN the system bus memory write com
mand. SSTB# indicates that a valid address is pres
ent on the system bus. Note that the snoop bus in
puts are synchronous, so care must be taken to en
sure that they are stable during their sample win
dows. If no master resides beyond the 82385 bus 
level, then SA2-SA31, SEN, and SSTB# can re
spectively tie directly to BA2-BA31, BW/R#, and 
BADS#. However, it is recommended that SEN be 
driven by the logical "AND" of BW/R# and 
BM/IO# so as to prevent 110 writes from unneces
sarily invalidating cache data. 

CLK,BCLK 

ADS# 

80386 ADDRESS 

T1 
BT1 

T2 
BT2 

When the 82385 detects a system write by another 
master, it internally latches SA2-SA31 and runs a 
cache look-up to see if the altered main memory 
location is duplicated in the cache. If yes (a snoop 
hit), the line valid bit associated with that cache en
try is cleared. An important feature of the 82385 is 
that even if the 83086 is running zero wait state hits 
out of the cache, all snoops are serviced. This is 
accomplished by time multiplexing the cache direc
tory between the 80386 address and latched system 
address. If the SSTB # signal occurs during an 
82385 comparison cycle (for the 80386), the 80386 
cycle has the highest priority in accessing the cache 
directory. This takes the first of the two 80386 
states. The other state is then used for the snoop 
comparison. This worst case example, depicted in 
Figure 5-4, shows the 80386 running zero wait state 
hits on the 80386 local bus, and another master run
ning zero wait state writes on the 82385 bus. No 
snoops are missed, and no performance penalty in
curred. 

5.4 RESET DEFINITION 

Table 5-1 summarizes the states of all 82385 out
puts during reset and initialization. A slave mode 
82385 tri-states its "80386-like" front end. A master 
mode 82385 emits a pulse stream on its BACP out
put. As the 80386 address and cycle definition lines 
reach their reset values, this stream will latch the 
reset values through to the 82385 bus. 

T1 
BT1 

T2 
BT2 

T1 
BT1 

-+_~~ __ -+ __ ~ __ -+J 

SSTB# (BADS#) 

385LB ADDRESS 
-+-~~---+-------+J'-----r~~--~J 

SEN (B/WR#) 

CACHE DIR. ADDR. -+_J 

Figure 5.4. Interleaved Snoop and 80386 Accesses to the Cache Directory 
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Table 5-1. Pin State During RESET and Initialization 

Output Name 
Signal Level During RESET and Initialization 

Master Mode Slave Mode 

NA# High High 

READYO# High High 

BRDYEN# High High 

CALEN High High 

CWEA#-CWEB# High High 

CSO#-CS3# Low Low 

CT/R# High High 

COEA#-COEB# High High 

BADS# High HighZ 

BBEO#-BBE3# 386 BE# HighZ 

BLOCK # High HighZ 

MISS# High HighZ 

BACP Pulse(1) Pulse 

BAOE# Low High 

BT/R# Low Low 

DOE # High High 

LDSTB Low Low 

BHOLD - Low 

BHLDA Low -
WBS Low Low 

NOTE: 
1. In Master Mode, BAOE# is low and BACP emits a pulse stream during reset. As the 80386 address and cycle definition 
signals reach their reset values, the pulse stream on BACP will latch these values through to the 82385 local bus. 

6.0 82385 SYSTEM DESIGN 
CONSIDERATIONS 

6.1 INTRODUCTION 

This chapter discusses techniques which should be 
implemented in an 82385 system. Because of the 
high frequencies and high performance nature of the 
80386/82385 system, good design and layout tech· 
niques are necessary. It is always recommended to 
perform a complete design analysis on new system 
designs. 

6.2 POWER AND GROUNDING 

6.2.1 Power Connections 

The 82385 utilizes 8 power (Ved and 10 ground 
(Vss) pins. All Vee and Vss pins must be connected 
to their appropriate plane. On a printed circuit board, 
all Vee pins must be connected to the power plane 
and all Vss pins must be connected to the ground 
plane. 

6.2.2 Power Decoupling 

Although the 82385 itself is generally a "passive" 
device in that it has few output signals, the cache 
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subsystem as a whole is quite active. Therefore, lib
eral decoupling capacitance should be placed 
around the 82385 cache subsystem. 

Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per
formance. Inductance can be reduced by shortening 
circuit board traces between the decoupling capaci
tors and their respective devices as much as possi
ble. Capacitors specifically for PGA packages are 
also commercially available, for the lowest possible 
inductance. 

6.2.3 Resistor Recommendations 

Because of the dual bus structure of the 82385 sub
system (80386 Local Bus and 82385 Local Bus), any 
signals which are recommended to be pulled up will 
be respective to one of the busses. The following 
sections will discuss signals for both busses. 

6.2.3.1 80386 LOCAL BUS 

For typical designs, the pullup resistors shown in Ta
ble 6-1 are recommended. This table correlates to 
chapter 7 of the 80386 Data Sheet. However, partic
ular designs may have a need to differ from the list
ed values. Design analysis is recommended to de
termine specific requirements. 

6.2.3.2 82385 LOCAL BUS 

Pullup resistor recommendations for the 82385 Lo
cal Bus Signals are shown in Table 6-2. Design anal
ysis is necessary to determine if deviations to the 
typical values given is needed. 

Table 6-1. Recommended Resistor Pull ups to 
Vee (80386 Local Bus) 

Pin and Pullup 
Purpose 

Signal Value 

ADS # 20 Kfl ±10% Lightly Pull ADS # 
E13 Negated for 80386 

Hold States 

LOCK # 20Kfl ±10% Lightly Pull LOCK # 
F13 Negated for 80386 

Hold States 

Table 6-2. Recommended Resistor Pullups to 
Vee (82385 Local Bus) 

Signal and Pullup 
Purpose 

Pin Value 

BADS# 20Kfl ±10% Lightly Pull BADS # 
N9 Negated for 82385 

Hold States 

BLOCK # 20 Kfl ±10% Lightly Pull BLOCK # 
P9 Negated for 82385 

Hold States 

MISS# 20 Kfl ±10% Lightly Pull MISS# 
N8 Negated for 82385 

Hold States 

6.3 82385 SIGNAL CONNECTIONS 

6.3.1 Configuration Inputs 

The 82385 configuration signals (M/S#, 2W/D#) 
must be connected (pulled up) to the appropriate 
logic level for the system design. There are also two 
reserved 82385 inputs which must be tied to the ap
propriate level. Refer to Table 6-3 for the signals and 
their required logic level. 

Table 6-3. 82385 Configuration 
Inputs Logic Levels 

Pin and Logic 
Purpose 

Signal Level 

MIS# High Master Mode Operation 
B13 Low Slave Mode Operation 

2W/D# High 2-Way Set Associative 
012 Low Direct Mapped 

Reserved High Must be tied to Vee via 
L14 a pull-up for proper 

functionality 

Reserved High Must be tied to Vee via 
A14 a pull-up for proper 

functionality 

NOTE: 
The listed 82385 pins which need to be tied high should 
use a pull-up resistor in the range of 5 KO to 20 KO. 
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6.3.2 CLK2 and RESET 

The 82385 has two inputs to which the 80386 CLK2 
signal must be connected. One is labeled CLK2 
(82385 pin C13) and the other is labeled BCLK2 
(82385 pin L 13). These two inputs must be tied to
gether on the printed circuit board. 

The 82385 also has two reset inputs. RESET (82385 
pin D13) and BRESET (82385 pin K12) must be con
nected on the printed circuit board. 

6.4 UNUSED PIN REQUIREMENTS 

For reliable operation, ALWAYS connect unused in
puts to a valid logic level. As is the case with most 
other CMOS processes, a floating input will increase 
the current consumption of the component and give 
an indeterminate state to the component. 

6.5 CACHE SRAM REQUIREMENTS 

The 82385 offers the option of using SRAMs with or 
without an output enable pin. This is possible by in
serting a transceiver between the SRAMs and the 
80386 local data bus. This transceiver may also be 
desirable in a system which has.a very heavily load
ed 80386 local data bus. The following sections dis
cuss the SRAM requirements for all cache configu
rations. 

6.5.1 Cache Memory without 
Transceivers 

As discussed in section 3.2, the 82385 presents all 
of the control signals necessary to access the cache 
memory. The SRAM chip selects, write enables, and 
output enables are driven directly by the 82385. Ta
ble 6-4 lists· the required SRAM specifications. 
These specifications allow for zero margin. They 
should be used as guides for the actual system de
sign. 

6.5.2 Cache Memory With 
Transceivers 

To implement an 82385 subsystem using cache 
memory transceivers, it is necessary to create an 
output enable signal for the transceiver. In a 2-way 
set associative organization this signal is the logical 
"AND" of COEA# and CWEA# for bank A and the 
"AND" of COEB# and CWEB# for bank B. A direct 
mapped cache needs to only use the equation of 
one bank (A or B). All other cache control signals 
are driven directly by the 82385. Table 6-5 lists the 
required SRAM specifications. These specifications 
allow for zero margin. They should be used as 
guides for the actual system design. 

Table 6-4. SRAM Specs for Non-Buffered Cache Memory 

SRAM Spec Requirements 

Direct Mapped 2-Way Set Associative 
16 MHz 20 MHz 16 MHz 20 MHz 

Read Cycle Requirements 
Address Access (MAX) 64 ns 44ns 62 ns 42ns 
Chip Select Access (MAX) 76 56 76 56 
OE# to Data Valid (MAX) 25 19 19 14 
OE # to Data Float (MAX) 20 20 20 20 

Write Cycle Requirements 
Chip Select to End of Write (MIN) 40 30 40 30 
Address Valid to End of Write (MIN) 58 42 56 40 
Write Pulse Width (MIN) 40 30 40 30 
Data Setup (MAX) - - - -
Data Hold (MIN) 4 4 4 4 
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Table 6-5. SRAM Specs for Buffered Cache Memory 

SRAM Spec Requirements 

Direct Mapped 2-Way Set Associative 
16 MHz 

Read Cycle Requirements 
Address Access (MAX) 57 ns 
Chip Select Access (MAX) 68 
OE # to Data Valid (MAX) N/A 
OE # to Data Float (MAX) N/A 

Write Cycle Requirements 
Chip Select to End of Write (MIN) 40 
Address Valid to End of Write (MIN) 58 
Write Pulse Width (MIN) 40 
Data Setup (MAX) 25 
Data Hold (MIN) 3 

7.0 SYSTEM TEST CONSIDERATIONS 

7.1 INTRODUCTION 

Power On Self Testing (POST) is performed by most 
systems after a reset. This chapter discusses the 
requirements for properly testing an 82385 based 
system after power up. 

7.2 MAIN MEMORY (DRAM) TESTING 

Most systems perform a memory test by writing a 
data pattern and then reading and comparing the 
data. This test may also be used to determine the 
total available memory within the system. Without 
properly taking into account the 82385 cache mem
ory, the memory test can give erroneous results. 
This will occur if the cache responds with read hits 
during the memory test routine. 

7.2.1 Memory Testing Routine 

In order to properly test main memory, the test rou
tine must not read from the same block consecutive
ly. For instance, if the test routine writes a data pat
tern to the first 32 kbytes of memory (0000-7FFFH), 
read from the same block, writes a new pattern to 
the same locations (0000-7FFFH), and read the 
new pattern, the second pattern tested would have 
had data returned from the 82385 cache memory. 
Therefore, it is recommended that the test routine 
work with a memory block of at least 64 kbytes. This 
will guarantee that no 32 kbyte block will be read 
twice consecutively. 
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20 MHz 16 MHz 20 MHz 

37 ns 55ns 35 ns 
48 68 48 

N/A N/A N/A 
N/A N/A N/A 

30 40 30 
42 56 40 
30 40 30 
15 25 15 
3 3 3 

7.3 82385 CACHE MEMORY TESTING 

With the addition of SRAMs for the cache memory, it 
may be desirable for the system to be able to test 
the cache SRAMs during system diagnostics. This 
requires the test routine to access only the cache 
memory. The requirements for this routine are based 
on where it resides within the memory map. This can 
be broken into two areas: the routine residing in 
cacheable memory space or the routine residing in 
either non-cacheable memory or on the 80386 local 
bus (using the LBA# input). 

7.3.1 Test Routine in the NCA# or 
LBA # Memory Map 

In this configuration, the test routine will never be 
cached. The recommended method is code which 
will access a single 32 kbyte block during the test. 
Initially, a 32 kbyte read (assume 0000-7FFFH) must 
be executed. This will fill the cache directory with the 
address information which will be used in the diag
nostic procedure. Then, a 32 kbyte write to the same 
address locations (0000-7FFFH) will load the cache 
with the desired test pattern (due to write hits). The 
comparison can be made by completing another 
32 kbyte read (same locations, 0000-7FFFH), 
which will be cache read hits. Subsequent writes and 
reads to the same addresses will enable various pat
terns to be tested. 
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7.3.2 Test Routine In Cacheable 
Memory 

In this case, it must be understood that the diagnos
tic routine must reside.in the cache memory before 
the actual data testing can begin. Otherwise, when 
the 80386 performs a code fetch, a location within 
the cache memory which is to be tested will be al
tered due to the read miss (code fetch) update. 

The first task is to load the diagnostic routine into 
the top of the cache memory. It must be known how 
much memory is required for the code as the rest of 
the cache memory will be tested as in the earlier 
method. Once the diagnostics have been cached 
(via read updates), the code will perform the same 
type of read/write/read/compare as in the routine 
explained in the previous section. The difference is 
that now the amount of cache memory to be tested 
is 32 kbytes minus the length of the test routine. 

7.4 82385 CACHE DIRECTORY 
TESTING . 

Since the 82385 dOes not directly access the data 
bus, it is not possible to easily complete a compari
son of the cache directory. However,the cache 
memory tests described in section 7.3 will indicate if 
the directory is working properly. Otherwise, the data 
comparison within the diagnostics will show loca
tions which fail. 

There is a slight possibility that the cache. memory 
compari~on could pass even if locations within the 
directory gave false hit/miss results. This could 
cause the comparison to always be performed to 
main memory instead of the cache and give a proper 
comparison to the 80386. The solution here is to use 
the MISS# output of the 82385 as an indicator to a 
diagnostic port which can be read by the 80386. It 
could also be used to flag an interrupt if a failure 
occurs. . 

The implementation of these techniques in the diag
nostics will guarantee the proper functionality of the 
82385 subsystem. 

7.5 SPECIAL FUNCTION PINS 

As mentioned in chapter 3, there are three 82385 
pins which have reserved functions in addition to 
their normal operational functions. These pins are 
MISS#, WBS, and FLUSH. 

As discussed previously, the 82385 performs a di
rectory flush when the FLUSH input is held active for 
at least 4 ClK (8 CLK2) cycles. However, the 
FLUSH pin also serves as a diagnostic input to the 
82385. The 82385 will enter a reserved mode if the 
FLUSH pin is high at the falling edge of RESET. 

. If, during normal operation, the FLUSH input is ac
tive for only one ClK (2 ClK2) cycle/s, the 82385 
will enter another reserved mode. Therefore it must 
be guaranteed that FLUSH is active for at least the 4 
ClK (8 ClK2) cycle specification. 

WBS and MISS# serve as outputs in the 82385 re
served modes. 

8.0 MECHANICAL DATA 

8.1 INTRODUCTION 

This chapter discusses the physical package and its 
connections in detail. 

8.2 PIN ASSIGNMENT 

The 82385 pinout as viewed from the top side of the 
component is shown by Figure 8-1. Its pinout as 
viewed from th~ Pin side of the component is shown 
in Figure 8-2. 

Vee and Vss connections must be made to multiple 
Vee and Vss (GND) pins. Each Vee and Vss must 
be connected to the appropriate voltage level. The 
circuit board should include Vee and GND planes for 
power distribution and all Vee and V ss pins must be 
connected to the appropriate plane. 
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Figure 8-1. 82385 PGA Pinout-View from TOP Side 
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Figure 8·2. 82385 PGA Pinout-View from PIN Side 
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Table 8-1. 82385 PGA Pinout-Functional Grouping 

PlnlSlgnal PlnlSlgnal PlnlSlgnal PlnlSlgnal 

M2 A31 C12 SA31 C1 Vee B1 Vss 
L3 A30 A13 SA30 C14 Vee B14 Vss 
L2 A29 B12 SA29 M1 Vee M14 Vss 
K3 A28 A12 SA28 N13 Vee N1 Vss 
L1 A27 C11 SA27 P1 Vee N2 Vss 
J3 A26 B11 SA26 P3 Vee N14 Vss 
K2 A25 C10 SA25 P11 Vee P2 Vss 
K1 A24 B10 SA24 P13 Vee P4 Vss 
J2 A23 A11 SA23 E13 ADS# P12 Vss 
J1 A22 C9 SA22 P14 Vss 
H2 A21 A10 SA21 F14 W/R# 
H3 A20 A9 SA20 F12 D/C# N9 BADS# 
H1 A19 B9 SA19 E14 M/IO# M12 BBEO# 
G1 A18 C8 SA18 F13 LOCK# N12 BBE1# 
G2 A17 A8 SA17 L12 BBEU 
G3 A16 B8 SA16 N3 NA# M13 BBE3# 
F1 A15 B7 SA15 P9 BLOCK # 
F2 A14 A7 SA14 G13 X16# 
F3 A13 A6 SA13 G12 NCA# K14 BNA# 
E1 A12 C7 SA12 H14 LBA# 
E2 A11 B6 SA11 014 READYI# N4 CALEN 
E3 A10 B5 SA10 M3 READYO# P7 COEA# 
01 A9 A5 SA9 M7 COEB# 
02 A8 C6 SA8 E12 FLUSH N7 CWEA# 
C2 A7 A4 SA7 M8 WBS P6 CWEB# 
A1 A6 C5 SA6 N8 MISS# M5 CSO# 
03 A5 B4 SA5 M6 CS1# 
C3 A4 C4 SA4 012 2W/D# N6 CSU 
B2 A3 A3 SA3 B13 M/S# P5 CS3# 
B3 A2 A2 SA2 M10 DOE# 
G14 BEO# J12 SEN M4 LDSTB N5 CT/R# 
H13 BE1# J13 SSTB# 
H12 BE2# N11 BHOLD P8 BRDYEN# 
J14 BE3# A14 RESERVED M11 BHLDA K13 BREADY# 

L14 RESERVED P10 BACP 
C13 CLK2 M9 BAOE# 
013 RESET N10 BT/R# 
K12 BRESET 
L13 BCLK2 
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8.3 PACKAGE DIMENSIONS AND 
MOUNTING 

8.4 PACKAGE THERMAL 
SPECIFICATION 

The 82385 package is a 132-pin ceramic Pin Grid 
Array (PGA). The pins are arranged 0.100 inch (2.54 
mm) center-to-center, in a 14 x 14 matrix, three rows 
around (Figure 8-3). 

The PGA case temperature should be measured at 
the center of the top surface opposite the pins, as in 
Figure 8-4. The case temperature may be measured 
in any environment to determine whether or not the 
82385 is within the specified operating range. 

A wide variety of available sockets allow low inser
tion force or zero insertion force mounting. These 
come in a choice of terminals such as soldertail, sur
face mount, or wire wrap. 

CIN #1 POSITION 

·@@@@@@I'@@@@@@@ 
2 @@@@@@@@@@@@@@ 
3 @@~@@@@,@@@@~@@ 

4 @@@ @@@ 
5 @@@ , @@@ 
6 @@@ I @@@ 

7 @@@ + @@@ 
8 -@@@ -- -- @@@ 

9 @@@ I @@@ 
10 @@@ @@@ 
11 @@@ @@@ 
12 @@~@@@@,@@@@ @@ 
13 @@@@@@@I@@@@@@@ 
14 @@@@@@@,@@@@@@@ 

C D E F G H J K L M N P I~ 
.020 (0.508) .020 -I 
MIN TYP (0.508) / 
.070 (1.777) DIA 
TYP BRAZE PAD 

1------1.450 (36.802) • 

.725 (18.401) 

.650 (16.497) 

.550 (13.959) 

.450 (11.421) 

.350 (8.883) 

.250 (6.345) 

.150 (3.807) 

.050 (1.269) 
o 

SWEDGE PIN 
STANDOFF 
(4) PLACES 

.057(1.269) l t 
MAX TYP 

.001 (0.025) R 
MIN TYP 

.018 (0.47) ..., 
DIA TYP L J:::~I:I1' 

.165(4'189~1 ~ 
.110 (2::J-J 

290143-44 

Figure 8·3. 132·Pln PGA Package Dimensions 
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Figure 8-4. Measuring 82385 PGA ca .. Temperature 

Table 8-2. 82385 PGA Package Typical Thermal Characteristics. 

Thermal Resistance-DC/Watt 

AlrfIow-f3/mln (m3/ .. c) 

Parameter 0 50 100 200 400 800 
(0) (0.25) (0.50) (1.01) (2.03) (3.04) 

(J Junction-to-Case 2 2 2 2 2. 2 
(Case Measured 
as Figure 8.4) 

(J Case-to-Ambient 19 18 17 15 12 10 
(No Heatsink) 

(J Case-to-Ambient 16 15 14 12 9 7 
(with Omnidirectional 
Heatsink) 

(J Case-to-Ambient 15 14 13 11 8 6 
(with Unidirectional 
Heatsink) 

NOTES: 
1. Table 8·2 applies to 82385 PGA plugged into socket or soldered directly onto board. 
2. 6JA = 6JC + 6CA. 
3.6J-CAP = 4°C/W (approx.) 

6J-PIN = 4DCIW (inner pins) (approx.) 
6J-PIN = SDCIW (outer pins) (approx.) 

8Ja 

8JP1n f\ 8Jo 

I .8J cap I 
UUlJ 1 UUU 

290143-46 
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9.0 ELECTRICAL DATA 

9.1 INTRODUCTION 

This chapter presents the A.C. and D.C. specifica
tions for the 82385. 

9.2 MAXIMUM RATINGS 

Storage Temperature .......... -65·C to + 150·C 

Case Temperature Under Bias ... -65·C to + 11 O·C 

Supply Voltage with Respect 
toVSS ....................... -0.5Vto +6.5V 

Voltage on any other Pin ..... -0.5V to Vee + 0.5V 

NOTE: 
Stress above those listed may cause permanent 
damage to the device. This is a stress rating only 
and functional operation at these or any other con
ditions above those listed in the operational sec
tions of this specification is not implied. 

Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
Although the 82385 contains protective circuitry to 
resist damage from static electrical discharges, al
ways take precautions against high static voltages 
or electric fields. 

9.3 D.C. SPECIFICATIONS TeAsE = O·Cto + 85·C; Vee = 5V ±5%;Vss = OV 

Table 9-1. D~C. Specifications 

Symbol Parameter Min Max Unit 

Vil Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2~0 Vee + 0.3 V 

VCl CLK2,BCLK21nputLow -0.3 0.8 V 

VCH . CLK2, BCLK2 Input High Vee - 0.8 Vee + 0.3 V 

VOL Output Low Voltage 0.45 V 

VOH Output High Voltage 2.4 V 

Icc Power Supply Current 275 mA 

III Input Leakage Current ±15 /J-A 

IlO Output Leakage Current ±15 /J-A 

CIN Input Capacitance 10 pF 

CelK CLK2 Input Capacitance 20 pF 

NOTES: 
1. Minimum value is not 100% tested. 
2. Icc is specified with inputs driven to CMOS levels. Icc may be higher if driven to TIL levels. 
S. Sampled only. 
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Test Condition 

(Note 1) 

(Note 1) 

(Note 2) 

OV < VIN $. Vee 

0.45 < VOUT < Vee 

(Note 3). 

(Note 3) 
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9.4 A.C. SPECIFICATIONS 

The A.C. specifications given In the following tables 
consist of output delays and input setup require
ments. The A.C. diagram's purpose is to illustrate 
the clock edges from which the timing parameters 
are measured. The reader should not infer any other 
timing relationships from them. For specific informa
tion on timing relationships between signals, refer to 
the appropriate functional section. , 

A.C. spec measurement is defined in Figure 9-1'. In
puts must be driven to the levels shown when A.C. 
specifications are measured. 82385 output delays 

CLK2 [ 2V 

are specified with minimum, and maximum limits, 
which are measured as shown. 82385 input setup 
and hold times are I specified as minimums and de
,fine the smallest acceptable sampling window. With
in the'sam'pling window, a synchronous input signal 
must be stable for correct 82~85 operation. 

9.4.1 Frequency Dependent Signals 

The 82385 has signals whose output valid delays 
are dependent on the clock frequency. These sig
nals are marked in the A.C. Specification Tables with 
a Note 1. 

3.0V -~ __ .... -~m~r;';"'--I--

3.0V ,",,~--""-.....,jl...o 

LEGEND: 
A-Maxlrnum output delay spacIfIcation 
B-Mtnlrnum output delay apeclflcatlon 
C-Mlnimum Input setup spacIfIcation 
B-Mlnimum Input hokl apecllicatlon 

NOTES: 
1. Input waveforms have t, s: 2.0 ns from 0.8V to 2.0V. 

NOTE 2 

2. Under rated lOading 82385 output (t, and tf) Is typically s: 4.0 ns from 0.8V to 2.0V. 

Figure 9-1. Drive Levels and Measurement Points for A.C. Specification 
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A.C. SPECIFICATION TABtES 
Flmctional Operating Range: Vce = 5V ±5%; TCASE = O·S:: to +85·C 

Table 9-2. A:C. SpeCifiCations 

Symbol Parameter 
82385-16 82385-20 Units·· Notes 

Min Max Min Max 

t1 Operating Frequency 12 16 12 20 MHz 

t2 CLK2 Period 31.25 41.67 25 41.67 ns 

t3 CLK2 High Time 9 8 ns 

t4 CLK2 Low Time 9 8 ns 

t5 CLK2 Fall Time 8 8 ns 

t6 CLK2 Rise Time 8 8 ns 

t7 A(2-31); BE(0-3) #, 25 19 ns (Note 1) 
Lock Setup Time 

t8 A(2-31), BE(0-3)# , 3 3 ns 
Lock Hold Time 

t9 W/R#, M/IO#, D/C#, 28 21 ns (Note 1) 
ADS # Setup Time 

t10 W/R#, M/IO#, D/C#, 5 ·5 ns 
ADS# Hold Time 

t11 READYI # Setup 21 12 ns (Note 1) 

t12 READYI # Hold 4 4 ns 

t13 LBA#, NCA#, X16# Setup Time 16 10 ns 

t14 LBA#, NCA#, X16# Hold Time 4 4 ns 

t15 RESET, BRESET Setup 13 12 ns 

t16 RESET, BRESET Hold 4 4 ns 

t17 NA# Delay 15 42 15 34 ns (Note 1) CL = 25 pF 

t18 READYO# Delay 4 31 4 28 ns (Note 1) CL = 25 pF 

t19 BRDYEN # Delay 4 31 4 28 ns CL = 40pF 

t21a CALEN Delay 3 25 3 19 ns (Note 2) CL = 40 pF 

t21b CALEN Rising Delay 3 38 3 33 ns. (Notes 1,3) 

t22a CWEA #, CWEB # Delay 14 31 12 25 ns (Notes 1, 4) CL = 75 pF 

t22b CWEA#, CWEB # Pulse Width 40 30 ns (Notes 1, 5) 

t23 CS(0-3) # Delay 14 38 12 33 ns (Notes 1, 6) CL = 50 pF 

t24 CT/R# Delay 14 38 12 33 ns (Notes 1, 7) CL = 75 pF 

t25a COEA #, COEB #, Falling Delay 1 24 1 18 ns (Note 8) CL = 75 pF 

t25b COEA#, COEB#, Falling Delay 1 30 1 23 ns (Notes 1, 9) 

t25c COEA#, COEB#, Rising Delay 5 19 5 15 ns (Note 10) 

t26 CS(0-3)# Active to CWEA#, 40 30 ns (Notes 1, 5) 
CWEB# Rising 

t27 CWEA #, CWEB # Falling 0 0 ns 
to CS(0-3)# Falling Delay 
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A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: Vee = SV ±S%; TeASE = O·C to +8S·C 

Table 9-2. A.C. Specifications (Continued) 

Symbol ' , Parameter 
82385-16 82385·20 

Units Notes 
Min Max Min Max 

t28 CWEA#, CWEB# Rising to 0 0 ns 
CALEN Rising and CS(0-3)# 
Falling Delay 

t31 SA(2-31) Setup 25 19 ns 

t32 SA(2-31) Hold 3 3 ns 

t33 BADS# Valid Delay 6' 33 6 28 ns (Note 1) CL = 75 pF 

t34 BADS# Float Delay 6 35 6 30 ns 

t55 BLOCK#, BBE(0-3)# Valid Delay 4 36 4 30 ns (Note 1) CL = 75 pF 

t56 MISS# Valid Delay 4 43 4 35 ns (Note 1) CL = 75 pF 

t57 MISS#, BBE(O-3}#, BLOCK# 4 40 4 32 ns 
Float Delay 

t58 WBSDelay 4 36 4 30 ns ,(Note 1) CL = 7S pF 

t3S 'BNA# Setup 11 9 ns 
, 

t36 BNA# Hold 15 15 ns 

t37a BREADY # Setup 31 26 ns (Notes 1, 11) 

t37b BREADY # Setup 21 12 ns (Note 12) 

t38 BREADY # Hold 4 4 ns 

t40 BACPDelay 4 23 4 18 ns CL = 60pF 

t41 BAOE# Delay 4, 23 4 18 ns 

t43a BT/R#, DOE# Delay 2 25 2 17 ns CL = 50pF 

t43b DOE# Rising Delay 4 21 '4 17 ns 

t43c LDSTBDelay 2 33 2 26 ns CL = 50pF 

t44 SEN, SSTB# Setup 15 11 ns 

t45 SEN, SSTB# Hold 5 5 ns 

t46 BHOLDSetup 26 17 ns (Note 13) 

t47 BHOLDHold 5 5 ns (Note 13) 

t48 BHLDADelay 6 33 5 28 ns (Note 13) CL = 75 pF 

t49 BHLDASetup 20 17 ns (Note 14) 
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A.C. SPECIFICATION TABLES (Continued) 
Functional Operating Range: VCC = 5V ±5%; TCASE = O°C to +85°C 

Table 9-2 •. A.C. Specifications (Continued) 

Symbol Parameter 
82385-16 82385-20 

Units Notes 
Min Max . Min Max 

t50 BHLDAHold 5 5 ns (Note 14) 

t51 BHOLDDelay 6 33 6 28 ns (Note 14) CL = 75 pF 

t59 FLUSH Setup 21 16 ns 

t60 FLUSH Hold 5 5 ns 

t61 FLUSH Setup to RESET Low 31 26 ns 

t62 FLUSH Hold from RESET Low 31 26 ns 

NOTES: 
1. Frequency dependent specifications. 
2. All cycles exoept cache write hit. CALEN triggers by PHI2 in TIP state. 
3. The end of cache write hit cycles. Triggered by PHI1. 
4. CWE# transitions by PHI1 in cache write hit cycles. CWE# transitions by PHI2 in cache read miss cycles. 
5. Used for cache data memory (SRAM) specifications. 
6. In cache Write hit cycles, CS(0-3)# transition high by PHI2 and low by PHI1. In cache read miss cycles, CS(0-3)# 
transition high by PHI1 and low by PHI2. 
7. In cache write hit cycles, CT/R# transitions low by PHI2. In cache read hit cycles, CT/R# goes high by PHI2. In cache 
read miss cycles, CT/R# goes low by PHI1. 
8. Direct mapped configuration. 
9. Two way set associative configuration. 
10. COE# switches high by PHI1 at the end of a cache read hit cycle. 
11. Cache read miss cycles. . 
12. Non-cacheable read oycles and system write cycles. 
13. Master mode configuration. BHOLD is an input and BHLDA is an output. 
14. Slave mode configuration. BHOLD is an output and BHLDA is an input. 

t5 t6 

Figure 9-2. CLK2, BCLK2 Timing 

82385 
- OUTPUT~ 

~CL 
290143-49 

CL indicates all parasitic capacitances. 

Figure 9-3. A.C. Test Load 
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388 Interface Parametera 

PHI2 PHil PHI2 PHil 

CLK2 

CLK 

~-3l~~~~~~ ___ ~ _________ --+_ _______ ~~~~~~~~ 

BEO#-3# --Wfo~.KlIif-------~--------+_----~--Ig",o ............ ~ LOCK# -

w~#~~~~~ __ _+------__ -+~ __ ----~----~~~~ 
M/IO# -\oOI""+-011011-----+---------+-------_+----IY"--~ D/C# -

A~*~~~~~~~~-~~~~ 
LBA#~~~~----_+--~~--_+--------~----~~~~ 
NCA# 

I X16#~~~~~--I--+---~--~~~~~~~~~ 

READYI# 

290143-50 

OUTPUT DELAYS 

PHI2 PHil PHI2 PHil 

CLK2 

CLK 

NA# __ ~-------~-~---~~~~ __ ~-------

REA~O* __ _+--------.g~~ ...... ~--+_----+_--~------

BRDYEN# --+--------"""lI~-..J~"+--~----+_--~-------
290143-51 
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PHI1 

CLK2 

CALEN (n) _+",","""-ol'J 

82385 

Cache Read Cycle 

T1 T1P 
PHI2 PHI1 

CT/R# _+-_______ ..I..I...I..I.""""~ 

COE# -+----.....;-----tr"'l!""'l~ 

T2, T2P 
I PHI2 PHI1 

(DIRECT WAPPED) ~~a..."';"-i------f&o~J 

COE# 
(2WAY) 

CALEN 
(n P) -o!'-'-lJ.,j'J 

BCLK2 

BCLK 

BNA# 

BREADY# 

SEN 
~STB# 

BHOLD 
(WASTER CONFIG.) 

BHLDA 
. (SLAVE CONFIG.) 

BPHI2 

System Bus Interface Parameters 

BPHII BPHI2 BPHII 
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System Bu. Interface Parameters (Continued) 

OUTPUT OELA YS 

BCLK~ ---
BCLK -

£til BADStII.BB 
BLOC 

10115 
KtII 
StII 

(VALID DELA Y) 

EtII BADStII.BB 
BLOC KtII 

. 10115 StII 
FLOAT DELA y 

LD BHO 
(SLAVE CONri G.) 

5 BHLDA.WB 
(IoIASTER CONF'I G.) 

BACP.BAO EtII 

BT/RtII.DO EN 

LDS TB 

BA CP 

DO EtII 

I 
I 
I 
I 
I 
I 
I 

BPHI2 

~. 

I 

BPHI1 BPHI2 

r--\. ~ 

.\. I 
33 
55 

-56-

XlIIIX 

34 
-57-

XlIIIX '. 

1--51-

~/IIX 

4B 
1--58-

~11n. 

40 . , 
1--41-

Xllln. 

~43A- I--43A-I 

Xllln. . rxIllnJ 
I 

I-43C-I 

~/IXI 
-40- I 

XII/, 
,-43B .... 

II/II 
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APPENDIX 
82385 Signal SUmmary 

Signal Signal Function Active Input! Trl-8tate 
Group/Name State Output Output? 

80386 INTERFACE 

RESET 386i Reset High I -
A2-A31 386 Address Bus High I -
BEO#-BE3# 386 Byte'Enables Low I -
CLK2 386 Clock - I -
REAOYO# Ready Output Low 0 No 

BROYEN# Bus Ready Enable Low 0 No 

REAOYI# 386 Ready Input Low I -
AOS# 386 Address Status Low I -
M/IO# 386 Memory 11/0 Indication - I -
W/R# 386 Write/Read Indication - I -
O/C# 386 Oata/Controllndication - I -
LOCK # 386 Lock Indication Low I -
NA# 386 Next Address Request Low 0 No 

CACHE CONTROL 

CALEN cache Address Latch Enable High 0 No 

CT/R# Cache Transmit/Receive - 0 No 

CSO#-CS3# cache Chip Selects Low 0 No 

COEA#,COEB# Cache Output Enables Low 0 No 

CWEA#, CWEB# Cache Write Enables Low 0 No 

LOCAL DECODE 

LBA# 386 Local Bus Access Low I -
NCA#· Non-Cacl'ieable Access Low I -

" X16# 16-Bit Access Low I -
STATUS AND CONTROL 

MISS# cache Miss Indication Low 0 Yes 

WBS Write Buffer Status High 0 No 

FLUSH' Cacha Flush " High I -
82385 INTERFACE 

BREAOY# 385 Ready Input Low I -
BNA# 385 Next Address Request Low I -
BLOCK # 385 Lock Indication Low 0 Yes 

BAOS# 385 AddresS Status Low' 0 Yes 

BBEO#-BBE3# 385 Byte Enables Low 0 Yes 

4-347 



82385., 

82385 Signal Sa,mmary (Continued) 

Signal 
Signal Function, I Active Input/ Trl-State 

Group/Name State Output Output? .. 
OATA/ ADDR CONTROL 

,." 

LDSTB Local Data Strobe Pos.Edge 0 No 

DOE# Data Output Enable Low 0 No 

BT/R# Bus Transmit/Receive - 0 No ,. .. 
BACP Bus Address Clock Pulse . Pos.Edge 0 No 

!3A9E# Bus Address Output Enable Low 0 No 
. 

CONFIGURATION 

2W/D# 2-Way/Direct Map Select - I -
M/S# Master/Slave Select I -
COHERENCY 

SA2-SA31 Snoop Address Bus Hig/l I -
SSTB# Snoop Strobe LOW I -
SEN Snoop Enable High I ~ 

ARBITRATION 

BHOLD Hold High I/O No 

BHLDA Hold Acknowledge High I/O No 

10.0 REVISION HISTORY 
DOCUMENT: ADVANCE INFORMATION DATA SHEET 
PRIOR REV: 290143-001 JULY 1987 
NEW REV: 290143-002 

Change # Page # Para. # Change 

1. 4 10.0 ADD: Revision History 

2. 7 Fig. 1-3 MOVE: Buffers/Latches closer to syst~m bu~ 

3. 17 3.3 ADD: "The signals must be kept stable during the entire time the 
address is valid. They are not internally latched by the 82385." 

4. 21 Fig. 4-1 CHANGE" 82386 to 80386 in R.H. box 

5. 31 Fig.4-6B EXTEND: COEA# signal into Frame II before falling 

6. 34 Fig. 5-2 MOVE: Arrow of "82385 Re-asserts BHOI,.D" to point to BHOLD BTl 

7. 43 Fig. 5-3 CHANGE: Header in Frame II to BTH 

8. 46 Table 6-3 CHANGE: Reserved L 14 logic level to "high" and purpose to "must be 
tied to Vcc via a pull-up for proper functiO,nality'.' 

9. 55 Table 9-1 CHANGE: Icc Max to 275 

10. 58 Table 9-2 CHANGE: t58 82385-16 Max to 36 

11. 58 Table 9-2 CHANGE: t58 82385-20 MaX to 30 

12. Last - INSERT: this Revision. History 
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82716/VSDD 

VIDEO STORAGE AND DISPLAY DEVICE 

• Lo.w Cost Graphics and Text Capability • ,Objects Allow Windowing or Animation 

• Minimum Chip Count Display Controller • Resolution Up to 640 x 512 Pixels 

• Displays Up to 16 Bit Map and • Up to 512K Bytes of Display Memory 
Character Objects of Any Size • Compatible with 8 and 16 Bit 

• On-Chip 16/4096 Color Palette Processors/Micro Controllers 

• On-Chip DRAM Controller • Twin Mode Operation for Higher 

• On-Chip 0/ A Converters Throughput 

• Arbitration of Processor RAM Requests • Powerful External Sync and Overlay 
Capabilities 

• . NAPLPS and CEPT Compatible 

82716IVSDD is a low cost, highly integrated video controller. It displays graphics and textual information using 
a minimum of chips. It allows the management of up to 16 display objects on the screen at anyone time. 
These objects may be formatted as bit map or character arrays and can be used for windowing or animation. 

An on-chip color palette allows the selection of up to 16 colors, from a range of 4096. The palette can be 
programmed to drive a set of on-chip DI A converters. The VSDD also provides DRAM controller funotions. 

XTALIN 

XTALOUT 

R 

G 

B 

OVR 

VREF 

VIDEO 
CLOCK 

PIXEL 
UNIT 

TASK 
SCHEDULER 

DH,DL ADDR 

BUS 
INTERFACE UNIT 

BIU 

. ______________ t __ ~ ____ _ 
r16 

RST 

AD 

Figure 1. VSDD Blook Diagram 
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GENERAL DESCRIPTION 

The 82716IVSDD is a low cost, highly integrated 
VLSI CRiTicontl'olier bffering advanced display cllpa-' 
bilities for Videotex and color graphics displays. Its 
internal architecture allows it to be connected to any 
Intel compatible processor. The, screen image is 
constructed from various user,specified objects re
siding in the VSDD memory (mapped into the proc
essor's address space). Pixels are taken ditectly 
from the memory for display on the screen. Charac
ters are constructed employing user-defined RAM· 
based character generators. The VSDD takes the 
object data from its memory, buffers it, and runs it 
through a color palette and 0/ A converters to pro
duce a video signal. The "SOD also supports over
lapped objects and transparent pixels. 

In conjunction with appropriate software, the VSDD' 
can be- compatible with such video standards as 
NAPLPS, CEPT or custom configurations. Its multi
window' features and resolution make the VSDD 
ideal for: 
• Home Information Systems, TV's, VCR's, Games 

and Home Computers 
• Alphanumeric Color/Monochrome Terminals 
• Real-Time Process Control Moniforing Equip

ment 
• Videotex Terminals of the Alphageometric, Al

phanumeric and Alphaphotographic Type 
• Automotive Displays 
• Medical Electronics 

Figure 1 shows the block diagram of the VSDD. 

A ADDR/DATA I\. 

, t, 

, "" 

FUNCTIONAL DE$CRIPTION 

Bus Interface Unit (BIU): BIU is the interface be
tween the CPU and ,the VSDD. CPU accesses. the 
DRAM through the B,W. 

Memory Interface unit (MIU): It isthe interface be-, 
tween the VSDD and the DRAM. MIU generates the 
control signals and, the row and column addresses 
for DRAM.' , 

Timing Unit: It consists of oscillator and clock gen
erators. The Video and internal clocks'are generated 
by 1!ming unit. 

Sync Generator: The sync generator controls the 
horizontal and vertical timings for raster generation 
(HSYNC and VSYNC). 

Pixel Unit: The pixel unit contains pixel formatting 
unit as well as scan line buffers in which display in
formationis placed for each scan line. It also con~ 
talns the color lookup table (color palette) and 0/ A 
converters (DACs). DACs convert the digital color 
specifications to analog RGB signals for the monitor. 

Task Scheduler: This unit is the control circuit of the 
VSDD. It provides the control signals for internal log
ic. 

Address Computing Unit: It computes the DRAM 
addresses. 

R, G, B, SYNC I\. 0 
SYSTEM " If 82716 If 

CRT CPU VSDD 

8051 
CONTROL: WR, I\. A DATA -'" 

SYSTEt.t 8096 
RD, AL~, BI:IE; If " If AND 8086 ADDR I\. DISPLAY 80186 MEMORY 

80286 RDY If (DRAM) 

RESET RAS, CAS, WE 

-!=,*I~' 
231680-2 

Figure 2_ Simple System Configuration 
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SYSTEM OPERATION 

The VSDD has 3 primary extemal interfaces: the 
CPU interface, the dynamic RAM display 'memory in
terface and the video' pixel output. 

The video subsystem looks like a 'memory to the 
CPU. All communication with the video subsystem 
occurs via that memory. The CPU develops display 
objects in memory and the VSDD constructs the ac
tual video signal for the display from that memory. 
The CPU accesses the DRAM via the VSDD's BIU 
interlace. The DRAM contains register segments 
and display information. CPU access of the dynamic 
RAM is controlled exclusively by the VSDD's DRAM 
controller. 

The VSDD supports the Simultaneous display of in
formation from several sources. Each of these 
sources is an "object" and is assigned a display win
dow within the VSDD screen. The VSOD can display 
up to 16 different objects. The size of each object 
can vary from a few pixels to larger than the full 
screen. The VSDD forms a scan line by gathering 
object information into one of the two intemal line 
buffers. While one buffer is being updated with the 
next scan lin~, the other buffer is being read out to 
the color look-up table for display. 

ASCII LIST 

An object is defined as a list Of pixels or string of 
characters within the VSDD DRAM memory. Each 
object is described by an entry, in the Object D,e
scriptor Table (ODT) that contains positional infor, 
mation, color, size and various other attributes. The 
effective X-V' coordinates of an object can be 
changed at any time, without touching the object it
self, thus allowing independent object animation as 
shown in Figure 3. 

An object can be replaced by another object by 
changing the pointer in the ODT, allOwing the possi
bility of many more objects in memory than on dis
play at anyone time. , 

Microprocessor Int,rface 

The VSDD supports both 8 and 16 bit microproces
sors and microcontrollers from all Intel compatible 
families. It uses a multiplexed datal address bus. 

The VSDD accepts Read (RD), Write (WR), Address 
Latch Enable (ALE) and multiplel(ed Address and 
Data Bus (ADO-AD15) input signals as well as the 
Address 16 (A ~6)~nput. For 16 bit accesses the Byte 
High Enable ( H ) input is also used. This allows 
the VSDD to distinguish between 16 and 8 bit ae-

~~ ~L.....--......I ...... \I/ .' ~ jit 
I 

OBJECT 3 OBJECT 2 

OBJECT 1 

ALL OBJECTS DEFINED IN DRAM 

--------------- -------~------------------
DISPLAY 

PRIORITIZED VSDD 

Figure 3. Building an Animation Scene 
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cesses; If the VSDD cannot service the processor 
request immediately, then it .generates a ready sig
nal(RDY)to.extend the processor cycle. The VSDD 
allows the processor to access up to 512. Kbytes of 
display DRAM via memory mapping. CPU accesses 
DRAM with a 16 bit address plus a chip-select input 
A 16 (maximum of 64 Kbytes of address space). A 16 
behaves like other address inputs. It should be ac
tive low. 

During a bus access of the VSDD the ROY line is 
brought low to insert wait states. It is then driven 
high to indicate completion..2!. the ~e.· However 
after the CPU removes the RD and WR signal, the 
VSDD pulls the ROY line low again. It will remain low 
until the next address is latched into the 82716. If 
this address does not select the VSDD, the ROY line 
is driven high after the fall of ALE. If this address 
selects the VSDD, the ROY line remains low and 
begins the new data transfer cycle. 

Arbitration of display memory access is carried out 
internally by the VSDD. The processor normally has 
priority over the· VSDD Display Logic. Accesses 
made by the CPU through the VSDD to the display 
memory can impact VSDD's sean line building pro
cess. 

When construction of a scan line is complete, the 
VSDD enters an idling state to wait till the previously 
constructed line is displayed. If display of the previ
ously constructed line ends before construction of 
the new line is complete, the remainder of the line 
building algorithm is aborted. The VSDD's Construc
tion Time Overflow (CTO) signal is activated to indi
cate this condition to the CPU. This caR happen 
when there are more objects on the line than the 
VSDD has time to process or when CPU generated 
accesses to DRAM take up too much of the VSDD's 
time. To avoid this the VSDD can be programmed to 
allow only a certain (programmable) number of CPU 
accesses to the DRAM during line construction. The 
CTO signal is reset at the end of the Active Vertical 
Zone. 

After each frame the user is able to specify the num
ber of high priority accesses (n = 0 to 15) that the 
system processor may have during each line build
ing process. Thus, n accesses from the system 
processor will be serviced with minimum delay con
currently with line buffer building. The (1 . + n)th ac
cess will be delayed via wait-states (ROY) until com
pletion of the line buffer. Whenever the YSDD isn't 
constructing a horizontal line, system processor ac
cesses will be serviced with minimum delay. 

For the MCS-51 family the interface is slightly differ
ent. This family has no ROY input and cannot be 
temporarily halted during a memory access. In this 
case the ROY output is programmed as a "Free Ac-
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cess" indicator. The 805.1 cal"! te.st this bit to see if 
the VSDD is using the memory and, if not, can gain 
access immediately. Becau~ethe .8051 has no ROY 
input, all read operations on the VSDD memory must 
be pipelined. In this. mOde a single read access to 
the DRAM requires two CPU read cycles. The first 
on~ is to address the de!lired DRAM location, but 
will not return data from that location. The second 
read cycle can be to any DRAM location, but will 
return the data that was addressed in the first cycle. 
Less overhead is required for a series of reads: The 
first read cycle returns random data, but after that 
each read cycle returns the data that was addressed 
in the previous cycle. In this configuration it should 
be noted that the BHE signal must be pulled high. 
The internal logic of the 82716 swaps data from .the 
lower data pins onto the upper internal data lines 
during odd address accesses. 

Video Section 
The VSDD receives raw data from its display memo
ry and performs all necessary conversions and ma
nipulations to convert the display data to RGB sig
nals. Two line buffers are implemented in on-chip 
dynamic RAM to store data from two complete scan 
lines. While one scan line is being displayed, the ot~
er buffer is being filled with the data for the next line. 

The line buffer has the capacity to hold, at the user's 
selection, up to 640 pixels at 4 bits/pixel or up to 
320 pixels at 8 bits/pixel. 

4 bits/pixel are chosen if the display requires more 
than 320 pixels/line. This is called the High Resolu
tion mode. This mode is selected by setting the HRS 
(High Resolution Screen) bit to 1. 

The on-chip color look-up table [CLUT] contains 16 
color entries defined by 12 bits (4-green, 4-red, 
4-blue) for a possible palette of 4096 colors. The 
RGB signals are generated by 3 internal DACs (Digi
tal-to-Analog Converter) whose inputs are the 12 
bits (4/color) from the color look-up table. The actu
al data for color palette is stored in VSDD DRAM. 
The color palette in external DRAM consists of 16 
entries. Each entry is 16 bits long with the lowest 4 
bits specifying the address of the entry in the CLUT 
and the upper 12 bits specifying the color as shown 
in Figure 4. Four bit pixel codes are used to address 
the CLUT. The pixel code is matched with the lowest 
4 bits of the CLUT el1try and the pixel is given the 
color specified by the upper 12 bits. The color corre
sponding to the address 0010B is reserved for the 
background. At the end of every frame, VSDD ac
cesses this data to load the on-chip color look-up 
table. The loading possibility at every frame allows 
the user to make real time changes in the color pal
ette. 
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In some applications it is necessary to overlay exter
nal video signals. To support this the VSDD has an 
Overlay output pin "OVR" which can be used as a 
fast switch signal to allow display of external video 
instead of the VSDD output. The OVR pin is con
trolled by the outputs of the color look-up table. 
Whenever the color being displayed is RGB = 111 H 
(0001 0001 0001 B), the DAC driving the OVR pin 
goes to 'white' level [OFH or 1111 BJ. Any other col
or will cause the OVR pin to go to "black" level (OOH 
or OOOOB). 

In a system where VSDD generated video will over
lay video from an external video source, the "back
ground" palette location 0010B would typically be 
programmed with 111 H. Then, whenever the back
ground color is displayed, user-supplied logic will 
switch in the external video source. 

The overlay function is not available when the on
chip D/ A converters are bypassed. 

A digital mode is also' available. In this mode the 
RGB and "OVR" pins provide direct digital outputs 
from the pixel buffer bypassing the internal color ta
ble and DACs. Up to 256 colors can be obtained in 

On Chip Color Look Up Table (CLUn 

16 

this mode using 8 bits/pixel with external color table 
and DACs. In 8 bits/pixel mode the data is available 
in two 4-bit nibbles. Low nibble always precedes the 
high nibble. The VSDD provides CKIO signal to latch 
low and high 'nibbles using off-chip decoders. Digital 
mode is also available with 4 bits/pixel. 

The active high asynchronous Reset input is inter
nally synchronized to both system clock and video 
clock. It must be held active for at least twenty (20) 
system clock AND video clock cycles. The reset ac
tive time should therefore be designed around the 
slowest of the two clocks. Care should be taken to 
keep noise off of the reset pin, since short duration 
spikes can start a "reset" sequence to begin, but 
not afford a proper length of time to complete. 

Memory Mapping 

The VSDD can support up to 512 Kbytes of DRAM. 
The DRAM is organized as 256K words of 16 bits by 
the VSDD for its own accesses. The VSDD allows 
CPU to access up to 512 Kbytes of DRAM via mem-

entry address 

fcolor 

in the DRAM starting 
at color look up table ! R3 R2 Rl R0:G3 G2 Gl G0:B3 B2 Bl B0:A3.A2 AI A0! 
bas. address (R9) 

-----12 bits ----,., - 4 bits-
231680-24 

Figure 4. Filling the CLUT 
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CKIO\ " I \ I 
DIGITAL DATA :::x x X ~ ________ -JX~ ____ ~ 

NIBBLE LOW HIGH LOW ' HIGH 

PIXEL n n n+1' n+1 
231680-4 

Figure 5.' Digitll Output Data, 8 Bits/Pixel (Hrs = 0) 
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(a) Pre-lnitiallza~lon Memory Mapping 
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(b) Post-Initialization Memory Mapping 

Figure 6. VSDD Memory Mapping 
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ory mapping. The DRAM is organized as 4 banks of 
64K x 16 words. Even byte-addres~ are in the low
er half of a word and odd byte-addreses are in ,the 
upper' half. 

After the RST input to the VSDD goes inactive, the 
VSDD issues a single set of refreshes to DRAM. No 
further refreshes will occur until register RO is initial
ized with DRAM configuration information:' Once ini
tialized, DRAM will be refreshed in a continuous 
loop. 

The VSDD provides tWo logical windows to map por
tions of the processor address space into portions of 
the VSDD-DRAM address space. In the CPU ,ad
dress space, these windows are referred to as the 
Data Window and the Register Window. In the 
VSDD DRAM address space, they are referred to as 
the Data Segment and Register Segment. Thus the 
Data Window maps onto, the Data Segment and thEli 
Register Window onto the Register Segment. The 

Windows are relocatable,anywhere in the processor 
address space. While the Data Segment is relocat
able within the VSDD DRAM address space, the 
Register Segment (32 bytes long) is fixed at VSDD 
DRAM starting location OOOOOH. The length of the 
Data Window/Segment can be specified from 4K to 
64 Kbytes (Figure 6). 

REGISTER SEGMENT 

The register segment is the first 16 words (32 bytes). 
of VSDD DRAM. These registers contain the basic 
information, for screen constants, DRAM organiza
tion, timing and base addresses. These registers 
have hardware counterparts on the VSDD. At the 
end of each frame, VSDD reads register RO on to an 
internal register on the chip. If bit UCF (Update Con
trol Flag) in RO is 'set, the other registers will also be 
'written on to the Chip. These 16 registerS are orga
nized in DRAM,as shown in Table 1. 

Table 1. Register Window Organization 

VSDD 
Byte Loc 

R15 Horiz. Constant 3 Vert. Constant 3 1EH 

R14 Horiz. Constant 2 Vert. Constant 2 1CH 

R13 Horiz. Constant 1 , Vert. Cons1ant 1 1AH 

R12 Horiz. Constant b Vert. Constant 0 18H 

R11 Access ,Table ease Address Counte~ (ATBAC) 16H 

R10 Char Base Address 0 and 1 14H 

R9 Color Table BaSe Address (CTBA) 12H 

R8 Access Table Base Address (ATBA) 10H 

R7 Object Descriptor Table Base Address (ODTBA) OEH 

R6 Priority Access Quantity (PAQ) OCH 

R5 Data Segment Base Mdress (DSBA) OAH 

R4 Data Window/Segment Length Mask (DWSLM) 08H 

R3 Data Window Base Address (DWBA) 06H 

R2 Register Window Base Address (RWBA) 04H 

R1 Video Configuration Register 1 (VCR1) 02H 

RO Video Configuration Register 0 (VCRO) OOH 

NOTE: 
Where zeroes are shown in register locations, 0 must be written to those bits in order to ensure proper operation and 
upward compatibility with any future versions of this device. 

5-7 



inter 82716/VSDD. 

RO: Video Configuration Register 0 
15 14 13 12 11 10 9. 8 7 6 5 ·3 2 1 o 

l __ -""--T ~l 
BlinkTRate 

1 1 DS11 DSO 
} 

DOF HRS DEN I·SAB DEI UCF 

Duty Cycle 

Blt(s) Description 

UCF Update Control Flag-
If set (1), all the registers will be used to update the VSDD at 
the end of each frame. If not (0), only ATBA and VCRO will be 
updated. 

DEI Digitally Encoded Color Information-
If set (1), RGB and OVR outputs are digital. 
If not (0), RGB and OVR are analog. 

SAB Slow ~ccess Bit-
If set (1), then $Iow DRAM (page cycle time = 210 ns) can be 
used. If not (0), fast DRAM (page cycle time == 140 ns) can be 
used. 

DEN Display Enable Flag-
If set (1), the VSDD display is enabled. 
If not (0), the VSDD display is disabled. 

HRS High Resolution Screen-
If set (1), the maximum horizontal resolution is 640 pixels. 
If not (0), the resolution is 320 pixels; 

Blink Blink rate of selected objects is set from 8 frames to 256 
Rate frames in multiples of 8 frames. For 50 Hz/60 Hz, this 

translates into blink rate increments of 160 ms/ 133 ms starting 
from 6.2 Hzl7.5 Hz (code 00000) down to 0.20 Hz/0.23 Hz 
(code 11111). 

Duty The duty cycle of the blink rate can be selected as below: 
Cycle 111 Always On 

110 . 12.5% Off 87.5% On 
101 25.0% Off 75.0% On 
100 37.5% Off 62.5% On 
011 50.0% Off 50.0% On 
010 - 62.5% Off 37.5% On 
001 75.0% Off 25.0% On 
000 87.5% Off 12.5% On 
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DS1 and DSO indicate the array size (16K. 64K or 256K) of the DRAM used to implement the display. memory. 
DOF (DRAM organization flag) is used to indicate if the DRAM is bit-wide (DOF = 0) or ,nibbl'tYlida (DOF· = 
1). See Table 2. ' ' ". " , 

Table 2 ,> ' 

DS1 DSO DOF Dram Configuration Maximum ADDR Plna Used 
capacity Row Col Bank Select 

0 0 0 1,6Kx 1 32 Kbytes 0-6 ' 0-6 (None) 

0 0 1 16Kx4 128 Kbytes 0-7 0"-5 6. 7 at CAS 
0 1 ' ,0 64Kx1 128 Kbytes 0-7 0-7 (None) 

0 1 1 64Kx4 512 Kbytes 0-7 0-7 8 atRAS. CAS 
1 0 0 256Kx 1 512 Kbytes 0-8 0-8 (None) 

NOTE: 
For 16K x 4.2 bank select bits are emitted on address pin 6 and 7 when CAS goas low. By using external 2-to·4 decoders 
up to 4 banks can be selected. For 64K x 4. two bank select bits come out on address pin 6: one with the row address 
(MSB) and one,with the,COlumn address (LSB). 
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R1: Yldeo Configuration Register 1 
15 14 13 .' 12 11 10 9 8 7 6 5 4 3 2 1" 0 

~ ! J J INL I MAS SM TMM TMS 0 I EVC PCE FAE RE psA PRE 

Char Height 

Bit . Description 

PRE Pipeline Read Enable-If set (1), enables the pipeline read 
mode: CPU read cycles always return data from the previous 
read cycle. If not (0), then accesses are not pipelined. 

PSA Pre Scaler Active-This bit defines the relationship between 
the video clock frequency and the sync generator clock 
frequency. (Figure 7). GCLK is used for programming 
horizontal timings. If the video clock exceeds 16 MHz, the PSA 
bit should be set (1). 

RE This flag, when set (1), enables the CPU to read data from the 
display memory through 82716. If not (0), the output buffers of 
the VSDD are disabled, thus preventing CPU from reading the 
DRAM. 

FAE Free Access Enable-Enables the RDY pin to act as a free 
access indicator to the processor, if set (1). 

PCE Priority Counter Enable-If set (1), enables the VSDD to limit 
the number of CPU access to DRAM. Only valid with 
processors that have wait states. 

EVC External Video Clock-If set (1), it enables the CKIO pin to be 
used as input for a video clock up to 25 MHz. If not set, CKIO is 
a buffered clock output. (Figure 6) 

TMS Twin Mode Slave-Used for twin mode. If set (1), it specifies 
the VSDD as a slave, displaying only the even lines. 

TMM Twin Mode Master-In twin mode if set (1), it specifies the 
VSDD as a master, displaying only the odd lines and supplying 
sync to slave. The combination TMM = 0, TMS = 0 means 
twin mode operation is not in use. TMM = 1, TMS = 1 is 
illegal. 

SM Sync Mode-If set (1), enables the HSYNC pin to operate in 
composite sync mode. Otherwise HSYNC outputs horizontal 
sync. 

MAS Master-If set low, the VSDD accepts external synchronization 
signals and locks to it via an on-chip PLL circuit. * 

INL Interlace-If set (1), selects interlaced mode. If not (0), selects 
non-interlaced video. 

Char These 4 bits encode the number of scan lines per character. 
Height The number is encoded as a simple unsigned binary integer, 

except that 0000 means 16 . 
• If set high (1), HSYNC and VSYNC are outputs. 
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PSG-Programmable Sync Generator 
HRs.-High Resolution Screen 
EVC-External Video Clock 
PSA-Prescaler Active 

Figure 7. PSG Clock Generator 

R2: Register Window Base Address (RWBA) 

Register Window Base Address: R16-R5 

231680-7 

ME-Margin Enable: When set (1), a margin (in background color) can be added in a standard TV mode. 

TF2,TF1 (Test Flags): If DEI = 1, then these flags determine what type of digital output is emitted. The output 
options are summarized in the table below: 

DEI TF2 TF1 Outputs Signals 

0 X X Analog RGBO 

1 0 0 Digital Reds Only" 

1 0 1 Digital Greens Only· 

1 1 0 Digital Blues Only· 

1 1 1 Digital Pixel Code 

NOTE: 
·These three combinations can be used to test the on-chip color look-up table. The chosen combination selects one 01 the 
color components to be output via the DV3-DVO outputs. The DEI bit has to be set to 1 to switch off the DACs. 

R16-R5 specify the Register Window base address. This is the window (mapped into the CPU's address 
space) through which the 'CPU accesses the Register Segment of the DRAM. This register may be placed on 
32 byte boundaries. 
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R3: Data Window Base Address (DWBA) 

Data Window W1S-W12 Screen Boundary SB9-SB3 

SB9-SB3 Screen BO~~da'ry b~ specify the upper 7 bits of the 10-bit x coordinate of the right edge of the 
screen. VSDD would process pixels up to x ,= to this number with lower 3 bits taken to be 11\. No pixels will be 
processed which are to the right of the screen boundary. ' 

W16-W12 bits specify the Data Window Base Address. This is the window through which the CPU accesses 
the Data Segment of the DRAM. 

R4: Data Window/Segment Length Mask (DWSLM) 

I L161 L151 L141 L131 L121 0 I 0 I 0 I 0 o o o o o o o 

L 16-L 12 bits are the Data Window Length Mask, which specify the length of the Data Window in bytes, as 
follows: 

L16 L15 L14 L13 L12 Data Window Length 

1 1 1 1 1 4 Kbytes 

1 1 
.. 

1 1 0 8 Kbytes 

1 1 1 0 0 16 Kbytes 

1 1 0 0 0 32 Kbytes 

1 0 0 0 0 64 Kbytes 

R5: Data Segment Base Address (DSBA) -

Data Segment S1S-S12' I 0 I' 0 I BSO I BS1 I 0 
I I I I"·'· . . . 

o o o o o o 

BS1 BSO divide the 512 Kbyte-address space into four banks of 128 Kbyte each. Note however that only 
bitmapped object qata ~n reside in ban~s 1 through 3. All other display data such as charact~r generatol'$, 
register segment, access table 'etc. must be written to bank o. ,,' 

S16-S~2 ,bits·specify the, Data Segment base address in the VSDD's address space. The display data is 
storlild in the data segment. The data,must ~ placed on the boundaries correspol1~ing to the, size specified in 
the data window length mask (see DWSLM). ' 

RS: Priority Access Quantity (PAQ) 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 o o o o +- P A Quantity -+ 
I I I 

PAQ 4 bits indicate the maximum number of CPU accesses to the DRAM that are allowed during building of 
each scan line, if PCE bit (in R1) is 1. ' 

R7: Object Descriptor Table Base Address (ODTBA) 

Object Descriptor Table Base: A 15-AS 
I I I I I I I 

o o o o o o 

This register contains the word base address of the object descriptor table in the VSDD's address space. It is 
accessed by the VSDD at the end of each frame. This table must reside in bank o. 

RS: Access Table Base Address (ATBA) 

Access Table Base Address: B15-BO 
I I I I I 
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B15-BO bits specify the Access Table base address. This table resides in the bank 0 of the VSOO's address 
space. This is a word-address. In a 256K word-address space, which requires 18-bit addresses, the two 
highest bits, corresponding to B16 and B17, are O. It is accessed by the VSOO on each frame . 

.R9: Color Table Base Address (CTBA) 

Color Table Base Address: 015-00 
I I I I I 

D15-DO bits specify the Color Table base address. Color table is located in bank 0 in VSOO memory. This is a 
word-address. In a word-address space, which requires 18-bit addresses, the two highest bits, corresponding 
to 016 and 017, are O. It is accessed by the VSOO on each frame. 

R10: Character Generator Base Address (CGBA) 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 
CharGenO 

I I I 
CharGen 1 

I I I 

Char Gen 0, Char Gen 1 bits specify bits 15 through 12 of the base address of the two character generators. 
Bits 16 and 17 are 0 implying that both the character generators must be in bank O. Refer to Character 
Generator section on how to access the generators. 

R 11: Access Table Address Counter (ATBAC) 

Access Table Address Counter: C15-CO 
I I I I I I I 

C15-CO bits pOint to the next Access Table entry to be used. It's maintained by the VSOO. The CPU can read 
this value but should not write to it. C16 and C17 are 0 as access table must be in bank O. It is incremented 
after each scan line. 

R12-R15: Horizontal and Vertical Constants 

R15 

R14 

R13 

R12 

, HC3 

HC2 

HC1 

HCO 

VC3 

VC2 

VC1 

VCO 

These registers hold data for screen timings. Four constants are defined for both horizontal and vertical 
timings as follows: 

Screen Constant What It Programs 

HCO Width of HSYNC 
HC1 AHZ Start Time 
HC2 AHZ Stop Time 
HC3 HOrizontal Sweep Time 

VCO Width of VSYNC 
VC1 ' AVZ Start Time 
VC2 AVZ Stop Time 
VC3 Vertical Sweep Time 

Th~ horizontal screen constants are programmed in units of GCLK periods, offset by 1 (see Figure 7). If the 
programmed conStant is 5, the actual time is 6 GCLK periods. 

The vertical screen constants VCO through VC3 are programmed in units of horizontal lines offset by 1. If the 
programmed constant is 5, the actual time is 6 horizontal lines. 
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modes software ~Iectable. 

Figure 8. PrOgrammable Raster Piramet,,. 
ACCESS TABLE , . 'An objeCt is activated by putting a zero in the word 

The Access Table contains the vertical positioning 
information for each object. The Table begjns at the 
location designated by the Access Table 8ase Ad
dress register, RS in the Register Bank. The Table 
contains one word in DRAM for each scan line.in the 
Active Vertical Zone of the display. . 

The first line (at the top of the display) is associated 
with the word at the Table's base address. Within 
each word, bit number I is the Access Flag associat
ed with object number I in the display and has the 
priority i. Object number,4 has a lower priority than . 
object number 5 (see Figure 9). 

bO is the access flag' fOJ object 0, b1 for object 1, 
etc. . .... 

The Access Flags indicate to the VSDD which ob
jects are to be present on which lines of the display. 
If an Access Flag i$ set (1); then there is to be no 
change in the object's display' status; that is, if the 
object did not appear Qn the, previous line, it will also 
not appear on this line. If the ,object's Access Flag is 
clear (0), the object's display status is reversed from 
what it was in the previoUS line~ All objects are dis
abled at the end of the Active Vertical Zone. 

corresponding to the scan line on which the object is 
first displayed. This turns on th~ obje¢ for all follow
ing scan lines. ThElobject is'toggled off by putting a 
zero in the scan line following the last line of the 
·object: 

At the beginning of each frame, the VSDD writes the 
contents of Access Table base address, RB, into Ac
cess Table Counter, R11. At the end of each line 
this counter is read into the Access Table Entry Ad
dress Register (on the VSDD). This entry address is 
then used to read the access flags for the line that is 
to be'constructed. Access Table Entry Address· is 
then incremented and written back into R11 prepar
ing it for the next line. 

./ :" I 

,Then the Access Flag 'Register is examined bit by bit 
to determine if there is a change in any object's dis
play status. If object number I is to be displayed, 
,then its Object Descriptor field is read. The base ad
dress for the Object Descriptor field for object num
ber I is constructed from the Object Descriptor Tabl~ 
Base Address register, fl?, by concatenating bits 
A 15 through A6 from R7 with 4 bits representing the 
number I (i = 0 to 15). 

Flg ... ~ 9_ Access FI~g. Rqlster 

5-14 



inter 82716/VSDD 

Then the Object Descriptor field base Address is: 

o 0 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 i3 i2 i1 iO o o 
I I I I I I I 

An Object Descriptor field is 4 words long, and all 4 
words are read, so the last two bits in the above 
address are incremented to get all 4 words. Access 
Table and Object Descriptor Table must reside in 
bank O. 

Different Access Tables may be defined at the same 
time but only one is activated during anyone frame. 
The Access Table allows easy vertical scrolling of 
an object. If the object scrolls down, truncating takes 
place by simply moving the window down and trun
cating the object when it moves off the screen. Mov
ing up the screen is similar except when the object 
moves past the top of the screen, the object base 
address must be incremented to point to the start of 
the next displayed line. 

OBJECT DESCRIPTOR TABLE 

The Object Descriptor Table (ODT) contains a 4-
word Object Descriptor field for each object in the 
display. This field describes the base address, attri
butes, and X-position of each object. This informa
tion is initialized as well as updated by the system 
processor. The 16 available object descriptors (128 
bytes) are located contiguously in the ODT, starting 
at the location specified by the ODTBA register. The 
ODT is located in the VSDD DRAM. 

There are two types of objects: bitmapped and char
acter. Their descriptor fields are as shown below. 

Bitmap Descriptor Field: 

Bitmap Descriptor Field: 

N: Current Object Entry'Address is the adClress of 
the pixel data for the next scan line for the object. At 
the beginning of each frame, the VSDD copies Ob
ject Base Address into this field. This is maintained 
by the VSDD and should not be altered by the CPU. 

0: Object Base Address points to the beginning of 
the object's data base. This is a 18 bit address. Only 
low 16 bits are specified here. 017 and 016 are 
specified elsewhere in the descriptor field. 

W: Object Width indicates how wide the object is in 
"64 bit words". The width of the object must be a 
multiple of four 16-bit words. 000001 specifies a 
width of 1 "64 bit word", 111111 a width of 63 "64 
bit words". . 

X: XO coordinate is a 10-bit signed number (2's com
plement) encoding the horizontal position of the left
most pixel in the object. XO canbe -512 to +511. 

C/B: Character/Bitmap Object Specifier. C/B = 
1 indicates a character object. C/B = 0 indicates a 
bitmap object. 

HI N: Current Ob)ect Entry Address N15-NO 

0: Object Base Address 015-00 

W: Object Width X: XO Coordinate 

lO 0 I 0 I 0 I 0 I C/B I R1 RO I 0 I 017 1 016 1 OBl I BLA I 0 I TDE I C1 I CO 
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R1, RO: Resolution: For a bitmap object, these 2 bits 
specify how many bits each pixel takes up in VSDD 
DRAM, as shown in the table below. HRS is a bit in 
RO. 

Bltmapped Objects lC/B == 0) 

HRS R1 RO Bits/Pixel 

0 0 0 Do Not Use 
0 0 1 2 , 
0 1 0 4 
0 1 1 8 
1 0 0 Do Not Use 
1 0 1 Do Not Use 
1 1 0 2 
1 1 1 4 

017, 016: Two highest bits of the object base aQ
dress. 

OBl: Object Blinker = 1 causes the object to blink 
between foreground and background color. The 
blink rat~ and duty cycle are specified in RO in the 
Register Segment. 

BLA: Blanker = 1 turns the object off i.e. the object 
is not displayed, 

TOE: Transparency Detect Enable. If TOE = 1, 
then pixels that are encoded as all O's are not writ
ten into the Line Buffers. The buffers will retain the 
previous pixel data. Thus a low priority object will be 
visible through the transparent pixels of a higher pri
ority object. When TOE = 0, then pixels that are 
encoded as all O's are written into the line buffer. 
"OOOOB" is then one of 16 color codes. 

C1 CO: Default Color Specification. For bitmapped 
objects that are stored in external VSDD memory in 
the 2 bits/pixel mode, these two bits extend the pix
el specification to 4 bits. 

Character Descriptor Field: 

Character Descriptor Field: 

Z: Slice Number contains a character object's slice 
number for the next scan line. It is reloaded by the 
VSDDonce per frame with the slice number (YS3-
YSO). 

N: For character object, it's the beginning address of 
the current line of text. The entry address is formed 
of 015-012 and N11-NO. Hence, a character ob
ject may not extend across a 4K word boundary. 
Two highest bits-017, 016-are zero for character 
objects. Between each frame, lowest 12 bits of ob
ject base address are written into N. 

Y: Start Slice Number is the first '(topmost) charac
ter slice of this object. The CPU can modify this field 
to produce a scrOlling effect in the display of the 
text. Y = 0 is the bottom of the character and Y = 
Character height (defined in R1) is the top. 

R1 RO: Resolution: For character objects, R1 and 
RO specify the width of the character, as shown in 
the table below. 

Character, ObJects (C/B = 1) 

HRS R1 RO PlxelslChar 

0 0 0 6 
0 0 1 8 
0 1 0 12 
0 1 1 16 
1 0 0 16 
1 0 1 6 
1 1 0 8 
1 1 1 12 

HI Z:SliceNo. I N: Current Object Entry Address N11-NO 

0: Object Base Address 015-00 

W: Object Width X: XO Coordinate 

lO Y: Slice No. I C/B I R1 RO I CRS I PSE I FAD I OBl I BLA I HCR I TOE I C1 I CO 
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FAD: Full Attribute Definition = 1 means character 
descriptions are 3 bytes 10ng."Each character is en
coded as an ASCII byte plus a 2-byte attribute word. 
FAD = 0 means character descriptions are 1 byte 
long. 

CRS: Conceal/Reveal/Select. If FAD = 1, then 
CRS = 1 enables the MSK bit in the character's 
attribute word to cause the character to' be con
cealed. If FAD = 0, then CRS selects one of two 
character generators. CRS = 0 selects CGBAO as 
specified in the register segment. CRS = 1 selects 
CGBA1. 

PSE: Proportional SpaCing = 1 enables proportional 
spacing of characters. 

HCR: High Color'Resolution. If FAD = 1, then HCR 
= 1 means use 16-oolor palette for characters and' 
their backgrounds. If FAD = 1, thEm HCR = 0 
means use 8-color palette (see Attribute definition). 
If FAD = 0, then HCR should be O. 

C1 CO: For character objects that are stored in ex
ternal memory in the 1 byte/character mode, these 
two bits become the MSBs of the foreground/back
ground colors of the characters as shown below. 

Foreground color = C1 CO 0 1 
Background color = C1 CO 0 0 

OBJECT DATA 

Objects are rectangular windows on the screen. Ob
ject data begins at the Object Base Address speci
fied in the "0" field of the Descriptor table. The 
length of the data file depends on the object'S 
height, width and resolution. The width of the object 

5-17 

is specified in 4-word units by the 'W' field in the 
Object Descriptor. For example, if the 'W' field con
tains 001010 then the object is ten 4-word units 
wide. 

The VSDD will read in 10 x 4 = 40 words of object 
data for each scan line in which the object appears. 
For bit-mapped objects, the beginning address of 
each block of 40 words is constructed from the 'N' 
field in the Object Descriptor. The 'N' field is updat- . 
ed for the next scan line after each block of data is 
read. 

For character objects, 'N' field is used to construct 
the beginning address of a line of ASCII text. The 
object itself may consist of many lines of text. Each 
line of text consists of individual scan lines-each 
scan line presenting one "slice" of the text charac
ter. When the final slice of a line of text has been 
constructed the 'N' field is updated to the next line 
of text. 

The Table 3 shows minimum and maximum width of 
character and bit-mapped objects. 

Table 3 

ObJect Type Min. Width Max. Width 

Bitmap 2 Bit/Pixel 32'Pixels 2016 Pixels 
Bitmap 4 Bit/Pixel 16 Pixels 10Qa Pixels 
Bitmap 8 Bit/Pixel 8 Pixels 504 Pixels 
Character 1 Byte/Char 8 Chars 504 Chars 
Character 3 Byte/Char 1 Char(2) 168 Chars(1) 

NOTES: 
1. The last 16 bit·word of the object will not be used. 
2. The minimum memory required is actually 4 x 16·bit 
words. The second character can be eliminated by setting 
its transparent attribute bit. 
3. For 3 bytasl character objects, full memory utilization 
can be obtained if the width of the object is a multiple of 12 
words. 
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For character objects, two formats are defined. The first is a 1 byte/character mode. In this ,mode 2 ASCII 
character codes are stored in each DRAM word. The second format uses 3 bytes/character. They are forr1:led 
as follows: 

1 Byte/Character 
X15 XO 

2nd Character 1 st Character 

A7:A6:A5:A4:A3:A2:A 1 :AO A7:A6:A5:A4:A3:A2:A 1 :AO 

- A7-AO = Character ASCII Code 

3 Bytes/Character 
X15 XO 

HI 2nd Character Attribute Field 

1 st Character Attribute Field 

LO A7:A6:A5:A4:A3:A2:A 1 :AO . I A7:A6:A5:A4:A3:A2:A 1 :AO 

I 
. 

2nd Character 1 st Character 

The attribute field is formatted as follows: 

ICGITFGITBGI owl MSKIINVI SLlIUNOI FC31 FC21 FC11 Fcol SC31 BC21BC11BCOI 

WHERE: 

-A7-AO 

- BC2-BCO 

- BC3(UlL) 

- FC2-FCO 

- FC3 (OH) 

-UNO 

- BLI 
-INV 

-MSK 

-OW 

-TBG 

-TFG 

-CG 

. 8 bit ASCII code or any other 8 bit character code. 

Background color. 

When HCR = 0, it specifies the upper or lower half of the character in double height mode. 
When set (1), it specifies the upper half. If not (0), lower half is specified. When HCR = 1, it is 
used as the MSB of the background color. 

Foreground color. 

When HCR = 0, it specifies the character to be double its normal height when set (1). When 
HCR = 1, it is the MSB of the foreground color. When HCR = 0, and OH = 0, then U/L 
must be set to O. 

If set (1), the character is underlined. 

Enables the character to alternate between foreground and background color when set (1). 

If set (1), the foreground and background colors are reversed. 

If set (1), the character disappears from the screen (when CRS = 1) i.e. foreground color is 
same as background color. When CRS = 0, MSK attribute is ignored. 

If set (1), the character is expanded to double width. 

Sets background transparent, when TBG = 1. 
Sets background transparent, when TFG = 1. 

Selects one of two character generators. 

Character Generators 

The VSOO allows the simultaneous use of two independent character generators of 256 characters each. Bits 
15-12 of their base addresses are specified in R10 in the Register Segment. Each character generator must 
begin on a 4K word-address boundary in memory bank O. 
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The address for a character generator consists of four fields: See Figure 10 

REGISTER SEGMENT 

r n CHAR GEN 

R1S ITI..L 

.~ L 
ASCII CODE AS 

A17 , . , . 
Is Is I I I I I I I I I I I I I I I I I . , 

1 Z: SLICE NO. 

231680-9 

Figure 10 

A character set consists of H blocks of 256 words, 
where H is the character height in scan lines. Each 
character is divided into H slices with slice zero de
fined as the bottom of the character and slice H-1 is 
the top scan line of the character. Character height, 
globally defined for the whole frame in register R1 
can be up to 16. 

Each slice occupies one word in DRAM. Within the 
word, the slice is encoded as a sequence of pixel 
bits, the leftmost pixel being the LSB in the word. If a 
pixel bit is 1, then the pixel is to be given foreground 
color. If a pixel bit is 0, the pixel is given background 
color. 

If the characters are encoded in plain ASCII (FAD = 
0), then the character generator is selected by the 
CRS bit in the Object Descriptor. If the characters 
are encoded with full attributes (FAD = 0), then the 
character generator is selected by attribute bit CG. 

As the characters are defined in DRAM, a new ver
sion of the character generator can be obtained by 
either: 

- modifying the character generator directly or 

- updating one set while the other set is being dis-
played. The set can then be changed by updating 
the CGBA pointer in the register segment. This 
method results in an instantaneous change on 
the screen. 

PICTURE CONSTRUCTION 

VSDD supports, 2, 4 or 8 bits pixels. Up to 640 x 512 
pixels can be supported using 2 or 4 bits/pixel. In 
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the 8 bits/pixel mode, a picture size of 320 x 512 
can be supported. In this mode only the lower 4 bits 
of the byte are used by the color look-up table, the 
upper four are ignored. In digital mode, using 8 bits/ 
pixel 256 colors can be obtained with external color 
palette and DACs. 

The VSDD starts picture construction at the begin
ning of the frame using the logic flow shown in Fig
ure 11. 

At the beginning of each frame, the contents of Ac
cess Table Base Address, R8 is copied into R11, 
Access Table Counter. Simultaneously, the VSDD 
also loads the color look-up table from the DRAM 
into the on-chip color look-up table. This feature en
ables the user to select a different set of 16 colors at 
every frame. 

After each scan line, R11 is loaded into an on-chip 
register, Access Table Entry Address Register by 
the VSDD. The on-chip register (Access Table Entry 
Address) points to an access table entry for the line 
that is to be constructed. The VSDD reads this entry 
into an on-chip register called the Access Flag regis
ter. (R11 is then incremented by 1 to point to the 
access table entry for the next scan line.) (Simulta
neous to this operation, the VSDD fills the line buffer 
with the specified background color.) Each access 
table word contains 16 flag bits-one for each ob
ject. Access flags determine which objects are pres
ent on the line. Object priorities are fixed with object 
15 being the highest and object 0 being the lowest. 
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NO: FETCH 
NEXT 
OBJECT 

YES: FRAME 
COMPLETE 

NO 

CHARACTER 

231680-10 

Figure 11. Scan Line Building Process 

If an object is present, then its object descriptor data 
is read from the VSDD DRAM. This determines the 
object's width, horizontal position, type and where to 
find the display data for this line of the object. For 
bit-mapped objects the display data passes directly 
from the VSDD DRAM into the line buffer. 

For character objects, the data passes via a charac
ter generator into the line buffer. The appropriate 
slice of character pixel information is written in the 
appropriate horizontal position in the line buffer. 
80th character and bit-mapped data overwrites the 
background pixels that were previously written into 
the buffer. 

This procedure is repeated for each object that is 
present on the line. For overlapped objects, the high 
priority data overwrites the low priority data. Low pri
ority object will be hidden behind the high priority 

5-20 

object. The priority of objects are determined by the 
order in which they are written into the line buffer. 
For example, the object number 5 has higher priority 
than the object number 4. Object number 1 is de
scribed in the first Object Descriptor Table entry, ob
ject number 2 in the second entry, etc. Transparent 
Pixels (00008, when TDE bit is set) are not written 
into the line buffer. Previous pixel data is retained at 
the location where transparent pixels are present. 
Thus a lower priority object can still be visible behind 
the transparent parts of a higher priority object. 

The construction process may result in more pixels 
being read from the DRAM than are actually dis
played on the line. Since only a finite time exists for 
line construction, it is important that the number of 
objects and the amount of overlap between the ob
jects be considered when examining display per
formance. 
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When construction of each line is complete the 
VSDD enters an idling state to wait till the previously 
constructed line finishes being displayed. If display 
of the previously constructed line ends before con
struction of the new line is complete, the remainder 
of the line construction algorithm is aborted, and the 
VSDD's Construction Time Overflow signal is acti
vated to indicate this condition to the CPU. 

REPEATED FOR EVERY FRA~E 

Construction time overflow can result when there 
are more objects on the line than the VSDD has time 
to process or when CPU-generated accesses to 
DRAM takes up too much of the VSDD's time. 

Figure 12 shows the VSDD and DRAM operation 
during line building process. 

REPEATED FOR EVERY SCAN LINE 

REPEATED FOR EVERY OBJECTIlj16 

1 D~A OBJECT DATA TO LINE BUFFER 

REGISTER ACCESS OBJECT DESCRIPTOR OBJECT 
SEG~ENT TABLE UP TO TABLE 16 x DATA 

...... --....,16x16 512x16 (4x16) ...... __ ., 

FRA~E 
CONSTANTS I------f. 

DISPLAY DRA~ 

VSDD 

ACCESS 
TABLE 
ADDR 

OBJECT 
TABLE 

BASE ADDR 

OBJECT 1 

OBJECT 2 

OBJECT 
D~A 

ADDRESS 

Figure 12. VSDD and DRAM Operation 

5-21 

ASCII 
DATA 

CHARACTER 
PROCESSING 

UNIT 

BIT MAPPED DATA 

2 x 256 CHARACTERS 

( CHARACTER 

"" GENERATOR 

PIXEL LINE 
BUFFER 
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Movement of. objects is accomplished easily in the x 
direction by changing the value in the object descrip
tor. Movement in the y direction is accomplished by 
moving the bits which turn the object on and off with
in the access table. If the "off" bit falls below the 
bottom of the access table, the object will automati
cally be truncated at the bottom of the screen. Mov
ing in an upwards direction requires that the object 
base address in the desciptor table be changed to 
truncate the top of the object. 

TWIN-MODE OPERATION 

For higher performance, it is possible to connect two 
VSDD chips in parallel. One-' of them is designated 
as the master and the other as the slave. The mas
ter generates information for the even lines of the 
display together with all the system timing. The slave 
accepts the synchronization pul~es as inputs and 
displays the odd lines of the picture. Because each 
VSDD is essentially constructing half the picture, the 
scan line construction time is twice as great, allow
ing higher throughput in terms of information pro
cessed and objects displayed. 

Pin Description 
Symbol Pin Type 

ADO-AD7 1-8 I/O 
AD8-AD15 10-17 
A16 18 I 
BHE 19 I 
ALE 20 I 
RD 21 I 
WR 22 I 
RESET 29 I 
ROY 30 0 

R/DV3,G/DV2 23,24 0 
B/DV1 25 
OVR/DVO 28 0 

VRI:F 27 I 
HSYNC 32 I/O 

VSYNC 33 I/O 

DLO-DL7 34-41 I/O 
DHO-DH7 42-50 I/O 
ADDRO-ADDR8 59-51 0 
RAS 62 0 
CTO 65 0 
CASL 63 0 
CASH 64 0 

PERFORMANCE 

The, number of objects that a VSDD can support on 
a scan line is dependent upon the screen resolution, 
refresh rate, DRAM type, and resolution per object. 
In addition, the' percent overlap of each object can 
affect the performance. Usually the amount of over
lap can be kept to a minimum by keeping the object 
window only as large as necessary. 

VIDEOTEX STANDARDS 

The VSDD has been designed for these types of 
application. It can support several Videotex stan
dards from Europe, North America and Japan. Al
though it has been optimized for alpha-geometric 
applications such as NAPLPS, GKS, and VDI, it is 
capable of supporting the existing alpha-mosaic 
standards and the higher resolution alpha-photo
graphic standards. It supports most of the European 
CEPT standard that includes PRESTEL and TELE
TEL by using static character objects. In addition it 
offers bit-map objects and movement. Alpha-photo
graphic standards such as Picture PRESTEL and 
Picture TELETEL can be supported' in 8 bit pixel 
mode with the addition of external color translation 
and higher resolution hardware. 

Function 

Processor system bus multiplexed address/data. 

Programmable chip select. 
Byte high enable. 
Address latch enable. 
Read strobe from processor. 
Write strobe from processor. 
Places the VSDD in initialization mode. 
Ready-wait state for 86/88/96 and free access 
indicator for MCS-51. 
Red, green, and blue analog outputs or 
3 bits of digital output. 
Output signal or fourth digital output. 

Analog voltage reference. 
As an output it supplied horizontal or composite 
sync. As an input it synchronizes the VSDD with an 
external video Signal. 
As an output it provides vertical sync. As an input it 
synchronizes the VSDD to external video. 
Data input/output to DRAM low order byte. 
Data input/output to DRAM high order byte. 
DRAM row and column addresses. 
Row address strobe. 
Construction time overflow. 
Column address strobe low. 
Column address strobe high. 
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Pin Description (Continued) 

Symbol Pin Type Function 

WE 61 0 Write enable. 
XTALIN 66 I Oscillator input or crystal terminal. 
XTALOUT 67 0 Oscillator output or crystal terminal. 
CKIO 68 1/0 As output it serves as a buffered dot clock. As an 

input it is used to receive external dot clock. 
PLLCTL 31 0 PLL control used to fine tune oscillator 
Vee 26,60 5 volt main supply. 

Vss 9,43 Digital ground. 

PACKAGING 

Pinout for a 68-pin Pin Grid Array Package is shown below. 

A16 ALE WR/ G/DV2 VCC1 OVR/DVO ROY HSYNC DLO 

G) Gi) G) GV Gi) GV G) 0 GV 
RD/ R/DV3 B/DV1 VREF RST PLLCTL VSYNC DL2 

AD15 G;) GJ G0 G) Q GV G) GJ G) Gi) GJ DL1 

AD13 Q G) AD14 DL4 Gi) G) DL3 

AD11 0 -(b)ADI2 
14 DL6G) 'Gi) DL5 

AD9 G) QAD10 DHO~ G) DL7 

VSS1 G) Gi) AD8 
VSDD DH1~ GJ VSS2 

827'1.6 .44 

AD6 G) G) AD7 DH3 (l;) G;) DH2 

AD4 G) (i) AD5 PINOUT DIAGRAM DH5~ G;) DH4 

9/26/85 REV 1/0 
BOTTOM VIEW 

AD2 G) G) AD3 DH7~ GV DH6 

ADO G) G) GV Gi) G;) Gl) GV G0 GV 0 G0 ADDR8 

AD1 XTALOUT CTO CASL/ WEI ADDRO ADDR2 ADDR4 ADDR6 

GV Gi) Gl) GV Gi) GV ~ ~ G) 
~ 

CKIO XTALIN 'CASH/ RAS/ VCC2 ADDR1 ADDR3 ADDR5 ADDR7 
231680-12 
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PLCC PACKAGE 

Pinout for a 68-pin plastic leaded chip carrier is as below: 

iii 0 N ", -t on 
8 0 ::! :g ~ :g :8 I:i 8 :s 0 0 0 0 0 0 
"" "" "" "" "" "" "" "" ~ "" "" "" "" "" "" "" "" 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

CKIO 68 18 A16 

XTALOUT 67 19 BHE/ 

XTALIN 66 20 ALE 

CTO 65 21 RD/ 

CASH/ 64 22 WR/ 

CASL/ 63 23 R/DV3 

RAS/ 62 24 G/DV2 

WE/61 82716 25 B/DVl BOTTOM 
VCC2 60 VIEW 26 VCCl 

ADDRO 59 27 VREF 

ADDRl 58 28 OVR/DVO 

ADDR2 57 29 RESET 

ADDR3 56 30 RDY 

ADDR455 31 PLLCTL 

ADDR5 54 32 HSYNC 

ADDR6 53 33 VSYNC 

ADDR7 52 34 DLO 

51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 
GO .... CD on -t ", N i N 0 

~ 
CD ~ ~ ~ ~ ;;j '" :£: :£: :£: :£: :£: :£: !II is ..J 

0 0 0 0 0 0 0 0 ~ 0 0 
0 

"" 231680-13 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· 

Ambient lemperature Under Bias .•.• ; .. '-0 to 70"C 

Storage Temperature ....•.... : - 65·C to + 150·C 
Voltage from any Pin 

with Respectto Vss ....•.....•. -1.0 to + 7.0V 
Power Dissipation ..•.....•..•...•..•.....•.. 3W 

VREF ...••.•.•....•..•.•........••........•. 2V 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of -the device at these or any 
other conditions abo~e those indicated in the opera
tional sections of this specification is not impli9t/. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TA = Ot070·C, VCC1IVCC2 = +5V ±10% 

Symbol Parameter Min Max Units . Test Conditions 

VOH' Output High Voltage 2.4 V IOH = -400p.A 

VOL Output Low Voltage 0.4 V . IOH = 2.0 rnA 

VIH Input High Voltage 2.0 Vcc+0.5V V 

VIL Input Low Voltage -0.5 0.8 V 

VIHC<1) Input High Voltage Clock 3.5 Vee+ 0.5V V 

VILC<1) Input Low Voltage Clock -0.5 0.8 V 

III Input Leakage Current ±10 p.A OV < VIN < VCC 

ILO Output Leakage Current ±10 p.A 0.45V < VOUT < Vee 

Icc Power Supply Current 300 rnA 

CIN Capacitance of Inputs 1,0 pF fe = 1 MHz 

CIO CapaCitance of I/O's 15 pF fe = 1 MHz 

COUT Capacitance of Outputs 15 pF fe = 1 MHz 
RAS, CASL, CASH, WE, OE 

COUT Capacitance of Outputs 10 pF fe = 1 MHz 

COUT Capacitance of Outputs 7 pF fe = 1 MHz 
(R/DV3, G/DV2, B/DV1,I/DV) 

CRAS RAS Load 200 pF 

CCAS CACSnLoad 100 pF 

CwE WE Load 200 pF 

COij DLO-DL7 100 pF 
DHO-DH7 Load 

CAOO ADDO-ADD8 Load 150 pF 

NOTE: 
1. For XTALlN, CKIO.and RESET pins only. 
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~.C. CHARACTERISTICSTA = Oto70·C, VCC1IVCC2 = +5V ±10% 

TIMING REQUIREMENTS 
Symbol Parameter 

tcLCL CLOCK Cycle Period 

DCCK Duty Cycle 

tcLCH ClKlowTime 

tcHCL ClK High Time 

tVCLCL VIDEO CLOCK Cycle Period 

DCVCK Duty Cycle 

tvCILlH Video Clock Rise Time(1) 

tVCIHIL Video Clock Fall Time(1) 

tlLlH Input Rise Time 

tlHIL Input Fall Time 

NOTE: 
1. Timings defined for CKIO in input mode. 

XTALIN 
INPUT 

Min Max Units 

70 200 ns 

40 60 % 

O.4tCLCL ns 

0.4 tcLCL ns 

40 200 ns 

40 60 % 

10 ns 

10 ns 

20 ns 

20 ns 

231680-25 

Diagram 1 

5-26 

Test Conditions 

From 1.0V to 3.5V 

From 3.5V to .1.0V 

From 0.8V to 2.0V 

From 2.0V to 0.8V 
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BUS INTERFACE UNIT 

CPU WRITE CYCLE TIMINGS 

Symbol Parameter Min Max Units Note 

tLHLL ALE Pulse Width 35 ns 

tAVLL(1) Address Set-Up Time 15 ns 

tLLAX Address Hold TIme 20 ns 

tAVWL Address Valid or ALE HIGH 75 ns 
(whichever is later) to WR LOW 

tAVYL Address Valid or ALE HIGH 120 ns 
(whichever is later) to ROY LOW 

tWLDV Data Valid after Vim LOW 8tcLCL ns 
-100 

twLYH WR LOW to ROY High 14tcLCL ns 
+100 

tWLWH Vim Pulse Width 2tcLCL ns 
+20 

tWHDX Data Hold Time After WR High 20 ns 

tWLLH Vim Low to ALE High of Next 18tcLCL ns 
RO/VimCycle +100 

NOTE: 
1. Chip select input, A 16, has the same timing spec as the other address inputs. 

ALE 

AOBUS 

ROY 

231680-14 

CPU Write Cycle Using Ready to Generate WAIT States 
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ALE 

ADBUS x 

fi4----tAVWL ---;--.J--.J 

1----twLLH -z--
231680-15 

CPU Write Cycle Not Using Ready 

CPU READ CYCLE TIMINGS 

Symbol Parameter Min Max Units 
Test 

Conditions 

tRLYH RD LOW to ROY High 19tCLCL ns 
+100 

tQVYH Data Valid to ROY High 0 ns 

tRHQZ Data Float Time after RD 10 60 ns (Note 1) 

tRLQV RD LOW to Data Valid 75 ns 
(PRE =1) 

tRLRH RD Pulse Width 2tCLCL ns 
(PRE =1) +20 

tRLLH RD LOW to ALE High of 18tCLCL ns 
Next RD/WR Cycle +100 

tAVRL Address Valid or ALE High 75 ns 
(whichever is later) to RD LOW 

NOTE: 
1. IOL. IOH = 10 mAo CL = 100 pF. 

ALE 

AD x 
tRHQZ 

RDY 

jjt::==::.:tA~V~R!:.L.===j"~- tRLYH 

231680-16 

CPU Read Cycle Using Ready to Generate WAIT States (PRE = 0) 
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I-" HLL-

ALE -' " !- tAVLL -i--1 tLLAX 

AD ADDR TA(FROM PREVIOUS READ CYCLE) 

tAVRL .1 tRLQV HtRHQZ 
~LRH 

" J 

tRLLH 
231680-17 

CPU Read Cycle Not Using Ready (PRE = 1) 

DRAM CONTROLLER 

READ CYCLE 

~mbol Parameter 
SAB = 1 SAB= 0 Units 

Min Max Min Max 

RC Random Read Cycle Time 5telel- 40 4telel- 40 ns 

REF Refresh Time 
128 Cycles Note 1 Note 1 ms 
256 Cycles Note 2 Note 2 

RP RAS Precharge Time 2telel - 20 2telel- 20 ns 

~PN ~ Precharge Time 3telel- 40 3tolel- 40 ns 
(Non-Page Mode) 

RCD FiAS to eAS Delay Time telel - 10 telel - 10 ns 

RSH FiAS Hold Time 2telel - 35 tolel - 35 ns 

tcsH ICAS Hold Time 3telel- 20 2telel- 20 ns 

ASR Row Address Set-Up Time 5 5 ns 

lRAH Row Address Hold Time tehel - 65 tehel - 65 ns 

IASC Column Address Set-Up Time 5 5 ns 

teAH Column Address Hold Time tolel telel ns 

AR Column Address Hold to ~ 3 tolel + tehcl - 20 2 telel .+ tehel - 20 ns 

tRAs FiAS Pulse Width 3telel- 30 2telel - 30 ns 

teAS ~ Pulse Width 2telel- 40 telel - 40 ns 

teRP ~ to 'FiAS Precharge Time 2telcl- 50 2telel - 50 ns 

teAC Access Time from CAS 2telel- 70 telel- 70 ns 

'RAc Access Time from RAS 3telel - 45 2telel - 45 ns 

toFF Data-In Hold Time 35 35 ns 

NOTES: 
1. (128/(12' scan line time)) + 10,000 telel 
2. (256/(12 • scan line time)) + 10,000 telel 
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tRc 
tRAS C tRP -

1 ~ 

tCRP - ~ 
tcSH 

.1 tRCD tRSH I---tCPN-L tCAS 

--' ~\\'i '---
tAR 

tASR r- • tRAH ., r- tASC I-- tCAH -

ADDRESS X ROW ADDRESS X X COLUMN ADDRESS I( 

HIGH LEVEL 

...-tOFFj 

DATA IN VALID DATA 

-tCAC-
'I 

tRAC 

231680-18 

Read Cycle 

WRITE CYCLE 

Symbol . Parameter 
SAB = 1 SAB = 0 

Units 
Min Max Min Max 

tRC Random Write Cycle Time 5tcici - 40 4tclel - 40 ns 

tRAS RAS Pulse Width 3 teici - 30 2tclel - 30 ns 

teAS CAS Pulse Width 2 tcilci - 40 tclel - 40 ns 

twp Write Command Pulse Width 3 telel ~ 20 2telel - 20 ns 

twcs Write Command Set-Up Time tcleh -10 teleh - 10 ns 

tWCH Write Command Hold Time 2 telel + tehel - 40 telcl + tehcl - 40 ns 
to CAS 

tWCR Write Command Hold Time 3 telel + tehel - 40 2 telel + tehel - 40 ns 
toRAS 

tRWL Write to RAS Lead Time 2 telel + teleh - 40 telel + teleh - 40 ns 

teWL Write to CAS Lead Time 2 telel + teleh - 50 telel + teleh - 50 ns 

tos Data-Out Set-Up Time telel + teleh ""7 50 telel + teleh - 50 ns 

tOH Data-Out Hold Time 2 telel + tehel - 20 telel + tehel - 20 ns 

tOHR Data-Out Hold Time to RAS 3 telel + tehel - 20 2 telel + tehel - 20 ns 

tR, tF Rise, Fall Time RAS, CAS 5 40 5 40 ns 
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PAGE MODE 

Symbol 

tpc 

tcp 

teAS 

tRPM 

82716/VSDD 

tRC 

.,r- tRP--j tRAS 

RAS - ; 
tCSH 

r-- tCPN --..J CRP1 
tCAS ----.:.1_ -tRCD tRSH 

CAS ~ .. \\l ~ 
-tAR 

tASRr - tRAH 1 r 
tASCi I--tCAH-

ADDRESS X ROW ADDRESS X X COLU~N ADDRESS K 
t---+--+~tRWL-------ooI 

I II tCWL ___ __+I 

-+ twcs I- I ~_...:.tW:..:CH~i~-1,r-_______ _ 
twPy 

~---tWCR-~+-----~ 

r-tDs--l1-- tDH -
DATA ---+---'XJr-------""""!IK",---------
OUT ______ +-______ ,~----------------~~------------------

~----tDHR-------+I 

Write Cycle 

Parameter 
SAB = 1 SAB = 0 

Min Max Min Max 

Page Mode Read Cycle 3tclcl - 20 2 tclcl - 20 

CAS Precharge Time tclcl - 20 tclcl - 20 

CAS Pulse Width 2 tclcl - 40 tclcl - 40 

RAS Pulse Width 96tclcl - 5 65tclcl - 5 

231680-19 

Units 

ns 

ns 

ns 

ns 

WE----~----------~----~~--~----~ ~--~------------------

DATA -----r----------t-~==~ iN 

231680-20 

Page Mode Read Cycle 
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VIDEO OUTPUT TIMINGS " 
Symbol Parameter Min Max Units Comments 

txHCH XTALIN High to 60 ns EVC = 0 
CKIOHigh HRS = 1 

txLCL XTALIN Low to 70 ns EVC = 0 
CKIOLow HRS = 1 

75 ns EVC = 0 
HRS = 0 

txLCH 
, 

XTALIN Low to 80 EVC = 0 ns 
CKIOHigh HRS = 0 

txooo Digital Data Delay 30 ns EVC = 0 
HRS = 1 

35 ns EVC = 0 
HRS = 0 

70 ns EVC = 1 
HRS = 1 

EVC = 0 

~AUN~~ l~{ HRS = 1 

CKIO J 
(OUTPUT)--A" I 

tODD f 
DV3-DVO 

231680-21 

Video Output Timings 

HRS = 0 
Eve = 0 XTALIN 

CKIO ~tf-(OUTPUT) 

tDDDf: 

DV3-DVO 

231680-22 

HRS = 1 CKIO 
Eve = 1 

(INPUT) 

DV3-DVO 
231680-23 

Video Output Timings 
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DAC SPEC 

Symbol Parameter Min Max Unit Test Condition 

VREF Reference Voltage 1.6 V typ. = 1.6V 

RVREF Source Impedance of VREF 200 n 
Linearity %LSB VREF = 1.6V ±5% 

t5 Settling Time 20 ns Max Load = 10 pF 

SYNC SPEC 

tHSYN HSYNC Delay from XTALIN 150 ns 

tVSYN VSYNC Delay from XTALIN 150 ns 

tOFF1 Dead Zone between Two Active 120 tclcl ns 
Horizontal Zones 

tpLL PLLCTL Valid Delay from HSYNC 100 ns 

XTALIN 

HSYNC 

AHZ 

~---------HC2----------~ 

VSYNC 

PLLCTL 

231680-26 

Sync Specs 

DATA SHEET REVISION REVIEW 

The following lists key differences between this and the July 1986 (Order no. 231680-001) data sheet: 

1. Test conditions for tRHQZ (data float time after RD) are clarified in Note 1. CPU Read Cycle Timings. 
2. DRAM controller READ and WRITE cycle timings changed to reflect current testing. 

3. Microprocessor and Memory Interface text modified to clarify RDY and REFRESH operations, respectively. 
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82786 CHMOS GRAPHICS COPROCESSOR 

• High Performance Graphics • Hardware Windows 

• Fast Polygon and Une Drawing • Fast Bit-Block Copies Between System 

• High Speed Character Drawing and Bitmap Memories 

• Advanced DRAM/VRAM Controller for • Third-Party Software Support 

Graphics Memory up to 4 Mbytes • Multi-tasking Support 

• Sup~orts up to 200 MHz CRTs • Provides Support for Rapid Filling with 
- up to 640 by 480 by 8 Bits (DRAMs) Patterns 

or 1400 by 1400 by 1 Bit (DRAMs) • Programmable Video Timing 
or 2048 by 2048 by 8 Bits (VRAMs) 

• Up to 256 Simultaneous Colors • Advanced CHMOS Technology 

• Integral DRAM/VRAM Controller, Shift • Supports Dual Port Video DRAMs &: 

Registers and DMA Channel 
Sequential Access DRAMs 

• International Character Support • 88 Pin Grid Array and Leadless Chip 
Carrier 

• Interface Designed for Device- (See Intel Packaging; Order Number: 231369) 

Independent Standards 

. The 82786 is a powerful, yet simple component designed for microcomputer graphics applications including 
personal computers, engineering workstations, terminals, and laser printers. Its advanced software interface 
makes applications and systems level programming efficient and straight-forward. Its performance and high-in
tegration make it a cost-effective component while improving the performance of nearly any design. Hardware 
windows provide instantaneous changes of display contents and support multiple graphics applications from 
multiple graphics bitmaps. Applications programs written for the IBM Personal Computer can be run within one 
or more windows of the display when used with Intel CPUs. 

The 82786 works with ,all Intel microprocessors, and is a high-performance replacement for sub-systems and 
boards which have traditionally used discrete components and/or software for graphics functions. The 82786 
requires minimal support circuitry for most system configurations, and thus reduces the cost and board space 
requirements of many applications. The 82786 is based on Intel's advanced CHMOS III process. 
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82786 

INTRODUCTION 

The 82786 is an intelligent peripheral capable of 
both drawing and refreshing raster displays. It has 
an integrated drawing engine with a high level VOl 
like graphics commands. Multiple character sets 
(fonts) can be used simultaneously for text display 
applications. The 82786 provides hardware support 
for fast manipulation and display of multiple win-

dows on the screen. It supports high resolution dis
plays with a 25 MHz pixel clock and can display up 
to 256 colors simultaneously. Using multiple 82786s 
andlor in conjunction with dual port video DRAMs 
(VRAMs), the 82786 is virtually unlimited in terms of 
color support and resolution. 

Table 1.82786 Pin Description 

Symbol 
Pin 

Type Description 
Numl?er 

A21:0 A09,B08,A08,B07, liD Address lines for the External Bus. Inputs for Slave Mode 
A06,B06,A05,B05, accesses of the 82786 supported Graphics memory array or 
A04,B04,A03,B03, 82786 internal memory or liD mapped registers. Driven by the 
A02,B02,B01,C02, 82786 when it is the External Bus Master. 
C01,D02,D01,E02, 

E01,F02 

015:0 N12,M12,M13,L12, liD Data Bus for the 82786 Graphics memory array and the External 
L 13,K12,K13,J12, Bus. 
J13,H12,H13,G12, 
G13,F13,F12,E13 

BHE B13 liD Byte High Enable. An input of the 82786 Slave Interface; driven 
LOW by the 82786 when it is Bus Master. Determines 
asynchronous vs. synchronous operation for RD, WR and HLDA 
inputs at the falling (trailing) edge of RESET. A HIGH state selects 
synchronous operation. 

RD 013 liD Read Strobe. An input of the 82786 Slave Interface; driven by the 
82786 when it is Bus Master. Selects normalltest mode at falling 
RESET. 

WR C13 liD Write Strobe. An input of the 82786 Slave Interface; driven by the 
82786 when it is Bus Master. Selects normalltest mode at falling 
RESET. 

MilO C12 liD Memory or liD indication. An input of the 82786 Slave Interface; 
driven HIGH by the 82786 when it is the Bus Master. Determines 
synchronous 80286 or 80186 interface at the falling edge of 
RESET. A LOW state selects a synchronous 80286 interface. 

CS 012 I Chip Select. Slave Interface input qualifying the access. 

MEN B11 0 Master Enable. Driven HIGH when the 82786 controls the External 
Bus. (Le., HLDA received in response to a 82786 HREQ.) Used to 
steer the data path and select source of bus cycle status 
commands. 

SEN A11 0 Slave Enable. Driven HIGH when the 82786 is executing a Slave 
bus cycle for an External Master into the 82786 graphics memory 
or registers. Used to enable the data path and as a READY 
indication to the External Bus Master. 

READY E12 I Synchronous input to the 82786 when executing External Bus 
cycles.-Identical to 80286 READY. 
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Table 1. 82786 Pin Description (Continued) 

Symbol Pin Type Description 
Number 

HREQ B12 0 Hold R~quest. Driven HIGH by the 82786 when 'an access is being 
made,to the External Bus by the Display or Graphics Processors., 
Remains HIGH until the 82786 no longer needs the External Bus. , 

HlDA A12 I Hold Acknowledge. Input in response to a HREQ output. 
Asynchronous vs. synchronous input determined by state of BHE 
pin at falling RESET. 

INTR B10 0 Interrupt. The logical OR of a Graphics Processor and Display 
Processor interrupt. Cleared with an access to the BIU Control 
Register. 

RESET A10 I Reset input, internally synchronized, halts all activity on the 82786 
and brings it to a defined state. The leading edge of RESET 
synchronizes the 82786 clock to phase 2. The trailing edge 
latches the state of BHE to establish the type of Slave Interface. It , 
also latches RD, WR and MIO) to set certain test modes. 

ClK B09 I Double frequency clock input. Clock input to which pin timings are 
referenced. 50% duty cycle. 

CASO M09 0 Column Address Strobe O. Drives the CAS inputs of the even word 
Graphics memory bank if interleaved; identical to CAS1 if non 
interleaved Graphics memory. capable of driving 16 DRAMI 
VRAM CAS inputs. 

CAS1 N09 0 Column Address Strobe 1. Drives the CAS inputs of the odd word 
Graphics memory bank if interleaved; identical to CASO if non-
interleaved Graphics memory. Capable of driving 16 DRAMI 
VRAM CAS inputs. 

RAS2:0 M07,N08,M08 0 Row Address Strobe. Drives the RAS input pins of up to 16 
DRAMsIVRAMs. Drives the first three rows of both banks of 

, Graphics memory. 

DRA9/RAS3 N06 0 Multiplexed most significant Graphics memory address line and 
1RAS3. DRA9 when using 1 Mb DRAMS; RAS3 otherwise. 

WEl N10 0 Write Enable low Byte. Active lOW strobe to the lower order byte 
of Graphics memClry. 

WEH M10 0 Write Enable High Byte. Active lOW strobe to the higher order 
byte of Graphics memory. 

DRA8:O M06,N05,M05, 0 Multiplexed Graphics memory Address. Graphics memory row and 
N04,M04,N03, ' column address are multiplexed on these lines. Capable of driving 
M03,N02,M02 32 DRAMsIVRAMs. ' 

BEN1:0 N11,M11 0 Multiplexed Bank Enable and Data Transfer Une. In normal 
DT1:0 memory cycle enables the output of the Graphics memory arr;ay 

on to the 82786 data bus, 015:0. In data transfer cycle, loads the 
serial register in dual port video DRAMs (VRAMs). BEN1/DT1 and 

, BENO/DTO control Bank1 and BankO respectively. 

BLANK F01 I/O Output used to blank the display at particular positions on the 
, screen. May also be configured as input to allow the 82786 to be 

synchronized with eXternal sources. 



82786 

Table 1. 82786 Pin Description (Continued) 

Symbol Pin Type, Description Number 

VOATA7:0 H02,J01,J02, 0 Video data output 
K01,K02,L01, , 

L02,M01 

VCLK H01 I Video Clock input used to drive the display section of the 82786. 
Maximum frequency of 25 MHz. 

HSYNC/WSO G02 I/O Horizontal Sync. Window status is multiplexed on this pin. May 
also be configured as input to allow the 82786 to be synchronized 
with external sources. May also be configured to output Window 
status. 

VSYNC/WS1 G01 I/O Vertical Sync. Window status is'multiplexed on this pin. May also 
be configured as input to allow the 82786 to be synchronized with 
external sources. May also be configured to output Window status. 

VSS A01,N01,A 13, 4Vsspins. 
N13 

Vee N07,A07 2Vccpins. 

82786 

GRAPHICS DISPLAY 
PROCESSOR PROCESSOR 

SYSTEM ADDRESS BUS .. H DISPLAY 

.J, 
... 

BUS INTERFACE DRAMjVRAM 

I 
UNIT (BIU) CONTROLLER 

SYSTEM 
CPU MEMORY 

.. lito. .. lito. 1 .. .. 82786 
DATA 
BUS .. ' .. ... GRAPHICS 

SYSTEM DATA BUS II'" 
X-CVER ... II'" MEMORY 

231676-2 

Figure 2 

ARCHITECTURE Display Proc~ssor 

The 82786 is a high integration device which con
tains three basic modules (figure 2): 

The 82786 Display Processor controls the CRT tim
ings and generates the serial video data stream for 
the display. It can assemble several windows on the 
screen from different bitmaps scattered across the 
memory accessible to the 82786. 

1. Display Processor (DP) 
2. Graphics Processor (GP) 
3. Bus Interface Unit (BIU) with DRAMIVRAM 

Contralrer. " ' 
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Graphics Processor 

The 82786 Graphics Processor executes commands 
from a Graphics Command Block (GCMS) (placed in 
memory by the host CPU) and updates the bitmap 
memory for the Display Processor. The Graphics 
Processor has high level VDI like commands and 
can draw graphical objects and text at high speeds. 

Bus Interface Unit (BIU) 

The SIU controls all communication between the 
82786, external CPU and memory: The SIU includes 
an integrated DRAMIVRAM controller that can take 
advantage of the high speed burst access modes of 
page mode and fast page mode DI7IAMs to perform 
block transfers. The Display Processor and Graphics 
Processor use the SIU to access the bitmaps in 
memory. 

Memory Structure and Internal 
Registers 

The 82786 address range is 4 Mbytes. This is divid
ed between the graphics memory directly supported ' 
by the 82786 and external system memory. The 
82786 distinguishes between graphics memory ,and 
external system memory by assuming graphics 
memory space starts at address OH and goes up to 
whatever amount of graphics memory is configured. 
External system memory occupies the rest of the 
address space. The amount of graphics memory 
configured, and therefore the graphics memory/ex
ternal system memory boundary, is controlled by the 
"DRAMIVRAM Control Register" in the SIU. The 
upper limit of configured graphics memory is 4 
Mbytes. 

A 128 byte block (contiguous) of internal control reg
isters is distributed throughout the three modules on 
the 82786. This block can be either memory or I/O 
mapped in the CPU address space. The base ad
dress and memory or I/O mapped for this register 
block is programmable through the "Internal Reloca
tion Register" in the SIU. 

External Memory Access (Master 
Mode) 

The 82786 initiates "Master Mode" whenever it 
needs to access a memory address that is beyond 
the upper limit of configured graphics memory. This 
memory is typically external memory shared be
tween the 82786 and the external CPU. The bus tim
ings in this mode are similar to the 80286 style bus 
timings. 
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An 82786, request for the bus is indicated by a high 
level on the HREQ line. The 82786 drives the exter
nal bus (A21 :0, D15:0, RD, WR, MIO and SHE) only 
after receiving a HLDA (acknowledge) from the ex
ternal master. The HLDA line could be externally 
synchronized (82786 synchronous mode) or inter
nally synchronized (82786 asynchronous mode). 
The 82786 will deactivate the HREQ line when it no 
longer needs to access external memory or when it 
senses an inactive HLDA. The 82786 indicates that 
it is in control of the external bus by a high level on 
the MEN output. Screen corruption can occur if the 
master mode bus cycle, including HREQ/HLDA la
tency, is too long. 

. ) 

Slave Mode 

The 82786 Slave Interface allows an external CPU 
access into the graphics memory array or the 82786 
Internal Registers. The external CPU directs a 
(read/write~ave access to the 82786 by asserting 
the 82786 CS input. When t~ 82786 is not driving 
the external bus, the A21 :0, RD, WR, MIO and SHE 
lines are inputs. The RD, WR, MIO and CS lines are 
constantly monitored by the 82786 to detect a CPU 
cycle directed at the 82786. After beginning a slave 
access to the 82786, the external CPU must go into 
a wait state. The 82786 will not process new slave 
commands from the CPU before the previous com
mand has been serviced. The 82786 initiates a slave 
access by a high level on the SEN output and termi
nates the slave access when SEN is low. The data 
bus transceivers can be enabled by SEN. 

SEN as Slave Ready Indication 

Inverted SEN should be connected to the 82284 
ARDY input when the Slave Interface is set in syn
chronous 80286 mode. The number of wait states 
for a read cycle is a function of the DRAMIVRAM 
speed. Write cycles.execute with 2 wait states be
cause the 82786 issues SEN with different timing 
during write cycles. 

The 82786 supports byte accesses to graphics 
memory. The combination of SHE and AO generate 
the proper WEL and WEH signals. SHE and AO are 
ignored for read cycles. Since the Display and 
Graphics Processors always generate word ad
dresses, the slave cycles directed to graphics mem
ory are the only time WEL may not exactly follow 
WEH. 

The 82786 will acknowledge a slave access from an 
external CPU while waiting for an aCknowledge 
(HLDA) to its own request for the external bus. This 
prevents a potential deadlock, situation. 
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Synchronous/Asynchronous 
Operation 

The synchronous/ asynchronous mode is selected 
by the state of the BHE input at the falling edge of 
reset. A high state selects synchronous operation. 
The synchronous interface requires that the 82786 
and the 80286/80186 clock inputs are shared. For 
the 80286 case, a common RESET ensures that the 
82786 and the 80286 initialize to the same state. 
With the 80186, external hardware must ensure that 
the 82786 phase1 is coincident with the 80186 
CLKOUT LOW. In the Master Mode, the HLDA line is 
sampled synchronously or asynchronously. The 
82786 slave interface provides for synchronous or 
asynchronous sampling of the command lines (AD 
and WR). 

EIGHT AND SIXTEEN BIT, HOST 

On reset, the 82786 always assumes an 8 bit host 
interface. The first few accesses to the 82786 must 
be 8 bit accesses. The 82786 can' be switched to a 
16 bit interface by setting the "BCP" bit in the "BIU 
Control Register". 

In 16 bit mode, the Internal Register Block is only 
word addressable. Odd word or odd byte accesses 
to the internal locations will not produce the desired 
result. Even byte access, however will work as de
sired. The least significant address bit, AO, is ignored 
in 16 bit mode. ' 

In 8 bit mode, the internal registers must be ac
cessed by two successive bus cycles. This is not 
necessary for reads, but is necessary for write!il to 
the internal registers. The low byte (AO = 0) must be 
written first, followed by the high byte (AO = 1) of 
the register. A21:1 must be the same for both bus 
cycles. The register is not changed until the second 
byte (the high byte) is written to the 82786. There is 
no restriction on the time between the two bus cy
cles, but if successive low bytes are written before a 
high byte is written, the last low byte is the one writ
ten to the register. The BIU latches even bytes (AO 
= 0) of write data in a temporary register. When an 
odd byte is subsequently written to location address 
+ 1, this byte and the even byte in the temporary 
register are written to the desired location. A lock 
out mechanism prevents a high byte write to modify 
an internal register if there is no valid word in the 
temporary register. 

There is no crossing done by the 82786 in 8 bit 
mode: low bytes are transferred on the low data 
lines 07:0 and the high bytes on 015:8. An external 
crossover creates the 8 bit bus for the host. This is 
not additional hardware since a crossover is needed 
for an 8 bit host accessing of the memory array any
way. 

MEMORY ACCESS ARBITRATION 

The BIU receives requests to access the graphics 
memory from the Display Processor, the Graphics 
Processor and the External CPU. Additionally the in
ternal DRAMIVRAM Controller also generates re
fresh requests. The DRAMIVRAM refresh requests 
are always highest priority. The other requests are 
arbitrated with programmable priorities. A higher pri
ority request can interrupt low~r priority memory cy
cles. Block transfers however can only be interrupt
ed on doubleword boundaries. 

There are two priority levels for requests from the 
Display and Graphics Processors: a First Priority 
(FPL) and a Subsequent Priority (SPL). The First Pri
ority is the priority at which the first request of a bus 
cycle is, arbitrated with. The Subsequent Priority is 
the priority associated with subsequent requests of a 
block transfer bus cycle. This allows for block trans
fers to execute with a different priority level. If a 
higher priority request occurs while a block transfer 
is executing, the BIU ,suspends the current block 
transfer and acknowledges the higher priority re
quest. After completion of that higher priority memo
ry access, the requests are arbitrated again. The 
suspended block transfer is arbitrated with its SPL 
priority since it is still executing a block transfer. The 
External Request has no Subsequent Priority level 
since it cannot execute block transfers. It does have 
an Altered PriOrity, though, which is the priority it as
sumes once every 42 CLK's (maximum bus latency 
for IBM PC's). The,default priorities from highest to 
lowest following RESET are: 

External ,APL 7 
External FPL 7 
Display FPL 6 
Graphics FPL 5 
Displays SPL 3 
Graphics SPL 2 

Three bits describe the priorities; 7 is the highest 
and 0 is the lowest. If two priority registers are pro
grammed with the same value, a default priority 
chain is used. The default order is, from highest to 
lowest 'priority: 

1. Display Processor 
2. Graphics Processor 
3. External 

Graphics Memory Interface 

The 82786 directly supports up to 32 DRAMs with
out additional external logic. This capability allows 

, the use of cost effective memory devices and can_ 
result in significant performance improvement 
through the use of either standard Page Mode or the 
newer Fast Page Mode/Static Column Decode se
quential access RAMs. The Fast Page Mode/Static 
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Column Decode parts enable the 82786 to cycle the 
DRAMs in 100 ns instead of the 200 ns used for 
Page Mode parts. The 82786 also allows the memo
ry to consist of either standard single port memory 
devices or dual port Video RAM devices (VRAMs). 

The 82786 supports a wide range of DRAMlVRAM 
configurations. The choices include interleaving or 
non-interleaving (1 or 2 banks - one CAS line/bank), 
number of rows per bank (1, 2, 3 or 4 - one RAS 
line/row), width (x1, x4 or x8), height (16k, 64k, 256k 
or 1 M) and performance (Page Mode or Fast Page 
Mode/Static Column Mode). The only limitation is 
the address space limit of 4Mbytes. The 82786 
DRAMlVRAM address lines (DRAx) can directly 
drive 32 memory devices while the RAS, CAS, WE 
and BEN lines can directly drive 16 devices. When 
the memory array consists of more than 32(16) de
vices then external drivers must be used to drive the 
memory array. 

DRAMs with a HEIGHT of 64k are not allowed in the 
graphics memory of a system in which Master Mode 
will be used. There .is no limitation on the total 
DRAM density (64k x 4 DRAMs cannot be used; 
256k x 1 DRAMs are okay). 

There are some special DRAM configurations: 

i) When 1 Mb x 1 DRAMs are used, RAS3 is used 
as DRA9. 

ii) When only one interleaved row is configured 
(32 devices), RAS1 is identical to RASO. Addi
tional buffering on RASO is therefore not re
quited. 

iii) When two non interleaved rows are configured 
(32 devices), CAS1 is identical to CASO. Addi
tional buffering on CASO is therefore not re
quired. 

DRAM Cycle Types 
The 82786 supports two fundamental memory cycle 
types: single and block. A single cycle involves a 
single 16 bit word, while a. block transfer is a mini
mum of 2 16 bit words with no maximum length. The 
single cycle types supported and their cycle times 
are given below. The cycle times are counted in sys
tem clocks, % the elK input frequency. 

1. Single Reads 3 cycles 300 ns @ 10 MHz 
2. Single Writes 3 cycles 300 ns @ 10 MHz 
3. Read-Modify- 4 cycles 400 ns @ 10 MHz 

Writes 

The block cycles use the high speed sequential ac
cess modes of page mode, fast page mode (ripple 
mode) and static column DRAMs. Typical perform
ance numbers for this case are: 

1. Page Mode, 
Non-Interleaved 

2 cycles 10 Mb/s @ 10 MHz 
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2. Page Mode, 1 cycle 20 Mb/s @ 10 MHz 
Interleaved 

3. Fast Page Mode, 1 cycle 20 Mb/s @ 10 MHz 
Non-Interleaved 

4. Fast Page Mode, .5 cycles 40 Mb/s @ 10 MHz 
Interleaved 

All accesses into the graphics memory by the Dis
play Processor use the high speed sequential ac
cess mode whenever possible. The Graphics Proc
essor uses a single Read-Modify-Write cycles for all 
pixel drawing operations. Block copy operations by 
the Graphics Processor use the high speed sequen
tial access modes. External CPU access into graph
ics memory is always a single read or write cycle. 
When configured to interface with dual port VRAMs, 
the 82786 generates Page Mode and Fast Page 
Mode style control signals for memory access 
through the normal random access port. It also exe
cutes a data transfer cycle when the video shift reg
ister in the VRAMs have to be loaded. 

Graphics Memory Refresh 

The BIU has an internal DRAMlVRAM refresh con
troller. The refresh period is programmable through 
the "DRAMlVRAM Refresh Control" Register in the 
BIU. All configured rows are refreshed sim~lta
neously by activating the corresponding RAS lines 
periodically (RAS only refresh). The refresh row ad
dress (10 bits) is generated internally. On power up, 
the refresh row address is undefined. On normal re
set, the refresh row address is not affected. It is ini
tialized only if the 82786 is reset into the "BIU Test 
Mode". Not modifying the refresh address during 
RESET allows for a "warm RESET" implementation: 
contents of DRAMlVRAM can be insured to remain 
valid if RESET is short enough (less than three 
DRAMlVRAM refresh cycles). DRAMlVRAM re
fresh will continue at the proper row after RESET 
goes inactive again. 

The graphics memory refresh cycles are always th~ 
highest priority cycles. There is some latency POSSI

ble between the internal refresh request and the ac
tual refresh cycle. This latency is critical only in one 
case: The 82786 is in a wait state while executing a 
bus cycle on the External Bus. 

The worst case is a refresh request occurring just 
after the 82786 receives a HLDA from the host CPU 
to execute a block transfer on the external bus. Re
fresh requests can interrupt block transfers, but only 
on doubleword boundaries - the 82786 must exe
cute 2 full bus cycles on the external bus before the 
refresh cycle is run. The possibility of many wait 
states when executing these two bus cycles creates 
a need for a large refresh latency tolerance. The 
82786 can queue up to 3 refresh requests internally. 
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In the default mode (a refresh request occurs every 
15.2 micro seconds and at 10 MHz operation), this 
implies that each bus cycle to external memory 
should not have more than 225 wait states. 

There is no warm up logic on the 82786. The system 
must either wait for sufficient number of refresh cy
cles to execute or the boot software on the host can 
quickly access the memory array for the required 
number of cycles. 

The default value of the DRAMIVRAM Control Reg
ister configures the array as 4 rows of Non-Inter
leaved Page Mode 256k x 1 with refresh requests 
generated every 15.2 micro seconds. 

Internal Register and Graphics 
Memory Slave Access 

The external master can access either 82786 inter
nal memory 110 mapped registers or the Graphics 
memory. The 82786 internal address space consists 
of a contiguous 128-byte block that starts on an 
even byte address. It is mapped to memory or 110 
space depending on the state of the M/iO bit in the 
"Internal Relocation Register". If tl"\e MIlO bit is set 
to one, the Internal Register Block is memory 
mapped. If the MIlO bit is zero, the Internal Register 
Block is 110 mapped. An address comparison is 
done between the Internal Relocation Register and 
the incoming address to determine if the CPU ac
cess is directed to internal memoryllO mapped reg
isters. 

Intel reserves the right to add functions to future ver
sions of the 82786. Users should not use reserved 
locations in order to ensure future compatibility. 

PERFORMANCE 

Slave performance is measured here by assuming a 
request is made to an idle 82786. A synchronous 
interface is assumed. 

Minimum 80286 Wait States = 3 
(10 MHz 80286 and 82786) 

Minimum 80386 Wait States = 8 
(16 MHz 80386, 8 MHz 82786) 

Minimum 80186 Wait States = 3 
(10 MHz 80186 and 82786, WT = 1) 

Minimum 80186 Wait States = 2 
(10 MHz 80186 and 82786, WT = 0) 

The values mentioned above are for read cycles. In 
. some cases, write cycles can operate with fewer 
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wait states. For instance, the 80286 can execute 2 
wait state synchronous write cycles. The 80186 can 
execute write cycles with one less wait state than 
mentioned above. 

For asynchronous interfaces, if the CPU is operating 
at the same frequency as the 82786, the number of 
wait states are typically 1 more than those indicated 
above. For CPUs operating at a slower frequency 
than the 82786, the number of wait states are, on 
the average, less than 1 greater than those given 
above. In some cases, (eg. a 6 MHz 80286) an asyn
chronous interface acutally has less wait states than 
those quoted above for the synchronous interface. 

INTERNAL REGISTERS 

The 82786 Internal Register block is relocatable by 
programming an even byte address in the "Internal 
Relocation Register" in the BIU. The register block 
can be memory or 110 mapped based on the state 
of the M/iO bit. The Register Block is physically dis
tributed between the three 82786 modules, BIU, 
Graphics Processor and Display Processor. 

Accesses to reserved locations have no effect; they 
execute normally but may produce indeterminate 
read data. No register is altered when a write is exe
cuted to a reserved location. 

Location of Internal Registers within 128 byte block: 

Byte. 
Address 

'OO-OF H 8 words BIU Registers 

'10-1F H 

'20-2B H 

'2C-3FH 

'40-4AH 

'4B-7~H 

reserved 

GP Registers 

reserved 

DP Registers 

reserved 

6 words 

. 5 words 

The BIU register map is as follows: 

Byte 
Address 

BASE + OH 

BASE + 2H 

BASE + 4H 

BASE + 6H 

BASE + 8H 

BASI;: + AH 

BASE + CH 

BASE + EH 

Internal Relocation 

Reserved 

BIU Control 

Refresh Control 

DRAM Control 

Display Priority 

Graphics Priority 

External Priority 
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The field definitions for the BIU Registers are as fol
lows: 

Internal Relocation 
15 14 13 12 ••• 4 3 2 0 

Addr = I Base Ad-d-re-s-s---'-I-M-IO-'I 
BASE+OH __ 

Reset valueL.s-: xxx-O=----

The Base Address determines the location of the 
128 byte Internal Register Block. The MIO bit se
lects between memory or I/O mapping. If it is. set (1), 
the Register Block is memory mapped. At RESET, 
the Base Address is set so that the Internal Reloca
tion Register is located at every 128-byte address in 
the entire I/O space whenever CS is asserted. The 
Base Address must be written into this register be
fore any other registers can be accessed. 

BIU Control 
6543210 

Addr = BASE + 4H IVRIWTIBCpIGdDdwpdWP21 

RESET value: 0 1 0 0 0 0 0 

VR: If set (1) then the 82786 generates dual 
port video DRAM (VRAM) type memory 
cycles for display data fetch. If reset (0) 
then conventional page mode type mem
ory cycles are performed to fetch display 
data. 

WT: Determines the minimum number of wait 
states possible in a synchronous 80186 
interface. If set (1), there is a minimum of 
2 (3) wait states during memory write 
(read) cycles. 

BCP: Determines whether the Internal Register 
block is accessed as bytes or words by 
the external CPU. If set (1), a 16 bit inter
face is selected. 

GI: Graphics Processor Interrupt. Set when 
the- Graphics Processor issues an Inter
rupt. Cleared with RESET or a read of this 
register. 

01: Display Processor Interrupt. Set when the 
Display Processor issues an Interrupt. 
Cleared with RESET or a read of this reg
ister. 

WP1: Write Protection One. When set (1), all 
BIU Register contents except for the WP1 
and WP2 bits of this register are write pro-
tected. . 

WP2: Write Protection Two. When set (1), all 
BIU Register contents are write protected, 
including WP1and this bit, WP2. The only 
way to regain write access to the BIU reg
istersafter this bit is set, is to RESET the 
82786. 
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Refresh Control 
6 5 432 o 

Addr = BASE + 6H Refresh Scalar 

RESET value: o o 0 o 

The Refresh Scalar is a 6 bit quantity that deter
mines the frequency of refresh cycles to the Graph
ics memory. 

Refresh interval = (Scalar + 1) • 16 • Input clock 
period 

DRAM/VRAM Control 
6543210 

Addr= BASE + 8H IRW11RWolDC11DcolHT21HT11HToI 

RESET value: 1 0 0 0 

RW1 :0: Number of Graphics memory Rows. One 
of the variables in defining the Graphics 
memory/External system boundary. Also 
disables RAS signals not driving any 
DRAMsIVRAMs. 

RW1 RWO 

o 
o 
1 
1 

o 
1 
o 
1 

1 Rows 
2 Rows 
3 Rows 
4 Rows 

DC1 :0: DRAMIVRAM Configuration. Controls the 
rate of block transfers and orientation of 
CAS1 and CASO. 

DC1 DCO 

o 0 Page Mode, Non-Interleaved 
o 1 Page Mode, Interleaved 
1 0 Fast Page Mode, Non-Interleaved 
1 1 Fast Page Mode, Interleaved 

HT2:0: DRAMIVRAM Height. Defines the 

HT2 

o 
o 
o 
o 
1 
1 
1 
1 

HEIGHT (not size) of· each DRAMIVRAM 
chip in the system. All DRAMslVRAMs 
must be the same size. 

HT1 HTO 

o 0 
o 1 
1 0 
1 1 
o 0 
o 1 
1 0 
1 1 

8K Devices 
16K Devices 
32K Devices 
64K Devices 

128K Devices 
256K Devices 
512K Devices 

1M Devices 

Display Processor Priority 
6 5 4 3 210 

Addr = BASE + AH FPL SPL _J-___ ~ ___ ~ 

RESET value: o 0 
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Graphics Processor Priority 
Addr = BASE + CH -TI--FP-L~-'--S-P-L--' 

RESET value: 0 0 0 

External CPU Prl..:..o_rlt-ry ___ r--__ --, 

Addr = BASE + EH I FPL APL 

RESET value: 

Specifies the priorities of the Display Processor, 
Graphics Processor and External CPU requests for 
the first request (FPL) and subsequent requests for 
block transfers (SPL). Code 111 is highest priority. 
Code 000 is lowest priority. 

RESET AND INITIALIZATION 

The state of BHE at trailing ReSET determines syn
chronous vs. asynchronous operation. In Master 
mode, synchronous/ asynchronous operation affects 
the sampling of the HLDA signal only. In Slave 
mode, synchronous/~nchronous operation affects 
the sampling of RD/WR signals. Synchronous oper
ation is set if SHE is sensed HIGH at trailing RESET. 
This enables direct connection of the 80286 BHE 
pin in synchronous systems since it is driven HIGH 
during RESET. The 80186 "tristates" its BHE during 
RESET so a small static load on this line can select 
asynchronous operation. 

All internal registers are set to their default values on 
reset. The first slave 110 write access to the 82786 
will always be directed at the Internal Registers (ig
noring the upper fifteen address bits). The Internal 
Relocation Register must be programmed before 
any other Internal registers can be accessed. The 
DRAMIVRAM configuration registers must also be 
programmed to conform to any specific environ
ment. 

The 82786 assumes an 8 bit external CPU interface 
on reset. The graphics memory interface is always 
16 bits wide. The BCP bit in the "BIU Control Regis
ter" must be set to 1 to enable a 16 bit external 
interface. Interrupts are cleared on reset. 

GRAPHICS PROCESSOR 

Introduction 

The Graphics Processor (Graphics Processor) is an 
independent processor within the 82786. Its primary 
task is to draw bitmap graphics. It executes com
mands residing in the memory, accessing the mem
ory through the Bus Interface Unit (BIU). The Graph
ics Processor addresses 4 MB of linear memory (22 
bit addresses). 

The Graphics Processor draws into a predefined 
area in the memory which is referred to as a "bit
map". A bitmap can be thought of as a rectangular 
drawing area composed of pixels. A coordinate sys
tem is defined for this bitmap with the origin at the 
upper left corner, the x-coordinate increasing from 
left to right and the y-coordinate i(lcreasing from top 
to bottom. A bitmap can be up to 32K pixels wide 
and 32K pixels high. 

The 82786 can draw several graphics primitives 
such as points, lines, arcs, circles, rectangles, poly
gons and characters. During the figure drawing pro
cess, the 82786 follows several programmable attri
butes. 

The graphics attributes supported by the 82786 are: 

color 
depth (bits/pixel) 
texture 
logical operation 
color bit mask 
clipping rectangle 

Each graphics primitive can be drawn in anyone of 
2,4,16 or 256 "Colors". The color details (bits/pixel 
and exact color) are programmable. The "Texture" 
controls the appearance of any line (or figure). The 
texture pattern can be up to 16 bits long thus en
abling drawing of solid, dashed, dotted, dot-dash 
etc. types of lines. Each bit in the Texture corre
sponds to one pixel. The 82786 supports all sixteen 
binary "Logical Operation" between a figure being 
drawn in bitmap memory and the existing contents 
of memory. It is thus possible to overlay a figure on a 
background. The "Color Bit Mask" restricts the 
drawing operation to only some "color planes". The 
clipping rectangle restricts the drawing operation to 
a speCific area in the bitmap. 

The pixel information is stored in the bitmap memory 
. in a packed pixel format. Different color bits for the 

same pixel are stored in adjacent bit positions within 
the same byte. Each byte represents 1, 2, 4 or 8 
pixels (in one of 256, 16, 4 or 2 colors). 
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The Graphics Processor fetches its commands di
rectly from a linked list Memory-resident Graphics 
Processor Command Block (GCMB). The GCMB is 
created and maintained by the CPU. The initial ad
dress for the GCMB is contained in a Graphics Proc
essor Opcode Register in the 82786. Addresses for 
subsequent (next) GCMBs are contained in the pre
vious GCMBs. The Graphics Processor' can be 
forced to stop by appropriate commands. 

When the Graphics Processor is idle, it is said to be 
in the "Poll State". This is the default mode after 
reset. While in the Poll State, the Graphics Proces
sor continuously monitors its internal "Opcode Reg
ister". A valid command in this register starts the 
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Graphics Processor. The first command placed in 
the internal Opcode Register must always be a 

Address Register 

"LINK" command directing the Graphics Processor 
to the main GCMB in memory. 

Function 
BASE + 20h GRO OPCODE I GECL 

BASE + 22h GR1 Parameter 1 (Link Address Lower) 

BASE + 24h GR2 Parameter 2 (Link Address Upper) 

Graphics Processor Internal Registers used in Poll State 

Graphic Processor Command ,Format 

The commands are placed (along with their parame
ters) sequentially in memory. Several GCMBs may 
be linked together through a LINK command. All 
commands have a standard format as described be
low: 

15 8 7 1 0 

OPCODE 10 0 0 0 0 0 01 GECL 

Parameter 1 

• 
• 
• 

Parameter n 

etc. 

Graphics Processor Status Register 

Each command to the Graphics Processor consists 
of an opcode, a Graphics End of Command List 
(GECL) bit and a list of parameters as required by 
the command. The opcode is 8-bits wide. The re
maining 7-bits in the first word of the command must 
be all zeroes to ensure future compatibility. Also, 
whenever a parameter for the command is an ad
dress, 32-bits have been set aside but the 82786 
uses only 22-bit addresses. The user must ensure 
that the higher 10-bits in the address parameter are 
always all zeroes All commands must lie at even 
byte. addresses. 

After fetching each command, the Graphics Proces
sor checks the GECL bit. If the GECL bit is zero, the 
command executes and the next command is then 
fetched from the GCMB. If the GECL bit is set to 
one, the Graphics Processor does not execute the 
command and enters a POLL state. 

One of the 82786 Internal Registers contains the Graphics Processor Status Byte. The bits in the Status Byte 
are represented as: 

Address 
BASE + 26H 

1. GPOLL - Poll State 

Indicates if the Graphics Processor is in a POLL 
state. 

2. GRCD - Reserved Command 

This bit is set if the Graphics Processor encoun
ters an illegal opcode. 

3. GINT- This bit is set as a result of the 
INTR_GEN command. 

4. GPSC - Pick Successful 

This bit is set or cleared while the Graphics 
Processor is in the PICK mode. The bit is set if 
the pick operation resulted in success on any 
command. 

5. GBCOV - bitmap Overflow for BitBlt or CharBlt 

An attempt to execute a CHAR or a BitBlt com
mand with any portion of the destination rectan
gle lying outside the clip rectangle causes this 
bit to be set. 

5-44 

6. GBMOV - bitmap Overflow for Geometric Com
mands' 

An attempt to draw a pixel lying outside clip rec
tangle as a result of any geometric drawing 
.commands (LINE, CIRCLE etc.) causes this bit 
to be set. The reason for separating these two 
bits is the difference between the clipping oper
ations for the two types of commands. 

7. GCTP - Character Trap 

This bit indicates that a character specified in 
the character string as a parameter for the 
CHAR command had its TRAP bit set. 

8. GIBMD - Illegal Bit Map Definition 

This bit is set if the DEF _BIT _MAP command 
is executed with illegal parameters. The illegal 
parameters are bits per pixel defined to be other 
than 1, 2, 4 or 8, Xmax defined to be greater 
than 32k-1, or the following equation not being 
met: ((Xmax ,+ 1) • Bpp) mod 16 = O. 
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All the status bits except GPOLL are cleared upon 
reset. The GPOLL bit is set on reset. 

Graphics Instruction Pointer 

The Graphics Processor Instruction Pointer is a 22 
bit quantity stored in two registers in the Graphics 
processor. It points to the current command in the 
GCMB. 

Address Register Function 

BASE + 28h GCIPL Instruction Pointer Lower 

BASE + 2Ah GCIPH Instruction Pointer Upper 

Clipping Rectangle 

The 82786 can be instructed to restrict drawing to 
certain portion of, the bitmap only. This portion is 
called the "Clipping Rectangle". The default clipping 
rectangle is the entire bitmap. The clipping rectangle 
must be redefined after a DEF _BIT _MAP com
mand. For figures that are partially inside and partial
ly outside the Clipping rectangle, only the part inside 
the clipping rectangle is updated in the bitmap. Char
acter clipping is supported for word mode. 

In order for the clipping to have predictable results, 
there are some restrictions on the x,y coordinates of 
each pixel. The rules to be observed are: 

1. For lines, circles, polygons, polylines, BitBlts and 
CharBlts, each pixel lying on the figure 
(both the visible and the invisible parts) must not 
have its x or y coordinate outside ± 32K range. 

2. For circular arcs, the above restriction applies to 
the circle of which the arc is a part. 

Pick Mode 

The Graphics Processor can be put in "PICK Mode" 
by executing the ENTER_PICK command. In the 
PICK Mode, the Graphics Processor performs all 
pixel computations for all drawing, BitBlt and Char
acter commands. However, the bitmap memory is 
not updated. Instead every computed pixel is com
pared against the clipping rectangle. If any comput
ed pixel is found to lie within the clipping rectangle, 
the GPSC bit in the Graphics Processor Status fleg
ister is set. 

Character Font Storage 

The character fonts are stored in memory. Starting 
from an even address, the character' information is 
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stored in consecutive words of memory forming a 
character block. Each block can be of different 
lengths for different characters. A character font is 
selected by programming its base address into the 
82786 through the DEF _CHAR_SET command. 
The font could be established for 8 or 16 bit charac
ter codes. Each character block within a font has the 
following format: 

15 8 7 0 

S I WidthW I T I HeightH 

Dot Pattern for 1 st row 
Dot Pattern for 2nd row 

Dot Pattern for Hth row 
s -Character Space M T-TrapBil 

Each character block must start at a word address 
and the dot patterns for each line of the font must 
reside in separate words. The height and width of 
each character cannot be more than 16 pixels. In 
case the width of a character is less than 16 pixels, 
the dot pattern for each line must be stored as right 
justified within the word. 

Note that width and height of the character refer to 
the difference between their limiting x and y coordi
nates respectively. Thus width = 0 specifies a char
acter one pixel wide and a height = 0 specifies a 
character one pixel high. 

Graphics Processor Control and 
Context Registers 

All Control and Context Registers in tl'!e Graphics 
Processor can be read from or written into, through 
the Graphics Processor commands DUMP_REG 
and LOAD_REG. Each register is identified by a 9-
bit Register Id. 

These registers are not directly addressable like the 
registers that are mapped into the 82786's On-Chip
Memory (110) space, i.e., they are accessible only 
through the DUMP_REG and the LOAD_REG 
commands. The four user accessible graphics con
trol registers are listed below. 

REGISTER REGISTER-ID REGISTER 
NAME (# of bits) FUNCTION 

GPOEM 0003 ( 6) Poll Mask 
GIMR 0004 ( 8) Interrupt Mask 
GSP 010C (21) Stack Pointer 
GCNT 0015 (16) Character Count while 

drawing characters in 
bitmap' 
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'The Graphics Processor also has Context Registers, 
which ·are normally of no use to a user except in the 
event of saving and restoring them during a CPU 
context switch. Any other direct access to these reg
isters must be avoided. 

REGISTER' REGISTER-ID 

NAME (# of bits) '. 

GCHOR {l00? (2,2)° 
GCHA 010B (21) 
GCA 0100 (21) 

GBORG 010F (21) 

GCX 0010' (16) 

GCY 0011 (16) 
GPAT 0012 (16) 
GSPAC 0013 (16) 
GN 0016 (16) 

GVERS ... OOF (16) 
GXMAX 0090 d6) 
GYMAX 00~1 (16) 
GXMIN 0094 (16) 
GYMIN 0095, (16) , 
GMASK 0099 (16) 

GBGC 009B (16) 

GFGC' 009C (Hi) 
.. . , .. 

'These bits are nght JUStified In each byte of the word In which each Is 
stored. Two bits are Stored in bits 0 and 1, and two bHs are stored In 
bits 8 and 9; the remaining upper bits in each byte are zeroed. 

Graphics Processor Exception 
Handling 

The status bits GPOLL, GRCD, GINT, GPSC, 
GBCOV, GBMOV, GCTP, and GIBMD are capable of 
generating an interrupt to the CPU depending upon 
the IntelTlJpt Mask Register (GIMR). 'If the .corre
sponding bit in the GIMR is a "0" an. interrupt is 
generated. If another bit in the Graphics· Processor 
Status Register is set before an acknowledgement 
for a previously generated interrupt, then another in
terrupt is not generated. Reading the Status Regis
ter and the BIU Control Register serves the purpose 
of an Interrupt Acknowledge tO,the Graphics Proces
sor. Reading the Graphics Processor Status Regis
ter. clears the offending status bit(s) - bits not 
masked out in the Interrupt MaSk. If the interrupt is 
generated due to the GPOLL bit, then this' bit is not 
cleared on an interrupt acknowledge. However this 
does not generate repeated interrupts. . 

The status bits GINT, GPSC, GBCOV, GBMOV, 
GTRP and GIBMD can also cause the Graphics 
Processor to stop its normal Instruction fetch/execu
tion and enter the POLL state. This is determined by 
the contents of the POLL On Exception Mask regis
ter (GPOEM). The GPOEM is 6 bits wide. If the cor-
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responding bit in the GPOEM is a "0". POLL state is 
entered. On entering POLL state, the GECL bit in the 
Opcode (GRO) register is automatically set. When 
the Graphics processor is in POLL state, it can be 
restarted by writil)g the appropriate opcode into the 
Opcode register (GRO) and writing a zero into the 
GECL bit. The act of clearing the GECL bit alsO 
causes the status bits that caused the POLL state to 
be cleared. Interrupt generation due to the GPOLL 
bit is enabled on exit from the POLL state. 

The status bit GRCD when set, always causes the 
Graphics Processor to enter the Poll State. The In
terrupt and the POLL mechanisms are two indepen
dent mechanisms. It is possible for the Graphics 
Processor to issue an interrupt and not POLL, or to 
issue an interrupt and POLL, or not to issue an inter
rupt and POLL or do none of them - all depending 
upon the GIMR and GPOEM Registers. 

Initialization And Software Abort 

T/le .ABOIiIT Signal causes the Graphics Processor 
to enter POLL state after the .execution of the cur
rently executifl9 command. 

The ~ow~yS to' initiate a software AB.oi=rr a'1d 
force the Graphics Processor to enter POLL state 
are: 

i) An attempt to write' into the Graphics Processor 
Status Register 

ii) An attempt to write into the Graphics Current In
struction Pointer. 

Upon RESET, the Graphics Processor immediately 
enters a well defined state .. The following events 
take place: 

1. Command execution is halted and the Graphics 
Processor enters POLL state. 

2. The GECL bit of the Opcode register (GRO) is set 
to one to indicate an End of Command List. 

3. All statLis bits except GPo.LL are cleared. GPOLL 
is 'set. . . 

4. Interrupt Mask Register (GIMR) is set·to all ones 
(disabled). 

5. Poll on Exception Mask register (GPOEM) is set 
to all ones (disabled). 

6. Graphics Processor exits pick mOde. 

The Graphics Processor command set is divided 
into the following classes: 

1. Non-Drawing Commands ' 
2. Drawing Control Commands 
3. Geometric Commands . 
4. Bit Block'Transfer (SitSIJ) Commands , 
5. Character Block Transfer ~C;:harBlt).Command~ 
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Command 

LINK 
NOP 
DEF _TEXTURE_OPAQUE 
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List of Graphics Processor Commands 
(Higher Byte - Hex) 

Opcode Command 

02 POINT 
03 LINE 
06 LlNE_OE 

DEF _ TEXTURL TRANSPARENT 07 RECT 
DEF _CHAR_SET _WORD OA BIT_BLT 
DEF _CHAR_SET _BYTE OB ARC_EXCLUSION 
INTR_GEN OE ARC_INCLUSION 
CALL OF POLYGON 
RETURN 17 POLYLINE 
DEF _BIT_MAP 1A CIRCLE 
DUMP_REG 29 CHAR_OPAQUE 
LOAD_REG 34 CHAR_TRANSPARENT 
DEF_COLOR 3D CHAR_OPAQUE/REVERSE 
DEF _LOGICALOP 41 CHAR_TRANSPARENT/REVERSE 
ENTER_PICK 44 BIT_BLT_M 
EXIT_PICK 45 INCR_POINT 
DEF _CLIP _RECT 46 HORILLINES 
DEF _CHAR_SPACE 4D BIT_BLT_EO 
DEF _CHAR_ORIENT 4E BIT_BLT_ET 
ABS_MOVE 4F BIT _BL T _ERO 
RELMOVE 52 BIT _BLT _ERT 

NON-DRAWING COMMANDS 

NOP = No Operation 0300h 

LINK = Link to Next Command 0200h Link Address Low I Link Address High I 
INTR_GEN = Generate Interrupt OEOOh 

Opcode 

53 
54 
55 
58 
64 
68 
69 
73 
74 
8E 
A4 
A5 
A6 
A7 
AE 
B4 
BA 
D4 
D5 
D6 
D7 

DUMP_REG = Dump Register 2900h Dump Address Low I Dump Address High I Register 10 

LOAD_REG = Load Register 3400h Load Address Low I Load Address High I Register 10 

CALL = Call Subroutine OFOOh Call Addr Low Call Addr High 

RETURN = Return from Subroutine I 1700h 

HALT = Enter Poll State xx01h 

DRAWING CONTROL COMMANDS 

DEF _BIT_MAP = Define bitmap 

DEF _CLIP _RECT = Define Clip 
Rectangle 

1 AOOh I Origin Addr Low I Origin Addr High I Xmax 

4600h I xmin I ymin I xmax 

DEF _COLORS = Define Colors 3DOOh I Foreground Color I Background Color I 
DEF _TEXTURE = Define Texture I 0600/0700h I i=>attern 

Opaque/Transparent 

DEF _LOGICALOP = Define 
LogiC Operation 

4100h Color Bit Mask I Function Code 

(see table below) 
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Ymax Bits/pixel 

ymax 
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The functions performed and their codes are: 

FCODE FUNCTION FCODE FUNCTION 

0000 0 1000 CMP (source) AND CMP (dest) 
0001 source AND dest 1001 CMP (source) XOR dest 
0010 CMP (source) AND dest 1010 CMP (source) 
0011 dest 1011 CMP (source) OR dest 
0100 source AND CMP(dest) 1100 CMP (dest) 
0101 source 1101 source OR CMP (dest) 
0110 source XOR deat 1110 CMP (source) OR CMP (dest) 
0111 source OR deat 1'111 1 

DEF _CHAR-SET = Define Character Set '--_O,;:;.;;A..;,;O..;;,.O;..,;IO;,;:;B..;;,.OO;;,,;.h'----'---=-F..:;,on;,;,;t.,;..A;,:;.dd:;;.r-=Low.:;,,;,,;,..----JL--..;..F,;;;,;on.;,,;.t.:..;Ad,;;;,;dr:;;...;,.;H""lgh,,---, 
(1II!ord/Byte mode) 
.J 

DEF _CHAR-ORIENT = Define Char Orientation I 4OO0h Path IRotation 

There are four defined values for both the path and rotation. They are: 

CODE 

DEF _CHAR = Define Inter Char and 
Bit Bit GCX Update Space 

ABS~OV = Move 

RELMOV = Relative Move 

ENTEFL-PICK = Enter Pick Mode 

EXIT_PICK = Exit Pick Mode 

GEOMETRIC COMMANDS 

POINT = Draw Point 

00 
01 
10 
11 

4DOOh 

4FOOh 

5200h 

4400h 

4500h 

5300h 

INCREMENT 

o degrees 
90 degrees 
180 degrees 
270 degrees 

Space 

x coordinate 

dx 

dx dy 

INCFL-POINT = Draw Incremental Points B400h Array Addr Low Array Addr High 

INCREMENTAL POINTS ARRAY 

INC4 INCS INC2 INC1 
- - - -
- INCN INCN-1 INCN-2 

y coordinate 

dy 

N (# of pts) 

The upper two bits of the "inc" field specify the increment for the x coordinate while the lower two bits specify 
the increment for the y coordinate, The encoding for the two bits is as follows: 

CODE INCREMENT 

00 0 
01 +1 
10 -1 
11 Unused 
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LINE = Draw Line (With End Point! 5400/5500h 
without End Point) 

CIRCLE = Draw Circle 

RECT = Draw Rectangle 

POLYLINE = Draw Polyline 

POLYGON = Draw Polygon 

POLYLINE/POLYGON ARRAY 

dx1 
dy1 

dxN 
dyN 

ARC = Draw Arc 
(Exclusion/lnclusion) 

8EOOh 

5800h 

7400h 

7300h 

6800/6900h dxmin 

dx dy 

radius 

dx dy 

Array Addr Low Array Addr High N (# of lines) 

Array Addr Low Array Addr High N (# of lines) 

HORIZONTAL LINE ARRAY 

dxy 
dyl 

deltaX1 

dxN 
dyn 

deltaXN 

dymin dxmax I dymax I radius I 

SCAN_LINES = Draw Series of I BAOO/BAOI h I Array Addr Low I Array Addr High I N (# of lines) I 
Horizontal Lines 

BITBL T COMMANDS 

BIT _BL T = Bit Block Transfer 
within bitmap 

6400h I Source x coord I Source y coord I 

AEOOh ISource Addr LoWiSource Addr I'lighl 

dx dy 

SourceXmax BIT_BLT_M = Bit Block Transfer 
across bitmaps I Source Ymax I Source x coord I Source y coord I dx dy 

SourceXmax BIT _BL T _E = Bit Block Transfer 
across bitmaps 
(opaque, 
transparent, 
opaque/reverse, 
transparent! 
reverse) 

I Source Ymax I Source x coord I Source y coord I dx dy 

CHARBL T COMMANDS 

CHAR = Draw Character String 
(opaque, transparent, 
opaquel reverse, 
transparent!reverse) 

I A6001 A7001 I String Ptr Low I String Ptr High I N( # of char) I 
ASOO/A900h 

CHARACTER STRING FORMAT 
Word Mode Byte Mode 

r-~~--~--------. 

NOTE: 

char1 
char2 

charN 

char2 
char4 

charN 

char1 
char3 . 

charN-1 

In byte mode, the character code of the first character to be drawn 
must reside at an even address. 
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DISPLAY PROCESSOR 

Introduction 

The Display Processor (Display Processor) is an in
dependent processor responsible for controlling the 
display of video data on a CRT, laser printer and 
other display devices. Its functions include the gen
eration of horizontal and vertical timing signals, 
blanking signal and the control of 8 Video Data out
put pins. 
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The 82786 can function in two distinct types of 
graphics memory environments - i) using single port 
DRAMs (normal display mode) and ii) using dual port 
video DRAMs (VRAM mode). When the 82786 is 
configured to interlace with single port DRAMs, the 
Display Processor uses the BIU to fetch the screen 
parameters and display data from memory. The Dis
play Processor then internally shifts the video data 
into the video stream for screen refresh. When con
figured to run with VRAflAs, the Display Processor 
uses the BIU to load the shift registers in the VRAMs 
at the beginning of every scan line. The screen re
fresh is then done by the second port of the VRAMs. 
The BIU and Graphics Processor have the rest of 
the scan line time to access the graphics memory. 

Bitmap Organization 

The Display Processor is optimized to display data in 
packed bitmap form. The Graphics Processor writes 
pixel data in the memory in this form. The Display 
Processor supports display of 1, 2, 4 or 8 bits/pixel 
data, stored in sequential bitmap form, with the first 
(left-hand) pixel to be displayed occupying the Most 
Significant Bit(s) of a word in memory, and subse
quent pixels occupying sequentially lower bits in the 
word. Ascending word addresses represent subse
quent pixels, moving left to right and top to bottom 
on the screen. 

Windows and Normal Display Mode 

In the normal display mode, Windows may be dis
played on the screen in a flexible format. There can 
be up to 16 window segments or tiles appearing on 
any single display line. There is no limit on the num
ber of windows vertically (limited by the, number of 
scan lines in the active display area). At the basic 
video rate (25 MHz, 8 bpp), these windows may be 
placed at pixel resolution on the screen, and 
mapped at pixel resolution into the bitmap. Windows 
can be made to overlap, by breaking the windows 
into tiles and assembling the tiles on the screen. 

Cursor (Normal Display Mode) 
The Display Processor supports a single hardware 
cursor which may be 8 x 8 pixels or 16 x 16 pixels. 
This cursor may be positioned anywhere on the 
screen with a pixel resolution. The cursor may be 
defined to be transparent or opaque, and may be 
either a block cursor with its hot-spot at the top-left 
of the cursor pattern, or a cross-hair cursor one pixel 
across, stretching the width and height of the screen 
with its hot-spot at the center of the. cross. The cur
sor color and pattern (shape) are programmable. 
The cursor may be programmed off if not required, 
or to implement a blinking cursor. 
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Video Rates (Normal Display Mode) 

The Display Processor is clocked from an external 
Video Clock. In this mode, the 82786 fetches video 
data from memory into an internal FIFO. An internal 
shift register then generates the serial video data 
stream to the display. The 82786 will support CRT 
screens of up to about 640 x 480 pixels at 8 bits/pix
el and 60 Hz non-interlaced, or about 1024 x 640 x 8 
at 60 Hz interlaced. The Qisplay Processor supports 
Interlaced, non-interlaced and interlace-sync dis
plays. 

The Display Processor also has higher speed modes 
which enable the user to trade off bits/pixel for dot
rate. Thus it is possible to run at a maximum of 8 bpp 
with a 25 MHz dot-rate, 4 bpp at a 50 MHz dot-rate, 
2 bpp at a 100 MHz dot-rate or 1 bpp at 200 MHz 
dot-rate; with corresponding increase in size and 
resolution. Note that in the high speed modes, hori
zontal window and cursor placement resolution is re
duced to 2, 4 or 8 pixel resolution at 50 MHz, 100 
MHz, or 200 MHz rates respectively. 

VRAMMode 
In the VRAM mode, the first tile for every scan line is 
used to load the shift register in the VRAMs by exe
cuting a data transfer cycle. Subsequent tiles (if any) 
for all strips will still be available through the VDAT A 
pins of the 82786. The window status bits can be 
used to internally multiplex the VRAM video stream 
and the 82786 generated video stream. The address 
for this data transfer cycle is determined from the 
Tile Descriptor. The 82786 BEN # pin is used as a 
DT pin for this case. If the graphics memory banks 
are interleaved, then both banks are loaded in the 
transfer cycle. During the Blank period, Default VDa
ta appears on the VDATA pins. 

CRT Controller 

CRT timing signals HSYNC, VSYNC, and BLANK 
are each programmable at a pixel resolution, giving 
a maximum display size of 4096 x 4096 pixels. If 
High Speed, Very High Speed, or Super High Speed 
display modes are selected, the horizontal resolution 
of the CRT timing signals becomes 2 pixels, 4 pixels 
or 8 pixels at 50 MHz, 100 MHz and 200 MHz re
spectively. 

Window Status 

The HSync and VSync CRT timing pins may be con
figured to serve as Window Status output pins, 
which can be programmed to present a predefined 
code while the Display Processor is displaying a tile. 
This code is programmable as part of the Tile De-
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scriptor, and may be used externallr to multiplex in 
video data from another source, or select a pallette 
range for a particular window, etc. External logic 
must be used to enable VSync and HSync as CRT 
timing signals when Blank is high, and as encoded 
Window Status signals when Blank is low. This is 
valid in both DRAM and VRAM modes. 

Zoom Support 
The Display Processor allows windows to be 
zoomed in the normal display mode. The zoom fac
tor is an integer between 1 and 64. There are inde
pendent zoom factors for the x and y direction. The 
zoom function results in pixel replication. 

All zoomed windows on a display are zoomed by the 
same amount. A window is therefore either zoomed 
or not zoomed. Zoom offset is not supported-a pix
el must either be fully displayed or not displayed at 
all. This places a restriction on window placement
a window may not be placed such that a zoomed 
pixel is partially obscured. VRAM displays can be . 
zoomed vertically by using this feature. Horizontal 
zooming of VRAM windows requires external hard
ware support. 

Extended 82786 Systems 

The CRT timing Signal pins may be configured as 
output pins (for the normal stand-alone 82786 sys
tem), or as input pins for a system in which multiple 
82786's are ganged in parallel to provide a greater 
number of bits/pixel, higher dot rates, larger display 
area, or more windows. In multiple 82786 systems, 
each of the Display Processors run in lock step, al
lowing the individual outputs to be combined on a 
Single display. The HSync, VSync and Blank pins for 
the "Slave" 82786 are configured as inputs and are 
driven by the "Master" 82786. 

When programmed as inputs, VSync and HSync still 
serve as outputs for Window Status while Blank is 
inactive. 

External Video Source 

The HSync and VSync pins on the 82786 can be 
configured as inputs to synchronize the 82786 to ex
ternal video sources (VCR, broadcast TV etc.). In 
this case, the Blank pin is configured as output and 
the active 82786 display period is determined by the 
programmed 82786 parameters. 

Memory Bandwidth Requirements 

The memory bandwidth required by the Display 
Processor depends on the display size and mode of 
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operation. The 82786 has a 40 Mbyte/sec maximum 
bandwidth during fast block accesses to graphics 
memory. In the normal display mode the Display 
Processor makes use of these fast block reads for 
screen refresh, thereby minimizing its use of the 
memory bus, which the other 82786 modules share. 
For worst-case displays, when the Display Proces
sor is running at its maximum speed of 25 MHz and 
8 bits/pixel, about 50% of the memory bandwidth is 
used for display refresh. Correspondingly, at only 1 
bit/pixel the Display Processor's bus requirements 
are reduced to about one-eighth of its requirement 
at 8 bpp. In the VRAM mode, the Display Processor 
does not fetch any of the display data. The display 
data is passed directly from the graphics memory to 
the pixel logic. In this case about 1 % of the graphics 
memory bandwidth is required by the Display Proc
essor to fetch the Strip Descriptors. 

Display Processor Registers 
There are two different register sets for the Display 
Processor. Six of the 82786 Internal Registers are 
dedicated to the Display Processor. These registers 
are memory (or I/O) mapped in the external CPU 
address space. They can therefore be directly ac
cessed by the external CPU. Another set of registers 
is totally local to the Display Processor. These are 
the display control registers and are used for display 
parameters. 

82786 Registers For Display Processor 

There are six of these Registers. They are listed be
low: 

Address Function 

Base + 40 Display Processor Opcode 

Base + 42 Paraml 

Base + 44 Param2 

Base + 46 Param3 

Base + 48 Display Processor Status 

Base + 4A Default Video 

The Display Processor Opcode and the three pa
rameter registers are used to send a command to 
the Display Processor. The Display Processor Status 
Register contains the status for the Display Proces
sor. This is described in more detail later. The De
fault Video Register contains the data that appears 
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on the Video Out pins during the' blanking intervals. 
The CPU can use this register to address an exter
nal panetta RAM while loading,the panette, thereby 
eliminating a separate address path and external 
logic. ' , 

Display Control Registers 

The display control registers can be loaded under 
control ,of the Display Processor during the Vertical 
Blanking interval. This synchronizes parameter up- ' 
dates with display refresh and ensures that the dis
play remains clean, with no updates occurring during 
data display. ' 

The Display Processor may also be programmed to 
provide a Frame Interrupt once per certain number 
of frames. This may be used to facilitate blinking, 
scrolling, panning, animation or other periodic func-
tions. ' 

Command Execution 

At the beginning of each Vertical Blanking time, the 
Display Processor checks the ECL bit in the Display 
ProcessorOpcode Register. If the ECL bit is 1, the 
Display Processor status remains unchanged. If the 
ECL bit is 0, the Display Processor executes the 
command. Only one command is executed per 
frame. 

On completion of the command, the Display Proces
sor sets its ECL bit back to 1, indicating to the CPU 
that a new command may be written into the Com
mand Register. This handshake prevents the CPU 
from writing a new command before the old one has 
finished executing. The commands for the Display 
Processor are: 

1. Load Register 
2. Load An Registers 
3. Dump Register 
4. Dump An Registers 

The command formats are: 

LOAD REGISTER (LD-REG): , 

o 0 0' 0 0 1 0 0 0 0 0 0 0 WPLPECL 
Memory Address Lower 

Mem Addr Upper 
Register 10 

This command loads ~ pair of display control regis~ 
ters with values stored in memory starting at the lo
cation given by Memory Address. The Memory Ad
dress must be an even byte address. The Register 
10 for the register pair is given in the register block 
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description below. This command may be used 'to 
update indMdual pairs of registers (such as the Cur
sor Position registers). 

LOAD,ALL (LD-ALL): 

o 0 0 0 0 1 0 1 0 0 0 0 0 WP LP ECL 
Mem Address Lower 

Mem Addr Upper 

This command loads tHe entire block of display con
trol registers in a block read starting from the Memo
ry Address given in the command. The Memory Ad
dress must be an even byte address. This command 
must be the first command executed and has to be 
executed after reset to enable the display operation. 
The registers are listed, below. ' 

DUMP (DMP-REG): 

000001100000 1 0WPLPECL 
Memory Address Low~1r 

Mem Addr Upper 
Register 10 

This command causes the Display Processor to 
write the contents of ' the display control register pair 
specified by Register 10 'to the location in memory 
specified by Memory Address. The Memory Address 
must be an even byte address. 

DUMP ALL (DMP-ALL): 

o 0 0 0 0 1 , 1 0 0 0 0 0 WP LP ECL 
Mem Address Lower 

Mem Addr Upper 

This command causes the Display Processor to 
write its entire display control register block out to a 
block in memory, starting at the Memory Address 
specified. The Memory Address must be an even 
byte address. The write occurs as a series of Single 
write cycles. 

For any of the Display Processor's four commands, 
setting the LP bit to 1, will cause that command to 
execute at the start of each VSYNC period. While in 
Loop Mode, the DP does not set the ECL bit back to 
1 at the end of eacn execution. Exit Loop Mode by 
writing 0 to the LP bit. 

The Write Protect bit (WP, bit 2 of the DP opcode 
register) anows the user to write protect the CRT 
Timing parameter registers (Display Control Register 
Block registers 06h-ODh). Write protect is not en
abled uritilafter the first DP command has executed. 
This must be a LOAD ALL. Before changing the WP 
bit, the user should exit Loop Mode and wait for the 
ECL bit to return to 1 .. , 
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Display Control Register Block 

The display control register block is shown below. Each register is 1S-bits wide. The numbers in parentheses 
are the number of bits per parameter. 

OOh VStat: 
01h 
02h 
03h 
04h 
05h CRTMode: 

OSh 
07h 
08h 
09h 
OAh 
OBh 
OCh 
ODh 
OEh 
OFh 
10h 
11h 
12h 
13h 
14h 
15h 
1Sh 
17h 

15 14 13 12 11 10 9 8 7 S 

Reserved 

IL -lnterlace(2): 00 -+ Non-Interlace 
01 -+ Reserved 
10 -+ Interlace 
11 -+ Interlace-Sync 

W - Window Status Enable(1) 
S - HSYNC, VSYNC Slave Mode(1) 
B - Blank Slave Enable(1) 

5 4 3 

IntMsk 
!TripPt 
Frint-1 

AA - Accelerated Video (High Speed Video, etc.)(2) 
00 -+ Normal (25 MHz) 
01 -+ High Speed (50 MHz) 
10 -+ Very High Speed (100 MHz) 
11 -+ Super High Speed (200 MHz) 

2 0 

C 0 

AA 

15 14 13 12 11 10 9 8 7 S 5 4 3 2 0 

H yn tp-3 
HFldStrt-3 
HFldStp-3 
LineLen-3 

"c' 
VSynStp-1 
VFldStrt-1 
VFldStp-1 
FramLen-1 

Descriptor Addr. Pointer (L) 
Descriptor Addr. Pointer (U) 

Reserved 
XZoom-1 YZoom-1 

FldColor 
BdrColor 
1Bpp Pad 
2BppPad 
4Bpp Pad 

CsrPad 

CsrStyle: S - CsrSize(1): 0 -+ 8 x 8 Csr 
1 -+ 1Sx 1SCsr 

X - CsrX-Hair(1) 
T - CsrTransparent(1) 
CSt - CursorStatus (to Window Status output)(2) 
CSC - CursorStatusControl(2): 00 -+ Current Window Status 

01 -+ Foreground 
10 -+ Background 
11 -+ Block 
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C- CsrOn(1); 0- DspOn(1) 



82786 

15 14 13 12 11 10 9 876 5 4 3 2 o 
18 
19 
1A 
1B 
1C 
10 
1E 
1F 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

I CsrPosX-;2 
CsrPosY-1 

CsrPatO 
CsrPat1 
CsrPat2 
CsrPat3 
CsrPat4 
CsrPat5 
CsrPat6 
CsrPat7 
CsrPat8 
CsrPat9 
CsrPatA 
CsrPatB 
CsrPatC 
CsrPatD 
CsrPatE 
CsrPatF 

The functions of the preceding registers are de~ 
scribed in more detail below: 

O. VStat:CsrOn(1) DspOn(1) 

If set, the internally generated display or cursor 
are turned on. 

1.lntMsk 

Interrupt Mask Register. This register enables an 
82786 interrupt whenever the corresponding bit 
in the Display Processor Status Register is set. A 
o for any bit enables the interrupt. This Interrupt 
Mask is different from the Interrupt Mask for the 
Graphics Processor. If using interrupts, mask bit 
5 of this register. 

2. TripPt 

The Trip Point register is a reserved field and. 
must be programmed to OOh. 

3. Frint 

Frame Interrupt Register. Enter th.e number of 
frames minus one elapsed between successive 
setting of the FRINT bit in the Display Processor 
Status Register. 

4. Reserved field should always be set to zero. 

5. CRTMode - IL(2) W(1) S(1) B(1) AA(2) 
These bits control the various modes of the CRT 
Controller. 
IL are the Interlace Control bits-if IL is 00, the 
display is Non-Interlaced. If IL is 10, the display 
is Interlaced (displaying the even lines (Field 1) 
of the frame and then the odd lines (Field 2)). If 
IL is 11, the display is interlace-sync (similar to 
interlace, except that the odd field display is 
identical to the even field display). 
W is the Window Status Enable bit. If W is 0, 
HSYNC and VSYNC will have normal operation. 
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If W is 1, the Window Status Code programmed 
into the Tile Descriptors will be output on VSYNC 
and HSYNC pins while display data for that par
ticular window is being displayed. VSYNC repre
sents the MSB and HSYNC the [SB of the Win
dow Status Code. 

S is the HSYNCIVSYNC Slave Mode bit. If S is 
0, the VSYNC and HSYNC pins are outputs. If S 
is 1, they are inputs. In the Slave Mode, if Win
dow Status is enabled, HSYNC and VSYNC will 
still be outputs while BLANK is low. 

B is the Blank Slave Mode bit. If B is 0, the 
BLANK pin is an output. If B is 1, it is an input. 

NOTE: 
Always program the slave 82786 first, then the 
master. The slave VSYNC, HSYNC, and BLANK 
pins must be held high until they are programmed. 

AA are the Accelerated Video Mode bits. By using 
an external latch or shift register, 50, 100 or 200 
MHz video data rates can be generated. In the Ac
celerated Video Modes, each memory byte repre
sents 2, 4 or 8 physical pixels. The upper bites) of 
each byte represent the pixels that appear on the 
left on the display medium. Used in DRAM display 
mode. Must be programmed to·zero for the first tile 
in the VRAM Mode. 

6. HSynStp 

Enter the HSYNC width in number of VClks mi
nus 3. (For a graphical representation of all the 
CRT ~iming signals, see Figure 3). 
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7. HFldStrt 

Enter the number of VClks minus 3 between the 
rising edge of HSYNC and the falling edge of 
BLANK (the start of Video Data). 

8. HFldStp 

Enter the number of VClks minus 3 between the 
rising edge of HSYNC and the rising edge of the 
next BLANK (the end of Video Data). 

9. LineLen 

Enter the number of VClks minus 3 between the 
rising edge of HSVNC and the rising edge of the 
next HSYNC. 

10. VSynStp 

The number of Horizontal Synchronizations 
(HSYNCs) between the beginning of Vertical 
Synchronization (VSYNC) and the end of 
VSYNC. 

Enter VSYNC width as the number of HSYNC 
periods minus one. In the non-interlaced mode, 
VSYNC rises and falls on the rising edge of 
HSYNC. In interlaced and interlace-sync mode, 
VSYNC has the same timing as in non-interlace 
mode at the start of each Even Field (lines 0, 2, 
4, etc), but is delayed by half LineLen at the start 
of each Odd Field (lines 1, 3, 5, etc). (See Figure 
3.) 

11. VFldStrt 

Enter the number of HSYNCs minus one be
tween the beginning of VSYNC and ·the end of 
Vertical Blanking. 

12. VFldStp 

Enter the number of HSYNCs minus one be
tween the beginning of VSYNC and the begin
ning of the next Vertical Blanking. 

13. FramLen 

Enter the number of HSYNCs minus one be
tween the beginning of VSYNC and the begin
ning of the next VSYNC. 

14. Descriptor Address Pointer (L) 

The address of the first Strip Descriptor for the 
display. After fetching the first descriptor the Dis
play Processor uses the Link Address in the de
scriptor to fetch the next descriptor. The De
scriptor address must be an even byte address. 

15. Descriptor Address Pointer (U) 

The most significant bits of the Descriptor Ad
dress Pointer. 

16. Reserved field should always be set to zero. 
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17. ZoomX, ZoomV 

Enter the x-zoom factor minus one and y-zoom 
factor minus one for the zoomed windows. The 
:zoom factor can be any integer number between 
1 and 64. In the VRAM mode, ZoomX is not 
used unless additional logic is added. 

18. Field Color 

An 8-bit value indicating the color of the back
ground field to be displayed in the absence of 
windows. 

19. Border Color 

An 8-bit value indicating the color of the border 
to be displayed inside selected windows. 

20. 1Bpp Pad 

An 8-bit value where the upper 7 bits represent 
the upper 7 bits of video data concatenated to 
the 1 bit video data from a 1 bit/pixel bitmap. 

21. 2Bpp Pad 

An 8-bit value where the upper 6 bits represent 
the upper 6 bits of 'video data concatenated to 
the 2 bit video data from a 2 bit/pixel bitmap. 

22. 4Bpp Pad 

An 8-bit value where the upper 4 bits represent 
the upper 4 bits of video data concatenated to 
the 4 bit video data from a 4 bit/pixel bitmap. 

23. CsrStyle:S(1) X(1) T(1) CSt(2) CSC(2) CsrPad 

The Cursor Mode Register. The Cursor Pad is an 
8-bit value where the upper 7 bits are the higher 
7 bits for the cursor color. 

Cursor Style: S is the size bit. If S is 0 an 8 x 8 
pixel cursor will be displayed. If S is 1, a 16 x 16 
pixe~ cursor will be displayed. 

X is the CrossHair Mode bit. If X is 0, a block 
cursor will be displayed. The pattern for the cur
sor is specified in the Cursor Pattern registers. 
The cursor hot-spot is at the top-left of the cur
sor block. if X is 1, a crosshair cursor will be 
displayed. Its hot-spot is at the center of the 
cross, and it will stretch the full height and width 
of the display. 

T is the Transparent Mode bit. If Tis O,the cur
sor is opaque. Its forgroond color is determined 
by the concatenation of the cursor padding bits 
(7 MSB's) with 1. The background color is deter
mined by the concatenation of the cursor pad
ding bits with O. If T is 1, the cursor background 
reverts to whatever bitmap data is being dis
played "behind" the cursor. 

CSt is the Cursor Status. The code to be output 
onto the Window Status outputs while the Cursor 
is being displayed. 
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CSC is the Cursor Status Control (2 bits). The 
cursor status may be output whenever the cur
sor foreground color is being output. whenever 
the cursor background color is being output. or 
whenever the cursor block is active. whether it is 
displaying background color or foreground color 
or transparent pixels (useful for inverse video). 
or else the cursor status may default to the cur
rent Window Status. The code is shown in the 
Display Control Register Block. 

CsrPad: Cursor padding bits. 

24. CsrPos X 

This is the Cursor X-Position Register-the posi
tion of the cursor hot-spot relative to the begin
ning of the line (the rising edge of the previous 
HSYNC). Enter the value minus 2. 

25. CsrPos Y 

This is the Cursor V-Position Register-the posi
tion of the cursor hot.:spot relative to the begin
ning of the frame (the beginning of the previous 
VSYNC). Enter the value minus one. 

26. CsrPatO:F 

These 16 registers contain the pattern to be dis
played as a cursor. CsrPatO is the top row of the 
cursor. and the MSB is the left bit of the cursor. 
For an 8 x 8 cursor. the cursor pattern used is 
the higher bYte of the first eight cursor registers. 

(HSYNCSTRT) HFLDSTRT HFLDSTP ~ ~ ~ I I I LlNELEN .::I~ ~ 
• HSY~CSTP I I-------i-----------+--.....;, (VSYNCSTRT) 

HSYNC-rI 

BLANK 
(HORIZ) 

. 
I 
I 

I , 
I VSYNSTP 

VFLDSTRT 

ACTIVE DISPLAY 
PERIOD 

-
I I 

VFLDSTP 

F RAt.tELEN 

231676-3 

Figure 3. Timing Parameters 

NOTE: In slave video mode, at least a 1-line vertical front porch and a 7-line ve~cal back porch are required. 

Windows 

The CPU creates Strip Descriptors in memory that 
describe windows for the Display Processor. The 
Strip Descriptors are organized as one Descriptor 
per strip of window segments (tiles) as shown in Fig
ure 4. Each Descriptor contains information for the 
tiles within that strip in the order they are displayed 
on the screen (left to right). The Descriptor for a 
particular strip must be contiguous in memory. The 
Strip Descriptors for several strips are linked to each 
other in the order they are displayed (top to bottom). 
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The linking is done through the Link to Next Strip 
Descriptor parameters in each Descriptor, which 
points to the following Descriptor. The Descriptor for 
the first strip is accessed during the VB lank interval, 
using an address specified by the Descriptor Ad
dress Pointer, one of the Display Control Register 
pairs. 

The Strip Descriptor consists of a· header followed 
by one or more Tile Descriptors. The header and 
Tile Descriptors must occupy one contiguous block 
in memory. 
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The format of the Window Strip Descriptors is: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

Header Number of Lines in Strip-1 
Link to Next StrIP Oeser. (L) 
Link to Next Strip Oescr. (U) 

C Number of Tiles in Strip-1 
1 st Tile Oescr. Bitmap Width 

Mem Start Address (L) 
Mem Start Address (U) 

Bpp I StartBit StopBit 
Fetch Count (bytes - 2) 

2nd Tile Oescr. 
WSt I ' PC I Z I F 

Bitmap Width 
T B L R 

Mem Start Address (L) 
Mem Start Address (U) 

I 
T B L R I 

Bpp I StartBit 
Fetch Count (bytes - 2) 

I StopBit 

WSt I PC I Z I F 

etc ... 

NOTE: 
The first tile of any scan line must be greater than 1 pixel. 

STRIP 1 TILE 1 

- -
STRIP 2 TILE 1 TILE 2 TILE 3 

- -
STRIP 3 TILE 1 TILE 2 TILE 3.3 TILE 4 

--
STRIP 4 TILE 1 I TILE 2 TILE 3 

- -
STRIPS TILE 1 

231676-26 

Figure 4. Display Shows Strips and Tiles with Two Overlapping Windows 

The Strip Descriptor Header is programmed with val
ues for the number of display lines minus one and 
the number of tiles in the strip minus one. There may 
be any number of lines in a strip, up to the number of 
lines on the display (within their restrictions imposed 
by zoom, if used). In DRAM mode there may be up 
to 16 tiles within a single strip. In the VRAM Mode 
the first tile is used to load the VRAM shift register, 
leaving up to 15 tiles to be used by the Display Proc
essor. The header also contains Link to Next Strip 
Descriptor parameters. 
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NOTE: 
The number of tiles that may be displayed on a 
scan line is system dependent. Any number of tiles, 
up to the maximum of 16, can always be displayed 
if the following conditions are met: 

- The minimum tile width is 158 pixels (for 8Bpp 
tiles) 

- For accelerated systems, the minimum tile width 
is 158 pixels x acceleration factor 

There is no limit on the width of the last tile of a scan 
line. 

You must only define in the strip descriptors the 
number of sean lines that will actually be displayed. 
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The C bit (the most significant bit) in the Number of 
Tiles in Strip parameter tells the DP to color the dis
play area following the current strip with FldColor 
data or link to the next strip. If the C bit is set to one, 
the DP colors the remainder of the display"'ith the 
background color defined in the FldColor Register of 
the Display Control Register Block. If the C bit is 
zero, the DP links to the next strip. 

Each Tile Descriptor contains the following parame
ters: 

1. Bitmap Width-the width of the bitmap in bytes. 
This must be an even byte address. Bitmap Width 
is added to the Memory Address for each scan 
line in the window (each HSync period within the 
strip) to get the start address of the next display 
line (if y-zoom inactive or counted out). In case of 
interlaced displays, the Memory Address is incre
mented by twice the bitmap width. In the VRAM 
Mode, the bitmap width of the first tile must be a 
power of 2 and must be less than the maximum 
width of the VRAM shift register. 

2. Memory Start Address-the memory address for 
the window. This is an even byte address, corre
sponding to the address of the first word of bit
map data for the window tile (top left corner). In 
the VRAM mode the start address for the first tile 
must guarantee that the entire scan line is con
tained in a single row of the VRAM. 

3. Bpp-The number of bits/pixel in the current win
dow-must be programmed to 1, 2, 4, or 8 in the 
normal mode. In the VRAM mode this field should 
be zero. 

4. StartBit-The bit position in the corresponding 
memory word for the first bit of the first pixel in the 
window. Gives bit resolution to the Memory Start 
Address (and pixel resolution to the start of the 
window). In the normal mode this must be pro
grammed to be consistent with the Bpp defined 
for that window. In the VRAM mode, this must be 
programmed to zero for the first tile. 

5. StopBit-The bit positipn in the corresponding 
memory word for the last bit of the last pixel in the 
widow. Gives bit resolution to the window width. In 
the normal mode this must be programmed to be 
consistent with the Bpp defined for that window. 
An illegal value will result in incorrect display. In 
VRAM mode, this must be programmed to zero 
for the first tile. 

6. Fetch Count-In the DRAM mode, this specifies 
the number of bytes minus two from the bitmap to 
be fetched for each scan line in the current win
dow tile. This must be an even quantity. The value 
programmed in this field is 2 less than the number 
of bytes to be fetched rounded off to the next 
higher even number. In the VRAM mode, this 
must be programmed to zero for the first tile. 
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7. TBLR-Border Control Bits-When a bit is set to 
one, it turns on the border on Top, Bottom, Left or 
Right of window tile. This is a four bit field with 
one bit controlling each border. The most signifi
cant bit controls the top border and the least sig
nificant bit controls the right border. All four bits 
must be programmed to zero for the first tile in 
VRAM Mode. 

8. WST -Window Status (2 bits)-The code to be 
presented on the Window Status pins while the 
window is being displayed. 

9. PC-IBM PC Mode-Indicates that this window is 
being displayed from a bitmap created in IBM PC 
format. The Display Processor supports the IBM 
Color Graphics Adapter bitmap format in which 
the least significant byte of a word appears on the 
left of the most significant byte on the screen as 
opposed to the 82786 format in which the least 
significant byte appears to the right of the most 
significant byte. Also, the 2-bank and 4-bank bank 
oriented bitmaps used in the PC and PCjr systems 
are supported. These modes enable bitmaps cre
ated by IBM PC or PCJr (or compatible) systems to 
be upward compatible with 82786 displays, with 
the PC format bitmaps being displayed either as 
the whole screen, or as windows on a screen to
gether with 82786 created bitmaps. The PC mode 
bitmaps can be zoomed or used with interlaced or 
accelerated displays. In the VRAM mode, this 
field must be programmed to zero for the first tile. 

Note that although the Display Processor can dis
play bitmaps created in these formats, the Graph
ics Processor always draws bitmaps in 82786 for
mat. The vertical mapping of IBM format bitmaps 
is restricted in that the Memory Start Address of 
an IBM format window must be in the first of the 2 
or 4 banks. 

The coding for IBM PC mode is given below: 

00 - 82786 Mode 
01 - Swapped Byte Mode 
10 - Swapped Byte, 2 banks 
11 - Swapped Byte, 4 banks 

Bitmap formats in 82786 and PC Modes are shown 
below: 

Pixel # (from left as displayed on screen): 

o 1 2 3 4 S S 7 a 910111213141S 
M:d~:: #11+++++019I aI7IslsI41312111 01 

p~~:de 17IslsI413121110H1++++019Ial 
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10. Z-Zoom-This bit if set, indicates that in the 
normal display mode the window is to be 
zoomed using the zoom parameters pro
grammed into the ZoomX and ZoomY registers. 

11. F-Field-This bit if set, indicates that the win
dow tile is background field. In the normal mode 
the field color is displayed for the window. The 
number of pixels of Field to be displayed should 
be programmed into what would normally be the 
Bpp, StartBit, StopBit fields. This bit must be set 
to zero for a the first tile in the VRAM mode. 

If the Strjp Descriptor list causes a window to be 
displayed that extends beyond the active display 
area, then only the upper left hand portion of the 
window is displayed and the rest of it is truncated. 

In interlace mode, in order to maintain a line resolu
tion on vertical positioning of windows, a double
length Descriptor Table must be used. The first part 
contains window position information for the even 
lines, the second part for the odd lines. Also note 
that in interlace mode, one frame takes two fields to 
display. Command execution occurs at frame 
boundaries, not field boundaries, so the instruction 
execution frequency will typically be 25/30 Hz in
stead of the non-interlaced 50/60 Hz. 

Initialization 

The Display Processor is reset during the main 
82786 reset process. Upon reset it enters a well de
fined reset state described below: 

1. Any command execution is immediately halted. 

2. Parameter, Descriptor, or Display Data fetches 
are terminated. 

3. Display Outputs VDATA7:0 are all reset to default 
video. 

4. HSync, VSync, Blank are tristated (Display Proc
essor defaults to Slave Operation). These stay tri
stated until the first lOADJll instruction. 

5. Display Processor Status Register is cleared. 

6. Display Processor Interrupt Mask to set to all 1 's 
(all interrupts disabled). 

7. ECl bit is set to 1. 

Display Processor Interrupts, Status 
Register and Exception Handling 

The Display Processor Status Register is an 8-bit 
memory (or I/O) mapped register which indicates 
the current status of the Display Processor, and al
lows the generation of interrupts depending on the 
state of individual bits. Interrupts may be masked off 
using the Display Processor Interrupt Mask Reg-
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ister. The format of the Display Processor Status 
Register is: 
ADDRESS76543210 

BASE + 48 hL...1 F_R..L.IIR_C.....JDIL....-..L.IF_M.....J.TI.:...BL::...KcIEV_N..L.lo:..:.D...:...DL.I EC.::..::JLI 

Display Processor Status Register 

The functions of each bit, and the action taken in the 
case of exceptions is described below: 

FRI-Frame Interrupt. This bit is set every n frames, 
where n is a value between 1 and 256 loaded into 
the Frint Register. This may be used, for example, 
for timing in animation applications, or to time blink 
rates. 

RCD-Reserved Command. This bit is set if the Dis
play Processor does not recognize the Opcode it 
has been instructed to execute. The Display Proces
sor will not execute the command. 

Reserved 

FMT -FIFO Empty. This indicates that the Display 
FIFO has underrun. This forces an End of Line con
dition and the rest of the Display Line will display the 
FldColor defined in the Display Control Register 
Block. At the beginning of HBlank, the Display Proc
essor uses the current Descriptor to start a new Dis
play Data fetch. A FIFO underrun therefore does not 
necessarily mean that the whole field is lost-just 
the current display line is corrupted. 

BlK-Blank. This indicates that the BLANK pin is 
currently active for Vertical Sync. 

EVN-Even Field. In Interlace and Interlace-Sync 
modes, this bit is set during the even field (Field 1). 

ODD-Odd Field. In Interlace and Interlace-Sync 
modes, this bit is set during the odd field (Field 2). 
The Even and Odd status bits assist in synchronizing 
the 82786 with other interlaced display systems. 

ECl-End of Command List. This is set at the same 
time the ECl bit in the Opcode Register is set, and 
allows the Display Processor to inform the CPU as 
soon as it has completed execution of a command. 
In loop Mode, the Eel bit is not set. It will be set 
upon exiting loop Mode. 

All active interrupts are OR'ed together to drive a 
single 82786 interrupt line. Once set, the interrupt 
line remains active until the Status Register is read. 
The active bits in the Status Register (bits with 0 in 
the corresponding bit in the Interrupt Mask) are reset 
to zeroes after the Status Register is read. 
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Test Modes 

The 82786 implements several special modes of op
eration beyond normal use to aid in debug, charac
terization and production testing. When RESET 
goes inactive, the RD and WR pins are sampled. If 
either of these two pins is low, one of the special 
test modes is enabled according to the state of RD, 
WR and MIO pins. 

A 16-bit Linear Feedback Shift Register signature 
analyzer is placed on the Video output bus to com
press the video data stream into a single signature 
that is output onto the Video Data pins during Blank 
time. The signature is also readable by the CPU at 
the end of a Frame using the Dump_Reg command 
at Register ID 3D. This signature analyzer output 
onto the VDATA lines is activated in DP Test Mode. 
Once in DP Test Mode, the signature Analyzer is 
enabled by setting bit 14 of the DP Opcode register 
to 1. 

The 82786 implements three global pin conditioning 
features. Specifically, the 82786 can drive all output 
and I/O pins high, or low, or can tristate all pins. The 
test modes are activated according to the following 
table: 

RD# WR# MIO Mode 

0 0 0 Reserved 

0 0 1 Reserved 

0 1 0 DPTest Mode 

0 1 1 . Drive Output Pins High 

1 0 0 Drive Output Pins low 

1 0 1 Tristate Pins 

1 1 X Normal Operation 

NOTE: 
All timing numbers in the parametric section are preliminary 
and are subject to change. 

VOL/VOH Pin Conditioning 

The 82786 has the capability to bring all its output 
pins to a constant logic high or low state. This· fea
ture can be used for testing the output buffers on the 
82786. 

Tristate Feature 

The 82786 has the ability to tristate all of its 1/0 and 
output pins to effectively isolate the 82786 from any 
connected circuitry. This allows testing a completely 
assembled PC board by isolating the 82786. leak
age on all I/O pins can also be tested in this mode. 

82786 PARAMETRICS 

ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 

Operating Temperature 

Voltage Vee-Vss 

Voltage on Other Pins 

- 65·C to + 150·C 

O·Cto 70·C 

- 0.5V to + 6.5V 

-0.5V to Vee + 0.5V 

D.C. CHARACTERISTICS T A = o· to 70·C, Vee = 5V ± 5% 

Symbol Parameter Min Max Units Notes 

VILe Input Low Voltage -0.5 +0.8 V CLK Input 

VI He Input High Voltage +2.0 Vee + 0.5 
, 

V ClK Input 

VILve Input low Voltage -0.5 +0.8 V VeLK Input 

VIHve Input High Voltage +3.9 Vee + 0.5 V VeLK Input 

VIL Input low Voltage -0.5 +0.8 V All Other Pins 

VIH Input High Voltage +2.0 Vee + 0.5 V All Other Pins 

VOL Output Low Voltage - +0.45 V All Pins 
IOL = 2.0mA 

VOH Output High Voltage +2.8 - V All Pins. 
IOH = ~400JJ-A 
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D.C. CHARACTERISTICS T A = 0" to 70·C, Vee = 5V ± 5% (Continued) 

Symbol Parameter Min Max Units Notes 

III Input leakage Current - ±1 p.A o <VIN <Vee 

ILO Output leakage Current - ±10 p.A 0.45 <VIN <Vee 

lee Power Supply Current - 200 mA @O·CTemp 
ClK@20MHz 
VelK@25MHz 

A.C. CHARACTERISTICSTA = O·to 70·C, Vee = 5V ±5% 

CLOCK and RESET Timings 
AC timings are referenced to 1.5V on clock input and O.BV 12.0V on other pins 

Symbol Parameter Min Max Units Notes 

Tc ClKPeriod 50 200 ns @ 1.5V 

TCl ClKlowTime 20 - ns @1.5V 

TCH ClK High Time 20 - ns @ 1.5V 

TCR ClK Rise Time - 10 ns @0.8V-2.0V 

TCF ClK Fall Time - 10 ns @0.8V-2.0V 

TRl Test Input Setup Time 10 - ns 

TR2 Test Input Hold Time 5 - ns 

TR3 Reset Active Hold Time 25 2Tc ns 

TR5 Reset Inactive Hold Time 10 - ns 

TR6 Reset Active Setup Time 10 - ns 

TR7 Forced Output Delay 30 - ns 

TR8 Reset Width 10Tc - ns 

DRAM Interface Timings 

AC timings are referenced to O.BV 12.4V on all pins and are valid for total DRAM capacitance on each pin 
between 30 pF and 200 pF 

SINGLE READ, WRITE, READ MODIFY WRITE AND PAGE MODE CYCLES 

Symbol Parameter Min Max Units 

TRC Single Cycle Time 6Tc - 5 - ns 

TRAd1) Access Time from RAS # - 4 Tc - 30 - 0.050 CR ns 

TCAd1) Access Time from CAS # - 2Tc + TCH - 20 - 0.050Cc ns 

TCAA(l) Acc Time from Col Addr - 3Tc - 20 - 0.075CA ns 

TOAC(l) Access Time from BEN# 2Tc - 25 - 0.050Ce ns 

TRP RAS # Precharge Time 2Tc - 10 - ns 

TRAS RAS# Width 4 T C - 30 - 0.025 CR - ns 

TRCD RAS# to CAS # Delay Tc + TCl - 25 + 0.050Cc - 0.050CR - ns 

TRSH RAS# Hold Time 2Tc + TCH -15 + 0.025CR - 0.050Cc - ns 

TCSH CAS# Hold Time 4 Tc - 15 + 0.025 Cc - 0.050 CR - ns 
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SINGLE READ WRITE READ MODIFY WRITE AND PAGE MODE CYCLES (Continued) , , 
Symbol Parameter Min Max Units 

TCAS CAS# Width 2Tc + TCH':" 10 - 0.025Cc - ns 

TASR Row Address Setup Time Tc -10 + 0.075CR - 0.075CA - ns 

TRAH Row Address Hold Time T C - 25 + 0.075 CA - 0.050 CR - ns 

TASC Column Addr Setup Time TCl - 17 + 0.075 Cc - 0.075 CA -, ns 

TCAR Col Addr Setup to RAS # 3 Tc -10 + 0.025 CR - 0.075 CA ns 

TOFF Data in Hold Time 10 - ns 

Taoy BENO# to BEN1 # Overlap 0 - ns 

SINGLE WRITE CYCLE 

Symbol Parameter Min Max Units 

TRWl WE# to RAS# Lead Time Tc - 16 + 0.025 CR - 0.050 Cw - ns 

TWCH WE # Hold Time 3 Tc -15 + TCH + 0.025 Cw - 0.050 Cc - ns 

Twp WE# Width 2Tc - 20 - 0.025Cw - ns 

TCWl WE #. to CAS # Lead Time Tc - 15 + 0.025 Cc - 0.050 Cw - ns 

TOS(W) Data Out Setup Time T C -15 + 0.075 Cw - 0.075 Co - ns 

TOH Data Out Hold Time T C - 20 + 0.075 CD - 0.050 Cw - ns 

READ MODIFY WRITE CYCLE 

Symbol Parameter Min Max Units 

TRWC RMW Cycle Time 8TC - 5 - ns 

TOS(RW) Data Out (RMW) T CH - 20 + 0.075 Cw - 0.075 CD - .ns 
Setup Time 

TOH Data Out (RMW) Tc - 10 + 0.075 CD - 0.050 Cw - ns 
Hold Time 

TOFF(RW) Data In Hold/Data Out 10 T Cl + 5 + 0.075 CD - 0.075 Ca ns 
(RMW) Drive Time 

PAGE MODE READ .AND WRITE CYCLES, 

Symbol Parameter Min Max Units 

Tpc Page Mode Cycle Time. 4 Tc - 5 - ns 

Tcp CAS# Precharge Time Tc + TCl - 15 - ns 

TCAS CAS# Width 2Tc + TCH - 10 - 0.025Cc - ns 

TCAH(n) Col Addr Hold (Non Interleaved) 3 Tc + TCH - 20 + 0.075 CA - 0.050 Cc - ns 

TOS(n) Data Out Setup (Non Interleaved) Tc + TCl - 20 + 0.075Cc - 0.075 Co - ns 

TOH(n) Data Out Hold (Non Interleaved) 2 Tc + TCH - 10 + 0.075 Co - 0.050 Cc - ns 

TCAH(i) Col Addr Hold (Interleaved) T C + T CH- 20 + 0.075 CA - 0.050 Cc - , ns 

TOS(i) Data Out Setup (Interleaved) T Cl - 25 + 0.075 Cc - 0.075 Co ~ ns 

TOH(i) Data Out Hold (Interleaved) Tc + TCH - 10 + 0.075 Co - 0.050Cc -. ns 
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FAST PAGE MODE READ AND WRITE CYCLES 

Symbol Parameter Min Max Units 

TpC Fast Cycle Time 2Tc-5 - ns 

iTcp CAS # Precharge Time TCl -15 - ns 

TCAS CAS# Width Tc+ TCH-1O-0.025 Cc - ns 

TCAA(1) Col Address Access Time 2Tc-15-0.075 CA ns 

TCAd1) CAS# Access Time Tc+ TCH-15-0.050 Cc ns 

TCAP(1) Access Time from Col Precharge 2 Tc-25-0.075 Cc ns 

iTOAC(i) Access Time from BEN # (interleaved) Tc-25-0.050 Cs ns 

TCAH(n) Col Addr Hold (Non Interleaved) Tc+TCH-20+0.075 CA-0.050 Cc - ns 

TOS(n) Data Out Setup Non Interleaved) T Cl - 25 + 0.075 Cc - 0.075 Co - ns 

TOH(n) Data Out Hold (Non Interleaved) T C + T CH -1 0 + 0.075 Co - 0.050 Cc - ns 

TCAH(i) Col Addr Hold (Interleaved) T CH - 20 + 0.075 CA - 0.050 Cc - ns 

TOS(i) Data Out Setup (Interleaved) TCl -25 + 0.075Cc-0.075 Co - ns 

TOH(i) Data Out Hold (Interleaved) TCH-10+0.075 Co-0.050 Cc - ns 

DUAL PORT DRAM DATA TRANSFER CYCLE 

Symbol Parameter Min Max Units 

TOTR DT High to RAS# High Setup Te - 10 + 0.025 CR - 0.075 Cs - ns 

TOTH DT High from RAS# High Hold TC - 10 + 0.075Cs - 0.075CR - ns 

TROH DT Low from RAS# Low Hold 3Te - 10 + 0.025Cs - 0.050CR - ns 

TOlS DT Low to RAS # Low Setup Tc - 10 + 0.075CR - 0.050Cs - ns 

TeoH DT Low from CAS # Low Hold Te + TeH - 10 + 0.025 Cs - 0.050 Ce - ns 

TOTe DT High to CAS # High Setup Te - 10 + 0.025Cc - 0.075Cs - ns 

MASTER MODE TIMINGS Cl = 100 pF on all output pins 
AC timings are referenced to 1.5V on clock input and 0.8V 12.0V on other pins 

Symbol Parameter Min Max Units 

TM1A(2) CLK to MEN Delay - 40 ns 

TM1S(3) HLDA to MEN Delay - 45 ns 

TM2A(2) CLKto A21:0, Mia, RD#, WR#, BHE# Drive - 40 ns 

TM2S(3) HLDA to A21:0, Mia, RD#, WR#, BHE# Drive - 45 ns 

TM3 HREQ, MEN Inactive Delay - 45 ns 

TM4 A21 :0, 015:0 Float Delay - 40 ns 

TM5 Async HLDA Setup 5 - ns 

TM8 Read Data Setup Time 10 - ns 
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MASTER MODE TIMINGS CL = 100 pF on all output pins (Continued) 
AC timings are referenced to 1.5V on clock input and O.SV 12.0V on other pins 

Symbol Parameter Min Max Units 

TM9 Read Data Hold Time 10 - ns 

TM10 READY Setup Time 20 - ns 

TM11 READY Hold Time 5 - ns 

TM12 Command Valid Delay - 35 ns 

TM13 Address Valid Delay - 40 ns 

TM14 Write Data Valid Delay - 40 ns 

TM15 Write Data Hold Time - 40 ns 

TM16 Sync HlDA Setup: 01 5 - ns 

TM17 Sync HlDA Setup: 02 20 - ns 

TM18 ClK to HREQ Delay 35 ns 

SLAVE INTERFACE TIMINGSCL ~ 100 pFonall outpLrtpins 
AC timings are referenced to 1.5V on clock input and O.SV 12.0V on other pins 

Symbol Parameter Min Max Units 

T81 ACtive Input Setup 5 - ns 

T82 Active Input Hold Time 10 - ns 

T83 Inactive Input Setup 5 - ns 

T84 Inactive Hold Time 10 - ns 

T814 Active Command Width 2Te + 30 - ns 

T816 A21:0, MIO, CSlI!, BHElI! Hold Time 2Te + 30 - ns 

T817 A21:0, MIO, CSlI!, BHElI! Delay '- Te - 20 ns 

T818 SEN Active Delay 0 35 ns 

T819 Write Data Delay 0 2Te - 25 ns 

T820(4) Write Data Hold (Memory Write) 3Te + TOH + 30 - ns 

T820 Write Data Hold (Int. Write) 4Te - ns 

T821 SEN Inactive Delay 0 45 ns 

T822(5) Read Data Delay (Memory Read) 0 (Note 5) ns 

T822 Read Data Delay (lnt. Read) 0 Te + 40 ns 

T823 Read Data Hold 5Te - 15 - ns 

T824(6) RD/WR to SEN Delay (Mem Write) 4 Te + 20 - ns 

T824(6) RD/WR to SEN Delay (Int. Write) 4 Te + 20 - ns 

T824(6) RD/WR to SEN Delay (Mem Read) 5Te + 20 - ns 

T824(6) RD/WR to SEN Delay (Int. Read) 7Te + 3,5 - ns 

T825 SEN Width (Write Cycle) 4 Te - 25 4 Te + 35 ns 

T825 SEN Width (Read Cycle) 5Te - 25 5Te + 35 ns 
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VIDEO INTERFACE CL = 50 pF on all output pins 
AC timings are referenced to 1.5V on clock input and O.SV 12.0V on other pins 

Symbol Parameter Min Max Units Notes 

TvCYC VCLK Cycle Time 40 - ns @ 1.5V 

TVCL VCLK Low Time 19 - ns @ 1.5V 

TVCH VCLK High Time 19 - ns @ 1.5V 

TVDL Delay VCLK to Output Valid 0 25 ns 

TVDH Output Valid Hold from VCLK 4 - ns @ 1.5V 

Tvs Input Setup Time 5 - ns 

TVH Input Hold Time 8 - ns 

NOTES: 
1. Subtract transceiver delay from these number for xl devices. 
2. Valid for asynchronous interface or for synchronous interface when TM16 is satisfied. Synchronous interface requires 
same clock and reset input for 82786 and 80286. 
3. Valid for synchronous interface when TM16 is not satisfied. 
4. TS20 (memory write) is dependent on DRAM specs. 
5. TS22 (memory read) is dependent on DRAM specs. This is the maximum of: 

i) TRAC - Tc + 10 
ii)Tc - TCH + TCAC + 10 
iii)Tc- TOAC+10 , , 

6. TS24 numbers mentioned above are the absolute minimum values for a synchronous 80286/82786 type interface (or 
synchronous 80186/82786 interface with WT = 0). Add Tc to get corresponding minimum number for an asynchronous 
interface. Add Tc for 80186 interface with WT = 1. Typical delay from Command to SEN active, will be greater than the 
minimum value, depending on level of activity of the 82786 and priority for external access. 

AC TEST LOADS (Use capacitance values in pico farads in the timing equations) 

RAS. 

CAS. 

82786 
ORA. 

WE. 

BEN. 

OAT. 

CL ld_ OTHER OUTPUTS 
Cb Cw Co Co C ... -- -- - - --

TTTTTTT 
231676-4 

Cd. Cb. Cw. Ca. Ce• Cr in the range 30 pF 200 pF 
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RESET TIMINGS 

02 01 02 01 

ClK 

RESET, 
----..... "'1 

TEST CODE. 
10110, RD, WR --------+------+--",11'---of'+--+-------

MODE SELECT •• 
BHE,IoI10 

TR7X TR7:X 
~----O-UW-U-T-~-A-B-lE-.-.-.----'~A-l-l-O-U-T-PUTS--

FORCED VALID 
231676-5 

'Test ~e Sl¥"'pled at end of 01 preceding falling edge of RESET 
"Mode aeIect sampled at end of 02 preceding falling edge of RESET 

"'RD, WFI", H, MIO, A21:0, 015:0, BLANK, HSYNC, VSYNe-:.TRISTATEO 
MEN, SEN, HREQ, INTR-LOW 
CASx, RASx, WEL, WEH, BENx-I:IlGH . 
ORA6:0, VOATA7:0-1ndetenninate 

CLOCK AND AC TEST CONDITIONS 
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DRAM SIGNALS-SINGLE READ CYCLE 

ClK 

T r-- RP -
TRC .I 

RASX { . 
TRAS 

I--TRCD TRSH 
TCSH 

I 

~ 
TeAS 

Y TASC _ 

j-TASR_ ~ TCAR 

DRA9:0 X. ROW ADDRESS . COLUMN ADDRESS 

BENX " .L 
I----Tcw:- ..j Torr 

015:0 :xxx 

TCAC-
TCAA 

TRAC 
231878-7 

DRAM SIGNALS-SINGL. WRITE CYCLE 

elK 

- TRWl , I 

DRA9:0 X ROW ADDRESS X COLUMN ADDRESS 

WCH 
I-TCW\.--

WEl,WEH lil--Twp-, 

~ I-TDH-j 

015:0 , 
231878-8 
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DRAM SIGNALS-READ MODIFY WRITE CYCLE 

ClK 

RASX 
~ ______________________ -JI 

'~------------------I 
DRA9:0 :x: ..... ___ .-JX'-___________________ _ 

BENx ,'-------1' 
015: 0 --------.-..--<~~[llO 

WEl,WEH 

231676-9 

DRAM SIGNALS-NON-INTERLEAVED PAGE MODE READ 

ClK 

RASX~'-___________________________________ __ 

T 

CASX 

i' 
PC 

!+-Tcp_ TCAS-Y 

"\ ) 

TASC 
TCAH(n) 

I 
DRA9:0 ROW ADDRESS X ' COLUMN ADDRESS n X COLUMN ADDRESS n + 1 X -

BEN X 

}orr-- r- TCAC L 
015:0 .XXXXXXI 

231676-10 
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DRAM SIGNALS-NON INTERLEAVED PAGE MODE'WRITE 

ClK 

R~X~~ __________________________________________ ___ 

/ 

DRA9 :0 ,x. RaW ADDRESS COLUMN ADDRESS n X COLUMN ADDRESS n + 1 
\ 

WEl.WEH I\L, 
T05(w) 

I-TOH--j ~ TDH(n) 

015:0 ]( ]( 

231676-11 

DRAM SIGNALS-INTERLEAVED PAGE MODE READ 

ClK 

RASX~~ ________ ~ ________________________________ ___ 

T ASC - ref.renc .. fGlnng edge of COl crcalng vol 

C~l 
, , / 

CASO / \. 
I- TASC I- TASC 

_ TCAH(I)-, 

DRA9:0 RaW ADDRESS )[COLUMN ADDRESS n)[ COLUMN ADDRESS n" 1 XCOLUMN ADDRESS n + 2 

\. '{ 
, __ ~TBOY f ,- TaOY 

aEN1 

BENO " I( \. 

- I-TCAC, r-- f-TCAC - Torr -- Torr 
015:0 _____ OOOOO<XIIn~rx'lI'""--'lI~ ~ 

231676-12 
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DRAM SIGNALS-INTERLEAVED PAGE MODE WRITE 

RASX~~ ______________________________________________________ ___ 

CASO 

CAS 1 

DRA9:0 

WEl, 
WEH 

015:0 

\. 

X 

/ 

\. . 1-. TOS(i) - TOS(I) -
~DS(W>- TDH~ I--:-TDH(ld I--TDH(i)--J 

1 1 X 

DRAM SIGNALS-NON·INTERLEAVED FAST PAGE MODE READ 

ClK 

231676-13 

RAS
X \~-------------------------------------------------------

CASO 

ORA9:0 ROW ADDRESS COLUMN ADDRESS n 

BENO 

015:0 -----------------------<XXXXXI~:88~=~}-2::..-C=:J~-~(C=:J}_ 
231676-14 
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DRAM SIGNALS-NON-INTERLEAVED FAST PAGE MODE WRITE 

ClK 

RASX \~ ........ --.. --.... --~--.... ----.... --~------.... --........................ ..... 

CASO 

DRA9:0 ROW ADORE~S COLUMN ADDRESS " COLUMN ADOR "+2 

WEl, -------------, 
WEH 

015:0 -----------(===::J _____ X,..----x:: 
231676-15 

DRAM SIGNALS-INTERLEAVED FAST PAGE MODE READ 

ClK 

RASX \~ ........................ ~ .................... ~ .................................................... -
CASO 

C,AS1 

DRA9:0 ROW ADDRESS COLUMN AQDRESS " 

BENO 

BEN1 

TCA~ TOAC(I) 
TCAA _____________ ~r-----~.__~~T~ ____ ___ 

015:0 «XI ~ 
231676-16 
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DRAM SIGNALS-INTERLEAVED FAST PAGE MODE WRITE.· 

ClK 

RAS
X \~----------------------------~---------------------

CAS 1 

CASQ 

DRA9:0 ROW ADDRESS COLUMN AD[)RESS n 

WEl. -------------

WEH '-------~---_H-~-----

D15:0-----------<::::::::::::>c:::~~::~::::JK::::)(:: 
231676-17 

DRAM SIGNALS-DATA TRANSFER CYCLE 

CL.K 

RASX 
, 

, 
ORA9:0 X ROW ADDRES5 X COLUMN ADDRESS 

DT1:0 

.,. TDTHj TDlS~ I .. 
TRDH 

~_JCDHj~DTR-
TDTC-l[ ____ ~ 

231676-18 
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ENTERING AND LEAVING MASTER MODE 

02 01 02 02 . 01 02 01 

HREQ 

HlDA 
__________ ~ __ _J 

MEN 
__________________ -+~J 

A21:0, --------.:...::::.c::l t~===j---RD,WR, 
MIO,BHE 

015:0 ---------------~ P~~~}--------
231676-19 

MASTER MODE TIMINGS 

02 01 02 01 02 01 02 01 02 01 02 

ClK 

RD,WR 

A21 :0 ADDRESS I ADDRESS k 

R~D--J~~----r_--------~~:j~~"t-~--~'~--~--::::~ 
CYCLE u - - - - - - - - - - -- -- {DATA IN j} 
015:0 TM14 
WRITE -------~,I--------~f_-..... "IlI------... ------
CYCLE DATA OUT I DATA OUT j 
015:0 TM10-1 TM10-+j 

r;.TMll ,J:;TMll . 

READY \\\\\\\\\\\\\\\\\\\\\\X K\\\\\\\\\\\\\S1 \\\\\\\ I 
231676-20 
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SYNCHRONOUS 80286 (STATUS) SLAVE INTERFACE 

TS ' TC 

CL'K~02 01" 02, 01 02 01 "\.J\..r 
g .. ~~: 'TS2 JS3lS4 \. _______ _ 

___ ""t"-TS1-'"-TS2-1_---------
A21:0 X' I X 

BHE \t=TSl ,I, TS2 

SEN _______ l=:-________ TS_2_4 ____ -4S ~ 
},....---

231676-21 

SYNCHRONOUS 80186 (STATUS) SLAVE INTERFACE 

T3/TW 
01 02 

Tl 
01 02 

T2 
01 02 

T4 
01 02 

RD.WR. 
M'O 

cs 

A21:0.---+---""\.Jr---...;,,-__ ----------------
, BHE 

SEN==~~~~~~~~~~~~:~~~~~=S ~~c:==== 
231676-22 
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ASYNCHRONOUS SLAVE INTERFACE 

CLK 

Rli.WR--"" 

MIO.~.------+-~~~----------~~-----------{( 
SHE. A21:0 ) 

TS24 ~ SEN ____________________________________ ~~ r--I 
231676-23 

SEN/DATA--SLAVEINTERFACE 

CLK 

SEN _______ -1-______ '" 
1-----

015:0 --------t--------==~:.::=~::====:::lj~-------------

SEN---------J _________ ~~---------------
I-----~-- TS23 

INTERNAL ~REA~O ________ f.:.::..:t=============~ ____________ _ 015:0 -

MEMORYR~EA:O~ ____________ -(~~~~=========:> ____________ _ 015:0 -

231676-24 
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VIDEO TIMINGS 

VCLK 

OUTPUTS: 
VSYNC, HSYNC-~":'::;U--";"'----+--U--------~r--

BLANK, VDAT7:0 ___ n.. ______ +-_~ ________ ""''' __ _ 

INPUTS: 
VSYNC, HSYNC --------.;.u!"""".;...--'ir-----------BLANK ________ J, _____ ~ __________ _ 

Data Sheet Revision Review 

This 82786 datasheet, version -003, contains up
dates and improvements to the previous v~rsion. A 
revision summary is listed here for your conve-
nience: ' 

The sections that are new or significa~tly altered 
are: 

GRAPHICS PROCESSOR 

-New commands added: 

LlNE-OE 

CHAR_OPAQUE 

CHAR_TRANSPARENT 

BIT_BlT_EO 

BIT_BLT_ET 

BIT_BlT _ERO 

BIT_BlT _ERT 

-Altered Commands: 

DEF _CHAR-SPACE renamed to: 

DEF_SPACE 

DISPLAY PROCESSOR 

- loop Mode Added 

231676-25 

- Write Protect Added for CRT Timing Registers 

- VDATA Signature Analyzer Added 

BUS INTERFACE UNIT 

- BIU External Priority Changed 

The following list represents other documentation 
updates: 
1. A paragraph was added to the "Graphics Memory 

Interface" section restricting the height of DRAMs 
used in systems supporting master mode. 

2. Display Processor Trip Point is no longer pro
grammable. 

5-76 

3.A sentence was 'added to the "Clipping Rectan
,gle" section stating that character clipping is sup
, p0'1~ for word mode. 

4. A note was added to the "Display Control Regis
ter Block" section on slave sync 82786s. 

5. A note was added to the "Windows" section dis
cussing the number of tiles that may be displayed 
on a given scan line. See 82786 User's Manual, 
Rev. 003, for more details. 

6. D.C. SpeC&-VIHVC changed to 3.9V 

7. A.C. Spec changes made. 
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1.0 INTRODUCTION 

The role of graphics in personal computers and engi
neering workstations is becoming increasingly impor
tant. Lately, the graphics software which support sepa
rate windows for separate tasks have made multitasking 
an attractive feature on the PCs. °To support this fea
ture, the system must handle windows efficiently. 

Windowing and graphics make very heavy demands on 
processing power. If a main processor in a PC or graph
ics workstation is used to move information around on 
the display, the response time becomes unacceptably 
slow. While keeping the system cost low, the VSDD 
solves this problem by supporting hardware windows 
and providing other additional features on chip. 

The purpose of this application note is to familiarize the 
reader with the 82716 VSDD (video storage and dis
play device) operation. This note will guide the reader 
in designing a text and graphics system. This document 
is intended as a supplement to the VSDD data sheet 
and user's manual. 

The VSDD is aimed at applications needing a low Cost 
and highly integrated color graphics controller for both 
bit-mapped and alphanumeric displays. The chip's high 
level of integration allows designers to build graphics 
systems with a very low chip count thus improving the 

. --- ... 
I 
I 

XTALIN --t+ 
XTALOUT 

.< 

,," " 

re1iabnity .of'thclr equipment. The syst~ 'designed in 
this note needs only 7 components besides VSDD. 
VSDD's high integration and low cost makes it ideal 
for compact, low cost video displays found in home 
computers, home information 'systems and industrial 
and commercial monitoring equipments. The chip also 
supports videotex standards such as NAPLPS, TELE
TEL, PRESTEL, and CAPTAIN. 

82716 Description 

The block diagram of the VSDD is shown in Figure 1. 

The VSDD has the following features: 

• Manages up to 16 bit-map and character objects. 

• On chip 16/4096 color palette. 

• On chip DRAM controller. 

• Up to 640 x S 12 pixel resolution. 

• Extremely simple interface to Intel 8 bit and 16 bit 
CPUs. 

• On chip D/ A converters. 

• Low chip count display controller. 

• Analog or digital video outputs. 

• Up to S12K bytes of display memory. 

• 2, 4, or 8 bits/pixel . 

MEMORY 
INTERFACE UNIT 

MIU 

ADDRESS 
R 

G 

B 

~ ______ ,-__________ ~ __ ~ COMPUTING 
UNIT 

OV~ 

TASK 
SCHEDULER 

BUS 
INTERFACE UNIT 

BIU 

Figure 1. VSDD Block Diagram 
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The VSDD can control up to 16 simultaneous win
dows. It can change the position and contents of any 
window independently. This allows easy scrolling and 
animation. It interfaces easily to 8088 and 8086 family 
microprocessors without glue logic. The chip controls 
CRT monitors with up to 640 x 512 x 4 resolution. The 
on chip DRAM controller manages up to 512K bytes 
of display RAM. A pair of pixel buffers-each can hold 
640 pixels at 4 bits/pixel-help speed up the operation 
by providing a continuous video data output stream. 

The VSDD also integrates a color lookup table (storing 
16 colors from a possible 4096), three 4 bit D/A con
verters and a programmable sync and timing generator. 
A microprocessor, its program ROM, DRAMs and a 
VSDD will complete a workstation-less than 10 chips 
in all. The VSDD also provides digital video outputs. 8 
bits/pixel digital output combined with external color 
look up table and DACs can provide 256 colors. The 
VSDD supports overlapped objects. Transparent win
dows too are supported by the display controller. 

The screen image is constructed from various user
specified objects residing in the VSDD's display memo
ry (mapped into the processor's address space). Figure 

Memory Mapping 

DATA WINDOW 
(RELOCATABLE) 

REGISTER WINDOW 
(RELOCATABLE) 

,..-___ , FFFFH 

L-___ ....I OOOOH 

CPU ADORESS 
SPACE 

2 shows how the CPU's address space is mapped onto 
the VSDD's space. The data window in the CPU space 
maps onto the data segment in the VSDD space and the 
regisfer window maps into the register segment. The 
CPU uses these windows to access the display RAM. 
The register segment length is fixed at 32 bytes. But the 
data window length can vary from 4K bytes up to 64K 
bytes. The 512K bytes of display memory can be 
thought of as 8 banks of 64K bytes each. The CPU can 
access only one bank at a time. But all the eight banks 
are accessible via memory mapping, thus allowing it 
effectively to access all of 512K bytes. 

Pixels are taken directly from the memory for display 
on the screen. Characters are constructed using user
defmed RAM-based character generators. The VSDD 
takes the object data from its memory, buffers it and 
runs it through the color look-up table and D/ A con
verters to produce video signals. These signals then 
drive the display. 

There are two segments in the display memory-the 
data segment and the register segment. The ruita seg
ment contains the actual object data, window attributes 
such as object's position on the screen, object's width, 
etc., access table, color look up table and two character 

DATA SEGt.t[HT 
(RELOCATABLE) 

I-...;B::;:A:;:NK;.,.':.....-t 2ooo6H 
BANK 0 1 F'F'rrH 

VSDD 
BYTE-ADDRESS 

SPACE 

REGISTER SEGMENT 
(NOT RELOCATABLE) 

231679-2 

Figure 2 
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generators. The access table contains the vertical posi
tion and priority of each object. The data segment can 
be placed anywhere within the external S12K byte dis
play RAM. 

Information on the system~s configuration is kept in a 
32-byte register segment, which always begins at hexa
decimal address 00000 in the display DRAM. The 
VSDD reads the register segment once per frame to 
update its on-chip registers. The register segment stores 
the size aild speed of DRAM, the raster parameters and 
the base addresses of the other tables stored in the data 
segment. Figure 3 shows the register segment. 

,.:.--

R15 

R14 

R13 

R12 

R11 

R10 

R9 

R8 

R7 

R6 

R5 

R4 

R3 

R2 

R1 

RO 

Horiz. Constant 3 Vert. Constant 3 

Horiz. Constan, 2 Vert. Constant 2 

Horiz. Constant 1 Vert. Constant 1 

Horiz. Constant 0 Vert. Constant 0 

Access Table Base Address Counter 

Character Base Address 

Color Table Base Address 

Access Table Base Address 

Object Descriptor Table Base Address 

Priority Access Quantity 

Data Segment Base Address 

Data Length Mask 

Data Window Base Address 

Register Window Base Address 

Video Configuration Register 1 

Video Configuration Register 0 

Figure 3 

DRAM 
Loc. 

1EH 

1CH 

1AH 

18H 

16H 

14H 

12H 

10H 

OEH 

OCH 

OAH 

08H 

06H 

04H 

02H 

OOH 

The CPU programs the data segment and the register 
segment. After these segments are initialized the VSDD 
assumes control of the CRT and controls refresh of the 
DRAM. This relieves the CPU of maintaining the dis
play thus considerably increasing the performance of 
the graphics system. . 

The chief purpose of this application note is to show the 
user how to program data and register segments by de
scribing a specific design example. 

2.0 DESIGN EXAMPLE 

In this design, the VSDD is used to display 3 bit
mapped objects and one character object on the screen. 
Hardware is very, simple and compact. Only seven 

chips besides the VSDD are needed to build the system. 
80186 (8 MHz) is used as the CPU. 4 DRAMs (64K x 
4) give a total display memory of 128K bytes. This 
much memory can support a resolution of 640 x 400 at 
4 bits/pixel. ~o glue logic is needed betw~ the 80186 
and the VSDD for the bus interface. The display used is 
an·IBM color monitor. The digital video outputs are 
used to drive the monitor through the line drivers 
(74LS244). The VSDD generates active low VSYNC 
and HSYNC. Since the IBM color monitor needs active 
high VSYNC and HSYNC, the VSDD generated sync 
signals are inverted (74LS368). By using PAL for the 
random logic in this design the total chip count for this 
graphics system can be reduced to seven including the 
VSDD. Appendix E shows the circuit schematics. 

2.1 Initialization 

The VSDD. and the register segment must be initialized 
before a display can be obtained. The RESET pin on 
the 82716 is active high. It is a high impedance input to 
a Schmitt Trigger. On power up, RESET should be 
held active long enough to allow the VSDD system 0s

cillator (on XTALIN) to start, and then be held for a 
minimum of 20 clock .periods with the oscillator run
ning. 

5-80 

RESET STATUS 

RESET puts the 82716 into a special initialization 
mode. When RESET goes low, the device commences 
generating refresh cycles to the external DRAM. The 
CPU should not try to access the DRAM for at least 10 
/Ls after RESET has been released. The status of the 
device at this time is as follows: 

Control Re.et 
Effect 

Bit Value 

TMM 0 Single Mode 
TMS 0 

DEN 0 No Display . 

DEI 0 Analog Mode 

MAS 0 Sync pins are in 
high impedance 

RE 0 CPU can access DRAM 
only to write to it 

PCE 0 Priority Access Mode disabled 

FAE 0 ROY pin emits Ready signal 

EVC 0 Video clock is from XTALIN signal 
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DEN = 0 means no display is being generated. DEI = 
o means the device is in the analog mode, and, since 
DEN = 0, the R, G, B, and 0 pins are emitting retrace 
black. 

MAS = 0 configures the sync pins in high impedance 
state. EVC = 0 would normally configure the CKIO 
pin as an output, but in the initialization mode CKIO is 
in a high impedance state. 

The device comes out of reset with the following default 
values for the screen constants: 

HCO = 1 HSYNC 4.0 
Width = 32 XTALIN periods ,..,S 

HC1 = 2 AHZ 6.0 
Start Time = 48 XTALIN periods ,..,S 

HC2 = 5 AHZ 12.0 
Stop Time = 96 XTALIN periods ,..,S 

HC3 = 8 HSYNC 18.0 
Period = 144 XTALIN periods fLs 

VCO = 1 VSYNC 36.0 
Width = 2 lines fLs 

VC1 = 2 AVZ 54.0 
Start Time = 3 lines ,..,S 

VC2 = 3 AVZ 72.0 
Stop Time = 4 lines ,..,S 

VC3 = 7 VSYNC 144 
Period = 8 lines ,..,S 

This is called the "fast frame" mode. Its main purpose 
is to give the PSG something to work with that is not 
contradictory (such as HCO > HC3) until the CPU has 
written the correct values into DRAM. The timings 
listed assume a 125 nsec clock (8.0 MHz) at XTALIN. 

Most important to the initialization procedure are the 
reset values of the Register and Data Windows: 

Register Window Base Address: OO4OOH 
Data Window Base Address: (undefined) 

INITIALIZATION PROCEDURE 

The first access must be a write cycle to Register RO at 
OO4OOH. In the first write cycle the CPU should pro
gram the DRAM configuration bits DS1, DSO and 
DOF for 64K x 4 DRAMS employed in this design. 

This first write cycle should leave DEN and UCF at o. 
UCF (Update Control Flag) should be left clear till the 
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entire Register Segment has been initialized, lest the 
device "update" its on-chip control bits with random 
data. 

After the first write, the CPU can continue to initialize 
the Register Segment by writing to the Register Win
dow addresse;s, OO4OOH through 004IFH. All this in
formation is mapped by the VSDD into its register seg
ment from OOOOOH to OOOIFH. Excpet for the control 
bits written into RO, the,values as written do not take 
effect as long as UCF = o. 

After the Register Segment has been completely initial
ized, one more write cycle is directed to RO to set UCF 
to I, while holding DEN = 0; The CPU now waits I 
frame time (144 ,..,s, in the "fast frame" mode). At the 
end of the frame time in progress, during the FRAM
ESTOP sequence, the VSDD will be flagged by UCF = 
1 to update its internal registers from the Register Seg
ment in DRAM. Further access to the Register Seg
ment by the CPU must be through the newly defined 
Register Window. 

Now, through the newly defined Data Window, the 
CPU can commence initializing the display data. The 
DEN flag in RO should be set(l) after the display data 
is loaded in the DRAM. This bit will then enable the 
display. 

At the beginning the CPU programs RO at OO4OOH as 
follows: 

DEN 
RO 011 00000 011 1 0 0 
DEN and UCF are set to zeroes. 

UCF 
o 6072H 

After the Register Segment is completely initialized, 
CPU sets the UCF bit by writing to RO. 

RO 011 00000 011 1 0 0 1 1 6073H 

The VSDD would now update its on-chip control regis
ters with the data programmed by CPU in the Register 
Segment. 

The CPU then programs the display data through the 
data window,. After the data has been written into 
memory, the CPU enables the display by setting DEN 
bit. 

RO 011 00000 011 1 1 0 1 1 607BH 

The register segment is programmed as follows to ob
tain a display' shown in Figure 4. The VSDD reads the 
register segment' on every frame to update its on-chip 
registers. The reader should refer to the user's manual 
for description of the bits in the register segment. See 
Appendix A for horizontal and vertical sync constants. 
The VSDD DRAM is word addressable while the CPU 
address space is byte addressable. 
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REGISTER SEGMENT 

CPU DRAM 

ADDR WORD REGISTER CONTENTS COMMENTS 
ADDR 

OOOOH OOOOOH RO 0110000001111011 607BH 
Duty Cycle 011 50% 
Blink Rate 00000 7.5 Hz for 60 Hz frame rate 
DS1 DSO DOF, 011 64Kx4 DRAMs 
HRS 1 640 Pixels horizontally 
DEN 1 Display Enabled 
SAB 0 Fast DRAM 
DEI 1 Digital OutP,uts 9n RGB & OVR pins 
UCF 1 Update all the registers on every frame 

0002H 00001H R1 1010 010 00 00101 0 0 A414H 
Char height 1010 10 Scan lines 
INL 0 Non interlaced 
MAS 1 HSYNC, VSYNC are outputs 
SM 0 Non composite SYNC mode 
TMM,TMS 00 Twin mode is disabled 
EVC 0 CKIO is O/P. Video Clk derived from XTALIN. 
PCE 1 Priority counter enable 
FAE 0 Use ROY as ready signal 
RE 1 CPU can read the DRAM 
PSA 0 GCLK = 1/16XTALIN 
PRE 0 Disable pipeline read 

0004H 00002H R2 000,0 0000 00000 11 0 0006H 
RWBA OOOH RWBA = 0 
TF2 TF1 11 Digital pixel codes 
ME 0 No margin' 
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REGISTER SEGMENT (Continued) 

CPU DRAM 

ADDR WORD REGISTER CONTENTS COMMENTS 
ADDR 

oo06H oo003H R3 0000 00 0101000 000 0140H 
DWBA 00000 A 16 Should be low 
Screen 0101000 111 = Rt edge of the screen is at 
Boundary X=327 

0008H 00004H R4 1 0000 00000000000 8000H 
Length Mask 10000 64K byte data window 

ooOAH 00005H R5 0000 0000 0000 0000 OOOOH 
Data 
Segment 
Base S16-S12 00000 BankO. 
Bank Select Bits o 0 

OOOCH oo006H R6 0000 0000 0000 1010 OOOAH 
PAQ 1010 . CPU is allowed 10 DRAM 

accesses during line building 
OOOEH 00007H R7 0000 0101 0000 0000 0500H 

ODTBA 0500H Object descriptor table starts at 
0500H in bank 0 

0010H 00008H R8 0000 0000 0010 0000 0010H 
ATBA 0010H . Access table starts at Q010H in bank 0 

0012H 00009H R9 0000 0001 1000 0000 0180H 
CTBA 0180H The color table is not used in this 

design. The space is reserved 
for future use. 

0014H OOOOAH R10 0000 0000 0010 0011 0023H 
CGBAO 0010 Char gen 0 starts at 2000H in 

bank 0 
CGBA2 0011 Char gen 1 starts at 3000H in 

bank 0 
0016H OOOOBH R11 0000 0000 0010 0000 Access table address counter = 

access table base address 
(initially) = 0010H 

0018H OOOOCH R12 000001 0000000010B 
HCO HSYNC Width = 4,..,s 
VCO VSYNC Width = 198,..,s 

001AH OOOODH R13 000100 0000100100B 
HC1 AHZ Start = 10 ,..,S 
VC1 AVZ Start = 2.5 ms 

001CH OOOOEH R14 011101 0011101100 
HC2 AHZ Stop = 60 ,..,S 
VC2 AVZStop = 16.17ms 

001EH OOOOFH R15 100000 0011110100 Hori. sweep rate = 56 ,..,s 
Vert. sweep rate = 16.67 ms 

NOTE: 
See Appendix I on how to program registers R12-R15. 
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3.0 THE DATA SEGMENT The first entry in the table corresponds to th~ to~ost 
line on the screen and so on. Each entry indicates to the 

The actual object data and the different tables are VSDD which objects are to be present on this line of 
stored in the data segment by the 80186. There 'are 5 the display. If a bit is set (I), then there is no change in 
tables in the data segment: The access table, the object the objects display status; that is, if the object did not 
descriptor table, the color lookup table an4 two charac- appear on the previous line, it will also not appear on 
ter generators. Since digital outputs are used to drive this line. If the object's access flag is set to zero, then 
the monitor in this design, the color lookup table is ieft the display status is reversed from what it was on the 
blank. previous line. The VSDD assumes that at the beginning 

of a frame all objects are turned oft' (l's). 

3.1 Access Table The access table for the screen in Figure 4 is shown in 
the following pages. The screen has 400 x 200 resolu-

The access table contains the vertical start and end 10- tiou. There are 200 entries in the table for 200 vertical 
cations of each object. The table begins at the locations lines on the screen. Object 0 starts on line 1 and ends at 
designated by access table base address register, R8, in line 75. lIit 0 is set to zero at line 1 to tum the object 0 
the register bank. Each entry in the table contains 16 on and again set to 0 at line 76 to turn the object oft'. 
bits-each bit representing one object. Bit number 0 Note that the 80186'8 address space is byte addressable 
has the lowest priority and bit number 15 the highest. and the VSDD's space is word addressable. 

Ib151b141b131b121b11 Ib10Ib9Ib8Ib7IbSlb51b41b3lb2Ib1 IbOI 
FIgure 5. Aceeas Table Word 

ACCESS TABLE 

CPU 
DRAM, ACCESS FLAGS 

ADDR WORD b b b b b b b b b b b b b b b b 
ADDR 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0020H 00010H 1 1 1 1 1 1 1 0 Line 1 
0022H 0OO11H 1 1 1 ' 1 1 1 1 1 
0024H 00012H 1 1 1 1 1 1 1 1 
0026H OOQ13H 1 1 1 1 1 1 1 1 
0028H 00014H 1 1 1 1 1 1 1 1 
002AH 0OO15H 1 1 1 1 1 1 1 1 
002CH 00016H 1 1 1 1 1 1 1 1 
002EH 00017H 1 1 1 1 1 1 1 1 1 
0030H 00018H 1 1 1 1 1 1 1 1 1 
0032H 00019H 1 1 1 1 1 1 1 1 1 Line 10 
0034H 0001AH 1 1 1 1 1 1 1 1 1 
0036H OOOtB!,! 1 1 1 1 1 1 1 1 
0038H 0001CH 1 1 1 1 1 1 1 1 
003AH 0001DH 1 1 1 1 1 1 1 1 
003CH 0001EH 1 1 1 1 1 1 1 1 
003EH 0001FH 1 1 1 1 1 1 1 1 
0040H 00020H 1 1 1 1 1 1 1 1 
0042H 00021H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0044H 00022H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0046H 00023H 1 1 1 1 1 1 1 1 1 1 0 1 1 1 Line 20 
0048H 00024H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Turn on the 
004AH 00025H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 character 
004CH 00026H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 object 
004EH 00027H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0050H 0OO28H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0052H 0OO29H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
OOq4H 0002AH 1 1 1 1 1 1 1 1 1 1 1 
0056H 0002BH 1 1 1 1 1 1 ' 1 1 1 1 1 
0058H 0002CI1 1 1 1 1 1 1 1 1 1 
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ACCESS TABLE (Continued) 

CPU DRAM ACCESS FI,;,AGS 
WORD b b 'b' b b b b b b b b b b" b b b ADDR ADDR 15 14 13 12 11 10 9' 8 7 6 5 4 3 2 "1 0 

OOSAH 0OO2DH 1 1 1 1 1 l' 1 ' 1 Une30 
OOSCH 0OO2EH 1 1 1 1 1 1 1 1 
OOSEH 0OO2FH 1 1 1 1 ' 1 1 1 1 
OoaOH 0OO30H 1 1 1 1 1 1 1 1 
0062H 00031H 1 1 1 1 1 1 1 1 
0064H 0OO32H 1 1 1 1 1 1 1 1 
0066H 00033H 1 1 1 1 1 1 1 1 
0066H 0OO34H 1 1 ' 1 1 1 1 1 1 Line 37 
0070H 0OO3SH 1 1 1 1 1 1 1 1 Une38 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 l' 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 ' 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 ' 1 ' 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 l' 1 1 
1 1 1 1 1 1 1 
1 1 1 ' 1 1 1 1 
1 1 1 ' 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 0 1 Une71 

1 1 1 1 1 (Tum off the 
1 1 1 1 character object) 

OOB4H OOOSAH 1 1 1 1 Une74 
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ACCESS TABLE (Continued) 

CPU DRAM 
ADDR WORD b b 

ADDR 15 14 

OOB6H 0005BH 

OOFEH 0007FH 

,1 

1 
1 
1 
1 

b b 
13 12 

b 
11 

AP·268 

ACCESS FLAGS 
b ' b 
10 9 

b:b 
8 

1 
1 
1 

5-86 

7 
b 
6 

b b 
5 4 

b 
3 

1 
1 

b 
2 

b b 
1 0 

1 
0 Line 76 (Turn off 
1 Obj.O) 

Line 111 



ACCESS TABLE (Continued) 

CPU DRAM 
ADDR WORD b b 

ADDR 15 14 

00100H OOOSOH 

Rectangle 

Object #1 

Horizontal Line 
Object #2 

Ap·268 

Up to 200 Lines 

5-S7 

1 
1 
1 
o 

Line 125 

Line 130 

Line 134 
Line 135 (Turn 
off Obj. 1) 

Line 140 (Turn 
on Obj. 2) 
Line 142 (Turn 
off Obj. 2) 

Line 151 



ACCESS TABLE (Continued) 

CPU DRAM 
ADDR WORD b b b b b 

ADDR 15 14 13 12 11 

1 
'1 

1 
1 
1 

1 
1 
1 

AP·268 

ACCESS FLAGS 
b b bib b b b b b b b 
10 9 8 7 6 5 4 3 2 1 0 

1 
1 

1 
1 

1 
1 . 

1 

1 
1 

1 
1 

11 
. 1 

5·88 

1 
, 1 

1 

1 1 
1 1 
1 1 
1 1 

1 
1 

Line 200 
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3.2 Object Descriptor Table: 

This table contains a 4-word object descriptor field for each object in the display. The table starts at the location 
specified by the OBTBA register, R7. This field specifies the base address of the object in the RAM, horizontal 
position, its width and other attributes. The descriptor fields for bit-map and character objects are shown in Figure 6. 

Bltmapped 

I I I I I 
N: ~urrent Objelct Entry Address N1S"j"NO HI 

1 1 1 1 1 1 
0: pbje?t Sase ~ddressl 01S-?0 

1 1 1 1 

W: O~jectr'idth 1 
1 1 1 I 

~: XO Coprdinatel 1 1 1 

o I 0 I 0 I 0 I C/S I R1 I RO I 0 I 017 I 016 I OBl I BLA I 0 I TOE I C1 I CO lO 

Character 

?: SIi~eNo'l I I I 
IN: Curr~nt Objlect EntfY Add~ess N11-NOI I I 

HI 

1 1 1 1 I· 
0: 09ject B~se Address ?1S-010 

I 1 I 1 

W: Object Width 
J ~ 1 L 

XlO Coprdinatr 
L J 1 

Y: Slice No. I C/B I R1 RO I CRS I PSE I FAD I OBl I BLA I HCR I TOE I C1 I CO lO 

Figure 6 

Objects are rectangular windows on the screen. The object data begins in the display RAM at the object base address 
specified in the object descriptor field. The length of the data file depends on the objects height, width and resolution. 
The width is specified in 4-word units by the "W" field. In this design a 4 bits/pixel specification is chosen. Hence, 
each 4-word unit represents 16 pixels. Objects 0 in Figure 4 is 6 x four word wide, that is 96 pixels wide. The object 
descriptor field and object data for each of the objects in Figure 4 are as follows: 

OBJECT 0 DESCRIPTOR FIELD 

Fill 75 Lines on the Screen with One Color 

CPU 
AD DR 

OAOOH 

OA02H 

OA04H 

OA06H 

DRAM 
WORD 
ADDR 

OOSOOH 

00S01H 

00S02H 

00503H 

CONTENTS 

0000011000000000 
C/B = 0 
R1RO = 11 
017,016 = 00 
OBl = 0 
BLA = 0 
TOE = 0 
C1CO = 00 
000110 0000000000 
WIDTH: 000110 

x 0000000000 

0001 0000 0000 0000 
Object base address 
0001 0000 0000 0000 
Current object entry 

S-89 

COMMENTS 

0600H 
Bit mapped object 
4 bits/pixel 
Object is in bank 0 
No blinking 
Object is not turned off 
Non transparent pixels 
Don't care for 4 bits/pixel 

6 four word wide 
= 96 pixels wide 
Object starts at the left 
edge of the screen 

01000H 

01000H 
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OBJECT DATA 

OBJECT 0 

OBJECT BASE ADDR = 01000H 
CPUADDR DRAM WORD ADDR PIXEL DATA 
2000H 01000 8888H Line 1 
2002H 01001 8888H 
2004H 01002 8888H 
2006H 01003 8888H 
2008H 01004 8888H 24 Words = 96 Pixels 

01005 8888H wide @ 4 bits/pixel 
01006 8888H 
01007 8888H 
01008 8888H 
01009 8888H 
0100A 8888H 
01008 8888H 
0100C 8888H 
01000 8888H 
0100E 8888H 
0100F 8888H 
01010 8888H 
01011 8888H 
01012 8888H 
01013 8888H 
01014 8888H 
01015 8888H 
01016 8888H 

202EH 01017 8888H End of Line 1 
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OBJECT 0 DATA 
CPUADDR 
2060H 

DRAM WORD ADDR 
01030H 

PIXEL DATA 
8888H 

2EOE 

OBJECT 1 DESCRIPTOR FIELD 
RECTANGLE 

CPU 
ADDR 

OA08H 

OAOAH 

OAOCH 
OAOEH 

'NOTE: 

DRAM 
WORD 
ADDR 

00504H 

00505H 

00506H 
00507H 

016FOH 
016F1H 
016F2H 
016F3H 
016F4H 
016F5H 
016F6H 
016F7H 
016F8H 
016F9H 
016FA 
016FB 
016FC 
016FD 
016FE 
016FG 
01700 
01701 
01702 
01703 
01704 
01705 
01706 
01707 

20 SCAN LINES/ 

16 PIXELS WIDE 

CONTENTS 

8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 

0000 0 11 00 0000 00 
C/B = 0 
R1RO = 11 
017,016 = 00 
OBl = 0 
BLA = 0 
TDE = 0 
C1CO = 00 
000001 0000010100 
WIDTH = 000001 

'X = 0000010100 
0001 0111 0000 1010 
0001 0111 0000 1010 

Line 3 

Line 75 

End of line 75 

COMMENTS 

0600H 
Bit Mapped Object 
4 Bits/Pixel 
Object in bank 0 
No Blinking 
Object is not turned off 
Non-transparent pixels 
Don't care 

1 Four word wide 
= 16 Pixels wide 
Objects starts at X = 20 
Object base addr 0170AH 
Current obj. entry 0170AH 

When HRS = 1, unit displacement in X direction moves the object by 2 pixels. Thus the object 1 will start at pixel number 
40. 
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OBJECT 1 DATA 
CPUADDR DRAM WORD ADDR PIXEL DATA 
2E14 . 01070H 7777H Line 1 

7777H 
7777H 
7777H 

0170EH 7777H Line 2 
0170FH 7777H Line 2 
01710H 7777H Line 2 
01711 H 7777H Line 2 

01756H 7777H . Line 20 
01757H 7777H 
01758H 7777H 

2EB2 01759H 7777H 

OBJECT 2 DESCRIPTOR FIELD 

HORIZONTAL 2 SCAN LINES/ 
240 PIXELS WIDE 

CPU 
DRAM 

ADDR 
WORD CONTENTS COMMENTS 
ADDR 

OA10H 00508H 0000 011 00 00 00 00 Same as obi 0 and obi 1 
OA12H 00509H 001111 00001 00 11 0 

WIDTH = 001111 15 four word wide 
= 250 pixels wide 

X = 38 
OA14H 0050AH 0001 0111 0110 0000 Obi base addr. 01760H 
OA16H 0050BH 0001 0111 0110 0000 Current obi entry 

= Obi base address (Initially) 
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OBJECT 2 DATA 
CPUADDR DRAM WORD ADDR PIXEL DATA 
2ECOH 01760H 5555H Line 1 

5555H 
5555H 
5555H 
5555H 
5555H 60 Words 

5555H 

0179C 5555H Line 2 
5555H 
5555H 

2FAEH 01707 5555H 

OBJECT 3 DESCRIPTOR FIELD 

TEXT 

CPU DRAM 

ADDR WORD 
ADDR 

OA18 0050CH 

OA1A 0050DH 

OA1C 0050EH 
OA1FH 0050FH 

50 SCAN LlNES/ 
16 CHARACTERS WIDE 

CONTENTS 

1010 1 10 0 0 0 0 0 0 100 
Y: Slice No. = 1010 
C/B = 1 
R1RO = 10 
CAS = 0 
PSE = 0 
FAD = 0 
OBL = 0 
BLA = 0 
HCR = 0 
TOE = 1 
CICO = 00 
000010 0001010000 
WIDTH = 000010 

X = 0001010000 
0001 0111 1101 1010 
0001 0111 1101 1010 
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COMMENTS 

Start Slice Number 
Character Object 
8 Pixels/Character 
Character Generator 0 
Monospace Characters 
1 Byte/Character 
No blinking 
Object is not turned off 
Don't care 
Transparent pixels 
Default color bits 

2 four word wide 
= 16 characters wide 
Object starts at X = 80 
Object Base Address 017DAH 
Current Object Entry 017DAH 
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OBJECT 3 DATA 
CPUADDR DRAMADDR ASCII CODE 

2FB4 0170A 5620 Line 1 
0170B 4449 
0170C 4F45 
01700 5320 
0170E 4F54 
0170F 4152 
017EO 4547 
017E1 2020 

2FC4 017E2 2020 Line 2 
017E3 2020 

2020 
4E41 
2044 
2020 
2020 
2020 

2F04 017EA 4420 Line 3 
5349 
4C50 
5941 
4420 
5645 
4359 
2045 

2FE4 017F2 2020 Line 4 
2020 
2020 
2020 
3238 
3137 
2036 
2020 

2FF4 017FA 2020 Line 5 
2020 
2020 
4E49 
4554 
2Q4C 
2020 
2020 
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CHARACTER GENERATOR 0 

The pixel data for characters are stored in one of 2 
character generators in the display RAM. Character 
generator 0 is used in this design. The base address of 
character generator 0 as obtained from RIO, is 02000H 
in bank o. Character height as defined in RI is 10 scan 
lines. The character set 0 consists of 10 blocks of 256 
words each. Block No. I contains the 1st slice of each 
of 256 characters, block 2 has the 2nd slice of all the 
256 characters and so on. In this example, 26 alphabets 
and 10 numerals are defined. The VSDD addresses 

R BASE ADD 
'256· H 

BASE AODR : 

RIO 

CHAR GEN 1 

SLICE 
H-l 

0 
0 

0 

SLICE 
2 

SLICE 
1 

SLICE 
0 

REGISTER SEGMENT 

I---L+..L...-f 

~ 

ASCII 
CODE 

t SLICE NO. 

character generator as shown in Figure 7. Individual 
slices are addressed by concatenating the four bits of 
the character generator base address with the slice 
number Z and the ASCII code itself. Slice number 0 is 
the bottom scan line' for the character and slice number 
H-I is the top line. Each slice is encoded as a sequence 
of pixel bits. If a pixel bit is I, then the pixel is given the 
foreground color. If the bit is 0, the pixel is displayed in 
background color. This is shown in Figure 8. 

Figure 9 shows how the pixels are encoded for charac
ter "F" (ASCII code, = 46H). 

CHAR GEN 0 

BASE ADDR 
256· H t------I 

BASE ADDR 
256·H 

BASE ADDR: 

SLICE 
H-l 

SLICE 
2 

SLICE 
1 

SLICE 
0 

SLICE 
INfORMATION 

] 
256 WORDS 
(ONE fOR EACH 
ASCII CODE) 

OBJECT 1 
t-------I DESCRIPTOR 

H 
CHARACTER 

HEIGHT 

I-------i DATA 

Figure 7. Addressing Character Slices 
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OBJECT 1 
DESCRIPTOR SLICE WORD 

~ 
l ...... __ --.. 

}. 

a) FAD = 0 
Cl CO 0 O-BGND Color 
Cl CO 0 1-FGND Color 

AP-268 

\. TO PIXEL 
PROCESSOR 

231679-5 

BGND 

b) FAD ;= 1 

Figure 8. Character Generator Pixel Construction 

DRAM 
PIXEL BITS CPU 

ADDRESS ADDRESS 
P7 P6 P5 P4 P3 P2 P1 PO 

SLICE 9 02946H 00000000' 0 0 0 0 0 0 0 0 0528CH 
02846H 00000000 0 1 1 1 1 0 0508CH 
02746H 00000000 0 0 0 0 0 0 04E8CH 
02646H 00000000 0 0 0 0 0 0 04C8CH 
02546H 00000000 0 0 0 1 1 0 04A8CH 
02446H 00000000 0 0 0 0 0 0 0488CH 
02346H 00000000 0 0 0 0 0 0 0468CH 
02246H OOOOOPOO 0 0 0 0 0 1 1 0 0448CH 
02146H 00000000 0 .0 0 0 0 0 0 0 0428CH 

SLICE 0 02046H 00000000 0 0 0 0 0 0 0 0 0408CH 
Character Width = 8 Pixels 
Character Height = 10 Scan Lines 

Character Generator Base Address = 02000H 

NOTE: 
ThE1leftmost pixel corresponds to the LSB in the slice word. 

I Figure 9. Bit Storage for Character "F" 

231679-6 . 

HEX DUMP 

OOOOH 
007EH 
0006H 
0006H 
001EH 
0006H 
0006H 
0006H 
OOOOH 
OOOOH 

.The 80186 used in this design is resident on a single the SDV-186 board and the VSDD are shown on the 
board computer known as SDV-186 board. This board following pages. The CPU address space from 
is available from Red River Technology, Inc. in Addi- 60000H-6FFFFH is used for 64K data window. This 
son, Texas. The VSDD board is connected to the 186 data window maps onto the data segment in the 
board via expansion connectors. The memory maps for VSDD's memory space. 
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CPUADDR 
60000 

6001E 

60020 

601BOH 

6022A 

602FE 

60300 

6031E 

60320 

603FE 

60AOO 

60A18 

61FFE 

62000 

63FFE 

64000 

65FFE 

66000 

67FFE 

68000 

AP·268 

VSDD MEMORY MAP 

RO 

CONTROL REGISTERS 

R15 

SCAN LINE 0 FLAGS 

ACCESS TABLE 

SCAN LINE 200 FLAGS 

BLANK 

COLOR 0000 

COLOR LOOKUP TABLE 

COLOR 1111 

BLANK 

OBJECT DESCRIPTOR 
TABLE 

BLANK 

OBJECT DATA 

CHARGENO 

CHARGEN 1 

BLANK 

5-97 

VSDD DRAM ADDR 
00000 

OOOOFH 

00180H 

00500H 

01000H 

02000H 

03000H 



inter 

00000H-003FFH 

00400H-0076FH 

00770H-007FFH 

00800H-00FFFH 

01 000H-1 FFFFH 

20000H-3FFFFH 

40000H-4FFFFH 

50000H-5FFFFH 

60000H-6FFFFH 

70000H-7FFFFH 

80000H-FBFFFH 

FCOOOH-FFFFFH 

AP-268 

Memory Map of the SDV·186 Board 

INTERRUPT VECTORS 

PROGRAM DATA 

STACK 

MEMORY 

VACANT 

VACANT 

64-KMEMORY 

64-KMEMORY 

64-K MEMORY (VACANT) 

64-K MEMORY (VACANT) 

VACANT 

MONITOR CODE 

5-98 

LCSI 

MCSOI 

MCS11 

MCS21 

MCS31 

UCSI 
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APPENDIX A 
PROGRAMMING HORIZONTAL AND VERTICAL 

CONSTANTS FOR IBM MONITOR 

The constants will be programmed for a resolution of 400 x 200 at 60 Hz, non-interlaced lJlode. 

60 Hz gives a frame period of 16.67 IDS. 

For IBM Color Monitor, vertical blanking = 3 IDS. 

Active Vertical zone = 16.67 - 3 = 13.67 ms. 

There are 200 lines in one frame. 

L· T' 13.67 68 35 Ine Ime = 200 = . ","s 

Horizontal Blanking = 18 "'"S 

Active Horizontal zone = 68.35 - 16 

= 52.35 "'"S 

1 
Horizontal Sync Frequency = Line Time 

1 
=-

68.35 

= 14.6 kHz 

Pixel CLOCK PERIOD = Active horizontal time 
no. of pixels/scan line 

= 52:!,...s = 130.1 ns 

1 
PIXEL CLOCK = -- = 7.7 MHz 

130.1 

We will use a pixel CLK of 8 mHz. As EVC = 0, System CLK is also 8 MHz. 

Horizontal Blanking for the monitor = 16 JA-s. 

This blanking time includes the front porch, sync width and the back porch. 
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RASTER TIMINGS 

HSYNC ----, i LJi 

(VSYNC) L...J HCO 

HC3 
1+-------(YC3)-------I . 

- I-- (VCO) J L 
(A~~~ __ + __ ..... Ir--------....... I-FP BP-lr----

_/(~g:)--I LBLANKING I 
t---=-----'---- HC2 _____ -10 1 TIME --l 

(VC2) 

HORIZONTAL CONSTANTS 

For IBM color monitor, Hsync width = 4 j.Ls 

Horizontal blanking = 16IJ.s 

Assume: 

BP = 6IJ.s 

HCO=4IJ.s 

HC1 = 4 + 6 = 10 IJ.s 

HC2 = Active Horizontal Time + HC1 

= 52.3 + 10 = 62.31J.s 

HC3 = Line Time = 68.3 IJ.s 

For 8 MHz Video Clock, the period is 125 ns. 

NOW, PSA = 0 

GCLK PERIOD = 16 x 125 = 2000 ns 
= 2IJ.s 

HCO - HC3 are programmed in terms of GCLK 

HCO = 2 GCLK PERIODS = 4 IJ.s 

HCO = 000001B 

NOTE: 
HCO-HC3 and VCO-VC3 values are offset by 1, i.e. 
if HCO is 2, then time programmed is 3 GCLK peri
ods. HC2 and HC3 had to be tweeked to obtain a 
steady display on the screen. The following values give 
a flicker-free display. 

HC1 = 10 IJ.s = 5 GCLK Periods 

HC1 = 000100B 

HC2 = 60 IJ.s = 30 GCLK Periods 

HC2 = 011101B 

HC3 = 66 IJ.s = 33 GCLK Periods 

HC3 = 100000B 

VERTICAL CONSTANTS 

Vertical Blanking = 3 ms 

Line Time = 33 GCLK Periods 

For IBM Monitor 

VCO = VSYNC Width = 198 IJ.s 

= 3 Line times 

VCO = 0000000010B 

Assume, FP = 0.5 ms 

BP = 2.3 ms 

VC1 = VCO + BP 

231679-7 

= .0.198 + 2.3 = 2.5 ms = 37 Line times 

VC1 = 0000100100B 

VC2 = Active vertical time + VC1 

= 13.67 + 2.5 = 16.17 ms = 237 Lines time 

VC2 ~ 0011101100 

VC3 = Vertical sweep rate = 16.67 ms = 245 Line times 

vea = 0011110100 
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APPENDIX B. 
CHARACTER GENERATOR 0 ., 

.~" , 

This character set is located in the VSDD's DRAM in bank o. It starts at O2OOOH. 26 alphabets, 10 numerals and a 
blank space are defined here. The ASCII code for the characters are as follows: 

CHARACTER ASCII NUMERALS ASCII CODE 
A 41H 0 30H 
B 42H 1 31H 
C 43H 2 32H. 
D 44H 3 3;3H 
E 45H 4 34H 
F 46H 5 35H 
G 47H 6 36H 
H 48H 7 37H 
I 49H 8 3QH 
J 4AH 9 39H 
K 4BH 
L 4CH 
M 4DH 
N 4EH 
o 4FH 
P 50H 
Q 51H 
R 52H 
S 53H 
T 54H 
U 55H 
V 56H 
W 57H 
X 58H 
Y 59H 
Z 5AH 

BLANK SPACE 20H 

The character set has 10 blocks of 256 words each. All the locations except those COrre8tKIDding to above 37 
characters are blank in the display RAM. They are programmed with O's. The 'hex dump for the characters is as 
follows: . . 
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SLICE 0 SLICE 1 SLICE 2 

DRAM HEX DRAM HEX. DRAM HEX CHARACTER LOCATION DUMP LOCATION DUMP LOCATION DUMP 
2020H OOOOOH 2120H OOOOOH 2220H OOOOOH 8LANKSPACE 
2030 0000 2130 0000 2230 003C 0 
2031 0000 2131 0000 2231 007E 1 
2032 0000 2132 0000 2232 007E 2 
2033 0000 2133 0000 2233 003C 3 
2034 0000 2134 0000 ' 2234 0060 4 
2035 0000 2135 0000 2235 003C 5 
2036 0000 2136 0000 2236 003C 6 
2037 0000 2137 ciooo 2237 0018 7 
2038 0000 2138 0000 2238 003C 8 
2039 0000 2139 0000 2239 003C 9 

.2041 0000 2141 0000 2241 0066 A 
2042 0000 2142 0000 2242 003E 8 
2043 0000 2143 0000 2243 0038 C 
2044 0000 2144 0000 2244 001E D 
2045 0000 2145 0000 2245 007E E 
2046 0000 2146 0000 2246 0006 F 
2047 0000 2147 0000 2247 0038 G 
2048 0000 2148 0000 2248 0066 H 
2049 0000 2149 0000 2249 003C I 
204A 0000 214A 0000 224A 003C J 
2048 0000 2148 0000 2248 0066 K 
204C 0000 214C 0000 224C 007E L 
204D 0000 214D 0000 224D 0066 M 
204E 0000 214E 0000 224E 0046 N 
204F 0000 214F 0000 224F 003C 0 
2050 0000 2150 0000 2250 OOOC P 
2051 0000 2151 0000 2251 007C Q 

2052 0000 2152 0000 2252 0066 R 
2053 0000 2153 0000 2253 003C S 
2054 0000 2154 0000 2254 0018 T 
2055 0000 2155 0000 2255 003C U 
2056 0000 2156 0000 2256 0018 V 
2057 0000 2157 0000 2257 003C W 
2058 0000 2158 0000 2258 0066 X 
2059 0000 2159 0000 2259 0018 Y 
205A 0000 215A 0000 225A 007E Z 
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SLICE 3 SLICE 4 . SLICE 5 
DRAM HEX DRAM HEX DRAM HEX CHARACTER LOCATION DUMP LOCATION DUMp· LOCATION DUMP 

2320H OOOOH 2420H OOOOH 2520H OOOOH SPACE 
2330 0066 2430 0066 2530 006E 0 
2331 0018 2431 0018 2531 0018 1 
2332 0006 2432 OOOC 2532 0030 2 
2333 0066 2433 0060 . 2533 0038 3 
2334 0060 2434 007E 2534 0066 4 
2335 0066 2435 0060 2535 0060 5 
2336 0066 2436 0066 2536 003E 6 
2337 0018· 2437 0018 2537 0018 7 
2338 0066 2438 0066 2538 003C 8' 
2339 0066 2439 0060 2539 007C 9 
2341 0066 2441 007E 2541 0066 A 
2342 0066 2442 0066 2542 003E 8 
2343 006C 2443 0006 2543 0006 C 
2344 0036 2444 0066 2544 0066 0 
2345 0006 2445 0006 2545 001E E 
2346 0006 2446 0006 2546 001E F 
2347 006C 2447 0046 2547 0066 G 
2348 0066 2448 0066 2548 007E H 
2349 0018 2449 0018 2549 0018 I 
234A 0066 244A 0060 254A 0060 J 
2348 0036 2448 OOOE 2548 0006 K 
234C 007E 244C 0006 254C 0006 L 
2340 0066 2440 0066 2540 0066 M 
234E 0066· 244E 0076 254E 007E N 
234F 0066 244F 0066 254F 0066 0 
2350 0006 2450 0006 2550 003E P 
2351 0026 2451 0036 2551 0066 Q 
2352 0036 2452 001E 2552 003E R 
2353 0066 2453 0060 2553 003C S 
2354 0018 2454 0018 2554 0018 T 
2355 0066 2455 0066 2555 0066 U 
2356 0018 2456 003E 2556 0024 V 
2357 007E 2457 005A 2557 005A W 
2358 0066 2458 003e 2558 0018 X 
2359 0018 2459 0018 2559 003C Y 
235A 0006 245A OOOC 255A 0018 Z 
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SLICE 6 SLICE 7 1,- ",_ SLlCE8 
DRAM HEX DRAM· HEX DRAM HEX CHARACTER LOCATION DUMP LOCATION' DUMP LOCATION., DUMP , 

2620H OOOOH 2720H OOOOH .. 2820H OOOOH SPACE 
2630 0076 2730 0066 2830 003C 0 
2631 001C 2731 0018 2831 0018 1 
2632 0060 2732 0066 2832 003C 2 
2633 0060 2733 0066 2833 003e 3 
2634 0078 2734 0070 2834 0060 4 
2635 003E 2735 0002 - 2835 007E 5 
2636 0006 2736 0066 2836 003C 6 
2637 0030 : 2737 0066 2837 007E 7 
2638' 0066 2738 0066. 2838 003C 8 
2639 0066 2739 0066 2839 0030 9 
2641 003C 2741 003C 2841 0018 .- A 
2642 0066 2742 0066 2842 003E 8 
2643 0006 2743 006C 2843 0038 C 
2644 0066 2744 0036 2844 001E 0 
2645 0006 2745 0006 2845 007E E 
2646 0006 2746 0006 2846 007E F 
2647 0006 2747 006C 2847 0038 G 
2648 0066 2748 0066 2848 0066 H 
2649 0018 2749 0018 2849 003C I 
264A 0060 274A 0060 284A 007Q J 
2648 OOOE 2748 0036· 2848 0066 K 
264C 0006· 274C 0006 284C 0006 L 
2640 007E 2740 0066 . 2840 0024 M 
264E 006E 274E 0066 284E 0062 . N 
264F 0066 274F 0066 284F 003e 0 
2650 0066 2750 0066 2850 003E. P 
2651 0066 2751 0066 2851 003C Q 

2652 0066 2752 0066 2852 003E R 
2653 0006 2753 0066 2853 . . .. 003C S 
2654 0018 2754 0018 2854 0071;: T 
2655 0066 2755 0066 2855 0066 . U 
2656 0066 2756 0042 2856 0042 V 
2657 0042 2757 0042 2857 0042 W 
2658 003C 2758 0066 2858 0066 X 
2659 003C 2759 0066 2859 0066 y 

265A 0030 . 275A 0060 285A 007E Z 
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SLICE 9 

DRAM HEX . Ct!.ARACTER LOCATION DUMP 

2920H OMOH SPACE 
2930 0000 0 
2931 0000 1 
2932 0000 2 
2933 0000 3 
2934 0000 4 
2935 0000 5 
2936 0000 6 
2937 0000 7 
2938 0000 8 
2939 0000 9 
2941 0000 A 
2942 0000 B 
2943 0000 C 
2944 0000 0 
2945 0000 E 
2946 0000 .F 
2947 0000 G 
2948 0000 H 
2949 0000 I 
294A 0000 J 
294B 0000 K 
294C 0000 L 
2940 0000 M 
294E 0000 N 
294F 0000 ·0 
2950 0000 P 
2951 0000 Q 

2952 0000 R 
2953 0000 S 
2954 0000 T 
2955 0000 U 
2956 0000 V 
2957 0000 W 
2958 0000 X 
2959 0000 Y 
295A 0000 Z 
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APPENDIX e 
ANALOG OPERATION 

In the example described in the application note. digital video outputs were used. 

For analog operation, DEI (digitally encOc:ted color information) bit in register RO is set to O. The on-chip color look 
table (CLUT) is loaded with 16 entries from the external DRAM. These 16 words of data are stored in the memory 
starting at color look up table base address. (Register R9). Each entry is 16 bits long-with lowest 4 bits specifying 
the address of the entry in the CLUT and upper 12 bits specifying .the color as shown in Figure 10. Four bit pixel 
code is used to address the CLUT. The pixel code is matched with the lowest four bits of the CLUT RAM and the 
pixel is given the color specified by the upper 12 bits. The address entries need not be sequential from 0-15 but they 
can be random. The color corresponding to address 0010 in the CLUT is reserved for the background color. 

16 

IN THE 'DRAW 

ON CHIP 
COLOR lOOK UP TABlE(ClUT) 

-4-4-4-

• • • • 
• • • • 

tCOlOR 

ENTRY ADDR ESS 
I-

STARTING AT COLOR I I lOOK UP TABLE R3 R2 Rl RO:G3 G2 Gl 00:B3 B2 Bl BO:A3 A2 AI AO 
BASE ADDRESS (R9) 

R3-RO: Red color component 
G3-GO: Green color component 
B3-80: Blue color component 
A3-AO: Entry address 

-----12 BITS-----. -4 BITS-

Figure 10. Filling the CLUT 

5-106 

231679-8 



inter Ap·268 

The color look up table outputs-4 bitslcolor-drive 3 
internal DACs (digital-to-analog converter). ROB sig
nals are generated by the DACs. An externally supplied 
reference voltage (VREF) is used to drive the DACs. 
The value of VREF should be between 0 and 2V. As 
D~Cs have high output resistance, external analog 
buffers are used to interface them to low input resist
ance monitors as shown in Figure 11. 

5-107 

ANALOG 
SIGNAL 

FROM 82716 
R, G, OR 8 

+5V 

3M TO 75.0. 
~""V\""".MONITOR 

INPUT 
101m 

231679-9 

Figure 11. Buffering 82716 Analog Output 
to Low Input Resistance Monitor 
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APPENDIX· 0 
CLOCKING SCHEMES 

The VSDD uses two c~ock signals: system clock and 
video clock. The video clock can be derived from the 
system clock or may be external. 

The system clock is generated by an internal oscillator 
using an external crystal at XTALIN and XTALOUT 
pins. The crystal frequency can be between 5 MHz and 
15 MHz. 

XTALIN 

An external clock may also be fed to the XTALIN pin 
(instClad of using a crystal). For example, CLKOUT pin 
of 80186 can be used to drive the VSDD system clock. 

If an independent video (dot) clock is desired (EVC = 
1) CKIO is used to input this clock. Maximum video 
clock frequency can be 25 MHz. EVC should be set to 
zero if video clock is derived from system clock. 

Figure 12 explains various clocking schemes. 

VIDEO 
CLOCK 

231679-10 

(a) VSDD Timing Unit 

Cl 

82716 
VSDD 

~ 
... 1 ~""'-I XTALIN 

C~I + XTALOUT 

(b) With Crystal 

231679-11 

EXTERNAL 

82716 
VSDD 

OSCiLLATOR ...... XTALIN 
SIGNAL 

NC- XTALOUT 

(c) With External Clock 
Figure 12. Clocking Schemes 
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Y1 ..... 
i! 

~/~ ~ ADO ADD 

~ ADI ADI ~28 AD2 ~ AD2 

AD3 ~ ADS :: ~ AD4 AD4 

~ 25 
ADS ADS B 

ADS ~ ADS 
2 8 61 

AD7 

~ 
AD7 WEI 

62 
ADS ADS HAS/ 
~ 84 

AD9 AD9 CASH/ 
63 

ADl0 ~ ADl0 CAS!./ 
ADll ~ ADll 59 10 0/ 
AD12 ~ AD12 ADDRO A7 

58 6 
~ ADRRI 7 A6 AD13 AD13 57 

AD14 ~ AD14 ADRR2 8 A5 56 .!...........!! ADRR~ M AD15 AD1S 55 11 
ADRR4 12 A5 

~ 82716 
54 

1ICS2/ A16 ADRR5 1~ A2 5~ VSDO ADRR6 AI 
52 14 

ADRR7 AD 4484-15 
NO 88 !!.. 
~~ aao ADRR6 

~....;;.;, 

PLLCIL U 17 
OLD DD4 

N~ ~ 15 
¥PEr Oll ~-NO~ 38 
CTO DL2 2 D02 

~7 
~ DOl 

BltE/ ~ BltE/ 38 
Ol4 

RD/ ~ AD/ DL5 38 

~ 
40 

WR/ WA/ 
. 

Ol6 41 

ALE ~ ALE Ol7 

DHO 42 
< 4-4 

~ 
DIll 

45 
RESET RESET D112 

~ 48 
ROY ROY DH~ 

47 
D114 

66 48 

~ 
XTAUN D115 

49 
D116 

XTALOUT 
50 

CLkOUT D117 

J J 
G/ G/ 

7424-4 

- A7 

- AS 

- A5 

- M 

- A5 

- A2 

- AI. 

- AD 

DD4 -D02 

DOl 

* 

OJ 

t-PIND 
CONNECTOR 

1 

~ .. ~ 
iT' ~ 
~ HS'/NC 
I*( 

• ~ INTENSITY 
'T--RED 

T- GREEN 

!!5 BLUE 

,. 

I I 
r-- A7 

0/ -
r-- A8. ....... 
~ A5 -:'--' 
~ M ,....-
r-- A5 . ,....-

.. r-- A2. -r-- AI -
r-- AD ,...-

4484-15 

......... 15 

DD4 

DO~ 

D02 

DOl 

TO IBII PC 
1lPE COLOR 
IIONITOR 

1*. 

If 
A7 

0/ 
A6 . 

A5 

M 
A5 

, 

A2 

AI 

AD 

4484-15 

DD4 -D02 

DOl 
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If ... ..... 
0 

SERIFC:-; U 8086/87/88/18" I1ACRO ASSEMBLER V2.0 ASSEMBLY OF MODULE VSDD-.plCllJllr
OD ... IL':. ~~dDULE PLACED IN : ~J. APPSOF. OB"" 
ASSEMBlf P INVOKED BY AoM86 86 :F3·APPSOF.ASM 

LOC 01)·' 

0001 
,it-10M. 

607;> 

6073 
-.' 

A414 

0006 

0140· 

8000 

0000 

LINE. SOURCE 

1 +1 Smodl86 
2· +1 .xref 
3 
4 name vsdd-picture 
5 
6 
7 
8 
9 

iA routine to displa •• sl.ple picture on tb._~ispl.V 
3 bit-map and 1 character obJects .'1". di.plaved. 

10 
'11 
12 
13 
14 
1~ 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
:31 
32 
33 
34 
35 
~ 
37 
3B 
39 
40 
41 
42 
43 
44 
4~ 
46 
47' 
48 
49 
50 

l this 1"out:ine also sholils bOlll to Move ... indo .... 

UCF equ 
DEN ectu 

1"0_1".. equ 

rO_up equ 
TO_dis, equ 

1"1_d equ 

r2_d .... u 

1"3_d equ 

,..4_' equ 

r:"_d equ 

1h 
8h 

6072h 

;updat. cantrol *1 ... 
J disp1., enule bit-
1 initial value 0* RO •• te,.. re •• t 
J •• It Ot 1 dutv eve 1. 50 percent 
; 00000 blint rat. 7.:Mi1 

011 64 .. 4 DRAMS 
; 1 HRS 640 pixel.s./lln. 
; 0 DEN· disp1aV is disabled 
; 0 SAB f •• t DRAftS 

1 DEI 'Digital videa outputs 
o UCF No r.g'ste,.. update 

(rO_res DR UCf:) ; •• t the UCF II i t 
(1"0_"'85 OR UCf OR DEN) ; •• t the DEN bit 

0A414h 

OOObh 

OI40b 

8000h 

OOOOh 

J 1010 charact.r h.ight 10 scan lin •• 
I 0 ,IN- non int .... la,cad aada 

t MS Y6YNK. HSYNC are output. 
I 0 ~ 'Non co.pasit. sunc .od. 
i 00 T19I TtIS t,lIfin .ode is tl1 .... 1 •• 
j 0 dont c.r. ~it 

,0 eve CKID ~s o~t,ut, vid.o cllr ts 
d.rived "rD. XTALIN 
1 PC~ ,Tioritv caunt.? .n.~l •• 

I' 0 F~ u •• RDY •• READY ai.nal 
liRE CPU can ...... tha DR~ 

o PSA 1ICu<. - 1/"16. IT ...... IN 
i 0 PRE di •• bl. pip.line r •• d 

I ragist.,. .. indow .. a ••• dd1' is OOOOh 
• 11 TF2 TFI digital pi .. l cod •• 
I O)IE no ""'lin 

d.ta win_a. b ••• add,.. is OOOOh 
rigbt .~.a 0" the .c",a.n t •• t 

J It - 327 

i data window len.th 64k but •• 

i date ••••• nt b ••• addr i. OOOOh 
not. d.ta ••••• nt and .... ist .... 

231679-14 
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Loe OBJ 

vuJA 

O~':'O 

,i·).t.0 

OlBO 

jQ;'~ 

0010 

0402 

!O2-4 

74EC 

Y: 1lOF4 

0000 (I 
~") ... ? 
) 

0002 <1 
???? 
) 

0004 (1 
??-i? 
) 

0006 (1 
7":""" 
) 

OOOB <1 
""'"?.-,.? 

OOOA (I 
?n? 
I 

OOOC (1 
??"!? 
) 

OOOE (1 

LINE 

:;1 
:;;,1 

53 
54 
'55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
BO 
Bl 
B2 
B3 
B4 

85 

B6 

87 

BB 

89 

90 

91 

SOURCE l 
; seg •• nt overlap. In the ove.,.l.pp.d 
J ~.giDn 1".giste1" ••••• nt will 
; ove"WY"ite the dat41 ••••• nt 

, 00 BBI BBO b.nk 0 

"6_d ell" OOOAh J CPU is .110 •• d 10 .cc ••••• during .ach 
line building proc •••. 

.,.7_d e'l" 0500h J obJect d •• criptol" tabl. start. at 
0500h In b.nk 0 

... 8_d ell" OOlOh acc ••• table at OOlOb 

1"9_d 8'1" OlBOh J colo,. look up tabl. b ••• add'l" 

... 10_d ell" 0023h ch ...... nO .1; 200Gb 
J char gen1 at 300Gh 

,.11_d ell" OOlOh 

,.12_d e'l" 0402h J IICO.YCO 

,.13_d 81(" 10:?4h J HCl,YCl 

,.14_d 81(" 74ECh J ffC2,VCiil: 

,.15_d -Il" BOF4h J HC3,YC3 

J allocate ••• 0'1", '01" .,.e.iste'l" and data seg •• nt. I 
video_vadd ••••• nt .t 6000H 

rO_v d. "u,(?) 

1"l_v dw "upl?) 

r2_v d. "upl?) 

r3_v. d. dupl?) 

1!4_y d. ,.,I?) 

'I"5_v d. dupe?) 

r6_v d. du~(?) 

T'7_v d. "up(?) 
231679-15 



LOC OD.) LINE SOURCE I l 
?~)-. , 

0010 (I 92 
???? 

rB_v d .. dupe?) 

0012 (1 93 r9_v dOl dupl?) 

) 

0014 11 94 ... 10_v d .. dupl?) 
??'?? 
) 

001& <1 95 1'11_v d .. -dupe?) 
?"?? 
) 

0018 (1 96 
???? 

r12_Y d .. dupl?! 

) 

00IA (1 97 
???? 

r13_v d .. dupl?) 

) 

00lC II .98 r14_v d .. dupl?) 
???? 
) 

00lE (1 9fI ,.15_v dOl dupe?) 
???? :. 

Cf' 100 'V .. .- 0020 101 o .. g 020h ~ .-
0020 1512 102 oat._v dw 512 dup I?) JObJect Ace ••• T.ble( ... length) G) I\) 

CD ???? 

103 
104 i powe,. up locations o. N··pj st.1"S 

0400 105 0". 400h 
0400 (1 106 irO_v d .. dup (?) 

???? 
) 

0402 (1 107 irl_v d .. dupl?) 
???? 
) 

0404 (1 108 ir2_v d .. dupl?) 
???? 
) 

040& (1 109 i,.3_v dOd dup I?) 
???? 
) 

O4OB C1 110 ir4_v d .. dupe?) 
???'? 
) 

040A C1 111 iT"~_v dOl dupl?) 
???? 
) 

040C C1 112 iT'6_v d .. du,(?) 
???? 
) 
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Lac OBJ LINE SOURCE I ( 040E (\ 113 l,r7_v d .. dupC?) 

) 

04\0 (\ 114 il'S __ v do. dupC?) 
?-:>~,: 

0'il2 (1 115 
???? 

i1''i'_Y dw dup(?) 

) 

0414 ,<1 116 
?,,??? 

il'lO_v dOl dupe'?) 

) 

0416 (I 117 il'11_v d .. dupC?) 
???? 
) 

041B (I 118 i1'12_v d .. dupe?) 
7??? 
) 

041A (1 119 
'???? 

i1'13_v d .. dupC?) 

) 

041C CI 120 iTt4_v d .. dupC?) 
???? 
) 

041E (1 121 it'15_v do. dup(?) 
3> 

~ 
???? 

." 
0300 122 o"g 300H ~ ..... 
0300 (16 123 clut_v d .. 16 dupC?) i colour lookup .... 1. G) c.:I 

at ???? 

OAOO 124 o"g 01l00H 
OAGO (4 125 odtO_v d. 4 dupC?) JObJec. descriptor tabl. 

???? 
) 

OA08 (4 126 odtl_v d" 4 dupe?) 
??",? 
) 

OAIO (4 127 odt2_v d .. 4 dupC?) 
???? 
) 

01118 (4 128 odt3_v do. 4 dupe?) 
???? 

129 
2000 130 o"g 2OO0H J 3. 6K byt •• 
2000 (1000 131 obJect_O_v d .. IBOO dupe?) .4 bih/plxel 75<096 bit _pp.d 

7?"'? 
) 

2EI4 132 o,.g 2E14H 
2E14 (BO 133 obJect_l_v d", 00 dupe?) 

???? 

2ECO 134 o"g 2ECOH 
2ECO (120 13~ obJect_2_v do. 120 dupe?) 
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Lot DB'} LINE SOURCE I l '??",)""J 

2FB4 136 org 0!FB4H 
OlFB4 (100 137 obJect_3_v d .. 100 dupe?) ..,...,.,." 

4000 138 org 04000H ,Character e.n.rator 0 
4000 1256 139 egO_,1 tce_O_y d .. 256 dupl?) 

???? 
) 

40!00 1256 140 cgO_slice_l_v d .. 256 tlupl?) 
???? 
) 

4400 1256 141 cgO_sltceJl_v d .. 256 dupe?) 
???? 
) 

4600 1256 142 cgO_sUu-.3_v d .. 256 dupe?) 
???? 
) 

4800 1256 143 cgO_slice_4_v .... 256 dupe?) 
???? 
) 

4AOO 1256 144 cgO_slice_3_v .... 256 tlupl?) 
???? 
) 

I I 
~ 4C00 1256 145 cgO_sl1ceJ_v .... 256 du,e?) 

Y' ???? 'P ..... ) N ~ 
4E00 1256 146 egO_.l1c8_7 _v d .. 256 dupe?) I: ".. 

???? 
) 

lIOOO 1256 147 cgO_.liceJJ_v d .. 256 .. up I?) 
???? 
) 

5200 1256 148 cgO_slice_9_v .... 256 dupe?) 
???? 
) 

5400 1256 149 cgO_.lice_l0_v d .. 256 dupe?) 
???? 
) 

5600 1256 150 cgO_.lice_l1_Y d .. 256 dupe?) 
??'?7 
) 

lIBOO 1256 151 cgo_.1 ice_12_v d .. 256 dupe?) 
???? 
) 

lIAOO 1256 152 cgO_.1 ice_13_v .... 256 dupe?) 
???? 
) 

5C00 1256 153 cgO_slice_14_v d .. 256 dupe?) 
???? 
) 

5E09 1256 154 cgO_.lice_15_Y .... 256 elup(?) 
???? 
) 
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LOC OBJ 

0000 20564944454F20 
53544F52414745 
2020 

0010 2020202020414£ 
44202020202020 
2020 

0020 20444953504C41 
59204445564943 
4520 

0030 20202020383237 
31362020202020 
2020 

0040 20202020494£54 
454C0920202020 
20 

OO4F 3C 
0050 7E 
00:11 7E 
0052 3C 
005360 
0054 3C 
00553C 
0056 18 
00573C 
0058 3C 
0059 66 
OOSA 18 
0058 06 
OO:;C 66 
005D 60 
005£ 66 
005F 66 
0060 18 
0061 66 
0062 66 

LINE 

15:1 
156 
157 
158 
159 
160 
161 

162 
163 

164 
165 

166 
167 

168 
169 

170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

181 

182 

183 

SOURCE 

video_vsdd ends 

video_dat. seg.ent 

ob Ject_3_d .. ta 

Oat. fa,. char.ct.,. .en.,..to1" 0 
Cha,.act.,.. are 10 scan line. high 
Slice .0,1 and 9.,. ••• ptUtO'.) 
26 alphabets and 10 nuab.,. •• ,.. ~.'ined 

5ltce in'or .. tion fa? 10 nuabe ... s 

nUflb.rs_data db 

db 

db 

db 

l 
db , VIDEO !lTllRACIE 

db lIND 

db , DISPLAY DEVICE ' 

db 82716 

db INTEL 

:.-

i 
XII. 7Elh 7Eb. 3Ch, 60b J slice a 

3C1" 3Ch. 18b, 3CII. 3th 

66h. lBh. 06'" 6611. 60h f slic. 3 

66h. 66h. lBI" "II. 6611 
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l 
db 66h. 18h, OCh. 60b. 7E1t J slic. 4 

LOC DB,) LINE SOURCE 

gg:; t~ 184 

0065 OC 
0066 60 
0067 7E 
0068 60 185 db 60h. 66h. 18h. 66h. bOh 
o06'i1 66 
oObA 18 
006B 66 
006C bO 
OObD 6E 186 db 
006£ 18 

6£h. 18h. 3O'h 38'h 661t I slic. 5 

00bF 30 
00703B 
0071 66 
OQ7260 187 db bOh. 3Eh. ISh. 3Ch. 7Ch 
00733E 
0074 18 
00753C 
0076 7C 
0077 76 188 db 76h. ICh. bOh. bOh. 78h J sUe. 6 

db 3Eh. 06h. 3Oh. 6611. 66h I I :. 
"U 
~ 
CD 

0078 lC 
007'il 60 
007A bO 
0078 78 

C!' 
007C 3E lB'i1 
007D 06 .... 007E 30 .... 

0) 007F 66 
0080 66 CD 
0081 66 l'i10 db 66h. 18h,. 66h, 66h. 70b ; slic. 7 
0082 18 
0083 66 
0084 66 
OOB5 70 
00B602 l'i11 db O2h. 66h. 66h. 66h. 66h 
008766 
OO8B 66 
008'i1 66 
OOBA 66 
OOBB 3C l'i12 db 3Ch. 18b. 3Ch, 3Ch. 60h J slice 8 
008C 18 
OO8D 3C 
008E 3C 
008F bO 
00'iI0 7E l'i13 db 7Eh. 3Ch. 7E1t. 3Ch. 3C1t 
OO'iIl 3C 
00'i12 7E 
00'iI3 3C 
00'il4 3C 

l'i14 
l'i15 
l'i16 slic. infa~ .. ttDn far 26 alphabets 
l'i17 
l'iIB Jch.,..ct .... _ ... t_O 
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Lac OBJ LINE SOURCE I l 

199 ,slic •• 0, 1 and 9 .~. 0'. C •• pt,) 
200 

009:; b6 201 511c.~_d db 6611. 3EH. 3BH. lEH. 7EH. 06H. 3IIHo 66H 
00963E 
0097 38 
0098 IE 
0099 7E 
009A 06 
009B 38 
009C 66 
009D 3C 202 db XH. 3CH.. 66101. 7EH. 66H. 46H. 3CH. OCM 
OO9E 3C 
009F b6 
OOAO 7E 
COAl b6 
00A2 46 
00A3 3C 
OOM OC 
ODA:; 7C 
00A6 b6 

203 db ?CH, 661-1, 3CH. 1 ... 3CH. 1 ... 3CH. 66H 

OOA7 3C 
00A8 18 
COA9 3C 
OOAA 18 
COAB 3C 

I I 
• Y' 

OOAC b6 

" OOAD 18 204 db IlIIi. 7EH I. .... OOAE 7E 

I .:... 
-oJ OOAF 66 20:; slice_3_d db 6611. 66101. 6CH. 36M. 06H. 06H • .e .... 66H 

0080 66 
OOBI 6C 
OOB236 
OOB3 06 
OOB406 
008:; 6C 
OOB6 b6 
0087 18 206 
00B8 b6 

db ISH. 66H. 3614. 7EH, 66If. 66H. 66If. 06H 

OOB936 
OOBA 7E 
OOBB b6 
OOBC 66 
OOBD 66 
OOBE 06 
OOBF 26 207 
OOCO 36 

db 2611. 36H. 66H. ll11i. 66H. ISH. 7EH. 66H 

OOCl 66 
DOC2 18 
OOC3 66 
OOC4 18 
OOC:; 7E 
OOC666 
OOC7 18 20B 
OOC806 

.. ISH. 06H 

OOC97E 209 sUu_4_d dll 7Eff. 6614. 06H. 66H. 06H. 06tL 46101, 66H 
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<XI 

LOC OBJ 

OOCA bb 
OOCD Ob 
OOCC bb 
OOCO Ob 
OOCE Db 
OOCF 4b 
0000 bb 
0001 18 
0002 bO 
OOD3 OE 
0004 Db 
0005 bb 
OOOb 7b 
0007 bb 
0008 Db 
00D9 3b 
OOOA IE 
0000 bO 
oODC 18 
DODD bb 
OOOE 3C 
OOQF 5A 
OOEO 3C 
OOEl 18 
00E2 DC 
00E3 bb 
OOE4 3E 
00E5 Ob 
OOEb bb 
00E7 lE 
00E8 lE 
00E9 bb 
OOEA 7E 
OOED 18 
OOEC bO 
ODED Db 
OOEE Ob 
OOEF bb 
OOFO 7E 
OOFI bb 
OOF:01 3E 
00F3 bb 
OOF43E 
OOFS 3C 
OOFb 18 
OOF7 bb 
00F8 24 
00F9 SA 
OOFA 18 
OOFB 3C 
OOFC 18 
OOFO 3C 
OOFE 66 
OOFF 06 
0100 66 

LINE 

210 

:0111 

212 

213 

214 

215 

216 

217 

SOURCE 

slice_'5_d 

51 ice_6_d 

db 

db 

db 

db 

db 

db 

db 

db 

1811. 6OH. OEH. 0bH. 66H. 76H. 66H. 06H 

3611. lEH. 6OH. ISH. 66H. 3CH. !IAH. 3tH 

ISH, OCH 

66t1. 3EH. 0bH. 66H. lEH. lEH. 66H. 7EH 

1811. 6OH. OOH. 0bH. 66H. 7EH. 66H. 3EH 

6611. 3EH. 3CH, lSH. 661-1. 24H. :5AH. 1SH 

3CH. ISH 

XH. 66ti. 06H. 66H. 06H. 06H. 06H. 66H 
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CD 

LOC DB" 

0101 06 
0102 06 
0103 06 
0104 66 
0105 18 
0106 60 
0107 OE 
010806 
0109 7E 
01DA 6E 
010B 66 
010C 66 
0100 66 
010E 66 
010F 06 
0110 18 
0111 66 
0112 66 
0113 42 
0114 3C 
0115 X 
0116 30 
0117 3C 
0118 66 
0119 6C 
OllA 36 
0118 06 
011C 06 
0110 6C 
OllE 66 
011F 18 
012060 
0121 36 
0122 06 
0123 66 
0124 66 
0125 66 
0126 66 
012766 
oi:za 66 
0129 66 
012A 18 
0128 66 
012C 42 
0120 42 
01aE 66 
012F 66 
0130 60 
0131 18 
0132 3E 
0133 38 
0134 IE 
0135 7E 
0136 7E 
01373B 

LINE 

218 

219 

220 

221 

222 

223 

224 

225 

SOURCE 

slice_7_d 

slice_S_d 

db -

db 

db 

db 

db 

db 

db 

db 

l 
1atl. 6OH. OBi. 06H. 7EH. 6EH. 66H. 66H 

66H. 66H. 06H. ISH. 66H. 66H. 42H. 3CH 

Xli. 30H 

Xli. 66H. 6CH. 36H. 06H. 06H. 6CH. 66H 

~ 
'V • 
~ 
00 

ISH. 6QH, 36H. Q6H. 661-1. 66H, 66H. 66H 

6hH. 66H. 66H. ISH. 66H. 42101. 42ft. 66H 

66H. 60H 

J8H. 3EH. 38M. IEH. 794. 7EH. 38M. 66H 
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LOC DB,} 

0139 66 
0139 3C 
013A 70 
013B 66 
013C 06 
013D 24 
013E 62 
013F 3C 
0140 3E 
0141 3C 
0142 3E 
0143 3C 
0144 7E 
0145 66 
0146 42 
0147 42 
014B 66 
0149 66 
014A 7E 

0000 
0000 <1 

???? 

0000 
0000 

0000 BB----
0003 BEDB 

000:5 BB0060 
OOOB BECO 

R 

LINE 

226 

227 

22B 

229 
230 
231 
232 
233 
234 
23:5 
236 
237 
239 

239 
240 
241 
242 
243 
244 
245 
246 
247 
24B 
249 
250 
251 
252 
253 
2:54 
255 
256 
257 
259 
259 
260 
261 
262 

BOURCE 

db XU. 7OH. 66H. 06H. 24H. 62H. 3CH. 3EH 

db 3C1i. 3EH. 3CH. 7EH. 66H. 42H. 42H. 66H 

db 66H. 7EH 

video_data ends 

i monito~ .egment. The GSP boa~d monitor 5t.~t. at OFFFOh 
moni tOl'" segment at OFFFOh 

OTg 0 
1"e-set d .. 1 dupe?) .. label 

monitor ends 
;--------------------------------------------------------------------

Main ,"out in •. This .... outin. loads the DR ...... clllith acc ••• tabla 
the object descriptor tabla, the char.cta" ganal"'atol'" and the 
actual obJect data. The VSDD is also initialized. 

prog_code segment 

assume cS:P1"'0I_cod •• ds:vidao_data ••• :vidao_vsdd 

simple_displ." 
st.rt: 

p1"ac far 

ax, video_data 
.ov ds, ax 

may ax, vid-eo_v$dd 
es,ax 

; initialize the ragi.te,. .egment. the ,.egist.,. 
segment i. IDc.ted at 0400h .'te,. ,.eset. 

I initialize the data ••••• nt 

Jinltializa the .xtra 
J •• g_.nt 
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LOC DB.} 

OOOA 26C70600047260 
0011 26C706020414A4 
OOIB 26C70604040600 
OOIF 26C70606044001 
0026 26C7060B0400BO 
OO~D 26C7060A040000 
0034 26C7060C040AOO 
003B 26C7060E040005 
0042 26C70610041000 
0049 26C7061204BOOI 
0050 ~6C7061404~300 
0057 26C70616041000 
OO~E 26C7061B040204 
0065 26C7061A042410 
006C 26C7061C04EC74 
0073 26C7061E04F4BO 

007A 26C70600047360 

OOBI B94700 
00B4 E2FE 

00B6 26C706000A0006 
OOBD 26C706020AOOIB 

0094 26C706040AOOI0 
009B ~6C706060A0010 

00A2 26C7060BOAO006 
00A9 26C70bOAOA1404 
OOBO 26C7060COAOAI7 
00B7 26C70bOEOAOAI7 

OOBE ~6C706100AOO06 
OOC~ ~6C7061~OA263C 
OOCC 26C706140A6017 
00D3 26C7061bOA6017 

LINE 

263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
~73 
274 
275 
~76 
277 
27B 
279 
2BO 
2Bl 
2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2BB 
2B9 
290 
291 
292 
293 
294 
295 
29i!o 
297 
29B 
299 
300 
301 
302 
303 
304 
305 
306 
307 
309 
309 
310 
311 
312 
313 
314 
315 
316 
317 

SOURCE 

mDV irO_v. rO_T'toft 
mav irl_v.I'I __ 
mav i T2_v. 1"2_d 
mDV 11'3 v.r3 d 
mDV iT4=v.1'4=_ 
mav i r5_v. 1'5_d 
mav 1 r6_v. 1"6_d 
may i T'7 _VI r7_d 
mav i rB_v. 1"8_d 
mDV ir9_v'T9_d 
mav i-rl0_v.1"10 __ d 
mDV irl1_v. 1"11. d 
mav ir12_v.1'12_d 
mav il'13_v.1'13_d 
mDV 11'14 v.1"14 d 
mav il"15:v. r15=-d 

all the registers are initialized in the DRAM. Enable the UCF 
flag to al10111 the VSDD to update it!. an chip registe.,.s. 

mav it-a_vi ,.o_up 

wait 150us for the VSDD to update its Qn chip registe"s 
the loop assumes that the 90186 runs i't OI'1hz. 

mav clt,71 
100pl: loop loopl 

; the regi$tel' windolll is initialized to 6OO00h 
; the cpu programs the displ." data 1:hTPUgh n .... ly 

defined data ~indo~ 1n R3. 

; load the obJect descriptor fields for four obJects 

iobJect 0 

mav odtO_v,600h 
mav odtO_v[2J, 1800h 

lIlav odtO_v[41.1000h 
mov odtO_v[61,I000b 

.obJect 1 

mav odtl_v.600h 
mav odtl_v[21,0414h 
mav odtl_v[4~.170ah 
may odtl_v[61,170ah 

J object 2 

may odt2_v. bOOla 
may odt2_v[21,3cC?6h 
moY odt2_v[41.1760h 
mav odt2_v[61,176011 

'4bits/pi •• l,non-t~.n.p.r.nt 
,obJect starts at • - 0 
.the ~idth i. 96 pixels 
.obJect bas • • dd~e •• 

•• - 2C),tdidth - 16 pi •• l. 

J X - 38J.idth - 240 pi •• l. 
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LOC DB,) LINE 

31B 
319 
320 

OODA 26C7061BOA04AC 321 
322 
323 

OOE1 26C7061AOA500B 324 
325 

OOES 26C7061COADA17 326 
OOEF 26C7061EOADA17 327 

32B 
329 
330 
331 

00F6 8A0200 332 
OOF9 8BOOOO 333 

334 
335 

OOFC B90807 336 
337 

OOFF BBBBBB 33B 
339 

0102 2689B70020 340 
0107 03DA 341 

~ 
0109 E2F7 342 

343 
I\) 344 
I\) 345 

010B BBOooo 346 
010E 895000 347 
0111 BB7777 34B 

349 
0114 26B9B7142E 350 
0119 03DA 351 
011B E2F7 352 

353 
354 
355 

0110 880000 356 
0120 893C00 357 
0123 8B5555 358 

359 
0126 26B9B7C02E 360 
0128 03DA 361 
0120 E2F7 362 

363 
364 
365 

012F 880000 366 
0132 892BOO 367 

36B 
369 

0135 B807 370 
371 

SOURCE 

s obJect 3 

mov odt3_v~ OAC04h 

mav odt3_vC21. OBOOh 

mav odt3~_v[41, 17Mh 
mav odt3_v[6],J7DAh 

Jch.~.ct.~ object: 
JS plx.l.'ch.~act.~ 
,transparent: plx.1 
iX - SO. Width - 16 
; cb.r.ct.r.~ 

, set up the object data 

iobJect 0 

fill_obJ_O: 

loop fi II_Db J_O 

iDbJect 1 

fill_obJ_1: 

loOp 9il1_obJ_l 

iobJect 2 

fill_obJ_2: 

loop fill_obJ_2 

1II0V dx,2 
mav bz .. 0 

may cK.24*75 

mav .X, S88Sh 

may obJect_O_~[bxl,ax 
add bl. dx 

mav bl.O 

J nu.ber of d.t •• ord. -
575 lin •• , 24 .o1'd.(96 pixels) 

; p.i .el data 

may cI,4*20 inu.ber of data wards 
may ax. 7777h ;pl •• 1 data 

mov obJect_l_Y[bx] ••• 
add bx. dx 

mov bx.O 
mov cx.15*4 
AtOV iI x. :5S55b 

mav ~bJect_2_y[bxl •• x 
add bx.dx 

• obJect 3 - cba~act.T obJect 

fill_obJ_3: 

mav ba,O 
IDOV ex,40 Itotal 80 characters 

; in the obJect.2/ .. ord 

mav ax. lIford p10r obJect_3_data[bxl J ..... d the ASCII code 
I "or a characte ... s 
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LOC DB.I LINE 

0137 268987842F 372 
-013C 03DA 373 

013£ E2F5 374 
375 
376 
377 

0140 BBOOOO 378 
0143 BBOOOO 379 

3BO 
381 

0146 BE6000 382 
3B3 
3B4 

0149 B9OAOO 385 
014C BA0700 3B6 

3B7 
014F 3B8 

3B9 
014F 8A474F 390 
0152 2689B40044 391 

392 
0157 43 393 
0158 B3C602 394 

395 
015B E2F2 396 

~ 
397 

015D 81C6ECOI 398 

~ 
0161 B9OAOO 399 
0164 4A 400 

401 
0165 7:IEB 402 

403 
404 
405 

0167 BBOOOO 406 
01611 BBOOOO 407 
016D B91AOO 4DB 
0170 BEB200 409 

410 
0173 BA0700 411 

412 
0176 413 

414 
0176 _79500 415 
017A 2689B4OO44 416 
017F 43 417 
0180 B3C602 41& 

419 
0183 E2Fl 420 

421 
0185 B91AOO 422 
0188 81CKCOl 423 
01SC 4A 424 
018D 7!1E7 425 

426 

SOURCE 

.ov abJec:t_3_ylbl],ax 
add b.,d. 

IDDP fill_DbJ..,;J 

; load the c •• ractor lenerator 

.ov a •. O 

.OY 111.0 
• load the nu_bers 

.ov si.3OII*2 

.Oy c •• l0 

.ov "x.7 

.,,1 'e ___ ftu.".,,: 

.ov .1.nu .... r._d.t.EbIJ 

.OV CIO_slice_2_vtsil.a. 

inc III 
add .i,2 

loop ~it._a_nu.b.r 

.dd 51. (2:16*21-20 
.ov cl.l0 

dec dl 

Jnz writ. ___ ftu."." 

istore tbe 26 alphabets 

.av .x .. O 

.OY blhO 

.av c •. 26 

.av sl.41h*2 

.aY d.,7 

... It. ___ ch ..... ct .... : 

.ov .1 •• 11c.~_d[.IJ 
_oy cgO_slice-.il_y[sil.8. 
inc "x 
add _i.2 

loop .rtt.~_ch.r.ct.r 

.Uy c •• 26 
add sl.12:16*21-52 
dec d. 

Jnl wrlt. ___ character 

• ...:It.e tbe data 

'eto". at pro, •• ASCII 
• location. Not. cpu .pac. 
.b" •• ddr •••• bl. 
i10 n ......... 
J 7 .lic •• 

.... ad d.t. but. 
'~i'. d.' ...... d in 
" ... DRAM 
I n •• t bUt. 
, n •• t loc.tion in 
• th. lIRA!! 

,n •• t: .lic. 

I 26 alp.ahh 
,p ... op .... off •• t into 
'c ....... cte? •• n ..... to ... 
I 7 .lic •• 

' .... d d.t ..... t. 
I writ ........ d 
I n •• t: .... t. 
I neJllt location 

In •• ' .lice 

l 

I 
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LOC OBJ 

018F BBOOOO 
0192 B90002 
019:5 B8FFFF 
0198 BA0200 

019B 26894720 
0191" 030A 

01Al E2F8 

01A3 B8FEFF 
01A6 26A32000 
01AA 26A3B600 

01AE B8FOFF 
01Bl 26A30601 
01B5 26A32COl 

01B9 B8FBFF 
01BC 26A33801 
01CO 26A33AOl 

01C4 B8F7FF 
01C7 26A34800 
01CD 26A3ACOO 

01CF 26C70600007B60 

0106 
0106 26C706020A0018 
0100 BA4201 
OlEO B80oo0 

01E3 268306020AOl 
01E9 4A 

01EA,2681672OFDFF 

LINE 

427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
437 
458 
439 
460 
461 
462 
463 
464 
46:5 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 

SOURCE 

; load the access table 

mav bx,O 
mav clI,'length oat._ v 
rtloV ax,Offffh 
mav dx,2 

fill the access t~ble with all 19 

fill_oat: 

loop fill_.oat 

ianabla the obJects 

mov oat_vCbxJ,ax 
add bx, dx , 

mavax.Offfeh 
mav oat_v,ax ianabla object 0 at line 0 
mav oat_v[7~*~1,ax Jdi •• ble obJect 0 at line 75 

movax,Offfdh 
mav oat_veIIS*21,sx ianabla object 1 at line 115 
mov oat_vC134*2J,ax Jdi.abl. obJect 1 at line 131 

mav ax.Offfbh 
mav oat_v[14O*2l, ax ,enable obJect 2 at line 140 
mov oat_v[141*2J, ax J di •• bl. object 2 at line 141 

mavax.Offf7h 
mav oat~_v[20*?J. ax ; enab1. obJect 3 at line 20 
mav oat_v[70*~J.ax idisable obJect 3 at line 70 

the display data is initialized bV the 80196. Now enable the 
set the displalj en.ble bit (DEN) in thf' VSDD to enable the 
display. 

mav rO_v~ rO_disp i the 1'egistel' .egment is no. located 
at 60000h 

a simple routine to scroll obJects horizontallv and v.,.ticallv 
obJect ° is moved haroJonta1lv while obJect 1 is moved vertic
al1V 

movexv: 

movex: 

mav odtO_v[21,lBOOh 
mov dx,322 
mov bx.O 

maximulD velue of' x "01' ObJ 0 
J stal't IJ value "0,. obJ 1 

add odtO_v[21,1 IMav obJ 0 bV 2 pixel. in x di1'ection 
dec dx 

movev: and oat_v[bxl.Offfdh JobJect 1 .tal't 
231679-28 
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LOC DB.! 

01FO 2b61674BFDFF 
01F6 B97017 
01F9 26C7060B0AOO06 
0200 E2FE 
0202 26C706OBOAI006 

0209 2b614F20F2FF 
020F 26Bl4F4BF2FF 
0215 63C302 
0216 61FB3403 

021C 74B6 

021E 63FAOO 
0221 74C7 
0223 EBBE 

0225 EAOOOOFOFF 

LINE 

462 
4B3 
464 
465 
466 
467 
466 
4B9 
490 
491 
492 
493 
494 
495 
496 
497 
496 
499 
500 
501 
502 
503 
504 
505 
506 

SOURCE 

ilnd oat_yCbx+40J,OPffdh 
mav el, 6000 
fWav odtl_v.600h 

delav2: loop delav2 

simple_display 

prog_code 

mav odtl_y.610h 

at" O&t_yCblll.O"'2h 
01' oil'_vCbx+401.0f'f2h 
add bx.2 
eM, bx.B20 

J. ..ovea,:, 

emp dx.O 
Je move V , 
Jl'lP move. 

Jlltp 'a1" pt1" 

endp 

ends 

end start 

RESET 

J abJect 1 .top 
I del •• count.,. 
I tu"n the obJect on 

ItU1'n the abJect o,f 
be'o,.. di.abling the 
ace ••• t.ble 

f ,. ••• t the acce •• table 
to 01"111nal vAlu •• 

I ... value 0' V i. 410 

J if V - •• x then .t.,.t 
J at top 0' '1' ••• 

if x = ... then finish V .ove 
J .1,. continue .lth I .ove 

10 _act to the baard _onita,. 

( 
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XREF SYMBOL TABLE LISTINQ 

NAI'IE TYPE 

??SEQ SEGI1ENT 
CGO_SLICE_O_V V WORD 
CQO_BLICE_I_V V WORD 
CQO_BLICE_IO_V V WORD 
CGO_BLICE_II_V. V WORD 
CQO_BLICE_12_V V WORD 
CGO_BLICE_13_V V WORD 
CGO_BLICE_14_V V WDRD 
CQO_SLICE_I~_V V WORD 
CQO_SLICE...2_V V WORD 
C90_SLICE_3_V V WORD 
CGO_BLICE_4_V V WORD 
C90_SLICE_~_V V WORD 
C90_SLICE_6_V V WORD 
C90_BLICE_7 _V V WORD 
CGO_SLICE_8_V V WORD 
CGO_SLICE_9_V V WORD 
CLUT_V. V WORD 
DElAY2. L NEAR 
DEN . NUMBER 
FILL_OAT. L NEAR 

Y: 
FILL_DB.l_O. L NEAR 
FILL_DB.l_I. L NEAR 

I\) FILL_OB.l_2. L NEAR 

<» FILL_OB.l_3. L NEAR 
IRO_V V WDRD 
IRI_V . V WORD 
IRIO_V. V WORD 
IRll_V. V WORD 
IRI2_V. V WORD 
IRI3_V. V WORD-
IRI4_V. V WORD 
IRl~_V. V WORD 
IR2_V . V WORD 
IR3_V. V WORD 
1R4_V V WORD 
IRlJ_V V WORD 
IR6_V V wORD 
IR7_V V WORD 
IR8_V V WDRD 
IR9_V V WORD 
LOOP I L NEAR 
_ITOR SEClftENT 
ImIIEX . L NEAR 
"DVEXY. L NEAR 
ImIIEY . L NEAR 
IIMmERSJlATA. . V BYTE 
DAT_V. V WORD 
OB.JECT_O_V: V WORD 
OB.JECT_I_V. V WORD 
OB.JECT..,Il_V. V WORD 

VALUE ATTRIBUTES. XREFS 

SIZE-oDOOH PARA PUBLIC 
(2~6) VIDEO_WDD 13941 
(2~6) VIDEO~VSDD 14041 
(2~) VIDEO_VSDD 14941 
(256) VIDEO_VSDD 1~041 
(2~6) VIDEO_VBDD 15141 
(256) VIDEO_VSDD 153 
(2~) VIDED_VSDD I~ 
(256) VIDED_VSDD 15411 

4000H 
4200H 
5400H 
~H 
5800H 
5AOOH 
5COOH 
5EOOH 
4400H 
4600H 
4800H 
4AOOH 
4COOH 
4EOOH 
5000H 
5200H 
0300H 
0200H 
OOOSH 
019BH 
0102H 
0114H 
0126H 
013:1H 
0400H 
0402H 
0414H 
04161'1 
0418H 
041AH 
041CH 
041EH 
0404H 
0406H 
0408H 
04DAH 
O4OCH 
O4OEH 
04IOH 
.0412H 
0084H 

01E3H 
01D6H 
OIEAH 
004FH 
0020H 
2000H 
2E14H 
2ECOH 

(2~) VIDEO_WDD 141. 391 416 
(2~) VIDEO_VSDD 14241 
(2~) VIDEO_VSDD 14~ 
(256) VIDEO_VSDD 14441 
(256) VIDEO_VSDD 14541 
(256) VIDEO_VSDD 14641 
(2~) VIDEO_VSDD 147. 
(2~) VIDEO_VSDD 1_ 
(16) VIDEO_WDD 12341 
PROQ_CODE 485. 485 

11.23 
PROQSODE 4~ 439 
PROQ_CODE ~ 342 
PROQ_CODE 3~ 352 
PROQSODE 36041 362 
PROQ_CODE 370* 374 
VIDEO_VSDD 10641 263 284 
VIDEO_WDD 10741 264 
VIDEO_VSDD 11641 273 
VIDEO,;:.VSDD 11741 274 
VIDEO_VSDD 11841 275 
VIDEO_VSDD 11941 276 
VIDEO_VSDD 1_ 277 
VIDEO_VSDD 12141 278 
VIDEO_VSDD 10841 265 
VIDEO_VSDD 109lI 266 
VIDEO_VSDD 110* 267 
VIDEO_WDO III. 268 
VIDEO_VSDD 113 269 
VIDEO_VSDD II~ 270 
VIDEO_VSDD 11441 271 
VIDEO_VSDD 11541 272 
PROQ_CODE 29041 290 
SIZE-0002H PARA ADS 239 240 
PROG_CODE 47741 498 
PROG_CODE 47241 494 
PROG_CODE 48141 497 
(5) VIDEOJlATA lS041 390 
(512) VIDEO_VSDD 10241 430 436 444 44~ 448 449 452 453 4~ 457 481 482 489 490 
(1800) VIDEO_VSDD 13141 340 
(80) VIDEO_VSDD 13~ 350 
(120) VIDEO_VSDD 13541 360 

l 

; 

231679-30 



--
NAME TYPE VALUE ATTRIBUTES. XREFS I I t OB.JECT _3_DATA V BYTE OOOOH (16) VIDEO_DATA 16a 370 
OB.JECT_3_V V WORD 2FB4H (100) VIDEO_VSDD 137. 372 
ODTO_V. V WORD OAOOH (4) VIDEO_VSDD 12M 299 300 302 303 473 477 
ODTt_V. V WORD OAOBH (4) VIDEO_VSDD 126. 307 30B 309 310 4B4 486 
ODT2_V. V WORD OAI0H (4) VIDEO_VSDD 127. 314 315 316 317 
ODT3_V. V WORD OAIBH (4) VIDEO_VSDD 12B. 321 324 326 327 
PROG_CODE SEGMENT SIZE=022AH PARA 247. 249 504 
RO_DISP NUMBER 607BH 2~ 464 
RO_RES. NUMBER 6072H 13. 22 23 263 
RO_UP NUMBER 6073H 22. 2B4 
RO_V. V WORD OOOOH VIDEO_VSDD B4. 464 
Rl_D. NUMBER A414H 2M 264 
Rl_V. V WORD 0002H VIDEO_VSDD B5. 
RI0_D NUMBER 0023H 66. 273 
RI0_V V WORD 0014H VIDEO_VSOD 94. 
Rll_D NUMBER 0010H 69* 274 
Rll_V V WORD 0016H VIDEO_VSDD 95. 
R12 D NUMBER 0402H 7a 275 
R12=V V WORD 00lBH VIDEO_VSDD 96. 
R13_D NUMBER 1024H 73.276 
R13_V V WORD 001AH VIDEO_VSDD 97. 
R14 D NUMBER 74ECH 75. 277 
R14=V V WORD 001CH VIDEO_VSDD 9B. 
R1S_D NUMBER BOF4H 77.27B 
R15_V V WORD 001EH VIDEO_VSDD 99. 

I I 
~ R2_D. NUMBER 0006H 39. 265 

f{' R2_V. V WORD 0004H VIDEO_VSDD B6. '11 • ..... R3_D NUMBER 0140H 4~ 266 N I\) R3_V. V WORD OOObH VIDEO_VSDD B7. G» ~ 
R4_D. NUMBER BOOOH 47. 267 at 
R4_V. V WORD OOOBH VIDEO_VSDD BB. 
RS_D. NUMBER OOOOH 49* 26B 
RS_V. V WORD OooAH VIDEO_VBDD B9. 
R6_D. NUMBER OooAH 56* 269 
R6_V. V WORD OOOCH VIDEO_VSDD 90. 
R7_D. NUMBER 0500H 59* 270 
R7_V. V WORD OOOEH VIDEO_VSDD 91. 
RB_D. NUMBER 0010H 62. 271 
RB_V. V WORD 0010H VIDEO_VSDD 92. 
R9_D. NUMBER 01BOH 64* 272 
R9_V. V WORD 0012H VIDEO_VSDD 93. 
RESET V WORD OOOOH MONITOR 23&* 500 
SIMPLE_DISPLAY. P FAR OOOOH SIIE=022AH PROG_CODE 25a 502 
SLICE_2_D V BYTE 0095H (e) VIDEO_DATA 201. 41S 
SLICE_3_D V BYTE OOAFH (B) VIDEO_DATA 205. 
SLICE_4_D V BYTE OOC9H (B) VIDE0-PATA 209. 
SLICE_5_D V BYTE 0OE3H (B) VIDEO_DATA 21~ 
SLICE_6_D V BYTE OOFDH (e) VIDEO_DATA 217. 
SLICE_7_D V BYTE 0117H (B) VIDEO_DATA' 221. 
SLICE_e-p V BYTE 0131H (e) VIDEO_DATA 225. 
START L NEAR OOOOH PROG_CODE 253 506 
UCF NUMBER 000lH 10. 22 23 
VIDEO_DATA. SEGMENT SIZE-014BH PARA 159. 230 249 254 
VlDEO_VSDD. SEGMENT SIZE-.OOOH PARA ABS B2. 156 249 257 
WRITE_A_CHARACTER L NEAR 017bH PROG_CODE 413. 420 425 
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NAME TVPE VALUE ATTlU8UTES. XREFS 

WR ITE..A....NUI1IIER. L NEAR 014FH PROII_CODE 388. 396 402 

END OF SYIIIIOL TABLE LISTING 

ASSEmiL V CO/!PLETE. NO ERRORS FOUND 
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1.0 INTRODUCTION 

The 82786 is an intelligent coprocessor capable of cre
ating and displaying high performance graphics. Both 
drawing and display functions are integrated into a sin
gle VLSI chip to provide an inexpensive solution for 
bitmapped graphics subsystems. 

This application note is intended to show, through ex
amples, use of the 82786 and the hardware interfaces 
between the 82786 and the rest of the system. Because 
the 82786 integrates many functions onto one chip, the 
hardware design of a graphics system is greatly simpli
fied. 

2.0 OVERVIEW 

Internally, the 82786 consists of two independent proc
essors. 

- Graphics Processor: executes high-level line 
drawing, character dfaYt'ing 
and bit-block-transfer com
mands to create and modify 
bitmaps in memory , 

- Display Processor: displays portions of bitmaps 
in regions on the CRT called 
windows 

Figure 1 illustrates these processors and their hardware 
interfaces. 

- Graphics Memory connects dedicated graphics 
Interface: memory to ~e 82786 

- System Bus connects CPU and system 
Interface: memory to the 82786 ' 

- Video Interface: connects the 82786 to CRT 
or other display 

The video interface is controlled directly by the Display 
Processor. The other interfaces are controlled by the 

82786 Bus Interface Unit (BIU). The BIU connects the 
internal Graphics and Display Processors to the, CPU 
and system memory as well as to the graphics memory 
through the internal DRAMJVRAM controller. 

2.1 Dedicated Graphics Memory 
, , 

The dedicated graphics memory provides the 82786 
with very fast access to memory without contention 
with the CPU and system memory. Typically, the bit
maps to be drawn and displayed, 'the character fonts, 
and the command lists for the 82786 processors are all 
stored in this memory. In some instances it is desirable 
to have the Graphics Processor command lists stored in 
system memory. 

The 82786 contains a complete DRAM/VRAM con
troller on-chip which interfaces directly with a wide 
variety of DRAMs without external logic. This direct 
connection not only reduces chip count but also allows 
the 82786 to perform very fast burst accesses to the 
DRAMs. The DRAM/VRAM controller can take ad
vantage of the quick burst-mode sequential accesses 
made possible by Page Mode, Fast Page Mode (some
times called Ripp1emode™), and Static Column 
DRAMs. In addition, interleaved DRAM/VRAM ar
rays are fully supported by the on-chip DRAM! 
VRAM controller allowing even faster burst access. 

2.2 System Bus Interface 

The system bus interface connects the CPU and its sys
tem memory to the 82786 and its graphics memory. 

The most common 82786 configuration (shown in Fig
ure 1) allows the CPU to access the system memory 
while the 82786 accesses its dedicated graphics memory 
simultaneously. It also allows the CPU to access the 
graphics memory and for the 82786 to access the sys
tem memory (but not simultaneously). The system bus 

r--------, r--------'I-____ ...J 

1 CMJIHICS. 1 1 DISPLAY 1 I,IIDEO INTERFACE 
1 PIDCISSOIt 1 1 PIIOCISIOI 11-____ ..., L ________ ~L ________ J 

r----------~~~~~~~~~ 
1 aJS, ItrlDI'ACI 1 DRAMIVRAM 1 1 
: lItlT (IIU) i CONTROLLER i : 
-----------~-------~ 

Figure 1.82786 System Block Diagram 
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connects the 82786 graphics subsystem to.· the system. 
CPU and memory. IfDMA capability is also provided 
in the system, it interfaces to the. 82786 exactly as the 
CPU does. The interface allows accesses ,in twq direc-, 
tions. 

- Slave Mode: CPU or DMA read or write access 
oC the 82786 internal registers or 
dedicated graphics memory 
through the 82786 

- Master Mode: 82786 read or write access to sys-. 
tern memory. 

Therefore, any processor (CPU, DMA, Graphics and 
Display Processors) can access both the system memo
ry and the graphics memory. The 82786 ~IUarbitrates 
between both of the internal 82786 processors as well as 
the external processor (CPU or DMA) to decide which 
processor gets access of the bus. 

The CPU software accesses both system and graphics 
memory in an identical manner (except that the specific 
memory addresses are different). Therefore the actual 
location of the memory (whether in system or graphics 
memory) is transparent to the softwar:e. However, the 
CPU can access the system memory faster than the 
graphics memory because there is less contention with 
the Graphics and Display Processors. When the CPU 

. accesses the 82786, the 82786 runs in slave mode. 

In slave mode, the 82786 looks like an intelligent 
DRAM/vRAM controller to the CPU (Figure 2). The 
CPU can chip-select the 82786 and the 82786 will ac
knowledge when the cycle is complete by generating a 
READY signal for the CPU. 

"- ~ ,,-
READY /' 

"-

1\ 
CPU ADDRESS 

~ 
82786 

Vi DATA 

I~ -V 
292007:'2 

Figure 2. Slave Bus Cycle 

II CPU 
HOLD IE HREQ 

..... HLDA HLDA .,-

..... READY 

Vt 
.,-

82786 
ADDRESS SYSTEH 

f\r MEMORY .l\ Vt DATA 

l\r 11 
292007-3 

Figure 3. Master Bus Cycle 

Conversely, the 82786 Graphics and· Display Proces
sors access both system memory and graphics memory 
in an identical manner. However, they can access 
graphics memory faster than system memory be~ause 
there is less contention with the CPU. When the 82786 
accesses system memory, the 82786 runs in master 
mode. 

In master mode, the 82786 looks like a second CPU 
controlling· the local bus (Figure 3). The 82786 acti
vates HOLD to request control of the system bus . 
When the CPU acknowledges the HLDA line, then the 
82786 will take over the bus. When the 82786 is 
through with the bus, it will release HOLD and the 
CPU can remove HLDA to regain control of the bus. 

The 82786 system bus interface is optimized to inter
face to an 80286 synchronously (using the same bus 
clack). As a synchronous slave it interprets the 80286 
status lines directly and performs the requested bus ac
cesses. As a master it generates 80286 style bus signals. 

The 82786 system bus may alternatively be set up to 
interface asynchronously to virtually any processor. In 
this mode, read and write signals are used when slave 
accesses are performed. 

2.3 Video Interface 

The 82786 supports two different video interfaces in 
order to support both standard DRAMs and dual port 
video DRAMs/(VRAMs). When using standard 
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DRAMs the 82786 reads the video data from memory 
and internally serializes the video data to generate the 
serial video data stream up to 2S MHz. When using 
VRAMs the 82786 loads the VRAM shift register peri
odically; then the shift register and external logic gener
ate the serial video data stream. 

With standard DRAMs displays up to 640 by 480 by 8 
resolution can be generated at 60 Hz noninterlaced re
fresh. With VRAMs displays up to 2048 by 1936 by 8 
can be generated at 60 Hz without interlacing. 

Internal Register Address Offset 

OOh 

02h 

04h 

06h 

08h 

OAh 

Internal Relocation 

Reserved 

BIU Control 

Refresh Control 

DRAMIVRAM Control 

Display Priority 

.-

Bus 
Interface 

Unit 
Registers 

In addition, horizontal and vertical sync signals and a OCh 
blanking signal are provided and may be programmed 

Graphics Priority 

to satisfy the requirements of nearly any CRT. OEh External Priority :-
In the standard DRAM mode all ofthe logic to support 
the advanced capabilities of the Display Processor such 
as panning, zooming, windowing, and switching be
tween various bits/pixel in various windows is con
tained internally in the 82786. Provision is also made 
for the addition of up to four external color look-up 
tables. 

Higher resolution displays (dot clock rates greater than 
2S MHz) can also be implemented by using external 
logic to trade-off bits/pixel for dot clock rates. Also, 
mUltiple 82786s can be used together for even greater 
performance. 

2.4 82786 Internal Registers 

A 64 word (128 byte) direct-mapped register block is 
contained internally in the 82786 (Figure 4). Software 
may locate this register block to the beginning of any 
128 even byte boundary anywhere in the 82786 VO or 
memory address space. No matter where these registers 
are mapped, they are only accessible by the external 
cpu. The Graphics and Display Processors can not 
access these registers. 

Registers, located at specified offsets within this block, 
allow programming of the BIU and Graphics and Dis
play Processors. The Graphics and Display Processors 
also have other registers which are only accessible 
through commands to these processors. These com
mands are initiated by writing into the corresponding 
opcode and address registers within this 128 byte regis
ter block. 

All of these registers are described in detail in the 82786 
data sheet. Do not use "Reserved" Registers. When 
these reserved registers are read, the data returned is 
indeterminate. Reserved Registers should only be writ
ten as zeros to ensure compatibility with future prod
ucts. 

20h 

22h 

24h 

26h 

28h 

2Ah 

Reserved 

Opcode 

Link Address (lower-word) 

Link Address (upper-word) 

Status 

Instruction Pointer (lower) 

Instruction Pointer (upper) 

Reserved 

Opcode 

Mell)ory Address (lower-word) 

40h 

42h 

44h 

46h 

48h 

4Ah 

7Fh [ 

Memory Address (upper-word) 

Register ID 

Status 

Default Video 

Reserved 

Graphics 
Processo 
Registers 

Display 
Processo 
Registers 

Figure 4. 82786 Internal Registers 

3.0 DEDICATED GRAPHICS MEMORY 
INTERFACE 

The 82786 contains a full DRAMlVRAM controller 
on-chip which allows it to be connected directly to ar
rays of DRAMs without external logic. 

A wide range of DRAM configurations are possible for 
x 1, x 4 and x 8 bit wide DRAMs. Both Page Mode and 
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Im~~ ________________ ~ ____ ~/ 

,,':----",,~'-----'~~' 

ADDRi\SS~ COLUMN X COLUMN X COLUMN X 
I 

DATA <ID DATA <ID DATA <ID DATA 

292007-4 

Figure 5. Fast Page Mode Burst-Ace ... Read Cycle 

Fast-page-mode burst accesses for block transfers ~e The followi~g tabie shows the t>urst-acceSs rate of these 
supported directly by the 82786 to take advantage of various configurations for a 10 MHz 82786. 
the fast sequential addressing capability of DRAMs 
(see Figure 5). Once the DRAM is set-up with the row 
address, the column addresses can be quickly scanned 
in for several burst-accesses to the same page. With the 
82786, Fast Page Mode bursts for block transfers run at 
twice the speed of page mode. 

Interleaying of two banks of DRAMs is also supportep 
directly by the 82786. For a sequential burst access, 
DRAM cycles for both banks can be, initiated. Then; 
during the burst access, the 82786 can alternate access
es :between the two banks, thus cutting the effective 
DRAM access time in half (see Figure 6). 

Static Column DRAMs can also be used to get the 
same performance as Fast Page M:ode. The only differ- . 
ence between the two types is that Static Column 
DRAMs do not latch the column address, whereas, 
Fast Page Mode DRAMs do latch the column address 
on the falling edge of.CAS. In noninterleaved configu
rations, 'Static Column DRAMs can directly replace 
Fast Page Mode. However, in an interleaved configura
tion, the column address must be latched externally for 
Static Column DRAMs. 

Page Mode 
Fast Page Mode 

'and Static Column 

N0l'!interleaved: , 10 Mbyte/sec 20 Mbyte/sec 
(2cyples) (1 cycle) 

Il1terieaved: 20 Mbyte/sec 30 Mbyte/sec 
(1 ~cle) (0.5 cycle) 

The other cycle times, and speeds at 10 MHz, are the 
same for all DRAM configurations I 

Single Reads 3 cycles 300 ns' 

Single Writes 3 cycles 300ns 

Read-Modify-Wtites 4 cycles 400ns 

BurSt-Access Set-Up 2 cycles 200ns 

Refresh 3 cycles 300ns 

All burst-accesses for block transfers perform an even 
number of 16-bit word accesses. 

~~'----~---------------------7~ 

'------", ' , 

ADDRESS~ ____ CO_L_U_MN __ -JX~ __ CO_L_U_MH __ ~><~ ___ C_O_LU_M~N __ -J><~ ________ _ 
'~ ~ ",~ 

DA'M8 ------------<~>--------<:~>-,-, --,-,-<~>-----

l' 

DATA1 ----------------------~~>--------<:~>_------,~ ~ ~ ~ 

Figure 6. Interleaved Fast-Page-Mode Burst-Access Read Cycle 
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Burst-accesses for block transfers are used by all Dis
play Processor memory accesses except the operand for 
LD_REG and DMP JEG commands. Block-read 
accesses are used by the Graphics Processor for com
mand-block fetching and to fetch the character fonts. 
The Graphics Processor uses a block-read followed by a 
block-write for the read-modify-write operations of 
BitBlt, ScanJine, and Character drawing. All other 
pixel drawing commands use single read-modify-write 
cycles. 

3.1 DRAM Configurations 

Up to 4 rows per bank, and 1 noninterleaved or 2 inter
leaved banks are supported (see Figure 7). Each bank 
must always be 16 bits wide. If only one noninterleaved 
bank is used, it must be bank 0 (using CASO and 
BENO). If interleaving is used, both banks must have 
the same number of rows. In either case, if only one 
row is used, it must be row 0 (using RASO). For only 
two rows, row 0 and 1 are used (RASO and RAS1).· 
Similarly, three rows use row 0, I, and 2. 

The 82786 can directly drive up to 32 DRAM/VRAM 
chips. One 82786 pin shares two DRAM functions 
DRA9/RAS3. These functions are never both used in 
the same configuration. DRA9 is only used by 1M x 1 
DRAMs, which limit the number of rows to only two 
due to both addressing (4 Megabytes) and drive (32 
chips) limitations. 

Figure 8 shows a full connection diagram for thirty-two 
64K x 4 DRAMs. Two interleaved banks of four rows 
each are used. Unlike most DRAM/VRAM control
lers, no impedance-matching resistors are usually need
ed between the 82786 chip and the DRAM/VRAM 
chips. The impedance-matching for most configura-

imi 

Id CAST I mIT 

m!-1 I~ 
m2-1 I II I I I 

l-i 
~-1 

I II I I I 

I~ , : 

mf-1 I II II I 

l-i 
BAHJC 1 

tions is handled internally by the 82786. This is also the 
connections required for x 4 VRAMs which use the 
BEN signal to control their OE/DT input which is 
used to determine when to load their internal shift reg
ister (Figure 9). 

If Static Column DRAMs are used in an interleaved 
configuration, an external latch is required to latch the 
column address for the second bank (Figure 8a). The 
82786 can directly drive up to thirty-two DRAM devic
es. For configurations requiring more than thirty-two 
devices, external buffering must be used. 

DRAMs with separate data-in and data-out pins (such 
as the x 1 DRAMs) require a tristate buffer for the 
data-out lines of each bank. (All of the rows within 
each bank may share the same tristate buffer). Figure 
10 shows a full connection diagram for thirty-two 
256K x 1 DRAMs/including the tristate buffers. Two 
interleaved banks of one row each are used. This is a 
special <;ase for the RAS lines. Normally RASO would 
drive all of the DRAMs in both banks for the one row 
as in Figure 7. However, because the RAS lines have 
drive capability for only !6 DRAMs, both RASO and 
RASI are used. The 82786 recognizes this special case 
and automatically drives RAS! identically to RASO. 

The other special DRAM case is using two rows of x 1 
DRAMs in a noninterleaved configuration. This con
figuration has the advantage that only one bank of 
transceivers is required, but burst access time is re
duced by half from the previous example. Normally, 
CASO would be used to drive all 32 DRAMs, but be
cause of drive lin].itations, both CASO and CAS! are 
used, (one for each bank). Again the 82786 recognizes 
this special case and automatically drives CAS 1 identi
cally to CASO. 

I Id 
ijEJ: 
CAse 
BENe 

I ROW 3 

I I I I I I 

I ROW 2 

I I I I I 

I ROW 1 

I I I I I I 

I ROW iii 

~HJC iii 
292007-6 

Figure 7. 82786 Supports up to 4 Rows of 21nterJeavedSanks of DRAMs 
64K x 4 Video RA"s wlth;-828761 Row, 2 Banks, 48lts/Plx.1 
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The table in Figure 11 shows all the possible contigura
tions for 64K bit, 2S6K bit and 1M DRAMs. 

3.2 DRAM Timing Parameters 

Care should be taken to ensure that all of the timings of 
the DRAMs used, tit with those in the 82786 data 
sheet .. To make the comparisons easier, the names of 
the parameter in the 82786 data sheet correspond to the 
names in most DRAM data sheets. In addition, the 
parameters have been broken into the same four groups 
used .by most DRAM data sheets. 

The critical parameters for page mode DRAMs are 
generally: 

Single 
Singlewrt RMW Pagerd/wrt 

rd/wrt/RMW 

Teae Trwl Tds(rw) Tds(i) 
Trp Tcwl Toft 
Tred 
Tra~ 
Tase 
Ton 

Some of the 82786 parameters may not be found in all 
Page Mode data sheets. If no corresponding DRAM 
parameters for Tcaa or Tcar are specified, then the 
82786 spec may be ignored. The reason is that, if no 
such DRAM parameters exists, then the resulting mini
mum values for these parameters are at most: 

Teaa = Tase + Tcae 
Tear = Tase + Trsh 

Then as long as the Tasc, Tcac, and Trsh specs tit, the 
82786 timings guarantee Tcaa and Tcar to tit. 

A third parameter that may not be found in all Page 
Mode data sheets is Ton. If x 1 DRAMs are used, the 
external data transceiver is responsible for meeting this 
and the DRAM is not required to meet this spec. If, 
however, x 4 or x 8 DRAMs are used, without the data 
transceiver, care must be taken to ensure that this spec 
is met. 

The critical parameters for Fast Page Mode and Static 
Column DRAMs are generally: 

Single Singlewrt RMW Fast-page-mode 
rd/wrt/RMW rd/wrt 

irp Trwl Tds(rw) Tep 
Trah TcwI Toft Teaa 
Tase Teap 

Tds(n) 
Tcah(i) 
Tds(i) 
Tdh(i) 
Ton(ri) 

For interleaved Static Column DRAMs, the address 
latch delay must be added to the DRAM parameters 
corresponding to the row and column addresses. These 
parameters are: 

-Tasr 
-Tasc 
-Tcaa 

For all types of xl D:RAMs, Page Mode, Fast Page 
Mode and Static Column, the transceiver delay must be 
added to the DRAM parameters which correspond to 
read-data. These parameters are: 

":"'Trac 
-Tcac 
-Tcaa 

Notice that all of the 82786 DRAM timings are speci
tied relative to the bus clock (CLK). This has two im
plications. First, a slower bus clock can be used to al
low the 82786 to use slower DRAMs. Secondly, many 
of the parameters are determined by the duty cycle of 
the bus clock (as their. specification is dependent on 
clock high or low time). A slightly nonsymmetric 
clock, such as the clock for the 80286, can be used for 
the 82786 CLK, but care should be taken to examine 
the effects on the DRAM timing. In some circum
stances, it may be advantageous to use a slightly non
symmetric clock. 

. Some of the .specifications are' relative to the 82786 
clock period (Tc), while others are relative to a specific 
phase (THigh, TLow). . 
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Figure 10. Two Interleaved Banks of 256K x 1 DRAMs 

Non-Interleaved Interleaved 
1-row 2-rows 3-rows 4-rows 1-row 2-rows 3-rows 4-rows 

64Kx1 128K 256K 384K 512K 256K 512K 768K 1024K 
16 32 48' 64' 32 64' . 96" 128" 

16Kx4 32K 64K 96K 128K 64K 128K 192K 256K 
4 '8 12 16 8 16 24 32 

8Kx8 16K 32K. 48K 64K 32K 64K 96K 128K 
2 4 6 8 4 8 12 16 

256Kx 1 512K 1024K 1536K 2048K 1024K 2048K 3072K 4096K 
16 32 48- 64- 32 64' 96' 128-

64Kx4 128K 256K 384K 512K 256K 512K 768K 1M 
4 8 12 16 8 16 24 32 

32Kx8 64K 128K 192K 256K 128K 256K 384K 512K 
2 4 6 8 4 8 12 16 

1M x1 2M 4M - - 4M - - -
16 32 32 

256Kx4 512K 1M 1.5M 2M 1M 2M 3M 4M 
4 8 12 16 8 16 24 32 

128Kx8 256K 512K 768K 1M 512K 1M 1.5M 2M 
2 4 6 8 4 8 12 16 

• Requires external buffering 

Figure 11. Possible DRAM configurations for 64K, 256K and 1 Mbit DRAMs. The top number In each 
box is total memory size In bytes, the bottom Is the number of DRAM chips required. 

Look at this example. Suppose you use 51C256H Fast
page-mode DRAMs with the 82786 as in Figure 10. 
First, look at the critical parameters shown above. 
Since it is not possible to create a precisely 50% duty 
cycle clock, you must consider clocks with a few per
cent tolerance. The table compares the 82786 using sev
eral clock frequencies and duty cycle toler
ances with two versions of the 51C256H. The table is 
ordered with the tightest timings first. 

From the table, you can see that the fast 120 ns access 
DRAMs can be used with the 82786 with a 10 MHz 
clock with as much as a 40%-60% duty cycle skew. 
The slower DRAMs can be used at 9 MHz with a tight
er 45%-55% duty cycle skew or at 8 MHz with a 
40%-60% skew. 
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Figure 10. Two Interleaved lanks of 2&8K x 1 DRAMs (Continued) 

Parameter 
... 

82788 Speolflcatlons 51C2&8H DRAM Specs 

10 MHz . ;OMHz 
45-55% 40-80"-

Tdh Min Tph 22.5 20 

Toff Max T1 + 3 25.5 23 

Teah Min. Teh + 2 26.5 22 

Tep Min Tel- 5 17.5 15 

rds Min Tel- 8 14.5 12 

Teaa Max 2Te - 27 73 73 

Teap Max 2Te - 21 79 . 79 

Tase Min Tel- 5 17.5 15 

Trp Min 2Te -,5 # 95 95 

TrwI Min Te - 9 41 41 

. Tcwl Min .Te - 12 .38 38 

Trah Min Te+ 3 53 53 

Ton Max Te:- 24 26 26 

Because these x 1 DRAMs require transceivers between 
their data outputs and the '82786, the transceiver delays 
must also be Considered. TbC two' parameters in' .the 
table 'aboVe, that'are affected are Teas and Tcap. The 
transceiver delay must be added to"the DRAM access 
time for these parameters. This implies that the data-in 
to data-out time of the transceivers must be 18 ns or 
less for the 10' MHz -'120 ns case and the '8 MHz 
-ISO Ds case. The 'delay' must' be 28:ns or less for the 
9 MHz -150 ns case and the 8 MHz -ISO ns case. 

" 

3.3 Initializing t~eDRAM 'Controller 
:. . , 

Two of the 82786 Internal Registers are used to config
.ure the DRAM/VRAM Controller. Both of the regis-

8M" 8 MHz -12 -15 
45-55"- 40-80"- 120M 150ns 

25 25 20 25 

28 28 20 25 

24.5 27 15 20 

20 20 10 10 

17 17 0 0 

83 98 55 70 

89 104 60 75 

17.5 17.5 5 5 

105 120 70 85 

46 53.5 25 30 

43 SO.5 25 30 

58 65.5 15 20 

31 38.5 25 30 

ters are typically set once during initialization and then 
never chaDged. The DRAM/VRAM Control Register 
is' set' to indieate the coDfiguration of the DRAMs/ 
VRAMs used. The DRAM/VRAM Refresh Control 
Re~ is set to indicate the frequency of refresh 'cy
·cIes. Once' programmed; the settings can be write-pro
tected uSing the write-protect bits discussed in Section 
4.2. ' , 

It is recommended that all fields of the DRAM! 
VRAM Control Regmer·be written simultaneously to 
avoid illegal coiribinatiOllS. Also, no DRAM accesses 
should be·attempted until the·DRAMIVRAM Control 
Register haS been set. For the configuration in FigUre 
10 usins OIie rOw of 2S6K Fast Page Mode DRAMs in 
two interleaved banks: . 
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DRAM/VRAM Control -Internal Reglate; Of, .. t 08h 

15 7 6 5 4 3 2 1 0 

I RESERVED IRW'; RWol DC'; oeo I HT2: HTl : HTO I 
RESET DEfAULT: 1 1 0 0 1 I 1 

DRAhI/VRAhI. HEIGHT (SIZE OF DRAhI CHIPS) 

0 0 0 BK f 1 ROW, S COLUhltI) 
0 '0 1 16K 7 ROW, 7 COLUhlN) 
0 1 0 32K ~ 7 ROW, 8 COLUhlN) 
0 1 1 64K BROW, S COLUhlN) 
1 0 0 128K (8 ROW, 9 COLUhlN) 
1 0 1 256K ( 9 ROW, 9 COLUhlN) 
1 1 0 512K ( 9 ROW, 10 COLUhlN) 
1 1 1 lh1 {10 FlOW. 10 COLUhlN) 

INTERLEAVE (1 = INTERLEAVED DRAhI BANKS) 
(0 = NONINTERLEAVED BANKS) 

FAST PAGE hlODE.(1 = FAST PAGE hlODE DRAhI) 
(0 = PAGE hlODE DRAhI) 

DRAhI/vRAhI ROWS (NUhlBER OF ROWS OF CHIPS CONFIGURE~) 

DRAhI/VRAhI CONTROL REGISTER 

o 0: ONE ROW 
o 1 TWO ROWS 
1 0 THREE ROWS 
1 1 FOUR ROWS 

00 1 1 1 0 1 = lDH 

Ul LI~L~~~D 
FAST PAGE hlODE 

ONE ROW 
292007-16 

DRAM/VRAM Refresh Coritrol, Internal Register 
Offset 06H, is set to 18118 shown below. 

15 6 5 4 3 2 1 0 

RESET Default: o o 0 o 
The 82786 CLKinput is internally divided py 16 and 
then divided' by the Refresh Scalar + 1 in the DRAM/ 
VRAM Refresh Control Register to determine the time 
between refresh cycles. Only one row of each DRAM! 
VRAM is refreshed at.a time so refresh of the entire 
DRAM/vRAM requires 128, 256, 512 or 1024 of these 
refresh cycles depending on the number of rows in the 
DRAM/vRAM. 

For example, the 51 C256H DRAMs require a complete 
refresh. every 4 ms (Tref). Th\lSe DRAMs consist of517 
IIddress rows of 512 address columns. However, .. for re
fresh·purposes, only.256 row addresses (AO-A.?) need 
to be refreshed within the 4 ms -refresh time. J'he A8 
input is not used for refresh cycles. (The 82786 main
tains a full to-bit refresh address, the upper 2 bits are 
simply not used in this configuration). Assuming a to 

292007-15 

MHz 82786 CLK, we can determine the value for the 
DRAM/VRAM Refresh Control register as follows: 

Tref x elK 
Refresh Count = 16 x RefresLRows - 1 

= 4ms x 20 MHz ~ 1 = 18.53 
16 X 256 . 

The result should always be rounded down, so the 
DRAM/VRAM Refre/lh Control Register should be 
programmed with 18. This result is dependent only on 

. the DRAM/VRAM type and the 82786 CLK frequen
cy." The configuration of the DRAM/VRAMchips 
does not matter. 

There isa lat~ncy time between the refresh requestgen
erated by this count and ,the actllal refresh cycle. The 
refresh will always occur. as ,soon as the cllrrent bus 
cycle finishes. Refresh cycles can interrUpt block trans
fen, but only at, double-word boundaries .. The wont 
case, is if a refresh request occurs just! after the 82786 
receives HLDA to begin a master mode block transfer. 
The 82786 must complete two master cycles before the 
refresh cycles can be performed. During this latency, 
further refresh requests mlly be generated. The 82786 
contllins a refresh request queue that allows up to three 
refresh requests to be pending" As soon' as ,the bus is 
freed, all queued refresh cycles will be run consecutive
ly. 

For the above example, refresh requests are generated 
every 15.2 ,""S which is derived using the following for
mula. 
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. 16 x (RefreshCount + 1) 
RequesLtlme = ClK 

= 16 X (18 + 1) ,,; '15.2 s 
20 MHz ' /10 

The amount of latency that the DRAMs will tolerate 
for each row is: 

AlioweLLatency=Tref-(RequestTime x RefresL 
Rows) 

=4 ms-(15.2 /los x 256)= 108.81108 

But the rea1latency limit is that the 82786 allows only 
three requests to be queued: 

Maximul'l1-latency = Queue_Size X RefresL Time 
= 3 x 15.2 = 45.6/1os 

Therefore, the maximum number of wait-states allowed 
for a 82786 IIlIISter mode transfer is: 

WaiLStates = «Maximul'l1-Latency x PClK) -
overhead)/bus-cycles , 

«45.6/1oS x 10 MHz) ~ 7 cycles)/2 ;: 224 

Clearly, in this 'situation;' 'refresh latency is nllt a prob
lem. If the system memory caused the 82786 to delay 
over 224 wait~states for a master-mode access, not only 
would DRAM/VRAM refresh be missed, but the dis
play refresh wouid also b'e lost. 

The 82786 always issues three refresh cycles following a 
RESET. BesideS these f1l'St three refresh cycles, the 
82786 does not perform any other DRAM/VRAM ini
'tialization after cold or warm-reset. If the DRAMs/ 
VRAMs require other initialization cycles, the CPU 
should either perform dummy cycles to the DRAM! 
VRAM or wait until the refresh counter has requested 
enough refresh cycles to occur. ' 

If the DRAM/VRAM Refresh Control Register is set 
to all ones, refresh cycles are disabled. 

4.0 SYSTEM BUS INTERFACE 

The 82786 system bus structure allows the 82786 to be 
easily connected to a variety of CPUs. The 82786 can 
act as both a slave and a master to the CPU's bus. As a 
slave, the CPU or DMA can perform read and write 
cycles to the 82786 Internal Registers or to the 82786 
DRAM/VRAM. As a master, the 82786 Graphics and 
Display Processors can perform read and write cycles 
to the CPU's system memory.' . . . , 

The 82786 bus can operite in three different modes to 
handle various CPU interfaces. The 82786 determines 
which mode to use by sampling the BHE and MIO pins 
during RESET: 

IRE MIO 

Synchronous 80286 bus 1 0 
Synchronous 80186 bus 1 1 
Asynchronous bus 0 X 

For synchronous 80286 interfaces, the Reset and Clock 
inputs into the 80286 and 82786 must be common, For 
synchronous interfaces to 80186, the 80186 CLKIN 
must, be the same as the 82786 CLK (so an external 
clock source must be used). The RES input into the 
80186 must meet a set up and hold time with respect to 
the CLKIN. The RESET for the 82786 should be gen
eratec;l from the RES (for 80186) by delaying RES by 
one CLKIN cycle and inverting it. This ensures that 
the 82786 phI is coincident with 80186 CLKOUT low. 

These 'pin states are easy to achieve for the synchro~ 
modes. During RESET, the 80286 always drives BHE 
high and MIO low. 

CPUs ~th timings different from the 80286 must use 
asynchronous mode (however, CPUs such as die 80386 
can easily generate 80286 style timings). Care should be 
taken in this case to ensure BHE is low during RESET. 

In each of these three modes it is possible to configure 
the 82786 to allow both master and slave acc.esses or to 
simplify the logic to allow only slave access. In master 
mode, the 82786 always generates 80286 style bus sig
nals. 

If the 82786 is used as a master, it will activate its 
HREQ line when it needs to become the bus master to 
access system memory. It waits until HLDA is received 
and then begins driving the system bus. Once HLDA is 
received, a 10 MHz 82786 can perform system bus ac
cesses at the ,following rate (assuming 0 wait-states). 

single reads/writes 4 cycles 5 Mbyte/sec 
read-modify-writes 6 cycles 3.3 Mbyte/sec 
burst-access read/write 2 cycles 10 Mbyte/sec 

The 82786 will begin the first master bus access on the 
cycle after HLDA is activated. The only delay is the 
time between when the 82786 activates HREQ and the 
system can release the' bus and return HLDA. Most 
synchronous CPUs require a minimum of three cycles 
between the time HOLD is activated until they can re
turn HLDA. The 82786 will keep HREQ activated un
til it no lOnger has more accesses to perform to system 
memory (until either the next 82786 access is to the 
dedicated graphics DRAM/VRAM or until neither the 
Graphics or Display Processors require the bus.). Once 
the 82786 is done using the system bus, it will remove 
HREQ and is able to immediately access its Graphics 
DRAMIVRAM on the next cycle. 
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It is potentially, ~sible for the 82786 to require the 
system bus for a lengthy period of time. For example, if 
the 82786 has been programmed'to give :the Graphics 
Processor high priority, and the Otaphics Pr9cessar ex
ecutes a command that requires ~ ~ot of ~s to, sys
tem memory, then the system bus could potentially be 
held by the 82786 for several consecutive accesses. 
D1'IlwinS a Ions vector hito a bitmap residing in system 
memory ii such a command. In this case, the maximum 
time the 82786 can potentially keep the system bus is 
detertl$ed by the frequency of DRAM.IVRA~ re
fresh cycles programmed into DRAM/VRAM R~res,h 
Control Rep'ter. " " ' 

If the CPU needs to regain control of the bus before the 
82786 is done, it may remove HLDA early. The 82786 
will then complete the current acCess and remove 
HREQ to indicate to the CPU that it may now take
over control of the bus. If the 82786 stili requires more 
access to the system bus, it will re-activate HREQ two 
cycles after it had removed it and wait until the next 
HLDA. Sjnce the 82786 removes HREQ for only two 
cycles, it is important that the CPU recogruze it imme
diately.' Otherwise a lock-out cOndition will OCCUr in 
which the CPU is waiting' for the 82786 to remove 
HREQ and the 82786 is waiting for the CPU to issue 
HLDA. This is not a problem for the synchronous in
terfaces. Extra logic may' be required to prevent this 
situation if the 82786 is used as a master in an asyn
chronous interface and HLDA is ever remo'VCd prema
turely,' eSpecially if the CPU clack is significantly sl!>w
er than the 82786 clock. 

4.1 Memory Map 

Figure 12 shows the memory map as it,appears to both 
the 82786 Graphics and Display Processors. These 
prOcessors bOth use a 22-bit address which provides for 
up to 4 Megabytes of address space. They are only al
lowed to make memory ~ so no IJ<? map is ap
plicable. 

SFFFFFh 

8Be~0h '--_____ --' 

292007-1.1 

Figure 12. ",emory Map for Graphics 
and DIsplay Processors 

FFFFFFh 

GRAPHICS 
HEIfORY 

lliI9011ah '--_____ ..... 

] INtERNAL RESIStERS 
nAY BE LOCAtED IN 
nEnORY OR 110 SPACE 
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FIgure 13. Memory Map tor System CPU 

The 82786 dedicated graphics DRAM/VRAM always 
starts at location OOOOOOh and grows upwards. The up
per addresS depends on the amQunt of DRAM/VRAM 
memory configured in the DRAM/VRAM Control 
Register. The system bus memory begins where the 
DRAM/VRAM ends and continues to the highest ad
dressable memory location 3FFFFFh. 

The memory map as it appears to the system CPU is 
shown in Figure 13. The area that the 82786 Graphics 
DRAM/VRAM is mapped into can be anywhere in the 
CPU address space and is compl~y defined by the 
address decode logic ofthe CPU system. Normally only 
the space for the configured graphics memory is 
mapped into CPU address space. If addresses above the 
configured graphics memory are mapped into the CPU 
address space, and the CPU writes to addresses above 
the configured 82786 memory, the write is ignored. If it 
reads from these locations, the data returned is unde
fined. 

The 82786 Internal Registers may be ponfigured to re
side in memory or I/O address space. If configured to 
reside in memory, then they will, override a 128 byte 
area of the 82786 memory address space for external 
(CPU) accesses. The Internal Registers are only acces
sible by the external CPU and therefore are never found 
in the 82786 Graphics or Display ~sor memory 
maps. 

SuppoSe, the 82786 is configured with 1 Megabyte of 
Graphics DRAM/VRAM and is used in an 80286 sys
tem. A possible memory map and connection ~am 
is shown in FigUre 14. All of the 82786 memory is 
mapped into the 80286 address space. Also, a 3 Mega
byte portion of the 80286 system memory is mapped 
into the 82786. Since the 80286 has two more address 
bits than the 82786, a tristate buffer is used to supply 
the top two address' bits when 82786 enters master 
mode. 
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Figure 14. Possible Memory Mapping for 80286/82786 
82786 Internal Registers are Memory'Mapped 

Notice that the same memory corresponds to one set of 
memory addresses for the CPU and a different set of 
memory address for the 82786 Graphics and Display 
Processors. Although it is possible to make these ad
dresses match, it is not necessary as long as the control
ling CPU software understands the relationship and 
makes the simple conversion. Often it is not desirable to 
make the addresses match. For example, most CPUs 
use the lowest memory addresses fQr special purposes, 
such as for interrupt vectors. If the lowest CPU. memo
ry were 82786 memory rather than the faster (for CPU 
access) system memory, then these operations would 
execute significantly slower. 

Even though the real addresses don'f match, the oper
ating system for a CPU such as the 80286 could make 
the CPUs virtual addresses map easily to the 82786 real 
addresses. 

The 82786 Internal Registers may either be memory or 
1/0 mapped. If they are memory mapped over the 
Graphics DRAM/VRAM, the CPU will not be able to 
access the 128 bytes of DRAM/VRAM which they 
cover, (although the Graphics and Display Processors 
can). If they are memory mapped above the Graphics 
DRAM/VRAM (over nonconfigured memory), then 
they will not prevent the CPU from accessing any of 
the 82786 memory, but they must be included in the 
CPU memory space that the address decoder allocates 
for the 82786. The 82786 Internal Registers may be 
1/0 mapped, so they do not overlap any memory, how
ever the CPU chip select logic for the 82786 becomes 
slightly larger. Figure 15 shows a circuit similar to Fig
ure 14, except the registers are I/O mapped. Memory 
mapping the Internal Registers allows the software 
slightly more flexibility in accessing the registers. 
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FFFFFFII 
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Figure 15. Possible Memory Mapping for 80288/82788 
82788 Internal Registers are lio Mapped 
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Figure 16. Possible Memory Mapping for 80186/82786 

Because graphics memory can be quite large, some sys
tem designs might not allow all of the configured 
Graphics DRAM/vRAM to be directly mapped by the 
CPU. For example, if the 82786 has 2 Megabytes of 
Graphics DRAM/VRAM and is used with a 80186 
processor, which can only address 1 Megabyte, then the 
80186 can not directly access all of the 82786 memory. 
In this case the CPU can be permitted to only access' a 
portion of the graphics DRAM/vRAM. Figure 16 
shows a memory map and connection diagram for such 
a system. Since the 82786 has two more address bits 

. than the 80186, a tristate buffer is used to supply the 
two highest address bits when the 82786 is in slave 
mode. 

In many cases the CPU does not require access to all of 
the graphics memory. For example, many situations 

will not require the CPU to directly access the bit
maps. If the CPU must gain access to the graphics 
memory which is not directly mapped to the CPU, the 
82786 Graphics Processor can be instructed (using the 
BitBlt command) to/move portions of the Graphics 
memory to and from the area accessible by the CPU. 

Alternatively, the Graphics DRAM/VRAM areas can 
be bank switched to allow the CPU direct access at any 
portion of the graphics memory. Figure 17 shows the 
use of an 1/0 port (74LS173 latch) to which the CPU 
can write the highest 3 bits of the address for the 82786 
slave accesses. ' 

In both Figures 16 and 17, it is possible for the 827116 in 
master mode to access the CPU memory addresses that 

5-147 



inter AP·270 

SFFFFFII 

SYSTEtt 
HEttORY 

28808811 
IFFFFFII 

FFFFFII SW'I'EI1 

C .... II ttEtIJRY 
IFFFFII .'.~~P" ... I.tI.T.I!RtI.l!I.r. .. ~.~.Ii~ GRAPHICS 

GRAPHICS HEtIJRY 
81 ... 11 HEttORY 
7FFFFII 

SW'IVt 
HDtDIIy 

••••• 11 0BIIII81111 

88186 HEttORY-ItAP 82786 I1EI1ORY-ttAP 

MIlO MilO 

4>-~139~J 
"ES 

MEN 

TO~~ 
88186 

-aT 
r- AI 1m_ 

_·A. I ijl 14LS1?3 8~ 

II A21 
-~ A28 

Al9 Q D Al9 
Ale Q D Ale 

'361 -=..;.. 
AI?:11 AI?II 

292007-18 

Figure 17. Possible Memory Mapping for 80186182786 
Bank-5wltchlng Allows 80186 to Access All 82786 Memory , 

correspond to the 82786 slave addresses. In this ·case, 
the circuit will .generate a 82786 chip-select, but the 
82786 will not respond to this chip-select· while it re
mains in master mode. AB long as the READY logic 
goes high (it may not since the 82786 will not perform 
the slave-access) then the 82786 will complete the mas
ter-mode cycle. By the time the- 82786 returns to slave
mode, the chip-select will have gone away. 

4.2 BIU Registers 

Within the 82786 Internal Register block, the registers 
at offsets. OOh-OFh are used by the Bus Interface Unit 

to control ·the system configuration (Figure 4). These 
registers are normally set once during power-up intiali
zation and never changed. 

Two of th~ registers, DRAM!vRAM Refresh Con
trol and DRAM/VRAM Control have already been 
discussed in Section 3.3. The rest of the registers are 
discussed in this section. 

The Internal Relocation Register dermes the location of 
the 82786 Internal Registers anywhere in the 82786 
memory or I/O address space. 
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Internal Relocation Register Offaet OOh 

IS 14 13 12 11 10 9 8 7 6 S 4 3 2 o 
I Base Address 

Reset: X X X X X X X X X X X X X X X o 

~ + o = I/O Mapped 

Base Address: determines bits 21:7 of the Internal Register Block 
addless (bits 6:0 of the addless are used as the 
offset). 

t = Memory Mapped 

After RESET, any CPU slave VO address to the 82786 
(which activates the 82786 Chip-Select) will access the 
Internal Register Block. During initialization, a write 
to the Internal Relocation Register should be per
formed to locate the Internal Register Block at specific 
even byte memory or I/O address. Once the write to 
the Internal Relocation Register occurs, the 82786 In
ternal Register Block no longer occupies all of 82786 V 
o space, rather it is restricted to just the 128 memory 
or I/O bytes specified. The Internal Registers can be 
located anywhere accessible by the CPU. However, if 
they are memory-mapped and located over configured 
graphics memory, they will take precedence over the 
memory for CPU accesses to those addresses. Graphics 
or Display Processor accesses to these addresses will 
still be directed to DRAM/VRAM. For example, writ
ing the value of 03F8h locates the Internal Registers at 
I/O addresses FEOOh - FE7Fh. 

03F8h = 00 0000 1111 11100 0 . I I 
I I/O mapped 

Base Address ooFEOOh(offsets 0-7Fh) 

Note that the address written to the Internal Reloca
tion Register determines the memory or I/O address 
that is required to be placed on the 82786 address pins 
during a CPU access to the 82786 Internal Registers. 
The actual CPU address used may be different, and is 
dependent on the chip select and memory mapping log
ic described in Section 4.1. 

There are four sources of requests for the 82786 bus: 
- DRAM/VRAM refresh 
- Display Processor 
- Graphics Processor 
- External Processor (CPU or DMA slave accesses) 

The DRAM/VRAM refresh requests are always top 
priority. That is, once the DRAM/VRAM refresh re
quest is made, the 82786 bus will complete the current 
bus access and then perform the DRAM/VRAM re
fresh. Three BIU registers are used to set the priorities 
of the other three bus requests. Two priority values are 
used: 

FPL - First Priority Level - priority used when proc
essor first requests bus. 

292007-86 

SPL - Subsequent Priority Level - priority used for 
processor to maintain bus during a block 
transfer. If a block transfer is interrupted, this 
is also the priority used to regain the bus to 
complete the burst access. 

When a processor first requests the 82786 bus, its FPL 
value is used. The processor with the highest priority 
gets access to the bus. Once the bus is granted, the first 
access occurs. If a multiple-word block transfer is per
formed the SPL value is then used as the priority to 
maintain the bus for subsequent cycles. As long as no 
other processor of higher priority requests the bus, the 
burst-access is allowed to continue to completion. If a 
higher priority request is made, the block transfer will 
be suspended and the bus granted to the new request. 
The suspended block transfer will not get the bus back 
until its SPL value is again the highest priority request. 

A separate register is used to program the priority for 
each of the three processors. Because the External 
Processor can not perform block transfers, no External 
SPL value is required for it. 

Display Priority - Internal Register Offset DAh 
15 6 5 4 3 2 1 D 

Reserved I F P L I S P L 

RESET Default: 1 D 0 

Graphics Priority - Internal Register Offset DCh 
15 6 5 4 3 2 1 o 

Reserved I FPL I SPL 

RESET Default: 1 0 1 o o 

External Priority - Internal Register Offset DEh 
15 6 5 4 3 2 1 0 

Reserved I F P L I Reserved 

RESET Default: 1 1 

All of the priorities are programmable values from D to 
7,with 7 being the highest priority. If two processors 
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that are programmed with the same priority both re
quest the bus, the priority in which the bus will be 
granted for the two will be (from highest to lowest): 

- Display Processor 
- Graphics Processor 
- External Processor 

There are two exceptions to these programmable priori
ties. If the CPU makes a slave request while one of the 
82786 processors makes a master request, the CPU's 
request will always be handled first by the 82786 re
gardless of priority settings. This is necessary to prevent 
the lock-out situation where the CPU will not grant 
HLDA until it completes the bus aCcess to the 82786 
and the 82786 will not complete the CPU bus cycle 
until the higher priority master cycle completes. The 
other exception is refresh cycles; they always will be 
handled while the 82786 is in a HLDA loop. 

The values programmed into these priority registers 
should be selected carefully. There is a performance 
penalty whenever a block transfer is interrupted. How
ever, if block transfers are not interrupted, then it is 
possible that one processor must wait a long time to get 
the bus while another is finishing. A balance between 
overall bus performance ~d maximum tolerable laten
cy must be made. 

For example, if the Display Processor is not given high 
enough priority, it may not always be able to fetch the 
bitmapped display data fast enough to keep up with the 
CRT,' When this happens, the Display Processor will 
not'be able to'send the correct video data to the CRT 
and will instead place the value in the FldColor Regis
ter on the VDATA pins. To prevent this, the Display 
Processor can be programmed for the highest priority 
(after DRAM/VRAM refresh). 

The Display Processor internally contains a FIFO 
which is used to butTer the bitmap data to be displaylld. 
The FIFO consists of 32-double-words of 32 bits each. 
Each F1FO double-word, contains the results of a 32-bit 
fetch from the bitmap memory. A double-word can 
therefore contain as many as 32 pixels, or as few as 1 
pixel (such as at window borders). 

Display Control Processor Register Block 2 TripPt 
Register controls when' this FIFO is loaded. If the 
TripPt value is set at 16, the Display Processor waits 
,until the FIFO is half empty (only 16 double-words 
left) before it requests a new block transfer to, refill the 
FIFO. The block transfer request will not end until the 
FIFO is again full (although the block transfer may be 
interrupted by a higher priority request). If the TripPt 
value is set at 20, the Display Processor will begin re
questing a new block transfer after only 12 FIFO dou

,ble-words are emptied (20 left remaining). A low 
TripPt value generates fewer but longer bloc~ transfers 
and therefore the overall Display Processor bus effi
ciency is increased. HQwever, 'a loW TripPt value also 
,t;equires that the bus latency be smaller. A low TripPt 
value means that there arc:: less double-words left in 

the FIFO when the bus request is made. If the FIFO 
drains completely before the bus has been granted, then 
the FldColor Register value will be used from the cur
rent pixel through the end of the current scan line. The 
TripPt may be programmed to 16 or 20 using the Dis
play Processor LD~EG or LD~L commands. 

The Display Processor also keeps busy during Blank 
times. During Vertical Blank time it performs any com~ 
mand loaded into its Opcode Register. During Hori
zontal Blank time it loads a new Strip Descriptor if 
necessary and begins fetching the first pixels on the 
line. The descriptor fetch begins as soon as the last pixel 
of the last line has been placed in the FIFO. If the 
Display Processor priority is not high enough to allow 
these fetches during Blank time, then again part of the 
display can not be generated correctly and FldColor 
will be used. Two bits in the Display Processor Status 
Register can be used to determinll if the Display Proc
essor ever gets behind: 

bit~5 '- DOV - Descriptor Overrun - set if strip de
scriptor fetch does not complete by the time 
horizontal blanking ends. 

bit-4 - FMT - FIFO Empty - set if the Display 
FIFO empties. 

Both bits are reset after reading the Status Register. 

The setting'ofthe External Priority Register can greatly 
atTect the Performance of the external CPU 'when it 
performs an access to the 82786. Unless the Extern8l 
Priority is greater than the Graphics Processor, when
ever the Graphics Processor is bUsy with a command 
stream that demands significant bus bandwidth, the 
CPU may have to wait a significant amount of time 
before it can complete an access to the 82786. The CPU 
waits for the 82786 in the middle of a bus access until 
the 82786 returns 'the READY signal. During this wait 
time, the CPU will not be able to process anything, 
including interrupts. Of course, if the application is 
very graphics intensive and the CPU throughput is of 
lesser concern, then the Graphics Processor can be pro
grammed with a higher priority. 

Use the following priority values during your initial de
sign. Once the system is working properly, you may , 
wish to tweak the values for optimum performance. 
The optimum values are dependent on the CPU and 
video speeds as well as the CPU and graphics instruc
tion mix and the window arrangement. In most cases, 
these registers will be initialized once and never 
changed. It may be advantageous in some specialized 
applications to adjust these values when the application 
changes modes. ' 

FPL SPL 

Display Processor 6 6 

Graphics Processor ? 2 

External Processor 4 

Trip Point : 20 
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15 6 5 4 3 2 1 0 

RESERVED I VR I WT I BCP I GI I 01 IWP11wP21 

RESET DEfAULT: 0 o 0 0 0 0 

I 
WRITE PROTECTION 2 

WHEN SET: ALL BITS Of 
ALL BIU REGISTERS ARE 
PREVENTED fROM CHANGING 
DURING WRITES. 

WRITE PROTECTION 1 
WHEN SET: ALL BITS Of ALL 
BIU RE'GISTERS ARE PREVENTED 
fROM CHANGING DURING WRITES 
EXCEPT WPI AND WP2. 

DISPLAY PROCESSOR INTERRUPT 
SET WHEN DISPLAY PROCESSOR ISSUES 
AN INTERRUPT. CLEARED BY READ Of 
THIS REGISTER. 

GRAPHICS PROCESSOR INTERRUPT 
SET WHEN GRAPHICS PROCESSOR ISSUES AN 
INTERRUPT. CLEARED BY READ Of THIS 
REGISTER. 

EXTERNAL BUS SIZE 
0=8 BIT BUS 
1 = 16 BIT BUS 

WAIT STATE fOR IAPX 186 
0- MAX 1 (2) WAIT STATES 
1 - MIN 2 (3) WAIT STATES 

VRAM CONTROL 
0- USING STANDARD DRAMS 
1 - USING VIDEO DRAMS 

292007-19 

The BIU Control Register contains a miscellaney of 
bits. 

After the BIU Registers have been initialized, the WP1 
and WP2 bits can be used to protect all of the BIU 
Registers (82786 Internal Register offsets OOh _. OFh) 
from being rewritten. This will prevent faulty software 
from going wild and placing the 82786 into an unwant
ed state. Once WP1 is set, the only way to change the 
BIU registers is to reset WP1 first. Once WP2 is set, 
there is no way for the software to modify the BIU 
registers until a 82786 hardware RESET is performed. 

After the 82786 causes an interrupt, the GI and DI 
interrupt bits are used to allow the software to deter
mine whether the Graphics or Display Processor 
caused the interrupt. It is possible that both of these 
bits may be set if both processors have caused an inter
rupt by the time the interrupt handler reads this regis
ter. In this case, both interrupts should be handled by 
the interrupt handler. 

Although it is not absolutely necessary to allow the 
82786 to interrupt the CPU, it is very desirable. Graph
ics Processor interrupts can inform the software when 

it has completed: all the commands as well as to report 
error conditions. Display Processor interrupts can in
form the software when a new display field has begun. 
A new command can then be loaded into the Display 
Processor to be executed before the next display field. 
This facilitates operations such as smooth scrolling and 
blinking. The only hardware requirement to permit 
82786 interrupts is that the 82786 INTR pin is tied to 
one of the interrupt controller inputs. 

Although the 82786 always uses 16 bits, the 82786 can 
be used with both 8 and 16 bit processors. For an 8-bit 
CPU, separate transceivers are required for the low and 
high bytes to the 82786 (Figure 18). In both 8 and 16 
bit modes, graphics memory may be accessed a byte at 
a time. Although the 82786 internal registers may be 
read a byte at a time, they all are considered to be 16 
bits (even if some of the bits aren't used) and must 
always be written in 2-byte even-word pairs. In 16-bit 
mode, they must be written as.a 16-bit word. In 8-bit 
mode, first the lower (even-address) byte is written and 
then the upper (odd-address) byte is written. With an 8-
bit processor such as the 8088, both of the following 
assembly routines may be used to load the 16-bit BI
UControl Register with AX. 
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Figure 18. 8·Blt CPU Uses Two Data Transceivers to Connect to 82786 

mov dx,BIUControl 
out dX,al ;write AL into low-byte of BIUControl 
mov al,ah 
inc dx 
out dX,al ;write AH into high-byts of BIUControl 

or: 

mov dx,BIUControl 
out dx,ax ;write AX into BIUControl word 

In 8-bit mode, an even-byte write to an 82786 Internal Register does not change any of the 82786 Internal Registers, 
the data is simply saved until an odd-byte write to a.82786 internal register is performed. Then both the high and low 
bytes are written into that register. In effect, the even-byte address is ignored and an odd byte write will write into 
the register both the odd-byte data and whatever even byte data was last written, into the register address specified 
by the odd-byte access. There is, no limit to the amount of time allowed between the even byte and corresponding 
odd-byte writes. An odd-byte write that is not preceded by an even byte will be ignored. 

The 82786 always comes up in 8-bit mode after RESET. This means that a 16-bit CPU should change the BCP bit to 
one. It must perform two byte-wide accesses to do this. The following initialization code can be used. 

mov dX,BIUControl 
mov al,30h 
Qut dX,al 

xor 'al,al 
inc dx 
out dx,al 

;write 30h into low-byte of BIUControl 

;write OOh into high-byte of BIUControl 

mov dX~InternalRelocatlon 
mov ax,03F8h ' 
out dx,ax ;write 03F8h into InternalRelocation word 

The 82786 is fu:st placed in 16-bit mode'(using two 8-bit writes), ,then the 82786 Internal Registers are located at the 
desired address (which is done with a 16-bitwrite). Next, the DRAM/VRAM and priority registers should be 
initialized. Byte-wide writes into the 82786 Internal Registers can not be performed while BCP = 1. 

All the 82786 master mode operations are, 16 bits wide independent of the BCP bit. This means that system memory 
must be accessible 16-bits at a time if master mode is to be used. The WT bit is set to 1 on reset. The VR bit is reset to 
o at reset. 
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4.3 80286 Synchronous Interface 

The 82786 has been optimized for the 80286, which 
minimizes the interface logic requirements. Figure 19 
shows a 82786 connected synchronously to an 80286. 
Much of the logic, such as the 82288, chip-select, and 
ready, can be shared by the rest of the 80286 system. 

This configuration allows both master and slave access
es. The data transceivers allow the 80286 to access the 
82786 and graphics memory and the 82786 to access 
the 80286 system memory. They also provide the isola
tion required to allow the 80286 to access system mem
ory while the 82786 accesses graphics memory simulta
neously. The tristate buffer 74LS367 is used to pull the 
80286 upper address lines, COD/INT A, LOCK and 
PEACK to their proper states during master mode. If 
any of these signals are not used by the rest of the 
system, they need not be driven by a tristate buffer. 

If master mode is not required, MEN will stay low and 
three of the four gates driving the data transceivers can 
be eliminated. Also, the tristate buffer, which is only 
used in master mode, may be eliminated. HREQ should 
be left open and the 82786 HLDA pin should be tied to 
ground so that the 82786 will never enter master mode. 

Both the 80286 and the 82786 internally divide-by-two 
the CLK input and use both phases. For the 82786 to 
run correctly with the 80286, these phases must be cor
related correctly. This can easily be done by observing 
the setup and hold times for rising RESET for both 
chips (see 80286 data sheet specifications and 82786 
data sheet specifications). The 82C284 chip will meet 
this requirement. 

Depending on the CLK speed and the type of DRAM/ 
VRAM used, the 82786 may have very stringent CLK 
duty cycle requirements (see Section 3.2). It may not be 
possible to use the internal oscillator of the 82C284 
chip but it may be possible to use an external oscillator 
to drive the 82C284 external clock (EPI) pin. 

Clock skew between the 80286 and the 82786 should be 
kept to a minimum so the chips should be placed as 
close together as possible. 

When the 82786 bus is free, the circuit in Figure 19 
permits CPU slave accesses using 2 wait-states for 
writes and 3 wait-states for reads. Using DRAMs/ 
VRAMs with slightly faster access times, the circuit in 
Figure 20 permits both read and write slave accesses 
using 2 wait-states. The 82C284 SRDY input is used 
instead of ARDY. The 82786 SEN timing is such that a 
minimum of 2-wait states are always generated for 
writes but a minimum of 2 or 3 wait-states are used for 
reads depending on the use of SRDY or ARDY. Notice 
that with 2 wait-state reads, the SEN signal must be 
qualified with CS so that SEN does not extend into the 
cycle following the slave write. The most critical rela
tionship to be satisfied in order for 2 wait-state writes 
is: 

Tcac < Tc + Tch - 15 - 45 

For a 10 MHz 82786 the DRAM/VRAM column ac-
cess time must be: . 

Tcac < 50 + 25 - 45 = 30 ns 

Note that x 1 DRAMs have two transceiver delays. 
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The critical timing calculatioll,S for slave mode are calculated as follows. The actual numbers calculated are for, an 
80286/82786 system running at 8 MHz. ' , 

chip-select-logic path from 80286 address to 82786 CS pin 
< 2 X clock period address valid setup 
< 2 X 286.T1 ' 286.T13 82786.Ts1 
< 2 X SOns 3S ns Sns 
< 60ns 

ready-logic path from 82786 SEN to 82C284 SRDY pin 
< clock period SEN active ARDYsetup 

(if ARDY is used < 286.T1 82786.S18 - 82C284.T13 
as in Figure 19) < SO,ns 2Sns Ons 

< 2Sns 

ready-logic path from 82786 SEN to 82C284 ARDY pin 
< clock period SEN active SRDYsetup 

(if SRPY is u.se~ < 286.T1 82786.S18 82C284.T11 
as in Figure 20) < SOns 2Sns lSns 

<, IOns 

from SEN active to read data valid 
read data valid ~ 82786.TS22 + transceiver delay 

, , from ,SEN active to write data, valid 
write data valid ~ 82786.Ts20 

The master mode signals generated by the 82786 are all within the specificatiOn range guaranteed by the 80286. In 
other words, if the system memory is designed to function with the 80286, it will also be able to function with the 
8,2786. The only signals that may not be within the range of the 80286 specit'i9&tions are the data bus signals due to 
the transceiver delays. Care must be taken to ensure that the memory subsystems that the 827,86 is to be able to 
access in master mode can l1leet these more stringent requirements: 

read data setup 

write data valid 

> 
> 
> 

< 
< 
< 

data valid to falling clock after Tc phase 2 
82786 read data setup + transceiver-delay 

82786.T8 + data in to data out 
Sns + Tprop 

data valid delay from falling clock after Ts phase 1 
82786 write data valid transceiver delay 

82786.T14 data in to data out 
40ns Tprop 

The clock skew between the 80286 and the 82786 must be considered in all these calculations. 
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4.4 80186 Synchronous Interface 

The 82786 supports a synchronous status interface to 
the 80186. The 82786 bus clock and the 80186 x 1 
Crystal Input must be driveJ;l with the same external 
clock (EFI). The Reset inputs to the 82786 must be 
generatedofrom the RES for the 80186 by delaying it by 
one clock (input). This guarantees that the 82786 Clock 
phase 1 is coincident with 80186 CLKOUT low. A syn
chronous 80186 interface is selected if BHE is high and 
MIO is high prior to falling 82786 RESET. 

Generally this configuration will be used with a mini
mum of 3 wait states for the 82786 slave read and write 
accesses. Therefore the WT bit in the 82786 BIU Con
trol Register should be set. The 82786 slave accesses 
will then only be initiated when the 82786 CS is actual
ly activated. 

There is, however, a way to allow this interface to use a 
minimum-Ef 2 wait states (set WT = 0).' Rather than 
wait for CS to go active, the 82786 can be allowed to 
request a slave access as soon as the 80186 status lines 
go active. If the 82786 is not in the midst of another bus 
cycle and the CPU request is the highest priority, the 
bus will immediately be granted to the CPU and a bus 
cycle started. If the CS then goes active the 82786 can 
complete the access within 2 wait-states. If CS does not 
go active (because the 80186 is not accessing the 82786 
but rather its own memory or 1/0) then the 82786 will 
abort the bus cycle by running a dummy 82786 bus 
cycle. 

If there is other RAM or ROM in the system besides 
the 82786 graphics DRAM/VRAM that the 80186 of
ten accesses, then this 2 wait-state will probably hinder 
rather than help performance. Every time the 80186 
fetches from its own system memory (such as an op
code fetch or operand access), and the 82786 bus is idle, 
the 82786 will waste time running a dummy cycle. For
tunately, the busier the 82786 bus is, th~ less likely it 
will be free when the 80186 initiates a bus cycle, and 
therefore the less likely the 82786 will waste time run
ning a dummy cycle. 

4.5 Asynchronous Interface 

An asynchronous interface can be used to interface the 
82786 with nearly any CPU. The CPU clock and the 
82786 clock are independent and may rnn at different 
speeds. If the 80286 is connected asynchronously with 
the 82786 and both processors are run at approximately 
the same clock frequency, then the minimum possible 
wait-states is one more than for the corresponding syn
chronous mode. 

Figure 21 shows a slave-only 10 MHz 82786 interface 
to an 8 MHz 80186. At 10 MHz, the 82786 r~es 
that the address becomes valid S 17 = 80 ns after RD or 
WR falls and remains valid for S16= 130 ns. Because 
the 80186 address disappears the same cycle RD and 
WR fall, the address must be latched. This latched ad
dress can be shared by the other components on the 
80186 bus. 

Due to the indeterminate phase relationship between 
the CPU and 82786 clocks, care must be taken to en
sure the readlwrite data timings have enough slack. 
When the read data is sampled, and when the write 
data is removed is determined by the CPU's ARDY 
input. The 82786 SEN signal is used to generate the 
ready signal which ensures that the data is indeed avail
able. D-flip-flops can be used to delay the SEN signal to 
delay the CPU Ready signal. For a 10 MHz 82786: 

from SEN active to read data valid 
read data valid ~ 82786. Ts22 + Tprop 

from SEN active to write data valid 
write data valid ~ 82786.Ts20 

To initially place the 82786 into the asynchronous in
terface mode, the 82786 BHE pin must be low during 
the fallin~e of RESET. To ensure this, the 74LS373 
latch for BHE is tristated and an open-collector invert
er pulls down BHE during RESET. 

The 80386 processor can be interfaced to the 82786 
either synchronously or asynchronously. For a syn
chronous interface, standard logic can be used around 
the 80386 to emulate a 80286 style bus for use with the 
interface described in Section 4.3. In this configuration 
the 82786 bus would run at half the clock rate of the 
80386 (a 16 MHz 80386 would run with an 8 MHz 
82786 bus). For an asynchronous interface, the stan
dard local bus controller logic used by the 80386 to 
interface most peripherals can be used (Figure 22). 

Although the actual bus transfers of a synchronous bus 
aTe faster than for an asynchronous bus, there are cases 
where an asynchronous interface provides the highest' 
performance. For example, for a given display resolu
tion, the Display Processor overhead of a 10 MHz 
82786 is a lower percentage of the total bus throughput 
than for an 8 MHz 82786. If the 82786 is used with a 16 
MHz 80386, then an asynchronous 10 MHz 82786 
would have more bandwidth for the CPU and Graphics 
Processor than a synchronous ,8 MHz 82786 and there
fore CPU accesses, generally, will be completed faster 
with the asynchronous interface. 
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4.6 Multiple 82786 Interface 

For higher performance, it is possible to use several 
82786 chips in the same system. Any of the above 
CPU/82786 interfaces can be used to attach multiple 
82786s to Qne CPU in the system. Each 82786 will re
quire its own separate DRAM/VRAM array. 

The driving software for these multiple CPUs would 
most likely be sending nearly the same commands to all 
ofthe 82786s. Rather than forcing the software to write 
commands to each 82786 individually, it is possible to 
allow write commands to go to several or all the 
82786s. One method of determining which 82786s 
should receive the write command would be to first 
write to an I/O port in which each bit corresponded to 
a different 82786. In Figure 23, the port bits set to 0 
enable the corresponding 82786 for CPU writes. When 
a write to 82786 address-space occurs, all of the select
ed 82786s are chip-selected. The CPU will then wait for 
READY from all the selected 82786s before completing 
the bus cycle. In this manner, one, all, or any combina
tion of 82786s can be written into at once. 

Because it is impossible to read from several 82786s at 
once, a priority scheme is used on the I/O port to allow 
a read from only one of the selected 82786s. The circuit 
in Figure 23 only allows slave-accesses, the 82786s may 
not enter master-mode. 

If master-mode operation of the multiple 82786s is de
sired, each 82786 must access the bus separately. A 
priority scheme is used to determine which 82786 is 
awarded the bus when the CPU issues HLDA. With 
only two possible 82786 masters, the random circuitry 
to hold one 82786 off the bus while the other is using it 
is straight-forward (Figure 24). With more 82786 mas
ters, it is more feasible to use a state-machine (possibly 
implemented in PALs) to perform the arbiting. 

5.0 VIDEO INTERFACE 

The video interface connects the 82786 to the video 
display. The 82786 is optimized to drive CRT monitors 
but may also be used to drive other types of displays. 
Because CRTs provide an inexpensive method ,of gener
ating moderate and high resolution, monochrome and 
color displays, this application note will concentrate on 
CRT interfaces. Section 5.10 briefly describes other dis
play interfaces. 

The video interface for a CRT is very dependent on the 
CRT requirements and the resolution and depth (bits/ 
pixel) of the image desired. The 82786 can be pro
grammed to directly generate all the CRT signals for 
up to 8 bits/pixel (256 color) displays at video rates up 
to 25 MHz. In addition, external hardware can be add-

ed to allow a color look-up table or to trade-off the 
number of bits/pixel for higher display resolutions, or 
to use VRAMs. 

Some of the possible display configurations are shown 
below. The calculations assume a 60 Hz refresh rate. 
High resolution CRTs are often run at a slower rate, 
which permits the 82786 to generate significantly high
er resolutions than those in the following table. All cas
es assume a CRT horizontal retrace time of 7 ,..,s, ex
cept the 512 X 512 X 8 (10 ,..,s) and 640 X 400 X 8 
(13 ,..,s) cases. 

With Standard DRAMs 

Non· 
Interlaced 

Interlaced 

512 X 512 
8 Bits/Pixel (256 colors) 640 X 400 900X675 

640X480 

4 Bits/Pixel (16 colors) 870X650 1290 X 968 

2 Bits/Pixel (4 colors) 1144X860 1740X1302 

1 Bit/Pixel 11472x 1104 2288X1716 
(monochrome) 

Multiple 82786s can be used together to generate even 
higher resolutions with more colors. For example, two 
82786s allow a non-interlaced 1144 X 860 sixteen color 
display. 

With Video DRAMs· 

Non-Interlaced 

8 Bits/Pixel (256 colors) 1024 X 1024 
4 Bits/Pixel (16 colors) 2048 X 1024 
2 Bits/Pixel (4 colors) 2048 X 2048 
1 Bit/Pixel (monochrome) 4096 X 2048 

'For 64K by 4 • WIth 256K by 4 hIgher resolutIons are supported 

5.1 Various CRT Interfaces 

CRT monitors use a wide variety of interfaces. Some 
use TTL-levels on all inputs, others require analog in
puts. Some use separate color inputs (red, green and 
blue) and separate horizontal and vertical sync while 
others require that some or all of these signals be com
bined into composite signals. This application note will 
concentrate on the generation of separate color and 
horizontal and vertical sync signals. Standard tech
niques can be used to convert these separate signals into 
composite signals to meet the requirements of other dis
plays. 

The video clock (VCLK) required by the 82786 may be 
generated by a simple oscillator with TTL-outputs. Al
ternatively, the VCLK can be tied to the bus clock 
(CLK) (or any other available clock) if they are to run 
at the same speed. 
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Figure 23. This Configuration Allows Several 82786s to be Written by 
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I VIDEO 1 CLOCK 
GEHERA1UR 

VCLK I 
HSYNC/WSO HS\lHe 
VSYNC/WS1 VS\lHe CRT 

BLAHK BLAHK IHTERFACE 
UDATA9 IHTEHS n\l 

82786 IJDATA2 RED 
VDATAl GREEH 
UDATAI:l BLUE 

292007-28 

Figure 25. 82786 Can Directly Drive TTL-Input CRT Interface 

I VIDEO I CLOCK 
GEHERA1UR 

VCLK 1 
HSYNC/WSO D eLK Q HSIIHe 
VSYNC/WS1 D Q USIiHe CRT 

BLANK D Q BLANK IHTERFACE 
UDATA9 D 748374 Q INTENsnll 

82786 UDATA2 DFL1P/FLOpQ RED 
UDATAl D Q GREEN 
UDATA0 D Q BLUE 

292007-29 

Figure 26. Buffer Used to Drive TTL-Input CRT Interface 

5.2 CRTs with TTL-level Inputs 

The simplest interface is to CRTs that use TTL-level 
inputs. The 82786 can generate these signals directly 
(Figure 25). However, the drive requirements of the 
CRT and cabling may make it necessary to buffer the 
signals (Figure 26). The example monitor in both of 
these cases happens to use a CRT that uses four-bits of 
color information per pixel. This means that 16 differ
ent colors are available and the CRT can use the 82786 
1, 2, and 4 bits/pixel modes but can not take advantage 
of the 8 bit/pixel (256 color) mode. A monochrome 
monitor with only one TTL-level input could be con
nected directly to VDATAO and use the 82786 1 bit/ 
pixel mode but it then can not take advantage of any of 
the higher bit/pixel modes. 

5.3 CRTs with Analog Inputs 

Taking advantage of the 8 bit/pixel mode of the 82786 
usually requires using a CRT with analog inputs. Sig
nals for color CRTs with three separate analog video 
inputs, (red, green, and blue) can be generated using 
three digital-to-analog converters (Figure 27). Often 
these digital-to-analog converters can be constructed 
using simple resistor ladders (Figure 28). With 8 bits/ 
pixel, usually three bits are used to select red, three for 
green and two for blue. This is because our eyes are 
much more sensitive to variations of red and green than 
of blue. These configurations can take advantage of all 
the 82786 modes; 1,2,4, and 8 bits/pixel. 

The VDATA pins may be assigned to the three colors 
in any manner desired. In Figure 29 they are assigned 
so that a variety of colors are available for each mode 
(1, 2, 4, and 8 bits/pixel). 
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I VIDEO I CLOCK 
GENERATOR 

UCLK I 
HSYNC/WSO HSIINC 
VSYNC/WS1 I LEVEL I USIINC 

BLAHK I SHIFTER I BLANK 

UDAT~0 I \!DAT~S I DI'A GREEN CRT 82786 VDATAG I I INTERFACE 

VDAT~I I VDATA4 I DI'A RED 
UDAT~? I I 
UDATA2 

I DI'A I BLUE 
UDATAS I 

292007-30 

Figure 27. Analog CRT Interface Allows 256 Colors 

I VIDEO I CLOCK 
GENERATOR 

VCLK I 
HSYNC/WSO HS'iNC 
VSYNC/WS1 I LEVEL I USIINC 

BLANK I SHIFTER I BLANK 

VDATA0 .R 

UDATA9 2R 1 I- GREEN CRT 82786 
UDAT~G ~E J INTERFACE 

UDATAI .R 

UDATA4 2R 1 ANALOG 
l- RED 

UDAT~'7 4R T BUFFER 

VDATA2 .R 

2R +- I- BLUE 
UDATA5 

292007-31 

Figure 28. Resistor-Ladder Used for 01 A 
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VDATA7 VDATA6 VDATA5 VDATA3 VDATA2 VDATAO 

Figure 29. VDATA 'In Alalgnmenta 

- The most-significant Green bit is connected to 
VDATAO so that in the one bit/pixel mode this bit 
is controlled while the other bits are set to a con
stant level by the padding register internal' to the ' 
Display Processor. If, for example, the padding bits 
are all set to zero, then a green and black image is 
shown in one bit/pixel windows. 

- With two bits/pixel the most significant Green and 
Red bits are controlled while the rest are padded to 
a constant value. If, for example, the padding bits 
are set to zero then the colors black, green, red, and 
yellow are available in two bits/pixel windows. 

- Four bit/pixel windows contain two Green bits and 
the most significant Red and Blue bits making 16 
colors available. 

- Eight bit/pixel windows allow control of al) eight 
bits to make all 256 colors available. 

5.4 Using a Color Look-Up Table 
Color Look-up Tables, also known as Video Palette 
RAMs, allow more colors to be available with a mini
mal of actual bits/pixel and thus a minimal amount of 
display memory is required for the bitmap. For exam
ple, in a system using 16 bits of color information, 
65536 different colors are possible. In such a system it 
is rarely necessary to display all 65536 colors on the 
screen simultaneously. It may be feasible to support a 
maximum of 256 colors simultaneously, providing that 
these 256 selections can be any combination of the 
65536 available colors. Color look-up tables permit 
such a cost-effective system. 

A block diagram of such a system is shown in Figure 30 
and Figures 30a and 30b show actual circuits. The col
or look-up table can be loaded with up to 256 160bit 

UCLK 

colors. In this wayan 8-bit/pixel bit-map can be used 
to control the 16-bit colors. 

The host CPU is responsible for loading the 16-bit col
ors into the look-up table. To load a color into a specif
ic location in the look-up table, the 82786 Display 
Processor can be programmed to output the 8-bit ad
dress on the 8 VDATA pins during the horizontal and 
vemcal blank times or on RESET by setting the De
fault Video Register. Then the CPU can load the color 
value into the 160bit latch. 

The circuitry in Figure 30 will then automatically write 
the 160bit value into the look-up table during the next 
horizontal sync time. The CPU should generate the 
74AS373 latch enable input so that the latch can be 
mapped into memory or I/O space and loaded by a 
CPU write. The register between the 82786 and the 
Palette RAM is used to allow the use of a RAM with a 
slower access time. This register is not necessary if a 
faster RAM is used. ' 

The CPU program should wait until the color is loaded 
into the look-up table before loading the next color. 
One way to ensure this is to route the LookupLoading 
signal through a port which the CPU may poll. Sample 
assembly language code for this configuration follows 
this section. Another way is for the CPU program to 
delay a sufficient amount of time to ensure that HSync 
has occurred before writing the next value. 

Hybrid circuits can be used which combine the func
tions of the look-up table, analog-to-digital conversions, 
and voltage shift for composite sync signals into one 
package. Figure 30b shows' such a configuration. This 
particular hybrid circuit internally contains a 16 X 12-
bit look-up table, 4 bits for each red, green, and blue. 

HSYNCIWSO D CLK HSYNC 

VSYNC/WSI 1---------------1 Q 1----1 USYNC CRt 
82786 BLANK I.-;:::===~-_:lr====j"_:__:I Q BLANK III'mIIfACE 

PLI'"n.or 
UDATA7'8 UIDE015 8 

,FROM CPU 

292007-32 

Figure 30. Block Diagram of Color LoOk-Up Table Used to Generate 16 Video Blt8 From 8 
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UCLKt;=====~~==========::============rr:='~~)f~~ __ ~ HSYNC/WSO HSYNC 
VSYNC/WSl USYNC CRT 

82786 BLANK BLANK I"~ACE 

UDATA?,e 

16 
BIT 

DATA 

CPU I HTERFACE 

UIDE01s,e 

292007-33 

Figure 30a. Circuit for Color Look-Up Table Used to Generate 16 Video ~Its From 8 

UCLKj-________ ~~::----~~-----------_;====~~, 
HSYNC/WSO 1---_----......... VCLI< 

CRT 
IttTERFACE VSYNC/W~l 1---+--------1 /-"--------------.,---1 SYNC, 

82786 . BLANK f---+-----..... -----------------I BLANK f------j RED UIDEO 
G GREEN UIDEO 

VDATA7:0 1-__ +-""8 .. BIT ... S'--+--___________ -v1.~7:0 INTEL 
81C38 

.--------1 R/W PALETT 

CPU' IHTERFACE 

DAC 
AD7:0 

f-----'-i BLUE v IDEO 

292007-34 

Figure 30b. Hybrid Color Look-Up Table and DAC Simplifies Interface 
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Wait: in 
test 
jnz 
mov 
mov 
mov 
out 

al,StatusPort 
al,LookupLoadingBit 
Wait 
ax, EightBitAddr 
DetaultVDATA,ax 
ax,SixteenBitColor 
LookupLatch,ax 

The look-up table is loaded by first writing the location 
into the 82786 DefaultVDATA register. Then a 4-bit 
color value is loaded into the latch along with color-se
lect information. Therefore, in one load it is possible to 
place this 4-bit color value into any combination of the 
red, green, and/or blue tables. 

5.5 Using the Window Status Signals 
A graphics system design may require that the video 
data bits for different windows be interpreted in differ
ent ways. For example, the attributes controlled by var
ious video data bits may need to be changed between 
windows for different tasks or number of bits/pixel. 
For these reasons, two Window Status bits are available 
externally which reflect a v~ue which may be individu
ally programmed for each window. These two pins al
ways reflect the window which the display is currently 
scanning. The software is responsible for placing the 
two bit values for each window in the Tile Descriptor 
list. 

In addition, the cUrsor can be programmed with a value 
for the window status bits which can be programmed to 
override the status bits from the windows for the por
tion of the display where the cursor resides. 

The Window Status bits are multiplelted onto the 
HSync and VSync pins. Since they are only applicable 
during the visible display time, and since HSync and 
VSync are only applicable during the non-visible dis
play time, Blank can be used to de-multiplex these pins 
(Figure 31). 

A mode bit (bit 4 of CRTMode) in the Display Proces
sor enables the Window Status bits so they become 
multiplexed onto the HSync and VSync signals. This 
bit must be set when the Window Status signals 

;read port 
;test LookupLoading bit 
;wait til last load completed 
;get 8-bit value to load 
;make 82786 output during BLANK 
;get lS-bit color 
;write color into latch 

are used. In systems where the Window Status bits are 
not needed, this bit can be reset so that the HSync and 
VSync pins remain low during the visible display. This 
allows simpler systems to use HSync and VSync direct
ly eliminating the need to AND these pins with Blank. 

As an example, suppose the interpretation of the video 
data bits by a color look-up table was to be different for 
different windows. Possibly four different look-up ta
bles are required for four different types of 8 bit/pixel 
windows. A large look-up table (1024 words) could be 
divided into four areas, one for each of the window 
interpretations. Then the Window Status bits could be 
used to select the area of the look-up table to be used 
for each specific window. Essentially four look-up ta
bles would be available, one for each of four different 
types of windows. Figure 32 illustrates such a system. 

The system also requires circuitry to load the look-up 
table such as that in the previous section. Note that the 
look-up table's Window Status inputs must be generat
ed directly from the CPU when the RAM is to be load
ed since they can not be programmed in specific states 
during the blank time as the VDATA pins can. 

Another use of the Window Status bits is to allow 1, 2, 
4, and 8 bit/pixel windows to each use a different look
up table along with a fifth look-up table for the cursor. 
A 1024 word look-up table above could be split up into 
four areas as above. Two of the areas can be used for 
two separate 8 bit/pixel look-up table and the other two 
shared by the 1, 2, and 4 bit/pixel windows for two 
separate look-up table for each of 1, 2, and 4 bits/pixel 
(Figure 33). The padding bits can be used to sub-divide 
this second area into separate tables for 1, 2 and 4 bit/ 
pixel windows. Finally, this same table could also be 
used for twelve look-up tables, four each for 1, 2, and 4 
bit/pixel windows. 

HSVNC/l.ISe 1---.... ---"1 r---I HSVNC 

VSVNC/I.IS 1 I-........ ...---+---+_-I r---I VSVNC 

82786 BLANK 1--+---+--..... -------1 BLANK CRT 
IHTERFACE 

292007-35 

Figure 31', Using Blank to De-MultlplexWlndQw Status 
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UCLK 

HSVNCIW80 .... _----___ ll~----~ eLk 
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US~HC CRT 

82?86 BLANK Hil-;:;:;;::::t:::;:;;:;~;:r.===:;_---t.:~.::.;.:::!j---1 BLANK 1H'l'E1IFACE 

UDATA?. 
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Figure 32. Four Color Look-Up Tables--Selectable by Window Status Outputs 

FFh FFh 

ISh 
14h 

SilT/PIXEL S IIT/PIXEL 
lah 

PALUTE I PALETTE 2 
I8h 
SFh 

eeh, e8h 

VIEWPORT STATUS ee VIEWPORT StATUS el 

I P:~~~~~ "~L 
2 IIT/PI"EL 

PALETTE I 

.. BIT/PIXEL 
PALETTE I 

V I EWPORT stArus 18 

FFh 

ISh 
I .. h 
ISh 

leh 
aFh 

aeh 

I P:~~~~~ .~L 1-ln/PUeEL PAD eee181eXb 

2 In/PUCEJ. 
PALETTE 1 2-IIT/PI.EL PAD' aellea.xb 

.. lIT/PIXEL 
PALETTE 1 

"-BIT/PIXEL PAD eeeeX>OC)(b 

UIE6oIPORT STATUS 11 292007-37 

Figure 33. Window Status and Padding Sits Allow Two Separate Look-Up Tables for 
Each of 1, 2, 4, and 8 SltlPlxels 

I ::!xz I GEHEIIA'I1lR 

-{>-D Q~ (oeLk ct. 
HSYNC/WSO D 0 HS~NC 

YSYNC/W81 D 0 VS~HC 

nAHK D Q ILAHK 

UDAtAe _D eLK Qf-- IA All 
CRT 

UDArAI _D of-- 2A FLIP/FLOP I H'I'EIIhCE 
B2786 UDATA2 _D 01-- .A 

I~ f--- D Q INTENSITV 
UDATAa _D of-- ... 

2V f--- D 0 RED 
FLIP/FLOP 
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Figure 34. Ex~ernal Multiplexer Allows Up to 50 MHz Video with 4 SltslPlxel 
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5.6 Higher Resolutions with 
Standard DRAMs 

The Video Clock rate on the 82786 can be a maximum 
of 25 MHz. For a non-interlaced display refreshed 60 
times per second this limits the resolution to 512 X 512 
or 640 X 400 or equivalent displays. 640 X 480 can 
also be achieved using a CRT with fast horizontal re
trace. Still, some graphics system designs may require 
more detailed displays and therefore more resolution. It 
may very well be cost-effective to trade-off the number 
of bits/pixel for higher resolution. This is especially 
true in the case of monochrome displays where 256 
grey-shades are not required but high resolution is. 

The 82786 allows this trade-off to be made very effec
tively. Figure 34 shows how a video data rate of up to 
50 MHz may be obtained with 4 bits/pixel (16 colors). 
The 82786 is used to output 8 bits of video data at a 
25 MHz rate. The external multiplexer switches be
tween the low 4 bits and the high 4 bits at a rate of 50 
MHz. The register before the multiplexer is used to 
ensure that enough set-up time is provided for the mul
tiplexer. The register after the multi~l~xer ensur~ t~t 
the video data out has smooth transitions. The circuit 
uses an inverter and one register stage to divide the 50 
MHz clock by 2 to create the 25 MHz video clock for 
the 82786. Instead of a multiplexer such as the 74S157, 
a 74AS298 chip could be used which contains the mul
tiplexer and the register in the same package. 

The software has a minimum number of changes. The 
Graphics Processor is programmed identically and ma
nipulates the bitmaps in the conventional. man.ner (~l
though it does not make sense to use 8 bits/pixel bit
maps since they cannot be displayed). The display proc
essor programming is slightly different. The Accelerat
ed Video control bits (CRTMode bits 1,0) are set for 
High Speed video (01). The HSynStp, HFldStrt, 

HFldStp, and LineLen registers are programmed for 
half the number of dot clocks (because the 82786 
VCLK is half the speed of the pixel dot clock). 

The Strip and Tile Descriptors list also change only 
slightly. Windows are programmed for same number of 
bits/pixel and FetchCount as they would be for non-ac
celerated modes. However, windows may only be posi
ti~ned horizontally to start on even pixel boundaries. 
That is, they may only start at every-other pixel, not at 
any pixel as permitted with non-accelerated modes. 
This is because both an even and odd pixels are output 
on the VData pins simultaneously and it is not possible 
to mix windows during a single VCLK. The only valid 
values for the start/stop bits are listed in the following 
table. Notice that the Accelerated Modes do not permit 
all possible bitmap depths because fewer than 8 bits/ 
pixel are available to the display. 

Vertically, the windows may still be positioned at any 
pixel. The programming of the one pixel horizontal and 
vertical borders also does not change. 

High-Speed video mode also requires that the Field 
windows are programmed with half the number of ac
tual pixels for the pixel count (BPP /Start/Stopbit) reg
ister which again restricts horizontal positioning to a 
two pixel resolution. 

The horizontal cursor position is programmed as half 
the actual value so the positioning is also restricted to a 
two pixel resolution. Vertically, the cursor is p~o
grammed as normal. Since the cursor is only a 1 blt/ 
pixel region, every other horizontal pixel reflects only 
the cursor padding value so although simple cursor pat
terns are possible, arbitrary shapes are not possible with 
the box cursor. For this reason, the programmer may 
wish to create the cursor in software when using these 
high-resolution modes rather than use the 82786 hard-

None High-Speed Very-High-Speed Super-High-Speed 
Bitmap Depth (25 MHz) (50 MHz) (100 MHz) (200 MHz) 

Start Bit Stop Bit Start Bit Stop Bit Start Bit Stop Bit Start Bit Stop Bit 

1 bit/pixel 0-15 0-15 odd even 15,4,7,3 12,8.4,0 15,7 8,0 

2 bit/pixel odd even 15,11,7,3 12,8,4,0 15,7 8,0 

4 bit/pixel 15,11,7,3 12,8,4,0 15,7 8,0 

8 bit/pixel 15,7 8,0 - - -
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ware cursor. The crosshair cursor works well in Accel
erated Mode, although the horizontal and vertical lines 

, become two pixels wide and horizontal positioning is 
also limited to two pixels. . 

It is also possible to use external hardware to create the 
cursor. One method is to program the cursor as invisi
ble (transparent and all background) and use the cur
sor's window status signals to activate the external 
hardware. 

The horizontal zoom capability is also affected. Rather 
than replicating each individual pixel, pairs of pixels 
are replicated. Vertical zoom works as normal. 

Figure 35 shows a configuration for video data rates of 
up to 100 MHz with 2 bits/pixel. A shift-register is 
used to multiplex the 8 video bits from the 82786 into 
2-bit streams. A 74AS74 flip/flop is used to divide the 
100 MHz. clock by four. Every fourth clock the 82786 
VCLK is raised and the shift registers are loaded with. 
the previous 82786 VDATA. The video data is delayed 
two cycles by this circuit while the Sync and Blank are 
delayed only one. This should not be a problem if the 
82786 is programmed to generate the correct Sync. The 
82786 is limited to positioning the sync transitions at 
multiples of four pixels. If more accurate positioning is 
required, extra flip/flops can be used to delay sync for 
more cycles. 

DIVIDE 
BY 

FOUR 
ClKIN 

+40UT 
VCLK 

HSYNC/WSO 
VSYNC/WS1 

BLANK 

UDATA6 
lOADCLK 

DPARAlLEl 
UDATA4 C 

82786 VDATA2 B SHIFT-REG 

The timing in Figure 35 is very tight and the circuit 
may not operate at 100 MHz over all operating temper
atures. The limiting speed path is the 74Ff95 shift-reg
ister parallel-load time (delay from clock to outputs 
valid) which must meet the set-up time of the 74AS374. 

Figure 36 shows a configuration for video data rates of 
up to 200 MHz with 1 bit/pixel. Unfortunately, there is 
no TTL-logic available today which will run at the 
speeds required for 200 MHz. Therefore EeL or some 
other high-speed logic must be used to generate video at 
these high rates. Figure 36 converts the video data sig
nals from the 82786 from TTL to EeL levels and then 
uses EeL shift-registers to generate the 200 MHz sig
nal. 

The software for the configurations in Figures 35 and 
36 requires changes similar to the Figure 34 case. The 
window StartBits and StopBits are programmed re
stricted as shown in the preceding table. The pixel 
count for Field regions is also one-fourth or one-eighth 
the actual size. Horizontal positioning is also restricted 
to· four and eight pixels for the 100 MHz and 200 MHz 
rJites respectively. The Accelerated Video control bits 
must also be programmed for these configurations. 

After the video signals are accelerated to these higher 
speeds, color look-up tables and analog-to-digital con
verters may be used. The circuits in the previous sec
tions must be adapted for these higher speeds. 
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Figure 35. External Shift-Register Allows Up to 100 MHz Video with 2 Bits/Pixel 
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Figure 36. External ECl Shift-Register Allows Up to 200 MHz Video with 1 Bit/Pixel 
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Figure 37. Two 82786s Can Generate 25 MHz Video with 16 Bits/Pixel 
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5.7 Multiple 827868 

If more colors or resolution are required than possible 
with one 82786 at a given resolution, several 82786s can 
be used together to generate the necessary bits/pixel. 
Figure 37 shows two 82786s used together to generate 
16 bits/pixel at a 25 MHz video rate. This configura
tion would allow a 640 X 480 display with 65536 col
ors. 

Both 827868' video must be kept in sync. To allow this, 
one 82786 is programmed as normal to generate' the 
master video horizontal and vertical sync. The second 
82786 is programmed for slave video sync with the 
Slave CRT control bit in the CRTMode Register (Dis
play Processor register 5-bit 3 set). The HSync and 
VSync lines of the slave 82786 then become inputs and 
are driven by the HSync and VSync output lines of the 
master 82786. If the window status signals are used, the 
master's HSync and VSync signals should be qualified 
with the Blank signal (similar to Figure 31) to correctly 
drive the slave 82786 HSync and VSync inputs. Win
dow Status signals are only available from the master 
82786 since the slave uses these pins as inputs. ' 

Both 82786s should have six of their eight video timing 
registers (HSyncStp, HFldStrt, HFldStp, LineLen, 
VSyncStp, VFldStp, VFldStrt, FrameLen) pro
grammed identically; HFldStrt and HFLdStp should be 
programmed to be 2 less than the master. (These pa
rameters are calculated in Section 5.11.) 

The slave 82786 will then automatically sync itself up 
to the master 82786 by waiting for its HSync input to 
fall before each scan line and waiting for its VSync in
put to fall before beginning a new display field. If a 
non-interlaced display is used, the two 827868 will al
ways be in sync. 

If an interlaced display is used, care must be taken to 
ensure both 82786s start on the same field. The easiest 
way to ensure they lock in sync correctly is to ensure 
they start scanning the display simultaneously. First set 
up the slave 82786 CRTMode and video timing regis
ters with a LD_ALL Command. The slave 82786 will 
then be ready to begin scanning the display but will 
wait until HSync and VSync fall. HSync and VSync 
will be floating because they are tristated by all the 
82786s. Then the master 82786 can be set up with a 
LD~LL command to program its CRTMode and 
video timing registers. Once the master starts scanning, 
the HSync and VSync signals will be driven by the mas
ter and all 82786s will begin on the even interlaced 
field. 

To create a 16 bit/pixel bitmap, both 82786 Graphics 
Processors should be programmed for 8-bit/pixel bit
maps of identical size. To draw in both bitmaps, a 
graphics command block (GCMB) can be created for 
both 82786s. These GCMBs are generally identical for 
both 82786s except for the color values for the DeL...: 
Color and the mask value for the Def_LogicaL.Op 
commands. To display 16 bit/pixel bitmaps, both 
82786s should be given an identical Strip Descriptor list 
for each to display 8 bits of each 16 bit pixel. 

Similarly, 8-bit/pixel bitmaps could be created by split
ting the bitmaps between. both 82786s having each 
82786 responsible for 4 of the 8 bits/pixel. This would 
split the work between the two 82786s so that the 
BitBlt and Scat1-Line fill graphic commands will exe
cute twice as fast. Also, because the Display Processor 
bus overhead is split between the 82786s, there will be 
less bus contention so all other drawing commands will 
be faster. 

Alternatively, 8-bit/pixel bitmaps could be generated 
by only one of the 82786s. This would minimize the 
overhead between the host CPU and the 82786 since 
the CPU must communicate with only one 82786. 

The method in which the 16 video data bits are mapped 
into colors for the display interface' will determine 
which of the two above methods will be used for bit
maps of 8 bits/pixel or less. If the mapping is flexible 
enough, it may be feasible to create any bitmap depth. 
For example, 9 bits/pixel bitmaps could potentially be 
created using one 82786 for 8 bits and the other for 
only 1 bit of each pixel. 

The displays discussed in the previous section obtained 
high resolutions at the expense of bits/pixel. Several 
82786s can be. combined to provide more bits/pixel at 
these high resolutions. 

Figure 38 shows a configuration that uses two 82786s 
to create a 4-bit/pixel display at a video rate of 
100 MHz. This configuration would support a 1144 X 
860 sixteen-color non-interlaced 60 Hz display. Each 
82786 is required to generate 2 bits of each 4-bit/pixel. 
Therefore, both 82786s draw and maintain half of the 
bitmap in their own graphics memory:, 4-bit/pixel win
dows are divided into two 2-bit/pixel bitmaps, one gen
erated by each 82786. The Graphics Processors are pro
grammed as normal for 2-bit/pixel bitmaps. The Dis
play Processors are programmed the way mentioned in 
the previous section. Each window is programmed with 
one-fourth the horizontal positioning resolution. 
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5.8 Video RAM Interface 

The 82786 can use dual-port video DRAMs (VRAMs) 
to generate the video data stream. The VR bit in the 
BIU Control Register must be set to 1 to enable the 
mode. In this mode the first tile in each strip generates 
VRAM cycles; the second tile and any subsequent tiles 
in the strip generate DRAM cycles. In VRAM Mode, a 
minimum of two tiles must exist. The first tile is pro
grammed for the VRAM. The second tile must be pro
grammed to be a field tile detailed by the F bit in the 
Tile Descriptor if no hardware overlays are required. 
There is no limit on the number of strips. The pixel 
data for every scan line in the entire display' must be 
contained in a single row in memory (256 words for 
non-interleaved memory and 512 words for interleaved 
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memories). The Strip.Descriptors for each VRAM tile 
are set up to indicate only 1 pixel. The address specified 
for this pixel corresponds to the first display pixel. 

During the horizontal retrace period, the 82786 trans
fers the contents of the memory row containing the ftrst 
pixel into the VRAM shift register. The VRAM shift 
clock is gated with a Blank signal. During the active 
display time, the shift clock is active and periodically 
clocks out the video data. External multiplexers must 
be used to convert the 16-bit (32 interleaved) data 
stream into a serial stream depending upon the bits per 
pixel needed (Figure 9). 

In this mode, pixel depth is fixed by external hardware 
and all Display Processor registers referring to video 
data fetch should be programmed to zero. 
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Figure 38. Two 82786s Can Generate 100 MHz Video with 4 Bits/Pixel 
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5.9 External Character ROM 
Few 82786 ,applications' will require, or even benefit 
from, the use of an external character ROM. 

The 82786 Graphics Processor can very rapidly draw 
characters. It can fill an 80x2~ character screen with 
highly detailed l6x 16 ,characters in less than one tenth 
of a second. 

The Graphics Processor is also very flexible in the way 
it draws characters. Characters may be: ' 

- formed from an unlimited number of character 
fonts 

~. placed at any pixel on the screen 
- rotated in 4 directions with 4 paths 
- combined with graphics 
- drawn in any color 
- have transparent or opaque background 

A character ROM display forces characters from a pre
defined font to be restricted to character-cell positions 
on the screen with few, if any, of the above flexibilities. 
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For downward compatibility reasons, however, it may 
be necessary to provide the character ROM function in 
a 82786 system. Figure ,39 illustrates a system capabl~ 
of displaying both character ROM text and 82786 
graphics. A multiplexer is used to switch between the 
character ROM output and the direct 82786 output. 
One of the window status bits . .is used to switch the 
multiplexer so both the character ROM and the 82786 
graphics windows can be shown simultaneously on the 
same screen. It is important to delay the direct 82786 
VDATA and window status signal the same number of 
clocks as the character-cell video so that all signals get 
to the multiplexer on the !1llme clock. The extra D-flip/ 
flops before the multiplexer are, used to perform the 
needed delay. 

The character ROM in Figure 39 is capable of display
ing 256 characters using a 9x 14 pixel character-cell. 
The characters are stored as an 8-bit pixels within a 
82786 bitmap. To display the character, the window is 
programmed as an 8-bit/pixel bitmap with a horizontal 
zoom of 9 and a vertical zoom of 14. The 82786 will 
then place the 8-bit character code on its VDATA pins 
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Figure 39. Support of Character-ROM and Bit-Mapped Graphics on Same Screen 
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during the scan lines when the character is to be dis
played. The pixel counter is used to load the shift regis
ter every 9 pixels. This counter is synchronized to the 
beginning pixel of the window by starting when the 
window status pin falls. The row counter is used to 
supply row information to the character ROM. This 
counter is synchronized to the frame by starting from 
the end of the VSync pulse. Therefore, any character 
ROM window must begin at a multiple of 14 scan lines 
after VSync. 

Another situation in which a character ROM display 
may be practical is if a very large character set is re
quired. The Japanese Kanji characters are an example. 
The size of this character set is so large that it may be 
more practical to store the characters in a character 
ROM rather than load them from disk into the 82786 
graphics memory. Figure 40 illustrates a configuration 
that can display up to 65536 characters from a very 
detailed (32x32) font. This circuit allows both text and 
graphics windows to be displayed on the screen simul
taneously. One of the window status signals is used to 
select between text and graphics. 

Such a character set requires a high resolution, general
ly monochrome display. The circuit in Figure 40 allows 
up to 200 MHz video (one bit/pixel) for very high reso
lution screens. The 82786 is programmed in super 
High-Speed Acceleration Mode as described in Section 
5.6. 

The character-codes to be displayed should be placed in 
one bit/pixel bit-maps with 16 consecutive bits for each 
character. The hardware combines the 8-bit VDATA 
values from two consecutive pixels to generate the 16-
bit character-code for the Character-ROM. If less than 
65536 characters are required, not all of the 16-bit 
character code addresses need be used for the charac
ter-ROM. Some of these bits may be used for attributes 
such as blinking and reverse video. The ROM contains 
a 32x32 character font, each character is split up into 
32-lines of four 8-bit bytes. The "pane" counter selects 
one of the four 8-bit bytes at a time. The "row" counter 
determines the current row of the character. 

Character cell windows should be zoomed by 2 hori
zontally and by 32 vertically. The window must be 
placed at a multiple of 4-pixels from HSync and a mul
tiple of 32-lines from VSync. It is possible to place win
dows at non-multiples from HSync and VSync if the 
"pane" and "row" counter parallel inputs are tied to 
other than ground. 

5.10 Combining the 82786 With Other 
Video Sources 

It is possible to combine graphics output from the 
82786 with output from other video sources such as 

broadcast TV, video recorders, and video laser disc 
players. The main requirement to perform such a feat is 
that both 82786 and the video source are locked in 
sync. 

The 82786 has two independent Video Slave modes and 
HSync/VSync and Blank can be independently config
ured as outputs or inputs. When HSync/VSync are pro
grammed as inputs, then they are still outputs during 
the active display period if the window status is en
abled. External HSync/VSync reset the 82786 horizon
tal and vertical counters respectively. 

When Blank is configured as output, the active display 
period is determined by the programmed values of 
VF1dStrt, VFldStp, HFldStrt, and HFldStp. When 
Blank is configured as an input, the external system 
determines the active display period. The internal video 
shift register generates video data only during the active 
display period. 

HSync/VSync and Blank would normally be pro
grammed as input/output as follows: 

HSyncl Blank Application 
VSync 

Output Output Normal display generated by 
82786 

Input Output 82786 generated display 

or 
superimposed on externally-
generated video or 

Input Input Multiple 82786 systems 

The 82786 sync timing registers should be programmed 
to be as close to the frequency of the video source as 
possible. The 82786 should also be programmed for 
slave video-sync. The sync signals from the video 
source must be converted into separate TTL-level hori
zontal and. vertical sync and fed to the 82786 HSync 
and VSync pins. The 82786 will then automatically 
sync itself up to the video source by waiting for its 
HSync input to fall before each scan line and waiting 
for its VSync input to fall before beginning a new dis
play field. 

For many applications, the 82786 video clock can be 
derived directly from a crystal oscillator. Since the 
82786 syncs up to the nearest pixel on every scan line, 
even video sources with imperfect timings, such as vid
eo recorders where speed variations are common, will 
produce an acceptable picture. The frame-to-frame de
viation of the 82786 graphics information on the screen 
relative to the video source will never be more than one 
pixel. 
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For more demanding applications, the 82786 video 
clock can be synthesized directly from the video source 
timings using a phase-locked-loop circuit. The 82786 
will still sync itself up' every scan' line, but now the 
relationship between HSync and the ,82786 VCLK will 
remain constant. This implementation will create virtu
ally no deviation between the 82786 graphics and the 
video source. 

In the case of interlaced video, care must be taken to 
initially start the 82786 display just prior to the VSync 
before an even-field. The 82786 initialization software is 
responsible to guarantee, that the fIrSt 
LD--ALL to start the 82786 display occurs sufficiently 
before the VSync during an odd-field so the fIrSt 82786 
display field will match the video source even-field. 

Once the 82786 is locked in sync with the video source, 
then the VDATA information from.'the 82786 can easi
ly be combined with the video from the video source. 
Although the two video signals could be mixed on top 
of each other, probably the most common implementa
tion is to switch between one or the other source. For 
example, the 82786 could create letters that are to be 
placed over the video picture. During the display scan, 
whenever a portion of a letter is, to be displayed, the 
video from the 82786 can be switched in, otherwise the 
video source is switched in. 

If the output of the video source is analog, the 82786 
VDATA can be converted into an analog signal and an 
analog switch can be used. The state of the switch can 
be derived in a number of ways. Iftqe switching is to be 
done on window boundaries, one window status pin can 
be used to control the switch. If the switching must be 
done within a window, a special graphics color code 
can, be used to indicate that the 82786 video should be 
replaced with that from the video source .. Possibly the 
color 11111111 could be placed on the VDATA pins 
and an 8-input NAND gate used to control the analog 
switch. 

5.11 Other Types of Displays and 
Printers 

The 82786 not only can be used with CRTs, but can 
also be used with other types of displays such as LCD, 

plasma, and intelligent printers. These devices have 
such a wide range of interface requirements that space 
does not permit each individual situation to be ad
dressed in detail. Rather, some example requirements 
are discussed to illustrate how the 82786 can meet those 
needs. 

PIXEL CLOCK RATE 

The rate at which pixels are clocked into displays can 
vary immensely. The 82786 allows a very wide range of 
video clock frequencies from DC levels to 25 MHz to 
accommodate such devices. In addition, faster cloqk 
rates can be generated using the method described in 
Section 5.6 

NO REFRESH 

Printers and some displays are not required to be con
tinuously refreshed. Ni:edlessly running the 82786 Dis
play Processor through refresh cycles steals bus band
width from the Graphics and other Processors. To 
eliminate this 'waste, the display can be turned afT by 
resetting the DspOn bit (bit 0) in the Display Processor 
VStat Register (register number 0). When DspOn is 
reset, the Display Processor will continue to generate 
HSync, VSync, and, Blank and place Default
VDATA on the VDATA lines, but no bus bandwidth 
will be required. 

When a change to the display is required, the DspOn 
bit can be set using the LDJEG or LD~L com
mand~ Once the refresh starts, another LDJEG 
command to turn the display back ofT can be placed in 
the Display Processor Opcode Register. The Display 
Processor will then automatically execute it when the 
refresh is completed. . 

PARTIAL DISPLAY UPDATES 

Some displays that do not require continuous refresh, 
do have a long update time. It may take several seconds 
to update every pixel on the display. For small changes 
to the display, such as adding each character as it is 
typed by the user, it )nay be much more feasible to 
update only the portion of the display which is affected. 
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Using the very flexible windowing capability of the 
82786, it is possible to only scan through a specific por
tion of the display. 

PIXEL ADDRESS GENERATION 

Some displays, especially those which allow only partial 
display updates, require that pixel location addresses be 
generated along with the pixel data. Although external 
circuitry could be used to generate these addresses, the 
82786 can be used to generate them directly. If a single 
8-bit address is all that is required, the Default Video 
registet can, be programmed to a value that the 
VDATA pins will reflect during blank time. With prop
er programming of the sync timing registers, this value 
can be clocked into the display before each scan line 
using HSync. 

More complex pixel addresses can be generated by us
ing the 82786 windowing capability. By creating a thin 
window at the beginning of each scan line, one or more 
bytes of address infOrrDation can be sequentially 
clocked out over the VPATA pins before each line. 

ULTRA HIGH RESOLUTION 

Because some displays use either slow refresh times or 
don't require refresh at all, it is possible to have very 
high resolutions. All of the display counters in the 
82786 are 12 bits allowing up to a 4096 X 4096 display 
size (some of this ,resolution may not be available de
pending on the number of sync clock cycles required). 
Trading off bits/pixel for resolution, the Accelerated 
Modes Can provide 2, 4, or 8 times this resolution hori
zontally, up to 32768 pixels. 

Still, some applications, such as printers, may require 
even greater resolutions. This is possible with the 82786 
using external counters to generate the HSync, VSync, 
and Blank inputs for the 82786. The 82786 should be 
programmed for slave video mode by setting the 
CRTMode Register (Display Processor Register 5, 
Blank Slave Mode and HSync/VSync Slave Mode, bits 
2 and 3 should be set). Using all 16 horizontal win
dows, the horizontl!l resolution may be up to 
4096 X 16 = 65536 pixels. Again, trading off bits/pix
el for resolution, the Accelerated Modes can provide 2, 
4, or 8 times this resolution, up to 524288 pixels. Verti
eally there is no limit to the resolution. 

Such high resolutions require a lot of memory. For ex
ample, suppose a printer can generate 300 x 300 dots 
per square inch and is used on 8.5 x 11 inch paper. 
Assuming only one bit/pixel (no gray scale) the entire 
page would require: 

300 X 300 X 8.5 X 11 b 
8 bits = 1.05 Mega ytes 

It IIJllY riot be feasible to place this much memory, into a 
printer. But it may be feasible to genet/lte the display 
one strip at a'time. Suppose that the , first 300 lines are 
generated and printed. Once priuted the next 300 lines 
can be generated, and printed using the same memory. 
Now the memory required is only: 

300 X 300 X 8.5 = 96 Kb tes 
8 bits y 

If the image to'be printed can be described by a set of 
commands for the Graphics Processor, each' strip can 
be very easily generated. The drawing bitmap and clip
ping rectangle are set for the first strip and the 'Graph
ics Processor then runs through the command list. 
Once completed the strip may be printed. Then the bit
map and clipping rectangle are set for the second strip 
and the Graphics Processor again traverses the same 
command list to generate the second strip. 

If ther~ 'is enough memory for two strips, double buffer
ing can be used to pipeline the operation. While the 
Display Processor is busy printing one strip, the 
Graphics PrOcessor can be 'generating the next strip. 
The same approach cart be extended to multiple pages, 
even using niore than one 82786. 

5.12 Calculating the Video Parameters 

, The 82786 video Display Processor is programmable to 
afford a wide variety of display formats. To determine 
the display format(s) that-one would like to generate, 
several parameters must be considered. 

Application parameters: these are dependent on the 
needs of the specific application and must be chosen by 
the designer. 

Hres--horizontalresolution - number of pixels per 
horizontal line. When using Accelerated Video Modes, 
Hres must be a multiple of Accel (following pages). 

Vres--vertical resolution - number of vertical 'pixels 
(scan lines) per display 

Vfreq-vertical frequency - rate at which CRT beam 
makes one pass from the top of the screen to the bot
tom. It is common to use 60 Hz but almost any other 
frequency can be generated by the 82786. US broadcast 
television standards use a 59.95 Hz rate. European vid
eo systems are based on a 50 Hz field rate. High resolu
tion displays often use 40 Hz or lower. Slower rates 
reduce the speed requirements of the monitor and the 
82786 ,video circuitry and also permit higher resolu
tions. However, slower rates also flicker more and may 
be intolerable to the operat9r. Generally, rates signifi
cantly under 60 Hz will tend to cause some perceptable 
flicker unless CRTs with long persistence phosphor are ' 
used. 
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ILC-interlacing - A non-interlaced display generates 
the entire display frame in one field scan. One method 
to double the resolution of a display is to use interlac
ing. Rather than use just one field to display all the 
information, two consecutive fields are used to create 
the entire display frame (Figure 41). Alternate scan 
lines are written during each alternate field. For TV
like pictures, where the image generally doesn't change 
drastically from one line to the next, interlacing allows 
a 30 Hz frame rate with a 60 Hz field rate without 
perceptable flicker. For detailed computer graphics, 
however, one line may change drastically from the next 
in color and/or intensity, in which case interlacing at 
such rates do cause perceptable flicker. 

The 82786 supports both non-interlaced and interlaced 
displays. In addition, an interlaced-sync mode is avail
able which generates sync signals in the manner used 
by interlaced displays, but generates the video signals in 

NONINTERLACING 
KEY 

the manner used by non-interlaced displays (both fields 
identical). This permits interlaced screens with consec
utive pairs of lines identical. 

Monitor parameters: these are dependent on the specif
ic requirements of the display monitor used. 

Hblank-horizontal blanking time - the time required 
for the CRT beam to jump from the right side of the 
display back to the left and stabilize. This is also called 
horizontal retrace time and is the sum of the horizontal 
sync and front and back porch times (Figure 42). Moni
tors typically range from 5-12 /-Ls. 

Vblank-vertical blanking time - the time required 
for the CRT beam to jump from the bottom of the 
display back to the top and stabilize. This is also called 
vertical retrace time and is the sum of the vertical sync 
and front and back porch times (Figure 43). Monitors 
typically range from 600-1400 /-Ls. 
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FIgure 41. Non-Interlacing and Interlacing Displays 
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Figure 42. Horizontal Sync and Blank Timing Parameters 
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Figure 43. Vertical Sync and Blank Timing Parameters 

Hfreq-horizontal frequency - the frequency at which 
horizontal lines are scanned. Monitors typically range 
from 15-36 kHz. 

Vfreq-vertical frequency - the frequency at which 
the display field is scanned. Monitors typically range 
from 40-70 Hz. 

B~P-bits per pixel - monitors with digital inputs re
stnct the number of usable bits/pixel. Monitors with 
analog inputs allow a virtually unlimited range of inten
sities with the use of Digital-to-Analog converters. This 
parameter is mainly dependent on the video interface 
hardware described in the previous sections. ' 

Color monitors generally limit the perceivable horizon
tal and vertical resolution due to their shadow mask. 
See the specific monitor specifications for more details. 

Video interface parameters: these are dependent on the 
82786 component and the video interface logic. , 

YCLK-video clock frequency - the video input clock 
mto the 82786. It has a maximum rate of 25 MHz and 
may be chosen so that the frequency evenly divides by 
both Hfreq and Vfreq. 

Accel-82786 video acceleration - this parameter is 
determined by what mode the 82786 is used in. Nor
mally Accel = 1. If the trade-offs mentioned in Section 
5.6 are used to attain higher video rates at the expense 
of fewer bits/pixel, then the value for Accel should be 
2,4, or 8. 

Video Max Programmed 
Mode DotClk Accel Bits 

Aeeel = 1 Normal 25 MHz 00 

Aeeel = 2 High Speed 50 MHz 01 

Aeeel = 4 Very High Speed 100 MHz 10 

Aeeel = 8 Ultra High Speed 200 MHz 1 1 

DotClk-pixel dot clock frequency - this is normally 
the same as VCLK. However, when accelerated video 
modes are used, this is either 2, 4, or 8 times VCLK. 

DotClk =' VCLK X Accel 

HSyncStp, HFldStrt, HFldStp, LineI,en-these are 
values programmed into the 82786 Display Processor 
to determine the horizontal scan timing (Figure 42). 
They may be set to any value from 0 to 4095. Their 
values should also fit the formula: 

HSynStp < HFldStrt < HFldStp < LineLen 

VSyncStp, VFldStrt, VFldStp, FrameLen-these are 
values programmed into the 82786 Display processor to 
determine the vertical scan timing (Figure 43). They 
may be set to any value from 0 to 4095. Their values 
should also fit the formula: ' 

VSyncStp < VFldStrt < VFldStp < FrameLen 

Once the above parameters are evaluated, the video pa
rameters can actually be calculated. The parameters in
teract quite heavily so that, for example, if a specific 
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horizontal and vertical resolution at a specific field rate 
is required, the monitor frequencies and blank times 
may need to be altered. It may take several iterations to 
optimize all the parameters. The calculationS can be 
performed by hand. However, a much easier way to 
manipulate these values is by using a spreadsheet pro
gram. A spreadsheet allows the parameters to be easily 
manipulated with their affects immediately displayed. 
A spreadsheet template for this purpose is given in Sec
tion 5.13. 

The following formulas are used to determine the video 
parameters. Along with the formulas is an example cal
culation. For the example, let's generate a 640 X 400 
X 8 bit/pixel (256 color) screen at 60 Hz non-inter
laced. We will assume: 

Hres 640 pixels 
Vres 400 pixels 
Vlreq% 60 Hz 
Hblank% 12,...s 
Vblank% = 1300,...s 
Accel 1 (no ex1ernal acceleration) 

Variables with a percent (%) after them represent de
sired values, the actual value will be calculated below. 

ROUND(X) will be used to denote rounding off X to 
the nearest integer. 

First, calculate. the vertical resolution per field. Since 
our display is noninterlaced, the value is the same as 
the vertical resolution. 

If interlaced then: VresFld = Vres/2 
else: VresFid = Vres Vresfld 

= 400pixels 

With interlaced screens, VresFld is half the vertical res
olution. For example, with 525 lines, use 262.5 for 
VresFld. 

Now, calculate the horizontal frequency required. Sub
tract the vertical Blank time from the vertical period 
and divide by the active vertical lines to obtain the hori
zontal period. Inverting all that gives the horizontal 
frequency. 

HIre % = 1 VresFld 
q Hperiod% (11VIreq%) - Vblank% 

400 
------ = 26.03 kHz 
(1/60) - 1300,...s 

In a similar manner, calculate the pixel dot clock re
quired. 

1 Hras 
DotClk% = ~otPariOd% - (1/Hlreq%) - Hblank% 

640 
( / 03 kH ) 2 = 24.23 MHz 
126. z-1,...s 

And then calculate the actual 82786 VCLK. Since ex
ternal acceleration circuits are not used in our example, 
it turns out to be the same as the DotClk. 

VCLK% = DotClk% / Accel = 24.23 MHz / 1 
= 24.23 MHz 

Great, now all we need is a 24.23 MHz crystal is need
ed to generate VCLK. But since such a crystal is tough 
to fmd, try a 25 MHz crystal instead and see how it 
affects the rest of the parameters. First of all, the pixel 
dot clock changes. 

DotClk = VClk x Accal = 25.00 MHz x 1 = 25.00 MHz 

Now, see how many VCLK's are required for the hori
zontal blank time. 

HblankClks = ROUND (VCLK x Hblank%) = ROUND 
(25 MHz x 12,...s) = 300 

Now, calculate the actual horizontal Blank time. 

HblankClks 300 
Hblank = VCLK = 25 MHz = 12,...s 

The actual horizontal period is then the time required 
to display one line of pixels plus the Blanking time. 

Hfre = 1 
q (Hres / DotClk) + Hblank 

1 
(640/25 MHz) + 12,...s = 26.60 kHz 

The number of horizontal lines per frame can now be 
calculated: 

VFrameLines = ROUND(Hfreq / Vfreq%) 
= ROUND(26.60 kHz / 60 Hz) = 443 

If an interlaced display is used, VFrameLines should be 
rounded-off to the closest odd integer. 

The number of scan lines determines the actual vertical 
frequency: 

Vfreq = Hfreq / VFrameLines = 26.60 kHz / 443 
= 60.05 Hz 
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Now that the major parameters are calculated and we 
are satisfied with them, we can break up the Blanking 
times into sync, front and back porch times. Typical 
monitor values are: 

HSync = 2/A-s 
HBack =e 6/A-s 

VSync = 300 /A-s 
VBack = 800 /A-s 

HSyncClks = ROUND (VCLK x HSYNC) 
= ROUND (25 MHz x 2 /A-s) = 50 

HBackClks = ROUND (VCLK x HBack) 
= ROUND (25 MHz x 6 /A-s) '= 150 

VSyncClks = ROUND (Hfreq x VSYNC) 
= ROUND (26.6 kHz x 300 /A-s) = 8 

VBackClks = ROUND (Hfreq x VBack) 
= ROUND (26.6 kHz X 800 /A-s) = 21 

Now it's a simple matter to calculate the values for the 
eight 82786 Display Processor video timing registers. 

HSyncStp = HSyncQlks - 3 
= 50 - 3 = 47 

HFldStrt = HSyncStp + HBackClks 
= 47 + 150 = 197 

HFldStp = HFldStrt + (Hres / Accel) 
= 197 + (640 / 1) = 837 

Line Len = HBlankClks + (Hres / Accel) - 3 
= 300 + (640 / 1) - 3 = 937 

For noninterlaced displays: 

VSyncStp = VSyncLines - 1 
=8-1=7 

VFldStrt = VSyncStp + VBackLines 
= 7 + 21 = 28 

VFldStp = VFldStrt + Vres 
= 28 + 400 = 428 

FrameLen = VFrameLines - 1 
';"443-1-=442 

For interlaced and interlace-sync displays: 

VSyncStp 
VFldStrt 
VFldStp 
FrameLen 

= (VSyncLines x 2) - 1 
= VSyncStp + (VBackLines x 2) 
= VRes.Total 
= VFrameLines - 2 

In the preceding formula, VResTotal equals the Verti
cal Resolution for Fieldl plus the Vertical Resolution 
for Field2 as shown below. 

VResTotal = VResFieldl + VResField2. 

VFrameLines equals the total number of HSyncs in an 
entire frame. 

Make sure LineLen > HFldStp and that FrameLen > 
VFrameLines. If not, your parameters are inconsistent 
and you should modify your requirements and re-calcu
late. 

Finally, the bits for the CRTMode Register should be 
determined. For our example, non-interlaced mode is 
used and no accelerated video is required. Assuming 
the 82786 is used to generate the HSync, VSync and 
Blank signals and assuming the window Status pins are 
not used, the CRTMode registers should be loaded with 
all zeros. 
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CRTMode - Display Processor Register #5 
15 7 6 5 4 3 2 1 0 

RESERVED I~ W S B 

I 
ACCELERATED VIDEO BITS 

o 0 NORMAL SPEED (UP TO 25 MHz) 
o 1 HIGH SPEED (UP TO 50 MHz) 
1 0 VERY HIGH SPEED (UP TO 100 MHz) 
1 1 SUPER HIGH SPEED (UP TO 200 MHz) 

BLANK SLAVE MODE (1 = EXTERNAL BLANK) 

HSYNC, VSYNC SLAVE MODE (1 = EXTERNAL SYNC) 

WINDOW STATUS PINS (1 = ENABLE) 

INTERLACE 

o 0 NON-INTERLACED 
o 1 RESERVED 
1 0 INTERLACE 
1 1 INTERLACE-SYNC 

The host CPU software is required to load the values of 
the eight video timing registers and the CRTMode Reg
ister. Generally, this is done during system initializa
tion. The registers should all be loaded simultaneously 
using the LD_ALL command rather than using indi
vidual LD_REG commands. This ensures that the 
video sync signals are never invalid while registers are 
being loaded. 

Some CRTs can be permanently damaged by supplying 
the wrong sync frequencies to them. To prevent invalid 
video sync signals, the HSync, VSync, and Blank pins 

292007-48 

are tristated after RESET until the CRTMode Register 
has been written to. 

5.13 A Spreadsheet for Calculating 
Video Parameters 

As seen in the previous section, quite a number of cal
culations are required to determine the 82786 video pa
rameter constants. Often several iterations through the 
calculations are required to optimize the display for
mat. This process can be greatly simplified by using a 
spreadsheet. 
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An example of the output from such a spreadsheet is 
shown below: This example illustrates a 1290 x 968 x 
4-bit/pixel (16 color) interlaced 60 Hz display. The 
user has supplied all of the values under the "DE
SIRED" column and the spreadsheet program has cal
culated the rest. The "ACTUAL" column shows. the 
closest timings and parameters that the 82786 can actu
ally supply. The "82786 DP REGISTER VALUES" 
shows the values that should be programmed into the 
Display Processor Registers to generate such a display. 

8 2 786 V IDE 0 

The user can easily modify the "DESIRED" values un
til the "ACTUAL" values meet the application's needs. 
Care should be· taken to ensure that all "ACTUAL" 
values are logically correct. If for example, any of the 
calculated parameters are negative, then the set of 
"DESIRED" paralneters can not produce such a dis
play, SO some parameters must be adjusted. 

PARAMETERS 

Type under DESIRED column only: ACTUAL. & REGISTER columns are calculated 

PARAMETER DESIRED ACTUAL 

Video Clock VCLK (MHz): 25 25 
Acceleration (1,2,4 or 8): 2 2 
Interlacing (1 = no, 2 = yes): 2 2 
Horiz Resolution (Pixels): 1290 1290 
Vert. Resolution. (,Pixels) : 968 968 

Horiz Line Rate (kHz) : --- 30.487 
Horiz Sync Width (,...s) : 2 2 
Horiz .Back Porch (,...s) : 4 4 
Horiz Front Porch (,...s) : 1 1 

Vert. Frame Rate (Hz) : 60 59.956 
Vert. Sync Width (,...s).: 200 196.8 
Vert. Back Porch (,...s) : 400 393.6 
Vert. Front Porch (,...s) : 213.2 

The template follows. This template should be easily 
adaptable to nearly any spreadsheet program. This par
ticular spreadsheet program uses @ROUND(X,O) to 
denote rounding to the nearest integer. If no rounding 
function is available in your spreadsheet program, you 
can substitute the integer function (which truncates the 
fractional portion to return the next lowest integer) for 
the round function: 

substitute @INT(X+O.5) for @ROUND(X,O) 

82786 DP REGISTER VALUES 

LineLen: 818 
HSyncStp: 48 
HFldStrt: 148 
HFldStp: 793 

FrameLen: 1015 
VSyncStp: 10 
VFldStrt: 34 
VFldStp: 1002 

After entering the template into your favorite spread
sheet, you may wish to verify that it is working correct
ly by entering the "DESIRED" values of the above 
example and checking that the "ACTUAL" and 
"REGISTER" results match. 
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1: 
2: 
3: 
4: 
5: 
S: 
7: 
S: 

T. 9 : 
00 10: 
C11 11: 

12: 
13: 
14: 
15: 
lS: 
17: 
lS 
19 
20 

------------A------------ ---B--- ------------C------------- ---D--- -----------------E-------------------
S 2 7 S S V IDE 0 PAR A MET E R S 

Type under DESIRED column only: ACTUAL & REGISTER columns are calculated 

PARAMETER 

Video Clock VCLK (MHz): 
Acceleration (1,2,4 or S) : 
Interlacing (l=no, 2=yes): 
Horiz Resolution (Pixels): 
Vert. Resolution (Pixels): 

Horiz Line Rate (kHz) : 
Horiz Sync Width (JLs) : 
Horiz Back Porch (JLs) : 
Horiz Front Porch (JLs) : 

Vert. Frame Rate (Hz) : 
Vert. Sync Width (JLs) : 
Vert. Back Porch (JLs) : 
Vert. Front Porch (JLs) : 

DESIRED ACTUAL 

+BS 
+B7 
+BS 
@ROUND(B9/C7,0)*C7 
@ROUND(B10,0) 

(CS*1000)/(E12+2) 
(E13+2)/CS 
(E14-E13)/CS 
(El2-E15)/CS 

(CS*C12*1000)/(E17+CS) 
((E1S+CS)*1000)/(C12*CS) 
((E19-E1S)*1000)/(C12*CS) 
(E17-E20)*1000/(C12*CS) 

S27SS DP REGISTER VALUES 

LineLen: 
HSyncStp: 
HFldStrt: 
HFldStp: 

FrameLen 
VSyncStp 
VFldStrt 
VFldStp: 

@ROUND(CS*B15,0)+E15 
@ROUND(CS*B13,0) -3 

@ROUND(CS*B14,0)+E13 
+El4+(C9/C7) 

@ROUND((C12*1000)/B17-(CS-l)/2,0)*CS-l 
(@ROUND((C12*B1S)/1000,0)-1)*CS 

@ROUND((C12*B19)/1000,0)*CS+E1S 
+E19+C10 

l 

l> 
l' 
N ...... 
C) 
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APPENDIX A 
SAMPLE INITIALIZATION CODE 

Many registers within the 82786 must be initialized to 
configure the 82786 for the particular hardware envi
ronment it resides in. This appendix contains assembly 
language code to initialize the 82786 for one particular 
configuration: 

synchronous 10 MHz 80286 interface 
(Sections 4.2 and 4.3, Figure 18) 

one row of two interleaved banks of 51C256 Fast 
Page Mode DRAM 
(Section 3.3, Figure 9) 

640 x 300 x 8-bit/pixel non-interlaced 60 Hz dis
play, 25 MHz VCLK 
(Section 5.11, Figure 27) 

name Initialization82786 

Memory82786 segment at OCOOOh 

All of the parameters to be initialized for this configu
ration are calculated under their corresponding sections 
in the body of this application note. To calculate the 
parameters for other configurations, refer to these sec
tions. 

This example of initialization code can be used to ini
tially test many of the hardware functions. The code 
should create a stable display on the CRT. The display 
will consist of a black field which covers the entire 
screen (a 640 x 400 black rectangle). In the center of 
the rectangle is a 16 x 16 pixel arrow-shaped red and 
yellow cursor. 

;segment located at start of CPU-mapped 82786 memory 

;define locations of 82786 internal registers 

org 0 

Internalrelocation dw ? ;BIU registers 
Reserved dw ? 
BIUControl dw ? 
RefreshControl dw ? 
DRAMControl dw ? 
DisplayPriority dw ? 
GraphicsPriority dw ? 
ExternalPriority dw ? 

org 20h 

GPOpcode dw ? ;Graphics Processor registers 
GPLinkAddressLower dw ? 
GPLinkAddressUpper dw ? 
GPStatus dw ? 
GPlnstructionPtrLower dw ? 
GPlnstructionPtrUpper dw ? 

org 40h 

DPOpcode dw ? ;Display Processor registers 
DPParameterl dw ? 
DPParameter2 dw ? 
DPParameter3 dw ? 
DPStatus dw ? 
DefaultVDATA dw ? 
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;location of values for Display Processor LD_ALL instruction 

org 80h 

DPLdAllRegs label word 

dw 3 ;VStat: turn on display and cursor 
dw OFFh ;IntMask: mask all interrupts 
dw 20 ;TripPt: trip point = 20 FIFO dwords 
dw 0" ;Frint: cause interrupt every trame (interrupt is masked) 
dw 0 ; reserved 
dw 0 ;CRTMode: non-interlaced, non-accelerated, master sync&blank 
dw 47 ;HSyncStp: horizontal sync stop 
dw 197 ;HFldStrt: horizontal field start 
dw 837 ;HFldStp: horizontal field stop 8 video timing registers 
dw 937 ;LineLen: horizontal line length are programmed for 
dw 7 ;VSyncStp: vertical sync stop 640 x 400 at 60 Hz 
dw 28 ;VFldStrt: vertical field start with 25 MHz VCLK 
dw 428 ;VFldStp: vertical field stop 
dw 442 ;FrameLen: vertical frame length 
dw offset WinDescl ;DescAddrL:descriptor address pointer lower 
dw 0 ;DescAddrU:descriptor address pointer upper 
dw 0 ; (Reserved) 
db 0 ;ZoomY: no vertical zoom 
db 0 ;ZoomX: no horizontal zoom 
dw 0 ;FldColor: black field color 
dw OFFh ;BdrColor: white border color 
dw 0 ;PadlBPP: pad with zeros for 1 bit/pixel 
dw 0 ;Pad2BPP: pad with zeros for 2 bits/pixel 
dw 0 ;Pad4BPP: pad with zeros for 4 bits/pixel 
db 2 ;CursorPad:pad with red for cursor (yellow cursor in red box) 
db 80h ;CsrStyle: opaque l6x16 block cursor, no window status 
dw 510 ;CsrPosX: put cursor in middle of screen (horizontally) 
dw 220 ;CsrPosY: put, cursor in middle of screen (vertically) 

dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 
dw 

OOOOOOOllOOOOOOOb 
OOOOOOllllOOOOOOb 
OOOOOllllllOOOOOb 
OOOOllllllllOOOOb 
OOOllllllllllOOOb 
OOllllllllllllOOb 
OllllllllllllllOb 
llllllllllllllllb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 
OOOOOllllllOOOOOb 

;CsrPatO: 
;CsrPatl: 
;CsrPat2: 
;CsrPat3: 
;CsrPat4: 
;CsrPat5: 
;CsrPat6: 
;CsrPat7: 
;CsrPat8: 
;CsrPat9 : 
;CsrPatA: 
;CsrPatB: 
;CsrPatC: 
;CsrPatD: 
;CsrPatE: 
;CsrPatF: 

;location of strip descriptor list 

create arrow-shaped cursor pattern, 

WinDescL label word ;strip descriptor list 

dw 399 
dw 0 
dw 0 
dw 0 

;header of strip descriptor 
;lines in strip (400 covers entire scre"en) 
;lower link to next strip descr (there is none) 
;upper link to next strip descr (there is none) 
;number of tiles in strip (only one) 
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;first (and only) tile descriptor 
;bitmap width (not applicable, this is field) 
;memory start lower addr (not applicable) 
;memory start upper addr (not applicable) 
;field width (640 covers entire screen) 
;fetch count (not applicable, this is field) 

dw 
dw 
dw 
dw 
dw 
dw 

o 
OOOOlh ;set field bit,use top,bottom,left,right borders 

Memory82786 ends 

Initialize82786 segment ;code to initialize 82786 

mov aX,seg BIUControl 

mov ds,ax ;put 82786 register segment in ds 

assume cs:lnitialize82786, ds:Memory82786 

mov byte ptr BIUControl, 30h 
mov byte ptr BIUControl+l, 0 

mov InternalRelocation, Olh 

mov DRAMControl, lDh 
mov RefreshControl, 18 

mov DisplayPriority, 1l01l0b 

mov GraphicsPriority, OlOOlOb 
mov ExternalPriority. 100000b 

;convert 82786 to 16-bit bus ••• 
; ••• must use two 8-bit transfers 

;locate reg's at 82786 mem addr 

;1 row, interleaved 51C256 DRAM 
;request refresh every 15.2 uS 

;set Display FPL, SPL = 6 

;set Graphics FPL, SPL = 2 
;set External FPL = 4 

Oh 

mov DPParameterl, offset DPLdAllRegs ;address for LD_All command 
mov DPParameter2, OCH 
mov DPOpoode, 5 

ret 

Initialize82786 ends 

If the constants in the CPU-mapped 82786 memory for 
the LD_ALL command and the Strip Descriptor list 
(in Memory82786 segment) cannot be loaded into 
82786 memory by the system's program loader, they 
will have to be loaded by the initialization code. One 
method is to have the loader load them into CPU sys
tem memory and use a repeat-move-string command in 
the initialization code to move these constants into the 
82786 graphics memory. Alternatively, it is possible to 
place these constants in the 82786-mapped CPU memo
ry and allow the 82786 to fetch them using master
mode. This method, however, is not as efficient because 
the 82786 must re-fetch the Strip Descriptor list for 
every display frame. 

The Graphics Processor is not used in this initialization 
code. To fully initialize the Graphics Processor, the fol
lowing commands are required: 

;let DP perform LD_All command 

;end of initialization subrtn 

Def_Bit_Map for all drawing and BitBlt com
mands 

Def_Logical_Op for all drawing and BitBlt com-
mands 

Def_Colors if line!character drawing used . 

Def_Texture if line drawing used 

Def_Char_Set if character drawing used 

Def_Char_Orient if character drawing used 

Def_Char_Space if character drawing used 

Load_Reg initialize stack pointer if macros 
used 
set poll-on-exception mask if used 

set interrupt mask if interrupts 
used 
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1.0 INTRODUCTION 

Many applications require greater graphics capability 
than is available through IBM's CGA or EGA. The 
82786 allows the design of very high performance 
graphics systems at low cost, both in terms of compo
nent count and development time. 

This application note will present a basic design inter
facing a graphics board based on the 82786 to the IBM 
PC/AT computer. Only those portions of the design 
related to the interface itself will be covered in detail. 
Other aspects of graphics system design using the 
82786, such as graphics memory design and video inter
facing are covered in detail in the Hardware Configura
tion Application Note (AP-270-refer to section 1.1 be
low on related literature). 

Throughout this application note the following naming 
convention applies: 

The term "PC" will be used throughout this document 
to refer to both IBM's 8-bit PC and their 16-bit AT 
computer systems. 

1.1 Related Literature 

Additional material concerning the 82786 can be found 
in the following Intel publications: 

82786 Graphics Coprocessor User's Manual, Order 
Number 231933 

82786 CHMOS Graphics Coprocessor Data Sheet, Or
der Number 231676 

82786 Hardware Configuration Application Note, Or
der Number 292007 

An Introduction To Programming the 82786 Graphics 
Coprocessor, Order Number 240048 

2.0 110 CHANNEL 

2.1 Overview 

There are eight connector slots on the mother board of 
the PC into which peripheral cards may be inserted. All 
interface to the PC is through these connectors, which 
are known as the I/O CHANNEL. 

The I/O CHANNEL supports 24-bit memory address
es, data accesses of either 8- of 16-bits, interrupts, 
DMA channels, and wait state generation. The connec
tors consist of eight 62-pin and six 36-pin' connector 
sockets. The two positions that have only the 62-pin 
connectors can only support an 8-bit IBM PC interface. 
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2.2 Address Map 

When placed in Protected Mode, a full' 24 bits 
(16 Mbytes) of addressing are available. However, most 
applications use Real Mode, providing 20 bits of ad
dressing. This provides a usable address space of 1 
Mbyte. Our design example will use Real Mode. 

As shown in Figure 1, the lower 512 kb of the 1 Mb 
address space is reserved for system memory. 384 
kbytes of the upper 512 kb are available for our use, 
although various adaptor cards which use some of this 
space may be installed in the system. We need to use 
care in selecting where our graphics card resides in the 
PC memory space in order to remain compatible with 
most system configurations. 

The 128 kb section of memory located at address 
80000H-9FFFH is normally reserved for expansion 
memory, so using this space for our design would pre
clude adding memory to the system. The 128 kb ad
dress range of COOOOH through DFFFFH is also avail
able. This section of the memory space is reserved for 
ROM on I/O adapters, such as our card. Since many 
commercially available peripheral cards use portions of 
this address space, we would like to avoid using a large 
portion of this area in order to remain compatible with 
them. We will map the 82786 Internal Registers into 
address C44OOH-C447FH. 

There is one other section of memory available to us 
without going into Protected Mode., This is the address 
range AOOOOH-BFFFFH, which is reserved for the 
graphics display adapters. The AOOO segment is used by 
the EGA, whereas the BOOO segment is used by the 
CGA (and MDA). Since we are designing a graphics 
card, we will use a portion of this memory space. It is 
desirable to use as large a portion of the PC's memory 
space as possible in order to reduce the amount of pag
ing required to access graphics memory. Let us choose 
the 64 kbyte AOOO segment. This means that our design 
will work along with a CGA card in the system, but not 
with an EGA. This is a reasonable choice since, if peo
ple require a higher performance graphics system, the 
82786 based design will provide much more power than 
the EGA. The CGA can still be used for most text and 
low resolution graphics applications. 

The 80286 microprocessor can address a full 64 kbyte 
I/O space. However, the PC only supports I/O ad
dressing from 000-3FFH, as shown in Figure 2. I/O 
addresses OOO-OFFH are reserved for the system board 
I/O, leaving addresses l00H-3FFH available on the 
I/O CHANNEL. A look at the I/O address map will 
show that most of this space is reserved for various 
peripheral devices that might be installed in the system. 
Once again, if I/O addressing is required, we must be 
careful in choosing which portion of I/O space we use 
in order to remain compatible with these peripherals. 
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Address Name' ':, ,I Function 

000000 to 512 kb $ystem System B,oard Memory 
07FFFF Board .. , 

080000 to 128kb " 1/0 Channel Memory-,:..IBM Personal 
09FFFF ' Computer AT 128 kb Memory 

Expansion Option 
OAOOOOto 128kbVideo Reserved for Graphics Display Buffer 
OBFFFF RAM , ' 

Reserved for ROM on I/O Adapters OCOOOOto 128 kb I/O 
ODFFfF , , Expansion ROM 
OEOOOOto 64 kb Reserved ' Duplicated Code Assignment at 
OEFFFF on System Board Address FEOOOO 
OFOOOOto 64 kb ROM on Duplicated Code Assignment at 
OFFFFF the System Board ' Address FFOOOO 
100000 to Maximum I/O Channel Memory-IBM Personal 
FDFFFF Memory~5Mb Computer AT 512 kb Memory 

Expansion Option 
FEOOOOto 64 kb Reserved Duplicated Code Assignment at 
FEFFFF : on System Board Address OEOOOO 
,FFOooOto 64kb ROM on Duplicated Code Assignment at 
FFFFFF the System Board Address OFOOOO 

Figure 1. IBM, AT System Memory Address Map 

Hex Range Device 

000-01F DMA Controller 1, 8237 A-5 
020-03F Interrupt Controller 1, 8258A, Master 
040-05F Timer, 8254.2 
060-06F 8042 (Keyboard) 
070-07F Real-Time Clock, NMI (Non-Maskable Interrupt) Mask 
080-09F DMA Page Register, 74LS612 . 
OAO-OBF Interrupt Controller 2, 8259A 
OCO-ODF DMA Controller 2, 8237 A-5 
OFO Clear Math Coprocessor Busy 
OF1 Reset Math Coprocessor 
OFB-OFF ,Math Coprocessor 
1FO-1F8 Fixed Disk 
200-207 Game I/O 
278-27F Parallel Printer Port 2 
2F8-2FF serial Port 2 
300-31F Prototype Card 
360-36F Reserved 
378-37F' Parallel Printer Port 1 
380-38F SDLC, Bisynchronous 2 
'3AO-3AF Bisynchronous 1 
3BO-3BF MonOChrome Display and Printer Adapter 
3CO-3CF ReServed 
3DO'-3DF Color/Graphics Monit9r Adapter 
3FO-3F7 Diskette Controller 
3F8-3FF Seriai Port 1 , 

Figure 2. IBM AT System 1/0 Address Map 
, . 
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I/O address range 300H-3IFH is reserved for proto
type cards, so we will use a portion of this space in our 
design, as will be discussed later. Another possibility 
would be to use the game controller address range 
200H-207H, if it is known that the game controller 
will not be used. 

2.3 Signal Description 

Interfacing to the PC is quite simple since all address, 
data, and control signals are decoded and demulti
plexed for· us. In addition, wait states can be inserted, in 
which case these signals are held valid as long as we 
wish. Wait states-must last no longer than 2.5 microsec
onds (2.1 microseconds for the 8-bit PC), in order to 
meet IBM specifications. 

The signals used in this basic interface are listed in Ta
ble I.' Other signals, incorporating other features, could 
be used, such as interrupt and DMA control lines. We 
will discuss only the signals used in this design. 

Address Latch Enable, BALE, is used on the system 
board to latch valid addresses. Address lines 
SAO-SAI9 are used to address the memory and I/O 
devices in the system. They are gated onto the system 
bus when BALE is high and are latched on the falling 
edge of BALE. 

There is another set of address lines, LAI7-LA23, 
which gives the system up to 16 Mb of addressability. 
These signals are unlatched and remain valid only as 
long as BALE is high. They become valid earlier than 
the SA lines and are intended to generate decodes for 
memory or I/O 'cycles. They should be latched by I/O 
adapters on the falling edge of BALE when needed. 

There are 16 data lines, Soo-SD1S, which are demulti
plexed (the 80286 in IBM AT computer has separate 
address and data lines) and held valid as long as the 
system is held in a Wlnt state. 8-bit interfaces will only 
use Soo-SD7. Data transfers on the upper byte of the 
data bus are indicated by a low signal on the SBHE pin. 

The control signals have been decoded and, like the 
data lines, are held valid as long as the PC is held in a 
wait state. lOR and lOW are active low signals that 
indicate an I/O read and write, respectively. Similarly, 
MEMR and MEMW indicate a memory read or write 
bus cycle. 

"I/O CH ROY", I/O CHANNEL, ready, is pulled low 
by a peripheral device' in order to insert wait states. 
This signal must be driven low very quickly upon de
tecting a valid address and a Read or Write command. 
This timing will be discussed in more detail in a subse
quent section. As mentioned earlier, this signal should 
be held low for no more than 2., microseconds. 

MEM CS16 is pulled low to signal the system board 
that the current data transfer is a I wait state, 16-bit 
memory cycle. If this signal is not brought low in time 
to be recognized by the system, the memory access will 
automatically be broken into two 8-bit ac~, even if 
a 16-bit access was desired. In addition, this signal is an 
input to the CMDL Y pin of the 82288 bus controller 
chit> on the system board. It can delay the issuance of 
the MEMR, MEMW, lOR, and lOW signals in order 
to allow more address setup time. As will be discussed 
later, this signal should be derived from the decode of 
LA17 through LA23. 

The final signal we have used in this design is RESET 
DRV. This is the active high power on reset signal. 

Table 1. I/O CHANNEL Signal Description 

SAO-SA19 Latched Address Lines 

LA17-LA23 Unlatched Address Lines Used to 
Generate Decodes for 1 Wait
State Memory Cycles 

RESET ORV Power On Reset Signal from the 
PC/AT 

SOO-S015 

IIOCH ROY 

lOR 

lOW 

MEMR 

MEMW 
MEMCS16 

SBHE 

Latched Data Lines 

Ready Signal to Generate PCI AT 
Wait-States 

Indicates an 110 Read 
Indicates an 1/0 Write 

Indicates a Memory Read 

Indicates a Memory Write 
Signals the AT to Perform a 1 
Wait-State 16-Bit Memory Cycle 

Indicates Data Transfer on Upper 
Byte of Data Bus 
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3.0 82786 BUS INTERFACE 

3.1 Overview 

The Bus Interface Unit (BIU) controls all communica
tion between the 82786, the external bus master, and 
memory. The 82786 is capable of being a bus master 
(Master Mode) or a bus slave (Slave Mode). The 82786 
operates as a master whenever it accesses external sys
tem memory and the bus timings are similar to 80286 
style bus timings. It acts as a slave when the host CPU 
accesses graphics memory or the 82786 registers. 

In Master Mode, the 82786 drives the Hold Request 
(HREQ) pin high ,to indicate it is requesting the bus. 
The 82786 drives the external bus only after it receives 
a Hold Acknowledge (HLDA) from the external bus 
master and drives HREQ low when it no longer needs 
the bus or when it detects an inactive HLDA. The 
82786 indicates it has the bus through a high level on 
the Master Enable (MEN) pin. ' 

The state of the BHB pin at the trailing edge of RESET 
determines whether the interface is synchronous or 
aysnchronous. A high BHE sets the 82786 in synchro
nous operation. In Master Mode, synchronous/asyn
chronous operation affects the sampling of the HLDA 
signal only. In Slave Mode, synchronous/asynchronous 
operation affects the sampling of the RD and WR sig
nals, as will be seen, and allows for direct connection to 
an 80286 (80186 and 80386 can also be supported). 

Every design must support Slave Mode. The great ma
jority of applications do not require Master Mode and 
it need not be supported. Our design uses an asynchro
nous slave interface, which we will focus on in more 
detail. 

3.2 Aysnchronous Slave Interface 
The following pins make up the 82786 Slave Interface: 

1. 22 address mputs, A21:0. 

2. BHE input used to indicate valid data on the upper 
data bus,D8-DI5, of the 82786 graphics memory. 

3. Bus command input signals RD, WR, and MIlO" 

4. Chip select input, CS. 
5. Slave Enable output, SEN, is used to signal the s~ 

tern that the requested slave access is currently being 
serviced. This signal is used to enable the connection 
of the 82786 data bus to the external data bus and 
also as a source of READY to the external master. 

All of the input signals, with the exception of CS, are 
bidirectional pins driven by the 82786 when it is execut
ing Master Mode cycles. Whenever the 82786 is in 
Slave Mode, these signals are monitored by the Slave 
Interface logic .. The correct combination of bus com
mands on these pins generate a slave cycle request. 

Figure 4 shows the timing relations for the Asynchro
nous Slave interface. When either RD or WR are de
tected low, CS is sampled. If CS is found to be low, the 
82786 will generate a slave cycle request. Note that the 
address pins, along with BHE and MIlO have the same 
setup and hold timing as CS. Once the setup and hold 
times have been met, the valid addresses may be re
moved since they will have been latched internally by 
the 82786. ' " 

A slave cycle request is arbitrated between DRAM re
fresh, Display Processor requests, and Graphics Proc
essor requests for bus bandwidth and is serviced ac
cording to the programmed priority of each type of 
request. Notice the break in Figure 4 between the con
trol signals going active and SEN going high, indicating 
the indeterminate amount of time before the 82786 be
gins to execute the slave,. cycle. Even if external slave 
accesses are programmed to be higher priority than 
graphics, or display processor requests for the bus, 
DRAM refresh cycles always have highest priority and 
can occur at any time. This can hold off execution of 
the slave cycle for a few clocks. Therefore, once the PC 
makes a slave request to the. 82786, it will have to be 
held in a wait,state (by pulling IOCHRDY low) until 
SEN goes high and the slave cycle begins. 

Fig~e 5 shows the timing relations for the slave cycle 
during the SEN active high time. SEN remains high for 
the entire cycle, which lasts four clocks for a write and 
five clocks for a read. 
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RESET 

ClK VClK 

" 0-21 •• -. VOAlA 0-7 

00-15.= -. BLANK 

BHE<I--- -. HSYNC 

RO<l--- -. VSYNC 

WR <1---
CS ----

101/10 <1--- -. ORA 0-8 

READY -- -. CAS 0.1 

-. RAS 0-3 

HlOA --- -. BEN 0-1 

MEN +---
SEN +---

GNO Vee 

240049-1 

Figure 3. 82786 Pins 

ClK 

Rii.WR 

M/iO. BHE. -----'\ ,---.....;~,-----!S------
CS.A21:0 ___ ..J I...----''--....;.,--!\-o-----

SEN -------------I!I 
Figure 4. 82786 Asynchronous Slave Interface 

ClK 

WRITE CYCLE / SEN ____ -'. 

015:0 --....:.----... (====:J>--
REAOCYClE J 

SEN 

INTERNAL READ -----«=:=::::::::J>--015:0. • 

MEMORY READ <XXXXI '--
015:0 r---

Figure 5. 82786 SEN/DATA Slave Interface 
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SA7-19 M/iO 

IBM PC/AT· 82786 

MEMW ~------------------------------~-i 
240049-4 

Figure 6. Generating 82786 Control Signals 

AO-15 r::1----:----J\.I 
82786 

IBM PC/AT· 

00-15 

240049-5 

Figure 7. Block Diagram of Datal Address Bus 

SOO-7 ~---------------~r::;:--I-J. _-_.,.. _-_-_-_-_-_"'" _-_-_-_-_-_-_-_.,. 00-7 

IBM PC/AT· 

S08-15 t--------,---I t--....------------,- OB-15 

8 BIT INTEflFACE 
WRITE TO 

16 BIT INTERFACE 
WRITE TO 

8/16 BIT INTERFACE 
WRITE TO 

HIGH BYTE HIGH BYTE LOW BYTE 
240049-6 

Figure 8. ,8/16-Blt Crosser for Write Data 
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4.0 INTERFACING THE 82786 TO 
THE 1/0 CHANNEL 

4.1 General Considerations 

2.!!!:..J!!phics board will decode the address, MEMR, 
MEMW, lOR, and lOW signals from the PC and, if a 
slave cycle r~est is detected, generate the proper con
trol signals (RD, WR, MIlO, BHE and CS) along with 
8Ilting the address and data to the 82786. ,Refer to Fig
ure 6 for a block diagram of generating the 82786 con
trol signals. The IOCHRDY signal will immediately be 
pulled low in order to place the PC into a wait state. If 
our design is to a 160bit interface, we must also pull the 
MEMCS16 signal low. This signal is not used for an 8-
bit interface. 

Once IOCHRDY has been pulled low, the PC will be 
held in a wait state. This will cause the demultiplexed 
address, data, and control signals to be held valid for 
us. This means that we do not have to latch these sig
nals on our board. Figure 7 shows a block diagram of 
the address and data bus interface for our design. Once 
our board is selected, control logic can turn on the ad
dress and data transceivers/latches. 

4.2 Loading 

IBM specifies no more than two TIL loads per pin per 
slot for the VO CHANNEL. This is to assure that the 
PC system board can properly drive all peripheral pards 
that may be plugged into the VO CHANNEL. In or
der to meet this spec, it is necessary to buffer IlI1Y sig.' 
nals that drive more than two loads in our design. 

4.3 Write Data 

Figure 7 sho~s a data path consisting of two levels of 
transceivers for the write path. Working our way from 
the VO CHANNEL side, the first bank of transceivers 
encountered buffer and gate the data bus onto our 
board. The second bank of transceivers isolate the 
82786 from the board's data bus. 

Upon receiving a decode, the first transceivers will tum, 
on, gating data onto the board. The second transceivers, 
only turn on when SEN goes high, indicating the start 
of the slave cycle. In this way, the PC's data can gate 
onto the board without interfering with any other 
82786 memory cycles in progress to the graphics mem
ory. This allows the PC to access the Page Select regis
ter (which will be discussed later) without disturbing 
82786 memory cycles. In addition, if we were to insert a 
dedicated on-board CPU, it would interface between 
these two sets of transceivers. allowing the PC to talk to 
the local CPU without disturbing 82786 memory activi
ty. 

A crosser network for write data is shown in Figure 8. 
All three transceivers are needed only if the design will 
interface to both an 8-bit and a 16-bitsystem, as in our 
example. If the design is only to the 8-bit PC or to the 
IBM AT computer, then only two transceivers are re
quired. 

4.4 Read Data 

Read data from the 82786 or graphics memory must be 
latched. This is shown in Figure 5, where it Clm be seen 
that read data will only be valid for 3-4 clocks. De
pending upon when IOCHRDY is released, read data 
may come and go befqre the PC can come out of its 
wait state (refer to Section 4.5), so it must be latched 
and held. 

The read data latches shown in FigUre 9 are configured 
similarly to the write 'data transceivers of Figure 8. 
Once again, all three latches are needed only if the de
sign will interface to both a PC and an IBM AT com
puter, as in our example., 

The data latch control can be implemented by counting 
82786 clocks from the rising edge of SEN \Ulq! read 
data is valid, as shown in Figure 5, and then latching 
the data. This data can be held and made available for 
when the 1/9 CHANNEL exits its wait state. 
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Soo-7 

IBM PC/AT> 

SOB-15 1\.,-------.-'---1 

8 BIT INTERFACE 
READ HIGH BYTE 

1-________ 00-7 

t--------r- 08-15 

1 6 BIT INTERFACE 
READ HIGH BYTE 

8/16 BIT INTERFACE 
READ LOW BYTE 

240049-7 

Figure 9. Read Data Latches 

4.5 Exiting Wait State. 

There are many choices of clock speeds to run the 
82786 in a graphics design. In addition, our design may 
be interfaced to several different speed PC's. As a re
sult, once IOCHRDY is released you cannot know ex
actly when the PC wiD come out of its wait state in 
relation to SEN and the slave cycle. 

For example, if the PC is writing to our graphics board, 
write data will be held valid as long as the PC is kept in 
a wait state. We need the write data to remain valid to 
meet the data hold time as shown in Figure 5. If 
IOCHRDY is released at the rising edge of SEN and 
the PC is running at a fast clock rate, it is possible for 
the PC to exit its wait state and remove the write data 
too early in the SEN/DATA cycle. This can, of course, 
be 'predicted exactly if all possible combinations of the 
82786 and PC clock speeds are known. The exact time 
to release IOCHRDY in order to hold data long 
enough, yet not insert extra wait states, can be calculat
ed. 

A more conservative approach is to release IOCHRDY 
off the falling edge of SEN, which has been done in this 
design. For write cycles, this guarantees that write data 
will be held past the entire SEN/DATA cycle. Since we 
are latching read data, it is held valid for whenever the 
wait state ends. The tradeoff here is that performance 
will be degraded somewhat since extra clocks are in
serted into every slave access. 

4.6 Page Selection 

As previously mentioned, our design uses the 64 kbyte 
section of the PC's memory space located at the AOOO 
segment. Our graphics board will contain 1 Mbyte of 
memory, however. We must have some method of,ac
cessing the entire 1 Mbyte of graphics memory from 
the PC's 64 kbyte window. This is accomplished 
through the use of a simple paging scheme, as shown in 
Figure 10, ' 

IBM AT" 
ADDRESS SPACE 

OAOOOOhr_"t" ___ ---. 

OAffffh I---I---,.&.;,';';';';~ 

827861 MEG 
ADDRESS SPACE 

OFffffh 

240049-8 

Figure 10. Page Selection 
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Pins SAO-SAI5 directly drive 82786 pins AO-AI5 to 
address within a given 64 kbyte section of memory. 
82786 pins A16-A19 determine which 64 kbyte memo
ry section, or page, we address. We can drive these page 
selection address lines with a latch which will contain 
the desire page number from 0 to FH. Figure 11 shows 
a block diagram of the page select circuit. ' , 

SOO-3 74374 F=: A16-19 

IBt.4 PC/Ar- G 82786 

lOW AOORES£~ J 
0300 

240049-9 

Figure 11. Page Select Circuit 

Our design latches the page number from data bits 
DO-D3 by writing to I/O address 0300H. The output 
of the latch will then drive 82786 pins AI6-AI9. 

5.0 SPECIAL CONSIDERATIONS 

5.1 IOCHRDY and MEMCS16 Timing 

For 16-bit accesses, IOCHRDY and MEMCSl6 must 
be brought low very quickly upon decoding an access to 
the peripheral board. The purpose of signals 
LA 17 - LA23 is to provide address Ifues for such de
codes. These address lines become valid at the I/O 
CHANNEL earlier than the latched address lines 
SAO-SAI9, providing more setup time for the decode 
and generation of MEMCS16. For this reason it is de
sirable to use the LA lines for decodes whenever possi
ble. 

Lines LA17-LA23 provide for address decoding down 
to 128 kbyte resolution. Decoding addresses in 64 kbyte 
sections would require an LAl6 pin, which is not pro
vided. Recall, however, that we were unable to find a 
convenien.t 128 kbyte section ofthe IBM system memo
ry space to use for our design. This means that we must 
use address pin SAl6 for part of our decode. Since the 
SA lines become valid later than the LA lines, we have 
less time in which to decode an address and generate a 
MEMCSI6.' 

Although both IOCHRDY and MEMCSl6 must be 
brought low quickly, MEMCS,16 is the most critical 
timing of the two. For an 8 MHz PC, we have 24 ns 
from SAO-SAI6 valid to issue a MEMCSl610w signal 
in order ,to cause a 16-bit access and - 11 ns to cause a 
command delay. Fortunately we do not care about the 
command delay. If we miss the window, any 16-bit ac
cesses will automatically be broken into two 8-bit ac
cesses. 

The circuit used to generate IOCHRDY and 
MEMCSl6 can be found in the complete board sche
matic in the Appendix. Figure 12 focuses on the partic
ular circuitry of interest here. Fast logic devices are 
required and the decode PAL must have a short propa
gation delay. This is particularly important since an 
extra flip-flop is used to cause 10CHRDY to be re
leased from the falling edge of SEN. 

5.2 Maximum Wait States 

For medium and high resolution displays using 
DRAM's, a significant portion of the available memory 
bandwidth is required for the display process. To acco
modate this, the display processor is programmed for 
highest priority access into the graphics memory. In the 
worst case the display processor can stay on the 
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memory bus continuously for -more than S microsec
onds. This will happen, while fetching 16 tile descriptors 
(96 words). 

The mM AT Technical Reference Manual warns us 
not to hold IOCHRDY low for more than 2.S micro
seConds, which is IS wait states in a 6 MHz macbine 
and 20 wait states in an 8 MHz machine. During wait 
states the DMA controller can't obtain the bus to re
fresh memory, which results in delayed memory refresh 
cycles. 

If the 82786 is programmed with highest priority for 
the display processor, then the external CPU will have 
to stay in a wait state until the display processor releas
es the memory bus and SEN goes high. Although this 
may not result in any erroneous operation, it will cer
tainly violate the bus spec for wait state duration. In 
order, to meet the bus spec, the 82786 must be pro
grammed with the highest priority for the external 
CPU. 

This will be accePtable if the CPU accesses the 82786 
and graphics memory only during noncritical periods. 
However, if the 'CPU needs to access the 82786 very 
frequently, then the display processor may lI,ot be able 
to refresh the screen in the required amount of time. 
Therefore,' if the CPU is programmed to hilhest priori
ty, it must be restricted in its access. to the 82786. 

PAL 
A7-19 to 

decode 
address 
AOOO 

The latency between successive accesses from the CPU, 
to the 82786 can be approxitn,ated by the expression. , 

latency (In 82788 system clock cycles) 4! 
2 • [8/«MMXR/DPXR)-1)] 

where: MMXR = maximum memory data' tranSfer rate 
(40 Mbytes/ s If using Interleaved, fast 
page mode DRAM's at maximum 
82786 bus clock speed) 

DPXR = '«Xmax • Ymax • 8pp)/8) • Display 
. refresh rate 

Xmax ,,; nco of pixels in the x dir~n 

Ymax = nco of pixels In the'y direction 

8pp = nco of bits/pixel 

'NOTE: 
"System clock cycles" refers to internal 82786 clock 
cycles. 2 pin clocks = 1 system clock. For example, 
20 MHz pin clock is equivalent 'to an 82786 10 MHz 
system clock rate. 

74F125 

WEWCS16 

lOCH ROY 

240049-10 

Figure 12. IOCHRDY and MEMCS16 Circuitry 
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One way to force this restriction on the CPU is to en
sure that this latency is built into the software. This 
implies that: 

1) there are no block accesses into the graphics subsysJ 
tern and 

2) all single accesses are separated by instructions (e.g. 
NOP) that will guarantee that the CPU stays away 
from the 82786 for the desired time. 

This software method to control the CPU accesses will 
allow single accesses into the graphics memory to be 
serviced quickly, but at the same time, it imposes a lot 
of restrictions on the programmer. Additionally, the 
software becomes very specific to the hardware envi
ronment and portability of the software becomes limit-. 
ed. An alternative is to design the hardware to restrict 
CPU access to the 82786. 

The scheme shown in Figure 13 delays the CS input 
into the 82786 by some delay. time. When the CPU 
begins a memory cycle to the 82786, the address decode 
logic pulls IOCHRDY low, putting the PC into a wait 
state. The 82786 does not see this request immediately 
and so the SEN output stays low, which ~ill cause the 
PC to remain in the wait state. Therefore, the display 
processor, which is programmed for second priority, 
can use the memory bus. After the delay time, the 

CPU 
ADDRESS 

82786 sees the CS from the external CPU and services 
it immediately since the request comes from a higher 
priority source. The CPU does not stay in a wait state 
for more than the maximum specified period. 

This hardware method of restricting CPU accesses ef
fectively increases the priority of the display processor 
even though the external CPU is programmed for high
est priority. At the same time, this method ensures ade
quate bus sharing between the display processor and 
the external CPU. 

A feature has been added to the D-stepping of the 
82786 which allows for altered priority for external 
CPU slave requests. The CPU will assume this altered 
priority every 42 CLK's and will switch back to the 
standard priority only upon execution of the slave CPU 
bus cycle.· 

By programming the CPU to have a standard priority 
below that of the display processsor and an altered pri
ority higher than the display processor, the previously 
discussed software and hardware methods of restricting 
CPU slave accesses to the 82786 are not necessary. This 
new feature will allow the CPU to get a bus cycle every 
2.1 microseconds (assuming an 82786 pin clock rate of 
20 MHz) and still give the display processor highest 
priority the rest of the time. 

82786 CLOCK 
82786 

CPU 
READY SEN 

Figure 13. Limiting the Rate of CPU Accesses to the 82786 
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APPENDIX A 
82786 GRAPHICS BOARD DESCRIPTION 

The 82786 based graphics board presented in this appli
cation note, CQIltains 1 Mbyte of fast page mode 
DRAM's, which comprise the graphics memory for the 
board. The memory is visible to the PC at address space 
AOOOOH-AFFFFH, which is a 64 kbytesection of 
memory. The entire 1 Mbyte of graphics memory is 
addressable as 1664 kbyte banks, which are selected by 
82786 address bits AI6-AI9. The desired bank is se
lected by writing the value on the lower four bits of the 
data bus (DO-D3) to I/O address 0300H. 

There is one other section of the PC address space that 
can access the board. That is address C44OOH-:
C447FH. Accesses to this section of memory will Cause 
I/O accesses to be seen by the 82786. This allows access 
to the Internal Registers, which reside in I/O space 
when the 82786 comes out of RESET. The Internal 
Registers remain I/O mapped and must be relocated to 
I/O space base address 4400H (110 space for the 82786 
is only 64 kbytes-the upper address bits are ignored. 

However, the upper 7 bits of the Internal Relocation 
register must be programmed to O's when locating the 
Internal Registers in I/O space). ' 

The board supports a software reset. This is accom
plished by writing a "I" on data bit 4 to I/O address 
0300H and then a "0" on the same data bit to the same 
address. When using software reset, care must be taken 
to assure the proper values appear on data bits DO-D3 
in order to not reprogram the page select register. 

The board contains several jumpers which are de
scribed here: 

1) There is a jumper to select a 16-bit vs. 8-bit interface. 
16-bit interface is selected by inserting the jumper. , 

2) There are two jumpers .to select between synchro
nous and asynchronous VCLK operation. In syn
chronous operation, VCLK is tied to CLK on the 
82786. In asynchronous operation, VCLK comes 
from a separate clock oscillator source. Only one of 
these jumpers may be inserted at anyone time. 
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APPENDIX B 
82786 GRAPHICS BOARD PAL EQUATIONS 

module UID 
title 'PAL I -- UID 
date april 2 ,I9S6' 

UIDal device 'P2DLS'; 

PCAI9, PCAIS, PCAI7, PeAI6, peAlS, peAI4, peAI3, 
peAI2, PCAII, peAID, peAD9, peADS, peAD7 

pin I, 2, 3, 4, 5, 6, 7, S, 9,ID,ll,13,14; 

peMEMR, PCP61R,peMEMW, pelOW,lOeHRDY SELEeT ,Nel, 
Ne2,pelOR,pep61 -

pin 23,22,2I,2D,19,IS,17,16,15; 

equations 

IPCP61 • PCAl9 & IPCAIS & PCA17 & IPCAl6 
" & (peMEMR $ peMEMW) & pelOR & pelow; 

IPep61R • PCAI9 & peAlS & IPCA17 & IPeAI6 & IPeAI5 & peAI4 & 
IPeAI3 & IPCAl2 & IPeAll & PeAIO & IPeAD9 & IPeADS • 
IPeA07 & (peMEMR $ peMEMW) • pelOR & pelow; 

IIOeHRDY_SELEeT • (peAl9 • IPCAIS & peAI7 & IPeAI6) , (PCA19 • PCAIS • 
IPeA17 & IPeAl6 & IPeAI5 & peAI4 & IPeAI3 & IPCAI2 
& IPeAll • peAID & IPCA09 I IPeADS I IPeA07); 

end UID 
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module un 
tItle 'PAL 2 -- Ullq 
date april 2,1986' 

Ullal ,devIce ~P20L8'; 

PCA09, PCA08, PCA07, PcA06, PCA05, PCA04, PCA03, 
PCA02, PCA01, PCAOO, NCl 

pIn 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 

AP·409 

PCMEMR, PAGE SELECT ,NC2,NC3,NC4,NC5, PAGE SEL, PCMEMW,NC6, PCIOW, PCIOR 
pTn 23,22,21,20,19,18,17,16,1'5',14,13; , 

equatIons 

IPAGE_SEL • (PCA09 & PCA08 • I PCA07 I I PCA06 & I PCA05 & I PCA04 & 
I PCA03 & I PCA02 & I PCAOl & I PCAOO • I PCIOW 1 PCMEMR • 
PCMEMW) ; 

PAGE_SELECT. PAGE_SEL; 

end un 

module U26 
tItle 'PAL 5 -- U26 
date april 2,1986' 

U26al devlc8"P20L8'; 

PCP61, SBHE, PCP6IR, PCMEMR, P6SEN, L TCHBQ, NC1, PCAO, NC2, NC3, NC4 
pIn 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 

NC9,CLRLTCHCNTR, PCP6CS, PCLATCHLO, PCLATCHHI ,NC8, PC AT, P6BHE, 
ill,~,NC5 ~ 

pIn 23,22,21,20,19,18,17,16,15,14,13; 

equations 
!PCLATCHLO • IPCAO 1 (IPCP61 , !PCP6IR) • !PCMEMR; 

IPCLATCHHI • PCAO & (IPCP61 , IPCP6IR) 1 IPCMEMR • PC-fT; 

CLRLTCHCNTR • (IPCP61 # IPCP6IR) • I PCMEMR. P6SEN l ILTCHBQ; 

PCP6CS • (I PCP61 • I PCP6IR) ; 

P6BHE • (IPC AT • SBHE , PC_AT' IPCAO) • (IPCP61 , 
IPCPWIR) ; 

end U26 
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module U35 
title 'PAL 6 -- U35 
date april 2,1986' 

U35al device 'P20L8'; 

NCI, NC2, PCP61R, PCP61, PCP6CS,NC3 ,NC4, 
PCHEHR, PCMEHW,NC5 ,NC6 

pin 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 

NCIO,NC9,NC8,P6CS,P6WR,P6RD,P6RDYClK, T R,P6DEN, 
NC7,P6SEN -

pIn 23,22,21,20,19,18,17,16,15,14,13; 

equations 

I P6CS • PCP6CS; 

IP6WR • (IPCMEHW & (IPCP6IR , IPCP61»; 

IP6RD • (IPCMEHR & (IPCP6IR , IPCP61»; 

!P6DEN • «IPCP61 , IPCP6IR) & IPCHEMW & P6SEN); 

T_R • ((IPCP61 , IPCP6IR) & IPCHEMW); 

P6RDYCLK • (PCP6CS $ P6SEN); 

end U35 

module U48 
title 'PAL 7 -- U48 
date april 2,1986' 

U48al device 'P20l8'; 

SBHE, PCMEMR, PC AT ,NCI, PCP6IR,PCP61 ,CLK,LAI6, 
lA17, LAI8, lAI9 

AP·409 

pin 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 
SA17 ,ATOC,CLKI,RESET NOT ,RESET ,NC2,NC3,P6 MIO,ACCI6,SAI9,SAI8 

pin 23,22,21,20,19,18,17 ,16,15,14,13; 

equations 

IATOC • ISBHE & IPC_AT & IPCMEMR & (IPCP61 , IPCP6IR); 

IACCI6 • SAI9 & ISAI8 & SAI7 & ILAI6 & lPC_AT; 

IP6_MIO • IPCP6IR; 

ClKI • IClK; 

RESET_NOT. IRESET; 

end U48 
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module U52 , 
title 'PAL 8 -- US2 
date april 2,1986' ' 

U52al device 'P20l8'; 

NCI,PAGE SELECT ,NC2,P6SEN, PCP6IR,PCP6I,PCNEMII, 
PCAO, PCTOII, PCMEMR, PCIOR 

pin I, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 

MAMURESET ,ADDR ENABLE ,NC5, PCDlO, RESET, IOCHRDY ,NC4, 
NC3, 245T RI,JlCRESETDRV,SOFT RESET 

- pin 23,22,21,20,19,T8,17,16,15,14,13; 

equations 

_245T_RI • (PCMEMR l PCIOR) , (IPCMEMW , IPCIOlI); 

AP-409 

IPCDlO • ((IPCP61 , IPCP6IR) l IPCAO l (IPCNEMN f IPCIOII» 
f IPAGE_SElECT; 

RESET • (MANURESET , PCRESETORV , SOFT_RESET); 

1I0CHRDY • (IPCP6I , IPCP6IR) 1 IP6SEN; 

IADDR_ENASLE· (IPCP61 , IPCP6IR); 

end US2 

niociule U54 
title 'PAL 9 -- U54 
date april 2,1986' 

U54al device 'P20l8'; 

PCP6I, PCMEMR, PCP6IR,NCI,NC2, NC3,PCAO, 
PCMEMII,NC4, P6SEN,SBHE 

pin I, 2, 3, 4, 5, 6, 7, 8, 9,10,11; 
PCIOR,NCIO,NC9,NC8,PCD AT,PCD HI, 
NC7,NC6,NC5,PC AT,PClliII -

pin 2~,22,21, 20,19,18,17 ,16,15,14,13; 

equations 

IPCD_HI - (IPCP61 , IPCP6IR) 1 PCAO l PC_AT l PCMEMR; 

IPCD_AT. (IPCP61 , IPCP6IR) l IPC_AT • ISBHE • PCMEMR; 

end U54 
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APPENDIX C 
82786 GRAPHICS BOARD SCHEMATICS 
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RELATED DOCUMENTATION 

This software applications note should be used with the 82786 User's Manual (Order Number: 231933-0(2). 

Other documentation available for the 82786 includes: Hardware Configuration Applications Note (Order Number: 
292007-0(3), The 82786 Architectural Overview (Order Number: 122711-0(3), The 82786 Data Sheet (Order Num
ber 231676-0(3), and 82786 Design Example-Interfacing to the IBM PC/AT (Order Number: 240049-(01). 

CHAPTER 1 INTRODUCTION 

1.0 INTRODUCTION 

This application note shows, by example, how to program the 82786. These software interface examples are written 
for an Intel 82786-based graphics board as described in the Application Note: 82786 Design Example-Interfacing to 
the IBM PC/AT. However, the concepts presented in these examples can be applied to any system using the 82786. 
With the appropriate modifications, these programs will run on other 82786 systems. Contact your nearest Intel 
Sales Office for more information about availability of 82786 graphics boards and availability of machine-readable 
copies of the software presented in this Application Note. 

Chapter 2 presents an overview of the programmers model of the 82786. 

Chapter 3 presents an 80286 Assembly Language example. The objectives of this example program are: 
1) Initialize the 82786 registers, 
2) Program the Display Processor (OP) for one full-screen window, 
3) Draw a simple graphics image using the Graphics Processor (GP). 

Chapter 3 also suggest several modifications to the Example Program as exercises for the reader. Solutions to the 
exercises are provided in the appendix. By working through these exercises, the reader gains an understanding of the 
concepts of programming the 82786. 

Chapter 4 provides a Quick Reference Section, containing information frequently used by 82786 programmers. 

1.1 Hardware System Requirements 

Hardware system requirements to run the programming examples: 

(1) An 82786 graphics board as described in the Application Note: 82786 Design Example-Interfacing to the IBM 
PC/AT. 

(2) 6 MHz or 8 MHz-IBM AT computer. 

NOTE: 

(3) The Intel Evaluation Board cannot be used in a computer in which the EGA Graphics Adapter is installed. (For 
your text display, use the Monochrome Adapter or CGA adapter.) 

Any other peripheral device that uses the A-segment of CPU address space or CPU addresses C4400-C4474 
cannot be used with the 82786 Evaluation Board. 

(4) NEC Multisync monitor (Model No: JC-I401P3A) or 
SONY Multiscan monitor (Model no: CPD-1302) 

You may need to adjust the monitor controls for vertical and horizontal hold, size, position, etc. 

Settings for the NEC Monitor: 

Set the switches on the rear of the NEC Multisync monitor as follows: 
(1) Set the "MANUAL" switch to "ON". 
(2) Set the TTL-ANALOG switch to "TTL". 
(3) Set DIP switch 5 to "ON". 

Set DIP switch 6 to "OFF". 

Settings for the SONY Monitor: 

Set the Digital-Analog switch to "DIGITAL". 
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CHAPTER 2 PROGRAMMER'S MODEL OF THE 82786" 

2.0 INTRODUCTION 

This Chapter presents an explanation of the programmer's model of the 82786. There are 5 sections in this chapter: 
2.1) Overview 
2.2) Graphics Processor 
2.3) Display Processor 
2.4) Bus Interface Unit 
2.5) Summary 

2.1 Overview 

PROGRAMMING MODEL 

.. • OVERVIEW 

82786 

GRAPHICS 
MEMORY 

• GRAPHICS PROCESSOR (GP) 
• DiSpLAy PROCESSOR (DP) 
• BUS INTERFACE -UNIT (BIU) 

240046-1 

Here is a block diagram of a typical 82786 system. The Display Processor and Graphics Processor are programmed 
independently. The Bus Interface Unit has programmable priority levels to control bus arbitration between the DP, 
GP, Host CPU, and DRAM refresh. 

The Host CPU can write directly to the 82786 registers and directly into graphics memory. 
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LIST' 

82786 

GRAPHICS DISPLAY 
PROCESSOR PROCESSOR 

CPU 

DISPLAY IMAGE 

240048-2 

To program the Graphics Processor, the host CPU writes a GP command list into graphics memory. Then, the GP 
executes the command list, drawing geometric shapes and text into the bitmaps in graphics memory. 

To program the Display Processor, the host CPU writes a Screen Descriptor List into graphics memory. The DP 
reads the Descriptor List and sends graphics data, in the desired format, from the bitmaps to the display device. The 
DP can simultaneously display data from many different bitmaps. This is called Hardware Windows. Hardware 
Windows provides window movement, scrolling, and spanning and allows instantaneous changes in window content 
and screen format. 
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2.2 Graphics Processor Programming 

BITMAPS 
A BITMAP IS A RECTANGULAR DRAWING AREA 

COMPOSED OF PIXELS 
• MAXIMUM BITMAP SIZE - 32K BY 32K PIXELS 

• 1, 2, 4 OR 8 BITS/PIXEL 

• PACKED-PIXEL ORGANIZATION - EFFICIENT MEMORY 
UTILIZATION (2, 4, 8 OR 16 PIXELS/wORD) 

• NO LIMIT TO NUMBER OF BITMAPS 
32K 

(0.0) ---...,x,.,----•• 

32K Y 

I 110111 

BITMAP IN GRAPHICS 
MEMORY 

PIXEL 
LOCATION 

DISPLAY SCREEN 

240048-3 

A bitmap can be thought of as a rectangular drawing area composed of pixels. Bitmaps are located in graphics 
memory. 

The 82786 supports: 
- VERY LARGE bitmaps, up to 32K: x 32K. 
- Flexible color capacity: 1,2,4, or 8 bits/pixel providing 2, 4, 16, or 256 colors 
- Packed pixel organization allows for efficient memory utilization 
- Unlimited number of bitmaps, limited only by amount of available graphics memory. 
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. GRAPHIC PROCESSOR REGISTERS 

DIRECT ACCESS 
REGISTERS 

OFFSET 20H OP CODE I ECl 

PARAMETER 1 

PARAMETER 2 

STATUS 

INSTRUCTION 

2BH 
POINTER (22 BITS) 

INDIRECT ACCESS 
REGISTERS 

,..--------, 0 
GP CONTROL 
REGISTERS 

GP CONTEXT 
REGISTERS 

L...-_____ ----' 22 WORDS 

• GP INTERNAL REGISTERS • GP CONTROL REGISTERS 
• GP CONTEXT REGISTERS 
• DUMP_REG, LOAD_REG 

240048-4 

Overview of Graphics Processor Registers 

The Graphics Processor has 2 sets of registers: directly accessible and indirectly accessible. 

The directly accessible registers include: 
An Opcode register, two parameter registers, a Status Register, and an Instruction Pointer. 

The indirectly accessible registers include the GP Control registers and the Context Switching registers used in 
multi-tasking systems. The indirectly accessible registers are loaded with the LOAD_REG command and read with 
the DUMP_REG command. 
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GRA'PHICS'PROCESSORCOMMAND LIST 
82786 Gil 
REGISTERS 

GRO 

GR1 

GR2 

t.I~t< 

ADDRESS 

ADDRESS 

GEC!., Iv 10 

LOW' 

HIGH 

OPCODE l' 10 OPCODE 1 

PARMA 

PARAM 

OPCODE 2 ' 10 

PARAM, 

PARAM 

PAI;IAM 

OPCODE3 10 

PARAM 

PARAM 

HALT 11 
+ GECL 

240048-5 

The graphics processor command list is composed of a sequence of Graphics opcodes and parameters. This· com
mand list is written into graphics memory by the host CPU. The OP begins execution ofthe command list when the 
host CPU writes a .LINK instruction and the address of the command list into the OP registers. The OP halts 
execution when it reaches the HALT instruction. 
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GRAPHICS PROCESSOR COMMAND SET 

FOUR TYPES OF COMMANDS: 

GEOMETRIC - POINT, INCR POINT, LINE, POLYLINE, 
POLYGON, ARC, CIRCLE, HORIZ-lINE 

- BIT-BlT, CHARACTER TRANSFER 

DRAWING CONTROL - DEFINES: TEXTURE, COLOR, lOGIC OPERATIONS, 
CHARACTER ATIRIBUTES, DRAWING 
AREA (BIT-MAP), ETC. 
MOVE (DRAWING POINTER) 

NON DRAWING - NOP, LINK (JUMP), MACRO (SUBROUTINE), 
INTERRUPT, lOAD/DUMP REGISTER 

Overview of Graphics Processor commands. 

The Graphics Processor has 4 types of commands: 
- Geometric drawing commands 
- Transfer commands 
- Drawing Control 
- Non-drawing commands. 

240048-6 

The GP commands provide a CGI-like graphics interface. These graphics primitives are extremely fast, since they 
are implemented in hardware. The Geometric commands provide primitives for POINT, LINE, ARC, and CIR· 
CLE. The INCREMENTAL_POINT, POLYLINE, POLYGON, and HORIZONTAL_LINE (SCANJINES) 
commands can draw many points or lines with only one GP command for maximum efficiency. The SCAN_LINES 
command is used for Area Fill. 

The GP Transfer commands provide high-speed BLOCK DATA TRANSFER and Text CHARACTER support. 

The Drawing Control commands provide settings for COLOR, TEXTURE, LOGICAL OPERATOR, DEFINING 
BITMAPS, CLIPPING RECTANGLE, AND CHARACTER ATTRIBUTES. 

The Non-drawing commands provide LINK, MACRO (SUBROUTINE) CALL and RETURN commands, as well 
as an INTERRUPT and LOAD/DUMP REGISTER comm~nds. 

The LINE and CIRCLE commands are implemented by Breshenham's Algorithm (in a state machine). 
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BIT BLOCK TRANSFER COMMAND 

BIT·BLT 10 
SOURCE X (0.0) X 

SOURCE Y 

OX (X,V) DX 
OY 

SOURCE 
HALT ' '11 RECTANGLE 

GCPP NEW GCPP 
DV 

~ DESTINATION 

V RECTANGLE 

BIT B,LOCK TRANSFER 

240048-7 

Here is an example of a Graphics Processor command, showing the format of the BitJIit (Bit Block Transfer) 
command. The opcode comes fl1'St followed immediately by its associated parameters, the Source X and Y co-ordi
nates and the width (dx) and height (dy). This command copies a block of data to the destination indicated by the 
Graphics Current Position Pointer (GCPP). 
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GRAPHICS PROCESSOR DRAWING EXAMPLE 
82786 GECL 

REGISTERS I COMMAND LIST 
GR. LINK 0 

V 
ABSOLUTE MOVE 0,0 BIT MAP 

GR' ADDRESS LOW X 
Y -GR' ADDRESS HIGH CIRCLE 

RADIUS 
RECTANGLE 

~:J 
DX 
DY 

LINE 
DX 
DV 

RELATIVE MOVE 
DX 
DV 

POLY LINE /@ rl ARRAV PXA LOW 
ARRAV PXA HIGH 

NUMOFLINES , 
, 

HALT , , , 
L-

DX1 
DV1 

: 

DXN 
DVM 

240048-8 

This Figure shows a specific example of a GP command list and its resultant drawing in the bit map. This demon
strates the capability of the Graphics Processor and how easy it'is to create a drawing using the built-in graphiCs 
commands. 

This GP command list example shows the ABSOLUTLMOVE, CIRCLE,'RECTANGLE, LINE, and POLY
LINE commands. 

First, the CPU writes the command list into graphics memory. The GP command list is executed when its address 
and the LINK instruction is written into the GP opcode registers. 

The ABSOLUTE.-MOVE instruction moves the Position Pointer to the given (x, y) coordinate, the CIRCLE 
command draws the circle with the given radius, the RECTANGLE command draws a rectangle with the given 
width and height, the LINE command draws a line with the given offset for the endpoint. The POLYLINE 
command draws a series of lines with only one GP command. The parameter for a POLYLINE command is a 
pointer to an array of endpoints for several lines. 
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In summary, to program the 82786 GP: ftrst the CPU writes a command list into graphics memory, as shown here. 
We have seen the details of the command list structure and details of some of the GP commands. 

The CPU instructs the GP to execute a command list by ftrst writing the address of the command list into the GP 
registers GRI and GR2, and then writing the LINK opcode into the GP Opcode Register, GRO. 

The graphics processor then executes the command list and draws the images into the bitmaps. 
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2.3 Display Processor Programming 
This section describes gener8I concepts of programming the Display Processor. As mentioned earlier, the DP reads a 
Screen Descriptor List that was written in graphics memory by the host CPU. This descriptor list determines how 
graphics data contained in the bitmaps is displayed on the screen in windows. 

82786 SCREEN CONFIGURATION 
BASIS OF HARDWARE WINDOW 

• SCREEN IS DIVIDED INTO STRIPS 
• EACH STRIP HAS SEVERAL TILES (MAX 16/STRIP) 
• EACH TILE CAN DISPLAY DATA FROM DIFFERENT BIT MAP 

• EACH TILE CAN HAVE DIFFERENT DEPTH (BITS/PIXEL) 
• ANY TILE CAN BE ZOOMED (PIXEL REPLICATION) 

• TILES 

1 
STRIP 1 TILE 1 

STRIP 2 TILE 1 

STRIP 3 TILE 1 TILE 4 
Ul 
a. 

E STRIP 4 TILE t TILE 3 

STRIP 5 TILE 1 

240048-10 

Explanation of Display Processor Screen Descriptor List. 

The 82786 uses a flexible and powerful method for describing the screen composition. The screen is described in 
terms of Strips, each strip is composed of Tiles. Each tile can display data from a different bitmap of a different depth 
(bits/pixel). Each tile may be zoomed independently. The screen format can be completely changed every frame 
refresh cycle. (This is typically every 1/60 second.) 
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DISPLAY PROCESSOR REGISTERS 
DIRECT 

ACCESS REGISTERS 
OFFSET4OH OP CODE Eel 

PARAMETER 1 

PARAMETER 2 

P~RAMETER 3 

STATUS 

4eH 
DEFAULT VIDEO 

• DP INTERNAL REGISTERS 

INDIRECT 
ACCESS REGISTERS 

CURSOR ON 'OFF 
INTERRUPT MASK 

INTERLACE/NON-INTERLACE 
MASTER/SLAVE MODE 

VIDEO 
TIMING 

PARAMETERS 

oeSCRIPTOR POINTER 

ZOOM FACTOR 

COLOR 
PAD 

REGISTERS 

CURSOR OSTION 

CURSOR 
elT 

PATTERN 

1 
42 

WORDS 

• DISPLAY CONTROL BLOCK REGISTERS 

• ACCESS BY LOAD, DUMP 
REGISTER COMMANDS 

The Display Processor has 2 sets of t:egisters: directly accessible and indirectly accessible. 

240048-11 

The Directly accessible registers include: An Opcode register, three parameter registers, and a Status Register. 

The Indirectly accessible registers are also known as the DP Control Block Registers. These registers contain 
parameters for controlling DP operations such as the Video Timing Signals, location of the Descriptor list, cursor 
position, cursor pattern. etc. The indirectly accessible registers are loaded with the DP LOAD and DUMP com
mands. 
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HOW TO CHANGE SCREEN FORMAT 
. GRAPHICS MEMORY 

82786 
DP DIRECT ACCESS 

REGISTERS 

[ OPCODE LOAD·REG } PARAMETER 1 ADDRESS LOWER 

PARAMETER 2 ADDRESS .,IGHER 

PARAMETER 3 REG 1.0. 

DESCRIPTOR POINTER LOWER 

DESCRIPTOR POINTER UPPER 

NEWDP 
DESCRIPTOR 
LIST 

240048-12 

The screen format is changed by writing a new Descriptor list into graphics memory or modifying a copy of the 
current descriptor·list. Next, a pointer to the new descriptor list is written into graphics memory. Lastly, the address 
of the pointer, the LOADJEQ command, and register ID (OE Hex for Descriptor Address Pointer) are written 
into the DP parameter and opcode registers. 

This is all that is necessary to change the screen format. The new screen appears during the next screen frame. 
\ 
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HOW TO DEFINE THE STRIP 
DISPLAY PROCESSOR DESCRIPTOR LIST 

STRIP 
HEADER 

TILE 
DESCRIPTOR 

NUMBER OF LINES IN STRIP 

LINK TO NEXT STRIP HEADER 

NUMBER OF TILES IN STRIP 

BITMAP WIDTH 

START ADDRESS 

TILE WIDTH 

BORDERS I ZOOM I FIELD 
240048-13 

As mentioned earlier, a Screen Descriptor List is composed of Strip and Tile descriptors. Here, we see an' overview of 
a strip and tile descriptor. See Figure 3.2 for a more detailed diagram. of a strip and tile descriptor. 

The Strip descriptor contains the number of lines in the strip, link to the next strip descriptor, and the number of tiles 
in the strip. 

The Tile Descriptor contains the width of the source bitmap, the starting address of graphics data to be displayed, 
the tile width, and settings for turning borders, zoom and field color on or off. Each tile has its own tile descriptor. 
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SCREEN CONFIGURATION EXAMPLE 
SCREEN 

DESCRIPTOR LIST 

HEADER 
STRIP 1 

DESCRIPTOR 
TILE 1 

DESCRIPTOR 
TILE 2 

I 500 LINES 
LINK 

2 TILES 

BITMAP WIDTH 

START ADDRESS 
TILE WIDTH 

BORDERS ZOOM 

~ -, 

B ,...-___ --.+J 

HEADER 
STRIP 2 

DESCRIPTOR 
TILE 1 

524 LINES 

1 TILE 

1 
STRIP 1 

500 

L1r 
1 

STRIP 2 
524 Ur 

SCREEN 
1280 

+-------PIXELS------+ 
600 

-PIXELS_ 

1024 
LINES 

240048-16 

Here, we see an example of a Descriptor List and its resultant display screen. The first strip, containing 500 lines 
vertically, is composed of two tiles. The second strip, containing 524 lines vertically, is composed of one tile. 
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L-..~ 1--_ " ".IOHQUALITV GRAPHICS DISPLAY 

PROCESSOR PROCESSOR 

~---r--' 

DISPLAY IMAGE 

CPU 

240048-2 

In summary, to program the 82786 DP: first the CPU writes a DP descriptor list into graphics memory, as shown 
here. We have seen the details of the descriptor list. The display processor reads this descriptor list to determine how 
graphics data contained in the bitmaps is displayed on the screen in windows. 

The screen format may be changed by simply writing a new descriptor list into graphics memory and changing the 
Descriptor Pointer to point to the new Descriptor List. 
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2.4 Bus Interface Unit 

This section describes an overview of programming the Bus Interface Unit. 

The Bus Interface Unit is programmable and controls the following functions: 
• The base address for access of the 82786 registers 
• The Graphics Memory ConftgUI'Btion 

- VRAM/DRAM type 
- Memory Access Mode 
- Bank Configuration 
- DRAM Refresh frequency. 
• Memory Access Priority 

- Sophisticated Bus Access Arbitration 
- 8 Priority Levels 

BUS INTERFACE UNIT REGISTERS 

OFFSETOOH REGISTER BASE ADDRESS I MIO 

BIU CONTROL 

REFRESH CONTROL 

DRAMNRAM CONTROL 

DP PRIORITY 

GPPRIORITY 

OE 
EXT CPU PRIORITY 

• SYSTEM CPU/MEMORY INTERFACE PROGRAMMING 
• GRAPHICS MEMORY CONFIGURATION 
• MEMORY ACCESS PRIORITY 240048-18 

Programming the BIU is simple and straightforward. The programmer must simply write the correct values' into 
each of the seven BIU registers. After these registers have been set, they do not need to be changed unless the chip is 
reset. The GP, DP and CPU priorities may be changed at any time, if desired. 

2.5 Summary 
This concludes the overview ofthe 82786 programming model. We have seen an overview of the powerful Graphics 
commands and how these commands are used. 

We also talked about the concepts of programming the Display Processor and how to use the powerful hardware 
windowing capabilities of the 82786. 

Chapter 3 provides a specific programming example and more specific programming details. 
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CHAPTER 3 EXAMPLE PROGRAM 

3.0 INTRODUCTION 

This Chapter presents an example 82786 program written in 80286 Assembly Language. The objectives of the 
Example program are: 
I) Initialize the 82786 registers 
2) Program the Display Processor (DP) for one full-screen window 
3) Draw a simple graphics image using the Graphics Processor (GP). 

Section 3.1 presents an overview of the program. Section 3.2 presents a detailed explanation of the program, seCtion 
by section. Section 3.3 presents the complete source-code listing. 

3.1 Overview Of Example Program 

3.1.0 PROGRAM OUTLINE 

Constant Definitions 

- Special Addresses 
- DPOpcodes 
- GP Opcodes 

Register Segment 

- Define 82786 Internal Register Block Addresses 

Data Segment 

- Define DP Control Block Register Values 
- Derme DP Descriptor List 
- Define GP Command List 

Code Segment 

- BIU Initialization-Load BIU Registers 
- Clear Page 0 of Graphics Memory 
- Copy DP Control Block Registers from CPU Memory to Graphics Memory 
- Copy DP Descriptor List from CPU Memory to Graphics Memory 
- Copy GP Command List from CPU Memory to Graphics Memory 
- Start DP by Loading DP Control Block Registers 
- Execute GP Command List to Draw Image 
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Program Outline 

82786 Graphics Memory 

Bitmaps 

IBM AT System Me mory 

· 
82786 · · 

Graphic. PrOMUOr Dllplo, Pro_IO' V.I .... lor DP 
Conlrol Block 

~ / 
Regl ...... 

r 

DP _::.. ':'_-
FFOOO 

DP _.~plor U.I' 
DP _Control Block / I "egl .. .,. Lood_An .......... 

I ..... npl .. ~ .. n'" 

/ 
I 

i -- ............ OP Conom.nd U'li 

II' FFtOO I , 
DP o.lcrlplor UII 1/ · 

Unk · -'"' 
OP Commond ul. 

FF200 · -
240048-19 

Figure 3.1 

3.1.1 OVERVIEW OF PROGRAM 

Figure 3.1 shows a graphical description of the Example program. 

First, the correct values are written into the 82786 BIU Registers. 

Section 3.2 explains how the values for these registers have been determined. 

Next, Page 0 of graphics memory is cleared (used for bitmaps). 

Next, values for the DP Control Block Registers, DP Descriptor List and GP Command List are copied from CPU 
memory space to Graphics memory space. 
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The values for the DP Control Block Registers are loaded from graphics memory into the 82786 registers by the 
DP LOAD~LL command. Two of the DP Control Block Registers, the Descriptor Pointer Upper and Descriptor 
Pointer Lower, are combined to give a 22-bit address. This is the address of a valid DP Descriptor List 10'fated at 
location FFIOO in graphics memory. The DP Descriptor List instructs the DP to fetch bitmap data starting at 
location 0 in graphics memory. 

Now the Graphics Command list is executed by writing its address into the GP Parameter Registers and then 
writing a LINK command into the GP Opcode Register. The GP now draws the image into the graphics memory 
bitmap area. 

3.2 A Detailed Description of the Example Program 

3.2.0 TECHNICAL FACTS 

This section provides technical facts used in the Example program. 

Graphics Memory Addressing: 

The graphics board uses 64 Kbytes of CPU address space from AOOOO to AFFFF. The page selection register 
chooses one of 16 pages. This allows addressing of a total of 1 Megabyte of graphics memory. 

The page selection register on the graphics board is set by outputting the page number (using the 80286 OUT 
instruction) to port location OxOO300. This technique will vary on other hardware systems using the 82786. 

Bitmap Location: 

The example program stores bitmaps in Graphics memory starting at location o. 

Graphics Command Buffer Location: 

Starts at Graphics memory location FF200 

Display Processor Descriptor List Location: 

DP Descriptor list FFl00 (base address in graphics memory) 

82786 Register Access: 

The 82786 Internal Register Block is accessed by memory access to CPU memory locations C4400 through C447F. 
The Graphics board decodes these addresses and issues an 1/0 access. 

Video Timing Parameters: 

The initialization values for the video timing parameters assume an 18 MHz VCLOCK. 

Assembler: 

The example programs were assembled with the Microsoft Macro Assembler Version 4.0 
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3.2.1 CONSTANT DEFINITIONS 

; ***************** Pro.ram Constant defini tiona: ( ***************** 
SEG_GR_MEM equ OAOOOh Sesment to access graphios memory. 
SEG_786_REG equ OCOOOh Segment to aoce •• 82786 register •. 
DP _REG_MAP equ OFOOOh Addres. in graphics memory u.ed to load 

equ DP _REG_MAP 
equ OOOOFh 
equ OF100h 
equ OOOOFh 
equ OF200h 
equ OOOOfh 
equ OOOOh 
equ OOOOh 
equ 0300h 

DP control values to/from Df realsters 

DP D1&criptor List address in IIraphics memory 

Address in araphics memory of OP commanp list 

Startinll address of bitmap_O (lower byte) 
Startinll address of bi tmap_O (hillh byte) 
I/O address for graphics mem paae select reg. 

i ******************** Display Processor opcodes: ************************* LOADREG equ 400h 
LOADALL equ 500h 
DDHPREG equ 600h 
DDMPALL equ 700h 

; ******************** Graphics Processor opcodes: 
ABS_MOV equ 4FOOh 
ARC_EXCL equ 6800h 
ARC_INCL equ 6900h 
CIRCLE equ 8EOOh 
DEF_BITMAP equ 1AOOh 
DEF _COLORS equ 3DOOh 
DEF_LOGICAL OP equ 4100h 
DEF TEXTURE-OP equ 0600h 
LINE - equ 5400h 
LINK equ 0200h 
POINT equ 5300h 
REL HOV equ 5200h 
HALT equ 0301h 

************************ 

3.2.2 LOCATIONS FOR THE 82786 INTERNAL REGISTER BLOCK 

240048-33 

The REGISTER SEGMENT defines a template of locations for access to the 82786 Internal Register Block. The 
register segment is set to begin at memory location OC440 (hex). As mentioned above, the Intel board issues an I/O 
access when the CPU accesses memory at addresses C4400-C447F. 

i *********** Locations for the 
rellister SEGMENT at OCUOh 
INTER_RELOC db 2 DDP(1) 

BID_CONTROL 
DRAM_REFRESH 
DRAILCONTROL 
DP _PRIORITY 
GP _PRIORITY 
EXT...PRIORITY 

dw (?) 
db 2 DDP (1) 
dw (1) 
dw (1) 
dw (7) 
d" (1) 
dw (?) 
dw 8 DUP (?) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 
dw 12 DDP (7) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 

82786 Internal Rellister Block: ************* 
Internal Relocation Rellister 
reserved location h 82786 Rellhter Block 
BID Control Rellister 
DRAM Refresh control rellister 
DRAM control redster 
DP priority rellister 
GP priority rellister 
External Priority Redster 
reserved locations in 82786 Redster Blook 
GP opoode redster 
GP Parameter 1 Register 
GP Parameter 2 Rellister 
GP Status Redster 
reserved locationa in 82786 Redster Block 
DP opcode rellister 
DP Parameter 1 Rellister 
DP Parameter 2 Re,iater 
DP Parameter 3 Relliater 
DP Status Rellister 
DP Default Video Register 
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3.2.3 VALUES FOR DP CONTROL BLOCK 

The following program segment defines values for the Display Processor Control Block. Refer to the 82786 User's 
Manual for an explanation of each register: The comments in the program explain this setting used in our example. 

data SEGMENT 

; ************* Values for the Display Processor Control Block': 
beg_dp_ctrl_blk LABEL word 

dw 3 

REGISTER NAME SETTING 
; ---------------

Video Status 
Interrupt Mask 
Trip Point 
Frame Interrupt 
Reserved 

cursor ON, and display ON 
all interrupts disabled 
controls when DP fifo is loaded 
no interrupts on frame count 

************* 

dw llllh 
dw 00010h 
dw OOOOOh 
dw OOOOOh 
dw OOOOOh CRT Mode non-interlaced I window status off. 

DP master mode Blank master mode. 
acceleration mode off 

The following 8 registers contain the video timing parameters for a screen 
resolution of 640 X 381 pixels. These values assume VCLOCK = 18MHz. 
These values achieve a screen refresh of 60 Hz. 
/ dw 86 Hsyncstp 

dw 95 Hfldstrt 
dw' 735 Hfldstp 
d.. 753 Linelength 
d.. 11 Vsynstp 
dw 15 Vfldstrt 
d.. 396 Vfldstp 
dw 396 Framelength 

dw DESC_PTR_LO ; DP de.cr ptr low 
dw DESC_PTR_HI ; DP deBcr ptr high 
dw OOOOOh Reserved 
dw OOlOlh Zoom factor : X-zoom 2, Y-zoom 
dw 00006h Field color 
dw 00003h Border color 
dw OOOOOh 1 BPP pad 
dw OOOOOh 2 BPP pad 
dw OOOOOh 4 BPP pad 
dw OAOFFh ; Cursor Style Size 16 X 16. transparent, cursor pad 
dw 500 Cursor~ X-pOSition 
dw 160 Cursor Y-posi tion 

~~eo~g~~g~i~~o5go~~~isters define the cursor bit pattern (an upward arrow): 

dw 0000001110000000b 
dw 0000011111000000b 
dw 0000111111100000b 
dw 0001111111110000b 
dw 0011111111111000b 
dw 0111011111011100b 
dw 1l00001110000110b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
d .. 0000001110000000b 
d .. 0000001110000000b 
dw OOOOOOlllOOOOOOOb 
dw 0000001110000000b 

end_DP _ctrl_blk LABEL word 
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3.2.4 DISPLAY PROCESSOR DESCRIPTOR LIST 

The following program segment defines a Display Processor Descriptor List. The DP reads the Descriptor List every 
frame, starting over at the beginning of the Descriptor List during vertical retrace. The Descriptor List determines 
the graphics memory addresses from which display data is fetched. 

A Screen Descriptor List is composed of a header for each strip and a Tile Descriptor for each tile in a strip. (See 
Figure 3.2) 

HEADER 

FIRST 
nLE DESCRIPTOR 

SECOND 
TILE DESCRIPTOR 

15 14 13 12 11 10 !I a 7 II 5 4 3 2 0 

NUMBER OF LINES IN STRIP· 1 

LINK TO NEXT STRIP DESCRIPTOR (LOWER) 

RESERVED III UNK TO NEXT STRI' 
DESCRIPTOR (UPPER) 

011 RESERVED III ~8ER OF TILES IN STRIP· 1 

15 14 13 12 11 10 9 a II 5 4 3 2 o 

II BITMAP WlbTH 

MEMORY START ADDRESS (LOWER) 

RESERVED III MEMORY START I ADORESS (UPPER) 

RESERVED 8PP 111 STARTBIT III STOPalT 

RESERVED FETCH COUNT 

II T a L R 

~" 
15 14 13 12 11 10 9 a 

II BITMAP WIDTH 

II MEMORY START ADORESS (LOWER) 

'I 

I RESERVED 

I RESERVED 

,I T B L R I 

RESERVED 

I BPP 

II FETCH COUNT 

1811 

Figure 3.2 
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RESERVED 11[~]0l0 
6 5 4 3 2 o 

J 
I 

Jll MEMORY START I ADDRESS (UPPER) 

II r STARTBIT III STOPBIT j 

I 
RESERVED JI01010 
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3.2.4.1 Strip Header 

The Strip Header defines the, number of scan lines in the strip, the address of the next Strip Descriptor (link), and the 
number of tiles in the strip. The descriptor list in ou.r example defines one strip, 381 lines long, composed of one tile, 
80 bytes wise (640 pixels). 

3.2.4.2 Tile Descriptor 

The Tile Descriptor defines the Bitmap Width, Memory Start Address, BPP, StartBit, StopBit, Fetch Count, Border 
Control bits, Window Status (Window ID number), Zoom Control, and Field Tile Control. 

The Bitmap Width gives the width of the source bitmap as defined by the GP DEF -BITMAP command when the 
bitmap was drawn. 

NOTE: 
The Bitmap Width value is not related to the tile width. 

The Memory Start Address determines the beginning location in graphics memory where data is to be fetched for a 
given tile. This address is ~ot necessarily the beginning address of the bitmap. If the Memory Start Address is higher 
than the beginning address of the bitmap, the tile will contain an image beginning at the corresponding location in 
the bitmap. 

The width of a tUe is determined by the FETCH COUNT value of the tile descriptor. The FETCH COUNT 
determ~nes the amount of data to be fetched from graphics- memory and' displayed in a given tile. The value to be 
programmed into FETCH COUNT is the (Number of bytes ,- 2). 

Fetch Count can be determined as follows: 

FETCH COUNT = (Desired tile width in pixels * bpp/8) - 2 

The bitmap in pur example is I bpp and the desired tile width is 640 pixels; therefore: 

FETCH COUNT = (640 • 1/8) - 2 = 78. 

BPP is a 4-bit field containing the bpp of the source bitmap as defined by the DEF -BITMAP when the bitmap was 
'drawn. ' 

The ST ARTBIT and STOPBIT fields are both 4-bits wide. Although FETCH COUNT is specified as a number of 
bytes, STARTBIT' and STOPBIT are specified as a bit location within a word (O-F). These fields give pixel 
resolution to the beginning and ending of a tile. In our example, the STARTBIT is F and the STOPBIT is O. It is the 
responsibility ofthe programmer to ensure that the STARTBIT and STOPBIT settings result in a valid number of 
bits for the given bitmap depth (bpp). For example, when the bitmap is 4 bpp, the total number of bits fetched must 
be a multiple of 4. See Figure 3.3. ' 
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TIle Width 
60 Pixels (1 Bit/Pixel) 

F 
I/S~ort BK 

1 fiI 'I 1 1 

I Number of words fetched 

FETCH COUNT = (numbers of words fetched' 2) - 2 
= (number of bytes fetched) - 2 

Bits/Pixel 

Figure 3.3. STARTBIT and STOPBIT 

Valid STARTBIT and STOPBIT Values 

Valid STARTBIT 

Stop :It\ 

0 

1 ~ 'I 

I 

240048-21 

Valid STOPBIT 

1 ' F,E,D,C,B,A.9,8,7,6,5,4,3,2,1,O F,E,D,C,B,A,9,8,7,6,5,4,3,2,1,O 

2 F,D,B,9,7,5,3,1 E,C,A,8,6,4,2,O 

4 F,B,7,3 C,8,4,O 

8 F,7 8,0 

Field Tiles 

When the field bit (bit zero of the last word) in a tile descriptor is set to one, the tile is filled with the color 
programmed in the FIELD COLOR register. When the field bit is set, theSTARTBIT, STOPBIT, and BPP 
parameters become one 12-bit parameter that specifies the tile width in pixels, All other bits except WINDOW 
STATUS and Zoom should be programmed to zero. Although field tiles are not used in our examples, they are 
useful for filling a tile with a solid color. See Figure 3.4. 

15 14 13 12 II 10 9 8 7 6 5 4 3 2 1 0 
Bi1llllpWldth 
Memory SWI Addras (Lower) 

I Mea> SWI Addr (Upper) 

NClIIIIII 
1i1e Descriptor 

Reserved I Bpp SWlllit I SUlPBit I] Rcservod I Fe1x:h Coo .1 • 2 (life widIh ill bytes) 

T B L R I WSt I RcseIved I PC I zl F 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

RcseIved Field 
RcseIved TIle Decsriptor 

I RcseIved 
RcseIved I Field Pixel Count· 1 (life width in pixels) n Reserved Reserved 
RcseIved I wstl Reserved 1Rescrve4 z I F -I 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
240046-22 

NOTE: 
Reserved fields must be programmed to zero for future compatibility. 

Figure 3.4 

Refer to the Intel 82786 User's Manual for m,ore information on the Display Processor Descriptor List. 
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; ************ DeUni t.ion of Display Proceaaor Descript.or Liet.: ************ 
dp_desc1 LABlL word 
; Header of DP descript.or: 

dw 380 ; (nWlber of lines - 1) 
dw DBSC_PTR_LO+20; lower link t.o next. st.rip descript.or (t.here is none, 

; but. if one were added, this is t.he link) 
dw DlSCJ'TILHI ; upper link t.o next. st.rip descript.or (t.here is none) 
dw 0 ; (number of t.iles - 1) 

First. (and only) Tile Descript.or 
dw 0080 Bitmap width (number of brtes) 
dw OOOOh Bi ..... ap st.art. address lower 
dw OOOOh Bit.map start address upper 
dw 01FOh 1 bpp, start. bit. F, st.op bit 0 
dw 0078 Fetoh oo .... t. ~ (number of brtes - 2)' 
dw OFOOOh ; All 4 borders CD,window .tat.us~O,PC mode off,field off 

encl,.dp_deso1 LABEL word ; *********** Ind of DP descriptor list.. ********* 

3.2.5 GRAPHICS PROCESSOR COMMAND LIST 

The following program segment defines a Oraphics Processor Command List. 
, , 

240048-38 

A OP command list consists of a series of OP opcodes and parameters. The Graphics Processor reads and executes 
the command list until a halt instruction is ~~ul!-tered~ 

The first command (DEF -BITMAP) sets the beginning address in graphics memory of the bitmap to be modified. 
This command also sets the bitmap dinlensions and the number of bits per pixel (bpp) of the bitmap. All subsequent 
drawing commands will affect this bitmap until a new DEF -BITMAP coinmand is issqed. It is the resonsibility of 
the programmer to ensure the BPP in the tile descriptor is the same as the BPP used by the OP when drawing the 
picture. 

Bitmaps must begin at a word (even byte) address. Also, a bitmap must be an integral number of words wide. The 
value for xmax must satisfy the followiilg equation: 

[(xmax + 1) • bpp] MOD 16 = 0 

Next, the DEF _TEXTURE. DEF _COLORS, and DEF -LOGICAL_OP commands are issued. These settings 
stay in effect for all subsequent drawing commands. They can be reset whenever necessary. 

Next, an ABS~OVE command is issued to move the Graphic Current Position Pointer (GCPP) to the beginning 
location of the drawing. The remainder of the OP Command List in our Example is composed of REL.-MOV, 
LINE, and ARCjNCL commands. ' 

Figure 3.5 illustrates the result of the command list in the example program. 

The HALT command at the end of the OP ~mmand list is very important. The OP continues execution until it 
encounters a HALT instruction (a NOP with the EeL bit set). If the HALT instructiOn is not present, the OP will 
continue fetching and trying to execute instructions until it reaches a "command" with the low bit set. 

Several different OP command lists may be kept in graphics memory at the same time. Each command list may be 
executed by writing the appropriate address into the OP parameter registers and then writing a LINK command into 
the OP Opcode Register. ' 
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(0,0) 

:ABS_IIOV, 10, 10 

. ~ .......... -- ... 

l=T"'" RELIIOV, .•••• 

-55,45 :" 

RECTANGLE~, ---i 
35,135 

AP"408 

2··: 
ARC_INCL, 
-50,10, - 5, 55, - 5 

240048-23 

Figure 3.5 
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i********** Definition of Graphics Processor Command List: ************ 
.p_listl LABEL word 
dw DEF_BITMAP, BITMAP_O_LO, BITMAP_O_HI, 639 , 380 , 1 

address 10 I address hi I Xnliax. ymax. bits per pixel 

dw DEF_TEXTURi_OP, OFFFFh solid text.ure 
dw DEF~COLORS, OFFFFh, OOOOOh 
dw DEF _LOGICAL_OP, OFFFFh, 00005h replace destination wit.h source 

X equ'10 
Y equ 10 

; X-coordinate of startln, location tor drawin. 
; V-coordinate of startln. locat.ion tor drawin. 

j ************************* Dra" Intel 10'0: ************************ 
d" ABSJIOV, X, Y ; Have to be.1nnin. position for draw1n., 
d" LINE, 35', 0 ; Dot. t.he "1" 
d" LINE, 0, 35 
dw LINE, -35, 0 
dw LINE, 0, -35 
d" RELJIOV, 0, 45 
d" LINE, 35, 0 Draw bod,. of "1" 
dw LINE, 0, 135 
dw LINE, -36, 0 
dw LINE, 0, -135 

d" RE[d1OV, 42, 0 re-posi t10n tor "N" 
d" LINE, 35, 0 Ora" "N" 
d" LINE, 0 , 12 
d" REL_HOV, 0, 32 
d" LINE,O, 90 
d" LINE, -35, 0 
dw LINE, 0, -135 
dw REL_HOV, 51, 47 
dw ARC_INCL, -20, -20, 40, 0, 16 
dw REL_HOV, 12, -4 
dw ARC_INCL, -21, -50, 50, -10, 42 
dw REL_HOV, 5, 3 
dw LINE, 0, 90 
d" LINE, 35, 0 
dw LINE, 0, -105 
dw REL_HOV, 15, 90 re-posi t10n t.o draw "t." 
dw LINE, 0, -95 
dw LINE, -12,0 
d" LINE, 0, -25 
d.. LINE, 12, 0 
dw LINE, 0, -45 
dw LINE, 35,0 
dw LINE, 0,45 
d.. LINE, 15,0 
d.. LINE, 0, 25 
d.. LINE, -15, 0 
d.. LIlli, 0, 11 
d" LINE, 15, 0 
dw REL_HOV, 0, 30 
d" LINE, -31, 0 
d" RELJIOV, 5, -25 
d" ARC_INCL, -30, 10, -5, 35, 25 ;draw curve at. 10war left of "t" 
dw REL_HOV, 60, -5 
d" LINE, 45,0 
d.. REL_HOV, 31,0 
dw LIlli, 6,0 
dw LIlli, 0, -150 Ora .. "1" 
d.. LINE, 35, 0 
d.. LIlli, 0, 180 
dw LINE, -120, 0 
dw REL_HOV, 52, 10 
dw LIlli, 31, 0 
d.. REL_ItOV, -65, -40 
d" ARC_INCL, -30, -30, 30, 0, 22 Draw "e" 
d" ARC_INCL, -65, -65, 65, 0, 54 
dw RELJIOV, 2, 30 
dw ARC_INCL, -30, 0, 25,30 ,21 
d" REL_ItOV, 3 , ° 
dw ARC_INCL, -65, 0, 59, 65 ,60 
dw HALT 
len_lP_listl LABEL "ord 
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3;2.6 PROGRAM CODE SEGMENT HEADER 

;************************ Pro.ram exeoution b •• ina here. ******************* 
main: 

mov ax,data Load data ..... nt location 
mav da,ax into DB recister 
mov ax,r •• lster 
mov as,ax 

240048-38 

This section of code provides a standard Assembly Language program header. This code loads the DS (Data 
Segment Register) and the ES (Extra Segment Register). The ES register is used to access the 82786 Internal 
Registers. 

3.2.7 SOFTWARE RESET 

; *********************** Software Re ... t of 82786 *************************** ; To r .... t the 82788 on the Int.l Evaluation Board (Rev'C2): 
; S.t and th.n r .... t bit' at I/O locaUon 300. 

IIOV ax,OOlOh 
I\OV dx, PAGK_PORT 
out dX,ax 

mov ax,OOOOh 
out dx,ax 

s.t bit 4 at I/O locaUon 300. 

Re •• t bit' at I/O 10caUon 300. 
240048-39 

This section of code performs a reset of the 82786 by setting and then resetting bit 4 of the CPU I/O port 300 (hex). 
The EVB then issues a reset signal to the 82786 RESET pin. 

3.2.8. BIU INITIALIZATION 

The following sections of code initialize the 82786 Bus Interface Unit (BIU). BIU initialization is accomplished by 
writing the correct values into each of the BIU registers. A bri,ef description of each register follows. 

3.2.8.1 Intemal Relocation Register 

'The followina two lin •• wrU •• value of 0110 (hex) into the int.rnal 
relocation red.t.r. This •• t. the 82788 reai.t.r. for I/O - aapped 
ace ••• at I/O locaUons 4400 throuah 441'. Th. Int.l Evaluation Board 
d.cod •• a CPO ...cry acce •• at memory loeation. C4400 throgah C441' and 
.en.rat.. an I/O acce.. to the 82186. Th. 62188 0...... up in I/O mod. 
and byte mod. att.r re •• t. Acce •• to the reaiawr. mu.t be on. byte 

; at a U_ until WORD IIOd. is .. et. 
mov IN~LOC,10h ; Writ. low byte into int.rnal relocation r •• i .. t.r. 
IIOV I~LOC[1],Olh ; Writ. hiah byte into inwrnal relocaUen rea1awr. 

240048-41 

The INTERNAL RELOCATION register is set tirst. The 82786 comes up in byte mode after RESET; therefore. 
this register is set by writing one byte' at a time. 

The desired base address for the 82786 registers is 004400 (hex). The base address must always be located on a 128 
word boundary. (The registers are accessed at locations 004400 through 00447F.) An 82786 address is 22 bits long. 
The upper 15 bits of the desired base address is written into the upper 15 bits of the Internal Relocation Register. 
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We want to set the chip for I/O mode, therefore, a zero is written into the MIlO bit. Therefore, we write a value of 
0110 (hex) into this register. See Figure 3.6. 

BIU 
Internal Relocation Register 

-----
00 0000 0100 0100 0 + 000 0000 

o o 4 4 o 

Desired Location of 82786 Registers = 4400-447F 

Upper 15 bits of Base Address 

I +.-----------~ I MIlO 

0000 0001 0001 0000 I 0 

Value written in register = 0110 Hex 

Figure 3.6 

3.2.8.2 BIU Control Register 

; The followin. two lines write a value of 0011 (hex) into the BIU control 
; re.ister. This sets the Internal Re.ister Block for lS-bit WORD access 
; by the External CPU. All subsequent access to the 82788 reSisters is by 
; WORD acces ... 
mov BIU_CONTROL,lOh ; Write low byte into BIU control re.ister 
mov BIU_CONTROL[l],OOh ; Write hiirh byte into BIU control re,ister 

240048-42 

These two lines set the BIU Control Register. Because the 82786 is in byte mode after RESET, this register is written 
one byte at a time. After setting this register for word mode, all subsequent register access is by word mode. 

BIU Control Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

0 0 0 0 0 0 0 0 o I 0 0 1 0 0 0 0 

Unused VR WT BCP GI 01 WP1 WP2 
Figure 3.7 

The DIU Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program 
follow: . 

VR = 0 
Set for conventional DRAM memory cycles (not VRAM). 

WT = 0 
Number of wait states in synchronous 80186 interface. The synchronous 80186 interface is not used in our example; 
therefore, this is a "don't care" setting. 

BCP = 1 
This sets the External CPU for ·16-bit word access. 

GI and DI 
When the 82786 issues an interrupt, these two bits can be read to determine which processor has issued the interrupt, 
then either the DP or GP Status Register can be read to determine the cause of the interrupt. 
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WPI and WP2 
The write protect bits are not set in our Example program. 

3.2.8.3 DRAM Refresh Control Register 

mov D~REFRESH.OOl8h ; Write value into DRAM refresh control register. 
240048-43 

This register is programmed with a 6-bit Refresh Scalar for controlling the frequency for DRAM refresh cycles. 

The value programmed in this register depends on the refresh requirements of the DRAMs, the clock speed, and the 
number of DRAM row addresses. The value for the Refresh Scalar can be calculated by the following formula: 

TrefXCLK _ 1 
16 x Refresh Rows 

Where: 

Tref = Refresh Time interval 

CLK = 82786 System Clock speed 
Refresh rows = Number of DRAM rows requiring refresh 

In our example, we have: 

4msx20MHz _ _ 5 
16x256 1 - 18. 3 

NOTE: 
DRAM refresh cycles can be turned off by programming a value of 3F (hex) into the DRAM Refresh Register. 

3.2.8.4 DRAM Control Register 

mov D~CONTROL, OOlDh ; Write value into DRAM control relister. 
240048-44 

Figure 3.8. DRAM/VRAM Control Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 0 0 0 1 0 

Unused RW1 RW2 DC1 DCO HT2 HT1 HTO 

The DRAM Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program 
follow: 

RWI and RWO indicate the number of rows of graphics memory. 
RWI = 0, RWO = 0 indicates one row of graphics memory. 
DCI and DCO indicate DRAMIVRAM configuration. 
DCI = I, DCO = I indicate Fast Page Mode, Interleaved. 
HT2, HTI, and HTO indicate the DRAM/VRAM Height of graphics memory. 
HT2 = I, HTI = 0, HTO = I indicates 256K x N-type DRAMs. 
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3.2.8.5 Display Processor, Graphics Processor and External Priority Registers 

mov OP_PRIORITY, 003Fh 

mov GP_PRIORITY,0009h 

MOV EXT_PRIORITY. 0028h 

Wri~e value in~o OP priori~y re.is~er. 

Wri~e value into GP Priori~y re.is~er 

Wri~e value into Ex~ernal Priority register. 

15 14 13 12 

DP Priority I ° ° ° ° 
Reserved 

11 10 9 

00 ° 
8 7 6 5 

° ° ° ,I 
4 

First 
Priority 

3 

240048-45 

2 

Second 
'Priority 

o 

GP Priority 1L-0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0 __ 0--1_0 __ 0 __ --1_0 __ 0 __ --' 

Reserved 

External ° ° ° ° ° ° ° ° 
Reserved 

° ° I 

First Second 
Priority Priority 

° First 
Priority 

° ° Reserved ° 
Bus access priorities are programmable for the GP, OP and External Processor. Note that DRAM refresh is not 
programmable and always has highest priority. The First Priority Level (FPL).is used to obtain bus access; Second
ary Priority Level (SPL) is used to keep the bus when another processor makes a request. The highest priority is III 
(binary). The lowest priority is 000. Refer to the "82786 User's Manual" Section 4.3-Bus Cycle Arbitration. 

In our Example program, OP has highest priority, External CPU has second priority. and GP has lowest priority. 

NOTE: 
These priorities may be changed at any time during program execution. 

3.2.9 CLEAR PAGE 0 OF GRAPHICS MEMORY 

; *************** Clear Page 0 of Graphics memory (84K b~es): **************. 
mov ax,SEG_GR.JiEM ; Graphics memory space is in t.he 'A' sepent 
mov de,ax 

mov ax,O 
MOV dX,PAGE_PORT 
out dx, ax Select page 0 of graphics memory 

mov bx,O 
MOV cx.32767 
mov 8i,0 
CLEAR_MEMORY: 

mov [a1], bx 
add ai.2 
loop CLEAR-HEHQRY 

32767 words of memory to be cleared = 64K bytes 

Clear page 0 of graphics memory (to be ' 
used as a bi t .... p for draw1n. commands.) 

240048-46 

Page zero of graphics memory is used for storing the bitmap. Before drawing into the bitmap, it must be cleared 
(filled with zeroes). 

This section of code clears page 0 of graphics memory by writing zeros into each memory location. First. the segment 
address of Graphics Memory space is written into the CPU OS register. Next, page zero of graphics memory is 
selected by writing a zero into the Page Select Register on the Evaluation Board. The loop command is used to clear 
32767 words (64 Kbytes) of memory. 

The GP bit_blit command using logical operator 0, or the scaILJines command using color 0 may also be used as a 
fast technique for cJearinga section of graphics memory. 
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3.2.10 PREPARE DS, ES, AND DIR FLAG FOR USE WITH REP MOVSB INSTRUCTION 

;****** Pr.pare DS, IS, and Dir Fla. for use with REP HOVSB instruction. ****** 
mov ax,OFh 
mov dx,PAGI_PORT 
out dx, ax Select pa.e F of .raphics memory 

mov ax,SIG be._dp_ctrl_blk 
mav da,ax 
mov ax,SIG_GRjMlH 
mov es,ax 
cld 

Set data ae ... ent 

and extra s .... ent. 
Cl.ar Dir.ction Fla., sets auto-increment 

of SI and DI when usin. REP instruction. 
240048-47 

This section of code performs the necessary preparation for the next three sections: moving the DP Control Block, 
DP Descriptor List, and GP command list from CPU memory to Graphics Memory. 

Page F of graphics memory is the desired destination of these three blocks of data, therefore page F of graphics 
memory is selected by writing to the PAGLPORT. Next, the Data Segment and Extra Segment registers are 
written. Lastly, the Direction Flag is cleared. This is necessary to cause the string instruction to auto-increment the 
SI and DI index registers. 

3.2.11 COPY DP CONTROL BLOCK REGISTERS FROM CPU MEMORY TO GRAPHICS MEMORY 

;***** Copy DP CONTROL BLOCK REGISTERS from CPU m.mory to Graphics Hemory. 
lea cx, end_DP_ctrl_blk 

**** 
sub cx, offset be •. dp.ctrl.blk 
lea si, be.~dp.ctrl.blk 
mov di, offset DP .REG.HAP 
rep movsb Hove CX bytes from DS:[SI] to IS: [DI] 

thus, copyin. DP Control Block Re.isters 
froa CPU a .. ory to Graphios •• mory. 

240048-48 

This section of code copies the values for the DP Control Block registers from CPU memory to Graphics Memory 
beginning at address FFOOO (hex). 

3.2.12 COpy DP DESCRIPTOR LIST FROM CPU MEMORY TO GRAPHICS MEMORY 

;******* COpy DP Descriptor List 
lea cx, encLdp.descl 
sub cx, offset dp.descl 
lea 8i, dp.descl 
mov di, offset DESC.PTR.LO 
rep movsb 

froa CPU memory to Graphics memory. ******** 

Hov. CX bytes from DS: [51] to ES: [Dl] 
thus copy in. DP desoriptor list from CPU 
memory to Iraph1cs memory. 

240048-49 

This section of code copies the values for the DP Descriptor List from CPU memory to Graphics Memory beginning 
at address FFlOO (hex). 

3.2.13 COPY GP COMMAND LIST FROM CPU MEMORY TO GRAPHICS MEMORY 

;********* Copy GP command. list from CPU memory to .raphics memory: 
lea cx, len.a>.listl 

********* 
sub ox, offset-aP_listt 
lea 51, ~_list1 
mov di, offset GP_LIST.PTR.LO 
rep movsb ; Hove CX byt.s from DS:[SI] to BS:[DI] 

; thus copyin. GP command list from CPU 
; memory to .raphics memory. , 
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This section of code copies the GP command list from CPU memory to Graphics Memory beginning at address 
FF200 (hex). The labels in the program marking the beginning (gpJstl) and ending (I«ID-gpJstl) of the GP 
command list provide a convenient method for determining the length of the GP command list. Commands may be 
added or deleted from the command list, the· program Computes the number of bytes to be copied in.to graphics 
memory. 

3.2.14 START THE DISPLAY PROCESSOR 

********************* Start up the Display ~roce8sor: ******************** 
moy DP_PARH1~G.DP~G_HAP_LO parameter 1 for dp command 
moy DP_PARH2~G.DP~G_HAP_HI parameter 2 for dp command 
moy DEF_VIDEO~G.O Write 0 in Default Video re81ster 
moy DP_OPCODE~G. LOADALL Write opcode re81ster. thus startin8 up 

the Display Processor 
240048-51 

This section of code starts up the Display Processor. First, the address of the values for the DP Control Block 
Registers are written into the DP Parameter registers. The lower part of the address is written into PARAMETER 1 
Register; the upper part of the address is written into PARAMETER 2 Register. The Default Video Register is 
assigned zero. Lastly, the LOADALL opcode is written into the DP OPCODE register, thus starting operation of 
the DP by loading the values for the DP Control Block. 

It is important to write the address for the LOADALL command into the Parameter registers before the 
LOADALL command is written into the opcode register. If the LOADALL command is written first, the registers 
will be loaded immediately, from an erroneous location. 

Now, all the pointers and data structures for the Display Processor are in place. The Descriptor Pointer now points 
to a valid Descriptor List which points to a valid bitmap area in graphics memory. Refer to Figure 3.9. 
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82786 Graphics Memory 

Bit_PI 

IBM AT By_tern M emory 

a 

82786 a 

a 

O .. pIIlc ....... _ Dleplay .... _ V.I_ ..... 
, ContraIlIook , , !/ ..... -

VII __ i 
FFCIOO 

~;-"' ... UIII DP _ContraIlIook 
LIIII,.AII 

• _ContraIIIook .......... .......... 
II ... ecn_ ........ J 

/ I -. 
~ "; CIM ... "d UII

1 

II FF1GO 

• DnatIpIor UI1 / a 

Un .. a 

OP ClMlNlnd ul. I'F2OO a -
240048-19 

FIgure 3.8 

3.2.15 EXECUTE THE GRAPHICS PROCESSOR COMMAND LIST 

; ********************* &xeoute the GP oo.aIDd liat: ******************* 
IIOV GPJ'ARIU..RIG,GP_LISTJ'rJLLO ; pal' ... tel' 1 fO!' GP o-..d 
IDOV GPJ'ARII2..RIG,GP_LIST...P'1'1UII ; par~'1' 2 for GP o_d 
IIOV GP_OPCODI..RIG, LIN\[ ; Mdte opoode re.latel', thuII atal'tlq 

; exaoutloa of the·QP'oo.aand liat. 
240048-52 

This section of code starts up the Graphics Processor. First the lower and upper address of the GP command list are 
written into the GP Parameter Registers 1 and 2, respectively. Next, the opcode for the GP LINK command is 
written into the GP opcode register. When a zero is written into the End of Command List (EeL) bit (lowest bit) the 
GP begins execution. The LINK command causes the GP execution to continue at the indicated address. 
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It is important to write the link address into the parameter registers before writing the LINK opcode into the opcode 
register. If the LINK command is written first, the GP will' begin execution immediately, executing an erroneous 
command list. See Figure 3.10. 

Execut, GP Command List 

• Write addresses of GP Command List into GP Parameter Registers 

GP Parameter Registers 

Lower Part of Address -+ Parameter Register 1 
Upper Part of Address -+ Parameter Register 2 

• Write GP opcode for Link' command into GP Opcode Register 

'.Offset 

Opcode 20 Opcode 

Parameter 1 22 Link Address Lower 

Parameter 2 24 Link Address Upper 

Status 26 

Figure 3.10 

3.2.16 TERMINATE PROGRAM 

j************************ 
mov ah,4Ch 
int 21h 

code ENDS 

Terminate program: ************************* 
Call BIOS terminate function 

to return to MS-DOS operating system. 

These two lines call the BIOS routine to return control to the operating system. 

3.3 Example Source Code Listing 

This section provides the complete source code listing of the EXAMPLE program. 

****************************************************************************** 
Program name: EXAMPLE 1. ASM 

Description: Initialize the 82786 registers, prollram the Display 
Processor (DP) for one full-screen Window, and draw a 
simple graphics image usinll the Graphics Processor- (G~). 

- - ' 
Direct questions to your nearest Intel Sal~u5 Office. 

**************************'~***'*****~***********~**********~****************** 
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; ***************** Pro,ram Constant defini tiODS: ***************** 
SEG_GRJ!EH eqt> OAOOOh Sesment to accese Ilraphics memory. 
SEG_786_REG eqt> OCOOOh Sesment to access 82786 relisters. 
OP .-REG_HAP equ OFOOOh Address in araphics memory used to load 

equ OP _REG_MAP 
equ oooon 
equ OF100h 
equ oooon 
equ OF200h 
equ OOOOfh 
equ OOOOh 
equ OOOOh 
equ 0300h 

OP control values to/from OP rellisters 

OP Discriptor List address in ,raphic8 memory 

Address in ,raphics memory of GP co_and list 

Startin, address of bitmap_O (lower byte) 
Startina address· of bi tmap_O (hi,h byte) 
I/O address for .raphics mem pa"e select reg. 

j ******************** Display Processor opcodes; ************************* LOAOREG equ 400h 
LOADALL equ 500h 
OllMPREG equ 600h 
OUHPALL equ 700h 

;******************** Graphics Processor opcodes: 
ABS_MOV equ 4FOOh ************************ 
ARC_EXCL equ B800h 
ARC_INCL eqU 8900h 
CIRCLE equ 8EOOh 
OEF_BITHAP equ 1AOOh 
OEF _COLORS equ 3DOOh 
OEF_LOGICAL OP equ 4100h 
OEF TEXTURE-OP equ 0600h 
LINE - equ 5400h 
LINK equ 0200h 
POINT equ 5300h 
REL HOV equ 5200h 
HALT equ 0301h 

; *********** Locations for the 82786 Internal Relister Block: ************* reaister SEGMENT at OC440h 
INTER_RELOC db 2 OUP(1) 

dw (?) 
db 2 OUP (1) 
dw (1) 
d .. (1) 
dw (1) 
dw (1) 
dw (?) 
dw 8 OUP (1) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 
dw 12 DUP (1) 
dw (1) 
d .. (1) 
dw (1) 
dw (1) 
dw (1) 
dw (1) 

Internal Relocation Relister 
reserved location is 82788 Re'ister Block 
BIU Control Re,ister 
DRAM Refresh control reaister 
DRAM oontrol recister 
OP priority relister 
GP priority reaister 
External Priority Relister 
reserved locations in 82786 Re,ister Block 
GP opoode relister 
GP Parameter 1 Re,ister 
GP Parameter 2 Rellater 
GP Status Relister 
reserved locations in 82786 Relister Block 
DP opcode re.ister 
OP Parameter 1 Reltster 
DP Parameter 2 Re,ister 
OP Parameter 3 Reltster 
OP Status Reaister 
OP Default Video Rel1ster 
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data SEGHBNT 

;********aaaaa Valu.s for the DisplaV P .. oc ... or Control Block: 
b.&-dp_ctrl_blk LABlL word 

; RBGISTIR NAKE: SETTING 
aaaaaaa*a**** 

; --- ... ----------- -------------------------------------
dw 3 ; Vid.o status : cursor ON, aDd display ON 
dw l111h ; Int ... rupt Mask : all interrupts di.abl.d 
dw 00010h ; Trip Point : controls wh.n DP fifo is load.d dw OOOOOh ; 1'..... Int.rrupt : no int.rrupts ,on fra .. count 
dw OOOOOh Res.rv.d ; 
dw OOOOOh ; CRT Hode : non-interlaoed, window status off, 

; : ,D1> .... t.r 1I0de Blank .... t.r !lOde, 
; aoceleration mode off : 

; Th. followin. 8 .... 1sters contain the video timin. parameters tor a screen 
; resolution of 840 X 381 pixels. These values aseum. VCLOCK = 18H11z. 
; Th.se valu.s achieve a screen refresh of 60 Hz. 

d" 86; Hsyncstp 
dw 96; Hfldstrt 
dw 736 ; Htldstp 
dw 763 ; Lin.len~h 
dw 11; Vsynstp 
d" 15; Vfldstrt 
dw 398 ; Vfldstp 
d" 398 ; Fr .... l.n~h 

dw DBSC_PTR-LO ; DP d.scr ptr low 
dw DBSC_PTR-RI ; DP d.scr ptr hi.h 
d" OOOOOh ; Reserved 
d" 00101h ; ZOOID tactor : X-ZOOII = 2, Y-ZOOII = 2 
dw OOOOah ; Field 00101' 
dw 00003h ; Border color 
d" OOOOOh 1 BPP pad 
dw OOOOOh ; 2 Bff pad 
d" OOOOOh ; 4 BPP pad 
dw OAOI'I'h ; Cursor Style : Slae = 18 X 18, transparent, cursor pad 
dw 500 ; Cursor X-position 
dw 180 ; Cursor Y-position 

; The follo"in. 18 r •• 1sters d.tine the cursor bit pattern (an upward arrow): 
d" 0000000100000000b 
dw 000000l110000000b 
dw 00000l1111000000b 
dw 0000l11111100000b 
dw 000l111111110000b 
d" 00l1111111111000b 
dw 0111011111011100b 
dw 1100001110000110b 
dw 0000001110000000b 
dw 000000l110000000b 
dw 000000l110000000b 
dw 0000001110000000b 
dw 000000l110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 

end-DP_ctrl_blk LABEL word 

;*aa**aaaaaaa Definition ot Display Proc.s.or De.criptor List: aaaaaa*aa**a 
dp_d •• cl LABlL word 
; R •• d.r of DP descriptor: 

dw 380 ; (numb.r of lines - 1)' 
dw DBSCJ'TR_LO+20; lower link to n.xt strip desoriptor (ther. is non., 

; but if one were add.d, this is the link) 
dw DBBCJ'TR-RI ; uPpal' link to next strip d •• criptor (there is non.) 
dw 0 • (numb.r of tiles - 1) 

; First (aDd only) Til. Descriptor 
dw 0080 ; Bitmap width (number ot byt.s) 
dw OOOOh ; Bitmap start addr... lower 
dw OOOOh ; Bitllep start address upper 
dw 01J'Oh ; 1 bpp, start bit 1' .. top bit 0 
dw 0078 ; Fetch count = (number of byt.s - 2) 
dw OJ'OOOh , All 4 borders on. window status=O.PC 1I0d. off.fi.ld off 

.n~dp_desol LABEL word ; a********** Ind of DP desoriptor list. *a******* 
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; ***.* ••• *. Detini tlon of Graphics Processor Command List: ************ 
0_1 ht1 LAIIL word 
d" DIr_BITMAP. BITMAP_O_LO. BITMAP_O_HI. 839 • 380 • 1 

addre.s 10 . address hi I xm.x. "..ax, bi ta per pixel 

solid texture 

replace destination "i th source 

x e.u 10 
Y e ... 10 

; X-coordinate of starUn, location for dra"in, 
; V-coordinate of start.lna location tor dr.win. 

; *******************.****. Dra .. Intel 10ao: ************************ 
d" ABSJIOV. x. Y ; Hove to be,innin, position tor drawin" 
d" LIlli. 35. 0 ; Dot the "i" 
d" LIlli. O. 35 
d" LIlli. -35. 0 
d" LIlli. O. -35 
d" RlLJIOV. o. 45 
d" LIlli. 35. 0 Ora" body ot "i" 
d" LIlli. O. 135 
d" LIlli. -35. 0 
d" LIlli. O. -135 

d" RlLJIOV. 42. 0 re-position, tor "M" 
d" LIlli. 35. 0 Ora" "M" 
d" LIlli. 0 • 12 
d" RlLJIOV. O. 32 
d" LIlli. O. 80 
d" LIlli. -35. 0 
d" LIlli. O. -135 
d" RlLJIOV. 51. 47 
dw ARC_IltCL. -20. -20. 40. O. 18 
d" RlLJIOV. 12. -4 
dw ARC_IltCL. -27. -50, 50. -10. 42 
d" RlLJIOV. 5, 3 
d" LIlli. O. 90 
d" LIlli. 35. 0 
d" LIlli. O. -105 
d" RlLJIOY. 15. 90 re-posi tion to dra" "t" 
dw LIlli. O. -85 
d" LIlli. -12.0 
d" LIlli. O. -25 
dw LIlli. 12. 0 
d" LIlli. O. -45 
dw LIlli. 35.0 
d" LIlli. 0.45 
d" LIlli. 15.0 
d" LIlli. O. 25 
d" LIlli. -15. 0 
d" LIlli. O. 77 
d" LIlli. 15. 0 
d" RlLJIOV. o. 30 
d" LIlli. -31. 0 
d" RlLJIOY. 5. -25 
d" ARC_IltCL. -30. 10. -5. 35. 25 ;dra .. curve at lower lett ot "t" 
d" RlLJIOY. 80. -5 
d" LIlli. 45.0 
d" RlL_HOY. 31.0 
d" LIlli. 8,0 
d" LIlli. O. -150 Ora" "1" 
d" LIlli. 35. 0 
dw LIlli. O. 180 
d" LIlli. -120. 0 
d" RlLJIOV. 52. 10 
d" LIlli. 31. 0 
d" RIL_HOV. -85. -40 
d" ARC_IItCL. -30. -30. 30. O. 22 Ora .. "e" 
d" ARC_INCL. -85. -85. 85. O. 54 
d" RlL_HOY. 2. 30 
d" ARC_INCL. -30. O. 25.30 .27 
d" RlL_HOV. 3 • 0 
d" ARC_IItCL. -86. O. 58. 85 .80 
d" HALT 
len_0_l1at1 LABlL "ord 

dua ENDS 
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cod. SBGImIIT 
ASSDMI c.:cod •• d.:d.t •••• :r •• i.t.r 

;*****************~****** Pro.ram .... cution be.in. h.r •• ******************* _in: 
mov ax. data Load data ae ... nt location 
mov d ••• x into DB re.i.t.r 
1ROY ax, reaist.er 
JlOY •• ,8k 

; *********************** Soft1fa~ Reset of 82188 *********************~**"'** 
To r ••• t the 82188 on the Intel Evaluation Board (Rev C2): ' 

S.t and then r.set bit 4 at I/O location 300. 

IIOV ax. 00 10h 
IIICV dx.PAGlLPORT 
ou:t dx,ax 

mcv ax.OOOOh 
out dx.ax 

Set bit 4 at I/O location 300. 

Re •• t bit 4 at I/O loc.tion 300. 

;*********************** . BIU initiali.ation: *************************** 

Th. follolfiDi two linea .. rit. a val ... of 0110 (hex) into the int.rnal 
relocation re.iat.r. This •• ts the 82188 reaisters for I/O - mapped 
access at I/O locations 4400 thro .. 1Ih 4411'. The Int.l Eval .. ation Board 
decodes a CPO aemory access at .amory locations C4400 throQlh C4411' and . 
• enerat •• an I/O access to the 82186. The 82188 ca.e. up in I/O .ode 
and byte .. ode aft.r res.t. Acc ... to the rea1st.rs ..... t b. cne by;te 

; at a time until WORD IIOd. is s.t. 
IIOV INTlRJU;LOC .10h ; Writ. low byte into internal r.location r •• 1ster. 
IIOV INTlRJU;LOC[11.01h ; Write hillh byte into internal relocation reaister. 

Th. followin. tlfO lin.s Ifrit. a val ... of 0011 (hex) into the BIU control 
re.ist.r. This sets the Internsl Reaiater Bloak for 18-bit WORD aac •• s 
by the Ext.rnal CPU. All s .. b •• q ... nt acc ••• to the 82186 re.i.t.r. i. by 

; WORD acee.s. 
DOV BIU_OONTROL.IOh Write low byte into BIU control r •• i.ter 
IIOV BIU_CONTROL[l].OOh Write hillh byte intc BIU ccntrol re.i.ter 

mav DRAMLREFRESH.0018h Write val ... into DRAM refr.sh control r •• ist.r . 

.. ov DRAIl.CONTROL. OOlDh ; Write val .. e into DRAM control reaister . 

.. ov DP-1RIORITY. 003J'h Writ. v.l ... into DP priority reaister. 

mov GP_PRIORITY.0008h Writ. val .. e into GP Priority r •• iat.r 

mov IXT-1RIORITY.0028h Writ. val ... into External Priority r •• iat.r. 

; *************** Clear P ... 0 of Graphios IIUIIIOry (84K byt.s): *****"'**"'*****_ 
mov ax. SEG_GILKDt Graphics ..... ry space is in the • A' ....... t 
mov da,u 

IIOV a.,O 
mov dx.PAGE-'ORT 
out dx.,ax 

DOV :t>x.O 
DOV ox.32181 
mov si.O 
CLEA1LKDtORY: 

IIIOV [81]. bx 
add d.2 
lcop CLIWIJ!EI(ORY 

Sel.ct pa.e 0 of .rsphic. .....ory 

32181 word. of IIUIIIOry to b. cl.sred, = 84K ~tea 

Cl.ar PSI. 0 of .raphio. aemory (to be 
.... d as a bitmap tor dralfina commands.) 
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;****** Prepare DS, ES, and Dir Flag for use with REP MOVSB instruction. ****** 
movax,OFh 
mov dx,PAGE_PORT 
,out dx,ax Select ~.~ r of I'x-aphlca memory 

mov aX,SEG beg_dp_ctrl_blk 
mev de,ax 
mov ax,SEG_GR~ 
mov eS,ax 
cld 

;***** Copy DP CONTROL BLOCK REGISTIRS 
lea cx, end_DP_ctrl_blk 
sub ex, offset bea_dp_etrl_blk 
lea ai, beg_dp_ctrl_blk 
mov di, offset DP~G_MAP 
rep movab 

Set data S8pent 

and extra segment. 
Clear Direction Flaa, sets auto-increment 

of SI and DI .. hen using REP instruction. 

from CPU memory 't~ Graphics Hemory. **** 

Hove CX bytes from DS:[SIJ to ES:[DIJ 
thus, copyina DP Control Block Reaisters 
froa CPU memory to Graphics memory. 

;******* COpy DP Descriptor List from CPU memory to Graphics memory. ******** 
lea cx, end_dp_descl 
sub ex, offset dp_descl 
lea si, dp_descl 
mov di, offset DESC_PTR_LO 
rep movsb Hove CX byte .. from DS: [SIJ to ES: [DIJ 

thus copying DP ,descriptor list from CPU 
meDlory to araphic:IS memory. 

;********* COpy GP command list from CPU memory to graphics memory: 
lea cx, len_~_listl ********* 
sub cx, offset ~_listl 
lea ai, lIP_listl 
mov di, offset GP_LIST-PTR_LO 
rep movsb 

mov ax, register 
mov as,ax 

Hove CX bytes from DS:[SI] to ES:[DIJ 
thus copying GP command list from CPU 
memory to graphics memory. 

********************* Start up the Display Processor: ******************** 
mov DP_PARHl_REG,DP~G_MAP_LO parameter 1 for dp command 
mov DP_PARH2~,DP~G_MAP_HI parameter 2 for dp command 
mov DEF_VIDEO_REG,O Write 0 in Default Video register 
mov DP_OPCODE~G, LOWALL Write opcode register, thus st'arting up 

:************************ 
mov ab,4Ch 
int 21h 

code ENDS 

stack SEGMENT stack 
DW 64 DUP(?) 

stack ENDS 

END main 

the Display Processor 

GP command list: **********"'******** 
parameter 1 for GP command 
parameter 2 for GP command 
Write opeode reaister, thus starting 

execution of the GP eommand list. 

Terminate prol'ram: ****************_********* 
Call BIOS terminate function. 

to return to MS-DOS operating system. 

Program staok segment 
Define unltlallzed data space for stack. 
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3.4 Exerel ... 

This section provides some exercises for the reader in the form of suggested modifications to the Example 1 program. 
By working through these exercises in succession, the reader will gain an understanding of important concepts and 
valuable experience in programming the 82786. . 

Solutions to the Exercises are provided in the Appendix. 

• Turn cursor off 

• Video Status Register, Register 0 in DP Control mock, controls the cursor 

_liter 

VSTAT 00 

C = 1 Cursor On 
C = 0 Cursor Off 

D = 1 Display On . 
D = 0 Display Off 

I Zero unused upper bits I C I D I 

. Exercl .. 2: 

Replace GP Command List in Example 1 with new GP Command List to 
draw the straight lines in the graphic 

10 
100 
110 
100 
210 
100 
810 

Center of Circle at (200, 182) 

Radius = SO . 

10 100 110 100 

10 100 110 100 210 100 810 4IID 410 _ 110 _ 

(840 II .'1 

Hint: Replace GP Command List in Exercise I with a new Command 
List. See description of Abs~ov, Line, and Circle commands. 
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Exercise 3: 
• Modify the program from Exercise 2. 

• Change from 1·bit per pixel (bpp) to 4 bpp. 

• Use the Def_Color Command to Change the color of each line in the 
drawing. 

Hint: Change DeLBitmap parameters and Tile Descriptors. Clear an addi· 
tional page (page 1) of Graphics Memory to allow room for the larger 
bitmap. 

Exercise 4: 
• Write a new DP Descriptor List and turn on the borders for two windows. 

not overlapping, as shown below. 

• The left window should contain the 4 bpp multi-colored image drawn in 
Exercise 3. 

• The right window should contain the 1 bpp image drawn in Exercise 1 (the 
Intel Logo). 

• Change 1 bpp pad register to accentuate the two different windows. 

240048-27 

Hint: Change DeLBitmap parameters. Modify strip and tile descriptors. 
Combine the two GP command lists from Exercise 3 and Example 1 
programs. Before starting the second command 1ist, be sure to use a new 
DefJitmap command. Clear page 2 of Graphics memory. 
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Exercise 5: 
Same as Exercise 4, except make the two windows overlap as shown below . 

• In 
240048-28 

Hint: Create two strips. 

Strip 1: Contains 1 tile consisting of 100 lines. 

Strip 2: Contains' 2 tiles consisting of 281 lines; the first tile is 320 pixels wide. 

5-260 
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CHAPTER 4 QUICK REFERENCE SECTION 
4.0 Introduction 

4.1 82786 Directly Accessible (Internal) Registers 

4.2 OP Indirectly Accessible (Context Switching) Registers 

4.3 OP Commands, Opcodes, Parameters 

4.4 DP Indirectly Accessible Registers (DP Control Block Registers) 

4.5 DP Commands, Opcodes, Parameters 

4.6 Strip and Tile DescriptOr Formats 

4.7 Example Video Timing Parameters 

4.0 INTRODUCTION 
This Chapter provides a compilation of data frequently used by 82786 programmers. It contains data for all 82786 
registers, commands, command parameters, opcodes, strip and tile descriptor format, video timing parameters. 
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4.1 82786 Directly Accessible (Internal) Registers' 

....... ., -(til 15 

IItU 

Internl' RelocatIOn 00 
_02 

_ BtU Conlrol 04 

Rot_ con.ol 08 
DRAM/VRAM eon.OI 08 

DtIpIoy_IIyOA 

GPPnonty DC 
E._II Pnonty DE 

0 
2 

• 
6 
I 
A 
C 
E 

_ [I ',,,,,"H 1 

-i 
GP GAO Opcodo 20 
'10-_ GRI Por_ I 22 

GR2P1rometer2 4 

Statui Reg".' IGSTATI 26 
I 
A In .. _-C:: 

Ao_ 
'ac-3FH 

2C 
E 

D' 
'_l1li 

30 

32 
34 

38 

31 
3A 
3C 
E 3 

Opcodo 40 

4 

Parlmeter 1 42 
Porlmeter2 4 
PI_341 

SlItu. Rogoater -- I 
A _ 4C 

'4C-7FH 4 E 
50 

52 _ 54 

56 
56 
SA 
SC 
5E 
60 
52 

84 
66 
66 
SA 

8C 
E 

70 
72 
7. 
18 
78 

7A 
7C 
7E 

15 

14 13 12 11 10 

.... Addrell 
""_IZoro 10< Iu .... c:omp.I1Ibllltyl 
_Izero 10< Mure compo11bolllyl 
_Izoro 10< Mure compobboIllyl 
_Izero 10< Nlin compitooloy) , 
_Iuro lor MureCO"'lllllbtlt1yl 
R_lzoro 10< 1u1ure com_11y) 
_Izero 10< luture com_lIy) 
""_IZ'ro 10< lulure-"""YI 
ReHrved (zero lor futur. cornpahblkty. 

R_IZoro 10< luture compobboIlIy) 
R_IZoro lor Mure ........... 1t1y) 
_IZI<01o< 1...,. __ IIy) 

_IZI<01o< 1u1ure _1II11Iy) 
_ (zero lor lulure comptll ..... y) 

_lzl<OI .. 1u1ure_1Iy1 
Opcodo 
Link AddreU (Lower) 

-""" "" ... """ I .. _"""on Po_ILower) 
R_lzoro lor lulu .. compo1ob,htyl 
AeHMId (zero tor future compatlbltd J 
ReserwecI (zero far luture eompahbllli ) 

""",\IOd lzero 10< Mure comp_o1y) 

,_Izoro 10. lulu .. COI!lp01,III'tyl 
ReIerved (zero tor future COrftplllbdtty) 

_lzl<01o< Mu ............. ldyl 
Aeeerved (zero kJr future compatibility) 

_""" lzero lor 1u1ure compabboldy) 
_Izero 10< Mure COI!lp01,IIIIdyI 
ReHrwed (zero tor future competlblldy) 

Opcodo 
__ 'ILower) 

_IZ"'lortulu~_"'1dy1 
_ (zoro 10< tu"," com~hlYI ---_IZI<01o<Muro_lbItotvl 
_Izero 10< 1u1ure COIIIp01IbItI1y) 

AI_Izoro lor 1uOI .. _~It1y) 
_IZIf01o<M,,,"_tobII.y) 

_Izero lor tulu .. comptl~1 
_Izerolor __ ,bototy) 

_lzlfOlor lulure_lbItlly) 
Re_lzero tor Mure -'>oldy) 
R_lzero tor Mure -'>oldy) 
AI_IzlfOlor lulu"~Idy) 
Re,,'\IOd Izoro lor lulure _,bototy) _¥Od Izoro 10. lulure COmpll\bIIdy) 

_"""lzerotorM .... com~) 
_IZI<01o< 1u1ure compo\ItIIhly) 

_"""Izoro lor future_I, ... ly) 
ReI"""" lzero tor lulu .. _,botO., 
_IZorolor_~) 

_""" IZoro lor tu1ure_bototy) 
_lzerotorluture~loty) 

_""" (zero lor lulu .. _,bIIdy) 
R_IZ_1o< Mure....-oy) _¥Od Izoro tor lulu .. compabbo'ly) 

_""" lzero tor 1u1ure compobboI'ly) 

_""" IZIfO lor I...,. ........... 1t1y) 
_IZoro tor 1u1ure compotoIIoII1y) 

_Izorolor lulu .. ~) 

14 13 12 11 10 

MlO 

VA WT BCP GI DI WPI WP2 --AWl ,RWO DCI DCO HT2 HT1 HTO 
FP\. SPl 
FPl SP\. 
FPl Rne.""" 

R_lzero 10< 1 ...... _obtIo1yl GECl 

l'nk_,"I~) 

GPOLl GRCD GINT GPSC GBCOY GBMDV GCTP IoIBM 

InatruchOn Pamlet' (Upper) 

_Izero 10< lulu .. compibbliliYi ECl 

FRI RCD DOV 

Memory Addreoll~) Rogoater __ 

FMT BlK EYN OOD 
Default VIdeO 

ECl 

o 
240048-29 

82786 128-byte Internal RegIster Block 
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4.2 GP Indirectly Accessible Registers 

Context Aeglste," 

Name ID Bits FuncUon 
GCOMM 0001 (16) Command 
GPOEM 0003 (6) Poll Mask 
GIMR 0004 (6) Interrupt Mask 
GCHOR 0007 (2,2) Character Orientation and Path· 
GCHA 010B (21) Character Font Base Address 
GSP 010C (21) Stack Pointer 
GCA 0100 (21) Memory Address of Current Position (x, y) 
GBORG 010F (21) Bitmap Origin Address 
GCX 0010 (16) Current X Position 
GCY 0011 (16) Current Y Position 
GPAT 0012 (16) LinePattem 
GSPAC 0013 (16) Spacing between Characters and All Bitblts 
GCNT 0014 (16) Character Count·· 
GN 0016 (16) Number of 16-bit Words Spanning Width of Bitmap 
GVERS 0017 (16) Version Number·" (0 Step Value = 5) 

GXMAX 0090 (16) Maximum X for Clipping Rectangle 
GYMAX 0091 (16) Maximum Y for Clipping Rectangle 
GXMIN 0094 (16) Minimum X for Clipping Rectangle" 
GYMIN 0095 (16) Minimum Y for Clipping Rectangle" 
GMASK 0099 (16) Pixel Mask 
GBGC 009B (16) Background Color 
GFGC 009C (16) Foreground Color 
GFCOOE 009E (4) Function Code for Pixel Updates" 
GCIP 01AC (21) Current Instruction Pointer 
GBPP(RO) 009F (4) Used with Dump Reglstet command to get Current 

Bits per Pixel Address ... 
GBPP(WO) 0008 (4) Used with Load Register command to write Current 

Bits per Pixel Address ... 
These bits are right justified in each byte of the word in which they are stored. Two bits are stored in bits 1 and 
o and two bits are stored in bits 8 and 9; the remaining upper bits in each byte are zeroed. 

•• GCNT ID reassigned from 0015 to 0014 in D-Step. 

••• In D-Step, valid after RESET and prior to drawing or drawing control commands. 

Correction to previous GXMIN ID 0096 and GYMIN 0097 assignments. 

.. GFCODE ID reassigned from oolC to OO9F in D-Step. 

... New D-Step Bpp Registersd., 

NOTE: 
Simply saving and restoring the context registers is not sufficient to restore the state of the graphics processor. 
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4.3 GP Commands, Opcodes, Parameters 

CjIItM'1'JI.g C9"P!P' gp<!QIlI RIBIPDU 

ARC_EXCL 6800 d..1aIU.n, <iymin, CSXIUx, 4ymax, radius 
ARC_INCL 6900 cbaain, dymin, doIIIax, dymax, rac1ius 
CIRCLS 8&00 udiu.a 
INCIl POINT 8400 array addHI.I low, hiqh 
LlNE- 5400 dx, <1y 
POIn 5300 dx, doy 
POLYGON 7300 .".ray address low, hiqh 
POLYLINE 7400 array acldress low, hiqh 
UCTANGLE 5800 cix, ely 
SCAlI_LIlIES SAOO array adclress low, high, nUll'lber of 

linea 

paD DMlSIA C9t'P"P' Qpc;qpl ' .... DRS 

BIT_BL'1' 6400 source x. 80\&%'0. y, dx, ely 

OPAQU!! D400 
TRANSP D500 
REVERSE OPAQUE 0600 
REVERSE TRANS. 0700 

CHAP. 

OPAQUE 
TRANSP 
REVERSE OPAQUE 
REVERSE TRANS. 

ABS HOy 
DEr:CHAIt_ORIEN'l' 
DEI'_CHM_SB'1'_BYTE 

DEF_CHAR_SET':"WORD 

DSF_CLIP_UC'l' 
DEF_COLORS 
oEF _LOGICAJ,._OP 
oaF_SPACB 
DEF _TEX'fIJRE_OPAQUE 
DEI' 'l'EXTUN 'tRANS' 
SNTEA_PICX -
EXIT_flCX 
REL_HOV 

CAL~ 

DUMP_REG 
HALT 
InA. GEN 
LINK

LOAD_REG 
NOP 
NTUI\N 

AE,OO 

A600 
A700 
A800 
A900 

frOO 
4EOO 
OAOO 

0100 

4600 
3DOO 
4100 
4DOO 
0600 
0700 
4400 
4500 
5200 

0.00 
2900 
0301 
OEOO 
0200 
3400 
0300 
1700 

lIou't'ce addr low, source ac:lcl% high. 
sou,rce x-max, 
source y-max, source x, ,ouJ:ce y, 
dx (reet width - 1). ely erect heiqht 
- 1) 

source ac1c1r low, source acldr hiqh, 
source x'"'max, 
source y .. max, source x, source y, 
dx (rect width ... 1), dy (reet beiqbt 
- 1) 

strinq pointer low, bigh, numb.r of 
charact.rs -

x, y 
path-rotation (one word.) 
eha%' lont ad.eb: low, char lont ad.d.r 
hiqh 
char lont acld.r low, char font actd.r 
hiqh 
x-min, y-min, x-max, y-max 
lor*9round., background. 
color bit IUsk, function cocle 
number of pixels of spac. 
pattern 
pattern.-
no paramet.rs 
no par .... t.rs 
dx, dy 

call addr low, call adell' high 
clump addr low, d.ump adelr high, req ID ' 
no parameters 
no par_tera 
link' adelr low, link acic1x hiqh 
load addr low, load adelr high, req tD 
no per .... t.r. 
no par .... t.rs 
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4.4 DP Indirectly Accessible Registers (DP Control Block Registers) 
_Ie, 011 ... 

CH) 15 
_11_00 

14 

l-.uptMllk 01 

02 

03 
(14 

CII_ 05 

08 

07 

01 

09 

01. 

os 
oc 
OD 

Reserved 

Reserved 

Alserved 

Reserved 

Reserved 

Reserved 

R .... vad 

Reaorvad 

13 12 11 10 

Ro_ 
Ro_ 
Rosorved 

Reoerved 

R ..... ved 
Reserved 

C 0 
FRI RCO DDV FMT BlK EVN DDD~ECL 

Trip Poon1 

Frame Interrupt 

I l W S B A A 

Interlace· (2) IL L----J 
01 Reserved 

00 Nontnterl8ce HSync/VSync 
10 Interface 
11 'nterlace-Sync 

I-Li 
Slave_(1) 

Window Status Enabte (1) 

Horizontal SynchronizatIOn SlOp (HSyncStp) 

HorIZontal FI8kI Start (HFIdStrt) 

Horizontal Feeld Stop fHFIdStp) 

Ltne Length (LlneLen) 

Venal Synchro:rnzlbon SlOp (VSyncStp) 

Vena FI8fd Slart (YFIdStrt, 

VerllClll F .. 1d SlOp (VFIdSIp) 

Frame Length IFrameLln) 

A_.led VICIeO (2) 

00 -- Normal (25 MHz) 

01 Htgh-Spaed (SO MHz) 

10 - Very Hogh·S"",, (100 MHz) 

11 Super Hlgh-S"",, (200 MHz) 

DE DascrlplOr Address PoI_ (lower) 

-. 

OF 
10 

11 

12 

13 

14 

15 

18 

17 

1 

19 

11. 

'I a 
lC 

10 

IE 

IF 

2D 
1 

22 

23 
24 

25 

26 

27 

26 

29 

Reserved I Descnptor Address Pomter (Upper) 

Reoe,vad 

Reserved XZoom Reserved YZoom 
R._ F,eld Color (FIdCoIOr) 

Rooorved _Color (BdrCdM) 

Reserved 1 BppPad R .. 

Reserved' 2Bpp Pad Re_ 
Reserved 4 Bpp Pad Reserved 

S X T I CSI C$C , R .. CorPId R •• 
I I 
C.,S1yIo S • Curoor SIze (I) 

CsrSIz. 0 ~ "'" ca, 
Ii ~ Croo .... C':';"I~~6C" 
T -= Transparent Cursor (') 
CSt - Cu, ... Status 10 _ Status Output (2) 

Rosorvad 

Re_ 

15 14 

CSC Cu'", Status Control (2) 

13 

00 • Current Wi_ Status 
01 • FOf8grOUI1d 
10 - a-ground 
11-_ 

I 
I 

12 11 10 

Curso' _ X (CarPOOX) 

Cu .... PoIItIon Y (C_Y) 

Cu, ... Pattern 0 (C.rPltOl 

Cur ... Pattern 1 (C.rP.ttl 

Cursor Pattern 2 (CsrPlt2l 

Cursor Pattern 3 (CsrPIt3I 

Cursor Pattern 4 (CsrP0t41 

Cursor PItt .. n 5 (CsrP0t51 

Curso, Pattern 1 (CsrPIttII 

Cursor Pattern 7 (CsrPot71 

Cursor PIttern 8 (CsrPIttII 

Curso, Pattern 9 (CsrPlt9) 

Curt« Pattern A (CsrPIltAI 

Cu..." Pattern a (CsrPotBl 

Cursor Pattern C (CsrPotCI 

Cursor PIttern 0 (CsrPotO) 

Cursor PIttern E (C_EI 

Cur ... PIttern F (CsrPatFI 
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4.5 DP Commands, Opcodes, Parameters 

LOAD_REG 
LOAD_ALL 
DUIIt_1t&G 
DUMP_ALL 

0400 
0500 
0600 
0700 

load. addz low, load add: hiqh, req ID 
load. acldJ: low, load aclclr hiqh 
dump .cSdr low, load ac:l4r hiqh, req ID 
dump aCSd.z: low, loacl ack1t' hiqh 

240048-69 

4.6 Strip and Tile Descriptor Formats 

HEADER 

FIRST 
TR.E DESCRPTOR 

SECOND 
TILE DESCRIPTOR 

Strip and Tile Descriptors 

15 14 13 12 11 10 , 8 7 8 5 4 3 2 0 

II NUMBER OF LINES IN STRIP • 1 " 

LINK TO NEXT STRIP DESCRIPTOR (LOWER) 

RESERVED JII LIiIK TO NEXT STIlI' 
DESCRPTOR (UPPER) 

011 RESERvED III NUIIIIER OF TLES 
IN STIIIP· 1 

15 14 13 12 11 10 9 8 7 8 5 4 3 2 0 

II ,BITMAP WIDTH I 
MEMORY START ADORESS (LOWER) 

RESERVED III MEMORY START 
ADORESS (UPPER) 

RESERVED I BPP J It STARTBIT Jll STOPBIT 

II RESERVED I FETCH COUNT 

T B L R 1~ll 
15 14 13 12 11 10 9 8 

II BITMAP WIDTH 

II MEMORY START ADORESS (LOWER) 

II 
RESERVED 

I RESERVED 

I T B L R 

RESERVED 

d BPP 

111 FETCH COUNT 

1811 

5-266 

• • • 

RESERVED IIGJI010 
8 5 4 3 2 o 

J 
III 

MEMORY START 
ADORESS (UPPER) 

JIl STARTBIT Jll STOPBIT J 
J 

RESERVED JI0101El 

.' 
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Field Tile Descriptor Format 
U 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0 

MemaIy Stall Addreu (LoMr) Normal 
I Mom SIIrI Addr (Upper) TIle DescriptIIr 

Reserved Bpp SIIrIBIl SfIlPBit 1 
RcseJved I Fetch Coo .1 - 2 (1iIe widIb ill bytes) 

T B L R I WSt I Reserved I PC I zl F -0 
U 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Reserved Fie1d 
Reserved Tile DecsriptOl' 

I Reserved 
Reserved I Pidd Pixel Count- 1 (1iIe width In pixels) r+ Reserved Reserved 
RcseJved I WSt I Reserved IRcserve4 z I F -I 

U 14 \3 12 11 10 9 8 7 6 5 4 3 2 1 0 
240046-22 

4.7 Example Video Timing Parameters 

The following table of Video Timing Parameters satisfy the requirements of NEC Multisync-compatible monitors. 
These parameters provide the given resolution and refresh rate when using the VCLK frequency indicated in the 
table. 

VCLK (MHz) 25 25 20 20 20 
Xmax 640 512 512 640 640 
Ymax 480 512 512 350 455 
Screen Refresh (Hz) 60 60 60 60 60' 

HSyncStop 75 97 47 89 37 
HFld Start 145 184 94 168 77 
HFldStop 785 696 606 808 717 
Line Len 827 752 633 861 737 
VSyncStop 3 6 2 5 0 
VFld Start 14 26 8 23 3 
VFldStop 494 538 520 373 458 
Frame Len 501 551 524 385 458 
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I 

APPENDIX A 
SOLUTIONS TO EXERCISES 

SOLUTION FOR EXERCISE 1 

; ****************************************************************************** Prop'''' lIUIe: IUIU.ASK 

; Descripticn: Same as IXAKPLEl pro.r.... _cept cursor is turned off. 

; ****************************************************************************** 

5-268 
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SOLUTION FOR EXERCISE 2 

;****************************************************************************** 
Pro8ram name: EXER2.ASH 

Descript.ion: Hodify t.he pro,ram from EXERl. 
Wri te a new GP command list to draw an interestina lmag. as 
shown in accompanyina dooumentation. The drawinl oontains 

; 12 lines and one circle. 

; ****************************************************************************** 

;********** Definition of Graphics Processor Command List: ************ 
8P_li.t1 LABEL word 

dw DEF_BITHAP. BITMAP_O_LO. BITMAP_O_HI. 639 • 380 • 1 
; address 10 , address hi , xmax, ymax, bi ts per pixel 

dw DEF_TEXTURE_OP, OFFFFh 
dw DEF_COLORS, OFFFFh. OOOOOh 
dw DEF_LOGICAL_OP, OFFFFh, 00005h 

solid texture 

replace destination with source 

X equ 10 
Y equ 10 

X-coordinate of start ina location for drawina 
V-coordinate of startina location tor drawing 

dw ABS_HOV, 600,380 
dw LINE, -600, -30 
dw ABS_HOV. 550,380 
dw LINE, -550, -80 
dw ABS_HOV, 500, 380 
dw LINE. -500, -130 
dw ABS_HOV. 450,380 
dw LINE, -450. -180 
dw ABS_HOV. 400, 380 
dw LINE. -400.-230 
dw ABS_HOV. 350,380 
dw LINE, -350,-280 
dw ABS_HOV. 300,380 
dw LINE. -300.-330 
dw ABS_HOV, 250. 380 
dw LINE. -250. -380 
dw ABS_HOV. 200,380 
dw LINE. -150. -380 
dw ABS_HOV. 150.380 
dw LINE. -50. -380 
dw ABS_HOV. 100. 380 
dw LINE, 50, -380 
dw ABS_HOV. 50. 380 
dw LINE. 150,-380 
dw ABS_HOV. 0,380 
dw LINE. 250. -380 
dw ABS_HOV. 200.182 
dw CIRCLE. 50 
dw HALT 
len_iP_li.t.1 LABEL word 
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SOLUTION FOR EXERCISE 3 

. ****************************************************************************** , Program name: EXlR3. ASH 
Description: Modify the program from Exercise 2. Change the bitmap 

from 1 bit per pixel to 4 bits per pixel. 
; Use the DEl_COLORS command to change the color of each line 
; in the drawing. 

; ****************************************************************************** 

;************ Definition of Display Processor Descriptor List: ************ 
dp_descl LABEL word 

Header of DP descriptor: 
dw 380 (number of lines - 1) 
dw DESC PTR LO+20 lower link to next strip descriptor (there is none, 

- - but if one were added, this ill the link) 
dw DESC_PTR~I upper link to next strip descriptor (there is none) 
dw 0 (number of tiles - 1) 

First (and only) Til~ Descriptor 
dw 0320 Bi tmap width· (number of bytes) 
dw OOOOh Bitmap start add ... ss lower 
dw OOOOh Bitmap start address upper 
dw 04FOh 4 bpp, start bit F, stop bit 0 
dw 0318 Fetch count = (number of bytes - 2) 
dw OFOOOh ; All 4 borders on, window status=O, PC lIode off, field oft 

end_dp_desc1 LABEL word ; *********** End of DP desoriptor list. ********* 
i********** Definition of Graphics Processor Command List; ************ 
gp_list1 LABEL word 

dw DEF_BITMAP, BITMAP_O_LO, BITMAP_O_HI, 639 , 380 , 4 
address 10 J address hi , xmax, "max. bits per pixel 

dw DEF_TEXTURE_OP, OFFFFh solid texture 
dw DEF_COLORS, OFFFFh, 0 
dw DEF_LOGICAL_OP. OFFFFh. 00005h replace destination with source 

X equ 10 
Y equ 10 

X-coordinate of starting location tor drawing 
Y-ooordinate of start ins location for drawin, 

dw ABS_HOV. 600.380 
dw LINE, -600, -30 
dw ABS_HOV, 550,380 
dw DEl_COLORS, 1110111011101110b, 0 forearound color is 1110 (binary); must 

be repeated to fill the entire word. dw LINE. -550. -80 
dw ABS_HOV. 500. 380 
dw DEF_COLORS. 1101110111010010b. 0 foreground color is 1101 (binary) . dw LINE. -500. -130 
dw ABS_MOV, 450,380 
dw DEF_COLORS, 1100110011001100b, 0 foreground color is 1100 (binary) . dw LINE, -450, -180 
dw ABS_HOV. 400,380 
dw DEF_COLORS, 1011101110111011b. 0 foreground color is 1011 (binary) . dw LINE, -400. -230 
dw ABS_HOV, 350.380 
dw DEF_COLORS, 1010101010101010b, 0 foreground color is 1010 (binary) . dw LINE, -360,-280 
dw ABS_HOV. 300,380 
dw DEF _COLORS, 1001100110011001b. 0 foreground color is 1001 (binary) . dw LINE. -300. -330 
dw ABSJIOV, 250,380 
dw DEF_COLORS, 1000100010001000b, 0 foreground color is 1000 (binary) . dw LINE, -250, -380 
d" ABS_HOV. 200.380 
dw DEF_COLORS, 0111011101110111b. 0 foreground color i. 0111 (binary) . 
d" LINE. -150. -380 
dw ABS_HOV. 150.380 
dw DEF_COLORS, 0110011001100110b, 0 foreground color i. 0110 (binary) . dw LINE, -50, -380 
dw ABS_HOV, 100.380 
dw DEF_COLORS, 0101010101010101b. 0 foreground color i. 0101 (binary) . dw LINE. 50, -380 
d" ABB_HOV, 50.380 
dw DEl_COLORS, 0100010001000100b, 0 fore.round color is 0100 (binary) . dw LINE, 150.-380 
dw ABS~HOV, 0,380 
dw DEF_COLORS, 0011001100110011b. 0 foreground color is 0011 (binary) . dw LINE, 250, -380 
dw ABS_HOV. 200, 182 
dw DEF_COLORS, 0010001000100010b, 0 foregr"und color is 0010 (binary) . dw CIRCLE, 50 
dw HALT 
len_lP_listl LABEL word 
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; *************** Clear Pa .. e 0 ot Graphics memory (84K byt.es): **************. 
mov ax. SEG_GR_HlH Graphics memory space is in t.he • A' sepent. 
mov ds.ax 

mov ax,O 
mov dx.PAGE_PORT 
out. dx. ax Select. pa .. e 0 of .. raphics memory 

mov bx,O 
mov cx.32787 
moy ai,O 
CLEARJIEHORY: 

mov [a1J, bx 
add si.2 
loop CLEAR_HlHORY 

32767 words of memory t.o be cleared = 64K bytes 

Clear pa .. e 0 ot .. raphics memory (to be 
used as a bitmap for drawinc commands.) 

; *************** Clear Pale of Graphics memory (84K bytes): 
mov aX,l **************" 
mov dx.PAGE_PORT 
out. dx. ax Select pa .. e 1 ot lraphics memory 

mov bx,O 
mov ex.32787 
mov ai,O 
CLEAR_PAGEl: 

mov [d], bx 
add si.2 
loop CLEAR_PAGEl 

32787 words of memory to be cleared = 84K byt.es 

Clear pale 1 of ,raphics memory (t.c be 
used as a bitmap) 
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SOLUTION FOR EXERCISE 4 

j ****************************************************************************** froarall name: EXER4.ASM 

Description: Modify the proaram frOll Exercise 3. Modify the DP descriptor 
list for 2 windows, not overlappina, as' shown in the 
acoolIPaDyina documentation. The left window should contain 
the 4 BPP multi-colored ll1aae drawn in EXERCISE 3. 
The riaht window should contain the 1 BPP imaae drawn in the 

; EXAMPLEl proaram (the Intel loao). 

; *******************************************************,*********************~* 

; ************ DeUni tion of Display Processor Descriptor List: 
dp_descl LABEL word 

Header of Df descriptor: 
dw 380 (number of lines -' l) 

************ 

dw DESC_PTlLLO+20 lower link to next strip descriptor (there is 
but if one were added, this is the link) 

none. 

dw DESC...PTR..HI 
dw 1 ; 

First Tile Descriptor: 

upper link to next strip desc'riptor (there' is 
(number of tUes - 1) 

none) 

dw 0320 Bitmap width (number of bytes) 
dw 7720h Bitmap start address lower 
dw OOOOh Bitmap start addre.s upper 
dw 04FOh 4 bpp, start bit r, stop bit 0 
dw 0158 retch count = (number of bytes - 2) 
dw OlOOOh ; All 4 borders on, window status=O, PC mode 

Second Tile Descriptor: 
dw 0080 Bitmap width (number of bytes) 
dw OOOOh Bitmap start address lower 
dw OOOOh Bitmap .tart address upper 
dw OlrOh 1 bpp, start bit r, stop bit 0 
d. 0038 F.tcb count = (number of bytes - 2) 
dw OlOOOh . All 4 borders on,window status=O,PC mode 

end..dp_descl LABEL word ; *********** End of Df descriptor list. 
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;********** Definition of Graphics Processor Co .... and List: ************ lIP_listl LABEL word 

dw DEFJlITHAP, BITMAP_O_La, BITMAP_O_HI, 839 , 380 , 1 
addresa 10 , address hi , ,....x, ",ax, bits per pixel 

dw DEI'_TlXTtJRJLOP, OrrrFh solid texture 
dw DBF_COLORS, OFFFFh, OOOOOh 
d" DEF_LOGICAL_OP, OrrrFh, 00005h. replace destination with source 

X equ 10 
Y equ 10 . 

; X-coordinate of startin. location for drawin. 
; V-coordinate of startin. location for drswin. 

j ************************* Draw Intel 108'0: ************************ 
d" ABSJlOV, X, Y ; Hove to be.innin. pOsition for dra"in •. 
dw LINE, 35, 0 ; Dot the "i" 
d" LINE, 0, 35 

i ***************** Draw f1sure from EXER3 pro"ram: *********************** dw DEF_BITHAP, 7720h, 0, 839 , 380 , 4 
address 10 I address hi I xmax I ymax I bits per pixel 

dw ABS_HOV, 800,380 
dw LINE, -600, -30 
dw ABSJIOV, 550, 380 
dw DEF_COLaRS, 1110111011101110b, 0 fore.round color is 1110 (binary,); Ilust 

dw LINE, -550, -80 
be repeated to fill the entire word. 
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;*************** Clear Page a of Graphios memory (64K bytes): **************~ 
mov ax, SEG_GR_HEM Graphios memory space 1s 1n the 'A' segment 
mov ds,ax 

movax,O 
mov dx,PAGE_PORT 
out dx, ax Seleot page a of graphios memory 

mov bx,O 
mov ox,32767 
mov s1,0 
CLEAR_MEMORY: 

mov [51], bx 
add s1,2 
loop CLE~_MEMORY 

32767 words of memory t.o be cleared = 64K byt.es 

Clear page 0 of graphics memory (t.o be 
used as a bitmap for drawina commands. ) 

i*************** Clear Pase of Graphios memory (64K bytes): 
movax,l **************, 
mov dX,PAGE_PORT 
out dx, ax Select page 1 of graphics memory 

mov bx,O 
mav cx,32767 
mov si,O 
CLEAR_PAGEl: 

mov [.i], bx 
add sl, 2 
loop CLEAR_PAGEl 

32767 words of "'emory to be cleared = 64K bytes 

Clear page 1 of ,raphics memory (to be 
used as a bitmap) 

; *************** Clear Page 2 of Graphics memory (64K bytes): 
movax,2 **************) 
mov dx,PAGE_PORT 
out dx, ax Select page 1 of graphics memory 

mov bx,O 
mov cx,32767 
mov si,O 
CLEAR_PAGE2 : 

mov [si],bx 
add 5i,2 
loop CLEAR_PAGE2 

32767 words of memory to be cleared = 64K bytes 

Clear page 1 of graphics memory (to be 
used as a bitmap) 
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SOLUTION FOR EXERCISE 5 

****************************************************************************** Program name: EXlR5. ASH 
Description: Same as EXERCISE 4 but the 2 windows are overlapping. 

****************************************************************************** 

; ************ Defini tion 
dp_d.sc1 LABEL word 

ot Display Processor Descriptor List: ************ 
Reader ot rirst Strip 

dw 99 ; 
dw DESC_PTR_LO+20 ; 
dw DESC_PTR...RI 
dw 0 ; 

First Tile Descriptor 
dw 0080 
dw OOOOh 
dw OOOOh 
dw 01FOh 
dw 0078 
dw OBOOOh 

Header ot Second Strip 
dw 280 
dw DESC_P~LO+52 

dw DESCJ'TR_RI 
dw 1 

First Tile Descriptor 
dw 0080 
dw 8000 
dw 0000 
dw 01FOh 
dw 0040 
dw 07000h 

descriptor: 
(number ot lines - 1) 
lower link to next strip descriptor 
upper link to next strip deSCriptor (there is none) 
(number ot tiles - 1), 

ot first strip: 
Bitmsp width (number ot bytes) 
B1 tmap start address lower 
Bi tmap start address upper 
1 bpp, start bit F, stop bit 0 
Fetch count = (number of bytes - 2) 
Bottom border off, window stat=O, PC mode oft, tield off 

descriptor: 
(number of lines - 1) 
lower link to next strip descriptor (there is none, 

but it one were added, this is the link) 
upper link to next strip descriptor (there is none) 
(number ot tiles - 1) 

of Second Strip: 
Bitmap width (nUllber ot bytes) 
Bitmap start sddress lower 
Bitmap start address upper 
1 bpp, start bit F, stop bit 0 
Fetch count = (number of bytes - 2) 
Top border off, window stat=O, PC mode off,field off 

Second Tile Descriptor ot Second Strip: 
dw 0320 Bitmap width (number' of bytes) 
dw 7720h Bitmap start address lower 
dw OOOOh Bitmap start address upper 
dw 04FOh 4 bpp, start bit F, stop bit 0 
dw 0150 Fetch ccunt = (number of bytes - 2) 
dw OFOOOh ; All 4 borders on, window status=O, PC mode off, field off 

end_dp_desc1 LABEL word ; *********** End ot DP descriptor list. ********* 
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