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UNIVERSAL PERIPHERAL INTERFACE": fi"’
8-BIT MICROCOMPUTER
= 8-Bit CPU plus ROM, RAM, /O, Timer a Fully Compatible with MCS-48™,

and Clock in a Single Package MCS-80™, MCS-85™, and MCS-86™
Microprocessor Families

a One 8-Bit Status and Two Data Regis-
ters for Asynchronous Slave-to-Master
Interface = Expandable 1/0

s DMA, Interrupt, or Polled Operation
Supported

m 1024 x 8 ROM/EPROM, 64 x 8 RAM,
8-Bit Timer/Counter, 18 Programmable
/0 Pins m Single 5V Supply

a ROM Power-Down Capability

The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to
function as a peripheral controller i in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems.

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the
program memory is available ay ROM in the 8041A version or as UV-erasable EPROM in the 8741A version. The 8741A
and the 8041A are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in-
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has
16 1/O lines. An 8-bit programmable timer/counter is included in the UP! device for generating timing sequences or
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A),
single-step mode for debug (in the 8741A), and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSl inter-
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key-
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral
devices to microprocessor systems.
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8041A/8741A

FEATURES AND ENHANCEMENTS

UPI-41

1. Single Data Bus Buffer

Do- DATA
o BUS
b7 BUFFER

(5]

—

2. 4 Bits of Status

T T T
UNDEFINED | Fy
1

[ Lo [o)

Dy Dg Dg Dy . Dy

3. RD and WR are level triggered. IBF, OBF, F; and INT

D Dy Do

change internally when RD or WR are low.

FLAGS AFFECTED

mam \ [

/o

4. Py4 and Pyg are port pins only.

1. Two Data Bus Buffers one for input and one fof‘c fé(y '
put. -This aHows a much cleaner Master/Slave pro
tocol.

INTERNAL
DATA BUS
MAN)

INPUT
DATA

. BUS » :
BUFFER
® I
Do-D7 {
OUTPUT
) DATA
. BUS

2. 8 Bits of Status’

| sr,T STg sts,l STy | Fy L‘F,,,| 1BF l anl i
D; Dg Ds. Dy

D3 Dy Dy ' Dg

ST,4-ST; are user definable status bits. These bits are
defined by the “MOV STS, A” single byte, single
cycle instruction. Bits 4-7 of the accumulator are
moved to bits 4-7 of the status register. Bits 0-3 of
the status register are not affected.

MOV STS, A Op Code: 90H

DLl e T

D7

3. RD and WR are edge triggered. IBF, OBF, Fqand INT
change internally after the trailing edge of RD or WR.

C FLAGS AFFECTED
RD or WR \ 52‘

4. P,y and Pyg are port pins or Buffer Flag pins which
can be used to interrupt a master processor. These
pins default to port pins on Reset.

If the “EN FLAGS” instruction has been executed,
P,4 becomes the OBF (Output Buffer Full) pin. A “1”
written to P,4 enables the OBF pin (the pin outputs
the OBF Status Bit). A “0” written to P,, disables the
OBF pin (the pin remains low). This pin can be used
to indicate that valid data is available from the UPI-
41A (in Output Data Bus Buffer).

.1.2,
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Y

UPL41 uPLatA%
i, :"x}q WY i
If “EN FLAGS" has been executeﬁ'ﬂﬁ%@g%%g%gﬁ th
iBF (Input Buffer Full) pin. A *“1” wrig’é'wggo “R
enables the IBF pin (the pin outputs the inv@ﬁ"sg’&gé _
IBF Status Bit). A “0" written to P,5 disables tﬁ’ézl,BF 8,
pin (the pin remains low). This pin can be used to indi- e
cate that the UPI-41 is ready for data.

[ ) P24 |—- OBF INTERRUPT REQUEST)
[ ) P25 |~ IBF (INTERRUPT REQUEST)
1BF ©

DATA BUS BUFFER INTERRUPT CAPABILITY

EN FLAGS Op Code: 0F5H

EEENERENEN ERER RN

D7 Do

5. Pyg and Py, are port pins only. 5. Pyg and P,; are port pins or DMA handshake pins for
use with a DMA controller. These pins default to port
pins on Reset. :

If the “EN DMA” instruction has been executed, Pyg
becomes the DRQ (DMA ReQuest) pin. A “1” written
to Pyg causes a DMA request (DRQ is activated). DRQ
is deactivated by DACK-RD, DACK-WR, or execution
of the “EN DMA” instruction.

If “EN DMA” has been executed, Po; becomes the
DACK (DMA ACKnowledge) pin. This pin acts as a
chip select input for the Data Bus Buffer registers
during DMA transfers.

DRQ| P26 DRGN
8041A/ . :

82!
8741A 57

DACK] P27 fo~————0f DACK

DMA HANDSHAKE CAPABILITY

EN DMA Op Code: 0ESH

C L o oL o]

D, ; Do
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8041A/8741A

PIN DESCRIPTION

%
UPI INSTRUCTION SET «%% s 5,

By,
Mnemonic Description %7 5 ,p
. » ) . * ACCUMULATOR
Signal  Description ADD A Rr Add register to A e
L . ~ ADD A,@Rr Add data memory to A 1
Dqo-D; ‘Three -state, bidirectional DATA BUS BUFFER lines ADD A#data Add immediate to A 2 ‘ﬁ%
. used to interface the UPI-41A to an 8-bit master ADDC ARr Add immed. to A with carry 1 ;
system data bus. ™ ADDC A@Rr  Add immed. to A with carry 1 1
Pio-Py; 8bit, PORT 1 quasi-bidirectional I/O lines. ADDC A #data Add immed. to A with carry 2 2
ANL A Rr AND register to A 1 1
Py-P2;  8bit, PORT 2 quasi-bidirectional I/O lines. The lower ANL A,@Rr AND data memory to A 1 1
4 bits (Pyo-P,3) interface directly to the 8243 I/O ex- ANL A#data  AND immediate to A 2 2
pander device and contain address and data infor- ORL A.Rr OR register to A 1 1
mation during PORT 4-7 access. The upper 4 bits ORL A.@Rr OR data memory to A 1 1
(Py4-Py7) can be programmed to provide Interrupt ORL A.#data OR immediate to A 2 2
Request and DMA Handshake capability. Software XRL A.Rr Exclusive OR register to A 1 1
control can configure P,, as OBF (Output Butter XRL A @Rr  Exclusive OR data memory to A 1 1
Full), Py as [BF (Input Buffer Full, Py as DRQ XAL Afdata  Exclusive OR immediate to A 2 2
(DMA Request), and P,;.as DACK (DMA INC A Increment A 1 1
ACKnowledge). DEC A Decrement A 1 1
WR 1/0 write input which ‘enables the master CPU to CLR A Clear A ! 1
write data and command words to the UPI-41A IN- g;LAA gon}plelrnAegﬁ At A : }
PUT DATA BUS BUFFER. ecimal Adjus
— SWAP A Swap digits of A 1 1
RD /0 read input which enables the master CPU to AL A Rotate A left 1 1
read data and status words .from the OUTPUT DATA RLC A Rotate A left through carry 1 1
BUS BUFFER or status register. RR A Rotate A right 1 1
cs Chip select input used to select one UPI-41A out of RRC A Rotate A right through carry 1 1
several connected to a.common data bus.
Ao - Address input used by the master processor to in- INPUT/QUTPUT
dicate whether byte transfer is data or command. IN APp Input port to A 1 2
- ; ) . o . OUTL Pp.A Output A to port 1 2
To Ty Input pins which can be dnfectly tested using condi- ANL Pp #data  AND immediate to port 2 2
tional branch instructions. ORL Pp.#data  OR immediate to port 2 2
T, also functions as the event timer input (under loN Aggg Input DBB tng,Bclear IBF 1 !
software control). Ty is used during PROM program- M%IID A PAp ﬁ\l:)tStUtE:p;%der ;‘);rettth{ ]' ;
mi d verification in the 8741A. '
ing and verification in MOVD Pp.A Output A to Expander port 1 2
Xy, X2 Inputs for a crystal, LC or an external timing signal ANLD Pp.A AND A to Expander port 1 2
to determine the internal oscillator frequency. ORLD Pp.A OR A to Expander port 1 2
SYNC . Output signal which occurs once per UPI-41A in--
struction cycle. SYNC can be used as a strobe for
external circuitry; it is also used to synchronize OATA MOVES
single step operation. MOV A Rr Move register to A 1 1
. . . . MOV A @Rr Move data memory to A 1 1
EA External access input which allows emulation, MOV A#data  Move immediate to A 2 2
testing and PROM/ROM verification. MOV Rr A Move A to register 1 1
PROG  Multifunction pin used as the program pulse input mgx SRJ&At move Ato ‘?ﬁ“t‘ rft'emoryt ; ;
during PROM programming. r.#data ove Immeadiate to register
. MOV @Rr #data Move immediate to data memory 2 2
During I/O expander access the PROG pin acts as MOV A.PSW Move PSW to A 1 1
an address/data strobe to the 8243. MOV PSW.A Move A to PSW 1 1
RESET  Input used to reset status flip-flops and to set the XCH A Rr Exchange A and register 1 1
program counter to zero. XCH A,@Rr Exchange A and data memory 1 1
R . ) XCHD A,@Rr  Exchange digit of A and register 1 1
RE§§T is also used during PROM programming and MOVP A @A Move to A from current page 1 2
verification. ) MOVP3, A@A Move to A from page 3 1 2
sS Single step input used in the 8741A in conjunction
with the SYNC output to step the program through
each instruction. TIMER/COUNTER
) MOV AT Read Timer/Counter 1 1
Vee +5V power supply pin. MOV T,A Load Timer/Counter 1 1
Voo +5V during normal operation. Programming supply STRTT Start Timer 1 1
pin during PROM programming. Low power standby STRT CNT Start Counter 1 1
pin in ROM version. STOP TCNT Stop Timer/Counter 1 1
o ) EN TCNTI Enable Timer/Counter Interrupt 1 1
Vss Circuit ground potential. DIS TCNTI Disable Timer/Counter Interrupt =~ 1 1
1-4 00188A




8041A/8741A

K’
Mnemonic Description Bytes Cycles Mnemonic Ducrlmb;,p‘:"% N
- Y
CONTROL CLRF1 Clear F1 Flag T
EN DMA - Enable DMA Handshake Lines 1 1 CPLF1{ Complement F1 Flag
ENI : Enable IBF Interrupt 1 1 MOV STS, A A4-A7 to Bits 4-7 of Status
Dis| Disable IBF Interrupt 1 1
EN FLAGS Enable Master Interrupts 1 1
SEL RBO Select register bank 0 1 1 BRANCH
2%';“81 ff"g:t reg‘llster bank 1 : : JMP addr Jump unconditional 2 2
0 Operation JMPP @A Jump indirect 1 2
REGISTERS DJNZ R,addr Decrement register and skip 2 2.
INC Rr Increment register 1 1 JC addr dump on Carry = 1. 2 2
INC @Rr Increment data memory } 1 1 JNC addr Jump on Carry=0 2 2
DEC Rr Decrement register 1 1 JZ addr Jump on A Zero 2 2
JNZ addr Jump on A not Zero 2 2
SUBROUTINE JTO addr Jump on TO=1 2 2
CALL addr Jump to subroutine 2 2 JNTO addr JumponT0O=0 2 2
RET Return 1 2 JT1 addr JumponTi=1 2 2
RETR Return and restore status 1 2 JNT1 addr Jump on T1=0 2 2
JFO addr Jump on FO Flag=1 2 2
FLAGS JF1 addr Jump on F1 Flag=1 2 2
CLRC Clear Carry 1 1 JTF addr Jump on Timer Flag= 1, Clear Flag . 2 2
CPLC Complement Carry 1 1 JNIBF addr Jump on IBF Flag=0 2 2
CLR FO Clear Flag 0 1 1 JOBF addr Jump on OBF Flag=1 2 2
CPL FO Complement Flag 0 1 1 JBb addr Jump on Accumulator Bit 2 2
DATA I 75 "D
] .
8085A 12 — __ “
2 T0 WR WR
= PERIPHERAL | 8048 Frokpe PERIPHERAL
—\NICs
ADDR < DEVICES PORT CONTROL - 2,) gos 1o | DEVICES
CONTROL \
BUS < DATA BUS 8 )|pgB T4
4 S e—
Figure 1. 8085A-8041A Interface Figure 2. 8048-8041A Interface
DOT MATRIX PRINTER
Pal ] con
o < Z PRINT _L.F. HOLD SOLENOIDS
PsiC —a . T
8243 S KEYBOARD Lgér
EXPANDER <:IE MATRIX - 3
© o| | E
T ‘£l & 8
i <I S 8 ROWS MOTOR o & & SOLENOID
o E 5 DRIVERS = of & DRIVERS
x w
4 £l | 9 & Z| 5 «
ol | 9 4 8 I w £
3 .[7ORS8
PORT2 PROG W PORT 1
PORT 2 PORT 2 PORT 1/PORT 2 -
: 8041A/8741A :
} - 8041A/8741A
DBB : "CONTROL DBB CONTROL
S DATA BUS g ¢ SATABUS 1 r
' | [ T
q CONTROL BUS . S ¢ CONTROL BUS - i
Figure 3. 8041A-8243 Keyboad Scanner Figure 4. 8041A Matrix Printer Interface
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8041A/8741A

ABso LUTE MAXIMUM RATINGS* *COMMENT: Stresses above those ﬁélé’dxynde’g

Ratings"” may cause permanent damage %) Ihe;dev‘ ice, Th

. . rating only and functional operation of the d'ev: € hesé ar any:

Ambient Temperature UnderBias .. ....... 0°Cto70°C conditions above those indicated in the opera?t?:r?ar sectlo%?ﬁ%

Storage Temperature ............. —-65°Cto +150°C specification is not implied. Exposure to absolute m'a?iamu ~

Voltage on Any Pin With Respect ditions for extended periods may affect device reliability” A
toGround .............. il 0.5Vto +7V

Power Dissipation ....... e 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS
Ta=0°C t0 70°C, Vgg =0V, 8041A: Vo= +5V +10%, 8741A: Veo= +5V 5%

Symbol - Parameter Min. | Max. | Unit Test Conditions
Vi " Input Low Voltage (All Except X;, X5) -0.5 0.8 \

Vim Input High Voltage (All Except X1, X5, RESET) 2.2 Vee

Vin2 Input High Voltage (X, X,, RESET) 3.0 Vee v

Vou1 Output Low Voltage (D>-D7, Sync) 0.45 \ lo,=2.0 mA

Vorz Output Low Voltage (All Other Outputs Except Prog) 0.45 \" loL=1.6 mA

Vous Output Low Voltage (Pfog) 0.45 v lo=1.0 mA

Vou1 Output High Voltage (Dy-D7) 2.4 v lon=-—400 LA
VoH2 Output High Voltage (All Other Outputs) 24 v loy= —50 uA

e Input Leakage Current (T, Ty, RD, WR, CS, A, EA) +10 | pA | Vgs<V|N<Vic

loz Output Leakage Current (Dy-D7, High Z State) +10 uA Vgs+0.45<V y<Ve
T} Low Input Load Current (P1gP17, P2oP27 0.5 mA V)L=0.8V

Iz Low Input Load Current (RESET, SS) 02 | mA | v, =08V

Ipp Vpp Supply Current ) : 1.5 mA

lcc+lpp | Total Supply Current | 125 | mA .

A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vgg =0V, 8041A: Vgg=Vpp= +5V = 10%, 8741A: Vo= Vpp= +5V +5%

DBB READ
Symbol - Parameter Min. Max. | Unit Test Conditions
tar CS, A, Setup to RDV 0 ns
tra CS, Ap Hold After RD* 0 ns
trR RD Pulse Width 250 ns tey=25 us
tap | €S, Ag to Data Out Delay 225 ns | C_=150pF
tro RD¢ to Data Out Delay 225 ns | C_=150 pF
troF " RDt to Data Float Delay - : 100 ns
trv Recovery Time Between Reads And/Or Write 300 - ns
tey Cycle Time 25 15 us
DBB WRITE
Symbol Parameter : Min. Max. | Unit Test Conditions
taw CS, Ap Setup to WRY ‘ o | ‘ns '
twa CS, Ap Hold After WR? 0 ns
tww WR Pulse Width 250 ns
tow Data Setup to WR? 150 ns
twp Data Hold Aftert WR? ' 0 ) ns

1-6 00188A



8041A/8741A

A.C. CHARACTERISTICS—PORT 2
Ta=0°C to 70°C, 8041A: Vo= +5V +10%, 8741A: Veo= +5V 5%

Symbol Parameter Min. Max. | Unit
tep Port Control Setup Before Falling Edge of PROG 110 ns
tpg Port Control Hold After Falling Edge of PROG 140 ns
tpp Output Data Setup Time 220 ns
tpr Input Data Hold Time 110 ns
tpp PROG Pulse Width 1400 ns
tps Input Data Setup Time 700 ns
WAVEFORMS—PORT 2

EXPANDER
PORT

) G PCH X PORT 2.3 nAu)Z
INPUT
—

syne —/ \ / \

h

|+———1pp ———

EXPANDER f
PORT PCH X PORT 293 DATA X PORT CONTROL >§
OouTPUT K K

OUTPUT DATA

tpg —= —

Nid

"
I
PORT CONTROL x

e

© INPUT
DATA

~——tpC——|

t
DF

PROG ]l

A.C. CHARACTERISTICS—DMA
Ta=0°C to 70°C, Voc=5V =10%

Symbol Parameter Min. Max. | Unit Test Conditions

tacc DAC to WR or RD ] ns

tcac RD or WR to DACK 0 ns

taco DACK to Data Valid 225 ns C =150 pF

tcra RD or WR to DRQ Cleared 200 ns
WAVEFORMS—DMA

[_'__
N

m—\\—]f_——'\

—|{taccl|~— —=|tcAc]

—

—=|tacc|~— ~—={tcac

X X

DATA BUS
VALID x
~—tACD—>

DRQ

—=[{icRQl+—

—_— lcnj._._

Ananna



8041A/8741A

A.C. TEST CONDITIONS
D7-Dg Outputs R = 2.2k to Vgs
~ 4.3k to Vcc
‘ C_ =100 pF

WAVEFORMS

1. READ OPERATION—DATA BUS BUFFER REGISTER.

o . (SYSTEM'S
CSOR Ao ADDRESS BUS)

-— taR

RV

[ In—xm—.

RD . \ B \ (READ CONTROL)
-~—— tDF —>

| —tap ——

tao

DATA BUS
{OUTPUT) \ DATA VALID

2. WRITE OPERATION—DATA BUS BUFFER REGISTER.

B ) (SYSTEM'S
(‘.'SOF? Ag X . © ADDRESS BUS)

T |<— twa —

(WRITE CONTROL)

ow ~—|two
DATA BUS DATA DATA
(NPUT) MAY CHANGE X DATAVALID X MAY CHANGE

00188A



8041A/8741A

PROGRAMMING, VERIFYING, AND
ERASING THE 874l1A EPROM

Programming/Verification

In brief, the programming process consists of: activat-
ing the program mode, applying an address, latching the
address, applying data, and applying a programming
pulse. Each word is programmed completely before
moving on to the next and is followed by a verification
step. The following is a list of the pins used for program-
ming and a description of their functions:

Pin Function
XTAL1 | Clock input (1 to 6 MHz)
RESET | Initialization and address latching
TEST O | Selection of program or verify mode
EA Activation of program/verify modes
BUS ‘Address and data input data output during
verify
P20-1 Address input
Vop Programming power supply
PROG Program pulse input

? xé
1. Vpp = 5V, clock apphed or,,, ;\terna
operating, RESET = 0V, TEST 0%&. SVH
BUS and PROG floating.

. Insert 8741A in programming socket. %;Qj
. TEST 0 = 0V (select program mode).
. EA = 25V (activate program mode).
. Address applied to BUS and P20-1.

. RESET = 5V (latch address).

. Data applied to BUS.

. Vp = 25V (programming power).

. PROG = 0V followed by one 50 ms pulse to 25V.'
. Vpp = 5V.

. TEST 0 = 5V (verify mode).

. Read and verify data on BUS.

. TESTO = OV.

. RESET = 0V and repeat from step 5.

. Programmer should be at conditions of step 1 when
8741A is removed from socket.

© 0O N O O s WN

_ A 4 A
S WO N 2 O
It

-
(3]

Programming Options

The 8741A EPROM can be programmed by either of two
Intel products:

1. PROMPT-48 Microcomputer Design Aid.

2. Universal PROM Programmer (UPP-101 or UPP-102)
Peripheral of the Intellec® Development System with
a UPP-848 Personality Card.

+5V

RESET
0

+5V
TESTO |

BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME —-——*l

—

]

+25V

EA

+5V

BUS ——————-——(

ADDRESS Ag-Ay

X DATA DATA OUT

P20-21

=<

ADDRESS Ag-Ag

g

+25V
Voo

+5V

PROG +6V e

+0V

B e I

WARNING: An attempt to program a missocketed 8741A will result in severe damage to the part. An indication of a properly socketed part is the
appearance of the SYNC output. The lack of this clock may be used to disable the programmer.

Figure 5. Programming/Verification Sequence

00188A



8041A/8741A

8741A Erasure Characteristics

The erasure characteristics of the 8741A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately - 4000 Ang-
stroms (A). it should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-40004 range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8741A in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741A is to be exposed to these
types of lighting conditions for extended periods of
time, opaque labels are available from Intel which

A.C. TIMING SPECIFICATION FOR PROGRA
Ta = 25°C £5°C, Vog = 5V £5%, Vpp = 25V =1V

i
should be placed over the 8741A.

prevent
unintentional erasure. ;

g7
The recommended erasure procedure fg’f’mf'&'@g,
exposure to shortwave ultraviolet light whi@ft‘;ﬁ‘ 5,2
wavelength of 2537A. The integrated dose (i.e., UV ifitep”” s,
sity x exposure time) for erasure should be a minimunmy %
of 15 w-sec/cm?. The erasure time with this dosage is-
approximately 15 to 20 minutes using an ultraviolet
lamp. with a 12,000 uW/cm? power rating. The 8741A
should be placed within one inch of the lamp tubes dur-
ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

MMING

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4tcy
twa Address Hold Time After RESET ! 4icy
tow Data in Setup Time to PROG 1 4icy
twp Data in Hold Time After PROG | 4icy
tPH RESET Hold Time to Verify 4tcy
tvDow Vob 4icy
tvDDH Vpp Hold Time After PROG | 0
tpw Program Pulse Width 50 60 -MS’
trw Test 0 Setup Time for Program Mode 41cy )
twrt Test 0 Hold Time After Program Mode 4icy
too Test 0 to Data Out Delay 4icy
tww RESET Pulse Width to Latch Address 4tcy
tr, t Voo and PROG Rise and Fall Times 0.5 . 2.0 us
tcy CPU Operation Cycle Time 5.0 us
tRE RESET Setup Time Before EA t 4tcy
Note: If TEST 0 is high, tpg can be triggered by RESET 1.
D.C. SPECIFICATION FOR PROGRAMMING
Ta = 25°C £5°C, Voo = 5V 5%, VDD. = 25V =1V
Symbol Parameter Min. Max. Unit Test Conditions
VDOH Voo Program Voltage High Level 24.0 26.0 v ]
VobL Vpp Voltage Low Level 4.75 5.25 v
VPH PROG Program Voltage. High Level 215 245 v
VeL PROG Voltage Low Level ' 0.2 v
VEAH EA Program or Verify Volitage High Level 21.5 245 v
VEAL EA Voltage Low Level 5.25 Vv
lop Voo High Voltage Supply Current 30.0 mA
IPROG PROG High Voltage Supply Current .. 16.0 mA
lea EA High Voltage Supply Current 1.0 mA

1-10
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8041A/8741A .

WAVEFORMS
Combination Program/Verify Mode (EPROMs Only)

PROGRAM VERIFY i PROGRAM

X / \
-\ I a

<—> twa [ !oo

__ ADDRESS DATA TO DATA NEXT ADDR
DBo-08; (0-7) VALID PROGRAMMED VALID - VALID VALID
LAST NEXT
Po-P1 ADDRESS X ADDRESS (8-9) VALID f ADDRESS

tvoow —-1 [ — tvDDH

T ——|
+25
Voo . . : *

+5

tow two
+23 -
PROG
+5 ————

0 N~ P T —

Verify Mode (ROM/EPROM)

VERIFY MODE (ROM/EPROM)

DBo-087 —_— ADDRESS DATA OUT —_ NEXT NEXT DATA -
(0-7) VALID - VALID ADDRESS OUT VALID - T ==
P20-Pq X ADDRESS (8-9) VALID X NEXT ADDRESS VALID

1-11 00188A
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8202
DYNAMIC RAM CONTROLLER

m Provides All Signals Necessary to- ®m Provides Trahsparent Refresh Capability
Control 2104A, 2117, or 2118 Dynamlc ' .
Memories ® Fully Compatible with Intel® 8080A,

m Directly Addresses and Dnves Up to 8085A and 8086 Microprocessors

128K Bytes Without External Drivers

m Provides Address Multlplexmg
and Strobes

m Provides a Refresh Timer and a
Refresh Counter

B Refresh Cycles May be Internally or ‘ . _
Externally Requested - = Internal or External Clock Capability

@ Decodes 8085A Status for Advanced
Read Capability

m Provides System Acknowledge and
Trgnsfer Acknowledge Signals

The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2117, or 2118
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as
refresh/access arbitration. Refresh cycles can be started internally or externally.

PIN CONFIGURATION 8202 BLOCK DIAGRAM

Algg
: ALg/OP,
AHgq [ 1 ~ a0 vee o
AHz [] 2 39 [ AHg Atog > MULTIPLEXER OUTog
AHz []3 38 ] AHg
AHy [] 4 37 [ X4/CLK REFRESH |——N
COUNTER t—— /
4Hg [ 5 36 ] Xp/OP2
ALg []6 35 [ TNK T
oUTo 7 gy #P REFRQ/ALE I
ALy 8 33| s _
J— __ Bo —> WE
outy ]9 32|} RDISY "
ALz [] 10 31 ] WR B1/0Pq — CAS
ouT, [ 11 30 [ SACK RD/S1 —] —> RAS
FEER TR TIMING —
ALz [ 12 29 7] XACK |gvc_b;——-’ ARBITER D . RAS;
- OUT: 13 28] WE e CONTROL AAS.
s - _ . REFRQ/ALE —> T —> RAS;
ALg []1a 27[] CAS . v
ouT, [ 15 267 RAS; T 1 ‘ 3
—» XACK
ALs [] 16 25[] B4/OPy REFRESH : : YT
outs [ 17 2a{7] By TIMER : SACK
ALg/OP3 [] 18 23[] RASy )
ouTg [ 19 22|11 RAS,
vss [} 20 21[] RASy Xg/0R, — |

XlelK .1 OSCILLATOR

TNK ———————————————]

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1-12 00203A




8202

PIN DESCRIPTIONS

Pin Name # 1/0 Pin Description
Alo 6 | Low-Order Address. These Address
AL1 8 | inputs are used to generate the Row
AlL2 10 | Address for the Muitiplexer. If the
AL3 12 | ALe/OP3 input is pulled to +12V
AlLa 14 | through a 5K resistor, the 8202
Als 16 I configures itself for 4K RAMs. If
ALs/OP3 18 | ALe/OP3 is driven with TTL levels,
' the 8202 configures itself for 16K
RAMs.
AHo 5 | High-Order Address. These Ad-
AH1 4 | dress inputs are used to generate
AH2 3 | the Column Address for the Multi-
AH3 2 I plexer. If the 8202 is configured for
AH4 1 | 4K RAMs, AHs can be used as an
AHs 39 | active high Chip select for the mem-
AHs 38 | ory controlled by 8202. For 16K
RAM operation, AHs becomes the
most significant column address bit.
OUTo 7 O Output of the Multiplexer. These
OUT4 9 O outputsaredesigned todrive the ad-
OUT2 11 O dresses of the Dynamic RAM array.
OUT3 13 O For 4K RAM operation, OUTs is de-
OUT4 15O signed to drive the 2104A CS input.
OUTs 17 O (Note that the OUTo-6 pins do not
OUTe 19 O require inverters or drivers for
proper operation.
WE 28 O Write Enable. This output is de-
. signed to drive the Write Enable in-
puts of the Dynamic RAM array.
CAS 27 O Column Address Strobe. This out-
put is used to latch the Column
Address into the Dynamic RAM
array.
RASo 21 O Row Address Strobe. These outputs
E1 22 O are used to latch the Row Address
RAS? 23 O into the bank of dynamic RAMs,
RAS3 26 O selected by the 8202 Bank Address
pins (Bo, B1/0OP1)
Bo 24 | Bank Address. These inputs are
B1/OP1 25 | used to select one of four banks of

dynamic RAM via the RASo-3 out-
puts. If the B1/OP1 inputis pulled to
+12V through a 5K(} resistor, the
8202 configures itself to the Ad-
vanced Read mode. This mode
changes the function of the 8202
RD/S1 and REFRQ/ALE inputs and
disables the RASo and RAS: out-
puts.

Pin Name

#

1/0

RD/S1

REFRQ/
ALE

SACK

Xo/OP2
X1/CLK

TNK

Vce
Vss

32

34

29

30

36
37

35

40
20

| Read/S1input. This mput"‘isays'éd ;o &
request a read cycle. In ndrrgp1f2
operation, a low on this input ine

forms the arbiter that a read cycle is
requested. In the Advanced Read
Mode, this input is designed to
accept the S1 status signal from the
8085A (fully decoded for a read). The
trailing edge of ALE informs the
arbiter that ‘a read cycle is re-
quested by latching S1.

| Write Input. This input is used to re-
quest a write cycle. Alow on this in-
put informs the arbiter that a write
cycle is desired.

Protected Chip Select. A low on this
input enables the WR and RD/S1 in-
puts. PCS is protected against ter-
minating a cycle in progress.

| Refresh Request/Address Latch En-
able. During normal operation, a
high on this input indicates to the
arbiter that a refresh cycle is being
requested. In the Advanced Read
Mode, this input is used to latch the
state of the 8085 S1 signal into the
RD/S1 input. If S1 is high at this
time, a Read Cycle is requested. In
this mode, transparent refresh is not
possible.

O Transfer acknowledge. This output

is a strobe indicating valid data
during a read cycle or data written
during a write cycle. XACK can be
used to latch valid data from the
RAM array.

O System Acknowledge. This output

indicates the beginning of a memory
access cycle. It can be used as an
advanced transfer acknowledge to
eliminate wait states. (Note: If a
memory access request is made
during a refresh cycle, SACK is de-
layed until XACK in. the memory
access cycle).

| Crystal Inputs. These inputs are de-

| signed for a quartz crystal to control -
the frequency of the oscillator. If
Xo/OP2 is pulled to' +12V through a
1K() resistor, X1/CLK becomes a
TTL input for an external clock.

Tank. This pin is used for a tank
circuit connection.

+5V £10%
Ground.

00203A
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BASIC FUNCTIONAL DESCRIPTION

The 8202 consists of six basic blocks; the oscillator, the
-arbiter, the "refresh timer, the refresh counter, the
multiplexer.-and the timing and control block.

Oscillator -

The oscillator provides the basic timing for all 8202
operations. The oscillator circuit-is designed primarily
for use with an external series resonant fundamental
mode crystal. Overtone crystals may be used with the
tank circuit shown in Figure 1. ‘A small capacitor (3-5) pF
should be placed in series with any crystal to block D.C.
stress and assure oscillation at the proper frequency.

_I_— Xo/OP2 |——= WE

—— CAS

|
. X4/CLK [~ RAS,
T »

3705 pF . [ RAsy
8202 frsy
L - FAs,
—— XACK

—= SACK

TANK

| USED WITH OVERTONE
| CRYSTALS ONLY

The tank input to the oscillator allows the use of over-
tone mode crystals. The tank circuit shunts the crystal's
fundamental and high overtone frequencies and allows
the third harmonic to oscillate. The external LC network
is connected to the TANK input and is AC coupled to
ground.

If the' Xo/OP2 pin is pulled to 412V,through’a 1KQresistor,
the 8202 can be driven by a TTL clock on the X1/CLK input.
No tank circuit is required in this mode.

Arbiter "

The 8202 provides 37d'i'fferent operational cycles:

1. Read Cycle .
2. Write Cycle
3. Refresh Cycle

The read and write cycles are initiated by externat
requests (RD/S1and PCS or WRand PCS). Arefresh cycle
may be initiated by the internal refresh timer, or by an
external request (REFRQ/ALE). The arbiter resolves
conflicts between cycle requests and cycles in execution.

If the B4/OP, input is pulledp%am
resistor (Advanced Read modé)i: 1
input for the S status signal of the 86 ’(&y{;
for read). REFRQ/ALE becomes an mpuw 4h

signal of the 8085 (used to latch Sy. If Sy is “h‘fébc'%ax,
falling edge. of ALE, a read cycle will be requé’atg&g,}
Transparent refresh is not possible in this mode.

Refresh Timer

The refresh timer is a simple timer that indicates to the
arbiter that it is time for a refresh cycle. Therefresh timer
is reset when a refresh cycle is requested.

Refresh Counter

The refresh counter contains the address of the row to be
refreshed. This counter is incremented after every refresh
cycle: . :

Muitiplexer

The multiplexer is designed to provide the dynamic RAM
array with row addresses, column addresses and refresh
addresses at the proper times. Its inputs consist of ALo-5,
ALs/OP3, AHo-6, and the refresh counter.

If ALe/OP3 is pulled to +12V through a 5K resistor, the
8202 configures itself for 4K RAMs. In this mode, ALo-5
provides the multiplexer with the six bit row address. AHo-
5 provides the multiplexer with the six bit column address.

Algs
ALg /0P,

AHos > MULTIPLEXER > 0UToe
_'\

REFRESH —
COUNTER

Lé\

Bo : — WE
B81/0P; e . —= CAS
RD/S1 ‘ [ RASo
R TIMING
WR—>1  ARBITER AND [ RAS:
PCS— CONTROL |, 7As
REFRQ/ALE —] <+ - ) 2
L—»RAS3
REFRES hck
RESH
TIMER . | [ SACK
Xq/0P,

Xy/CLK —————————= OSCILLATOR

TNK ————————|

OUTo-5 provide the RAM array with twelve bits of
multiplexed address. AHe can be used as an active high
chip select for the RAM array if OUTée drives CS. Note that
the OUTo-6 signals do not require inverters or drivers.

If the 8202 is configured for 16K RAMs, ALo-5 and
ALes/OP3 provide the multiplexer with seven bits of row

1-14 ' 00203A
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8202

address. AHo-6 provides it with seven bits of column
address. OUTo-6 provides the RAM array with fourteen
bits of multiplexed address.

Timing and Control Block

The timing and control block executes one of three
operational cycles at the request of the arbiter (Read,
Write, and Refresh cycles) It provides the RAM array with
WE, CAS, and RAS signals. It provides the CPU with
transfer and system acknowledge (XACK and SACK)
signals. It controls the multiplexer during all cycles. It
resets the refresh timer and increments the refresh
counter during refresh cycles.

Inputs Bo and B1/OP1 are used to select one of four banks
of dynamic RAM via the RASo-3 outputs.

If B1/OP1 is pulled to +12V through a 5KQ resistor, the
8202 configures itself to the Advanced Read Mode. This
mode changes the function of the RD/S1 and REFRQ/ALE
inputs and disables the RASp and RAS1 outputs.

SYSTEM OPERATION

The 8202 is always in one of the following states:

Idle.

Performing a Test Cycle.

. Performing a Write Cycle.
Performing a Read Cycle.

. Performing a Refresh Cycle.

o RN

Idle

When the 8202 is idle, no cycle is in progress, the arbiter
monitors internal and external cycle requests, and the
refresh timer counts towards an internal refresh cycle
request. (Fig. X.1)

While the 8202 is idle, the arbiter samples access cycle
requests and refresh cycle requests, internal or exter-
nal, on the rising edge of clock. If both Read and Write
cycle requests are active when sampled, a test cycle is
started. If a write-cycle request is active when sampled,
a write cycle is started. If a read cycle request is active
when sampled, a read cycle is started. If a refresh cycle
request was previously pulsed or is active when
sampled, a refresh cycle is started. Due to internal
delays, if an access cycle request and a refresh cycle
request occur simultaneously, the access cycle will be
executed before the refresh cycle is executed.

Test Cycle

When a test cycle is started, (Read and Write Cycle
Requests both active when sampled) the refresh counter
is set to zero and the delayed SACK mode is reset, while
the 8202 executes a write cycle. This cycle is used for
testing only and'is not recommended for normal system
operation. -

( START )

ARBITRATION

CYCLE:IN-PROGRESS LOOP

START WRITE CYCLE.
RESET REFRESH COUNTER.
SET DELAYED SACK MODE.

START WRITE
CYCLE

READ
CLE
REQUESTED
?

START READ
CYCLE

1. START REFRESH CYCLE.

2. RESET REFRESH TIMER.

3. INCREMENT REF
ADDRESS COUNTER.

|

|

l IDLE LOOP
i - .

Write Cycle (Fig. X.2)

When a write cycle is started, (Write-Cycle Request
active when sampled) the Multiplexer drives the
OUT 0-6 pins with the low order address. Then, if the
delayed SACK Mode is not set, SACK is activated. The
row address is strobed into the selected bank of RAMs.
The multiplexer then drives the OUT 0-6 pins with the
high order address and the write enable (WE) pin is acti-
vated. The column address is then strobed into the RAM -
array.

Near the end of the cycle, the XACK output is activated.
If the Delayed SACK Mode is set, SACK had the same
timing as XACK. At the end of the cycle, all signals are
deactivated, the Delayed SACK Mode is exited, and the
precharge time begins. After the precharge time, the
8202 re-enters the idle state. The refresh timer con-
tinues to count during access cycles.

If the REFRQ pin is pulsed or held active while a write
cycle is in progress, a refresh cycle will occur immedi-
ately following the write cycle, |f the Advanced Read
Mode is not selected.

Read Cycle (Fig. X.3)

Read cycle operation is the same as write cycle opera-
tion, except the write enable(WE) signal is not activated.

00203A
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2,
If the REFRQ pin is pulsed or held active while a read ately following the read cye}gf £t

cycle is in progress, a refresh cycle will occur immedi- Mode is not selected.
NOTE 1
OUTop.¢ X ROW ADDRESS X COLUMN ADDRESS X ROW ADDR

DELAYED SACK MODE

—\" ______________ Y
SACK \

\
RASq3 \ / PRECHARGE \

1

NOTE 1

OUTp.¢ X ROW ADDRESS X COLUMN ADDRESS x ROW ADDR

DELAYED SACK MODE

AAS03 ’ \ ' / " PRECHARGE \
XACK N\ /

Refresh Cycle (Fig. X.4) Refresh Counter._The 8202 then activates the -Row

Address Strobe (RAS 0-3) signals. At the end of the
When a refresh cycle is started, (refresh-cycle request refresh cycle, all signals are deactivated, the refresh
previously pulsed or active when sampled) the 8202 counter is incremented, and the precharge time begins.
resets the Refresh Timer. The Multiplexer drives the After the precharge time, the 8202 re-enters the Idle

OUT 0-6 pins with the refresh addrevss contained in the State.

1-16 00203A
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ST REFRESH
OUTo x ADDRESS x

NEXT REFRESH ADDRESS E x

RASp.3 . \

/ PRECHARGE

Hidden Refresh Cycle

Distributed hidden refresh operation is most efficient if
REFRQ is strobed during a command cycle such as

fetch, where it is intended for the refresh cycle to follow. S0 REFRQ
This is illustrated for 8085 in the following diagram. 2085 8202
System Configurations s1
Currently, there exists a wide range of processor bus
structures, processor speeds, and memory speeds. As a RD AD
result, the 8202 offers many possible system configura-
tions with equally many cogt-performance tradeoff;. Wh WA
The following system block diagram illustrates just one )
of the possible system configurations supported by the
8202:
2117
DYNAMIC RAM ARRAY
[oh [oh '
— N
Ag-15 Ro-1s ::":'_: OUTo-6 Ao-s
Bo-1 BANK 0
-S'I’B 8212
e (16: ’;%ns) WE | we . ?"f Dour|
sossa AP0 GNo—{ReFRaiaLe CAS A8
:.l__: - hv:—."!s' _‘{ 6“.,:500.,1
10/M PC3 S
RAS,
READY ﬂCﬁ" ~|sACR XATR AASS| Ao-s
—l u BANK 1
: OTHER = WE 2
SYSTEM +— —{ CAS
ACKNOWLEDGE T —{RAS "~
LINES Din_Dour
LN
VI fo-s BANK 2
WE Oin Dour,
L Tleas 1
e _ , [ 1
Din Dou"__l__:—i;_—r—r—h
N .
—A BANK 3
_ . Oin Dour
% v n Din Dour| O Dour] P Dour o
Din Dour
&5 5T8 J
IN
DATA BUS our
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sé’;@;

Other system configurations are described in the Intel,
Application Note AP45, “Using the 8202 Dynamic RAM
Controller.” Other related documents are:

¢ “Intel Memory Design Handbook’ (Dynamic Ram sec-
tions).

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias......... 0°Cto70°C
Storage Temperature.............. -65°C to . +150°C
Voltage On Any Pin

With Respect to Ground............. -0.5Vto +7V
Power Dissipation........................ 1.4 Watts

& M‘ﬁ@%&
* AR-1, “Simplify Your Dynamfél~ﬂﬁﬁ@§’rogrocessor
KACINNT/
"!,;;){; Py fi‘%%

Interface.”
e AP-38, “Application Techniques for 1hé’m§’élj§
Bus.” ;

*COMMENT: Stresses above those listed, under “Absolute Maximum
Ratings” may cause permanent damage 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 operational sections of this
specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. CHARACTERISTICS
Ta=0°C t0 70°C; Vg = 5.0V +10%; GND =0V

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1.0 v lc=-5mA
lcc ‘Power Supply Current 250 mA
'3 Forward Input Current
X4/CLK -20 mA Ve =0.45V
All Other Inputs - 320 uA VE=0.45V
Ir Reverse Input Current 40 uA . Vr=Vce
VoL Output Low Voltage
SACK, XACK 0.45 \' lo,=5mA
All Other Outputs 0.45 A lo,=3mA
Vou Output High Voltage
SACK, XACK 2.4 \' lon=—-1mA
All Other Outputs 2.6 \" loy=—1mA
ViL Input Low Voltage 0.8 \' Ve =5.0V
Vin Input High Voltage 2.0 \ Voc=5.0V
CAPACITANCE
Symbol Parameter Min Max Units Test Conditions’
) . =1 MHz ‘
Cin Input Capacitance 30 pF VBIAS 2.5V, Vcc 5V
: Ta=25°C

1-18 00203A
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A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vec =5V + 10%

Measurements made with respgét»zg,o
WE, OUT,— OUTg are at 2.4V an&v&gw
measured at 1.5V.

Loading: SACK, XACK CL= 30pF
32 devices OUT, - OUT, OUTg CL=160pF
RAS1 RAS, CL=115pF
\_Ni CL=224pF
CAS CL=320pF
Symbol Parameter Min Max Units
tp Clock (Internal/External) Period (See Note 1) 40 54 ns
trc Memory Cycle Time 10 tp-30 12 tp ns
tRAH Row Address Hold Time tp— 10 ns
tasr Row Address Setup Time ten ns
tcaH Column Address Hold Time 5t ns
tasc Column Address Setup Time tp—35 ns
trco RAS to CAS Delay Time 2tp-10 2tp+30 ns
twes WE Setup to CAS tp—40 ns
tRsH RAS Hold Time 5tp-30 ns
tcas CAS Pulse Width ‘ 5tp ns
trp RAS Precharge Time (See Note 2) . 4tp-30 ns
tweH WE Hold Time to CAS - 5tp—20 ns
tRer Internally Generated Refresh to Refresh Time :
64 Cycle 548 tp - 576 tp ns
128 Cycle 264 tp 288 tp ns
tcr RD, WR to RAS Delay tpy + 30 tpn +tp+ 75 ns
tce RD, WR to CAS Delay tpH+2tp+ 25 tpp+3tp+85 ns
tReR REFRQ to RAS Delay 1.5tp+30 25 tp+ 100 ns
tas Ag— Aqs to RD, WR Setup Time (See Note 4) 0 ns
tca RD, WR to SACK Leading Edge tp+ 40 ns
tek RD, WR to XACK, SACK Trailing Edge Delay 30 ns
tkcH RD, WR Inactive Hold to SACK Trailing Edge 10 ns
tsc RD, WR, PCS to X/CLK Setup Time (See Note 3) 15 ns
tex CAS to XACK Time 5tp—25 5tp+20 ns
tack XACK Leading Edge to CAS Trailing Edge Time 10. ns
txw XACK Pulse Width 2tp—25 ns
tL REFRQ Pulse Width 20 ns
tcHs RD, WR, PCS Active Hold to RAS 0 ns
“tww WR to WE Propagation Delay 8 - 50 ns
taL S, to ALE Setup Time 40 ns
ta Sq to ALE Hold Time 2tp+40 ns
tpL External Clock Low Time 15 - ns
tpu External Clock High Time 20 ns
tpn External Clock High Time for Voc =5V +5% 17 ns
Notes:

1. tp minimum determines maximum oscillator frequency.
tp maximum determines minimum frequency to maintain 2 ms refresh rate and tgp minimum.
2 .To achieve the minimum time between the RAS of a memory cycle and the RAS of a refresh cycle, such as a transparent refresh, REFRQ should be
pulsed in the previous memory cycle.
3..tgc is'not required for. proper operation which is in agreement with the other specs, but can be used to synchronize external S|gnals with XICLK ifitis

desired.

4 .1t tag is less than 0 then the only impact is that togR decreases by a corresponding amount.

1-19
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A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vec =5V = 10%

Measurements made with resgeé&:o
WE, OUT, -

OUTg are at 2.4V an&@;ﬁ{y}g

measured at 1.5V.

Loading: SACK, @ CL= 30 pF
64 Devices glAg? RAS, CL2 230 pr
Vﬂi_ . CL =450 pF
CAS | ‘ CL =640 pF
Symbol ) Parameter - Min Max Units
tp ' Clock (Internal/External) Period (See Note 1) 40 54 ns
tre Memory Cycle Time 10 tp— 30 12tp ns
tRaH Row Address Hold Time tp—10" ns
tasr Row Address Setup Time tpH ns
tcaH Column Address Hold Time 5tp ns
tasc Column Address Setup Time tp—-35 . ns |
treo RAS to CAS Delay Time 2tp— 10 2tp+ 45 ns
twecs WE Setup to CAS tp— 40 ns
tRsH RAS Hold Time 5tp~30 ns
tcas CAS Pulse Width 5tp—30 -ns
trp R_A§ Precharge Time (See Note 2) - 4tp-30 ns
tweH WE Hold Time to CAS 5tp—35 ns
trer Internally Generated Refresh to Refresh Time - =
64 Cycle 548 tp 576 tp ns
128 Cycle 264 tp 288 tp ns
ter RD, WR to RAS Delay tpy + 30 tpy + tp+ 75 ns
tee RD, WR to m@elay tpy+2tp+25 | tpy+3tp+ 100 ns
tRER REFRQ to RAS Delay : 1.5tp+30 2.5 tp+ 100 ns
tas Ao — Ass to RD, WR Setup Time (See Note 4) 0 ns
tca RD, WR to SACK Leading Edge tp + 40 . ns
tek RD, WR to XACK, SACK Trailing Edge Delay 30 ns
tkch RD, WR Inactive Hold to SACK Trailing Edge 10 ns
tsc RD, WR, PCS to X/CLK Setup Time (See Note 3) 15 ns
tex CAS to X_'CRTlme : 5tp—40 5tp+20 ns
tack "XACK Leading Edge to CAS Tralllng Edge Time 10 . ns
txw XACK Pulse Width 2tp-25 ns
A REFRQ Pulse Width - 20 ns
tcHs RD, WR, PCS Active Hold to RAS 0 ns
tww WR to WE Propagation Delay 8 50 ns
taL S to ALE Setup Time 40 ns
tLa S; to ALE Hold Time 2tp+40 ns
tpL External Clock Low Time 15 - ns
tpH External Clock High Time 22 ns
tpH External Clock High Time for Vgc=5V £5% 18 ns
Notes:

1
2

‘3

B

. tp minimum determines maximum oscillator frequency.

tp maximum determines minimum frequency to maintain 2 ms refresh rate and tgp minimum.

pulsed in the previous memory cycle.

desired.

1-20

.If tag is less than 0 then the only impact is that togR decreases by a corresponding amount.

. To achieve the minimum time between the RAS of a memory cycle and the RAS'of a refresh cycle, such as a transparent refresh REFRQ should be

.tgc is not required for proper operation which is in agreement with the other specs, but can be used to synchronize external signals with X/CLK if it is

00203A



8202

8202 TIMING

NORMAL READ OR WRITE CYCLE

Ag-A1s

OUT(-0UTg

CAS

SACK

WE (WE=VoH
FOR A RD CYCLE)

tAs |«— [=—tASR tRC
tRSH
DELAY]
ONLY
/ L'RAH
3
E)@Row ADDR® CoL  ADDR (
@f 7
'Asc+| tcAH
\ [2
o
l— tca tcas K T e e
_______ Hefm— e —— — — -——-
\ / 2
\ 4 /
tACK —=| |—
/— ——
T ]!
tex 1 txw
<lww1_
r® /.
0] / ) £0)
< twCs ~| twecH

REFRESH CYCLE

XICLK

REFRQ

RAS)-RAS,

OUTp-OUTg

\1& ® o
D \
tASR [4—
~—tRAH —’I
rowaoor @ REFRESH @ COUNTER INCREMENTS TO NEXT ADDR i
@ ADDRESS @ ADDR

(CAS =VOH) IF THE REFRESH CYCLE IS INTERNALLY TRIGGERED THEN IGNORE REFRQ.
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X/ICLK

St
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8205
HIGH SPEED 1 OUT OF 8 BINARY DECODER

1/0 Port or Memory Selector Low Input Load Current — .25 mA
= Simple Expansion — Enable Inputs m?x'., 1/6 s'tandard TT_L Input Load
Minimum Line Reflection — Low

= High Speed Schottky Bipolar ;
Technology — 18ns Max. Delay Voltage D'.Ode Input Cl.amp
Outputs Sink 10 mA min.

g::g:::g Compatible with TTL Logic 16-Pin Dual-In-Line Ceramic or
Plastic Package

The 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and mem-
ory components with active low chip select input. When the 8205 is enabled, one of its eight outputs goes
"low", thus a single row of a memory system is selected. The 3 chip enable inputs on the 8205 allow easy
system expansion. For very large systems, 8205 decoders can be cascaded such that each decoder can drive
eight other decoders for arbitrary memory expansions.

The Intel®8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over
the temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to
obtain fast switching speeds results in higher performance than equivalent devices made with a gold diffu-
sion process.

PIN CONFIGURATION LOGIC SYMBOL

S PR 2% —~ op—
Ay 2 15 [o —1A 00—
A []3 14 Jo, ——a, 0, lo—
Ey 4 13 Jo, 03 fo—
8205 8205
E; : 5 12[_Jo, obo
E3 6 1l Jo, i —E 05 Jo—
o, [}~ 10 Jos —e, osfo—
GRD 8 9l Jog & ob
ADDRESS | ENABLE oUTPUTS
PIN NAMES Ag Ay Ay|Ey E; EsJO 1 2 3 4 5 6 7
L LJL L H|L H H H H H H
H L L L L H|H L H H H H H H
Ag- Ay ADDRESS INPUTS L H L L L H|H H L H H H H H
— - H H L L L HIH H H L H H H
Ey-E3 ENABLE INPUTS CoCondc Lo ala hawdonoan
0o 07 DECODED OUTPUTS H L HI|L L HIH H H H H L H H
L H H|U U H|H H H H H H L H
H H H L L H|H H H H H H H L
X X XL L L|[H H H H H H H R
X X X |H L L H H H H H H H H
X X X|U H L|H H H H H H H H
X X X {H H H H H H H H H H
X X X |[H L H|H H H H H H H H
X X X L H H{H H H H H H H H
X X X|H H H|{H H H H H H H H

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED,
© INTEL CORPORATION, 1979 1-23 .
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8212
8-BIT INPUT/OUTPUT PORT

= Fully Parallel 8-Bit Data Register and Buffer

m Service Request Flip-Flop for -
Interrupt Generation

®m Low Input Load Current — .25mA Max.
u Three State Outputs
® Outputs Sink 15mA

m 3.65V Output High Voltage for
Direct Interface to 8008 8080A or

8085A CPU

n AsynchronOus Register Clear

m Replaces Buffers, Latches and
Multiplexers in Microcomputer Systems

B Reduces System Package Count

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection
logic: Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor.

The dévice is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
* principal peripheral and input/output functions of a microcomputer system can be implemented with this device. -

PIN CONFIGURATION

_ \J~
os,[]1 24 [ v
mo[] 2 23 [JINT
o,[]3 22 [ Joi,
oo, 4 21 [_Joo,
o,[s 20 (Jo1,.
oo, [ e 19 [ Joo,
8212
o, L]7 18 [ _]oig
oo, 8 17 [ J oo,
o, [ o 16 [ Joig
DO, 10 15 005
ste[] 11 14 []Jctr
eno[] 12 13 [ Jos,
PIN NAMES
Dl-Dly | DATAIN
DO,-D0g | DATA OUT
B%5,-DS; | DEVICE SELECT
™MD MODE
ST8 STROBE
[ INT_ INTERRUPT (ACTIVE LOW)
CLR CLEAR (ACTIVE LOW)

DEVICE SELECTION

LOGIC DIAGRAM -~

'SERVICE REQUEST FF

(ACTIVE LOW)

> osi N B>
[3> os2 J ACTIVE LOW)
—' \ M EN
&> 1 e

> se . T T outeur

) | | | BUFFER
| | |

BE>on, - [5 ] } oy >
DATA LATCH | "‘Eé‘ | |

B>o1, T~ D Q : poz (6>
JiZifig

[>o1; | b a4 I 003 6>
el 1
=1} il

B>o1 oo} 004 [i2>
TEeln

B>ors o oH > 00, >
| HCa] |l :

) |

DI ‘, >+ s 2>
| | |

@0, | _{5-%007
! |

B>t -}—?>+ooa®
P
14> CLR l l

INTEL CORPORATION-ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE:IMPLIED.

© INTEL CORPORATION, 1979



in

8251 A

m Synchronous and Asynchronous ] Asynchronous Baud Rate
Operation 19.2K Baud

m Full Duplex, Double Buffered, Trans-

= Synchronous 5-8 Bit Characters; mitter and Receiver

Internal or External Character Synchro- . . ‘
nization; Automatic Sync Insertion L] 'E"'Of Detection — Parity, Overrun and
’ raming

w Asynchronous 5-8 Bit Characters; = Fully Compatible with 8080/8085 CPU

Clock Rate—1, 16 or 64 Times Baud

Rate; Break Character Generation; 1, m 28-Pin DIP Package

172, or 2 Stop Bits; False Start Bit '
Detection; Automatic Break Detect = All Inpu!sland Outputs are TTL
and Handling. Compatible

i 5V Suppl
a Synchronous Baud Rate — DC to 64K = Single +5V Supply

Baud m Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
_using virtually any serial data transmission technique presently in use (including IBM “‘bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These' include data
transmission errors and control signals such as SYNDET TXEMPTY. The chip is constructed using N-channel silicon
gate technology.

PIN CONFIGURATION BLOCK DIAGRAM

o, 28170,
o, 2 27 (7 b,
Rx0 [ 3 26 [ Ve, NL
GND [ 4 25 [ RxC A paTA | AN = | TRANSMIT O
© BUS BUFFER |—
o, Os 24 ] DTR 0,0 r 4] erren N ] fees .
o, s 23 (] RTS
o, 7 8251A 22 ] OsR T
o, 8 21 ] RESET I [
— RESET N
e 20 [ cLk e - . TxRDY
wrRO o 190 0 o5, T|ReapmRiTe N TRANSMIT TeE
— . — 1%
sOn 18 7] TxEMPTY —=| CONTROL CONTROL
RD LOGIC
_ _— - =0f > — - TxC
cmo [z 17 CTS WR___.o| ‘|
RO 13 16 ] synDeT/BD T !
RxRDY [ 14 15 7] TxRDY cs |
DSR —— 1 |
PIN NAMES -
_ DTR e MODEM 1 LY necewve
D, Do Data Bus (8 bits) DSR Data Set Ready cog%zm < BUFFER Je—PRXD
c/D Control or Data is to be Written or Read DTR Data Terminal Ready CTS— . ! 1 (8—=P)
RD Read Data Corimand SYNDET/BD | Sync Detect/ RTS < -9 N i
WR Write Data or Control Command Break Detect ) |
cs Chip Enable — ] 1 l
CLK Clock Pulse (TTL) i Request to Send Data i
RESET | Reset crs . Clear to Send Data i RxRDY
T>C Transmitter Clock TXE Transmitter Empty | RECEIVE ReC
TxD Transmitter Data Vee +5 Volt Supply INTERNAL o controL |° RxC
RxC Receiver Clock GND Ground DATABUS - - o SYNDET
RxD Receiver Data i
RxRDY | Recewer Ready (has character for 8080) L
TxRDY Transmitter Ready (ready for char. from 8080)

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1-25 00216A



8251A

FEATURES AND ENHANCEMENTS

8251A is an advanced design of the industry stan-
dard USART, the Intel® 8251. The 8251A oper-
ates with an extended range of Intel micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and

involves only knowing the additional features and.

enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

The 8251A incorporates all the key features of
the 8251 and has the following additional features
and enhancements:

® 8251A has double-buffered data paths with
separate 1/O registers for control, status,
Data In, and Data Out, which considerably
simplifies control programming and mini-
mizes CPU overhead. }

® In asynchronous operations, the Receiver
detects and handles ““break’” automatically,
relieving the CPU of this task.

® A refined Rx »
Receiver from starting when in "break”
state, preventing unwanted interrupts from
a disconnected USART. »

® At the conclusion of a transmission, TxD
line will always return to the marking state
unless SBRK is programmed.

initialization prevents the

126

0, G, ’
‘Tx Enable logic e%‘hﬁ%@émegi

%,

Tx Disable command f?é‘nif%g}lf (
mission until all data previous’“'f%(}?jbizggh
been transmitted. The logic also“prévents
the transmitter from turning off in the rﬁ?dgij’e%

of a word. S

When External Sync Detect is programmed,
Internal Sync Detect. is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.

Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously
detected ‘and also by clearing the Rx register
to all ones whenever Enter Hunt command is
issued in Sync mode.

As long as the 8251A is not selected, the
RD and WR do not affect the internal opera-
tion of the device.

The 8251A Status can be read at any time
but the status update will be inhibited during

~_ status read.

The 8251A is free from extraneous glitches

~and has enhanced AC and DC characteristics,

providing higher speed and better operating
margins. . )

® Synchronous Baud rate from DC to 64K.

Fully compatible with Intel’s new industry
standard, the MCS-85.
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8251A BASIC FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 80/85 Micro-
computer Systems. Like other 1/O devices in a Microcom-
puter System, its functional configuration is programmed
by the system’s software for maximum flexibility. The
8251A can support virtually any serial data technique cur-
rently in use including bi-sync.

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unigue to the communication technique. In essence, the
interface should appear ‘‘transparent’ to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8251A to the system Data Bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
instructions of the CPU. Control words, Command words
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate 8-bit registers to provide double
buffering.

This functional block accepts inputs from the system Con-
trol bus and generates control signals for overall device
operation. It contains the Control Word Register and Com-
mand Word Register that store the various control formats
for the device functional definition.

RESET (Reset)

A high” on this input forces the 8251A into an ‘‘Idle”’
mode. The device will remain at ‘““Idle’’ until a new set of
control words is written into the 8251A to program its
functional definition: Minimum RESET pulse width

6 tcy (clock must be running).

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data
bit rates. )

WR (Write)
A “low” on this input informs the 8251A that the. CPU is
writing data or control words to the 8251A.

RD (Read)
A “low’ on this input informs the 8251A that the CPU is
reading data or status information from the 8251A.

1-27

42
-

gy,
:9(3,(? &”@ 7

CID (Control/Data) ‘
This input, in conjunction with thé"@fﬁ'% C
informs the 8251A that the word on the Da(ta’fﬁg.}s i
a data character, control word or status mform%f‘tagc}‘r?ﬂs
1= CONTROL/STATUS 0=DATA

uts

&;@r

(‘0 5’/9(10
523h chq

cs (Chip Select)

A “low” on this input selects the 8251A. No readmg or

writing will occur unless the device is selected. When CS is

high, the Data Bus in the float state and RD and WR will
have no effect on the chip.

DATA
BUS
BUFFER

Figure 1. 8251A Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions

c/D RD WR C§
0. 0 10  8251ADATA.=DATABUS
o 1 0 0 DATABUS-=8251ADATA
1 0 1 0 STATUS=DATABUS
1 1 0 0. DATABUS=CONTROL
X 1 1 0 DATABUS= 3-STATE
X X X' 1 DATABUS=3-STATE

Modem Control

The 8251A has a set of control inputs and outputs that
can be used to simplify the interface. to almost any
modem. The modem control signals are general purpose
in nature and can be used for functions other than
modem control, if necessary.

00216A
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DSR (Data Set Ready)

The DSR input signal -is a general purpose, 1-bit inverting
input port. Its condition can be tested by the CPU using a
Status Read operation. The DSR-input is normally used to
test modem conditions such as Data Set Ready.

DTR (Data Terminal Ready)/

The DTR output signal is a general purpose, 1-bit inverting
output port. It can be set “low” by programming the ap-
propriate bit in the Command- Instruction word. The DTR
output signal is normally used for modem control such
as Data Terminal Ready or Rate Select.

RTS (Request to Send)

The RTS output signal is a general purpose, 1-bit inverting
output port. It can be set “low’’ by programming the ap-
propriate 'bit in the Command- Instruction word. The RTS
output-signal is normally used for Modem control such as
Request to Send.

cTs (Clear to Send)

A "low” on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte is
set to a "‘one.” If either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the Tx will
transmit all the data in the USART, written prior to Tx
Disable command before shuttmg down.

Transmitter Buﬂer .

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, converts it to a serial bit stream, inserts the
appropriate characters or bits (based on the communica-
tion technique) and outputs a composite serial stream of
data on the TxD output pin on the falling edge of TxC.
The transmitter will ‘begin transmission upon being enabled
if CTS = 0. The TxD line will be held in the marking
state immediately upon a master Reset or when Tx Enable/
CTS off or TXEMPTY.

Transmitter Control

The transmitter Control manages all activities associated
with the transmission of serial data. It accepts and issues
signals both externally and ‘internally to accomplish this
function. ‘

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready to
accept a data character. The TxRDY output pin can be
used as an interrupt to the system, since it is masked by
Tx Disabled, or, for Polled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leading edge of WR when a data
character is loaded from the CPU.

~Note that when using the Polled operation, the TxRDY
status -bit is not masked by Tx Enabled, but will only
indicate the Empty/Full Status of the Tx Data Input
Register.

?J>
TxE (Transmitter Empty) ‘% ., %f}
When the 8251A has no characters to fr:ag%gzt k
TY output will go “high”. It resets autorﬁat%ﬂw up
ceiving a character from the CPU. TXEMPTY caf\iisge Use
indicate the end of a tranismission mode, so that %gw
"knows” when to “turn the line around” in the Wh&'?%
duplexed operational mode. TXEMPTY is mdependent of
the Tx Enable bit in the Command instruction.

In SYNChronous mode, ‘a ’high’’ ‘on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to. be or are being transmitted
automatically as ''fillers””. TxEMPTY does not go low
when the SYNC characters are being shifted out.

| TRANSMIT
BUFFER
(P-S)

TRANSMIT
CONTROL _

MODEM
CONTROL

Figure 2. 8251A Block Diagram Showing Modem and
Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at whlch the char-
acter is to be transmitted. In the Synchronous transmission
mode, the Baud Rate (1x) is equal to the TxC frequency.
In Asynchronous transmission mode the baud rate is a
fraction of the actual TxC frequency. A portion of the
mode instruction selects this factor; it can be 1, 1/16 or
1/64 the TxC.

For Example:

I1f Baud Rate equals 110 Baud,
TxC equals 110 Hz (1x)

TxC equals 1.76 kHz (16x)
TxC equals 7.04 kHz (64x).

The falling edge of TxC shifts the serial data out of the
8251A.
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Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
""assembled” character to the CPU. Serial data is input to
RxD pin, and is clocked in on the rising edge of RxC.

Receiver Control

This functional block manages all receiver-related activities
which consist of the following features:

The RxD initialization circuit prevents the 8251A from
mistaking an unused input line for an active low data
line in the “break condition”. Before starting to receive
serial characters on the RxD line, a valid ‘1’ must first
be detected after a chip master Reset. Once this has been
determined, a search for a valid low (Start bit) is en-
abled. This feature is only active in the asynchronous
mode, and is only done once for each master Reset.

The False Start bit detection circuit prevents false starts
due to a transient noise spike by first detecting the fall-
ing edge and then strobing the nominal center of the
Start bit (RxD = low).

The Parity Toggle F/F and Parity Error F/F circuits are
used for parity error detectlon and set the correspondmg
status bit. .

The Framing Error Flag F/F is set if the Stop bit is
absent at the end of the data byte (asynchronous mode),
and also sets the corresponding status bit.

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a character
that is ready to be input to the CPU. Rx RDY can be con-
nected to the interrupt structure of the CPU or, for Polled
operation, the CPU can check the condition of RxRDY
using a Status Read operation.

Rx Enable off both masks and holds RxRDY in the Reset
Condition. For Asynchronous mode, to set RxRDY, the
Receiver must be Enabled to sense a Start Bit and a com-
plete character must be assembled and transferred to the
Data Output Register. For Synchronous mode, to set
RxRDY, the Receiver must be enabled and a character
must finish assembly and be transferred to the Data Output
Register.

Failure to read the received character from the Rx Data
Output Register prior to the assembly of the next Rx Data
character will set overrun condition error and the previous
character will be written over and lost. If the Rx Data is
being read by the CPU when the internal transfer is occur-
ring, overrun error will be set and the old character will be
lost.

RxC (Receiver Clock) o

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the Baud Rate (1x)
is equal to the actual frequency of RxC. In Asynchronous
Mode, the Baud Rate is a fraction of the actual RxC fre-

25,7,
. . ‘Bpo 128
quency. A portion of the madg ifi
factor; 1, 1/16 or 1/64 the RxC.

For Example:

Baud Rate equals 300 Baud, if
RxC equals 300 Hz (1x)

RxC equals 4800 Hz (16x)
RxC equals 19.2 kHz (64x).

Baud Rate equals 2400 Baud, if
RxC equals 2400 Hz (1x)

RxC equals 38.4 kHz (16x)
RxC equals 153.6 kHz (64x).

Data is sampled into the 8251A on the rising edge of RxC.

NOTE: In most communications systems, the 8251A will
be handling both the transmission and reception operations
of a single link. Consequently, the Receive and Transmit
Baud Rates will be the same. Both TxC and RxC will re-
quire identical frequencies for this operation and can be
tied together and connected to a single frequency source
(Baud Rate Generator) to simplify the interface.

SYNDET (SYNC Detect)/BRKDET (Break Detect) )

This pin is used in SYNChronous Mode for SYNDET and
may be used as either input or output, programmable
through the Control Word. It is reset to output mode low
upon RESET. When used as an output (internal Sync mode),
the SYNDET pin will go “high’”” to indicate that the 8251A
has located the SYNC character in the Receive mode. If the
8251A is programmed to use double Sync characters (bi-
sync), then SYNDET will go “high” in the middle of the
last bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read operation.

RECEIVE
BUFFER
(S+P)

RECEIVE
CONTROL

Figure 3. 8251A Block Diagram Showing Receiver
Buffer and Control Functions
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When used as an input (external. SYNC detect mode), a
positive going signal will cause the 8251A to start assem-
bling- data characters on the rising edge of the next RxC.
Once in SYNC, the “high” ‘input signal can be removed.
When External SYNC Detect is. programmed, the Internal
SYNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever the receiver remains low
through two consecutive stop bit sequences (including the
start bits, data bits, and parity bits). Break Detect may also
be read as a Status bit. It is reset only upon a master chip
Reset or Rx Data returning to a “‘one’’ state.

{ ADDRESS BUS S
M
{ . CONTROL BUS .
. {/OR| 1/0W| RESET 02
(TTL)
{ DATA BUS
l BA
[ D,~D, RD  WR RESET CLK
8251A

Figure 4. 8251A Interface to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is pro-
grammed by the system’s software. A set of control words
must be sent out by the CPU to initialize the 8251A to
support the ‘desired communications format. These control
words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONQUS or
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR-
ITY, etc. In the Synchronous Mode, options are also pro-
vided to select either lnterna| or external character synchro-
nization.

- Once programmed, the 8251A is ready to perform its com-
munication functions. The TxRDY output is raised ‘‘high”’
to signal the CPU that the 8251A is ready. to receive a data
character from the CPU. This output (TxRDY) is reset
automatically when the CPU writes a character into the
8251A. ‘On the other hand, the 8251A receives serial data
from the MODEM or 1/O device. Upon receiving an entire
character, the RxRDY output is raised “high” to signal the
CPU that the 8251A has a complete character ready for the
CPU to fetch. RxRDY is reset automatically upon the CPU
data read operation.

1-30

The 8251A cannot begin tranﬁmgfog
(Transmitter Enable) bit is set in e a
and it has received a Clear To Send (C anyt ¢
output will be'held in the markmg state upoﬁ‘eeg%;y
Q

Programmmg the 8251A
Prior to starting data transmission or reception, the 8 Jﬁé’rs
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 8251A and must immediately fol-
low a Reset operation (internal or external). )

xggg

The control.words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251A. It must follow a Reset operation (internal or
external). Once the Mode Instruction has been written into
the 8251A by the CPU, SYNC characters or Command In-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control the
actual operation of the 8261A.

Both the Mode and Command Instructions must conform
to a specified sequence for proper device operation. The
Mode Instruction must be inserted immediately following a
Reset operation, prior to using the 8251A for data com-
munication.

All control words written into the 8251A after the Mode In-
struction will load the Command Instruction. Command
Instructions can be written into the 8251A at any time in
the data block during the operation of the 8251A. To re-
turn to the Mode Instruction format, the master Reset bit
in the Command Instruction word. can be set to initiate an
internal Reset operation which automatically places the
8251A back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or Sync
characters

c/b=1 MODE INSTRUCTION
c/b=1. SYNC CHARACTER 1

: SYNC MODE
/b =1 SYNC CHARACTER 2 ONLY
C/D =1 | COMMAND INSTRUCTION '
c/D=0 ;‘L DATA
C/D =1 | COMMAND INSTRUCTION
cib=0 DATA
C/D=1 | COMMAND INSTRUCTION

* The second SYNC character is skipped if MODE instruction
has programmed the 8251A to single character Internal SYNC
Mode. Both SYNC characters are skipped if MODE instruction
has programmed the 8251A to ASYNC mode.

Figure 5. Typical Data Block
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Mode Instruction Definition

The 8251A can be used for either Asynchronous or Syn-
chronous data communication. To understand how the
Mode Instruction defines the functional operation of ‘the
8251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the other Synchronous. The format definition can be
changed only after a master chip Reset. For explanation
purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered as one of
the data bits for the purpose of programming the word
length. The actual parity bit received on the Rx Data line
cannot be read on the Data Bus. In the case of a pro-
grammed character length of less than 8 bits, the least
significant Data Bus bits will hold the data; unused bits are
“’don’t care” when writing data to the 8251A, and will be
*‘zeros’ when reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251A
automatically adds a Start bit (low level) followed by the
data bits (least significant bit first), and the programmed
number of Stop bits to each character. Also, an even or
odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously-sent to
the TxD if commanded to do so.

When no data characters have been loaded into the 8251A
the TxD output remains “high’’ (marking) unless a Break
(continuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center (16X or 64X mode only). If a low is detected
again, it is a valid START bit, and the bit counter will
start counting. The bit counter thus locates the center of
the data bits, the parity bit (if it exists) and the stop bits.
If parity error occurs, the parity error flag is set. Data and
parity bits are sampled on the RxD pin with the rising edge
of RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals the end
of a character. Note that the recejver requires only one stop
bit, regardless of the number of stop bits programmed. This

character is then loaded into the parallel 1/0 buffer of the.

8251A. The RxRDY pin is raised to signal the CPU that a
character is ready to be fetched. If a previous character has
not been fetched by the CPU, the present character replaces
it in the 1/O buffer, and the OVERRUN Error flag is raised
(thus the previous character is lost). All of the error flags
can be reset by an Error Reset Instruction. The occurrence
of any of these errors will not affect the operation of the
8251A.
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Lo %@
D, Dg Dy D, Dy D, D, Ogs, %o

I — e, ’}’s J j r

s, ":’0 l; L é%i‘/{
BAUD ﬁﬁs #'Ré;pn
0 1 [y f
0 [ 1

SYNC
MODE

CHARACTER LENGTH
0 1 0 1

s, | ep[Pen| L, [ L, | B | B

x| (16X)

0 L] 1 1

5 6
BITS | BITS

PARITY ENABLE .
1=ENABLE 0= DISABLE

EVEN PARITY GENERATION/CHECK
1=EVEN 0=

NUMBER OF STOP BITS
0 1.1 0 1

.7 8
BITS | BITS

] 0 1 1

T ; 7
INVALID| g7 | BiTs | BITS

(ONLY EFFECTS Tx; Rx NEVER
REQUIRES MORE THAN ONE
STOP BIT)

Figure 6. Mode Instruction Format, Asynchronous
Mode

. GENERATED
TRANSMITTER OUTPUT DoD1---=Dx  BY8251A

START l’ ) | PARITY | sTOP |
o MARKING| BIT DATABITS BIT BITS
e )

DOES NOT APPEAR
RECEIVER INPUT Dg D ——--=Dx ON THE DATA BUS
A
START PARITY | sTOP
I BIT DATA s | BIT BITS
L
PROGRAMMED
CHARACTER
. LENGTH
TRANSMISSION FORMAT
CPU BYTE (58 BITS/CHAR)
¢
l DATA CHARACTER I
i
[
ASSEMBLED SERIAL DATA OUTPUT (TxD)
P -
START . PARITY sToP
| an I DATA CHARACTER o aiTs
- 4

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

4

DATA CHARACTER

4 &
1 f

START
BIT

PARITY
BIT

STOP ’
BITS
CPUBYTE (58 BITS/CHAR)® :
— r
r DATA CHARACTER ]
§ —

*NOTE: IF CHARACTER LENGTH IS DEFINED AS 5,6 OR 7
BITS THE'UNUSED BITS ARE SET TO "ZERO*".

Figure 7. Asynchronous Mode
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Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU sends
its first character to the 8251A which usually is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out. All characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC

Once transmission has started, the data stream at the TxD
output must continue at the TxC rate. If the CPU does not
provide the' 8251A with a data character before the 82561A
Transmitter Buffers become empty, the SYNC characters
(or character if in single SYNC character mode) will be
automatically inserted in the TxD data stream. In this case,
the TXEMPTY pin is raised high to signal that the 8251A is
empty and SYNC characters are being sent out. TXEMPTY
does not go low when the SYNC is being shifted out (see
figure below). The TXxEMPTY pin is internally reset by a
data character being written into the 8251A.

AUTOMATICALLY INSERTED BY USART

TxD EATA I DATA I SYNC 1" SYNC 2 l DATA |

FALLS UPON CPU WRITING A

/ \ \ \’/CHARACTER TO THE USART

NOMINAL CENTER OF LAST BIT

TXEMPTY

Synchronous Mode (Receive)

In this mode, character synchronization can be internally
or externally achieved. If the SYNC mode has been pro-
grammed, ENTER HUNT command should be included in
the first command instruction word written. Data on the
RxD pin is then sampled in on the rising edge of RxC. The
content of the Rx buffer is compared at every bit boundary
with the first SYNC character until a match occurs. |f the
8251A has been programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization, The
SYNDET pin is then set high, and is reset automatically by
a STATUS READ. If parity is programmed, SYNDET
will not be set until the middle of the parity bit mstead of
the middle of the last data bit.

In the external SYNC mode, synchronization is achieved by
applying a high level on the SYNDET pin, thus forcing the
8251A out of the HUNT mode. The high level can be
removed after one RxC cycle. An ENTER HUNT command
has no effect in the asynchr'onous mode of operation.

Parity error and overrun error are both checked .in the same
way as.in the Asynchronous Rx mode. Parity is checked
when not in Hunt, regardless of whether the Receiver is
enabled or not.

The CPU can command the receuver to enter the HUNT
mode if synchro‘mzatlon is lost. This will also set all the
used character bits in the buffer toa “one”’, thus prevent-
ing a possible false SYNDET caused by data that happens
to be in the Rx Buffer at ENTER HUNT time. Note that

fif

the SYNDET F/F is reset at. eaéh»StaX; s é{g ardless.of
whether internal or external SYNé’h "b@e p& ed
This does not cause the 8251A to refﬁr;\*’to
mode. When in SYNC mode, but not in HUNT, §nc De
tion is still functional, but only occurs at the“’knbw
word boundaries. Thus, if one Status Read indicates E}}(ﬁ?%
DET and a second Status Read also indicates SYNDEﬁ'
then the programmed SYNDET characters have been re-
ceived since the previous Status Read. (If double character
sync has been programmed, then both sync characters have
been contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal Sync
Detect is disabled,. and the SYNDET F/F may be set at
any bit boundary.

D, Dg Dg D; Dy D, D D,
scs |esp| ep |PEN| L, | Ly | O 0|
CHARACTER LENGTH
—] o 1 0 1
0 [ 1 1
5 6 8
BITS | BITS BITS

7
BITS

L PARITY ENABLE
(1= ENABLE)
(0 = DISABLE)

EVEN PARITV GENERATION/CHECK
1=EV
0= DDD

EXTERNAL SYNC DETECT
1=SYNDET IS AN INPUT
0=SYNDET IS AN OUTPUT

SINGLE CHARACTER SYNC
1=SINGLE SYNC CHARACTER
0=DOUBLE SYNC CHARACTER

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 8. Mode Instruction Format, Synchronous Mode
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CPU BYTES (58 BITS/CHAR)

r DATA CHARACTERS . l .

ASSEMBLED SERIAL DATA OUTPUT (TxD)

| SYNC |

SYNC
CHAR 1

CHAR2 . DATA CHARACTERS I

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

SYNC
CHAR 2

| SYNC I DATA CHARACTERS |

CHAR 1

CPU BYTES (5-8 BITS/CHAR)

l . DATA CHARACTERS l

Figure 9. Daté Format, Synchronous Mode -
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251A has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
contrels the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251A
and Sync characters inserted, if necessary, then all further
"control writes” (C/D = 1) will load a Command Instruc-
tion. A Reset Operation (internal or external) will return
the 8251A to the Mode Instruction format.

D, Dg Dg D, Dy D, D, D

IEH

IR SBRK| RxE | DTR | TxEN

RTS I ER

L TRANSMIT ENABLE
1 = enable

0 = disable

DATA TERMINAL
READY .
“high”* will force DTR
output o zero

RECEIVE ENABLE
1 = enable
0 = disable

SEND BREAK
CHARACTER
1 = forces TxD “low"
0 = normal operation

ERROR RESET
1 = reset error flags
PE, O, FE

REQUEST TO SEND
“high”* will force RTS
output to zero

INTERNAL RESET
“high”* returns 8251A to
Mode Instruction Format

ENTER HUNT MODE*
1= enable search for Sync
Characters

*(HASNO EFFECT
IN ASYNC MODE)

Note: Error Reset must be performed whenever RxEnable and
Enter Hunt are programmed.

processor’s attention. The 8251A has facilities thatfa!fom o
the programmer to ‘‘read” the status of the device at ahy “Chre
time during the functional operation. (The status update is
inhibited during status read).

Anormal “read” command is issued by the CPU with C/I_5 =1
to accomplish this function.

Some of the bits in the Status Read Furmat have identical
meanings to external output pins so that the 8251A can be
used in a completely Polled environment or in an interrupt
driven environment. TxRDY is an exception.

Note that status update can have a maximum delay of 28
clock periods from the actual event affecting the status.

D, D D; D, D, D, D, D,

DSR SYNDET FE OE PE TxEMPTY| RxRDY | TxRDY

| —
Note1

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The PE flag is set when a parity
error is'detected. It is reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 8251A.

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character before
the next one becomes available.

It is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the 8251A
however, the previously overrun
character is lost.

FRAMING ERROR (Async only)
The FE flag is set when a valid
Stop bit is not detected at the
end of every character. It is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the operation of the 8251A.

DATA SET READY:: Indicates
that the DSR is at a zero level.

Note 1:  TxRDY status bit has different meanings from the
TxRDY output pin. The former. is not conditioned
by CTS and TxEN; the latter is conditioned by both
CTS and TxEN.

i.e. TxRDY status bit = DB Buffer Empty

TxRDY pin out = DB Buffer Empty -(CTS=0)- (TxEN=1)

Figure 10. Command Instruction Format

Figure 11. Status Read Format
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APPLICATIONS OF THE 8251A

ADDRESS BUS

{ {
| |
S_‘ CONTROL BUS {
L1 L
DATA BUS {

UL

8251A

RxD f«—————] EIATOTTL |

of——= Tioem

F——==

CONVERT

BAUD RATE

GENERATOR

CRT
TERMINAL

ADDRESS BUS

CONTROL BUS

DATA BUS

8251A

RxD
TxD
o PHONE
BSRo=——  async LINE
bTRlb—] MODEM INTER-
FACE
CTS fpe——
RTS p—*
s BAUD
RxC RATE
<C GENERATOR TELEPHONE
LINE

Figure 12."Asynchronous Serial Interface to CRT
Terminal, DC—9600 Baud .

Figure 14. Asynchronous Interface to Telephone Lines

ADDRESS BUS g
CONTROL BUS
DATA BUS ]y

AT
BIVES;

RxD
>0 SYNCHRONOUS
_ TERMINAL
8251A AxC 0-—1 OR PERIPHERAL
e DEVICE
SYNDET

Figure 13. Synchronous Interface to Terminal or
Peripheral Device

ADDRESS BUS

CONTROL BUS

|

DATA BUS

sy

8251A

SYNC
MODEM

PHONE
LINE
INTER-
FACE

TELEPHONE
LINE

Figure 15. Synchfonous Interface to Telephone Lines
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L‘Absolute

ABSOLUTE MAXIMUM RATINGS* COMMENT Stresses above’ tlmse l/sted

Ambient Temperature Under Bias. . . ... ... 0°C to 70°C tion of the device at these or any other cond;;{onsg

Storage Temperatura . . .. .......... —65°C to +150°C those indicated in the operational sections of this’ sp"é'iﬂ- L 4

Voltage On Any Pin cation is not implied. Exposure to absolute max:mum SO/;,J‘
With Respectto Ground . .. .. ....... —0.5V to +7V rating conditions for extended periods may affect device

Power Dissipation . . ... ....... ... 1 Watt reliability.

D.C. CHARACTERISTICS
=0°C to 70°C; Ve = 5.0V +5%; GND = 0V

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voltage -0.5 0.8 \Y

ViH Input High Voltage 2.2 Vee \%

VoL Output Low Voltage 0.45 \ loL=2.2mA

VoH Output High Voltage 2.4 \ loy =-400 nA

loFL Output Float Leakage £10 uA VouT = Ve TO 0.45V
e Input Leakage +10 MA V|N = Ve TO 0.45V
Ice Power Supply Current 100 mA All Qutputs = High
CAPACITANCE

Ta =25°C; Vee = GND = 0V

Symbol Parameter Min. Max. Unit Test Conditions

Cin Input Capacitance 10 pF fc = 1MHz

Ci/o 1/0 Capacitance 20 pF Unmeasured pins returned to GND

+20

el

+10 7

2V

A OUTPUT DELAY (ns)

8251A ouTt

-100 -50 0 +50 +100

A CAPACITANCE (pF)

Figure 16. Test Load Circuit Figure 17. Typical A Output Delay vs. A
Capacitance (pF)
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A.C. CHARACTERISTICS

Ta = 0°C to 70°C; Vg = 5.0V #5%; GND = OV

B_us Paramate_rs (Note 1) -

Read Cycle:
SYMBOL PARAMETER ) MIN. MAX. UNIT TEST CONDITIONS
tAR Address Stable Before READ (CS, C/D) - 50 : : ns Note 2
tRA Address Hold Time for READ (CS, C/D) 50 ns Note 2
tRR READ Pulse Width 250 s
tRD Data Delay from READ 250 ns 3,C =150 pF
tor READ to Data Floating 10 100 ns
Write Cycle:
SYMBOL PARAMETER ‘ _ MIN. MAX. UNIT TEST CONDITIONS
taw Address Stable Before WRITE 50 ‘ns :
twa : Address Hold Time for WRITE 50 ns
tww WRITE Pulse Width ’ © 250 ) ns
tow Data Set Up Time for WRITE 150 ns
twb Data Hold Time for WRITE 30 ns
tRv Recovery Time Between WRITES 6 toy ‘Note 4
NOT‘ES: . AC timings measured VoH = 2.0, VoL = 0.8, and with load circuit of Figure 1.

1

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid before Rp!. K

4. This recovery time is for Mode Initialization only. Write Data is allowed only wheén TxRDY = 1.
Recovery Time between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.

Input Waveforms for AC Tests

24

Xz.o TEST 2.0X
POINTS
0.45 0.8 0.8

1-36 00216A



8251A

Other Timings:

SYMBOL PARAMETER MIN. MAX. UNIT TESf‘CpNQ}TI@@Sg P
toy Clock Period 320 | 1350 ns Notes’5;,6" é‘am A
1 Clock High Pulse Width 140 | tcy-e0 ns P 05 i sf? Eﬁﬁ*
%3 Clock Low Pulse Width 90 ns S
R, tp Clock Rise and Fall Time 5 20 ns
tDTx TxD Delay from Falling Edge of TxC 1 us
tSRx Rx Data Set-Up Time to Sampling Pulse 2 us
tHRx Rx Data Hold Time to Sampling Pulse 2 us
frx Transmitter Input Clock Frequency

1x Baud Rate DC 64 kHz -
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
tTPwW Transmitter Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 tcy
tTpD Transmitter Input Clock Pulse Delay
1x Baud Rate 15 tcy
16x and 64x Baud Rate 3 tcy
fRx Receiver Input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 - kHz
tRPW Receiver Input Clock Pulse Width
1x Baud Rate 12 tcy
16x and 64x Baud Rate 1 toy
tRPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 tcy
tTxRDY TxRDY Pin Delay from Center of last Bit 8 tey Note 7
tTXRDY CLEAR TxRDY { from Leading Edge of WR 180 ns Note 7
tRxRDY RxRDY Pin Delay from Center of last Bit 24 tcy Note 7
tRXRDY CLEAR RxRDY | from Leading Edge of RD 150 ns Note 7
t Internal SYNDET Delay from Risin X
s Edge of AXC v 9 % | tey Note 7
t External SYNDET Set-Up Time Before
= Falling Edge of RxC ’ 16 fey Note 7
ITXEMPTY TxEMPTY Delay from Center of Last Bit 20 tcy Note 7
twe Control Delay from Risinﬁdge of 8 tcy Note 7
WRITE (TxEn,DTR, RTS) .
tcR Control to READ Set-Up Time (DSR, CTS) 20 toy Note 7
5. The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1x Baud Rate , fTx or fryx < 1/(30tcy)
For 16x and 64x Baud Rate, f1y or frx < 1/(4.5 tcy)
6. Reset Pulse Width =6 tcy minimum; System Clock must be running during Reset.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.
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WAVEFORMS
System Clock Input

t] |
CLOCK ¢ | N T‘

Transmitter Clock & Data

TXC (1x MODE) 1 ' B S | j E—

TR (16xoDE) \f\/VV\fVVVVV\/VVVVV\/\/VV\NWUVVV\/V\/VWVV\/\
—"l I‘_‘Drx : 'DTX_" — - .
TxDATA J . ) : X

Receiver Clock & Data

(Rx BAUD COUNTER STARTS HERE)

axpaTA START BIT |/ DATA BIT ‘ X pataBIT
W . fe———tgpp———

P " — ‘RPW
RxC (1x MODE) ] : . \

8 RxC PERIODS E—
" (l6xMoDE) |16 RaC PERIODS (16x MODE)
AC (16 MODE) \/\/\/\/\f\/\/\/\ﬁ TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR
) . 3t, —fle—31t,,
INT SAMPLING : )
PULSE
ety
tSRX | tHRX

Write Data Cycle (CPU — USART)

TXRDY / \

an CLEAR
Wr ~ ‘

o ) I‘—tnw | twp T
DATAIN (D) DONT CARE {_nlims |§—_—_°°"'T°ARE

1
- taw WA |

AW WA

a

Read Data Cycle (CPU < USART)

RxRDY / \l
| tRXRDY CLEAR;

_ mn———l
Ad

—.I |4_tnp — |-—tn;

& DATAOUT ACTIVE )—PATAFLOAT

AR tRA
c/b \ V4

tAR ' tRA

DATA OUT (D.B8.) DATA FLOAT

s
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Write Control or Output Port Cycle (CPU — USART)

DTR, RTS
(NOTE =1)

Wr

DATAIN (D.B.)

X
'.. twc—»l

I<- tww -—I

|<—' oW —= <——| twp

l<——‘ AW

.—.( WA

S

Read Control or Input Port (CPU <~ USART)

DSR, CTS
(NOTE #2)

Rd

DATA OUT
(D.B.)

¢ i
*_;l\

cs

X

I.— tCR —>|

| |<—mD —

—»l tAR |+— —

\(—— tRR'——l —

|<— tDF

:}—
tRA |-——

tAR [e— —

N

tRA

/[‘:_

NOTE #1: Ty INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE.
NOTE #2: Tcp INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY.

Transmitter Control & Flag Timing (ASYNC Mode)

cTS
Tx EMPTY

Tx READY
(STATUS BIT)

Tx READY
(PIN)

c/d

Wr

Tx DATA

L
tTXEMPTY —>||+—
_ .
pe
Sl I W B _/
tTxROY>] e { |
ey N —
Wr DATA1 Wr DATA2 Wr DATA 3 \Wr‘DA“‘I”A 4
[ [~ \ |/ \ |/ 7\
Wr TxEn Wr SBRK
e

DATA CHAR 1

DATA CHAR 2

DATA CHAR 3

EXAMPLE FORMAT =7 BIT CHARACTER WITH PARITY & 2 STOP BITS,

1-39

21
2
a3
E)
B

START BIT
DATABITG ¢

26

STOP BIT

00216A



8251A

Receiver Control & Flag Timing (ASYNC Mode)

BREAK DETECT

FRAMING ERfOR
OVERRUN ERROR [ DATA
(STATUSBIT) __“__‘mm cHaR2
AxnoY
)
ReoATA
oo T\ [ X I Y W
i Weenn |
w Y
_ Axen |
L/ L/ LI ]
A OATA
ATACHARY DATACHARZ  DATAGRARS T e
gy SR §= 5 5, Rt Enfes
z 52 5
EXAMPLE FORMAT - 7BIT CHARACTER WITH PARITY &2 STOP BITS. g5 5 &5 g3
53 35 53 5
Transmitter Control & Flag Timing (SYNC Mode)
cTs
Tx EMPTY /
Tx READY
(STATUS BIT) \_‘
Tx READY ’
" [ ) R ——.
‘Wr COMMAND
SBRK |
/b \ [
Wr DATA  Wr DATA Wr DATA Wr DATA ‘Wr COMMAND Wr DATA
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK 1 CHARS
Wr
DATA DATA SYNC ATA DATA MARKING | SPACING | MARKING DATA SYNC
MARKING STATE CHAR 1 N __CHAR2 CHAR 1 SYNC CHAR 2 CHAR 3 CHAR4 STATE STATE STATE CHAR
Tx DATA of1X2h3ks oA1kzRake o1 k2)3)e ol1X2Y3le of1XzXsle of1X2)3)e 1ETC
Y — $0080089
EXAMPLE FORMAT =5 BIT WITH PARITY, 2
Receiver Control & Flag Timing (SYNC Mode)
SYNDET
(PIN) NCTE =1 / \ \___ND“'EE_f-e f(
ys. |:_ 1ES
SYNDET (5,8} "’ \ r-€ —
OVERRUN DATA CHAR 2 \
ERROR ($,B) LOST
Rx RDY (PIN) E\ l
Rd STATUS We ERR Rst ’ d STATUS
D ; , Rd STATUS
¢ .——/Wv EH !\ \ WrEH ¢ m
RxEn | Rd DATA RdDATA * RASYNC Rd DATA
CH/IRR 1 R CHIAR3 CN?H 1
w U \ \ /"
. ; | "\ \U/
DON'T SYNC SYNC DATA DATA DATA SYNC DATA DATA
CARE CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 1 SYNC CHAR 2| DON'T CARE CHAR 1 CHAR 2 ETC.
Y Y \/
LSS C 0 00 000000060000
CHAR ASSY
. 7 CHAR ASSY BEGINS ,/ BEGINS i
Rx CLOCK ' “ l N I I )
A_exim HUNT MODE

SET SYNC DET

NOTE =1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY
NOTE :2: EXTERNAL SYNC, 5 BITS, WITH PARITY

1-40

EXIT HUNT MODE
SET SYN DET (STATUS BIT)

SET SYNDET (STATUS BIT)!
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intel
8253/8253-5
PROGRAMMABLE INTERVAL TIMER

m MCS—85™ Compatible 8253-5 s Count Binary or BCD

= 3 Independent 16-Bit Counters
= Single + 5V Supply

s DC to 2 MHz

s Programmable Counter Modes | ® 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable. '

PIN CONFIGURATION : BLOCK DIAGRAM
L ™M
1 24 IV
) P e oara _ fs——— cLko
3 22[0RD 00, 8 sus [ N K N COUN TR e GATEO
. nhe BUFFER | ouTo
5 2074, . .
6 1904, ; :
7 18fJcLk 2 | . . __T
8 17 out2 . .
9 16[0GATE 2 RD -9 e CLK1 .
10 1scLK 1 WR 9
u 14
12 13
Ay *

T =

PIN NAMES

j«——— CLK 2

WRITE :> COUNTER | Garer
s caTe ’ . A LOGIC ) =
M out 1 o : | out

D, D DATA BUS (8BIT) ) CONTROL "
T WORD O e GaTE2
CLKN ___COUNTER CLOCK INFUTS REGISTER N\ =2

GATEN  COUNTER GATE INPUTS
OUT N COUNTER OQUTPUTS

——ouT2

RD READ COUNTER . :

WR WRITE COMMAND OR DATA | {
cs CHIP SELECT

AgA COUNTER SELECT

v, "5 VOLTS /

GND GROUND : INTERNAL BUS LJ

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1-41 00745A



. 8253/8253-5

FUNCTIONAL DESCRIPTION

General

The 8253 is a programmable interval timer/counter .

specifically designed for use with the Intel™ Micro-
computer systems. Its function is :that of a general
purpose, multi-timing element that can be treated as an
array of I/0 ports in the system software.

The 8253 solves one of the most common problemsin any
microcomputer system, the generation of accurate time
delays under'software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by aSS|gnment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253.
e Programmable Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of INputor OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU is
outputting datain the form of mode information or loading
counters.

A0, A1

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)
A “low” on this input enables the 8253. No reading or

writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the

counters.

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS | RD-| WR | Ay | Ap

0 1 0 0 0 | Load Counter No. 0
0 1 0 | o 1- | Load Counter No. 1
0 1 0 |1 0 | Load Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0
0 [¢] 1 0 1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Register

The Control Word Register is selected when A0, A1are 11.
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation,
binary or BCD. Also, there are special features in the
control word that handle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 is. a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other

peripherals of the family. It is treated by the systems -

software as an array of peripheral 1/0O ports; three are
counters and the fourth is a control register for MODE
programming. ) )

Basically, the select inputs A0, A1 connect to the AQ, At
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel® 8205 for larger systems. .

Zg

COUNTER
#0

COUNTER
#1

] CONTROL
WORD
REGISTER

Figure 2. Block Diagram Showing Control Word

Register and Counter Functions

ADDRESS BUS (16)

Ar Ao
. CONTROL BUS J

l | |I/0R ||/ow
q DATA BUS (8) )

Ay Ay, CS Dy, RD WR

8253
COUNTER COUNTER COUNTER
0 1 2

Tout eate ck! Tout cate cLk' Tout cate cik’

Figure 3. 8253 System Interface_
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OPERATIONAL DESCRIPTION

General

The complete functional definition of. the 8253 is
programmed by the systems software. A set of control
words must be sent cut by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity.
information. These control words program the MODE,
Loading sequence and. selection of binary or BCD
counting.

Once programmed, the 8253 is ready to perform whatever
timing tasks it is assigned to accomplish.

The actual counting operation of each counter is
completely independent and additional logic is provided
on-chip so that the usual problems associated with
efficient monitoring and management of external,
asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple I/O operations. -

Each counter of the 8253 is individually programmed by '

writing a control word into the Control Word Register.
(A0, A1 =11)

Control Word Format

D; Dg Ds Ds Dz D D; Dy

[ sc1 | sco | RL1 [ RLO [m2] m1 | mo | BeD |

Definition of Control
SC — Select Counter:

SC1 sco
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 ilegal

RL — Read/Load:
RL1 RLO

0 0 Counter Latching operation (see

READ/WRITE Procedure Section)

0 Read/Load most significant byte only.

Read/Load least significant byte only.

1 Read/Load least significant byte first,

then most significant byte.

1-44

M — MODE:
M2 M1 MO
0 0 | 0 | ModeO
0 0 1 Mode 1
X | 1| 0| Mode2
X | 1] 1] Mode3 |
1] 0| 0| Mode4 ;
1 10| 1] Modes ‘
‘BCD:
0 Binary Counter 16-bits
1 Binary Coded Decimal (BCD) Counter
(4 Decades)

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following: :

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gatein-
put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input. . '
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1)/2 counts and low for
(N — 1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

If the count register is reloaded between output pulses
the present period will not be affected, but the subse-
quent period will reflect the new value. The count will be
inhibited while the gate input is low. Reloading the
counter register will restart counting beginning with the
new number.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Status Or Going
IModes Low Rising High
0 Disables _ Enables
counting counting
1 . —_— © | 1) Initiates —_
counting

2

Resets output
after next clock

2 1) Disables
counting Initiates Enables
2) Sets output counting counting
immediately
high
3 1) Disables
counting Initiates Enables
2) Sets output counting counting
immediately
high
4 Disables —_ Enables
counting counting
5 _ Initiates —_
counting

Figure' 4. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count:

4 3 2 1 o o
OUTPUT (INTERRUPT) ! —
n=4) |a—t—n—s
S S
S 1
WRm T L I T I
. j : 1
- - )
I 5 4 372 1770
OUTPUT (INTERRUPT) . 1 ol [l |
(m=5) ——
A Y :)
A+B=m

MODE 1: Programmable One-Shot

etock M MMM

WRn | I -
TRIGGER . '
4 3 2 1 0
OUTPUT vy S
(n=4) -

TRIGGER_|_|_I——
4 3 2 4.3 2 1

0

QUTPUT I

MODE 2: Rate Gene_ra_a”tor‘

ctock _MLMLMAMLLrnnnn

Win TLZe nc3
OUTPUT 4 3 2 1043 2 10321 0
. . 0(3) 3 2 1032 10032 1.
OUTPUT (n=3) “_J | P R N |

RESET ™

MODE 3: Square Wave Generator

a4 2 4 2 -2

: ) q 4 2 4 2 4 24
OUTPUT (n=4) ___ [~ 1 I 1 | 1 .
: 5 4 2 5 2.5 4 2 5 2 5 .4 2
OUTPUT (n=8) 1 I —1__I

MODE 4: Soﬂware Triggered Strobe

N e ligigigigiigigligigigigigiy

WR n=4 -
L 4.-3 2 1 0
- ouTPUT LI
" LOADn - l n=4f
_GATE - LT —
4 - 4 3 2 1 0
OUTPUT - -

MODE 5: Hardware Triggered Strobe -

GATE - I . T
i 4 3 2 1 0

OUTPUT (n=4) LT
GATE | I —
4 3 4 3 2 1 0
OUTPUT (n=4) | S|

Figure 5. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter’s count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10*for BCD). In MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word
Counter n

LSB Count Register byte
Counter n

MSB Count Register byte

Counter n

Note: Format shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

Figure 6. Programming Format

1

A1 | Ao
MODE Control Word
No-1 Counter 0 1 1
MODE Control Word
No-2 Counter 1 1 1
MODE Control Word
. - . ]
No- 3 Counter 2 .
Count Register Byte
No-4 | LSB Counter 1 0 1
Count Register Byte o .
No. 5 | MSB Counter 1
No.6 | Lsg  Count Register Byte Y
Counter 2
Count Register Byte
No.7 | MS8 Counter 2 1 0
Count Register Byte
No-8 | LS8 Counter 0 00
No.9 | MSB Count Register Byte 0 o
Counter 0

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8253 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized.

Figure 7. Alternate Programming Formats
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Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a
computational decision based on this quantity. Event
counters are probably the most common application that
uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress. )

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/O read operations of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed A0,
A1-11). The only requirement with this method is that in
order to assure astable count reading the actuai operation
of the selected counter must be inhibited either by
controlling the Gate input or by external.logic that inhibits
the clock input. The contents of the counter selected will
be available as follows:

first 1/0 Read contains the least significant byte (LSB).

second 1/0 Read contains the most significant byte
(MSB).

Due to the internal logic of the 8253 it is absolutely
necessary to complete the entire reading procedure. If two
bytes are programmed to be read then two bytes must be
.read before any loading WR command can be sent to the
same counter.

Read Operation Chart

A1 A0 RD
0 0 0 Read Counter No. 0
0 o 0 Read Counter No. 1
1 0 0 Read Counter No. 2:
1 1 0 llegal

Reading While Counting

In order for the programmer to redd the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes to read
the contents of a selected counter "on the fly" he loads the
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity. The
programmer then issues a normal read command to the
selected counter and the contents of the latched registeris’
available. : )

MODE Register for Latching Count
A0, A1 = 11 '

D7 D6 | D5 | D4 ‘D3 | D2 | D1 | DO
SC1 | SCo 0 0 X X X X

SC1,SC0— specify counter to be latched. .

D5.D4 — 00 designates counter latching operation.
X — don't care. k

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory

to complete the entire read operation as programmed.
This command has no effect on the counter’s mode.

3MHz

CLK =2

* 1.5MHz

—1CLK

8085

8253-5

*1f an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

Figure 8. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto70°C
Storage Temperature .............. —65°Cto+150°C
Voltage On Any Pin

With Respectto Ground .............. -0.5Vto+7V
Power Dissipation ........................... 1 Watt

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (T4 =0°Cto 70°C; Vg = 5V +5%)
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \
Vin Input High Voltage 2.2 Veet+.5V Vv
VoL Output Low Voltage 0.45 Vv Note 1
VoH Output High Voltage 2.4 \% Note 2
L Input Load Current t HA Vin = Ve to OV
loFL Output Float Leakage + HA VouT = Ve to OV
lee Vee Supply Current 140 mA
Note 1: 8253, Ig. = 1.6 mA; 8253-5, Ig; = 2.2 mA.
Note 2: 8253, gy = -150 uA; 8253-5, gy = -400 pA.
CAPACITANCE T, =25°C; Vec = GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1MHz
Cijo 1/0 Capacitance 20 pF Unmeasured pins returned to Vg
1-49 00745A
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A.C. CHARACTERISTICS Ta =0°C to 70°C;:Vec = 5.0V £5%; GND = OV

Bus Parameters (Note 1)

Read Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
taR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
tRD Data Delay From READI2! .300 200 . ns
tpF READ to Data Floating 25 125 25 100 " ns
try Recovery Time Between READ ] ' ] s
and Any Other Control Signal
Write Cycle: - ]
8253 8253-5 .
SYMBOL PARAMETER M‘lN. MAX. MIN. MAX. UNIT
taw Address Stable Before WRITE 50 30 ‘ns
twA Address Hold Time for WRTTE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 ' 250 ns
twp Data Hold Time for WRTTE 40 30 ns
tRv ‘Recovery Time Between WRITE L L us
and Any Other Control Signal
Notes: 1. AC timings measured at VOH 22,VoL =08
2. Test Conditions: 8253, C|_= 100pF; 8253-5: C|_ = 150pF.
Write Timing: Read Timing:
Ag_1, CS X Ag_q, CS X X
taw —>{twaj~— AR —-‘ <~—tRA
DATA BUS X K RD e
) tow two—>| tRp topfe—
WR jﬁ 7r__ DATA BUS%GH IMPEDANCE VALID [HIGH IMPEDANCE
Tww

Input Waveforms for A.C. Tests:

24
2.2 2.2
> TEST POINTS <
0.8 0.8
0.45

1-50
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Clock and Gate Timing:

8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
toLk Clock Period 380 dc 380 . de ns
towH High Pulse Width 230 230 ns
tpwL Low Pulse Width 150 150 ns
tew Gate Width High 150 150 ns
toL Gate Width Low 100 100 ns
tgs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK?® 50 50 ns
top Output Delay From CLK{[1} 400 400 ns
topG Output Delay From Gate4!1] 300 300 ns

Note 1:

Test Conditions: 8263: Cy_= 100pF; 8253-5: C|_= 150pF.

CLK ;

GATEG

towH —tw L_ﬂ

‘Gs—'l —

'GH

teLk

I

]

[+ too—>

OUTPUT 0

<— topG —>

1-61
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PROGRAMMABLE PERIPHERAL INTERFACE

= MCS-85™ Compatible 8255A-5 = Direct Bit Set/Reset Capability Easing
a 24 Programmable 1/0 Pins : Control Application Interface
m Completely TTL Compatible m 40-Pin Dual In-Line Package

m Fully Compatible with Intel® Micro-
processor Families

m Improved Timing Characteristics m Improved DC Driving Capabilitvyr

m Reduces System PackageCouht

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION : 8255A BLOCK DIAGRAM
pa3 (] S 40[7] Pas ‘ . i
rpaz (]2 39[7 pas ' 1
Pa1[]3 38 [ Pa6 r 1
PﬁE ) 37 g Paz powt "y GROUP
RD[]s 3s[JWR SUPPLIES | e nn o |0
=de o meser o] e g B —
CONTROL Ll
GND [ 7 3a[]) D,
Aa1(]s 13[Jo, T
a0 (]9 3270, .
ec7 10 n[o, 1 bl
pce (11 8255A o, noue
o
= o ) s K e,
pca 13 : ¢
g =[] Ds BLDIRECTIONAL DATA BUS hara
peo e 2D o, 0.0, % I & )
rc1 s 60 BUFFCR o
rea]re 5[ ve7 sz ¥
pc3 17 24[7] Pe6 . ’ <:—_‘> Tonte PCyPCo
peo []18 uafJees i
P81 [}19 22[7] PB4 T
ra2[]20 21[ ] pe3 [
A —————0}
wR of htao/ GROUP
WRITE e <: GROUP
CONTROL 8
PIN NAMES . N o K=o,
) Ay —————————1 8
0,-D, DATA BUS (BI»DIRECTIQ!‘JAL) RESET ——————| . L
RESET RESET INPUT
5] CHIP SELECT
| RD | READINPUT
WR WRITE INPUT & ?
A0, A1 PORT ADDRESS

PA7-PAD PORT A (BIT) I
PB7-PBO PORT B (BIT)
PC7-PCO PORT C (BIT)
Vee +5 VOLTS
GND JVOLTS

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1:52 00744A
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)
device designed for use Iin Intel® microcomputer
systems. Its function is that of a general purpose /10
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and-external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol busses and in turn, issues commands to both of the
Control Groups.

(s)
Chip Select. A “low” on this input pin enables the com-
muniction between the 8255A and the CPU.

(RD)

Read. A “low” on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to *“‘read from”
the 8255A.

(WR)
Write. A “low” on this input pin enables the CPU to write
data or control words into the 8255A.

(Ag and Aq)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

8255A BASIC OPERATION

A1 | Ag | RD | WR | CS | INPUT OPERATION (READ)

0 0 0 1 0 | PORT A=DATA BUS

0 1 0 1 0 | PORT B = DATA BUS

1 0 0 1 0 | PORT C= DATA BUS
OUTPUT OPERATION
(WRITE)

0 0 1 0 0 | DATABUS=PORT A

0 1 1 0 0 | DATABUS=PORTB

1 0 1 0 0 | DATABUS=PORTC

1 1 1 0 0 | DATABUS= CONTROL
DISABLE FUNCTION

X X X 1 | DATABUS= 3-STATE
1 1 0 1 0 | ILLEGAL CONDITION
X X 1 1 0 | DATA BUS=3-STATE

Figure 1. 8255A Block

gram Showing Data Bus uffer and Read/Write Cntrol Logic Functions
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(RESET)

Reset. A “high on this input clears the control register
and all ports (A, C, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as “mode”, “bit set”, "’bit reset”,
etc., that initializes the functional configuration of the
8255.

Each of the Control blocks (Group A and Group B) accepts
“‘commands’’. from the Read/Write Control Logic, receives
“control words’’ from- the internal data bus and issues the
proper commands to its associated ports.

Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-C0)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

S power
- SUPPLIES
! GROUP

CONTROL

aLommecTIoNaL DavaBus . f i TR
! o : Coatal by
Dy 0y ¥

CBUFFER

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All
can be configured in a wide variety of functional charac-
teristics by the system software but each has its own
special features or “‘personality” to further enhance the
power and flexibility of the 8255A.

Port A. One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data:input/output latch/buffer and one
8-bit data input buffer.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be
divided .into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch-and it can be used
for the control signal outputs and status signal inputs in
conjunction with.ports A and B.

PIN CONFIGURATION .

Figure 2. 8225A Block Diagram Showing Group A and
Group B Control Functions

Pa3[]1 S 40[] PAs
Paz[]2 39[] PAs
Pa1[]3. 38 [ ras
s} 37[]Pa?
Ao(]s : 36 [J WR
cse 35[ ] RESET
GND [ 7 3a[] b,
ar(]s 33[] o,
Ao ]e 3270,
pc7[]10 31D,
pee (1 8255 3o,
pcs (12 297 Dy
pca[]13 28] pg
pcoJ1a 27{] o,
PC1[]15 [ Vee
rc2(]16 25[ i ees
pc3(J17 2a[7]) Po6
F"n_no:ﬁ peo (18 23{7] PBS
M rorre K P81 [19 22[7) B4
ot P2} 20 21{] P83
PIN NAMES
Lo .951&?%.‘3‘;9'.’359['9"‘_“}11
_ RESET RESET INPUT N
L e S
. RD i
WA e
o, T PORT ADDRESS
i PATPAO | PORTAWB) ]
PB7-PBO PORT B (BIT)
" PC7PCO | PORTCIBIT) ,
(Vec | ssVOLIS :
LGNO  evours
1-54 00744A
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the reset input goes “high” all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization

required. During the execution of the system program

any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine.

une.,

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be ‘“‘tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

{ ADDRESS BUS ) )

[
{ CONTROL BUS ]

11 - [T

( . DATA BUS .
RD, WR D;-Dy Ag-Ay
&
8255A bt
MODE 0 —‘[ 8 ¢ A

T 38 B 3o

PB,PB,  PC;PC, . PC,PC, . PA;PA;

[
| ———— 1 A

2500 N1 3

PB,PB, CONTROL  CONTROL . PA,PA
OR1/0 OR1/0
. .
mope2 —]_B e —1 AT
.ﬂ /0 1 t I | l I 1 T 'a BI-DIRECTIONAL
PB,PB,  1/0 PA,PA,

CONTROL

Figure 3. Basic Mode Definitions and Bus Interface

CONTROL WORD

D, | Dg | Dg | Dy [ Dy | D, |-D; | Dy

GROUP B

PORT C (LOWER)
1=INPUT
0=0UTPUT

PORTB
1=INPUT
0=0UTPUT

MODE SELECTION
0=MODE 0
1=MODE 1

* GROUP A

PORT C (UPPER)
1= INPUT
0=0UTPUT

PORT A
1= INPUT
0=0QUTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG
1=ACTIVE

Figure 4. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical /O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout.and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Resel Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.
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CONTROL WORD

D, | Dg | Dg [ D, | Dy |.D, | D, | Dy

. BIT SET/RESET
X X X . 1=SET
= 0= RESET
DON'T .
CARE
BIT SELECT
o[1]2[3[4]5]6]7
o[1]0]1[o[1]0[1]BJ]
o[o[1]1]0[0]1]1]B,]
ofofo]o[1[1]1]1]B,]
BIT SET/RESET FLAG
0=ACTIVE

Figure 5. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op- -
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be-inhibited or
enabled by setting or resetting the associated INTE flip-
flop, using the bit set/reset function of port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without affectlng
any other device in the interrupt structure. :
INTE flip-flop defmltlon. )

(BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
mode select_ion and device Reset.

Operating Modes

Mode 0 Basnc Functnonal Definitions:
® Two 8- blt ports and two 4-bit ports.

) ® Any port can be input or output.
MODE 0 (Basic Input/Output). This functional configura- ® Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, ® 16 different Input/Output configurations are possible
data is simply written to or read from a specified port. in this Mode. '
\ %
RD
N /|

- HR ——>|
INPUT -

— 4
Cs, A1, A0

D; Dy — —— — — ____.___._<

MODE 0 (Basic Input)

48

'S

tow typ —>|

Dy ) } ) X

wa i

CS, A1, A0 )

OuTPUT

MODE 0 (Basic Output)
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MODE 0 Port Definition

A B GROUP A GROUPB
Dg D3 Dq Do PORT A PORT C # PORT B PORT C
(UPPER) (LOWER)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0] 1 OUTPUT OUTPUT 1 OUTPUT INPUT
-0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 ouTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 (4] o INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT. OUTPUT
1 0 1 1 INPUT OUTPUT 1 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 AINPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD #2
D, Dg Dy D, D3 D, Dy Dy D, Dg Dy Dy D3 D, D; Dy
L lefefefefo]e]] [lefefefefe] ][]
A —/L> PA;-PA, A -—/La———> PA,-PA
8255A ’ 8255A ) S
L /% . pc,pc, . /%~ pc,Pc,
D;-Dy +—— c ~|: D;-Dy ] c ‘|:
) . L RN
8 |—+2 = ra,pa, B f«—%— pB,PB,
CONTROL WORD #1 CONTROL WORD #3
D, D, Dy D, Dy D, DB, D, D, Dg Dg D, Dy D, D, .Dy
nopoonon CLLTLLLT]
Af——A2—ra,Pa, Afl—A2——ra,pa,
8255A 8255 v
_Id——’ PC;-PC, __#—” PC,-PCy
DDy | c~|: : . D;-Dy - c ‘l: .
A pegrc, - reec,
B —,L> PB,-PB, B «—/a— PB,-PB,
157 00744A
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CONTROL WORD #4
D; Dg Dy D D3 D, D; Dy

Llefefefrlefe]]

Ab—AE—pa,pa
8255 o )
’ 4
e ey pe,
D; Dy« c . o
L= /% pc e,
Py L S

CONTROL WORD #8
D; Dg Dy D, D3 D,

Al—rB ea,ea,
8255A
. 4
|——+—— rc,pc,
D, Dy +——————— c- :
: st PC4-PC,
Bl—#%—» 8, r8,

CONTROL WORD #5
D, Dg Dg Dy D3 D, Dy Dy

Llefefelofele]]

CONTROL WORD #9
D, Dg Dg D, Dy D, D, D,

8
St Af—AE—papag A [e——F—— ra,Pay
8255A 8255A o
4
14— PC,-PC, ———> PC,-PC,
D;-Dy > c Dy-Dy +—> c
) % — pe,pe,
8
B |—~2—» 8,8, B|——+A>— PB,-PB,
CONTROL WORD #6 CONTROL WORD #10
D, D Dy D, Dy D, D, Dy D, Dg Dg D, D D, D, D

Llelefele]el ]|

Llefefrfofel ][]

' 8
A L__/“__. PA,-PA, Ale——F—— pa,Pa,
e
8255A 8255A
: 4
4_/4_ PC,-PC, e PC,-PC,
‘D Dy = c ‘D, Dy +—>| c
P 42— pc, P, ————— Pc3PC,
, 8
B 7 PB,PB, B [«———— ¥B,PB,
CONTROL WORD #7 o . CONTROL WORD #11
D; Dy D; Dy D3 ‘D "Dy Dp, D; Dg Dy D, D3 ‘D, Dy D

[LLLLLLT]

) A ——;L> PA,-PAq
82554 |
4
| ; b oy,
D, Dy +——>] c :
- 4
Je———+—— e, pe,
: B o2 5,08

1-58

Llelelefele ]t]

8255A

D;-Dy -— ] c

Af—AE— pa,Pa

—/4—> PC,-PC,

<—,L PC4-PC,

‘<—,L PB,-PB,
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CONTROL WORD =12
D, Dg Dg D, Dy D, D, Dy

D;-Dy

CONTROL WORD #14
D, Dg Dy D, Dy D, D, D

D; Dy +——>

CONTROL WORD #13
D, Dg Dy D, Dy D, D, D,

nonnnooon

.

At payen,
B8255A
4—7L PC,-PC,
-PCq

D;-Dy > c ~|:

4
«——/——— PC,-PC,

8
8 |——/——psB,PB,

CONTROL WORD #15
D, Dg Dy D, Dy D, D, D

D;-Dg

]
{\m
o
K
o
&

Operating Modes

MODE 1 (Strobed Input/Output). This functional con-
figuration provides a means for transferring 1/O data to
or from a specified port in conjunction with strobes or
“handshaking” signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these ““hand-
shaking” signals. -

1-59

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port.

® The 8-bit data port can be either input or output.
Both inputs and outputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.

00744A
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Input Control Signal Deflmtlon

STB (Strobe Input). A “low” on this input loads data into
the input latch.

IBF (Input Buffer Full FIF)

A “high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement.
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A ""high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a.“one”, IBF is a “one” and INTE is a “one”.
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

INTE A
Controlled by bit set/reset of PC,.
INTEB
Controlled by bit set/reset of PCo.

MODE 1 (PORT A)
CONTROL WORD

PA;-PAq
D; Dg Dy D, D3 D, D, Dy 1 o
Lol [+ [XIXIX] TA_J o T

1 Pesf— 18,

[ PC3 |——> INTR,

2
PCg 7 <~ 110

PCe,7

1=INPUT
0=0UTPUT

RD ——0|

MODE 1 (PORT B)

CONTROL WORD '

D, Dg Dy D, D3 D, D, D, r—=-

L DX+ X

|[<—— 5TBy

— 1BF,

L INTR,

Figure 6. MODE 1 Input

g —————>

R
IBF

INTR

o>

INPUT FROM __ _
PERIPHERAL

I tes

Figure 7. MODE 1 (Strobed Input)
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Output Control Signal Definition

MODE 1 (PORT A)

OBF (Output Buffer Full F/F). The OBF output will go PA,PAGL 8 5
“low” to indicate that the CPU has written data out to CONTROL WORD
the specified port. The OBF F/F will be set by the rising - D7 D D5 Dy D3 D, Dy Do _
edge of the WR input and reset by ACK Input being low. l 1 | 0 | 1 | 0 |1/°D<|><D<l - i O5Fa

’ PCa5 | lN,;rE | PCq [<—— ACK,
ACK (Acknowledge Input). A “low” on this input informs Py
the 8255A that the data from port A or port B has been ac-
cepted. In essence, a response from the peripheral
device indicating that it has received the data output by WR —of
the CPU. I

MODE 1 (PORT B)
INTR (Interrupt Request). A ““high” on this output can be
used to interrupt the CPU when an output device has ac- CONTROL WORD PBrPBo I>
cepted data transmitted by the CPU. INTR is set when D, Dg Dy D, Dy D, Dy D
ACK s a““one”, OBF is a “one” and INTE is a “one”. It is T v, _—
reset by the falling edge of WR. L DX T[] . °
! JE J: PC, f~— ACRq

INTE A

Controlled by bit set/reset of PCg.

INTE B ' WR——=0
Controlled by bit set/reset of PC 2

—— INTRg

Figure 8. MODE 1 Output

g

INTR B . /
[ twir / ) .

OUTPUT . .
‘ le—»{— twg

Figure 9. Mode 1 (Strobed Output)

b=
g
s

tak U tarr
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Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications.

Aoy Y )
RD ——»0f PCy |«— 5TB, WR —O PC, OBF,
PCq [ —— 1BF, PCq -AEK,,
CONTROL WORD : . CONTROL WORD
D; Dg Dg Dy D3 D, Dy Dy PC3[—— INTR, D, Dg Dg Dy Dy D, Dy D, PC; INTR,,
1 o|1 11/01[0M 2 L1J0|1 ofwof1]1] 2
I | ] I I PCq 7 |«—f— 10 I I | | N . PCy, 5[ > ifo
i PCe.7 - PCy g ‘ ' .
1= INPUT PB.-PB, 1= INPUT .
0=0UTPUT 778 8 0=0UTPUT PB;-PBy
WR—>0] PC,}—— OBF, RD——0o] = “PC, $T8, B
PC, |«—— ACK, rC, 1BFg
PCo|——— INTRy PCy INTRg
PORT A — (STROBED INPUT) PORT A — (STROBED OUTPUT)
_ PORT B ~ (STROBED OUTPUT) PORT B'—(STROBED INPUT)
Figure 10. Combinations of MODE 1
Operating Modes Output Operations

MODE 2 (Strobed Bidirectional Bus 1/0). This functional
configuration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus

1/0). “Handshaking” signals are provided to maintain’

proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enable/disable functions are
also available. .

MODE 2 Basic Functional Definitions: .

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a 5-bit
cantrol Port'(Port C).

® Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bidirectional Bus I/0 Control Signal Definition
INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output opera-
tions.

OBF (Output Buffer Ful). The OBF output will go “low”

“to indicate that the CPU has written data-out to port A.

ACK (Acknowledge). A “low” on this input enables the
tri-state output buffer of port A to send out the data.
Otherwise, the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trolled by bit set/reset of PCe
Input Operatlons

STB (Strobe Input)

STB (Strobe Input). A “low” on this mput loads data into
the input latch.

IBF (Input Buffer Full FIF). A “high” on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Fiop Associated with IBF). Con-
trolled by bit set/reset of PC,.
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CONTROL WORD

D; Dg Dg D D3 D, D, Dy

L XX e[ o]

—— 1R,

OBF,
> PC2o |«——— ACK
1= INPUT A
0=0UTPUT

‘————— PORT B

1=INPUT
0=0UTPUT
IBF,
‘t————— = GROUP B MODE WR 9
0=MODE 0
1=MODE 1 3
RB ————=9) PCyg [=—F— 110
Figure 11. MODE Control Word Figure 12. MODE 2
DATA FROM

CPU TO 8255A
WA / . I

|«——ta0s —|

\ N e

-

- tps ’ —|tap|+=— —| tkp |+
PERIPHERAL __ __ __ __ __ . —_—f—_—- e ———
{ F---<
. |ty I._ ~— tRiB

DATA FROM DATA FROM
PERIPHERAL TO 8255A 8255A TO PERIPHERAL b
DATA FROM
8255A TO 8080

Figure 13. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permlssuble

(INTR = IBF « MASK « STB * RD + OBF + MASK * ACK * WR )
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MODE 2 AND MODE 0 (INPUT)

CONTROL WORD
D, Dg Dy Dy Dy D, D, D,

[T el

PCyg
1=INPUT
0=0UTPUT

RD ————0

PC, }———— OBF,

PCq |+———— ACK,

PCy [«—— 5TB,

PCg f—————= 1BF,

3
PCyo |—F— 110

P, Py

MODE 2 AND MODE 0 (OUTPUT)

CONTROL WORD
D; Dg Dy Dy D3 D, Dy Dy

(L XXX o[

PCr0
1=INPUT
0=0UTPUT

RD ———9

PCy f———— INTR,

o

PC, |————— OBF,

PCg |«——— ACK,

PC, |«—— 5TB,

Py [————> 1BF,

MODE 2 AND MODE 1 (OUTPUT)

CONTROL WORD

D; Dg Dg Dy D3 D, Dy Dy

L XD [

PCy
PA;-PA,

PCy

PCy
PCy
PB;-PBy
PCq

PC2

PCo

———— INTR,

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

D, Dg Dy D, D; D, Dy D,

LXK

RD —————»0}

WR ————0f

PCy f———— INTR,

PA,-PA,

PC, ———» OFBF,
PCy [«————— ACK,
PC, [«———— STB,
PCy ———— IBF,

PB,-PB,

PC,

o,

PC———— 1By

PCy ———— INTRg

Figure 14. MODE 2 Combinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY
PAQ IN ouT IN ouT -
PA4 IN ouTt IN ouT R
PA2 IN out IN ouT -~
PA3 IN ouT IN ouT -
PA4 IN ouT IN ouT -~
PAs IN ouT IN ouT B
PAgG IN ouT IN out -~
PA7 IN ouTt IN ouT -~
PBg IN ouT IN out —_
PB4 IN ouT IN ouT P
PBo IN out IN out _
PB3 IN out IN out _
PBy IN out IN out —_
PBg IN out IN out —_
PBg IN ouTt IN ouT o
PBy IN ouT IN ouTt —_
PCo IN ouT INTRg INTRg 1/0
PCq IN out IBFg OBFg 1/0
PCy IN ouT STBg ACKg 1/0
PC3 IN out INTRA INTRA INTRA
PCy IN ouTt §TBA 1/0 STBA
PCs IN ouT IBF A 1/0 IBFp
PCg IN ouT 1/0 ACKp ACKp
PCy IN ouT 110 OBFA OBFp

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
All input lines can be accessed during a normal Port C
read.

If Programmed as Outputs —
Bits in C upper (PC7-PC4) must be individually accessed
using the bit set/reset function.

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source TmA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “‘hand-shaking” signals
with the peripheral device. Reading the contents of Port C

MODE 0
— OR MODE 1
ONLY

1-656

allows the programmer to test or verify the ‘‘status’” of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION

D, Dg Dg D, Dy D, D D,
1o | 1o | IBF, INTEA{INTRA INTEg | 1BFg [INTRy
T T
GROUP A GROUP B

OUTPUT CONFIGURATION
D, Dg Dg D D .D, D Dy

OBF, | INTE, INTEg | OBFg [INTRg

/o | 1o |lNTRA

T T
GROUP A GROUP B

Figure 15. MODE 1 Status Word Format

D Py D5 Dy D3 D Dy Dy

= DA

T
GROUPB

INTE, | 1BF,

INTE,

T
GROUP A

{DEFINED BY MODE 0 OR MODE 1 SELECTION)

Figure 16. MODE 2 Status Word Format
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INTERRUPT
REQUEST
APPLICATIONS OF THE 8255A
o ' "o T, "
The 8255A is a very powerful tool for interfacing : s255A | PA R,
peripheral equipment to the microcomputer system. It : PA, R, FULLY
represents the optimum use of available pins and is flex- PA; Ry ocomer
ible enough to interface almost any 1/0 device without PA, Ry
the need for additional external logic. wope1 | s Rg
. . . . (INPUT) ] PAg SHIFT
Each peripheral device in a microcomputer system Pa, CONTROL
usually has a “service routine” associated with it. The
routine manages the software interface between the PC, STROBE
device and the CPU. The functional definition of the PCs ACK
8255A is programmed by the I/O service routine and B
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for _
both data transfer and timing, and matching this infor- ::0 :0
mation to the examples and tables in the detailed opera- . s  BURROUGHS
tional description, a control word can easily be devel- 2 2 SELFSCAN
[ROYN g . PBy By DISPLAY
oped to initialize the 8255A to exactly “fit” the applica- e, 8,
tion. Figures 17 through 23 present a few examples of PB, B,
i i i MODE 1 _|
typical applications of the 8255A. oorrun T s BACKSPACE
P8, CLEAR
pC, DATA READY
INTERRUPT PC, ACK
REQUEST . PCG BLANKING
’ . PCy LPC, CANCEL WORD
PC; 5 A =
PA INTERRUPT
1 REQUEST
PA, HIGH-SPEED
PA, PRINTER
:24 Figure 18. Keyboard and Display Interface
mope1 | .°
touTPuT) ¢ INTERRUPT
PA; HAMMER
— 'RELAYS REQUEST
PC, - DATA READY
PCq ACK PC3 I pA, Ry
PCs PAPER FEED PA, R,
PC, FORWARD/REV
— PA, Ry
8255A Pa R FULLY
PB, MODE 1 | ™73 3 DECODED
B (INPUT) PA, R, KEYBOARD
1 | .
B, PAg Rg
By DATA READY i pag SHIET
. 8255A
PBy ACK pA, CONTROL
MODE 1 PBy , PAPER FEED
fouTPuT) PBg FORWARD/REV
PB, RIBBON PC, STROBE
CARRIAGE SEN. . . PCgy ACKNOWLEDGE
PC, DATA READY | PCg BUSY LT
| Pe. AcK Pc, TEST LT
PCy . N e = —
PBy o TERMINAL
CONTROL LOGIC AND DRIVERS - ADDRESS
INTERRUPT i P8,y <
REQUEST . PB, o
mMoDE 0 _| PB3 _ ™
Figure 17. Printer Interface (INPUT) | pB, <" e
PBg o
PB, " o
| e8, " "o

Figure 19. Keyboard and Terminal Address Interface
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MODE 0

8255A

BIT
SET/RESET

MODE 0
{INPUT)

oAy
PA,
PA,
PA,
PA,

(OUTPUT) | PAg

PBg
L=

INTERRUPT
REQUEST

LsB

MsB

STB DATA
OUTPUT EN

D-A
CONVERTER

—> ANALOG OUTPUT

SAMPLE EN
STB

LsB

CONVERTER
C|

MsB

[<—— ANALOG INPUT

PC3 [Py
PAY
PA;
PA3
PAs
PAs
MODE 2 - PAg
PA7

PC,
PCy
PC,
PCq

8255
PC,
PC,
PC,

PBg
PBy
PBy
mope 0 | "B3
(ouTpPUT) | PBa
PBs
PBg
PB7

Do
D1
D, .
D3 FLOPPY DISK
D CONTROLLER
4 AND DRIVE
Dg
Dg
D,

DATA sSTB
ACK (IN)
DATA READY
ACK (OUT)

TRACK “0” SENSOR
SYNC READY
INDEX

ENGAGE HEAD
FORWARD/REV,
READ ENABLE
WRITE ENABLE
DISC SELECT
ENABLE CRC
TEST

BUSY LT

Figure 20. Digital to Analog, Analog to Digital

Figure 22. Basic Floppy Disc Interface

INTERRUPT

REQUEST

(OUTPUT) -

8255A

(ouTPUT)

PC3 [

PA;

MODE 1 _| PAg

MoDE 0 _| PB4

INTERRUPT

REQUEST

Ro
Rl
Ry
s
RQ
Rs

SHIFT
CONTROL

DATA READY
ACK
BLANKED
BLACK/WHITE

ROW STB
COLUMN STB
CURSOR H/V STB

CURSOR/ROW/COLUMN

CRT CONTROLLER

® CHARACTER GEN.
® REFRESH BUFFER ,
® CURSOR CONTROL

PCs | P,

MODE 1

anpu) | P

8255A

MODE 0
(INPUT) ©

MODE 0 | PBj
(OUTPUT) PB,

Ro
R, :
R 8 LEVEL

2 PAPER
Ry ‘TAPE
R,  READER
Rg
Rg
Ry
STB
ACK
STOP/GO

MACHINE TOOL

START/STOP
LIMIT SENSOR (H/V)
OUT OF FLUID
CHANGE TOOL
LEFT/RIGHT
UP/DOWN

HOR. STEP STROBE
VERT. STEP STROBE
SLEW/STEP

FLUID ENABLE

Y STOP

Figure 21. Basic CRT Controller Interface
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Figure 23. Machine Tool Controller Interface -
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the -
device. This is a stress rating only and functional opera-

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C tion of the device at these or any other conditions above
Storage Temperature . . ... ......... —65°C to +150°C those indicated in the operational sections of this specifi-
Voltage on'Any Pin . ) cation is not implied. Exposure to absolute maximum

With Respect to Ground . . ... ....... —0.5V to +7V° rating conditions for extended periods may affect device
Power Dissipation . . .. .............. P 1 Watt reliability. ) o

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = +5V  +5%; GND = 0V

SYMBOL PARAMETER . MIN. | MAX. | UNIT TEST CONDITIONS
Vi " | Input Low Voltage -0.5 | 0.8 \%

Vin " | Input High Voltage 20 | Ve \

VoL (DB) | Output Low Voltage (Data Bus) 0.45 \ loL = 2.5mA

Vo (PER)| Output Low Voltage (Peripheral Port) 0.45 \ loL=1.7mA

Vou(DB) | Output High Voltage (Data Bus) 2.4 \% lon = -400uA

Vo (PER){ Output High Voltage (Peripheral Port) | 2.4 \% lon = -200pA

Ipar!1l | Darlington Drive Current 7 |-1.0 | <40 [ mA RexTt = 75082; Vext= 1.5V
fec Power Supply Current : 120 | mA )

e Input Load Current o 10 | WA V|N = Vec to OV

loFL Output Float Leakage 10 | wA | Vour = Vee to OV

Note 1:  Available on any 8 pins from Port B and C.

CAPACITANCE ,
Ta =25°C; Voo = GND =0V

SYMBOL PARAMETER MIN. TYP. MAX. CUNIT . TEST CONDITIONS

Cin Input Capacitaﬁce ' 10 pF fc = TMHz .

Ci/o 1/0 Capacitance } 20 pF Unmeasured pins returned to GND

7500 .
D.U.T. ‘ A O Vext*
, % 100pF

*VexT is set at various voltages during testing to guarantee the specification.

Figure 24.' Test Load Circuit (for dB)
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A.C. CHARACTERISTICS

Ta = 0°C to 70°C; V¢ = +5V £5%; GND = 0V

Bus Parameters

Read:
» 8255A
SYMBOL PARAMETER MIN. MAX.
tAR Address Stable Before READ 0
trA Address Stable After READ 0
tRR READ Pulse Width 300
tRD Data Valid From READI] 250
tpE Data Float After READ 10 150
tRv  Time Between READs and/or WRITEs 850
Write:
8255A
SYMBOL PARAMETER MIN. MAX.
taw Address Stable Before WRITE 0
twA Address Stable After WRITE 20
tww WRITE Pulse Width 400
tow Data Valid to WRITE (T.E.) 100
twb Data Valid After WRITE 30
Other Timings:
8255A
SYMBOL PARAMETER MIN. MAX.
twe WR =1 to Output!] 350
tiR Peripheral Data Before RD 0
tHR Peripheral Data After RD 0
tAK ACK Pulse Width 300
tsT STB Pulse Width 500
tps Per. Data Before T.E. of STB 0
tpH Per. Data After. T.E. of STB 180
tAD ACK = 0 to Output!1] 300
tkp ACK =1 to Output Float 20 250
twos WR =1 to OBF =0l'] 650
tAOB ACK = 0to OBF = 1[1] 350
tsiB STB=0to IBF = 1l1] 300
tr1B RD =1 to IBF = 0[] 300
tRIT RD=0to INTR =0l 400
tsIT STB=1to INTR =1l 300
tAIT ACK=11to INTR =101 350
twiT WR = 0to INTR = 0[] 850
Notes: 1. Test Conditions: 8255A: C|_ = 100pF; 8255A-5: C_= 150pF.

2. Period of Reset pulse must be at least 50us during or after power on.
Subsequent Reset pulse can be 500 ns min.
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24

0.45

70 20
= esTroNTs
/\. 08 08 _/\

Figure 25. Input Waveforms for A.C. Tests

v tig — . L—‘HR—>
B \
INPUT } ><
) taR e tga—— ]
CS, A1,A0 ><y :
. . : 4 - \
Dy-Dj e e e — o e — >._._.._
o N /

R tor
Figure 26. MODE 0 (Basic Input)
WR AT 7—
_ s ’ tow «—typ—>
P70 ' >< : : JK
i taw — v : ) twa :
Cs,A1,A0 | X : ’ )(
OuTPUT :
. \

Figure 27.- MODE 0 (Basic Output)
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I ——

|<—tsip—|
1BF

tope—n|
INTR

'Rn’j\

INPUT FROM . .
PERIPHERAL

| tes

Figure 28. MODE 1 (Strobed Inut)

WR \
: e——"ta08 ]
" b J
"—‘wos
INTR /?
[ twit /
ATR \'\
tak tarr
QUTPUT
— twe

Figure 29. MODE 1 (Strobed Output)
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DATA FROM

8080 TO 8255
WR

\

twos

i .

|e———tr0p ——>|

OBF

-ty ——|

ts7

o | R L

| s —>|tap|+— —>| t&p
PERIPHERAL __ | | o o e e e \>____ —_—————
BUS /
—| toy fe— «— trig
RD
DATA FROM DATA FROM
PERIPHERAL TO 8255 8255 TO PERIPHERAL
DATA FROM
8255 TO 8080

Figure 30. MODE 2 (Bidirectional)

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible.
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8257182575 Ui
PROGRAMMABLE DMA CONTROLLER :

» MCS-85™ Compatible 8257-5 a Terminal Count and Modulo 128

Outputs
4-Ch | DMA
= 4-Channel DMA Controller a Single TTL Clock
m Priority DMA Request Logic = Single + 5V Supply
= Channel Inhibit Logic = Auto Load Mode

The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at
high speed between peripherals and memories.

PIN CONFIGURATION BLOCK DIAGRAM
worc]h w0 bA,
ow[] 2 39 1A,
MEMR[] 3 38 [JAs ™S
wewwd o wha, |cho  fe—oRa0
MARK[] 5 36 ETC 0,0, <:——L-'> D;JSA <::> K ; nil?r
Reabv[]e 35 1A, BUFFER I i EPRSE
Hwoa(] 7 3 A,
ADSTB[} 8 33[JA, : )
AEN[1 9 8257 3 1A, f CH-1 l«—DRQ 1
HRQ[] 10 310Vee 1/OR -——f 16
csgn 30 0o, oW ~——=9 < > AI:JI;R
ck[2 29 [1o, ek p—=| CNTR [— DACK 1
RESET[] 13 28[1o, RESET ———»] READ/ T
ooadn oo e K=
DAck3[] 15 26 o, Ao cH2 |[+—DRQ2
pra3[] 16 25 [1DACK 0 :"_’ > ae
pra2[] 17 24 [JDACK 1 ’ o ADDR
ona 1 18 2o, 3 ) $—] CNTR }— BACKZ
prao(] 19 22[o, 343 J
GND (] 20 21{]p, A—] :
Ag ——] CH3 l«— DRQ 3
Ag +— < > n‘l?r
PIN NAMES 2 conrmor L] & | omers
D7:Dg_| DATA BUS AEN ADDRESS ENABLE READY ———|  LOCIC <:> :
A7-Ag_| ADDRESS BUS ADSTB ADDRESS STROBE MODE {
70R | 1/0 READ TC TERMINAL COUNT HRQ =— T
i7TOW | 1/0 WRITE MARK MODULO 128 MARK 1{»}:1 L] eriomiTy
MEMR_| MEMORY READ DRQ3DRQ, | DMA REQUEST MEMR RESOLVER
WMEMW | MEMORY WRITE | INPUT MEMW ~——)
CLk cLockINPUT BACK3 DACKo | OMA ACKNOWLEDGE AD::: ~—
RESET | RESET INPUT = Chip SELECT INTERNAL
READY | READY o ~5VOLTS are BUS
HRQ | HOLD REQUEST GND GROUND
(TO 8080A)
HLDA | HOLD ACKNOWLEDGE
(FROM 8080A)

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1-73



8257/8257-5

FUNCTIONAL DESCRIPTION

Genéral

The 8257 is a  programmable, Direct Memory Access
(DMA) device which, when coupled with a single Intel®
8212 1/0 port device; provides a complete four-channel
DMA controller for use in Intel® microcomputer systems.
After being initialized by software, the 8257 can transfer a
block of data, containing up to 16,384 bytes, between
memory and a peripheral device directly, without further
intervention required of the CPU. Upon receiving a DMA
transfer request from an enabled peripheral, the 8257:

1. Acquires control of the system bus.

2. Acknowledges that requesting peripheral which is
connected to the highest priority channel.

.3. Outputs the least significant eight bits of the memory

" address onto system address lines Ao-A7, outputs
the most significant eight bits of the memory address
to the 8212 I/O port via the data bus (the 8212
places these address bits on lines Ag-Ajs), and

4. Generates the appropriate ' memory and 1/0 read/

“.write-control signals that cause the peripheral to - -

‘receive or deposit a data byte directly from or to the
addressed location in memory.

The 8257 will retain control of the system bus and repeat
the transfer sequence, as long as a peripheral maintains its
DMA request. Thus, the 8257 can transfer a block of data
to/trom a high speed peripheral (e.g., a sector of dataona
floppy disk) in a single “burst”. When the specified
number of data bytes have been transferred, the 8257
activates its Terminal Count (TC) output, informing the
CPU that the operation is complete.

The. 8257 offers three different modes of operation:
(1) DMA read, which causes data to be transferred from
memory to a peripheral; (2) DMA write, which causes
data to be transferred from a peripheral to memory;
and (3) DMA verify, which does not actually involve the
transfer of data. When an 8257.channel is in the DMA verify
mode, it will respond the same as described for transfer
operations, except that no memory or /O read/write
control signals will be generated, thus preventing the
transfer of data. The 8257, however, will gain control of the
system bus and will acknowledge the peripheral’'s DMA
request for each DMA cycle. The peripheral can use these
acknowledge signals to enable an internal access of each
byte of a data block in order to execute some verification
procedure, such as the accumulation of a CRC (Cyclic
Redundancy Code) checkword. For example, a block of
DMA verify cycles might follow a block of DMA read cycles
(memory to peripheral) to allow the penpheral to venfy its
newly acquired- data
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.. 1. DMA Channels

Block Diagram Description

Y,
The 8257 provides four separate DMA channels (IaSQl‘éﬁez

- CH-0 to CH-3). Each channel includes two sixteen- l‘fﬁ

registers: (1) a DMA address register, and (2) a termi-
nal count register. Both registers must be initialized
before a channel is enabled. The DMA address register is
loaded with the address of the first memory location to be
accessed. The value loaded into the low-order 14-bits of
the terminal count register specifies the number of DMA
cycles minus one before the Terminal Count (TC) output
is activated. For instance, a terminal count of 0 would
cause the TC output to be active in the first DMA cycle for
that channel. In general, if N = the number of desired DMA
cycles, load the value N-1 into the iow-order 14-bits of the
terminal count register. The most significant two bits of the
terminal count register specify the type of DMA operation

. for that channel

Figure 1. 8257 Block Diagram Showmg DMA
Channels
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These two bits are not modified during a DMA cycle, but
can be changed between DMA blocks. BIT 1§ BIT 14

Each channel accepts a DMA Request (DRQn) input and
provides a DMA Acknowledge (DACKn) output.

R i
Verify SMQZ‘é“ygjg'{?
Write DMA Cygle™7;,
Read DMA Cyclé 5. 0,

(Illegal) e

“~-00
-0 = 0O

(DRQ 0-DRQ 3)

DMA Request: These are individual asynchronous chan-
nel request inputs used by the peripherals to obtaina DMA
cycle. If not in the rotating priority mode then DRQ 0 has
the highest priority and DRQ 3 has the lowest. A request
can be generated by raising the request line and holding it
high until DMA acknowledge. For multiple DMA cycles
(Burst Mode) the request line is held high until the DMA
acknowledge of the last cycle arrives.

(DACK 0 - DACK 3)

DMA Acknowledge: An active low level on the.acknowl-
edge output informs the peripheral connected to that
channel that it has been selected for a DMA cycle. The
DACK output acts as a “chip select” for the peripheral
device requesting service. This line goes active (low)
and inactive (high) once for each byte transferred even if
a burst of data is being transferred.

2. Data Bus Buffer

This three-state, bi-directional, eight bit buffer interfaces
the 8257 to the system data bus.

(Do-D7)

Data Bus Lines: These are bi-directional three-state lines.
When the 8257 is being programmed by the CPU, eight-
bits of data for a DMA address register, a terminal count
register or the Mode Set register are received on the data
bus. When the CPU reads a DMA address register, a
terminal count register or the Status register, the data is
sent to the CPU over the data bus. During DMA cycles
(when the 8257 is the bus master), the 8257 will output the
most significant eight-bits of the memory address (from
one of the DMA address registers) to the 8212 latch viathe
data bus. These address bits will be transferred at the
beginning of the DMA cycle; the bus will then be released
to handle the memory data transfer during the balance of
the DMA cycle,

Figure 2. 8257 Block Diagram Showing Data Bus
Buffer
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3. Read/Write Logic

When the CPU is programming or reading one of the
8257's registers (i.e., when the 8257 is a ““slave” device on
the system bus), the Read/Write Logic accepts the 1/0
Read (I/OR) or /0 Write (TOW) signal, decodes the least
significant four address bits, (Ag-A3), and either writes
the contents of the data bus into the addressed register
(if TOW is true) or places the contents of the addressed
register onto the data bus (if TOR is true).

During DMA cycles (i.e.;, when the 8257 is the bus
“master”), the Read/Write Logic generates the 1/0 read
and memory write (DMA write cycle) or 1/0 Write and
memory read (DMA read cycle) signals which control the
data link with the peripheral that has been granted the
DMA cycle.

Note that during DMA transfers Non-DMA 1/0 devices
should be de-selected (disabled) using “AEN" signal to
inhibit 1/0 device decoding of the memory address as an
erroneous device address.

(/OR)

1/0 Read: An active-low, bi-directional three-state line. In
the “slave” mode, it is an input which allows the 8-bit
status register or the upper/lower byte of a 16-bit DMA
address register or terminal count register to be read. In
the “master” mode, I/OR is a control output which'is used

- to access data from a peripheral during the DMA write
cycle.

(/ow)

1/0 Write: An active-low, bi-directional three-state line. In
the “slave” mode, it is an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
or terminal count register. In the “master” mode, [/OWis a
control output which allows data to be output to a
peripheral during a DMA read cycle. '

(CLK)

Clock Input: Generally from an Intel® 8224 Clock Gen-
erator device. (¢2 TTL) or Intel® 8085A CLK output.

(RESET)

- Reset: An asynchronous Input (generally from an 8224
or 8085 device) which disables all DMA channels by
clearing the mode register and 3-states all control lines.
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(Ag-Ag)
Address Llnes These least sngnnfucaﬁb{guraf&?% r g,s

which select one of the registers to be"fafe X
programmed. In the “master” mode, they are ou'myglf&tg
which constitute the least significant four bits of the 16-bit 7
memory address generated by the 8257.

(©s)

Chip Select; An active-low input which enables the 170
Read or I/0 Write input when the 8257 is being read or
programmed in the “slave” mode. In the “master” mode,

CS is automatically disabled to prevent the chip from
selecting itself while performing the DMA function. .

Figure 3. 8257 Block Diagram Showing
Read/Write Logic Function
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4. Control Logic

This block controls the sequence of operations during all
DMA cycles by generating the appropriate control signals
and the 16-bit address that specifies the memory location
to be accessed.

(As-A7)

Address Lines: These four address lines are three-state
outputs which constitute bits 4 through 7 of the 16-bit
memory address generated by the 8257 during all DMA
cycles.

(READY)

Ready: This asynchronous input is used to elongate the
memory read and write cycles in the 8257 with wait states
if the selected memory requires longer cycles.

(HRQ)

Hold Request: This output requests control of the system
bus. In systems with only one 8257, HRQ will normally be
-applied to the HOLD input on the CPU.

(HLDA)

Hold Acknowledge: This input from the CPU indicates
that the 8257 has acquired control of the system bus.

(MEMR)

Memory Read: This active-low three-state output is used
to read data from the addressed memory location during
DMA Read cycles.

(MEMW)

Memory Write: This active-low three-state output is used
to write data into the addressed memory location during
DMA Write cycles.

(ADSTB)

Address Strobe: This output strobes the most significant
byte of the memory address into the 8212 device from the
data bus.

(AEN)

Address Enable: This output is used to disable (float) the
System Data Bus and the System Control Bus. It may also
be used to disable (float) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
inhibit non-DMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer of the 8
most significant DMA address bits over the 8257 data |I/O
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
in. an /0 device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an /0 device when the DMA address is on the
address bus. The 1/0 device selection should be
determined by the DMA acknowledge outputs for the 4
channels.
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Terminal Count: This- output nofifigg”»v:g ) Q@rg

selected peripheral that the present DMA ¢y, ‘f‘é:,gi;ouiq& e

the last cycle for this data block. If the TC STOBLQ?tcig»tﬁe

Mode Set register is set, the selected channel i‘fvilﬁbe,z

automatically disabled at the end of that DMA cycle. T&is, )

activated when the 14-bit value in the selected channel’s
terminal count register equals zero. Recall that the low-
order 14-bits of the terminal count register should be
loaded with the values (n-1), where n =the desired number
of the DMA cycles.

(MARK)

Modulo 128 Mark: This output notifies the selected
peripheral that the curpent DMA cycle is the 128th cycle
since the previous MARK output. MARK always occurs at
128 (and all multiples of 128) cycles from the end of the
data block. Only if the total number of DMA cycles (n) is
evenly divisable by 128 (and the terminal count register
was loaded with n-1), will MARK occur at 128 (and each
succeeding multiple of 128) cycles from the beginning of
the data block.

Figure 4. 8257 Block Diagram Showing Control Logic
and Mode Set Register



8257/8257-5

5. Mode Set Register

When set, the various bits in the Mode Set register enable
each of the four DMA channels, and allow four different
options for the 8257:

7 6 5 4 3 2 1 [

Enables AU'I'OLOAD—T
Enables TC STOP

LEmbles DMA Channel 0
Enables EXTENDED WRITE

Enables DMA Channel 1
Enables ROTATING PRIORITY:

Enables DMA Channel 2
Enables DMA Channel 3

The Mode Set register is normally programmed by the
CPU after the DMA address register(s) and terminal
count register(s) are initialized. The Mode Set Register is
cleared by the RESET input, thus disabling all options,
inhibiting all channels, and preventing bus conflicts on
power-up. A channel should not be left enabled unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)
from a peripheral could initiate a DMA cycle that would
destroy memory data.

The various options which can be enabled by bits in the
Mode Set register are explained below:
Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channels
has a circular sequence. After each DMA cycle, the
priority of each channel changes. The channel which had
just been serviced will have the lowest priority.

N

If the ROTATING PRIORITY bit is not set (set to a zero),
each DMA channel has afixed priority. In the fixed priority
mode, Channel 0 has the highest priority and Channel 3
has the lowest priority. If the ROTATING PRIORITY bit is
set to a one, the priority of each channel changes after
each DMA cycle (not each DMA request). Each channel
moves up to the next highest priority assignment, while
the channel which has just been serviced moves to the
lowest priority assignment:

CHANNEL—»|CH-0|CH-1(CHK-2|CH-3
JUST SERVICED

Priority —» Highest CH-1|CH-2|CH-3|CH-0
Assignments CH-2|CH-3{CH-0|CH-1
CH-3|CH-0|CH-1/CH-2

Lowest CH-0|CH-1|CH-2|CH-3

channel is enabled and requesting servnce Ih ed
overhead penalty associated with this mode  of 4 oggfao
tion. All DMA operations began with Channel 0 mltléux “
assigned to the highest priority for the first DMA cycle. N

Extended Write Bit 5

If the EXTENDED WRITE bit s set, the duration of both the
MEMW and [/OW signals is extended by activating them
earlier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types of memory and I/O devices with
different access times. If a device cannot be accessed
within a specific amount of time it returns a “not ready”
indication to the 8257 that causes the 8257 to insert one or
more wait states in its internal sequencing. Some devices
are fast enough to be accessed without the use of wait
states, but if they generate their READY response with the
leading edge of the I7OW or MEMW signal (which
generally occurs late in the transfer sequence), they
would normally cause the 8257 to enter a wait state
because it does not receive. READY in time. For systems
with these types of devices, the Extended Write option
provides alternative timing for the I/0 and memory write
signals which allows the devices to return an early READY
and prevents the unnecessary occurrence of wait states in
the 8257, thus increasing system throughput.

TC Stop Bit 6

If the TC STOP bit is set, a channel is disabled (i.e., its
enable bit is reset) after the Terminal Count (TC) output
goes true, thus automatically preventing further DMA
operation on that channel. The enable bit for that channel
must be re-programmed to continue or begin another
DMA operation. If the TC STOP bit is not set, the
occurrence of the TC output has no effect on the channel
enable bits. In this case, it is generally the responsibility of
the peripheral to cease DMA requests in order to terminate
a DMA operation.

Auto Load Bit 7

The Auto Load mode permits Channel 2 to be used for
repeat block or block chaining operations, without
immediate software intervention between blocks. Chan-
nel 2 registers are initialized as usual for the first data -
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal .count and DMA transfer mode). After the first
block of DMA cycles is executed by Channel 2 (i.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2during an
“update” cycle. Note that the TC STOP feature, described
above, has no effect on Channel 2 when the Auto Load bit
is set.
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If the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRT refreshing. Channels 2and 3
can still be loaded with separate values if Channel 2 is
loaded before loading Channel 3. Note that in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 3 enable bit is set, but use of this channel will
change the values to be auto loaded into Channel 2 at
update time. All that is necessary to use the Auto Load
feature for chaining operations is to reload Channel 3
registers at the conclusion of each update cycle with the
new parameters for the next data block transfer.

Each time that the 8257 enters an update cycle, the update
flag in the status register is set and parameters in Channel
3 are transferred to Channel 2, non-destructively for
Channel 3. The actual re-initialization of Channel 2 occurs
at the beginning of the next channel 2 DMA cycle after the
TC cycle. This will be the first DMA cycle of the new data
block for Channel 2. The update flag is cleared at the
conclusion of this DMA cycle. For chaining operations,
the update flag in the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can
be safely Ioaded into Channel 3.

6. Status Register )

The eight-bit status register indicates which channels
have reached a terminal count condition and includes the
update flag described previously.

/);/ 1‘ & i,
Ly, U,
Tt ¢
e‘?‘gr sy
e ’f%
/)/[2} s

Sp
'8~5

7 6 5§ 4 3 2 1 0
Lelefel T 1 111

LTC STATUS Fi

lz;;/

OR CH{&N f_{of
TC STATUS FOR CHAN E.fo‘l 4’49;
TC STATUS FOR CHANNEL 4, O

UPDATE FLAG

TC STATUS FOR CHANNEL 3 {?{7

The TC status bits are set when the Terminal Count (TC)
output is activated for that channel. These bits remain set
until the status register is read or the 8257 is reset. The
UPDATE FLAG, however, is not affected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the 8257, by changing to the non-auto
load mode (i.e., by resetting the AUTO LOAD bit in the
Mode ‘Set register) or it can be left to clear itself at the
completion of the update cycle. The purpose of the
UPDATE FLAG is to prevent the CPU from inadvertently
skipping a data block by overwriting a starting address or
terminal count in the Channel 3 registers before those
parameters are properly auto-loaded into Channel 2.

The user is cautioned against reading the TC status
register and using this information to reenable chan-
nels that have not completed operation. Unless the
DMA channels are inhibited a channel could reach ter-
minal count (TC) between the status read and the mode
write. DMA can be inhibited by a hardware gate on the
HRQ line or by disabling channels with a mode word
before reading the TC status.

TERS
FOR BLOCK 3
(CH 3)

] E
FOR BLOCK 1

(cH2) l‘ i

-

OCCURS
1/0 WRITE

CHANNEL 2 UPDATE

—»| PARAMETERS
FOR BLOCK 3
(CH3)

»lETc—————»

[LT

[‘;HANNEL 2 UPDATE
HERE OCCURS HERE

-

DACK 2

EEEpE

DRQ 2

DATA BLOCK 1

L

JUUUL

TC

DATA BLOCK 2. —*| DATA BLOCK 3 —

UPDATE FLAG

Figure 5. Autoload Timing
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OPERATIONAL SUMMARY

Programming and Reading the 8257 Registers

There are four pairs of “channel registers”: each pair
consisting of a 16-bit DMA address register and a 16-bit
" terminal count register (one pair for each channel). The
8257 also includes two “general registers”: one 8-bit
Mode Set register and one 8-bit Status register. The
registers are loaded or read when the CPU executes a
write or read instruction that addresses the 8257 device
and the appropriate register within the 8257. The 8228
generates the appropriate read or write control signal
(generally I/OR or I/OW while the CPU places a 16-bit
address on the system address bus, and either outputs the
data to be written onto the system data bus or accepts the
data being read from the data bus. All or some of the most
significant 12 address bits A4-A;s (depending on the
systems memory, I/O configuration) are usually decoded
to produce the chip select (CS) input to the 8257. An 1/0
Write input (or Memory Write in memory mapped 1/0
configurations, described below) specifies that the
addressed register is to be programmed, while an 1/0
Read input (or Memory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register” (A3 = 0) or the Mode Set (program
only)/Status (read only) register (A3=1) is to be accessed.

The least significant three address bits, A¢-A2, indicate the
specific register to be accessed. When accessing the
Mode Set or Status register, A¢-A, are all zero. When
accessing a channel register bit Ao differentiates between
the DMA address register (Ap = 0) and the terminal count
register (Ao = 1), while bits A; and A; specify one of the

8257 Register Selection

~ Program Half of a

CONTROL INPUT

Channel Register

Read Half of a
Channel Register

Program Mode Set 0 0 1 1.
Register .
Read Status Register 0 1 0. 1

four channels. Because. the “channel registers” are 16-
bits, two program instruction cycles are required to load
or read an entire register. The 8257 contains a first/last
(F/L) flip flop which toggles at the completion of each
channel program or read operation. The F/L flip fiop
determines whether the upper or lower byte of the register
is to be accessed. The F/L flip flop is reset by the RESET
input and whenever the Mode Set register is loaded. To
maintain proper synchronization when accessing the
“channel registers” all channel command instruction
operations should occur in pairs, with the lower byte of a
register always bemg accessed first. Do not allow CS to
clock while either i7OR or I/OW is active, as this will cause
an erroneous F/L flip flop state. In systems utilizing an
interrupt structure, interrupts should be disabled prior to
any paired programming operations ‘to prevent an
interrupt from splitting them. The result of such a split
would leave the F/L F/F in the wrong state. This problem-is
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS ‘BI-DIRECTIONAL DATA BUS
REGISTER BYTE A, A, A | A F/L D- D¢ | Ds o: | b; D, D, | Do
CH-0 DMA Address LSB 0 0 0 0 0 A7 | Ae | As As | Az | A A Ay
MSsB 0 0 ] [1] 1 Ais | Aia | Az A|2 An | Ap Ao Ag
CH-0 Terminal Count . LsB 0 0 0 1 0 Cr|C|Cs|Cs|Cy|C|C |Co
MSB [} [} 1] 1 1 Rd [ Wr |Ci3 | Ci2 [Cyy |Cio | Co Csg
CH-1 DMA Address LS8 0 0 1 0 0 s Channel ¢
MsB o|lof|1]|o 1 ame as ne
CH-1 Terminal Count LsB 0 0 1 1 0
’ MSB 0 0 1 1 1
CH-2 DMA Address LSB 0 1 0 [] 0
MSB 0 1 0 0 1 Same as Channel C
CH-2 Terminal Count LSB of 1| o} [}
: MsB 0 1 0 1 1
CH-3 DMA Address LsB 0 1 1 0 0
MSB 0 1 1 ° 1 Same as Channel 0
CH-3 Terminal Count LsB o |1 |1 ] 0
. MSB [} 1 1 1 1
MODE SET (Program only) - 1 0 0 [} 0 AL |TCS| EW | RP [ EN3 [EN2 |EN1 |ENO
STATUS (Read only) - 1 0 0 0 0 [] 0 0 UP | TC3 |TC2 | TCt (TCO

*Ao-A1s: DMA Starting Address, Co-C13: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection,
AL: Auto Load, TCS: TCSTOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP: UPDATE

FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS.
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RESET

SI

SAMPLE DRQn LINES DRaQn
N SET HRQ IF DRQn = 1
DRQ,
lnnon L
S0 N
SAMPLE HLDA HLDA
SAMPLE DRQn LINES
RESOLVE DRQn PRIORITIES
lm.m\ * DRQ,

s1
PRESENT AND LATCH
UPPER ADDRESS
PRESENT LOWER ADDRESS

s2 )

ACTIVATE READ COMMAND

ADVANCED WRITE COMMAND
AND DACKn

i

S3
ACTIVATE WRITE COMMAND
ACTIVATE MARK AND TC
IF APPROPRIATE

sw

SAMPLE | READY

READY
LINE

READY -
VERIFY

lREADY + VERIFY

Y] READY
RESET ENABLE FOR CHANNEL N IF
TC STOP AND TC ARE ACTIVE.
DEACTIVATE COMMANDS.
DEACTIVATE DACKn, MARK AND TC.
SAMPLE DRQn AND HLDA.

DRQn - HLDA
RESOLVE DRQn PRIORITIES.
RESET HRQ IF HLDA = 0 OR DRQ = 0.,

l ALDA + DRGn

1 DRQn refers to any DRQ line on an enabled DMA channel.

Figure 6. DMA Operation State Diagram

DMA OPERATION
Single Byte Transfers

A single byte transfer is initiated by the 1/0 device rais-
ing the DRQ line of one channel of the 8257. if the chan-
nel is enabled, the 8257 will output a HRQ to the CPU.
The 8257 now waits until a HLDA is received insuring
that the system bus is free for its use. Once HLDA is
received the DACK line for the requesting channel is ac-
tivated (LOW). The DACK line acts as a chip select for
the requesting 1/0 device. The 8257 then generates the

1-81

tween the selected /0O device and /(l"nel);I)O y.
transfer is complete, the DACK line is ‘set HIG_ d
HRQ line is set LOW to indicate to the CPU th3 the

hatthe bus
is now free for use. DRQ must remain HIGH untilzDACK W :;
is issued to be recognized and must go LOW beforas;f” £

of the transfer sequence to prevent another transfer
from occuring. (See timing diagram.)

Consecutive Transfers

If more than one channel requests service simultaneous-
ly, the transfer will occur in the same way a burst does.
No overhead is incurred by switching from one channel
to another. In each S4 the DRQ lines are sampled and
the highest priority request is recognized during the
next transfer. A burst mode transfer in a lower priority
channel will be overridden by a higher priority request.
Once the high priority transfer has completed control
will return to the lower priority channel if its DRQ is still-
active. No extra cycles are needed to execute this se-
quence and the HRQ line remains active until all DRQ
lines go‘’LOW.

Control Override

The continuous DMA transfer mode described above
can be interrupted by an external device by lowering the
HLDA line. After each DMA transfer the 8257 samples
the HLDA line to insure that it is still active. If it is not
active, the 8257 completes the current transfer, releases
the HRQ line (LOW) and returns to the idle state. If DRQ
lines are still active the 8257 will raise the HRQ line in
the third cycle and proceed normally. (See timing
diagram.)

Not Ready

The 8257 has a Ready lnput similar to the 8080A and the
8085A. The Ready line is sampled in State 3. If Ready is
LOW the 8257 enters a wait state. Ready is sampled dur-
ing every wait state. When Ready returns HIGH the 8257
proceeds to State 4 to complete the transfer. Ready is
used to interface memory or /O devices that cannot
meet the bus set up times required by the 8257.

Speed

The 8257 uses four clock cycles to transfer a byte of
data. No cycles are lost in the master to master transfer
maximizing bus efficiency. A 2MHz clock input will
allow the 8257 to transfer at a rate of 500K bytes/second.

Memory Mapped 1/0 Configurations

The 8257 can be connected to the system bus as a memory
device instead of as an 1/0 device for memory mapped I/0
configurations by connecting the system memory control
lines to the 8257’s 1/0 control lines and the system 1/0
control lines to the 8257's memory control lines.

This configuration permits use of the 8080’s considerably
larger repertoire of memory instructions when reading or
loading the 8257's registers. Note that with this
connection, the programming of the Read (bit 15) and
Write (bit 14) bits in the termmal count register wnll have a
different meaning:
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Figure 11. Detailed System Interface Schematic
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BIT 15 BIT 14
MEMAD |————— = I0TD READ WRITE - —
8257 MEMWR [ IO WA 0 0 DMA Veiity, p’&cg o
170 RD MEM RD 0 1 DMA Read C%]e 1,’?, Mi?}gf
iloWR MEMWR 1 0 DMA Write Cycle"’o/; “,
1 1 lllegal e S
Figure 7. System Interface for Memory Mapped 1/0 Figure 8. TC Register for Memory Mapped I/O Only
SYSTEM APPLICATION EXAMPLES
S ADDRESS BUS S
¢ CONTROL BUS )}
{1 ] L |
Y DATA BUS ‘S
DRQO DISK 1
DACKOp——! ] SYRSAT;M
:ﬁg D‘:Zi: L D_'s'ii ] MEMORY
8212 DRQ 2
. DACK 2 DISK 3
DRA3fe——" — T T T T T T ]
DACK 3 DISK 4
DMA CONTROLLER
Figure 9. Floppy Disk Controller (4 Drives)
g ADDRESS BUS ) S
{ CONTROL BUS \
{ DATA BUS )
8257 DRa SYSTEM
8251
o1 Dack USART MEMORY
MODEM
TELEPHONE
LINES

Figure 10. High-Speed Communication Controller
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ... ... 0°C to 70°C
Storage Temperature . . . ........... —65°C to +150°C
Voltage on Any Pin

With Respectto Ground . .. ......... —0.5V to +7V
Power Dissipation . . . .................. .. 1 Watt

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, V¢ = +5V % 5%, GND = 0V

*COMMENT: Stresses above those listed under “Absofifte Wanimt
Ratings” may cause permanent damage to the device. This 16 sife;
rating only and functional operation of the device at these or anyc o 5*0

conditions above those indicated in the operational sections of th s g

specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 Volts
VIH Input High Voltage 20 Vect+.5 Volts
VoL Output Low Voltage 0.45 Volts | loL =1.6 mA
VoH Output High Voltage 24 Vee Volts | loy=-150uA for AB,
DB and AEN
. loy=-80uA for others
VHH HRQ Output High Voltage 3.3 Vee Volts | loy = -80uA
lcc Vce Current Drain 120 mA
he Input Leakage 10 MA ViN = Ve to OV
lorL Output Leakage During Float 10 MA VouT = Vce to OV
CAPACITANCE
Ta = 25°C; Ve = GND =0V
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | TEST CONDITIONS
Cin Input Capacitance 10 pF fc=1MHz
Cijo 1/O Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE

Ta = 0°C to 70°C, V¢ = 5.0V £5%; GND = 0V (Note 1).

8080 Bus Parameters
Read Cycle:

8257 8257-5
Symbol Parameter Min. Max. | Min. Max. | Unit Test Conditions
Tar Adr or CS} Setup to RDY 0 ns
TRA Adr or CSt Hold from RD?1 0 0 ns
TrD Data Access from RD4 0 300 0 200 ns (Note 2)
ToF DB-Float Delay from RDt 20 150 20 100 ns
TRR RD Width 250 250 ns
Write Cycle:
8257 ‘8257-5
Symbol Parameter Min. Max. | Min. Max. | Unit Test Conditions
Taw Adr Setup to WR{ 20 20 ns
Twa Adr Hold from WR* 0 0 ns
Tow Data Setup to WR* 200 200 ns
Twp Data Hold from WR* 0 0 ns
Tww WR Width 200 200 ns .
Other Timing:
8257 8257-5
Symbol Parameter Min.  Max. | Min.  Max. | Unit | Test Conditions
TrsTw | Reset Pulse Width 300 300 ns
TRsTD Power Supply? (Vcc) Setup to Resetd 500 500 us
T, Signal Rise Time 20 20 ns
Ts Signal Fall Time 20 20 ns
TrsTs | Reset to First /OWR 2 2 tey

Notes:

2. 8257: C|_= 100pF, 8257-5: C|_= 150pF.
~ 8257 PERIPHERAL MODE TIMING DIAGRAMS
Write Timing:

cawsereer \

(T AW —>|

<"l'wnj

ADDRESS BUS

X

.

DATA BUS

<~ Twp—>

/O WR

Reset Timing: |

RESET ;

<
RSTW

Tasts  Tww

'-—'TNSTD_’

“ I

Read Timing:

CHIPSELECT J

1. All timing measurements are made at the following reference voltages unless specified otherwise:

Input 1" at 2.0V, “0" at 0.8V
Output 1" at 2.0V, 0" at 0.8V

I‘_TAN Tha
ADDRESS BUS X K
Tar p— r——TaA
/0 RD S Taw Z
Tro—*| g Tor
DATABUS—— ——————— — —_——— g ——————

Input Waveform for A.C. Tests:

24

0.45
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Yoy,
A.C. CHARACTERISTICS: DMA (MASTER) MODE T, - 0°C to 70°C, Voo = 75428

e g

P i
//;}:, g
o 5 Lo
Timing Requirements SN
8257 8257-5 "o,
. N ‘7,0{3 3 Sﬁ/‘;}
SYMBOL PARAMETER MIN. MAX. MIN MAX. UNIT ¢
Tey ‘Cycle Time (Period) 0.320 4 0.320 4 us
T Clock Active (High) 120 .8Tcy 80 8Tey ns
Tas DRQ* Setup to 84 (SI, S4) 120 30 ns
Tan " DRQ! Hold from HLDA*14] 0 0 ns
THs HLDAT? or {Setup to 61(Sl, S4) 100 100 ns
Trs READY Setup Time to 61 (S3, Sw) 30 30 ns
TRH READY Hold Time from 61 (S3, Sw) 20 20 ns
Note: 4. Tracking Parameter.

Tracking Parameters

Signals labeled as‘Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela-
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. ‘

Suppose the following timing equation is being evaluated,

*if Ta and Tg are tracking parameters

TA(MIN) + TB(MAX) =150 ns

and only minimum specifications exist for Ta and Tg. If Tajmin) Is used, and if Ta and Tg are tracking parameters,
Temax) can be taken as Tgpn) + 50 ns.

1-86
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A.C. CHARACTERISTICS: DMA (MASTER) MODE T1,=0°Cc to 70°C, Vcc—fog;cg\&ﬁé%%p=ov
. . N /‘S“//Oé éx . )

Timing Responses o@%
8257 8257-5 4,,;%,, Ny
SYMBOL PARAMETER MIN. MAX. MIN. MAX. | UNIT? o,
Toa HRQ? or {Delay from 61(Sl,S4) 160 ‘ i 160 ns
(measured at 2.0v)11 o
Toa1 HRQ? or {Delay from 61(SI,S4) 250 250 ns
{measured at 3.3V)(3! .
TAEL AEN? Delay from 84(S1)(1] 300 . 300 ns
TaeT AEN{ Delay from 81 (SI)!"] 200 200 ns
TAEA Adr(AB)(Active) Delay from AEN1(S1)[4! 20 20 ns
Traag | Adr(AB)(Active) Delay from §1(S1){21" 250 250 ns
Tarag | Adr(AB)(Float) Delay from 61(SI)[2] 150 150 ns
Tasm Adr(AB)(Stable) Delay from 81(S1)(2] 250 250 ns
TaH Adr(AB)(Stable) Hold from 81(S1)[2] Tasm-50 : Tasm-50 ns
TaHR Adr(AB)(Valid) Hold from Rd1(S1,S1){4l 60 C 60 ns
Tanw. | Adr(AB)(Valid) Hold from Wrt(S1,S1)(4] 300 - . 300 ns
TeaDB Adr(DB)(Active) Delay from 61(S1)[2] : 300 300 ns
TarDs | Adr(DB)(Float) Delay from 8 1(S2)(2] TsrT+20 260 | Tsrr+20 170 ns
Tass Adr(DB) Setup to AdrStb4(S1-52){4] 100 100 ns
Tans Adr(DB)(Valid) Hold from AdrStb{(S2)[4] 50 50 ns
TsTL AdrStb? Delay from 8 1(S1)11] .| 200 o 200 ns
TsTT AdrStb{ Delay from 61(S2)l1} 140 140 ns
Tow AdrStb Width (S1-82)14) Tey-100 Tcy-100 ns
Tasc Rd{ or Wr(Ext)! Delay from AdrStbi(S2)(4) 70 70 ns
Tbec Rd{ or Wr(Ext)} Delay from Adr(DB) 20 20 ns
(Float)(S2)[4]
Tak DACK? or {Delay from 6(S2,5S1) and k 250 R 250 ns
TC/Mark? Delay from 6 1(S3) and i
TC/Mark{ Delay from 81 (S4)[1.5]
TocL Rd{ or Wr(Ext){ Delay from 61(S2) and . 200 200 ns
Wr{ Delay from 61(s3)!2:6] a o .
Toct Rd* Delay from 84(S1,SI) and 200 200 ns
Wrt Delay from 64 (S4)(2.7]
TeAC Rd or Wr (Active) from 61(S1)12] B 300 . 300 ns
Tacec Rd or Wr (Float) from 8 1(S1)(2] ‘ 150 150 ns
ThwMm Rd Width (S2-S1 or S1)I4] 2Tcy + Tg-50 2Tcy + Tg-50 ns
Twwm Wr Width (S3-S4)[4] Tcy-50 Tcy-50 ns
Twwme | Wr(Ext) Width (S2-S4)14) , 2Tcy-50 2Tcy-50 ns

Notes: 1. Load=1TTL. 2. Load=1TTL+50pF. 3. Load=1TTL+ (R =3.3K), Vo = 3.3V. 4. Tracking Parameter.
6. ATAK <50ns. 6. ATpcL <50ns. 7. ATpcT <50ns. .
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DMA MODE WAVEFORMS
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE
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g '
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Tos—-l Tas—| (e .

obrRa03 A A N \

. T "-Too Toa — J“
HRQ / .

Ton—s] |}
Tus—»] |e—

Tus .
HLDA 4 ’ \ —_—————
TaeL —>| [*— . —‘J TaeT

AEN a
TAEA —» f-—

Trans —= [+— ] L’_TASM . — [*—Taras

ADR 0.7 (LOWER ADR) == e e - _—— —
TAM—>||-—
TraDB —| fe— —»{ |«—TarDB —| |*—Tans
DATA 0-7 (UPPER ADR) = —— —— —4 - — — — — —1 — v — — — —— — — —
Tass
TstL —>| |a—Tstr
ADR STB )
U
Tsw —>| —_
— |-—TAK Tak —» Tasc
DACK 0-3 . / .
<—~TAHW——<
5 Taur
Teac —»| [e- — I‘—TDCY TRwm )
MEM/RD/I/O RD v e e o 4 e o — —
— re— TpeL
= fe—Tosc —| Twwm fe—
— Tocr T
. Toct le— . — le— Tarc
MEM/WR/I/O WR == == == =t \_ N 74 —— - —
) < Twwme —|

;

READY : : - Vi

T,
L

TC/M/’ARK_ - i | J; {—TAK yARERN
"'I\J

-—

soex /N /NS SR\
NOTE: The clock waveform is I '
duplicated for clarity. SI st S0 s1
The 8257 raquires only
one clock input. -
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Figure 13. Control Override Sequence
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8259A he
PROGRAMMABLE INTERRUPT CONTROLLER "o, ’%

«93%
= MCS-86™ Compatible ' "~ m Programmable Interrupt Modes
= MCS-80/85™ Compatible ' m Individual Request Mask Capability
m Eight-Level Priority Controller ' = Single + 5V Supply (No Clocks)
= Expandable to 64 Levels » 28-Pin Dual-In-Line Package

The Intel® 8259A Programmable Interrupt Controller handles up to eight 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 interrupts. 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).

PIN CONFIGURATION BLOCK DIAGRAM
INTA INT
s T 28[v
wr(]2 27 A, —
Ro[]3 26 [JINTA
o, [} 25 [11R7 .
5 24 [J1R6 DATA CONTROL LOGIC
o H D7'Do<:> 8US <:>
o, 23[]IRS BUFFER
o,[]7 22[11Ra
Q= 8259A - I I T
0,8 21 R3 .
0,9 20 [11R2 .
o, 10 1w {\rl —[ {ﬂ
p, O 1 181 1Ro N - |«—1Ro
caso (12 17 [JINT RD -0 DI
— p——g READ/
cas1(]13 6 [JSPEN WR WRITE |4 IN- INTERRUPT| ™~ ::;
LOGIC SERVICE PRIORITY REQUEST |*+—
GND [ 14 15f1cAs2 Ag ——»] : REG Cassowsnﬁ REG  |=—IR4
(SR} (RR) |« ips
? «—irs
cs - j«— R7
PIN NAMES ’
D,-Dg DATA BUS (BI-DIRECTIONAL)
RD READ INPUT CASO =—= Q INTERRUPT MASK REG
WR CASCADE {IMR)
WR WRITE INPUT cAs1 «—>] SUPFER]
Ay COMMAND SELECT ADDRESS COMPARATOR
— CAS 2 «—»
cs CHIP SELECT
CAS2-CAS0__CASCADE LINES ? \
SP/EN SLAVE PROGRAM INPUT/ENABLE SPIEN INTERNAL BUS
INT INTERRUPT OUTPUT g
INTA INTERRUPT ACKNOWLEDGE INPUT
IR0-IR7 INTERRUPT REQUEST INPUTS

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.
© INTEL CORPORATION, 1979 1-90



8259A

INTERRUPTS IN MICROCOMPUTER
SYSTEMS :

Microcomputer system design requires that |/O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put. .

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect “ask” each
one if it needs servicing. It is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, 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 complete, 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 microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest .importance (priority), 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 Inter-
rupt 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 address in a vectoring table and will
often be referred to, in this document, as vectoring data.

8259A BASIC FUNCTIONAL DESCRIPTION
GENERAL

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 fea-
tures for expandability to other 8259A’s (up to 64 levels).
It .is programmed by the system’s software as an /O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requiremea{g?@pe%%
be chan 1
ing the main program. This mean§’ thatcthe"com
~ interrupt structure can be defined as recﬁfig%%p

the total system environment.

> f%y odes can
ged or reconfigured dyriai‘mg{égy atan: ﬁi@% xldun;
sel ot

«E@

i

2
%
&

g ‘,}}

%
CPU-DRIVEN
MULTIPLEXOR
CcPU
- F====1-- =
N\
ZaN T
e K K o
L ) I G TG
~——
ro
<:>= ow)  p———
|
| I |
A\
Polled Method
cPU INT fo——y
AN

RAM

PIC .

ROM

4

1/o (1)

1/0 (N)

—
(=
=

Interrupt Method

[—

]
[}
4

1-91




8259A

¥

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 Register
(IRR) and the In-Service Register (ISR). The IRR is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt 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 '

Von level on this line is designed to be fully compatible
with the 8080A, 8085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) 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. Controf 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 Com-
mand 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.

CS (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 control
words (ICWs 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.

CONTROL LOGIC

8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers

of the chip. This'line can be tied darectly to one of.the ad-
dress lines. :
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THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the |1Ds of all
8259A's used in the system. The associated three 1/O
pins (CAS0-2) 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 ID of the inter-
rupting slave device onto the CAS0-2 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 microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system: -

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding 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 corresponding
IRR bit is reset. The 8259A will also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus
through its D7-0 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 release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the 8259A. Iin the AEOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit:
remains set until an appropriate EOl command is
issued at the end of the interrupt sequence.

The events occurring in an MCS-86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-
est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle.

5. The MCS-86 CPU will initiate a second INTA pulse.
During 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 second INTA
pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the
interrupt subroutine.

sequence (i.e., the request was f’d’c@t\’jﬁ mzdﬁféf,'g ) the
8259A will issue an interrupt level fﬁé} Wagé\%%gqg

bytes and the CAS lines will look like an iritefrupt Tevel7,:
L )950 w&;

g

was requested.

%

8259A Block Diagram

¢ ADDRESS BUS (16) )

|

S CONTROL BUS B

INTA

Tl

S DATA BUS (8) )
[<3 0,0, RD WR INT INTA
—] S Mo 700
CASCADE

LINES cas1

<«+——] CAS 2
5P|

8259A
IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
7 6 5 4 3

SLA!
PROG.

T T

T
INTERRUPT
REQUESTS

8259A Interface to Standard System Bus
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INTERRUPT SEQUENCE OUTPUTS
MCS-80/85 SYSTEM

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 D6 D5 D4 D3 D2 DI DO

CALL CODE [ 1 1 0 0 1 1 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 As-A; are programmed, while Ag-
A4 are automatically inserted by the 8259A. When Inter-
val=8 only Ag and A; are programmed, while Ay-Ag are
automatically inserted. - :

Content of SQcond Intorrupt

Vector Byte

IR - Interval=4

D7 D8 D5 D4 D3 D2 DI DO
7 A7 A6 A5 1 1 1 0 0
6 AT A6 A5 1 1 0 0 0
5 A7 A6 A5 1 0 1 0 0
4 AT A6 A5 1 0 0 0 0
3 A7 A6 A5 0 1 1 0 0
2 ‘AT A6 AS 0 1 0 0 0
1 AT A6 A5 0 0 1 0 0
0 A7 A6 . A5 0 0 0 0 0
IR . Interval =8

D7 D6 D5 D4 D3 D2 D1 DO
7 A7 A6 1 1 1 0 0 0
6 A7 A6 1 1 0 0O 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 A8 0 0 0 0 0 0

During the third INTA pu|se,&1;héfchg gdr ss of the

appropriate service routine, whf“é@Was ég

byte 2 of the initialization sequé@%&}:{ﬁﬁ

enabled onto the bus. "fa;

’)'5’@»{ &y
@ o 9,

Content of Third Interrupt
Vector Byte
D6 D5 D4 D3 D2 DI DO
[as T ara T asa T a2 [ arn [ a0 [ ao | as ]

MCS-86 SYSTEM

MCS-86 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 proc-
essor. 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 proc-
essor and leaves its data bus buffers disabled. On the
second interrupt acknowledge cycle in MCS-86 mode
the master (or slave if so programmed) will send a.byte
of data to the processor with the acknowledged inter-
rupt code composed as follows (note the state of the
ADI mode control is ignored and As-Aqqy.are unused in
MCS-86 mode): )

Content of Interrupt Vector Byte
for MCS-86 System Mode

D7 | .D8 DS D4 D3 D2

D1 | DO
IR7 A15 | A14 | A13 | A12 | A1 1] 1
IR6 A15 | A4 | A13 [ A12 | A1 | 1 1 0
IR5 “A15 | Al4 | A13 | A12 | AN 1 0 1
R4 A15 | A14 | A13 | A12 | A11 |11 0 0
IR3 A15 [ A14 | A13 [ A12 | A11 | 0 1 1
IR2 | A15 | A14 | A13 | A12 | A1 0 1 0
IR1 A15 | A4 | A13 | A12 | A1 | O 0 1
IRO A5 | A1a | A13 | A12 | A11 | O 0 0
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PROGRAMMING THE 8259A INITIALIZATION ﬁ%‘;‘;@& é’%ﬁ' 5,
J Y F
The B259A accepts two types of command words gener- GENERAL b, f ffffoféﬁé%;ff}i@ \

ated by the CPU:

ey

. Initialization Command Words (ICWs): Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR pulses. This sequence is
described in Figure 1.

2. Operation Command Words (OCWs): These are the
command words which command the 8259A to oper-
ate 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.

Whenever a command is issued with A§ =0 éhd If
this is interpreted as Initialization Commaid, ﬁ\lord

(ICW1). ICW1 starts the initialization sequence dur;mg,)

which the following automatically occur.

a o o o

. The Interrupt Mask Register is cleared.
. IR 7 input is assigned priority 7.
. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is set to
IRR.

e. If IC4=0, then all functions selected in ICW4 are set to

zero. (Non-Buffered mode*, no Auto-EOI, MCS-80/85
.system, non SFNM).

*Note: Master/Slave in ICW4 is only used in the buffered mode.

Ao 0, D, AD WR cs INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Level —»DATA BUS (Note 1)
1 0 1 0 IMR —»DATA BUS
OUTPUT OPERATION (WRITE)
0 0 0 1 0 0 DATA BUS > OCW2
0 0 1 1 0 0 DATA BUS »0CW3
0 1 X 1 0 0 DATA BUS -»ICW1
1 X X 1 0 0 DATA BUS -»OCW1, ICW2, ICW3, ICW4 (Note 2)
DISABLE FUNCTION
X X X 1 1 0 DATA BUS — 3-STATE (NO OPERATION)
X X X X X 1 DATA BUS — 3-STATE (NO OPERATION)

Notes: 1. Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation.

2. On-chip sequencer logic these

ds into proper

8259A Basic Operation
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INITIALIZATION COMMAND WORDS 1 AND 2 ‘ INITIALIZATION COMMAN Dﬁ@&

(Icw1, Icw2) This word is read only when ﬁi‘aggéf o
As-Aqs: Page starting address of service routines. In an 8259A ‘in the system and cascadmd?ﬂ@ tdse
MCS 80/85 system, the 8 request levels will generate case SNGL=0. It will load the 8-bit sla\/é‘srggi%e
CALLs to 8 locations equally spaced in memory. These functions of this register are:

can be programmed to be spaced at intervals of 4 or 8

a. Inthe master mode (either when SP= 1, orln buffér@é’?
memory locations, thus the 8_ routines will occupy a- mode when M/S=1 in ICW4) a “1” is set for eacﬁ
page of 32 or 64 bytes, respectwely.' . slave in the system. The master then will release byte
The address format is 2 bytes long (Ag-A,s). When the 1 of the call sequence (for MCS-80/85 system) and
routine interval is 4, Ag-A, are automatically inserted by will enable the corresponding slave to release bytes 2
the 8259A, while As-As5 are programmed externally. and 3 (for MCS-86 only byte 2) through the cascade
When the routine interval is 8, Ag-Ag are automatically lines.
inserted by the 8259A, while Ag-Aq5 are programmed ‘| the slave mode (either when SP=0, or if BUF =1
externally. , and M/S =0 in ICW4) bits 2-0 identify the slave. The

. . . - slave compares its cascade input with these bits and,
The 8-byte interval will maintain compatibility with cur- if they are equal, bytes 2 and 3 of the call sequence (or
rent software, while the 4-byte interval is best for a com- just byte 2 for MCS-86) are released by it on the Data
pact jump table. Bus.

In an MCS-86 system As5-Aq; are inserted in the five INITIALIZATION COMMAND WORD 4 (ICW4)

most significant bits of the vectoring byte and the o :

8259A sets the three least significant bits according to SFNM: If SFNM=1 the special fully nested mode is

the interrupt level. A,o-Ag are ignored and ADI (Address programmed.

interval) has no effect. BUF: If BUF =1 the buffered mode is programmed. In
buffered mode SP/EN becomes an enable outp
and the master/slave determination is by M/S.

LTIM: If LTIM=1, then the 8259A will operate in the MIS: If buffered mode is selected: M/S =1 means the

level interrupt mode. Edge detect logic on the 8259A Is programmed to be a master, MIS=0
interrupt inputs will be disabled. means the 8259A is programmed to be a slave. If
ADI:  CALL address interval. ADI =1 then interval = 4; BUF =0, M/S has no function.
ADI =0 then interval = 8. AEOL: If AEOI=1 the automatic end of interrupt mode
SNGL: Single. Means that this is the only 8259A in the is programmed.
system. If SNGL =1 no ICW3 will be issued. uPM: Microprocessor mode: uPM =0 sets the 8259A
IC4:  If this bit is set — ICW4 has to be read. If ICW4 for MCS-80/85 system operation, uPM=1 sets
is not needed, set I04 0. the 8259A for-MCS-86 system.operation.
A0 2 o7 De ) D5 D4 D3 D2 D1 Do
I o . A7 A8 As K LTIM ADI SNGL ica ] 1cW1
T {
[+ 1 as A a13 a2 ) A0 A9 a8 |icwz
y
YES SINGLE
(SNGL=1)
} I NO (SNGL=0)
u s7  s8 86 sa - s3 s2 s1 S0 Ilcws
NO /lcw4
(IC4=0)
. YES (IC4=1)
u | 0 [ [ SFNM BUF s AEOI um1 icwa
[ 1 '
READY TO ACCEPT REQUESTS
IN THE FULLY NESTED MODE

Figure 1. Initialization Sequence
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cwi

LTIM | F | s | |c4l
B | 1-ICW4 NEEDED
P 0= NO ICW4 NEEDED

1=SINGLE
0= NOT SINGLE

CALL ADDRESS INTERVAL
1= INTERVALOF 4
0= INTERVAL OF 8

1= LEVEL TRIGGERED INPUT
0= EDGE TRIGGERED INPUT

A7 - A5 OF LOWER
ROUTINE ADDRESS
(MCS-80/85 MODE ONLY)

cw2
A {0, O DO D Dy D D D

I‘ A|s“‘u|“|3|‘\lz|“n|“|o|“a|AlI

1CW3 (MASTER DEVICE)

UPPER ROUTINE
ADDRESS

%207 g O D D, D, D D
[LLLLLELL
‘ l l I L I l ‘ 1= IR INPUT HAS A SLAVE
0« IR INPUT DOES NOT HAVE
A SLAVE

N ICW3 (SLAVE DEVICE)
A i 0 D Dy D Dy D D Dy

[T [e=]x]

SLAVE DIV}
ol1j2|3fafs]|6}7?
oj1]jo]1|of1]o}1
ofoji1[1]{ojof1]1
ojojojofrfr]1}1

Ag { D7 Dg Ds Dg D3 D2 Dy Do

l1 i o l 0 | 0 |FNMlBUF]MIS yFM]

i 1= MCS-86 MODE

0 = MCS-80/85 MODE

AEO!

1= AUTO EO!
0= NORMAL EOI

ﬂ — NON BUFFERED MODE
| 0 |- BUFFERED MODE/SLAVE
[ 11 |- BUFFERED MODE/MASTER

1= FULLY NESTED MODE
0=NOT FULLY NESTED MODE

NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT.
NOTE 2: X INDICATED “DON'T CARE".

Initialization Command Word Format

1.97



8259A

OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

ocw1

A0 D7 D6 D5 D4 D3 D2 DI DO

] [Mr M6 M5 M4 M3 M2 M1 MO
ocwz

[o] [R seol 00 0 0 12 u ]
ocws -

[0] [0 ssmmsmMm_o 1 P sms mis|

‘bits.

OPERATION CONTROL WORQ?‘NQ

OCW1 sets and clears the masl?’»bgféug
Mask Register (IMR). M; — Mg represe ,; C
M=1 indicates the channel ﬁ’s

(inhibited), M=0 Indicates the channel is enaﬁ%g @%

a’%’)ﬁ 30};

OPERATION CONTROL WORD 2 (OCW2)

R, SEOI, 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 Opera-
tion Command Word Format.

L, Ly, Lo — These bits determine the interrupt level
acted upon when the SEOI 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 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.
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ocwi
Ay D Dg D, O Dy D O Dy

[ " ]
L INTERRUPT MASK
1 = MASK SET
0 = MASK RESET

[l [=[To o]

HEEE

ocwz
4% 0 D D D D3 D D D

CL Tl

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY
0|1]2]3ja|516]7
ojJ1jojr{ojtrjo]
ojojrf{rfojofr}1
ofojofofrjrfr}
1] NonspeciFicEo

0{ 1] 1] sPeciFicEor, LOL2CODE OF IS FF TO BE RESET

1[ 0] 1] ROTATE AT EOI AUTOMATICALLY (MODE A)

1 1] 1] ROTATE AT EOI (MODE B, {LO-L2 DEFINES NEW LOWEST PRIORITY)

1]0]| 0] SETROTATEAFF )

0] C|]O0| CLEARROTATEAFF

1] 1[0} ROTATEPRIORITY (MODE B) INDEPENDENTLY OF EO (LO-L2 CODE OF LINE)

0[1]0] NoOPERATION

ocw3

4% DO 0O D D Dy D D O
I o ] - |E$’4M|SMMI o | 1 ' P IE“'SIRISI

DON'T
CARE 0 1 0 1

READ IN SERVICE REGISTER

o o 1 1

READ | READ

IR REG ISREG
ON NEXT | ON NEXT
RD PULSE | RD PULSE

NO ACTION

POLLING

A HIGH ENABLES THE NEXT AD PULSE
TO READ THE BCD CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUPT.

SPECIAL MASK MODE

o 1 o 1
o o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Operation Command Word Format
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INTERRUPT MASKS

Each Interrupt Request input can be masked individu-
ally by the Interrupt Mask Register (IMR) programmed
through OCWH1. Each bit in the IMR masks one interrupt

channel if it is set (1). Bit 0 masks IR0, 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 priority
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 inter-
rupts 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 OCW3 where:
SSMM=1, SMM=1, and cleared where SSMM=1,
SMM=0.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing 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 ena-
bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the 8259A is a master 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.

FULLY NESTED MODE z;;ifjé& 4
This mode is entered after mntnaﬁéat},én):
mode is programmed. The mtemﬁ’n, éfeqju L
ordered in priority form 0 through 7 (0 hlgﬁ’égtf%
interrupt is acknowledged the highest pnonty?’éqﬁ jt} 4
determined and its vector placed on the bus. Addlfl%gb/ e

ly, a bit of the Interrupt Service register (ISO-7) is sefe "

This bit remains set until the microprocessor issues an
End of Interrupt (EOl) command immediately before
returning from the service routine, or if AEOI (Automatic
End of Interrupt) 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
levels will generate an interrupt. (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware).

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

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 con-
served within each slave. In this case the fully nested

-mode will be programmed to the master (using 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 requests from
higher priority IR’s within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (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 soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOl) 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 EOIl should be
sent.

1-100



8259A

POLL

In this mode the microprocessor internal Interrupt
Enable flip-flop is reset, disabling its interrupt input.
Service to devices is achieved by programmer initiative
using a Poll command.

The Poll command is issued by setting P="1"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD=0, C5=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D6 D5 D4 D3 D2 D1 DO
[V — = = — w2 wt wol

WO0-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 com-
mon to several levels so that the INTA sequence 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.

END OF INTERRUPT (EOI)
The In Service (IS) bit can be reset either automatically

following the trailing edge of the last in sequence INTA

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 (EOl command). An EOl command
must be issued twice, once for the master and once for
the corresponding slave if slaves are in use.

There are two forms of EOl command: Specific and Non-
Specific. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOIl. When a Non-Specific EOI
command is issued the 8259A will automatically reset
the highest IS bit of those that are set, since in the
nested mode the highest IS level was necessarily the
last level acknowledged and serviced.

However, 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 (SEOI) must be issued which
includes as part of the command the IS level to be reset.
EOl is issued whenever EOl =1, in OCW2, where L0-L2 is
the binary level of the IS bit to be reset. Note that although
the Rotate command can be issued together with an EOI
where EOI = 1, it is not necessarily tied to it.

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 ICWA4. In this
mode the 8259A will automatically perform a non-
specific EOIl operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

second in MCS-86). Note thabg'om a syéteﬁ standpomt

this mode should be used only whgnfapeS’(

ﬁ) 7
interrupt structure is not required wnt’b);f wsnﬁ“élgSZSSA
To achieve automatic rotation (Rotate Méq(e’%) Wlthm
AEOI, there is a special rotate flip-flop. It is set‘hy,@ y%g‘g %9
with R=1, SEOI=0, EOI=0, and cleared with’ R‘»—ﬂ;r&o ::.«
SEOI=0, EOI=0.

ROTATING PRIORITY MODE A (AUTOMATIC
ROTATION) FOR EQUAL PRIORITY DEVICES

In some applications there are a number of interrupting
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 IS8 IS5 IS4 1S3 IS2 IS1 IS0
lof+fofr1fofofo]o]
Lowest Priority Highest Priority

¥
[71els]«Jafa]1T0]

“1S" Status

Priority Status

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S8 1S5 1S4 1S3 IS2 IS1 iSO
Lof1]JoJofoJoJoJo]
Highest Priority

2] To]r4e]s[a]2]

*“1S" Status

Lowest Priority

Priority Status

The Rotate command mode A is issued in OCW2 where:
R =1, EOlI =1, SEOI = 0. Internal status is updated by an
End of Interrupt (EOl or AEOI)command. IfR=1,EOI=0,
SEOI = 0, a "Rotate-A" flip-flop is set. This is useful in
AEOI, and described under Automatic End of Interrupt.

ROTATING PRIORITY MODE B (ROTATION BY
SOFTWARE)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR is programmed as the bottom priority device,
then IR6 will have the highest one.

The Rotate command is issued in OCW2 where: R=1,
SEOI = 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 independ-
ent of the End of Interrupt (EOl) command (aiso exe-
cuted by OCW2). Priority changes can be executed dur-
ing an EOl command or independently.
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f‘%{
g, 0
NG
’1’% 5
LTIM BIT _ i,
TOOTHER PRIORTY CELLS 20,
iR [——]cLrisr’ I
1= LEVEL : &’% /%G
CLR a ISR BIT {1,%, f}ﬁ
LATCH Vs i seTis | | PRIORITY
(- | INSERVICE RESOLVER
. LATCH
\ CONTROL
LoGIc
i
REQUEST
LATCH
° 4\ NON-
°a MASK
LATCH Rea
c
CLR ’_|
[ INTERNAL .
DATA BUS
i 1 cox
& E 2 3%
k3 93 =z =
w 8 = W< e
W w = g
e 3 ¥
g g&s

NOTES

1. MASTER CLEAR ACTIVE ONLY DURING ICW1

2. FREEZE/ IS ACTIVE DURING iNTA/ AND POLL SEQUENCES ONLY

3. TRUTH TABLE FOR D-LATCH

c | b | a OPERATION
1 I i | oi FOLLOW
] x an-1 HOLD

Priority Cell — Simplified Logic ,Diagrém

LEVEL TRIGGERED MODE
This mode is p(ogrammed using bit 3 in ICW1.

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 EOl command is issued or the CPU interrupt
is enabled to prevent a second interrupt from occurring.

The above figure shows a concep:ual circuit to give the

-reader an understanding of the level sensitive and edge

sensitive input circuitry of the 8259A. Be sure to note’

that the request latch is a transparem D type latch.

READING THE 8259A STATUS

The input status of several mternal registers can be read
to update the user information on the system. The
following registers can be read by assulng a suitable
OCWS3 and reading with RD.

Interrupt Mask Register:.8-bit reglster whose content
specifies the interrupt request lines being masked.
acknowledged. The highest request level .is reset from
the IRR when an.interrupt is acknowledged. (Not
affected by IMR.)

In-Service Register (ISR): 8-bit regisféf which contains.
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 contains
the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a WR
pulse is issued with OCW3 (ERIS=1, RIS=0.)

The ISR can be read in-a similar mode when ERIS=1,
RIS =1 in the OCW3.

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 previously selected by
the OCWa3. This is not true when poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCWS3 is needed. The output
data bus will contain the IMR whenever RD is active and
AO=1.

Polling overrides status read when P=1, ERIS—1 in
OCWa3. :
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SUMMARY OF 8259A INSTRUCTION SET

Inst. # Mnemonic A0 D7 D8 D5 D4 D3 D2 D1 DO Operation Description

1 ICW1 A 0 A7 A8 A5 1 0 1 1 0

2 ICW1 B 0 A7 A8 A5 1 101 1 0 Format= 4 single, Ieveg}nggered‘ L 7
3 ICwt C 0 A7 A6 A5 1 0 1 0 0 Byte 1 Initialization Format = 4, not single, edge};lggered
4 ICwW1 D 0 A7 A6 A5 1 1 1 0 o Format =4, not single, level tnggersc/! 0;;,
§ ICw1 E 0 A7 A6 0 1 0o o0 1 0 No ICW4 Required  Format=8, single, edge triggered 9.
] ICW1 F 0 A7 A6 O 1 1 0 1 0 Format =8, single, level triggered
7 ICW1 G 0 A7 A6 O 1 0O 0 o0 o Format =8, not single, edge triggered
8 ICW1 H 0 A7 A8 O 1 1 0 0 0 Format =8, not single, level triggered
9 ICW1 | 0 A7 A6 A5 1 0 1 1 1 Formiat = 4, single, edge triggered

10 ICW1 J 0 A7 A6 A5 1 1 1 1 1 Format = 4, single, level triggered

11 IcwW1 K 0 A7 A6 A5 1 0 1 0 1 Byte 1 Initialization  gormay = 4, not single, edge triggered
12 ICWt L 0 A7 A6 A5 1 1 1 0 1 Format = 4, not single, level triggered
13 ICW1 M 0 A7 A6 O 1 0 0 1 1 ICW4 Required Format = 8, single, edge triggered

14 ICW1 N 0 A7 A6 O 1 1 0 1 1 Format =8, single, level triggered

15 ICW1 O 0 A7 A6 O 1 0 0 0 1 Format =8, not single, edge triggered
16 iICwl P 0 A7 A6 O 1 1 0 [} 1 Format =8, not single, level triggered

17 icw2 1 A15 A14 A13 A12 A1l A10 A9 A8 Byte 2 initialization

18 ICW3 M 1 S7 S6 S5 S4 S3 S2.S1 SO Byte 3 initialization — master

19 ICW3 s 1 0 0 0O o0 0 Ss2 st SO Byte 3 initialization — slave

20 ICW4 A 1 o 0 0 o0 o0 o0 o0 o No action, redundant

21 ICW4 B 1 0 0 0 0 0 0 0 1 Non-buffered mode, no AEOI, MCS-86

22 ICws C 1 0 0 [} 0 0 0 1 0 Non-buffered mode, AEOI, MCS-80/8%

23 ICw4 D i1 6 0 0 o0 o0 o0 1 1 Non-buftered mode, AEO!, MCS-86

24 ICW4 E 1 0o 0 O 0 0 1 0 o0 No action, redundant

25 ICW4 F 1 0o 0 0 o0 O 1 0 1 Non-buffered mode, no AEOI, MCS-86

26 ICW4 G 1 0 0 0 0 0 1 1 0 Non-buffered mode, AEOI, MCS-80/85

27 ICW4 H 1 0 0 0 0 0 1 1 1 Non-buffered mode, AEOI, MCS-86

28 ICW4 | 1 0o 0 o0 O 1 0o 0 o Buffered mode, slave, no AEOI, MCS-80/85

29 ICw4 J 1 0o 0 o0 O 1 0o 0 1 Buffered mode, slave, no AEOI, MCS-86

30 ICwW4 K 1 0 0 0 0 1.0 1 0 Buffered mode, slave, AEOI, MCS-80/85

31 ICW4 L 1 0 0 0 O 1 0 1 1 Buffered mode, slave, AEOI, MCS-86

32 ICW4 M 1 0o 0 0 o 1 1 0 0 Buffered mode, master, no AEOI, MCS-80/85

33 ICW4 N 1 0O 0 o0 O 1 1 0 1 Buffered mode, master, no AEOI, MCS-86

34 ICW4 O 1 0o 0 o O 1 1 1 0 Buffered mode, master, AEOI, MCS-80/85

35 ICW4 P 1 o 0 o 0 1 1 1 1 Buffered mode, master, AEOI, MCS-86

36 ICW4 NA 1 0 0 0 1 0 0 0 [} Fully nested mode, MCS-80, non-buffered, no AEOI

37 ICW4 NB 1t 0o 0o 0 1+ 0 0 0 1 ICW4 NB through ICW4 ND are identical to

38 ICW4 NC 1 0o o0 o 1 0o o 1 0 ICW4 B through ICW4 D with the addition of

39 ICW4 ND t 0 0 0 1 0 0 1 1 Fully Nested Mode

40 ICW4 NE 1 0 0 0 1 0 1 0 0 Fully Nested Mode, MCS-80/85, non-buffered, no AEOI

41 ICW4 NF i1 0 0 0 1 0 1 0 1

42 ICW4 NG 1 0 0 0 1 0 1 1 0

43 ICW4 NH 1 0 0 0 1 0 1 1 1

44 ICW4 NI 1 0 0 0 1 1 0 0 0

45 ICW4 NJ 1 0 0 0 1 1 0 0 1

46 ICW4  NK 10 0 0 1 1 0 1 0 ICW4 NF through ICW4 N? are idenlif:‘al to

47 ICW4 NL 1 o 0 o 1 1 0 1 1 :gﬁl; :elsr:?du?dhOLC;WA P with the addition of

48 ICW4 NM 1 0 [} 0 1 1 1 0 0

49 ICW4 NN 1 0 0 0 1 1 1 0 1

50 ICW4 NO 1 0 0 0 1 1 1 1 0

51 ICW4 NP 1 0 0 0 1 1 1 1 1

52 ocwi 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask register, read mask register

53 OoCw2 E 0 0 0 1 0 0 0 0 0 Non-specific EOI

54 OCW2 -SE 0 0 1 1 0 0 L2 L1 Lo Specific EOI. LO-L2 code of IS FF to be reset

55 OCw2 RE 0 1 0 1 0 L] 0 0 0 Rotate at EOI Automatically (Mode A)

56 OCW2 RSE 0 1 1 1 0 0 L2 Lt L Rotate at EOI (mode B). LO-L2 code of line

57 OCw2 R 0 1 0 0 0 0 0 0 0 Set Rotate A FF

58 OoCcw2 CR 0o 0 o0 o0 0 o 0o 0 o Clear Rotate A FF

59 ocw2 RS 0 1 1 0 0 Jd L2 L1 Lo Rotate priority (mode B) independently of EOI

60 OCw3 P 0 0 0 0 0 1 1 0 0 Poll mode

61 OCW3 RIS 0o 0 o0 o 0 1 0 1 1 Read IS register
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SUMMARY OF 8259A INSTRUCTION SET '(Convl.)

Inst. # - Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description
62 OCW3 RR 0 0 0 o0 O 1 0 1 0 Read request register
63 OCW3 SM _0 0 1 .10 1 0 0 0 Set special mask mode
64 OCW3IRSM 0 0: 1t 0 O 1 0 O0 O

Note: 1. In the master mode SP pin=1, in slave mode SP=0

Cascading

The 8259A can be easily inierconnected in a system of
one master with up to eight slaves to handle up to 64
priority levels.

A typical MCS-80/85 system is shown in Figure 2. The
master controls, through the 3 line cascade bus, which
one of the slaves will release the corresponding
address.

As shown in Figure 2, the slave interrupt outputs are
connected to the master interrupt request inputs. When
a slave request line is activated and afterwards acknowl-
edged, the master will enable the corresponding slave
to release the device routine address during bytes 2 and 3
of INTA. (Byte 2 only for MCS-86). The IRO input should

Reset special mask mode

not be connected to a slave 8259A unless IR1-I187 also
have slaves attached.

The cascade bus lines are normally low and will contain
the slave address code from the trailing edge of the first
iNTA pulse to the trailing edge of the third pulse. It is
obvious that each 8259A in the system must follow a
separate initialization sequence and can be pro-
grammed to work in a different mode. An EOl command
must be issued twice: once for the master and once for
the corresponding slave. An address decoder is required
to activate the Chip Select (CS) input of each 8259A.

The cascade lines of the Master 8259A are activated for
any interrupt input, even if no siave is connected to that
input. ) .

ADDRESS BUS (16)

1

T

CONTROL BUS

L 1

DATA BUS (8)

T
s

[
] 1

s Ay INT Cs Ay INT
. CASO CASO
8259A 8259A
SLAVE B €as1 CAS1 MASTER
CAS2 CAS 2
7 6 5 4 3 2 1 0 SPIENM7 M6 M5 M4 M3 M2 M1 MO
GND‘][ll'll ‘VCCLS" “‘
7 6 5 4 3 2 1 0 5 4 |32 1 0 .
|

T
(INTERRUPT REQUESTS,

Figure 2. Cascading the 8259A
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PIN FUNCTIONS

Name /O Pin# Function
Vee 28 + 5V supply.
GND 14 Ground.

Bidirectional data bus, used for:
a) programming the mode of the
8259A (programming is done by
software); b) the microprocessor
can read the status of the 8259A,
c) the 8259A will send vectoring
data to the microprocessor when
an interrupt is acknowledged.
18-25 Interrupt Requests: These are
asynchronous inputs. A positive-
going edge will generate an in-
terrupt request. Thus a request
can be generated by raising the
line and holding it high until
acknowledged, or by a negative
pulse. In level triggered mode, no
edge is required. These lines are
active HIGH.

Read (generally from 8228 in
MCS-80 system or from 8086 in
MCS-86 system).

Write (generally from 8228 in
MCS-80 sytem or from 8086 in
MCS-86 system).

Interrupt Acknowledge (generally
from 8228 in MCS-80 system,
8086 in MCS-86 system). The 8228
"generates three distinct INTA
pulses when a CALL is-inserted,
the 8086 produces two distinct

Do.; VO 11-4

Ro-y |

INTA | 26

INTA pulses during an interrupt

cycle.

cs | 1 Chip Selgét»z ; ] are en
abled by Ch;ﬁ’ﬁgfgc\t/v}&hgrgas
Interrupt Ackri’ow(fédge s hde 1c
pendent of Chip Séle%i"% @ %i@
/0,:. "ﬂfg;c
AO o 27 Usually the least significant bft*o{ 5}7?

the microprocessor address out-
put (A1 in MCS-86 system). When
A0=1 the Interrupt Mask
Register can be loaded or. read.
When A0 =0 the 8259A mode can
be programmed or its status can
be read. CS is active LOW.

Goes directly to the micro-
processor interrrupt input. This
output will ‘have high Vgy to
match the 8080 3.3V V. INT is
active HIGH.

INT o 17

C0-C2 110- 12  Three cascade lines, outputs in
13  master mode and inputs in slave
15 mode. The master issues the
binary code of the acknowledged
interrupt level on these lines.

Each slave compares this code
with its own.

SP/EN is a dual function pin. In
the buffered mode SP/EN is used
to enable bus transceivers (EN). In
the non-buffered mode SP/EN
determines if this 8259A is a mas-
ter or a slave. If SP=1 the 8259A
is master; SP = 0 indicates a slave.

SPIEN 110 16

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ..... -40°Cto85°C “COMMENT
Storage Temperature ............ ~65°C to +150°C Stresses above those listed under “Absolute Maximum Ratings” may
Voltage On Any Pin cause permanent damage to the device. This is a stress rating only and
" g U - functional operation of the device at these or any other conditions above
With Respect to Ground ........... -0.5Vto +7V those indicated in the op I sections of this specification is not
Power Dissipation......................... 1 Watt implied.
D.C. CHARACTERISTICS
TaA=0°C to 70°C, Vo =5V = 10% (8259-A), Voo =5V + 10% (8259A)
Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -5 v
Vi Input High Voltage 2.0 Veo+ .5V \
VoL Output Low- Voltage .45 v lo,=2.2 mA
VoH Output High Voltage 2.4 \ lop= —400 uA
v Interrupt Output High 3.5 C lop= —100 pA
OH(NT) Voltage 2.4 v lop= —400 pA
[ Input Load Current 10 uA Vin= Ve to OV
oL Output Leakage Current -10 uA Vout=0.45V
lce Ve Supply Current 85 mA
luR IR Input Load Current -300 KA Vin=0
10 HA Vin=Vco
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8259A A.C. CHARACTERISTICS
Ta=0°Ct070°C Vcc=5V 5% (8259A-8) Vcc=5Vx10% (8259A)

TIMING REQUIREMENTS 8259A-8 8259A e, %,:
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Condﬁibqgf?‘}gb .
TAHRL AO/?_E Setup to R‘ﬁ_/@&_ 5 | 0 ns o, g Sopy,
TRHAX | A0/CS Hold after RD/INTA? 5 0 ns
TRLRH RD Pulse Width 420 235 ns -

TAHWL | A0/CS Setup toWR¢ 50 0 - ns
TWHAX | A0/CS Hold after WR? 20 0 ns
TWLWH | WR Pulse Width 400 290 ns
TDVWH | Data Setup to WRt 300 | 240 ns
TWHDX | Data Hold after WR? 40 0 ns
TJLIH Interrupt Request Width (Low) 100 100 ns See Note 1
TCVIAL | %?c(!se' fve;tgan:;Second or Third 55 55 ns
TRHRL End of RD to Next Command 300 160 ns
TWHRL | End of WR to Next Command 370 190 ns

Note: 1. This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES 8259A-8 8259A
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Conditions
TRLDV | Data Valid from RD/INTA4 300 200 ns C of Data Bus .
TRHDZ | Data Float after RD/INTA? 10 200 100 ns. Max. test C = 100 pF
TJHIH | Interrupt Output Delay 400 350 | ns | . Min testC=15pF
TiaLCy | Cascade Valid from First iNTAL 565 565 ns Cinr=100 pF

“ | (Master Only) _ _ CEeNABLE = 15pF
TRLEL - | Enable Active from RD!{ or INTA} 160 125 ns
TRHEH Enable Inactive from RD? or iINTAt 325 150 ns
TAHDV Data Valid from Stable Address 350 200 ns
TCVDV Cascade Valid to Valid Data 300 300 ns
CAPACITANCE
Ta=25°C; Vec=GND =0V .
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1MHz .
Cuo 110 Capacitance 20 pF Unmeasured pins returned to Vgg

Input and Output Waveforms for A.C. Tests

24
v 2.0 2.0 v ,
> TEST POINTS <
0.8 0.8 _
0.45 =———— .
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WRITE MODE
SR TWLWH
WR
\ /
e i,
TAHWL |e—o ) —tei TWHAX
ADDRESS BUS
Ao
TDVWH —={»{ TWHDX
DATA B8US

READ/INTA MODE

R TRLAH |
RO/INTA
\ )P d
. N
EN
] TRLEL —l TRHEH
. TAWAL — TRHAX
[
ADDRESS BUS
Ao
TRLDV e TRHDZ
| TAHDV /
DATABUS= — — = = = e e o e = = — -g S P m————
N
OTHER TIMING

— —— —
" \ / | TWHRL ] \ /
<

INTA SEQUENCE

— I——nmn
R A}
—| TIH |e—

INT
INTA

\

7cvnv——f — /
co2

-— TIALCV —=
NOTE: intarrupt output must remain “HIGH (a1 leaat) until leading edge of frsl INTA

uCS 0008 only
@ Cycle 1 in MCS 88 Systema. the Deta Bus 18 nol achive
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'PROGRAMMABLE FLOPPY DISK CONTROLLER "

a IBM 3740 Soft Sectored Format Compatible

s Programmable Record Lengths

= Multi-Sector Capability

= Maintain Dual Drives with Minimum Software

Overhead Expandable to 4 Drives

] Automatic Read/Write Head Positiomng and

Verification

8271

«'c
f\’,
/}g*?f&
G Vo,

= Internal CRC Generation and Checking

m Programmable Step Rate, Settle-Time, Head
LoadvTime, ‘Head Unload Index Count

= Single + 5V Supply

[ 40-Pin Package

u Fully MCS-80 and MCS-85 Compatible

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LS| component designed to interface one to 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.

PIN CONFIGURATION

BLOCK DIAGRAM

—\
FAULT RESET/OPO []1 40 h Vee
SELECTO [} 2 39 [] LOW CURRENT
amHzek 3 38 [J LOAD HEAD REGISTERS
RESET [ 4 37 [J DIRECTION STATUS REG.| COMMAND REG. T
READY1 [ 5 36 [ ] SEEK/STEP RESULT REG. |PARAMETER REG.
SELECT1 [ 6 35 [] WR ENBLE RESET
pack 7 34 [J INDEX
ora (s 33[] WR PROTECT
Ao 9 32[] READY 0
wr [ 10 ]
0 8271 [0 TrRKoO 0B, D:J:F%gs
INT O 30 {7 counT/oPr / -
oBo []12 291 wrDATA
o1 [J13 28] FauLT
pB2 (] 14 27 [] UNSEP DATA DRQ +—m——————
o83 [ 15 26 [ DATA WINDOW DACK
o84 [ 16 ‘25 [ pLoO/SS INT
085 [ 17 24[] cs
086 [] 18 23[7 INsYNC —
087 ] - ik
19 220 A, WR J
GND [] 20 210 A, READ/
WRITE
Ay —| omA
CONTROL
Ay — LoGIC
PIN NAMES - RESET —]
DATA BUS (BI-DIRECTIONAL] PLOISS PLO/SINGLE SHOT o :
cLock whuT (L) DATAWINGGW | DATA WINDOW — -
SELECT UNSEP DATA | UNSEPARATED DATA cs
FAULT NESEIIO'IIONAI. OUTPUT | FAULT FAULT
CHIP RESI WR DATA WRITE DATA
READY 1, 0 ‘COUNT/OP)
Ao goce Sopion | counrornons. ot INTERNAL
DMA REQUEST WRPROTECT | WRITE PROTECT DATA BUS

CPU READ INPUT
CPUWRITE INPUT
INTERRUPT
REGISTER SELECT
READ DATA INSYNC
CHIP SELECT

INDEX

WR ENABLE WRITE ENABLE
SEEK/STEP
DIRECTION
LOAD HEAD

LOW CURRENT | LOW CURRENT

CPU INTERFACE

SERIAL
INTERFACE
CONTROLLER

o—

F—————— WRDATA

= INSYNC

Jo«—————— RD DATA
DATA WINDOW

- ko

-

DRIVE
INTERFACE
CONTROLLER

INPUT
BUFFER

(]

T

ouTPUT
BUFFER

W

-

DISK INTERFACE

READY 0
READY 1
TRACK 0
COUNT/OPI
INDEX

WRPROTECT

FAULT

WR ENABLE

LOAD HEAD
SEEK/STEP
DIRECTION

LOW CURRENT
FAULT RESET/OPO

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED.

© INTEL CORPORATION, 1979'
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f{”'_ L F o
—
8271 BASIC FUNCTIONAL DESCRIPTION Pin Pin %« ”&’
Name No. 1/O Descnptloﬁ%, Wf
General » ;
The 8271 Floppy Disk Controller (FDC) interfaces either A=A @2-21 1 ;rhese two lines afe’ Cpg,m €
ace Register select I»rfe s /&ﬂ %
two single or one dual floppy drive to an eight bit g g, o % §§
microprocessor and is fully compatible with Intel's DRQ @ O The DMA request signal is us dc‘ 0’0
new high performance MCS-85 microcomputer system. rﬁquaest a "Z"s'e' of data betweens;,
With minimum external circuitry, this innovative controller the 8271 and memory.
supports most standard, commonly-available flexible disk DACK 7) | The DMA acknowledge signal
drives including the mini-floppy. notifies the 8271 that a DMA cycle
. has been granted. For non-DMA
The 8271 FDC supports a comprehensive soft sectored transfers, ?his signal should be
format which is IBM 3740 compatible and includes driven in the manner of a “Chip
provision for the designating and handling of bad tracks. It Select”.
is a high level controller that relieves the CI?U (and usgr) of Select - 6 O These lines are used to specify the
many of the control tasks associated with implementing a Select 0 @) selected drive. These lines are set
floppy disk interface. The FDC supports a variety of high by the command byte.
level instructions which allow the user to store and retrieve Fault Reset/ (1) O The optional fault reset output line
ga:a.lono?c:!okppy drls: without dealing with the low level OPO s used 1o reset an error condition
etails of disk operation. which is latched by the drive. If
In addition to the standard read/write commands, a scan this line is not used for a fault
command is supported. The scan command allows the reset it can be used as an optional
user program to specify a data pattern and instructs the output line. This line is set with
FDC to search for that pattern on a track. Any application the (;”"te special register com-
that is required to search the disk for information (such as mand.
point of sale price lookup, disk directory search, etc.), may Write Enable (35) O This signal enables the drive write
use the scan command to reduce the CPU overhead. Once logic.
the scan operation is lnltlated no CPU intervention is Seek/Step  (36) O This multi-function line is used dur-
required. ing drive seeks.

) Direction (37) O The direction line specifies the -
Hardware Description . seek direction. A high level on
The 8271 is packaged in a 40 pin DIP. The following is a this pin steps the R/W head
functional description of each pin. toward the spindle (step-in), a

. low level steps the head away

Pin Pin from the spindle (step-out).
Name . ipti
No. 10 Description LoadHead (38) O The load head line causes the
Vee - (40) +5V supply drive to load the Read/Write head
GND (20) Ground ) against the diskette.
Clock (3) | A square wave clock Low Current (39) O This line notifies the drive that track
Reset (4) I A high signal on the reset input 43 or greater is selected.
forces the 8271 to an idle state. Ready 1, (5) I These two lines indicate that the
The 8271 remains idle until a com- Ready 0 (32) specified drive is ready.
mand is issued by the CPU. The = e )
output signals of the drive inter- Fault 28 | Thlsllme f:ls usedfbyothgt'gnve to
face are forced inactive (LOW). specify a file unsafe condition.
Reset must be active for 10 or Count/OPI  (30): | If the optional seek/direction/
more clock cycles. count seek mode is selected, the
=& -count pin receives pulses to ste
CS (24) | The I/O Read and |/O Write inputs the R/V‘\)l head to thepdesired traclE
are enabled by the chip select signal. Otherwise, this line can be used
DB,-DBy (19-12) /O The Data Bus lines are bidirection- as an optional input.
al, three-state lines (8080 data Write Protect (33) | This signal specifies that the
bus compatible). diskette inserted is write pro-
WR (100 | The Write signal is used to.signal tected.
the control logic that a transfer of TRKO (31) | This signal indicates when the R/W
data from the data bus to the 8271 head is positioned over track zero.
is required. N
oTa) . . Index (34) I The index signal gives an indication
RD @ 1 The Read signal is used to signal of the relative position of the diskette.
the control logic that a transfer of
data from the 8271 to the data bus - PLO/SS (25) | This pinis used to specify the type
is required.- of data separator used. Phase-
INT (11) O The interrupt signal indicates that Locked Oscillator/Single Shot.
the 8271 requires service. Write Data  (29) O Composite write data.
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Pin Pin
Name No. 1O Description

Unseparated (27) | This input is the unseparated data
Data ) and clocks.

Data Window (26) |  This is a data window established
by a single-shot or phase-locked.

osc:llator data separator.

INSYNC (23) 'O This line is high when 8271 has
R attained input data synchroni-
zation, by detecting 2 bytes of
zeros followed by an expected
‘Address Mark. It will stay high
until the end of the ID or data

field.

CPU Interface Description

This interface minimizes CPU involvement by supporting
a set of high level commands and both DMA and non-DMA
type data transfers and by providing hierarchical status
information regarding the result of command execution.

The CPU utilizes the control interface (see the Block
diagram) to specify the FDC commands and to determine
the result of an executed command. This interface is
supported by five Registers which are addressed by the
CPU via the A1, Ao, RD and WR signals. If an 8080 based
system is used, the RD and WR signals can be driven by
the 8228's T/OR and T/OW signals. The registers are
defined as foliows: '

Command vReglster

The CPU loads an appropriate command into the
Command Register which has the following format:

A1 Ap D7 Dg Ds Ds D3 Dz Dy Do

lefol T TP T T TT1

l——/ COMMAND OPCODE

SURFACE/DRIVE
(SELECT 0, 1)

Parameter Register

Accepts parameters of commands that require further
description; up to flve parameters may be required,
example

A1 Ap D7 Dg Ds Dy D3 Dy Dy Dg

[T T T T T T T

AN /

[——— EXPECTED PARAMETER

%,
Result Register P fa[’{'g

The Result Reglster is used to sup?ilag?ﬁ

command execution (such as a good/ﬁagoéo plet
the ‘CPU. The standard Result byte formaf%f/%

‘fr‘
P 43,
A1 Ay D7 Dg Ds Dg D3 Dy Dy Do ’;’a, 7,

: &
8 O G BN K R

\.‘ NOT USED = 0

COMPLETION CODE
COMPLETION TYPE
DELETED DATA FOUND
NOT USED = 00

DATA BU!
BUFFER

Figure 1. 8271 Block Diagram Showing CPU

Interface Functions

Status Register
Reflects the state of the FDC.

Ay Ag D7 Dg Ds Dy D3 D2 Dy Do

Lofof ['] [ [T Jofo]

‘—_ 1= NON-DMA DATA REQUEST

1= INTERRUPT REQUEST
1=RESULT REGISTER FULL

1= PARAMETER REGISTER FULL
“1'= COMMAND REGISTER FULL
1= COMMAND BUSY

Reset Register

Allows the 8271 to be reset by the program. Reset must
be active for 11 or more chip clocks.

INT (Interrupt Line)

Another element of the control interface is the Interrupt
line (INT). This line is used to signal the CPU that an FDC
operation has been completed. It remains active until the
result register is read.
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DMA Operation

The 8271 can transfer data in either DMA or non DMA
mode. The data transfer rate of a floppy disk drive is high
enough (one byte every 32 usec) to justify DMA transfer.
In DMA mode the elements of the DMA interface are:

DRQ: DMA Request:
The DMA request signal is used to request a transfer of
data between the 8271 and memory.

DACK: DMA Acknowledge:
The DMA acknowledge signal notifies the 8271 thata DMA
cycle has been granted.

RD, WR: Read, Write
The read and write signals are used to specify the
direction of the data transfer.

DMA transfers require the use of a DMA controller such as
the Intel®8257. The function of the DMA controller is to
provide sequential addresses and timing for the transfer
at a starting address determined by the CPU. Counting of
data block lengths is performed by the FDC.

To request a DMA transfer, the FDC raises DRQ. DACK
and RD enable DMA data onto the bus (independently of
CHIP SELECT). DACK and WR transfer DMA data to the
FDC. If a data transfer request (read or write) is not
serviced within 31 usec, the command is cancelled, a late
DMA status is set, and an interrupt is generated. In DMA

mode, an interrupt is generated at the completion of the

data block transfer.

When configured to transfer data in non-DMA mode, the
CPU must pass data to the FDC in response to the non-
DMA data requests indicated by the status word. The

data is passed to and from the chip by asserting the -

DACK and the RD or WR signals. Chip select should be
inactive (HIGH).

SERIAL
INTERFACE
] conrroLer

%&m
i

i %
Disk Drive Interface a,ff cé,
The 8271 disk.drive interface s@p 6r;s th ?gh Ievel
command structure described in the &8;
tion section. The 8271 maintains the Iocatléapfb
and the current track location for two drive&iid ,;(dw;;y
with minor software support, this interface can gﬁppdtg)
four drives by expanding the two drive select lines (seiget ‘S\%ﬁ
0, select 1) with the addition of minimal support hardware.

The FDC Disk Drive Interface has the following major
functions.

READ FUNCTIONS

Utilize the user supplied data window to obtain the clock
and data patterns from the unseparated read data.

Establish byte synchronization.

Compute and verify the ID and data field CRCs.

WRITE FUNCTIONS

Encode composite write data.

Compute the ID and data field CRCs and append them to
their respective fields.

CONTROL FUNCTIONS

Generate the programmed step rate, head load time, head
settling time, head unload delay, and monitor drive

“functions.
DATA
SEPARATOR
DATAWINDOW
NSEPARATED DATA
Po WRITE DATA
L. WRITE ENABLE
B SEEK/STEP.
[ o BIRECTION
CouNT/oR
_Do__WL___..,
INDEX DUAL
Foc - TRAGKS Fok.
DRIVE
D SELECTO
t . SELECT 1
Po TOWCURRENT
WRITE PROTECT
WRITEFAULT
. WRITE FAULT RESETIOPG
READY O
READY T

NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS
(AT LEAST PULL UP/DOWN PAIRS).

Figure 2. 8271 Block Diagram Showing Disk Interface
Functions

Figure 3. 8271 Disk Drive Interface
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Data Separation

The 8271 needs only a data window to separate the data
from the composite read data as well as to detect missing
clocks in the Address Marks.

The window generation logic may be implemented using

either a single-shot separator or a phase-locked oscillator.

Single-Shot Separator -~

The single-shot separator approach is the lowest cost
solutlon

The FDC samplesthe value of DataWindow on the Ieadmg
edge of Unseparated Data and determines whether the
delay from the previous. pulse was a half or full bit-cell
(high input = full bit-cell, low input = half bit-cell).
PLO/SS should be tied to Ground.

Insync Pin N

This pin’ gives an indication of{wrffém
synchronized with the serial data sf?ea{;ﬁ?ggr ¢
operations. This pin can be used with a*bbg%”e;}eo,
oscillator for soft and hard locking. ¥ e i,

FOUND SYNC & 1D MARK
. READ ID FIELD BUT

TRACK OR SECTOR " FOUND SYNC & ID MARK

«D FIELD CORRECT

/ |

FOUND SYNC & DATA MARK
READ DATA SECTOR

INCORRECT

\
INSYNC ___r_u—] [_'Lﬂ

FOUND SYNC & DATA MARK
NOT AN ID MARK

Figure 4. Insync Waveform

UNSEPARATED __o .o

RETRIGGERABLE
SINGLE-SHOT
DATA 2.85us WINDOW *

| DATA WINDOW

8271 FDC

PLO/SS

*FOR MINI-FLOPPY DATA WINDOW = 5.7usec

Figure 5. Single-Shot Data Separator Block Diagram

UNSEPARATED

DATA \ -
WINDOW A

tps=>100ns ——»

/-

tpH=>0ns —» |€—

Figure 6. Single-Shot Data Window Timing
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Phase-Locked Osclllator Separator

The FDC samples the value of Data Window on the Ieadmg
edge of Unseparated Data and determines whether the

Insync may be used to provnde ?o,gt"’agd*‘ﬁag {
control for the phase-locked oscnllato’rz/&% % YO

pulse represents a Clock or Data Pulse. /y
‘%, %,{,C
PLO/SS should be tied to Vcc (+5V). 0%‘%
DATA WINDOW a
l—————>»
UNSEPARATED
DATA ——>0 PLO 8271 FDC
————»0
[} 1
7 ! | rLossS
L H
IN SYNC* +5V
*OPTIONAL
Figure 7. PLO Data Separator Block Diagram
(o C

gx?_iPARATED_-\_/ \_/ \ r../

\/

[«—— tps>50ns

*DATA
WINDOW

——|

\__ / \_

l«—— tpH=>0ns

*DATA WINDOW MAY BE 180° OUT OF PHASE IN PLO DATA SEPARATION MODE.

Figure 8. PLO Data Window Timing

Disk Drive Control Interface

The disk drive control interface performs the high level
and programmable flexible disk drive operations. It
custom tailors many varied drive performance parameters
such as the step rate, settling time, head load time, and
head unload index count. The following is the description
of the control interface.

Write Enable

The Write Enable controls the read and write functions of a
flexible disk drive. When Write Enable is a logical one, it
enables the drive write electronics to pass current through
the Read/Write head. When Write Enable is a logical zero,
the drive Write circuitry is disabled and the Read/Write
head detects the magnetic flux transitions recorded on a
diskette. The write current turn-on is as follows.

WRITE DATA

—»| |e—twe

M ____Jrr

| twe—]

WRITE ENABLE

Tus<tyg<3us

Figure 9. Write Enable Timing

1-113

00223A

@y g({ KA &o,bﬁ



8271

Seek Control

Seek Control is accomplished by Seek/Step, Direction,
‘and Count pins and can be implemented two ways to
provide maximum flexibility in the subsystem design. One
instance is when the programmed step.rate is not equal to
zero. In this case, the 8271 uses the Seek/Step and
Direction pins (the Seek/Step pin becomes a Step pin).
Programmable Step timing parameters are shown.

Another instance is when the programmable step rate is -
equal to zero, in which case the 8271 holds the seek line
high until the appropriate number of user-supplied step
pulses have been counted on the count input pin.

DIRECTION

X

]
M1

SEEK/STEP

|«— tsp

J4

P—

o

tps=tps=tsp=10us

STANDARD: Tms<tg<255ms

MINI-FLOPPY: 2ms < ty < 510ms

Figure 10. Seek Timing

DIRECTION $(
—> L—tos . —>l L—tSD
SEEK/STEP

— L——ts_c

COUNT . I | I l

L—tc -’L-J—fpc

tps=tsp =tcs=10us
tgc > us
tpc = 20us
te > 1ms

1

LAST COUNT

Figure 11. Seek/Step/Count Timing-
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Head Seek Settling Time

The 8271 allows the head settling time to be programmed
from 0 to 255ms, in increments of 1ms.

The head settling time is defined as the interval of time
from completion of the last step to the time when reading
or writing on the diskette is possible (R/W Enable). The
R/W head is assumed loaded.

SEEK OR LAST STEP I I

. LAST STEP COMPLETE

*tsw

WRITE/READ ENABLE

|
—----

STANDARD: 0< *tgy <255ms

*R/W HEAD 1S ASSUMED LOADED.

MINI-FLOPPY: 0 <*tgw< 510ms

Figure 12. Head Load Settling Timing

Load Head

When active, load head output pin causes the drive's
read/write head to be loaded on the diskette. When the
head is initially loaded, there is a programmed delay (0 to
60ms in 4ms increments) prior to any read or write
operation. Provision is also made to unload the head
following an operation within a programmed number of
diskette revolutions.

LOAD HEAD I

EARLIEST WRITE ENABLE
OR INTERNAL READ DATA __

th_’| I'_ v
I______

STANDARD: 0<tyy <60ms

MINI-FLOPPY: 0< t,yy < 120ms

Figure 13, Head Load to Read/Write Timing
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Index

The Index input is used to determine “Sector not found”

status and to initiate format track/read ID commands and
" head unload Index and Count operations.

e

tp; = 0.5us

Figure 14. Index Timing

Track 0

This input pin indicates that the diskette is at track 0.
During any seek operation, the stepping out of the
actuator ceases when the track 0 pin becomes active.

Select 1, 0

Only one drive may be selected at a time. The
Input/Output pins that must be externally qualified with
Select 0 and Select 1 are:

Unseparated Data
Data Window

Write Enable
Seek/Step
Count/Optional Input
Load Head

Track 0

Low Current

Write Protect

Write Fault

Fault Reset/Optional Output
Index

When a new set of select bits is specified by a new com-
mand or the FDC finishes the index count before head
unload, the following pins will be set to the 0 state:

Write Enable (35)
Seek/Step (36)
Direction (37)

Load Head (38)

Low Head Current (39)

The select pins will be set to the state specified by the
command or both are set to zero following the index
count before head unload.

Low Current

This output pin is active whenever the physical track
location of the selected drive is greater than 43. Generally

this signal is used to enable compensation for the lower
velocities encountered while recording on the inner
tracks.

Write Protect

The 8271 will not wnte to a dlsk when this |nput pin is
active and will interrupt the CPU if a Write attempt is made.
Operations which check Write Protect are aborted if the

' Write Protect line is active.

Thps signal normally onglnatés" from a sensor which
detects the presence or absence of the Write Protect
hole in the diskette jacket.

Write Fault and Write Fault Reset

The Write Fault input is normally latched by the drive
and indicates any condition which could endanger data
integrity. The 8271 interrupts the CPU anytime Write
Fault is detected during an operation and immediately
resets the Write Enable, Seek/Step, Direction, and Low
Current signals. The write fault condition can be cleared
by using the write fault reset pin. If the drive being used
does not support write fault, then this pin should be
connected to V¢ through a pull-up resistor.

Ready 1,0 3

These two pins indicate the functional status of the disk
drives. Whenever an operation is attempted on a drive

‘which is not ready, an interrupt is generated. The inter-
. face continually monitors this input during an operation

and if a Not Ready condition occurs, immediately ter-
minates the operation. Note that the 8271 latches the
Not Ready condition and it can only be reset by the exe-
cution of a Read Drive Status command. For drives that
do not support a ready signal, either one can be derived
with a one shot and the index pulse, or the ready inputs
can be grounded and Ready determined through some
software means.
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PRINCIPLES OF OPERATION

As an 8080 peripheral device, the 8271 accepts commands
from the CPU, executes them and provides a RESULT
back to the 8080 CPU at the end of command execution.
The communication with the CPU is established by the
activation of CS and RD or WR. The A1, Ag inputs select
the appropriate registers on the chip:

O
>
3]
M
>
>
o

Operation

Read Status
Write Command
Read Result
Write Parameter
Write Reset Reg.
Write Data

Read Data

Not Allowed

Oaa0000O 8]

RD
0
1
0
1
1
1
0
X

5
X—-+2000 20— 3

OO0 A a4 aaaaa
XX X-=2000O0
XXXO~=+=200

The FDC operation is composed of the following
sequence of events.

8080 WRITES THE COMMAND AND PARAMETERS INTO
THE 8271 COMMAND AND PARAMETER REGISTERS.

COMMAND PHASE

EXECUTION PHASE THE 8271 ISON ITS OWN TO CARRY OUT THE COMMANDS.
THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS

FINISHED. THE CPU MUST PERFORM A READ OPERATION
RESULT PHASE OF ONE OR MORE OF THE REGISTERS TO DETERMINE
THE OUTCOME OF THE OPERATION.

START

READ FDC
STATUS
REGISTER

COMMAND
BUSY BIT SET
?

INITIALIZE
DMA CHANNEL
(SEE FIGURE 19)

WRITE FDC
COMMAND
. REGISTER

(MORE)
REQUIRED
2

READ FDC
STATUS
REGISTER

PARAMETER
FULL BIT SET
?

ENTER
EXECUTION
PHASE

WRITE FDC
PARAMETER
REGISTER

Figure 15. Passing the Command and Parameters to the
8271

,»‘! ?‘3
Yoy
By o, ’&“@ "&@

The software writes a command 0 fhe,gon;;m é’gister.
As a function of the command issued, *rpm*;gro:(qg' 20,
parameters are written to the parameter reglgt% VR@fe 4
diagram showing a flow chart of the commandzzp& asg.
Note that the flow chart shows that acommand may n6tg¢* s;
issued if the FDC status register indicates that the devicé
is busy. Issuing a command while another command is in
progress is illegal. The flow chart also shows a parameter
buffer full check. The FDC status indicates the state of the
parameter buffer. If a parameter is issued while the
parameter buffer is full, the previous parameter is over
written and lost.

The Command Phase

STANDARD
RESULT
RETURNED
?

IMMEDIATE
RESULT
RETURNED
?

READ FDC
STATUS
REGISTER

COMMAND
BUSY BIT SET
?

ENTER
RESULT
PHASE

NOTE:

STANDARD RESULT RETURNED CAN BE
DETERMINED BY MASKING OUT THE
DRIVE SELECT BITS OF THE COMMAND
BYTE (BITS 7 AND 6) AND CHECKING
FOR A VALUE OF LESS THAN 2C1¢ (IF

LESS THAN 2Ct6, STANDARD RESULT
1S RETURNED).

IMMEDIATE RESULT RETURNED CAN

. BE DETERMINED BY ADDITIONALLY
MASKING OUT BITS 5 AND 4 OF THE
COMMAND BYTE AND CHECKING FOR
A VALUE OF C1g OR GREATER (IF C1g
OR GREATER, IMMEDIATE RESULT
RETURNED).
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Flgure 16. Checking for Result Type Following 8271
Command and Parameters

The Execution Phase

During the execution phase the operation specified
during the command phase is performed. During this
phase, there is no CPU involvement if the system utilizes
DMA for the data transfers. The execution phase of each
command is discussed within the detailed command
descriptions. The following table summarizes many of the
basic execution phase characteristics.
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EXECUTION PHASE BASIC CHARACTERISTICS

The following table summarizes the various commands
with corresponding execution phase characteristics.

1 ] 3 4 5 6
o Deleted ' Write/ Seek Completn%h N
COMMANDS Data Head Ready Protect Seek Check Resuit Interrupt
SCAN .DATA - SKIP - LOAD v X - YES YES  YES YES
SCAN DATA AND XFER' LOAD J X YES - YES YES YES
DEL DATA : i : o '
WRITE DATA X LOAD N N YES YES YES YES
WRITE DEL DATA X LOAD J J o YES ~ YES YES YES
READ DATA SKIP LOAD v X YES YES YES YES
READ DATA AND XFER LOAD J X YES YES YES YES
DEL DATA ' :
READ ID X LOAD J X YES NO YES YES
VERIFY DATA AND XFER LOAD / X YES YES YES YES
DEL DATA )
FORMAT TRACK X LOAD J N YES ‘NO YES . YES
SEEK X LOAD y X YES NO YES YES
READ DRIVE STATUS = x - X X NO NO NOTE 5 NO
SPECIFY X - X X NO NO ‘NO NO
RESET X UNLOAD X X NO NO - NO NO
R SP REGISTERS - X - X x NO NO NOTE 6 NO
W SP REGISTERS X - X X NO - NO NO NO
Note: 1. “x" — DON'T CARE 2. “/" — check 3. “-" — No change 4. “y” — Check at end of operation 5. See “READ DRIVE STATUS" command.
6. See “READ SPECIAL REGISTER” command. :

Table 1. Execution Phase Basic Characteristics

Explanation of the execution phase characteristics table.

1. Deleted Data Proceséing 4. Write Protect
If deleted data is encountered during an operation that The operations that are marked check Write Protectare
is marked skip in the table, the deleted data record is immediately aborted if Write Protect line is active at the
not transferred into memory, but the record is counted. beginning of an operation.
For example, if the command and parameters specify a 5. Seek
read of five records and one of the records was written
with a deleted data mark, four records are transferred Many of the 8271 commands cause a seek to the
to memory. The deleted data flag is set in the result desired track. A current track register is maintained for
byte. However, if the operation is marked transfer, all each drive or surface.
data is transferred to memory regardless of the type of 6. Seek Check )
data mark. . Operations that perform Seek Check verify that
2. Head selected data in the ID field is correct before the 8271
The Head column in the table specifies whether the accesses the data field.

Read/Write head will be loaded or not. If the table
specifies load, the head is loaded after it is positioned
over the track. The head loaded by acommand remains
loaded until the user specified number of index puises
have occurred.

3. Ready

The Ready column indicates if the ready line. (Ready
1, Ready 0) associatéd with the selected drive is
checked. A not ready state is latched by the 8271 un-
til the user executes a read status. command.
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POLLED INTERRUPT

‘ START )

CPU INTERRUPT

‘ START )

READ FDC
STATUS
REGISTER

FDC
NO INTERRUPT 1
2
INTERRUPT
REQUEST BIT
YES JES!
2
READ
RESULT
BYTE READ
RESULT
BYTE

Figure 17. Getting the Result

The Result Phase

During the Result Phase, the FDC notifies the CPU of the
outcome of the command execution. This phase may be
initiated by:

1. The successful completion of an operation.
2. An error detected during an operation.

PROGRAMMING
Ay Ag CS RD CS WR
0 0 Status Reg Command Reg
0 1 Result Reg Parameter Reg
1 0 — Reset Reg
1 1 — —

STATUS REGISTER
FDC Status

D; Dg Ds Dy D3 D, Dy Dy

LI T T T ] Jofo]

COMMAND BUSY I NON-DMA MODE
COMMAND REG FULL

INTERRUPT REQ
PARAMETER REG FULL RESULT REG FULL

Bit 7: Command Busy

The command busy bit is set on writing to the command
register. Whenever the FDC is busy processing a
command, the command busy bit is setto a one. This bitis
set to zero after the command is completed.

Bit 6: Command Full

The command full bit is set on writing to the command
buffer and cleared when the FDC begins processing the
command.

Bit 5: Parameter Full
This bit indicates the state of the parameter buffer. This bit

is set when a parameter is written to the FDC and reset
after the FDC has accepted the parameter.
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Bit 4: Result Full 2y,
This bit indicates the state of the*“reg(ﬂt butf
only after Command Busy bit is low. Thgs’blj is
the FDC finishes a command and is reset éfget’the {
byte is read by the CPU. The data in the resuff*buffeg 7 N
valid only after the FDC has completed a commaqﬁ?!, ; o
Reading the result buffer whilea command isin progress e
yields no useful information.

Bit 3: Interrupt Request

This bit reflects the state of the FDC INT pin. It is set
when FDC requests attention as a result of the comple-
tion of an operation or failure to complete an intended
operation. This bit is cleared by reading the result
register.

Bit 2: Non-DMA Data Request

When the FDC is utilized without a DMA controller, this bit
is used to indicate FDC data requests. Note that in the
non-DMA mode, an interrupt is generated (interrupt
request bit is set) with each data byte written to or read
from the diskette.

Bits 1 and 0:
Not used (zero returned).

After reading the Status Register, the CPU then reads the
Result Register for more information.

THE RESULT REGISTER

This byte format facilitates the use of an address table
to look up error routines and messages. The standard
result byte format is:

D; Dg Ds Dy D3 D Dy Dg

Lofofl [ T [ ] Joj

— W_J
NOT USED =0

t————————— COMPLETION CODE

COMPLETION TYPE

DELETED DATA FOUND

NOT USED =00

Bits 7 and 6:
Not used (zero returned).

Bit 5:

Deleted Data Found: This bit is set when deleted data is
encountered during a transaction.

Bits 4 and 3: Completion Type

The completion type field provides general information
regarding the outcome of an operation.

The completion type field provides general information
regarding the outcome of an operation.

Completion :
Type Event
00 Good Completion — No Error
01 System Error — recoverable errors;
10 operator intervention probably required
for recovery.
1 Command/Drive Error — either aprogram

error or drive hardware failure.
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Bits 2 and

The completion ‘code field provides  more: detailed
information about the completion type (See Table).

1: Completion Code

B
It is important to note the hjéfarc

result byte. In very simple sysf@mg C&(h}y e
GO result is required, the user may/jmipl

zero result (a zero result is a good completion),

Completion Complet’lon level of complexity is at the completion type fﬁ@gff%}ag

Type Code‘ Event completion type supplies enough information si‘)“‘zﬂ@gfzxjg)e

00 - 00 Good Completion/ software may distinguish between fatal and noni?fe;gél@g,,;
Scan Not Met errors. If a completion type 01 occurs, ten retries should “
00 01 Scan Met Equal be performed before the error is considered unre-
00 10 Scan Met Not Equal coverable. .
00 11 —
01 00 Clock Error
01 01 . .Late DMA The Completion Type/Completion Code interface sup-
01 10. - ID CRC Error plies the greatest detail about each type of completion.
(1)(1) (1)3 gz&%i?:;;?:; This interface is used when detailed information about the
10 01 Write Protect . ‘transactl.on completion is required.
10 10 Track 0 Not Found
10 11 Write Fault' )
11 00 Sector Not Found Bit 0: .
11 01 — Not used (zero returned).
1 10 e
11 11 N
Definition Interpretation

Successful Completion/
Scan Not Met

Scan Met Equal

Scan Met Not Equal

Clock Error

Late DMA

ID Field CRC Error

' 'Data Field CRC Error

Drive Not Ready

Write Protect
Track 00 Not Found
Write Fault

Sector Not Found

The diskette operation specified was completed without error. If scan operation
was specified, the pattern scanned was not found on the track addressed.

The data pattern specified with the scan command was found on the track

" addressed with the specified comparison, and the equality was met.
The data pattern specified with the scan command was found with the

specified comparison on the track addressed, but the equality was not met.

During a diskette read operation, a clock bit was missing (dropped). Note that this
function is disabled when reading any of the ID address marks (which contain
missing clock pulses). If this error.occurs, the operation is terminated immedi-
ately and an interrupt is generated. '

During either a diskette read or write operation, the data channel did not respond
within the allotted time interval to prevent data from being overwritten or lost. This
error immediately terminates the operation and generates an interrupt.

The CRC word (two bytes) derived from the data read in an ID field did not match
the CRC word written in the 1D field when the track was formatted. If this error
occurs, the associated diskette operation is prevented and no data is transferred.

During a diskette read operation, the CRC word derived from the data field read
did not match the data field CRC word previously written. If this error occurs, the
data read from the sector should be considered invalid.

The drive addressed was not ready. This indication is caused by any of the
following conditions: :

1. Drive not powered up '

2. Diskette not loaded o

3. Non-existent drive addressed

4. Drive went not-ready during an operation

Note that this completion code ‘is cleared only through an FDC read drive
status command.

A ‘disketté write operation was specified on a write protected diskette. The
intended write operation is prevented and no data is written on the diskette:. -

During a seek to track 00 operation, the drive failed to provide a track 00

.indication after being stepped 255 times.
This error is dependent on the drive supported and indicates that the faultinputto

the FDC has been activated by the drive.

Either the sector addressed could not be found within one complete revolution of
the diskette (two index marks encountered) or the track address specified did not
match the track-address contained in the ID field.. Note that when the track

address specified and the track address read do not match, the FDC automatically .

increments its track address register (stepping the drive to the next track) and

. again compares the track addresses. If the track addresses still do not match, the
track address register is incremented a second time and another comparison is -
‘made before the sector not found completion code is set.

Table 2. Completion Code Interpretation
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INITIALIZATION
Reset Command
Aq Ao Dy Dg Ds Da D3 Dz Dy Do
PAR: 1 ] 0 ] o 0 0 0 [} 1
PAR: 1 0 0 [} 0 0 [1] 0 0 0

Function: The Reset command emulates the action of
the reset pin. It is issued by outputting a one followed
by a zero to the Reset register.

1. The drive control signals are forced low.

An in-progress command is aborted.

The FDC status register flags are cleared.

The FDC enters an idle state until the next command is
issued.

Reset must be active for 10 or more clock cycles.

2.
3.
4.

SPECIFY COMMAND

Many of the interface characteristics of the FDC are
specified by the systems software. Prior to initiating any
drive operation command, the software must execute
the three specify commands. There are two types of
specify commands selectable by the first parameter
issued.

First Parameter Specify Type

0DH Initialization
104 Load bad Tracks Surface ‘0’
18H Load bad Tracks Surface ‘1’

The Specify command is used prior to performing any
diskette operation (including formatting of a diskette) to
define the drive's inherent operating characteristics and
also is used following a formatting operation or
installation of another diskette to define the locations of
bad tracks. Since the Specify command only loads
internal registers within the 8271 and does not involve an
actual diskette operation, command processing is limited
to only Command Phase. Note that once the operating
characteristics and bad tracks have been specified for
a given drive and diskette, redefining these values need
only be done if a diskette with unique bad tracks is to be
used or if the system is powered down.

Initialization:
Ay Ao D, Dg Dg D, Dy D, D, Dy
cMD:} © [ 0 0 1 1 ) 1 [} 1
PAR:] O 1 0 0 0 o 1 1 ) 0 1
PAR:} 0 1 STEP RATE*
PAR:] © 1 HEAD SETTLING TIME*
PAR: 0 1 INDEX CNT BEFORE HEAD LOAD TIME*
HEAD UNLOAD*
*Note: Mini-floppy parameters are doubled.

Parameter 0 — 0DH = Select Specify Initialization.
Parameter 1 — D7-Do = Step Rate (0-255ms in 1ms steps).
Parameter 2 — D7-Do = Head Settling Time (0-255ms in 1
ms steps). {0—510ms in 2ms steps} () = standard,
{}=mini
Parameter 3 — D7-Da = Index Count — Specifies the
number of Revolutions (0-14) which are to occur before
the FDC automatically unloads the R/W head. If 15 is
specified, the head remains loaded.
D3-Do = Head Load Time (0-60ms in steps of 4ms).
{0—120ms in 8ms steps} () = standard, {} = mini

Load Bad Tracks

(7
B, “op. ;
EPNNST P |
"f}@,“_’}%@ : &:@@

% 4
Ay Ag D, O O D, P37 5,0
2
ovo:l o | o 0 0 1o 0ot 2, 0
T §0 ., g
par| o | v [ o [ o | o 1 | w] 0" At%ﬁo
3 £
PAR:| © 1 BAD TRACK NO. 1 s %
L ~
5
PAR:| o 1 BAD TRACK NO. 2
PAR:| 0 1 CURRENT TRACK

Parameter 0: 104 = Load Su:face zero bad tracks
184 = Load Surface one bad track

Parameter 1:

Bad track address number 1 (Physical Address).

It is recommended to program both bad tracks and cur-
rent track to FFy during initialization.

SEEK COMMAND

The seek command moves the head to the specified track
without loading the head or verifying the track.
The seek operation uses the specified bad tracks to
compute the physical track address. This feature insures
that the seek operation positions the head over the correct
track. )

When a seek to track zero is spec‘i’fied, the FDC steps
the head until the track 00 signal is detected.

If the track 00 signal is not detected within (FF)H steps, a
track O not found error status is returned.

A seek to track zerois used to position the read/write head
when the current head position is unknown (such as after
a power up).

D7 D¢ D5 Dy D3 D2 Dy Do
SEL | SEL
Pl el fefo]n

TRACK ADDRESS 0-255

CMD: 0 0

PAR: 0 1

Seek operations are not verified. A subsequent read or
write operation must be performed to determine if the
correct track is located.

READ DRIVE STATUS COMMAND

This command is used to interrogate the drive status.
Upon completion the result register will hold the final
drive status.

Ay Ap D7 Dg Ds Dy D3 D2 Dy Do
ool o [ o [+ o] o] o]
RESULT: EACH BIT INDICATES CURRENT STATE OF INPUT PINS.

A o D; 'Dg Ds Ds D3 D2 Dy Do
RDY | WR WR | RDY [TRACK[CNT
I 0 | ! |_| 1+ lFAULTl'NDEXIPROTI 0° | 0 %l

IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST
BE ISSUED TO CLEAR THE CONDITION.

*Note the two ready 'bils are zero latching. Therefore, to clear the drive
not ready condition, assuming the drive is ready, and to detect it via soft-
ware, one must issue this command twice.
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SET NON-DMA

“( START )

NON-DMA
OR

SINGLE
ACTUATOR?

SINGLE ACTUATOR
POWER-UP !
ALL DRIVES - ‘
SEEKTO
TRACK 0
RESET ON DRIVE 0

INTERFACE

WAIT FOR
INTERRUPT

]

SPECIFY
DRIVE

CHARACTERISTICS

SPECIFY .
BAD TRACKS

—l_.

DRIVE 0

SPECIFY . READ
BAD TRACKS RESULT

DRIVE 1 BYTE

SEEK TO
TRACK 0
ON DRIVE 1

2ND DRIVE
PRESENT
? .

Figure 18. Initialization of the 8271 by the User
Read/Write Special Registers

This command is used to access special registers Within
the 8271.

Ay Ay D7 . Dg D;  Ds D3 D Dy Dg

CMD: 0

=)

SeL l SEL I COMMAND OPCODE

PAR: 0 1 REGISTER ADDRESS

Command code:
3DH Read Special Register
3AH Write Special Register

For both commands, the first parameter is the register
address; for Write commands a second parameter
specifies data to be written. Only the Read Specia
Register command supplies a result. :

Register Address
Description in Hex Comment
‘Scan Sector Number 06 See Scan Description
Scan MSB of Count ) 14 See 'Scan Description
Scan LSB of Count 13 See Scan Description
Surface 0 Current Track 12
Surface 1 Current Track 1A
Mode Register . 17 See Mode Register

. . Description
Drive Control Output Port . 23 See Drive Output
Port Description

Drive Control Input Port 22 See Drive Input

. Port Description
Surface 0 Bad Track 1 10
Surface 0 Bad Track 2 1
Surface 1 Bad Track 1 ©o18
Surface 1 Bad Track 2 19

Table 3. Special Registers

Mode Register Write Parameter Format

D; Dg D Dy D3 Dy '31 Do .
LifiJofoJofJof | ]

=0 DMA MODE, = 1 NON DMA

=0 DOUBLE, = 1 SINGLE ACTUATOR

Bits 6 & 7
Must be one.

Bits 5-2
(Not used). Must be set to zero.

*Bit 1

Double/Single Actuator: Selects single or double actuator
mode. If the single actuator mode is ‘selected, the FDC
assumes that the physical track location of both disks is
always the same. This mode facilitates control of a drive
which has a single actuator mechanism to move two.
heads.

*Bit 0 . }
Data Transfer Mode: This bit selects the data transfer
mode. If this bit is a zero, the FDC operates in the DMA
mode (DMA Request/ACK). If this bit is a one, the FDC
operates in non-DMA mode. When the FDC is operating in
DMA mode, interrupts are generated at the completion of
commands. If the non-DMA mode is selected, the FDC
generates an interrupt for every data byte transferred.

*Bits 0 and 1 are initialized to zero.
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%&&

Non-DMA Transfers in DMA Mode

If the user desires, he may retain the use of interrupts
generated upon command completions. This mode is

accomplished by selecting the DMA capability, but

using the DMA REQ/ACK pins as effective INT and CS
signals, respectively.

Drive Control Input Port

Reading this port will give the CPU exactly the data that
the FDC sees at the corresponding pins. Reading this
port will update the drive not ready status, but will not
clear the status. (See Read Drive Status Command for
Bit locations.)

Drive Control Output Port Format

D; Dg Ds Dy D3 D Dy Do

I O O N O

WRITE ENABLE

SEEK/STEP

DIRECTION

LOAD HEAD

LOW HEAD CURRENT

WRITE FAULT RESET/
OPTIONAL OUTPUT

SELECT 0

SELECT 1

Each of these signals correspond to the chip pin of the
same name. On standard-sized drives with write fault
detection logic, bit 5 is set to generate the write fault
reset signal. This signal is used to clear a write fault
indication within the drive. On mini-sized drives, this bit
can be used to turn on or off the drive motor prior to initi-
ating a drive operation. A time delay after turn on may be
necessary for the drive to come up to speed. The regis-
ter must be read prior to writing the register in order to
save the states of the remaining bits. When the register
is subsequently written to modify bit 5, the remaining
bits must be restored to their previous states.

IBM DISKETTE GENERAL FORMAT
INFORMATION

The IBM Flexible Diskette used for data storage and
retrieval is organized into concentric circular paths or
TRACKS. There are 77 tracks on either one or both sides
(surfaces) of the diskette. On double-sided diskettes, the
corresponding top and bottom tracks are referred to as a
CYLINDER. Each track is further divided into fixed length
sections or SECTORS. The number of sectors per track —
26,15 0or 8 —is determined when a track is formatted and is
dependent on the sector length — 128, 256 or 512 bytes
respectively — specified.

All tracks on the diskette are referenced to a physical
index mark (a small hole in the diskette). Each time the
hole passes a photodetector cell (one revolution of the
diskette), an Index pulse is generated to indicate the
logical beginning of a track. This index pulse.is used to
initiate a track formatting operation.

S

Track Format Q,@;‘:c@ % P
Each Diskette Surface is divided mtg ;rack@i?& neach
track divided into fixed length sectors. ’A@éet r ca@ho!d
whole record or a part of a record. If the ré'dcgd?f%shot ,3%}3
than the sector length, the unused bytes are"ﬂueﬁfwuth

y
binary zeros. If a record is longer than the sector fefﬁgfﬁa 8 Eﬁ‘

the record is written over as many sectors as its length e
requires. The sector size that provides the most efficient
use of diskette space can be chosen depending upon the
record length required.
Tracks are numbered from 00 (outer-most) to 76 (inner-
most) and are used as follows:

TRACK 00 reserved as System Label Track

TRACKS 01 through 74 used for data

TRACKS 75 and 76 used as alternates.

Each sector consists of an ID field (which holds a unique
address for the sector) and a data field.

The ID field is seven bytes long and is written for each
sector when the track is formatted. Each ID field consists
of an ID field Address Mark, a Cylinder Number byte which
identifies the track number, a Head Number byte which
specifies the head used (top or bottom) to access the
sector, a Record Number byte identifying the sector
number (1 through 26 for 128 byte sectors), an N-byte
specifying the byte length of the sector and two CRC
(Cyclic Redundancy Check) bytes.

The Gaps separating the index mark and the 1D and data
fields are written on a track when it is formatted. These
gaps provide both an interval for switching the drive elec-
tronics from reading or writing and compensation for rota-
tional speed and other diskette-to-diskette and drive-to-
drive manufacturing tolerances to ensure that data written
on a diskette by one system can be read by another
(diskette interchangeability).

IBM Format Implementation Summary

Track Formal

The disk has 77 tracks, numbered physically from 00 to 76,
with track 00 being the outermost track. There are
logically 75 data tracks and two alternate tracks. Any two
tracks may be initialized as bad tracks. The data tracks are
numbered logically in sequence from 00 to 74, skipping
over bad tracks (alternate tracks replace bad tracks).
Note: In IBM format track 00 cannot be a bad track

Sector Format

Each track is divided into 26, 15, or 8 sectors of 128, 256,
or 512 bytes length respectively. The first sector is
numbered 01, and is physically the first sector after the
physical index mark. The logical sequence of the
remaining sectors may be nonsequential physically. The
location of these is determined at initialization by CPU
software. )

Each sector consists of an ID field and a data field. All
fields are separated by gaps. The beginning of each field
is indicated by 6 bytes of (004 followed by a one.byte
address mark.

Address Marks

Address Marks are unique bit patterns one byte in length
which are used to identify the beginning of ID and Data

_fields. Address Mark bytes are unique from all other data
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) L Last Ssnor— | Gap II Sector 01 l Sector 02
,/”’,”” Gap \\\\
’,f”m’mm -—" Data Field ' .‘\\\\
—_- e A . . A ~
- s N — AN
):::'s‘:' Gap | G | SV | amn lcre | Gap | SYe |am2 | 128,256, 0r 512 Bytes CcRC Gap Srme | amn | lo S
0f @ Q ®0 0 | | ® ©® 0O
AM2: Data: hex FBor F8
Index FB = data field
Detected F8 = control field
(The control field can
in witha Doran F:
l:!; doie:ed record @ Pre-index gap.
Cylinder Physical ) F = defective record '
Number Record Clock: hex C7) @ Post-index gap.
Lenath @ 6 bytes of zeroes.
L e otr 128 b wer s @  oyoteresomney k.
Hex 02 for 512 byte per sector format The check bvl.es are
ganera‘ted during a write
Hex 01 through 1A for 128 byte per sector format diskette b e s
Hex 01 through OF for 256 byte per sector format diskette to varify that data is
Hex 01 through 08 for 512 byte per sector format diskette read correctly.
Hox 01 forsde 1 of two-sided daties e crsetes ® Posiae.
, X @ Post-data gap.
L Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76
) are used as alternate cylinders.)
AM1: identifies ID field
‘—— Data: hex FE
Clock: hex C7
Figure 19. Track Format
bytes in that certain bit cells do not contain a clock bit (all ID Field
other data bytes have clock bits in every bit cell.) There are
four different types of Address Marks used. Each of these MARK | C H |'R N CRC | cre
is used to identify different types of fields. . B
Index Address Mark V o C = Cylinder (Track) Address, 00- 74
The Index Address Mark is located at the beginning of - H= Head Adcslress d 01-2
each track and is a fixed number of bytes in front of the R = Record (Sector) Address, 01-26
first record. » . N = Record (Sector) Length, 00-02 -
. Note: Sector Length = 128 x oN bytes
ID Address Mark CRC = 16 Bit CRC Character (See Below)
The ID Address Mark byte is located at the beginning of ’
each ID field on the diskette. Data Field
Data Address Mark . ) - -
The Data Address Mark byte is Iocated atthe begmnmg of MARK DA,TA. CRC CRC
each non-deleted Data Field on the diskette. Bat i 128 256 512 b t’ | :
Deleted Data Address Mark Na als Al ' k, o‘; IDy :s ong- 4 CRC
: : . ote: marks, data, 1D characters an
The. Dgleted Data Address Mark .byte is Iocat.ed at the characters are recorded and read most. .
pegmnmg of each deleted Data Field on the diskette. significant bit first.
: Clock | Data - '
. - R
Address Mark Summary Pattern Pattern CRC Character ) )
The 16-bit CRC character is generated using the
:gdzzggg;e;s;:lcark 8.7, . ';g ) generator polynominal X16 + X12 + X5 + 1, normally
initialized to (FF)H. It is generated from all characters
Data Address Mark - Cc7 FB
) (except the CRC in the ID or data field), including the data
Deleted Data Address Mark c7 F8
Bad Track ID Address Mark c7 FE (not the clocks) in the address mark. It is recorded and
read most significant bit first.
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Data Format
Data is written (general case) in the following manner:

MISSING
CLOCK CLOCK CLOCK CLOCK

DATA “1” DATA “1"

]

Tg=FULL BIT TIME = NOMINALLY 4u8*
Ty =HALF BIT TIME = NOMINALLY 2us*

*For Standard Drive.

Figure 20. Data Format

References

“The IBM Diskette for Standard Data Interchange,” IBM
Document GA21-9182-0. “‘System 32,” Chapter 8, IBM
Document GA21-9176-0.

Bad Track Format

The Bad Track Format is the same as the good track
format except that the bad track ID field is initialized as
follows:

C=H=R=N=(FFH

When formatting, bad track registers should be set to
FFy for the drive during the formatting, thus specifying
no bad tracks. Thus, all tracks are left available for for-
matting.

The track following the bad track(s) should be one
higher in number than track before the bad track(s).

Upon completion of the format the bad tracks should be
set up using the write special register command. The
8271 will then generate an extra step puise to cross the
bad track, locating a new track that now happens to be
an extra track out.

Format Track
Format Command
Ay Ag D7 Dg Ds Dy D3 D2 Dy Do

SEL SEL| 1
1 0

TRACK ADDRESS

O|D|0|1I1

GAP 3 SIZE MINUS 6

RECORD LENGTH l NO. OF SECTORS/TRACK

PAR: 0 1 GAP 5 SIZE MINUS 6

PAR: 0 1 GAP 1 SIZE MINUS 6

The format command can be used to initialize a disk track
compatible with the IBM 3740 format. A Shugart “IBM
Type" mini-floppy format may also be generated.

The Format command can be used to initialize a disk-
ette, one track at a time. When format command is used,
the program must supply ID fields for each sector on the
track. During command execution, the supplied ID fields
(track head sector addresses and the sector length) are
written sequentially on the diskette. The ID address
marks originate from the 8271 and are written auto-
matically as the first byte of each ID field. The CRC char-
acter is written in the last two bytes of the ID field and is
derived from the data written in the first five bytes. Dur-
ing the formatting operation, the data field of each sec-
tor is filled with data pattern (E5)y. The CRC, derived
from the data pattern is also appended to the last byte.

1. The parameter 2 (D;— Ds) of 3he"’ grm r?mand specify
record length, the bits are coc{e’d:,gthéﬁ,samq wayzas in the
Read Data commands. % %, 0

2. The programmable gap sizes (gap 3, gap 5‘;@ﬂdg 1),
be programmed such that the 6 bytes of zero‘fs;y;;!c)x ) stib “?’3 p

tracted from the intended gap size i.e., if gap 1 |s'iryeﬁdgd daf""f}* "

to be 16 bytes long, programmed Iength must be 16 — 0 ]/0!) 5‘
bytes (of FF's).

Mini-Floppy Disk Format

The mini-floppy disk format differs from the standard
disk format in the following ways:

1. Gap 5 and the Index Address ma‘rk have been elimi-
nated.

2. There are fewer sectors/tracks.

GAPS )
The following is the gap size and description summary:

Gap 1 Programmable
Gap 2 17 Bytes

Gap 3 Programmable
Gap 4 Variable

Gap 5 Programmable

The last six bytes of gaps 1,2,3 and 5 are (00)H, all other
bytes in the gaps are (FF)H. The Gap 1,3 and 5 count
specified by the user are the number of bytes of (FF)4. Gap
4 is written until the leading edge of the index pulse. If a
Gap 5 size of zero is specified, the Index Mark is not
written.

Gap 1: This gap separates the index ad-

N bytes FF’s dress mark of the index pulse from

6 bytes 0’s for sync the first ID mark. It is used to pro-
tect the first ID field from a write on
the last physical sector of the cur-
rent track.

Gap 2: This gap separates the ID field from

11 bytes FF’s the data mark and field such that

6 bytes 0's for sync during a write only the data field
will be changed even if the write
gate turns on early, due to drive
speed changes.

Gap 3: This gap separates a data area from

N bytes FF’s the next ID field. It is used so that

6 bytes 0's for sync during drive” speed changes the
next ID mark will not be overwritten,
thus causing loss of data.

Gap 4: This gap fills out the rest of the disk

FF’s only - and is used for slack during format-
ting. During drive speed variations
this gap will shrink or grow if the
disk is re-formatted.

Gap 5: This gap separates the last sector -

N bytes FF’s from the Index Address mark and

6 bytes 0’s for sync is used to assure that the index ad-
dress mark is not destroyed by
writing on the last physical data
sector on the track.

The number of FF bytes is programmable for gaps 1, 3
and 5.
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INDEX I I

: : ey Pay CG |
DATA D DATA ) Chy s 4
I GAP 4 I GAPS L\GAP 1 | FIELD | GAP2 I FIELD | GAP3 ' FIELD I GAP 2 % Sz,

FIELD

INDEX ADDRESS MARK
GAPS ss

GAP 1: _ POST INDEX GAP
| ' i

| o ]

GAP 2: POST ID FIELD GAP

l |
L | SYNC I

I— WRITE GATE TURN-ON FOR UPDATE OF NEXT

DATA FIELD.

NOTE: THE-WRITE GATE TURN-ON SHOULD BE TIMED
TO WITHIN £ =1BIT BY COUNTING THE BYTES
IN THE GAP UNTIL 1 BYTE BEFORE THE
TURN-ON.

GAP 3: POST DATA FIELD GAP

i ] I
T
l A i | SYNC I
]
17 WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD.

NOTE: IBM FORMAT REQUIRES AT LEAST 2BINARY “1” BITS AS A DATA FIELD POSTAMBLE.

2.BITS

GAP4: FINAL GAP

GAP5: INITIAL GAP
| L |
L | SYNC —l

Figure 21. Track Format
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ﬂpnvslcn
EX
MARK
g X POST POST
SEcToR e |::SA§X aNoEX ;:3)55; sector | FOETE SECTOR 1 DATA | SEGIOR "R SECTOR 2 P [S59R "?-2‘1:';“ (usrf'/f «?,j, ¥
L U [Py it o e LT TN IRGe DATAFIELD b | rEo e DATA FIELD I [T e ?,’é{f, 9!) 6‘
/?;’}
|_ﬁ ]
r
wexre [ SHC HexpE | e | HEXFE | iexan I HEXFE | yiExan
40 BYTES 6 BYTES 26 BYTES 6 BYTES n BYTES 6 BYTES 11 BYTES 6 BYTES
(TYPICAL) aveAy e —
1
sgfss | vmxanusenoevres | 600 [ ,C7°, | apoliess | \TACE | abivass | Ausnees | Lovewn | ovies | owrea
BYTE1 BYIEZ BYTES BYIEA BYTES BYIE6  BVIE7
NUMBER OF BYTES
NUMBER GAP 1 GAP 2 GAP 3 GAP 5
ID FIELD DATA FIELD GAP 4
OF SECTORS *ONES | SYNC ONES SYNC *ONES | SYNC *ONES SYNC
26 26 6 7 1 6 131 27 6 275 40 6
15 26 6 7 " 6 259 48 6 129 40 6
8 26 6 7 11 6 515 90 6 146 40 6
4 26 6 7 1" 6 1027 224 6 236 40 6
2 26 6 7 " 6 2051 255 6 719 40 6
1 26 6 7 1 6 4099 0 0 1007 40 6
“Program Specified 5208 Bytes Per Track
Figure 22. Standard Diskette Track Format
PHYSICAL
I |mnzx
MARK
5
stcron| FINAL DEX SECTOR e SECTOR 1 gﬁé SECTOR "o SECTOR 2 EZ[; SECTOR "PED skcron
oata | @ape | (G | R | (S0 DATAFIELD &y | orE | Gap DATA FIELD Sy | oree | G5y oara
e [t ] [ [
T6AVIES 6 BYIES TIBYTES 6 BYTES WBYIES  6BYTES
(TYPICAL)
—
AT}
"’"IREKSS AboAESs | aobass | Aoomses | cenwn | sviet | sveez I‘%;";&s; l 126 % 2% USER DATA BYTES ﬁg‘g 1 I otz
BYTET  BYIEZ BYTES GBYIE4 BYTES BYTES . BYIE? - - ;
NUMBER OF BYTES
NUMBER GAP 1 GAP 2 GAP 3
ID FIELD DATA FIELD GAP 4
OF SECTORS *ONES SYNC ONES SYNC *ONES SYNC
18 16 6 7 " 6 131 11 6 24
10 16 6 - 7 " 6 259 21 6 30
5 16 6 7 1" 6 515 74 6 88
2 16 6 7 1 6 1027 255 6 740
1 16 6 7 11 6 2051 0 0 1028
*Program Specified 3125 Bytes Per Track
Figure 23. Mini-Diskette Track Format
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SCAN
OPERATION
- ?

SET: WRITE DMAC
TC STOP AND MODE SET
DMA ENABLE BITS REGISTER

MODE SET - AUTb LOAD AND
REGISTER DMA ENABLE BITS

WRITE DMAC } SET:

WRITE DMAC
CONTROL
REGISTER

i

WRITE DMAC
STARTING MEMORY
ADDRESS REGISTER

i

Figure 23. User DMA Channel Initialization Flowchart

Read ID Command

Ay Ag. D Dg D D, Dy D, D Do

cvp: | o 0 SleS§L|ol1|1|ol1J1
AR | 0 1 | TRACK ADDRESS

PAR: | 0 1 olololoj oio|o|o
PAR: | © 1| NUMBER OF ID FIELDS

The Read ID command transfers the specified number of
ID fields into memory (beginning with the first ID field after
Index). T‘he CRC character is checked but not transferred.

These fields are entered into memory in the order in
which they are physically located on the disk, with the
first field being the one starting at the index pulse.

Data Processing Commands

All the routine Read/Write commands examine specific
drive status lines before beginning execution, perform
an implicit seek to the track address and load the drive’s
read/write head. Regardless of the type of command
(i.e., read, write or verify), the 8271 first reads the ID.
field(s) to verify that the correct track has been located
(see-sector not found completion code) and also to
locate the addressed sector. When a transfer is com-
plete (or cannot be completed), the 8271 sets the inter-
rupt request bit in the status register and provides an in-
dication of the outcome of the operation in the result
register.

If a CRC error is detected during a multisector transfer,
processing is terminated with the sector in error. The
address of the failing sector number can be determined by
examining the Scan Sector Number register using the
Read Special Register command.

Full power of the multisector read/write commands can be
realized by doing DMA transfer using Intel® 8257 DMA
Controller, For example, in a 128 byte per sector
multisector write command, the entire data block
(containing 128 bytes times the number of sectors) can be
located in a disk memory buffer. Upon completion of the
command phase, the 8271 begins execution by accessing
the desired track, verifying the ID field, and locating the
data field of the first record to be written. The 8271 then
DMA-accesses the first sector and starts counting and
writing one byte at a time until all 128 bytes are written. It
then locates the data field of the next sector and repeats
the procedure until all the specified sectors have been
written. Upon completion of the execution phase the 8271
enters into the result phase and interrupts the CPU for
availability of status and completion results. Note that all
read/write commands, single or multisector are executed
without CPU intervention.

Note, execution of multi-sector operations are faster if
the sectors are not interleaved.

128 Byte Single Record Format

Ay Ao D7 Dg Ds Dg D3 D D4 Do

CMD: [1] 0 S.IEL I S‘I)EL | COMMAND OPCODE

. PAR: 0. 1 ) TRACK ADDR 0-255
PAR: 0 1 SECTOR 0-255
Commands ) Opcode
READ DATA 12
READ DATA AND DELETED DATA 16
WRITE DATA 0A
WRITE DELETED DATA OE
VERIFY DATA AND DELETED DATA . 1E
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Variable Length/Multi-Record Format

A A; Dy Dg Ds Ds D3 D Dy Do
cvo: | o o | S I SEL | COMMAND OPCODE
Par: | o 1 | TRACK ADDR 0-265
PAR: | © 1 | sectoro0.256
paR: | 0 1 LENGTH | ) NO. OF SECTORS

D7-Ds of Parameter 2 determine the length of the disk
record.

000 128 Bytes

001 256 Bytes

010 512 Bytes

011 1024 Bytes

100 2048 Bytes

101 4096 Bytes

110 8192 Bytes

111 16,384 Bytes

Commands Opcode
READ DATA 13
READ DATA AND DELETED DATA 17
WRITE DATA -~ 0B
WRITE DELETED DATA OF
VERIFY DATA AND DELETED DATA 1F
SCAN DATA 00

SCAN DATA AND DELETED DATA 04

Read Commands
Read Data, Read Data and Deleted Data.

Function

The read command transfers data from a specified disk
record or group of records to memory. The operation of
this command is outlined in execution phase table.

Write Commands
Write Data, Write Deleted Data.

Function

The write command transfers data from memory to a
specified disk record or group of records.

Verify Command
Verify Data and Deleted Data.

Function

The verify command is identical to the read data and
deleted data command except that the data is not
transferred to memory. This command is used to check
that a record or a group of records has been written
correctly by verifying the CRC character.

1-129
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Scan Commands Loy Ve,
:9»?2@5 Ly 'y

; 04’3’;95‘.?’1{;05 A
SEL LSSLI 0 I 0 I 0‘1‘3‘8‘%%{”9

Ty 1
TRACK ADDR 0.255 or

CMD: 0 0

PAR: 0 1

t,,?. zn
paR: | © 1 SECTOR 0-255 e

PAR: 0 1 LENGTH I NO. OF SECTORS

PAR: 0 1 SCAN TYPE | STEP SIZE

PAR: [ 1 FIELD LENGTH (KEY)

Command D, =0
! -1

Scan Data
D2 Sca

n Data and Deleted Data

Scan Commands, Scan Data and Scan Data and Deleted
Data, are used to search a specific data pattern or “key”
from memory. The 8271 FDC operation during a scan is
unique in that data is read from memory and from the
diskette simultaneously.

During the scan operation, the key is compared
repetitively (using the 8257 DMA Controller in auto load
mode) with the data read from the diskette (e.g., an eight
byte key would be compared with the first eight bytes (1-8)
read from the diskette, the second eight bytes (9-16), the
third eight bytes (17-24), etc.). The scan operation is
concluded when the key is located or when the specified
number of sectors have been searched without locating
the key. When concluded, the 8271 FDC requests an
interrupt. The program must then read the result register
to determine if the scan was successful (if the key was
located). If successful, several of the FDC's special
registers can be examined (read special registers
command) to determine more specific information
relating to the scan (i.e., the sector number in which the
key was located, and the number of bytes within the sector
that were not'compared when the key was located).

The 8271 does not do a sliding scan, it does a fixed
block linear search. This means the key in memory is
compared to an equal length block in a sector; when
these blocks meet the scan conditions the scan will
stop. Otherwise, the scan continues until all the sectors
specified have been searched.

The following factors regarding key length must be
considered when establishing a key in memory.

1. When searching multiple sectors, the length of the key
must be evenly divisible into the sector length to
prevent the key from being split at subsequent sector
boundaries. Since the character FFy is not compared,
the key in memory can be padded to the required length
using this character. For example, if the actual pattern
compared on the diskette is twelve characters in length,
the field length should be sixteen and four bytes of FFH
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would be appended to the key. Consequently, the last
block of sixteen bytes compared within the first sec-
tor would end at the sector boundary and the first
byte of the next sector would be compared with the
first byte of the key. Splitting data over sector bound-
arys will not work properly since the FDC expects the
start of key at each sector boundary.

2. Since the first byte of the key is compared with the first
byte of the sector, when the pattern does not begin with
the first byte of the sector, the key must be offset using
the character FF16. For example, if the first byte of a
nine byte pattern begins on the fifth byte of the sector,
four bytes of FF1e are prefixed to the key (and three
bytes of FF16 are appended to the key to meet the
length requirement) so that the first actual comparison
begins on the fifth-byte. -

The Scan Commands require five parameters:

Parameter 0, Track Address . .

Specifies the track number containing the sectors to be
scanned. Legal values range from 00y to 4Cy (0 to 76) for
a standard diskette and from 004 to 22, (0 to 34) for a
mini-sized diskette.

Parameter 1, Sector Address

Specifies the first sector to be scanned. The number of
sectors scanned is specified in parameter 2, and the order
in which sectors are scanned is specified in parameter 3.

Parameter 2, Sector Length/Number of Sectors

The sector length field (bits 7-5) specifies the number of
data bytes allocated to each sector (see parameter 2,
routine read and write commands for field interpretation).
The number of sectors field (bits 4-0) specifies the number
of sectors to be scanned. The number specified ranges
from one sector to the physical number of sectors on the
track.

Parameter 3
D7-Dg:
00-EQ

Indicate scan type

Scan for each character within the field
length (key) equal to the corresponding char-
acter within the disk sector. The scan stops
after the first equal condition is met.

01-GEQ Scan for each character within the disk sec-
tor greater than or equal to the correspond-
ing character within the field length (key).
The scan stops after the first greater than or
equal condition is met.

&,
10-LEQ  Scan for each crfa;ié?iteg |
tor less than or eqlféiy}éég&;}e .
character within the fief@, ﬁgtp
scan stops after the first Ies;'ég%fémo
condition is met. Z?é@f:ff -

) . T os g, W
Step Size: The Step Size field specufles&?b@g*é’%

offset to the next sector in a multisector
scan. In this case, the next sector address is
generated by adding the Step Size to the
current sector address.

Ds-Dg:

Parameter 4, Field Length

Specifies the number of bytes to be compared (length of
key). While the range of legal values is from 1 to 255, the
field length specified should be evenly divisible into the
sector length to prevent the key from being split at sector
boundaries, if the multisector scan commands are used.

Scan Command Results

More detailed information about the completion of Scan
Commands may be obtained by executing Read Special
Register commands.

Read Special Register

Parameter Results
(Hex)
06 The sector number of the sector in which the

specified scan data pattern was located.

14 MSB Count — The number of 128 byte blocks -
remaining to be compared in the current sector
when the scan data pattern was located. This
register is decremented with each 128 byte block
read.

13 LSB Count — The number of bytes remaining to
be compared in the current sector when the scan
data pattern is located. This register is initialized
to 128 and is decremented with each byte
compared.

Upon a scan met condition, the equation below can be
used to determine the last byte in the located pattern.

Pointer = sector length — ((Register 14H)*128 + (Register 13H))

1-130 00223A



8271

8271 Scan Command Example
Assume there are only 2 records on track 0 with the
following data: :

Record 01: 01 02 03 04 05 06 07 08 000....00
Record 02: 01 02 AA 55 00 00 00 00 ........ 00

: i 14
Field ' | Starting # of Completion Special Registers

Command |Length |Sector # | Sectors Key'? Code® [ RO6 |R14 | R13 Comment
* SCAN EQ 2 1 1 01,02 . SME 01 0 127D |Met in first field

SCAN EQ 2 1 1 02,03 SNM X X X Not met

SCAN EQ 2 1 1 FF1°,05 SNM X X X Not met with don't care
* SCAN EQ 2 1 1 FF,06 SME 01 | 0 | 123D |Met with don't care
* SCAN EQ 2 1 2 AA 55 SME 02 0 125D |Met in Record 02
* SCAN EQ 2 2 1 01,02 SME 02 0 127D |Starting sector # 1
* SCAN EQ 4 1 1 05,06,07,08 SME 01 0 121D |Field, Key length = 4
* SCAN GEQ 4 1 1 05,06,07,08 SME o1 0 121D (GEQ-SME
* SCAN GEQ 4 1 1 05,04,07,08 SMNE 01 0 121D |GEQ-SMNE
* SCAN GEQ| 4 1 2 00,03,AA,44 %[ SNM X | x X |GEQ-SNM
* SCAN LEQ 4 1 1 01,03,FF,04 SMNE 01 0 125D |LEQ-SMNE
* SCAN LEQ 4 1 1 01,02,FF,04 SME 01 0 125D |LEQ-SME
NOTES:

1.

Field Length — Each record is partitioned into a number of fields equal to the record size divided by the field length.
Note that the record size should be evenly divisable by the field length to insure proper operation of multi record
scan. Also, maximum field length = 256 bytes.

. Key — The key is a string of bytes located in the user system memory. The key length should equal the field length.

By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip
(once per field).

. Completion Code — Shows how Scan command was met-or not met.

SNM — SCAN Not Met — 0 0 (also Good Complete)
SME — SCAN Met Equal — 0 1
SMNE — SCAN Met Not Equal — 1 0

. Special Registers

R06 — This register contains the record number where the scan was met.
R14 — This register contains the MSB count and is decremented every 128 characters.

R14 = 2[ -1
Length ( £) (Initialize at
(D7-D5 of PAR 2) Record Size Beginning of Record)
000 128 Bytes 0
001 256 Bytes 1
010 512 Bytes 3
011 1024 Bytes 7
. . .
. . .
. . .

R13 — This register contains a modulo 128 LSB count which is initialized to 128 at beginning of each record. This
count is decremented after each character is compared except for the last character in a pattern match
situation.

. The OFFH character in the key is treated as a don't care character position.

. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key,

byte 2 of each field is compared to byte 2 of the key, etc.
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature UnderBias ......... 0°Cto70°C

B, V1
i3, .

éz’?&f.?}}z}
*COMMENT: Stresses above those listed .’énger‘%‘}%ps

Storage Temperature ............. -65°Cto +150°C Ratings” may cause permanent damage to the deyige? Fists
Voltage on Any Pin with eonitions above tnoes Inremtod 1 the spranonal Sere:
Respe.ct t‘O Gfound ................. —-0.5Vto +7V specification is not implied. Exposure to abs.ol’ute maximum riuggcébg;?
Power Dissipation .......................... 1 Watt ditions for extended periods may affect device reliability.
D.C. CHARACTERISTICS
Ta=0°C to 70°C, Veg=+5.0V £5% - }
Symbol - Parameter Min. Max. Unit Test Conditions
Vi | Input Low Voltage -0.5 0.8 Y
ViH Input High Voltage 20. (Vecc + 0.5) \' ]
VoL Output Low Voltage | 045 v :gtz 29 :':: ffg: Rﬁtgaﬁ g::z
VoH Output High Voltage 2.4 \' lon= —220 uA
e Input Load Current +10 uA Vin=Vcc to OV
loz Off-State Output Current +10 uA Vour= V¢c to OV
lce Vce Supply Current 180. mA
- CAPACITANCE
Ta=25°C, Vgc=GND=0V )
Symbol Parameter Min. Typ. Max. Unit ‘Test Conditions
Cin Input Capacitance 10 pF te=1MHz
Cio /0 Capacitance 20 pF Unmeasured Pins Returned to GND
1-132 00223A
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A.C. CHARACTERISTICS
Ta=0°C to 70°C, Vo= +5.0V £5%

Read Cycle
Symbol Parameter Min. | Max. | Unit
tac Select Setup to RD 0 ns Note 2 K .s};;jf
tca Select Hold from RD 0 ns Note 2
trr RD Pulse Width 250 ns
tap Data Delay from Address 250 ns Note 2
trp Data Delay from RD 150 | ns [ Cp =150 pF, Note 2
tor Output Float Delay 20 | 100 | ns $5Lo=p2|9 fF;Fr E;)’:’:;:L’;‘]”’“
toc DACK Setup to RD 25 ns
tco DACK Hold from RD 25 ns
tkp Data Delay from DACK 250 ns
Write Cycle
Symbol Parameter Min. | Max. | Unit Test Conditions
tac Select Setup to WR 0 ns
tca Select Hold from WR 0 ns
tww 'WR Pulse Width 250 ns
tow Data Setup to WR 150 ns
twp Data Hold from WR 0 ns
toc DACK Setup to WR 25 ns
tep DACK Hold from WR 25 ns
DMA
Symbol Parameter Min. | Max. | Unit Test Conditions
teq Request Hold from WR or RD (for Non-Burst Mode) 150 | ns
Other Timing
Symbol Parameter . Min. | Max. | Unit Test Conditions
trsTW Reset Pulse Width 10 toy
t, Input Signal Rise Time 20 ns
t¢ Input Signal Fall Time 20 ns
trsTs Reset to First IOWR 2 tey
tcy Clock Period 250 Note 3
teL Clock Low Period 110 ns
tcH Clock High Period ' 122 ns
tps Data Window Setup to Unseparated Clock and Data 50 ns
toH Data Window Hold from Unseparated Clock and Data 0 ns
NOTES:

1. All timing measurements are made at the reference voitages unless otherwise specified: Input “1” at 2.0V, “0" at 0.8V
Output *1” at 2.0V, “0” at 0.8V

2.taAD: tRD: tAC, and tca are not concurrent specs.

3. Standard Floppy: tcy =250 ns £0.4% Mini-Floppy: tcy =500 ns +0.4%
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WAVEFORMS

Read Waveforms

_DACK

DC

CD

Ag, A1, CS j

:nn ‘_'CA;’
AD N 2
~——taC —1iRD toF
DATABUS == = o — | e o e o = e e = = SO
tAD
tkp
Write Waveforms
"DACK x J(
oo <—'cu'———| )
Ag, A1, CS ). K
tAC tww tca—
- 4
" DATA BUS X .
| tow two
DMA Waveforms
DRQ / \ ,
|e—1tcc—
DACK — \
RD OR WR
foy
CHIP CLOCK 3 1 (__/__ .
iCL 1 'c"—b
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WRITEDATA  PW—| |~— [ ]

=

PULSE WIDTH PW = tcy =30 ns
H (HALF BIT CELL) =

8 tcy
F (FULL BIT CELL) = 16 tcy

m

i
|

*tcy = 250 ns 20.4% **tcy = 500 ns +0.4%
250 ns =30 ns

500 ns =30 ns
20us = 8ns 40 pus £16 ns
4.0 us =16 ns 8.0us £32ns

Figure 24. Write Data

READ DATA

*tcy = 250 ns **tcy = 500 ns

16 tcy =8 tcy
8 tcy =4 tcy

= o
ni

Figure 25. Read Data

*STANDARD FLEXIBLE DISK DRIVE TIMING
**MINI-FLOPPY TIMING
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tps>50 ns
DATA \
WINDOW J

tpH=0 ns

N

Figure 26. Single-Shot Data Separator

A Y AV Ve
tps>50 ns
woow /| N_/ \_
WINDOW
‘ tpH=>0ns

*DATA WINDOW MAY BE 180° OUT OF PHASE
IN PLO DATA SEPARATION MODE.

Figure 27. PLO Data Separator
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a HDLC/SDLC Compatible
] Frqme’Level Commands

8273 Sy ’;?{?2@. f;@
PROGRAMMABLE HDLC/SDLC PROTOCOL =i, e

5oy,

CONTROLLER

a Full Duplex, Half Duplex, or Loop

SDLC Operation
a Up to 64K Baud Transfers

a Two User Programmable Modem

Control Ports

= Automatic FCS (CRC) Generation and

Checking

= Programmable NRZI Encode/Decode
= N-Bit Reception Capability

n Digital Phase Locked Loop Clock
_ Recovery

s Minimum CPU Overhead

» f-'ully Compatible with 8080/8085 CPUs
= Single +5V Supply

m 40-Pin Package .

The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C- .
CITT’s HDLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low

level real-time tasks normally associated with controllers.

PIN CONFIGURATION
FLAGDET []1 ~ aw [ Ve
TxINT [] 2 39 ] PB,
ck s 38 [] PB;
RESET []4 37 PE;
TxDACK [} 5 361 P8
TxDRa []6 35 [] RTS
RxDACK [] 7 34 PA;
RxDRa ({8 330 PA;
R0 Qo 2] P&,
Wr [J10 g3 3] ¢D
Rx INT (] 11 30f] CTS
oBo [} 12 20T
os1 (13 28] TxC
os2 [ 14 270 AxC
o315 . 26 [1 RxD
pB4 [} 16 25 [] 32xC
o8s [ 17 24[] cs
086 [§18 23[] ppLL
DB7 Q19 - 2 A
GND [ 20 210 Ay
PIN NAMES
DB0-DB7_| DATA BUS (8 BITS) - ]]es CHIP SELECT
FLAG DET | FLAG DETECT, : 32xCLK |32 TIMES CLOCK
TxINT TRANSMITTER INTERRUPT Rx D RECEIVER DATA
CLK CLOCK INPUT x C RECEIVER CLOCK
RESET RESET . xC TRANSMITTER CLOCK
Tx DACK | TRANSMITTER DMA ACKNOWLEDGE D TRANSMITTER DATA
TxDRQ | TRANSMITTER DMA REQUEST c1s CLEAR TO SEND
READ INPUT D CARRIER DETECT
WRITE INPUT PAZ—PA4 | GP INPUT PORTS
Ax DACK | RECEIVER DMA ACKNOWLEDGE PB,-PB, | GP OUTPUT PORTS
RxDRQ | RECEIVER DMA REQUEST aTs REQUEST TO SEND
RxINT | RECEIVER INTERRUPT Vee +5 VOLT SUPPLY
AO-A1 | COMMAND REGISTER SELECT ADDRESS | | GND GROUND
DPLL DIGITAL PHASE LOCKED LOOP

BLOCK DIAGRAM
REGISTERS
TxINT RESULT |  commanD ™

RxINT RESULT | PARAMETER
TEST MODE STATUS
RESULT

DATA

DBy, BUS

BUFFER

® Tx LOGIC ™0

TxDRQ. . ::

-—
ToDACK | —— oeLL
TxDACK
; R0 be—— X CLK
—_— 2
iy : CONTROL f—— RTS
RxDACK ———] LoGIC : =
| ‘ <:> oe—— iy
TXINT +—] &
RIIN_T -t B joe——— CD
ko 9 Rean/ <::| FRys
WR —o  WRITE
S DMA/ :
Ay —] CONTROL
LOGIC
Al
RESET le——— RxD
RxLOGIC fpe—— fxC

——
—]
cLx FLAG DET

INTERNAL DATA BUS —1

CPU INTERFACE L_‘ MODEM INTERFACE

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OI’HER1Tl-l|A:l3|7(.',lRCUITHV EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSEOS0A7H453IKPLIED

© INTEL CORPORATION, 1979
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A BRIEF DESCRIPTION OF HDLC/SDLC
PROTOCOLS

General

The High Level Data Link Control (HDLC) isa standard
communication link protocol established by International

Standards Organization (ISO). HDLC is the discipline ‘

used to implement 1SO X.25 packet switching systems.

The Synchronous Data Link Control (SDLC) is.an IBM
communication link protocol used to implement the
System Network Architecture (SNA). Both the protocols
are bit oriented, code independent, and ideal for full
duplex communication. Some common applications
include terminal to terminal, terminal to CPU, CPU to
CPU, satellite communication, packet switching and other
high speed data links. In systems which require expensive
cabling and interconnect hardware, any of the.two
protocols could be used to simplify interfacing (by going

serial), thereby reducing interconnect hardware costs. -

Since both the protocols are speed independent, reducing
interconnect hardware could become an important
application.

Network

In both the HDLC and SDLC line protocols, accordingto a
pre-assigned hierarchy, a PRIMARY (Control) STATION
controls the overall network (data link) and issues
commands to the SECONDARY (Slave) STATIONS. The
latter comply with instructions and respond by sending
appropriate  RESPONSES. Whenever a transmitting
station must end transmission prematurely it sends an
ABORT character. Upon detecting an abort character, a
receiving station ignores the transmission block called a
FRAME. Time fill between frames can be accomplished by
transmitting either continuous frame preambles called
FLAGS or an abort character. A time fill within a frame is
not permitted. Whenever a station receives a string of
more that fifteen consecutive ones, the station goes into
an IDLE state.

Frames

. Assingle communication elementiscalled a FRAME which
can be used for both Link Control and data transfer

purposes. The elements of aframe are the beginning eight .

bit FLAG (F) consisting of one zero, six ones, and a zero,

an eight bit ADDRESS FIELD (A), an eight bit CONTROL

FIELD (C), a variable (N-bit) INFORMATION FIELD (1), a
sixteen bit FRAME CHECK SEQUENCE (FCS), and an
eight bit end FLAG (F), having the same bit pattern as the
beginning flag. In HDLC the Address (A) and Control (C)
bytes are extendable. The HDLC and the SDLC use three

fg’:’}; ;

control of the secondary stations.

Frame Characteristics

An important characteristic of a frame is that its K Vg

tents are made code transparent by use of a zero bit
insertion and deletion technique. Thus, the user can adopt

~ any format or code suitable for his system — it may even

be a computer word length or a “memory dump”. The
frame is bit oriented that is, bits, not characters in each
field, have specific meanings. The Frame Check
Sequence (FCS) is an error detection scheme similar to
the Cyclic Redundancy Checkword (CRC) widely used in
magnetic disk storage devices. The Command and
Response information frames contain sequence numbers
in the control fields identifying the sent and received
frames. The sequence numbers are used in Error
Recovery Procedures (ERP) and as implicit acknowledge-
ment of frame communication, enhancing the true full-
duplex nature of the HDLC/SDLC protocols.

In contrast, BISYNC is basically half-duplex (two way
alternate) because of necessity to transmit immediate
acknowledgement frames. HDLC/SDLC therefore saves
propagation delay times and have a potentlal of twice the
throughput rate of BISYNC.

Itis possible to use HDLC or SDLC over half duplex lines
but there is a corresponding loss in throughput because
both are primarily designed for full-duplex communi-
cation. As in any synchronous system, the bit rate is
determined by the clock bits supplied by the modem,
protocols themselves are speed independent.

A byproduct of the use of zero-bit insertion-deletion
technique is the non-return-to-zero invert (NRZI) data
transmission/reception compatibility. The latter allows
HDLC/SDLC protocols to be used with asynchronous
data communication hardware in which the clocks are
derived from the NRZ| encoded data.

References

1BM Synchronous Data Link Control General Information, 1BM, GA27-
3093-1.

Standard Network Access Protocol Specification, DATAPAC, Trans-
Canada Telephone System CCG111

Recommendation X.25, ISO/CCITT March 2, 1976.

1BM 3650 Retail Store System Loop Interface OEM Information, IBM, GA
27-3098-0

Guidebook to Data Communications, Training Manual, Hewlett-Packard
5955-1715

IBM introduction to Teleprocessing, 1BM, GC 20-8095-02

System Network Architecture, Technical Overview, IBM, GA 27-3102

System Network Architecture Format and Protocol, |BM GA 27-3112

OPENING ADDRESS ~ CONTROL INFORMATION FRAME CHECK CLOSING
FLAG (F) FIELD (A)  FIELD () FIELD (1) SEQUENCE (FCS) FLAG (F) °
01111110 8 BITS 8 BITS VARIABLE LENGTH 16BITS 01111110

{ONLY IN | FRAMES)

Figure 1. Frame Format
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FUNCTIONAL DESCRIPTION TXDRQ ©) O Reqlidsts az«:ransér@o: data be-

General tween me‘f'noy‘a;{} ’i g

The Intel® 8273 HDLC/SDLC controller is a microcom- transmit operﬁhonz% e, Ced,

puter peripheral device which supports the International RxRDQ (8) O Requests a transfer 6f{*ﬁ%t§, be? @%

Standards Organization (ISO) High Level Data Link tween the 8273 and memowﬁﬁa

Control (HDLC), and IBM Synchronous Data Link Control receive operation.

(SDLC) communications protocols. This controller _— .

minimizes CPU software by supporting a comprehensive TxDACK (5 I The Transmitter DMA acknow-

frame-level instruction set and by hardware implemen- ledge signal notifies the 8273 that

tation of the low level tasks associated with frame the TxDMA- cycle has been
assembly/disassembly and data integrity. The 8273 can be granted.

used in either synchronous or asynchronous applications. m @ I The Receiver DMA acknowledge

In asynchronous applications the data can be program- signal notifies the 8273 that the

med to be encoded/decoded in NRZI code. The clock is RxDMA cycle has been granted.

derived from the NRZI data using a digital phase locked B

loop. The data transparency is achieved by using a zero- A1-Ap (22-21) | These two lines are CPU Inter-

bit insertion/deletion technique. The frames are automati- face Register Select lines.

cally checked for errors during reception by verifying the TxD (29) O This line transmits the serial data

Frame Check Sequence (FCS); the FQS is automatically to the communication channel.

generated and appended before the final flag in transmit. _—

The 8273 recognizes and can generate flags (01111110), ~ 1xC (28) I The transmitter clock is used to

Abort, Idle, and GA (EOP) characters. synchronize the transmit data.

The 8273 can assume either a primary (control) or a RxD (26) | This line receives serial data from

secondary (slave) role. It can therefore be readily the communication channel. .

implemented in an SDLC loop configuration as typified by —_— i .

the IBM 3650 Retail Store System by programming the RxC @7) | The Recglver CIOCk.'s used to

8273 into a one-bit delay mode. In such a configuration, a synchronize the receive data.

two wire pair can be effectively .used for data transfer 32X CLK (25) I The 32X 6Iock is used to provide

between controllers and loop stations. The digital phase clock recovery when an asyn-
chked loop output pin can be used by the loop station chronous modem is used. In loop
without the presence of an accurate T’f clock. configuration the loop- station

Hardware Description can run without an accurate 1X

The 8273 is packaged in a 40 pin DIP. The following is a clock by using the 32X CLK in

functional description of each pin. conjunction with the DPLL out-

Pin Name (No.) 1/0 Description put. (This pin must be grounded

- when not used).
Vce (40) +5V Supply _— - e
GND (20) Ground DPLL (23) O Digital Phase_ Locked Loop out-
. K T put can be tied to RxC and/or
RESET (4) | A high signal on this pin will force . :
' the 8273 to an idle state. The 8273 TxC when 1X clock is not avail-
R s S able. DPLL is used with 32X CLK.
will remain idle until a command
is issued by the CPU. The modem FLAG DET (1) O Flag Detect signals that a flag
interface output signals are forc- (01111110)- has been received by
ed high. Reset must be true for a an active receiver.

— minimum of 10 TCY. RTS (35) O Request to Send signals that the

CS (24) I The RD and WR inputs are en- 8273 is ready to transmit data.
abled by the chip select input. —_— )

DB7-DBo (19-12) I/0 The Data Bus lines are bidirec- ~ C15 (30) I Clear to Send signals that the

' tional three-state lines which in- modem is ready to accept data

_ terface with the system Data Bus. from the 8273.

WR (10 | The Write signal is used to con- _D (31) | Carrier Detect signals that the
trol the transfer of either a com- line transmission has started and
mand or data from CPU to the the 8273 may begin to sample

_ 8273. data on RxD line.

T ot PSS sl o npwpors T
g;';‘; o word from the Read by the CPU through the

TXINT (2 O The Transmitter interrupt signal Data Bus Buffer.
indicates that the transmitter PB1-4 (36-39) O General purpose output ports.
logic requires service. The CPU can write these output

RxINT (11) O The Receiver interrupt signal in- lines through Data Bus Buffer.
dicates that the Receiver logicre CLK @) | A square wave TTL clock.

quires service.
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CPV Interface

The CPU interface is optimized for the MCS-80/85™ bus
with an 8257 DMA controller. However, the interface is
flexible, and allows either DMA "or non-DMA data
transfers, interrupt or non-interrupt driven. It further
allows maximum line utilization by providing early
interrupt mechanism for buffered (only the information
field can be transferred to memory) Tx command over-
lapping. It also provides separate Rx and Tx interrupt
output channels for efficient operation. The 8273 keeps
the interrupt request active until all the assoclated
mterrupt results have been read.

The CPU utilizes the CPU interface to specify commands
and transfer data. It consists of seven registers addressed
via CS, A1, Ao, RD and WR signals and two independent
data registers for receive data and transmit data. A1, Apare
generally derived from two low order bits of the address
bus. If an 8080 based CPU is utilized, the RD and WR
signals may be driven by the 8228 I/OR and i//OW. The
table shows the seven register select decoding:

Aq | Ag | TXDACK | RxDACK | CS | RD | WR Register
[ ] 17 1 0 1 0 | Command

o| o 1 1 o| o[ 1 |status

0 1 1 1 0 1 0 Parameter.

0 1 1 1 0 0 1 Result

1 0 1 1 0 1 0 Reset

1 0 1 1 0 0 1 TxINT Result
1] 1 1 1 0 1 0 -

1 1 1 1 0 0 1 RxINT Result
X | x 0 1 1 1| 0 | TransmitData
X X 1 0 1 0 1 Receive Data

REGI.STERS
TxINT RESULT | COMMAND
RXINT RESULT PARAMETER
TEST MODE STATUS
RESULT

Tx LOGIC . —

TxDRQ ::

TxDACK
RXDRQ

. DATA .
0B,_, BUS
BUFFER [N\ @ o

CONTROL }— RATS

—
P .
RXDACK - LOGIC

L ™ B
S TaNT -
RxINT

— :
RD —C —_
E’ B READ/ - <:| PAza
WR —=o  WRITE

DMA/ .
Ay ——=] CONTROL lﬁ

Ay

—
RESET —] je—— RxD

. Rx LOGIC Jo=—— RxC .
cLk ' FLAG DET

CPU INTERFACE L MODEM INTERFACE

INTERNAL DATA BUS —|

Figure 2. 8273 Block Diagram Showing CPU Interface
Functions

Register Description

Command

Operations are initiated by writing an
command in the Command Reglster

Parameter
Parameters of commands that require additional informa-
tion are written to this register.

Resﬁlt

Contains an |mmed|ate result descnbmg an outcome ofan
executed command

Transmit Interrupt Result

Contains the outcome of 8273 transmit operation
(good/bad completion).

Receive Interrupt Result

Contains the outcome of 8273 receive operation (good/
bad completion), followed by additional results which de-
tail the reason for interrupt.

Status

The status reglster reflects the state of the 8273 CPU
Interface. .

DMA Data Transfers

The 8273 CPU interface supports two independent data
interfaces: receive data and transmit data. At high data
transmission speeds the data transfer rate of the 8273 is
great enough to justify the use. of direct memory access
(DMA) for the data transfers. When the 8273 is configured
in DMA mode, the elements of the DMA interfaces are:

TxDRQ: Transmn DMA Request

Requests a transfer of data between memory and the
8273 for a transmit operation.

TxDACK:‘L Transmit DMA Acknowledge

The TxDACK signal notifies the 8273 that a transmit
DMA cycle has been granted. It is also used with WR to
transfer data to the 8273 in non-DMA mode.

RxDRQ: Receive DMA Request

Requests a transfer of data between the 8273 and mem-
ory for a receive operation.
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RxDACK: Receive DMA Acknowledge

The RxDACK signal notifies the 8273 that a receive DMA
cycle has been granted. It is also used with RD to read
data from the 8273 in non-DMA mode.

RD, WR: Read, Write

The RD and WR signals are used to specify the direction of

the data transfer.

DMA transfers require the use of a DMA controller such as
the Intel 8257. The function of the DMA controller is to
provide sequential addresses and timing for the transfer,
at a starting address determined by the CPU. Counting of
data block lengths is performed by the 8273.

To request a DMA transfer the 8273 raises the appropriate
DMA REQUEST. DMA ACKNOWLEDGE and READ en-
ables DMA data onto the bus (independently of CHIP
SELECT). DMA ACKNOWLEDGE and WRITE transfers
DMA data to the 8273 (independent of CHIP SELECT).

It is also possible to configure the 8273 in the non-DMA
data transfer mode. In this mode the CPU module must
pass data to the 8273 in response to non-DMA data re-
quests indicated by the status word.

Modem Interface

The 8273 Modem interface provides both dedicated and
user defined modem control functions. All the control
signals are active low so that EIA RS-232C inverting
drivers (MC 1488) and inverting receivers (MC 1489) may
be used to interface to standard modems. For asynchro-
nous operation, this interface supports programmable
NRZI data encodel/decode, a digital phase locked loop
for efficient clock extraction from NRZI data, and
modem control ports with automatic CTS, CD- monitor:
ing and RTS generation. This interface also allows the
8273 to operate in PRE-FRAME SYNC mode in which the
8273 prefixes 16 transitions to a frame to synchronize
idle lines before transmission of the first flag.

It should be noted that all the 8273 port operations deal
with logical values, for instance, bit DO of Port A will be a
one when CTS (Pin 30) is a physical zero (logical one).

Port A —

During operation, the_8273 interrogates input pins CTS
(Clear to Send) and CD (Carrier Detect). CTS is used to
condition the start of a transmission. If during transmis-
sion CTS is lost the 8273 generates an interrupt. During
reception, if CD is lost, the 8273 generates an interrupt.

Input Port

B D O Db & O D

AN IR I N N N B

CD — CARRIER DETECT

USER DEFINED INPUT PA, PAs, PA2

The user defined input bits correspond to the 8273 PA,,
PA; and PA, pins. The 8273 does not interrogate or ma-
nipulate these bits.

REGISTERS
TxINT RESULT | COMMAND
— s
RxINT RESULT | PARAMETER K {?/); 3

TEST MODE STATUS
RESULT

' DATA
DBy, BUS .
BUFFER <j|f‘> L = 1o

Tx LOGIC —

TxDRQ <*+————— :

TxDACK

_RxDRQ <+ —

CONTROL

) -

RxDACK j LOGIC :
TXINT o] <:> TS
RxINT ~—of &

RD —df

READ/ PRy,

WR — WRITE
DMA/
A, —| CONTROL !

LOGIC. .
RxD
Rx LOGIC RxC

I—’ FLAG DET

Ay —

RESET ——»

INTERNAL DATA BUS —|

CPU INTERFACE MODEM INTERFACE

Figure 3. 8273 Block Diagram Showing Control Logic
Functions

Port B - Output Port

During normal operation, if the CPU sets RTS active, the
8273 will not change this pin; however, ifthe CPU sets RTS
inactive, the 8273 will activate it before each transmission
and deactivate it one byte time after transmission. While
the.receiver is active the flag detect pin is pulsed each time
a flag sequence is detected . in the receive data stream.

Following an 8273 reset, all pins of Port B are setto a high,

inactive level. . .

o 0 & D D B O DO

HEE NN
RTS — REQUEST TO SEND
: USER DEFINED OUTPUT PBy, PB3, PB2, PB

FLAG DETECT

The user defined output bits correspond to the state of
PB4-PB1 pins. The 8273 does not interrogate or manipu-
late these bits.
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Serial Data Logic '

The Serial data is synchronized by the user transmit (Tx____C)
and receive (RxC) clocks. The leading edge of TxC
generates new transmit data and the trailing edge of RxC
is used to capture receive data. The NRZI encoding/

circuitry in place of the RxD pin,‘thu@@fﬁ%p
send a message to-itself to verify operati%’njéyapﬁg

. Vo S
In the selectable clock diagnostic feature, when‘%ﬁﬁmis

. . g Yo
looped back, the receiver may be presented,mco’?m«cif&

) : . . g ct 8,
de:;:dlng of the receive and transmit data is program sample timing by the external circuitry. The user méQy Ve
mable. : select to substitute the TxC pin for the RxC input on-chip
The diagnostic features included in the Serial Data logic so that the clock used to generate the loop back data is
are programmable loop back of data and selectable clock used to sample it. Since TxD is generated off the leading
forthereceiver. In the loop-back mode, the data presented edge of TxC and RxD-is sampled on the trailing edge, the
to the TxD pin is internally routed to the receive data input selected clock allows bit synchronism.

X X X

RxC

w X X X
Figure 4. Transmit/Receive Timing
Asynchronous Mode _lntefface
Although the 8273 is fully compatible with the HDLC/ guarantees that within a frame, data transitions will occur
SDLC communication line protocols, which are primarily at least every five bit times — the longest sequence of ones
designed for synchronous communication, the 8273 can which may be transmitted without zero-bit insertion. The
also be used in asynchronous applications by using this DPLL should be used only when NRZI coding-is used..
interface. The interface employs a digital phase locked since the NRZI coding will transmit zero sequence as line
loop (DPLL) for clock recovery from areceive data stream transitions. The digital phase locked loop also facilitates
and programmable NRZI encoding and decoding of data. full-duplex and half-duplex asynchronous implemen-
The use of NRZI coding with SDLC transmission tation with, or without modems.
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Digital. Phase Locked Loop

In asynchronous applications, the clock is derived from
the receiver data stream by the use of the digital phase
locked loop (DPLL). The DPLL requires a clock input at32
times the required baud rate. The receive data (RxD) is
sampled with this 32X CLK and the 8273 DPLL supplies a
sample pulse nominally centeréd on the RxD bit cells. The
DPLL has a built-in “stiffness” which reduces sensitivity to
line noise and bit distortion. This is accomplished by
making phase error adjustments in discrete increments.
Since the nominal pulse is made to occur at 32 counts of
the 32X CLK, these counts are subtracted or added to the
nominal, depending upon which quadrant of the four error
quadrants the data edge occurs in. For example if an RxD
edge is detected in quadrant A1, it is apparent that the
DPLL sample “A" was placed too close to the trailing edge
of the data cell; sample “B” will then be placed at T =
(Tnominal - 2 counts);= 30 counts of the 32X CLK to move
the sample pulse “B” toward the nominal center of the next
bit cell. A data edge occuring in quadrant B1 would cause
a smaller adjustment of phase with T = 31 counts of the
32X CLK. Using this technique the DPLL pulse will
converge to nominal bit center within 12 data bit times,
worst case, with constant incoming RxD edges.

A method of attaining bit synbhronism followingalineidle
is to use PRE-FRAME SYNC mode of transmission.

RxD *

DPLL
SAMPLES

QUADRANT A1

B1

B2

A2

ADJUSTMENT -2

-1

+1

+2

Figure 5. DPLL Sample Timing
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Synchronous Modem — Duplex or Half Duplex Operation

RxC
8273 RxD
> MODEM MODEM
TxD .
32xCLK  DPLL
GND N.C.

Asynchronous Modems — Duplex or Half Duplex Operation

™C e

8273 TxD ) XD g3
RxC MODEM MODEM RxC .
RxD : RxD

32xCLK  DPLL 32xCLK DPLL

— . I

32x . 32x
CLOCK o . . CcLocK
Asynchronous — No Modems — Duplex or Half Duplex
™t RaC
TxD RxD
—_— 7.
8273 BixC. s 8273
RxD TxD
32xCLK  DPLL 32xCLK  DPLL

L |

32x

32x
CLOCK

CLOCK
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SDLC Loop

The DPLL simplifies the SDLC loop station implementa-
tion. In this application, each secondary station on a loop
data link is a repeater set in one-bit delay mode. The
signals sentout on the loop by the loop controller (primary
station) are relayed from station to station then, back to
the controller. Any secondary station finding its address in
the A field captures the frame for action at that station. All
received frames are relayed to the next station on the loop.

Loop stations are required to derive bit timing from the
incoming NRZI data stream. The DPLL generates sample
Rx clock timing for reception and uses the same clock to
implement Tx clock timing.

32x
CLOCK

32xCLK  DPLL
1X LOOP — .
OSCILLATOR TxC RxC
8273
LOOP
CONTROLLER
TxD RxD
RxD RxC TxC TxD
8273 8273
LOOP LOOP
TERMINAL TERMINAL
TxD RxD
TxC : RxC
32xCLK  DPLL DPLL  32xCLK
32x . 32x
cLock . ) cLock

Figure 6. SDLC Loop Application
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PRINCIPLES OF OPERATION

The 8273 is an intelligent peripheral controller which
relieves the CPU of many of the rote tasks associated with
constructing and receiving frames. It is fully compatible
with the MCS-80/85™ system bus. As a peripheral device,
it accepts commands from a CPU, executes these
commands and provides an Interrupt and Result back to
the CPU at the end of the execution. The communication
with the CPU is done by activation of CS, RD, WR pins,
while the A1, Ap select the appropriate registers on the
chip as describ®d in the Hardware Description Section.

The 8273 operation is composed of the following
sequence of events:

CPU WRITES COMMAND AND PARAMETERS INTO THE
8273 COMMAND AND PARAMETER REGISTERS.

COMMAND PHASE
EXECUTION PHASE
RESULT PHASE

THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND.

THE 8273 SIGNALS THE CPU THAT THE EXECUTION
HAS FINISHED. THE CPU MUST PERFORM A READ
OPERATION OF ONE OR MORE OF THE REGISTERS.

The Command Phase

During the command phase, the software writes a com-
mand to the command register. The command bytes pro-
vide a general description of the type of operation re-
quested. Many commands require more detailed infor-
mation about the command. In such a case up to four
parameters are written into the parameter register. The
flowchart of the command phase indicates that a com-
mand may not be issued if the Status Register indicates
that the device is busy. Similarly if a parameter is issued
when the Parameter Buffer shows full, incorrect operation
will occur.

The 8273 is a duplex device and both transmitter and
receiver may each be executing a command or passing
results at any given time. For this reason separate
interrupt pins are provided. However, the command regis-
ter must be used for one command sequence at a time.

Status Register

The status register contains the status of the 8273 activity.
The description is as follows.

D; Dg Dy D D
cBSY] cBF | cPBF [CRBF [RxINT| TxINT [RxIRA] TxIRA |

Bit 7 CBSY (Command Busy)

Indicates in-progress command, set for CPU poll when
Command Register is full, reset upon command phase
completion. It is improper to write a command when CBSY
is set; it results in incorrect operation.

READ
STATUS

WRITE
COMMAND

|

MORE
PARAMETERS
?

NO

READ END OF COMMAND PHASE

STATUS

WRITE
PARAMETER

Figure 7. Command Phase Flowchart

Bit 6 CBF (Command Buffer Full)

Indicaies that the command register is full, it is reset when
the 8273 accepts the command byte but does not imply
that execution has begun.

Bit 5 CPBF (Command Parameter Buffer Full)

CPBF.is set when the parameter buffer is full, and is reset
by the 8273 when it accepts the parameter. The CPU may
poll CPBF to determine when additional parameters may
be written.

Bit 4 CRBF (Command Result Buffer Full)

Indicates that an executed command immediate result is
present in the Result Register. It is set by 8273 and reset
when CPU reads the result.
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Bit 3 RxINT (Receiver Interrupt)

RxINT indicates that the receiver requires CPU attention.
It is identical to RXINT (pin 11) and is set by the 8273 either
upon good/bad completion of a specified command or by
Non-DMA data transfer. It is reset only after the CPU has
read the result byte or has received a data byte from the
8273 in.a Non-DMA data transfer.

Blt 2 TxINT (Transmitter Interrupt)

The TxINT indicates that the transmitter requures CPU
attention. It is identical to TXINT (pin 2). Itis set by 8273
either upon good/bad completion of a specified command
or by Non-DMA data transfer. It is reset only after the CPU
has read the result byte or has transferred transmit data
byte to the 8273 in a Non-DMA transfer.

Bit 1 RxIRA (Receiver Interrupt Result Available)

The RxIRA is set by the 8273 when an interrupt result
byte is placed in the RxINT register. It is reset after the
CPU has read the RxINT register.

Bit 0 TxIRA (Transmitter Interrupt Result Available)

The TxIRA is set by the 8273 when an interrupt result
byte is placed in the TxINT register. It is reset when the
CPU has read the TxINT register.

the Execution Phase. The executlon phase’mgﬁogo % /
of a DMA or other activity, and may or may noizgeéth,re
CPU intervention. The CPU intervention is elimlnaf@d ﬁé’,),
this phase if the system utilizes DMA for the data trans Ve
fers, otherwise, for non-DMA data transfers, the CPU is
interrupted by the 8273 via TxINT and RxINT pins, for
each data byte request.

The Result Phase

During the result phase, the 8273 notifies the CPU of the
execution outcome of a command. This phase is initiated
by:

1. The successful completion of an operation

2. An error detected during an operation.

To facilitate quick network software decisions, two types
of execution results are provided:

1. An Immediate Result
2. A Non-Immediate Resuit

D, Dg Dy D, Dy D, D, Dy
\ /\ I /
Dy Dg Dg Dy Dg Dg Dg D3 Dy Dy Dg | Receiver Interrupt Result Code | Rx Status After INT
1 1 1 All 8 bits received { ** * 0 0 O 0 O Aq match or general recelve Active
0 0 0 Dgrecelved ¢+ * * 0 0 0 0 1 Ag match Active
1 0 0 D4-Dgreceived 0 o 0 0 0o o0 1 1 CRC error Active
0 1 0  D2-Dg recelved 0o 0 0 0 0 1 0 O Abort detected Active
1 1 0 Dg-Dgrecelved o 0 0o o0 0 1 0 1 Idle detect Disabled
0 0 1 D4-Dgreceived 6 o 0o 0 0 1 1 0 EOP detected Disabled
1 0 1 Ds5-Dgreceived o0 0 o o0 1t 1 1 Frame less than 32 bits Active
0 1 1 Dg-Dgreceived 0o 0 0 0 1t 0 0 O DMA overrun detected Disabled
0o 0 0 o t 0 0 1 Memory buffer overflow Disabled
o 0 0 0 1 0 1 O Carrier detect failure Disabled
*Partial Byte Recelved o o o0 o0 1 0 1 1 Recelve Interrupt overrun Disabled
Figure 8. Rx Interrupt Resuit Byte Format
D7 De Ds Dq4 D3 D2 ] Do
0 0 0
\ J
Dy D3 D Dy Do
0 1 1 0 0 Early transmit interrupt
0 1 1 0 1 Frame transmit complete
0 1 1 1 [} DMA underrun
0 1 1 1 1 Clear to Send (CTS) error
1 [} 0 [ Abort complete
Figure 10. Tx Interrupt Resuit Byte Format
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Immediate result is provided by the 8273 for commands
such as Read Port A and Read Port B which have
information (CTS, CD, RTS, etc.) that the network
software needs to make quick operational decisions.

A command which cannot provide an immediate result will
generate an interruptto signal the beginning of the Result
phase. The immediate results are provided in the Result

Register; all non-immediate results are available upon-

device interrupt, through Tx Interrupt Result Register
TxI/R or Rx Interrupt Result Register RxI/R. The result
may consist of a one-byte interrupt code indicating the
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Bz, Y.
condition for the interrupt anc??&i&iq
bytes which detail the condition. ’

P

55,
s, O 4 P
RN /’79/ {
RN TN
Vory wi,
The Result Registers- have a result code, the thrée,

Aih

Tx and Rx Interrupt Resuit Rgglsten

order bits D7-Ds of which are set to zero for all but%‘%ﬂ,‘,

receive command. This commandresult contains a count
that indicates the number of bits received in the last byte. If
a partial byte is received, the high order bits of the last dat{a
byte are indeterminate.

All results indicated in the command sum

mary must be
read during the result phase. - : o
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INTERRUPT

NON-DMA |~
MoDE |

|
] | oMA
| MODE
READ STATUS |
REGISTER
|
l |
|
|
YES NO
READ STATUS
REGISTER
DATA REQUEST l
NON-DMA MODE
USE DACK + RD OR
WR TO READ OR
WRITE DATA YES NO

l

YES

READ IR
REGISTER

RESULT PHASE FLOWCHART — INTERRUPT RESULTS
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DETAILED COMMAND DESCRIPTION

General

The 8273 HDLC/SDLC controller supports a comprehen-
sive set of high level commands which allows the 8273 to
be readily used in full-duplex, half-duplex, synchronous,
asynchronous and SDLC loop configuration, with or
without modems. These frame-level commands minimize
CPU and software overhead. The 8273 has address and
control byte buffers which allow the receive and transmit
commands to be used in buffered or non-buffered modes.

In buffered transmit mode, the 8273 transmits a flag
automatically, reads the Address and Control buffer
registers and transmits the fields, then via DMA, it fetches
the information field. The 8273, having transmitted the
information field, automatically appends the Frame Check
Sequence (FCS) and the end flag. Correspondingly, in
buffered read mode, the Address and Control fields are
stored in their respective buffer registers and only
Information Field is transferred to memory.

In non-buffered transmit mode, the 8273 transmits the
beginning flag automatically, then fetches and transmits
the Address, Control and Information fields from the
memory, appends the FCS character'and an end flag. In
the non-buffered receive mode the entire contents of a
frame are sent to memory with the exception of the flags
and FCS.

HDLC Implementation

HDLC Address and Control. field are extendable. The
extension is selected by setting the low order bit of the
field to be extended to a one, a zero in the low order bit
indicates the last byte of the respective field.

Since Address/Control field extension is normally done
with software to maximize extension flexibility, the 8273
does not create or operate upon contents of the extended
HDLC Address/Control fields. Extended fields are
transparently passed by the 8273 to user as either
interrupt results or data transfer requests. Software must
assemble the fields for transmission and interrogate them
upon reception.

However, the user can take advantage of the powerful
8273 commands to minimize CPU/Software overhead and
simplify buffer management in handling extended fields.
For instance buffered mode can be used to separate the
first two bytes, then interrogate the others from buffer.
Buffered mode is perfect for a two byte address field.

The 8273 when programmed, recognizes protocol
characters unique to HDLC such as Abort,”which is a
string of seven or more ones (01111111). Since Abort
character is the same as the GA (EOP) character used in
SDLC Loop applications, Loop Transmit and Receive
commands are not recommended to be used in HDLC.
HDLC does not support Loop mode.
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Initialization Set/Reset C S tm

These commands are used to mamp(ﬂéte ﬂa

51
eter whichisa mask that corresponds to the bit‘sgtolie. s
(They perform a logical-OR of the specified regns?er}wnh o

the mask provided as a parameter). The Regis’fer RN

commands have a single parameter which is a mask that
has a zero in the bit positions that are to be reset. (They
perform a logical-AND of the specified register with the
mask).

Set One-Bit Delay (CMD Code A4)

A A D, Dg Dy Dy Dy D, D Dy

CMD: | 0 0 1 0 1 0 0 1 0 0

PAR: | 0 | 1 1 ] 0 0 o|o|oO [

When one bit delay is set, 8273 retransmits the received
data stream one bit delayed. This mode is entered at a
receiver character boundary, and should only be used by
Loop Stations.

Reset One-Bit Delay (CMD Code 64)

Ay A D, Dg By D Dy D D Dy
CMD: | 0O 0 o 1 1 0 0 1 0 [
pAaR:[ o a fof 1l {11l

The 8273 stops the one bit delayed retransmission mode.

Set Data Transfer Mode (CMD Code 97)

Ay Ag D; Dg Dg Dy D3 D D D
CMD: | 0 [ 1 0 o 1 0 1 1 1
PAR: | 0 1 ofo o]0 0 [ 0 1

When the data transfer mode is set, the 8273 will interrupt
when data bytes are required for transmission or are
available from a receive. If a transmit interrupt occurs and
the status indicates that there is no Transmit Result
(TxIRA = 0), the interrupt is a transmit data request. If a
receive interrupt occurs and the statusindicates that there
is no receive result (RxIRA = 0), the interrupt is a receive
data request.

Reset Data Transfer Mode (CMD Code 57)

A, Ay D, Dg Dy D, D; D, D, D,

CMD: | O 0 0 1 [ 1 ] 1 1 1

PAR: | 0 1 1 1 1 1 1 1 1 0

If the Data Transfer Mode is reset, the 8273 data transfers
are performed through the DMA requests without interrupt-

ing the CPU.
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AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B)

‘ START ’

READ STATUS YES READ RESULT
REGISTER REGISTER

RESULT PHASE FLOWCHART — IMMEDIATE RESULTS

Figure 9. Rx Interrupt Service
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Set Operating Mode (CMD Code 91)

Al Ao Dy Dg D; Dy D3 D, D; Dy

CmD: | O 0 1 0 0.1 o 0 0 1

PAR: | 0O 1 [ 0

‘1= FLAG STREAM MODE

1= PREFRAME SYNC MODE

1= BUFFERED MODE

1= EARLY INTERRUPT MODE

1= EOP INTERRUPT MODE

1=HDLC MODE

Reset Operating Mode (CMD Code 51)

Ay Ag D, Dg Dy D, Dy D, D; Dy

CMD: 0| o0 L] 1 [ 1 0 0 0.1

PAR: [ 1 1 1

Any mode switches setin CMD code 91 can be reset using
this command by placing zeros in the appropriate
positions.

(D5) HDLC Mode

In HDLC mode, a bit sequence of seven ones (01111111)is
interpreted as an abort character. Otherwise, eight ones
(011111111) signal an abort.

(D4) EOP Interrupt Mode

In EOP interrupt mode, an interrupt is generated
whenever an EOP character (01111111) is detected by an
active receiver. This mode is useful for the implementation
of an SDLC loop controller in detecting the end of a
message stream after a loop poll.

(D3) Transmitter Early Interrupt Mode (Tx)

The early interrupt mode is specified to indicate when the
8273 should generate an end of frame interrupt. When set,
an early interrupt is generated when the last data
character has been passed to the 8273. If the user software
responds with another transmit command before the final
flag is sent, the final flag interrupt will not be generated
and a new frame will immediately begin when the current
frame is complete. This permits frames to be separated by
asingle flag. If no additional Tx commands are provided, a
final interrupt will follow.

If this bit is zero, the interrupt will be generated only after
the final flag has been transmitted.

(D2) Buffered Mode

If the buffered mode bit is set to a one, the first two bytes
(normally the address (A) and control (C) fields) of a frame
are buffered by the 8273. If this bit is a zero the address and
control fields are passed to and from memory.

(D1) Preframe Sync Mode

If this bit is set to a one the 8273 will transmit two charac-
ters before the first flag of a frame.

To guarantee sixteen line transitions, the 8273 sends two
bytes of data (OO),. if NRZI is set or data (55), if NRZI is not
set.
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(DO) Flag Stream Mode .
_If this bit is set to a one, the followfrf%féble &

operation of the transmitter. Cary B,
S0, 3
TRANSMITTER STATE ACTION ‘%) ;‘”ﬂﬁf@jz
@,
1dle Send Flags immediately. | 2%

Send Flags after the

Transmit or Transmit-
transmission complete

Transparent Active
.Loop Transmit Active
1 Bit Delay Active

Ignore command.
Ignore command.

If this bit is reset to zero the following table outlines the
operation of the transmitter.

TRANSMITTER STATE ACTION

IDLE Send Idles on next character
boundary.

Transmit or Transmit- ]_ Send Idles after the transmission

Transparent Active is complete.

Loob Transmit Active
1 Bit Delay Active

Ignore command.
Ignore command.

Set Serial I/0 Mode (CMD. Code A0)

Ay Ay D, Dg D; Dy D3. D, Dy Dy
CMD: | o ] 1 o 1 0 [} [ 0 0

PAR: [ O 1 ] 0| o oo

o 1= NRZ1 MODE

1=TxC —»RxC

1=LOOP BACK TxD — RxD

Reset Serial /0 Mode (CMD Code 60)

This command allows bits set in CMD code A0 to be reset
by placing zeros in the appropriate positions.

Ay A D; Dg Dy D, D D, D D

CMD: | o 0 0 1 1 oo 0 [} o

PAR: | 0 1 1 1 1 1 1

(D2) Loop Back

If this bit is set to a one, the transmit data is internally routed
to the receive data circuitry.

(D1) TxC —RxC

If this bit is set to a one, the transmit clock is internally
routed to the receive clock circuitry. It is normally used
with the loop back bit (D2).

(D0) NRZI Mode

If this bit is set to a one, NRZI encoding and decodmg of
transmit and receive data is provided. If this bit is a zero, the
transmit and receive data is treated as a normal positive logic
bit stream.

NRZI encoding specifies that a zero causes a change in the
polarity of the transmitted signal and a one causes no polarity
change. NRZI is used in all asynchronous operations.
Refer to IBM document GA27-3093 for details.
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Reset Device Command

Ar Ap D; Dg

T™R:| 1 |o]ofo|ofo]o|of o]

Ds Dy D3 D D; Dy

TMR:| 1 o ofojojo|o0}|oO 0 0

An 8273 reset command is executed by outputing a (01)y
followed by (00)4 to the reset register (TMR).. See 8273
AC timing characteristics for Reset pulse specifica-
tions.

The reset command emulates the action of the reset pin.

1. The modem control signals are forced high (inactive
level).

2. The 8273 status register flags are cleared.

3. Any commands in progress are ‘terminated immedi-
ately.

4. The 8273 enters an idle state untll the next command is
issued.

5. The Serial I/0 and Operating Mode registers are set
to zero and DMA data register transfer mode is
selected. )

6. The device assumes a non-loop SDLC terminal role.

Receive Commahds

The 8273 supports three receive commands: General
Receive, Selective Receive, and Selective Loop Receive:

General Receive (CMD Code CO0)

General receive is a receive mode in which frames are
received regardless of the contents of the address field.

A1 Ag Dy Dg Ds Dg D3 D Dy Dg

evo:[o JoJ 11 JoJoJoJoJo o

PAR: [ 0 [ 1 | LEAST SIGNIFICANT BYTE OF THE
RECEIVE BUFFER LENGTH (80)

PAR: [ 0 | 1 | MOST SIGNIFICANT BYTE OF RECEIVE
BUFFER LENGTH (B1)

NOTES:

"1. If buffered mode is specified, the RO; R1 receive frame length
(result) is the number of data bytes received.

2. If non-buffered mode is specified, the RO, R1 receive frame
length (result) is the number of data bytes received plus two
(the count includes the address and control bytes).

3. The frame check sequence (FCS) is not transferred to
memory.

4. Frames with less than 32 bits between flags are ignored (no
interrupt generated) if the buffered mode is specified.

5. In the non-buffered mode an interrupt is generated when a
less than 32 bit frame is received, since data transfer requests
have occurred.

6. The 8273 receiver is always disabled when an Idle is received
after a valid frame. The CPU module must issue a receive
command to re-enable the receiver.

7. The intervening ABORT character between a final flag and an
IDLE does not generate an interrupt.

8. If an ABORT Character is not preceded by a flag and is fol-
lowed by an IDLE, an interrupt will be generated for the ABORT
followed by an IDLE interrupt one character time later. The
reception of an ABORT will disable the receiver.
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s
Selective Receive (CMD Coﬁézgf),,;%

"’6/

A1 Ag D7 Dg Ds D4 D3 Dz Dy Do

emo:[0 Jo[ 1J1JoJoJoJoJo 1

paR:| 0 | 1 | LEASTSIGNIFICANT BYTE OF THE

' RECEIVE BUFFER LENGTH (B0)

PAR:[ 0 | 1 | MOST SIGNIFICANT BYTE OF RECEIVE
BUFFER LENGTH (81)

pAR:| 0 | 1 | RECEIVE FRAME ADDRESS MATCH
FIELD ONE (A1)

paR:| 0 | 1 | RECEIVE FRAME ADDRESS MATCH
FIELD TWO (A2)

Selective receive is a receive mode in which frames are
ignored unless the address field matches any one of two
address fields given to the 8273 as parameters.

When selective receive is used in HDLC the 8273 looks at
the first character, if extended, software must then decide
if the message is for this unlt

Selective Loop Receive (CMD Code C2)

A1 Ag D; Dg Ds Ds D3 Dz Dy Do

cmp: [ 0 o1|1|o|o|o]o|-1|o
paR:| O | O | LEASTSIGNIFICANT BYTE OF THE

N RECEIVE BUFFER LENGTH (B0)
PAR:| 0 | 1.| MOST SIGNIFICANT BYTE OF RECEIVE

BUFFER LENGTH (B1)
PAR:| 0 | 1 | RECEIVE FRAME ADDRESS MATCH
. FIELD ONE (A1)

paR:| 0 [ 1 | RECEIVE FRAME ADDRESS MATCH

: FIELD TWO (A2)

Selective loop receive operates like selective receive ex-
cept that the transmitter is placed in flag stream mode
automatically after detecting an EOP. (01111111) following
a valid received frame. The one bit delay mode is also
reset at the end of a selective loop receive.

Receive Disable (CMD Code C5)
Terminates an active receive command immediately.

A7 Ap D; Dg Ds Dy D3 D2 D3 Do

cmp:| 0. olTr1|o|o| o|1|o|1J

PAR: NONE
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Transmit Commands

The 8273 supports three transmit commands: Transmit
Frame, Loop Transmit, Transmit Transparent.

Transmit Frame (CMD Code C8)

A1 Ap D7 D¢ Ds Dg D3 Dz D1 Do
evo:fo ol 1] Jo] o] 1JoJo] o
0 | 1 | LEAST SIGNIFICANT BYTE OF -
FRAME LENGTH (LO)

PAR:| 0 1 | MOST SIGNIFICANT BYTE OF
: FRAME LENGTH (L1)

PAR:| 0 1 | ADDRESS FIELD OF TRANSMIT FRAME (A)
PAR:| 0 1 | CONTROL FIELD OF TRANSMIT FRAME (C)

PAR:

 Transmits one frame including: initial flag, frame check
sequence, and the final flag.

If the buffered mode is specified, the LO, L1, frame length
provided as a parameter is the length of the information
field-and the address and control fields must be input.

In unbuffered mode the frame length provided must be the
length of the information field plus two and the address
and control fields must be the first two bytes of data. Thus
only the frame length bytes are required as parameters.

Loop Transmit (CMD Code CA)

A1 Ag D7 Dg Ds Dg D3 Dy Dy Do

evo:foJ o] 1 J1JoJo[1JoJ 1o
paR:| O | 1 | LEAST SIGNIFICANT BYTE OF
: FRAME LENGTH (LO)

pAR:| O | 1 | MOST SIGNIFICANT BYTE OF
) FRAME LENGTH-(L1)

PAR:| 0 1'| ADDRESS FIELD OF TRANSMIT FRAME “A)
PAR:[ 0 | 1 |CONTROL FIELD OF TRANSMIT FRAM! £}

Transmits one frame in the same manner as the transmit
frame command except:

1. This command should be given only in one-bit delay
mode.

2. If the flag stream mode is not active transmission will
begin after a recelved EOP has been converted to a
flag.

3. If the flag stream mode is active transmission will
begin at the next flag boundary for buffered mode or at
the third flag boundary for non-buffered mode.

4. At the end of a loop transmit the one-bit delay mode is
entered and the flag stream mode is reset.

Transmit Transparent (CMD G”q;féd@p

e
A Ag D7 Dg Ds Dg4 D3 D’;’izglagp
evmo:f oJoJ 1 J1JoJoJ 1] o] oFfer™

| 0| 1] LeasT siGnIFIcANT BYTE OF
PAR: FRAME LENGTH (L0)

paR:| O | 1 | MOST SIGNIFICANT BYTE OF
: FRAME LENGTH (L1)

The 8273 will transmit a block of raw data without
protocol, i.e., no zero bit insertion, flags, or frame check
sequences.

Abort Transmit Commands -

An abort command is supported for each type of transmit
command. The abort commands are ignored if a transmit
command is not in progress.

Abort Transmit Frame (CMD Code CC)

Ar Ag D7 Dg Ds Dg D3 D2 Dy Dg

emo: [ o | o]1|1[o]o|1vr1Lo|o|

PAR: NONE

After an abort character (eight contiguous ones) is trans-
mitted, the transmitter reverts to sending flags or idles as a
function of the flag stream mode specified.

Abort Loop Transmit (CMD Code CE) .
Ar Ag D7 Dg Dg Dg D3 D Dy Do

evo:[oJol 1 [1JoJo[ 1 1 [1]o]

PAR: NONE

After a flag is transmitted the transmitter reverts to one bit
delay mode.

Abort Transmit Transparent (CMD Code CD)
Ay Ag ‘D7 Dg Ds Dy D3 Dz Dy Do
emo:[ oJo[ 1 J1JoJo[1[1Jo]1]
PAR: NONE

The transmitter reverts to sending flags or idles as a func-
tion' of the flag stream mode specified.
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Modem Control Commands

The modem control commands are used to manipulate the
modem control ports.

When read Port A or Port B commands are executed the
result of the command is returned in the result register.
The Bit Set Port B command requires a parameter that is a
mask that corresponds to the bits to be set. The Bit Reset
Port B command requires a mask that has a zero in the bit
positions that are to be reset.

Read Port A (CMD Code 22)

A1 Ag D; Dg Ds Dy D3 Dz Dy Do
cvo: [oJoJoJoJ1JoJoJoJ1 o]

PAR: NONE

Read Port B (CMD Code 23)

A1 4 D; Dg D5
oo [ o oo [

NONE

Dy

b3 Dy
EEAD

Dy

[

Do

']

|

PAR:

Set Port B Bits (CMD Code A3)
This command allows user defined Port B pins to be set.

Ay Ap D; Dg D; D, D3 D Dy Do
CMD:| o | o | 1|o|1]o0o]|O0|O]| 1|1
PAR:| 0| 1| 0] o
RTS — REQUEST TO SEND
l_ﬁRDEFmeu
FLAG DETECT

8273 Command Summary

(Ds) Flag Detect

This bit can be used to set the flag détgc(t’pp
will be reset when the next flag is detected fr;w
S,

D,
(Da-D1) User Defined Outputs &&“z:’ff

These bits correspond to the state of the PB4-PB1 outrfht
pins.

(Do) Request to Send

This is a dedicated 8273 modem control signal, and
reflects the same logical state of RTS pin.

Reset Port B Bits (CMD Code 63)
This command allows Port B user defined bits to be reset.

A Ag D;

0
1

Dg Ds Dy D3 D, D, D

CMD:
PAR:

0
0

0
1

1
1

1 0 0| 0 1 1

RTS — REQUEST TO SEND

USER DEFINED

FLAG DETECT

This command allows Port B (D4-D1) user defined bits to
be reset. These bits correspond to Output Port pins (PBs-
PB1).

Command Result Completion
Command Description (HEX) Parameter Results Port Interrupt
Set One Bit Delay A4 Set Mask None — No
Reset One Bit Delay 64 Reset Mask None - No
Set Data Transfer Mode 97 Set Mask None - No
Reset Data Transfer Mode 57 Reset Mask None - No
Set Operating Mode 91 Set Mask None — No
Reset Operating Mode 51 Reset Mask None — No
Set Serial 1/0 Mode A0 Set Mask None — No
Reset Serial 1/0 Mode 60 Reset Mask None — No
General Receive co B0,B1 RIC,RO,R1,(A,C)?| RXI/R Yes
Selective Receive c1 B0,B1,A1,A2 RIC,RO,R1,(A,C)?| RXI/R Yes
Selective Loop Receive c2 B0,B1,A1,A2 RIC,RO,R1,(A,C)?| RXI/R Yes
Receive Disable C5 None None —_ No
Transmit Frame [ef:} LO,L1,(A,C)" TIC TXI/R Yes
Loop Transmit CA LO,L1,(A,C)" TIC TXI/R Yes
Transmit Transparent Cc9 Lo,L1 TIC TXI/R Yes
Abort Transmit Frame CcC None TIC TXI/R Yes
Abort Loop Transmit CE None TIC TXI/R Yes
Abort Transmit Transparent CD None TIC TXI/R Yes
Read Port A 22 None Port Value Result No
Read Port B 23 None Port Value Result No
Set Port B Bit A3 Set Mask None — No
Reset Port B Bit 63 Reset Mask None — No

Notes: 1. Issued only when in buffered mode.

2. Read as results only in buffered mode.
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8273 Command Summary Key

B0  —Least significant byte of the receive buffer =
length. ) i

B1 — Most significant byte of the receive buffer
length. )

L0 — Least significant byte of the Tx frame length.

L1 — Most significant byte of the Tx frame length.

Al — Receive frame address match field one.

A2  —Receive frame address match field two.

A — Address field of received frame. If non-buffered
mode is specified, this result is not provided.

(o} — Control field of received frame. If non-buffered

mode is specified this result is not provided.
RXI/R — Receive interrupt result register.
TXIR — Transmit interrupt result register.

RO — Least significant byte of the length of the frame
received. .
R1 — Most significant byte of the length of the frame
received. -
RIC — Receiver interrupt result code.
TIC  — Transmitter interrupt result code.
GENERAL
COMMAND l RECEIVE
(Ro, R1)
- IDLE IDLE FLAG |.FLAG FLAG
DATAIN OR OR FLAG A [ |1 FCS, chz FLAG OR OR OR
FLAG | FLAG ABORT | IDLE IDLE
DMA REQUESTS Y
b e 1
DATA INTERRUPTS - —
NON-BUFFERED MODE FRAME POSSIBLE"
CPU INTERRUPTS COMPLETE . IDLE INTERRUPT

Figure 12. Typical Frame Reception
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TRANSMIT
COMMAND l Pigey
IDLE | IDLE
TxDATA| OR OR | FLAG A c 1 I, Iy Fcs, | Fcs, | FLAG OR
FLAG | FLAG FLAG
RTS | L
cTs | L
DATA REQUESTS
OR A c L 1, I3
DATA INTERRUPTS
. e — TRANSMISSION
NON.BUFFERED MODE TRANSMIS
CPU INTERRUPTS INTERRUPT
~

EARLY Tx INTERRUPT

Figure 13. Typical Frame Transmission

MEMORIES
9 SYSTEM BUS {
DBy, Ag A,
MEMR DBy,
1ow RD
MEMW WR
10R cs
cs TXINT
HRQ RXINT
HACK
RXC
TxDRQ RXD
8257
TXC
DMA
CONTROLLER |XRACK 8273 TXD MODEM
RxDRQ >
RxDACK MODEM CONTROLS
Figure 14. 8273 System Diagram
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ABSOLUTE MAXIMUM RATINGS*
Maximum Rat/ngs may cause permanent dém;/g@ to

Ambient Temperature Under Bias ........ 0°Cto70°C device. This is a stress rating only and fﬁ’ngff’
Storage Temperature ............... -65°Cto+150°C . Operation of the device at these or any other cond//iag&s"&
Voltage on Any Pin With - abovg.rho_se lnq/cated :{7 thq operational sections of this
Respectto Ground ................. S05Vio+7V . . _spec:flcat/on is not /mp(/ed. Exposure to absolute

e e ’ maximum rating conditions for extended periods may
Power Dissipation .......... EETERTITROTROY L. 1 Watt “affect device reliability.

gy

D.C. CHARACTERISTICS
Ta =0°C to 70°C, Vcc = +5.0V 5%

Symbol Parameter : Min. Max. Unit Test Conditions
ViL Input Low Voltage -05 0.8 v )
Vi Input High Voltage 2.0 Vee+0.5 v
o5 | V| joz20mateDatauspne
VoH Output High Voltage Co24 | S Vo | low=-200uA ©
I Input Load Current +10 A Vin=Vgc to OV
loz - Off-State Output Current. +10 pA | Voyr=Vgcto OV -
lcc Ve Supply Current 180 mA
CAPACITANCE
Ta =25°C; Vcc = GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
CIN Input Capacitance 10 . . pF tc = 1MHz
Cio - 1/0 Capacitance . - 20 pF Unmeasured Pins
. 5 Returned to GND
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£,

A.C. CHARACTERISTICS T5,=0°Ct070°C, Vgg= +5.0V £5%

@, g‘i@%
49@, j"ﬁ‘@_.f % ;
e

Read Cycle e .
Symbol Parameter Min. Max. | Unit Test Conditions 4/ /.
tac Select Setup to RD 0 ns Note 3%, sy,
tca Select Hold from RD 0 ns Note3 ¢4, ¢ gﬁ
tar RD Pulse Width 0 ns TR
tap Data Delay from Address 250 ns Note 3
trp Data Delay from RD 150 | ns | C_=150 pF, Note 3
tor Output Float Delay 20 100 | ns %;’)2,9 pE for Minimum;
toc DACK Setup to RD 25 ns
tep DACK Hold from RD 25 ns
tkp Data Delay from DACK 250 | ns

Write Cycle
Symbol Parameter Min. Max. | Unit Test Conditions
tac Sel