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8041A/8741A /Jilr,,!,,~~: 
'1" 

UNIVERSAL PERIPHERAL INTERFAC/~/i:;~:q Iii 
8.BIT MICROCOMPUTER 6'S{16/~ 

• 8·Bit CPU plus ROM, RAM, 110, Timer 
and Clock in a Single Package 

• One 8·Bit Status and Two Data Regis· 
ters for Asynchronous Slave·to·Master 
Interface 

• DMA, Interrupt, or Polled Operation 
Supported 

.1024 x 8 ROM/EPROM, 64 x 8 RAM, 
8·Bit Timer/Counter, 18 Programmable 
110 Pins 

• Fully Compatible with MCS·48™, 
MCS.80™, MCS·85™, and MCS·86™ 
Microprocessor Families 

• Expandable 1/0 

• ROM Power· Down Capability 

• Single 5V Supply 

The Intel~ 8041A18741A Is a general purpose, programmable Interface device designed for use with a variety of 8-blt 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, 1/0 
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 In M~S-48TM, 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 a~ ROM ,In the 8041A version or as UV-erasable EPROM In the 8741A version. The 8741A 
and the 8041 A are fully pin compatible for easy transition from prototype to production level designs. 

The device has two 8-blt, TIL 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 1/0 lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 
counting external Inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8!i41A), 
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 LSI 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. 

PIN CONFIGURATION 

TD 

IIDET • 

D3 

•• 

YSS'-___ -' 

BLOCK DIAGRAM 

INTERNAL 
8US 

'" 

""T liMEN 
OENTCOUNnR 

PERIPHERAL 
INTERFACE 

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_1 nn1AI'" 
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FEATURES AND ENHANCEMENTS 

UPI-41 

1. Single Data Bus Buffer 

DO-J1----e---1\ 
D7~ 

2. 4 Bits of Status 

: UNDE~INED : 

.07 08 05 

DATA 
BUS 

BUFFER 
(8) 

04 

F1 

03 
1 

FO IBF D.BF 1 
02 01. Do 

3. RD and WR are level triggered. IBF, OBF, F, and INT 
change internally when RD or WR are loW. 

_ _ . jFLAGS AFF.EC1!'~ 

RD .rWR ~ye.:r __ '--_-.JI 
4. P24 and P25 are port pins only. 

1·2 

. • 10 ~{j(.. . ~') 
1. Two Data Bus Buffers, one for input and onefCf~()~so 

put. This allows a much cleaner Master/Slave prO- ttl(} 

to·col. .' . 

INPUT 

. BUS 
BUFFER 

INTERNAL 
DATA BUS 

<=£F DATA 

00-
0

7 '. 1......--(8) ----' 

2. 8 Bits of Status 

OUTPUT 
DATA 
BUS 

BUFFER 
(8) 

Fo·1 ;BF I I . . OBF 

ST 4-ST 7 are user'(jefinable 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 

1 1 I" 0: 1 0 1 1 1 0 1 0 1 0 0 I 
~ ~ 

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

FLAGS AFFECTED 

RDorWR 

4. P24 and P25 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, 
P24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24 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). 

00188A 



UPI·41 

5. P26 and P27 are port pins only. 

8041 Al8741 A 

1·3 

ric 1tiJ.lj '?o 

~EN FLAGS" has been executea;,IP~' 
IBF (Input Buffer Full) pin. A "1" w( 
enables the IBF pin (the pin outputs the Inv" 
IBF Status Bit). A "0" written to P25 disables tI'~~ ·So 
pin (the pin remains lOw). This pin can be used to Inll!. 'II" 
cate that the UPI·41 Is ready for data. 

OBF (INTERRUPT ·REQUEST) 

IBF (INTERRUPT REQUEST) 

DATA BUS BUFFER INTERRUPT CAPABILITY 

EN FLAGS Op Coda: OF5H 

I 1 I 1 I 1 I 1 I 0 I 1 I 0 1 I 
~ ~ 

5. P26 and P2i 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, P26 
becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P26 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, P27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 

DRQ~ DR.Qn 
B041A1 B257 
B741A 

DACK~ DACK 

DMA HANDSHAKE CAPABILITY 

EN DMA Op Coda: OE5H 

1 I 0 1. 0 I 1 I 0 

DO 

nnlRIlA 
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PIN DESCRIPTION UPI INSTRUCTION SET P-

Mnemonic De.crlptlon 

ACCUMULATOR 
Signal· Description 

ADD A.Rr Add reg ister to A 

Three'state, bidirectional DATA BUS BUFFER lines 
ADD A.@Rr Add data memory to A 

Do-Dr ADD A.lldata Add immediate to A 
used to interface the UPI-41A to an 8·bit master ADDC A.Rr Add immed. to A with carry 1 
system data bus. ADDC A.@Rr Add immed. to A with carry 1 

P1O-P17 a·blt, PORT 1 quasi·bidirectional I/O lines. ADDC A./Idata Add immed. to A .with carry 2 
ANLA.Rr AND register to A 1 

P20-P27 8-bit, PORT 2 quasi·bidirectionall/O lines. The lower ANL A.@Rr AND data memory to A 1 
4 bits (P20-P2:Jl interface directly to the 8243 110 ex· ANL A./Idata AND immediate to A 2 
pander device and contain address and. data infor· DRl A.Rr DR register to A 1 
mation during PORT 4-7 access. The upper 4 bits ORL A.@Rr OR data memory to A 1 
(P24-P27) can be programmed to provide Interrupt ORL A./Idata OR immediate to A 2 
Request and DMA Handshake capability. Software XRl A.Rr Exclusive DR register to A 1 
control can configure P24 as OBF (Output Buffer XRL A.@Rr Exclusive OR data memory to A 1 
Full), P25 as IBF (Input Buffer Full~as DRQ XRl A.lldata Exclusive DR immediate to A 2 
(DMA Request), and P27 · as DACK (DMA INC A Increment A 1 
ACKnowledge). DEC A Decrement A 1 

WR I/O write input which ·enables the master CPU to ClR A Clear A 1 

write data and cornmand words to the UPI·41A IN· CPl A Complement A 1 

PUT DATA BUS BUFFER. DA A Decimal Adjust A 1 
SWAP A Swap digits of A 1 

RD I/O read input which enables the master CPU to RL A Rotate A left 1 
read data and status words from the OUTPUT DATA RLC A Rotate A left through carry 1 
BUS BUFFER or status register. RR A Rotate A right 1 

CS Chip select input used to select one UPI·41A out of RRC A Rotate A right through carry 1 

several connected to a common data bus, 

Address input used by the master processor to. in· 
INPUT /OUTPUT 

Ao 
IN A.Pp Input port to A 1 2 dicate whether byte transfer i.s data.or command. 
OUTl Pp.A Output A to port 1 2 

To, T1 Input pins which can be directly tested using condi· ANl Pp.lldata AND immediate to port 2 2 
tional branch instructions: ORl Pp./Idata OR immediate to port 2 2 

T 1 also functions as the event timer input. (under IN A.DBB Input DBB to A. clear IBF 1 1 

software control). To is used during PROM program· OUT DBB.A Output A to DBB. set OBF 1 1 

ming and verification in the 8741A. MOVD A.Pp Input Expander port to A 1 2 
MOVD Pp.A Output A to Expander port 1 2 

x1, 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. aRLO 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 OATA MOVES external circuitry; it is also used to synchronize 
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 ernulation, MOV A./Idata 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 MOV @Rr.A Move A to data memory 1 1 

during PROM programming. . MOV Rr ,#data Move immediate to register 2 2 
MOV @Rr.lldata 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 

XCHD A.@Rr Exchange digit of A and register 1 1 
RESET is also used during PROM programming and MOVPA.@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 

TIMER/COUNTER each instruction. 

Vcc + 5V power supply pin. 
MOV A.T Read Timer /Counter 
MOV T,A Load Timer /Counter 

Voo + 5V during normal operation. Programming supply STRTT Start Timer 
pin during PROM programming. Low power standby STRT CNT Start Counter 
pin In ROM version. STOP TCNT Stop Timer/Counter 

EN TCNTI Enable Timer ICounter Interrupt 
Vss Circuit ground potential. DIS TCNTI Disable Timer /Counter Interrupt 

1·4 00188A 



Mnemonic Description Byle. 

CONTROL 

EN DMA Enable DMA Handshake Unes 
ENI Enable IBF Interrupt 
DISI Disable IBF Interrupl 
EN FLAGS Enable Master Interrupts 
SEL RBO Select register bank 0 
SEL RBI Select register bank 1 
NOP No Operallon 

REGISTERS 

INC Rr Incrament register 
INC@Rr Incrament data memory 
DECRr Decrement register 

SUBROUTINE 

CALLaddr Jump to subroullne 2 
RET Return 
RETR Return and restore status 

FLAGS 

CLRC Clear Carry 
CPLC Complement Carry 
CLR FO . Clear Flag 0 
CPL FO Complement Flag 0 

APPLICATIONS 

DATA 

8085A W 
ADDR -TD 

CONTROL 
-T1 

Figure 1. SOSSA-S041A Interface 

III 
Z 
:Ii 

KEYBOARD 8243 :> 
EXPANDER 

~ MATRIX 0 
u 

PORT 2 

8041A18741A 

DATA BUS 

CONTROL BUS 

Figure 3. S041A-S243 Keyboad Scanner 

8041 Al8741 A 

Cycle. Mnemonic 

CLR Fl Clear Fl Flag 
CPLFI 
MOVSTS,A 

BRANCH 

JMP addr Jump unconditional 
JMPP@A Jump Indirect 
DJNZ R,addr .Decrement register and skip 
JC addr Jump on Carry = 1. 
JNC addr Jump on Carry = 0 
JZ addr Jump,on A Zero 
JNZ addr Jump on A not Zero 
JTO addr Jurnp on TO= 1 

2 JNTO addr Jump on TO=O 
2 JT1 addr Jump on T1 =1 
2 JNTI addr Jump on T1 =0 

JFO addr Jump on FO Flag = 1 
JFl addr Jump on Fl Flag = 1 
JTF addr Jump on Timer Flag = 1, Clear Flag . 
JNIBF addr Jump on IBF Flag=O 
JOBF addr Jump on OBF Flag = 1 
JBb addr Jump on Accumulator Bit 

TO 
PERIPHERAL 
DEVICES 

jjjj jjjj' ~ 
8048 

WR WR 8041A1 ¢II 
cs 8741A 

PORT CONTROL 2 
AO -TO 

BUS DATA BUS 8 DBB _T1 

Figure 2. S04S-S0!41A Interface 

lJ 
z 

z 0 
0 :Ii ~ .j: a: 
iii 0 0 
0 U. I'-
I'- U. " I- 0 W 

I'- W Z u. 
ii: 0 

I- 'U I'- Z 
:::l 

PORT 2 

8041A18741A 

CONTROL BUS 

Figure 4. S041A Matrix Printer Interface 

1·5 

2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 

TO 
PERIPHERAL 
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ABSOLUTE MAXIMUM RATINGS· 'COMMENT: Stresses above those 
Ratings" may cause permanent dama 

Ambient Temperature Under Bias •........ O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 

rating only and functional operation of the 
conditions above those Indicated in the opera 
specification is not Implied. Exposure to absolute 

Voltage on Any Pin With Respect ditions for extended periods may affect device reliabilit . 

to Ground .......................... 0.5V to + 7V 
Power Dissipation ......................... 1.5 Watt 

D.C. AND OPERATING CHARACTERISTICS 

TA=O·C to 70·C, Vss=OV, 8041A: Vec= + 5V ± 10%, 8741A: Vec= + 5\1 ± 5% 

Symbol iJarameter Min. Max: Unit 

VIL Input Low Voltage (All Except X" X2> -0.5 0.8 V 

VIH, Input High Voltage (All Except X" X2, RESEn 2.2 Vee 

VIH2 Input High Voltage (X" X2,.RESEn 3.0 Vee V 

VOL' Output Low Voltage (02-07, Sync) 0.45 V 

VOL2 Output Low Voltage (All Other Outputs Except Prog) 0.45 V 

VOL3 Output Low Voltage (Prog) 0.45 V 

VOH, Output High Voltage (00-07) 2.4 V 

VOH2 Output High Voltage (All Other Outputs) 2.4 V 

IlL Input Leakage Current (To, T" RD, WR, CS, Ao, EA) ±10 "A 

loz Output Leakage Current (00-07, High Z State) ± 10 "A 

Ill, Low Input Load Current (P,oP17, P2OP27 0.5 mA 

ILI2 Low Input Load Current (RESET, SS) 0.2 mA 

100 Voo Supply Current 1.5 mA 

lee+ IDe Total Supply. Current 125 mA 

A.C. CHARACTERISTICS 
TA=O·C to 70·C, Vss=OV, 8041A: Vee= Voo= + 5V ± 10%, 8741A: Vee= Voo= + 5V ± 5% 

DBB READ 

Symbol Parameter Min. Max. Unit 

tAR CS, Ao Setup to Rm 0 ns 

tRA CS, Ao Hold ·After ROt 0 ns 

tRR RD Pulse Width 250 ns 

tAD CS, Ao to Data. Out Delay·. 225 ns 

tRO RD~ to Data Out Delay 225 ns 

tROF ROt to Data Float Delay 100 ns 

tRV Recovery Time Between Reads And/Or Write 300 ns 

tev Cycle Time 2.5 15 "s 

DBB WRITE 

Symbol Parameter Min. Max. Unit 

tAW CS, Ao Setup to WR~ 0 . ns 

tWA CS, Ao Hold After WRt 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup toWRt 150 ns 

two Data Hold Aftert WRt 0 ns 
. 

1·6 

Test Conditions 

IOL=2.0mA 

10L = 1.6 mA 

lo'L=1.0 rnA 

10H = - 400 j.iA 

10H= -50 "A 

VSS";VIN";Vee 

Vss+ 0.45,,;VIN,,;Vee 

VIL =0.8V 

VIL=0.8V 

Test Conditions 

tev =;=2.5 "s 

CL=150 pF 

CL=150pF 

Test Conditions 

. 
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A.C. CHARACTERISTICS-PORT 2 
TA=O·C to 70·C, 8041A: vcc= +5V ± 10%, 8741A: Vcc= +5V ±5% 

Symbol Parameter Min. 

tcp Port Control Setup Before Falling Edge of PROG 110 

tpc Port Control Hold After Falling Edge of PROG 

top Output Data Setup Time 

tpF Input Data Hold Time 

tpp PROG Pulse Width 

tps Input Data Setup Time 

WAVEFORMS-PORT 2 

SYNC 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

PCH 

PCH 

A.C. CHARACTERISTICS-DMA 
TA=0·Ct070·C, Vcc=5V ±10% 

Symbol Parameter 

tACC DAC to WR or RD 

tCAC AD or WR to i5ACK 

tACO DACK to Data Valid 

tCRQ RD or WR to ORO Cleared 

WAVEFORMS-DMA 

iiii 

JCAC-- lAce -

DATA BUS 

G;-x -
ORQ 

140 

220 

110 

1400 

700 

Min. 

0 

0 

- 'Ace -

Max. Unit Test <:'6 

ns 

ns 

ns 

ns 

ns 

ns 

Max. Unit Test Conditions 

ns 

ns 

225 ns CL = 150 pF 

200 ns 

t 
-':'ltCAC-

VALID 

11 - CR -



A.C. TEST CONDITIONS 
DrDo Outputs 

WAVEFORMS 

8041 Al8741 A 

RL = 2.2k to Vss 
4.3k to Vee 

CL = 100 pF 

1. READ OPERATION,...DATA BUS BUFFER REGISTER. 

BOR Ao ~ x: 
-tAR "V 

'AR 

t 
-tRA-

\ " 

--tRO- -'D'l 
-~~-'AD . 

2. WRITE OPERATION-DATA BUS BUFFER REGISTER. 

DATA BUS DATA 'V _DATAVAlID~_rv 

\. 

DATA 
MAY CHANGE 

(SYSTEM'S 
ADDRESS BUS) 

(READ CONTROL) 

(INPUT) MAY CHANGE ~ ~ ____________ ~-J ~ ________________ __ 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 8741A EPROM 

ProgramminglVeriflcation 

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 

XTAL1 

RESET 

TEST 0 

EA 

BUS 

P20-1 

Voo 

PROG 

Function 

Clock input (1 to 6 MHz) 

Initialization and address latching 

Selection of program or verify mode 

Activation of program/verify modes 

, Address and data input data output during 
verify 

Address input 

Programming power supply 

Program pulse input 

+5V 

RESET 

The program/verify sequence.J,*'tt;,,, 
1"" . 

1. Voo = SV, ,clock apPlied"'bl'lc. Q 

operating, RESET = OV, TEST "'*!-,$'6, 
BUS and PROG fioating. 0,.." Sq:~j ! A 

2. Insert 8741A in programming socket. 7""!t,/lii:';ti ~i1", 
'0" ".:: " 3. TEST 0 = OV (select program mode). "6'~ So",,, 

4. EA = 2SV (activate program mode). 

S. Address applied to BUS and P20-1. 

6. RESET = SV (latch address). 

7. Data applied to BUS. 

8. Vo = 2SV (programming power). 

9. PROG = OV followed by one SO ms pulse to 2SV. 

10. Voo = SV. 

11. TEST 0 = SV (verify mode). 

12. Read and verify data on BUS. 

13. TEST 0 = OV. 

14. RESET = OV and repeaUrom step S. 

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

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 

TEST 0 

--- BUS AND PRDG CAN BE DRIVEN ONLY DURING THIS TIME ---I 
r-------. 

+25V 
EA 

+5V ------' 

BUS < ADDRESS AO·A7 X DATA ) < DATA OUT 

P20·21 < ADDRESS Aa-Ag > 
+25V 

VDO 
+5V --:-------:------,--------' 

+25V
1 PROG +5V ----\.. __ ~___' _______ _'_ __ ..J 

+OV ' 

WARNING: An attempt to program a mlssocketed 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_ ProgrammlngNeriflcation Sequence 
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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 fluore,scent lamps have wavelengths In the 
3ooo-4000A 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 lire available from Intel which 

~ 
should be placed over "the Bllt* 
unintentional erasure. "Ill!!!;!'i!;! 

1'1;14 

The recommended erasure procedure fo 
exposure to sh.ortwaYe ultraviolet light wh 
wavelength of 2537 A. The integrated dose (i.e., UV i 
slty x exposure time) for erasure should be a minlmu 
of 15 w-sec/cm2• The erasure time with this dosage Is' 
approximately ,15 to 20 minutes using an ultraviolet 
lamp, with a 12,000 ,.,W/cm2 power rating. The 8741A 
should be plac,ed within one Inch of the lamp tubes dur
Ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

A.C. TIMING SPECIFICATION FOR PROGRAMMING 
TA = 25°C ±5°C, Vee = 5V ±5%, Voo = 25V ±1V 

Symbol Parameter Min. Max. Unit Test Conditions 

tAW Address Setup Time to RESET t 4tcy 

tWA Address Hold Time After RESET t 4tcy " 

tow Data in Setup Time to PROG t 4tcy 

two Data in Hold Time After PROG I 4tcy 

tpH " RESET Hold Time to Verify 4tcy 

tvoow Voo 4tcy 

tVOOH Voo Hold Time After PROG I 0 
tpw Program Pulse Width 50 60 MS 

trw Test 0 Setup Time for Program Mode 4tcy 

twr Test 0 Hold Time After Program Mode 4tcy 

too Test 0 to Data Out Delay 4tcy 

tww RESET Pulse Width to Latch Address 4tcy 

tr, tf Voo and PROG Rise and Fall Times 0.5 .2.0, IlS 

tey CPU Operation Cycle Time 5.0 IlS 

tRE RESET Setup Time Before EA t 4tcy 

Note: If TEST 0 is high, too can be triggered by RESET 1. 

D.C. SPECIFICATION FOR PROGRAMMING 
TA = 25°C ±5°C, Vee = 5V ±5%, Voo = 25V ±1V 

Symbol Parameter Min. Max. Unit Test Conditions 

VOOH Voo Program Voltage High Level ,24.0 26.0 V 

VOOL Voo Voltage Low Level 4.75 5.25 V 

VPH PROG Prc;>gram Voltage High Level 21.5 24.5 V 

VPL PROG Voltage Low Level 0.2 V 

VEAH EA Program or Verify Voltage High Level 21.5 24.5 V 

VEAL EA Voltage Low Level : 5.25 V 

100 Voo High Voltage Supply Current 30.0 mA 

IPROG PROG High Voltage Supply Current 16.0 ,rnA' 

lEA EA High Voltage Supply Current 1.0 rnA 
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WAVEFORMS 

Combination ProgramNerify Mode (EPROMs Only) 

OR FV I------PROGRAM-----I_--------PROGRAM---------·I---V. I --. 

"\'\-
TO 

DBo-DB, J---
LAST 

ADDRESS 

1.,...,..-

DATA TO BE 
PROGRAMMED VALID 

--< NEXTAD~R C 
- VALID 

NEXT 
ADDRESS 

.. : ~----~-~--~-~~~~~~-=~---~-~--I..--.--~==~=---_--_--~~t_D-:_V-~_.-D:W:-.... ~J1i-~-O~---J---------_-_-_--:\-. ~~~~~~~~~~~~~~~~ 

Verify Mode (ROM/EPROM) 

VERIFV MODE IRDM/EPROMI 

TO,RESET ~ / 
\1..-. _----I 

DBO-DB, J--- ADDRESS 
10-71 VALID 

\'--_---1/ 
NEXT 

ADDRESS 

\1..--_-

P20-P, X ... _____ A_D_D_R_ES_S_I_S-_9_' V_A_L_'_D ____ -JX,, ______ N_EX_T_AD_D_R_E_S_S_V_A_lI_D _______ _ 
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8202 

DYNAMIC RAM CONTROLLER 

• Provides All Signals Necessary to~ 
Control 2104A, 2117, or 2118 Dynamic 
Memories 

• Directly Addresses and Drives .Up to 
128K Bytes Without External Drivers 

• Provides Address Multiplexing 
and Strobes 

• Provides a Refresh Timer and a 
Refresh Counter 

• Refresh Cycles May be Internally or 
Externally Requested 

• Provides Transparent Refresh Capability 

• Fully Compatible with Intel® 8080A, 
8085~ and 8086· Microprocessors 

• Decodes 8085A Status for Advanced 
Read Capability 

• Provides System Acknowledge and 
Transfer Acknowledge Signals 

• Internal or External Clock Capability 

The 8202 is a Dynamic RAM System Controller designed to provide all signals n·ecessary 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 

ALO.S 
ALs/OP3 

AH4 vcc 
AH3 AHS 

AHO·6 

AH2 AHs 

AHl Xl/CLK 

';'HO XO/OP2 

ALO TNK 

OUTO REFRQIALE 

ALl pcs 

OUTl lUi/Sl 
Bo 

AL2 WR B1/0P1 

OUT2 SACK ROtS1 

AL3 XACK WR 

. OUT3 WE PCS 

CAS 
. REFRQ/ALE 

AL4 

OUT4 1iB3 

A.Ls Bl/0Pl 

lro'Fs BO 

ALe/0P3 RAS2 

0UT6 AlSl 

vss RASa XOtoP2 
X, tCLK 

TNK 

8202 BLOCK DIAGRAM 

... 

MULTIPLEXER 

REFRESH 
I 

COUNTER L 

t 1 . 
-- TIMING 

ARBITER AND - CONTROL - ~ 

i 
REFRESH 

TIMER 

. 
OSCILLATOR 

~ OUTO·6 

f---

f---

f---

r--
f------

WE 

CAS 

RASo 

RAS1 

RAS2 

RAS3 

XACK 

SACK 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY f1)R THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIED IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION, 1919 1.12 00203A 
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PIN DESCRIPTIONS 

Pin Name 1# I/O Pin Description 

ALo 
ALl 
AL2 
AL3 
AL4 
ALs 
ALe/OP3 

AHo 
AHl 
AH2 
AH3· 
AH4 
AHs 
AHe 

6 Low-Order Address. These Address 
8 inputs are used to generate the Row 

10 Address for the Multiplexer. If the 
12 ALe/OP3 input is pulled to +12V 
14 through a SKU resistor, the 8202 
16 configures itself for 4K RAMs. If 
18 ALe/OP3 is driven with TTL levels, 

the 8202 configures itself for 16K 
RAMs. 

5 High-Order Address. These Ad-
4 dress inputs are used to generate 
3 the Column Address for the Multi-
2 plexer. If the 8202 is configured for 
1 4K RAMs, AHs can be used as an 

39 active high Chip select for the mem-
38 ory controlled by 8202. For 16K 

RAM operation, AHe becomes the 
most significant column address bit. 

7 0 Output of the Multiplexer. These 
9 0 outputs are designed to drive the ad-

11 0 dresses of the Dynamic RAM array. 
13 0 For 4K RAM operation, OUTe is de-
15 0 signed to drive the 2104A CS input. 
17 0 (Note that the OUTo-s pins do not 
19 0 require inverters or drivers for 

proper operation. 

28 0 Write Enable. This output is de-
signed to drive the Write Enable in
puts of the Dynamic RAM array. 

27 0 Column Address Strobe. This out-
put is used to latch the Column 
Address into the Dynamic RAM 
array. 

21 0 Row Address Strobe. These outputs 
22 0 are used to latch the Row Address 
23 0 into the bank of dynamic RAMs, 
26 0 selected by the 8202 Bank Address 

pins (90, Bl/0Pl) 

24 Bank Address. These inputs are 
25 used to select one of four banks of 

dynamic RAM via the RASo-3 out
puts. If the Bl/0Pl input is pulled to 
+12V through a SKU resistor, the 
8202 configures itself to the Ad
vanced Read mode. This mode 
changes the function of the 8202 
RD/Sl and REFRQ/ALE inputs and 
disables the RASo and RASl out
puts. 

Pin Name 

RD/Sl 

REFRQ/ 
ALE 

XO/OP2 
Xl/CLK 

TNK 

Vee 

Vss 

1-13 

1# 

32 

31 

33 

34 

29 

30 

36 
37 

35 

40 

20 

tVQ(." 
P;;I'/)j'Cf:/, 

I}" 
·'I'IC/. IS" 

Itrllt• or if 
I/O Pin Descrljlti9 "~I 

Read/Sl input. This inpUffiit~$'Eftj, ~IIL ... 
request a read cycle. In rfo~rr.s, r 
operation, a low on this input it\'~ ()0& 
forms the arbiter that a read c;:ycle 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 Sl. 

. Write Input. This input is used to re
quest a write cycle. A low 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/Sl 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/Sl input. If Sl 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 i·s 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 ttie oscillator. If 
XO/OP2 is pulled to+12V through a 
1K!l resistor, Xl/CLK. becomes a 
TTL input for an external clock. 

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

+5V ±10% 

Ground. 
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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 
l!1ultiplexer, and the timing and controi 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. 

XO/OP2 WE 

c::::::J CAS 

,,~ X1 /CLK RASo 

3 TO 5 pF RAS1 
8202 

RAS2 

RAS3 

XACK 

SACK 
TANK 

r-----,------ ""7-, 
I I 
I I 
II 1 I USED WITH OVERTONE 
I ,= 2nvLCT I CRYSTALS ONLY 

I CBPr CT
r 

I 
I ',' I 

cL_, ______ -=- __ "" ___ ...J 

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 t()'O'sciliate. The external LC network 
is connected to the TANK input and is AC coupled to 
ground~ 

If the XO/OP2 pin is pulled to +12V, through a 1 KU resistor, 
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 3 different operational cycles: 

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

The read and write cycles are initiated by external 
requests (RD/S1 and PCS or WR and PCS). A refresh 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 B1/0P1 input Is pull 
resistor (Advanced Read 
input for the S1 status signal of the 
for read). REFRQ/ALEbecomes an 
signal of the 8085 (used to latch S1' If S1 is' 
falling edge. of ALE, a read cycle will be 
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. The'refresh timer 
is reset )IIIhen a refresh cycle is requested. 

Refresh Counter 

The refresh counter contai ns the add ress of the row to be 
refreshed. This counter is incremented after every refresh 
cycle.' 

Multiplexer 

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, AHa-s, and the refresh counter. 

If ALti/OP3 is pulled to +12V through a SKU 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. 

A .... 5 
A~/~3----------------~ 

AHO·6~, ______________ ~II MULTIPLEXER 

8, 

B,IOP, 

RDIS1 
\Vii TIMING 

PeS 
AND 

CONTROL 
REFRQ/ALE 

Xo/O~2 

Xl/elK 

TNK 

w-
CAS' 

RASo 

RAS, 

RAS2 

RAS3 

XACK 

SACK 

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 OUTe drives 55. Note that 
the OUTo-s Signals do not require inverters or drivers. 

If the 8202 is configured for 16K RAMs, ALo-5 and 
ALe/OP3 provide the multiplexer with seven bits of row 
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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 cif three 
operational cycles at the request of the arbiter (Read, 
Write, and Refresh cyclesl.lt 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 B1/0P1 are used to select one offour banks 
of dynamic R!,M via the RASo-3 outputs. 

If B1/0P1 is pulled to +12V through a 5KO 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 RASa and RAS1 outputs. 

SYSTEM OPERATION 
The 8202 is always in one of the following states: 

1. Idle. 
2. Performing a Test Cycle. 
3. Performing a Write Cycle. 
4. Performing a Read Cycle. 
5. Performing a Refresh Cycle. 

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. 

1·15 
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CYCLE·IN·PROGRESS LOOP 

START WRITE CYCLE. 
'>-=7---1 RESET REFRESH COUNTER. 

SET DELAYED SACK MOOE. 

. START WRITE 
CYCLE 

START READ 
CYCLE 

1. START REFRESH CYCLE. 

'>--1"---1 ~: ~E~~~::~:~~~ TIMER. 

ADDRESS COUNTER. 

IDLE LOOP 

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, if 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. 
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If the REFRQ pin is pOised or held active while a read 
cycle is in progress, a·refrl'lsh cycle will occur immedi-

NOTE 1 

ately following the read cy 
Mode is not selected. 

OUTO·6 ~ ROW ADDRESS X'-____ CO_L_U_M_N_A_DD_R_E_SS ____ -'X'-___ R_O_W_A_D_D_R_. __ 

DELAYED SACK. MODE 

\----~-------~-~ / 
\ 7 PRECHARGE C 

\ / 

\ / 

\ / 

NOTE 1 

OUTo·s ~ ROW ADDRESS XL ____ C_O_L_U_MN_AD_D_R_ES_S __ -:----JXL ___ R_O_W_A_D_DR __ _ 

DELAYED SACK MODE \ -:-:--------------\ / 

\'---__ ------'7 PRECHARGE 

\ / 

\ / 

Refresh Cycle (Fig. X.4) 

When a refresh cycle is started, (refresh·cycle request 
previously pulsed or active when sampled) the 8202 
resets the Refresh Timer. The Multiplexer drives the 
COT 0-6 pins with the refresh address contained in the 

Refresh Counter. The 8202 then activates the ·Row 
Address Strobe (RAS 0;'3) signals. At the end of the 
refresh cycle, all signals are deactivated, the refresh 
counter is incremented, and the precharge time begins. 
After the precharge time, the 8202 re.enters the Idle 
State. . 
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NEXT REFRESH ADDRESS 

\'----------'/ PRECHARGE L 

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. 
This Is illustrated for 8085 in the following diagram. 

System Configurations 

Currently, there exists a wide range of processor bus 
structures, processor speeds, and memory speeds. As a 
result, the 8202 offers many possible system configura
tions with equally many cost-performance tradeoffs. 

, . 
The following system block diagram illustrates just one 
of the possible system configurations supported by the 
8202: 

rDfl JiDI-J 
....... Ao-ts :::: OUTo .• 

~ 
Bo.t 

ALE 820' 
118K MODE) WI! 

aoa'A 
AOO-, !!AJ 

iiii 
GNO- ~FRQiALE -r=: RDiSt 

WR 
=1-

WR 
101M m 

lIUir----

RUDVq l 
RA!ir-

-mR~RAS, 

OTHER 
SYSTEM 

ACKNOWLEDGE 
LINES 

-

8085 

So =>r /,..----- REFRQ 

,..... __ ...J. 8202 

:~ AD 

WA -----------------WR 

"0-, 

r-V 
-WE 
_!!AJ 

- D:DoUT 

--11-.1 
-v Ao., 

- WE - CiS 
- RAS" DINT' 
--11~ 

--v Ao .. 

r- WE 
r- CAS - !IllS 

nlN DOUT 

T ll\:::--
'---v 

-

2117 
DYNAMIC RAM ARRAY 

+-

+ 
+ 
.13 

-

~ 
1 

o,NDouT 

L1 

~ 
L1 

DiHDQUT D~UT DINDOUT '---- WE Jo D 
~ CAS nlN DOUT IN OUT f Dr DIODj D'ODor I I r-:: =-'-- a sr• A 

IN/ 
~--.u.- our 1\ 
.I~ 
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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 ......... O·C to 70·C 
Storage Temperature .............. -65·C to + 150·C 
Voltage On Any Pin 

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

D.C. CHARACTERISTICS 

TA= O·C t070·C; Vee = 5.0V ± 10%;GND=OV 

Symbol Parameter Min. 

Ve Input Clamp Voltage 

Icc Power Supply Current 

IF Forward Input Current 
X1/CLK 
All Other Inputs 

IR Reverse Input Current 

VOL Output Low Voltage 
SACK, XACK 
All Other Outputs 

VOH Output High Voltage 
SACK,XACK 2.4 
All Other Outputs 2.6 

VIL Input Low Voltage 

VIH Input High Voltage 2.0 

CAPACITANCE 

Symbol Parameter Min 

CIN Input CapaCitance 

1-18 

4\ 
• AR-l, "Simplify Your Dynawf&: 

Interface." liQ,,,!/;. 'S i 
'r: 1,.'4': flat 

IRs <, 
• AP-38, "Application Techniques for th'if 

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· 
ditlons for extended periods may affect device reliability .. 

Max Units Test Conditions 

-1.0 V le= -5 mA 

250 rnA 

-2.0 rnA VF= 0.45V 
-320 ,..A ·VF=0.45V 

40 ,..A VR=Vee 

0.45 V IOL=5 rnA 
0.45 V IOL=3 rnA 

V IOH= -1 mA 
V IOH= -1 rnA 

0.8 V Vee =5.0V 

V Vee=5.0V 

Max Units Test qonditlons' 

F= 1 MHz 
30 pF VBIAS=2.5V, Vee=5V 

TA= 25·C 
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A.C. CHARACTERISTICS 

TA=O·C to 70·C, Vcc=5V :!: 10% 

Loading: SACK, XACK 
32 devices OUT p - oUT 6 

RAS1 - RAS4 
WE 
CAS 

Symbol 

CL= 30pF 
CL= 160pF 
CL=115pF 
CL=224pF 
CL=320pF 

Parameter 

Measurements made with res 
WE, OUTo- OUT6 are at 2.4Van 
measured at 1.5V. 

Min 

tp Clock (Internal/External) Period (See Note 1) 40 

tRC Memory Cycle Time 10tp-30 

tRAH Row Address Hold Time tp-10 

tASR Row Address Setup Time tpH 

tCAH Column Address Hold Time 5 tp 

tASC Column Address Setup Time tp-35 

tRCD FfA§ to CAS Delay Time 2 tp-10 

twcs WE Setup to CAS tp-40 

tRSH RAS Hold Time 5 tp- 30 

tCAS CAS Pulse Width 5 tp 

tRP RAS Precharge Time (See Note 2) 4 tp -30 

tWCH WE Hold Time to CAS 5 tp-20 

tREF Internally Generated Refresh to Refresh Time 
64 Cycle 548 tp 
128 Cycle 264 tp 

Max 

54 

12 tp 

2 tp+30 

576 tp 
288 tp 

tCR RD, WR to RAS Delay tpH+ 30 tpH + tp+ 75 

tcc RD, WR to CAS Delay tpH+2tp+25 tpH+ 3tp+ 85 

tRFR REFRQ to RAS Delay 1.5 tp-l:30 2.5 tp+ 100 

tAS Ao - A15 to RD, WR Setup Time (See Note 4) 0 

tCA RD, WR to SACK Leading Edge tp+40 

tCK RD, WR to XACK, SACK Trailing Edge Delay 30 

tKCH RD, WR Inactive Hold to SACK Trailing Edge 10 

tsc RD, WR, PCS to XlCLK Setup Time (See Note 3) 15 

tcx eAS to XACK Time 5 tp- 25 5 tp+ 20 

tAcK XACK Leading Edge to CAS Trailing Edge Time 10 

txw XACK Pulse Width 2 tp- 25 

tLL REFRQ Pulse Width 20 

tCHS RD, WR, PCS Active Hold to RAS 0 

, tww WR to WE Propagation Delay 8 50 

tAL Sl to ALE Setup Time 40 

tLA Sl to ALE Hold Time , 2 tp+ 40 

tpL External Clock Low Time 15 

tPH External Clock HighTime 20 

tpH External Clock High Time for Vcc = 5V ± 5% 17 

Notes: 
1. tp minimum determines maximum oscillator frequency. 

tp maximum determines minimum frequency to maintain 2 ms refresh rate and tRP minimum. ' , 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 
" 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

, ns 

ns 

ns 

ns 

2 .'To achieve the minimum time between the RAS of a memory.cycle and the,~ of a refresh cycle, such as a transparent refresh, REFRQ ~hould be 
pulsed in the previous memory cycle. , 

3 .tsc is'not required for, proper operation which is in agreement with the other specs, but can be used to synchronize external signals with XlCLK II it is 
desired. 

4 .11 tAS is less than 0 then the only impact is IhattASR decreases by a corresponding amount. 
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A.C. CHARACTERISTICS 

TA=O·C to 70·C, Vcc=5V ± 10% 

Loading: SACK, XACK 

64 Devices OUTp-OOTs 
RAS1 - RAS4 
WE 
CAS 

Symbol 

CL= 30 pF 
CL=320 pF 
CL= 230 pF 
CL=450 pF 
CL=640 pF 

Parameter 

Measurements made with re 
WE, OUTo- OUTs are at 2.4V a 
measured at 1.5V. 

. Min 

tp Clock (Internal/External) Period (See Note 1) 40 

tRC Memory Cycle Time 10 tp-30 

tRAH Row Address Hold Time tp:"10' 

tASR Row Address Setup Time tpH 

tCAH Column Address Hold Time 5 tp 

tASC Column Address Setup Time tp-35 

tRCD FiAS to CAS Delay Time 2 tp-10 

twcs WE Setup to CAS tp-40 

tRSH RAS Hold Time 5 tp- 30 

tCAS CAS Pulse Width 5 tp- 30 

tRP RAS Precharge Time (See Note 2) 4 tp - 30 

tWCH WE Hold Time to CAS 5 tp:"'35 

tREF Internally Generated Refresh to Refresh Time 
64 Cycle 548 t p 
128 Cycle 264 tp 

Max 

54 

. 12 tp 

2 tp + 45 

576 tp 
288 tp 

tCR RD, WR to RAS Delay tpH + 30 tpH+ tp+ 75 

tcc RD, WR to CAS~elay tpH + 2tp+ 25 tpH+ 3 tp+ 100 

tRFR REFRQ to RAS Delay 1.5 tp+ 30 2.5 tp+ 100 

tA$ Ao- A15 to RD, WR Setup Time (See Note 4) 0 

tCA RD, WR to SACK Leading Edge ' tp+40 

t6K RD, WR to XACK, SACK Trailing Edge Delay 30 

tKCH RD, WR Inactive Hold to SACK Trailing Edge , .. 10 

tsc RD, WR, PCS to XlCl~Setup Time (See Note 3) 15 

tex CAS to XACR Time 5 tp- 40 .' 5 tp+ 20 

tACK XACK Leading Edge to CAS Trailing Edge Time 10 ,.' 

txw XACK Pulse Width 2 tp- 25 

,tLL REFRQ Pulse Width 20 

tCHS RD, WR, PCS Active Hold to RAS O' 

tww WR to WE Propagation Delay 8 50 

tAL Sl to ALE Setup Time 40 

tLA Sl to ALE Hold Time 2 tp+ 40 

tpL External Clock Low Time 15 . 

tpH External Clock High Time 22 

fpH External Clock High Time for Vcc = 5V ± 5% 18 

Natas: 
1. tp minimum determines maximum oscillator frequency. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

. ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tp maximum determines minimum frequency to maintain 2 ms refresh rate and tRP minimum.. " 
2 . To achieve the minimum time between the ~ of a memory cycle and the Rirn'of a refresh cycle, such as a transparent refresh, REFRQ should be 

pulsed In the previous memory cycle. . ..' 
3 . tsc Is not required for proper operation which.ls In agreement·with the ather specs, but can be used to synchronize external signals with XlCLK if it Is 

desired. 
4 .If tAS is less than 0 then the only impact is that tASR decreases by a correspondinll'amounl. 
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8202 TIMING 

NORMAL READ OR WRITE CYCLE 

XlCLK 

RoORWR 
--; -----, 

\ 

- IpLf-
f--Ip-

_ICR ICHS----;----

r- ----....., ------ !-----------..,.....--r.--
\.._-

_ __ -t:::::::t~ICC--~----~ If----------IRP-t-----i~ r IRCD - 1?t 
RAS ~ @1 

~ lAS - I-- IASR --M I'~@==-·~-=--=--=--=--=--=--=--=--=-t-=--=-t-=--=--=--=--=--=--=--=--=--=--=--IR-C--------------------1-----_--+---+l1t--
AO-A.S 

OUTO-OUTS 

WE (WE=VOH 
FOR A RD CYCLE) 

IRSH 

[~EL~ ONLY 

I i I-IRAH~ 

\l ~ROW ADDR! COL ADDR V 
f\ 

!-IASC- I--+---'---ICAH ------,----1 

1 +@ 

~-r-----------------------JI @ 
I-- ICA --j _ _ _ _ _ _ _ .--_-1-f--_--_--_--_--~c~ _--_--_--_--,---1 1;-=:1- I---IKCH 

\~ __________ -+I--+-___________________ \~+-______ ~I ____ -JI 

IACK-

,--ir"--
1 

1--1--------- ICX _Ixw---j 

@\ IW~~_ - - - - - - - - - -f/~------
I-Iwcs- i-------IWCH-------

REFRESH CYCLE 

XlCLK 

REFRQ 

_~_--=~~-Jt_:__--------IRC~~~::_;======::J 

ROWADDR COUNTER INCREMENTS TO NEXT ADOR 

(CAS = VOH) IF THE REFRESH CYCLE IS INTERNALLY TRIGGERED THEN IGNORE REFRQ. 
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ADVANCED READ MODE USING THE SIMPLIFIED 8085 INTERF 

XlCLK 

ALE 

COLUMNADDR 

--------.'--------------...,---,-----, 

OTHER TIMING PARAMETERS ARE THE SAME AS NORMAL MODE 
WRITE CYCLE IS THE SAME AS NORMAL MODE EXCEPT THAT XACK AND SACK GO 
INACTIVE ON THE RISING EDGE OF ALE 

OUTPUT TEST LOAD CIRCUIT 

32 devices 

64 devices 

OUTo 
TO~ 
~ . ~ __ . ...L 

6 .160 P'l 
RASo 
TO~ 

RASo 115 p,...L , l 

RAsa 
TO . 

RAs3~p, 
l 

1-22 

\ 

WE~ 

. 224 p,...L 

J 

WE~ 

450 P'J 

CAS~ 

320 P'r 

CAS--=-=:l 
640 P':.t 
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8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 

• I/O Port or Memory Selector 

• Simple Expansion - Enable Inputs 

• High Speed Schottky Bipolar 
Technology - 18ns Max. Delay 

• Directly Compatible with TTL Logic 
Circuits -

• _ Low Input Load Current - .25 mA 
max., 1/6 Standard TTL Input Load 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp 

• Outputs Sink 10 mA min. 
• 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 Intef>8205 is packaged in a standard 16 pin dual-in-line package; and its performance is specified over 
the temperature range of O°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 

Ao 16 V.cc AD 

A, IS 0 0 A, 

A2 3 14 0, Az 

E, 4 13 O2 
8205 8205 

E2 5 12 0 3 

E3 6 II O. E, 

0, 7 10 05 Ez 

GRD 8 9 0 6 E3 

ADDRESS ENABLE OUTPUTS 

PIN NAMES Ao A, A, E, E, EJ 0 , 2 3 • 5 6 7 

L L L L L H L -H H H- H- H H H 
H L L L L H H L H H H Ii H H 
L H L L L H H H L H H H H H 
H H L L L H H H H L H H H H 
L L H L L H H H H H L H H H 

AD· Az ADDRESS INPUTS 

E ,. E3 ENABLE INPUTS 

00· 07 DECODED OUTPUTS H L H L L H H H H H H L H H 
L H H L L H H " H H H H L H 
H H H L L H H H H H H H H L 
X X X L L L H H H H H H H H 
X X X H L L H H H H H H H H 
X X X L H L H H H H H H H H 
X X X H H L 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 Ii 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 EMBOOIEO IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPliED. 
© INTEL CORPORATION. 1979 1-23 
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8212 

8-BIT INPUT/OUTPUT PORT 

• Fully Parallel8-Blt Data Register and Buffer 

• Service Request Flip-Flop for 
Interrupt Generation 

• Low Input Load Current ";..., .25mA Max. 

• Three State Outputs 

• OutputiSlnk 15 mA 

• 3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 

• Asynchronous Register Clear 
• Replaces Buffers, Latches and 

Multiplexers -In Microcomputer Systems 

• Reduces System Package Count 

The 8212 Input/output port consists of an 8-bit latch with 3-state output buffers along with control and deviceselectibn 
logic; Also included is a service requestfllp-flop for the generation and control of interrupts to the microprocessor. 

The device-Is multi mode In nature. Itcan be used to Implementlatches, gated· buffers or multiplexers; Thus, all of the 
, principal peripheral and Input/output functions ofa microcomputer system can be Implemented with this device. 

PIN CONFIGURATION 

os, vee 
MD INT 

01, 018 

DO, D0. 

012 017 

0°2 007 

01 3 Ole 

0°3 0°6 

01. 

D0. 

STe CLR 
GND DS2 

PIN NAMES 

I!D OS2 

[I)MO 

[l> STS 

[I>o., 

[[>0'2 

[I>0'3 

!B>D •• 

[!90'5 

1j])0'6 

~0'7 

1B>°'a 

\E>CL'R 

LOGIC DIAGRAM' 
'SERVICE REOUEST FF 

'\ 

OAT A LATCH 

INTEL CORPORATION ASSUMES NO RESPONSiBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CiRC'UIl PATENT LICENSES ARE' IMPlIED. 
© INTEL CORPORATION. 1979 1·24 



inter . 8251 A .:: . 
PROGRAMMABLE COMMUNICATION INTEft'/ <,,': 

- (')'.]1'. Ili)l. 

_ Synchronous and Asynchronous _ Asynchronous Baud Rate - ~:t (~,... 
tel '1(.> 

Operation 19.2K Baud to t.'h &T'D" 
, ,,~ 

_ Synchronous 5·8 Bit Characters; 
Internal or External Character Synchro· 
nization; Automatic Sync Insertion 

_ Asynchronous 5·8 Bit Characters; 
Clock Rate-1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1112, or 2 Stop Bits; False Start Bit 
Detection; Automatic Brea!c Detect 
and Handling. 

_ Synchronous Baud Rate - DC to 64K 
Baud . 

_ Full Duplex, Double Buffered, Trans. . '8 

mitter and Receiver 

_ Error Detection - Parity, Overrun and 
Framing 

_ Fully Compatible with 8080/8085 CPU 

_ 28·Pin DIP Package 

_ All Inputs and Outputs are TTL 
Compatible 

_ Single + 5V Supply 

_ Single TTL Clock 
The Intel<l> 8251A is the enhanced version of the industry standard, Intel<l> 8251 Universal Synchronous/Asynchronous 
ReceiverlTransmitter (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. 

0,-00 
etD 
RD 
WR 
es 
elK 
RESET 
fie 
hO 
RiC 
R,D 
RxRoV 

rICROY 

PIN CONFIGURATION 

0, 0 , 

0, 0" 

R,D Vee 

GND R,e 

0, DTR 

0; RTS 

0, OSR 

0, RESET 

T,e elK 

W- hO 

cs TxEMPTY 

CIO CTs 
AD SYNDET/Bt' 

AxROY TxRDY 

PIN NAMES 
Data Bus (8 bltsl 
Control or Data IS 10 be Written or Read 
Read Data C0'11mand 
Write Data or Control Command 
Chip Enable 
Clock Pulse (TTL) 

Reset 
Transmitter Clock 
Transmitter Data 
Receiver Clock 

Receiver Data I 
Receiver Ready (has character for 80801 I 
Tra~smlttef Ready (ready for char. trom 80801 

OSR 

OTR 

SYNDET/BO 

RTS 

eTS 

T,E 

Vee 
GNO 

DataSet Ready 

Data Terminal Ready 

Sync Detectl 
Break Detect 

Request to Send Data 

Clear to Send Data 

Transmitter Empty 

+5 Volt Supply 

Ground 

RESET 

elK 

BLOCK DIAGRAM 

TRANSMIT 
BUFFER 

(P - S) 

es ___ ---' 

DTR __ _ 

CTS_ •. 
RTS __ _ 

MODEM 
CONTROL 

1 

i 
JI 

-.-.:1 '-----' I 

/1 
INH HNAl I 
DATA HilS 

l. 
CONTRUl 

hD 

.... SVND( T 

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. 1919' 
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FEATURES AND· ENHANCEME.NTS 
8251 A 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. Famili~rlzation 
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 I/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini-
mizes CPU overhead. . 

• I n asynchronous operations, the Receiver 
detects and handles "break" automatically, 
relieving the CPU of this task. 

• A refined Rx initialization prevents. the 
Receiver from starting ~hen 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. 

.t, 
1>,,1': 

• Tx Enable logic en~ 
Tx Disable command If 
mission .until all data previous~ 
been transmitted. The logic· als 
the transmitter from turning offin the rm 
of a word. 

• 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 8251AStatus .can be read at any time 
but the sta.tus 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
ceiverITransmitter designed specifically for the 80/85 Micro
computer Systems_ Like other I/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 
unique 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 Sbit 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 8251 A into an "Idle" 
mode. The device will remain at "Idle" until a new set of 
control words is written into the 8251 A to program its 
functional definition, Minimum RE'SET pulse width is 
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, 'fllo external inputs or outputs 
are referenced to ClK but the frequency of C lK 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 8251 A. 

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

J!I.., 

C/O (Control/Data) l1iil'q/;/$" 4; . 

This input, in conjunction with ttiif~/; 
informs the 8251 A that the word on th~l 
a data character, control word or status inforinl!ti;9:lf.q<~. r A~ 
1 = CONTROL/STATUS O=DATA ltO(.'L 0 'Irf' 

"Ii'll 'Il S. 
Y~.· f1''Ile 

CS (Chip Select) 

A "low" on this input selects the 8251A. No reading 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. 

Figure 1. 8251A Block Diagram Showing Data Bus 
Buffer and ReadIWrite logic Functions 

CID RD WR cs 
0 0 1 0 8251A DATA,~ DATA BUS 
0 1 0 0 DATA BUS .. 8251A DATA 

0 1 0 STATUS ~ DATA BUS 
0 0 DATA BUS~ CONTROL 

X 0 DATA BUS~ 3-STATE 
X X X '. DATA BUS-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. 
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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) I 
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 ape 
propriate 'bit in the C!)mmand Instruction word. TheRTS 
output signal is normally used for Modem control such as 
Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251 A to transmit 
serial data if the Tx Enable bit in, the Command byte is 
set to a "one." If either a Tx Enable of tor 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 shutting down. 

Transmitter Buffer 

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 TxDoutput pin on the falling edge of TxC. 
The transmitter will begin transmission upon being enabled 
if CTS = O. The TieD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TieEMPTY. ' 

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 outputs'ignals 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 theTx Data Input 
Register. 

'·28 

',' , 1>",. 
,TxE (Transmitter Empty) It, 

TY output will go "high". It resets auto 
ceiving a character from the CPU. TxEMPTY c 
indicate the end of a transmission mode, so that 
"knows" when to "turn the line around'" in the 
duplexed operational mode. TxEMPTY is independent 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. ' ' 

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

TxC (Transmitter Clock) 
The Transmitter Clock controls the rate at which the char· 
acter is to be transmitted. In the Synchronous tran~mission 
mode, the Baud Rate (lx) is ~qual to the TxC frequency. 
In Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC freqLiency. 'A portion of th~ 
mode instruction selects this factor; it can be t 1/16 or 
1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 
TxC equals 110 Hz (lx) 
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 
RxDpin, 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 FIF and Parity Error FIF circuits are 
used for parity error detection and set the corresponding 
status bit. 

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

1·29 

~ 
p. 

quency. A portion of the m 
factor; 1, 1/16 or 1/64 the RxC. 

For Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hz (lx) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (lx) 
RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 

Data is sampled into the 8251A on the rising edge of AXe: 
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 ~ will reo 
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 Wo<rd. 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 8251 A 
has located the SYNC character in the Receive mode. If the 
8251 A 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. 

Figure 3. 8251A Block Diagram Showing Receiver 
Buffer and Control Functions < 
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When used as. an input (external. SYNC detect model. 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 

A. 

I. CONTROL sus 
I/O R "OW RESET "2 (TTL) 

\ DATA BUS 

L ;> 

8 

CID cs °7-0 0 RD WR RESET 

8251A 

Figure 4_ 8251A Interface to 8080 Standard 
System Bus 

ClK 

DETA.ILED 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, SYNCHRONOUS or 
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR
ITY, etc. In the Synchronous Mode, options ~re also pro
vided to select ,either internal 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 w'rites a character into the 
8251 A.On the ,other hand, ,the 8251A receives serial data 
from the MODEM or I/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. 
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The 8251A cannot begin tra 
(Transmitter Enable) bit is set in 
and it has received a Clear To Send ( i) 

output will be'held in the marking state upci 

Programming the 8251A .' O{C 

Prior to starting data Jransmission or reception, theB~J).Sfi0 
must be loaded with a set of control words generated b'y " 
the CPU. These control signals define the complete func
tional definition of the 8251A and must immediately fol
Iowa Reset openition' (intern~1 or external). 

The control.V1/ords 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,followa 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 
Th is format defines a status word that is used to control the 
actual operation of the 8251 A. 

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/o = 1 

c/o = 1. 

c/o = 1 

CID = 1 

C/O'" 0 

.C/D = 0 

CID = 1 

MODE INSTRUCTION 

SV!"C CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

DATA 

COMMAND INSTRUCTIO.N 

T' 
DATA 

COMMAND INSTRUCTION 

} 
SYNC MOD,E 

ONLY" 

.. The second SYNC character is skipped if MODE instruction 
has programmed the 8251A to single character Internal SYNC 
Mode. Botti SYNC characters are slc.i'pped 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 I nstruction defines the functional operation of the 
8251A, the designer cari best view the device as two sepa
rate com'ponents 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. I n 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 B251A, and will be 
"zeros" when reading the data from the 8251A. 

Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 8251 A 
automatically adds a Start bit (fow levell 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 receiver requires only one stop 
bit, regardless ofthe number of stop bits programmed. This 
character is then loaded into the parallel I/O 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 I/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 
8251 A. 
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5 6 .1 8 
BITS BITS BITS BITS 

'-------- ~~R~~~:LNEAB~E ~ DISABLE 

L ________ ~~~~~~RIT~ ~6~~RATION/CHECK 

NUMBER OF STOP BITS 

1 1'h 
BIT BITS INVALID 2 

BITS 

(ONLY EFFECTS Tx; Rx NEVER, 
REQUIRES MORE THAN ONE 
STOP BITI , 

Figure 6. Mode Instruction Format, Asynchronous 
Mode 

GENERATED 
BV 8251A 

srJ;i 
arrs. ·L 

DOES NOT APPEAR 

RECEIVER INPUT 
DO 01 ---....:Ox ON THE DATA BUS 

t t t t 
RxD ~L._S..;;T:;;.;I~_T-,-G __ OA_T-;A BJ-IT_S_L-~';"".J 

TRANSMiSSioN FORMAT 

PROGRAMMED 
CHARACTER 

LENGTH 

CPU BVTE 15·8 BITS/CHARI 

DATA C~+ACTER ,. 
ASSEMBLED SERIAL DATA OUTPUT (TxO) 

DATA CHARACTER 

.RECEIVE FORMAT 

SERIAL DATA INPUT (RxDI 

816;1 
BrrS L 

STO~ BIr,U 

SToD " 
L-~_L_D_A_TA_C_H~ARrAC_T_ER_-L~~~_~BI~ 

CPU BVTE 15"8 BITS/CHAR)* 

i,1 
~ATA CH:~ACTER 

*NOTE: IF CHARACTER LENGTH IS DEFINED AS"S. 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 8251 A 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' 8251 A with a data character before the 8251A 
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 TxEMPTY pin is internally reset by a 
data character being written into the 8251 A. 

rICo I DATA I DATA I SVNC1·I·SVNC21 DATA 1-----
/ 

"'\\\\\\\ FALLS UPON CPU WRITING A 
TxEMPTY . \.__ _ _____ I CHARACTER TO THE USART 

------<" 
NOMINAL CENTER OF LAST BIT 

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 u'ntil a match occurs. If the 
8251 A 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 
I' 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 instead of 
the middle of the last data bit. 

In the external SYNC mode, synchronization is achi!lved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed afterone RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 

Parity 'error and overrun error are botli 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 re<:~iver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to '8 "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 
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the SYNDET F/F is reset atfa"ch~', 
whether internal or external SYNB"'h 
Th is does not cause the 8251 A to r t6 
mode. When in SYNC mode, but not in HU 
tion is still functional, but only occurs at 
word boundaries. Thus, if one Status Read indicat I2tL 

DET and a second Status Read also indicates SYNDI::I, 
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 SYI\IDET mode is selected, internal Sync 
Detect is, disabled, and the SYND'ET F/F may be set at 
any bit boundary. 

1 scs 1 ESD I EP I PEN I L21 L, I 0 I 0 1 

I -
CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 • BITS BITS BITS BITS 

PARITY ENABLE 
11 = ENABLE) 
(0 = DISABLE) 

EVEN PARITY GENERATION/CHEe 
, = EVEN 
0:000 

EXTERNAL SYNC DETECT 
1'" SYNDET IS AN INPUT 
0= SYr...IDET 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 

RECEIVE FORMAT 

CPU BYTES (5·8 BITS/CHAR) 

DATA C,H:~RAcl:ERS 'I, 
ASSEMBLED SERIAL DATA OUTPUT (TxD) 

DATA CHA~ .... A_CT_E_RS __ ...J 

SERIAL DATA INPUT (RxC) 

DA~A CHAR~ .... C_JE_R_S_--, 

CPU BYTES (5-8 ~ITSfCHAR) 

1 

Figure 9. Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 
Once the functional definition of the 8251 A 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 
controls 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 8251 A 
and Sync characters inserted, if necessary, then all further 

"control writes" (C/i) = 1) will load a Command Instruc· 
tion. A Reset Operation (internal or external) will return 
the 8251 A to the Mode Instruction format. 

TRANSMIT ENABLE 
1 :::: enable 
0= disable 

DATA TERMINAL 
READY 
"high" witl force DTA 
output to zero 

RECEIVE ENABLE 
L----_-I 1 :: enable 

0= disable 

SEND SREAK 

L------~..J ~~~:~~sT;:D "'ow" 

o = normal operation 

ERROR RESEr 
L---------.J 1 = reset error flags 

PE. DE, FE 

REQUEST TO SEND '-____________ 1 "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 

* IHAS NO EFFECT 
IN ASYNC MODEl 

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

Figure 10. Command Instruction Format 
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STATUS READ DEFINti,'~ 
In data communication systems it fS'iJ}J 
examine the "status" of the active dev~e,<" '" 
errors have occurred or other conditions th~i'! 
processor's attention, The 8251A has facilities th££c,{tr6W/ ~ 
the programmer to "read" the status of the device at fifty" 01),& 

time during the functional operation. (The status update is 
inhibited during status read). 

A normal "read" command is issued by the CPU with C/D = 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 7 o 6 b 5 o 4 03 0, 0, 

l OSR I SVNOET I FE 
, 

DE 
, 

PE 'T.EMPTV' R',ROV , T.ROV 

I j j ~ 

SAME DEFINITIONS AS I/O PINS 

PARITV ERROR 
The PE flag is set when a parity 
error is·detected. It is reset by 
the ER bit of the Command 
Instruction. PE dOBS not inhibit 
operation of the 82S1A. 

OVERRUN ERROR 
The OE ftag 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 8251 A 
however, the previously ovtlnun 
character is lost. 

FRAMING ERROR (Async onlyl 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the E R bit of the Command 
Instruction. FE does not inhibit 
tna 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, TxR DY status bit = DB Buffer Empty 

TxRDY pin out = DB Buffer Empty '(CTS=O)' (TxEN=1) 

Figure 11. Status Read Format 
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APPLICATIONS'OF THE 8251A 

8251A 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

Rxol----I 
TxOI----

. Rxe 

TxCIo--~--l 

. . . . 
Figure 12. Asynchronous Serial Interface .to CRT 

Terminal, DC-9600 Baud 

SYNDETt-----I 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

8251A 

~--~~------~--~~<.~~ ~ 
:7" 'J'DIJj rL-L ____ L-L-~ __ ~ ________ ~ __________ __,· e 

PHO"NE 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE 

Figure 14. Asynchronous Interface to Telephone Lines 

SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE 

Figure 13. Synchronous Interface to Terminal or Figure 15. Synchronous Interface to Telephone Lines 
Peripheral Device 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... DoC to 70°C 
Storage Temperatur~ .............. _65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground ............ -0.5V to +7V 
Power Dissipation ....................... 1 Watt 

D.C. CHARACTERISTICS 
TA = DoC to 70°C; Vee = 5.0V ±5%; GND = OV 

Symbol Parameter Min. 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.2 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

IOFL Output Float Leakage 

IlL I nput Leakage 

lee Power Supply Current 

CAPACITANCE 
TA = 25°C; Vee = GND = OV 

Symbol Parameter Min. 

CIN I nput Capacitance 

CliO I/O Capacitance 

2V 

42011 

:::: 2: lN914 

8251A 1----+---0 OUT 

6K 

Max. 

10 

20 

*COMMENT: Stresses above 
Maximum Ratings" may cause ptlmq/iiJ(I-I", 
device. This is a stress rating only ani1flf~ 
tion of the device at these or any other con 
those indicated in the operational sections of ttii 5 

cation is not implied. Exposure to absolute maxiriffttr}'So'I'f; 
rating conditions for extended periods may affect device 
reliability. 

Max. Unit Test Conditions 

O.B V 

Vee V 

0.45 V IOL = 2.2 mA 

V IOH =-400/lA 

±10 /lA VOUT:' Vee TO 0.45V 

±10 /lA VIN = Vee TO 0.45V 

100 mA All Outputs = High 

Unit Test Conditions 

pF fc= lMHz 

pF Unmeasured pins returned to GND 

+20,..----....------r------,-----, 

+10 

.s 
> 

~ 
c ... 
:::> 
:: 
:::> 
0 
-1 

-10 

-20 '-----"_..L... __ --'-__ ----1 __ --' 

-100 

.1 CAPACITANCE (pF) 

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

Bus Parameters (Ncite 1 ) 

Read Cycle: 

SYMBOL PARAMETER 

8251A 

tAR Address Stable Before READ (CS, C/O) 

tRA Address Hold Time for READ (CS, C/O) 

tRR READ Pulse Width 

tRO Data Delay from READ 

tOF READ to Data Floating 

Write Cycle: 

SYMBOL' PARAMETER 

tAW Address Stable Before WRITE 

tWA Address Hold Time for WR ITE 

tww WRITE Pulse Width 

tow Data Set Up Time for WRITE 

two Data Hold Time for WRITE 

tRV Recovery Time Between WRITES 

MIN. MAX. 

50 

50 

250 

250 

10 100 

MIN. MAX. 

50 

50 

250 

150 

30 

6 

NOTES: 1, AC timings ~sured VOH = 2.0, VOL = g.B. and with load circuit of Figu',.e '" 
2. Chip Select ICS) and Command/Data IC/O) are considered es Addresses. 

UNIT 

ns 

ns 

ns 

ns 

ns 

' UNIT 

'ns 

ns 

ns 

ns 

ns 

tCY 

3. Assumes that Address is valid before ROL ' " 
4. This recovery time is for Mode Initialization only. Write Data is allowed only wh~n TxROY = 1. 

TEST CONDITIONS 

Note 2 

Note 2 

3, CL = 150 pF 

, 

TEST CONDITIONS 

Note 4 

Recovary Time between Writes for Asynchronous Mode is,B tCY and for Synchronous Mode is 16 tCY, 

Input Waveforms for AC Tests 

2.4---~X 

----- ::: 0.45 

TEST 
POINTS 
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/1;0 
.10"$ , 

Other Timings: 1lI{}{. 
Ife: ' ,'" 

SYMBOL PARAMETER MIN. MAX. UNIT TEste 

tCY Clock Period 320 1350 ns Notes~ '"'' 

ttl> Clock High Pulse Width 140 tCY-90 ns o {}>4"t,(; 
ii, II..S 

~ Clock Low Pulse Width 90 ns ,,~ (Jble 

tR, tF Clock Rise and Fall Time 5 20 ns 

tOTx TxD Delay from Falling Edge of TxC 1 Ils 

tsRx Rx Data Set-Up Time to Sampling Pulse 2 IlS 

tHRx Rx Data Hold Time to Sampling Pulse 2 IlS 

fTx Transmitter I nput Clock Frequency 

lx Baud Rate DC 64 kHz 
16x Baud Rat!! DC 310 kHz 
64x Baud Rate DC 615 kHz 

tTPW Transmitter Input Clock Pulse Width 

lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tTPO Transmitter Input Clock Pulse Delay 

lx Baud Rate 15 tCY 
16x and 64x Baud Rate 3 tCY 

fRx Receiver Input Clock Frequency 

lx Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 ' kHz 

tRPW Receiver Input Clock Pulse Width 

lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tRPO Receiver Input Clock Pulse Delay 

lx Baud Rate 15 tCY 
16x and 64x Baud Rate 3 tCY 

tTxROY TxRDY Pin Delay from Center of last Bit 8 tCY Note 7 

!TxROY CLEAR TxRDY J. from Leading Edge of WR 180 ns Note 7 

tRxROY RxRDY Pin Delay from Center of last Bit 24 tCY Note 7 

tRxROY CLEAR RxRDY J. from Leading Edge of RD 150 ns Note 7 

tiS Internal SYNDET Delay from Rising 
24 tCY Note 7 Edge of RxC 

tES External SYNDET Set-Up Time Before 
16 tCY Note 7 Falling Edge of RxC 

tTxEMPTY TxEMPTY Delay from Center of Last Bit 20 tCY Note 7 

twc Control Delay from Rising Edge of 8 tCY Note 7 
WRITE (TxEn, DTR, RTS) 

tCR Control to READ Set-Up Time (DSR, CTS) 20 tCY Note 7 

6, The TxC and RxC frequencies have the following limitations with respect to ClK. 
For 1x Baud Rate, fTx or fRx .. 1/(30 tCY) 
For 16x and 64x Baud Rate. fTx or fRx .. 1/(4.6 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 

CLOCK. 

Transmitter Clock & Data 

TXC(1xMODEI 

Tiii! ('.><MODEI 

TxOATA 

Receiver Clock & Data 

RxDATA 

RxC (Ix MODE) 

RxC (16 MODE) 

INT.SAMPL1NG 
PULSE 

IRx BAUD COUNTER STARTS HERE) 

Write Data Cycle (CPU -+ USART) 

TxROV ____ -.J 

8251A 

____ 1DO~N7~eA~R~E~_t=~~~~~--1DO~N7~eA~R~E~DATA IN (D.B.I 

ero _________ ~_+----_+--~------~---

Read Data Cycle (CPU +- USART) 

R_RDY ____ ---f 

~ ----------~ 
11'-----"'1 

DATA BIT 

DATAOUT(D,B.) ----.E;~cE!!~~--+t~~~§~~~~lli~ 

em --------~-~-----~r_-L---
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Write Control or Output Port Cycle (CPU - USART) 

DTR.R"fs ---------------~J(r------

INOTE ='1 ===================--,--I-"-WWWW--/-I--\t--_,-W_C~~:_ -_ -_ -_ -:_ -_ -_ -_-_ 
Vir 'L-Ji 

1_ltDW-::!tWD 

DATA IN (D.B.) ----------:-t=t==!j--------
1- 'AW --!'WA 

CID ________ Jii 1-.,'-__________ _ 

________ ~I- 'AW ~l;:'~W~A _____ _ 
CS ~"_~ ___ Jl 

Read Control or Input Port (CPU +- USART) 

DSR.CTS ----~~r------------------
INOTE #21 ____ ->A 

iid __ ---'-I,_'c __ R =t= 'RR =1,----------
-+I r- 'RD - 1- 'OF 

DATA OUT -~--------_1~t=====!J------ID.B.I 

-I'AR - ~ 'RA r--
CID ________ Jii ~ 

-JtAA- -tRA~ 
cs --------------i<--_______________ --'y--

NOTE #1: TWC INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 

NOTE #2: TCR INCLUDES THE EFFECT OF crs ON THE TxENBL CIRCUITRY, 

Transmitter Control & Flag Timing (ASVNC Mode) 

tTxEMPTY 

Tx EMPTY 

Tx R~:~~ ----1> 

CID 

TxDATA 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT" 7 81T CHARACTER WITH PARITY & 2 STOP BITS. 
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Receiver Control & Flag Timing (ASYNC Mode) 

FRAMING ERROR --------------------------------------------{--------i--i------:---------}-------ISTATUS8IT) 

O ... E7;.-~~~::~T~ -----------------;;:--::-=----------i~"'H~K'2 f'-------t--------+----t-c-------------+---------

-----------~~r---~~.'+---~.-~r__t----~--_t------
c/o --;rll.En' f-' '--
"'~----------rt----~-------HII-'VN-------~-+-----+----t-------------; ~ r------

II '-I ~ '.'0' 
M -------hi r--t---'---N1l>l 

Transmitter Control & Flag Timing (SYNC Mode) 

T~ READY 
15TATU581TI 

r"READY 
!PIN) 

tID 

----.. 

~,L--, 

_Ir-~ ',----< 

(\ 
w. DATA Wr DATA 

1 
t 

f 
WrDATA 
CHAR 3 

DATA s Jc\ 

~ 
1'----

r-' IL-l'--

Ir-

W,COMMANO 
SBRKI 

W,COMMA':;I 
\\ 

WrDATA WrOATA 
CHAR 4 SBRK T CHAR 5 

DATA SYNC ~ MARKING STATE CHAR 1 CHAR2 CHAR 1 SYNC CHAR 2 -¥\ CHAR 3 ~'!.T:~ MA~ STATE STATE STATE CHARS CHAR HC. 

1 .. DATA D' 2 3. 0'23. o. 234 G '21' 01234 0' 23. 

" '" '" , .. , .. 
EXAMPLE FORMAT ~ 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 

Receiver Control & Flag Timing (SYNC Mode) 

SYNDET 
(PININCTE=1 

SYNDET (S,BI 

OVERRUN 
ERROR (S,BI 

RxRDY(P1NI 

c/o ~~rEHI 
RxEnl 

----v 
DON'T 
CARE 

t,s_ -

SYNC SYNC DATA 
CHAR 1 CHAR 2 CHAR 1 

~ 
LOST 

(t;t ~ RdDATA Rd DATA Rd SYNC 
CHAR 1 CHAR 3 CHAR 1 

~ ~ hlr->---
DATA 

CHAR2 CHARJ CHA~ 1 SYNC CHAR 2 

• ,23' D 1 234 ... 
'" '" 

'UOTELJ 
'ES -'+ f-

IL--- t---< 
'~ 

~ 

r-
-- t-- r--< 

RdSTATUS ,-Rd:::~~S "-
RdOATA. 

I"\~ \dTA DATA \... 
Ir---

DON'T CARE CHAR 1 CHAR 2 ETC. 

RxDATA ... XXXO 1 2 3 0:0 12 3 4 ,,01234 ,,01234 .. ° ~1 x! 3 4 .. loX1 2 3 • .. 0 ~IX2 3 4 ..xxxxxxx x ° 1 ~IX3 • .. 012 " . 
I I I I I TT I I I I I I }-l-CHALs~.EGlNSI I I I I I 

JlJlfUlf 
L EXIT 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 

Jlf 
EXIT HUNT MODE J 

SET SYN OET (STATUS BIT) 

CHAR ASSY 
/BEGINS 

IW 1m hIt 
SET SYNDET !STATUS BITI' 
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PROGRAMMABLE INTERVAL TIMER 

• MCS_8S™ Compatible 82S3~S • Count Binary or BCD 

• 3 Independent 16·Blt Counters 
• Single + SV Supply 

• DC to 2 MHz 

• 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 

Vee 
iNA 

AD 07·DO~ 
ClK 0 

GATE 0 

D. C! 
OUTO 

03 A, 

0, A. 

0, ClK2 

OUT2 

GATE 2 
Rei 

elK 1 

OUTO ClK 1 READI 

GATE 0 GATE 1 

GND OUT 1 

WAITE GATE 1 

Ao lOGIC 
OUT 1 

A, 

CS 

PIN NAMES 
ClK 2 

CONTROL 
COUNTER WORD 

=2 GATE 2 
REGISTER 

0 , -°0 DATA BUS IS·Bln 
CLKN COUNTER CLOCK INPUTS 

OATEN COUNTER GATE INPUTS 
OUT2 

OUTN COUNTER OUTPUTS 

Ali READ COUNTER 

WR WRITE COMMAND OR DATA 

cS CHIP SELECT 
A·A· COUNTER SELECT 

"cc.. +5 VOLTS 

OND GROUND INTERNAL BUS / 

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 
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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/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under' software control. Instead of setting uptiming 
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 assignment 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. . 

• 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 cif INput or 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 data in the form of mode information or loading 
counters. 

1-42 

AO,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 A1 Ao 

0 1 0 0 () Lo.ad Counter No. 0 

0 1 0 0 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 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 

00745A 
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Control Word Register 
The Control Word Register is selected when AO, A 1 are 11. 
It then accepts information from the data bus· buffer and 
stores it in a register. The informatiori 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. c.Qunter can operate in either binary or BCD and its 
input, gate and output are configured by tl)e 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 1/0 ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A 1 connect to the AO, A 1 
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. . . 

Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 

ADDRESS BUS (161 

CONTROL BUS 

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 out 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 

M - MODE: 

M2 Ml MO 

a 0 a Mode a 

0 a 1 Mode 1 

X 1 a Mode 2 

X 1 1 Mode 3 

1 a 0 Mode 4 

1 a 1 Mode 5 

timing tasks it is assigned to accomplish. 'BCD: 

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 microcc;>mputer 
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. 
(AO, Al = 11) 

Control Word Format 

0, DO 

SC11 SCO RL1 RLal M21 M1 Ma BCD 

Definition of Control 

SC -Select Counter: 

SCl sca 
a a Select Counter a 

a 1 Select Counter 1 

1 a Select Counter 2 

1 1 Illegal 

RL - Read/Load: 

RLl RLO 

a 0 Counter latching operation (see 
READIWRITE Procedure Section) 

1 0 Read/Load most significant byte only. 

0 1 Read/Load least significant byte only. 

1 1 Read/Load least significant byte first, 
then most significant byte. 

a Binary Counter 16-bits 

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 ora 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 1 st 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 gate in· 
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 clo.ck. 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 syn.chronize 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.Simiiar 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 fail
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. 

Low 
Slalus 0, Going ~ Modes 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 
count!ng counting 

5 -- Initiates --
counting 

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

CLOCK 
'.", .. " .. ,.1. . I 

.Wlfn~ 
. i ' .. .. .. I . I 

4 3 2 1 0 
OUTPUT (INTERRUPT) ! .1 

In-4) I--\-n----l 
I" I , , 

WRm~ 
GATE . ,L......JI"'-+,---'-'-

. 5 4 3" '2" 1 "'0 . 

OUTPUT (INTERRUPT) 1m = 5) L-.,.,--,--"""'~' __ "";'+-__ -J. 

A 
A+B"'m 

MODE 1: Programmable One·Shot 

TRIGGER ~ 
4 3 2 1 

~L-~~~_r------OUTPUT 

TRIGGER~ 
4 3 2 4· 3 2 1 

OUTPUT -----,L-~.~~~~~~~r-----

MODE 2: Rate Generator 

CLOCK 

OUTPUT 

OUTPUT In • 3i 

RESET ~L __ ...Jr----

Figure 5. 8253 Timing Diagrams 

MODE 3: Square Wave Generator 

CLOCK 

OUTPUTln = 4) . 

'OUTPUT In '= 5j':' 

MODE 4: Software Triggered Strobe 

.1-46 

CLOCK 

4·' 3 2. 1 0 . 
OUTPUT. ~ 

. 'LOADn ~r---""'-"""---'-r-,.,..... 

. GATE L....J .. ---r---
4 4 3 0 

----~--~~~~~ OUTPUT 

MODE 5: Hardware Triggered Strobe' 

CLOCK 

.GATE . ..:.......-J .. -----

OUTPUT In - 4j' 
_'-'4~3~~2__"-;0 ~. ____ _ 

LJ-

GATE~ 
4343210 

OUTPUT In = 4) Wl"'----
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8253 READIWRITE 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 (lor 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, RL 1). 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, RL 1). 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 104 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, RL 1) are program
med. Then proceed with the restart operation. 

1-47 

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 

, 
Al AO 

No. 1 
MODE Control Word 

1 1 
Counter 0 

MODE Control Word 
1 1 

Counter 1 
No.2 

MODE Control Word 
1 1 

Counter 2 
No.3 

LSB 
Count Register Byte 

0 1 
Counter 1 

No.4 

Count Register Byte 
0 1 

MSB Counter 1 No.5 

LSB 
Count Register Byte 

1 0 
Counter 2 

No.6 

MSB 
Cou nt Reg ister Byte 

1 0 
Counter 2 

No. 7 

LSB 
Count Register Byte 

0 0 
Counter 0 

No.8 

MSB 
Count Register Byte 

0 0 
Counter 0 

No.9 

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 1/0 read operations of ·the selected 
counter. By controlling the AO. A 1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO. 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
contrOlling the Gate input or by externaUogic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first I/O 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. 

3MHz 
ClK ~ ~2 

B085 

Read Operation Chart 

A1 AO RD 

0 '0 0 Read Counter No. 0 
.. 
0 1 0 Read Counter No. 1 

1 0 0 Read Counter No. 2 

1 1 0 . Illegal 

Reading While Counting 
In order for the programmer to read 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 thefly".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 register is' 
available. 

MODE Register for Latching Count 

AO, A1 = 11 

SC1.SCO - specify counter to be latched. 

D5.D4 - 00 designates counter latching operation. 

X ~ don1cara 

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 effecl"on the counter's mode. 

·1.5MHz 
ClK 

8253-5 

Olf an 8085 clock output Is to drive an 8253·5 clock Input. It must be reduced to 2 MHz or less. 

Figure 8. MCs.8S™ Clock Intertace· 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ........ OOeto 700 e 
Storage Temperature . . . . . . . . . . . . .. -650 e to +1500 e 
Voltage On Any Pin 

With Respectto Ground .............. -0.5 V to +7 V 
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 (TA = o°c to 70°C; Vee = 5V ±5%) 

SYMBOL PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

IlL Input Load Current 

IOFL Output Float Lea kage 

lee Vee Supply Current 

Note 1: 8253, IOL = 1.6 rnA; 8253-5, IOL = 2.2 rnA. 
Note 2: 8253, IOH = -150 /lA; 8253-5, IOH = -400 /lA. 

CAPACITANCE TA = 25°C; Vee = GND = ov 

Symbol Parameter Min. 

CIN I nput Capacitance 

CliO I/O Capacitance 

MIN. 

-0.5 

2.2 

2.4 

Typ. Max. 

10 

20 

1-49 

MAX. UNITS TEST CONDITIONS 

0.8 V 

Vee+·5V V 

0.45 V Note 1 

V Note 2 

±10 /lA VIN = Vee to OV 

±10 /lA VOUT = Vee to OV 

140 rnA 

Unit Test Conditions 

pF fc = 1 MHz 

pF Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS TA = o°c to 70°C;Vcc = 5.0V ±5%; GND = OV. 

BusParameters.(Note 1) 

Read Cycle: 

8253. 

SYMBOL PARAMETER MIN. MAX. 

tAR Address Stable Before READ 50 

tRA Address Hold Time for READ 5 

tRR READ Pulse Width 400 

tRD. Data Delay From R EAD[2] 300 

tD.F READ to Data Floating 25 125 

tRV Recovery Time Between READ 
1 

."' .. and Any Other Control Signal 

Write Cycle: 

8253 

SYMBOL PARAMETER MIN. MAX. 

tAW. Address Stable Before WR ITE 50 

tWA Address Hold Time for WR ITE 30 

tww WR ITE Pulse Width 400 

tDW Data Set Up Time for WR ITE 300 

tWD Data Hold Time for WR ITE 40 

~v Recovery Time Between WRITE 
, 1 

and Any Other Control Signal 
.. 

Notes: 1. AC timings measured at VOH = 2.2, VOL = 0.8 
2. Test Conditions: 8253, CL = 100pF; 8253-5: CL = 150pF. 

Write Timing: Read Timing: 

Ao-1. cs __ J.,. _________ --1~c'----

DATA BUS __________ -J.~+_--~--~~-

Input Waveforms for A.C. Tests: 

8253-5 

MIN. MAX. 

30 

5 

300 

200 

25 100 

1 

8253-5 

MIN. MAX. 

30 

30 

300 

'250 

30 

1 

2.4----,X 
'0 •• 

2
8 > • _ TEST POINTS 

0.45 ---.I <::x __ _ 
1-50 

UNIT 

ns 

ns 

ns 

ns 

ns 

/.IS ; 

UNIT 

. ns 

ns 

ns 

ns 

ns 

/-Is 

~ 
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Clock and Gate Timing: 

8253 8253-5 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT 

tCLK Clock Period 380 de 380 " de ns 

tPWH High Pulse Width 230 230 ns 

tPWL Low Pulse Width 150 150 ns 

tGW Gate Width High 150 150 ns 

tGL Gate Width Low 100 100 ns 

tGS Gate Set Up Time to CLKt 100 100 ns 

tGH Gate Hold Time After CLKt 50 50 ns 

too Output Delay From CLK.j.(l) 400 400 ns 

tODG Output Delay From Gate~(l) 300 300 ns 

Note 1: Test Conditions: 8253: CL = 1 OOpF;" 8253-5: CL= 150pF. 

eLK 
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PROGRAMMABLE PERIPHERAL INTERFACE 

• MCS.85 ™ Compatible 8255A·5 

• 24 Programmable 1/0 Pins 

• Direct Bit SetlReset Capability Easing 
Control Application Interface 

• Completely TTL Compatible' 

• Fully Compatible with Intel® Micro· 
processor Families 

Ii Improved Timing Characteristics 

• 40·Pin Dual In· Line Package 

• Reduce~ System Package Count 

• Improved DC Driving Capability 

The Intel'" 8255A is a general purpose programmable 1/0 device designed for use with Intel'" microprocessors. It has 
241/0 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 121/0 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 liries, bOrrowing one from the other group, for handshaking. . 

PIN CONFIGURATION 8255A BLOCK DIAGRAM 

{ _'W 
I'OWtR 

~lIF11'~"!; _1;~ll 

OATil 

JI.fl" lUIS 

PIN NAMES '10 
'8'-"0 

0,-00 DATA BUS IBI·DIRECTIDNALI 
RESET RESET INPUT 
C! CHIP SELECT 
AD READ INPUT 
Wii WRITE INPUT 
AD,A1 PORT ADDRESS 
PA7·PM PORTAIBITI 
PBHBO PORTBIBITI 
PC7.f'CO PORTCIBITI 

Vee +5 VOLTS 
GND 'VOLTS 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIEO IN AN INTEL PROOUCT, NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED, 
© INTEL CORPORATION, 1979' 
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8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A Is a programmable peripheral. interface (PPI) 
device designed for use In IntelC!> microcomputer 
systems. Its function is that of a general purpose 1/0 
component to Interface peripheral equipment to the 
microcomputer system bus. The functional configura· 
tlon 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 .bldlrectlonaI8·blt 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. 

ReadlWrlte 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 Can· 
trol busses and in turn, issues commands to both of the 
Contra I Grou ps. 

(CS) 

Chip Select. A "low" on this input pin enables the com· 
munlctlon 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. 

(Ao and A1) 

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 (Ao and Al ). 

8255A BASIC OPERATION 
A1 AO 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 DATA BUS- PORT A 
0 1 1 0 0 DATABUS-PORTB 
1 0 1 0 0 DATA BUS- PORT C 
1 1 1 0 0 DATA BUS - CONTROL 

DISABLE FUNCTION 

X X X X 1 DATA BUS- 3-STATE 
1 1 0 1 0 I LLEGAL CONDITION 

X X 1 1 0 DATA BUS - 3-STATE 

Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control 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 G~oup 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 Clower (C3-CO) 

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

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

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. 

1-54 

Port C_ One 8-bit data output latch/buffer and one 8-blt 
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 
forthe control signal outputs and status signal inputs in 
conjunction with, ports A and B. 

PIN CONFIGURATION 

PIN NAMES 

:~~:~ : .~w,~~~~~.~~~ 

~J~i~'2~=] 
P87·P80 I PORT B (BIT) 

PC1.PCO PORT C IBIT! . , 
f-~"-~!~-._ ... 
~ ____ "~~!~ ___ . _._."-------- ... 
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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' "'" Strobed Input/Output 
Mode 2 - Bi·Directional Bus 

When the resei input goes "high" all ports will be set to 
the,lnput mode (Le., all 24 lines will be in the high im· 
pedance state). After theres,et 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. 
Llllt::. 

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 I/O 
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" 
to monitor a keyboard or tape reader 'on an interrupt·driven 
basis. 

ADDRESS BUS 

CONTROL BUS 

MODEO 

MODE1; B 
C 

A T 

~O t tt t 1 tt 1 ~o 
rs7'PSo CONTROL CONTROL· PA7·PA" 

OR I/O OR I/O 

MODE 2 --f B, 9 A r 
~O t t 11 r f r f ' $1-DIRECTioNAL 

PB7·PBo I/O . , , 
PA7"PAa 

CONTROL 

CONTROL WORD 

1 07 1 D. D. 1 04 1 031 O2 I 0, I Do 1 

LJ 

/ GROUPB \ 
PORT C (LOWER) 

'-- , .. INPUT 
.. , 0= OUTPUT 

PORTB 
1-INPUT 
O-OUTPUT 

MODE SELECTION 
0= MODE 0 
1 = MODE 1 

/' GROUP A \ 
PORT C (UPPER) 
., -INPUT 
0= OUTPUT 

PORTA 
1-INPUT 
0- OUTPUT 

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 (Irst but after ~ cursory review of 
the complete device operation a simple, logical 1/0 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 
fimctiqnal flexibility to support ,almost any ,peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 

Single Bit SeUResetFeature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 

Figure 3. Basic Mode Definitions and Bus Interface requirements in Control·based applications. 
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CONTROL WORO 

Figure 5. Bit Set/Reset Format 

Operating Modes 

BIT SET/RESET 
1 =SET 

, 0- RESET 

BIT SELECT 
01234567 

0101010180 
001100118, 
00001111B 

BIT SETIRESET FLAG 
O-ACTIVE 

MODE 0 (Basic Input/Output). This functional configura· 
tion provides simple input and output operations for 
each of the three ports. No "handshaking" is required, 
data is simply written to or read from a specified port. 

.'.l f\ 
~tIR_ 

INPUT 

,""==-'AR~ 

CS,A1,AO 

----------r( 

MODE 0 (Basic Input) 

~ ,-

'AW 

CS,A1,AO 

OUTPUT 

MODE 0 (Basic Output) 

'RD 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the BitSet/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 ani provided that can be used as 
interrupt request inputs to the CPU, The interrupt reo 
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 I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

INTE flip·flop definition: 

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

Note: All Mask flip·flops are automatically' reset during 
mode selection and device Reset . 

. , . .," 

Mode 0 Basic Functional Definitions: 

• Two 8·bit ports and two 4·bit ports. 
• Any port can be input or output, 
• Outputs are latched, 
• Inputs are not latched, 
• ,16 different input/Output configurations are possible 

in this Mode, 

'RR . 
7 ?-
~,'HR-I 

-tRA~I. 

---. 'Df 0 

'wW 

7 '--

r--- tDW 'wD--I 

twA 
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MODE 0 Port Definition 

A B GROUP A GROUPB 

PORTC PORTC 
04 03 01 DO PORTA 

(UPPER) 
# PORTB 

(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 0 0' 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 11 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 'INPUT INPUT 

MODE 0 Configurations 

CONTROL WORD #0 CONTROL WORD #2 

0, D. D, D, D~ D2 D, Do D7 D. Ds D, D3 D2 D, Do 

I, I 0 I 0 10 I 0 I 0 I o I 0 I I , I 0 I 0 I 0 I 0 I 0 I , I 0 I 
A 

a PA7,PAo A 
a 

P~-PAo 

8255A 8255A 

4 PC,.PC4 
4 

PC,-PC, 

c{ c{ °7.00 . 0,.°0 . 

4 4 pe3-peU pe3-peO 

a 
a 

P~'PBo a 
a pa7-pBo 

, . 
CONTROL WORD #1 CONTROL WORD #3 

D7 D. Ds D, D3 D2 ,D, Do D7 D. Ds D, D3 D2 D, Do 

I , I 0 I 0 I 0 I 0 I 0 I o I, I I , I 0 I 0 I 0 I 0 I 0 I ,,1, I 
A 

a 
P~-PAo A 

8 
P~-PAo 

8255A 8255A 

4 
PC,-pc, 

4 
PC7·PC4 

c{ c{ °7-00 0,-°0 I . 
4 pc3·pc. 4 

pc,,·PCo 

a· 
a 

p~·pBo a 
8 

p~·pBo 
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CONTROL WORD #4 CONTROL WORD #8 

0, D. D. D_ D, D2 D, DO D, D. DS D_ D, O2 0, D. 

I 1 I 0 I 0 I 0 I 1 I 0 I 01 0 I ,I, I 0 1 0 I 1 I o I o I 01 0 1 

A 
8 

PA"PAg . ,8 
A , PA"PAg 

8265A 8255A 

• pc',pc_ 

C{ 

4 
PC7·PC4 

C{ 
D7.[)O • . D7~DO . 

4 pe3,PeO " 
4 

pel,peO 

a 8 
PB"PBg a 8 pB"pa. 

" " 

-
CONTROL WORD #5 CONTROL WORD #9 

D, D. D. D_ D, O2 D, D. 0, D. D. D_ D, D2 D, D. 

I 1 I 0 I 0 I 0 I 1 I 0 I 0 
1'1 

' .- I 1 I 0 I 0 I 1 I 0 I 0 I 0 I 1 
1 

A 
8 

PA"PAg A 
,8 

PA"PAg i 

8255A 8255A 
4 pc',pc_ 4 

PC7·PC4 c{ c{ o"Do • . °7,00 I 

4 pc'-PCo . ,4 
pel'PCa i 

a 8 
~'PBg a 8 

PB"PBg 

, 

CONTROL WORD #8 CONTROL WORD #10 

D, D. D. D_ O, D2 D, D. ' D, D. Ds D_ D, D2 D, D. 

I 1 I '0 I 0 I 0 I 1 I 0 I 1 I 01 1 
1 I 0 I 0 I 1 I 0 I 0 I 1 I 0 I 

8 
PA"PAg A 

8 
A PA7,PAo 

• 8255A 8255A 
4 pc"pc_ 

4 
PC7,PC4 

.'°7:°0 .' 
. " 

C{ '°7,00 c{ 
.- • 4 

PC,'PC, PC"PC • 

B 
8 

PB7-PSO B . ,8 
PB"PBg I 

" ' 

" 

CONTROL WOnD #7 CONTROL WORD #1' 

0, O. D. D_ D, D "0 .2.. 1 Do D, D. D. D_ 03 . O2 0, Do 

I 1 I 0 I 0 I 0 I 1 I 0,1 1: 1' :1 
: I 1 I 0 I o I 1 I 0 I 0 I 1 1' ,1 ,,, . ~ ," _ .. J' •• 

"'. 

" A 
8 

PA"PAg A 
8 

PA"PAg 

8255;' 8255A 
4 

pC"PC_ " " 4 
Pc,'PC. c{ , c{ °7,00 

:\ °7,00 
" 

4 
PC"PC. 

4 
Pe3·pea 

," a 8 
PB"PBg B 

8 
PB"PB. 

" 
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CONTROL WORD ~12 

A 0 ' . 
I PA7·PAa 

8255A 

c{ 0 I " 
0 . 

• 

pc,.pc. 

pe3·pea 

B 
8 

PB7·PSa 

CONTROL WORD #13 

, 
8 

A 

8255A 

• 
0 . c{ • 

8 
B 

Operating Modes 

MODE 1 (Strobed Input/Output). This functional con
figuration provides a means for transferring 110 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 

CONTROL WORD .:t14 

A I 
,8 

PA7·PAa 

8255A 

c{ 
I ' . PC7·PC4 

°7.0 0 0 

pel,peU 

B 0 
,8 

PB7·PBa I 

A • 
8255A 

• . . c{ • 

B 
8 

PB,'pBo 

Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 
• Each group contains one a-bit data port and one 4-bit 

control/data port. 
• The a-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 

a-bit data port_ 
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Input Control Signal Definition 

SlB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F) 

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. 

INlE A 

Controlled by bit set/reset cif PC 4. 

INlEB 

Controlled by bit set/reset of PC2. 

-..,.--
" 
-tSIB -' I 

IBF 

tSIT -----
INTR 

" 

Ali 

, i--"H~I 

MODE 1 (PORT A) 

CONTROL WORD 

07 06 05 04 0 3 02 0, 00 

I, 1 0 I, I, 11Io@<M 
, L ~·I~PUT 

0= OUTPUT 

MODE' IPORT BJ 

P.,.PB, 8 ' 
CONTROL WORD 

07 0 6 05 04 03 02 0, 00 

1'm>@'I'W 

Ali 

Figure 6. MODE 1 Input 

\ 1_.R1.--oo,,> 

"7 / 
/ f\ ' 

INPUT FROM 
PERIPHERAL --- ---------------------

I, 'ps . 

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

OBF (Output Buller Full F/F). The OBF output will go 
"low" to indicate that the CPU has written data out to 
the specified port. The OBF F/F will be set by the rising 
edge of the WR input and reset by ACK Input being low. 

ACK (Acknowledge Input). A "low" on this input informs 
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 
the CPU. 

,INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has ac· 
cepted data transmitted by the CPU. INTR is set when 
ACK is a "one", OBF is a "one" and INTE is a "one". It is 
reset by the falling edge of WR. 

INTR 

OUTPUT 

INTEA 

Controlled by bit set/reset of PC 6. 

INTE B 

Controlled by bit set/reset of PC 2. 

Figure 9. Mode 1 (Strobed Output) 

CONTROL WORD 

WR-

CONTROL WORD 

07 0 6 05 04 D3 D2 0, Do 

1·@<l%]·JoM 

Figure 8. MODE 1 Output 

1·61 

MODE. (PORT A) 

r-- , 
I INTE I 
I A I __ J 

PA,.PA" 8 

MODE. (PORT B) 

pe.,·pBo 8 

INTRa 
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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 I/O 
applications, 

PA"PAa 

pc. STBA 

PC,; IBFA 

PC, INTRA 

2 

PA,·PA. B 

pc." --f- 1/0 .i/o 

PC, 

PC2 -ACKa 

PORT A _. (STROBED INPUT! 
PORT .B.- (STROBED OUTPUT) 

Figure 10. Combinations of MODE 1 

Operating Modes 

INTRa 

MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means.for communicating with 
a peripheral device or structure on a single B·bit bus for 
both transmitting and receiving data (bidirectional bus 
I/O)~ "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 B-bit, bi-directional bus Port (Port A) and a 5-bit 

control Port· (Port C). 
• Both inputs ~nd "utputs are latched. 
• The 5-bit control port (Port C) is used for control 

and status for the B·bit, bi-directional bus port (Port 
A). 

Bidirectional Bus 1/0 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. 

Output Operations 

PORT A - (STROBED OUTPUT) 
PORT B- (STROBED INPUT) 

1BFa 

INTRa 

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). bon· 
trolled by bit set/reset of PCs. 

Input Operations 

STBJStrobe Input) 

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

IBF (Input Buffer Full F/F). A "high" on this output in
dicates that data has been loaded Into the Input latch. 

INTE 2 (The INTE Flip-Flop Associated with IBF). Can· 
trolled by bit set/reset of PC4• 
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CONTROL WORD 

PC24 
1 -INPUT 
O-OUTPUT 

'----PORTB 
1 -INPUT 
O-OUTPUT 

'-----. GROUP B MODE 
0= MODE 0 
1 -MODE 1 

Figure 11. MODE Control Word 

INTR 

IBF 

DATA FROM A CPU TO 8255A 

'--<r-''--J 

WR-

Figure 12. MODE 2 

, 

i 
-tAK -

I---+INTR. 

Pc., 1---+ OBF. 

PC&-ACKA 

pC.I----IBF. 

. 3 

PC2~~I/O 

\ 

PERI:~~RAL _-_-_-_-__ -_-_-_-_-_-__ .f-_______ -_...;,..tP_H.:..-_ .... __ :=:=======~_-... - - ---t~,~ 
DATA FROM 

PERIPHERAL TO 8255A 

Figure 13. MODE 2 (Bidirectional) 

NOTE: Any sequence where WR occurs before ACK and STBoccurs before RD is permissible. 
(lNTR = IBF • MASK' STB • RD + OBF • MASK' ACK • WR ) 

1·63 

DATA FROM 
825sA TO 8080 
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MODE 2 AND MODE 0 !INPUT) 

~---INTRA 

PC, 1---- OBFA 

CONTROL WORD PCS-ACKA 

07 0 6 05 04 03 02 0, DO 

I, I, @¢<1 ° I JOI 
PC2.{1 PC, 1---- IBFA 
, = INPUT 
o -OUTPUT 

3 
PC,~ ---f--- I/O 

00_ 

Wii-----ct 

MODE 2 AND MODE 1 (OUTPUT) 

PC, OBFA 

CONTROL WORD 
PC, .ACKA 

07 0 6 Os 04 03 02 0, DO 

l'I'C><J><M,lolXl PC, STBA 

PC, IBFA 

Po,·PB. 

PC, OBFB 

RD-~_~ PC, ACKa 

pc. INTRa 

Figure 14. MODE 2 Combinations 

1-64 

MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD. 

0 7 0 6 05 D4 03 02 0, DO 

I, I, m><J ° I O:II 
. PC2~ 

1"INPUT 
0" OUTPUT 

RD-

WR_ 

PC, 

PA,.P"" 

PC, 

pc. 

PC, 

PC, 

PC,~ 

c 
Po,.PB. 

C 

~ 

-
-

3 

--I-- I/O 

• -> 
" 

MODE 2 AND MODE 1 (INPUT) 

PC, I----INTRA 

PC, OBF~ 

CONTROL WORD 
pc. ACKA 

PC, ST"A 

pc, IBFA 

po,.P". 

PC, 1---_ IBFB 

pc. 1---- INTRB 

00744A 
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Mode Definition. Summary 

MODE 0 MODE' MODE 2 
IN OUT IN 

PAO IN OUT IN 
PAl IN OUT IN 
PA2 IN OUT IN 
PA3 IN OUT IN 
PA.J IN OUT IN 
PA5 IN OUT IN 
PAS IN OUT IN 
PA7 IN OUT IN 

PBO IN OUT IN 
PB, IN OUT IN 
PB2 IN OUT IN 
PB3 IN OUT IN 
PB4 IN OUT IN 
PB5 IN OUT IN 
PBS IN OUT IN 
PBT IN OUT IN 

PCo IN OUT INTRB 
PC, IN OUT IBFB 
PC2 IN OUT STBB 
PC3 IN OUT INTRA 
PC4 IN OUT STBA 
PC5 IN OUT IBFA 
PCS IN OUT I/O 
PC7 IN OUT I/O 

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 ProgrammEld as Inputs-
All input lines can be accessed during a normal Port C 
read. 

If Programmed as Outputs -
Bits in C upper (PCrPC41 must be individually accessed 
using the bit set/reset function. 

Bits in Clower (PC3·PCol 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 Band C can source 1 rnA 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 

I n 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 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 

INTRB 
OBFB 
ACKB 
INTRA 

1/0 

I/O 
ACKA 
OOFA 

GROUP A ONLY .. ~ .. .. .. ~ .. ... .. .. .. ~ .. ... .. ~ 

--
--
--
--
--
--
--
--

I/O 
I/O 
I/O 

INTRA 
STBA 
IBFA 

ACKA 
OBFA 

MODEO 
OR MODE' 
ONLY 

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 

OUTPUT CONFIGURATION 

Figure 15. MODE 1 Status Word Format 

~ ~ ~ ~ ~ ~ ~ ~ 

I W A liNTEl IIBFA I INTE, I INTRA IXIXI><I 
, ,,' 

I I 
GROUP A ________ GROUP B 

(DEFINED BY MODE 0 OR MODE 1 SELECTION) 

Figure 16, MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 

The 8255A is a very powerful tool for Interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and Is flex
ible enough to Interface almost any 110 device without 
the need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the 110 service routine and 
becomes an extension of the system software. By ex
!lmlfllng the 110 devices interface characteristics for 
both data transfer and timing, and matching this infor
mation to the examples and tables in the detailed opera
tional description, a control word can easily be devel
oped to initialize the 8255A to exactly "fit" the applica
tion. Figures 17 through 23 present a few examples of 
typical applications of the 8255A. 

INTERRUPT 
REQUEST 

IP~ PA, 

PA, 

PA, 

PA, 

MODEl 
PAs 

IOUTPUT) PAs 

PA, 

pc, 
PC. 

PCs 

PC, 

8255A 

PB. 

PB, 

PB, 

PB. 

PB, 

MODE, PBs 
IOUTPUT) 

PBs 

PB, 

PC, 

PC, ACK 

PC. 

CONTROL LOGIC AND DRIVERS 
INTERRUPT 

REQUEST 

Figure 17_ Printer Interface 

HIGH-SPEED 
PRINTER 

HAMMER 
.RELAYS 
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INTERRUPT 
REQU EST I 

PC. 

8255A 

MODEl 
!INPUT) 

MODE, 
IOUTPUT) 

PC. 

UPT~ INTERR 
REQUEST 

P~ 

PA, 

PA, 

PAl 

PA, 

PAs 

PAs 

PA, 

PC4 
Pc. 

CPB. 

PB, 

PB, 

PB. 

PB, 

PBs 

PBs 

PB, 

PC, 

PC, 

PC. 

~C7 

R. 

R, 

R, FULLY 

R. 
DECODED 

KEYBOARD 
R, 

R. 

SHIFT 

CDNTROL 

STROBE 

ACK 

B. 

·B, 

B, 
BURROUGHS 
SELF·SCAN 

B. DISPLAY 

B, 

a" 
BACKSPACE 

CLEAR 

DATA READY 

ACK· 

BLANKING 

CANCEL WORD 

Figure 18_ Keyboard and Display Interface 
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Figure 20. Digital to Analog, Analog to Digital Figure 22. Basic Floppy Disc Interface 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias: ......... O°C to 70°C 
Storage Temperature .............. _65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ............ -0.5V to +7V . 
Power Dissipation ................... ~ .... 1 Watt 

D.C. CHARACTERISTICS 
TA =o°c to 70°C, Vee = +5V ±5%; GND.= OV 

SYMBOL PARAMETER MIN. 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL (DB) Output Low Voltage (Data Bus) 

VOL(PER) Output Low Voltage (Peripheral Port) 

VOH(DB) Output High Voltage (Data Bus) 2.4 

VOH(PER) Output High Voltage (peripheral Port) 2.4 

IOAR!ll Darlington Drive Current -1.0 

lee Power Supply Current 

IlL Input Lpad Current 

IOFL Output Float Leakage 

Note 1: Available on any 8 pins from Port Band e. 

CAPACITANCE 
TA = 25°C; Vee = GND = OV' 

SYMBOL PARAMETER MIN. TYP. 

CIN Input Capacitance 

CliO I/O Capacitance 

*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. . 

MAX. UNIT TEST CONDITIONS 

0.8 V 

Vee V 

0.45 V IOL = 2:5mA 

0.45 V IOL = 1.7mA 

V IOH = -400J,lA 

V IOH = -200J,lA 

-4.0 mA R EXT = 750n; VEXT= 1.5V 

120 mA· 

±10 J,lA VIN = Vee to OV 

±10 /lA VOUT = Vee to OV 

MAX. UNIT . TEST CONDITIONS 

10 pF fc = lMHz 

20 pF Unmeasured pins returned to GN D 

~:O:~ ~ .. T=-='~VEXT' 
·I 100pF 

'VEXT Is set .al various voltages during testing to guarantee the specification. 

FIgure 24. Test Load CircuIt (for dB) 

1·68 00744A 



A.C. CHARACTERISTICS 

TA = o°c to 70°C; Vcc = +5V ±5%; GND = OV 

Bus Parameters 
Read: 

Write: 

Other Timings: 

8255A18255A·5 

Notes: 1. Test Conditions: 8255A: CL = 100pF; 8255A·5: CL = 150pF. 
2. Period of Reset pulse must be at least 50l's during or after power on. 

Subsequent Reset pulse can be 500 ns min. 
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Figure 25. Input Waveforms for A.C. Tests 
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Figure 28. MODE 1 (Strobed Inut) 

, 
1\ 

\ 

\ 
INTR ~ 

I--'WIT-

OUTPUT 
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INTR 

-tAK ----.................... ----------~~------------~r_ /fr----~----------

-tST ______ 

..... ------------------~ ~---+--~----~-----------------

IBF 

PERI:~~RAL _________ _ 

DATA FROM 
PERIPHERAL TO 8255 

Figure 30. MODE 2 (Bidirectional) 

NOTE: Any sequence where WR occurs before ACK and STB occurs before R D is permissible. 
(lNTR = IBF· MASK· STB • RD + OBF • MASK' ACK' WR) 
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PROGRAMMABLE DMA CONTROLLER 

• MCS~85TM Compatible 8257·5 • Terminal Count and Modulo 128 

• 4·Channel DMA Controller 
Outputs 

• Single TTL Clock 
• Priority DMA Request Logic • Single + 5V Supply 

• Channel Inhibit Logic • Auto Load Mode 

The Intell!> 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 Intell!> 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 DMAcycle 
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. 
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FUNCTIONAL DESCRIPTION 

General 
The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a singie Intellfj), 
8212 1/0 port device; provides ,acolT!plete four-channel 
DMA controller for use in Intele microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up tei 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 pei'ipherlil, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requestingperipheral"which is 
connected to the highest priority channel. 

3. Outputs the I,east significant eight bits of the memory 
: address onto system 'address lines Ao-A7, outputs 

, the most significant eight bits of the memory address 
to ~he 8212 1/0 port via the ,data bus (the 8212 
places these address bits on lines As·A l s!, alld ' 

4.,: Generates the appropriate' memory and I/O 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 825'1 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 trans,fer a block of data 
to/from a high speed peripheral (e.g., a sector of dataon a 
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 thlit the operation is complete. 

The 8257 ~ffers 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 I/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 orderto execute some verification 
procedure, s,uch as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify ~ycles 'might folloW a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired 'data. 

Block Diagram Description 
"Slit/IS!)$; 

. , 1.' DM~ Channels 'Ill!;}? t~ 
The 8257 provides four separate DMA channels (Ia 
CH-O to CH-3). Each channel includes two sixteen
registers: (1) a DMA address register, and (2) a termi
nal count register. Both registe.rs 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-bitsof 
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 low-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 Showing DMA 
Channels . , 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA ReqiJest (DROn) input and 
provides a DMA Acknowledge (DACKn) output. 

(DRQ O-DRQ 3) 

DMA Request: These are individual asynchronous chim
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRO 0 has 
the highest priority and DRO 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,~he,acknowl· 
edge output Informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DAO'K output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (low) 
and i,nactive (high) once for each byte transferred even If 
a burst of data is being transferred. 

2. Data BUB Buffer 

This three-state, bi-dlrectional, 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 via the 
data, bus. r,hese 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, 
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3. ReadIWrlle 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/Wrlte Logic accepts the I/O 
Read (17OR) or I/O Write (17OW) signal, decodes the least 
significant four address .bits, (Ao-A:J}, and either writes 
the contents of the data bus into the addressed register 
(If IIOW Is true) or places the contents of the addressed 
register onto the data bus (if I/OR Is true). 

During DMA cycles (i.e., when the 8257 is the bus 
"master"), the ReadlWrite 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 I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(l/OR) 

I/O Read: An active-Iow,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, IIOR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle: 

(l10W) 

1/0 Write: An active-low, bi-directional.three-state line. In 
the "slave" mode, itis an input which allows the contents 
ofthe data bus to be loaded into the 8-bit mode set register 
or the upperllower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode,l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(ClK) 

Clock Input: Generally from an Intell!> 8224 Clock Gen
erator device. (0/>2 nL) or Intell!> 8085A ClK output. 

(RESET) 

Reset: An'asynchronouslnput (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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(Ao-A3I 

Address Lines: These least significa 
are bi-directional. In' the "slave" mode 
which select one of the registers to 'IlL,. 
programmed. In the "master" mode, they are cf~ . So r 
which constitute the least significant four bits of the 16-l5'ft fJtq" 

memory address generated by the 8257. 

ChiP. Select: An active-low input which enables the I/.O 
Read or 1/0 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 
ReadlWrlte 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. 

(A4-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. 

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 Q212 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 ofthe 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 
iri. an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 
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tIr" /J., IC~ 
(TC) "ra!» C": 

(;l,,: 'J'i 
Terminal Count: This· output nofifi~~ 
selected peripheral that the present DMK' 
the last cycle for this data block. If the TC ST' , 
Mode Set register is set, the selected channel iI~" 
automatically disabled at the end of that DMA cycle. T~I! . S"'Il" 
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 curyent DMA cycle is the 128th cycle 
since the previous M~RK 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. 

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



825718257·5 

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: 

76543210 

~11[g Enabl" AUTOLOAD ' Enabl .. DMA Chlnnol 0 

Enabl .. ROTATING PRIORITY I Enablo. DMA Chlnnal3 

Enables TC STOP Enables DMA Channel 1 
Enablo, EXTENDED WRITE Enabl" DMA Chonnol 2 

The Mode Set register is normally programmed by the 
CPU after the DMA address reglster(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 (DROn) 
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 Rotatin'g 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. 

If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode,.Channel 0 has the highest priority and Channel 3 
has the lowest priority. Ifthe 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-O CH-1 CH-2 CH-3 
JUST SERVICED 

Priority:""""" Highest CH-1 CH-2 CH-3 CH-O 
Assignments t CH-2 CH-3 CH-O CH-1 

CH-3 CH-O CH-1 CH-2 
Lowest CH-O CH-1 CH-2 CH-3 

4'(1 
P" 

Note that rotating priority will , 
from monopolizing the DMA mOd{f;I4;»,1t$ 
cycles will service different channels ((I' 
channel is enabled and requesting service. iA 
overhead penalty associated with this mode, 0 ~ ~ 
tlon. All DMA operations began with Channel 0 init ' .. J'fJfq 

assigned to the highest priority for the first DMA cycle. fJ 

Extended Write Bit 5 

If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and IIOW 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 1/0 devices with 
different access times. 'II a device cannot be accessed 
within a specific amount of time it returns aUnot 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 IIOW 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 1/0 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.:'118 
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-programmedto 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 DMAcycles 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 2 during 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 
Chimnel 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 2 and 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 use~ 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 ofthe next channel 2 DMAcycleafterthe 
TC cycle. This will be the first D~A cycle of the new data 
block for Channel 2. The update flag Is cleared at the 
conclusion of thisDMA 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 ca'n 
be safely loaded 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. 

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 reg ister) 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 
termimil count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 

The u's'er Is cautioned against reading the TCstatus 
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 
HRC line or by disabling channels with a mode word 
before reading the TC status. 

_I PARAMETERS i-I PARAMETERS I 
FDA BLOCK 1 FOR BLOCK 3 

(CH 2) (CH 3) CHANNEL 2 UPDATE 
OCCURS HERE 

_I PARAMETERS ~ 
FOR BLOCK 3 

leH 3) CHANNEL 2 UPDATE 
OCCURS HERE 

I ETC -----

I/O WRITE 

~CK2 --------------------~ 

DRQZ ~ __________ rrnIUL __ 
~DATABLDCK'~I 

TC 

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 1e-: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 IIOR or IIOW 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-A1S (depending on the 
systems memory. 1/0 configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An 1/0 
Write input (eir 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 thatthe 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. Ao-Az. indicate the 
specific register to be .accessed. When 'accessing the' 
Mode Set or Status register. Ao-Az are 'all zero. When 
accessing a channel register bit Ao differentiates between 
the DMAaddress register (Ao = 0) and the terminal count 
register (Ao == 1). while ~its AI and Az specify one of the 

8257 Register Selection 

CONTROL INPUT CS 
Program Hall 01 a 0 
Channel Regl.ter 

Read Hall 01 a 0 
Channel Regl.ter 

Program Mode Set 0 0 ' 1 ' 
Regl.ter 

Read Statu. Raglater 0 0 

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 flop 
determines whether ,the upper or lower byte ofthe register 
is to be accessed. The FILflip flop is reset by the RESET 
input and whenever tlie Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all . chimnel command instruction 
operations should occur in pairs. with the lower byte of a 
register always being accessed first. Do not allow CS.to 
clock while either IIOR or IIOW 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 problemis 
particularly obvious 'when other DMA channels are 
programmed by an interrupt structure. 

ADDRESS INPUTS 'BI-DIRECTIONAL DATA BUS 

REGISTER BYTE A3 A, A, Ao 
F/L 0, D. 0, 04 03 0, 0, Do 

CH-O DMA Addr ••• LSB 0 0 0 0 0 A, A. A, A4 ' A3 A, A, Ao 
MSB 0 0 0 0 1 A" A,. An All All AIO A. A, 

CH-O Terminal Count LSB 0 0 0 1 0 C, C. Cl C4 C3 C, C, Co 
MSa 0 0 0 1 1 Rd Wr Cn C12 CII CIO C. C, 

CH-1 DMA Addr ••• LSB 0 0 1 0 0 
Sam. al Chann.1 0 MSB 0 0 1 0 1 

I I I 
CH-1 Terminal Count LSB 0 0 1 1 0 

MSa 0 0 1 1 1 

CH-2 DMA Addre •• LSB 0 1 0 0 0 
Same a. Channel 0 

MSB 0 1 0 0 1 

I I I 
CH-2 Terminal Count LSB 0 1 0 1 0 

MSB 0 1 0 1 1 

CH-3 DMA Addr ••• LSB 0 1 1 0 0 
MSB " 1 1 0 1 

Same a8 Channel 0 

CH-3 Terminal Count LSB 0 1 1 1 0 
MSB 0 1 1 1 1 

MODE SET (Program only) - 1 0 0 0 0 AL TCS EW RP EN3 EN2. EN1 ENO 

STATUS (R.ad only) - 1 0 0 0 0 0 0 0 UP TC3 TC2 TC1 TCO 

'Ao-A'l: DMA Starting Address, Co-Cn: Terminal Count value (N-1), Rd and Wr: DMA Verily (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 

l 
., 

l .. oRon SAMPLE OROn LINES 
SET HRO If DROn = 1 

ORa. 

r---
lORan 

so 
~ SAMPLEHLDA 

SAMPLE OROn LINES 
RESOLVE DROn PRI~RITIES 

l HLDA· DROn 

" PRESENT AND LATCH -. UPPER ADDRESS 
PRESENT LOWER ADDRESS 

~ 
.2 

ACTIVATE REAO COMMAND 
ADVANCED WRITE COMMAND 

AND DACKn 

"~ -
53 READY' SW 

ACTIVATE WRITE COMMAND 
~ SAMPLE 

~ ACTIVATE MARK AND Te READY 
IF APPROPRIATE LINE 

l READY + VERIFY -rL-
54 RF.ADY 

RESET ENABLE FOR CHANNEL N IF 
Te STOP AND Te ARE ACTIVE. 

DEACTIVATE COMMANDS. -- DEACTIVATE DACKn, MARK AND Te. 
OROn· HLDA SAMPLE OROn AND HLOA. 

RESOLVE OROn PRIORITIES. 
RESET HAD IF HLOA = 0 OR ORO = o. 

l HLOA + oROn 

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 I/O device rais· 
ing the ORO line of one channel of the 8257. If the chan
nel is enabled, the 8257 will output a HRO to the CPU. 
The 8257 now waits untii a HLOA is received insuring 
that the system bus is free for its use. Once HLOA is 
received the DAeK line for the requesting channel is ac· 
tivated (LOW)."The OACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 

1·81 

4/" . 
read and write commands afilh~tEt: 
tween the selected I/O device a:rlti, " the 
transfer is complete, the OACK line is""sefHI 
HRO line is set LOW to Indicate to the cPtJt~i-\tt!e 'A 
is now free for use. ORO must remain HIGH J'nfllt q"rlil ..... 
is issued to be recognized and must go LOW befofl!s§lV': So ' 
of the transfer sequence to prevent another transf~r 'I,. 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If morethan one channel requests service simultaneous· 
Iy, 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 ORO 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 ORO Is stili" 
active. No extra cycles are needed to execute this se· 
quence and the HRO line remains active until all ORO 
lines go·LOW. 

Control Override 

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

Not Ready 

The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is ~ampled 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 I/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 I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
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 terminal count register will have a 
different "meaning: 
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BIT 15 BIT 14 

MEMRD IIORO 
READ WRITE 

0 0 MEMWn IIOWR 
8257 

IIORD MEMlW 0 1 
1I0WR MEMWli 1 0 

1 1 

Figura 7. System Interface for Memory Mapped 110 Figura 8. TC Register for Memory Mapped 1/0 Only 

SYSTEM APPLICATION EXAMPLES 

\ 

fr 
\ 

11 fr 
\ 

~J t; ~J 
DROO 

OACKO 

ORal 
8257 
AND DACK 1 

8212 DR02 

DACK2 

DR03 

DACK3 

OMA CONTROLLER 

Figure 9. Floppy Disk Controller (4 Drives) 
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Figure 10. Hlgh·Speed Communication Controller 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O°C to 700 C 
Storage Temperature .............. _65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ............ -0.5V to +7V 
Power Dissipation ....................... 1 Watt 

D.C. CHARACTERISTICS 
TA = o°c to 70°C, Vee = +5V ± 5%, GND = OV 

SYMBOL PARAMETER 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VoH Output High Voltage 

VHH HRQ Output High Voltage 

Icc Vee Current Drain 

IlL Input Leakage 

IOFL Output Leakage During Float 

CAPACITANCE 
TA = 25°C; Vee = GND = OV 

SYMBOL PARAMETER MIN. 

CIN Input capacitance 

CliO 1/0· capacitance 

~ 
11"'<1 "Ii': 

i)Jf.!t,., 
. 11(' /.' 

fllJl{s <I 

. Qrt~s. 
'COMMENT: Stresses above those listed under "Abso 
Ratings" may cause permanent damage to the device, This 
rating only alld functional operation of the device at these or any • Sf) 
conditions above those indicated In the operational sections of t '1;; .. 
specification is not implied. exposure to absolute maximum rating co·n' 
dltlons for extended periods may affect device reliability. 

MIN. MAX. UNIT TEST CONDITIONS 

-0.5 O.B Volts 

2.0 Vee+·5 Volts 

0.45 Volts IoL = 1.6 mA 

2.4 Vee Volts .IoH=-l50~ for AB. 
DB and AEN 
IOH =-BOIlA for others 

3.3 Vee Volts IOH = -BOllA 

120 mA 

±10 ~ VIN = Vee to OV 

±10 ~ VOUT = Vee to OV 

TYP. MAX. UNIT TEST CONDITIONS 

10 pF fc= 1MHz 

20 pF Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE 
TA = aoc to 7aoC. Vcc = 5.aV ±5%; GNO = av (Note 1). 

8080 Bus Parameters 
Read Cycle: 

8257 8257·5 

Symbol Parameter Min. Max. Min. Max. 

TAR Adr or CS,J. Setup to ROt a 0 

TRA Adr or cst Hold from ROt a 0 

TRO Data Access from RDl- a 300 0 200 

TOF DB .... Float Delay from ROt 20 150 20 100 

TRR RO Width 250 250 

Write Cycle: 

8257 8257-5 

Symbol Parameter Min. Max. Min. Max. 

TAW Adr Setup to WRl- 20 20 

TWA Adr Hold from WRt a 0 

Tow Data Setup to WRt 200 200 

Two Data Hold from WRt 0 0 

Tww WR Width 200 200 

Other Timing: 

8257 8257·5 

Symbol Parameter Min. Max. Min. Max. 

TRSTW Reset Pulse Width 300 300 

TRSTO Power Supplyt Nccl Setup to Reset,J. 500 500 

Tr Signal Rise Time 20 20 

Tf Signal Fall Time 20 20 

TRSTS Reset to First I/OWR 2 2 

In 

"t: 

Unit Test Conditions 

ns 

ns 

ns (Note 2) 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns, 

Unit Test Conditions 

ns 

fJS 

ns 

ns 

tCY 

Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "1" at 20V. "0" at 0.8V 
2. 8257: CL ~ , OOpF. 8257·5: CL = '5OpF. Output "'" at 2.0V. "0" at 0.8V 

8257 PERIPHERAL MODE TIMING DIAGRAMS 
Write Timing: 

AOORESSBUS ___ -J,~---------~~~,~------
DATA BUS 

------------'l~r_--+_--~,----

Reset Timing: 

RESET ______ .J 

Read Timing: 

ADDRESS BUS 
---J·~------~~--~t~----___ 

,: ========X :::;::: TEST POINTS::: ::: XI... ___ _ 
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A.C. CHARACTERISTICS: DMA (MASTER) MODE o 0 .' tJiJr. 
TA = 0 C to 70 C, Vee= + 

Timing Requirements 

8257 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. 

Tcy Cycle Time (Period) 0.320 4 0.320 4 jJS 

TO Clock Active (High) 120 ·8Tcy 80 .8Tcy ns 

Tas DROt5etup to 8~ (51,54) 120 30 ns 

Taw DRQ.I. Hold from HLDAt[4] 0 0 ns 

THS HLDAt or ~5etup to 8HSI, 54) 100 100 ns 

TRS READY Setup Time to 8t (S3; Sw) 30 30 ns 

TRH READY Hold Time from 8t (S3, Sw) 20 20 ns 

Note: 4. Tracking Para~eter. 

Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are slgnais 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, 

T A(MIN) + T B(MAX) S 150 ns 

and only minimum specifications exist for T A and T B. If. T A(MIN) Is used, and If T A and T B are tracking parameters, 
T B(MAX) can be taken as T B(MIN) + 50 ns. 

T A(MIN) + (T B(MIN)" + 50 ns) S 150 ns 

"if T A and T B are tracking parameters 
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A.C. CHARACTERISTICS: DMA (MASTER) MODE TA=o·e to 70·e, Vc!£*:5 =ov 
O>tl',c !'is,/ 

Timing Responses '''''4' Of 
ill'£> 

s"6' 

8257 8267·6 fa 
l'qq f; 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT'0<: 'SQ!},,, 

Too HRQt or +Delay from Ot(SI,54) 
(measured 'at 2.0V) (1) 

160 160 ns 

TOOl HRQt or +Delay from Ot(SI,54) 
(measured at 3.3V)13) 

250 250 ns 

TAEL AENt Delay from O+(S1)[1) 300 300 ns 

TAET AEN+ Delay from Ot(SI)ll) 200 200 ns 

TAEA Adr(AB)(Active) Delay from AENt(S1)14) 20 20 ns 

TFAAB Adr(AB)(Active) Delay from Ot(S1)12) .250 250 ns 

TAFAB Adr(AB)(Float) Delay from Ot(SI)12) 150 150 ns 

TASM Adr(AB)(Stable) Delay from Ot(Sl)12) 250 250 ns 

TAH Adr(AB)(Stable) Hold from Ot(Sl )12) TASM-50 .- TASM-50 ns 

TAHR Adr(AB)(Valid) Hold from Rdt(Sl,SI)141 60 60 ns 

TAHW. Adr(AB){Valid) Hold from Wrt(Sl,S1)14) 300 300 ns 

TFAOB Adr(DB)(Active) Delay from ot(Sl)[2] 300 300 ns 

TAFOB Adr(DB)(Float) Delay from ot(S2)[2] TSTT+20 250 TSTT+~O 170 ns 

TASS Adr(DB) Setup to AdrStb.j.(Sl·S2)[4) 100 100 ns 

TAliS Adr{DB){Valid) Hold from AdrStb.j.(S2)[4) 50 50 ns 

TSTL AdrStbt Delay from Ot(SlI[l) 200 200 ns 

TSTT AdrStb.j. Delay from Ot(S2)ll) 140 140 ns 

Tsw AdrStb Width (Sl·S2)14) Tcv-1OO Tcv- 1OO ns 

TASC Rd.j. or Wr(Ext)+ Delay from AdrStb+(S2)14) 70 .10 ns 

TOBC Rd.j. or Wr(Ext).j. Delay from Adr(DB) 20 20 ns 
(Float)(52)[4) 

TAK DACKt or .j.Delay from 0.j.(52,51) and 
TC/Markt Delay from Ot(S3) and 

250 250 ns 

TC/Mark.j. Delay from 0 t (S4)ll,5) 

TOCL Rd.j. or Wr(Ext).j. Delay from lit (52) and 200 200 ns 
Wr.j. Delay from Ot(53)12,6) 

TOCT Rdt Delay from OHS1,51) and 200 200 ns 
Wrt Delay from Ot(54)12,71 

TFAC Rd or Wr (Active) from 0 t (Sl )12) 300 300 ns 

TAFC Rd or Wr (Float) from Ot(51)12) 150 150 ns 

TRWM Rd Width (52·51 or 51)(4) 2Tcv+ To-5O 2Tcv+ To-50 ns 

TWWM Wr Width (53-54)( 4) Tcv-5O Tcv-5O ns 

TWWME Wr(Ext) Width (52.54)1 4) 2Tcv-5O 2Tcv-50 ns 

Notes: 1. Load = 1 TTL. 2. Load = 1 TTL + 5OpF. 3. Load = 1 TTt + IRL =; 3.3.K), VOH = 3.3V. 4. Tracking Parameter. 
5. ,IloTAK < 50 ns. 6. IloTOCL < 50 ns. 7. IloTOcT < 50 "5. . 

.. (." 
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DMA MODE WAVEFORMS 

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 

I I I I I 
CLOCK 

DROO-3 __ ~ __ ~r-____ ~~-+ ____ ~ ____ ~~ ______ ~ ____________ ~ __ +-__ -1r-________ ___ 

TDO 

HRO _____ " 

HLDA ____________ ....1, - \._----

AEN ______ ~ __ ~~--~ 

ADR 0-7 (LOWER ADR)- ____ -.lJ ..... --+--------------""'4lr--------------------""""'" 

DATAO·7IUPPERADR)- --

ADR 8TB ________ r' 

READY 

TC~ARK_ ----+-+--r----+-L~-+~----------------L-----~_r----~-----

NOTE: The ... ....torm II 
-_ ... ""lty. 
The 1257 requirtl only 
oneclodc input. 

81 I 81 so 81 82 83 I S4 I 
FItU"12. Consecutive Cycle. and Burat Mode Sequence 
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I 51 52 I 53 51 I 51- I SO I 51 I 52 

CLOCK 

DRQI).3 

HRQ 

HLDA 

TAU ----. 

AEN J \ 

Figura 13. Control Override Sequence 

so I 51 I 52 I 53 I WI I WI I 54 I 51 51 I 51 

CLOCK" 

DRQO-3 

-----
~ 

IIlnllIlIllil!l1l5 - ----

MN\VII/1il!WJI -----

READY i- TRO 

\ 
TC/MARK L ~ 

Figura 14. Not Ready Sequence 
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• MCS·86™ Compatible • Programmable Interrupt Modes 

• MCS·80185™ Compatible • Individual Request Mask Capability 

• Eight·Level Priority Controller • Single + 5V Supply (No Clocks) 

• Expandable to 64 Levels • 28·Pln Dual·ln·Line Package 

The Intell!> 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-pln 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-levelpriority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intell!> 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 

cs vee 
Viii Ao 
iiii INTA 

0, IR7 

06 IR6 

~ IRS 

D. IR4 

03 IR3 

0, IR2 

0, IRI 

Do IRO 

CAS 0 INT 

CAS 1 SP/EN 
GND CAS 2 

PIN NAMES 

0 1.0. DATA BUS (BI·DIRECTIONAL) 

RD READ INPUT 

WR WRITE INPUT 

A. COMMAND SELECT ADDRESS 

CS CHIP SELECT 

CAS2·CASO CASCADE LINES 

SJi/El'l SLAVE PROGRAM INPUT/ENABLE 

INT INTERRUPT OUTPUT 

INTA INTERRUPT ACKNOWLEDGE INPUT 

IRO-IR7 INTERRUPT REOUEST INPUTS 

RD 

WR 

DATA 
BUS 

BUFFER 

C5-----' 

CASO 

CAS 1 

CAS 2 

SP/Eiii----' 

BLOCK DIAGRAM 

INTJ\ 

CONTROL LOGIC 

~INTERNAl BUS 

'NT 

IRO 
IRI 
IR2 

L..--,..._.---IRl 

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, 1919' 1-90 
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INTERRUPTS IN MICROCOMPUTER· 
SYSTEMS 
Microcomputer system design requires that I/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.lncoming 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 I/O 
peripheral. A sel.ectlon 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 requireme 
be changed or reconfigured dy 
Ing the main program. This meamf 1tj~rGt~ 
interrupt structure can be defined as reqw~. 
the total system environment. 

CPU·DRIVEN 
MULTIPLEXOR 

CPU 
----

-o~ i" 

" 0 ...... ..... .ft. -'" RAM 
['<-0/ 110111 -V -v 

-'" .ft. -'" ROM 
~ 

110(2) -V -v 

. r--"", 
.ft. -",I I 

)\ 110 IN) 
~I I 

L __ ,;,..-I 
v 

Polled Method 

CPU INT 

RAM 

ROM 

Interrupt Method 
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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 thelSR 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 
VOH 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 (,.PM) of the 8259A. 

DATA BUS BUFFER 

This 3·state, bidirectional 8·bit buffer is used to inter· 
face the 8259A to the system Data Bus. Control words 
and status Information are transferred through the Data 
Bus Buffer. 

READIWRITE 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 (lSR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 

8259A Block Diagram 

8259A Block DI,agram 

A~ 
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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 directly to one of the ad
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
8259A's used in the system. The associated three 1/0 
pins (CASO-2) are outputs when the 8259A Is used as a 
master and are Inputs when the 8259A Is used as a 
slave. As a master, the 8259A sends the 10 of the Inter· 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send Its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a 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. One 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-blt Data Bus 
through Its 07-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to 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-blt address is reo 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL Instruction released 
by the 8259A. In the AEOI mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI 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 iN'fA 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 EOI command is issued at the end of the 
interrupt subroutine. 

1/10,· 
If no interrupt request is p~l!e 
sequence (i.e., the request was t8'Q'~ , 
8259A will issue an Interrupt level f:i:if,l~fV,t 
bytes and the CAS lines will look like an IIlt:elfuP.t 

·Olr was requested. '1&~? c 
to '''1." 

f.Q~ 101i 
II!/~ -SOIl; 

--------------------------------------~~ ~ 

1-93 

8259A Block Diagram 

lID iiII INT iN'i'A 

I 
INTERRUPT 
REQUESTS 

8259A Interlace to Standard System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MC8-8OI85 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 

0708 05 04 03 02 01 DO 

CALLCOOE LI_l ________ 0 ____ 9 ____________ 0 ____ 1~1 

During the second iNTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits As:"A7 are programmed, while Ao
A4 are automatically inserted by the 8259A. When Inter
yal = 8 only A6 andA7 are programmed, while Ao-As are 
automatically Inserted ... 

IR 
07 

7 A7 
6 A7 
S A7 
4 A7 
3 A7 
2 A7 
1 A7 
0 A7 

IR 
07 

7 A7 
6 A7 
S A7 
4 A7 
3 A7 
2 A7 
1 A7 
0 A7 

Content 0" Second Interrupt 
Vector Byte 

. Interval- 4 
08 05 D4 03 02 
A6 AS 1 1 1 
A6 AS 1 i 0 

A6 AS 1 0 1 
A6 AS 1 0 0 

A6 AS 0 1 1 
A6 AS 0 1 0 

A6 AS 0 0 1 
A6 AS 0 0 0 

Interval=' 
08 05 04 03 02 
A6 1 1 1 0 

A6 1 1 0 0 

A6 1 0 1 0 

A6 1 0 0 0 

A6 0 1 1 0 

A6 0 1 0 0 

A6 0 0 1 0 

A6 0 0 0 0 

01 DO 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

01 DO 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

During the third INTA puis 
appropriate service routine, wti 
byte 2 of the initialization sequ~ 
enabled onto the bus. "r~ £ '1"1 

(II; . 
gee: 

07 08 

A)S A14 

.Content of Third Interrupt 
Vector Byte 

05 04 .03 02 
A13 A12 All Al0 

MCS-88 SYSTEM 

01 
A9 

DO 
A6 

MCS-86 mode issiml/ar to MCS-80mode 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 leayes Its data bus buffers disabled. On the 
second interrupt acknowledge cycle in MCg·86 mode 
the master (or slaye If so programmed) will send a.byte 
of datil to the processor with the acknowledged inter· 
rupt code composed as follows (note the state of the 
ADI mode control is ignored and As-All are unused In 
MCS·86 mode): . 

IR7 

IR6 

IRS 

IR4 

IR3 

IR2 
IRI 

IRO 
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Content of Interrupt Vector Byte 
for MCS·86 System Mode 

07 .08 05 04 03 02 

AIS A14 A13 A12 All 1 

A15 A14 A13 A12 All. 1 
A15. A14 A13 A12 All 1 

AIS A14 A13 A12 All 1 

1115 A14 A13 A12 All 0 

AIS A14 A13 A12 All 0 

A15 A14 A13 A12 All 0 

A15 A14 A13 A12 All 0 

01 00 

1 1 
1 0 

0 1 

0 0 

1 1 

1 0 

0 1 

0 0 
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PROGRAMMING THE 8259A 

The 8259A accepts two types of command words gener
ated by the CPU: 

1.lnitia/izatlon Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point - by Ii 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. 

Ao D4 D3 RD WR CS 

0 0 1 0 
1 0 1 0 

0 0 0 1 0 0 
0 0 1 1 0 0 
0 1 X 1 0 0 
1 X X 1 0 0 

X X X 1 1 0 
X X X X X 1 

iVot.' INITIALIZATION l1i1ri} 1,,<,: 
'1))I}t'i 

GENERAL c/.. 
1Q1itr til 

Whenever a command is issued with AO:YO~ M~ 
this is interpreted as Initialization Comma'h1f.,.. 
(ICW1). ICW1 starts the initialization sequence &UJlijt'Q>Q 
which the, following automatically occur. I/Qt' •• 

a. The Interrupt Mask Register is cleared. 

b. I R 7 input is assigned priority 7. 

c. The slave mode address is set to 7. 

d. 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-Buttered mode', no Auto-EOI, MCS-80/85 
.system, non SFNMl. 

'Not.: MasterlSlave In ICW4 Is' only used in the buffered mode. 

INPUT OPERATION (READ) 

IRR, ISR or Interrupting Level_DATA BUS (Note 1) 
IMR __ DATA BUS 

OUTPUT OPERATION (WRITE) 

DATA BUS .. OCW2 
DATA BUS-OCW3 
DATA BUS"'ICW1 
DATA BUS-OCW1, ICW2, ICW3, ICW4 (Note 2) 

DISABLE FUNCTION 

DATA BUS - 3-STATE (NO OPERATION) 
DATA BUS - 3-STATE (NO OPERATION) 

Not •• : 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 queues these commands Into proper sequence. 

8259A Basic Operation 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

As-A1S: Page starting address of service routines. In an ' 
MCS,BOla5 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced In memory. These 
can be programmed tO,be spaced at Intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format Is 2 bytes long (Ao-A1S>' When the 
routine interval Is 4, Ao-A4 are automatically inserted by 
the 8259A, while As-AIS are programmed externally. 
When the routine Interval Is 8,Ao-As are automatically 
Inserted by the 8259A. while As-AIS are programmed 
externally. 

The8·byte interval will maintain compatibility with cur· 
rent software, while the 4·byte interval Is best for a com· 
pact jump table. 

In an MCS-86 system A1s-A11 are Inserted In the five 
most Significant bits of the vectoring byte and the 
8259A sets the three least significant bits according to 
the Interrupt level. Al0-As are Ignored and ADI (Address 
Interval) has no effect. 

L TIM: If L TIM = 1, then the 8259A will operate In the 
level Interrupt mode. Edge detect logic on the 
Interrupt Inputs will be disabled. 

ADI: CALL address Interval. ADI = 1 then Interval = 4; 
ADI = 0 then Interval = 8. 

SNGL: Single. Means that this Is the only 8259A In the 
system. If SNGL = 1 no ICW3 will be Issued. 

IC4: If this bit Is set - ICW4 has to be read. If ICW4 
Is not needed, set IC4 = O. 

D5 

AI AS 

A14 

S7 

D4 

r--------------------NO 

l_--'----1 ------I 

Figure 1. Initialization Sequence 

INITIALIZATION COMMAND 

This word is read, only when ,~~ 
8259Ain the system and cascadin!f~s 
case SNGL= O. It will load the 8·bit sla 
functions of this register are: , to 'ill' 'It ... 
a. in the master mode (eitherwhenSP= 1, orin but~ir., f) r 

mode when MIS = 1 in ICW4) a "1" is set for eagf, flll! 

slave in the system. The master then will ~elease byte 
1 of the call sequence (for MCS·80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for MCS-86 only byte 2) through the, cascade 
lines. ' 

b. In the slave mode (either when SP = 0, or I,f BUF = 1 
and MIS = O.in iCW4) bits 2-0 Identify the slave. The 
slave compares Its cascade Input with these tilts and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for MCS-86) are released by It on the Data 
~~ , 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode, Is 
programmed. 

BUF: If BUF = 1 the buff~d mode Is programmed. II) 
buffered mode SP/EN becomes an enable output 
and the masterlslave determination Is by MIS. 

MIS: If buffered mode Is selected: MIS = 1 means the 
8259A Is programmed to be a master, M/S=O 
means the 8259A Is programmed to be a slave. If 
BUF = 0, MIS has no function. 

AEOI: If AEOI = 1 the automatic end of Interrupt mode 
Is programmed. 

/lPM: Microprocessor mode: /lPM = 0 sets the 8259A 
for MCS·80/85 system operation, /lPM = 1 sets 
the 8259A for,MCS·86 system,operation. 

D3 D2 DI DO 

LTIM ADI 5NGL 

All Al0 AI 

53 52 51 so ICwa 

MIS AEOI jd'M ICW4 
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ICWI 

1· leW4 NEEDED 
O· NO ICW4 NEEDED 

1- SINGLE 
O· NOT SINGLE 

CALL ADDRESS INTERVAL 
, • INTERVAL OF 4 
O. INTERVAL OF 8 

, • LEVEL TRIGGERED INPUT 
O· EDGE TRIGGERED INPUT 

A7 - AS OF LOWER 
ROUTINE ADDRESS 
IMC5-80185 MODE ONLY) 

UPPER ROUTINE 
ADDRESS 

1 .. IR INPUT HAS A SLAVE 
'-_'----.JL----.JL---'_-'_-'_.....L __ -I 0" IR INPUT DOES NOT HAVE 

A SLAVE 

ICW31SLAVE DEVICE) 

~i~ ~ ~ ~ ~ ~ ~ ~ 

I I 1 0 1 0 10 1 0 1 0 I~I~I~I 
SLAVE 10111 

o , 2 3 • 5 6 7 

o , o , o , o , 
o 0 , , 0 0 , , 
o 0 o 0 , , , , 

1 = MCS-86 MODE 
o ,. MCS·80/85 MODE 

1'" AUTO EOI 
o = NORMAl. EOI 

Gmx - NON BUFFERED MODE 
, 0 - BUFFERED MODE/SLAVE 
, 1 - BUFFERED M.DOE/MASTER 

NOTE 1: SLAVED 10 IS EaUAL TO THE CORRESPONDING MASTER IR INPUT. 
NOTE 2: X INDICATED "DON'T CARE". 

Inltla\lzation Command Word Format 
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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 
AD 07 DB 05 D4 03 Dz 

[!] I M7 Me M5 M4 M3 M2 

OCW2 

0 I R SEOI EOI 0 0 L2 

OCW3 

0 I 0 SSMM SMM 0 P 

01 

M1 

L1 

SRIS 

DO 

MO I 

LOI 

RIS I 

OPERATION CONTROL W ~: 

OCW1 sets and clears the mas~i 
Mask Register (IMR). M7 - Mo represe J 

,bits. M = 1 Indicates the channel i, 
(Inhibited), M =0 lridlcates the channel is ena 
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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. 

L2, L" La - 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 SM M = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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DCW' 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

INTERRUPT MASK 
'-....I. __ -1-_.L..-''---'-_..I..._'-_-I1 • MASK SET 

o • MASK RESET 

OCW2 

Ao 0, 0. Dt 04 0 3 DZ 0, Do 

I 0 R lSEO'J_EO'_l. 0'01 L,I L,l LOJ 

I 
BCD LEVEL TO BE RESET 

OR PUT INTO LOWEST PRIORITY 

0 , 2 3 • • • , 
0 , 0 , 0 , 0 , 
0 0 , , 0 0 , , 
0 0 0 0 , , , , 

l r 
r!- c!- NON-SPEC'FICEDI ~~r+ 
~~~ S!'EeIFIC EOI, Lo.U CODE OF IS FF TO BE RESET 

ROTAn AT 1001 AUTOMATICALL V lMODE AI 
r++~ r++if ROTATE AT EOIIMOOE BI.ILo.L2 DEFINES NEW LOWESTPRIORITYI 

SET ROTATE A FF 

to "tit CLEAR ROTATE AFf 

1Ti"1t 
t:t:ttt 

ROTATE PfUORITV IMODE BIIND£PENDENTL Y OF EOIILlt·L2 CODE OF LINE) 

NO OPERATION. 

DCW3 

"07O,"S°.~~O,~ 

I 0 I - I'SMMI .... M I 0 I ' I p 1,.,.1.,.1 
DoLT L CARE 

Operation Command Word Format 
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READ IN SERVICE REGISTER 

0 I , 0 , 
0 1 0 , , 

READ READ 
NO ACTION IRRE.G ISREG 

ON NE~T ON NEXT 
RDPULSE RDPULSE 

POLLING 
A HIGH ENABLES THE NEXT Ro PULSE 
TO READ THE BCD CODE OF THE HIGH· 
EST L£VEL REQUESTING INTERRUPT, 

SPECIAL MASK MODE 

0 I , 0 , 
0 I 0 , , 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MAlIC MAl. 



8259A 

INTERRUPT MASKS 

Each ,Interrupt Request Input can be masked Indlvldu· 
ally by the Interrupt Mask Register (lMR) programmed 
through OCW1. Each bit in the IMR masks one Interrupt 
channel If It Is set (1). Bit 0 masks IRO, Bit 1 maskslRl . 
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 fro"" 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=l, SMM=l, and cleared where SSMM=l, 
SMM=O. 

BUFFERED MODE 

When the 8259A Is used In a large system where bus 
driving buffers are required on the data bus and the cas· 
cadlng 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 31n ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether It Is a master or a slave. 

FULLY NESTED MODE /Ji')rq~CI;!: 
This mode is entered after initialf*t 
mode is programmed. The interr~ 
ordered in priority form 0 through 7 (0 hig 
interrupt is acknowledged the highest priority . . 
determined and its vector placed on the bus. Addifi~if..!1. 
Iy, a bit of the Interrupt Service register (ISO·7) is set 
This bit remains set until the microprocessor issues an 
End of Interrupt (EO I) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
lastlNTA. 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, IRO has the hlgnest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 

THE SPECIAL FULL YNESTED 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·speclflc End of Interrupt (EOI) command to the 
slave and then reading its In·Service register and 
checking for zero. If It Is empty, a non·specific EOI 
can be sent to the master too. If not, no EOI should be 
sent. 
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POLL 
In this mode the microprocessor internal Interrupt 
Enable flip-flop is reset, disabling its interrupt input. 
Service to devices i~ achieved by programmer initiative 
using a Poll command. 

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

The word enabled onto the data bus during m5 is: 

D7 De D5 D4 D3 D2 Dl DO 

1 I W2 WI wol 
WO-W2: Binary code of the highest priority level 

requesting service. 
I: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a routine command com
mon to several levels so that the INfA 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 
foliowin'g the trailing edge of the last in sequence INTA .' 
pulse (when ~EOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice, once for the master and once for 
the corresponding slave if slaves are in use. 

There are two forms of EOI 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 EOL When a Non-Specific EOI 
command is issued the B259A will automatically reset 
the highest IS bit of those that are set, since in the 
nested mode the highest IS level was necessarily tlie 
last level acknowledged and serviced. 

However, when a mode is used which may disturb the 
fully nested structure, the B259A 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. 
EOI is issued whenever EOI = 1, in OCW2, where LO-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 
IMRbit wilinot be cleared by a non-specific EOI if the 
B259A is in the Special Mask Mode. . 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI =1 in ICW4, then the 8259A wiil operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the B259A will automatically perform a non-' 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-SO/B5, 

second in MCS-S6). Note thak1~ 
this mode should be used only 
interrupt structure is not required Wi({t)~ 
To achieve automatic rotation (Rotate r;;rOI;!' 
AEOI, there is a special rotate flip-flop. It is se ' 
with R = 1, SEOI = 0, EOI = 0, and cieared with 
SEOI = 0, EOI = O. 

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, alter 
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, lithe priority and "in service" status 
is: 

Before Rotet. (lR4 the highest priority requiring service) 

IS7 lSI 185 114 IS3 152 151 ISO 

"IS" Status 101,1011101010101 

Priority Status 

Lowe.1 Prlorlly Hlgh"~rlOrll' 

1 7 f 8 1 5 1 4 I 3 1 2 1 1]'0 1 

Alter Rotete (lR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 lSI ISS 114 IS3 152 lSI ISO 

"IS" Status 10111010101010101 

Priority Status 

Hlgh •• , Prlorlt, Low •• ' Priority 

I 2 1 ?to 1 711 G5 4 I 3 1 

The Rotate command mode A is issued in OCW2 where: 
R = 1, EOI = 1, SEOI = O. Internal status is updated by an 
End of Interrupt (EOI or AEOI) command. If R = 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 ail other priorities; 
i.e., iflR5 is programmed as the bottom priority device, 
then IR6 wiil 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 (EOI) command (also exe
cuted by OCW2). Priority changes can be executed dur
ing an EOI command or independently. 
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LTIM 81T 
O,.EDOE 
1 = LEVEL 

TO'OTHER 'RIORTY CELLS 

EDGE 
SENSE 

rL";:.:T~CH-'-t-__ + ___ t-_+_~-<IHf+f---+--t-lSET ISA 
PRIORiTY 
REIDLVER 

REOUEST 
LATCH 

CONTROL 
LDGIC 

I" - ...... >0...-.>-------<1 D a,p-t--+---. .... ~-H~-~~ NON· 
MASKED 
AEO 

C 0 

~~~-----~~-+------~-------~~;::~ . 

NOTES 

1, MAlTER CLEAR ACTIVE ONLY DURING ICW' 
2. fREEZE/IS ACTIVE DURING im"1 AND ..aLL SEQUENCES OHL Y 

3. TRUTH TAiLE FOR a·LATCH 

Priority Cell - Simplified Logic .Diagram 

LEVEL TRIGGERED MODE 

This mode is pr.ogrammed using bit 3 In ICW1. 

If L TIM ='1', an i"nterrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed 
before the EOI command is issued or the CPU interrupt 
Is enabled to prevent a second interrupt from occurring. 

The above figure shows a conce~::Ja.1 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 transparent D type latch. 

READING THE 8259A STATUS 

The Input status of several internal registers can be read 
to update the user information on the' system. The 
following registers can be. read by Issuing a suitable 
OCW3 and reading with RD. 

Interrupt Mask Register:. 8-bltreglster 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.) 

OPERATION 
FOLLOW 
',HOLD 

In·Service Register (lSR): 8·bit register 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 int.errupt 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, 
AIS = 1 In the OCW3. 

There is no need to write an OCW3 before every status 
read operation, as long as ttle status read corresponds 
with the previous' one; Le., the 8259A "remembers" 
whether the IRR or ISRhas been previously selected by 
the OCW3. This is noftrue when poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 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 
OCW3. 
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In.t. , MlMlmonlc 

1 ICWI A 

2 ICWI B 

3 ICWI C 

4 ICWI 0 
5 ICWI E 

8 ICWI F 

ICWI G 

8 ICWI H 

9 
10 
11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 
43 

44 

45 

46 

47 

48 
49 

50 

51 

52 

53 
54 
55 

56 

57 

58 

59 

60 

61 

ICWI 

ICWI 
ICWI K 

ICWI L 

ICWI M 
ICWI N 

ICWI 0 
ICW.l P 

ICW2 

ICW3 M 

ICW3 S 

ICW4 A 

ICW4 B 

ICW4 C 

ICW4 0 
ICW4 E 

ICW4 F 

ICW4 G 

ICW4 H 

ICW4 

ICW4 
ICW4 K 

ICW4 L 

ICW4 M 

ICW4 N 

ICW4 0 
ICW4 P 

ICW4 NA 

ICW4 NB 

ICW4 NC 
ICW4 NO 

ICW4 NE 

ICW4 NF 

ICW4 NG 
ICW4 NH 

ICW4 NI 

ICW4 NJ 

ICW4 NK 

ICW4 NL 

ICW4 NM 
ICW4 NN 

ICW4 NO 

ICW4 NP 

OCWI 

OCW2 E 

OCW2 ·SE 
OCW2 RE 

OCW2 RSE 

OCW2 R 

OCW2 CR 

OCW2 RS 

OCW3 P 
OCW3 RIS 

8259A 

SUMMARY OF 8259A INSTRUCTION SET %1' 
Pilr;; I~ 

AD D7 DB 05 04 03 D2 01 DO 

o 
o 
o 
o 
o 
o 
o 
o 

A7 A8 A5 

A7 A8 A5 

A7 A8 A5 

A7 A8 A5 

A7 A6 

A7 A6 

A7 A6 

A7 A8 

o 
o 
o 
o 

o A7 A6 A5 

o A7 A6 A5 
o A7 A6 A5 

o A7 A6 A5 

o A7 A6 0 
o A7 A6 0 

o A7 A6 0 

o A7 A6 0 

o 
1 

o 

o 
1 

o 

o 

·1 

1 

o 
o 
o 
o 

o 
o 

o 
o 

1 1 

o 0 
1 1 0 

o 0 1 
1 0 1 

000 

o 0 

o 
o 
o 
o 
o 
o 
o 
o 

A15 A14 A13 A12 All Al0 A9 AS 

57 58 55 54 S3 52 51 SO 
000 0 0 ~ ~ SO 
o 0 0 0 0 000 

000 0 0 0 0 

0000001 0 

00000011 

O. 0 0 0 0 0 0 

000 

000 

o 0 

o 0 
o 1 

o 
00000 1 1 1 

o 0 0 0 000 

000 0 001 
00000 0 

'0 0 0 0 0 1 1 

000 0 0 0 

o 0 0 0 0 1 

00000 

o 0 0 0 
000 

000 

000 

000 

000 

000 

000 
000 

.1 0 0 0 

000 
o '0 0 

000 

000 
000 

000 

o 000 

000 1 

000 
001 1 

000 
o '0 1 

o 0 
o 1 1 1 

000 

001 
o 0 
o 1 

o 0 
o 1 

o 
o 0 0 1 1 1 1 

1 M7 M6 M5 M4 M3 M2 Ml MO 

000 0 0 0 0 0 
o 0 1 
o 0 1 

o 1 1 

o 1 0 0 

o 0 0 0 
o 1 1 0 

000 0 

o 0 0 0 

o 0 L2 Ll LO 

o 0 0 0 0 
o 0 L2 Ll LO 

00000 

o 0 0 0 0 
O.lL2L1LO 

o 1 0 0 
o 0 

10103 

} 

} 

Operation O •• crlpllon 11)"6 . 

Format = 4, si~ 
Format = 4, Single, letrel~;W!l9.!lr 

l'b;' ~ 
Byte 1 Initialization Format = 4, not single, edge>tlfl 

'Q .~f' 
Format = 4, not Single, level trigge~d'OQ 

No ICW4 Required Format = 8, Single, edge triggered I) .. ,,' 

Format = 8, Single, level triggered 
Format = 8, not Single, edge triggered 

Format = 8, not Single, level triggered 

Format = 4, Single, edge triggered 

Format = 4, Single, level triggered 
Byte 1 Initialization Format = 4, not Single, edge triggered 

Format = 4, not Single, level triggered 
ICW4 Required Formal = 8, single, edge triggered 

Byle 2 Inltiallzallon 

Format = 8, Single, level triggered 

Format = 8, not Single, edge Irlggered 
Format = 8. not Single, leyel Irlggered 

Byle 3 Inillalizalion - masler 

Byle 3 Initlallzallon - slave 

No acllon, .redundant 

Non·buffered ~ode, no AEOI, MC5-86 

Non·buffered mode, AEOI, MC5·80/8~ 

Non·buffered mode, AEOI, MCS·86 

No acllon, redundanl 

Non·buffered mode, no AEOI, MC5·66 

Non·buffered mode, AEOI, MCS-B0I85 

Non·buffered mode, AEOI, MC5·66 

Buffered mode, slave, no AEOI, MCS-BO/85 

Buffered mode, slaye, no AEOI, MCS·66 

Buffered mode, slaye, AEOI, MC5·BOI85 

Buffered mode, slaye, AEOI, MC5·66 

Buffered mode, masler, no AEOI, MC5-80/85 

Buffered mode, masler, no AEOI. MCS·66 

Buffered mode. master, AEOI, MCS-BO/85 

Buffered mode, master, AEOI, MC5·86 

Fully nested mode, MCS·80. non·buffered, no AEOI 

ICW4 NB through ICW4 NO are Identical to 
ICW4 B through ICW4 0 with the addition of 
Fully Nesled Mode 

Fully Nested Mode, MC5·80/85. non·buffered, no AEOI 

ICW4 NF through ICW4 NP are identical to 
ICW4 F through ICW4 P with Ihe addilion of 
Fully Nested Mode 

Load mask register, read mask register 

Non·speclflc EOI 

5peclflc EOI. LO-L2 code of IS FF to be reset 
Rotate al EOI Automatically (Mode A) 

Rotate at EOI (mode B). LO-L2 code of line 

Set Rotate A FF 

Clear Rotate A FF 

Rotate priority (mode B) Independently of EOI 

Poll mode 

Read IS register 
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SUMMARY OF 8259A INSTRUCTION SeT (Cont.) 

Insl.' Mnsrnot'llc AD 07 De 05 D4 03 D2 01 DO 

62 OCW3 RR 0 0 0 0 0 0 1 

63 OCW3 SM 0 0 ,I 0 0 0 
64 OCW3,RSM 0 0' 0 0 0 0 

Nol.: 1. In the masler mode SP pin = " in slave mode SP= 0 

Clscldlng 

The 8259A can be easily interconnected 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 th!! 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 MeS-861.The IRO input should 

0 

0 
0 

Opel'lliion D.scrlptlon 

Read request register 

Set special mask mode 

Reset special mask mode 

not be connected to a slave 8259A unless IR1-IR7 also 
have slaves a'ttached, 

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 EOI 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 (~) input of each 8259A. 

The cascade lines of the Master 8259A are activated for 
any interrupt input, even if no slave Is connected to that 
input. 

ADDRESS BUS C161 I 

\ 

~ 

-- --- --- ---
-- - - --- f- - ----- - -- --- '--

;. ;Or-
CS ... INT 

CAS 0 

8259A CAS 1 
SLAVE A - f-,-

CAS2 --'-
SP'EN7 6 5 4 3 2 1 0 

G!D [ 1 1 1 1 f 1 I 
7 • 5 4 3 2 1 0 

I 

Figure 2. Clscadlng the 8259A 

CONTROL BUS 

DATA BUS III 

f--
r---:. 
f-- ----

I 
CS ... INT 

CAS 0 

8259A 
SLAVE B CAS 1 

CAS 2 

SP'EN7 6 5 4 3 2 1 0 

GIDf ll11111 
,J 6 5 4 3 2 1 0 

I 
,INTERRUPT REOUESTS, 
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CS ... INT 

CASO 

8259A 
CAS 1 MASTER 

CAS2 

SP'EN M7 M6 M5 M4 M3 M2 M1 MO 

lcLtll 
3 II t 

6' 4 0 
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PIN FUNCTIONS 
Name 

Vee 
GND 

0 0- 7 

IRO_7 

UO Pin" 

28 
14 

110 11-4 

18-25 

3 

2 

26 

Function 

+5V supply. 
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 Inter~upt Is acknowledged. 
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·SO system or from 8086 In 
MCS·86 system). 
Write (generally from 8228 in 
MCS·80 sytemor 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 
INTA pulses during an Interrupt 
cycle. ' 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ..... - 40'C to 85'C 
Storage Temperature ............ -65'C to + 150'C 
Voltage On Any Pin 

With Respect to Ground ........... - 0.5V to + 7V 
Power DisSipation ......................... 1 Watt 

D.C. CHARACTERISTICS 

AO 

INT 0 

CO-C2 1/0 

SP/EN 110 

·COMMENT 

4'l}ti 
Chip S~ct~. 
abled by 'bb;P; 
Interrupt Ack: Mg 
pendent of Chip S~I:e.!V 

~e>c 
tl} (.',,/, 

27 Usually the least significant 6rf~r.'>. So", 
the microprocessor address out: Po 

put (A1 in MCS·86 system). When 
AO = 1 the Interrupt Mask 
Register can be loaded or read. 
When AO = 0 the 8259A mode can 
be programmed or its status can 
be read. CS is active LOW. 

17, Goes directly to the micro' 
processor Interrrupt input. This 
output will 'have high VOH to 
match the 8080 3.3V V,H. INT Is 
active HIGH. 

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. 

16 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 Incilcates a slave. 

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. 

TA=o'e to 7o'e. Vee= 5V± 10% (8259·A), Vee= 5V± 10% (8259A) 

Symbol Parameter Min. Max. Units Test Conditions 

V,L Input Low Voltage -:5 V 

V,H Input High Voltage 2.0 Vee +·5V V 

VOL Output Low Voltage .45 V IOL -2.2 rnA 

VOH Output High Voltage 2.4 V IOH- -400JJ.A 

VOH(INn 
Interrupt Output High 3.5 C IOH= -100 JJ.A 
Voltage 2.4 V IOH- 400 JJ.A 

III Input Load Current 10 JJ.A V,N-VeetoOV 
ILOL Output Leakage Current -10 JJ.A VouT =0.45V 

Icc Vee Supply Current 85 rnA 

ILiR IR Input Load Current -300 JJ.A V,N=O 
10 JJ.A Y'N-Vee 
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8259A A.C •. CHARACTERISTICS 
~ 

.o,J~ "'&: f; 

TA =0·Ct070·C Vcc=5V:t5% (8259A.a) Vcc=5V:t 10% (B259A) 
I1I"l.·4 

III;! /, 

TIMING REQUIREMENTS 8259A-8 8259A 
1!;"4- "f' 

;j"" .•. 'I}" 
Symbol Peremeter Min. Max. Min. Mex. Unltl Test CondrYf' 

TAHRL AO/CS Setup to RDfINTA' 50 0 ns '1<>"bm' 

TRHAX Ao/CS Hold after RDIINTAt 5 0 na 

TRLRH RD Pulse Width 420 235 na 

TAHWL Ao/CS Setup toWR' 50 0 na 

TWHAX Ao/CS Hold after WRt 20 0 na 

TWLWH WR·Pulae Width 400 290 ns 

TDViNH Data Setup to WFit 300 240 na 

TWHDX Data Hold after WRt 40 0 ria 

TJLJH Interrupt Request Width (Low) 100 100 ns See· Note 1 

TCVIAL Cascade Setup to Second or Third 
55 55 na INTAHSlave Only) 

TRHRL End of RD to Next Command 300 160 ns 

TWHRL End of WR to Next Command 370 190· na 

Note: 1. Thl. i. the low time required to clear the Input latch in the edge triggered mode. 

TIMING RESPONSES 8259A·8 8259A 

Symbol Peremeter Min. Mex. Min. Mex. Unltl Telt Condltlonl 

TRLDV Data Valid from RDIINTA' 300 200 na C of Data Bus , 

TRHDZ Data Float after RDIINTAt 10 200 100 nai Max. test C = 100 pF 

TJHIH Interrupt Output Delay 

TIALCY .Cascade Valid from Firat INTA.j. 
(Maater Only) 

TRLEL· Enable Active from RD' or INTM 

TRHEH Enable Inactive from ROt or INTAt 

TAHDV Data Valid from Stable Addreaa 

TCVDV Cascade Valid to Valid Data 

CAPACITANCE 
TA=25°C; Vcc= GND=OV 

Syinbol Peremlter Min. 

CIN I·· Input Capacitance 

CliO I/O Capacitance 

Input and Output Waveforms for A.C. Tests 

Typ. 

400 350 ns· Min. test C= 15 pF 

565 565 ns 
CINT= 100 pF 

CENABLE = 15pF 
160 125 ns 

325 150 ns 

350 200 ns 

300 300 na 

Mex. Unit Test Condltlonl 

10 pF fe= 1 MHz 

20 pF Unmeaaured pina returned to Vss 

2.4 --.....,.x:·:> TEST ~INTS < :.: X ..... : __ _ 
0.45---- -
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WRITE MODE 

Wft--------------------~ I--------TWLWH------~ ~----------~~ 

TAHWL -Ci----------____ ~ 
ADDRESS IUS 

Ao--------' 

DATA IUS 

READ/INTA MODE 
R~INTA----------------~ /-------- TRLRH -----\ 'r-------------------

TRLEL 

TRHAX 

Ci-----"'" 
ADDRESS IUS 

Ao-------I 

~ .... -----------~-~~:~~\._ ___________________ r_-----
OTHER TIMING 

1IlIIrrm.-----..... 

r-------TWHRL,------I 

INTA SEQUENCE 

1ft 

INT' -____________ ---J 

INTA------------------~ 

D8------------- -0--
_TCVIAL 

TCYDY 

CO.2-------------r----L-r---~---L-L-------~--
-TIALCV~ 

"'" ""-" DUI .... I __ fl··HIGH .. Itt~I.""I'IIMOIfII ...... I ... ,IN1A 

!JIICI_ ...... """ m Crc .. 'lflMCI • ...-.... DMII .... ' .... KI ... 

1-107 



inter 
8271 

PROGRAMMABLE FLOPPY DISK CONTROLLER 

• IBM 3740 Soft Sectored Format Compatible • Internal CRC Generation and Checking 

• Programmable Record Lengths • Programmable Step Rate, Settle·Time, Head 
Load Time, Head .Unload Index Count 

• Multi·Sector Capability 

Maintain Dual Drives with Minimum Software • FuIlY.MCS·80 and MCS·8S Compatible • 
Overhead Expandable to 4 Drives 

Single + SV Supply • 
• Automatic Read/Write Head Pos!tioning and 

Verification • 40·Pin Package 

The Intel~ 8271 Programmable Floppy Disk Controller (FOC) Is an LSI component d~signed to interface cine 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 

F AUL T REseT fOPO Vee 

SELECTO LOW CURRENT 

4MHzCLK LOAD HEAD 

RESET DIRECTION 

READV 1 SEEK/STEP 

SELECT 1 WR ENBLE 

DACK INDEX 

ORO WR PROTECT 

ilii READV 0 

WR TRKO 

INT <::<?UNT/OPI 

DBO WR DATA 

OBI FAULT 

DB2 UNSEP DATA 

DB3 DATAWINDQW 

DBC PtO/55 

DBS CS 
DB6 INSYNC 

DB7 AI 

GND AD 

PIN NAMES 

",-DBa DATA8US[BI·DlRECTlONAL! 'LOlli 
<C. CLOCK IN'UT nTLI DATAWINiXWIi 
IEUCT',O SELECTt,O UNSE'DATA UNSE'AIIATEDDATA 
FAULTRIESETIOI'O FAULTRESn~TlONALOUTPUT mrr 
RlSET CHIPAESET WIlDATA ......., .. RlADY',O COUNiiOPi' CQUNTfOI'TlONALINPUT ..... DIll" ACKNOWLEDGE .... TRACKD 
D" DIIIA REOUEST WA'ROTECT 
i15 CPU REAO INPUT ..... INDEX 
II CFUWIIlTEINPUT WIIENABLE WAtTEENABLE 

INTEIIIIUPT IEEK/STEP SEEKISTEP 

::S~NC OIIIECTION otllECTION 
LOAOHEAD LOAD HEAD 

tt LOWCUIIIIENT 

REGISTERS 

ORO 

om 
INT 

iiii 
WR 

RESET 

cs -----' 

CPU INTERFACE 

BLOCK DIAGRAM 

SERIAL 
INTERFACE 

CONTROllER 

WR DATA 

I-----~ INSYNC 

p.-----~ 
--- DATA WINDOW 

L-~c=~ _____ PLO/SS 

INTERNAL 
DATA BUS 

DRIVE 
INTERFACE 

CONTROLLER 

DISK INTERfACE 

SELECT 0 
SELECT 1 
WR ENABLE 
lOAD HEAD 
SEEK/STEP 
DIRECTION 
lOW CURRENT 
fAULT RESETIOPO 

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· 1.108 . 00223A 



8271 BASIC FUNCTIONAL DESCRIPTION 

General 

8271 

The B271 Floppy Disk Controller (FOC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
neiN high performance MCS-B5 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 

The B271 FOC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FOC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 

In addition to the stan,dard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FOC to search for that pattern on a track. A.ny application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc'!, may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 

Hardware Description 
The B271 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 

Pin Pin 
Name No. 

Vee (40) 

GND (20) 

Clock (3) 

Reset (4) 

(24) 

I/O Description 

+5V supply 

Ground 

A square wave clock 

A high signal on the reset input 
forces the B271 to an idle state. 
The B271 remains idle until a com
mand is issued by the CPU. The 
output signals of the drive inter
face are forced inactive (LOW). 
Reset must be active for 10 or 
more clock cycles. 

The 1/0 Read and 1/0 Write inputs 
are enabled by the chip select signal. 

DBrDBo (19-12) 1/0 The Data Bus lines are bidirection-
al, three-state lines (BOBO data 
bus compatible). 

WR (10) The Write signal is used to signal 
the control logic that a transfer of 
data from the data bus to the B271 
is required. 

RD (9) The Read signal.is used to signal 
the control logic that a transfer of 
data from the B271 to the data bus 
is required., 

INT (11) 0 The interrupt signal indicates that 

Pin 
Name 

A,-A. 

DRO 

Select 1-
Select b 

Pin 
No. 1/0 

(22-21) I 

(B) 0 The DMA request signal is us d 
request a transfer of data betweeif~6>, •• S'olJl 
the B271 and memory. . '" 

(7) The DMA acknowledge signal 
notifies the 8271 that a DMA cycle 
has been granted. For non·DMA 
transfers, this signal should be 
driven In the manner of a "Chip 
Select". 

(6) 0 These lines are used to specify the 
(2) selected drive. These lines are set 

by the command byte. 

Fault Resell (1) a The optional fault reset output line 
OPO is used to reset an error condition 

which is latched by the drive. If 
this line Is not used for a fault 
reset it can be used as an optional 
output line. This line is set with 
the write special register com· 
mand. 

Write Enable (35) a This signal enables the drive write 
logic. 

Seek/Step (36) a This multi-function line is used dur-
ing drive seeks. 

Direction (37) a The direction line specifies the 
seek direction. A high level on 
this pin steps the R/W head 
toward the spindle (step-in), a 
low level steps the head away 
from the spindle (step-out). 

Load Head (38) 

Low Current (39) 

Ready 1, (5) 
Ready 0 (32) 

Fault (28) 

CounllOPI (30) 

Write Protect (33) 

(31) 

(34) 

PLO/SS (25) 

0 

0 

The load head line causes the 
drive to load the Read/Write head 
against the diskette. 

This line notifies the drive that track 
43 or greater is selected. 

These two lines indicate that the 
specified drive is ready. 

This line is used by the drive to 
specify a file unsafe condition. 

If the optional seek/directionl 
count seek mode is selected, the 

, count pin receives pulses to step 
the RlW head to the desired track. 
Otherwise, this line can be used 
as an optional input. 

This signal speCifies that the 
diskette inserted is write pro-
tected. 

This signal indicates when the RIW 
head is pOSitioned over track zero. 

The index signal gives an indication 
of the relative poSition of the diskette. 

Thispin is used to specify the type. 
of data separator used. Phase· 
Locked Oscillator/Single Shot. 

the 8271 requires service. 'Write Data (29) a 'Composite write data. 
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Pin PIn 
Name No. 110 Description 

Unseparated (27) 
Data 

Data Window (26) 

INSYNC (23) a 

This input is the unsepar'lted data 
and clocks. 

This is a data window established 
by a single-shot or phase-locked 
oscillator data separator. 

This line is high when 8271 has 
attained input data synchroni
zation. by detecting 2 bytes of 
zer()s followed by, an expected 
Address Mark. It will stay high 
,until the end of the 10 or data 
field. 

CPU Int_rface Description 

This interface minimizes CPU involvement by supporting 
a set of high level commands and both OMA and non-OMA 
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 FOC 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, RO and WR signals. If an 8080 based 
system is used, the Ri5 and WR signals can be driven by 
the 8228's IIOR and IIOW signals. The registers are 
defined as follows: 

Command Register 

The CPU loads an appropriate command into the 
Command Register which has the following format: 

A, Ao 07 06 06 04 03 02 0, 00 

I 0 I 0 I I I I 

Parameter Register 

'-------COMMAND COCODE 

SURFACE/DRIVE 

(SELECT o. 11 

Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 

A, Au 07 06 05 04 03 02 0, Do 

I 0 I, I I I I 
. \ . 

'-------- EXPECTED PARAMETER 

4'Q 
Result Register h,,~ 

The Result Register is used to sup e 
command execution (such as a goo 71 
the 'CPU. The standard Result byte formi(c14ft,,! 

7 .. 

A1 Ao 07 06 Os Dc 03 02 0, Do 

I I I 10 I 

Figure 1. 8271 Block Diagram Showing CPU 
Interface Functions 

Status Register 

Reflects the state of the FOC. 

Ai Ao 07 OS D6 04 03 02 0, 00 

10101 II I II 10/01 

III1 ..• . . , . , . NON.oMA DATA REoUEST 

• , • 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 FOC 
operation has been completed. It remains active until the 
result reg ister is read. 
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DMA Operation 

The 8271 can transfer data in either OMA or non OMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 Llsec) to justify OMA transfer. 
In OMA mode the elements of the OMA interface are: 

ORO: OMA Request: 
The OMA request signal is used to request a transfer of 
data between the 827'1 and memory. 

DACK: OMA Acknowledge: 
The OMA acknowledge signal notifies the 8271 that a OMA 
cycle has been granted. 

RD, WR: Read, Write 
The read and write signals are used to specify the 
direction of the data transfer. 

OMA transfers require the use of a DMA controller such as 
the Intel@8257. The function of the OMA 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 FOC. 

To request a OMA transfer, the FOC raises ORO. DACK 
and RO enable OMA data onto the bus (independently of 
CHIP SELECT). OACK and WR transfer OMA data to the 
FOC. If a data transfer request (read or write) is not 
serviced within 31 !lsec, the command is cancelled, a late 
OMA status is set, and an interrupt is generated. In OMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 

When configured to transfer data in non-OM A 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). 

Figure 2. 8271 Block Diagram Showing Disk Interface 
Functions 

Disk Drive Interface b!~ ie,,: 1; 

The 8271 disk, drive interface ~p. 
command structure described in the 
tion section. The 8271 maintains the location 
and the current track location for two drive~' 
with minor software support, this interface can (:lM~ y 
four drives by expanding the two drive select lines (seflltlt" So",;!> 
0, select 1) with the addition of minimal support hardware. 

The FOC 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 10 and data field CRCs. 

WRITE FUNCTIONS 

Encode composite write data. 

C,ompute 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 

DATA WINDOW 

UNSEPARATED DATA 

.. WRITE DATA 

~ WRITE ENABLE 

::- SEEK/STEP 

::. DIRECTION ... 
COUNTJOPI .. LOAD HEAD ... 
INDEX 

8271 
FDC TRACK 0 

.. SELECT 0 

::. Sillffi 

::- ~ .. 
WRITE PRoUCf 

WRITE FAULT .. WRITE FAULT RESET/OPO ... 
REAOYli 

READY 1 

NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS 
(AT LEAST PULL UP/DOWN PAIRSI. 

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 detectmissing 
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 
solution. 

The FOe slim pies the value of Data Window on the leading 
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-celi). 
PLO/SS should be tied to Ground. 

4: 
Insync Pin II. Ott 

"'4 
This pin gives an indication '// 
synchronized with the serial data s'~. ~ 
operations. This pin can be used with a" 
oscillator for soft and hard locking.· 

IN SYNC 

FOUND SYNC & 10 MARK 
. READ 10 FIELD BUT 
TRACK OR SECTOR 
INCORRECT 

\ 

I 
FOUNDSYNC& DATA MARK 
NOT AN 10 MARK 

Figure 4. InsyncWaveform 

DATA WINDOW 

FOUND SYNC & ID MARK 
10 FIELD CORRECT ./ 

I 
FOUND SYNC & DATA MARK 
READ DATA ~ECTOR 

UNSEPARATED 
DATA 

RETR IGGERABLE 
SINGLE-SHOT 8271 Foe 

2.85,,5 WINDOW* 

I } LO/SS 

*FOR MINI-FLOPPY DATA WINDOW = 5.71-'5ec 

Figure 5. Slngle·Shot Data Separator Block Diagram 

UNSEPARATED 
DATA 

Figure 6. Slngle·Shot Data Window Timing 

tos;;.100n5 
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Phase-Locked Oscillator Separator 

The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 

PLO/SS should be tied to Vee (+5V). 

Jlto 
/)/irq 

Insync may be used to provide . 
control for the phase·locked osciliatOf'ltrs or q 

iI,.o. ""1 
J()6' sf)., . 

>'iI,,? ~/t:. ) 
to ,.;iltio 

q,?;;, • or. ____________________________________________________________________________________ ~~~ Q0~ 

UNSEPARATED 
DATA 

J PLO I DATA WINDOW 0 

I '1-------.__ - 8271 FDC 

L_ ----------+-t-_-_-_-_-_--___ -_-_-_-_-_-_..J~ ___ j leLD/" 

IN SYNC' +5V 
'OPTIONAL 

Figure 7. PLO Data Separator Block Diagram 

'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. 

WRITEDAT~ ____ l'LIL-
-.J I-tWE I--tWE-J 

WRITE ENABLE 1 .. 1 ___ _ 

Figure 9. Write Enable Timing 
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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 b.ecomes 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 

. ~ 
~tos 

SEEK/STEP 

The Direction pin is a control 
in which the R/W head is stepPI~d~l, 
line' moves the head toward the 
low level moves the. head away from the 

~ tw 
n 
~ j..-tps 

STANDARD: 1ms.;;ts.;;255ms 

MINI .. FLOPPV: 2ms.;; ts';; 510ms 

Figure 10. Seek Timing 

DIRECTI0:3 

SEEK/ST_E_P ___ ..l1 

-J 
COUNT 

Figure 11, SeekiStep/Coun.t Timing 

toS=tso=tcS=10IlS 

tsc ;;'111S 

tpc;' 20llS 

~c;;'1ms 

1·114 
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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 1 ms. 

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~ LAST STEP COMPLETE 

*tsw ~ r-
WRITE/READ ENABLE _______ 1----

STANDARD: O<;;*tsw';255ms 

MINI·FLOPPY: 0 <;;*tsw';; 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 n'umber of 
diskette revolutions. 

*R/W HEAD IS ASSUMED LOADED. 

LOAD HEAD '"1------- - - ---- - - ..... - ------~. 
EARLIEST WRITE ENABLE 
OR INTERNAL READ DATA 

tLw-1 

STANDARD: O<;;tLw<;;60ms 

MINI·FLOPPY: 0 <;; tLW <;; 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 10 commands and 
head unload Index and Count operations. 

Figure 14. Index Timing 

Track 0 

This input pin indicates that the diskette is at track O. 
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 
InpuVOutput 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 ReseVOptional 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) 
Di recti on (37) 
Load Head (38) 
Low Head Current (39) 

The select pins wi" 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 

tPI;;' 0.5115 

this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 

Write Protect 

The 8271 will not write to a disk when this input pin is 
active and will interruptthe CPU if a Write attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 

This signal normally originate~ from a sensor which 
detects the presence or absence of the Write Protect 
hole in the diskette jackel. 

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 Vee through a pull-up resistor. 

Ready 1,0 

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 rellet 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 RO or WR. The A1, Ao inputs select 
the appropriate registers on the chip: 

DACK CS A1 Ao RD WR Operation 

1 0 0 0 0 1 Read Status 
1 0 a a 1 a Write Command 
1 a a 1 a 1 Read Result 
1 a a 1 1 a Write Parameter 
1 a 1 a 1 a Write Reset Reg. 
a 1 x X 1 a Write Data 
a 1 x X a 1 Read Data 
a a x x x X Not Allowed 

The FOC operation is composed of the following 
sequence of events. 

8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 

THE 82711S0N ITSQWN TO CARRY OUT THE COMMANDS. 

THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
TJ:lE OUTCOME OF THE OPERATION. 

START 

Figure 15. Passing the Command and Parameters to the 
8271 

J/fo~, 
The Command Phase /:Iii!:, ft',,: 

f.'!;)~l;. is' 
The software writes a command to (f1IJ..~~03 
As a function of the command issued;'irJ?, 
parameters are written to the parameter re~ 'A 
diagram showing a flow chart of the comma ~ J¢ 
Note that the flow chart shows that a command may Sf} 
issued if the FOC status r.egister indicates that the device 'lie 
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 olthe 
parameter. buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter is ()ver 
written and lost 

{ END 

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 2CUI (IF 
LESS THAN 2CUJ. STANDARD RESULT 
IS 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 C16 OR GREATER (IF C18 
OR GREATER, IMMEDIATE RESULT 
RETURNED). 

Figure 16. Checking for Result Type Following 8271 
Command imd Parameters 

1·117 

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 olthe 
basic execution phase characteristics. 
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EXECUTION PHASE BASIC CHARACTERISTICS 

The .following table summarizes the various commands 
with corresponding execution phase characteristics. 

2 3 4 5 6 
Deleted Write! Seek 

COMMAN~S Data Head Ready Protect Seek Check Result 

SCAN DATA SKIP LOAD j x YES YES YES YES 

SCAN DATA AND XFER LOAD j x YES YES YES YES 
DEL DATA 
WRITE DATA x LOAD j j YES YES YES YES 

WRITE DEL DATA x LOAD j j. YES YES YES YES 

READ DATA SKIP LOAD j x YES YES YES YES 

READ DATA AND XFER LOAD j x· YES YES YES YES 
DEL DATA 
READID x LOAD j x YES NO YES YES 

VERIFY DATA AND XFER LOAD j x YES YES YES YES 
DEL DATA 
FORMAT TRACK x LOAD j j 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 Processing 

If deleted data is encountered during an operation that 
is marked !lkip in the table, the deleted data record is 
not transferred into memory, butthe record is counted. 
For example, if the .command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte. However, if.the operation is' marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 

2. Head 

The Head column in the table specifies whether the 
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 a command remains 
loaded until the user specified numb~r of index pulses 
have occurred. 

3. Ready 

The Ready column indicates if the ready line.(Ready 
1, Ready 0) associated with the Selected drive is 
checked. A not ready state is latched by the 8271 un· 
til the user executes a read status command. 

4. Write Protect 

The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active althe 
beginning of an operation. 

5. Seek 

Many of the 8271 commands cause a seek to the 
desired track. A clirrent track register is maintained for 
each .drive or surface. 

6. Seek Check 

1·118 

Operations that perform Seek Check verify that 
selected data in the 10 field is correct before the 8271 
accesses the data field. 
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CPU INTERRUPT POLLED INTERRUPT 

C START) ( START) 

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 maybe 
initiated by: 

1. The successful completion of an operation. 
2. An error detected during an operatio.n. 

PROGRAMMING 

A1 Ao 

0 0 
0 1 
1 0 
1 1 

STATUS REGISTER 

COMMAND BUSY 
COMMAND REG FULL 

PARAMETER REG FULL 

CS RO 

Status Reg 
Result Reg 

-
-

FOC Status 

Bit 7: Command Busy 

CS WR 

Command Reg 
Parameter Reg 
Reset Reg 

-

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 set to a one. This bit is 
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. 

/)( 
Bit 4: Result Full .oil!; 

This bit indicates the state of the'¥~~(lii 
only after Command Busy bit is low. fi 
the FDC finishes a command and is resetlf!1f! 
byte is read by the CPU. The data in the resu 
valid only after the FDC has completed a com S. 
Reading the result buffer while a command is in progre"iHt' (}'tte 
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 controlier, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt is generated (jnterrupt 
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: 

I 0 I t TL-LNOTUSED=O 

- COMPLETION CODE 

COMPLETION TYPE 

L. _________ 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. 

1·119 

Completion 
Type 

00 
01 
10 

11 

Event 

Good Completion - No Error 
System Error - recoverable errors; 
operator intervention probably required 
for recovery. 
Command/Drive Error - either a program 
error or drive hardware failure. 

00223A 
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Bits 2 and 1: Completion Code It is important to note the 
result byte. In very simple The completion code field provides more detailed 

information about the completion type (See Tablel. GO result is required, the user 
zero result (a zero result is a good 

Completion Completion 
Type Code 

00 00 

00 
00 
00 
01 
01 
01 
01 
10 
10 
10 
10 
11 
11 
11 
11 

Definition 

01 
10 
11 
00 
01 
10 
11 
00 
01 
,10 
11 
00 
01 
10 
11 

Event 

Good Completion/ 
Scan Not Met 
Scan Met Equal 
Scan Met Not Equal 

Clock Error 
,Late DMA 

10 CRC Error 
Data CRC Error 
Drive Not Ready 
Write Protect 
Track 0 Not Found 
Write Fault 
Sector Not Found 

level of complexity is at the completion typ 
completion type supplies enough information 
software may distinguish between fatal and 
errors. If a completion type 01 occurs, ten retries 
be performed before the error is considered unre
coverable. 

The Completion Type/Completion Code interface sup
plies the greatest detail about each type of completion. 
This interface,is used when detailed information aboutthe 
transaction completion is required. 

Bit 0: 

Not used (zero returnedl. 

Interpretation 

Successful Completionl The diskette operation specified was completed without error, If scan operation 
was ,specified. the pattern scanned was not found on the track addressed, 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 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 (droppedl, Note that this 
function is disabled when reading any of the ID address marks (which contain 
missing clock 'pulsesl, 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 i",mediately terminates the operation and generates an interrupt. 

The CRC word (two bytesl derived from the data read in an ID field did not match 
the CRC word written in the ID field when the traCk was formatted, Ilthis 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: 
I, 'Drive not powered up 
2, Diskette not loaded 
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 diskette 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 dep,endent on the drive supported and indicates that thefault input to 
the FDC has been activated by the drive, 

Either the sector addressed'could not be found within one complete revolution 01 
the diskette (two index marks encountered I 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 reg'ister (stepping the drive to the next trackl and 
again compares the track addresses, If the track addresses still do not match, ihe 
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 

:::: 11 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 11 I 
Function: The Reset command emulates the action of 
the reset pin. It is issued by outpulling a one followed 
by a zero to the Reset register. 

1. The drive control signals are forced low. 
2. An in-progress command is aborted. 
3. The FOC status register flags are cleared. 
4. The FOC enters an idle state until the next command is 

issued. 
Reset must be active for 10 or more clock cycles. 

SPECIFY COMMAND 

Many of the interface characteristics of the FOC 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 

OOH 
10H 
18H 

SpeCify Type 

Initialization 
Load bad Tracks Surface '0' 
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. 

Inillalizatlon: 

CMD : 0 0 0 1 0 1 1 1 1 1 o 1 1 1 
0 I 1 

PAR : 0 1 0 1 0 1 o 1 0 1 1. 1 1 I. 0 1 1 

PAR : 0 1 STEP RATE" 

PAR : 0 1 . HEAD SETTLING TIME'" 

: 0 1 INDEX CNT BEFORE I HEAD LOAD TIME'" 
HEAD UNLOAD· 

PAR 

"Note: Mini-floppy parameters are doubled. 

Parameter a - OOH = Select Specify Initialization. 
Parameter 1 - 07-00 = Step Rate (0-255ms in 1 ms stepsl. 
Parameter 2 - 07-00 = Head Settling Time (0-255ms in 1 

ms steps). {a - 510ms in 2ms steps} () = standard, 

U=mini 
Parameter 3 - 07-04 = Index Count - Specifies the 

number of Revolutions 10-141 which are to occur before 
the FOC automatically unloads the R/W head. If 15 is 
specified, the head remains loaded. 

03-00 = Head Load Time (0-60ms in steps of 4ms). 
{0-120ms in 8ms steps} () = standard, U= mini 

Load Bad Tracks 

PAR: 

~~--~--------------------~ 
PAR; BAD TRACK NO.2 

~~--~--------------------~ 
PAR: CURRENT TRACK L-~ __ ~ ____________________ ~ 

Parameter 0: 1 OH = Load Surface zero bad tracks 
18H = 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 FFH 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 specified, the FOC steps 
the head until the track 00 signal is detected, 

If the track 00 signal is not detected within (FF)H steps, a 
track a not found error status is returned. 

A seek to track zero is used to pOSition the read/write head 
when the current head position is unknown (such as after 
a power upl. 

PAR:~~ __ ~ ____________ ~ ______________ ~ 

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. 

~. ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: I 0 0 I S~L I S~L I 1 0 I 1 I 1 I 0 0 I 

IF A DRIVE NOT READY RESULT IS RETURNED. THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 

"Note the two ready bits 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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( START 

POWER·UP 
ALL DRIVES· 

RESET 
INTERFACE 

RESET 
F'C 

SPECIFY 
DRIVE 

CHARACTERISTICS 

SPECIFY 
BAD TRACKS 

DRIVE 0 

SPECIFY 
BAD TRACKS 

DRIVE 1 

) SET NON·DMA 
ANDIOR 

SINGLE ACTUATOR 

SEEK.TO 
TRACK 0 

ON DRIVE 0 

Figure 18., Initialization of the 8271 by the User 

ReadlWrite'Special Registers 

This command is used to access special registers within 
the 8271. ' 

CMD: COMMAND OPCODE 

PAR: 

Command code: 
3DH Read Special Register 
3AH Write Special Register 

YES 

For both commands. the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only ttie Read Special 
Register command supplies a result. 

Register Addres. 
Description In Hex Comment 

Scan Sector Number 06 See Scan Description 

Scan MSB of Count 14 See'Scan Description 

Scan LSB o(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 11 

Surface 1 Bad Track 1 18 

Surface 1 Bad Track 2 19 

Table 3. Special Registers 

SEEK TO 
TRACK 0 

ON DRIVE 1 

Mode Register Write Parameter Format 

07 0 6 Os 0 4 D3 02 0 1 Do 

= 0 DMA MODE. = 1 NON DMA 

l'I'IOIOIOIOI~ 

. '" 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 FDG 
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. 

*Blt 0 

Data Transfer Mode: This bit selects the data transfer 
mode. 'If. this bit is a zero. theFDGoperates in the DMA 
mode (OMA RequestlAGKl. If this bit is a one. the FDG 
operates in non-DMA mode. When the FOG is operating in 
DMA mode. interrupts are generated at the completion of 
commands. If the non-DMA mode is selected. the FDG 
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 tlie 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 

I I I I I I I I I 

L= 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 
retriev'al 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 or8 - 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 physi,cal 
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 Ii ,track. This index pulse is used to 
initiate a track formattfrig operation. ' 

T k F -tOt' rae ormat 11", 'e.,. 
'a" . 

Each Diskette Surface is divided fAt!? . 
track divided into fixed length sectors:'A
whole record or a part of a record. If the rire 
than the sector length, the unused bytes are 
binary zeros. If a record is longer than the sector 
the record is written over as many sectors as its Ie 
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-mosll 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 ID 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. 

Seclor Formal 

Each track is divided into 26,15, or8 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,AII 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (QQ)H 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 

1-123 00223A 



) 

---- -- --
10 Field 

A 

--
Last Sector 

--

827.1 

" ." . 
(/ G.p 

. -.....;--
Index 

II 
i 

G.p 

Sector 01 

Oata Field 

" 

Sector 02 

128,256. or 512 Bytes 

AM2: O.ta: hex FB or F8 
FB - data field 
Fa· control field 
(The control field can 
begin with. 0 or an F: 
0= delated record 
F '" defective rBand 
Clock: hex C7) 

Hex 00 for 128 byte par sector format 
Hex 01 for 256 byte per sector format 
Hex 02 for 512 byte p .. sector format 

Hex D'' through lA' for 128 byte per SIIetor format diskette 
Hex 01 through OF for 256 byte per sector fOfrnlllt diskette 
Hex 01 tlro~h 08 for 612 byte per IDctor forma. diskette 

Hex 00 for one-sided diskettes and side 0 of two-sided diskettes 
Hex 01 for side 1 of two-sided dlskettas 

• I • • 

Hex 00 through 4A (D~cimaI1 through 74. Cylinders 75and 76 
are used as alternate cylinders" 

AM1: Identifies 10 field 
Data: hex FE 
Clock: hex C7 

Figure 19. Track Format 

bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cellol There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 

10 Field 

MARK C 

Sector 03 

--

CD 
o 
® 
o 

® 
@ 

Pre-index gap. 

P.nst-Index gap. 

Cyclic redundancy check. 
The check bytes are 
generated during a writ. 

. operation. They ... used 
duririg a read operation 
to verify that data is 
read correctly. 

PosHDgap_ 

Post~dita gap_ 

N CRC 

i.ndex Address Mark 

The Index Address Mark is located at the beginning of 
each track and is a fixed number of bytes .in front of the 
first record. 

C = Cylinder (Track):Address, 00':'74 
H = Head Address 

10 Address Mark· 

The 10 Address Mark byte is located at the beginning of 
each 10 field on the diskette. . 

Data·Address Mark 

R = Record (Sector) Address, 01-26 
N = Record (Sector) Length, 00-02 
Note: Sector Length.= 128 x 2N bytes 
CRC = 16 Bit CRC Character (See Below) 

Data Field 

CRC 

The Data Address Mark byte i~ loc~~ed althe beginning of 
each non-deleted Data Field on the diskette. 

MARK I DATA CRC CRC 

Deleted Data Address Mark 

The Deleted Data Address Mark byte ·is located at the 
beginning of each deleted Data Field on the diskette. 

Clock Data 
Address Mark Summary Pattern Pattern 

Index Address Mark 07 FC 
I D Address Mark C7 FE 
Data Address Mark- C7 FB 
Deleted Data Address Mark C7 .F8 
Bad Track 10 Address Mark C7 FE 

Data is 128, 256, or 512 byt~s I~ng. 
Note: All marks, data, 10 characters· and CRC 

characters are recorded and read most 
significant bit first. 

CRC Character 

The l6-bit CRb character is generated using the 
~~~er.ator polynominal X16 + X12 + X5 + 1, normally 
Initialized to (FF)H: It is generated from all characters 
(except the CRC in the 1D0r data field), including the data 
(not ttie 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 "0" DATA "1" DATA "1" DATA "1" 

T F = FULL BIT nME = NOMINALLY 4,...· 
TH= HALF BIT TIME= NOMINALLY 21'11-

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 = (FFIH 

When formatting, bad track registers should be set to 
FFH 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 pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 

Format Track 
Format Command 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: 0 0 S~L I S~L I 1 I o I 0 I o I 1 I 1 

PAR: 0 1 TRACK ADDRESS 

PAR: 0 1 GAP 3 SIZE MINUS 6 

PAR: 0 1 RECORD LENGTH I 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 CRe 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)H' The CRC, derived 
from the data pattern is also appended to the last byte. 

I/( 
1. The parameter 2 (07 - Os> of ~ <F~. 

record length, the bits are cOdll~ 
Read Data commands. . ,,~. 0):~ 

2. The programmable gap sizes (gap 3, gap ~ J!, 
be programmed such that the 6 bytes of zero ! h 
tracted from t.he intended gap size i.e., if gap 1 I <rT 1I .... 
to be 16 bytes long, programmed length must be 16 - 6'~1 fYl.>. s. r 
bytes (of FFH·s). ~". f)'I]e 

Mlnl·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 mark 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 (OOlH, all other 
bytes in the gaps are (FFIH. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FFIH. 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 D'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 D'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 D's for sync during drive· speed changes the 

Gap 4: 
FF's only' 

next ID mark will not be overwritten, 
thus causing loss of data. 

This gap fills out the rest of the disk 
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 D's for sync is u'sed 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. 

1-125 00223A 



INDEX 

GAPS 

GAP1: 

tJATA 
FIELD 

POST INDEX GAP 

I-

GAP 2: POST ID FIELD GAP 

I-

GAP 3: POST DATA FIELD GAP 

L 
2·BITS 

GAP4: FINAL GAP 

,-
I 

GAP5: INITIAL GAP 

,-
I 

Figure 21. Track Fonnat 

INDEX ADDRESS MARK 

'I 
SYNC I 

'I 
SYNC I 

L WRITE GATE TURN-ON FOR UPDATE OF NEXT 
DATA FIELD. 

NOTE: THE-WRITE GATE TURN·ON SHOULD BE TIMED 
TO WITHIN i::::: 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTlll BYTE BEFORE THE 
TURN·ON. 

WRITE GATE TURN·OFF FROM UPDATE OF PREVIOUS DATA FIELD. 

NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY"'" BITS AS A DATA FIELD POSTAMBLE. 

" 

" 

SYNC I 
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HEX FF 'I:::~) I HEX FF I (:::~I I 
40 BYTES 8 BYTES 11 BYTES 8 BYTES 
(TYPICAL) 

NUMBER OF BYTES 

NUMBER GAP 1 GAP 2 GAP 3 GAPS 
10 FIELD DATA FIELD GAP4 OF SECTORS 

'ONES SYNC ONES SYNC 'ONES SYNC 'ONES SYNC 

26 26 6 7 
15 26 6 7 
8 26 6 7 
4 26 6 7 
2 26 6 7 
1 26 6 7 

'Program Specified 

Figure 22. Standard Diskette Track Format 

NUMBER 
OF SECTORS 

18 
10 
5 
2 
1 

nPHYSICAL 
INDEX 
MARK 

HEX FF I (:::~ I 
I BYTES 

GAP 1 

HEX FF I (:::~ I 
11 BYTES 8 BYTES 

10 FIELD 
'ONES SYNC 

16 6 7 
16 6 7 
16 6 7 
16 6 7 
16 6 7 

11 
11 
11 
11 
11 
11 

ONES 

11 
11 
11 
11 
11 

6 
6 
6 
6 
6 
6 

131 
259 
515 

1027 
2051 
4099 

27 
48 
90 

224 
255 

SECTOR 2 
DATA FIELD 

0 

AirJtss 121 II 2n USER DATA BYT!S 

NUMBER OF BYTES 

GAP 2 
DATA FIELD 

SYNC 

6 131 
6 259 
6 515 
6 1027 
6 2051 

6 275 40 6 
6 129 40 6 
6 146 40 6 
6 236 40 6 
6 719 40 6 
0 1007 40 6 

5208 ·Bytes Per Track 

HEX FF I (::~ I 
n BYTES 8 BYTES 

GAP 3 
GAP 4 

'ONES SYNC 

11 6 24 
21 6 30 
74 6 88 

255 6 740 
0 0 1028 

'Program Specified 3125 Bytes Per Track 

Figure 23. Mini·Diskette Track Format 
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TCSTOP:~{ 
DMA ENABLE'BITS L:"'----r---..1 

Figure 23. User OMA Channel Initialization Flowchart 

Read 10 Command 

CMO: 0 0 siL I S~L I 0 I 1 I 1 I 0 I 1 I 1 

PAR: 0 1 TRACK ADDRESS 

PAR: 0 1 o I 0 I 0 I o I 0 I 0 I o I 0 

PAR: 0 1 NUMBER OF 10 FIELDS 

The Read ID command transfers the specified number of 
ID fields into I')lemory (beginning with the first ID field after 
Index>. The 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 iscom· 
pl'ete (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. 

( START ) 

} :~~ LOAD AND 
L-_~~..;.;..--..1 DMA ENABLE BITS 

Full power olthe multisectorread/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 operatipns are faster if 
the sectors are not interleaved. 

128 Byte Single Record Format 

A, Ao D7 D6 

CMO: 0 0 

PAR: 0, 1 

PAR: 0 1 

Commands 

READ DATA 

S;L I SgL I COMMANO' OPCOOE 

TRACK AOOR 0-255 

SECTOR 0-255 

READ DATA AND DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
VERIFY DATA AND DELETED DATA 

1·128 

Opcode 

12 
16 
DA 
DE 

,1E 
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Variable Length/Multi-Record Format 

CMD: 0 0 Si L I S5L I COMMAND OPCDDE 

PAR: 0 1 TRACK ADDR 0·255 

PAR: 0 1 SECTOR 0·255 

PAR: 0 1 LENGTH I NO. OF SECTORS 

D7-D5 of Parameter 2 determine the length of the disk 
record. 

000 
001 
010 
o 1 1 
1 0 0 
1 0 1 
110 
1 1 1 

128 Bytes 
256 Bytes 
512 Bytes 
1024 Bytes 
2048 Bytes 
4096 Bytes 
8192 Bytes 
16,384 Bytes 

Commands 

READ DATA 
READ DATA AND DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
VERIFY DATA AND DELETED DATA 
SCAN DATA 
SCAN DATA AND DELETED DATA 

Read Commands 

Read Data, Read Data and Deleted Data. 

Function 

Opcode 

13 
.17 
OB 
OF 
1F 
00 
04 

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 \Jsed to check 
that a record or a group of records has been written 
correctly by verifying the CRC character. 

Scan Commands 

A, AD 07 

CMD: SEL 
1 

PAR: 

PAR: 

PAR: LENGTH NO. OF SECTORS 

PAR: SCAN TYPE STEP SIZE 

PAR: FIELD LENGTH IKEY) 

Command Sean Data 
Scan 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 inform!!tion 
relating to the scan (I.e., the sector number in which the 
key was located, and the nuniberof 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 re.garding 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 FFH 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 
bJock 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 co'mpared 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 FF16 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 OOH to 4CH (0 to 76) for 
a standard diskette and from OOH to 22H (0 to 34) for a 
lTlini-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 iue 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) specifie!? 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 

01-GEQ 

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 mel 

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. 

8271 

10-LEQ h':!~' Scan for· each c, ... ~ 
tor less than or eqU'at,J,(9{} 
character within the fi~(tt;, 
scan stops after the first leSS-" 

0 5-00: 

condition is met. '< ~ 
Step Size: The Step Size field specifre~~1S'o", 
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 .. 

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 Spei:lal Register 

Parameter 
(Hex) 

Results 

06 

14 

The sector number of the sector in which the 
specified scan data pattern was located. 

MSB Count - The number of 128 byte blocks 
remaining to be compared in the curre'nt 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)) 
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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 

Field (1) Starting # of 
Command Length Sector # Sectors Keyl2) 

SCAN EO 2 1 1 01,02 

SCAN EO 2 1 1 02,03 

Completion 
Codel3) 

SME 

SNM 

fu~ . 
". 

Special Registers l41 

R06 R14 R13 Comment 

01 0 1270 Met in first field 

X X X Not met 
SCAN EO 2 1 1 FFI5),05 SNM X X X Not met with don't care 

· SCAN EO 2 1 1 FFI5),06 SME 01 0 1230 Met with don't care 

· SCAN EO 2 1 2 AA,55 SME 02 0 1250 Met in Record 02 

· SCAN EO 2 2 1 01,02 SME 02 0 1270 Starting sector #- 1 

· SCAN EO 4 1 1 05,06,07,08 SME 01 0 1210 Field, Key length = 4 

· SCAN GEO 4 1 1 05,06,07,08 SME 01 0 1210 GEO-SME 

· SCAN GEO 4 1 1 05,04,07,08 SMNE 01 0 1210 GEO-SMNE 

· SCAN GEO 4 1 2 00,03,AA,44 161 SNM X X X GEO-SNM 

• SCAN LEO 4 1 1 01,03,FF,04 SMNE 01 0 1250 LEO-SMNE 
• SCAN LEO 4 1 1 01,02,FF,04 SME 01 0 1250 LEO-SME 

NOTES: 

1. Field Length - Each record is partitioned into a nl,lmber of fields eql,lal 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. 

2. 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). 

3. Completion Code - Shows how Scan command was met or not met. 
SNM - SCAN Not Met - 00 lalso Good Complete) 
SME - SCAN Met Equal - 0 1 
SMNE - SCAN Met Not Equal - 1 0 

4. Special Registers 
R06 - This register contains the record number where the scan was met. 
R14 - This register contains the MSB cou·nt and is decremented every 128 characters. 

R14 = 21 -1 
Lenglh (i) (Initialize al 

(07-0501 PAR 2) Record Size Beginning 01 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 01 each record. This 
count is decremented alter each character is compared except lor the last character in a pattern match 
situation. 

5. The OFFH character in the key is treated as a don't care character position. 

6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each lield is compared to byte 1 of the key, 
byte 2 of each lield is compared to byte 2 of the key, etc. 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ......... O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground ................. - 0.5V to + 7V 
Power Dissipation ..•....................... 1 Watt 

D.C. CHARACTERISTICS 
TA=O·C to 70,·C, Vee=,+5.0V ±5% 

Symbol Parameter Min. 

VIL Input Low Voltage -0.5 

VIH InputHigh Voltage 2.0. 
, 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

IlL Input Load Current 

loz Off·State Output Current 

lee Vee Supply Current 

CAPACITANCE 
TA=25·C, Vee=GND=OV 

Symbol Parameter Min. Typ. 

CIN Input Capacitance 

CliO I/O Capacitance 

, 

Ratings" may cause permanent damage to the 
rating only and functional oper"tion of thEl device 
conditions above those indicated 'In the 'operational s 
specification Is not implied. Exposure to absoiute maximum 
dltlons for extended periods may affect device reliability. 

Max. Unit Test Conditions 

0.8 V . 

(Vee + 0.5) V 

IOL = 2.0 mA for Data Bus Pins 0.4.5 V 
IOL= 1.7 mA for All Other Pins 

V IOH= -220 ",A 

±10 ",A VIN = Vee to OV 

±10 ",A Vour= Vee to OV 

180. mA 

Max. Unit Test Conditions 

10 pF tc= 1 MHz 

20 pF Unmeasured Pins Returned to GND 
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A.C. CHARACTERISTICS 
TA=O·C to 70·C, Vcc= +5.0V ± 5% 

Read Cycle 

Symbol Parameter 

tAC Select Setup to RD 

tCA Select Hold from RD 

tAA RD Pulse Width 

tAD Data Delay from Address 

tAD Data Delay from RD 

8271 

Min. Max. Unit 

0 ns 

0 ns Note 2 

250 ns 

250 ns Note 2 

150 ns Cl= 150 pF, Note 2 

tOF Output Float Delay 20 100 ns Cl = 20 pF for Minimum; 
150 pF for Maximum 

toc DACK Setup to RD 25 ns 

tco DACK Hold from RD 25 ns 

tKO 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 

two Data Hold from WR 0 ns 

toc DACK Setup to WR 25 ns 

tco DACK Hold from WR 25 ns 

DMA 

Symbol Parameter Test Conditions 

tca Request Hold from WR or RD (for Non·Burst Mode) 

Other Timing 

Symbol Parameter Min. Max. Unit Test Conditions 

tASTW Reset Pulse Width 10 tCY 

tr Input Signal Rise Time 20 ns 

tf Input Signal Fall Time 20 ns 

tASTS Reset to First IOWR 2 tCY 

tCY Clock Period 250 Note 3 

tCl Clock Low Period 110 ns 

tCH Clock High Period 122 ns 

tos 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 voltages unless otherwise specified: Input "1" at 2.0V, "0" at 0.8V 

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

2. tAD, tAD, 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. } )( 

-tDC--- I------tCD-! 

X 
II tRR . -tcA.:...1 

ri 

DATA BUS 

-tAC- tRD 

~ 
I--tDF-~ _______ 

--- - ------- - - --. tAD 

tKD 

Write Waveforms 

··DACK 

toc":'-"""-- -teD 

~ X 
I------tAC- I tww I-tCA--l 

~ 

. DATA BUS )[ 1(. 
I 

tDW tWD-----J 

DMA Waveforms 

Rii OR WR 

DRO _-oJ/ r tCC=t 

\'----~-----------------------------
-----------~~~.----------------

CHIP CLOCK 
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WRITE DATA PW 

PULSE WIDTH PW = tCY :!: 30 ns 
H (HALF BIT CELL) = 8 tCY 
F (FULL BIT CELL) = 16 tCY 

Figure 24. Write Data 

READ DATA 

8271 

r-F ~I 

*tCY = 250 ns :!: 0.4% 
250 ns :!:30 ns 
2.0 ",s :!: 8 ns 
4.0 "'S :!:16 ns 

**tCY = 500 ns :!: 0.4% 
500 ns :!: 30 ns 
4.0",s :!:16ns 
8.0 "'s :!: 32 ns 

*tCY = 250 ns **tCY = 500 ns 

Figure 25. Read Data 

F = 16 tCY :!: 8 tCY 
H= 8 tCY :!:4 tCY 

*STANDARD FLEXIBLE DISK DRIVE TIMING 
**MINI·FLOPPY TIMING 
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UNSEPARATED 
DATA 

DATA 
WINDOW 

Figure 26. Single·Shot Data Separator 

"DAfA 
WINDOW 

8271 

"DATA WINDOW MAY BE 1800 OUT OF PHASE 
IN PLO DATA SEPARATION MODE. 

Figure 27. PLO Data Separator 
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PROGRAMMABLE HDLC/SDLC PROTOCOL 

CONTROLLER 
• HDLC/SDLC Compatible 

• Frame· Level Commands 

• Full Duplex, Half Duplex, or Loop 
SDLC Operation 

• Up to 64K Baud Transfers 

• Two User Programmable Modem 
Control Ports 

• Automatic FCS (CRC) Generation and 
Checking 

• Pr~gramm~ble NRZI Encode/Decode 

• N·BIt Reception Capability 

• Digital Phase Locked Loop Clock 
Recovery 

• Minimum CPU Overhead 

• Fully Compatible with 8080/8085 CPUs 

• Single + 5V Supply 

• 40·Pln Package 

The Intelll 8273 Programmable HOLC/SOLC Protocol Controller Is a dedicated device designed to support the ISO/e- , 
Cln's HOLe and IBM's SOLC 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 BLOCK DIAGRAM 

REGISTERS 
fi'Aif6'ET Vee 

TxiNT I'lI4 
eLK Pii3 

TxlNT RESULT COMMAND 

RxlNT RESULT PARAMETER 

REseT PIli TEST MODE STATUS 

TxDAcK PB; RESULT 

TxORQ rn 
PA, 

RKDRO PA, 

Ali PA; 
WR CD 

Rx INT ern 0"0_, 
TxD 

DBO TxD hl 
081 Txe 

082 RiC 
083 RxD 

08. 32xCLR 
08. cs 
086 DPLL 

087 AI 

TxDRQ. 

TxDACK DPLL 
32XCtK 

RxORO iiTs 
fbOACK 

PB'_4 
GND Ao . TxlNT ffi 

RxlNT CD 
iiii PA2_4 
iiii 

Ao 

PIN NAMES 
A, 

RESET RxD 
R;c 

DBO-DB7 DATA BUS (8 BITSI -------n·os.----.-:O;eH-'p-SE-LE-cr--
flAG OET FLAG DETECT. 32xCLK 32 TIMES CLOCK 
TxlNT TRANSMITTER INTERRUPT Rx 0 RECEIVER DATA 
elK CLOCK INPUT Rx C RECEIVER CLOCK 

OS 
eLK FLAG'DET 

REseT RESET TiC TRANSMITTER CLOCK 
Til5ACR TRANSMITTER DMA ACKNOWLEDGE Tx 0 TRANSMITTER DATA 
TxDRQ TRANSMITTER DMA ReQUEST CTS CLEAR TO SEND 
iii5 READ INPUT ED CARRIER DETECT 

CPU INTERFACE MODEM INTERFACE 

:' DACK :~J~~J:~~~A ACKNOWLEDGE ~~2j:4 GP INPUT PORTS 
Rx ORO RECEIVER OMA REQUEST m 4 ~~g~::~~6~:~~ 
Rx INT RECEIVER INTERRUPT Vee +5 VOLT SUPPL V 
AO-Al COMMAND REGISTER SELECT ADDRESS GND GROUND 
DPLL DIGITAL PHASE LOCKED LOOP 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBDOIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION. 1919 1·137 00743A 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 

General 
The High Level Oata Link Control (HOLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HOLC is the discipline 
used to impler'nentlSO X.25 packet switching systems. 

The Synchronous Oata Link Control (SOLC) 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 
seriall, thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 

Network 
In both the HOLC and SOLC lil"]e protocols, according to a 
pre-assigned hierarchy, a PRIMARY (Controll STATION 
controls the overall network (data link) and issues 
commands to the SECONOARY (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 
A single communication element is "Called a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit AOORESS FIELO (A), an eight bit CONTROL 
FIELO (C), a variable (N-bit) INFORMATION FIELO (II, a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit erid FLAG (F), having the same bit pattern as the 
beginning flag. In HOLC the Address (A) and Control (C) 
bytes are extendable. The HOLC and the SOLC use three 

!l'o. 
Q~/~ 

types of frames; an Informatlu~( 
data, a Supervisory Frame is use'(fc 
and a Non-sequenced Frame is used 
control of the secondary stations. 

Frame Characteristics 
An important characteristic of a frame is that its c _ °0" 
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 HOLC/SOLC protocols. 

In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HOLC/SOLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 

ltis possible to use HOLC or SOLC 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 
HOLC/SOLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 

References 
IBM Synchronous Data Link Control General information, IBM, GA27-

3093-1. 
Standard Network Access Protocol Specification, DATAPAC, Trans

Canada Telephone System CCG111 
Recommendation X.25, ISO/CCITT March 2, 1976. 
IBM 3650 Retail Store System Loop Interlace OEM Information, IBM. GA 

27-3098-0 
Guidebook to Data Communications, Training"Manual, Hewlett-Packard 

5955-1715 
IBM Introduction to Teleprocessing, IBM, GC 20-8095-02 
System Network Architecture, Technical Overview, 18M, GA 27-3102 
System Network Architecture Format and Protocol, IBM GA 27-3112 

OPENING 
FLAG IF) 

ADDRESS 
FIELD IA) 

CONTROL 
FIELD IC) 

INFORMATION 
FIELD III 

FRAME CHECK 
SEQUENCE IFCS) 

CLOSING 
FLAG IF) 

01111110 BBITS B BITS VARIABLE LENGTH 
16 BITS 01111110 IONLY IN I FRAMES) 

Figure 1. Frame Format 
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FUNCTIONAL DESCRIPTION 
General 
The Intel@) 8273 HDLC/SDLC controller is a microcom
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen
tatio'n of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 
In asynchronous applications the data can be program
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero
bit insertion/deletion technique. The frames are automati
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the FCS is automatically 
generated and appended before the final flag in transmit. 

The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 

The 8273 can assume either a primary (controll or a 
secondary (slave) role. It can therefore be readily 
implemented in an SOLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 Into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 

Hardware Description 
The 8273 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 

Pin Name (No.) I/O Description 

Vee (401 +5V Supply 
GND (201 Ground 
RESET (4) A high signal on this pin will force 

the 8273 to an id Ie state. The 8273 
will remain idle until a command 
is issl,led oy,the CPU. The modem 
interface output signals are forc
ed high. Reset must be true for a 
minimum of 10 TCY. 

CS (24) 

DB7-DBo (19-12) 

WR (101 

Ri5 (9) 

TxlNT (2) 

RxlNT (11) 

The RD and WR inputs are en
abled by the chip select input. 

I/O The bata Bus lines are bidirec
tional three-state lines which in
terface with the system Data Bus. 
The Write Signal is used to con-
trol the transfer of either a com
mand or data from CPU to the 
8273. 
The Read signal is used to con
trol the transfer of either a data 
byte or a status word from the 
8273 to the CPU. 

o The Transmitter interrupt signal 
indicates that the transmitter 
logic requires service. 

o The Receiver interrupt signal in
dicates that the Receiver logic re-
quires service. 

TxDRQ (6) 

RxRDQ (8) 

TxDACK (5) 

RxDACK m 

A1-Ao (22-21) 

TxD (29) 

TiC (28) 

RxD (26) 

RxC (27) 

32X CLK (25) 

DPCI: (23) 

FLAG DET (1) 

FiTs' (35) 

CTS (301 

CiS (31) 

PB1-4 (36-39) 

CLK (3) 

1-139 

o 

o 

The Transmitter DMA acknow
ledge Signal notifies the 8273 that 
the TxDMA· cycle has been 
granted. 

The Receiver DMA acknowledge 
signal notifies the 8273 that the 
RxDMA cycle has been granted. 

These two lines' are CPU Inter
face Register Select lines. 

o This line transmits the serial data 
to the communication channel. 

The transmitter clock is used to 
synchronize the transmit data. 

This line receives serial data from 
the communication channel. 

The Receiver Clock is used to 
synchronize the receive data. 

The 32X clock is used to provide 
clock recovery when an asyn
chronous modem is used. In loop 
configuration the loop station 
can run without an accurate 1X 
clock by using the 32X CLK in 
conjunction with the OPLL out
put. (This pin must be grourided 
when not used). 

o Digital Phase Locked Loop out
put can be tied to RxC and/or 
TxC when 1X clock is not avail
able. DPLL is used with 32X CLK. 

o Flag Detect signals that a flag 
(01111110) has been received by 
an active receiver. 

o Request to Send signals that the 
8273 is ready to transmit data. 

Clear to Send signals that the 
modem is ready to accept data 
from the 8273. 

Carrier Detect signals that the 
line transmission has started and 
the 8273 may begin to sample 
data on RxD line. 

General purpose input ports. The 
logic levels on these lines can be 
Read by the CPU through the 
Data Bus Buffer. 

o General purpose output ports. 
The CPU can write these output 
lines through Data Bus Buffer. 

A square wave TTL clock. 
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CPU Interface 

The CPU interface is optimized for the MCS-80/8S'" bus 
with an. 8257 DMA controller. Howeyer. 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 ective until all the'. associated 
interrupf results have been read. . . 

The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via C~. AI. Ao. RD and WR signals and two independent 
data registers for receive data and transmit data. AI. Ao are 
generally derived .from two low order bits of the address 
bus. If an 8080 based CPU is utilized. the RO and WR 
signals may be driven by the 8228 I/OR and I/OW. The 
table shows the seven' register select decoding: ' 

Al Ao TxDACK RxDACK 

0 0 1 . 1 
0 0 1 1 
0 I I I 
0 I 1 1 
1 0 I I 
I 0 I I 

1" I I I 
I I I I 
X X 0 1 
X X I 0 

REGISTERS 

CPU I~TEAFACE . 

cs RD WR 

0 1 0 
0 0 I 
0 1 0 
0 0' 1 
0 1 0 
0 0 1 
0 1 0 
0 0 1 
1 I 0 
1 0 1 

.MODEM INTERFACE 

Register 

Command 
Status 
Parameter 
Result 
Reset 
TxtNT Result 

-
RxtNT Result 
Transmit Data 
Receive Data 

ffiiLi 
32X"CiJ( 

RTs 

... -. 
ffi 
co 
PA2_4 

Figure 2. 8273 a'iock Diagram Showing CPU Interface 
Functions 

Register Description 

Command 

Operations are initiated by writing 
command in the Co'mmand Register. 

Pars'meter 

Parameters of commands that require additional informa
tion are written to this register. ' 

Result 

Contains an immediate result describing an outcomeaf an 
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 register reflects the state of the 8273 CPU 
Interface. 

DMA Data Transfers 

The 8273 CPU interface supp~rts two independent daia 
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 
(OM,A) for the data transfers. When the 8273 is configured 
in DMA mode. theelemEmts althe DMA interfaces are: 

TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation, 

TxDACK:, 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 iri non-DMA mode. 

RxDRQ: Receive DMA Request 

Requests a trarisfer of data between the 8273 and mem
ory f()r 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 u~ed to specify ihe 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 encode/decode, a digital phase locked loop 
for efficient clock extraction from N RZI 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 eTS (Pin 30) is a physical zero (logical one). 

Port A - Input Port 

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. 

~---.J l I CTS - C~~AR TO SEND 

CO - CARRIER DETECT 

US~~ I?_EF.~!!~~ ~~P_~.T ~A4. Pc:.A"",.c.:.P"'A,'--__ 

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 

INTERNAL DATA BUS 

CPU INTERFACE 

TxD 
TxC 

5PTI. 
32XCti( 

RTs 

...-. 
CTS 
c;; 
PA2_ 4 

r-""""''--"t-_ RxC 

RiC 

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, if the 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 aresettoahigh, 
inactive level. 

~ ~ ~ ~ ~ ~ ~. ~ 

I I 
I RTS - REQUEST TO SEND 

USER DEFINED OUTPUT PB4. pe3. PB2. PB, 

FLAG DETECT 

The user defined output bits correspond to the state of 
PB4-PB, 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 (TxC) 
and receive (RxC) clocks. The leading edge of 'i'XC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI en·codingl 
decoding of the receive and transmit data is program-
m~~ . 

The diagnostic features included in ihe Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. I n the loop-back mode, the data presented 
to the TxD pin is internally routed to the receive data input 

TxC 

\ / \ 
TxD X X 
RxC 

RxD 

Figure 4. Transmit/Receive Timing 

Asynchronous Mode Interface 

Although the 8273 is fully compatible with theHDLCI 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLLl for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding of data. 
The use of NRZI coding with SDLC transmission 

. <' 
circuitry in place of the RxD pin,thu 
send a message to itself to verify operati 

In the selectable clock diagnostic feature, when '~ ..... 
looped back, the receiver may be presented incMf~f.S'Q r 
sample timing by the external circuitry. T.he user maS' "'i! 
seiect to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sample it. Since TxD is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge, the 
selected clock allows bit synchronism. 

/ \ / 

X 

guarantees that within a frame, data transitions will occur 
at least every five bit times -the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZlcoding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen
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 (DPlU. The DPll requires a clock input at 32 
times the required baud rate. The receive data (Rxel is 
sampled with this 32X ClK and the 8273 DPll supplies a 
sample pulse nominally centered 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 
mai(ing 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 A 1, 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 = 
(T nominal - 2 counts)1 = 30 counts of the 32X ClK to move 
the sample pulse "B" toward the nominal center ofthe next 
bit cell. A data edge occuring in quadrant B1 would'cause 
a smalier 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 synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 

RXD_---JX'-____ --'X'--___ ---JX'--__ 
DPLL 
SAMPLES 

Figure 5. DPll Sample Timing 

j j 
o~"_I: ., ·1- .. -j- " _I_ ~ :1 

ADJUSTMENT -2 -1 +1 +2 
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Synchronous Modem - Duplex or Half Duplex Operation 

AxC 

8273 
AxD 

TxC MODEM MODEM 
TKO 

GND N.C. GND N.C. 

Asynchronous Modems - Duplex or Half Duplex Operation 

8273 8273 
MODEM MODEM 

t----t---I AxD 

Asynchronous - No Modems - Duplex or Half Duplex 

8273 8273 
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SDLC Loop 

The OPLL simplifies the SOLe 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 sent out on the loop by the loop controller (primary 
station) are relayed from station tostation 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 OPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 

8273 
LOOP 

CONTROLLER 

.---------1 TxO RxO 1-------, 

8273 
LOOP 

TERMINAL 

Figure 6. SOLC Loop Application 

TiC TxO 

8273 
LOOP 

TERMINAL 
TxO~-~~-----+--~RxD 

t--..... RxC 
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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 
con$tructing 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 A" Ao 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. 

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 ~F 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. HoweveT, the command regis
ter must be used for one command sequence at a time. 

Status Register 

The status register contains the status ofthe 8273 activity. 
The description is as follows. 

o,OsI:\;D.D3 O,Ilj Do 
i CBSyi CBF ICPBF ICRBF I RxlNTI TxlNT IRxlRAI TxlRA I 

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. 

NO 

END OF COMMAND PHASE 

Figure 7. Command Phase Flowchart 

Bit 6 CBF (Command Buffer Full) 

Indicates 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. . 

1-146 00743A 



8273 

Bit 3 RxlNT (Receiver Interrupt) 

RxlNT indicates that the receiver requires CPU attention. 
It is identical to RxlNT (pin 11) and isset 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. 

Bit ~ TxlNT (Transmitter Interrupt) 

The TxlNT indicates that the transmitter requires CPU 
attention. It Is identical to TxlNT (pin 2). It is 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 RxlRA (Receiver Interrupt Result Available) 

The RxlRA is set by the 8273 when an interrupt result 
byte is placed in the RxlNT register. It is reset after the 
CPU has read the RxlNT register. 

Bit 0 TxiRA (Transmitter Interrupt Result Available) 

The TxlRA is set by the 8273 when an interrupt result 
byte is placed in the TxlNT register. It is reset when the 
CPU has read the TxlNT register. 

07 De 

1 

o 

, 
I 

, 

DS ~ 

1 "'--yl" 0 Do rocolvod • 

0 Dl-Do rocolvod 0 

0 D2-Do rocolved 0 

0 03"00 rocelvod 0 

1 04-00 recolved 0 

1 D5-Do rocelvad 0 

1 De-Do rocelvod 0 

0 

0 

yte Received 0 

Figure 8. Rx Interrupt Reault Byte Format 

o. 

o o 

Figure 10. Tx Interrupt Result Byte Format 

De 

0 

0 

0 

0 

0 

0 

0 

0 

0 

03 

D. 

0 

"z,lil· 
IJqr, I{'B.!: 

The Execution Phase ill)llJ;' • q 
'. '"Ic".I$1l. 

'Ill' () . 
Upon accepting the last parameter, ttl 1$ 
t~.e Execution Phase. The execution phas"Ei: 'JJ!t. 
of a DMA or other activity, and mayor may n t ""J"'~ .... 
CPU intervention. The CPU Intervention is eliminac • S(), r
this phase if the system utilizes DMA for the data trans. '11" 

fers, otherwise, for non·DMA data transfers, the CP.U is 
interrupted by the 8273 via TxlNT and RxlNT 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 Result 

01 

I 
DS D4 Da II:! Dl 

0 0 0 0 

0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 0 

0 0 0 1 1 
0 0 0 1 1 

0 0 1 0 0 

0 0 1 0 0 

0 0 1 0 1 

0 0 1 0 1 

02 01 

I 
03 D. 0, Do 

1 1 0 0 

1 

0 

DO Recolver In18nupl ROI.II Coda 

0 AI malch or gonoral rocolvo 

1 A2 match 

1 ORC error 

0 Abort dotoctod 

1 Idlo dotect 

0 EOP dotoctod 

1 Frame loss than 32 bits 

0 DMA ovorrun detected 

1 Momory buffer overflow 

0 carrier detect failure 

1 Receive Interrupt overrun 

00 

I , 

Early transmit interrupt 

Frame transmit complete 

OMA underrun 
Clear to Send (CTS) error 

Abort complete 

Rx 8181.1 Aftor INT 

Acllvo 

Active 

Active 

Active 

Dlsablod 

Disabled 

Activo 

Dlsablod 

Disabled 

Disabled 

Disabled 
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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 ICTS, CO, RTS; etc.) .that the network 
software needs to make quick operational decisions. 

A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning ofthe 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 
Txl/R or Rx Interrupt Result Register RxI/R. The result 
may consist of a one-byte interrupt code indicating the 

.t, 
. p,"" 

condition for the interrupt ana,V, I} 

bytes which detail the condition. fi£'Ji~: Or 
. .. 't.t '" 

Tx and Rx Interrupt Resul. Registers . 'rl.' 
.. . ~I}c 

The Result Registers· have a result code, the th(6& 
order bits D7-D5 of which are set to zero for all but 
receive commimd. This command result contains a count 
that indicates the number of bits received in th.e last byte. If 
a partial byte is received, the high order bits ofthe last data 
byte are indeterminate. . . 

All results Indicated ill the command summary must be 
read during the result phase. 
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DATA REQUEST 
NON·DMA MODE 

USE iiACK + iiii OR 
WR TO READ OR 

WRITE DATA 

( END. ) 

YES 

8273 

r----
N~~g~AI , 

READ STATUS 
REGISTER 

NO 

YES 

READ IIR 
REGISTER 

I DMA 
I MODE 

I 
I 
I 
I 
I 
I 

READ STATUS 
REGISTER 

RESULT PHASE FLOWCHART - INTERRUPT RESULTS 
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DETAILED COMMAND DESCRIPTION 

General 
The 8273 HOLC/SOLC 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 SOLC 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 
coinmands 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 OMA, 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 

HOLC 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 
HOLC 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 HOLC 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 
SOLC Loop applications, Loop Transmit and Receive 
commands are not recommended to be used in HOLC. 
HOLC does not support Loop mode. 

4'0t" 
IJ" ' Initialization Set/Reset C I,. 

These commands are used to manip 
8273 registers. The Set commands have 
eter which is a mask that corresponds to the 
(They perform a logical-OR of the specified regis 
the mask provided as a parameter!. The Regi '0"1(/ 

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) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

I: 1:1:1:1:1:1:1°1 
When one bit delay is set, 8273 retransmits the receiveCl 
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) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::: 1 : 1 ° 1 : 11 11 1 0 1 ° 11 1 ~ 1 ° 1 

The 8273 stops the one bit delayecj retransmission mode. 

Set Data Transfer Mode (CMD Code 97) 

~ ~ ~ ~ ~ ~ ~ ~. ~ ~ 

:::: 1 : 1 ~ 1 : 1 : 1 : 11 1 : 1 : 1 : 11 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 status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 

Reset Data Transfer Mode (CMD Code 57) 

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 BI ---.... 

READ STATUS 
REGISTER 

READ RESULT 
REGISTER. 

RESULT PHASE FLOWCHART - IMMEDIATE. RESULTS 

Figure 9. Rx Interrupt Service 
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Set Operating Mode (CMO Code 91) 

.I., '" FLAG STREAM MODE 

1 '" PREFRAME SYNC MODE 

, • BUFFERED MDDE 

, • EARLY INTERRUPT MODE 

, • EOP INTERRUPT MODE 

1;: HOLe MODE 

Reset Operating Mode (CMO Code 51) 

CMD: 

PAR: 

Any mode switches set in eMO code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 

(05) HOLC Mode 
In HOLe mode, a bit sequence of seven ones (01111111) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 

(04) 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 SOLe loop controller in detecting the end of a 
message stream after a loop poll. 

(03) 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 cOlJ"lmand 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 
a single 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. 

(02) Buffered Mode 

If the buffered 'mode bit is set to a one, the first two bytes 
(normally the address (A) and control (e) fields) of a frame 
are buffered by the 8273.lfthis bit is a zero the address and 
control fields are passed to and from memory. 

(01) 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)H if NRZI is set or data (55)H if NRZI is not 
set. 

(00) Flag Stream Mode 

TRANSMITTER STATE 

Idle 

Transmit or Transmit.} 

Transparent Active 

Loop Transmit Active 

1 Bit Delay Active 

Send Flags immediately. 

Send Flags after the 
transmission complete 

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. 

Loop Transmit Active Ignore command. 

1 Bit Delay Active Ignore command. 

Set Serial 1/0 Mod,e (CMO Code AD) 

~ ~ ~ ~ ~ ~ ~. ~ ~ ~ 

:::: 1 0 1 ~ I' 1 : 1 : 1 : 1 0 1 0 1 0 1 0 1 

I, . NRZ' MODE 

1 "',TxC.-RxC 

1 = LOOP BACK TxO __ RxD 

Reset S.erlsl 1/0 Mode (CMD Code 60) 
This command allows bits set in eMO code AO to be reset 
by placing zeros in the appropriate positions. 

(02) Loop Back 

If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 

(01) 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 (021. 

(~O) NRZI Mode 

If this bit is set to a one, NRZI encoding and decoding 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 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::: I : I : I 0 I 0 I : I 0 I 0 I 0 I : I : I 
An 8273 reset command is executed by outputing a (01)H 
followed by (OO)H 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. A·ny commands in progress are terminated immedi-

ately. . 

4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial .1/0 and Operating Mode registers are set 
to zero and OMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SOLC terminal role. 

Receive Commands 

The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive: 

General Receive (CMD Code CO) 

General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 

NOTES: 

CMO 

PAR 

PAR 

: 0 

: O· 

: 0 

0 111101010101010 
1 LEAST SIGNIFICANT BYTE OF THE 

RECEIVE BUFFER LENGTH (BOI 

1 MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (Bl1 

·1. If buffered mode is specilied, the RO; R1 receive frame length 
(result) is the number of cIata bytes received. 

2. If non-buffered mode is specified, the RO, Rl 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. 

: 0 ° 1111°1°1°1°1°11 

PAR : 0 1 LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BOI 

PAR : ·0 1 MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (Bl1 

: ° 1 RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (All 

PAR 

PAR : 0 1 RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A21 

Selective receive isa receive mode in which frames are 
ignored u·nless the address field matches anyone of two 
address fields given to the 8273 as parameters. 

When selective receive is used in HOLC the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit 

Selective Loop Receive (CMD Code C2) 

CMD 

PAR 

PAR 

PAR 

PAR 

: 0 

0 : 

: 0 

: 0 

: 0 

0 1 1 1 1 ° 1 ° 1 ° 1 ° 1 '1 1 ° 
0 LEAST SIGNIFICANT BYTE OF THE 

RECEIVE BUFFER LENGTH (BOI 

1 MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (Bl1 

1 RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (All 

1 RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A21 

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. 

1·153 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: I o. I ° I 1 I 1 I 0 I 0 I 0 I 1 I 0 I 1 

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) 

CMD : 0 ·0 111101011101010 
: 0 , LEAST SIGNIFICANT BYTE OF . 

FRAME LENGTH (LO) PAR 

: 0 , MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L 1) 

PAR 

: 0 , ADDRESS FIELD OF "TRANSMIT FRAME IA) PAR 

PAR : 0 , CONTROL FIELD OF TRANSMIT FRAME (C) 

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 CAl 

CMD : 0 0 , 1 1 1 0 1 0 1 ' 1 0 1 ' 1 0 ,-
a 1 LEAST SIGNIFICANT BYTE OF : FRAME LENGTH (La) PAR 

,-
: a 1 MOST SIGNIFICANT BYTE OF 

FRAME LENGTH·(Ll) 
PAR 

PAR 

PAR 

: a 1 ADDRESS FIELD OF TRANSMIT FRAME . AI -
: a , CONTROL FIELD OF TR~NSMIT FRM'TI 0.1 - -

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 received 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. 

CMD: f-'+-'--f_..J........L..~'--..J....-'--'-'--....L::-"tnt.: 
PAR: 

PAR: MOST SIGNIFICANT BYTE OF· 
FRAME LENGTH ILll 

The 8273 will transmit a block of raw data' without 
protocol, i.e., n·o 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) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: 1 0 1 a 1 , 1 , 1 a 1 a 1 '.1 1 1 a 1 a 

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) 

~ ~ ~ ~.~ ~ ~ ~ ~ ~ 

CMD:I a 1 a 1 ' I ' I I a I ' I' , a 

PAR: NONE 

After a flag is transmitted the transmitter reverts to.one bit 
delay mode. 

Abort Transmit Transparent (CMD Code CD) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: I a I a I ' I ' I 0 I a I' 1 I a , 

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 (CMO Code 22) 
Al Ao 07 06 05 04 03 02 01 Do 

CMD: I 0 I 0 I 0 I 0 I ' I 0 I 0 I 0 I ' I 0 
PAR: NONE 

Read Port B (CMO Code 23) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD: I 0 I 0 I 0 I 0 I ' I 0 I 0 0 I ' I ' I 
PAR: NONE 

Set Port B Bits (CMO Code A3) 

This command allows user defined Port B pins to be set. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

::::1: 1 0 1 ~ 1 : 1 ' 1 01 01 01 ' 1 ' 1 
I RTS - REDUEST TO SEND 

USER DEFINED 

FLAG DETECT 

8273 Command Summary 

Command 
Parameter Command Description (HEX) 

Set One Bit Delay A4 Set Mask 

Reset One Bit Delay 64 Reset Mask 

Set Data Transfer Mode 97 Set Mask 

Reset Data Transfer Mode 57 Reset Mask 

Set Operating Mode 91 Set Mask 

Reset Operating Mode 51 Reset Mask 

Set Serial 110 Mode AO Set Mask 

Reset Serial-IIO Mode 60 Reset Mask 

General Receive CO BO,B1 

Selective Receive C1 BO,B1,A1,A2 

Selective Loop Receive C2 BO,B1,A1,A2 

Receive Disable C5 None 

Transmit Frame C8 LO,Ll ,(A,C)(') 

Loop Transmit CA LO,L 1 ,(A,C)(1) 

Transmit Transparent C9 LO,L 1 

Abort Transmit Frame CC None 

Abort Loop Transmit CE None 

Abort Transmit Transparent CD None 

Read Port A 22 None 

Read Port B 23 None 

Set Port B Bit A3 Set Mask 

Reset Port B Bit 63 Reset Mask 

.tOt." 
Pfi IC" (05) Flag Detect '"«It; -: i; 

fi>t~
This bit can be used to set the flag de 
will be reset when the next flag is detecti 

I;/) 

(04-01) User Defined Outputs 
" ~ ~ 
These bits correspond to the state of the PB4-PBl out'~ • S1)0& 

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 (CMO Code 63) 

This command allows Port B user defined bits to be reset. 

:::: 1 : 1 0 1 ~ 1 ' 1 ' 1 0 1 0 1 0 1 ' 1 ' 1 
I RTS - REQUEST TO SEND 

USER DEFINED 

FLAG DETECT 

This command allows Port B (04-01) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4-
PB1). 

Result Completion 
Results Port Interrupt 

None - No 

None - No 

None - No 

None - No 

None - No 

None - No 

None - No 

None - No 

RIC,RO,R1,(A,C)(2) RXIIR Yes 

RIC,RO,R1,(A,C)(2) RXIIR Yes 

RIC,RO,R1,(A,C)(2) RXIIR Yes 

None - No 

TIC TXI/R Yes 

TIC TXI/R Yes 

TIC TXI/R Yes 

TIC TXI/R Yes 

TIC TXI/R Yes 

TIC TXI/R Yes 

Port Value Result No 

Port Value Result No 

None - No 

None - No 

Noles: 1. Issued only when on buffered mode. 2. Read as results only In buffered mode. 
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8273 Command Summary Key 

BO - Leal?t significant byteoi the rece'ive buffer 
length.' ' 

B1 - Most significant byte of the receive buffer 
length. ' ' 

LO - Least significant byte of the Tx frame length. 
L 1 - Most significant byte of the Tx frame length, 
A1 - 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. 
C - Control field of received frame. If non-buffered 

mode is specified this result is not provided. 
RXI/R - Receive interrupi result register. 
TXI/R - 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. 

COMMANO 

DATA IN 

I GENERAL t RECEIVE 
(Ro. R,I 

8273 

DMA REOUESTS t t t 
OR A' C I, 

DATA INTERRUPTS ----------------------------~----~---~~-------~----------------------I 
NON.BUFFkRED MODE 

POSSIBLE' 
CPU INTERRUPTS IDLE INTERRUPT 

Figure 12. Typical Frame Reception 

1-156 00743A 



COMMAND 

Tx DATA 

RTS ~ 

CTS 

TRANSMIT 
FRAME 

8273 

L 
DATA R~~UESTS t A t C t I, t 12 t 13 

DATA INTERRUPTS -----..... '---..... '---..... -'-----'-----'-------------'------

CPU INTERRUPTS 

I 

NON.BUFFERED MODE 

Figure 13. Typical Frame Transmission 

~ 
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Figure 14. 8273 System Diagram 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ........ O· C to 70· C 
Storage Temperature" ....... , ........ -65·Cto+150·C 
Voltage on Any Pin With 
Respectto Ground ....... " ..... " ....... ~0.5Vto +7V 

Power Dissipation .......................... , 1 Watt 

D.C. CHARACTERISTICS 
TA = ooe to 7ooe, Vee = +5.0V ±5% 

Symbol Parameter Min. 

VIL Input LoW Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage " 2.4 

IlL Input Load Current 

loz Off-State Output Current. 

Icc Vee Supply Current 

CAPACITANCE 
TA = 25°C; Vee = GND = OV 

Symbol Parameter Min. 

CIN Input Capacitance 

CliO I/O Capacitance 

~ 
.oa,<> 1:'". 

Ill!!!; . 
I"1t: !. 

·COMMENT: Stresses above those list:' 
Maximum Ratings" may cause permanent 
device. This is a stress rating only and 
operation 0" the device at these or any other con 
above those indicated in the operational sections of tll/$ 
specification is not implied. Exposure to absolute 
'maximum rating conditions for extended periods may 
affect device r~liability. 

Max. Unit Test Conditions 

0.8 V 

Vee + 0.5 V 

0.45 V IOL = 2.0 rnA for Data Bus pins 
IOL = 1.7 rnA for all other pins 

V IOH = 7 200 j1A 

±10 j1A VIN=Vee toOV 

± 10 j1A VOUT= Vee to OV 

180 rnA 

Typ. Max. Unit Test Conditions 

10 pF te = 1MHz 

20 PF, Unmeasured Pins 
Returned to GND 

, :i 
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A.C. CHARACTERISTICS TA=O·C to 70·C, Vcc= +5.0V ±5% 

Read Cycle 

Symbol Parameter Min. Max. Unit 

tAc Select Setup to RD 0 ns 

tCA Select Hold from RD 0 ns 

tRR RD Pulse Width 0 ns 

tAD Data Delay from Address 250 ns Note 3 

tRO Data Delay from RD 150 ns Cl= 150 pF, Note 3 

tOF Output Float Delay 20 100 ns Cl = 20 pF for Minimum; 
150 pF for Maximum 

toc DACK Setup to RD 25 ns 

tco DACK Hold from RD 25 ns 

tKo Data Delay from DACK 250 flS 

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 

two Data Hold frbm WR 0 ns 

toc DACK Setup to WR 25 ns 

tco DACK Hold from WR 25 ns 

DMA 

Symbol Parameter Test Conditions. 

tco Request Hold from WR or RD (for Non-Burst Mode) 

Other Timing 

Symbol Parameter Min. Max. Unit Test Conditions 

tRSTW Reset Pulse Width 10 tCY 

tr Input Signal Rise Time 20 ns 

tf Input Signal Fall Time 20 ns 

tRSTS Reset to First IOWR 2 tCY 

tCY Clock 250 ns Note 2 

tCl Clock Low 110 ns 

tCH Clock High 122 ns 

tOCl Data Clock Low 200 ns 

tOCH Data Clock High 200 ns 

toCY Data Clock 15625 ns Note 2 

tTD Transmit Data Delay 100 ns 

tos Data Setup Time 100 ns 

tOH Data Hold Time 0 ns 

tOPll DPLL Output Low 200 ns 

tFlO FLAG DET Output Low 8·tcy±50 ns 

NOTES: 
1. All timing measurements are made at the reference vottages untess otherwise specified: Input "1" at 2.0V, "0" at 0.8V 

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

2. 64K baud maximum operating rate. 
3. tAD, tRO, tAC, and tCA are not concurrent specs. 
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WAVEFORMS 
Read Waveforms 

DACK 

110. A,. CS 

DATA BUS' 

Write Waveforms 

8273 
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Transmit Data Waveforms 

-_. - - tOCH --- - ---

1----------- 'Dey -----------1 

T,O 

Receive Data Waveforms 
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R,o------.f~JL,'"3<-· -

DPLL Output Waveform 

Flag Detect Output Waveform 
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8275 
PROGRAMMABLE CRT CONTROLLER 

• Programmable Screen and Character • Fully MCS·SO™ and MCS·SS™ 
Format Compatible 

• 6 Independent Visual Field Attributes • Dual Row Buffers 
• 11 Visual Character Attributes 

Programmable DMA Burst Mode (Graphic Capability) • 
• Cursor Control (4 Types) • Single + SV Supply 

• Light Pen Detection and Registers • 40·Pin Package 

The Intel~ 8275 Programmable CRT Controller Is a single chip device to interface CRT raster scan displays with 
Intel~ microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow Simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 

PIN CONFIGURATION 

LC3 vcc 
LC2 LAD 
LC, LA, 
LCD LTEN 

DRQ RVV 
DACK VSP 
HRTC GPA, 
VRTC GPAO 

AD HLGT 
WR IRQ 

LPEN CCLK 
DBO ccs 
DB, CC5 
DB2 CC4 
DB3 CC3 
DB4 CC2 
DB5 CC, 
DBS CCo 
DB7 CS 
GND Ao 

PIN NAMES 

~~;:::r.'-DIRECTIONAL DATA BUS LC0-3 LINE COUNTER OUTPUTS· 

ORO t DMA REQUEST OUTPUT LAo_1 LINE ATTRIBUTE OUTPUTS 

"'DACK-- -DMAACKNOWLEDGE INPUT HRTe HORIZONTAL RETRACE OUTPUT 

t_1RO I INTERRUPT REQUEST OUTPUT VRre VERTICAL RETRACE OUTPUT 

RtS' READ STROBE INPUT HLGT HIGHLIGHT OUTPUT 

WR WRITE STROBE INPUT RVV REVERSE VIDEO OUTPUT 

~n'GISTER ADDRESS INPUT LTEN LIGHT ENABLE OUTPUT § CHIP SELECT INPUT VSP ~~~EE~~~~~:::EU:~~IBUTE OUTPUTS CCLK -:- CHARACTER CLOCK INPUT GPA0-1 
I ceo-a I CHARACTER CODE OUTPUTS lPEN LIGHT PEN INPUT 

ORO ____ -, 

DACK 

IRO 

BLOCK DIAGRAM 

CCLK 

CCo_6 

lCO_3 

LA<>-, 
HRTC 
VRTC 
HLGT 
RW 
LTEN 
vs, 

Lr------,.s~ GPA0-1 

LPEN 

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' 1·162 ' 00224A 
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PIN DESCRIPTIONS 
Pin # Pin Name 110 Pin Description 

1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 
13 
14 
15 
16 
17 
18 
19 

20 

LC3 
LC2 
LC1 
LCD 

DRQ 

HRTC 

VRTC 

LPEN 

DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 

Ground 

o 

o 

o 

o 

Une count. Output from the line count
er which is used to address the character 
generator for the line positions on the 
screen. 

DMA request. Output signal to the 8257 
DMA controller requesting a DMA cycle. 

DMA acknowledge. Input signal from 
the 8257 D'MA controller acknowledging 
that the requested DMA cycle has been 

'granted. 

Horizontal retrace. Output signal which 
is active during the programmed hori· 
zontal retrace interval. During this peri
od the VSP output is high and the 
L TEN output is low. 

Vertical retrace. Output signal which is 
active during the programmed vertical 
retrace interval. During this period the 
VSP output is high and the L TEN out· 
put is low. 

Read input. A c,ontrol signal to read 
registers. 

Write input., A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMAcycle. 

Ught pen. Input signal from the CRT 
system signifying that a light pen signal 
has been detected. 

I/O Bi·directional, three·state data bus lines. 
The outputs are enabled during a read of 
the C or P ports. 

Ground 

Pin # Pin Name 110 
40 

39 
38 

37 

36 

35 

34 
33 

32 

31 

30 

29 
28 
27 
26 
25 

'24 ' 
23 

22 

21 
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Vec 
LAD 
LA1 

LTEN 

RVV 

VSP 

GPA1 
GPAO 

HLGT 

IRQ 

CCLK 

CC6 
CC5 
CC4 
CC3 
CC2 
CCl 
CCo 

cs 

AD 

o 

o 

o 

o 

o 

o 

o 

o 

+5V power supply 

Une attribute codes. These 
codes have to be decoded externall ' ~ ". So 
the dot/timing logic to generate thir'! "",.9 
horizontal and vertical line combinations 
for the graphic displays specified' by the 
character attribute codes, 

Ught enable, Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi
tions specified by attribute codes. 

Reverse video. Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the positions 
specified by the field ettribute codes. 

Video suppression. Output signal used to 
blan k the video signal to the CRT. This 
output is active: 

during the horizontal and vertical re
trace intervals. 

at the top and bottom lines of rows if 
underline Is programmed to be number 
8 or greater. 
when an end of row or end of screen 
code is detected. 

When a DMA underrun occurs. 
at regular intervals (1/16 frame fre· 
quency for cursor, 1/32 frame fre· 
quency for character and field attri
butes) - to create blinking displays 
as specified by cursor, character attri
bute, or field attribute programming. 

General purpose, attribute codes. Out
puts which are enabled by the general 
purpose field attribute codes. 

Highlight, Output signal used to intensi· 
fy the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 

Interrupt request. 

Character clock (from dot/timing logic). 

Character codes. Output from the row 
buffers used for character selection in 
the character generator. 

Chip select. The read and write are en
abled by CS. 
Port address. A high input on AD selects 
the "c" port or command registers and a 
low input selects the "P" port or param
eter registers. 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8275 to the system Data Bus.' 

This functional bloc:k accepts inputs from the System Con
trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats 'for the 
device functional definition.' 

AO OPERATION REGISTER 

0 Read PREG 

0 Write PREG 

1 Read SREG 

1 Write CREG 

RD (Read) 
A "low" on this input informs the 8275 that the CPU is 
reading data ~r status information from the 8275. 

WR (Write) 
A "low" on this input informs the 8275 that the CPU is 
writing data or control words to the 8275. 

CS (Chip Select) 
A "low" on this ill put selects the 8275. No reading or writ
ing 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. 

DRQ (DMA Request) 

A "high~' on this output informs the DMA Controller that 
the 8275 desires a DMA transfer. 

DACK (DMA Acknowledge) 
A "low" on this input inform~ the 8275 that a DMA cycle 
is in progress. 

IRQ (Interrupt Request) 

A "high" on this output informs the CPU that the 8275 
desires interrupt service. 

OBO_7 

, ORO ___ ----, 

RD READ! 
WRITEI 

WR ---+ OMA 
CONTROL 

AO- LOGIC 

Figure 1. 8275 Block Diagram Showing Data Bus Buffer 
and Read/Write Functions 

AO RD WR CS 

0 0 0 Write 8275 Parameter 
0 0 0 Read 8275 Parameter 

0 1 0 Write' 8275 Command 
1 0 0 Read 8275 Status 
X 1 0 Three-State 
X X X Th ree-state 
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Character Counter 
The Character Counter is a programmable counter that is 
used to determine the number of characters to be displayed 
per row and the length of the horizontal retrace interval. It 
is driven by the CCLK (Character Clock) input, which 
should be a derivative of the external dot clock. 

Line Counter 
The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 

Row Counter 

The Row Counter is a programmable counter that is used to 
determine the number of character 'rows to be displayed per 
frame and length of the vertical retrace interval. 

Light Pen Registers 
The Light Pen Registers are two registers that store the con
tents of the character counter and the row counter when
ever there is a rising edge on the LPEN (Light Pen) input. 

Note: Software correction is required. 

Raster Timing and Video Controls 
The Raster Timing circuitry controls the' timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retracel 
outputs. The Video Control circuitry controls the genera
tion of LAO-l (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable); VSP (Video Sup
press), and GPAO_l (General Purpose Attribute) outputs. 

Row Buffers 
The Row Buffers are two 80 character buffers_ They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 

080_7 

DRQ_--_-, 

Figure 2. 8275 E!lock Diagram Showing Counter and 
Register Functions 

FIFOs 
There are two 16 character FIFOsin the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 

Buffer Input/Output Controllers 
The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac
ter attribute, field attribute or special code, these con
trollers control the appropriate action. (Examples: An 
"End of Screen-Stop DMA" special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer Output 
Controller to activate the HG L T output.) 
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SYSTEM OPERATION 

The ·8275 is programmable to a large number of different 
display formats. It provides raster timing, display row buf
fering, visual attribute decoding, cursor timing, and light 
pen detection. 

. " 
It is designed to interfal;ewith the82~ 
and standard character generator ROMs 
decoding. Dot level timing must be provided 
circuitry. 

MEMORIES 

JJ 
< SYSTEM BU~ 

DBO_7 
MEMR AO 
lOW ~0-7 
MEMW WR 
lOR RD 
CS CS 
HRQ IRQ 
HACK· 

DRQ LCO-3 
8257 VIDEO SIGNAL 
DMA CHARACTER 

CONTROLLER DACK· , GENERATOR 

( 

8275 
HORIZONTAL SYNC 

CCO-6 
CRT DOT 

CONTROLLER TIMING VERTICAL SYNC 
AND CCLK 

INTERFACE 
INTENSITY 

VIDEO CONTROLS 

Figure 3. 8275 Systems Block Diagram Showing. Systems Operation 
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General Systems Operational Description 

The 8275 provides a "window" into the microcomputer 
system memory. 

4'Ol 
The number of lines per chardiiteE 
tion, and blanking of top and b6 
mabie. (See Programming Section.) '(,,~ 

<11"0 

Display characters are retrieved from memory and dis· 
played on a row by row basis. The 8275 has two row buf
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the" number of character rows per frame are software pro
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 

The 8275 provides special Control Codes whic~"J;1l 
to minimize DMA or software overhead. It alsCftPrcj 
Visual Attribute Codes to cause special action or sym "9F 
on the screen without the use of the character generator 
(see Visual Attributes Section). 

The 8275 also controls raster timing. This is done by gen
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals is program-
mable. " 

The 8275 requests DMA to fill the row buffer that is not 
being used for display; DMA burst length and spacing is 
programmable. (See Programming Section.) 

The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 

The 8275 displays character rows one line at a time. 

The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command_ (See Programming Section.) 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

--------~------------00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

First Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Characto' Character Character Character Character Character Character ----------------------------00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 

Second Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

~~------------00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00.0000000000000.000.00.000.00.000.0 

Third .Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

~--------~----00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0.00.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00 •••• 0000000000 •••• 000.000.00.0.0.0 
0.0000.00.00.0.00.0000000000000.0.0000.000.00.0.0.0 
0.0000.00.000 •• 00.0000000000000.00.000.000.00.0.0.0 
00 •••• 000.0000.00 ••••• 000000000.00.0000 ••• 0000.0.00 

Seventh Line of a Character Row 

Figure 4_ Display of a Character Row 
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Display Row Buffering 
Before the start of a frame" the 8275 requests DMA and 
one row buffer is filled with characters. 

CCLK 

CCo_& 

ORQ LCO_J 

DACK 

IRQ 

iffi 

WI! LAo_I 

HRTe 
VRTe 

AO HLGT 
RVV 
LTEN 
vsp 

B GPAo_·, 

LPEN 

Figure 5. First Row Buffer Filled 

When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA beginsfilliilg the other 
row buffer with the next row of characters. 

CCLK 

D80_1 CCo_& 

ORQ ____ -, 
lCO_3 

iffi 

WI! LAo-l 

HRTe 

AO 
VRTe 
HLGT 

. RVV 
LTEN 
vsp 

B GPAO_l 

LPEN 

Figure 6. Second Buffer Filled, First Row Displayed 

After. all. the lines of the clyl~ ~ 
roles of the' two row buffersl"~!1;' 
procedure is followed for the next r 

ORQ 

i5Aci< 
IRQ 

.RO 

W1i 

AO 

B 

Figure 7. First Buffer Filled with Third RoW, 
Second Row Displayed 

COo_6 

lCO_3 

LAo-I 

HRTe 
VRTe 
HLGT 
RVV 
LTEN 
vsp 
GPAO_l 

lPEN 

This is repeated until all of the character rows are dis· 
pl,ayed. 
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Display Format 

Screen Format 

The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 

123456789 .............. 80 
2 
3 
4 
5 
6 
7 
8 
9 

64 

Figure 8. Screen Format 

The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 

123456789 ............... 80 

2 

3 

4 

5 

64 

Figure 9. Blank Alternate Rows Mode 

4<" 
Pilt; .fee:>, 

Row Format '1~/' • 
(.I'''e;~ ';r 

The 8275 is designed to hold the linitlCl:! 
outputting the appropriate character co 
horizontal sweep. The line count is increme l 

horizontal retrace and the whole row of character co'll~ . s. 
output again during the next sweep. This is continued un~i {J'I'J(J 

the whole character row is displayed. 

The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 

The output of the line counter can be programmed to be in 
one of two modes. 

I n mode 0, the output of the I ine counter is the same as the 
line number. 

In mode 1, the line counter is offset by one from .the line 
number. 

Note: In mode I, while the first line (line number 0) is being dis· 
played, the last count is output by the line counter (see 
examples). 

Line Line 
Line Counter Counter 

Number Mode 0 Model 

0 0 0 0 0 0 0 0 0 0 0000 1111 
1 0 0 0 0 • 0 0 0 0 0001 0000 
2 0 0 0 • 0 • 0 0 0 0010 0001 
3 0 0 • 0 0 0 • 0 0 0011 0010 
4 0 • 0 0 0 0 0 • 0 0100 0011 
5 0 • 0 0 0 0 o • 0 0101 0100 
6 0 • • • • • • • 0 0110 0101 
7 0 • 0 0 0 0 0 • 0 0111 0110 
8 0 • 0 0 0 0 o • 0 1000 0111 
9 0 • 0 0 0 0 o • 0 1001 1000' 

10 0 0 0 0 0 0 0 0 0 1010 1001 
11 0 0 0 0 0 0 0 0 0 1011 1010 
12 0 0 0 0 0 0 0 0 0 1100 10 i 1 
13 0 0 0 0 0 0 o 0 0 1101 1100 
14 0 0 0 0 0 0 0 0 0 1110 1101 
15 0 0 0 0 0 0 0 0 0 1111 11 10 

Figure 10. Example 01 a 16·Line Format 

Line Line 
Line Counter Counter 

Number Mode 0 Model 

0 0 0 0 0 0 0 0 0000 1001 
1 0 0 0 • 0 0 0 0001 0000 
2 0 0 • 0 • 0 0 0010 0001 
3 0 • 0 0 0 • 0 0011 0010 
4 0 • 0 0 0 • 0 0100 0011 
5 0 • • • • .'0 0101 0100 
6 0 • 0 0 0 • 0 0110 0101 
7 0 • 0 0 0 • 0 0111 0110 
8 0 0 0 0 0 0 0 1000 0111 
9 0 0 0 0 0 0 0 1001 1000 

Figure 11. Example 01 a 10·Llne Format 

Mode 0 is useful for character generators that leave address 
zero blank and start at address 1.Mode 1 is useful for char' 
acter generators which start at address zero. 
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Underline placement is also programmable (from line num
ber 0 to .15). This is independent of the line counter mode. 

If the lin~ number of the underline is greater than' 7 (line 
number. MSB = 1), then. the top and bottom lines will be 
blanked.' . 

Line 
Number 

0 0 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 • 
11 0 

o· 0 0 0 0 0 

0 0 0 • 0 0 

0 0 • 0 • 0 

0 • 0 0 0 • 
• 0 0 0 D. 0 

• 0 0 0 0 0 

• • • • • • • 0 0 0 0 0 

• 0 0 ci: 0 0 

• 0 0 0 0 0 

• • • • • • 
0 0 0 0 0 0 

Top and Bottom 
Line. are Blanked 

Line 
Counter 
Mode 0 

0 0 0000 
0 0 0001 
0 0 0010 
0 0 0011 

• 0 0100 

• 0 0101 

• 0 0110 

• 0 0111 

• 0 1000 

• 0 1001 

• • 1010 
0 0 1011 

Figure 12. Underline In Line Number 10 

Line' 
Counter 
Mode 1 

1'011' 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0.111 
1000 
1001 
1010 

If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. . 

Line 
Number 

0 0 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

7 • 

0 0 • 0 0 0 

0 • 0 • 0 0 

• 0 0 0 .. 0 

• 0 0 0 • 0 

• • • • • 0 

• 0 0 0 • 0 

• 0 0 0 • 0 

• • • • • • 
Top and Bottom 
Lines are not Blan~ed 

Line 
Counter 
Mode 0 

0000 
0001 
0010. 
0011 
0100 
0101 
0110 
0111 

Figure 13. Underline In Line Number 7 

Line 
C.ounter 
Mode 1 

0111 
0000 
0001 
0010 
0011 
0100 
0101 
0110 

If the line number of the underline is greater than the maxi
mum number of lines, the· underline will not appear. 

Blanking isaccomplishfid by the VSP (Video Suppression) 
signal. Underline is accomplished by the L TEN (Light 
Enable) signal. 

Dot Format 
ilJirs 

Dot width and character width are depli'nq ~ 
external timing and control circuitry. "0;; 'IsA 

. t::, Or; r 
Dot level timing circuitry should be designed to accep~eSlJtil'" 
parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 

LC 

8275 

cc 

VIDEO 

vs. SYNCHRONIZER 

Figure 14. Typical Dot Level Block Diagram 

pot width is a function of dot clock frequency. 

Character width is a function of the character generator 
width. 

Horizontal character spacing is a function of the shift 
register length. 
Note: Video control and timing signals must be synchronized with 

the video signal due to the character generator access delav. 
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Raster Timing 
The character counter is driven by the character clock input 
(CCLK). It counts 'out the characters being displayed 
(programmable from 1 to 80). It then' causes the line 
counter to increment, and it "Starts counting out the hori
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 

CCLK 

HRTe 

PROGRAMMABLE 1 T080CCLKS 

LCO•3 PRESENT LINE COUNT 

--------~------~ 

Figure 15. Line Timing 

NEXT 
LlNECDUNT 

The line counter is driven by the character counter. It is 
used to generate the line address outputs (LCO_3) for the 
character generator. After it counts all of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For
mat Section for detailed description of Line Counter 
functions.) , . . . 

,z,"l 
/Jilt. 

The row counter is an internal 6b,!.jQ, :!i-
counter. It controls the functions Of',t 
counts the number of character rows disp 

LC[)'3 

INTERNAL 
ROW COUNTER .~"'~ 

PROGRAMMtBLE 1 TO 16 
LINE COUNTS 

Figure 16. Row Timing 

After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts' counting out the 
vertical retrace interval (programmable from 1 to 4). 

ONE FRAME , 

ROw'~6~~~~~ Jcxx::x:xJ..<:Xioc 
FIRST LAST FIRST lAST 

DISPLAY DISPLAY RETRACE RETRACE 
ROW ROW ROW ROW 

VRTC ~r---F~ 
.. , 

Y T 
PROGRAMMABLE PROGRAMMABLE 

1 TO 64 ROW COUNTS 1 TO 4 ROW COUNTS 

Figure 17. Frame Timing 

The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these outputs 
with the video signal to the CRT Display. 
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DMATlming 

The 8275 can be programmed to request burst DMA trans
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from 0 to 55 character clock periods ±1). 
This allows the user to tailor his DMA .overhead to fit his 
system needs. 

The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests conti nue 
as programmed, until the row buffer is filled. If the row 
buffer 'is filled in. the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filied. 

If, for any reason, there is a DMA underrun, a flag in the 
status word will. be set. 

INTERNAL 
ROW 

COUNTER 

VRle 

LAST RETRACE ROW 

ORO ~/ --'--~ BURST\';' . 

Figure 18. DMA Timing 

FIRST DISPLAY ROW 

\/\ 
NEXT 

ROW BUFFER 
FILLED 

The DMA controller is typically initialized for the next 
frame at the end of the current frame. 

Interrupt Timing 
. .'. illtit . 

The 8275 can be programmed to generates 
request at .the e.nd of each .frame. This cairb 
reinitialize the DMA controller. If the 8275. 
enable· flag is set, an interrupt request will 
beginning of the last display row. 

INTERNAL =oJ. 
ROW 

COUNTER 
LA R 

DISPLAY, RETRACE 
ROW "ROW 

VRTC ~\---e--J 

IRQ 

Figure 19. Beginning of Interrupt Request 

I RQ will go inactive after the status register 'is read. 

Figure 20_ End of Interrupt Request 

A reset command will also cause I RQ to go inactive, but 
th is is not recommended during normal service. 

Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count, 
With this method, the 8275 interrupt enable flag should not 
be set. 

Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 

1-172 

As a result, the user's cold start routine should write a reset 
command to the 8275 before system interrupts are enabled, 

00224A 



8275 

VISUAL ATTRIBUTES AND SPECIAL 
CODES 

The characters processed by the 8275 are 8·bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = a), or if it is a Visual Attribute or Special 
Code (MSB = 1). 

There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 

,....--
00 

0, 

04 

O. 

~~~~z. RIGHT ......... -

41",," 
Character Attribute Codes PiTrq~Cf1" q 

~ll';: 
Character attribute codes are codes t« 
erate graphics symbols without the usg q-t>rii. 
generator. This is accomplished by selectively gBti 
Line Attribute outputs (LAO-I), the Video Sup 
output (VSP), and the Light Enable output. The dot III 
timing circuitry can use these signals to generate the proper 
symbols. . 

Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refi'esh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGL T). 

Character Attributes 

MSB LSB 
11CCCCBH 

,~ -

I IL HIGHLIGHT 
BLINK 

L _____ CHARACTER ATTRIBUTE CODE 

DOTeLOCK 

8275 
0, 

'---
- D-.......,.---- -
:W~I ~ ~~r"-ORIZ'LE----LFTHALF~T~...... _ 

~------~--~~----~+-~I ~~v~'~----;-~~~ . .;:=l...)"- VIDEO 

vsp' 

1-___________________________ 11 SYNCHRO. !-=,LT~EN!-__ 

1--___ -,-_______________________ '11 NIZAliON II--------_HIGHLIGHT 

---~ 

Figure 21. Typical Character Attribute Logic 
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~ 

Character attributes were designed to produce the following graphics: 
PfJlfJ; <ii>: J; 

, ?;titf';c. 

CHARACTER ATTRIBUTE OUTPUTS 
CODE "CCCC" LA1 LAo VSP 

Above Underline, 0 0 1 
0000 Underline 1 0 0 

Below Underline 0 1 0 
Above Underlil1e 0 0 1 

0001 Underline 1 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0010 Underline 1 0 0 
Below Underline 0 0 1 
Above Underline 0 1 0 

0011 Underline 1 1 0 
Below Underline 0 0 1 ' 
Above Underline 0 0 1 

0100 Underline 0 0 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0101 Underline 1 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0110 Underline 1 0 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0111 Underline 0 0 0 
Below Underline 0 0 1 
Above Underline 0 0 1 

1000 Underline 0 0 0 
Below Underline 0 0 1 
Above Underline 0 1 0 

1001 Underline 0 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

1010 Underline 0 0 0 
Below Underline 0 1 0 
Above Underline 0 0 0 

1011 Underline 0 0 0 
Below Underline 0 0 0 
Above Underline 0 0 1 

1100 Underline 0 0 1 
Below Underline 0 0 1 
Above Underline 

1101 Underline Undefined 
Below ,Underline " I 
Above Underline und~fined 1110 Underline 
Below Underline I 
Above Underline I 

1111 Underline undrned 
Below Underline 

*Character Attribute Code 1011 is not recommended for 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. 

'lri,;ih. Of 

Vf'~lSq 

LTEN 
SYMBOL DESCRIPTION ' 

&Ct () 'i'll' 
~ I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

~, 

I Top Left Corner 

I Top Right Corner 

L Bottom Left Corner 

.--J Bottom Right Corner 

~ 
Top Intersect 

-1 Right Intersect 

~ Left Intersect 

~ Bottom Intersect 

--- Horizontal Line 

I Vertical Line 

+ Crossed Li nes 

Not Recommended * 

Special Codes 

Illegal 

Illegal 

Illegal 

Character Attribute Codes 1101, 1110, and 1111 are illegal. 

Blinking is active when B = 1. 

Highlight is active when H = 1. 
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Spacial Codas 

Four special codes are available to help reduce memory, 
software, or DMA overhead. 

SpaCial Control Charactar 

MSB 
1 1 1 1 

LSB 
o 0 S S 

S S 

o 0 
o 1 

o 

~ SPECIAL CONTROL CODE 

FUNCTION 

End of Row 

End of Row·Stop DMA 

End of Screen 

End of Screen-Stop DMA 

The End of Row Code (00) activates VSP and holds it to 
the end of the line. 

The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
same way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 

The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 

If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of Screen character are ignored. 

Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dummy character must be placed in 
memory after the Stop DMA character. 

P<,t; 
Flald Attrlbutas O/J}$;" Il,S 

"'"t-, . "
The field attributes are control codl7S'}llo/fir . 
visual characteristics for a field of characted~Jt 
character following the code up to,. and inc1& I 

character which precedes the next .field att.ribute cod~""'f> '% Sf) 
up to the end of the frame. The field attributes are resel 'Ii" 
during the vertical retrace interval. 

There are six field attri butes: 

1. Blink - Characters following the code are caused 
to blink by activating the Video Suppression out
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 

2. Highlight - Characters following the code are 
caused to be highlighted by activating the High
light output (HGLT). 

3. Reverse Video - Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 

4. Underline - Characters following the code are 
caused to be underlined by activating the Light 
Enable output (L TEN). 

5,6. Gen~ral Purpose - There 'are two additional 8275 
outputs which act as general purpose, independ, 
ently programmable field attributes. GPA0-1 are 
active high outputs. 

Field Attribute Code 

MSB 
1 0 

LSB 

U

1 

RI TG G i ~ HIGHLIGHT 

1-175 

L, ---BLINK 
. GENERAL PURPOSE 

L.. ------ REVERSE VIDEO 
'-------- UNDERLINE 

H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 

GG = GPA1, GPAo 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 

If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They,will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this.blanked character. 

AB C D E F G H I J K L M 
NOPORSTUV 

12 3 4.5 6 7 8 9 

Figure 22. Example of the Visible Field Attribute Mode 
(Undetllne Attribute) . 

If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 

090-7 

ORO ____ .., 

DACK 

IRO 

AD 

CCLK 

CC0-6 

LCO_3 

LAO_1 

HRTe 
VRTC 
HLGT 
RVV 
LTEN 
vs. 

~------r~~ GPA0-1 

LPEN 

Figure 23. Block Diagram Showing FIFO Activation 

p~ 

Each row buffer has a corresp 
are 16 characters by 7 bits in .size.. . Ii;,ils " 

When a field attribute is placed in the rd'VJs!1 . 
DMA, the buffer input controller recognizes I¥~ 
the next character in the properF I FO. ~~. 

"I,1Q~ ·J'olJ1. 
When a field attribute is placed in the Buffer Output CO.n- (J 

troller during display, it causes the controller to immedi
ately put a ci:1aracter from the FIFO on the Character Code 
outputs (CCo-s). The chosen Visual Attributes are also 
activated. 

.: . ,', : 

Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 

Note: Since the FIFO is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code must not immediately follow a field attribute code: If 
this situation' does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 

ABC D E F G H I J K L M 
NOPORSTUV 

1 234 567 8 9 

Figure 24. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 

Field and Character Attribute Interaction 

Character Attribute Symbols are affected by the Reverse 
Video (RRV) and General Purpose (GPAO-l) field attri
butes. They are not affected by Underline, Blink or High
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 
The cursor location is determined by a cursor row register 
and a character position register which are loaded by com
mand to the controller_The cursor can be programmed to 
appear on the display as: 

1_ a blinking underline 
2. a blinking reverse video block 
3. a non-blinking underline 
4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16_ 

If a non-blinking reverse. video cursor appears in a non
blinking reverse video 'field, the cursor will appear as a 
normal video block. 

If a non-blinking underline cursor appears in a non-blinking 
underline field, the cursor will not be visible. 

Light Pen Detection 
A light pen consists of a· micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 

If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status. word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a 0 to 1 transition for proper operation. 

Note: Due to internal and external del.ays; the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. . 

I/!, 
11" Olle". 

Device Programming 'l'oJl}ls;/ is 
Ie /.,- /J 

The 8275 has two programming regf~~/J d 
Register (CREG) and the Parameter Regflite 
also has a Status Register (SREG). The Comm ~t.... 
can only be written into and the Status Registers C~fI%l" IV. S. r 
be read from. They are addressed as follows: :90: Q0 r; 

AO . OPERATION REGISTER 

0 Read PREG 

0 Write PREG 

1 Read SREG 

1 Write CREG 

The 8275 expects to receive a command and a sequence 
of 0 to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 

Instruction Set 
The 8275 instruction set consists of 8 commands. 

COMMAND NO. OF PARAMETER BYTES 

Reset 
Start Display 
Stop Display 

Read Light Pen 
Load Cursor 
Enable Interrupt 
Disable Interrupt 

4 

o 
o 
2 
2 
o 
o 

Preset Counters 0 

In addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 
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1. Reset Command: 
DATA BUS 

DPERATIDN AO DESCRIPTION MSB LSB 

Command Write 1 Reset Command 0 0 0 0 0 0 0 0 -- .-
Screen Camp 

Write '0 
Byte 1 

S H H H H H H H 

Write .0' Screen C~mp V V R R R R R R 
Byte 2 

Parameters 
Write 0 Screen Camp U U U U L L L L Byte 3 

Write 0 Screen Camp 
M F C C Z Z Z Z 

.- ... . . _ . .. - ... By-,~.4 . -- ... ----.... --_. -
Action - After' the reset command is written, DMA re
quests stop, 8275iriterrupts are disabled, and the VSP 
output is used to blank the screen. HRTC and VRTC con
tinue to run. HRTC and VRTC timing are random on 
power-up. 

As parameters are written, the' screen composition is 
defined. 

Parameter - S Spaced Rows 

S FUNCTIONS 

0 Normal Rows 

Spaced Rows 

Parameter - HHHHHHH Horizontal Characters/Row 

NO. OF CHARACTERS 
H H H H H H H PER ROW 

0 0 0 0 0 0 0 1 
0 0 0 0 0 0 1 2 
0 0 0 0 0 0 3 

0 0 1 80 
0 0 0 0 0 Undefined 

1 1 1 1 1 1 Undefined 

Parameter - VV Vertical Retrace Row Count 

V V NO. OF ROW COUNTS PER VRTC 

o 0 
o 1 

o 

Parameter..:... RRRRRR 
R R R R R 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 

R 

0 
1 

0 

1 1 1 1 1 1 

1 

2 
3 
4 

Vertical Rows/Frame 
NO. OF ROWS/FRAME 

1 
2 
3 

64 

Parameter - UUUU 

U U U U 

0 0 0 0 
0 0 ·0 1 
0 0 0 

1 1 16 

Parameter - LLLL 
L L L L 

Number of Lines per Character Row 
NO. OF LINES/ROW 

000 0 
000 1 
o 0 0 

2 

3 

1 '1 16 

Parameter - M Line Counter Mode 

M . LINE COUNTER MODE 

o Mode 0 INon-Offseil 

Mode 1 (Offset by 1 Count) 

Parameter - F 
F. 

o 

Parameter - CC 
C C 

o 0 
o 

o 

Field Attribute Mode 
FI,ELD ATTRIBUTE MODE 

Transparent 

Non-Transparent 

Cursor Format 
CURSOR FORMAT 

Blinking reverse video block 

Blinking underline 

Nonblinking reverse video block 

Nonblinking underling 

Parameter - ZZZZ Horizontal Retrace Count 
NO. OF CHARACTER 

Z Z Z Z COUNTS PER HRTC 

0 0 0 0 2 

0 0 0 4 
0 0 0 6 

1 1 1 32 

Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, 0 = not blanked). 
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2. Start Display Command: 

DATA BUS 
DPERATION AO DESCRIPTION MSB LSB 

Command Write Start 0 isplay 001SSSBB 

No parameters 

S S S BURST SPACE CODE 

NO. OF CHARACTER CLOCKS 
S S S BETWEEN DMA REQUESTS 

a a a a 
a a 7 

a a 15 
a 1 23 

a a 31 
a 39 

a 47 

55 

BB BURST COUNT CODE 

NO. OF DMA CYCLES PER 
B B BURST 

a a 
a 1 2 

1 a 4 

8 

Action - 8275 interrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable and Video Enable status 
flags are set. 

3. Stop Display Command: 

jOPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write I Stop Display 0 1 0 0 0 0 0 0 

No parameters 

Action - Disables video, interrupts remain enabled, H RTe 
and VRTC continue to run, Video Enable status flag is 
reset, and the "Start Display" command must be given to 
re·enable the display. 

4. Read Light Pen Command 
DATA BUS 

OPERATION AO DESCRIPTION MSB LSB 

Command Write 1 Read Light Pen 0 1 1 0 0 0 0 0 

Parameters Read 0 Char. Number (Char. Position in Row) 
Read 0 Row Number (Row Number) 

Action - The 8275 is conditioned to supply the contents 
of the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not af
fected. 

Note: Software correction of light pen position is required. 

5. Load Cursor Position: 

Command 

Parameters 

OPERATION AO 

Write 

Write 
Write 

o 
o 

Action - The 8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. Status 
flags not affected. 

6. Enable Interrupt Command: 

iOPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write 1 Enable Interrupt 1 0 1 0 0 0 0 0 

No parameters 

Action - The interrupt enable status flag is set and inter· 
rupts are enabled. 

7. Disable Interrupt Command: 

JOPERATION 
DATA BUS 

Ao DESCRIPTION MSB LSB 

Command I Write 1 Disable Interrupt 1 1 0 0 0 0 0 0 

No parameters 

Action - Interrupts are disabled and the interrupt enable 
status flag is reset. 

8. Preset Counters Command: 

iOPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write 1 Preset Counters 1 1 1 0 0 0 0 0 

No parameters 

Action - The internal timing counters are preset, corre·· 
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 

This command is useful for system debug and synchroniza· 
tion of clustered CRT displays on a single CPU. 
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Status Flags 
DATA BUS 

MSB LSB 

Command D IE IR LP IC VE OU FD 

I E (Interrupt Enable) Set or reset by command. It 
. enables vertical retrace interrupt. It is auto· 
matically set. by a "Start Display" command 
and reset with the "Reset" command. 

I R (Interrupt Request) This flag is set at the begin
ning of display of the last row of the frame if 
the interrupt enable flag is set. It is reset after 
a status read operation. 

LP - This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This flag is automati,cally reset after a 
status read. 

1-180 

-t 
Pill'q 

IC - (Improper Command)!'''J; 
. command parameter string~Ct 
short. The flag is automatical '1,rfS 

VE 

DU -

FO 

status read. i!!Ct to leqi.' .". 

(Video' Enable) This flag indicates that c$t~~ So", 
operation of the CRT is enabled. This flag fs i!! 

set on a "Start· Display" command, and reset 
on a "Stop Display" or "Reset" command. 

(DMAUnderrun) This flag is set whenever a 
data underrun occurs during DMA transfers, 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status read. 

(FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .....•... ODC to lODC 
Storage Temperature' ...........•.. _65DC to +150DC 
Voltage On Any Pin' 

With Respect to Ground ............ -0.5V to +lV 
Power Dissipation .................. ; .... 1 Watt 

D.C. CHARACTERISTICS 
TA = DOC to lO°C; Vee = 5V ±5% 

SYMBOL PARAMETER MIN. 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

IlL Input Load Current 

IOFL Output Float Leakage 

Ice Vee Supply Current 

CAPACITANCE 
TA = 25°C; Vee=GND=OV 

SYMBOL PARAMETER MIN. 

CIN Input Capacitance 

ClIO I/O Capacitance 

'COMMENT: Stresses above those listed under" . ~~ 
stress rating only and functional operation of the device at thes qr SQ~} .. 
any other conditions above those indicated in the operational sec- . 
tions of this specification is not implied. 

MAX. UNITS TEST CONDITIONS 

0.8 V 

Vee+0.5V V 

0.45 V IOL = 2.2 mA 

V IOH = -400 p.A 

±10 p.A VIN = Vee to OV 

±10 p.A VOUT = Vee to OV 

160 mA 

MAX. UNITS TEST CONDITIONS 

10 pF fc= 1 MHz 

20 pF Unmeasured pins returned to Vss. 
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<t. 
Pq~I,>C~'1: 

7"" ,hl,j._ r,(.'i,,- f$40 

Other Timing: '1l1l.t '''t: 
iJI'Q .• ,'Ili/. 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITI 

tcc Character Code 'Output Delay 150 ns CL = 50 pF 

tHR Horizontal Retrace Output Delay 150 ns CL = 50pF 

tLC Line Count Output Delay 250 ns CL = 50 pF 

tAT Control/Attribute Output Delay 250 ns CL = 50 pF 

tVR Vertical Retrace Output Delay 250 ns CL = 50 pF 

tlR IROt from CCLK.j. 250 ns CL = 50 pF 

tRI IRO.j. from Rdt 250 ns CL =; 50 pI' 

tKQ DROt from CCLK.j. 250 ns CL - 50 pF 

tWQ DROt from WRt 250 ns ,CL -50 pF 

tRQ DRO.j. from WR.j. 200 ns CL= 50 pF' 

tLR DACK.j. to WR.j. 0 ns 

tRL WRtto DACKt 0 ns 

tpR LPEN Rise 50 ns 

tpH LPEN Hold 100 ns 

Nota: Timing measurements are made at the following reference voltages: Output "1" = 2.0V. "0" = o.av. 

WAVEFORMS 

EXT DOTCLK 

·CCLK·l
L
· ______ ..1 

CCo-a FIRST CHARACTER CODE SECOND CHARACTER CODE 

I--ROM ACCESS 

CHARACTER --------'\1,-------------.. r---------
GENERATOR FIRST CHARACTER SECOND CHARACTER 

OUTPUT --------.II\.------------J \. ________ _ 

ATTRIBUTES 
& CONTROLS 

VIDEO 
(FROM SHIFT 

REGISTERI 

ATTRIBUTES 
&:CONTROLS 

(FROM 
SYNCHRONIZER) 

SHIFT REGISTER SETUP 

FIRST CHARACTER 

ATTRIBUTES &: CONTROLS FOR FIRST CHAR. 

·CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 

Figure 25. Typical Dot Level Timing 

.1-182 

SECOND CHARACTER 

ATTRIBUTES &. CONTROLS 
FOR 2ND CHAR. 

t. 
ql}~"' 
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CCLK 

CCo-a 

HRTe 

tttLC 

lCO_3 -+ ____ P_R_E_SE_N_T_L_IN_E_C_O_UN_T ___ -i I-_______________ ?}-NEXT LINE COUNT 

VIDEO 
CONTROLS 

AND ATTRIBUTES· 

Figure 26. Line Timing 

CCLK 

HRTe 

LCO_3 

*LAO_1. VSP, LTEN, HGLT. RVV, GPAO_1 

i----PROGRAMMABLE FROM 1 TO 18 LINES-----/ 

INTERNAL ----"\ Ir------------\ 1------.. 
ROW PRESENT ROW 

COUNTER ----J1------------\ 1-_____ 1 

Figure 27. Row Timing 

CCLK 

INTERNAL 
ROW 

COUNTER 

VRle 

Figure 28. Frame Timing 

1-183 

~AST 
RETRACE 

ROW 
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CCLK 

CC0-6 

HRTe 

INTERNAL 

LAST RETRACE 
CHARACTER 

FIRST RETRACE 
CHARACTER 

COUN~::------------LMrr_--:-l--'~IS+PL_A_~_R_'_W--~tl~R~~~-_-_-_-_-

Figure 29. Interrupt Timing· 

CClK 

8275 

-jtKOt------, 

ORO J \1.. ______ .... 

IRO 

LPEN_~1J-

Figure 30. DMA Timing 

1·184 
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A.C. CHARACTERISTICS 
T A = O°C to 70°C; Vcc = 5.0V ±5%; GND = OV 

Bus Parameters (Note 1) 

Read Cycle: 

SYMBOL PARAMETER 
tAR Address Stable Before READ 

Address Hold Time for READ 

READ Pulse Width 

Data Delay from READ 

tOF , READ to Data Floating 

Write Cycle: 

SYMBOL PARAMETER 

tAW Address Stable Before WR ITE 

tWA Address Hold Time for WR ITE 

tww WR ITE Pulse Width 

tow Data Setup Time for WR ITE 

two Data Hold Time for WR ITE 

Clock Timing: 

SYMBOL PARAMETER 

tCLK Clock Period 

tKH Clock High 

tKL 'Clock Low 

tKR Clock Rise 

tKF Clock Fall 

Note 1: AC timings measured at VOH = 2.0, VOL = O.B 

Write Timing 

OB0-7 

"';';"---'l---iI 

Clock Timing 

CCLK 

tKF 

INVALID 

INVALID 

8275 

MIN. MAX. UNITS 
o ns 

o ns 

250 ns 

200 ns CL=150pF 

20 100 ns 

MIN. MAX. UNITS TEST CONDITIONS 

0 ns 

0 ns 
250 ns 

150 ns 

0 ns 

MIN. MAX. UNITS TEST CONDITIONS 

320 ns 

120 ns 

120 ns 

5 30 ns 

5 30 ns 

Read Timing 

Input Waveforms (For A.C. Test,s) 

"'J'. 2..~ ;.> TEST POINTS < ... 
0.45 
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8278 
PROGRAMMABLE KEYBOARD 

• Simultaneous Keyboard and Display 
Operations 

• Interface Signals for Contact and 
Capacitive Coupled Keyboards 

• 128·KeyScannlng Logic 

• 10.7 msec Matrix Scan Time for 128 
Keys and 6 MHz Clock 

• 8·Character Keyboard FJFO 

• N·Key Rollover with Programmable 
Error Mode on Multiple New Closures 

• 16·Character 7·Segment Display 
Interface 

• Right or Left Entry Display RAM 

• DepresslRelease Mode Programmable 

• Interrupt Output on Key Entry 

The Intell> 8278 is a general purpose programmable keyboard and display interface device designed ·for use with 8-bit 
microprocessors such the MDS-80™ and MCS-85™_ The keyboard portion can provide a scanned interface to 
128-key contact or capacitive-coupled keyboards_ The keys are fully debounced with N-key·rollover and 
programmable. error generation on multiple new key· closures_ Keyboard entries are stored in an 
8-character FIFO with overrun status indication when more than 8 characters are entered_ Key entries set 
an interrupt request output to the master CPU_ 

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other 
popular display technologies_ Both numeric displays and simple indicators may be used_ The.8278 has a 
16X4 display RAM which can be loaded or interrogated by the CPU, Both right entry calculator and left en
try typewriter display formats are possible_ Both read and write of the display RAM can be done With auto-
increment of the display RAM address_ . 

PIN CONFIGURATION 

RL Vee 

XI CLR 

X2 B_ 

iiESEf B2 

NC B, 

CS Bo 

KCL 

M. 

AD 9 M. 

WR M. 

SYNC M_ 

Oo M2 

0, M, 

02 Mo 

0_ VDD 

O. NC 

D. ERROR 

D. IRO 

07 iiYs 
GND 

0,-00 
Iili,WR 
cs 
AD 
REm 
X"X2 
SYNC 

RL 
CLR 
KCL 
M6-MO 
BrBo 
ERROR 
IRQ 
iiYs 
BP 

PIN NAMES 

DATA BUS 
READ, WRITE STROBES 
CHIP SELECT 
CONTROL/DATA SELECT 
RESET INPUT 
FREO. REFERENCE INPUT 
HIGH FREQUENCY OUTPUT 
CLOCK 
KEYBOARD RETURN LINE 
CLEAR ERROR 
KEY CLOCK 
MATRIX SCAN LINES 
DISPLAY OUTPUTS 
ERROR SIGNAL 
INTERRUPT REQUEST 
HYSTERESIS 
TONE ENABLE 

DATA 
BUS 

x, 

BLOCK DIAGRAM 

SCAN 
OUTPUTS 

r-'o 
M. 

MO 

TO 
4 DISPLAY - ~~ 

INTERNAL 
+5 - BUS 
PWR_ 

GND-

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIEO IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLlEO. 
© INTEL CORPORATION, 1979· 1-186 00227 A 
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PIN DESCRIPTION 
The 8278 is packaged in a 40-pin DIP. The following is a 
brief functional description of each pin. ' 

Signal 

00-07 

RD 

CS 

Ao 

R'ESEi' 

X1, X2 

IRQ 

Mo-Ms 

RL 

-~
HYS 

KCL 

SYNC 

Bo-B3 

Pin No. Description 

12-19 Three-state, bi-directional data bus 
lines used to transfer data and com
mands between the CPU and the 
8278. 

10 Write strobe which enables the mas
ter CPU to write data and com
mands between the CPU and the 
8278. 

8 

6 

9 

4 

2,3 

23 

Read strobe which enables the mas
ter CPU to read data and status from 
the 8278 internal registers. 

Chip select input used to enable 
reading and'writing to the 8278. 

Address input used by the CPU to 
indicate control or data. 

A low signal on this pin resets the 
8278. ' 

Inputs for crystal, L-C or external 
timing signal to determine internal 
oscillator frequency. 

Interrupt Request Output to the 
master CPU. In the keyboard mode 
the IRQ line goes low with each 
FIFO read and returns high if there 
is still information in the FIFO or an 
ERROR has occurred. 

27-33 Matrix scan outputs. These out
puts control a decoder which scans 
the key matrix columns and the 16 
display digits. Also, the Matrlx scan 
outputs are used to multiplex the 
return lines from the key matrix. 

Input from the multiplexer which in
dicates whether the key currently 
being scanned is closed. 

22 Hysteresis output to the analog de
tector. (Capacitive keyboard config
urationl. A "0" means the key cur
rently being scanned has already 
been recorded. 

34 Key clock output to the analog de
tector (capacitive keyboard config
uration) used to reset the detector 
before scanning a key. 

11 High frequency (400 KHz) output 
signal used in the key scan to detect 
a closed key (capacitive keyboard 
configurationl. 

35-38 These four lines contain binary 
coded decimal display information 
synchronized to the keyboard col
umn scan. The outputs are for 
multiplexed digital displays. 

Signal 

ERROR 

CLR 

BP 

Vee, Vee 
GND 

Pin No. 

24 

8ti'ic ::'~t I, 
t"'/~. Of" f.' 

ilr(! '''ill 
S"6' 

~"c 'Il-
Description . t',z" '1 S. r 

Error signal. This line is high whEWr- Cl1'f} 

ever two new key closures are de-
tected during a single scan or when 
too many characters are entered 
into the keyboard FIFO. It is reset by 
a system RESET pulse or by a "1" 
input on the CLR pin or by the 
CLEAR ERROR command. 

39 Input used to clear an ERROR con
dition in the 8278. 

21 Tone enable output. This line is high 
for 10ms following a valid key 
closure; it is set high and remains 
high during an ERROR condition. 

40,26 +5 volt power input: +5V ± 10%. 

20,7 Signal ground. 

PRINCIPLES OF OPERATION 
The following is a description of the major elements of the 
Programmable Keyboard/Display interface device. Refer 
to the block diagram in Figure 1. 

1/0 Control and Data Buffers 

The I/O control section uses the CS, Ao, RD, and WR lines 
to control data flow to and from the various interrial 
registers and buffers (see Table 1), All data flow to and 
from the 8278 is enabled by CS. The 8-bits of information 
being transferred by the CPU is identified by Ao. A logic 
one means information is command or status. A logic zero 
means the information is data. RD and WR determine the 
direction of data flow through the Data Bus Buffer (DBBl. 
The DBB register is a bi-directional 8-bit buffer register 
which connects the internal 8278 bus buffer register to the 
external bus. When the chip is not selected (CS = 1) the 
DBB is in the high impedance state. The DBB acts as an 
input when (RD, WR, CS) = (1, 0, 0) and an output when 
(RD, WR, CS) = (0, 1, 0). 

CS Ao WR RD Condition 

0 0 0 Read DBB Data 

0 1 1 0 Read STATUS 

0 0 0 Write Data to DBB 

0 0 1 Write Command to DBB 

X X X Disable 8278 Bus is 
High Impedance 

Scan Counter 

The scan counter provides the timing to scan the 
keyboard and display. The four MSB's (M3-Ms) scan the 
display digits and provide coiumn scan to the keyboard via 
a 4 to 16 decoder. The three LSB's (Mo-M2) are used to 
multiplex the row return lines, into the 8278. 
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r----- TO TONE GENERATOR 

rol 8080.8085 OR 8048 
MASTER 

PROCESSOR 

BP 

ERROR 
ClR 

IRQ Mo 

8278 
°0-D7 

Viii SYNC 
IRD 

AO 
M. 

OS 
RESET 

, 
" 

1------1 ~:~~E 1~ , , 

I 
CAPACITIVE 
KEYBOARD 

MATRIX' 

Figure 1. System Configuration for Capacltlve·Coupled Keyboard 

Keyboard Debounce and Control 
The 8278 system configuration is shown in Figure 2. The' 
rows of the matrix are scanned and the outputs are 
multiplexed by the 8278. When a key closure is detected, 
the debounce logic waits about 12 msee to check if the key 
remains closed. If it does,the address of the key in the 
matrix is transferred into a FI FO buffer. 

FIFO and FIFO Status, 
The 8278 contains an 8X8 FIFO character buffer. 'Each 
ne~entry is written into a succes~ive FIFO location and 
each is then relid out in' the orderaf entry: A FIFO ,status 
register keeps track ,of the ~umber ofc,haracter~in the 

..... J ,', 
BP Rl 

ERROR 
ClR M, 

.... 

-~~~t 
IRQ Mo 

8278 
• Do-D7 

MASTER Viii 
PROCESSOR RD M, 

Ao 
" . . 

OS 
RESET M, 

." ... 80 

III· 

FIFO and whether it is full or empty. Too many reads or 
key entries will be recognized as an error.The status.can 
be read by a RD with CS low and Ao high. The status logic 
also' provides a IRQ' signal to.,' the master processor 
whenever the FIFO 'is not empty. 

Display Address Registers and' Display RAM 

The display Address, registers hold the address of the 
word currently beingwi'ltten or read by the CPU and the 
4·bit nibble being displayed. The read/write addresses 
are programmed by CPU command. They also can be set 
to auto Increment after each read or write. The display 
RAM can be directly read by the CPU after the correct 
mode and address is set. Data entry to, the display can 
be set' to either left or right entry. 

TO TONE GENERATOR 

r 
" 

DIGITAL I 
MULTIPLEXER 

---8--.~ 

"' -

~ 4T016 
DECODE 

I I 
~ 

4T016 .," I 
DECODE I 

CONTACT 

i' .. '6---!'6DIGITSCAN 
KEYBOARD 

MATRIX 

'S OR 16 DIGIT DISPLAY 

.. , 

Figure 2. System'Configuratlon for Contact Keyboard 
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8278 COMMANDS 
The 8278 operating mode is programmed by the master 
CPU using the Ao, WR, and 00-07 inputs as shown below: 

AO. cs 3 ____ V_A_Ll_D ___ ..JX'-__ IN_V_A_Ll_D_ 

\ / 
INVALID X VALID X INVALID 

The master CPU presents the proper command on the 00-
07 data lines with Ao=1 and then sends a WR pulse. The 
command is latched by the 8278 on the rising edge of the 
WR and is decoded internally to set the proper operating 
mode. 

COMMAND SUMMARY 
Keyboard/Display Mode Set 

CODE I 0 I 0 I 0 I N I E I I I D I K I 

where the mode set bits are defined as follows: 

K - the keyboard mode select bit 
o - normal key entry mode 
1 - special function mode: Entry on key closure and on 

key release 

o - the display eritry mode select bit 
o - left display entry 
1 - right display entry 

I - the interrupt request (IRQ) output enable bit. 
0- enable IRQ output 
1 - disable IRQ output 

E - the error mode select bit 
o - error on multiple key depression 
1 - no error on multiple key depression 

N - the number of display digits select 
0- 16 display digits 
1 - 8 display digits 

NOTE: The default mode following a RESET input 
is all bits zero: 

I 0 I 0 I 0 I 0 I 0 I 01 0 I 0 I 

Read FIFO Command 

CODE I 0 I 1 I 0 I 0 I o. I 0 I 0 I 0 I 

Read Display Command 

CODE I 0 I 1 11 I AI I A31 A21 A, I An I 

1/10 . 

Where AI indicates Auto I~'&r;;,n' 
address of the next display chara'C: 

AI=1 AUTO increment 
AI=O no AUTO increment 

Write Display Command 

CODE 11 I 0 I 0 I AI I A3.1 A21 A, I AD I 

Where AI indicates Auto Increment and A3-Ao is the 
address of the next display character to be written. 

Clear/Blank Command 

CODE I, I 0 11 I uo I BO I CD I CF I CE I 

Where the command bits are defined as follows: 

CE = Clear ERROR 
CF = Clear FIFO 
CD = Clear Display RAM to all High 
BD = Blank Display to all High (Display RAM 

unaffected) 
UD = Unblank Display 

The display is cleared and blanked following·a Reset. 

8278 Status Read 

The status register in the 8278 can be read by the master 
CPU using the Ao, RD, and 00-07 inputs as shown below: 

AO.CS ~ VALID 

DO-D'~ VALID _ 

The 8278 places 8-bits of status information on the 00-07 
lines following (Ao, CS, RD) = 1, 0 , 0 inputs from the 
master. 

Status Format 

153 1 52 15, I So I BIKE IIBFIOBFI 
0, 06 05 04 03 02 0, Do 

Where the status bits are defined as follows: 

1-189 

OBF = Output Buffer Full Flag 
IBF = Input Buffer Full Flag 
KE = Keyboard Error Flag (multiple depression) 
B = BUSY Flag 
53-SO = FIFO Status 
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Status Description ' 

The S3~SO status bits indicate the numb,er of entries (0 to 8) 
in the 8-level FIFO. A FIFOoverr,un will lock status at 1111. 
The overrun condition will preventfurther key entries until 
cleared. 

A multiple key closure error ,will set the KE flag and 
prevent further key entries until cleared. 

The IBF and OBF flags signify the status of the 8278 data 
buffer registers used to transfer information (data, status 
or commands) to and from the master CPU. 

The IBF flag is set when the master CPU writes Data or 
Commands to the 8278. The I BF flag is cleared by the 8278 
during its response to the Data or Command. 

The OBF flag is set when the 8278 has output data ready 
for the master CPU. This flag is cleared by a master CPU 
Data READ. 

The Busy flag in the status register is used as a LOCK
OUT signal to the master processor during response to 
any command or data write from the master. 

The master must test the Busy 'flag before, each read 
(during a sequence) to be sure that the 8278 is ready with 
valid DATA. ' 

The ERROR and TONE outputs from the 8278 are set high 
for either type of error. Both types of error are cleared by 
the CLR input, by the CLEAR ERROR command, or by a 
reset. The FIFO and Display buffers are cleared 
independently of the Errors. 

FIFO status is used to indicate the number of c'haracters in 
the FIFO arid to indicate whether an error has occurred. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs 'when the CPU 
tries to read an empty FIFO. The ci:1aracter read will bethe 
last one entered. FIFO status will remain at 0000 and the 
error condition will not be set. 

8278 Data Read 

The master CPU can read DATA from the 8278 FIFO or 
Display buffers by using the Ao, RD, and 00-07 inputs as 
follows: 

Ao;ES J _____ V_A_Ll_D _____ L 

The master sends a RD pulse with Ao=O and CS=Oand the 
8278 responds by outputing data on lines 00-07. The data 
is strobed by the trailing edge of RD. 

4'1) 
Data Read Sequence II"", 

7"1", 
Before reading data, the master'" 
command to select FIFO or Display da 
command, the master must read STATUS §t( 
BUSY flag and the OBF flag to verify that the ~%~/ 
responded to the previous ,command. A typical D~'f~' 
READ sequence is as fOllows: 

BUSY J' L 
DBF '--'----..... 1 

1 1 
READ DISPLAY 
DR FIFO COMMAND 
FROM MASTER 

FIRST 
DATA BYTE 
READY 

MASTER 
READS DATA 

NEXT 
. BYTE READY r 

8278 
PROCESSING 
NEXT BYTE 

. , 

After the first read following' a Read Display or Read FI FO 
command, ,successive reads may occur as soon as OBF 
rises. 

8278 Data Write 

The master CPU can write DATA to the 8278 Display 
buffers by using the Ao, WR and 00-07 inputs as follows: 

AD. CS 3 _____ VA_L_ID ___ --JX ...... _I_NV_A_L_ID_ 

\'-------11 

The master CPU presents the Data on the 00-07 lines with 
Ao=O and then sends a WR pulse. The data is latched by 
the 8278 on the rising edge of,WR. ' 

Data Write Sequence 

Before writing data to the 8278, the master CPU must first 
send a command to select the desired display entry mode 
and to specify the address of the next data byte; Following 
the commands, the master must read STATUS and test the 
BUSY flag (B) and IBF flag to verify that ,the 8278 has 
responded. A typical sequence is shown below: 

BUSY J 
IBF 

1 
WRITE DISPLAY 
COMMAND 

1 
8278 MASTER 
READY DATA WRITE 
FOR FIRST BYTE 
COMMAND 
OR DATA 

11' READY 

MASTER WR ITES 
NEXT BYTE 

L 

1 
8278 

• READY 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode 

With N-key rollover each key depression is treated 
independently. from ali others. When a key is depressed 
the debounce logic waits for a full scan of 128 keys and 
then checks to see if the key is still down. If it is, the key is 
entered into the FIFO. 

COUNT 

Mo 

I 

x X HYS (~_~X~_----J 

KCL 1 ...... · _ ....... nL...-------I n n 
RL SAMPLED t t t 

Figure 3, Keyboard Timing 

If two key closures occur during the same scan the 
ERROR output is set, the KE flag is set in the Status word, 
the TONE output is activated and IRQ is set, and nofurther 
inputs are accepted. This condition is cleared by a high 
signal on the CLEAR input or by a system RESET input or 
by the CLEAR ERROR command. 

o 
SCAN CYCLE I 

IRO 

BP 

ERROR 

KEY 1 KEY 1 

X X X 
n n n 

t t 1 

In the special function mode both the key closure and the 
key release cause an entry to the FIFO. The release is 
entered with the MSB=1. 

Any key entry triggers the TONE output for 10ms. 

The HYS and KCL outputs enable the analog multiplexer 
and detector to be synchronized for interface to capacitive 
coupled keyboards. 

KEY 2 KEY 3 KEY 1 
DEPRESSED ENTERED READ BY MASTER DEPRESSED DEPRESSED 

Figure 4, Key Entry and Error Timing 
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Data Format 

In the scanned keyboard mode, the code entered into the 
FI FO corresponds to the position or address of the switch 

. in the keyboard. The MSB is relevant only for special 
function keys in which code "0" signifies closure and "1" 
signifies release. The next four bits are the column count 
which indicates which column the key was found in. The 
last three bits are from the row counter. 

KEY CODING 

BIT 

Display 

Display data is entered into a 16x4 display register and 
may be entered from the left, from the right or into specific 
locations in the display register. A new data character is 
put out on Bo-B3 each time the M6-M3 lines change (Le., 
once every 0.75ms with a 6 MHz crystal>. Data is blanked 
during the time the column select lines change by raising 
the display outputs. Output data is positive true. 

Left Entry 

The left entry mode is the simplest display format in that 
each display position in the display corresponds to a byte 
(or nibble) in the Display RAM. Address 0 in the RAM is the 
left-most display character and address 15 is the right
most display character. Entering characters from position 
zero causes the display to fill from the left. The 17th 
character is entered back in the left-most position and 
filling again proceeds from there. . . . 

DISPLAY 
CHARACTER 

o 
I 

., 
I 

-tOr 
.(1" ' 

Right Entry ~Il}t'lt,~ , 

Right entry is the method used ~ 
calculators. The first entry is placed in"'tI} 
display character. The next entry is also pt 
right-most character after the display is shifted 
character. nie'left-most character'is shifted 6ff the 
and is lost. 

DISPLAY 
2 14 15 a-RAM 

.1ST ENTRY I I I 11 I ADDRESS 

3 15 a 

2ND ENTRY I I I 11 I 2 

3 . 4 a 

.' 3RD ENTRY I 11 I 2 I 3 

a 13 14· 15 

16TH ENTRY I 1 I 2 114 115 1 16 1 

2 14 15 a 

;7TH ENTRY I 2 I 3 115 116 1 171 

2 15 a 1. 

lST~ENTRY I 3 14 116 1171 lsi 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starling at Display RAM address 
o with sequential entry is recommended. A Clear Display 
command should be given before display data is entered if 
the number of data characters is not equalto 16 (or 8) in 
this mode. . . 

4 
I 

.1 ..... _-

I 

Bo-B3 '_-----'7 ,_---17 ''-----II ''-----17 ',-------,7 ',-------,1 , __ 

Figure 5. Display Timing 
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Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Left Entry - Auto Increment mode has no 
undesirable side effects and the result is predictable: 

DISPLAY 
2 3 4 5 1-RAM 

1ST ENTRY 11 
I 

ADDRESS 

0 3 4 6 1 

2ND ENTRY 11 I 2 I I J 
0 4 5 

COMMAND 
11 12 10010101 

ENTER NEXT AT LOCATION 5 AUTO INCREMENT 

0234561 

3RD ENTRY 11 I 2 3 I 

o 4 6 1 

4TH ENTRY LI_l--,-I_2--'-_.L.---,_-,-_3-,-1 _4....J1L--' 

1-193 

, P. 
In the Right Entry mode, A ,_ 
Incrementing have the same effe? 
except that the address sequence is inte.r;T£!'p" 

, "$(1 

?!e"t 10 It:S . 
DISPLAY Cqq,(IOIl, 0 

3 4 1 O-RAM ,;>" "I),,, 
1 I ADDRESS ' "" 1ST ENTRY 

~~~ __ ~~-....J~~~~ 

3 4 1 

2ND ENTRY I 1 12 I 

5 1 
COMMAND 

1 12 I 1001010' 

ENTER NEXT AT LOCATION 5 AUTO INCREMENT 

34561012 

3RD ENTRY 1L--'-_L---'-_L--L_.L.---1_.J 

2 3 

4TH ENTRY 

Starting at an arbitrary location operates as shown below: 

DISPLAY 
3 4 6' 1-RAM 

COMMAND 

I 

ADDRESS 
10010101 

ENTER NEXT AT LOCATION 5 AUTO INCREMENT 

4 7 0 

1ST ENTRY 11 I 

2ND ENTRY 
I I I, I 2 

8TH ENTRY 14 1 5 I 6 11 I 8 I, 1 2 1 3 1 

9TH ENTRV 15 I 6 11 I 8 I 9 12 I 3 14 I 

Entry appears to be from the initial entry point. 
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ABSOLUTE MAXIMUM RATINGS* 'COMMENT: Stresses abovel.1 
Maximum Ratings" may cause pe 
device. This is a stress rating on 
operation of the device at these or any ot Ii 
above those indicated in the operational sectl 

Ambient Temperature Under Bias ..... c •• 0'Ct070'C 

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

Voltage on Any Pin With 
Respectto Ground ..................... - O.5V to +7V 

specification is, not implied. Exposure to s{/ 
maximum rating conditions for extended periods may "10 

affect device reliability. PowerOissipation .......................... 1.5Watt 

D.C. CHARACTERISTICS 
Commercial: TA = O'C to 70'C; Vee = +5V ±5%; Vss = OV 

Symbol Parameter 

VIL Input Low Voltage (All Inputs 
Except X1. X2 

VIH1 Input High Voltage (All Inputs 
Except X1. X2. RESET 

VIH2 RESET High Voltage 

VOL1 Output Low Voltage (00-07) 

VOL2 Output Low Voltage (All 
Other Outputs) 

VOH1 Output High Voltage (00-07) 

VOH2 Output High Voltage (All 
Other Outputs) 

ilL Input Leakage Current (All 
Inputs Except RESET) 

IOL Output Leakage Current (00-07) 

IDD + Icc Total Supply Current 

IDD VDD Supply Current 

ILl Low Input Source Current (RESET) 

8278 CLOCK OPTIONS 

20pF 

t x, 

CJ 

PPF 

x, 

1·6 MHz 
CRYSTAL 

8278 

x, f"' ~ 
r r-!I-.+---I x, 

..l20pF 

8278 

40 "h-130 "h 
INDUCTOR 

1·194 

Min. 

-0.5 

2,0 

3.0 

2.4 

2.4 

Max. Units 

O.B V 

Vee V 

Vee V 

0.45 V 

0.45 V 

V 

V 

±10 ",A 

±10 ",A 

135 rnA 

25 rnA 

0.2 rnA 

2 x fc ~ 1/2 
7474 

°1 

Condition 

IOL = 2.0mA 

IOL = 1.6mA 

IOH = -400",A 

IOH = -50",A 

VIN = Vee 

VIN = Vss + 0.45V or 
VIN = Vee 

Vee = 5,5V 

Vee = 5,5V 

VIL = O.BV 

~ x, 

r-r 
EXTERNAL 

CLOCK 

x, 

8278 
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.~ ,A.C. CHARACTERISTICS Pill'i/: l{'e>o' ' 

'""1'1/ :r i 
TA = O°C to 70°C; Vee = +5V ±10%; Vss = OV (; "i,,'J' "01 

Symbol Parameter Min. Max. Units C~ndft~~: SR 

tAC Address (CS, AD) Setup to 0 ns . tl) (:~l.' 
Cltq/I)". Control (RD, WR) :§'t'. 

tCA Address Hold from Control 0 ns 

tcc Control Pulse Width 250 ns 

tow Data In Setup to WR T:E. 150 ns 
00-07, CL = 150pF 

tWo Data in Hold After WR T.E. 0 ns 

tRo RD L.E. to Data Out Valid 150 ns 

toF RD T.E. to Data Out Float 10 100 ns 

tMCY Matrix Cycle Time 10.7 ms With 6MHz Crystal 

tRY 
Recovery Time Between Reads 1 ,..s 
and/or Writes 

WAVEFORMS 
Read Operation - ,Data Bus Buffer Register 

=4 ~ 
(SYSTEM'S 

esOR AD "---___ AOORESSBUSI 

~1",---------~ IREADCONTRDLI 

?tJT~~~~-------,----« '--DATAVALlD---- )>----------

Write Operation - Data Bus Buffer Register =4 r (SYSTEM'S 
es DR AD . ADDRESS BUSI 

-WR . -tAcl r tcc n-~A~ '------
'i ' IWRtTE CONTROL I 

_tow--': -'wo 

DATA BUS DATA \)--OATAVALIO-X DATA 
UNPUTI ____ M_A_y..;,CH_A_NG;...E __ ......,/\ '--____ M __ A __ y..;,CH __ A..;,NG;;;,E ___ _ 
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PROGRAMMABLE KEYBOARD/DISPLAYINTERFACE~/w~·r. 

• MCS·S5™ Compatible 8279·5 

• Simultaneous Keyboard Display, 
Operations 

• Scanned Keyboard Mode 

• Scanned Sensor Mode 

• Strobed Input Entry Mode 

• 8·Character Keyboard FIFO 

• 2·Key Lockoutor N·Key Rollover with 
Contact Debounce 

• Dual S· or 16·Numerical Display 

• Single 16·Character Display 

• Right or Left Entry 16·Byte Display 
RAM 

• Mode Programmable from CPU 

• Programmable Scan Timing 

• Interrupt Output on Key Entry 

The Intell!> 8279 is a general purpose programmable keyboard and display 1/0 interface device designed for use with 
Intell!> microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The' 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobedJn 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 

The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well aS'simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Bath read and write of the display RAM 
can be done with auto-increment of the display RAM address. 

PIN CONFIGURATION 

DB, 

Vss 

OUT Ao 

OUT A, 

OUT A2 

OUT A3 

lID 
cs 

PIN NAMES 

'-0::-"-,, -r:-:::',U:T::"OA"'TA7::BUSiiil.DiRiCnoNAU 
cLie I CLOCK INPUT 

,~ -: ~:*-~-~- .. ~-
R I READ INPUT 

IRQ INTeRRUPT REQUEST OUTPUT 

SL03 0 SCAN LINES 

~~",~~",::",-:.+.;c-r;;;~:;;;:"'~:'i;-~ ;;;;:::-~~~:~;: --
o BLANK DISPLAY OUTPUT 

CPU 
INTERFACE 

LOGIC SYMBOL 

IRQ 

AD 

WR 

OS 

AO 

RESET 

ClK 

Vss 

Vee 

R~O·1 

SHIFT 

CNTL/STB 

SLo.J 

OUT AO.3 

QUTB()'3 

1---- - KEY DATA 

SCAN 

DISPLAV 
DATA 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIEO IN AN INTEL PIIoouer. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION. 1979 1-196 00742A 
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HARDWARE DESCRIPTION 
The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 
No. Of 
Pins Designation Function 

8 DBo-DB7 Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans
mitted on these lines. 

2 

2 

4 

8 

ClK 

RESET 

CS 

Ao 

RD, WR 

IRQ 

Vss, Vee 

SLo-SL3 

Rlo-RL7 

Clock from system used to gen
erate internal timing. 
A high signal on ihis pin resets 
the 8279. After being reset the 
8279 is placed in the following 
mode: 
1) 16 8·bit character display 

-left entry. 
2) Encoded scan keyboard-2 

key lockout. 
Along with this the program 
clock prescaler is set to 31. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 
Buffer Address. A high on this 
line indicates the signals in or 
out are interpreted as a com
mand or status. A low indicates 
that they are data. 
I nput/Output read and write. 
These Signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 
Interrupt Request. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa
tionin the. RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and power supply pins. 

Scan Lines which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en
coded (1 of 16) or decoded (1 of 
4). 

Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in
ternal pulhips to keep them 
high until a switch closure pulls 
one low. Th~y also serve as an 
8-bit input in the Strobed Input 
mode. 

No. Of 
Pins 

SHIFT The 
alorfgr~~th1 
key cloS'll,i; l I) 

'?Ii"" t;j i, 
",." 111;,/ 

Designation Function v&e: I.; Sll/;' ':<>t1 ~ 
l '9 .... c' 'It"" 

CNTL/STB 

'Q '°11 r 
Keyboard modes. It has .. ~~ . SOl", 
active internal pullup to keep it ( 
high until a switch closure pulls 
it low. . 

For keyboard modes this line is 
used as a control input and 
stored like status on a key clo
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 

(Rising EdgeJ. It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low; 

4 . OUT Ao-OUT A3 These two ports are the outputs 
4 OUT Bo-OUT B3 for the 16 x 4 display refresh 

registers. The data from these 
outputs is synchronized to the 
scan lines (SLo-SL3) for multi
plexed digit displays. The two 4 
bit ports may be blanked inde
pendently. These two ports may 
also be considered as one 8 bit 
port. 

BD Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 

PRINCIPLES OF OPERATION 
The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure.1. 

1/0 Control and Data Buffers 
Th'e I/O control section uses the CS, Ao, RD and WR lines 
to control data flow to, and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled, by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WR-CS and output during 
RD .CS. 

, , 

Control and Timing Registers and Timing Control 
These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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FUNCTIONAL DESCRIPTION 

Since data input and display are ari integral part of many 
mictoprocessor designs, the system designer needs an 
interface that can contrbl these functions without placing 
a large 'Ioad on the CPU. The 8279 provides this function 
for 8·bit microprocessors. 

The 8279 has two sections: keyboard and display. The 
keyboard section can inferface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The .8279 is designed to directly connect to the 
microprocessor bus. The CPU can program ali operating 
modes for the 8279. These modes include: 

Input Modes 

• Scanned Keyboard - with encoded (8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key roliover. 

DISPLAY 
ADDRESS 

REGISTERS 
1611 8 

DISPLAY 
RAM 

OUT AO.3 OUT 80-3 

elK RESET OBO-7 

TIMING 
AND 

CONTROL 

• Strobed Input - Data on return lines during control 
line strobe is transferred .to· FIFO. 

Output Modes 
• 8 or 16 character multiplexed displays that can be or-

ganized as dual 4-bit. or single 8-bit (80 = Do, A3 = 07)' 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Ciock Prescaler 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 

SL0.3 

IRQ 

KEYBOARD 
DEBOUNCE 

AND 
. CONTROL 

RLO.7 CNTLISTB 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a + N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic Internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 

Scan Counter 
The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to. provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 
and Control 
The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 
This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In.Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 
The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entriby the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right· entry. See Interface 
Considerations for details. 

4'01. 0 

SOFTWARE OPERATIOij~;"!1; 
"'c/.o 'Il 

8279 commands 1Q1it,r Of 
it" 

The following commands program the 82: 'h 
modes. The commands are sent on the Data BuS" "'TtI-
low and ~ high and are loaded to the 8279 on the r'i'g~". So, r 
edge of WR. . "lJ" 

Keyboard/Display Mode Set 

MSB LSB 

Code: 101010iDIDIKIKIKI 

Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DO 
o 0 8 8-bit character display - Left entry 

o 16 8-bit character display - Left entry'· 

o 8 8-bit character display - Right entry 

16 8-bit character display - Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 

0 0 0 Encoded Scan Keyboard - 2 Key Lockoug 

0 0 1 Decoded Scan Keyboard - 2-Key Lockout 

0 0 Encoded Scan Keyboard - N-Key Rollover 

0 1 Decoded Scan Keyboard - N-Key Rollover 

0 0 Encoded Scan Sensor Matrix 

0 Decoded Scan Sen~or Matrix 

a Strobed Input, Encoded Display Scan 

1 Strobed Input, Decoded Display Scan 

Program Clock 

Code: I 0 I 0 11 I pip I pip I P I 
All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 t031. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the8279 Is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
dividethe clock by 20 to yield the proper 100 kHz operat
ing frequency. 

Read FIFOISensor RAM 

Code: 1 0 11 I 0 1 AI I X 1 A I A 1 A 1 X = Don't Care 

The CPU sets up the 8279 for a read of the FIFOISensor 
RAM by first writing this command. In the Scan Key-

"Default after reset. 
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board Mode, the Auto-Increment flag (AI) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati
cally drive the data bus for each subsequent read (Ao = 0) 
in the same sequence in which the data first entered the. 
FIFO .. All subsequent reads will be froni the FIFO until 
another command is issued .. 

In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the AI flag 
is set (AI = 1), each successive read will be from the sub
sequent row of the sensor RAM. 

Read Display RAM 

Code: lol1111AIIAIAIAIAI 

The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the AI 
flag is set (AI = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 

Write Display RAM 

Code: 11 I 0 I 0 I AI I A I A I A I A I 

The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com
mand with Ao= 1, all subsequent writes with Ao= 0 will 
be to the Display RAM. The addressing and Auto
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 

Display Write Inhibit/Blanking 

TheiW Bits can be used to mask nibble A and nibble B 
. in applications requiring separate 4-bit display ports. By 

setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display'RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit Bo corresponds 
to bit Do on the CPU bus', and that bit Aa corresponds to 
bit 0 7, 

If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults. to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. '.' 

Clear 
<toe 

h<1i'q let'!: 
/tie;!:. 

The Co bits are. available in this. C6ffl~ 
rows of the Display RAM to a selectabl~·bi§lflk.i 

{14 ' 
as follows: fetor Iii 

to ei/'ioll 
O,}" -so 

V't: 1110 

1 0 AB = Hex 20 (0010 0000) 

1 1 All Ones 

r~ ': ' '" Z,m, (X • 000"'''''( 

Enable clear display when = 1 (or by CA = 1) 

During the time the Display RAM is being cleared ("'160 ,",s), 
it may riot be written to. The most Significant bit of the 
FIFO status word is set during this time. When.the Dis
play RAM becomes available again, it automatically 
resets. 

If the CF bit is asserted (CF= 1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row O. 

CA, the Clear All bit, has the combined effect of CD .and. 
CF; it uses the CD clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 

End InterrupUError Mode Set 

Code: 

For the sensor matri~ modes this command lowers the 
IRO line and enables further writing into RAM. (The IRO 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resetl. 

For the N-key rollover mode - if the E bit is programmed 
to "1" the chip will operate in the special Error mOde', (For 
further details. see. Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error. and 
display unavailable signals~ Th~ word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word . 

Data Read 

Data is read when Ao. CS'and RD are all low. The source 
of the data is specified by the Read FI Fa or Read Display 
commands. The trailing edge of RD will cause the address. 
of the RAM beirig read to be incremented if the Auto
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of AI. 

Data Write 
Data that is written with Ao. CS. and WR .Iow is always 
writte.fl to the Display RAM. The address is specified by the 
latest Re.ad Display or Write Display command. Auto
Incrementing on the rising edge of WR occurs if AI set by 
the latest.display command.' 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode, 2·Key Lockout 

There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the keywill not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 

Scanned Keyboard Mode, N·Key Rollover 

With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is. the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard - Special Error Modes 
For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command~ The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
CF = 1. 

Sensor Matrix Mode 
In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, ·the 
designer should functionally group the sensors.by row 
since this is the format in which the CPU will read them. 

The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ line is 
cleared by the first data read operation if the Auto-

h 
/)i(~(jtit:fl. 

: lY.l1}f.>tt;. II';' 
'(' /.. Ii: 

Increment flag is set to zero, or by''tli.e''E 
command if the Auto-Increment flag is s:('tq,,~ ! A 
Note: Multiple changes in the matrix Addressed ,.!IfJ( ~ 
= Q) may cause multiple int~rrupts. (SLe = 0 in the Decoa~ s,)I)) 

Mode). Reset may cause the 8279 to see multiple changes. & 

Data Format 
In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 

MSB LSB 

I CNTL ISHIFTI ~ETUA~ 
SCANNED KEYBOAAD DATA FOAMAT 

In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of thi! Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 

MSB LSB 

AL71 AL61 ALsl AL41 AL31 AL21 ALl I ALa 

In Strobed Input mode, the data is also entered tothe FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 

MSB 

Display, 
Left Entry 

LSB 

Left Entry mode is the simplest display format in thai each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 
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o 1 14 15_Display 

lst entry [TI = = = = OJ ~:d~ess 

, 2nd entry m= = = = ill 
o 1 14 15 

16th entry C2EI= = = = EEJ 
o 1 14 15 

17th entry ~= = = =EEJ 
o 1 .14 15 

18th entry .~= = = =EEJ 
Right Entry 

LEFT ENTRY MODE 
(AUTO INCREMENT) 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
displaicharacter. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 

1 2 14 15 0 

17th entry ~[= = = 1151161171 

2 3 Hio 1 

18thentry . ~= = =] 16117118 I 
RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 

. 0 with sequential entry is recommended. 

Auto Increment· 
'. ", '. .' .' 

In the Left Entry mode, Auto In.crementing causes .. the 
address where the CPU will next write to be incremented 
by one and the character; appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display. position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 

1st entry 

o 1 234 567 

2nd entry Ii 12 I II II I 
0123·4567 

~;,~;~~ 1'1 2 II I II 1'1 
Eriter next at Location 5 Auto Increment 

.0 1 2 3 4 5 6 7 

3rd entry 11 I 2 I I I 13 1 I I 
o 1 2 3 4 5 6 7 

4th entry 11 I 2 I I I 13 14 I 
LEFT ENTRY MODE 
(AUTO INCREMENT) 

In the Right Entry mode, Auto Incrementing and non 
Incrementing hav.e. the same effect as in the Left Entry 
except if the address sequence is interrupted: 

1 2 3 4 5· 6· 7 O __ Display 

lst entry I I I I II 11 1 ~:~ess 

2nd entry 

Command 
10010101 

·3rd entry 

4th entry 

234 5 6 7 a 1 

I I ! I 111 121 

2 3 4 5 6 7 a .1 

11 121 , 
Enter next at Location 5 Auto Increment 

3 4 5 6 7 a 1 2 

I I 1 3 1 11 121 I 
4'·5 6 7 a 1 2 3 

13141 11 121 II 
RIGHT ENTRY MODE 
(AUTo INCREMENT) 

Starting at an arbitrary location operates as shown below: 

1-202 

0.1 2 3.4 5 6.7~Display 

~~;,~;~~ I I I I I I II I =~~ess 
Enter· next at Location 5 Auto Increment 

1 :i 3· 4 5 6 7 a 
1 st entry I t I . I I 

2 34 ·5 6 7 0 1 

2nd entry I II 11 12 I I I 
8th entry 14 I 5 16 I 71 8 I t 12 13 

9th entry 151617 I 8 1912 1314 

RIGHT·ENTRY MODE 
(AUTO INCREMENT) 

00742A 



Entry appears to be from the initial entry pOint. 

B/16 Character Display Formats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 

APPLICATIONS 

INT SHIFT CNTl 
INT 

8-BIT PATAJIUS 
MICRO· DATA 

8/ 0 0_7 PROCESSOR BUS 
SYSTEM 

CONTROLS { 

iii) 
lOR 

WR 8279 
lOW 

RESET 
RESET 

CS 
CS 

SHIFT 

FIFO STATUS WORD 

,FIFO Full 

Error·Underrun 
Error-Overrun 

'---- Sensor Closure/Error Flag for 
Multiple Closures 

'------ Display' unavailable 

KEYBOARD 
MATRIX 

CONTROL 

8/ 8 COLUMNS 

RETURN 
LINES 8 ROWS 

-: i>-

Ll 
V 8 

RO_7 

Voo 3-8 DECODER 

Vss IJv ~ 3 lSB' 

So.3 4/ 

SCAN LINES 
(4 

4--16 DECODER 
ADDRESS { 

AO BUS AO 

CLOCK 
ClK 

CLK BO_3 Ao-3 BD BLANK ~ } 16 I L.;ISPlAY 7 
4 ADDRESSES 
/ (DECODED) 

DISPLAY 

4 CHARACTERS 

/ 
DATA 

DISPLAY 

'00 not drive the keyboard decoder with the MSB 01 the scan lines, 

1·203 00742A 



8279/8279·5 

ABSOLUTE MAXIMUMRATINGS* 
-,: ,",. " '. . :. 

Ambient Temperature .• ' •...••••.••. ODCto 70DC 
Storage Temperature .•••••.•••••• -65DC to 125DC 
Voltage on any Pin with' , 

Respect to, Ground ••..••••... ' •• , -0,5V to +7V 
Power Dissipation .......•......• """.1 Watt 

D.C. CHARACTERISTICS 

~~, 
f!/} 

'COMMENT: Stresses above thoself?i." 
Maximum Ratings" may cause perman fif",fhvn 

device. This is a stress rating only ahd fu"riqr 
tion of the device at these or any other ccindl' 
those indicated in the operational sections of thiir I,i'" 
cation is not implied. 'Exposure to absolutemaxliffu}ji" 
rating conditions for extended periods may affect deviife 
reliability. 

TA=O'C to 70'C,Vss= OV, Vee= + 5V ± 5%, Vee = +5V ± 10% (8279·5) 

Symbol Parameter 

VIL1 Input Low Voltage for 
Return Lines 

VIL2 Input Low Voltage for All Others 

VIHI Input High Voltage for 
Return Lines 

VIH2 Input High Voltage for All Others 

VOL Output Low Voltage 

VOHI Output High Voltage on Interrupt 
Line 

VOH2 Other Outputs 

IILI Input Current on Shift, Control and 
Return Lines 

IIL2 Input Leakage Current on All Others 

IOFL Output Float Leakage 

Icc Power Supply Current 

Notes: 
8279, IOL = 1.6mA; 8279-5, IOL = 2,2mA. 
8279, IOH = -1 OOIlA; 8279-5, IOH = -400"A. 

CAPACITANCE 

SYMBOL TEST 

Cin Input Capacitance 

Cout Output Capacitance, 

Min. 

-0.5 

-0.5 

2.2 

2.0 

3,5 

2.4 

,1·204 

Max, Unit Test Conditions 

1,4 V 

0,8 V 

V 

V 

0.45 V Note 1 

V Note 2 

+10 jJ.A VIN = Vee 
-100 jJ.A VIN = OV 

±10 jJ.A VIN = Vee to OV 

±10 jJ.A VOUT ;, Vee to OV 

120 mA 

TYP. MAX. UNIT TEST CONDITIONS 

5 10 pF Vin=Vee 

10, 20 pF Vout=Vec 
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A.C. CHARACTERISTICS 
TA = O°C to 70°C, VSS = OV, (Note 1) 

Bus Parameters 

Read Cycle: 

Symbol Parameter 

tAR Address Stable Before READ 

tRA Address Hold Time for READ 

tRR READ Pulse Width 

tRO(2) Data Delay from READ 

tAO(2) Address to Data Valid 

tOF READ to Data Floating 

tRCY Read Cycle Time 

Write Cycle: 

Symbol Parameter 

tAW Address Stable Before WR ITE 

tWA Address Hold Time for WR ITE 

tww WR ITE Pulse Width 

tow Data Set Up Time for WR ITE 

two Data Hold Time for WR ITE 

tWCY Write Cycle Time 

Notes: 
1. 8279, VCC = +5V ±5%; 8279-5. VCC = +5V±10%. 
2 8279, CL = 100pF; 8279-5, CL = 150pF. 

Other Timings: 

Symbol Parameter 

tl/>W Clock Pulse Width 

tCY Clock Period 

Keyboard Scan Time: 
Keyboard Debounce Time: 
Key Scan Time: 
Display Scan Time: 

Input Waveforms For A.C. Tests 

. 5.1 msec 

10.3 msec 
80 Ilsec 
10.3 msec 

827918279·5 

8279 8279-5 

Min. Max. Min. Max. Unit 

50 0 ns 

5 0 ns 

420 250 ns 

300 150 ns 

450 250 ns 

10 100 10 100 ns 

1 1 'IlS 

8279 8279-5 

Min. Max. Min. Max. Unit 

50 0, ns 

20 0 ns 

400 250 ns 

300 150 ns 

40 0 ns 

1 1 fls 

8279 8279-5 

Min. Max. Min. 

230 120 

50.0 320 

Digit-on Time: 
Blanking Time: 
Internal Clock Cycle: 

1-205 

Max. Unit 

nsec 

nsec 

480 jJ.sec 
160 Ilsec 
10 Ilsec 
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WAVEFORMS 

Read Operation 

(SYSTEM'S 

1'-------------...,..-----.....;f ..... ____________ ......; ADDRESS BUS) 

...-tAR---.·I··o-----------

1-----'-- ••• ----+1 

(R EAD CONTROL) 

1----tAo-------< .. 1 

DATA BUS 

(OUTPUT) ~~~~~~~~~~~~~~:::::::_D_AT_A_V_A_L_ID_-_-_-:_-_-_ ... ~~~~~~~~~~~~~~~~ 

Write Operation 

AO.CS -VE :x (SYSTEM'S ---.!\'--___ ----""J'--________ ADDRESSBUS) 

tAw-II' 'ww . ...-twA-+-

DATA BUS 
(INPUT ) 

Clock Input 

"\ 

DATA 
MAY CHANGE 

) 

-'oW- ~ 

~ -DATA VALID 

1-206 

(WRITE CONTROL) 

'wo 

V DATA. 
r\. MAY CHANGE 
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8279 SCAN TIMING 

SCAN WAVEFORMS 

So 

S, 

ENCODED 
SCAN 

S2 

s, 

soU U U u 
S, -U U 

DECODED 
SCAN 

S2 u u 
S, u 

DISPLAY WAVEFORMS 

So 

S, 

Ao-Aa 
ACTIVE HIGH 

Bo-B3 
ACTIVE HIGH 

RLg-RL, 

t-------640 liS a 64 ICY,-------i 

AID) 

NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 

BLANK 
CODE-

S2·S, ARE NOT SHOWN BUT THEY ARE SIMPLY S, DIVIDED BY 2 AND 4 

1·207 

U U 
u 

u 
ASSUME INTERNAL FREOUENCY.1DD kHz 
SOtCy=10~s 

All) 

"BLANK CODE IS EITHER ALL 
D's OR ALL 1', OR 20 HEX 

Bll) 

490 115 

L 

L 
L 
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inter 
8282/8283 

OCTAL LATCH 

• Fully Parallel 8·Bit Data Register and 
Buffer 

• Transparent during Active Strobe 

• Supports 8080, 8085, 8048, and 8086 
Systems 

• High Output Drive Capability for 
Driving System Data Bus 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers_ They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph
eral and input/output functions of a microcomputer system can be implemented with these devices. 

PIN CONFIGURATIONS 

DiS 

016 

017 

6E 
GNO, 

GNO 

PIN NAMES 

'010-017 DATA IN, 
DOD-DO, DATA OUT 

OE OUTPUT ENABLE 
STB STROBE 

LOGIC DIAGRAMS 

L ______ _ 

I 
I 
I 
I 

I I L ______ _ 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBOOIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION. 1979' 1-208 



8286/8287 
OCTAL BUS TRANSCEIVER 

• Data Bus Buffer Driver for MC$·S6™, 
MCS·SOTM, MCS·SSTM, and MCS·4S™ 
Familie's ' 

• High Output Drive Capability for 
Driving System Data Bus' 

• Fully Parallel S·Bit Transceivers 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering In microcomputer systems can be met. 

PIN CONFIGURATIONS LOGIC DIAGRAMS 

Vcc 
Al BO 

Bl 

B2 

B3 

B4 

BS 

B6 

B7 

T 

PIN NAMES 

Ao-A7 LOCAL BUS DATA 
BO-B7 SYSTEM BUS DATA 
OE OUTPUT ENABLE 
T ' TRANSMIT 

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. 1919" . 1-209 . 
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GPIB TALKER/LISTENER 

• Designed to Interface Microprocessors 
(e.g., 8080,8085,8086,8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

• Programmable Data Transfer· Rate 

• Complete Source and Acceptor 
Handshake .. 

• Complete Talker and Listener 
Functions with Extended Addressing 

• Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

• Selectable Interrupts 

• On-Chip Primary and Secondary 
Address Recognition 

• Automatic Handling of Addressing and 
Handshake Protocol . 

• Provision for Software Implementation 
of Additional Features 

• 1-8MHz Clock Range 
• 16 Registers (8 Read, 8 Write), 2 for 

Data Transfer,the Rest for hiterface 
Function Control, Status, eic. 

• Directly Interfaces to External Non
Inverting Ti'ansceiversfor Connection 
to the GPIB 

• Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

• DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

• Trigger Output Pin 
• On-Chip EOS (End of Sequence) 

Message Recognition Facilitates 
Handling of Multi-Byte Transfers 

The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to·interface microprocessors (e.g., 8048, 
8080,8085,8086) to an IEEE Standard 488 Instrumentation. Interface Bus. It implements all of the Standard's interface 
functions except for the controiler. 

PIN CONFIGURATION 

18291 

BLOCK DIAGRAM 

GPIBDATA 

I 
INTERFACE 

FUNCTIONS I~=""I=" 
SH GPIB CONTROL 

AH 
TE 
LE 
SR 
RL 
PP 

I 
I 
I 

T/RCONTROL 

I 
I 
I 
I 
I 

TO NON·INVERTING 

BUS TRANSCEIVERS 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY .FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY· EMBOOIEO IN· AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LlC.ENSES ARE IMPLIED. 
© INTEL CORPORATION. 1979 1-210 . 00229A 



PIN DESCRIPTION 

Symbol I/O Pin No. 
00-07 1/0 12-19 

RSo-RS2 21-23 

8 

9 

10 

INT (INT) o 11 

OMA REO o 6 

OMA ACK & 

TRIG 0 5 

CLOCK 3 

RESET 4 

1/0 36 

8291 

Function 
Oata bus port, to be connected 
to microprocessor data bus. 

Register select inputs, to be con
nected to three non-multiplexed 
microprocessor address bus 
lines. Select which of the 8 in
ternal read (write) registers will 
be read from (written into) with 
the execution of RO (WR). 

Chip select. Whlln low, enables 
reading from or writing into the 
register selected by RSo-RS2. 

Read strobe. When low,selected 
register contents are read by the 
CPU. 

Write strobe. When low, data is 
written into the selected register. 

Interrupt request to the micro
processor, set high for request 
and cleared when the appropri
ate register is accessed by the 
CPU. May be software config
ured to be active low. 

OMA request, normally low, set 
high to indicate byte output or 
byte input, in OMA mode; reset 
by OMA ACK. 

OMA acknowledge. When low, 
resets OMA REO and selects 
data inldata out register for 
OMA data transfer (actual trans
fer done by RO/WR pulse). 

Trigger output, normally low; 
generates a triggering pulse cor
responding to the GET com
mand. 

External clock' input, used for 
internal time delays generator. 
May be any speed in 1·8 MHz 
range. 

Reset input. When high, forces 
the device into an "Idle" (initiali
zation) mode. The device will re
main at "Idle" until released by 
the microprocessor. 

8-bit GPIB data'. port, used for 
bidirectional data byte transfer 
between 8291 and GPIB via non
inverting external line trans
ceivers. 

Oata valid; GPIB handshake 
control line. Indicates the avail
ability and validity of infor
mation on the 010 lines. 

Symbol I/O Pin No. 
1/0 37 

1/0 38 

26 

24 

o 27 

25 

1/0 39 

T/Rl o 

T/R2 q 2 

Vee P.S. 40 

GNO P.S. 20 

Not ready for dat ! h 
shake control line. Ind 'ifT. 
condition of readiness 0 '¥~Ilf' .}()/J 
vice(s) connected to the bus t6 It! 

accept data. 

Not data accepted; GPIB hand
shake control line. Indicates the 
condition of acceptance of data 
by the device(s) connected to 
the bus. 

Attention; GPIB command line. 
Specifies how data on·OIO lines 
are to be interpreted. 

Interface clear; GPIB command 
. line. Places the interface func
tions in a known quiescent state. 

Service request; GPIB command 
line. Indicates the need for 
attention 'and requests an inter
ruption of the current seqyence 
of events on the GPIB. 

Remote enable; GPIB command 
line. Selects (in conjunction with 
other messages) remote or local 
control of the device. 

End or identify; GPII3 comm.and 
line. Indicates the end of a 
multiple byte transfer sequence 
or, in conjunction with ATN, 
addresses the device during a 
polling sequence .. 

External transceivers control 
line. Set high to indicate output 
datalsignals on the 0I01-010a 
and. DAV lines and input signals 
on the NRFO and NDAC lines 
(active source handshake). Set 
low to indicate input datal 
signals on the 0101-0108 and 
OAV lines and output signals on 
the NRFD and NOAC lines (ac
tive acceptor handshake). 

External transceivers. control 
line. Set high to indicaie output 
signals on the EOI line. Set low 
to indicate expected input signal 
on the EOI line during parallel 
poll. 

Positive power supply (5V ± 
10%f. 

Potential ground circuit. 

Note: all signals on ,the 8291 pins are specified with positive logic. 
However, IEEE 488 specifies' negative logic on its .1.6 signal lines. 
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8291 SYSTEM DIAGRAM 

1"'-- --" ORO 
I 8257 1------; 8291 

I CON.:'R~~LER I OACK GPIB T/RI 

L ~02~N~I_ ... 1--------tL-_I_N_TE'7'RIt'"FA_C_E.....,. 

THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 
The General Purpose Interface Bus (GPIB) is defined in 
the IEEE Standard 488-1975 "Digital Interface for 
Programmable Instrumentation." Although a knowledge 
of this standard is assumed, Figure 1 provides the bus 
structure lor quick reference. Also, Tables 1 and 2 
reference the interface state mnemonics and the interface 
messages respectively. Modified state diagrams for the 
8291 are presented in Appendix A. 

GENERAL DESCRIPTION 
The 8291 is a microprocessor controlled device de
signed to interface microprocessors e.g., 8048, 8080, 
8085, 8086to the GPIB.lt implements all of the interface 
functions defined in the IEEE 488 Standard. If an imple
mentation 01 the Standard's Controller function is 
desired, it can be connected with an Intel® 8292 to form 
a complete Interface. 

The 8291 handles communication between a microproc
essor controlled ,device and the GPIB: Its capabilities in
clude data transfer, handshake protocol, talkerllistener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel pOlling 
schemes_ In most procedures, it does not disturb the 
microprocessor unless a byte is waiting on input or a 
byte sent on output (output buffer empty). 

The 8291 architecture includes 16 registers. Eight ofthese 
registers may be written into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each ofthese read and write registers is for direct data 
transfers. The rest olthe write registers control the various 
features of the chip, while the rest of the read registers 
provide the mic'roprocessor with a monitor of GPI B states, 
various bus conditions, and device conditions. 

D~VICE A 

ABLE TO 
TALK. LISTEN, 

AND 
CONTROL 

(e.g. calculator) 

DEVICE B 

ABLE TO 
TALK AND 

LISTEN 

(e,g. digital 
multimeter) 

DEVICE C 

. ONLY"ABlE 
TO LISTEN 

(e.g. signal' 
generator) 

DEV!C~ D 

ONLY ABLE 
TO TALK 

(e.g. co~nte'l 

tllll 
I f-

===r-

I l-

( 

I t-< 

11 t f 
f- DATA BUS 

DATA BYTE 
TRANSFER 

(1-1- CONTROL 

GENERAL 
INTERFACE 

MANAGEMENT 

~}DI01".8 

DAV 
NRFD 
NOAC 

IFC 
ATN 
SRO 
REN 
EOI 

Figure 1. Interface Capabilities and Bus Structure. 
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GPIB Addressing 

Each device connected to the GPIB must have at least one 
address whereby the controller device in charge of the bus 
can configure it to talk, listen, or send status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 

1I"r.
second mode allows the U~gf~lt> l 
talker/listener with a two byte addi'eSi?; 
secondary address): The third mode a 0 

distinct addresses but in this instance, they O'8£,{ '~ 
a two-byte address. However, this mo.de requifffS' e 'IT'(~ .... 
secondary addresses be passed to the microprocess6'rj&:~ Sa r 
verification. These three addressing schemes are deS" 'ile 
cribed in more detail in the discussion of the Ad.dress 
registers. 

TABLE 1. 
IEEE 488 INTERFACE STATE MNEMONICS 

Mnemonic State Represented 

ACDS Accept Data State 
ACRS Acceptor Ready State 
AIDS Acceptor Idle State 
ANRS Acceptor Not Ready State 
APRS Affirmative Poll Response State 
AWNS Acceptor Wait for New Cycle State 

- CACS - - -C~rtlr;;jl;r-A-;;-tW;-Slat; --- - - - --. 

CADS Controller Addressed State 
CAWS Controller Active Wait State 
CIDS Controller Idle State 
CPPS Controller Parallel Poll State 
CPWS Controller Parallel Poll Wait State 
CSBS Controller Standby State 
CSNS Controller Service Not Requested State 
CSRS Controller Service Requested State 
CSWS Controller Synchronous Wait State 

L ~T~~ _ ~~t:?~':....T!..a~s!:r ~t:.t:... _____ _ 
DCAS Device Clear Active State 
DCIS Device Clear Idle State 
DTAS Device Trigger Active State 
DTIS Device Trigger Idle State 

lACS 
lADS 
LIDS 
lOCS 
lPAS 
lPIS 
lWlS 

NPRS 

listener Active State 
listener Addressed State 
listener Idle State 
local State 
listener Primary Addressed State 
listener Primary Idle State 
local With lockout State 

Negative Poll Response State 

------ The Controller function is implemented on Ihe Intel@ 8292. 

Mnemonic SI.ale Represented 

PACS 
PPAS 
PPIS 
PPSS 
PUCS 

REMS 
RWlS 

SACS 
SDYS 
SGNS 
SIAS 
SIDS 
SIIS 
SINS 
SIWS 
SNAS 
SPAS 
SPIS 
SPMS 
SRAS 
SRIS 
SRNS 
SROS 
STRS 
SWNS 

TACS 
TADS 
TlDS 
TPIS 

Parallel Poll Addressed to Configure State 
Parallel Poll Active State. 
Parallel Poll Idle State 
Parallel Poll Standby State 
Parallel Poll Unaddressed to Configure State 

Remote State 
Remote With lockout State 

System Control Active State 
Source Delay State 
Source Generate State 
System Control Interface Clear Active State 
Source Idle State 
System Control Interface Clear Idle State 
System Control I nterface Clear Not Active State 
Source Idle Wait State 
System Control Not Active State 
Serial Poll Active State 
Seriai Poll Idle State 
Serial Poll Mode State 
System Control Remote Enable Active State 
System Control Remote Enable Idle State 
System Control Remote Enable Not Active State 
Service Request State 
Source Transfer State 
Source Wait for New Cycle State 

Talker Active State 
Talker Addressed State 
Talker Idle State 
Talker Primary Idle State 

nn??Q.d 



8291 

,,'.' .... TABLE 2. 
IEEE. 488 INTERFACE .MESSAGE REFERENCE LIST.' 

Ml)emonic Message Interface Functlon(s) 

LOCAL MESSAGES RECEIVED (By Interface Furictions) . 

. 'gts go to staridby C . 
ist individual status PI". 
Ion listen only L, LE 
Ipe .Iocal poll enable PP . 
nba new byte available SH 

pon power on SH,AH,T,TE,L,LE,SR,RL,PP,C 
rdy ready AH 

, rpp request parallel poll C 
, rsc request system control C 

rsv request service SR 

rtl return to local RL 
'sic send interface clear C 
, sre send remote enable C 
'tea take control asynchronously C 
,tcs take control synchronously AH,C 

ton talk only T, TE 

REMOTE MESSAGES REc:EIVED 

ATN Attention SH,AH,T,TE,L,LE,PP,C 
DAB Data Byte (Via L, LE) 
DAC : Data Accepted SH 
DAV Data Valid AH 

'DCL Device Clear DC 

END End (via L, LE) 
GET Group Execute Trigger DT 
GTL Go to Local RL 
lOY Identify L,LE,PP 
IFC I nterface Clear T,TE,L,LE,C 

LLO Local Lockout RL 
MLA My Listen Address L,LE,RL,T,TE 
MSA · My Secondary Address TE,LE,RL 
MTA My Talk Address T,TE,L,LE 
OSA Other Secondary Address TE 

OTA Other Talk Address T, TE 
PCG Primary ¢or:nmand Group TE,LE,PP 

tPPc · Parallel Poll Configure PP 
t [PpD) Parallei Poll Disable PP 
t [PPE] Parall!,!1 Poll Enable PP 

'PPRN Parallel Poll Response N (via C) 
tPPu Parallel Poll Unconfigure PP 

REN \ Remote Emlble RL 
RFD . Ready for Data SH 
ROS Request Service (via L, LE) 

[SOC] Select Device Clear '. DC 
SPD Serial Poll Disable T, TE 
SPE Serial Poll Enable T, TE 

'SOR. Service Request (via C) 
STB · Status Byte (via L, LEl 

'TCT or [TCT] Take Control C 
UNL Unlisten L; LE 

'These messages are handled only by Intel's 8292. 
tUndefined commands which may be passed to the microprocessor. 
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TABLE 2. (Cont'd) 
IEEE 488 INTERFACE MESSAGE REFERENCE LIST 

Mnemonic Message •• Interface Functlon(s) 

REMOTE MESSAGES SENT 

ATN Attention 
DAB Data Byte 
DAC Data Accepted 
DAV Data Valid 
DCl Device Clear 

END End 
GET Group Execute Trigger 
GTl Go to local 
lOY Identify 
IFC I nterface Clear 

llO Local lockout 
MLA or [MLA] My Listen Address 
MSA or [MSA] My Secondary Address 
MTA or [MTA] My Talk Address 
OSA Other Secondary Address 

OTA Other Talk Address 
PCG Primary Command Group 
PPC Parallel Poll Configure 
[PPD] Parallel Poll Disable 
[PPE] Parallel Poll Enable 

PPRN Parallel Poll Response N 
PPU Parallel Poll Unconfigure 
REN Remote Enable 
RFD Ready for Data 
ROS Request Service 

[SOC] Selected Device Clear 
SPD Serial Poll Disable 
SPE Serial Poll Enable 
SRO Service Request 
STB Status Byte 

TCT Take Control 
UNl Unlisten 

"AII Controller messages must be sent via Intel's 8292. 

1·215 

C 
(via T, TE) 
AH 
SH 
(via C) 

(via T) 
(via C) 
(via C) 
C 
C 

(via C) 
(via C) 
(via C) 
(via C) 
(via C) 

(via C) 
(via C) 
(via C) 
(via C) 
(via C) 

PP 
(via C) 
C 
AH 
T, TE 

(via C) 
(via C) 
(via C) 
SR 
(via T, TE) 

(via C) 
(via C) 
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8291 Registers 
A bit~by"bit map of the 16 registers'o,fthe 8291 is . 
presented in Table 3. A more detailed exp,lanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the es, RD, WR, and RSo-RS2 pins. 

Register CS RD WR RSo-RS2 

All Read Registers 0 0 1 eee 

All Write Registers 0 0 eee 

Don't eare X X XXX 

TABLE 3. 8291 REGISTERS' 

READ REGISTERS REGISTER SELECT 
CODE 

WRITE REGISTERS 

RS2 

017 016 DIS 014 013 012 011 DID 

DATA IN 

I CPT I APT GET I END I DEC I ERR I 80 
I 

81 

INTERRUPT STATUS 1 

INT I 5PAS I LLO I REM I 5PA5CI LLOC I REMCI A05CI 

INTERRUPT STATUS 2 

58 I 5Rasl 56 I 55 I 54 I 53 I 
52 I 51 

SERIAL POLL. STATUS 

ton Ion EOI I LPA5 I TPA5 I LA TA IMJMNI 

ADDRESS STATUS 

.CPT71 CPT61 CPTsl CPT41 CPT31 CPT2 I cpn I C'PTO I 

COMMAND PASS TH ROUGH 

I X OTO OLO I AOs,ol A04.01·A03.01 A02.01 A01-Oi 

ADDRESS 0 

I X OTI OLI AOS.ll A04.11 A03.11 A02.11 A01.11 

ADDRESS 1 

Data Registers 

017 I 016 DIS I 014 013 I 012 011 I 010' I 

DATA·IN REGISTER (OR) 

007 I 006 I DOS I 004 I 003 I 002 I 001 I 000 I 

DATA·OUT REGISTER (OW) 

0 

0 

0 

0 

The data-in register is used to move data from the GPIB to 
the microprocessor or to memory when the 8291 is 

RS1 

0 

0 

0 

1· 

·1·216 

RSO 

o .1 007 I 006 I 0051 004 0031 002 001 
1 000 

DATA OUT 

1 
I 

CPT I APT GET I END I OEC I ERR 80 I 81 

INTERRUPT MASK 1 

0 I 0 1 0 OMAOIOMAII SPA5CI LLOC I REMCI A05C I 

INTERRUPT MASK 2 

1 
I 

58 I " rsv" 0 

56 I 55 I 54 I 53 52 I 51 

SERIAL POLL MODE 

0 I TO I LO I 0 I 0 I 0 1 0 AOMll AOMOI 

ADDRESS MODE 

1 I CN.T21 CNTll CNTOI COM41 COM31 COM21 COMll COMO I 

AUX MODE 

0 
I 

AR5 I OT OL I ADS I A04 I A03 I A021 AOI I 
ADDRESS 0/1 

1 
I 

EC7 I EC6 EC5 I EC4 I. EC3 I EC2 ECI I ECO 

EOS 

addressed to listen. Incoming .information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD (Ready for 
Data) message is held false until the byte is removed from 
the data in register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshake is not finished until a command is sent 
telling the 8291 to release the holdoff.1 n this way, the same 
byte may be read several times, or an over anxious talker 
may be held off until all available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 

Interrupt Registers 

I CPT 1 APT 1 GET 1 END I· DEC I ERR BO BI 

INTERRUPT STATUS 1 (1 R) 

liNT I SPAS 1 LLO 1 REM 1 SPAscl LLOC 1 REMCI ADSC 1 

.INTERRUPT STATUS 2 (2R) 

The 8291 can be configured to generate an interruptto the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine (if 
necessary). Each of the 12 interrupt status bits has a 
matching mask bit in the interrupt mask registers. These 
mask bits are used to select the events that will cause the 
INT pin to be asserted. Writing a logic "1" into any olthese 
bits enables the corresponding interrupt status bits to 

~. 
RFD/DAV ·holdoff mode is irfett;?dt,} 
release command is issued. Als~{"~le~d 
register does not destroy the informati'QpQfo 
register. . .1,-" S II;,,/S 

<>b,l iii", 
{}"l 

I CPT 1 APT 1 GET 1 END 1 DEC 1 ERR BO BI 

INTERRUPT MASK 1 (lW) 

DMAOI DMAI 1 SPAscl LLOC 1 REMCI ADscl 

INTERRUPT MASK 2 (2W) 

generate an interrupt. Bits in the Interrupt Status registers 
are set regardless of the states of the mask bits. The 
Interrupt Status registers are then cleared upon being 
read or when a local pon (power-on) message is executed. 
If an event occurs while one of the Interrupt Status 
registers is being read, the event is typically held until after 
its register is cleared and then placed in the register. 
The mnemonics for each olthe bits in these registers and a 
brief description of their respective functions .appears in 
Table 4. This table also indicates how each of the interrupt 
bits is set. 

TABLE 4. Interrupt Bits 

Indicates Undefined Commands 

Set by (TPAS+ LPAS)oSCG.ACDS.MODE 3 

Set by DTAS 

Set by (EOS + EOI).LACS 

Set by DCAS 

Set by TACS.nba.DAC.RFD 

TACS.(SWNS + SGNS) 

Set by LACS.ACDS 

Shows status of the INT pin 

The device has been enabled for a serial poll 

The device isin local lock out state. 
(LWLS+RWLS) 

The device is in a remote state. 
(REMS+RWLS) 

CPT 

APT 

GET 

END 

DEC 

ERR 

BO 

BI 

INT 

SPAS 

LLO 

REM 

An undefined command has been received. 

A secondary address must be passed through 
to the microprocessor for recognition. 

A group execute trigger has occurred. 

An EOS or EOI message has been received. 

Device Clear Active State has occurred. 

Interface error has occurred; no listeners 
are active. 

A byte has been output. 

A byte has been input. 

-

I-
These are status only. They will not generate 
interrupts, nor do they have corresponding 
mask bits. 

SPASSisAs SPASC Serial Poll Active State change interrupt -LLONO LLO LLOC Local lock out change interrupt. -----RemotVocal RLC Remote/Local change interrupt. 

AddressedUnaddressed ADSC Address status change interrupt. * ---
*In ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated. 

-t ')017 
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The BO and BI interrupts enable the user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB and a new data byte may be written into the Data 
Out register. It is set by the occurrence ofTACS. (SWNS 
+ SGNS). Hence, it is reset when a data byte is written into 
the Data Out register, when ATN is asserted on the 
GPIB, or when the device stops being addressed to talk. 
Similarly, BI is set when an input byte is accepted into the 
8291 and reset when the microprocessor reads the Data In 
register. BO and BI are also reset by pon (power-on local 
message) and by a read of the Interrupt Status 1 register. 
However, if it is so desired, data transfer cycles may be 
performed without reading the Interrupt Status 1 register 
if all interrupts except for BO or BI are masked; BO and BI 
will automatically reset ,after each byte is transferred. 

If the 8291 is used without DMA, the BO and BI interrupts 
may be enabled through the DMA REO pin. Tile DMAO 
and DMAI bits in the Interrupt Mask2 register would bethe 
corresponding mask bits for this feature. Thus, imple
menting this feature, with BO and BI masked from the INT 
pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers. 

The ERR bit is set to indicate the bus error condition where 
the 8291 is an active talker, tries sending a byte to the 
GPIB, butthere are no active listeners (e.g., all devices,Qn 
the GPIB are in AIDS), The logical equivalent of (nba 0 

TACS 0 DAC 0 RFD) will set this bit. 

The DEC bit is set whenever DCAS has occurred. The user 
must define a known state to which all device functions 
will return in DCAS. Typically this state will be a power-on 
state. However, the state of the device functions at DCAS 
is at the designer's discretion. It should be noted ihat 
DCAS has no effect on the interface functions which are 
returned to a known state by the IFC (interface clear) 
message or the pon local message. ' 

The End Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active listener 
(LACS) and either EOSor EOI is received. EOS will 
generate an interrupt when the byte In the Data In regis
ter matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOI pin of the 8291. 

The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message is received while it is addressed to lis
ten. The TRIG output pin of the 8291 is also asserted 
when the GET message is received. Thus, the basic 
operation of the device may be started without involving 
the microprocessor, 

The APT interrupt bit indicates to the processor that a 
secondary address is available in the CPT register, for 
validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on 
addressing.) In Mode 2, secondary addresses will be 
'recognized on the 8291. They will be ignored in Mode 1. 

.t 
The CPT interrupt bit flag! 
fined command and of all secon 
ing an undefined command. Th 
through feature 'is enabled by the BO 
register B, 

UDC = [UCG + ACG(TADSoPPC 
+ LADS.TCT)j.undefined.BO 

where: 
ACG - Addressed Command Group 
UCG - Universal Command Group 
SCG - Secondary Command Group 

Any message not decoded by the 8291 (not included in the 
state diagrams in Appendix B) becomes an' undefined 

'command. Note from the logic' equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 

Undefined commands are read by the CPU from the 
Command Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if the CPT feature is enabled). 

An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding mask 
bits, will cause an interrupt upon changes in the following 
states as defined in IEEE 488: 

Bit 0 ADSC change in LIDS or Tlbs or MJMN 
Bit 1 RLC change in LOCS or REMS 
Bit 2 , LLOC change in LWLS or RWLS 
Bit 3 SPASC change in SPAS 

The upper 4 bits of the I nterrupt Status 2 register are 
available to the processor as status bits, Thus, if one ofthe 
bits 1,-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7) 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status (bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all unmasked interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available only 
to be read as status bits by the processor. 

,Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available ,to enable direct data transfers 
between memorY and the GPIB, DMAI (DMA in) enables 
the DMA REO (DMA request) pin of the 8291 to be 
asserted upon the occurrence of BI. Similarly, DMAO 
(DMA out) enables the DMA REO pin to be asserted upon 
t'he occurrence of BO. One might note that the DMA REO 
pin may be used as a second interrupt output pin, 
monitoring BI and/or BO and masked by DMAI and 
DMAO. One should note that the DMA REO pin is not 
affected by a read of the Interrupt Status 1 Register. It is 
reset whenever a byte is written to the Data Out Register or 
read from the Data in Register. 
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To ensure that an interrupt status bit will not be cleared 
without being read, and will not remain uncleared after 
being read, the 8291 implements a special interrupt 
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handling procedures. When an unmasked interrupt bit is 
set i,n either of the Interrupt Status Registers, the input 
of the registers are blocked until the set bit is read and 
reset by the microprocessor. ThuS, potential problems 
arise when interrupt status changes while the register is 
being blocked. However, the 8291 stores all new inter
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 

Serial Poll Registers 

I S8 I SROS I 56 55 S4 53 52 51 

SERIAL POLL STATUS (3R) 

The Serial Poll Mode Register is used to establish the 
status byte that the 8291 sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) message. Bit 
6 of this register is reserved for the rsv (request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRO line. indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted. the bit 'should be cleared by the 
microprocessor. The other bits of this register are 
available for sending status information over the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 

Address Registers 

I ton I 'on I Eo"1 L,PAS I TPAS I LA ITA 'IMJMN I 

ADDRESS STATUS (4R) 

I X DTO I DLO I AD5.01 AD4-01 AD3·0 I AD2.01 AD1.() I 

ADDRESS 0 (6R) 

I X DTI DL1 I AD5.11 AD4.1I AD3.11 AD2.1I AD1.l I 

ADDRESS 1 (7R) 

The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291. It determines 
the way in which the 8291 uses the information in the 
Address 0 and Address 1 registers: 

--:1 n Mode 1, the contents of the Address 0 Register 
constitute the "Major" talker/listener address while the 
Address 1 Register represents the "Minor" talker/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an add res via 
the Address 0/1 Register into Address Regis,ters 0 and 1 
enables the major and minor talker/listener functions 
respectively. 

-In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in orderto enable the device to talk 
or listen. In this manner. Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 

}j( 
has been reset. In the Interr,t/J,;1't: 
AOSC bit, this transfer takes p1~ . 
ding bits were read as zeroes. F6if/;~tAe 5 

change bits in the Interrupt Status "2'" . 
transfer will always take place. Hciwever, 'If 'A~.&Ooo 
of changes in these status bitS during blocking (lto~'\\iil fIT r 
,cause no Interrupt. q/~ 'Salll" 

I 58 I rsv I 56 I 55 I 54 I 53 I S2IS1J 

SERIAL POLL MODE (3W) 

talk. At this point, one byte of status is returned by the 8291 
via the Serial Poll Mode Register. , 

The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll Mode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SROS (Service 
Request State). When a Serial Poll is conducted and the 
controller-in-charge reads the status byte, the SROS bit is 
cleared. The SRO lir'16 is tied to this bit, so that a request for 
service is terminated when the 8291's status byte is read. 
The rsv bit of the Serial Poll Mode Register must then be 
cleared by the microprOcessor. 

1 TO I LO 
1 

0 
1 0 I 

0 I 0 ADM11 ADMOI 

ADDRESS MODE (4W) 

I ARS I DT DL I AD51 AD41 AD31 AD21 ADI I 
ADDRESS Oil (6W) 

To use Mode 2 addressing the primary address must be 
loaded into the Address 0 Register, and the Secondary 
address is placed in' the Address 1 Register. With both 
primary and secondary addresses residing on chip. the 
8291 can handle all addressing sequences without 
processor intervention. 

-In Mode 3, the 8291 handles addressing just as it does in 
Mode 1, except that each Major or Minor primary f!ddress 
must be followed by a secondary address. All secondary 
addresses must be verified by'the microprocessor when 
Mode' 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state), and it does not 
recognize the byte on the 010 lines, an APT interrupt is 
generated (see section on Interrupt Registers) and the 
byte is available in the CPT (Command Pass-Through) 
Register. As part of its interrupt service routine. the 
microprocessor must read the CPT Register and write one 
of the following responses to the Auxiliary Mode Register: 

1. 07H implies a non-valid secondary address 
2. OFH implies a valid secondary address 
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Setting the "ton" bit generates the local ton (talk-only) 
message and sets the 8291 to a talk-only mode. This mode 
allows the device to operate as a talker in an interface 
system 'without a con'troller. ' ' 

Setting the "Ion" bit generates the local Ion (listenconly) 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener in an 
interface system without a controller. 

The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: 

Mode 

Enable talk only mode (ton) 
Enable'listen only mode (Ion) 
The 8291 may talk to itself 
Mode 1, (Primary-Primary) 
Mode 2 (Primary-Secondary) 

Register Contents 

10000000 
01000000 
11()00000 
00000001 
00000010 
00000011 Mode 3 (Primary/APT-Primary/APT) 

The Address Status Register contains information used by 
the microprocessor to handle its own addressing. This 
information includes status bits that monitor the address 
state of each talker/listen'er, "ton" and "Ion" flags which 
indicate the talk only and listen only states, and an EOI bit 
which, when set, signifies that the END message came 
with the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. The 
microprocessor can then use these bits when the 
secondary address is passed through to determine 
whether the 8291 is addressed to talk or listen. The LA 
(listener addressed) bit will be set when the 8291 is in 
LACS (Listener Active State) or in LAOS (Listener 
Addressed State). Similarly, the TA (Talker Addressed bit 
will be set to indicate TACS or TAOS, but also to indicate 
SPAS (Serial Poll Active State). The MJMN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to "1" 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
one time. Thus, the MJMN bit will indicate which,ifeither, 
of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected in 
the Address Mode Register. Five bit addresses may be 
loaded into the Address 0 and Address 1 registers by 
writing into the Address 0/1 Register. The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into.TheDT and OL bits may be used tcidisable 
the talker or listener function at the address signified by 
the other five bits. When 'Mode l' addressing is used and 
only one primary address is desired, both the talke';: and 
the listener should be disabled attM Minor address. 

As an example of how the.Address 0/1 Register might be 
used, consider an example where tw,o primary addresses 
are needed in the,device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 ,is formed by the following 
sequence of writes by the microprocessor: 
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Operation 

1. Select addressing Mode 1 0 

2. Load major address into 0 
Address 0 Register with 
listener function disabled: 

3. Load minor address into 0 
Address 1 Register with 
talker function disabled, 

At this pOint, the addresses AAAAA and BBBBB are stored 
in the Address 0 and ,Address 1 registers respectively, and 
are available to be read by the microprocessor, Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address 0 and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene in, the addressing sequence. 

Command Pass Through Register 

I~I~I~I~I~I~I~I~I 
'COMMAND PASS THROUGH (5R) 

The Command Pass Through Register is used to transfer 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature is enabled 
(bit BO in Auxiliary Register B), any message not de· 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshake until the 
microprocessor reads this register and Issues the 
VSCMO auxiliary command. 

The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register, The details of these interrupts are explained 
in the section on Interrupt Registers. 

An added feature of the 8291 is its ability to handle 
undefined secondary commands following undefined 
primaries. Thus,. the number of available commands for 
user definition or future IEEE 488 definition is significantly 
increased; one undefined primary command followed by a 
sequence of as many as 32 secondary commands can be 
processed. However, it is recommended that users do not 
define their own commands since such definition would 
violate IEEE 488. 

The recommended use of the 8291's undefined command 
capabilities is for a controller-configured .Parallel Poll. 
The PPC message is an undefined primary command 
typically followed by PPE, an undefined secondary 
comma'nd. For details on this procedure, refer to the 
section on Parallel Poll Protocol. 
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Auxiliary Mode Register 

I CNT21 CNT1 I CNTO I COM41 COM31 COM21 CONIlI COMO I 
AUX ~ODE (5W) 

CNTO-2:CONTROL BITS 
COMO-:COMMAND BITS 

The Au~iliary Mode Register contains a three-bit control 
field. and a five-bit command field. It is used for several 
purposes on the 8291: 

1. To load "hidden" auxiliary registers on. the 8291. 
2. To issue commands from the microprocessor to the 

8291. 
3. To' preset an internal counter used to generate T1, 

delay in the Source Handshake function, as defined in 
IEEE-488 .. 

Table 4 summarizes how these tasks are performed with 
the Auxiliary tvIode Register. Note that the three control 
bits determine how the five command bits are interpreted. 

TABLE 4. 

CODE 
CONTROL COMMAND 

BITS BITS 
000 OCCCC 

COMMAND 

Execute auxiliary command. 
CCCC 

001 OFFFF Preset internal counter to 
match external clock 
frequency of FFFF MHZ 
(FFFF - binary representation 

. of 1 t08 MHz) 
100 DDDDD Write DDDDD into auxiliary 

register A . 
101 ODDDD Write DDDD into auxiliary 

register B .' 
011 USP3P2P1 Configure/unconfigure 

AUXILIARY COMMANDS 

parallel poll SP3P2P1 as 
defined in Std. 488. (Con
figure if U = 0, Unconfigure if 
U = 1). This command is the 
local poll enable (Ipe) 
message when U = O. 

Auxiliary commands are executed by the 8291 whenever 
OOOOCCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4-bit command code. 

4-BII Code Descrl lion 

0000 Immediate Execute pon - This commandre
sets the 8291 to a power up state (local pon 
message as defined in IEEE 488). . 

The following conditions constitute the power 
up state: . . 
1. All talkers and listeners are disabled .. 
2. No interrupt status bits are set. 

4-Blt Code 

The 8291 is designed tis' 
states as specified in the lEe; 
grams. Thus; the following stat 
in the power up stale: SIDS,AIDS, TI 
NPRS; LOCS, and pPIS. 

The "0000" pon is an immediate execute 
command (a pon pulse). It is also used to 
release the "initialize" state generated by 
either an external reset pulse or the "0010" 
Chip Reset command. . 

0010 Chip Reset (Initialize) - This command has 
the same effect as a pulse applied to the Reset 
pin. (Refer to the section on Reset Procedure.) 

0011 Finish Handshake - This command finishes a 
handshake that was stopped because of a 
holdoff on RFD or DAV. (Refer to Auxiliary 
Register A.) 

0100 Trigger ~ A "Group Exe'cute Trigger" is 
forced by this command. It has the same effect 
as a GET command issued by the controller
in-charge of the GPIB, but does not cause a 
GET interrupt. 

0101 rtl1 - This command corresponds to th'e 10c~1 
rtl message as defined 'in IEEE 488. The 8291 
will go to a local state if local lockout. is 
not in effect.' . 

0110 Send EOI - The EOI line of the 8291 may be 
asserted with this command. The command 
causes EOI to go true with the next i:iyte trans
mitted. The EOlline is then cleared upiili com
pletion of the handshake 'forthat byte. 

0111, 1111 Nori~ValidlValid Secondary Address or 
Command (VSCMD) - This Goinmand in
forms the 8291 that the secondary address re
ceived by the microprocessor was valid or 
invalid (0111 - invalid, 1111 -valid).lf Mode3 
addressing is used, the processor must field 
each extended address and respond to it, or 
the GPIB will hang up. Note that the COM3 bit 
is the invalid/Valid flag. 

The valid (1111) command is also used to tell 
the 8291 to continue from the command-pass
through state (immediate execute command). . . . 

0001, 1001 Parallel Poll Flag (local "ist" message):"" This 
command sets (1001) or clears (0001) the 
parallel poll flag. A "1 "is sent over the 
assigned data line (PPR-Parallel Poll Re
sponse true) only if the parallel poll flag 
matches the sense bit from the I pe local 
message (or indirectly from the PPE mess
age). For a more complete description of-the 
parallel Poll features and procedures refer to 
the. section on Parallel Poll Protocol. ... 

1. Subsequently the 8291 will include "set rtl" and' "clear'rtl" 
commands . 

. 1-221 00229A 



'8291 

INTERNAL COUNTER 

The internal ceunter determines the delay time allewed 
fer the settling .of data en the DIO lines. This delay time 
Is defined as T1 In,lEEE 488 and appears in the Seurce 
H,andshake state diagram between SDYS and STRS. As 
such, DAV is asserted T 1 after the DIO lines are driven. 
Censequently, T1 is a majer facter in determining the 
data transfer rate .of the 8291 ever the GPIB 
(T 1 = TWROV2-TWROI5). 

When epen-cellectertransceivers are used fer cennectien 
tethe GPIB, T1 is defined by IEEE 488 te be 2~sec. By 
writing OO,JOFFFF inte ttie Auxiliary Mede Register, the 
ceunter is preset te match a fc MHzcleck input, where 
'FFFF is the binary representatien .of NF (1:5NF:58, 
NF=(FFFF)2). When NF = fc, a 2~sec T1 delay will be 
generated befere each DAV asserted. 

2NF 1C + tSYNc, 1",NF",8 

tSYNC is a synchrenizatien errer, greater than zero and 
, smaller than the larger .of T cleck high and T cleck lew. 

(Fer a 50% dutycycle cleck, tSYNC is less than half the 
cleck cycle). 

If it is necessary that T1 be different frem 2~sec, NF may 
be set te a value ether than fc.ln this manner, data transfer 
rates may be pregrammed fer a given' system. In small 
systems, fer example, where transfer rates exceeding 
GPIB specificatiens are'required, .one may set NF < fc and 
decrease T1. 

When tri-state transceivers are used, IEEE 488 allews a 
higher transfer rate (Iewer T 1). Use .of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.ln this case, setting NF =fc causes a T1 delayef2~sec te 
be generated fer the first byte transmitted - all 
subsequent bytes will have a delay .of 50q nsec. 

T.1(High Speed) ~sec = ~~, + tSYNC , 

Thus, setting NF= 1 using a 4. MHzcleck will generate 
fer a 50% duty cycle clec,k (tSYNc<125 nsec.): 

T1 = _1_+ 0.125= 0.250 /lsec= 250 nsec 
2.4. ' 

AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register which is 
used te enable ,semeef the 8291 features. Whenever a 
100 A4A3A2A1Ao byte,iswritten intetheAuxiliary Register, 
it is leaded with the data A4A3A2A1Ao. Setting the 
respective bits te"1" enables the fellewing·features: ' 

Ao - RFD/DAV Heldeff en all Data: Ifthe 8291 is listening, 
RFD will ncit be sent true until the "finis,h handshake" 
'auxiliary cemmand is issued by the microprocesser. Ifthe 
8291 is talking, DAV is net sent true' until the "finish 
h'andshake" cemmand is given. In beth cases, the heldeff 
will be in effect fer each data byte. 

A1 - RFD/DAV Heldeff en End: This feature enables the 
heldeff en EOI .or EOS (if enabled). Hewever, ne heldeff 
will be in effect en any ether data bytes. 

A2 - End en EOS Received: 
In Register matches the byte in 
interrupt bit will be set in the Interru 

A3 '-- Output EOI en EOS Sent: Any .occur 
the Data Out Register matching the EOS RegiS .". 
the EOI line te be sent true aleng with the data. 11#1'. -0'00'$ 

A4 - EOS Binary Cempare: Setting this bit causes the 
EOS Register te functien as a full8-bit word. When it is net 
set; the EOS Reg,ister is a 7-bit word (fer ASCII 
characters). 

If Ao = A1 = 1, a special "centinueus Accepter Handshake 
cycling" mede is enabled. This'mede sheuld be used .only 
in a centreller system cenfiguratien, where beth the 8291 
and the 8292 are used. It prevides a centinueus cycling 
threugh the Accepter Handshake state diagram, requiring 
ne lecal messages frem the micreprecesser; the rdy lecal 
message is autematically generated when In ANRS. As 
such, the 8291 Accepter Handshake serves as the 
centroller Accepter Handshake. Thus, ,the c.ontre,lIer 
cycles threugh the Acceptor Handshake witheut delaying 
the data transfer in pregress. When the tcs lecal message 
is executed, the 8291 is taken .out .of the "centinueus AH 
cycling" mede, the GPIB hangs up in ANRS, and a BI 
interrupt is generated te indicate that centrel may be 
taken. A simpler precedure may be used whena "tcs en 
end .of block" is executed; the 8291. may s.tay in 
"centinueus AH cycling". Upen the end .of a bleck'(EOI .or 
EOS received); a heldeff is generated, the GPIB hangs up 
in ANRS, and centrel may be taken. 

AUXILIARY REGISTER B 

Auxiliary Register B is a "hidden" 4-bit register which is 
used to enable seme .of the features of the 8291. Whenever 
a 1010B3B2B1Bo is written inte the Auxiliary Mede 
Register', it is leaded with the data B3B2B1Bo. Setting the 
respective bits te "1" enables the fellewing features: 

Bo - Enable Undefined Cemmand Pass Threugh: This 
feature allews any cemmands net recegnized by the 8291 
tebe handled in seftware. If enabled, this feature will 
cause the 8291 te heldeff the handshake when an 
undefined cemmand is' received. The micreprecesser 
must then, read the cemmand frem the Cemmand Pass 
Threugh Register and send the VSCMD auxiliary 
cemmand. Until the VSCMD command is sent, the 
handshake heldetf will be in effect. 

Bi - Send EOI in SPAS: This bit enables EOI te be serit 
with the status byte;.EOI is sent true in Serial Pell Active 
State. Otherwise, EOI is sent false in SPAS. 

B2 - Enable High Speed Data Transfer: This feature may 
be enabled when tri-state exterrialtransceivers are'used. 
The data transfer rate is .Iimited by T1 (delay time 
generated in the Seurce Handshake functien), which is 
defined accerding te the type .of transceivers used. When 
the "High Speed" feature is enabled, T1 =2 microsecends 
is generated fer the first byte transmitted after each true te 
false transitien .of ATN. For all subsequent bytes, T 1 = 500 
nanesecends.Refer te the internal Ceunter sectien fer an 
,explanatien .of T 1 duratien as a functien .of B2 and .of cleck 
frequency. 
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B3 - Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 
output signal compatible with Intel's MCS-48'". Interrupt 
registers are not affected by this bit. 

PARALLEL POLL PROTOCOL 

Writing a 011 USP3P2P1 into the Auxiliary Mode Register 
will configure (U=O) or unconfigure (U=1 ) the 8291 for a 
parallel poll. When U=O, this command is the "Ipe" (local 
poll enable) local message as defined in IEEE 488. The "S" 
bit is the sense in which the 8291 is configured; only if the 
Parallel Poll Flag ("ist" local message) matches this bit will 
the Parallel Poll Response, PPRN, be sent true. The bits 
P3P2P1 specify which of the eight data lines PPRN will be 
sent over. Thus, once the 8291 has been configured for 
Parallel Poll, whenever it senses both EOI and ATN true,'it 
will automatically compare its PP flag with the sense bit 
and send PPRN true or false according to the comparison. 

If a PP2* implementation is desired, the "Ipe" and "ist" 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel Poll immediately after 
initialization. During normal operation the micro
processor will set or clear the, Parallel Poll Flag (ist) 
according to the device's need for service. Consequently 
the 8291 will be setup to give the proper response to .lOY 
(EOI • ATN) without directly involving the micropro
cessor. 

If a PP1 * implementation is desired, the undefined 
command features of the 8291 must be used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
controller on the GPIB. The sequence at the 8291 being 
configured is as follows: ' 

1. The PPC message is received true. Being an undefined 
command, it is loaded into the Command Pass 
Through Register, and a CPT interrupt is sent to the 
microprocessor. The handshake is automatically held 
off. 

2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake. 

3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary 
command, the PPE message. This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 

4. The microprocessor reads the PPE message and 
decodes the SP3P2P1 information. It then sends the 
appropriate "Ipe" local message to the 8291. Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 

*As defined in IEEE Standard 488. 

'/~ 
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The EOS Register and its features offer an altern~fi\i~ fo: So 
the "Send EOI" auxiliary comniand. A seven or eight 1jjt fJfll(J 

byte (ASCII or binary) may be placed in the register to flag 
the end of a block or read. The ty'pe of EOS byte to be used 
is selected in Auxiliary Register bit A4, 

If the 8291 is a listener, and the "End on EOS Received" is 
e'nabled at bit A2, then an End interrupt is generated in' the 
I nterrupt Status 1 Register whenever the byte in the Data
In Register matches the byte in the EOS Register. 

If the 8291 is a talker. and the "Output EOI on EOS Sent:' is 
enabled at bit A3, then the EOI line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 

Reset. Procedure 
The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02Hwritten into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): ' ' 

1. A "pon" local message as defined by IEEE 488 is held 
true until the initialization state is released. 

2. The Interrupt Status Registers are cleared. 
3. Auxiliary Registers A and B iire cleared. 
4. The Serial Poll Mode Register is cleared. 
5. The Parallel Poll Flag is cleared. 
6. The EOI bit in the Address Status Register is cleared. 
7. NF in the Internal Counter is set to 8 MHz. This set

ting causes the longest possible t1 delay to be 
generated in the Source Handshake (16 ,..sec for 1 
MHz clock). 

The initiallization state is released by an "immediate 
execute pon" command (OOH written into the Auxiliary 
Command Register). 

The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the 
Interrupt Mask, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the "immediate execute pon" auxiliary command 
to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used the 
"Ipe" local message may be sent, configuring the 8291 
for a Parallel Poll Response on an assigned line. (Refer 
to the section on Parallel Poll Protocol.) 
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Using DMA 

The.8291 may be connected to the Intel 8257DMA Con
troller for DMA operation. The DMA REO pin of the 8291 
requests a DMA byte transfer from the 8257. It is set by 
BO or BI flip flops, maske.dby.theDMAO and DMAI bits 
in the Interrupt Mask 2 Register. (After reading,the INT1 
register BO and BI interrupts will be cl.eared but not BO 
and BI in DREO equation.) . . 

The DMA ACK pin is driven by the 8257 in response to the 
DMA request When DMA ACK is true (active low) it sets 
CS = RSO = RS1 = RS2= 0 such that the RD and WR 
signals sent by the 8257 refer to the Data In and Data Out 
Registers. Also, the DMA request line is reset by DMA 
ACK. 

DMA input sequence: 

1. A data byte is accepted from theGPIB by the 8291. 
2. A BI interrupt is generated and DMA REO is set. 
3. DMA A.CK .is asserted by the 8257 and DMA REO is 

reset. 
4. RDis driven by the 8257 and the contents olthe Data In 

Register are transferred to MCS bus. 
5. The 8291 sends RFD true on the GPIB and proceeds 

with the Acceptor Handshake protocol. . 

DMAoutput sequence: 

.1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DMA REO is asserted. 

/J. (> 
2. DMA ACK is asserted tiY"'tfj),f: 

"'ft·· reset.· 'l-Ii . '10 

3. WR is driven by the 8257 and a by~4s"f1 
the MCS bus into the Data Out Regis'" 

4.The 8291 sends DAVtrueon theGPIB and pr 
the Source Handshake protocol. t.>p" • J'fJ0 

It shciuld be noted that each time the device is addressed. " 
the Address' Status Register should be read. and the 8257 
should be initialized accordingly. (Refer to the 8257 data 
sheet available. in Intel's Peripheral Design Handbook.) 

System Configuration. 
Microprocessor Bus Connection 

The 8291 is 8080,8048, 8085 and 8086 compatible. The 
three address pins (RSo. RS1, RS2) should be connected to 
the non-multiplexed addre.ss bus (for example: As, Ag. 
A1O). In .case of 8080, any address lines may be used. 

External Transceivers Connection 

8291 IEEE bus pins are TTL compatible. For IEEE Std. bus 
connection. external transceivers are required. 8291 
supplies Transmit/Receive control pins: T/R1 controls 
DI01-S. NRFD. NADC and DAV transceivers.T/R2 
controls EOltransceiver. IFC, ATN, REN are always inputs 
and SRO is always an output. 

Logically. TR1 =; TACS + SPAS + PPAS; 
TR2 = TACS + SPAS. 

Refer to 8292 Data Sheet for 8291/82.92 system 
configuration. 
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DEVICE ELECTRICAL CHARACTERISTICS 
D.C. CHARACTERISTICS 
TA = O·C to 70·C; Vee = 5V ± 10% 

Symbol Parameter Min. 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

VOH-INT Interrupt Output High Voltage 2.4 

3.5 

IlL Input Leakage 

ILOL Output Leakage Current 

ILOH Output Leakage Current 

Icc Vee Supply Current 

A.C. CHARACTERISTICS 
Vee = 5V ± 10%. Commercial: TA = O·C.to 70·C 

Symbol Parameter Min. 

tAR Address Stable Before READ 0 

tRA Address Hold After READ 0 

tRR READ width 250 

tAD Address Stable to Data Valid 

tRo READ to Data Valid 

tROF Data Float After READ 0 

tAW Address Stable Before WRITE O. 

tWA Address Hold After WRITE 0 

tww WRITE Width 250 

tow Data Set Up Time to the Trailing 
Edge of WRITE 150 

two Data Hold Time After WRITE 0 

tAKRQ DACKI to DREOI 

tOKOA6 DACKI to Up Data Valid 

Notes: 
1. 8080 System CLmox = 100pF; CLmin = 15pF; 3 MHz clock. 
2. 8085 System CL = 150pF; 4 MHz clock. 

1·225 

Max. 

0.8· 

Vee+0.5 

0.45 

10 

-10 

10 

180 

Max. 

250 

100 

60121 

130 

200 

Unit 

V 

V 

V 

V 

V 

V 

,.A 

,.A 

,.A 

mA 

Unit 

nsecl 11 

nsec l11 

nsecl21 

nsec l11 

nsec l2 1 

nsec 

nsecl 11 

nsec l11 

nsecl11 

nsecl 11 

nsec 

nsec 

Test Conditions 

IOL=2mA (4mA for TRl pin) 

IOH =-400,.A (-150,.A for SRO pin) 

IOH=-400,.A 

IOH=-50,.A 

VIN=OV to Vee 

vOUT=0.45V 

VOUT=Vee 

00229A 
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TIMING WAVEFORMS 

WRITE 

CS/RSi. 

READ: 

?D~:A B~~T)'---";"'---<,-___ J' lIii..V_A_L_ID_D_A_T_A""f">------+----

CS/RSj 

WRITE ----1---'!i-

DATA BUS 
(DATA IN) . ___________ ..... -' , ..... ------11['" ,"",,":,_D_A_T_A_M_A_V_CH_A_N_G_E __ _ 

NOTES: 1. IRVIS THE TIME BETWEEN READ OR WRITE OPERATIONS WITH 
THE CHIP SELECTED (CHIP ftECOliERV TIME). 

DREQ _____ --'1 

-1-226 00229A 
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~ 

GPIB TIMINGSl 11 
fj~t;I::(J: i: 

I!;(~. 
Ie 4;". flO 

Symbol Parameter Max. Unit Test Conditions"·""",_ ;I}~ 

TEOT13 EOII to TAli 90 nsec PPSS, A TN=0.45V ~/l'c 

TEODI6 EOII to 010 Valid 130 nsec PPSS,ATN~0.45V <!If'D£! • 

TEOT12 EOn to TAli 130 nsec PPSS.ATN=0.45V 

TATND4 ATNI to NDACI 130 nsec TACS. AIDS 

TATT14 ATNI to TAli 130 nsec TACS. AIDS 

TATT24 ATNI to TA21 130 nsec TACS. AIDS 

TDNVD3-C DAVI to NDACI 350 nsec AH.CACS 

TNDDVl NDACI to DAVI 300 nsec SH.STAS 

TNADV2 NAFDI to DAVI 300 nsec SH, 11 True 

TNDDAl NDACI to DAEQI 350 nsec SH 

TDVDA3 DAVI to DAEQI 350 nsec AH, LACS. ATN=2.4V 

TDVND2-C DAVI toNDACI 350 nsec AH.LACS 

TDVNA1-C DAVI to NAFDI 350 nsec AH. LACS. rdy=True 

TAONA3 Am to NAFOt ,500 nsec AH. LACS 

TWADI5 WA to 010 Valid 200 nsec SH, TACS, AS=O.4V 

TWADV2 WAt to IDW~ 760 nsec NAFO = 2.4V, AS = O.4V, SH, 
TACS, High Speed Transfers 
Enabled, NF=fc=8 MHz 

Notes: 
1. All GPIB timings are at the pins of the 8291. 
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Appendix A 

MODIFIED STATE,DIAGRAIliiS 
Figure·A.1 presents the interlace, function state diagrams. 
It. is derived from' IEEE Std. state .diagrams, with the 
following changes: ' 

A. Controller function omitted, 
B. Addressing modes included in T,L state diagrams. 

Note that in Mode 3, MSA; OSA are generated only after 
secondary'address validity chec·k by the microprocessor 
(APT interrupt). 

C. All remote messages sent true in each state are 
indicated.·"· 

D. All remote multiline messages decoded are condi
tioned by ACDS. TlJe multiplication by ACDS is'not 
drawn to simplify the diagrams. . 

pon 

pon----I~ 

ATN+ Pi 
(WITHIN t21 

Fl - TACS + SPAS 

F2'" ATN"t LACS + LADS 

F3- ATN + rdV 
T3' - T3. CPT' APT 

, E. The symbol x--G 
indicates: 

1: When event X o~curs, the function will return to 
. state S. 

2. X overrides any other transition condition in the 
funCtion. . . .. 

Statement 2 simplifi.es the diagram,avoiding the explicit 
use of X to condition all transitions from S to other states. 

r----' 
'I 1 

,I SH 1 
'I 1 

L ____ ..J 

r----..., 
I I 
I AH I 
I I 
L __ . __ J 

*THIS TRANSITION WILL NEVER . 
OCCUR UNOER NORMAL OPERATION. 

Figure A.1. 8291 State Diagrams (Continued next page) 



pon----. 

pon ---___ -( 

IFe 
IWITHIN '41 

pon----I 

pon----.! 

IFe 
IWITHIN '41 

F4 = OTA + IOSA· TPAS + MSA· LPASI' 

MODE 1 +MLA·MODE ,. 

pon---___ of 

8291 

r-----, 
I I 
I LE I 
I I 
L ____ J 

END IF DAB'" EOS 

pon---__IO-I 

r-· 
I I 
I SRQ I 
I I 
L ____ J 

r----' 
I I 
I R L I 
I I 
'- ____ J 

iiEiii 
IWITHIN '41 

l,,, 

~~ . GTL· LADS 

LLO 

F5· 1M LA • MODE 1 + LPAS· MSA· MODE 11 

Figure A.1. 8291 State Diagrams (Continued next page) 
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Figure A.1. 8291 State Diagrams 

Time Value 
Identifier· Function (Applies to) 

Tl SH 

t2 LC,iC,SH,AH,T,L 

T3 AH 

t4 T,TE,L.,LE,C,CE 

ts PP 

Ts C 

T7 C 

Ta C 

Ts C 

8291 

r----..., 
1 1 
1 P P2 I 
I.. I L ____ J 

F6 - OCl + SOC· lADS 

Appendix B 

IEEE 488 TIME VALUES 

Description 

Settling Time for Multiline Messages 

Response to ATN 

Interface Message Accept Time t 
Response to IFC or REN False 

. Response to ATN+EOI 

Parallel Poll Execution Time 

Controller Delay to Allow Current Talker 
to see A TN Message 

Length of IFC or REN False 

Delay for EOI" 

r----' 
I I 
I OT I 
I I L ____ .J 

Value 

<=: 2j.1st 

:5 200ns 

> Oil 

< 1001's 

:5 200ns 

<=: 21's 

<=: 500ns 

> 1001's 

<=: 1.5j.1stt 

• Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 

If three-state drivers are used on the DID, DAV, and EOI lines, Tl may be: 
1.2:1100ns 
2. Or 2: 700ns if it is known that within the controller ATN is driven by a three-stat!! driver. 
3. Or 2: 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in 
accordance with (1) or (2). 
4. Or 2: 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in 
Section 5.2.3 and warning note. See IEEE Standard 488. 

t Time required for interface functions to accept, not necessarily respond to interface messages. 

Il Implementation independent. 

.. Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states. 

tt 2: 600ns for three-state drivers. 

.1-230 00229A 
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Appendix C 
THE THREE WIRE HANDSHAKE 

DATA J ________ ---JX __ _ 
DAV 

NRFD 

NDAC 

ALL READY 

DATA TRANSFER 
BEGINS 

Figure C.1. 3-Wire Handshake Timing. 

VALID 

1-'::11 

NONE READY 

LU ~L 
ACC I ACC 

I 
I 
I 
I 

TRANSFER 
ENDS 

1IIIlillDY 
SOME 

READY 
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SOURCE 

YES 

YES 

DATA IS VALID AND MAY 

NOW BE ACCEPTED 

NDAC SIGNAL LINE STAYS LOW UNTIL 

ALL ACCEPTORS HAVE ACCEPTED IT 

DATA IS NOT TO BE CONSIDERED 

VALID AFTER THIS TIME 

NO 

FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 

Figure C.2. Handshake Flowchart. 

1·232 00229A 
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Appendix D 
FUNCTIONAL ~ARTITIONS 

A 

DEVICE (APPARATUS) 

\ 
DT \ 

\ 
\ 

DC 
\ 
\ 
\ 
\ 

PP \ 
\ 
\ 
\ 

RL \ 
\ 

I SR / 
I 

/ 

/ 
T / 

OR TE / 

/ 
AH. / 

I 
/. 

I 
SH / 

/ 

L-____ -, ______ ~ILI ______________ _.--------------~ 
I 

MCS· 
SYSTEM 

Figure 0.1. Functional Partition Within a Device. 

8291 

A - CAPABILITY DEFINEO BY THE 488·1975 STANDARD. 
B - CAPABILITY DEFINED BY THE DESIGNER. 
1 - INTERFACE BUS SIGNAL LINES. 
2 - REMOTE INTERFACE MESSAGES TO ANO' FROM INTERFACE FUNCTIONS. 
3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS. 
4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 
5 - LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE 

FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE 
DESIGNER'S CHOICE). 

6 - CONTROL MESSAGES (8292 ONLY), 

00229A 
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8292 

GPIB CONTROLLER 

FEATURES: 

• Complete IEEE Standard 488 Controller 
Function. 

• Interface Clear (IFC)Sending Capability 
Allows for Seizure of Control and/or 
Initialization of the Bus. 

• Responds to Service Requests (SRQ). 

• Sends (REN), Allowing Instruments to 
Switch to Remote Control. 

• Complete Implementation of Transfer 
Control Protocol. 

• Synchronous Control Seizure Prevents 
. the Destruction of any Data 
Transmission in Progress. 

• Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller. 

The 8292 GPIB CONTROLLER is a microprocessor-controiled chip designed to connect with the 8291 
GPIB TALKER/LISTENER to implement the full IEEE Standard 488 controller function, including transfer' 
control protocol. The 8292 is a pre-programmed UPI-41A!M· 

PIN CONFIGURATION 

IFCR VCC 

X, COUNT 

,X:! REN 

RESET ·DAV 

NC IBFI 

Cs OB.FI 

GND EOI 

!iii SPI 

Au TCI. 

WR CIC 

SYNC NC 

Do ATNO 

Dl NC 

D2 CLTH 

.D3 NC 

D4 NC 

D5 SYC 

De IFC 

D7 A'fNi 
VSS SRQ 

8291,8292 SYSTEM DIAGRAM 

TfR 1 

8292 
GPIB 

CONTROllER 

GENERAL PURPOSE INTERFACE BUS 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCuiTRY EMBODIED IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPlIEO. 
© INTEL CORPORATION, 1919· 1-234 00741 A 
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PIN DESCRIPTION 

Symbol 110 Pin No. Function Symbol 110 Pin No. 

0 0-07 1/0 12-19 8 bidirectional lines used for coin· ATNO 0 29 Attention Out-Con 
munlcation between the central control line of the bus th 
processor and the 8292's data bus ternal, logic for tcs (take co 
buffers and status register. "synchronouslY) purpose. (ATN is Ii 

Ao 9 Address Line-Used to select be· GPIB control line, as defined ,by 
tween the data bus and the status IEEE Std. 488-1975.) 
register during read operations SRO 21 ,Service Request-One of the IEEE" 
and to distinguish between data control lines. Sampled by the 8292 
and commands written into the when it is controller in charge, if 
8292 during write operations. true-SPI interrupt to the monitor 

CS 6 Chip Select Input-Used to select will be generated. 
the 8292 from other devices on the REN 0 38 The Remote Enable bus signal 
common, data bus. selects remote or loc,al, ,control of 

RD 8 1/0 write input which allows the the device on the bus. A GPIB bus 
master CPU to write to the 8292. management line, as defined by r 

WR 10 1/0 read input which allows the IEEE Std. 488-1975. 

master CPU to read from the 8292. TCI 0 32 Task Complete·lnterrupt-'Inter. 

RESET 4 Used to initialize the chip to a rupt to the control processor used 

known state during power on. to indicate that the task requested 

DAV 1/0 37 DAV Handshake, Line-Used only 
was completed by the 8292 and the 

during parallel poll, configures to, 
information requested is ready in 

force the 8291 to, accept the paral. , 
the data bus. 

SPI 0 33 Special Interrupt-Used as an in· lei poll status bits. 
terrupt on events not initiated by 

ATNI 22 Attention In-Used by the 8292 to the central processor. 
monitor the GPIB ATN control line. 

CLTH 0 27 CLEAR LATCH Output-Used to 
It is used during "take control syri. 

clear the IFCR after recognized by' 
chronously" execution and during the 8292. Usually low (except after 

, the transfer control pr,ocedure: ' hardware :,Reset), will' be pulsed 
CIC 0 31 Controller In Charge-Controls low when'IFCR is recognized by 

the SIR input of the SRO bus trans· the 8292. 
ceiver. It can ,also be used to in· IFCR 1 . IFC Receive.d (Iatched)~ The 8292 
dicate that ttie 8292 is in charge of monitors the IFC Line (when not 
the bus. system controller) through this 

EOI 110 34 End Or Identify-One of the GPIB pin. . 
management lines, as defined by COUNT I 39 Count Input-When enabled by 
IEEE Std. 488-1975. Used with ATN the proper command' the internal 
as Identify Message during paral· counter will count external events 
lei poll. through this pin. High to low tran· 

IFC 110 23 Interface Clear-One of the GPIB sition will increment the internal 
management lines, as defined by counter by one. The pin is sampled 
IEEE Std. 488-1975, places all de· once per three internal instruction 
vices in a known quiescent state. cycles (7.5Ilsec when using 6 MHz 

SYC 24 System' Controller-Monitors the XTAL). It can be used for byte 

system controllerswltcih. counting when, connected to 

OBFI 0 35 Output Buffer Full-Used as an in· 
NDAC line, or for block counting 
when connected to the EOI line. 

te'rrupt to the central processor 
X1,X2 'I 2,3 Inputs for a crystal, LC or an ex·. , while the output buffer of the 8292 

is full. The feature can .be enabled ternal timing Signal to deter~ 

and disabled by the interrupt mask mine the internal oscillator frEl· 

register. quency. 

IBFI 0 36, ,. input Buffer NotFull-,Used to in· SYNC 0 11 8041A instruction cycle syn· 

terrupt the central processor while chronization signal; it is an ,out· 

the input buffer of the 8292 is put clock with, a frequency of 

empty. This feature is enabled and' XTAL+ 15. 

disabled by the interrupt mask Vee P.S. 40 + 5V supply input. 

register. Vss P.S. 7,20 Circuit ground potential. 
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8294 

DATA ENCRYPTION UNIT 

• Certified by National Bureau of 
Standards ! ' ' 

Ii eo BytalSeo Data Conversion Rate 

• 64~Blt.Data Encryption Using 56·Bit 
Key 

• DMA Interface 

• 3 Interrupt Outputs to Aid in Loading 
and Unloading Data 

DESCRIPTION 
, ' 

• 7·Bit User Output Port 

II Single 5V ± ,10% Power Supply 

• ,Peripheral to. MCS-a6™, MCs.as™, 
MCSoIOlMand MC&48™ Processors 

• Implements Federal Information 
Processing Data Encryption Standard 

•. Encrypt and Decrypt, Modes Available 

The I~tel· '8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt' 
64-bit blocks of data using the algorithm specified In the Federal Informatiori Processing Data Encryption Standard. 
The DEUoperateson 64-bit text words using a 56-bit user-specified key to produce 54-bit cipher words. The operation 
is reversibfe: If the cipher word is operated upon, the original text word is produced. The algorithm itself is perma
nently contained In the 8294; however, the 56-bit key is user-defined and may be changed at any time. 

The 56-bit key and 64-blt message data are transferred to and from the 8294 In 8'bit bytes byway of the system data 
bus. A DMA interface and three Interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to 'achleve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TIL compatible output 
port for user-specified functions. 

Because the 8294 Implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handiingapplications where data must be encrypted. 

PIN 
CONFIGURATION 

NC ~cc 
XI NC 
X2 DACK 

RESET ORO 

NC SRO 
cs OAV 

GND NC 
Rii P6 
AD P. 

Viii PO 
SYNC P' 

00 P2 

DI PI 
D2 PO 
D. VDD 
DO NC 
D. eeMP, 
06 NC 
07 NC 

GND Ne 

PIN NAME 

~~~ 
cs 
Ao 
REm 
X1,X2 
SYNC 
DRQ,iiAci( 

,SRQ.OAY.CCMP 
PI-PO 
VCC,YDD,GND 
NC 

PIN NAMES 

FUNCTION 

DATA BUS 
READ.WRITE STROBES 
CHIP SELECT 
CONTROUDATA SELECT 
RESET INPUT 
FREQUENCY REFERENCE INPUT 
HIGH FREQUENCY OUTPUT 
DMA REQUEST.DMA ACKNOWLEDGE 
INTERRUPT REQUEST OUTPUTS 
OUTPUT PORT LINES 
+ 5V POWER,GND 
NO CONNECTION 

BLOCK DIAGRAM 

DATA 
BUS 

SRQ 

.OAY,. 

~~,I" X2~ 
+SY--' 

POWER_ 
GND-

INTERNAL 
BUS 

PO'Pe 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY' CIRCUITRY OTHER THAN CIRCUITRY EMBODlEO IN AN INTEL PROOUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
© INTEL CORPORATION. 1979' 1-236 00230A 



Pin 1# 

1 

2 
3 

4 

5 

6 

7 

8. 

9 

.10 

11 

12 
13 
14 
15 
16 
17 
18 
19 

20 

8294 

Pin Name I/O Pin Description Pin 1# Pin Name 110 

NC No connection. 

X1 Inputs for crystal, L-C or exter-
X2 mil timing signal to determine 

internal oscillator frequency. 

NC 

'I .' A low .signal to this pin resets 
the 8294. 

No connection. 

, CS I A low signal to this pin enables 
reading and writing to the 8294. 

GNO This pin must be tied to ground. 

RD An active low read strobe at 
this pin enables the CPU to 
read data and status from the 
internal OEU registers. 

. Ao ' Address input,used by the CPU 
to select OEU registers during 
read and write .operations. 

WR An active low write, strobe, at 
this pin enables the CPU to 
send data and commands to 
the OEU. 

SYNC 

0 0 
0, 
O2 
03 
04 
05 
Os 
0 7 

GNO 

o High frequency (Clock + 15) 
output. Can be used as a strobe 
for external circuitry. 

110 Three-state, bi-directional data 
bus lines used to transfer data 
between the CPU and the 8294. 

This pin must be tied to ground. 

1-237 

40 Vcc 

39. NC 

38 OACK 

37 ORa 

38 SRa 

35 OAV 

34NC 

33 P6 
32 P5 
31 P4 
30.. P3 
29 P2 
28 P1 
27 PO 

26 ' Voo 

25 NC 

24 CCMP 

23 
22 
21 

NC 
NC 
NC 

o 

o 

o 

+ 5 vollt'i.Pgw 
± 10%.,I/li/i:r~ iili' 

'l"I? /lill 
No connection. J'f!4/~ "P!'t. 

.. rot t. 
OMA acknowledge. "11) .. S. 
signal from the 8257 DMA cffn: o;J}(J 

troller acknowledging that the 
requested OMA cycle has been 
granted. 

OMA request. Output signal to 
the 8257 OMA Controller 
requesting a OMA cycle. 

Service Request. Interrupt to 
the CPU indicating that the 
8294 is awaiting data or com
mands at the input buffer. 
SRa = 1 implies IBF = O . 

Output Available. Interrupt to 
the CPU indicating that the 
8294 has data or status avail
ablein its output buffer. 
OAV=1 impliesOBF=1. 

No connection. 

.0 User output port lines. OutP!Jt 
. lines available to the user via a 
CPU command which can as
sert selected: port lines. These 
lines have nothing to do with 
the encryption function. At 
power-on, each line is in a 1 
state. 

+5Vpowerinput.(+5V ±10%) 
Low power standby pin. 

No connection. 

o Conversion Complete. Interrupt 
to the CPU indicating that the 
encryption/decryption of an 
8-byte block is complete. 

No connection. 
No connection. 
No connection. 

00230A 
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BASIC FUNCTIONAL DESCRIPTION 
OPERATION 

The data conversion sequence is as follows: 

1. A Set Mode command is given, enabling the desired 
. interrupt outputs.' 

2. An Enter New Key command is issued, followed by 8 
data inputs which are retained by the DEU for encryp
tion/decryption. Each byte must have odd parity. 

3. An Encrypt Data or Decrypt Data command sets the 
DEU in the desired mode. 

After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands may be issued between data 
conversions to change the basic operation of the DEU; 
e.g., a' Decrypt Data command could be issued to 
change the DEU from encrypt mode to decrypt mode 
without changing either the key or the interrupt outputs 
enabled. 

INTERNAL DEU RE(3ISTERS 

Four internal registers are addressable by the master 
processor: 2 for input, and 2 for output. The following 
table describes.how these registers are accessed. 

RD WR CS Ao Register 

o . 0 0 Data input buffer 
o 1 0 0 Data output buffer 
1 0 0 Command input buffer 
o 0 Status output buffer 
x x 1.. X Don't care 

The functions of each of these registers are described 
below. 

Data Input Buffer - Data written to this register is inter
preted in one of three ways, depending on the preceding 
command sequence. 

1. Part of a key. 
2. Data to be encrypted or decrypted. 
3. A DMA block count. 

Data Output Buffer - Data read from this register is the 
output of the encryption/decryption operation. 

Command Input Buffer - Commands to the DEU are 
written into this register. (See command summary 
below.) 

Status Output Buffer - DEU status is available in this 
register at all times. It Is used by the processor for poll-
driven command and data transfer operations. . 

STATUS BIT: 6 5 4 3 2 

FUNCTION: x X KPE CF DEC 

OBF Output Buffer Full; OBF = 1 indicates that output 
from the encryption/decryption function is 
available in the Data Output Buffer. It is reset 
when the data is read. 

IBF 

DEC 

CF 

Input Buffer Full; A w 
or to the Command Inp 
DEUresets this. flag when %;tf~ 
input byte. Nothing should bl1!<I, 

? t. 
IBF= 1. .' C ) 

Decrypt; indicates whether the DEU is inQ~ ~ f. 
crypt or a decrypt mode. DEC=1lmplies t~"/}I;I", 
decrypt mode. DEC = 0 implies the encrypt 
mode. 

Completion Flag; This flag may be used to indi
cate any or all of three events in the data transfer 
protocol. 

1. It may be used in lieu of a counter in the 
processor routine to flag the end of an 8-
byte transfer. 

2. It must be used to indicate the validity of 
ihe KPE flag. 

3. It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA oper
ation. 

KPE Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incorrect 
parity. 

COMMAND .SUMMARY 

1 - Enter New Key 

OP. CODE: 1'-0-'-11'1-· 0-'-1 0'1'0'1 0'1'0'1'0 I 
MSB LSB 

This command is followed by 8 data byte Inputs which 
are retained in the key buffer (RAM) to be used in 
encrypting and decrypting data. These data bytes must 
have odd parity represented by the LSB. 

2 - Encrypt Data 

OP CODE: 1'""1 0"'1-0 1'-1'1 '1 1'-0"'1-0 \'-0"\-'0 I 
MSB LSB 

This command puts the 8294. into the encrypt mode. 

3 - Decrypt Data 

OP CODE: 1"-0""'1 0-'1-1 1"-0"'1 0-'1"-0"1 0-'1-'0 I 
MSB LSB 

This command puts the 8294 into the decrypt mode. 

4 - Set Mode 

OPCODE: 10 I 0 10 I 0 I A I B I C I 0\ 

MSB LSB 

where: 

A is the OAV (Output Available) Interrupt enable 
B is the SRQ (Service Request) interrupt enable 

.1-238 

C is the DMA (Direct Memory Access) transfer enable 
o is the CCMP (Conversion Complete) interrupt enable 
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This command determines which interrupt outputs will 
be enabled. A "1" In bits A, B, or D will enable the OAV, 
SRO, or CCMP Interrupts respectively. A "1" In bit C will 
allow DMA transfers. When bit C is set the OAV and 
SRO Interrupts should also be enabled (bits A,B = 1). 
Following the command in which bit C, the DMA bit, is 
set, the 8294 will expect orie data byte to specify the 
numbel"' ot 8·byte blocks to be converted using DMA. 

5 - Write to Output Port 

OP CODE: rI1'Ic-p-s 'I p-5'I-p 4'I-p-3 'I p-2'I-Pl'l-po'l 
MSB LSB 

This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. The initial output data Is 1111111. Use of 
this port is independent of the encryption/decryption 
function. 

PROCESSORIDEU INTERFACE PROTOCOL 
ENTERING A NEW KEY. 

The timing sequence for entering a new key is shown in 
Figure 1. A flowchart showing the CPU software to 
accommodate this sequence is given in Figure 2. 

L 
KPE ______ I_NV_Al_'D ____ --'~ 

ViR -, ~ ~ r;EY' 1JKEY U .' U DATA U DATA DATA 
NEW 
KEY 
COMMAND 

8 .. 

Figure 1. Entering a New Key 

. CHECKU
KPE 

_1Q . 
After the Enter New Key c""J.l' 
bytes representing the new ke''f'itr 'IN!;i 
input buffer (most significant byte fir's.~f h 
byte is accepted by the DEU, CF goes ~ 
CF bit goes false again when KPE is valid. . 'A 
then check the KPE flag. If KPE= 1, a parity e~r-i1'lii~ WT'" 
been detected and the DEU has not accepted the ~: SOll),. 

Each byte Is checked for odd parity, where the parity bit 
is the LSB of each byte. . . 

Since the CF bit Is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF = 1 only as .Iong as KPE is 
invalid. Therefore, the CPU might not detect that CF= 1 
and the key entry is complete before KPE becomes 
valid. Thus, a counter should be used, as In Figure 2, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 

NO 

Figure 2. Flowchart for Entering a New Key 
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ENCRYPTING OR DECRYPTING DATA 

Figure 3 shows the timing sequence for encrypting or 
decrypting data. The CPU writes 8 data bytes to the 
DEU's data input buffer for encryption/decryption. CF 
then goes true (CF= 1) to indicate. that the DEU has 
acceptedthe a·byte block. Thus, the CPU may test for 
IBF = 0 and CF = t to te·rminate the input mode, or It 
may use a software counter.Whem the encryption/· 
decryption is complete, the CCMP and OAV interrupts 
are asserted and the OBF flag is set true (OBF = 1). OAV 
and OBF are set false. again after each of the converted 
data bytes Is read back. by the CPU. The CCMP interrupt 
is set false, and remains false, after the first read.·After 
8 bytes have been read back by the CPU, CF goes false 
(CF = 0). Thus, the CPU may test for CF = 0 to terminate 
the read mode. Also, the CCMP interrupt may be used to 
initiate a service routine which performs the next series· 
of 8 data reads and 8 data writes. 

CCMP r-I 
IIFENABLED) _________ --ll ... 1 ____ _ 

SHO""" n n· IIF ENABLED) L...J L_ L..-_________ _ 

OAV ~ rr (IF ENABLED) ------' -
OBF ·~rr 
CFJ 
iiii 

----~--------------~~-~--8 DATA WRITES 100 m. - MAXIMUM 8 DATA READS 

Figure 3. Encrypting/Decrypting Data 

Figure 4 offers two flowcharts outlining the alternative 
means· of implementing the data conversion protocol. 
Either the CF flag or a software counter may be used to 
end the read and write modes. 

SRQ=1 implies IBF=O, OAV=1 Implies OBF=1. This 
allows .interrupt routines to do data transfers without 
checking status first. However, the OAV service routine 
must detec~and flag the end of a data conversion. 

USING CF FLAG 

Figure 4. Data Conversion Flowcharts 
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USING DMA 

The timing sequence for data conversions using DMA is 
shown in Figure 5. This sequence can be better 
understood when considered in conjunction with the 
hardware DMA interface in Figure 6. Note that the use of 
the DMA feature requires 3 external AND gates and 2 
DMA channels (one for Input; one for output). Since the 
DEU has only one DMA request pin, the SRO and OAV 
outputs are used In conjunction with two of the AND 
gates to create separate DMA request outputs for the 2 
DMA channels. The third AND gate combines the two 
active·low DACK Inputs. 

CCMP r 
IIF ENABLEDI 

CF=:J I I 
SRQ --u-u-u---1L.. ____ _ 
OAY I1._JL 

DMAR ---.JLJ-l.Sl __ .r-L. 
OACK ----u---UU--l..j 
~Lr--~ 

\iii lJlJlJ--1J 
SET DMA 
DNA BLOCK • DMA READS 8 DMAWRITES 
MODE COUNT 101 

REPEATED n TIMES 

Figure 5. DMA Sequence 

Ao-A,. Do-Dr 

Do-D7 

8257 

INT-----o<l 

iiD-----~'-I 
WR----------~~~ 

OMARO IS FOR MEMORY TO OEU DATA TRANSFER 
DMARI IS FOR OEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 

Figure 6. DMA Interface 
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/jIo ..... 
To initiate a DMA transfer, t~<1Pto: 
the two DMA channels as sh6'~· tI 
Figure 7. It must then Issue aSet M~dli)' 
DEU enabling the OAV, SRO, and DMkeq 
CCMP Interrupt may be enabled or disabled~6 fA 
on whether that output Is desired. Following "'T'~ 
Mode command, there must be a data byte giving 'S"'''e 
number of a·byte blocks of data (n<256) to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with no further CPU 
Intervention. When the requested number of blocks 
has been converted, the-i>EU will set 'CF and assert the 
CCMP interrupt (If enabled). CCMP then goes false 
again with the next write to the DEU (command or data). 
Upon completion of the conversion, the DMA mode is 
disabled and the DEU returns to the encrypt/decrypt 
mode. The enabled Interrupt outputs, however, will 
remain enabled until another Set Mode command is 
issued. . 

USING DMA 

INITIALIZE DMA READ CHANNEL POINTER 

INITIALIZE DMA WRITE CHANNEL POINTER 

8 

Figure 7. DMA Flowchart 

SINGLE BYTE COMMANDS 

Figure a shows the timing and protocol for single byte 
commands. Note that any of the commands is effective 
as a pacify command in that they may be entered at any 
time, except during a DMA conversion. The DELI Is thus 
set to a known state. However, If a command is issued 
out of sequence, an additional protocol is required 
(Figure 9). The CPU must wait until the command is 
accepted (IBF = 0). A data read must then be issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer ... 
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CPUlDEU INTERFACES 

Figures 10 through 13 Illustrate four interface configura
tions used in the CPLiIDEU data transfers. In ali cases 
SRQ will be true (j.f enabled) and IBF. will be false when 
the DEU is ready to accept data 6r commands. 

SRO 
{IF ENABLED) U 

IBF n 
~--------~~--------

u 
u 

COMMAND REGISTER COMMAND 

Figure 8. Single Byte Commands 

PACIFY 

COMMAND REGISTER-OOH 

READ DATA REGISTER 

I ,8 
Figure 9. Pacify Protocol 

$(, 

{DO'~G' !OCto".} .. oJ; 'Ill. '~~" ~-~, 
INTERFACE TO Wii ' ,~ "I" 
8080,8085,8048, _, '8294 

OR OTHER RD DEU 
8-BIT PROCESSOR CS,----,-

Ao ,r. .' . 

Figure 10. Polling Interface 

ffiIT------------------------~--, 

MASTER 
PROCESSOR 
INTERFACE 

go;¢4 
Fiii-----CJi 

Viii -----~~ 

cs 0 

Ao------I 

8294 
DEU 

Figure 11. Single Interrupt ,Interface 

INT1 
INT2 

,MASTER 
'Do 

PROCESSOR 
D, 

INTERFACE Iili 
8294 

WR DEU 

CS 

Ae OAY 

Figure 12. Dual Interrupt Interface 
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Ao .. Ats DO .. 07 

8257 

INT-----<>a 

iiii---------"'-01 
WR-----------1~ __ J 

DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 

Figure 13. DMA Interface 

OSCILLATOR AND TIMING CIRCUITS 
The 8294's internal timing generation is controlled by a 
self·contained oscillator and timing circuit. A choice of 
crystal, L·C or external clock can be used to derive the 
basic oscillator frequency. 

The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
14. 

~ 
INTERNAL TIMING 

Figure 14. Oscillator Configuration 

OSCILLATOR 

SYNC 
OUTPUT 
(2.S,..sec) 

The on· board oscillator is a series resonant circuit with 
a frequency range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or Inductor and capacitator connected 
between X1 and X2 provide the feedback and proper 
phase shift for oscillation. Recommended connections 
for crystal or L·C are shown in Figure 15. 

8294 

20 PF I 

20pF 

.D 2 X1 

-
L 8294 

D 3 X2 

-::-20 pF 

, Figure 15_ Recommended Crystal and L-C Connections 

A recommended range of inductance and capacitance 
combinations is given below: 

L= 130 ",H corresponds to:3 MHz 
L= 40 ",H corresponds to 5 MHz 

An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com
patible. The signal must be in the.1 MHz-6 MHz fre
quency range and must be connected to pins X1 and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic "1" is above 3.0 volts. Two recommended 
connections are shown In Figure 16 .. 
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+5V +5V 

600n 

Ie X, 
2Xfc 

a 
+5V +2 +5V 

8294 OR FF 8294 
soon 

X2 11 X2 

STANDARD TTL OR 
OPEN COLLECTOR TTL FLIP· FLOP 

Figure 16. Recommended Connections for External Clock Signal 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ....•... O·C to 70·C 
Storage Temperature ............ - 65·C to + 150·C 
Voltage on Any Pin With 

Respect to Ground ....•.•........... 0.5V to + 7V 
Power Oissipatlon ......................•. 1.5 Watt 

D.C. AND OPERATING CHARACTERISTICS 
TA = 0·CT070·C VCC = Voo = +5V:!:10% Vss = OV . 

Symbol Parameter Min. 

VIL Input Low Voltage (All -0.5 
Except Xl. X2• RESET) 

VIHl Input High Voltage (All 2.0 
Except Xl. X2 RESET) 

VIH2 Input High Voltage (Xl .X2 3.0 
RESET) 

VOLl Output Low Voltage (00-07. 
Sync) 

VOL2 Output Low Voltage All 
Other Outputs 

VOHl Output High Voltage (00-07) 2.4 

VOH2' . Output High Voltage (All 2.4 
Other Outputs) 

IlL Input Leakage Current 
RO. iNA. es. Ao. 

loz Output Leakage Current 
(00-07. High Z State) 

100 Voo Supply Current 

100+ Icc Total Supply Currerit 

IUl 'Low Input Load Current 
Pins 24. 27-38 

IU2 Low Input Load Currf:jrit 
RESET 

'COMMENT 
Stresses above Ihose listed, under "AbSolute Maximum Ratings" may 
cause permanent damage to the device. This Is a stress'ratlng only ana 
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 conditions for extended 
periods may affect device reliability. 

Limits 

Typ. Max. Unit Test Conditions 

0.8 V 

Vec V 

Vee V 

0;45 V 10L = 2.0 mA 

0.45 V 10L = '.6 m:A 

V IOH = -400~ 
V IOH = -50~ 

:!: 10 ~ VSS",VIN",Vee 

:!: 10 ~ Vss+0.45",VIN",Vee 

10 25 mA 

65 135 mA 

0.4 mA VIL=0.8V 

0.2 mA VIL = O.SV 
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A.C. CHARACTERISTICS TA=O·C TO 70·C, Vcc=Voo= +5V::!: 10%, Vss=OV 

DBB READ 

Symbol Parameter Min. Max. Unit 

tAR CS,Ao Setup to RD ~ 0 ns 

tRA CS, Ao Hold After RD t 0 ns 

tRR RD Pulse Width 250 ns 

tAD CS, Ao to Data Out Delay 150 ns 

tRO AD ~ to Data Out Delay 150 ns 

tROF AD t to Data Float Delay ~O ns 

100 ns 

tRV 
Recovery Time Between 

,",5 
Reads and/or Write 

tCY Cycle Time 2.5 ,",s 

. DBBWRITE 

Symbol Parameter Min. Max. Unit 

tAW CS, Ao Setup to WR ~ 0 ns 

tWA CS, Ao Hold After WR t 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR t 150 ns 

tWo Data Hold to WR t 0 ns 

DMA AND INTERRUPT TIMING 
Symbol Parame.ter Min. Max. Unit 

tKC DACK Setup to Control 50 ns 

tCK DACK Hold After Control 0 ns 

tCR Control L.E. to ORO T.E. 150 ns 

tCI 
Control T.E. to 

tcy+500 ns 
Interrupt T.E. 

A.C. TEST CONDITIONS 

CL =150 pF 

.1-245 

6 MHz Crystal 

Test Conditions 

Test Conditions 

00230A 



8294 

WAVEFORMS 

1. READ OPERATION - OUTPUT BUFFER ~EGISTER~ 

Cs.ORAo :] K 
-tAR IAV 

IRA 
Y 

I-IAA-
'\ \. iiii 

DATA BUS 
(OUTPUT) 

-tRD I-IADF 
___ 1--1_, ===_'AD==:~--I_~, .. '"d>>-. ___ '..;..;.' . ___ -'--

2. WRITE OPERATION - INPUT BUFFER REGISTER. 

(READ CONTROL) 

1 '/ 

Cs OR Ao VE . r (SYSTEM'S !'i- . ADDRESS BUS) 

---.,---.J. IAW1'=-r' -,----IWW -;J'fl4-IWA+ ",,""-----'----:-...,...---,--
'--- _ . (WRITE CONTROL) 

DATA BUS 
(INPUT) 

-tDW --two 

DATA. \i . IV DATA 
MAY CHANGE . JI. -DATA VALID-Il\ MAY CHANGE 

~~ __ -=~~~ ____ -J ~ ____ ~~~~~~ ______ __ 

DMA AND INTERRUPT TIMING 

DACK -----, 
-TKC-

RD WR---------------~ 

DRQ!------------------r------------, 

_TCR-

OAVSRQ----------------------------------------------t--------.... 
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• Interfaces Dot Matrix Printers to 
MCS·48™, MCS.80185™, MCS·86™ 
Systems 

• 40 Character Buffer On Chip 

• Serial or Parallel Communication with 
Host 

• DMA Transfer Capability 

• Programmable Character Density (10 or 
12 Chararctersl/nch) 

• Programmable Print Intensity 

• Single or Double Width Printing 

• Programmable Multiple Line Feeds 

• 3 Tabulations 

• 2 General Purpose Outputs 

The IntelC!> 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 

The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters 
and contains a 7 x 7 matrix character generator accommodating 64 ASCII characters. 

PIN 
CONFIGURATION 

PIN NAME 

00-07 
Rt'i,WR 
os 
RESET 
X,.X2 

·SYNC 
MOT, PFM 
ORa, DACK 
SIN, C'fS 
IRQISER 
S1-Si 
PFEED 
HOME, fOF 
STB 
OP1, GP2 
Vee. VOD. G.NO 

PIN NAMES 

FUNCTION 

DATA BUS 
READ, WRITE STROBES 
CHIP SELECT 
RESET INPUT 
FREQUENCY REFERENCE INPUTS 
HIGH FREQUENCY OUTPUT 
MAIN, PAPER FEED MOTOR DRIVES 
DMA REQUEST, ACKNOWLEDGE 
SERIAL INPUT, CLEAR·lO·SEND 
INTERRUPT REQUEST, SERIAL OROUND 
SOLENOID DRIVE OUTPUTS 
PAPER FEED INPUT 
HOME, TOp·Of-FORM INPUTS 
SOLENOID STROBE OUTPUT 
GENERAL PURPOSE OUTPUTS 
+ sy POWER, GHD 

BLOCK DIAGRAM 
INTERNAL 

BUS 

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. 
"liNTEL CORPORATION, 1979 1·247 00231A 



PIN DESCRIPTION 

Name 

PFEEO 

X1 
X2 

NC 

CS 

GNO 

RO 

SYNC 

0 0 
0 1 

O2 
0 3 
0 4 
0 5 
0 6 
07 
GNO 

Vee 

110 Pin # Description 

Paper feed input switch. 

2 Inputs for a crystal to set internal 
3 oscillator frequency. For proper 

operation use 6 M Hz crystal. 

4 Reset input, active low. After 
reset the 8295 will be set for 12 
characterslinch single wi,dth 
printing, solenoid strobe at 320 
msec. 

5 No connection. 

6 Chip select input used to enable 
the RO and WR inputs except dur
ing OMA. 

7 This pin must be tied to ground. 

8 Read input which enables the 
master CPU to read data and 
status. In the serial mode this pin 
must be tied to Vee. 

9 + 5 volt power input: + 5V ± 10%. 

10 Write input which enables the 
master CPU to write data, and 
commands to the 8295. In the 
serial mode this pin must be tied 
to Vss. ' 

o 11 2.5 ,..S clock output. Can be used 
as a strobe for external circuitry. 

110 12 Three-state bidirectional data bus 
13 buffer lines used to interface the 
14 8295 to the host processor in the 
15 parallel mode. In the serial mode 
16 0 0 - O2 sets up the baud rate. 
17 
18 
19 
20 This pin must be tied to ground. 

40 + 5 volt power input: + 5V ± 10%. 

8295 

Name 

HOME 

OACK/SIN 

ORQ/CTS 

IRQISER 

MOT 

STB 

NC 

GP1 
GP2 

TOF 

1-248 

110 Pin # 

39 

38 

o 37 

o 36 

Home input switch, use'd tBy 
8295 to detect that the print he'£id 
is in the home position. 

In the parallel mode used as OMA 
acknowledgement; in the serial 
mode, used as input for data. 

In the parallel mode used as OMA 
request output pin to indicate to 
the 8257 that a OMA transfer is re
quested; in the serial mode used 
as clear-to-send signal. 

In parallel mode it is an interrupt 
request input to the master CPU; 
in serial mode it should be 
strapped 10 Vss. 

o 35 Main motor drive, aciive low. 

o 34 Solenoid strobe output. Used to 
determine duration of solenoids 
activation. 

o 33 Solenoid drive outputs; active 
32 low. 
31 
30 
29 
28 
27 

26 + 5V power input (+ 5V ± 10%). 
Low power standby pin. 

25 No connection. 

o 24 General purpose output pins. 
o 23 

22 Top of form input, used to sehse 
top of form signal for type T 
printer. 

o 21 Paper feed motor drive, active 
low. 
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FUNCTIONAL DESCRIPTION 

The 8295 interfaces micrecemputers to. the LRC 7040 
Series det matrix impact printers, and to. ether similar 
printers. It prevides internal buffering ef up to. 40 char
acters. Printing begins autematically when the buffer is 
full er when a carriage return character is received. It 
prevides a medified 7x7 matrix character generater. The 
character set includes 64 ASCII characters. 

COMMAND SUMMARY 
Hex Code Description 

00 Clear GP1.'This command brings the GP1 
pin to a logic low state. After power on it is 
automatically set high. , 

01 

02 

03 

04 

05 

06 

07 

08 

Clear GP2. Same as the above but for GP2. 

Set GP1. Sets GP1 pin to a logic high state, 
inverse of cemmand 00. 

Set GP2. Same as above but for GP2. In· 
verse command 01. 

Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

Print 10 characters/in. density. 

Print 12 characters/in. density. 

Print double width characters. This cem
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 

PROGRAMMABLE PRINTING OPTIONS 
CHARACTER DENSITY 

The character density is programmable at 10 or 12 char
acters/inch (32 or 40 characters/line). The 8295 is auto
matically set to.12 characters/inch at power-up. Inveking 
the Print Double-Width command halves the character 
density (5 or 6 characters/inch). The 10 char/in or 12 
char/in command must be re-issued to cancel the 
Deuble-Width mede. Different character density modes 
may not be mixed within a single line of printing. 

PRINT INTENSITY 

The intensity of the printed characters is determined by 
the amount of time during whi.ch the solenoid is on. This 
on·time,is programmable via the Set Strobe-Width com
mand. A byte following this command sets the solenoid 
on-time according to Table 1. Note that only the .three 
least significant bits of this byte are important. 

Cemmunicatien between th 
esser can be implemented in 
mede. The parallel mede allews fe ob 
into. the buffer via DMA cycles. The seria:Y'1:!;l 
selectable data rates frem 110 to. 4800 bau8:b" 

The 8295 also. effers two. general purpese out;~~{;m,:!0. 
which can be set or cleared by the host processor. Thif9, 
can be used with various printers to implement such 
functions as ribbon color selection" enabling form 
release solenoid, and reverse document feed. 

Hex Code Description 

09 Tab character. 

OA Line feed. 

OB 

OC 

00 

OE 

OF 

10 

11 

12 

Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

Top of Form. Enables the line feed output 
until the Top.of Form input is activated. 

, Carriage Return. Signifies end of a line and 
enables the printer to start printing. 

Set Tab #1, followed by tab position byte. 

Set Tab #2, followed by tab position' byte. 
Sheuld be greater than Tab #1. 

Set Tab #3, fell owed by tab position byte: 
Sheuld tie greater than Tab #2. 

Print Head Home on, Right. On some 
printers the print head home position is on 
the right. This cemmand would enable nor
mal left to right printing with such printers. 

Set Strobe Width; must be followed by 
strobe width selection byte. This command 
adjusts the duration of the strebe activa
tion. 

07-03 02 01 DO ' Solenoid On .. 
(microsec) , 

x 0 0 0 200 
x, 0 0 1 240 
x 0 1 0 280 ' 
x 0 1 1 320 
x 1 0 0 360 
x 1 0 1 400 
,x 1 1 0 440 
x 1 1 1 480, 

Table 1. 

TABULATIONS 

Up to three tabulation pOSitions may be, specifie(j with 
the 8295. The column position of each tabulation is 
selected by issuing the Set Tab. commands, each fel-
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lowed by a byte specifying the column. The tab posi
tions will then remain valid until new Set Tab commands 
are issued. 

Sending a tab character (09H) will automatically fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 

CPU TO 8295 INTERFACE 
Communication between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 

PARALLEL INTERFACE 

Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these reg.isters are accessed. 

100 
010 

Register: 

I nput Data Register 
Output Status Register 

Input Data Register-Data written to this register is 
interpreted in one of two ways, depending on how the 
datai!) 90ded. 

1. A command to be executed (OXH or 1XH). 
2. A character to be stored in the character buffer for 

printing (2XH, 3XH, 4XH, or 5XH). Seeihe character 
set, Table 2. 

Output Status Register-8295 status is available in this 
register at all times. 

STATUS BIT: 

FUNCTION: PA DE IBF 

PA...:.Parameter Required; ·PA = 1 indicates that a com· 
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 

DE-DMA Enabled; DE = 1 whenever the 8295 is in DMA 
mode. Upon completion of the required DMA transfers, 
the DE flag is cleared. 

IBF-Input Buffer Full; IBF = 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF = 1. . 

A flow chart describing communication with the 8295 is 
shown in Figure 1. 

The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt driven systems. This output is 
asserted true whenever the 8295 is ready to receive data. 

To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08H) acti
vates the DMA channel of the 8295. This command must 
be followed by two bytes specifying the length olthe 
data string to be transferred (least significant byte first). 
The 8295 will then assert the required DMA requests to 

4: 
the 8257 DMA controller iNi~ 
tion. Figure 2 shows a block di; 
mode. 

DONE 

Figure 1. Host to 8295 Protocol Flowchari 
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IL __ ..,--'\l CON~~tLLER 
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liJj 
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DACKx 

DROx 

DRO 

DACK 

RESET 

MOT 

i'l'M 
8295 

D7 

DO Sf 
51 

IRa 

STB 
PFEED 

HOME 

Figure 2. Parallel System Interface 

OPTIONAL 

PRINTER 

Data transferred in the .DMA mode may be either com
mands or characters or a mixtUre of both. The procedure 
is as follows: 

1. Set up the 8257 DMA controller channel by sending a 
starting address and a block length. 

2. Set up the 8295. by issuing the "Enable DMA" com
mand (08H) followed by two bytes specifying the 
block length (least significant byte first). 

The DMA enabled flag (DE) will be true until the 
assigned data transfer is completed. Upon completion 
of the transfer, the flag is cleared and the interrupt reo 
ql)est (IRQ) signal is asserted. The 8295 then returns to 
the non'DMA mode of operation. 
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8295 

SERIAL INTERFACE 

The 8295 may be hardware programmed to operate in 
a ser!al mode of communication. By connecting the 
IRQ/SER pin (pin 36) to logic zero, the serial mode Is 
enabled· Immediately upon power·up. The serial Baud 
rate is also hardware programmable; by strapping pins 
14, f3, and 12 according to Table 2, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 3. 

Pin 14 Pln13 Pin 12 Baud Rate 

0 0 0 110 
0 Ii 1 150 
0 1 0 300 
0 1 1 600 
1 0 0 1200 
1 0 1 2400 
1 1 0 4800 
1 1 1 4800 

Table 2. 

The serial data format is shown in Figure 3. The CPU 
should wait for a clear to send signal (CTS) from the 
8295 before sending data. 

+5 iiii 
cs 
Wii 

8295 

02 
PRINTER 

01 

00 

PFEEO 

HOME 

8251A TXO 
USARTCTS CTS 

SER 

SERIAL 

INPUT ~S~~TI 001011021031041 051,081 07Is~~ 

Figure 3. Serial Interface· to UART (8251A) 

8295 TO PRINTER INTERFACE 
The strobe output signal of the 8295 deter,mines the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenpid outputs cannot drive the 
printer solenoids directly. They should be buffered 
through solenoid. drivers as shown In Fig'ure 4. 'Recom· 
mended solenoid and motor driver circuits niay be found 
in the printer manufacturer's interface guide. 

STB 

Sf 

S6 

55 

54 
8295 

53 

52 

51 

MOT 

l'l'M 

TO 
SOLENOID 
DRIVERS 

} 
TO MOTOR 
DRIVERS 

Figure 4. 8295 To Printer Soll!noid Interface 

OSCILLATOR AND TIMING CIRCUITS 
The 8295's Internal timing generation is controlled by a 
self·contained oscillator and timing circuit. A 6 MHz 
crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an OSCillator, a 

, state counter and a cycle counter as illustrated in Figure 
'5. The recommended crystal connection is shown In 

Figure 6. 

Figure 5. Osciilato~Configuration' 

2 X, 

~ 8295 

...-_1--.....,3 X. 
2OPF~ 

Figure 6. Recommended Crystal Connection 
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8295 CHARACTER SET 
Hex Code Print Char. Hex Code Print Char. 

20 space 30 0 
21 ! 31 1 
22 32 2 
23 # 33 3 
24 $ '34 4 
25 % 35 5 
26 & 36 6 
27 37 7 
28 38 8 
29 39 9 
2A 3A 
2B + 3B ; 
2C 3C < 
20 3D 
2E 3E > 
2F 4F ? 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ......... O·C to 10·c 
Storage Temperature ............... - 65· to + ,150·C 
Voltage on Any Pin With 

Respect to Ground ................... 0.5V to + 7V 
Power Dissipation ......... '. ' ..... , .......... 1.5 Watt 

Hex Code ' Print Char. 

40 @ 
41 A 51 
42 B 52 
43 C 53 
44 ' 0 54, 
45 E 55 
46 F 56 
47 G 57 
48 H 58 
49 I 59 
5A J 5A 
4B K 5B 
4C L 5C 
40 M 50 
4E N 5E 
4F 0 5F 

'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 anycither 
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~ AND OPERATING CHARACTERISTICS 
TA=O·C to 70·C, Vee=Voo= +5V± 10%Vss =OV 

Limits· 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage (All -0.5 0.8 V 
Except X1, X2, RESET) 

VIH1 Input High Voltage (All 2.2 Vee V 
Except X1, X2 RESET) . 

V1H2 Input High Voltage (X1' X2 3;0 Vee. , V 
RESEn 

VOL1 Output Low Voltage (00- 0 7, 0.45 V IOL=2.0 mA 
Sync) 

VOL2 Output Low Voltage All 0.45 V IOL"; 1.6 mA 
'. Other Outputs· 

VOH1 Output High Voltage (00- 0 7) 2.4 V IOH= -400f./A 

VOH2 Output High Voltage (All 2.4 V IOH= -50tJA 
Other Outputs) 

IlL Input Leakage Current ±10 jJ.A VSS"VIN"Vee 
. RO, WR, CS, Ao 

loz Output Leakage Current ±10 f./A V ss + 0.45"V IN"Vee 
(00- 0 7, High Z State) 

100 Voo Supply Current 15 mA 

100+ Icc Total Supply Current 125 mA " 

IU1 Low Input Load Current 0.5 mA VIL=0.8V 
Pins 24,27·38 

IU2 Low lriput Load Current 
RESET 

0.2 mA V1L=0.8V 
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A.C. CHARACTERISTICS 

TA = o·c to 70·C, vcc= voo= + 5V ± 10%, VSS= OV 

DBB READ 

Symbol Parameter Min. Max. Unit 

tAR CS, Ao Setup to RD ~ 0 ns 

tRA CS, Ao Hold After RD t 0 ns 

tRR RD Pulse Width 250 ns 

tAD CS, Ao to Data Out Delay 225 ns 

tRO RD ~ to Data Out Delay 225 ns 

tROF 1m t to Data Float Delay 10 100 ns 

TRV Recovery Time Between 300 Ils 
Reads and/or Write 

tCY Cycle Time 2.5 15 Ils 

DBBWRITE 

Symbol Parameter Min. Max., Unit Test Conditions 

tAW CS, Ao Setup to WR ~ '0 ns 

tWA CS, Ao Hold After WR t 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WRt 150 ns 

two Data Hold to WR t 0 ns 

DMA AND INTERRUPT TIMING 

Symbol Parameter Min. Max. Unit Test Conditions 

t KC DACK Setup to Control 0 ns 

tCK DACK Hold After Control 0 ns 

tCRQ WR to ORO Cleared 200 ns 

A.C. TEST CONDITIONS 
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WAVEFORMS 

1. READ.OPERATION - OUTPUT BUFFER REGISTER. 

CS ORAo ) ·K : 

I 

-
IAR1 IRY i I IRR -IRA- I 

"\ \ I 
(READ CONTROL) 

I---IRO ~IROF 

2. WRITE OPERATION - INPUT BUFFER REGISTER. 

)(".. V ' (SYSTEM'S 

CS OR Ao ----'t= •. *r r ~-.~ 
WR \..-____ ~-W--Io_.:r-~-~:~~~~~~~~~~~~~~~~~~~~~~~~~~~(WRITECONTROL) 

DATA BUS DATA \I-DATAVALlD-V 
(INPUT) MAY CHANGE I' - ~ __ ~ ______________ -J ~ ____________________ ___ 

DATA 
. MAY CHANGE 

DMA AND INTERRUPT TIMING 

TKC-·' TCK- -

DRO } 
TCRa 
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PRINTER INTERFACE TIMING AND WAVEFORMS 

MOTOR DRIVE \I-----------J 
HOME 

SOLENOID DATA 

SOLENOID STROBE 

Symbol Parameter Typical 

POH Print delay from 1.8 ms 
home inactive 

50S Solenoid data 251ls 
setup time before 
strobe active 

SHS Solenoid data >1 ms 
hold after strobe 
inactive 

MHA Motor hold time 3.2 ms 
after home active 

PSP PFEED setup time 58 ms 
after PFM active 

PHP PFM hold time 9.75 ms 
after PFEED active 
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. INTRODUCTION 

Since the introduction in 1974 of the second generation 
of microprocessors, such as the 8080, a wide range of 
peripheral interface devices have appeared. At first, 
these devices solved application problems of a general 
nature; I.e., parall.;!1 interface (8255), serial interface 
(8251), timing (8253), interrupt control (8259). However, 
as the speed and density of LSI technology increased, 
more and more intelligence was incorporated into the. 
peripheral devices. This allowed more specific applica
tion problems to be solved, such as floppy disk control 
(8271), CRT control (8275), and data link control (8273). 
The advantage to the system designer of this increased 
peripheral device Intelligence Is that many of the periph
eral control tasks are now handled externally to the 
main processor In the peripheral hardware rather'than 
internally in the main processor software. This reduced 
main processor overhead results in Increased system 
throughput and reduced software complexity. 

In spite of the number of peripheral devices available, 
the pervasiveness of the microprocessor has been such 
that there is stili a large number of peripheral control 
applications not yet satisfied by dedicated LSI. Compli
cating this problem is the fact that new applications are 
emerging faster than ·the manufacturers can react In 
developing new, dedicated peripheral controllers. To 
address this problem, a new microcomputer·based Uni-

. versal Peripheral Interface (UPI-41A) device was 

. developed. 

In essence, the UPI-41A acts as a slave processor to the 
main system CPU. The UPI contains its own processor, 
memory, and I/O, and is completely user programmable; 
that Is, the entire peripheral control algorithm can be 
programmed locally in the UPI; instead of taxing the 
master processor's main memory. This distributed proc
essing concept allows the UPI to handle the real-time 
tasks such as encoding keyboards, controlling printers, 
or multiplexing displays, while the main ·processor is 
handling non-real-time dependent tasks such as buffer 
management or arithmetic. TheUPI relies on the master 
only for Initialization; elementary COmmands, and data 
transfers. This technique results in an overall increase 
in system efficiency since both processors -'- the mas
ter CPU and the slave UPI - are working in parallel. 

This application note presents three UPI-41A applica
tions which are roughly divided Into two groups: applica
tions whose complexity and UPI code space require
ments allow them to either stand alone or be incorpo
rated as just one task in a "multi-tasking" UPI, and appli
cations which are complete UPI applications in them
selves. Applications In the first group are a simple LED 
display and sensor matrix controllers. A combination 
serial/parallel I/O device is an application In the second 
group. Each application illustrates different UPI conflg-

UPI·41 VS. UPI·41A 

The UPI-41A Is an enhanced version of the UPI-41. It incorporates several architectural features not found on the 
"non-A" device: 

• Separate Data In and Data Out data bus buffer registers 

• User-definable STATUS register bits 

• Programmable master Interrupts for the OBF and IBF flags 

• Programmable DMA Interface to external DMA controller. 

The separate Data In (DBBIN) and Data Out (DBBOUT) registers greatly simplify the master/UPI protocol com
pared to the UPI-41. The master. need only check IBF before writing to DBBIN and OBF before reading DBBOUT. 
No data bus buffer lock-out is required. 

The most significant nibble of.the STATUS register, undefined in the UPI-41, is user-definable in UPI-41A.lt may 
be loaded directly from the most significant nibble of the Accumulator (MOV STS, A). These extra fourSTATUS 
bits are useful for transferring additional status information to the master. This application note uses this 
feature extensively. 

A new instruction, EN FLAGS, allows OBF and IBF to be reflected on Port 2 bit 4 and Port 2 bit 5 respectively. 
This feature enables interrupt-driven data transfers when these pins. are interrupt sources to the master. 

By executing an EN DMA instruction Port 2 bit 6 becomes a ORO (DMA Request) output and Port 2 bit 7 becomes 
DACK (DMA Acknowledge). Setting ORO requests a DMA cycle to an external DMA controller. When the cycle is 
granted, the DMA controller returns DACK plus eitherRD (Read) or WR (Write). DACK automatically forces CS 
and AO low internally and clears. ORO. This selects the appropriate data buffer register (DBBOUT for DACK and 
RD, DBBIN for DACK and WR) for the DMA transfer. 

Like the "non-A", the UPI-41A Is available In both ROM (8041A) and EPROM (8741 A) .Program Memory versions. 
This application note deals exclusively with the UPI·41A since the applications use the "A"s enhanced features. 
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urations and features. However, before the application 
details are presented, a section on the UPlimaster proto 
col requirements is Included. These protocol require· 
ments are key to UPI software development. It is sug· 
gested that the reader not already familiar with the 
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PROORAM HERE 

RESET VECTORS 
PROGRAM HERE 

Figura lA. Program Memory Map 
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architecture and instruction set of the UPI·41A read the 
"Intel UPI·41 User's Manual" before proceeding with 
this document. For convenience, the UPI block diagram 
and instruction set summary are reproduced in Figures 
1 and 2. 
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USER RAM 
32118 

32 

" I BANK 1 
WORKING DIRECTLY 

REGISTERS ADDRESSABLE ... WHEN BANK 1 
IS SELECTED ----RT----- ---.J 24 ----Ro-----
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USER RAM THROUGH 

16)18 R1 OR AD 
IRO' OR R1') 

I BANK 0 
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REGISTERS ADDRESSABLE ... WHEN BANK 0 

::::ar.:::: IS SELECTED 

RO 

Figure 1 B. Data Memory Map 
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T, 
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Flgure1C. UPI·41A Block Diagram 
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UPUNSTRUCTION SET' 
Mnemonic O •• crlpllon By'" Cycl •• 

OAl Pp.Hdala: OA .immedlaie \oport . 2 
. ACCUMULATOR IN A.OBB Inpul DBB to A. clear IBF ·1 

ADO A.Ar· Add regisler 10 A .' OUT DBB.A Outpul A to DBB. set OBF ,. 
ADO A.@Ar Add dala memory 10 A MOVD A.Pp Inpul Expander pori 10 ~ t 

ADO A.Hdata Add immediate 10 A MOVD Pp.A Oulput A to Expander port 1 

ADDC A.Ar Add immed 10 A wllh carry ANlD Pp.A AND A 10 Expander pori 1 

ADDCA.@Ar Add immed 10 A with carry OAlD Pp.A OA A 10 Expander port t 

ADDC A.Hdata · Add immed. 10 A with carry DATA MOVES 
ANl A.Ar AND regisler 10 A 

MClV A.Ar Move reg Isler 10 A 
ANl A.@Ar AND data memory 10 A .. MOV A.@Ar Move dala memory 10 A 1 
ANl A.Hdala AND immedlale 10 A 

MOV A.Hdata Move Immediale to A 2 
OAl A.Ar OA reglsler 10 A 

MOV Ar.A Move A 10 regisler 1 
OAl A.@Ar OA dala memory 10 ~, MOV @Ar.A Move A 10 data memory 1 
OAl A.Hdala OA Immedlale 10 A MOV Ar.Hdala Move Immedlale 10 reg Isler . 2 
XAl A.Ar Exclusive OA regisler 10 A MOV @Ar,Hdala Move Immediale 10 dala memory 2 
XAl A.@Ar Exclusive OA dala memory 10 A MOV A,PSW Move PSW 10 A 1 
XAl A.Hdata ExclUSive OA'lmmediale 10 A MOV PSW.A Move A 10 PSW 1 
INC A Increment A 1 

XCH A.Ar Exchange A and regisler 1 
DEC A Decremenl A I XCH A,@Ar Exchange A and dala memory 1 
ClA A · Clear A I XCHD A,@Ar Exchange digll of A and regisler 1 
CPl A · Complemenl A MOVP A.@A Move 10 A from currenl page 1 
DA A Decimal AdlUSI A MOVP3. A,@A Move to A trom page 3 1 
SWAP A Swap dig 115 of A 
Al A Aolale A lell 
AlC A AOlale A lell Ihrough carry TIMER/COUNTER 
AA A Aolale A rig hi 
AAC A AOlale A rlghl Ihrough carry MOV A.T Aead Timer ICounter 1 

MOV T,A load Timer ICounlPr 1 

INPUT /OUTPUT 
STRT T Slart Timer 1 
STAT CNT Sfart Counter 1 

IN A.Pp Inpul pori 10 A STOP TCNT Sfop Tinier ICounter '1 
OUTl PpA Oulpul A 10 pori EN TCNTI Enable TimefiCou:nter Interrupt 1 
ANl Pp.Hdata . ,·AND Immedlale 10 pori DIS TCNT! Disable Timer ICounter Interrupt 1 

Mnemonic D •• crtptlon Byl •• Cycl •• Mnemonic: D •• crtptlon 

CONTROL CLR Fl Clear Fl Flag 
EN DMA Enable DMA Handshake Lines CPLFI Complement Fl. Flag 
ENI Enable IBF Interrupt MOVSTS. A A4-A710 Bits 4-7 of Status 
DIS I Disable IBF Interrupt 
EN FLAGS Enable Master Interrupts 
SEL RBO Select register bank.D BRANCH 
SEL RBI Select register bank 1 JMPaddr Jump unconditional 
NOP No Operation JMPP@A Jump Indirect 

REGISTERS DJNZ R.addr Decrement register and skip 

INC Rr Increment register ,I JC add, Jump on Carry = 1 

INC@R, Increment data memory JNC add, Jump on Carry = 0 

DEC R, Decrement register JZ add, Jump on A Zero 
JNZ add, Jump on A not Zero 

SUBROUTINE JTO add,· Jump on :r0 =', 
CALL add, Jump ,t~ subroutine ·JNTO add, Jump on TO=O 
RET Return 'JTI addr Jump on T1 = 1 . 

RETR Return and restore status JNTt add, Jump on TI =0 
JFO add, Jump on FO Flag = I 

FLAGS JFI add, Jump on FI Flag = I 
CLRC Clear Carry JTF add, Jump onTimerFlag= 1. Clear Flag 
CPLC Complement Carty JNIBF add, Jump on ISF Flag=O 
CLR FO Clea' Flag 0 JOBF add, Jump on OBF Flag = I 
CPL FO Complement Flag 0 JBb add, , Jump on ,AccumUlator Bit 

Figure 2. UPI·41A Insiructlon Set Summary 

UPIIMASTER PROTOCOL' 

As in most closely coupled multiprocessor systems, the 
various processors communicate via a .shared resource. 
This shared resource is typically specific locations in 
RAM or in registers through which status and data are 
passed. In the case of a master prOcessor and a UPI· 
41A, the shared: resource is 3 separate; master· 
addressable, registers internal to the. UpLThese 
registers are the STATUS register (STATUS), the Data 
Bus Buffer Input register (DBBIN), and the Data Bus Out· 
put register (DBBOUT). [Data Bus Buffer direction is 
relative to the UPI). To illustrate this register interface, 
consider the BOB5A/UPI system in .Figure 3. 
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Figure 3. Register Interface 
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Looking Into the UPI from the 8085A, the 8085A sees 
only the three registers mentioned above. If the 8085A 
wishes. to Issue a command to the UPI, It does so by 
writing the command to the DBBIN register according to 
the decoding of Figure 4. Data for the UPI is also passed 
via the DBBIN register. (The UPI differentiates com· 
mands and data by examining the AD pin. Just how this 
Is done is covered shortly.) Data from the UPI for the 
8085A is passed in the DBBOUT register. The 8085A may 
Interrogate the UPl's status by reading the UPl's 
STATUS register. Four bits of the STATUS register act 
as flags and are used to handshake data and commands 
into and out of the UPI. The STATUS register format is 
shown in Figure 5. 

Bit 0 is OBF (Output Buffer Full). This flag indicates to 
the master when the UPI has placed data in the DBBOUT 
register. OBF Is set when the UPI writes to DBBOUT and 
is reset when the master reads DBBOUT. The master 
finds meaningful data In the DBBOUT register only 
when OBF is set. 

The Input Buffer Full (IBF) flag Is bit 1. The UPI uses this 
flag as an indicator that the master has written to the 
DBBIN register. The master uses IBF to indicate when 
the UPI has accepted a particular command or data byte. 
The master should examine IBF before outputting 
anything to the UPI. IBF is set when the master writes to 
DBBIN and is reset. when the. UPI reads DBBIN. The 
master must walt until IBF = 0 before writing new data 
or commands to DBBIN. Conversely, the UPI must en
sure IBF = 1 before reading DBBIN. 

The third STATUS register bit is FO (Flag 0). This Is gen
eral purpose flag that the UPI can set, reset, and test. It 
is typically used to indicate a UPI error or busy condition 
to the master. . 

Flag 1 (F1) is the final dedicated STATUS bit. Like FO the 
UPI can set, reset, and test this flag. However, in addi
tion, F1 reflects the state of the AD pin whenever the 
master writes to the DBBIN register. The UPI uses this 
flag to delineate between master command and data 
writes to DBBIN. 

CS AD RD WR REGISTER 

D D D 1 READ DBBOUT 
D 1 D 1 READ STATUS 
D D 1 0 . WRITE DBBIN (DATA) 
D 1 1 D WRITE DBBIN (COMMAND) 
1 X X X NO ACTION 

Figure 4. Register Decoding 

STATUS REGISTER 

17 1 8 i 5 14 1 3 1 2 1 1~ 
I I 1 1 I I OBF - DBBOUT FULL 

. IB~ - DBBIN FULL 

L..::...~~~=== FD - FLAG D F1 - FLAG 1 
USER DEFINED 

. Figure 5. Status Register Format 
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The remaining four STATUS register bits are user defin
able. Typical uses of these. bits are as status indicators 
for Indlviduai tasks in a multitasking UPI or as UPI gen
erated interrupt status. These bits find 'a wide variety of 
uses In the upcoming applications. 

Looking into the 8085A from the UPI, the UPI sees the 
two DBB registers plus the IBF, OBF, and F1 flags. The 
UPI can write from its accumulator to DBBOUT or read 
DBBIN into the accumulator. The UPI cannot read OBF, 
IBF, or F1 directly, but these flags may be tested using 
conditional jump Instructions. The UPI should make 
sure that OBF is reset before writing new data into 
DBBOUT to ensure that the master has read previous 
DBBOUT data:IBF should also be tested before reading 
DBBIN since DBBIN data is valid only when IBF is set. 
As was mentioned earlier, the UPI uses F1 to dlfferenti· 
ate between command arid data contents In DBBIN 
whenlBF is set. The UPI may also write the upper 4·blts 
cif its accumulator to the upper4·bits of the STATUS reg· 
ister. These bits are thus user definable. 

The upi can test the.flags at any time during its internal 
program execution. It essentially "polls" the STATUS 
register for changes. If faster response is needed to 
master commands and data, the UPl's internal interrupt 
structure can be used. If IBF interrupts are enabled, a 
master write to DBBIN (either command or data) sets 
IBFwhich generates an internal CALL to location 03H In 
program memory. At this point, working register con· 
tents 'can be saved using bank switching, the .accumu· 
lator saved In a'spare working.register, and the DBBIN 
register read and serviced. The·inter(upt logic for the 
IBF interrupt is shown.in Figure 6. Afew observations 
concerning this logic are.appropriate. 'Note that if. the 
master writes to DBB.lN while. the UPI is still servicing 
the last IBF interrupt (a Return (RETR) instruction has: 
not been executed), the IBF Interrupt Pending line Is 
made high which causes a new CALL to.03H as soon as' 
the first RETR Is executed. No EN I (Enable Interrupt) in
struction is needed to rearm the interrupt logic as is 
needed in an 8080 or 8085A system; the RETR performs 
this function. Also note that executing a DIS I to disable 
further IBF interrupts does not clear a pending interrupt.· 
Only a CALL to location 03H or RESET clears a pending 
IBF Interrupt. 

Keeping in mind that tlie actual master/iJPI protcjcol is 
dependent on the applil;:ation, probabl}ithe best way'fo 
illustrate correct protocol Is by example. Let's consider 
using the UPI as a simple parallel 110 device. (This is.a 
trivial application but it embodies all of the Important 
protocol conslderations:)Sirice the UPI may be either 
interrupt or non-interrupt driven internally, both cases 
are considered. 

Let's take the easiest configuration first; using the UPI 
Port 1 as· an 8·bit output port. From the UPl's p()int·of· 
view, this is an input·only application since ali that is 
required Is that the UPI input data from the master. 
Once the master writes data to the UPI, the UPI reads 
the DBBIN register and transfers the data to Port 1. No 
testing for commands vs data is needed since the UPI 
"knows" it only performs one task - no commands are 
needed. 



RESET' 
DIS TCNTI 
EXECUTED 

TIMER 
INTERRUPT 

ENABLE 

TIMER/COUNTER 
. OVERFLOW 

TIMER INTERRUPT 
CALL EXECUTED 

WI! 
CS 

RESET 
IBF INTERRUPT 

CALL EXECUTED 

... SV 

ENI 
EXECUTED 

RESET 
DISI 

EXECUTED 

R 

"TIMER 
INTERRUPT 
REQUEST· 

S ,Q 

IBF INTERRUPT 
ENABLE 

INTERRUPT 
IN PROGRESS 

FORCE 
Q INTERRUPT 

CALL 

Figure 6. UPI·41A Interrupt Structure 

Non-interrupt driven UPI software is shown in Figure 7A 
while Figure 7B shows. interrupt based software. For 
Figure 7A, the LiPI simply waits until it seeslBF go high 
Indicating the master has written a data byte to DBBIN. 
The UPI then reads DBBIN, transfers it to Port 1, and 
returns to waiting for the next data. For the interrupt
driven UPI, Figure 7B, once the EN I .Instruction is exe
cuted, the UPI simply walts for the IBF interrupt before 
handling the data. The UPI could handle other tasks dur
Ing this waiting time. When the master writes the data to 
DBBIN, an IBF interrupt Is generated which performs a 
CAll to location 03H. At this pOint the UPI reads DBBIN 
(no testing of IBF Is needed' since an IBF interrupt 
Implies that IBF Is set), transfers the data to Port 1, and 
executes an RETR which returns program flow to the 
main program. 

Software for·the master SOS5A is. included In Figure 7C. 
The only requirement for the master to output data, to 
the UPI is that it check the UPI to be sure the previous 
data had be~n taken before writing new data. To accom: 
plish this the m. aster simply reads the STATUS register . . . 

looking for IBF = 0 before writing the next data. 

; UPIINPUT ONLY EXAMPLE· PORT 1 USED AS OUTPUT PORT 
UPI POLLS IBFFOR DATA 

RESET: JNIBF 
.IN 
OUTL 
JMP 

RESET 
A,DBB 
Pl,A 
RESET 

; WAIT ON IBF FOR INPUT 
; II!IPUT THERE, SO READ IT 
; TRANSFER DATA TO PORT 1 
; GO WAIT FOR NEXT DATA 

Figure 7A. Single Output Port Example"", Polling 
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; UPIINPUT ONLY EXAMPLE· PORT 1 USED AS OUTPUT PORT 
; . DATA INPUT IS INTERRUPT·DRIVEN ON IBF 

RESET: 

IBFINT: 

EN 
JMP 
IN 
OUTL 
RETR 

I 
RESET ... 1· 
A,DBB 
Pl,A 

; ENABLE IBF INTERRUPTS 
; LOOP WAITING FOR INPUT 
; READ DATA FROM DBBIN 
; TRANSFER DATA TO PORT 1 
; RETURN WITH RESTORE 

Flgue 7B. Single Output Port Example - Interrupt 

; 8085 SOFTWARE FOR UPIINPUT·ONLY EXAMPLE 
; DATA FOR OUTPUT IS PASSED IN REG. C 

UPIOUT: IN STATUS 
ANI IBF 
JNZ UPIOUT 
MOV A,C 
OUT .DBBIN 
~ET 

; READ UPI STATUS 
; LOOK AT IBF 
; WAIT FOR IBF=O 
; GET DATA FROM C 
; OUTPUT DATA TO DBBIN 
; DONE, RETURN 

Figure 7C. BOB5A Code for Single Output Port Example 

Figure SA Illustrates the case where UPI Port 2 is used 
as an S-blt Input port. This configuration Is termed UPI 
output-only as the master does not write (input) to the 
UPI but simply reads either the STATUS or the DBBOUT 
registers. In this example only the OBF flag Is used. 
OBF signals the master that the UPI has placed new 
port data in DBBOUT. The UPlloops testing OBF. When 
OBF Is clear, the master has read the previous data and 
UPI then reads Its Input port (Port 2) and places this data 
In DB BOUT. It then waits on OBF until the master reads 



DBBOUT before reading the Input port again. When the 
master wishes to read the Input port data, Figure 8B, It 
simply checks for OBF being set in the STATUS register 
before reading DBBOUT. While this technique il
lustrates proper protocol, It should be noted that It is 
not meant to be a good method of using the UPI as an In
put port since the master would never get the newest 

. status of the port. 

The above examples can easily be combined. Figure 9 
shows UPI software to use Port 1 as an output port 
simultaneously with Port. 2 as an Input port. The pro
gram starts with the UPI checking I BF to see If the 
master has written data destined for the output port into 
DBBIN. If IBF Is set, the UPI reads DBBIN and transfers 
the data to the output port (Port 1)_ If IBF is not set or 
once the data is transferred to the output port if It was, 
OBF is tested. If OBF Is reset (indicating the master has 
read DBBOUT), the input port (Port 2) Is read and trans
ferred to DBBOUT. If OBF is set, the master has yet to 
read DBBOUT so the program just loops back to test 
IBF. 

; UPI OUTPUT ONLY EXAMPLE· PORT 2 USED AS INPUT PORT 
PORT DATA IS AVAILABLE IN DBBOUT 

RESET: JOBF 
IN 
OUT 
JMP 

RESET· 
A. P2 
DBB.A 
RESET. 

; LOOP IF OBF = 1 (DATA NOT READ) 
; DB BOUT CLEAR. READ PORT 
; TRANSFER PORT DATA ·TO DB BOUT 

.; WAIT FORMASTER TO READ DATA 

Figure SA. Single Input Port Example. 

8085 SOFTWARE FOR UPI OUTPUT·ONLY EXAMPLE 
INPUT DATA RETURNED IN REG. A 

PIIN: IN 
ANI 
JZ 
IN 
RET 

STATUS 
OBF 
.UPIIN 
DBBOUT 

; READ UPI STATUS 
; LOOK AT OBF 
:; WAIT UNTIL OBF = 1 
; READ DB BOUT 
; RETURN WITH DATA IN A 

Figure SB. S08SA Single Input Port Code 

;UPIINPUTIOUTPUT EXAMPLE· PORT 1 OUTPUT. PORT 2 INrUT . 

RESET: JNIBF OUTI . ; IF IBF=O.·DO OUTPUT 
IN A.DBB; IF IBF=I, READ DBBIN 
OUTL Pl. A ; TRANSFER DATA TO PORT 1 

OUT1: JOBF RESET ; IF OBF=I. GO TEST IBF 
IN A. P2 ; IF OBF = o. READ PORT 2 
OUT DBB. A ; TRANSFER PORT DATA TO DBBOUT 
JMP RESET ; GO CHECK FOR INPUT 

Figure 9. Combination Output/Input Port Example 
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The master software Is Identical to the separate Inputl 
output examples; the master must test IBF and OBF 
before writing output port data Into DBBIN or before 
reading input port data from DBBOUT respectively. 

In all of the three examples above, the UPI treats Infor
mation from the master solely as data.· There has been 
no need·to check if DBBIN information is.a command 
rather than data since the applications do not require 
commands. But what If both Port 1 and 2 were used as 
output ports? The UPI needs to know Into which port to 
put the data. Let's use a command to select which port. 

!;lecall that both commands and data pass through 
DBBIN. The state of the AO pin at the time of the write to 
DBBIN Is used to distinguish commands from data. By 
convention, DBBIN writes with AO = 0 are for data, and 
those with A9 = 1 are commands. When DBBIN is writ
ten into, F1 (Flag 1) is set to the state of AO. The UPI 
tests F1 to determine if the information in the DBBIN 
register is data or a command. 

For the case of two output ports, let's assume that the 
master selects the desired port with a command prior to 
writing the data. (We could just use F1 as a port select 
but that would not illustrate the subtle differences 
between commands and data.) Let's define the port 
select commands su.ch that bit 1 = 1 If the next data Is 
for Port 1 (Write Port 1 = 0000 0010) and bit 2 =1. if the 
next data is for Port 2 (Write Port 2 = 0000 0100). (The 
number of the set bit selects the port.) Any other bits are 
ignored. T~is assignment is completely arbitrary; we 
could use any command structure, but this one has the 
advantage of being simple. 

Note that the UPI must "remember" from DBBIN write 
to write which port has been selected. Let's use FO (Flag 
0) for this purpose; If a Write Port 1 command is 
received, FO Is reset. If the command Is Write Pori 2, FO 
Is set. When·the UPI.finds data in DBBIN, FO is interro
gated and the data is loaded into the previously selected 
port. The UPI software is shown In Figure 10A. 

: UPI DUAL OUTPUT PORT EXAMPLE '. BOTH PORT 1 AND 2 OUTPUTS 
COMMAND SELECTS DESIRED PORT 

RESET: 

PORT2: 

CMD: 

PT1: 

PT2: 

WRITE PORT 1 • 0000 0010 (02H) 
WRITE PORT 2 • 0000 0100 (04H) 

FLAG 0 USED TO REMEMBER WHICH PORT WAS SELECTED 
BY LAST COMMAND. 

JNIBF RESET ; WAIT FOR MASTER !NPUT 
IN. . A,DBB ; READ .'NPUT 
JFl CMD ; IF Fl = I, COMMAND INPUT 
JFO PORT2 ; INPUT IS DATA, TEST FO 
ourL Pl,A ; FO=O, SO OUTPUT TO PORT 1 
JMp· RESET ; WAIT FOR NEXT INPUT. 
OUTL P2,A ; FO = I, SO OUTPUT TO PORT 2 
JMP RESET ; WAIT FOR NEXT INPUT 
JBl PT1 ; TEST COMMAND BITS (BIT 1) 
JB2 PT2 ; TEST BIT 2 
JMP RESET ; NEITHER BIT· SET, WAIT FOR INPUT 
CLR FO ; PORT 1 SELECTED, CLEAR FO 
JMP , RESET ; WAIT FOR INPUT 
CLR FO ; PORT 2 SELECTED, SET FO 
CPL FO 
JMP RESET ; WAIT FOR INPUT 

Figure lOA. Dual Output Port Example . 



Initially, the UPI simply walts until IBF Is set Indicating 
the master has written into DBBIN. Once IBF is set, 
DBBIN is read and Fl is tested for a command. If Fl == 1, 
the DBBIN byte Is a command. Assuming a command, 
bit 1 Is tested to see if the command selected port 1. If 
so, FOls cleared, and the program returns to wait for the, 
data. If bit 1 = 0, bit 2 is tested. If bit 2 Is set, Port 2 is 
selected so 1"0 is set. The program then loops back'walt
fngfor the next master input. This input is the desired 
port data. ,If bit 2 was not set, FO is not changed and no 
action is taken. ' , 

When IBF = 1 is again detected, the input Is again tested 
for c,ommand or data. Since It Is necesarlly data, DBBIN 
i's read andFO Is tested to determine which port was pre
viously'selected. The data is then output to that port, 
following which the program waitS" for the next Input. 
Note that since FO stili selects the previous port, the 
next input could be, more data for that port. The port 
selection command could be thoughtof as aport select 
flip·flop control; once a selection is made,data may be 
repeatedly written to that port until the other port is 
selected. Master software, Figure lOB, simply must 
check IBF, before writing either a command or data to 
DBBIN. Otherwise, the master 'software is straight· 
forward. 

For the sake of completeness, UPlsoftware for imple
menting two input ports Is given in Figure 11. This case 
is simpler than the dual output case since the UPI can 
assume ttiat all writes to DBBIN are, port seiection com~ 
mands so no command/data testirig is required. Once 
the Port Read command, Is input, the selected port Is 
read and the port data is placed In DBBOUT. Note that In 
this case FO' is used as a, UPI error indicator. If the 
master happened to issue an invalid command (a com· 
mand without either bit 1 or 2 set),FO is set to notify the 
master that the UPI did not know how to interpret the 
command. FO is also set if ,the master commanded a 
port read before it had read DBBOUT from the previous 
command. The UPI simply tests OB,F just prior, to 
loading DBBOUT and if OBF = 1, FOis set to Indicate the 
error. 

All of the above examples are, in themselves, rather triv
ial applications of the UPI although they could easily be 
incorporated as one of several tasks in a UPI handling 
multiple small tasks. We have covered them primarily to 
introduce the UPI concept and to illustrate sonie 
master/UPI protocol. Before moving on to more realistic 
UPI applications, let's discuss two UPl,features that do ' 
not directly relate to the master/UPI protocol but greatly 
enhance the UPI's data transfer capability. 

, , , 

In addition to the OBF and IBF bits in the STATUS reg
ister, these flags can also be made available directly on 
two port pins. These port pins can then be used as inter
rupt sources to the master. By executing an EN FLAGS 
instruction, Port 2 pin 4 reflects the condition of OBF 
and Port 2 pin 5 reflects the inverted condition of IBF 
(IB"F). These dedicated outputs can then be enabled or 
disabled via their respective port bit values; i.e., P24 
reflects OBF as long as an instruction is executed 
which sets P24 (i.e. ORL P2,#10H). The same action 
applies to the IBF output except P25 Is used. Thus P24 
may serve as a DATA AVAILABLE interrupt output. Like-

wise for P25 asa READY-TO-ACCEPT-DATA,interrupt. 
This greatly simplifies interrupt-driven master-slave 
data transfers. 

: 8085 SOFTWARE FOR DUAL OUTPUT PORT EXAMPLE 
THIS ROUTINE WRITES DATA IN REG. C TO PORT 1 
(SAME ROUTINE FOR PORT 2 • JUST CHANGE COMMAND) 

PORT1: IN STATUS ; READ UPI STATUS 
ANI IBF ; LOOK AT IBF 
JNZ PORT1 ; WAIT UNTIL IBF = 0 
MVI A,OOooo010B ; LOAD WRITE PORT1 CMD 
OUT UPICMD ; OUTPUT TO UPI COMMAND PORT 

P1: IN STATUS; READ UPI STATUS AGAIN " 
ANI IBF ; LOOK AT IBF , ' , 
JNZ P1 ,; WAIT UNTIL COMMAND ACCEPTED 
MOV A, C ; GET DATA FROM C 
OUT DBBIN ; OUTPUT TO DBBIN 
RET ; DONE, RETURN 

Figure 10B. 808SA Dua) oulpui Pori Example Code 

: UPI DUAL INPUT PORT EXAMPLE· BOTH PORT 1 AND 2 IN puis 
COMMAND SELECTS WHICH PORT IS TO BE READ 
FLAG 0 USED AS ERROR FLAG 

RESET: JNIBF RESET ; WAIT FOR INPUT 
CLR FO ; CLEAR ERROR FLAG 
IN A,DBB ; READ INPUT (COMMAND) 
JB1 PT1 ; TEST BIT 1 (PORT1) 
JB2 PT2 ; TEST BIT 2 (PORT2) 

ERROR: CPL FO ; ,ERROR· COMPLEMENT FO 
JMP RESET ; WAIT FOR INPUT 

PT1: IN A,P1 ; READ PORT 1 
JOBF ERROR ; TEST OBF BEFORE LOADING DBBOUT 
OUT DBB,A ; LOAD PORT1 DATA INTO DB BOUT 
JMP RESET ; WAIT FOR INPUT 

PT2: IN A,P2 ; READ PORT 2 
JOBF ERROR ; TEST OBF BEFORE LOADING DB BOUT 
OUT DBB,A ; LOAD'PORT2 DATA INTO DB BOUT 
JMP RESET ; WAIT FOR INPUT 

Figure 11. Duallnpul Pori Example 

The UPI also supports a DMA transfer interface. If an EN 
DMA instrUction Is executed, Port 2 pin 6 becomes a 
DMA Request (DRO) output and P27 becomes a high Im
pedance DMA Acknowledge (DACK) input. Any instruc
tion which would normally set P26 now sets DRO. DRO 
Is cleared when DACK Is low and either RD or WR Is low. ' 
When DACK Is low, CS and AO are forced low internally 
which allows data bus transfers between DBBOUT or 
DBBIN to occur, depending upon whether WR or RD Is 
true. Of course, the function requires the use, of an 
external DMA controiler. 

Now that\"e have discussed the aspects of the UPI pro
tocol and data transfer interfaces, let's move on to the 
actual applications. 

EXAMPLE APPLICATIONS 

Each of the following three sections present the hard
ware and software details of a UPI application. Each 
application utilizes one of the protocols mentioned In 
the last section. The first example is a simple a-digit 
LED display controller. This application requires only 
that the UPI perform Input operations from the DBBIN; 
DBBOUT is not used. The reverse is true for the secoll,d 



application: a sensor matrix controller. The final appllca· 
tlon Involves both DBBOUT and DBBIN operations: a 
combination serlallparallel 110 device. 

The core master processor system with which these 
applications were developed is the iSBC 80/30 single 
board computer. This board provides an.especlally con
venient UPI environment since It contains a dedicated 
socket specifically interfaced for the UPI·41A. The 80/30 
uses the 8085A as the master processor. The 1/0 and 
peripheral compliment on the 80/30 include 12 vectored 
priority interrupts (8 on an 8259 Programmable Interrupt 
Controller and 4 on the 8085A itself), an 8253 Program
mable Interval Timer supplying three 16·bit program
mable timers (one is dedicated as a programmable baud 
rate generator), a high speed serial channel provided by 
a 8251 Programmable USART, and 24 parallel 1/0 lines 
implemented with an 8255A Programmable Parallel 
Interface. The memory compliment contains 16K bytes 
of RAM using 2117 16K bit Dynamic RAMs and the 8202 
Dynamic RAM Controller, and up to. 8Kbytes of 

11K.' .... 
2117 

....... 
COMPATIILE 

DEVICE 

ROMIEPROM with sockets compatible with 2716, 2758, 
or 2332 devices. The 80/30's RAM uses a dual port 
architecture. That is, the memory can be considered a 
global system resource, accessible from the on-board 
8085A as well as from remote CPUs and other devices 
via the MULTIBUS. The 80/30 contains MULTIBUS con· 
trol logic which allows up to 16 80/30s or other bus 
masters to share the same system bus. (More detailed 
information on the iSBC 80/30 and other iSBC products 
may be found in the latest Intel Systems Data Catalog.) 

A block diagram of the iSBC 80/30 is shown in Figure 12. 
Details of the UPI interface are shown in Figure 13. This 
interface decodes the UPI registers in the following 
format: 

POWER FAIL 
INTERRUPT 

Register 

Read STATUS 
Write CBBIN (command) 

Read CBBOUT (data) 
Write CBBIN (data) 

4 INTERRUPT 
REQUEST LINES 

USER D~QNATED 
PERIPHERALS 

42 PROGRAMMABLE 
PARALLEL 110 LINES 

Operations 

IN E5H 
OUT E5H 
IN E4H 

OUT E4H 

2 INTERRUPT 
REQUEST LINES 

8 INTERRUPT 
REQUEST LINES 

MULTIBUS,. 

Figure 12. ISBC 80/30 Block Diagram 
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RESET--- RESET P12 

A2 AD 01 CS 
P13 

A3 PORT 1 P14 

A4 P15 
ji4'A5 

AUf P16 

ji4'A5 P17 

10 PORT TO TO 

CONTROL E5 
DATA E4 Tl Tl 

+5V 32 8041 A 0 EVENT CLOCK (8253) 
8741A 3~ ~~IRs.232 CHANNEL 

-= 48 . 8085 INTR 

DBO DO 
P20 

DB7 D7 P21 

P22 

P23 
. +5V 

PORT 2 
620 

P24 

P25 

5.5298 Xl 
P28 

MHz 

X2 
P27 

VSS 

-= 

Figure 13. UPI Interlace Dn ISBC SOl30 

8-Dlglt Multiplexed LED Display 

The traditional method of interfacing an LED display 
with a microprocessor Is to use a data latch along with a 
BOC-to-7-segment decoder for each digit of the ~Isplay. 
Thus two ICs, seven current limiting reSistors, and 
about 45 connections are required for each digit. These 
requirements are, of course, multiplied by the total num
ber of digits desired. The obvious disadvantages of this 
method are high parts count and high power dissipation 
since each digit Is "ON" continuously. Instead, a 
scheme of time multiplexing the display can be used to 
decrease both parts count and power dissipation. 

Display multiplexing basically involves connecting the 
same segment (a, b, c, d, e, f, or.g) of each digit In paral
lel and driving the common digit element (anode or cath
ode) of each digit separately. This is shown schematic
ally in Figure 14. The various digits of the display are not 
all on at once; rather, only one digit at a time Is ener
gized. As each digit is energized, the appropriate seg
ments for that digit are turned on. Each digit is enabled 
in this way, In sequence, at a rate fast enough to ensure 
that each digit appears to be "ON" continuously. This 
Implies that the display must be "refreshed" at periodic 
intervals to keep the digits flicker-free. If the CPU had to 
handle this task, it would have to suspend normal proc
essing, go update the display, and then return to its nor-
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mal flow. This extra burden is ideally handled 'Jya UPI. 
The master CPU could simply give characters to the UPI 
and let the UPI do the actual segment decoding, display 
multiplexing, and refreshing, 

EI EI I~ I_, 

DD DD 

DIGIT DRIVERS 

Figura 14. LED Multiplexing 



As an example of this technique, Figure 15 shows the 
UPI contro"lng an 8·diglt LED display. A" digit seg· 
ments are connected In para"el and are driven through 
segment drivers by the UPI's Port 1. The lower 3 bits of 
Port 2 are inputs to a 3·to·8 decoder which selects an 
individual digit through a digit driver. A fourth Port 2 line 
is used as a decoder enable input. The remaining Port 2 
lines plus the TO and T1 inputs are available for other 
tasks. 

Interna"y, the UPI uses the counter/timer In the interval 
timer. mode to define the interval between display 
refreshes. Once the timer Is loaded with the desired 
Interval and started, the UPI is free to handle other 
tasks. It is only when a timer overflow interrupt occurs 
that the UPI handles the short display multiplexing rou
tine. The display multiplexing can be considered a back
ground task which is entirely interrupt·driven. The 
amount of time spent multiplexing is such that there is 
ample time to handle a non·timer task in the UPI fore· 
ground. (We'" discuss this timing shortly.) 

When a timer interrupt occurs, the UPI turns off a" 
digits via the decoder enable. The next digit's segment 
contents are retrieved from the internal data memory 
and output via Port 1 to the segment drivers. Fina"y, the 
next digit's location Is placed on Port 2 (P20-P22) and 
the decoder enabled. This displays the digit's segment 
information until the next interrupt The timer is then 
restarted for the next interval. This process continues 
repeatedly for each digit in sequence; 

As a prelude to discussing the UPI software, let's exam· 
Ine the internal data memory structure used in. this 
application, Figure 16. This application requires only 14 
o·f the 64 total data memory locations. The iop eight 
locations are dedicated to the Display Map; one locati"n 
for each digit. These locations contain the segment and 
decimal pOint information for each character. Just how 
characters are loaded into this section of memory is 
covered shortiy. Register R7 of Register Bank 1 is used 

+5V 

r--"" ~ r--"" l 8205 

r- es E3 00 
r- 01 

- r- f--- AD -F E2 
02 
03 -

as the temporary Accumulator store during the interrupt 
service routines. Register R3 stores the digit number of 
the next digit to be displayed. R2 is a temporary storage 
register for characters during the character Input 
routine. RO Is the offset pointer pointing to the Display 
Map location of the next digit. That makes 12 locations 
so far. The remaining two locations are the two stack 
locations required to store the return address plus 
status during the timer and Input interrupt service rou· 
tines. The remaining unused locations, a" of Register 
Bank 0, 14 bytes of stack, 4 in Register Bank 1, and 24 
general purpose RAM locations, are a" available for use 
by any foreground task. 

63 

31 

24 
23 

DISPLAY MAP 
8d 

USER RAM 
24 )(.8 

(NOT USED) 

ACCUMULATOR STORE 

NOT USED 

NOT USED 

NOT USED 

DIGIT COUNTER 

TEMPORARY STORE 

NOT USED 

DISPLAY MAP POINTER 

STACK 
18x8 

UNUSED 
8x8 

R7 

R6 

R5 

R4 

R3 

R2 

R1 

RO 

REGISTER 
BANK 1 

REGISTER 
BANKO 

Figure 16. LED Display Conlroller Dala Memory Allocation 

r- - WR 3 

r- - AOPORTd! n ,. 
0 c g f-J\ z c ... :u DATA . :u m i! \r-V 0 (J) ... (J) 

""·"1 : 

f-- E1 
f-- A2 
- A1 
- AD *'9 ~ ¢ ~ If If If [J- DIGIT 

DRIVERS 

- dp 
- 9 
-I 

PORT 1 ~ - • 8 7 6 5 4 ·3 2 1 
-d 

2 r-- C 
. . 1 c-- b 

0 c-- a 

SEG!ENT 

---- h.. h.. 
DRIVERS 

Figure 15. UPI Conlrolled 8·Dlgll LED Display 
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The UPI software consists of only three.shortr6utines. 
cine, li·m, Is used strictly during initialization. DISPLA 
is the multiplexing routine called at a· timer Interrupt. 
INPUT is the character input handler called at an IBF 
Interrupt. The flow charts for these routines are shown 
In Figures 17A thru 17C. 

( INIT ) 

INITIALIZE 
REGISTERS 

TURN OFF ALL 
DRIVERS 

FILL DISPLAY MAP WITH 
BLANK CHARACTERS 

CLEAR DIGIT COUNTER 

LOAD AND START 
TIMER 

ENABLE TIMER AND 
IBF INTERRUPTS 

WAIT LOOP OR 
FOREGROUND TASK CODE 

Figure 17A. INIT Routine Flow 

INPUT 

SWITCH TO RBl 
SAVE ACCUMULATOR 

READ AND SAVE DBBIN 

ISOLATE DIGIT SELECT 

RESTORE ACCUMULATOR 

RETURN 

Figure 17B. INPUT Routine Flow 
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DISPLA 

SWITCH TO RBl 
SAVE ACC.UMULATOR . 

TURN OFF ALL DIGIT 
DRIVERS 

UPDATE DISPLAY 
MAP POINTER 

GET SEGMENT INFO 
FROM DISPLAY.MAP 

OUTPUT TO SEGMENT 
DRIVERS 

TURN ON DIGIT 
DRI'1ER 

RETURN 

Figure 17C. DISPLA Routine Flow 

INIT initializes the UPI by simply turning off all segment 
and digit drivers, filling the Display Map with blank char
acters, loading and starting the timer, and enabling both 
timer and IBF interrupts. Although the flow chart shows' 
the program looping at this pOint, it is here that the code 
for any foreground task Is inserted. The only restrictions 
on this foreground task are that it not use 110 lines dedi
cated to the display and that it not require dedicated use 
of the timer. It could share the timer If precautions are 
taken to ensure that the display will still be refreshed at 
the required interval. 

The INPUT routine handles the character input. It is 
called when an IBF interrupt occurs. After the usual 
swapping of register banks and saving of the accumu
lator, DBBIN is read and stored In register R2. DBBIN 
contains the Display Data Word. The format for this 
word, Figure 18, has two fields: Digit Select and Char
acter Select:The Digit Select field selects the digit num
ber into which the character from the Character Select 
field is placed. Notice that the character set is not lim
ited strictly to numerics, some alphanumeric capability 
is provided. Once DBBIN is read, the offset for the 
selected digit is computed and placed in the Display 
Map Pointer RO. Next the segment information for the 
selected character is found through a look-up table 
starting in page 3 of the program memory. This segment 
information is then stored at the location pointed at by 
the Display Map Pointer. If the Character Select field 
specified a decimal pOint, the segment correponding 
the decimal point is ANDed into the' present segment 
information for that digit. After the accumulator Is 
restored, execution is returned to the main program. 



DISPLAY DATA WDRD 

7 B 5 4 3 2 1 0 

I 
DIGIT SELECT 

7 B 5 DIGIT 
O· 0 0 1 
0 0 1 2 
0 1 0 3 
0 1 1 4 
1 0 0 5 
1 O· 1 B 
1 1 0 7 ,. 

1 1 1 B 

CHARACTER SELECT 
4 3 2 1 0 CHAR 
0 0 0 0 0 D 
0 0 0 0 1 I 
0 0 0 1 0 i! 
0 0 0 1 1 3 
0 0 1 0 0 " 0 0 1 0 1 5 
0 0 1 1 0 6 
0 0 1 1 1 , 
0 1 0 0 0 8 
0 1 0 0 1 q 

0 1 0 1 0 'R 
0 1 0 1 1 b 
0 1 1 0 0 C 
0 1 1 0 l' d'· 

0 1 1 1 0 E 
0 1 1 1 1 F 
1 0 0 0 0 
1 0 0 0 1 G 
1 0 0 1 0 H 
1 0 0 1 1 
1 0 1 0 0 J 
1 0 1 0 1 L 
1 0 1 1 0 n 

1 0 1 1 1 . 
1 1 0 0 0 p 
1 1 0 0 1 r 
1 I' 0 1 0 t 
1 1 0 ·1 1 u 
1 1 1 0 0 ~ 
1 1 1 0 1 -
1 1 1 1 0 
1 I, 1 1 1 blank 

Figure 18. LED Display C.onlroiler Display Dala Word Formal 

The DISPLA routine simply Implements the multiplexing 
actions described earlier. It is called whenever a timer 
Interrupt occurs. After saving pre-Interrupt status by 
switching register banks and storing the Accumulator, 
all digit drivers are turned off. The Display Map Pointer 
Is then updated using the Current Digit Register to pOint 
at that digit's segment Information in'the Display Map. 
This Information Is output to Port 1; the segment 
drivers. The number of the current digit, R3, Is then sent 
to the digit select decoder and the decoder is enabled. 
This turns on the current digit. The digit counter Is 
Incremented and tested to see If all eight digits have 
been refreshed. If sO,the digit counter Is reset to zero. If 

. not, nothing Is done. Finally, the timer is loaded and 
restarted, the Accumulator is restored, and the routine 
returns execution to the main program. Thus DISPLA 
refreshes one digit eacli time It is CALLed by the timer 
Interrupt. The digit remains on until the next time 
DISPLA Is executed; 

The UPI software listing Is Included as Appendix A 1. 
Appendix A2 shows the SOS5A test routine used to dis
play the contents of'adisplay buffer on the display. The 
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SOS5A software takes care of the display digit number
ing. Since the application Is input-only for the UPI, the 
only protocol required is that the master must test IBF 
before writing a Display Data Word into DBBIN. 

On the iSBC SO/30, the UPlfrequency is at 5.5296 MHz. 
To obtain a flicker-free display, the whole display must 
be refreshed at a rate of 50.Hz or greater. If we assume a 
50 Hz refresh rate and an S-dlglt display, this means the 
DISPLA routine must be CALLed 50 x S or 400 times/ 
sec. This translates, using the timer Interval of S7 /As at 
5.5296 MHz, to a timer count of 227. (Recall from the 
UPI-41 User's Manual that the timer Is an "S-blt up
counter".) Hence the TIME 'equate of 2270 in the UPI 
listing. Obviously, different frequency sources or 
display lengths would require that this equate be 
modified. 

With the UPI running at 5.5296 MHz, the Instruction 
cycle time is 2.713 /As. The DISPLA routine requires 2S 
Instruction cycles, therefore, the routine executes in 76 
/As. Since DISPLA is CALLed 400. times/sec, the total 
time spent refreshing the display during one second Is 
then 30 ms or 3% of the total UPI time. This leaves 
97.0% for any foreground tasks that coul'd be added. 

While the basic UPI software is useful just as it stands, 
there are several enhancements that could be incor
porated' depending .on the application. Auto
incrementing of the digit location could be added to the 
input routine to alleviate the need for the master to keep 
track of digit numbers. This could be (optionally) either 
right-handed or left-handed entry a la TI or HP 
calculators: The character set could be easily modified 
by simply changing the lookup. table. The display could 
be expanded to 16 digits at the expense of one addi
tional Port 2 digit select line, the replacement of the 
3-to-S decoder with a 4-to-16 decoder, and S more 
Display Map locations. 

Now let's. move onto a slightly more complex applica
tion that" is UPI output-only - a sensor matrix con
troller. 

Sensor Matrix Controller 

Quite often a microprocessor system is called upon to 
read the status of a large number of simple SPST 
switches or sensors. This is especially true in a process 
or industrial control environment. Alarm systems are 
also good examples of systems with a large sensor pop
ulation. If the number of sensors is small, it might be 
reasonable to dedicate a single input port pin for each 
sensor. However, as the number of sensors Increase, 
this technique becomes very wasteful. A better arrange
ment is to c.onfigure the sensors in a matrix organiza
tion like that shown in Figure 19. This arrangement of 16 
sensors requires only 4 input and 4 output lines; hail ttJe 
number needed if dedicated inputs were used. The line' 
saving becomes even more substantial as the number of 
sensors increases. 

In Figure 19, the basic. operation of the matrix involves 
scanning individual row select lines in sequence while 
reading the column return lines. The state of any par
ticular sensor can then be determined by decoding the 
row and column information. The typical configuration 



pulls up'the'c'olumn return lines and the selected row is 
h'eld low. Deselected rows are held high. Thus a return 
line remains high for an open sensor on the selected 
row and Is' pulled loiN for a closed sensor. Diode isola
tion is used to prevent a phantom closure which would 
occur when a sensor is closed on a selected row"and 
there are two or more closures on a deselected .row.Ger
manium diodes are used,to provide greater noise margin 
at .the return Uneinput. 

If the, main, processor was required, to control such a 
matrix it would periodically have to output at the row 
por:t and then read the column return port. The, proc~ 
essor would need to ,maintain in memory a map of the 
previous state of the matrix. A compar,ison of the new 
return information to the old information would then be 
made to determine whether II sensor change had 
occurred. Any changes would 'be processed as needed. 
A row counter and matrix map pointer also require maln
tena,nce each scan. Since in most applications sensors 
change' very slowly' compared to most processing 
actions, the 'processor probably would scan the rows 
onlyperlodlcaliy With other,tasks being processed 
between scans. ' " 

, Rather than require the processor to handle the rather 
mundane tasks of scahnlng, comparing, 'and decoding 
the matrix, why not use a de,dicated processor? The UPI 
Isperfect. , ' ' ' , 

ROW 
" SELECT 

LINES, 

COLUMN RETURN LINES 

3 +v 2 +V 1 +v 

Figure 19. 4" 4 Sensor Matrix 
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Figure 20 shows a UPI configuration for controlling up 
to 128 sensors arranged in a 16 x 8 matrix. The 4-to-16 
line decoder Is used as the row sefector to save port 
pins and provides the expansion to 128 sensors over the 
maximum of 64 sensors if the port had been used 
directly. It also helps:lncrease the port drive capability. 
The column return lines go directly into Port 1. Features 
of this design include complete matrix management. As 
the UPI scans the matrix it compares its present status 
to the previous scan. If any change Is detected, the loca
tion of ,the change Is decoded and loaded, along with the 
sensor's present state, into DBBOUT. This byte is called 
a Change Word. The Master processor has only to read 
one byte to determine the status and coordinate of, a 
changed sensor. If the master had not read a previous 
Change Word in DBBOUT (OBF = 1) before a new sensor 
change is detected, the new Change Word is loaded into 
an Internal FIFO. This FIFO buffers up to 40 changes 
before it fills. The status of the FiFO and OBF Is made 
available to the master either by polling the UPI STATUS 
register, Figure 21A, oras interrupt sources on port pins 
P24 and P25 respectively,: Figure 20. The FIFO NOT 
EMPTY pin and bit are true as long as there are changes 
not yet read in the FIFO. As long as the,FIFO is not emp
ty,the UPI monitors OBF and loads new Change Words 
from the FIFO into DBBOUT. Thus, the UPI provides 
complete FIFO management. 

'> 
C 
C 
:II 

~ 

() 
o z .... 
~ 
r-

IA. ..l\ D7 

-y DO; 
PORT 1 /8 RETURN LINES 

I"" 
cs 
iiii UPI·41A 

WA 
74154 

AD P23 1-0 
~IFO NOT P22 I-C 

"~ 
16x8 

EMPTY ~ 16 SENSOR 
P24 P21. r--- B MATRIX 

OBF 
P25 P20 r--- A 

G1 G2 

-& ' .¢, SELECT LINES 

t:lgure 20. 128,Sen,50r Matrlx'Controlier 

STATUS REGISTER 

, OBF :... CHANGE WORD READY (P25) 

IBF} , ' 

L~~~===~ ~OTUSED 
FIFO NOT EMPTY (P24) 

'-'-----'---- NOT' USED 

Figure '21A. Sensor Mairlx S\8tus Register Fonnat 

DB BOUT REGISTER -,- C,HANGE WORD 

17161514 13 1211 101 

I I I I I ,II I. ' " , 
, SENSOR COOR,DINATE 

SENSOR STATE 
0= CLOSED 
,1 =OPEN 

Figure 21 B. Sensor Matrl,x ,Change Word F,onnat 



Internally, the matrix scanning software is programmed 
to run as a foreground task. This allows the timerl 
counter to be used by any background task although the 
hardware configuration leaves only 2 inputs (TO and T1) 
plus 2 1/0 port pins avaiiable. Also, to add a background 
task, the FIFO would have to be made smaller to accom
modate the needed register and data memory space. (It 
would be possible however to turn the table here and 
make the scanning software timerlcounter interrupt· 
driven where the timer times the scan interval.) 

The data memory organization for this application is 
shown in Figure 22. The upper 16 bytes form the Matrix 
Map and store the sensor states from the previous scan; 
one bit for each sensor. The Change Word FIFO occu
pies the next 40 locations. (The top and bottom 
addresses of this FIFO are treated as equate variables In 
the program so that the FIFO size may easily be 
changed to accommodate the register needs of· other 
tasks.) Register RO serves as a pointer into the matrix 
map area for comparisons and updates of the sensor 
status. R1 Is a general FIFO pointer. The FIFO Is imple
mented as a circular buffer with In and Out pointer reg
isters which are stored in R4 and R5 respectively. These 
registers are moved into FIFO pointer R1 for actual 
transfers into or·out of the FIFO. R2 is the Row Select 
Counter. It stores the number of the row being scanned. 

63 

46 
47 

8 
7 

MATRIX MAP 
16 x B 

FIFO 
40x 8 

COMPARE RESULT 

CHANGE WORD STORE 

FIFO OUT 

FIFO IN 

COLUMN COUNTER 

SCAN ROW SELECT 

FIFO POINTER 

MATRIX MAP POINTER 

R7 

R6 

R5 

R4 

R3 

R2 

Rl 

RO 

Figure 22. Sensor Matrix Data Memory.Map 
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Register R3 is the Column Counter. This counter Is nor
mally set to DOH; however, when a change is detected 
somewhere in a particular row, it is used to Inspect each 
sensor status bit individually for a change. When a 
changed sensor bit is found, the Row Select Counter 
and Column Counter are combined to give the sensor's 
matrix coordinate. This coordinate is temporariiy stored 
in the Change Word Store, register R6. Register R7 is 
the Compare Result. As each row is scanned, the return 
information is Exclusive-OR'd with the return informa
tion from the previous scan of that row. The result of 
this operation is stored in R7. If R7 is zero, there have 
been no changes on that row. A non-zero result in
dicates at least one changed sensor. 

The basic program operation Is shown In the flowchart 
of Figure 23. At RESET, the software initializes the work
ing registers, the ports, and clears the STATUS register. 
To get a starting pOint from which to perform the sensor 
comparisons, the current status of the matrix is read 
and stored in the· Matrix Map. At this point, the·UPI 
begins looking for changed sensors starting with the 
first row. 

Before delving further into the flow, let's pause to 
describe the general format of the operation. The UPI 
scans the matrix one row at a time. If no changes are 
detected on a particular row, the UPI simply moves to 
the next row after checking the status of OBBOUT·and 
the FIFO. If a change is detected, the UPI must check 
each bit (sensor) within the row tei determine the actual 
sensor location. (More than· one sensor on the scanned 
row coLild have changed.) Rather than test all 8 bits of 
the row before checking the OBBOUT and FIFO 
status again, the UPI performs the status check in 
between each of the bit tests. This ensures the fastest 
response to the master reading previous Change Words 
from OBBOUT and the FIFO. 

With this general overview in mind, let's go first thru the 
flow chart assuming we are scanning a row where no 
changes have occurred. Starting at the Scan-and
Compare section, the UPI first checks if the entire 
matrix has been scanned. If it has, the various pointers 
are reset. If not, the address of the next row is placed on 
Port 20 thru 23. This selects the desired row. The state 
of the roW is then read on Port 1; the column return 
lines. This. present state is compared to the previous 
state by retrieving the previous state from the matrix 
map and performing an Exclusive-OR with the present 
state. Since we are assuming that no change has oc
curred, the result is zero. No coordinate decoding Is 
needed and the flow branches to the FIFO-OBBOUT 
Management section. 

The FIFO-OBBOUT Management section simply main
tains the FIFO and loads OBBOUT whenever Change 
Words are present in the FIFO and OBBOUT is clear 
(OBF = 0). The section first tests if the FIFO is full. (If we 
assume our "no-change" row is the first row scanned, 
the FIFO obviously would not be full.) If it is, the UPI 
waits until OBF = 0, at which pOint the next Change 
Word is retrieved from the FIFO and placed in OBBOUT. 
This "untllls" the FIFO making room for more Change 
Words. At this point, the Column Counter, R3, is 
checked. For rows with no changes, the Column 

.... 



.SCAN AND 
COMPARE 

CHANGE WORD 
ENCODING 

· INITIALlZE·UPI·41A 
,REGISTERS •. PORTS AND INTERRUPTS 

Flg~re 23. Sensor Matrix Controller Flow Chart 
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Counter is always zero so the·test simply fafls through. 
(We cover the case for changes shortly.) Now the FIFO 
Is tested. for being empty. If it is, there is no sense In any , 
further,tests so.the flow simply.goesback up to scan 
the next row. If the FIFO Is not empty,DBBOUT Is tested 
again through OBF. If a·Change Word Is 'In OBBOUT 
waiting ·for the 'master to read It, nothing can be done 
and. the flow likewise branches· up for .the· next. row. 
However, if the OBBOUT Is free and remembering that 
the previous test showed that the FIFO was notempty, 
OBBOUT is loaded with the next Change Word and the 
last two conditional tests repeat. . . 

Now let's assume the next row·. contains several 
changed sensors. Like before, the row .Is .selected, the 
return lines read, and the sensor status cOmparel:l·to.the 
previous scan. Since changes have occurred, the Exclu
sive-OR result Is now non-zero. Any 1s In the result 
reflect the positions. of the changed sensors. This non
zero result is stored in the Compare Result register, R7. 
At .thls point, the Column Counter Is preset to 8. To 
determine the changed sensors' locations, the Compare 
Result register is shifted bit-by·bit to the left while de
crementing the Column Counter. After each shift, bit 7 
of. the result is tested. If it: is a one, a changed sensor 
has been found. The Column Counter then reflected the 
sensor's matrix column position while the Scan Row 
Select register holds it row pOSition. These registers are 
then combined In R6, the Change Word Store, to form 
the sensor's matrix coordinate section of the' Change 
Word. The 8th bit of the Change Word Store Is coded 
with the sensor's present state (Figure 21). This byte 
forms the complete Change Word. It Is loaded Into the 
next available FIFO position. If bit 7 of the Compare 
Result had been a zero, that particular sensor had not 
changed and the coordinate decoding Is not performed. 

In between each shift, test, and coordinate encode (if 
necessary), the FIFO-OBBOUT Management is per
formed.lt is the Column Couritertest within this section 
that routes the flow back up to the Change Word En
coding section if the entire Compare Result (row) has 
not been shifted and tested. 

The FIFO Is Implemented as a circular buffer with IN 
and OUT pointers (R4 and R5 respectively). The opera
tions of the FIFO Is best understood using an example, 
Figure 24. This series of figures show how the FIFO, 
OBBOUT, and OBF interact as changes are detected and 
Change Words are read by the master. The letters cor
respond to sequential Change Words being loaded into 
the FIFO. Note that the figures show only a 4 x 8 FIFO 
however, the principles are the same in the 40 x 8 FIFO. 

Figure 24A shows the, condition where no Change 
Words have been loaded into the FIFO or OBBOUT. In 
Figure 24B a change, "A", has been detected, decoded, 
and loaded Into the FIFO at the location equal to the 
value of the FIFO-IN pointer, The FIFO-IN pointer Is then 
incremented and the FIFO-OUT pOinter Is reset to the 
bottom of the FIFO since it had reached the FIFO top. 
Now that a Change Word is in the FIFO, OBF is checked 
to see if OBBOUT is empty. Because OBF = 0, OBBOUT 
is empty and the Change Word Is loaded from the FIFO 
location pointed at by the FIFO-OUT pOinter. This Is 
shown in Figure 24C. Loading DBBOUT automatically 



sets OBF. OBF remains set until the master reads 
OBBOUT. Figures 240 and 24E show two more Change 
Words loaded Into the FIFO. In Figure 24F the first 
Change Word Is finally read by the master resetting 
OBF. This allows the next.Change Word to be loaded in
to OBBOUT. Note that each time the FIFO Is loaded, the 
FIFO-IN pointer Increments. Each time OBBOUT is read 
the FIFO-OUT pointer increments unless there are no 
more Change Words in the FIFO. Both pointers wrap
around to the bottom once they reach the FIFO top. The 
remaining figures show more Change Words being 
loaded into the FIFO. When the entire FIFO fills and 
OBBOUT can nolbe loaded (OBF=1), scanning stops 
until the master reads OBBOUT making room for more 
Change Words. 
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Figure 24A·J. FIFO Operation Example 
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As was mentlo.ned earlier, two interrrupt outputs to the 
master are .available: Change Word Ready (P25, OBF) 
and FIFO NOT EMPTY (P24). The Change Word Ready 
interrupt simply reflects OBF and is handled automatic
ally by the UPI since an EN FLAGS instruction is exe
cuted during initialization. The FIFO NOT EMPTY inter
rupt Is generated and cleared as appropriate, each pass 
through the FIFO management code. 

No debouncing Is provided although It could be added. 
Rather, the scan time is'left as an equate variable so that 
it could be varied to account for both debounce lime and 
expected sensor change rates. The minimum scan time 
for this application is 2 msec when using a 6 MHz clock. 
Since the matrix controller is coded as a foreground 
task, scan time simply uses a software delay loop. 

The UPI software is included as Appendix B1. Appendix 
B2 is 8085A test software which builds a Change Word 
buffer starting at BUFSRT. This software simply polls 
the STATUS register·'ooking for Change Word Ready to 
go true. OBBOUT is then read and loaded into the buffer. 
Now let's move on to an application which combines 
both the foreground. and background concepts. 

Combination 1/0 Device 

The final UPI application was designed especially to add 
additional serial and parallel 110 ports to the iSBC 80/30. 
This UPI simulates a full·duplex UART (Universal Asyn
chronous Receiver/Transmitter) combined with an 8-bit 
parallel 110 port. Features of the UART include: software 
selectable baud rates (110, 300, 600, or 1200 baud), 
double buffering for both the transmitter and receiver, 
and receiver testing for false state bit, framing, and over· 
run errors. For parallel 110, one 8-bit port is program· 
mabie for either input or output. The output· port is 
statically latched and the input port is sampled. 

Figure 25 shows the interface of this combination 110 
device to the dedicated UPI socket on the iSBC 80/30. 
The only external requirement is a 76.8 kHz source 
which serves as the baud rate standard. The internal 
baud rates are generated as multiples of this external 
clock. This clock is obtained from one of the 8253 
counters. Otherwise, an RS-232 driver and receiver 
already available for UPI use in serial 110 applications. 
Sockets are also provided for termination of the parallel 
port. 

PARALLEL PORT 

TxD 

TICK SAMPLE 

EXT. CLOCK (76.8 kHz) 
FROM 8253 

Figure 25. Combination 1/0 Device 



There are three commands for this application: Their for
mat is shown in Figure 26. The CONFIGURE command 
specifies the serial baud rate and the parallel 1/0 dIrec
tion. Normally this command is issued orice during sys
teminltlallzation. The ilo command causes a parallel 1/0 
operation to be performed. If the parallel port direction 
is output,the UPI expects the data byte ·immediately 
following an 1/0 command·fo be data for the output·port. 
If the port ·Is In the input direction, an 1/0 command 
causes the· port to· be read and the data placed in 
DBBOUT. The RESET ERROR command resets the 
serial receivererror bits in the STATUS register. 

The STATUS register format Is shown· in Figure 27. 
Looking at each bit, bit 0 (OBF) isthe DATA AVAILABLE 
flag. It Is set whenever the UPlplaces data into 
DBBOUT. Since the data may come from either the 
receiver or the parallel input port, the FO and F1 flags 
(bits 2 and 3) code the source. Thus, when the master 
finds OBF set, it must decode FO and F1 to determine 
the source. 

Bit 1 (IBF) functions as a busy bit. When IBF is set, no 
writes to DBBIN are allowed. Bit 5 is the TxlNT (TranS
mitter Interrupt) bit. It is asserted whenever the trans
mitter buffer register is empty. The master uses this bit 
to determine when the transmitter is ready·to accept a 
data character. 

COMMAND FORMAT 

7161514131211101 
. CONFIGURE COMMAND 

o· ABC D P A -1200 BAUD SELECT 
B - 600 BAUD SELECT 
C - 300 BAUD SELECT 
D - 110 BAUD SELECT 
P - PARALLEL 110 DIRECTION 

O-INPUT 
I-OUTPUT 

o 110 COMMAND 

o RESET ERROR COMMAND 

Figure 26. Comblnallon.1/0 Command Formal 

STATUS FORMAT 

17161514131211101 

OBF - DATA AVAILABLE 
BF - BUSY II~~ o 
F 1 
NOT USED 
T x INTERRUPT 

RAMING ERROR F 
OVERRUN ERROR 

B! E! OPERATION(IBF=I) 

NO OPERATION 
PARALLEL 110 DATA 
SERIAL 110 DATA 
COMMAND ERROR 

Figure 27. STATUS Register Format 
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Bits 6 and 7 are receiver error flags_ The framing error 
flag, bit 6, is set whenever a character. is received with 
an invalid stop bit. Bit 7, overrun error, Is set if a charac
ter is received before the master has read a previous 
character. If an overrun occurs, the previous character is 
overwritten and lost. Once an error occurs, the error flag 
remains set until reset by a RESET ERROR command. A 
set error flag . does not inhibit receiver operation 
however. . 

Figure 28 shows the port pin definition for this applica
tion. Port 1.ls the parallel 1/0 port. The UART uses Port 2 
and the Test Inputs. P20 is the transmitter data out pin. 
It is set for a mark and reset for a space. P23 is a trans
mitter interrupt output. This pin has the same timing as 
the TxlNT bit in the STATUS register. Itls normally used 
In Interrupt-driven systems to interrupt the master proc
essor when the transmitter is ready to accept a new data 
character. 

The OBF flag is brought out on P24 as a master interrupt 
when data is available in DBBOUT. P26 is a diagnostic 
pin which pulses at four times the selected baud rate. 
(More about this pin later.) The receiver data input uses 
the TO input. One of the Port 2 pins could have been 
used, however, the software can test the TO in one in
struction without first reading a port. 

The T1 Input Is the baud rate external source. The UART 
divides this input to determine the timing needed for the 
selected baud rate. The input is a non-synchronous 76.8 
kHz source. . 

Internally, when the CONFIGURE command is received 
and the selected baud rate is determined, the Internal 
timerlcounter Is loaded with a baud rate constant and 
started in the event counter mode. Timerlcounter Inler
rupts are then enabled. The baud· rate constant is 
selected to provide a counter interrupt at four times the 
desired baud rate. At each interrupt, both the transmit
ter and receiver are handled. Between interrupts, any 
new commands and data are recognized and exe.cuted. 

PORT PIN DEFINITION 

PORT !!IT FUNCTION 

0-7 PARALLEL 110 

0 Tx DATA 
1 NOT USED 
2 NOT USED 
3 Tx INTERRUPT 
4 OBF INTERRUPT 
5 NOT USED 
6 NOT USED (TICK SAMPLE) 
7 NOT USED 

TO Rx DATA 

Tl EXTERNAL CLOCK (76.8 kHz) 

Figure 28: Combination 1/0 Pori Definition 



As a prelude to discussing the flow charts, Figure 29 
shows the register definition. Register Bank 0 serves 
the UART receiver and parallel 110 while Register Bank 1 
handles the UART transmitter and commands. Looking 
at RBO first, R3 is the receiver status register, RxSTS. 
Reflected in the bits of this register Is' ,the current 
receiver status In'sequentlal order. Figure 30 shows this 
bit definition. Bit 0 is the Rx flag. It Is set whenever a 
possible start bit Is received. Bit 1 signifies that the 
~tart bit Is good' and character construction should 
begin with the next received bit. Bit 1 is the Good Start 
flag. Bit 2 is the Byte Finished flag. When all data bits of 
a character, are received, this flag Is, set. When all the 
bits, data"and stop bits are received, the assembled 
ch,aracter is loaded Into the holding 'register (R4 in 
Figure 29) bit 3, the Data Ready flag, is set. The fore· 
ground routine which looks for commands and data con· 
tinuously, looks at this bit to determine when the 
receiver lias 'received a character.' Bits 4 and 5 signify 
any error conditions for a particular character. 

The parallel 1/0 port software uses bits 6 and 7. Bit 6 
codes the 110 direction specified by the last CON· 
FIGURE command. Bit 7 is set whenever an 1/0 com· 
mand Is received. The foreground routine tests this bit 
to determine when an 110 operation has been requested 
by the master. 

As was mentioned, R4 is the receiver holding register. 
Assembled characters are held in this register until the 
foreground routine finds DBBOUT free, at which time 
the data is transferred from R4 to DBBOUT. R5 is the 
receiver tick counter. Recall that counter interrupts oc· 
cur at four times the baud rate. Therefore, once a start 
bit is found, the receiver only needs to look at the data 
every four interrupts or tick counts. R5 holds th'e current 
tick count. 

63 
32 

31 

30 
29 

28 

27 

26 

25 

24 

23 

USER RAM 
(NOT USED) 

AC TEMP. STORE R7 

COMMAND STDRE Rs 

Tx STATUS-TxSTS R5 

Tx BUFFER R4 REGISTER· 

Tx SERIALIZER R3 BANK l' 

Tx TICK COUNTER R2 

BAUD RATE CONSTANT Rt 

NDTUSED RO 

STACK 
(ONE LEVEL USED) 

STATUS STORE R7 

Rx DESERIALIZER :,-. Rs 

Rx TICK COUNTER R5 

Rx HOLDING R4 REGISTER 

Rx STATUS-RxSTS, R3 BANKO 

NOT USED R2 

NOT USED R1 

NOT USED RO 

Figure 29. Combination 1/0' Register Map 
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RxSTS FORMAT 

1716.1514 I 31 21 1 101 

I~ R, FLAG '- POSSIBLE'START BIT 
START FLAG - GOOD'START BIT 
BYTE FINISHED FLAG 
DATA READY FLAG 
FRAMING ERROR 
OVERRUN ERROR 
I /0 DIRECTION 
I /0 FLAG 

Figure 30. ' RxSTS Register ' 

R6 is the receiver de·serializing register. Data char: 
acters are assembled in this register. R6 is preset to aOH 
when a good start bi,t is r!lceived. As each bit is sampled 
every four timer ticks,theyare rotated into the leftmost 
bit cif R6. The software knows'the character assembly is 
complete when the original preset bit rotates into the 
carry. 

An image of the upper 4 bits of the STATUS register is 
stored in R7. These bits are the TxINT, Framing and 
Overrun bits. This Image is needed since the UPI may 
load the upper 4 STATUS register bits from its accumu· 
lafor; however, it cannot read STATUS directly. 

In Register Bank 1 (Figure 29), R1 hoids the baud rate 
constant which is found from decoding the baud rate 
select bits of the CONFIGURE command. The counter Is 
reloaded with this constant every timer tick. Like the 
receiver, the transmitter only needs to update the trans· 
mitter output every four ticks. R2 holds the transmitter 
tick count. The value of R2 determines which portion of 
the data is being transmitted; start bit, data bits, or stop 
bit. The transmit serializer is R3. R3 holds the data char· 
acter as each character bit is transmitted. 

R4 is the transmitter holding register. It provides the 
double buffering for the transmitter. While transmitting 
one character, it is possible to load the next character 
into R4 via DBBIN. The TxlNT bit in STATUS and pin on 
Port 2 reflect-the "fullness" of R4. If the holding register 
is empty, the interrupt bit and pin are set. They are reset 
when the master writes a new data byte for the trans· 
mitter into DBBIN. The transmitter Status register (Tx· 
STS) is R5. Like FlxSTS, TxSTS contains flag bits which 
indicate the current state of the transmitter. This flag bit 
format is shown 'in Figure 31. 

TxSTS bit 0 is the Tx flag. It is set whenever the trans· 
mitter is transmitting a character. It Is set from the 
beginning of the start bit until the end of the stop bit. Bit 
1 is the Tx Request flag. This bit is set by the foreground 
.routine when It transfers a new character from DBBIN to 
the Tx Holding register, R4. The transmitter software 
uses this flag to tell if new data Is available. It is reset 
when the transmitter transfers the character from the 
holding register to the serializer. 

Bit 2 is the Pipelined Tx Data Bit. The transmitter uses a 
pipeliningtechnique whiph sets up the next output level 
in bit 2 after processing the current timer tick. The out· 
put level is always changed at the same point after a 
timer tick interrupt. This technique ensures that no bit 
timing distortion results, from different length process· 
ing paths through the receiver and transmitter routines. 



TxSTS FORMAT 

~1,r711~61~'i,~1~4~1~3~1~2~ll~GO~I ' 
I 1",1 
' , Tx FLAG - TRANSMITTING 

REQUEST 'FLAG , 
PIPELINED DATA BIT 
START BIT FLAG 

L----'---'-----,---NOT USED 

Figure 31. T.STS Register 

Bit 3 ~f TxSTS is the StartB'it flag. It is set by the 
transmitter when the start bit space'is set up in the Pipe
lined Data Bit~ This allows the transmitter to differen
tiate between the start bit arid data: bits on following 
timer ticks. ' . ' , 

( INIT 

The flow charts for this application are shown in Figures 
32A.;.F. At reset, the INIT routine is executed which In
itializes the registers and port pins. After initialization, 
IBF and OBFare tested In MNLOOP. These flags are 
tested continually in this loop. If IBF is set, F1 is tested 
for command or data and execution is transferred to the 
approprlate,'routine (CMD or DATA). If IBF;" 0, OBF Is 
checked. If OBF = 0 (DBBOUT Is free), the Rx Data Ready 
and lid flags:in'RxSTS are tested. II Rx Data Ready is 
set, the received data Is retrieved from the Rx Holding 
reglsterahd transferred to DBBOUT. Any error flags, 
as,sociated with that data are also transferred' ,to 
STATUS. If the I/O flag Is set and the 1/0 direction is In
put, Port 1 is read and the data transferred to DBBOUT. 
In either case, FO and F1 are set to indicate the data, 
source .. 

IflBF is set by a c~~mand write to DBBIN, CMD reads 
the colll'mandand de~odes the desired operation. II an 

) 

SET FRAMING 
ERROR IN STATUS 

SET OVERRUN 
ERROR IN STATUS 

OUTPUT" 

RESET FO. SET. Fl L 
I 

RESET 110 FLAG "I. 

, Figure 3,2A. INIT Flow Chart 



( CMD 

READ DBBIN 

) 

SET 110 
FLAG 

Figure 32B. CMD Flow Chart 

I/O operation Is specified, the I/O flag Is set to Indicate 
to the MNLOOP and DATA routines that an I/O operation 
Is to be performed. If the command is a CONFIGURE 
command, the constant for the selected baud rate Is 
loaded Into both Baud Rate Constant register and the 
timer/counter. The timer/counter Is started In the event 
counter mode and timer/counter Interrupts are enabled. 
In addition, the I/O port Is Initialized to all 1's If the I/O 
direction bit specifies an Input port. If the command is a 
RESET ERROR command, the two error flags In STATUS 
are cleared. 

If the IBF flag Is set by a data write, the DATA routine 
reads DBBIN and places the data In the appropriate 
place. If the I/O flag Is set, the data Is for the output port 
so the port Is loaded. If the I/O flag Is reset, the data Is 
for the UART transmitter. Data for the transmitter resets 
the TxlNT bit and pin plus sets the Tx Request flag In 
TxSTS. The data Is transferred to the Tx Holding 
register, R4. 

Once a CONFIGURE command Is received and the 
counter started, timer/counter Interrupts start occurring 
at four times the selected baud rate. These Interrupts 
cause a vector to the TIMINT routine, Figure 320. A 76.8 
kHz counter Input provides a 13.02 ,.s counter resolu· 
tlon. Since It requires several UPI Instruction cycles to 
reload the counter, the counter Is set to two counts less 
than the desired baud rate and the counter Is reloaded In 
TIMINT synchronous with the second low·golng transi
tion after the Interrupt. Once the counter Is reloaded, an 
output port (P26) Is toggled to give an external Indica
tion of Internal counter Interval. This Is a helpful dlag-
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nostic feature. After the tick sample output, the pipe
lined transmitter data In TxSTS is output to the TxD pin. 
Although this occurs every timer tick, the plpellned data 
Is changed only every fourth tick. 

( DATA) 

Figure 32C. Dala Flow Chart 



( TIMINT ) 

SWITCH REGISTER BANK 
SAVE ACCUMULATOR 

GET COUNTER CONSTANT 

WAIT UNTIL EXTERNAL 
COUNTER GOES LOW 

LOAD COUNTER 

OUTPUT TICK SAMPLE 

Figure 32D. TIMINT Flow Chart 

The receiver Is now handled, Figure 32E. The RX flag In 
RxSTS is examined to see if the receiver Is currently In 
the process of receiving a character. If It is not, the RxD 
Input Is tested for a space condition which might In
dicate a possible start bit. If the Input Is a mark, no start 
bit Is possible and execution branches to the transmit
ter flow, XMIT. If the input is a space, the Rx flag Is set 
before proceeding with XMIT. 

If the Rx flag is found set when entering RCV, the 
receiver Is In the process of receiving a character. If so, 
the Start Bit flag Is then tested to determine If a good 
start bit so the Start Bit flag is set, the Rx Tick Counter 
is initialized to four, and the Rx De-serializer initialized 
to BOH. A mark indicates a bad start bit so the Rx flag is 
reset to abort the reception. 
start bit so the. Start Bit flag Is set, the Rx tick counter Is 
initialized to four, and the Rx deserlallzer Initialized to 
BOH. A mark Indicates a bad start bit so the Rx flag Is 
reset to abort the r!,!ceptlon. 

If the Start Bit flag is set, the program Is somewhere In 
the middle of the received character. Since the data 
should be sampled every fourth timer tick, the Tick 
Counter is decremented and tested for zero. If non-zero 
no sample is needed and execution continues with 

Figure 32E. RCV Flow. Chart 
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XMIT. If zero, the tick counter Is reset to four. Now the 
Byte Finished flag is tested to determine if the data 
sample Is a data or stop bit. If reset, the sample Is a data 
bit. The sample is done and the new bit rotated into the 
Rx deseriallzer. If this rotate sets the carry, that data bit 
was the last so the Byte Finished flag Is set. If the carry 
is reset, the data bit is not the last so execution simply 
continues with XMIT. 

Had the Byte Finished flag been set, this sample is for 
the stop bit. The RxD Input is tested and if a space, the 
Framing Error flag is set. Otherwise, it is reset. Next, the 
Rx Data Ready flag Is tested. If It is set, the master has 
not read the previous character so the Overrun Error flag 
is set. Then the Rx Data Ready flag Is set and the reo 
ceived data character is transferred Into the Rx Holding 
register. The Rx, Start Bit, and Byte Finished flags are 
reset to get ready for the next character. 

RETR 

( 

Execution of the transmitter routine, XMIT, follows the 
receiver, Figure 32F. The transmitter starts by checking 
the Start Bit flag In TxSTS. Recall that the actual trans· 
mit data is output at the beginning of the timer routine. 
The Start Bit flag indicates whether the current timer 
tick interrupt started the start bit. If it is set, the pipe
lined data output earlier in the routine was the start of 
the start bit so the flag is reset and the Tx tick counter is 
initialized. Nothing else is done this timer tick so the 
routine returns to the foreground. 

If the Start Bit flag is reset, the Tx tick counter is incre
mented and tested. The test is performed module 4. If 
the counter mod 4 is not zero, it has not been four ticks 
since the transmitter was handled last so the routine 
simply returns. If the counter mod 4 is zero, it is time to 
handle the transmitter and the Tx flag is tested. 

XMIT ) 

"I 
RESET Tx FLAG 

( RETR ) 

MARK TO PIPELINED 
DATA FLAG (STOP) 

RETR 

Figure 32F. XMIT Flow Chart 
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The Tx flag indicates whether tlie transmitter is active. If 
the transmitter Is' inactive, no character Is currently 
being transmitted so the Tx Request flag is tested to 
see if a new character Is waiting In the Tx buffer. If no 
character Is waiting (Tx Request Flag = 0), the Tx Inter· 
rupt pin and bit are set before returning to the fore· 
ground. If there is a character waiting, it is retrieved 
from the buffer and placed In the Tx serlalizer. The Tx 
Request flag Is reset while the TX and Start Bit flags are 
set. A space is placed In the Tx Pipellned Data bit so a 
start bit will be output on the next tick. Since the Tx buf
fer Is now empty, the Tx interrupt bit and pin are set to 
indicate the availability of the buffer to the master. The 
routine then returns to the foreground. 

If the tick counter mod 4 is zero and the Tx flag indicates 
the transmitter Is In the middle of'a character, the tick 
counter is checked to see what transmitter operation Is 
needed. If the counter is 28H (400), all data bits plus the 
stop bits are complete. The character Is therefore done 
and the Tx flag Is reset. If the counter is 24H (360), the 
data bits are complete and the next output should be a 
mark for the stop bit so a mark is loaded Into the Tx 
Plpeliried Data bit. 

If neither of the above conditions are met for the 
counter, the transmitter Is some place in the data field, 
so the next data bit Is rotated out of the Tx serlallzer Into 
the Plpellned Data bit. The next .tick outputs this bit. 

At this point the program execution is returned to the 
foreground. 

That completes the discussion of the combination I/O 
device flow charts. The UPI software listing is shown In 
Appendix C1. Appendix C21s example 8085A driver soft
ware. 

Several observations concerning the drivers are appro
priate. Notice that since the receiver and Input port of 
the UPI use the OBF flag and Interrupt output, the inter
rupt and. flag are cleared when the master reads 
DBBOUT. This is not true for the transmitter. There Is 
always some time after a master write of new transmit
ter data before the transmitter interrupt bit and pin are 
cleared. Thus In an Interrupt-driven system, edge
sensitive interrupts should be used. For polled-systems, 
the software must walt after writing new data for IBF = 0 
before re-examining the Tx Interrupt flag in STATUS. 

Notice that this application uses none of the user Data 
Memory above Register Bank 1 and only 361 bytes of 
Program Memory. This leaves the door open for many 
Improvements. Improvements that come to mind are In
creased buffering of the transmit or received data, 
modem control pins, and parallel port handshaking in
puts. 

This completes our discussion of specific UPI applica
tions. Before concluding, let's look briefly at two debug 
techniques used during the development of these ap
plications that you might find useful in your own 
designs. 

DEBUG TECHNIQUES 

Since the UPI is essentially a single-chip microcom
puter,the classical data, address, and control buses are 

not available to' the outSide world during normal opera
tion. This fact normally makes debugging a UPI design 
difficult; however, certain '!trlcks"can be Included in 
the UPI software to ease this task. 
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If a UPlls handling multiple tasks, it Is usually easier to 
code .a.nd debug each task individually. This Is fairly 
standard procedure. Since each task usually utilizes 
only a subset of the total number of I/O pins, coding only 
one task leaves some I/O' pins free. Port output instruc
tions can then' be added in the task code being 
debugged which toggle these unused pins to determine 
which section of task code Is being executed at any par
ticular time. The task can also be made to "wait" at var
Ious points by using an extra pin as an input and adding 
code to loop until a particular input condition Is met. 

'.. , 

One example of using an extra pin as an output Is 
included In the combination serial/parallel device code. 
During initial development the receiver was not receiv
Ing characters correctly. Since this could be caused by 
incorrect sampling, three lines of code were added to 
toggle bit 6 of Port 2 at each tick of the sample clock. 
This code is at lines 184 and 185 of the listing. Thus by 
looking at the location of the tick sample pulse with 
respect to the received bit, the UPI sampling interval can 
be observed. The tick sample time was incorrect and the 
code was modified accordingly. Similar techniques 
could be applied at other locations in the program. 

The EPROM version of the UPI (8741A) also contains 
another feature to aid in debug: the capability to single 
step thru a program. The user may step thru the program 
Instruction-by-instructlon. The address of the next in
struction to be fetched is available on Port 1 and the 
lower 2 bits of Port 2. Figure 33 shows the timing used 
in the discussion below. When the Single Step Input, 
SS, is brought low, the internal processor responds by 
stopping during the fetch portion of the next instruc
tion. This action is acknowledged by the processor rais
ing the SYNC output. The address of the Instruction to 
be fetched Is then placed on the port pins. This state 
may be held Indefinitely. To step to the next Instruction, 
SS Is raised high, which causes SYNC to go low, which 
is then used to return SS low. This allows the processor 
to advance to the next instruction. If SS is left high, the 
processor continues to execute at normal speed until 
SS goes iaw. . 

I SYNC~ 
~ ~~----------~ 

PORTS ==:J(PORTDATAVALI~: C 
I ACTlVE- I . I 
-EXECUTING--'-'--STOPPED--ACTIVE-

INSTRUCTION . 

Figure 33. Single Step Timing 



To preserve port functionality, port data is valid while 
SYNC is low. Figure 34 shows the external circuitry 
required to Implement single step while preserving port 
functionality. Sl Is the RUN/STOP switch. When in the 
RUN position, the 7474 is held preset so SS is high and 
the UPI executes normally. When switched to STOP, the 
preset Is removed and the next low-going transition of 
SYNC causes the 7474 to clear, lowering SS. While 
SYNC is low, the port data is valid and the current 
Instruction Is executing. Low SYNC is also used to ena
ble the trl-state buffers when the ports are used as 
Inputs. When execution is complete, .SYNC goes high. 
This transition latches the valid port data in the 
74LS374s. SYNC going high also signifies that the 
address of the next Instruction will appear on the port 
pins. This state can be held Indefinitely with the address 
data displayed on the LEOs. 

When the S2 Is depressed, the 747'4 is set which causes 
SS to go high. This allows the processor to fetch and 
execute the Instruction whose address was displayed. 
SYNC going low during execution, clears the 7474 low
erlng-SS. Thus the processor again stops when exe
cution is complete and the next fetch is started. 

All UPI functions continue to operate while single step
ping (the processor Is actuailly executing Nops Inter: 
nally while stopped). Both IBF and timer/counter Inter- . 
rupts can be serviced. The only change Is that the Inter
val timer is prescaled on single stepped instructions 
and, of course, will noHndicate the correct intervals In 
real time. The total number of instructions which would· 
have been executed during a given interval is the same 
however. 

+5 +5 

SI 

~ RUN -= 
D P 

7474 
0 iiS 

C 

7400 
UPI·41A 

SYNC 

The single step circuitry can be used to step through a 
complete program; however, this· might be a time
consuming job if the program is long or If only a portion 
Is to be examined. The circuitry could easily be modified 
to Incorporate the output toggling technique to deter
mine when to run and stop. If you would like to step thru 
a particular section of code, an extra port pin could 
replace switch Sl. Extra instructions would then be 
added to lower the port when entering the code section 
and raise the port when exiting the section. The program 
would then stop when that section of code Is reached 
allowing it to be stepped through. At the end of the sec
tion, the program would execute at normal speed. 

CONCLUSION 

Well, that's It. Machine readable (floppy disk or paper 
tape) source listings of UPI software for these applica
tions are available In Insite, the Intel library of user
donated programs. Also available in Insite are the 
source listings for some of Intel's pre-programmed UPI 
products. These products are: 

• 8278 Keyboard Display Controller 
• 8295 Dot Matrix Printer Controller. 

Other pre-programmed UPls are the 8294 Data Encryp
tion Unit and the 8292 GPIB (IEEE-488) Controller. 

For information about·lnsite, write to: 

P21 

Pl0 

Insite 
Intel Corp. 
3065 Bowers Ave. 
Santa Clara, Ca 95051 

74LS374 

2D 20 

lD ·10 

8D 80 

74LS374 

: 1 OF 10 PORT 
LINES 

'" lD 10 

+5 

LATCHED 
PORT 
DATA 

Figure 34_ Single Step External Circuitry 
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APPENDIX A1 

ISI~ II 1ICS-4l!IIPI-411KRO A55E111LER, Y2. 8 

Loc .tat. sm ... ". 5IUCE STAmENT 

1 ; . ********* .................................. ... 
,2; '. lI'I-41.8-oIGIl LEI> I>ISPLAY CONTR(llER • 
3}· ............................ 1111111 ......... ... 

. 4; 
5 ; 
6 ; 
7 ; THIS PROIJ9t USES Tl£ lI'I-41 AS R LED I>ISPLRYCOORW.ER 
8 ; IliICH 5CRNS ~ REFRESHES ElGIn SEYEN-SEmENT LEI> I>ISPi.RYs. 
9 ; 11£ ClflRRCTERS ARE I>EFIl£I)fN IIFUT fR(It R IIISTERCPIJ IN 11£ 

18;FORI1 IF (1£ EIOOBIT ID!) PERI>IGIT-ctfRlCTER SELECTI!W. 
·11.; 
12 ; 
13 ; 

··14; ................................................................... ... 
15 ; 

. 16 ;REGISTER I>EFINHIOOS: 
17 ;'REGISTER 
18 ; 
19 ; 
28; 
21; 
22; 
23; 
24 ; 
25; 
26; 

RO,. 
R1 
R2 
Rl. 
R4 
R5 
R6. 
R7 

RBi 

I>ISPLAY IIRP POiNTER tIrr tJSEI) 
lilT tJSEI) . ". NlT usED 
!>RTA .'ID!) fH) ClilRftTER S'llMiE lilT IJSEI) 

I> IGIT inMER.. '. lIlT tJSEI) 
lilT tJSEI) IIlTiJSED 
lilT U5EI) ··IIlT IJ5EI) 
lilT IJSEI) tilT IJSEI) 

~ STlJIffiE tilT U5EI> 
27 ; ........ ,... ............ 11111111 ...... 11 ......................... .......... 

28; 
29 ; PORT PIN I>EFINITI!II5: 
38 ; PIN PORT 1 FlIICTlON PORT 2 FtN:TlON 
31 ; 
32 ; P8-7 SEGIENT DRIVER CONTROL I>IGIT DRIVER CONTRa.. 
33 ; 
34 $EJECT 
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APPENDIX A1 (Continued) 

LOC ImJ SEQ SIUCE STfITEJ£NT 

35 ; ........... ** ... ******* .................. 1 .... 111111 ........... 111111 .... 

36 ;DISPLRY DATA IGI) BIT DEFINITI~: 
37 ; BIT mtTION 
38; 
39; H ClfRf[;TER SElECT 
48; 5-7 DIGIT SElECT 
41 ; 
42 ; CHIiOCTER SElECT: 
43 ; D4 D3 D2 D1 De CHIiOCTER 
44; 9 9 9 9 9 
45 ; 9 e 9 1 1 
46; 9 9 1 9 2 
47 ; 9 9 1 1 3 
48; 9 1 9 9 4 
49 ; 9 1 9 1 ~ 

59; 9 1 1 9 6 
51 ; 9 1 1 1 7 
52; 1 9 9 9 8 
53; 1 9 9 1 9 
54; 1 9 1 9. A 
55; 1 9 1 ~ B 
56; 1 1 9 It C 
57; 1 1 9 1 D 
58; 1 1 1 9 E 
59 ; 1 1 1 1 F .. 
69; 9 9 9 9 
61 ; 1 e e 9 1 G 
62; 1 e e 1 e H 
63; 1 e e 1 1 I 
64; 1 e 1 9 9 J 
65; 1 e 1 e 1 L 
66; 1 e 1 1 e N 
fil; 1 9 1 1 1 0 
68; 1 1 8 9 9 P 
69 ; 1 1 8 9 1 R 
70; 1 1 e 1 e T 
71 ; 1 1 8 1 1 U 
72 ; 1 1 1 9 e y 
73; 1 1 1 9 1 
74 ; 1 1 1 1 e 
75; 1 1 1 1 1 "Bl.fH(" 
76 
77; 
78 ;DIGIT SElECT: 
79; D7 D6 D5 DIGIT IUIBER 
89; e e 8 1 
81; 9 e 1 2 
82; e 1 e 3 
83 ; e 1 1 4 
84; 1 e e 5 
85; 1 e 1 6 
86; 1 1 8 7 
87; 1 1 1 8 
89 ; ..................................................................... 
89 $EJECT 
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LOC IBJ 

FFF1 

11999 
9l1li8 8489 
9882 811 
8883 9438 
99115 811 
11886 811 
8887 941F 

l18li9 D5 
88IIA 8A88 
II8IIC 8838 
88IIE 2JFF 
81118 A9 
81111 18 
81112 F8 
81111 B29E 
81115 8889 
81117 2lF1 
8819 62 
981A 55 
II81B 25 
8II1C 85 

Il81J) 941D 

·. APPEN DIX A 1 (Continued) 

SEQ . 5OI.EE STAIDENT 

98··;·~*****~************.********m***************** 91 j 'EQUAtes '. .. .' . 

92 j TIE FIXlJllI1«l COOE DESIGNATES "TII1E" AS A YARIA8LE. THIS 
91 j OOJUSTS TIE AI'Wfr OF CYtLES TI£ TII'ER ClXMTS SEFORE' 
94 j A TIllER INTERRWT 0CctRS fIN) REFRESIES TIE· DiSPLAY. fFPiroxIIlATa Y 
95 j 59 TII'IES PER SECOII>. . 
% TII1E EQU -9FH j TII'ER YfU.E 2. 51'1SEC 

97 j ********,~***************************************************** 98 j . ...; INTERRIJIl BRfN:HII«l 
99 j THIS ~TII»lOF IEI'IORY IS DEDlCAlE) FOR USE OF RESET ~ 

188 j INTERRUPT BRANCHING. NIEN n£ INTERRlPTS ARE ENABLED TIE 
101 j CODE AT TIE FfllOWII«l DESIIHlTED SPOTS ARE EXECUTED wHEN A 
192 j RESET OR A INTERRI.fT OCCURS. 
101 ORG 0 
194 JIll START i RESET 
185 ~ 
186 JIll IIfIUT j IBF INTERRUPT 
187 ~ 
188 ~ 

189 JIll DISPLA j TIMER INTERRUPT 

118 j ****~**************"'************************* 
111 j INITIfl.IZATII»l 
112 j TIE FfllOWING COOE SETS IF 11£ IFI-41 fN) DISPLAY IfIRDIIARE 
113 j INTO OPERATIONIl. FORIIAT. TI£ DISPlAY IS TURNED OFF, 11£ DISPLAY 
114 j!IAP IS FILLED WITH oiBlAN<" CIIIROCTERs, TI£ lIlIER SET fIN) TIE 
115 i INTERRUPTS ARE ENABLED. 
116 ; 
117 START: SEL 
118 OR\. 
119 I'KlV 
128 81.K1'1AP: I'KlV 
121 IIOY 
122 IIIC 
123 I'KlV 
124 JB5 
125 I'KlV 
126 I'KlV 
127 I10V 
128 STRT 
129 EN 
138 EN· 

RB1 . 
P2,188H 
R8,I38H 
A. IIIFFH 
@R8,A 
R8 
A,R8 
BLKI'IAP 
Rl,180H 
A. ,TIlt: 
T,fI . 
T 
TCNTI 
I 

; TURN DIGIT DRIVERS OFF 
; DISPLAY !lAP POINTER, BOTTOI'! OF DISPLAY I'IAP 
;FF="BLANK" 
; 8LANK TO DISPLAY !lAP . 
iINCREIENT DISPLAY "" PoINTER 
i DISPLAY /lAP POINTER Til ACCI..tU..ATOR 
i8LANK DISPlAY !tAP TILL FILLED 
;SET DIGIT COUNTER TO 8 
i TII1ER VALI£ 
iLOAD TII'IER 
;START mlER 
; ENABLE TII'IER INTERRI.fT 
; ENABLE IBF INTERRUPT 

il1 .; *****************'*******************************. t .......... ************ 
132 ; USER PROGRAI'I 
ill ; A USERS PROORAIt IoIOW) INIlIfUZE AT THIS POINT. TI£ FOLLOWII«l 
il4 i COOE IS USED to TAKE'TIE PUa:' OF A .. POSSIBLE USER PROGRAI'I. 
135 ; 
136 ; 
137 LOOP: JIF LOOP ; WRIT FOR INTERRUPT 

138 ; **************************:**t ~ •• ************************************ 
1~~~ . 
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LOC OOJ 

II81F D5 
81128 IF 
8Il21 8A88 
81123 FB 
88244338 
8Il26 AS 
8827 Fe 
8828 39 
8829 FB 
882fI 3A 
882B 18 
882C D387 
882E 9632 
8838 l1li88 
8832 23F1 
883462 
8835 55 
11836 FF 
883793 

APPENDIX A1 (Continued) 

SEQ SIlRCE STATEIENT 

148 ; *************** ............ 11 ......................................... .. 

141 ; DISPLAY ROOTII£ 
142 ; THIS mmoo IF 1HIS PROORAI1 IS fVj INTERRtPT ROOTII£ IIfICH IS 
143 ; OCTED lFOO HN TIE TIlER CWfT IS caFLETED. TIE ROOlIl£ lfDATES 
144 ; M DISPLR\' DIGIT FI91 TIE DISPLAY .w PER INTERRUPT SEQlENTIIUY, 
145 ; TIllS EIGHT TIlER INTERRtfTS WILL IIWE REFRESt£I) TIE ENTIRE DISPLAY. 
146 ; REGISTER IlfN( 1 IS SELECTED IN) TIE FmIWI~ IS SfIVEI) lflW 
147 ; ENTERIr«i TIE ROOTI!£. IKE TIE DISPLAY IllS BEEN REFRESIfl) TIE TIlER 
148 ; IS RESET IN) TIE ImIWIl~ IN) PRE-INTERRlfT REGISTER EM< IS REST~. 
149 ; 
158 DISPLA: SEl. R81 
151 lIlY 
152 IR 
153 lIlY 
154 IR 

R7,A 
P2,188H 
rt.RJ 
fl,138H 

155 lIlY RB,A 
156 lIlY fI, f!R8 
157 OUTL Pi,A 
158 lIlY fl,RJ 
159 OUTL 
168 II«: 
161 XRl. 
162 JNZ 

P2,A 
RJ 
fl,187H 
SETIIIE 

163 lIlY RJ, I88H 
164 SETIIIE: lIlY fI, ITIIIE 
165 lIlY T, A 
166 STRT T 
167 lIlY A, R7 
168 RETR 

; REGISTER IlfN( 1 
; SAVE froJlJLAT~ 
; Tt.e. DIGIT DRIVERS ifF 
; DIGIT CWfTER TO OCCIJU..fITOR 
; .~. TO GET DISPLAY IIF fl>DRESS 
; DISPLAY ItffI POINTER 
; GET CtII9;TER FI91 DISPLAY .w 
; OOTPUT ~TER TO SEGl£NT DRIVERS 
; DIGIT CWfTER VALlE TO ID:IJU..AT~ 
; OOTPUT TO DIGIT DRIVERS 
; ltaEI£NT DIGIT CWfTER 
; ClECK IF AT LAST DIGIT 
; RESET TIlER IN NOT LAST IHGlT 
; RESET DIGIT crulTER 
; TIlER YfLlE 
; LOll) TIlER . 
; START TIlER 
; RESTORE ocrutUITOR 

169 ; ....................................................... ****4'** ....... . 

178 $EJECT 
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LOC IEJ 

8938 ()5 

Il939 AF 
Il93A 22 
II93B AA 
893C 47 
8931) 77 
Il93E 5387 
11848 4338 
8842 AS 
8943 FA 
Il944 531F 
Il946 E3 
8947 AA 
Il948 D37F 
Il94A C658 
Il94C FA 
Il94() A8 
Il94E 8453 
Il950 FA 
Il951 50 
Il952 A8 
Il953 FF 
Il954 93 

APPEN DIX A 1 (Continued) 

SEQ SOlRCE STATEtefT 

171 i 
172 i •• n ............................. llllln* .... n.lllllnn .............. ......... 
173 i IIfIUT ClfRflCTER AN> DIGIT RruTIIE 
174 i THIS PORTIOO OF TI£ PROGRAII IS III INTERRlfT RooTIlE WHICH 
175 i IS ACTED lJ'ON WI£N TI£ IBF BIT IS SET., TI£ RruTIIE GETS TI£ 
176 i DISPLAY DATA IG() FROIt TI£ DII8 fR),DEFIIES BOlH TIE DIGIT fill) 

177 i TIE ClRACTER TO BE DISPLAYEJ>. THIS IS [)(J£ BY IEfIIS OF A 
178 i ctIIRACTER LOOP-lf TABLE fR) A DISPLAY IIAP FOR DIGIT fR) ~ 
179 i LOCATIOO. SPECIAL CONSIDERATIOO IS TAKEN FOR A DECIIR.. POINT WHICH IS 
188 i SIR Y fI)I)E() TO TIE EXISTIOO CIR!ACTER IN TIE DISPLAY IIAP. RE.GISTER 
181 i BANK 1 IS SELECTED fill) TI£ ACCUU.ATOR IS SAYED lJ'ON ENTEkIOO 
182 iTHE ROOTINE. OOCE'TIE DATA ~ IflS BEEN FlI.LY DEFlPED THE ACCtK.lATOR 
183 ifR) THE PRE-INTERRlFT REGISTER BANK IS RESTORED. 
184 ; 
185 IIfIUT: sa 
186 troY 
187 IN 
188 lIlY 
189 SWAP 
198 RR 
191 fIlL 
192 ORL 
m lIlY 
194 !lOY 
195 fill 
196 1'IlYP3 
197 lIlY 
198 XRL 
1.99 JZ 
298 !'lOY 
291 /lOY 
202 JI'IP 
293 DPOINT: lIlY 
2I:l4 fill 
2I:l5 roY 
2I:l6 RETlIlN: I10Y 
297 RETR 

RBi 
R7,A 
A,DBB 
R2.A 
A 
A 
A,107H 
fl,138H 
Re,A 
fl,R2 
fl,I1FH 
fI,@A 
R2,A 
fl,17FH 
DPOINT 
fl,R2 
@R8,A 
~ 
fl,R2 
fI,@R8 
@R8,A 
A,R7 

i REGISTER BANK 1 
i SAVE ACClIlUlTOR 
iGETDATA 
i SAVE DATA WORD 
i DEFIlE DIGIT LOCATIOO 

i DIGIT LOCATIOO IN DIGIT POINTER 
i SAYED DATA IQij) TO ACClIU.ATOR 

I i DEFINE CIflRACTER LOOK-lf-TABLE LOC. 
, i GET DIlRACTER 
i SAVE cmRACTER 
i IS ()fIRACTER DECIKAl.. POINT 

i SAYED CHARACTER TO ACCIIllATOR 
i ClflRACTER TO DISPLAY IIAP 

i SAYED ClflRACTER TO ACCIIllATOR 
i "AND" WITH OLD CHARACTER 
i BOCK TO DISPLAY !lAP 
i RESTORE ACCIKLATOR 

2I:l8 i •• "*"*n."*******"**n******".*n .... **"** ........ "*****n""*"* 
299 $EJECT 
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APPENDIX A1 (Continued) 

LOC (IIJ SEQ SIUCE STATBIEHT 

218 i ************"'***"************t+ tI I **************"*** ... II I I II II I I II 
211 i LOIl<-IJI TABLE 
212 i THIS LOIl<-IJI TABLE ~IGIIfITES IN POOE 3 a= 11£ IFI-41 PRC.GIAIt 
213 i I'EIWI. IT IS USED TO DEFIlE 11£ ca!RECT LEVEl.. a= EACH SEGIENT 
214 i fH) DECIIR. POINT F~ A SELECTED ctII9:TER FRa'I 11£ IIFUT ROOTINE. 
215 i INVERSE LOOIC IS USED BECIlJSE IF. 11£ SPECIFIC DRIVER CIRWITRY, TI«JS 
216 i R 1 ON R GIVEN SEGI'ENT I£ANS IT IS a=F IN> A 8 IIERNS IT 15 ON. 
217 i 
218 i *******SEGIENTS******** 

8398 219 mi 38IIH iDP G· F E 0 C B A 
8398 ce 228 all: DB 0C8H il 1 8 8 8 8 8 8 
8381 F9 221 CHi: DB 1lF!ltt il 1 1 1 1 II II 1 
8382 A4 222 CH2: DB 8A4H . il 8 1 8 8 1 8 8 
113113 BII 223 00: DB IIBIIH il II 1 1 8 8 II 8 
8384 99 224 CH4: DB 9!ltt il 881 188 1 
11385 92 225 CH5: DB 92H il 8 II 1 8 II 1 II 
8386 82 226 CH6: DB 82H il 8 II 8 8 8 1 8 
11387 F8 227 CW: DB IlFSH ;1 1 1 1 1 II II II 
8388 811 228 CH8: DB 8IIH il 888 8 8811 
8389 98 moo: DB 98H il II II 1 1 II 8 8 
838A 88 238 Cffl: DB .8811 il 8 8 8 1 888 
8388 83 231 am: DB 83H il 888 8 8 1 1 
8311CC6 232 CHC: DB IIC6H il 188 8 1111 
838D Ai 233 00: DB IIA1H . il 8 1 8 8 8 II 1 
830E 86 234 Ci£: DB 86H il ·11 8 II II 1 1 II 
1131lF 8E 235 CIF: DB 8EH il II II II 1 1111 
113111 7F 236 CH>P: DB 7FH ill 111 1 111 
11311 C2 237 00: DB IIC2H il 1 II II II II 1 II 
11312 89 238 CIfl: DB 8!ltt il II II II 1 II II 1 
11313 FB 239 CHI: DB IIFBH il 111 1 II 1 1 
11314 E1 240 00: DB IIE1H il 1 1 II II II II 1 
11315 C7 241 CHL: DB 1IC7H il 1 II II II 1 1 1 
11316 fe 242 CIIl: DB IIfIIH il 8 1 II 1 II 1 1 
11317 A3 243 CHO: DB IIA3H il II 1 II II 8 1 1 
11318 IIC 244 CIfI: DB BCH il II II. II 1 111 II 
11319 AF 245 ~: DB IIAFH il II 1 II 1 1 1 1 
1131ft 87 246 CHT: DB 87H il II II 8 II 111 
11318 Cl 247 00: DB 1IC1H il 1 II II II II II 1 
1131C 91 248 CHY: -DB 9tH ;1 II II 1 II II II 1 
1131D SF 249 m>RSH: DB 8IlFH il II 1 1 1 111 
1131E FD 2511 CIflPOS: DB IlFDH il 1 1 1 1 1 II 1· 
1131F FF 251 BLfH(: DB 8FFH il 1 1 1 1 111 

252 i ***************** .. * ......... ********* .......... ***** .......... 11 •• ***** 
253 EN) 

. USER SYI1B(L5 

8LAII( 1131F BI.KPIRP IlII8E all 11398 CHi l13li1 CH2 11382 00 11383 CH4 8384 CH5 11385 
CH6 11386 CH7 113117 CH8 11388 00 8389 CHA 838A CIflPOS 1131E ae 11388 ctE 83IIC 
00 1I3IID CHDR5H 11310 CII)p 113111 Ci£ 1I3IIE CIF 1131lF all 11311 CHH 11312 CHI 11313 
CHJ 11314 CHL 11315 C/fl 11316 CII) 11317 CIfI 11318 ~ 11319 Clff 831ft CK/ 8m 
CHY 1131C o ISPLA IIII1F DPOINT l1li58 JIFUT l1li38 L~ IIII1D RETI.eI l1li53 ~IIE l1li32 STMT I11III9 
TIlE FFFl 

A5SEI'IBl. Y Wf'LETE, t«l ERRtRS 
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LOC OBJ 

4009 
118E5 
8882 
88E4 

4888 E5 
4881 C5 
4892 2A2S48 
4885 8688 
48877E 
41l8S E61F 
488AS8 
488B4F 
48IIC CD1D48 
48IlF 78 
4818 C628 
4812 DfI1A4Il 
481547 
481623 
4817C38748 

481A C1 
4818 E1 
481C C9 

481D DBE5 
481F E682 
4821 C21D48 
482479 
4825 D3E4 
4827 C9 

8882 

APPENDIX A2 

SEQ sotm STATE/'IENT 

1 ; 
2 ; 8985A SUBROOfINE TO DISPLAY THE 8-DIGIT BlFFER STARTING 

.' 3 ;AT· TI£ LOCATIOO POINTED AT BY IISGSRT ONM UPI-c€WrRlX.LED 
4;LED .DISPLAY" 
5; 

•. 6; INPUTS: IISGSRT.., /'ESSOOE START LOCATION POINTER 
, .7 ;DESTROYS: A, FIF'S 

8 ; CALLS: OOT~ 
9 ; 

18 ORa ' 41188H 
11 STATUS EQU 8E5H ; UPI STATUS rorr 
12 IBF EQU II2H ; UPI IBF FLAG ItASK 
13 DBBIN EQU 8E4H ; UPI DBBIN flIRT 
14 ; 
15 DSPtAY: PUSH H ;SAYE tL 
16 ' PUSH B ;SfM Be 
17 LHLD I'ISGSRT ; LMD HL ItITH I£SSAGE START ADR 
18 I'IYI B,00H ; INITIALIZE DIGIT COUNTER 
1951: I'IOV A," ; GET CIR ~ BlfFER '. 
28 fill 1FH ; MAKE IT 5 BITS 
21 ADD ,B ;ADD IN DIGIT 'COUN1ER 
22 ItOV C,'A ; SAVE TOTAL IN C 
23 CALL OUTCIR ; OUTPUT CI-R PLUS LOCATION TO UPI 
24 I'IOV .' A,B ;GET DIGIT COUNTER 
25 ADI . 28H ; II«: FOR /£XT DIGIT 
26 JC EXIT ; DONE IF CARRY SET 
27 I'IOY B,A ; RESTORE DIGIT COUNTER 
2S INX : H' ; INC I£SSA(E POINTER 
29 JIIP, 51 ; GO GEl NEKT C/R 
38; 
31 EXIT: PIP B ;RESTORE Be 
32 PIP H ;REstORE HL 
33 RET ;RETlRN 
34 ; 
35 ; SUBROUTINE TO ,OUTPUT CI-R TO UPI 
36 ; 
37 OUTCIR: IN STATUS ; READ UPI STATUS 
3S fill IBF ; LOOK AT. IIIF 
39 3HZ OOTCHR ; IlAIT UNTIL IBF=9 
48 I10Y A,C ; GET CHR 
41 ,OUT . DBBIN ; OUTPUT CIR TO IJII OOBIN 
42 RET ; RETURN 
43 ; 
44 I'ISGSRT: DS 82H ; LOCATION OF J'ESSOOE START POINTER 
45 ; 
46 END 
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APPENDIX B1 

ISIS-II t«:S-48ILf'H1 I1ACRO ASSEtIIlER, Y2. 8 

LOC ~J SEQ 5(UCE STRm£NT 

1 ; .................................................. .. 
2 ; • lfI-41R SENSa! IIITRIX C(J{TR()llER • 
1; ................ * ....... 11111 ..... 1111 ...... ...... 

4 ; 
5 ) THIS PROGRRII USES Tl£ lfH1R AS R ~ IIITRIX COOROLLER. 
6 ) IT IfIS IUUTIIUr«i CRPA3ILITIES IF If TO 128 SENSII!S. lIE roJd)I1fI1E 
7 ) IN) ~ STATUS IF EACH DETECTED ctINlE IS RYRIUIU TO Tl£ /If.'TER 
8 ) "ICRCJIROCES~ IN R SIt«lLE BYTE. R 48X8 FIFO QIE\E IS PROVIDED r-~ 
9 ;DRTR IIlf'FERII«i 80TH ~ ~ PW.ED INTERRlfT I'ElHOOS CfW BE USED 

18 )TO NOTIFY Tl£ IIISTER IF R DETECTED ~ cmNGE. 
11 ) 
12 ; **********"** ..... * 11111 ........................... IIIII ....... IIIIIt.,... 

1J; 
14 ) REGISTER DEFINITIOOS: 
15 ) REGISTER 
16 ) 
17 ) 
18 ) 
19) 
28; 
21) 
22; 
21) 
24) 
25) 

R8 
R1 
R2 
R1 
R4 
R5 
R6 
R7 

R8Q 

IIITRIX IIIP POINTER 
FIFO POINTER 
SCIII R(II SELECT 
COL'"' COUNTER 
FIFO-IN 
FlFG-OOT 
CIRa I«JRI) 

~ 

RBI 

NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT IJSEI) 

26 ) ................................................... * ................. ..... 
27 ) 
28 ) PORT PIN DEFINITIONS: 
29) 
JIl )PIN ~T 1 FlH:TlON PIN ~T 2 FlH:TlON 
31;- -----
12 ;P8-7 COLIJII LItE INPUTS P8-1 R(II SELECT OUTPUTS 
ll) P4 FIFO NOT EIPI'Y INTERRlPT 
14) P5 OOF INTERRlfT 
lSi PH NOT USED 
16) 
17 ) ........... * .............. 1111111 ....................... 111111 .......... .. 

JIl) 
19 $EJECT 
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LOC Ia1 

APPENDIX B1(Continued) 

SEQ S«RCE STATEIENT 

48 ; .. ********* ......... ***'* ...................... 111 f ............. ..... 

41 ; 
42 ;1lIHiE 101) BIT DEFINITI~: 
43 ; 
44; 
45 ; 
46; 
47 ; 
48; 

BIT .• 

D8-6 
D7 

SENSOR roJIDINRTE 
SENSOR STATUS 

49 ; .......... 11.11 ............................. "' ................... .......... 

58; <:. . ... : 
51 ;STRTUS REGISTER BIT DEFINITI~:· 
52; .. " 
53; BIT FlH:TI~ 

·54; 
55; De (8= 

56; Di-3 IBF, . Fe, F1 (t«JT lJSEI) 

57; D4 FIFO t«JT EI'PTV 
58; 05-7 USED DEFINED ·(t«Jl lJSEI) 
59; 
68 ; .............................................................. ........ 
61 ; 

·62; .EMTES 
63; 
64 ; TIE FOLLIljING COOE DESIGNATES TIm VARIABLES; 5CfVffiI.FIFIER 
65 ; III> FIFOTR. SCRtmI fl>JUSTS TI£ LENGTH OF R DELAY BETWEEN 
66 ; SCfNIING SWITCH. THIS SIfllATES DEBOlII«:E FlH:TIONS. FIFOBIl 
67 ; IS THE BOTTIJ1 A>DRE5S OF TIE FIFO. FIFOTA IS TI£ llF fI>ORESS 
68 ; OF TIE FIFO. THIS /lAKES ITPOSSIBLE TO IfIYE R FIFO 3 TO 48 
69 ; BYTES IN LENGTH. 
78; 
71 ; ................ 11 ....... 11111 ................................. ....... 

72; 
73 5CfIfTII EQU 
74 FIFIER EQU 
75 FIFOTR EQU 
76 ; 

·77 $EJECT 

8FH 
88H 
2FH 
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; ~ TIlE fl)JUST 
; FIFO. BOTTOIt fIOORE5S· 
; FIFO TIF fI>DRESS 



LOC OOJ 

11998 
l1li08 B83F 
Il992 BfIIlF 
99114 BC88 
91186 Bl>2F 
IlII88 89FF 
OOIIA 2389 
~98 

89110 FA 
IlII9E 3ft 
IlII8F 89 
8919 R9 
11811 FA 
8912 C618 
0(114 C8 
8915 CR 
891Ei 8480 
8918 BR19 
Il81R FA 
II81B 3ft 
891C F5 

. APPENDIX 81 (Continued) 

SEQ 5(X.RC£ STATEI'ENT 

78 ; ~""''''''********.*IIII *************** ..... **** ................ 1 ..... 1***** 
79; 
88 ; INITIALIZATION 
81; 
82 ;TIE PROORIII STARTS AT TIE FIllOWIOO CODE LfmRESET. WITHIN 
83 ; THIS INITIALIZATION SECTION TIE REGISTERS TIfIT IIIINTAIN TIE IIITRIX 
84 ;/IIP,FIFO III) ROIl SClHfIOO 1ft SETLf. ~T1IS SET HIGH~ USE 

. 85 ; AS AN INPUT ~T FCl TtE CIl.IItf STATUS. BIT 4 If" STATUS REGISTER IS 
8Ei ; II!ITIEN TO CONVEY A FIFO El'PTV ml)ITION. . lIE INI11AL CIl.IItf STATUS 
87 ; If" ALL TIE ROIlS IN TtE SENSOR IIITRIX IS THEN READ INTO TtE IIITRIX 

.; 88 ; /lIP. !»«:E TIE IIITRIX /lIP IS FILLED TIE OBF INTERRtFT (~T 2-4) IS 
89 ; EIR!LEI). 

91 ; ttttt************""""*********************************** II I I I •• I I I I •• 
92; 
93 ORO 
94 IIIITItX: PKIY 
95 PKIY 
9Ei PKIY 
97 IIOV 
98 ~ 
99 PKIY. 

1118 PKIY 

9 
R9,llFH 
R2.19FH 
R4,IFIFI&I 
R5,IFIFOTA 
PLI9FFH 
A..1geH 
STS,A 

191 FIWIX: PKIY A,R2 
182 CUll P2,A 
193 IN A...P1 
194 lIlY 
195 PKIY 
196 JZ 
197 DEC 
198 DEC 
189 JI'f 

.• 119 OBFINT: PKIY 
111 .. Im'. 
112 O\JTL 
113 EN 
114 ; 
115 $EJECT 

@R(f,A 
A,R2 
OBFINT 
R9 
R2 
FIWIX 
R2,111lH 
A..R2 
P2..A 
FLAGS 

2·35 .• 

; IIITRIX I1AP POINTER REGISTER. HI' fl>DRESS 
; SCAN ROIl SELECT REGISTER. TIP ROIl 
; FIFO INPUT ADDRESS REGISTER. BOTIIJI If" FIFO 
; FIFO OUTPUT fl>DRESS REGISTER. T(I) OF FIFO 
; INITIALIZE ~T 1 HIGH F~ ItfIU1S 
; INITIALIZE STATUS REGISTER. fIFO EJflW 
; IRITE TO STATUS REGISTER. BITS 4-7 
; SCAN . ROIl SELECT TO fICCIJIllAT~ 
; OOTPUT SCAN ROW SELECl TO ~T 2 
; INPUT CIl.IJIf STATUS ~T 1 
; LOA> .IIITRIX MAP WITH CIl.\JIf STATUS 
; ClECK SCAN ROIl SELECT REGISTER YfL~ F~ 9 
; IF 9 ENI1!I..E OBF INTERRtFT 
; DECREIENT TO NEXT IIITRIX !IF AOORESS 
; DECREI'IENT TO SCAN !£XT ROW 
; FILL I£)(T I1RTRIX IIIP ~S 
; BIT 4 HIGH IN ROIl SCAN SELECT REGISTER 
; ROIl. SCAN SELECT YfL~ TO RCWlUITOR· 
; INITIALIZE PlJ<T 2. Bll 4F~ "EN FLfIQS" 
; ENABLE OBF INTERRl.fT PoR1 2. BIT 4 



LOC OBJ 

IIIl1J) FA 
Il81E 538F 
9828 C626 
8822 C8 
892l CA 
8924 II42C 
81126 883F 
9828 FA 
9929 438F 
81128 AfI 
882C FA 
IJ92I) 3fI ' 
Il02E BB8F 
Il838 EB38 
8932 99 
893328 
8934 D8 
8935 AF 
8836 C669 

APPENDIX B1(Continued) 

SIXm STATEI1ENT 

116 i ****** ...... 111 ................ 11111 ..................... 111.1111 .. .. 

117 i 

118 i 

119 i 

128 i 11£ Foc.LIJIII«I COOE IS'11£ SCIIt fIN) 'WFIIIE SECTIOO IF 11£ fR(Q9t 

121 i lfOO ENTERII«I THIS SECTIOO A Cl£CK I~ IftlE TO SEE IF lIE ENTIRE IftTRIX 
122 i IllS BEEN SCfNEI). IF SO 11£ REGISTERSTIfIT IIIINTAIN 11£ IIITRIX Iff fIN) RIJI 
121 i SCfHUI«I ARE RESET TO 11£ BEGIItfII«I IF 11£ SENSORIIITRIX, IF 11£ ENTIRE 
124 i IIITRIX IfISNT BEEN SCAII£I) TI£ REGISTERS It«:REIENT TO SCIIt 11£ I£XI RIll. 
125 i FRIll THIS POINT 00 11£ RIJI SCIIt SELECT REGISTER IS USED FOR 00 Fl.N:TIONS. 
126 iBITS 9-3 FOR~II«I fIN) BITS 4 fIN) 5 FOR 11£ 00ERtft.. INTERRtI'TS. TIl.ISI..Y 
127 i ALL USAGE IF 11£ REGISTERS IS DCJlE BY LOGICAlLY I'IASKII«I IT SO AS TO !H... Y 
128 i AFFECT 11£ Fl.N:TION DESIRED. (]a 11£ REGISTERS ARE RESET. (J£ RIJI IF 11£ 
129 i SENSOR IIITRIX IS SCfNEI). A DELAY IS EXECUTED TO fl)JllST FOR SCAN TIlE 
138 i (DEBO.H:E). A BYTE IF COC,lItf STATUS I~ 11£N REfI) INTO 11£ IIITRIX Iff. 
131 ; AT 11£ TIlE 11£ t£N COC,lItf STATUS IS CMfIRED TO TI£ 'oc.O. 11£ RESU..T IS 
132 iSTORED IN TtECOIfIARE REGISTER. TtE ~ IS TI£N ROOTED ACCORDII«I10 
131 i 1lETlER0R 1«11 A CIR«lE lIAS DETECTED. 
134 ; 
135 ; .... **** ............ ***"**************** .. ******** ••••• + ••• t •• tt •• **** ... 
136 i 

137 fl)JREG: I«lY 
138 IN. 
139 12 
148 DEC 
141 DEC 
142 JW 
143 RSETRG: I«lY 
144 I«lY 
145 IR. 
146 I«lY 

fl.R2, 
fl.WH 
RSETRG 
R8 
R2 
SCAIIt)( 

R8.llFH 
fl.R2 
fl.WH 
R2.A 

147 SCAIIt)(: I«lY A. R2 
148 run. P2, A 
149 1«lY" Rl.ISCANTIt 
158 DEI.AY2: DJNZ Rl. DEI.AY2 
151 IN A,Pi 
152 XCIi A.R 
153 XRL fl.R 
154 ' !lOY R7. A 
1~ 12 aFRl 
156 i 

157 $EJECT 

; SCfIj RIJI SELECT TO OCCIKlATOR 
; Cl£CK FOR II SCAN YfLUE ONLY. /«IT INTERRIJ'T 
; IF II RESET REGISTERS 
; DECREI'ENT IIITRIX !'lAP POINTER 
; DECREJ1ENT SCAN RIJI SELECT 
i SCAN IIITRIX 
; RESET IIITRIX Iff POINTER REGISl ER. 1W fK)!)RES5 

i SCAN RIJI SELECT TO flCCllM.ATOR 
; RESET SCAN RIJI SELECT. NO INTERRlfIT ClINE' 
; SCAN RIJI SELECT REGISTER 
; SCAN RIJI SELECT TO oo:uIU.ftTOR 
; OUTPUT SCAN RIJ>I SELECT TO PORT 2 
; SET DELAY FOR WlPUT SCAN TIlE 
; DELAY 
; INPUT coc'UI'IN STATUS FRIll PORT 1 TO ACCUIU.ATOR 
; STORE t£N COC,lItf STATUS SfIYE m.o IN ACCltlIl.IITOR 
; ClJfARE OLD WITH NEW COC,lItf STATUS 
; SfIYE CIl'IPARE RE5IJ.. T IN COIfIARE REGISTER 
i IF ,11£ SAlE. Cl£CK IF FIFO IS FlU 
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LOC m.r 

8838 BII88 
8IIlfI C8 
883B F8 
883C 71 
883D All 
883E FF 
883F 71 
8848 IF 
8841 F245 
88438469 
8845 FA 
8846 5l8F 
8848 E7 
8849 E7 
884A E7 
884B 48 

884C IE 
884D F8 
884E~ 
8858 4E 
8851 IE 

APPENDIX 81 (Continued) 

SEQ SIUCE STATEI'ENT 

158 ;*** ............... 1111111.11.111 ..................... 1.111 ......... ...... 

159 ; 
168 ; CIR«E lOW EI«:OOINl 
161 ; 
162 ; ll£ FW.(JIINl COOE IS ll£ CIR«E lOW Et«:roINl SECTI~ THIS 
163 ; SECTI()f IS ()flY EXECUTEI) IF A CIRIiE lIAS DETECThD. ll£ COWIN CCUffER 
164 ; IS SET IN) DECREIENTED TO DESIGNATE EACH (F TI£ 8 ctl..LmS. TIE CMARE 
165 ; REGISTER IS LOO<ED AT or£ BIT AT A TII1E TO FIN> 11£ EXOCT LOCATl()f OF 
166 ; ll£ CIR«E(S). lIEN A CIR«E IS FOOII> IT IS Er«:OOED rR GIYINl IT A 
167 ;ctmIIfITE FIR ITS LOCATI~ THIS IS I)(J£ rR mtBININlllE PRESENT VALlE 
168 ; IN TI£ RIll ~SELECT REGISTER IN) ll£ COLt:... CCUffER. ll£ ACIIR.. STATIJS 
169 ; (F THAT ~ IS ESTf1BI...ISI£I) rR LOO<INl AT ll£ ClRRESPlN>INl BYTE IN 
178 ; ll£ I'IITRIX 1tfII. THIS STATIJS IS mtBII£D WITH THE COORDlNATf: TO ESTlIILISII 
171 ; ll£ CIR«E lOW.· ll£ CIR«E lOW IS TIEN STIRED IN TI£ CIfNlE· WORD REGISTf:R. 
172 ; 
173 ; 111111.111111 ............................. 111111.11 t ............... ... 

174 ; 
175 lIlY 
176 RRLOO<: DEC 
177 I«IY 
178 .. RR 
179 I«IY 
1881«1Y 
181 RR 
182 I«IY 
183 JB7 

184 "'" 185 ENCOOE: I«IY 
.186 IN. 
187 RL 
188 RL 
189 RL 
198 IR.. 
191 
192 
193 
194 
195 
196 
197 ; 
198 $EJECT 

Rl,188II 
Rl 
ftJf!R8 
R 
f!R8, A 
ftJR7 
A 
R7.A 
ENCOOE. 
CIFFI.l 
ftJR2 
ftJl8FH 
A 
A 
A 
ftJRl 

; SET COWIN CIXJNTER REGISTER TO 8 
; DECREI1ENT ca..~ roJfTER 
; ca..1.tW STATUS TO ACCUIllfITIR 
; ROJAlE ctl..lItI STATUS RIGHT 
;ROTATED ca..~ STATUS BACK 10 IIITRIX !lIP 
; C\JIPARE REGISTERYfLIE TO ACCtKlATIR 
; ROTATE WfIARE YfLIE RIGHT 
; ROTATE!) COIIPARE YfLIE TO WFARE REGISTER 
; lEST BIT 7 IF CIIHiE DETECT~D ENCOOE CIfNiE WORD 
; IF t«l CfR«lE IS DETECTED. CJ£CI( FIR FIFO FlU 
; SCAN RIll SELECT TO ACWU.ATOR Il888XXXX 
; ROTATE ON..Y SCAN YfLUE 
; ROTATE LEFT 888XXXX8 
; ROTATE LEFT 88XXXX88 
; ROTATE LEFT 8XXXX888 
; ESTABLISH IIITRIX COORDINANT 8XXXXXXX 
; (IR) ca..Lm (;OUNTER YfLIE WITH ACCltII1.ATOR 

. ; SAVE ctmINANT IN ~ lUI) REGISTER 
;.COWIN STATUS Ffl:~ IIITRIX lIP TO ACCUIU.ATOR 
;8 ALL BI1S BUT BIT 7 
; (IR) SENSOR STATIJS WITH COORDINATE FIJ( COIR~lED CKHlE IUD 
; SAVE CIftlGE WORD XXXXXXXX 
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LOC OOJ 

91152 FC 
9953 A9 
9954 FE 
9955 Ai 
9956 2319 
(1958 99 
99598A29 
91158 FA 
9Il5C 4328 
985E AA 
995F 232F 
9961 DC 
9Il62 C667 
9964 1C 
9Il65 0469 
11967 8C88 
9969 FC 
996A 00 
996B 967D 
996D 8661) 

9Il6F 232F 
997100 
9972 ern 
997410 
9875 8479 
9877 BOOS 
9979 FD 
il97A A9 
9978 F1 
997C 92 
9970 F8 
997E !HilA 
Il988 2398 
91182 DC 
9983 C68C 
9985 Fe 
91186 97 
998700 

APPENDIX 81 (Continued) 

SEQ SIUCE STATEI£NT 

199 j ................... "*******t ................ ".," , ........ ************** . 
288 j 

281 j FIFIl-DBBOOT PRRlEIENt· . 
292 j 

293 j TIE FilLLONING COOE IS 1I£ FIFO-DBllOUT IfHQ/ENT SECTIOOIFTI£ 
284 j PROGRfIt THIS SECTIOO TAKES AN OCOOEI> ctR«E 1m) AND LIR)5 IT INTO 
285 jll£ FIFO .. 1I£ FIFO NOT EllPTY INTERRlfT is TI£N SET ANDTI£ FIFO-IN 
286 j POINTER ilETS lfDATED. A FIFO FLU CON>ITIOO IS THEN Cl£CKED~ AND 
287 j ROUTED OCCQ1DINGL Y. IF BOTH 1I£ FIFO IN> 0Ilf IfIYE CIINiE ODS 1I£ 
288 j PRtmIIt LOCKS IF MIL THIS IfISCIRIiED. . IF 1I£ FIFO ISNTFlll tOU.lll 
289 j COltITER= 9, FIFO EllPTY. AND OBF ctN>ITIOOSARE Cl£CKED. TIE FIFo-ooT 
219 j POINTER .IS SET ANI) DIIIIOOT IS LOADED IF 1I£ FIFO ISNT EI1PTY AND 0Ilf ISNT 
211 j SET. IF THISISNT 1I£ SIlUITION, PROGRfII FLOW IS ROUTED BACK 10 TI£ 
212' j THE SCAN AND COIIPARE SECTIOO TO 'SCAN 1I£ NEXT ROIoI. 
213 j 

214 ; ... *"'******** ........ ********** ......... *********************** ...... 
215 ; 
216 LOADFF: !'lOY A,R4 j FIFO INPUT ADDRESS TO froJU.ATOR 
217 IIOY Ri,A ; F IF'O POINTER USED FOR INPuT 
218 troY A.R6 ; CHfIIO; WORJ) TO ACCOO.ATOR 
219 IIOY @R1,A ; LOOD FIFO AT FIFO INPUTft)I)RE55 
229 STATNE: I'IOY ' A. 119H ; BIT 4 FOR FIFO NOT El'FTY 
221 IIOY STS,A ; WRITE TO STATUS REGISTER; FIFO NOT EllPTY 
222 INTRH1: ORL P2,l2iJt ; FIFO NOT EIIPTY INTERRlfTPORT 2-5 HIGH 
223 I10Y A.R2 j ROW SCAN SELECT TO fICCIJ'U.fI1OR 
224 ORL. A.128H jSA'IE INTERRWT; NO CIR«£ TO SCAN YfU£ 
225 IIOY R2,A ; ROW SCAN SELECT REGISTER 
226 ADJFlN: IIOY A, IFIFOTA ; FIFO Til' fl>DRESS TO ACCltU.ATOR 
227 XRL A,R4 ; COIIPARE WITH etmNT FIFO IIflUT ADDRE:5S 
229 JZ RSFFIN ; IF ll£ SIIIE RESET FIFO IIflUT REGISTER 
229 INC R4 i NEXT FIFO IIflUT ADDRESS 
239 Jl'IP OFF\JL ; Cl£CK FIFO AJLL 
231 RSFFIN: I10v R4,IFIFOBA ; RESET FIFO I~T REGISTER, BOTTOPI OF mo 
232 CHFFll: IIOY. A;R4 ' ; FIFO INPUT ADDRESS TO ACCUU..ATOR 
233 XRL A,RS ; COPIPARE INPUT WITH OUTPUT FIFO fl)l)RE5S 
234 JlIZ CHCNTR i IF NOT SIIE Cl£CK ClLlIIN CMTER YILlE 
235 CHOIlf1: JOIlf CHOIlf1 i IF 08F IS 1 THEN Cl£CK 08F 
236 ADJFOT: 'IIOY A.IFIFOTA i FIFO Til' fK)I)RE5S TO ACCltlILATOR 
237 XRL A.RS ; COPIPftRf. Til' TO OUTPUT FIFO ADDRESS 
238 JZ RSFFOT ; IF ll£ SM RESET FIFO OUTPUT REGISTER 
239 INC RS i NEXT FIFO OUTPUT ADDRESS 
249 JIIP Lim>B j LOAD DBBOUT 
241 RSFFOT: I'IOY RS,IFIFOBA j RESET FIFO OUTPUT AOORESS TO BOTTOPI If FIFO 
242 LQl)I)8: PlOY A,RS j OUTPUT FIFO ADDRESS TO ACCIIU.ATOR 
243 I'IOY RLA ; FIFO POINTER USED FOR OUTPUT 
244 I'IOY A,IR1 j CHANGE 1m) TO ACCUU..ATOR 
245 OUT OOB,A ; CHANGE WORD TO 0080UT 
246 CHCNTR:. I'IOY A.RJ j ClLlIIN CWITER TO ImJUJlTOR 
247 3HZ RRLOOK ; If: NOT 9 FINISH (''HANGE IoKlkD ENCOOING 
248 CI-FFEII: !'lOY A. IFIFOBA ; F IF'O BOTTOPI ft)I)RE5S TO fICCtIlUITOR 
249 XRL A,R4 ; COPIPARE FIFO IIflUT AOORESS WITH FIFO BOTTOPI fUlDRESS 
259 JZ ADJFEtI ; IF TIE SftE, ADJUST TO CI£CK FOR FIFO EllPTY 
251 I'IOY A.R4 j FIFO INPUT' ADDRESS TO ACCUIIllATOR 
252 ~C A j DECRaIENT FIFO INPUT ADDRESS IN FroJIIUI.RTOR 
253 XRL A.RS j COI1PARE INPUT TO OUTPUT FIFO AOORESSES 
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LOC 08J 

91188 C691 
Il88fI 949C 
IlII8C 232F 
II88E 00 
Il98F 969C 
Il891 2398 
889399 
8994 9fI)f 

11996 FA 
889753DF 
11999 AA 
889A 941D 
II89C 8610 
989E 846F 

USER SYtIIIOLS 
ADJm 008C 
CIDlF2 009C 
INTRLO 8994 
SCfHIX 882C 

APPENDIX 81 (Continued) 

SEQ SIUCE STATEIENT 

254 JZ 
255 mP 
256 ADJFEK: I!OY 
257 XRI. 
258 JNZ 
25~ STAm: I!OY 
268 I!OY 
261 INTRLO: IN. 
262 I!OY 
263 IN. 
264 I10V 
265 JIfI 
266 CH08F2: JOOF 
267 JIfI 
268 ; 
26~ EN) 

STAntT 
CIIlBF2 
A..IFIFOTA 
A..R5 
ctm=2 
A..18IIH 
STS.A 
P2, IIIDFH 
A.R2 
A.19OFH 
R2..A 
ADJREG 
ADJREG 
ADJFOT 

i IF SfI1E, IIUTE STATUS REGISTER FIJ< FIFO EtFrY 
iaECK OOF 
iFIFO Til' ADDRESS 10 ~ 
i ClJffRE Til' TO OOTPUT FIFO ADDRESS 
i IF NOT SfI£ TI£N FIFO IS NOT E1FTY. ClECK OOF 
i CLEAR BIT e F~ FIFO El'fTY 
i IIUTE TO STATUS REGISTER 
i FIFO EIFTY. INlERRIPI ~T 2-5 LIII 
i SCAN RIll SELECT 10 ~ 
i SAVE INTERRlPT. NO CHfNlE TO SCAN Vll.LE 
i SCAN RIll SELEC1 REGISTER 
i ADJUST REGISTERS 
i IF OOF=1 TI£N ADJUST REGISTERS 
i ADJUST FIFO OOT ADDRESS TO L(8) DB800T 

ADJFIN 895F 
DELAY28938 
LOADDB 1lIl~ 
SCfWTIf 989F. 

ADJFOT 896F 
ENCOOE 9945 
LIlfI>FF 8952 
STAm 8891 

ADJREG 991D 
FIFOBA 0098 
OBFINT 8918 
STAThE 895G 

CHCNTR 9971> 
FIFOTA 892F 
RRLOO< Il93fI 

Cl*R1. 8969 
INITI'IX 9899 
RSFFIN 9967 

ASSEI'IfJI.. Y COI'IPLETE. NO ERRORS 
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INTRH1 9959 
RSFFOT 9977 



APPENDIX 82 

ISIS-II 898818985 I1ACRO AS5EJ'I3I..ER, )(1118 
8885A11.f1 ~ IfITRIX COOTRlllER 

LOC IIJJ SEQ SWRCE STATEl'EHT 

.1 i 

2 i SLIIIRWTII£ TO Rm) fU CIRaS IN TI£ UPI fH) BUILD A BlfFER 
3' ;STARTIIli AT Btf"SRT. REG. B CONTAINS TI£ IUIBER IF aR&S 
4 i LfON EXIT. TI£ I'IAXllUt NI.ttBER IF CIR«lES IN·fffi ot£ CflL 
5 i IS 255. 
6 i 

7 .. ; 1t-WrS: I«lTHllli 
8 jOOTPUTS: CIRa IQID BtFFER AT USRT 
9 i CIfNlE IIORJ) COUNT IN REG. B 

18 i CflLS: I«lTHllli 
11 i 

4898 12 ~ 4OO8H 
&5 13 STATUS EQU 8E5H ilFI STA1US ~T 
&4 14 DBBOOT EQU 8E4H i UPI DBBOOT ~T 
9818 15 mo EQU 111H j FIFO I«lT aFTY I1fISI( 

Il881 160BF EQU II1H iOBF msK 
4388 17 Blf"SRT EQU 43II8H i BlfFER START LOCATION 

18 i 

4888 211l1l43 19 START: LXI H,BUFSRT ; INITIALIZE Blf"FER POINTER 
48838688 28 /lVI B,8IIH i CLEAR CHINlE lOll) COUNTER 
4885 DBE5 21 POLU: IN STATUS ; READ UPI STATUS 
4887 E611 22 ANI FIFO OR OBF i TEST FIFO I«lT EtFTY fH) OBF 
4fI89 C8 23 RZ i~ IF ZERO 
48IIA DBE5 24 IN STATUS i REID IFI STATUS 
498C E681 25 ANI OBF ; TEST 08F FLAG 
488E Cf111548 26 12 f(l.L1 i IIfIIT IF I«lT READY 
4811 DBE4 27 IN DBBOOT i READ CIR«lE IIORJ) 

4813 77 28 I10Y itA i LOOD Btf"FER WIT H CHINE QI) 

4814 23 29 INX H i INC BlfFER POINTER 
4815 84 38 I~ B i lilt CHINE IIORI) COtRlTER 
4816 C8 31 RZ i EXIT IF COUNTER = 256 
4817 C38548 32 JIIP f(l.L1 i Cl£CK IF PIORE CIR«lE WORDS 

33 i 

34 END 
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APPENDIX C1 

ISIS-II /ICS-48I\P I -41 IKRO ASSEIIl.ER. Y2. 8 
~1 catlIIfITION 110 DEVICE 

LOC OOJ SEQ SIXm STRTEI'ENT 

1 $(0)42 
2 i *********.***************lJNIOO************* •••• IIIIIII ............ ***** 
3 i 

4 i THIS UPI-41 PROORAII IIflEIENTS R FIl.L -DIREJ( UART WITH ON-CHIP 
5 i IIfU) RATE GEl£RATION IN catlIIfITION WITH fIN 8-BIT PARfUa. 1/0 
6 i PORT. THE BfW RA1E IS SELECTfIlLE FRa'I 118 10 1299 B/U). THE 
7 i PARfUEL 110 PORl 1S PROORffttRBLE F~ EHlER INPUT OR OUTPUT. 
8 i 

9 i INTERRlfT OUTPUTS fIRE RYAIUB..E F~ DATR AYRILfIlLE ON Tl£ RECEIVER 
18 i fIN) PARfUEL INPUT. lIE STATUS REGISTER I'IU5T BE REAl) TO DI::JERIIINE 
11 i ~ICH SIUCE m.JSEI) .0£ INT~T. THE FLAGS Fe fIN) F1 COOl: TI£ 
12 i INTERRUPT~. Fe fIN) F1 ALSO GIVE fIN INDICATION OF COI1I1ANI) 

13 i ERrdJRS. 
14 i 

15 i *************** ••••• ****.** ................ ****.**** •••• i<********.***** 
16 i 

17 i Rf:GISTER DEFINIlION 
18i RB9 ~ 

19i 
28i e NOT USED NOT USED 
21i 1 OOT USED BAI.JI) RATE COIIS1RNT 
22i 2 OOT USED TX TICK COUNTER 
23i 3 RX STRTUS (RXSTS) TX SERIFtLIZER 
24 i 4 RX IO..DING TX BUFFER 
25i 5 RX TICK C!UffER TX STATUS (TXS TS) 
26 i 6 RX DESERIALIZER COItIANI) STORE 
27 i 7 STATUS REG STORE ACe. INTERRUPT SAVE 
28i 

29 i ********** •• *********************** ...... **************************** .. 
39i 
31 tEJECT 
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APPENDIX C1 (Continued) 

LOC (I}J SEQ StlRCE STATEI£NT 

32; 
33 ;***t ...... I1 .................... . 

34 ; 
35 ; COI'IIIfINI)S 
36; 
37 ; COhFIGURE: 8 8 8 ABC D P 
38; A - 1288 IIAOO SillCT 
39 ; B - 6811 BfO) SELECT 
48; C - J88 !IfU) SELECT 
41 ; D - 118 BfU) SELECT 
42; E - PARfUEL I/O DIRECTI~ 
43 ; e - Ijf)UT 
44; 1 - OOTPUT 
45; 
46; 110: 19898898 (PERFORtI 110 !ftRATION) 
47 ; RESET ERROR:11 e 8 9 8 8 8 (RESET RX ERROR IN STATUS) 
48; 
49;~ .................................... t ••• 
58; 
51 ; STATUS REGISTER W"INlTl~ 
52; 
5); BIT W"INlTl~ 
54; ---. 
55; 8 IIIF - DATA AVAILABLE 
56; 1 IBF - BUSY 
57; 2 ·F8 
58; 3 F1 
59 ; 4 NOT lJSEI) 

68; 5 TXlNT - TX INJERRUPT 
61 ; 6 FRfItiOO ERROR 
62; 7 OVERRUN ERr«R 
63; 
64; F8 F1 !FERATI~ 
65; ---
66; 8 EI X 
67; 8 1 PARALLEL 110 DATA AYAILABLE 

~ 
68; 1 8 SERIAL 110 DATA AVAILABLE 
69; 1 1 CO/IIfIII) ERROR 
78 ; 
71 ; ...... ***** ................ ~-******** ... 
72; 
73 $EJECT 
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LOC OOJ 

APPENDIX C1 (Continued) 

SEQ ~ STATEIIENT 

74 ; 

.75 ; ***** ••••• ****** •• **.*********** ••• ******************.****.***.******** 
76 ; 
77 ; STATUS REGISTER DEFINITIONS 
78; 
79. ; 
88; 
81 ; 
82; 
83 ; 
84; 
85; 
86; 
87 ; 
88; 
89 ; . 

8 
1 
2 
3 
4 
5 
6 
7 

RXSTS TXSTS 

RX FLAG - SPOC'E . TX FLAG - TRANS/'lIn lNG CHR 
START FLAG - GOOD !ll ART REQlEST BYTE - OR IN BIFFER 
BYlE FINISIED . TX PIf'aINED DATA BIl 
DATA REfI)Y START BIl FLAG 
FRAI1IOO ERROR NOT USED 
OVERRUN ERROR NOT USED 
10 DIRECTION NOT lJSEI) 

10 FLAG NOT USED 

98 ; **** ...... **.**** __ ********** •• ************** 
91; 
92 ; PORT 2 DEFINITIONS 
93 ; 
94; BIT DEFINITION 
95; 
96; 8 TX DATA 
97 ; 1 NOT USED 
98; 2 NOT USED 
99 ; 3 TX INTERRUPT 

188 ; 4 OOF INTERRtJ>T (RX OR 110 DATA AYAIUlBLE) 
181 ; ~ NOT USED 
182 ; 6 NOT USEJ) (TI CK SAIflLE) 
183 ; 7 NOT USED 
184 ; 
185 . ; ..... *********.*************** ••••••• ***~** ......... *****.********* •• '" 
186 ; 
187 ; MISC. 
108 ; 
189 ; 
118 i 
111 ; 

RX MTA. 
EXT CLOCK 

T8 INPUT 
T1 INPUT 7[SKHZ (~~16) 

112 ; **************** ..... **.** .... _.** •• ***.**.****** ... **************. 
113 ; 
114 $EJECT 
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APPENDIX C1 (Continued) 

LOC OOJ SEQ 5(UCE STATEI'ENT 

115 ; 

116 ;**************** I I II II ...... *********** ...... ************************** 
117 ; 
118 ; SYSTs. ElUITES: 
119 ; 

11991 129 RXFLG EQU 81H ; RECEIVE FlAG IN RXSTS 
11992 .1215R1FLG EQU 92H ; START BIT FlAG IN RXSTS 
IIIl84 122 BFFLG EQU 84H i BYTE FINISHED FLAG IN RXSTS 

.. 9898 123 DATRDY EQU 88H ; DATA REH>Y FLAG IN RX5IS 
11918 124FRAI£R EQU 18H ; FRAIIING ERROR FlAG IN RXSTS 
11828 125 (MMj EQU 28H i OYERR\JN ERR<R FlAG IN RXSTS 
8848 126 lOOIR EQU 48H i 110 DIRECTIIIl FLAG IN RXS1S 
8888 127 linG EQU 88H ; 110 REQUEST FlAG IN RXSl'S 
11881 .128 TXFLG EQU 81H ; TX FLAG IN TXSTS 
Il882 129 REQFLG EQU 92H ; REQUEST BYTE FLAG IN TXSTS 
8848 138 TICOUT EQU 48H i TICK SfIIPLE BIT IN PORT 2 
Il880 131 RXINTL EQU 88H iRX DESERIALIZER"lNITiALIZATION 
8884 132 TICSRT EQU 84H i TICK INITIALIZATION 
8Il7F 133 ASCIISK EQU 7FH i ASC II t1ASK 
88Il3 134 TXTIC EQU 83H i TX TICK I'IOD KfISK 
8Il28 135 TXEII) EQU 48D ; TICK crurr AT END ~ TX CIfIROCTER 
8Il24 136 STPEND EQU 36D ; lICK rom AT END ~ 1X DATff 
IIIl84 137 !'lARK EQU 84H ; I'tARK OOTPUT 
9IlFB 138 SPACE EQU 8FBH iSPACE OOTPUT 
8Il8Il 139 ZERO EQU 88H ; GENERfl. ClEfIroI 
9898 148 TXINT EQU B8H ; TX INTERRUPT· ooTPUT IN ~T 2 
8Il28 141 TXBIT EQU 28H i TX INTEkRUPT BIl IN STATUS 
8Il28 142 TIIfCIIl EQU 32D ; TIllER CONSTANT RAIl LOCATION 
8IllF 143 R5TERR EQU 3FH . i RESET ~ I'IASK FOR STATUS 
8848 144 FESTS EQU 48H ; FRAltING ERROR BIT IN STATUS 
8888 145 OYSTS EQU 88H i OVERRUN ERROR BIT IN. STATUS 
11991 146 11I(00T Eliu 81H ; I'IIiRK OUTPUT TO PORl 
8IlFE 147 SPOUT EQU 8FEH . j SPACE OUTPUT 10 PORT 
II8Il8 148 SBIT EQU B8H ; 1 X START BIl FLfIti 
8Il8l 149 RXSTS EQU Rl ;RX STATUS REGISTER 
8Il85 158 TXSTS EQU R5 ;~X·sfATUs REGISTEk 

151 ; 
152 SEJECT 
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LOC (IIJ 

1lIl97 D5 
91108 IF 
8989 F9 
II99A 08 
IIIl8B 568B 
Il800 62 

IIIl8E 9ABF 
11818 8A48 

Il812 FD 
M.3 5219 
0815 9IFE 
0817 8418 
8819 8A81 

8818 C5 

APPENDIX C1 (Continued) 

SEQ SIUCE STATEtENT 

153 ; *******************t , .... * I I .. U***************************t*****ttt*** 154 ; 
155 ; RESET VECTOR LOCATIOO 
156 ; 

157 ; **t****tt************t. + • + + +.,. ttt*******t************t*****t**t********* 
158 ; 
159 ORG Il888H 
169 ; 
161 RESET: SEL 
162 .nF 
163 ; 

RB8 
INIT 

; GET INTO RB8 AT RESET 
; GO TO INITIII.IZATIOO 

164 ; tt****t**,.. •• , II t I I I .. + u*************** II I II I • I+****t********t I I I II Itt 
165 ; 
166 ; 1I1ER INTERRI.J'T LOCATIOO - TIlER IS SET TO 4 nl£S TIE BfU) RATE. T~ 
167 ; RECEIVER fIN) ~ITTER fIlE SEkYICED EVERY FIXR 111'lER lICKS. SCF1WE 
168 ; DELAY Lo)) IS USED FOR TI"ING FINE-1LNING. RBi R1 POINTS AT I>ELfIY 
169 ; COOSTfIfT AT INTERRUPT. ki-1 POiNTS AT TIlER CONSTfIfl. 
178 i 

171 ; t+ ... , I ., I .. ***t************* t "*u .. +*********************************~· 
172 i 

173 ORO 8887H 
174 i 

175 TI"INT: SEL RBi 
176 IIOY R7,A 
177 IIOY A,R! 
178 fOI 
179 INT1: JT1 INTi 
188 IIOY T,A 
181 i 

182 ; TICK SAIIPLE OUTPUT 
183 ; 
184 
185 
186; 

P2, II«)T TlCOUT 
P2.ITICOOT 

; INTERRUPl PROCESSING IN RB1 
; SAVE RCCtJUATOR IN R7 
; GET TIlER COOSTANT 
; DELAY TO GEl INTO 11 HIGH 
; IlAIT UNTIL 11 IS LI»I 
; HEN Lfro COUNTER 

187 i ... *******.***********.********************************.************** 
188 i 

189 ; TRflNSItITTER OUTPUT - TIlE CRITICAl.. TRSKS DONE FIRST. DATA Bll" OUTPUl 
198 ; PiPELINE!) IN TXSTS Bll 2 IS OUTPUT 101. 
191 ; 
192 ; ************t***",*****************.*.*****.****+ ." ••• .,.. + •• **** 
193 ; 
194 TXOUT: I10Y 
1.95 JB2 
196 IN.. 
197 JI1P 
198 I'O.JT: . ORL 
199 j 

A. TXSTS 
I'O.JT 
P2,ISPOUT 
RCV 

; GET TX STATUS 
; TEST PIPELINED DATA 
; OUTPUT SPlICE IF RESE. T 
; DO RECEIVER 
; OUTPUT I1ARK IS SET 

208 ; ****************** .......... ******** ....... -* •••• *.******************** 
281 i 

282 ; Sl~T OF RECEIVER FLI»I - RXSTS REGISTER 
283 ; HOLDS RECEIVER STATUS. 
284 ; 

286; 
287 RCV: SEL i SWITCH TO RX BANK 
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APPENDIX C1(Contlnued) 

LOC IIIJ SEQ SIXRCE STATEI'ENT 

981C FB 298 .II)Y A.RXSTS jGET ~S 
0910 1226 299·· JII8 RCV1 j TEST k'ECEIYI£ FLAG 

218 j 8 - 1«1 CIR I!EII~ RECEIVED 
211 j 1 - POSSIBLE START IIIT, DO TESl 

981F 3668 212 JT8 lIIIIT jTEST 100 ItFUT 
213 j 8 - SPACE, SET Rl( FLAG 
214 j 1 - IIARI(, GO Cl£CK lIIIIT 

Il921 4381 215 IIRL A.IRXFLG ; SPACE - SET Rl( FLAG 
Il823 III 216 -. !lOY RXSTS,A j RESTIH RXSTS. 
0924 11468 217 .. JI'F lIIIIT ; GO HIN>l.E XIfTR 

21S; 
.219 ; STARl BIl TEST 

228 j 

Il926 3238·· 221 ReV!> JB1 RCY3 jFIRST lEST START BIl ~LM 
1l828·1633 ~ JT8 RCY2 .. j TEST RXD INPUT 

223 j 8 - SPACE, GOOD STARl BIT 
224 j 1 ,.. IIARI(, BfI). START BIl, IGI«IRE 

1182ft 4382 225 IIRL A,ISRTFLG j GOOD START - SEl START BIT FLAG 
Il92C III 226 ItOV RXSTS,A j RES~E RXSTS 
Il82D SE88 227 /IJY R6,IR)(INTL j SETtF Rl( DESERIALIZER 
Il92F BD04 228 /IJY R5,ITICSRT . j LIR> Rl( lICK COUNTER "'.:. 
8831 8468 229 JIIP xtlIT j GO IRlDLE XIITR 

; 
238 j . 

231 ; BfI) STARTBI1- RESET FLMS ; . 
232; . .-

11833 53FE ·233 RCY2: AN.. A. II«)T RXFLG j RESETRECEIYE FLAG 
81135 III 234 lillY RXSTS,A j RESTORE RXSTS 
11936 8468 2l5· JI'F XltIT j GO HfN)lE XIfTR 

236 ; 
237 ; IN fUOOLE IF CHR - SfI/'IPI..E EVERY 4 .lII'IER TICKS 
238 ; 

11938 ED68 239 RCY3: DJNZ R5,XltIT . j WAIT UNTIL 4TH TICK 
1193ft BOO4 248 ItOV 1<5,ITICSRT j RELOfI) Rl( TICK COUN1ER 
093C 524D 241 J82 RCY5 ; TEST BYTE FINISIEI;l· FLAG 

242 18 - "100LE OF CHR, COOINUE 
243 ;1 - DM WIlH SllF BITS 

1193£97 244 CLR C ; t'LEAR CftRRYSEFIH ROTATE 
1l83F 2642 245 JNT8 .RCV4 ; 1 EST RXD IIFUT 
8841 A7 246 CPL C ; RXD ·IS 11fIRI(, SET CARRY 
8842 FE .... . 247.RCY4: II)Y A,R6 ; GET DESERIALIZER 
8843 67 248 RRC A ; ROTATE IN NEW BIT : 
Il844 AE 249 /'lOY R6,A ; RlSTOI<E DESERIALIZER 
8845 E668 258 JNC XltIT j TEST CARRY AFTER .ROTATE 

251 ; 8 - "100LE OF CHI< 
252 .i 1 - SToP BIT COKING NEXT 

11847 FB 253 II)Y A,Rl(5TS ; GET RXSTS 
Il848 4384 254 OR/. A.IBFFLG ; SET BYTE FINISHED FLAG 
Il84A AB 255 .IIOY RXSTS, A ; RESTORE RXSTS 
Il948 8468 256 JMP XI'IIT ; GO HANDLE OOR 

257 ; 
258 ; BYTE FINISHED - Do STOP BIT TEST. 
259 ; 

Il84D 2668· .. ··268 ReV5: JNT8 RevS ; TEST RXD ItFUT 
261 ; 8 - SPACE, INVALID STOP BIT 
262 ; 1 - IIfIRK, VALID !l11F Bl T 
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LOC OOJ 

Il94F 53EF 

8951 7264 
Il953 53DF 

8855 4398 
1185753F8 
8959 All 
895ft FE 
895B 537F 
Ile5I) AC 
885E 9468 

8060 4319 
91162 9451 

Il064 4329 
11966 9455 

Il968 D5 
9969 FD 
II96A 7283 
996C 1A 
9961) 2393 
996F5fI 
9879 96B8 
9972 FD 
9973 37 
9974 129C 

99762328 
9878 DA 
9879 9681 
9978 FD 
997C 53FE 
997E II) 

997F 94B8 

APPEN DIX C1 (Continued) 

5()(gE STATEIENT SEQ 

263 AN.. A, tOOT FRAtER i 00 FRfIIIIOO lRkOR, RESET FLM 
264 i 

265 ; ~ TEST - IF RX DATA REIDY STILL SEl, OYERR\JN ERRoR 
266 ; 
207 RCV6: JB3 RC't'9 . i IF DATA. REfl)Y STILL SET, ~ 
268 All. II, INOT 0YR\Il i NO OYERR\JN, RESET FLAG 
269 i 

279 i CLEAN IF RXSTS AT ~ COtPLETE 
271 i 

272 RCY7: IR. . II, IDATROY i SET DATA READY 
m AN.. II, INOT (RXFLG OR SRTrLG OR BFFLG) i RESET OTHER FLAGS 
274 I'\OY RXSTS, A i RESTOR!: RXSTS 
275 I'\OY A, R6 iii. T DESERIft.IZER REG 
276 III. A, IR5CItSK i /lAKE IT 7 BIlS 
277 I'\OY R4, A i PUT DATA INTO IDJ)IOO REG 
278 JIfI lom i GO '*IN>l.E XItTR 
279 i 

298 ; BAD STOP - SET FRAI'IIOO ERROR FtOO 
281i' 
282 ReYS: IIRL II, IFRfII£R 
283 JIfP. RCV6 
284 i 

i SET FRRIIIOO ~ FLAG 
iCOOTlNJE 

285 i 0\IERRlW ERROR - SET OYERM fLAG 
286 i 

287 RC't'9: ORL : A, IOVRUN 
288· JI1P ROO 
289 i 

; SET OVERRUN fLAG 
i COOTIlltE 

299 i *****************-***********~~***********-.******* 
291 i 

292 i START OF TRfINStIHTER FLOW - TRANSflIrTE:R IS SEkYICEJ> E~RY 4 TICKS . 
... 293 i TI£ TX TICK COUNTER SERVES AS TIE TX BI1 COUNTER. TRANSIIIlTER STATUS 
. 294 ; IS·I£U) IN TIE TXSTS REGISTER. 

295 i 

296 i ***********.**** •• *_**************_**iI*****************_***~ 
297 i 

298 X"IT: 
·m 

399 
391 
392 
393 
394 
395 
396 
397 
398 
399 
319 
311 
312 
313 
314 
315 
316 
317 i 

SEL 
IIOV 
JB3 
INC 
IIOV 
AN.. 
JNZ 
~. 
CPt. 
JB9 

IIOV 
XRL 
JNZ 
KaY 
RNI. 
!'lOY 
JIfI 

. ·RB1 
II, TXSTS 

. SRTBIT 
R2 
A,llXTIC 
A,R2 
RETURN 

, A. TXSTS 
·A 
.004 

f1,11XEND 
f1,R2 
XKl1 
II, TXSTS 
f1,INOT TXFLG 
TXSTS.A 
RETURN . 
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i BE SURE WE'RE IN RBi 
; GET TX STATUS 
; THIS IS START OF START BIT 
i INC TX TICK COONTER 
i TEST TICK COONTER IlOO 4 

i IF NON-ZERO, "IOOLE OF BIT 
i ZERO, GET 1 XSTS 
iCOMPLEllENT FOR 9 TEST 
; TEST TX FLAG 
; I) - NOT. TXING. CIECK FOR NEW ~ 
)1 - CURRENTLY IN ~ 
; ClECK FOR END OF DRTA AN) STOP 
i XOR IIITH CURRENT TlCK COONl 
i ooT OONE. CONTIItJE 
i DONE, GET TXSTS 
i RESET TX. FLAG 
i RESTORE TXSTS 
iGO EXIT 



LOC OOJ 

Il981 2324 
11983 DA 
Il984 968C 

Il986 f1) 

11987 4384 
Il989 AI) 

Il98A 84B8 

Il98C FB 
Il980 67 
Il98E fil 
888F f1) 

Il999 F697 
11892 53FB 
9894 AI) 

8995 9488 
08974384 
8999 AI) 

089A 84B8 

II99E Fe 
Il89FAB 
IlIIA8 f1) 

Il8A1 53FD 
118A3 4389 
IIIlA5 53FB 
118A7 AI) 

88A8 BAIlS 
II8AA C5 
II8AB FF 
8M: 4329 
eeAE AF 
98AF 99 

APPENDIX C1 (Continued) 

SEQ sa.RCE STATEI'ENT 

318 j ClECK IF Il'S TIlE FOR STOP BIT 
319 j 

328 001: lIlY A,.ISTPOO j (;I£CK FOR STOP BIT TIlE 
321 XRl A,R2 j CI»IPARE IIITH 1 ICK ro..tfTER 

j NOT TIlE, 00 NEXT BIT 322 JNZ XI'IT2 
323 j 

324 j TRANSIIIT STOP B II 
325 j 

326 lIlY A, TXSTS j GEl TX STATUS 
327 !R. A.IIIARK jSET\P PIPELlNED STOP BIT 
328 lIlY TXSTS,A j RESTORE TX STATUS 
329 JJfI RETIRN jRETlRN 
338 j 

331 j IN ."IOOLE IF CHR - TRANSPIIT NEl<T Bll 
mj 

333002: lIlY A.Rl j eEl TX SERIALIZER 
334 RRC A· j ROTATE NEXT BIT INTO CARRY 
335 lIlY R3,A j RBTORE SERIALIZER 
336 lIlY A. TXSTS j!iET TX STATUS FOR PIPELINED DATA 
337 JC XKl3 j OUTPUT A IIfIRI( IF 1 
338 ANt A.ISPACE j RESET TXDATA BIT 
ll9 lIlY TXSTS,A jRESTORE TX SlATUS 
340 JII' RETURN JGO EXIT 
341 XIIT3: ORL A.1tIARK j SET 1 XDATA Bll 
342 ~y TXSTS,A j RESTORE TX STATUS 
343 JJfI RETlRN jGo EXIT 
344 j 

345 j lEST REQUEST FLAG SINCE NOT CURRENTLY TRANSIIHTING 
346 j 

347 XIIT 4 : JB1 
348 
349 
358 
351 
352 
353 
354 
355 
356 
357 j 

j TEST TX REQlEST FLAG 
;9 - NO CHR IlAITING lN BUFFER 

• j 1 - CHR WAITING IN BUFFER 
A, R4 j CHR WAITING. GET IT FR!JI H!lDING 
Rl, A j PUT IN SERIALIZER 
A, TXSTS j GET TXSTS 
A, Ii«lT REQFLG j RESET REQUEST FLAG 
A.ITXFLG OR SBIT . j SET TX AND START BH FLAGS 
A.ISPACE ' j SETUP TXDATA FOR START BIT 
TXSTS, A j RESTORE TXSTS 

358 j TX UFER ~TY - SET TXINT PIN AND BIT 
359)· 
369005: !R. 
361 SEL 
362 lIlY 
363 !R. 
364 lIlY 
365 /lOY 
366 j 

368 j 

P2-ITXINT 
RB9 

.A.R7 
A..ITXBIT 
R7,A 
STS,A 

j SET TXINT PIN 
j SWITCH FOR SIS 
jGET STS 
j SEl TXINT Bll 
; RESTORE STS 
jLOAD STATUS 

369 j EXIT FOR mER. INTERRtPT RruTINE POINT 
378 j 

371 j *~**************************"'****************** 
372 j 
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LOC OOJ 

8l1li8 D5 
1l9II1 FF 
IlIIB2 91 

APPENDIX C1 (Continued) 

SEQ SOURCE STATEI£NT 

373 RETURN: SEL RB1 
374 II)Y It R7 
375 RETR 
376· j 

j I1AKE ~ WE'RE IN RBi 
jREST~A 

j RETURN WITH RESTORE 

377 j ..... , I i ., II I I ,1,·, ****+ •• " I •••• +H •• **.**."'**.*_************_***** 
mj ... . 

.. 379 j GET !ERE IF INTERRIPT IS FIRSl FOR START BIT - CLEAR START Bll FLfIG IN 
388 j TXSTS IN) SETUP TX TICK COlMER. 
381 j 

l82 j ...... ********._ ••• _._****** ......... -...**-***************-
383 j 

l84 SRTBIT: III.. 
l85 I10Y 
l86 /lOY 
387 JIF 
388 j 

389 $EJECT 

It II«IT SBIT 
TXSTS,A 
R2,181H 
REMH 
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j RESET START BIT FLAG INTXSTS 
j RESTORE TX STRTUS 
j INlTIALIZE TX TICK COUNTER 



LOC OOJ 

91118 

91118 D5 
9191 22 
9182 fIE 
9193 F227 
9195 53£9 
9197963R 
9199 C5 
91eA 1221 
919C 89FF 
919E FB 
910F 53BF 
9111 AS 
9112 D5 
9113 B929 
9115 FE 
9116 mE 
91185242 
911A 7246 
911C 924A 
911E B5 
911F 4414 

9121 FB 
9122 4349 
9124 AS 
11125 2412 

9127 D231 
9129 C5 
912A FB 
9128 4389 
912D AS 
912E B5 
912F 4414 

APPENDIX C1 (Continued) 

SEQ 5(OCE STATEI1ENT 

398; 
391 i **************.***************.************* ..... it. + ttl + .. + +1 I II U .*** . 
392 i . 

393 i COItRI) REctKJlIZER - GET !ERE FROIt I!:IF WRITE WITH F1 SET. COIII'IfIN) 

394 i 15 5lORED IN R6. IJAUI) RA1E SELEcnoo BITS ARE EYfl.UATED RIGHl TO Lm. 
395 i lIE FIRST SET BIT FtUI> DETERIIINES TIE BfU) RATE. If ANINYALID catIfN) 

396 i 15 DETECTED, BOTH F1 All) F9 ARE S8 fIN) NO ACTION IS Tfl<EN. 
. 397 ; TIE TII1ER BfU) RATE COOSTmT IS· SET TO TWO ctUffS LESS 1lfIN TIE DESllIEJ) 

398 i IUIBER. 
399; 

4Il8 i ******************* •• +. + .... t***************** I I • +********* •••• t ....... 
491 i 

482 ~ 91l19H 
493 i 

494 CIII): SEL RBi iSELECT RB1 
495 IN A..[)88 i READ CMIfH) 
486 !lOY R6,A i SAVE COIf1AN) IN R6 
497 JB7 lOER ' ;IF BIT 7 SET, 10 OPERATION 
498 ANL A,19EIIH ; TEST TI»' 3 BITS 
499 JNZ ERR~ i IF NON-ZERO, ERROR 
419 SEL RB9 i 10 FLAG IN RB9 
411 JB9 002 ; IF BIT 9=1.. OUTPUT PORT 
412 ORL PLI9FFH i IIf'Ul PORT, SET ALL HIGH 
413 !'lOY A..·RXSTS iGET RXSTS 
414 FIL A,INOT lOOIR ; RESET 10 Dll<ECTIOO FLAG 
415 I'IOY RXSTS,A ; RESTORE RXSTS 
416 CIII)!: SEL RBi ; BAtJI) RATE CONSTANTS IN RB1 
417 !'lOY RLITIIICON ; POINT AT TIllER COOSTANT LOCftTIOO 
418 lIlY A..R6 i GET CMIftN) 

419 JB1 8119 i 119 BfU) SELECTED 
429 JB2 B3Il8 i 399 IJAUI) SELECTED 
421 JB3 B6Il8 i 6Il8 BfU) SELECl ED 
422 JB4 B1299 i 12118 IJAUI)' SELECTED 
423 CPt. F1 iRESET F1 
424 JIll IINI.P1 ; DONE. JUIIP IIftCK TO /lAIN LOfJ' 
425 i 

426 ; PORT IS SELECTED AS OOTPUT PORT - SET 10 DlREClION FLAG 
427 i 
428 CMl)2: I'IOY A.. RXSTS iGET RXSTS 
429 ORL A..llOOIR ; SET 10 DlRECTIOO FLAG 
439 I'IOY RXSTS,A i RESTORE RXSTS . 
431 JIIP CI'lD1 iCONTllIJE 
432 i 

433 ; HERE WITH EITIER 10 OR RESET ERROR COItIANI) 

434 i 

435 lOER: JB6 
436 SEL 
437 I'IOY 
438 ORL 
439 /lOy 
449 CPL 
441 J/IP 
442 i 

ERRST 
RB9 
A..RXSTS 
A,IIOFLG 
RXSTS,A 
F1 
1INLP1 

443 i RESET ERROR COI1IRlI) 

444 i 
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i IF Bll 6 SET, RESET ERROR FLAGS 
i 10 FLAG IN RXSTS 
iGET RX5TS 
i~T 10 fLAG 
i RESTORE RX5TS 
iRESET F1 
i f)(J£, JUIIP BACK TO ItAIN LOOP 



APPENDIX C1 (Continued) 

LOC OBJ SEQ SOURCE STAIDENT 

8131 C5 445 EkRST: SEL RB8 iSTS IN ROO 
81.32 FF 446 I10Y A,R7 iGET STS 
8133 533F 447 flit. A.IRSTERR i RESET ERf<OC< FLAGS 
8135 IF 448 I10Y R7,A i RESTORE STS 
11136 98 449 I10Y STS,A iLOAD STA1US 
8137.85 458 CPL F1 iRESET F1 
8138 4414 451 JII! IRP1 i DOI£, BACK TO PlAIN LOOP 

452 i 

453 i CO/tIANI) ERROR - SET BOTH F1 AN> F8 
454 i 

813A 85 455 ERROR: CLR F8 iSET F8 
813895 456 CPL F8 
813C 4414 457 JI1P 1KP1 i DONE, BACK TO 11IIIN LOOP 

458 i 

459 i 118 BAUD CONSTANTS 
468 i 

813E 8954 4618118: !'lOY R1,1-(1741)-2I» ; LOAI) 118 !lAW CONSl,..r 
8148 244(; 462 JI'IP STTIIIR ; GO START TII'IER 

463 ; 
464 ; 308 BAUD CONSTANTS 
465 ; 

8142 B9C2 466B308: I10Y RL 1-(641)-21» i LOAD 39(j BfIUI) CONSTANT 
8144 244C 467 JI'IP SHIMR ; GO STARl CO\MER 

468 ; 
469 ; 688 BAUI) CONSTANTS 
478 i 

8146 B9E2 471 8688: I'IOY R1,1-(32I)-2I» ; LOAI) 689 BAUI) CONSTANT 
8148 244C 472 JIIP STIIIIR i GO 51 ART COlMER 

473 i 

474 ; 1288 BAIJI) CONSTANTS 
475 i 

814A B9F2 476 B1288: I10Y RL 1-(161)-21» i LOAD 128f1 BAUI) CONSTANT 
477 i 

478 ; START COUNTER 
479 i 

814C F9 4B8 STlIIIR: I10Y A,R! i GET COUNlER CONSTAIIT 
8140 62 481 I10Y T,A i LOAD COONTER 
814E 45 482 STRT CNT ; START COUNTER 
814F 25 483 EN TeNTI i ENABLE 1 IIER INTERRtJ!TS 
8158 B5 484 CPL F1 ;~F1 

8151 4414 485 JIIP IRP1 i DONE, BACK TO IlAIN LOOP 
486 i 

487 $EJECT 
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LOC (IlJ 

8153 C5 
8154 FB 
8155 F267 
8157 FF 
8158 53DF 
815A AF 
8158 98 
815C 911=7 
815E D5 
815F 22 
8168 ~ 
8161 FD 
81624382 
8164 II) 

.8165 4414 

9167537F 
8169 AB 
816A 22 
8168 39 
816C 4414 

APPENDIX C1(Continued) 

SEQ !i(JEE STATEI1ENT 

488 i 

489 i ************************************~******************** 
498 i 

491 i DATA ROOTlNE - GU HERE WITH IBF ~ITE wnH F1RESET. THIS ROOTII£ 
492 i FIRST TESTS IF TIE 110 FLAG IS SET IN TIE RXS TS REGISl ER IF SO, TIE DATA 
493 i IS FCR TIE OOTPIJT PORT. OTHERWISE, Tl£ DATA IS FOR TI£ TRANSI1ITTER fVII) 

494 i IS PlACED IN lIE TX BlfFER REGISTER. TIE TXINT BIT ANO PIN ARl::RESET. 
495 i 

496 i *********************************************************************** 
497 i 

498 DATA: SEL R89 
499 lIllY A.RXSTS 
5e0 JB7 lOOATA 
591 !lOY A,R7 
5(12 fit. A, INOT TXBIT 
593 ItJY R7,A 
594 ItJY sTS,A . 
595 ANI. P2, INOT TXINT 
586 . SEL RB1 
597 IN A.OBB 
598 ItJY R4,A 
599 I'IOY A. TXSTS 
519 . ORL A,IREQFLG 
511 IIOY TXSTS, A 
512 JI1P I'INLP1 
~13 i 

514 i 10 DATA ROUTINE 
515 i 

516 IODATA: fH. 
517 IIOY 
518 IN 
519 OUTL 
529 JI1P 
521 i 

... 522 $EJECT 

A.INOT IOFLG 
RXSTS, A 
A.OBB 
P1,A 
I'INl.P1 
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i DATA HfII>lED 1105 TL Y IN RS9 
i GET RXS1S 
i IF 10 FLfIG SET, DATA IN FOR 110 
iGET STS 
i RESET TXINT BIT IN· STS 
i RESTORE STS 
i LOAD STATUS 
i RESET TXINT PIN 
i TXSTS IN RBi 
iREAO DATA 
i PUT DATA IN TX BUFFER 
iGET lXSTS 
i SET REQUEST FLAG IN TXSTS 
i RESTORE 1 XSTS . 
i BAcK TO !'lAIN LOOP 

i RESET 10 FLAG 
i RESTORE RXSTS 
i READ 10 DAlA FROM DBBIN 
i OU1PUT 10 PORT 1 
i DONE, BACK TO !'lAIN LOOP 



LOC OOJ 

9299 9fF7 
8202 F5 
92932388 
9295 All 
Il286 AD 
9297 ff 
9298 D5 
9299 fIE 
IrlllA BD94 

929C 0614 
929E 7612 
92192453 
9212'2499 
9214869C 
9216 C5 
9217 FB 
9218·721E 

.921ft mc 
921C 449C 

921E 85 
921F 95 
11229 A5 
9221 922E 
9223 FB 
92249235 
9226 FB 

APPENDIX C1 (Continued) 

SEQ SOURCE STATEI1EHT 

523 ; 

524 ; *********************************************************************** ~; 

526 ; INITIALIZATION - GET HERE AT RE~T. THIS ROOTINE RESETS TIE INTERRUPT 
527 ; oorPUTS AND ENABLES THE/1, AND CLEARS THE APPROPRIATE STATUS AND DflTA 
528 ; REGISTERS. 
529 ; 

539 ; *********************************************************************** 531 ; 
532 ORG· 9299H 
533 ; 
534 INIT: ANL 
535 EN 
536 !'lOY 
537 t10V 
5381'1OY 
539 I'IOY 
540 sa 
541 I'IOY 
542 I'IOY 
543 ; 

P2,1IlF7H 
FLffiS 
A. 'ZERO 
RXSTS,A 
R5,A 
R7,A 
RBi, 
R6,ij 
TXSTS, II'IfR( 

; RESEl TXIN1 PIN 
; ENABLE I N1 ERRUPTS OUTPUT 
; CLEAR A 
; CLEAR RXSTS 
; CLEAR RX TICK COUNTER 
;CLEAR STS 
; SWITCH BANKS 
; CLEAR C(JNFIGURE STORE 
; SETUP PIf'ELINED TX DATA 

544 ; *********************************************************************** 545; 
546 ; IfliN LOOP - IBF AN) OBF ARE HflM)lEl) IN THIS L(QI. IF IBf=1,. Til: 
547 ; APPROPRIATE COM/'IfIN) OR DATR ROOTINE IS ACCESSED. IF IBF=0, lHEN OBF 
548 ; IS TESTED. IF OBF=L IBF IS TESTED AGAIN. AS SOON AS OBF=0, RXSTS 
549 j IS EXAtlINED TO SEE IF DATA IS WRITING FOR 001 PUT. HN RX DATA 
558 j READY IS SET, F9 IS .SET AND F1 IS CLEARED, AND THE DATft IS TRANSFERRED 
551 j FRlJI THE RX HOLDING REGISTER INTO DBSOUT AFTER TESTING FOR ERROR 
552 jFLAGS. ANY ERROR FLAGS SET ARE TRI1ISFERRED TO THES1ATUS REG.ISTER. 
553 ; IF THE 1/0 FLAG IS SET, THE PORT IS READ AND THE DATA TRANSFERRED TO 
554 j DBBOUT. 
555 j 

557 j 
55S I1NI..OOP: JNIBF IN.P1 j IF IBf'=0, T~T OBF 
559 JF1 OOJ1 j IBF=L TEST F1 FOR COIftlND 
569 .wf DATA j F1=0, JUttP TO DATA ROUTINE 
561 CMDJ1: 'JIll 00 j OOT -of -PAGE COMI'IRND. JIRtP 
562 MN..P1: . JOBF 1tt.(QI . j WRIT. UNTIL OOBOUT IS FREE 
563 '. SEL RB9 j RXSTS IN RB0 
564 HOY A.RXSTS ; GET RXSTS 
565 JB3 RXRDY j TEST RX DA1 A READY FLAG 
566 JB7 IOFLAG i TEST 10 FLAG 
567 JI'IP Itt.OOP iLOOP 
568 j 
569 ; RX DA1 A READY - TRANSFER TO DB80UT 
579 j 

571 RXRDY: CLR F9 jSET F9 
572 CPL F9 
5n CLR F1 i RESET F1 
574 JB4 RXF j CHECK fRAl'lING ERROR FLAG 
5'15 RXRDY1: !'tOy A. RXSTS iGET RXSTS 
576 JB5 RXO ; CHECK FOR OVERRUN ERROR 
577 RXRDY2: ({IY A, RXSTS j GET RXSTS AGflIN 
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APPENDIX C1 (Continued) 

LOC (RJ SEQ SOlRCE STAIDENT 

822753C7 578 fit. A, II«IT (DATRDY OR ~ OR OYRI.IO i RESET SOI1E FtmS 
8229 AS 579 I\OY RXSTS, A i RESTORE RXSTS 
822ft FC 580 lIllY A,R4 i GET DATA FRI»! HW> ING REG 
II22B 92 5B1 OUT DBB,A i PUT IN DB80UT 
822C 449C 582 JI1P 1INL!lOP i L()(F 

583 i 

584 i FRAIIING ERROR Ftm su 
585i 

922E FF 586 RXF: roY A,R7 iGET STS 
1122F 4348 587 ORL fl,IFESTS i!lET FRIllING I:RRa!FLflG 
9231 AF 588 lIllY R7,A iREST~ STS 
11232 90 589 lIllY SlS, A i LOAD STATUS 
9233 4423 590 JI'IP RXROY1 iCONTlNUE 

591 i 

592 i OYERIM ERROR FLAG SET 
593 i 

11235 FF 594 RXO: lIllY A,R7 iGET STS 
11236 4388 595 ORL fl,IOYSTS i SET OYERRm ERROR FLAG 
11238 AF 596 ItW R7,A i R£STORESTS 
Il239 90 597 lIlY STS, A i LIR> STATUS 
923A 4426 598 JIF RXRDY2 iCONTlNUE 

599 i 

680 i 10 FLAG SET - TEST DiRECTION 
601 i . 

923C FB 692IOFLAG:1\OY A,RXSTS iGET RXS1S 
9230 D29C 693 JB6 IH.()(F i PORT IS OUlPUl - NO ACTION 
1123F S5 694 CIJ< F0 iRESET F9 
11249 A5 695 CLR F1 iSET F1 
9241 85 696 tA- F1 
11242 537F 697 ANI. fl,IN)TI!FLG i RESET 10 FLAG 
11244 AS 698 lIllY RXSTS,A ; RESTORE RXSTS 
9245 99 699 IN A,P1 ; READ f'(RT 1 
9246 92 619 OUT DBB,fj ; PUT DATA IN DBBOUT 
9247 44l!C 6U JI'IP ItLOOP iLOOP 

612 ; 
613 END 

USER SYl'lBOLS 
RSCI1SK 09i'F 8110 913£ B1290 914A B~ 9142 B680 9146 BFFL(j 11904 CHI) 910Il CII)1 0U2 
002 9121 Cl'tDJ1 9212 DATA 9153 DATRDY 91108 ERROR 913A ERRST 9131 FESTS 9049 FRMR 9010 
INIT 92119 INT1 9098 lOOATA 9167 lOOIR 9049 lOER 8127 IOFLAG 1123C I(flG Il088 IIlRK 9904 
ItKOUT 0901 I'II.()(F 920C 1'II.P1 9214 ID.IT 9019 tl't'M 11029 OYSTS 9088 RCY 901B RCY1 9926 
RCY2 0933 RM 9038 RCY4 9042 RCY5 !l84D RCY6 11051 RCY7 9055 I<CY8 9069 RCY9 8064 
REQFLG 0902 kESET 90fl9 RETURN Il0B0 I6TERR 903F RXF 922E RXFlG 11991 RXINTL 9980 RXO Il235 
RXRDY Il21E RXRDY1 022J RXRDY2 Il226 RXSTS 9903 SBIt 9098 SPACE 98FB SPOOl 90FE SR1BIT 9083 
SRTFLG 0902 STPEND 8924 STTII~ 914C TlcWr 9049 TlCsRT 11904 TI~ 0929 TI"INT 0907 1 )(BIT Il828 
TXEND 11028 TXFlG Il901 TXINT 9908 TXOUT 9912 TXSTS 9905 lXTIC 9993 XlfIT 9068 Xlfl1 9081 
XlfT2 908C lIJ1T3 9097 XlfT4 809C XIfT5 09A8 ZERO 9lI99 

ASSEI'IBI.. Y COI1PLETE. I«l ERRORS 
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.. APPEN DIX C2. 

LOC OOJ SEQ SOURCE STATEI1ENT 

1 i 

2 i TEST ROOTII£ WHICH OUTPUTS TI£ ASCII CIfIRflCTER SET TO Til. 
1 i UPI TRANSltITTER ANI) DISPLAYS ON 11£ 80Il8 coosw: ANY 
4 i CHARACTERS RECEIVED BY 11£ UPI RECEIYER. 
5 i 

6 ;INPUTS: NOTHII«l 
7 ;OUTPUTS: ClHflCTERS TO ~ 
8 iCfU5: NOTHII«l 
9 i 

4009 19 ORG 4999H 
IIOOF 111tODE53 EQU IlDFH i 8253 C(MROl. PORT 
990C 12 009 EQU 90CH i 8253 CNT 9 PORT 
II9E5 1300 EQU 9E5H i UP I COIftIN) PORT 
II9E5 14 STATUS EQU IIE5H i UP} STATUS PORT 
99E4 15 DBSIN EQU 1lE4H i UPI DBBIN POkT 
99E4 16 DBSOUT EQU 9E4H i Uf'I DB80UT PORT 
9929 17 TXINl E:.QU 2911 i TXINT I1A5K 
0091 18 OBF EQU 91H iOBF I'IA5K 
9002 19IBf EQU 92H i IBF I1RSK 
OOED 29 STAT51 EQU IlEDH . i 8251 STATUS f1IRT 
99EC 21DATA51 EQU IlECH. i 8251 DATA PORT 
0091 22 neRDY EQU 91H i 8251 TXRDY I1RSK 

21 i 

4999 lEl6 24 START: ""'I A.l6H i 8253 OO911OOE 1m) 
4992 DlDF 25 OUT I'IODE53 ; 8253 CONTROl PORT 
49114 lE19 26 MYI fb1911 i DIVIDE BY 160 
4996DlDC 27 OUT CNT9 i 8253 009 PORT lSB 
4998 lE99 28 !WI A.9IlH 
499A D1DC 29 OUT 009 i8251 009 PORT I!iB 
4II9C 9629 311 ""'I B.29H i INITIAlIZE OUTPUT CIR 
499E lE19 11 "VI A.111H i cotF IGURE COtIfANI) - 1299 BflII) 
4919 Dl/:5 12 OUT 00 i UP} rotIfIND PORT 
4912 DBE5 11 POLL1: IN STATUS i READ UPI STATUS 
4914 E621 14 ANI TXINT OR OBF i TEST TXINT fIN) OBF 
4916 CA1249 35 JZ POill i WAIT UNTIL ONE IS SET 
4819 DBE5 36 IN STATUS i REAl) UPI STATUS AGAIN 
491B E691 31 ANI OBF iWAS IT OBF? 
4910 C21849 18 JI/Z RX i YES. GO DO RECEIYER 

19 i NO. I'IU5T BE TRANStlITTER 
4929 78 49 tIOY A.B i (E NEXT DR FOR OUTPUT 
41121 DlE4 41 OUT DBBIN i OUlPUT 10 UPI DBSIN 
492l FE5fI 42 CPI 'z' i WAS IT lAST CIR? 
4925 CAll40 41 JZ NEWS i YES. RESET REG. B 
4928 94 44 INR B i OTHERWISE. INC B 
4929 DBE5 45 POll2: IN STATUS i TEST IF IBF STIll SET 
402B E692 46 ANI IIlF iTESTIIlF 
402l) C22949 47 JHZ Pru.2 i WAIT UNTIL 11lF=0 
4919 Cl1249 48 JI1P POill i BEFORE LOOKING AT STATUS AGAIN 

.49 i 

4933 9629 59 NEWS: IIYI B.29H iRESET REG. 8 
4935 Cl2949 51 JIll POll2 iOO BACK 

52; 
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LOC IBJ 

4838 DBE4 
483R 4F 
4838 DBED 
4831> E681 
483F CII3B48 
484279 
4843 DJEC 
4845 C31248 

PII!lIC SYIIIOLS 

USER SYII!OLS 
ell) A 89E5 
f£M3 A 48ll 
STAT51 A Il8ED 

SEQ 

53 RX: 
54 
55 RX1: 
56 
57 
58 
59 
6iI 
61 i 

62 EN> 

CNT8 A 88DC 
IIlF A 11081 
STATUS A 8IJE5 

RSSEIIILY WR£TE, III ERRORS 

", '. 

APPENDIXC2 (Continued) 

SUCE STATEI£NT 

IN DBSOOT ; RBI> DIlBWT ~ RECEIVED CIR 
lIlY C,A iSAVE IT INC. 
IN . STAT5t . i RBI> 8251 STATUS .... 
ANI Tl!ROY ; TEST Tl!ROY. :;. 
JZ RX1 i NAIT OOIL REfI)Y 

lIlY fl,C iGET CIR 
ruT DRTA51 iOOTPUT ·~TOCf¥(lE 
JIF f'(ll1 i GO TEST IFI IKiAIN 

DATA51 A 88EC· DBBIN A 88E4 .DIlBWT A 1!8E4 IIlF R M2 1O)E53 A.1lI!DF 
POLL1A4812 PIU2 A 4829 RX : A 4838 .. RX1 A 4838 .. Sl'MT A 4M 
TXINT A 8828 . Tl!ROY A 8881. 
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INTRODUCTION 

Dynamic RAMs have always been somewhat of a prob
lem for system designers. The problems associated 
with refreshing, timing, and interfacing have caused 
many RAM intensive mi'croprocessor applications to 
utilize only static memory. This is unfortunate because 
dynamic memory is more attractive on the basis of cost, 
power consumption, and bit density. The Intel 8202 was 
designed to eliminate the bulk of the problems associ
ated with dynamic RAMs and to make interfacing simple 
and cost effective. 

The 8202 provides for address decoding, multiplexing. 
and all the timing needed to refresh 1.6 pin dynamic 
(multiplexed address) RAMs. All refresh 'operations are 
handled by the 8202 and refreshing Is not dependent on 
the state of the. controlling system: This means that 
long reset times, single stepping, or extended bus holds 
will not destroy RAM contents, as would be the case' 
with processor controlled refreshing. In essence, the 
8202 has the ability to make dynamic memory look 
static to the user. 

This note will describe in detail the Intel 8202 and illus
trate its use. Broken into three l1)ajor sections, each suc
cessive section discusses a different aspect on using 
the 8202. The·first section describes the functionality of 
the 8202 and illustrates its use in general. The s.econd 
section is more specific and discusses, as an overview, 
the interface, decoupling and speed selection of the 
memory array. The last section illustrates 8085A appli
cation examples and an interconne.ct of the 8086 max 
mode system with 128K bytes of dynamic RAM. 

F9r.those readers who are unfamiliar with dynamic RAM 
or would like to "refresh" their memory,. some basics 
about dynamic RAM are attached in Appendix 1. Appen
dix 2 details the basics on laying out a MOS array, a crit
ical area of importance when trying to develop.a trouble
free system. Also attached is Appendix 3, an exhaustive 
analysis of 8202's compatibility with the Intel industry 
standard dynamic RAMs. If you've never worked with 
dynamic RAM before, it is highly. recommencjed that yo,u 
obtain and read the dynamic RAM.sections of the Intel. 
Memory Design,Handbook. Also, for a comparison and 
supplemer'ltal background, you may want to refer to Intel 
Application Report #1, "Simplify Your Dynamic 
RAM/tylicroprocessor Interface,;' and Application Note 
#38, "Application Techniques for the Intel 808SA Bus." 
These notes illustrate the complexities that used to be 
involvee! when interfacing to dynamiC RAM. An 8202 
data sheet will prove very beneficial when reading this 
note. 

FUNCTIONAL DESCRIPTION 

Overview 

The 8202 is a bipolar device packaged In a 40 pin dual-in
line package. This Dynamic RAM controller performs all 
the system control support needed to oPerate and 
refresh up to, 16K bytes of 2104A(4Kx1), 64K bytes of 
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2117,2118 (16Kx 1) in an 8080A, 808SA system or 128K 
bytes for 8086. To accomplish this the 8202 has the 
following features: 

Provides address bus mul'tiplexlng, compatible 
with address multiplexed RAMs. 
Provides sufficient output drive for up to 4 banks 
of 8 2104A's, 2117's or 2118's. All necessary CAS 
(Column Address Strobe), RAS (Row Address 
Strobe), WE (Write Enable) and CS (Chip Select) 
signals are generated. ' 
Provides failsafe refresh. Memory is refreshed In a 
distributed manner (RAS only refresh) without 
using the inefficient method of asking the proces
sor to relinquish the bus. The processor is asked 
to wait if it requests a memory cycle when a 
refresh cycle is being performed. 
Provides externally controlled refresh option for 
those who want sync or hidden refresh. 
Allows direct interface with the 8080A bus, the 
demultiplexed 8085A bus, the 8086 maximum 
mode bus, and. DMA controllers. 
Allows convenient and compatible debugging 
with ICE modules and /AScope. 
AII9wS all memory and refresh requests to be 
asynchronously requested. 

A block diagram of the 8202 is given in Figure 1 illustrat
ing how these features are integrated. Each function is 
described below. 

Oscillator 

The Intel 8202 generates its 'timing from a crystal" con
trolled internal shift register technique. This method 
provides highly accurate control of the fine resolution of 
timing required for dynamic RAM. This is far superior to 
a monostable multivibrator approach where glitches 
and unit to unit timing accuracies are difficult to 
control. 

Arbiter 

The arbiter resolves all conflicts between any cycles 
that are requested. These cycle requests can be gener
ated from one of four places: 

A. Read cycle request ....,. RD/S.1 input 
B. Write cycle request -:- ""R input 
C. External refresh request - REFRQ/ALE 
D. Internal refresh request (refresh timer shown In 

block diagram) 

If a refresh cycle is in progress and another cycle is 
requested, the requesting device is asked to walt until 
the present cycle is completed. After completion of the 
present refresh cycle a response from a system 
acknowledge output, called SACK, will notify the 

• An external TTL clock can also be used. 
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RAM ALoIOP, --------,/1 I ALo:, 

ADDRESSES 

~!~!~:LLY AHo_. =============j: 
FROM 
PROCESSOR 

MULTIPLEXER 

ENCODED RAS ENABLES ( 
TYPICALLY A, •• A15 FROM 

Bo:-:-.. _-------'-r--'----'---1--: :;~~:EM:N::~~:~t S~:~:~IC RAM 
B, ______ -I 

PROCESSOR 
READ AND WRITE ( iiJj 
REQUESTS Viii 

PROTECTED CHIP SELECT I PCS 

~~6~~~~L REFR I REFRQ~-..., __ "T"""' 

TIMING 
AND 

CONTROL 

:0 }ROW ADDRESS STROBES 
, SELECT& ONE OF FOUR 

m, BANKS 

RAS, .. 
XACK!DATA TRANSFER COMPLETE 

'--____ -' --SACK !~N;~~~S:~ ~~IJE~r:~~~UHRE: 

CRYSTAL { XoIOP, 

OR ·TTL CLOCK X,/CLK====l~O~SC~I~LL~AT~O~R~ 
INPUTS 

. Figure 1. 8202 Block Diagram 

requesting device of availability for use. If a read or write 
request occurs simultaneously with a refresh request, 
the read or write cycle will be performed first, then the 
refresh cycle. Read and write cycle requests should not 
occur simultaneously during normal operation. If the 
8202 is deselected, only an internal or external refresh 
cycle request will be accepted; however, it will continue 
with the present memory cycle if one is being per
formed. (Hence the chip select input is called protected 
chip select, PCS, because the current cycle is always 
completed regardless of any other pending request.) 

Refresh Timer and Counter· 

The refresh timer increments on each pulse from the 
clock input until it reaches a preset number that causes 
an internal refresh request to occur. Note that this 
causes the refresh rate to be 8202 clock cycle depend
ent. External refresh requests will cause the refresh 
timer to reset, but not disable it. 

The internal counter contains the RAS address that will 
be used during the refresh. The counter is incremented 
after each refresh, resetting to zero after all RAS 
addresses have been refreshed. 

Multiplexer· 

The multipiexer is controlled by the timing arid control 
logic. It presents tolheaddress bus one of the following; 

1. The refresh counter when there is a refresh cycle 
2. ALo-s on a RAS pulse (ALo-s, AHs for CS on 4K 

2104A's) 
3. AHo-s on a CAS pulse (AHs is still used as CS for 

2104A) 
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The outputs from the multiplexer are inverted from the 
address inputs. This is immaterial to the dynamic RAM 
array and does not require inversion for proper system 
operation. 

Timing and Control 

The timing and control logic allows either a read, write 
or refresh cycle to occur. After any read or write cycle 
request, SACK (System ACKnowledge) goes active if the 
cycle was not requested during a refresh cycle. If itwas;' 
SACK is delayed until XACK, thereby requesting wait" 
states from the cycle requester. 

Support Functions 

Generation of RAS, CAS, WE and CS 

All the dynamic RAM controlling signals are taken from 
taps off an internal traveling ones shift register. This 
Internal shift register is driven by the clock given at the 
8202 Xo, Xl inputs, whether it is crystal or external drive. 
The taps on this internal shift register provide integral 
increments of the clock period, giving accurate control 
of the RAS; CAS, WE and CS' signals, as illustrated In 
Figure 2. Timing begins after the internal shift register 
clock is synchronized with ·the processor, DMA or 
refresh request control signals. . 

Cycle Start 

Externally, starting a cycle can occur from onEi of three 
inputs: RD, WR or a high pulse on the REFRQ input. 
Internally, memory cycles can also be inititated from an 
internal refresh request. Arbitration between memory or 
refresh cycles is performed internally in the 8202. 

To perform this arbitration, a refresh request (internal or 
external uslngREFRQ) is clock.ed in on the rising edge 
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XI/CLK 

I. Rii OR Viii INPUT 

2. SACK 

3A. RASlf· 

OUTo_. 3B. _______ __ 

4. CAS 

RAS 
ADDRESSES 

SEQUENCE OF EVENTS: I. READ OR WRITE REQUESTS A MEMORY CYCLE. 
2. ~ RETURNS, TELLING PROCESSOR THAT 8202 IS READY. (IF REFRESH IS 
BEING PERFORMED, IT WILL STAY HIGH UNTIL COMPLETION. :lA,1ft. ADDRESSES 
ARE SET UP FOR m, THEN m GOES LOW. ~ COLUMN ADDRESSES ARE SET UP 
AND CAS GOES LOW TO STROBE INTO DYNAMIC RAM. 

Figure 2. Timing Signals Generated by the Intel 8202 When a Cycle I. 
Requested. 

of the Xin clock input as shown in Figure 3 (note 1). The 
internal refresh logic is then activated on. the following 
rising edge of the clock (note 5), if no memory cycle is 
currently in progress. At this time, the refresh address 
(taken from the internal refresh counter) is multiplexed 
out to the memory and refresh control is set up (note 6, 
7). If a memory cycle is in progress, the refresh request 
is latched until serviced (at the end of the current memo 
ory cycle). 

Conversely, if no refresh is in progress, a RD or WR 
could be setting up while the clock is low (note 2). On 
the next rising edge of the clock a cycle is started. If RD, 
WR setup time was not met, the request will synchron· 
ize with the next cycle (if no refresh is requested). If both 
a refresh and a memory cycle were requested simultane· 
ously, the cycle performed will be a memory cycle as 
this will be recognized a half cycle earlier (please refer 
to Figure 3 for clarification). If a refresh request was 
made during a memory cycle, it is postponed unti.1 after 
the memory cycle is completed, as refresh requests are 
latched until serviced .. 

When refresh cycles occur, .any requested memory 
cycle is delayed through the use of the SACK output. 
This output is typically NANDed with other system 
acknowledge signals to the ready pin of the processor, 
asking the processor to wait until the refresh is com· 
pleted. If no dynamic RAM memory cycle is requested 
during a refresh, the processor operation will not be dis· 
turbed as SACK only responds after a cycle is requested 
from the 8202. This is a more efficient method than 
using the hold input as overhead cycles are needed to 
recognize hold,generate HLDA and later regain control 
of the system bus. 
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With this type of arbitration, there is less contention 
between a refresh or memory cycle request as it is elimi· 
nated through the synchronization with different 8202 
clock edges. This arbitration method also results in the 
8202 clock, system clock; refresh requests, and memory 
read and write requests being totally asynchronous with 
respect to each other. Reads and writes, however, 
should not be requested simultaneously. 

Another area of concern with arbiters is the hangup that 
can occur when an input edge corresponds exactly with 
the clock edge. All systems have this problem but the 
8202 is designed to statistically eliminate this problem. 
Compared to a standard TTL flip flop, the 8202 (if the 
input edge was exactly in sync with the clock edge) is. 
estimated to be 10-15 orders of magnitude improvement 
in mean time to failure (i.e., years). This is accomplished 
by the fact that internally, the 8202 has 3 flip flops and 1 
latch in .series to resolve the arbitration. For hangup to 
occur, all four logic elements must hangup - statistic
ally not feasible. 

Refresh Mortes 

As was shown in the block diagram in Figure 1, the 
refresh logic is broken into two blocks: The refresh 
address counter and the timer. The counter contains the 
address of the next RAM location to be refreshed while 
the timer controls as to when a refresh is needed. This 
refresh timer is basically a frequency divider that 
divides the input clock frequency down to the refresh 
rate required. 

With this type of refresh logic, internal refresh control is 
done in a distributed manner, i.e., a refresh cycle is per-
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RDOR 
WIi \\\ \\\\\\\\ \\\\\\\ 
~ ~START 

2 TIMING 
,-------i ',-------i LOGI , I I ~~~~~ I C I X1/CLK I 

TIMES ' , REQUESTS 
R~~~~~H~ ~T~:~ ~RASb. 

OUT ' SET UP 6 START 

I 7 ":, R~FRESH 
~ RAS 

REFR ADDR REFR 

NOTES: CYCLE' 

1 REFRESH TIMER TIMES OUT ON A POSITIVE CLOCK EDGE. 

2 A Rii OR iiiR SETS UP TO REQUEST A CYCLE WHEN THE CLOCK IS LOW. 

3 A MEMORY CYCLE STARTS WHEN THE XIN GOES HIGH. 

4 TIMING LOGIC IS STARTED AND THE RAS'STROBE IS GENERATED. 

5 IF THERE IS NO CYCLE IN PROGRESS, THE CYCLE MODE IS SWITCHED TO R,EFRESH 
FROM THE RISING CLOCK EDGE. A REFRESH CYCLE IS NOW REQUESTED. REFRESH 
ADDRESSES ARE SET UP. 

6 REFRESH CYCLE IS STARTED. 

7 TIMING LOGIC HAS STARTED AND THE REFRESH RAS STROBE IS GENERATED. 

Figure 3. Cycle'Start Timing Diagram 

formed approximately every 2 ms/# RAS addresses per
iod of time. It is performed as a RAS only refresh, the 
preferred approach as this does not turn on all the inter
nal memory circuitry as would a RAS/CAS refresh. Less 
circuitry that Is on means less power consumption, and 
less noise spiking In the system. Remembering that 4K 
dynamic RAMs require 64 cycie refresh for each 2 ms of 
time and 16K dynamic RAMs require 128 cycle (as they 
are organized as 128 rows x 128 columns) it was nec
essary to have different refresh rates for the different 
RAMs. The 8202 knows it should perform a 64 cycle ver
sus a i 28 cycle refresh due to the 4Kl16K option 
selected on input pin ALe. Looking ,at the 8202 refresh 
specifications, the exact amount of delay between 
refresh requests can be determined as follows: 

For 2104A Configuration: 
Min 

548 x EXTERNAL 8202 
Clock period 

For 2117,2118 Configuration: 
Min 

264 x EXTERNAL 8202 
Clock period 

Max 

576 x EXTERNAL 8202 
Clock period 

Max 

288 x EXTERNAL 8202 
Clock period 

The refresh timing Is generated after the internal refresh 
counter has incremented the above number of cycles. It 
may seem odd that there is a range of counts between 
min and max. This was designed as such to reduce 
pOwer consumption. The lower three bits in the counter 
are indeterminant when reset, which occurs every time 
the counter reaches terminal c6unL The maximums 
above were selected to give prope(refresh for the 2104A 
and 2117 at the 18.432 M Hz frequency associated with' 

the 8080A system and above to 25 MHz (top operating 
frequency of the 8202). To illustrate this, the following 
example is given: 

For 8080A clock frequency of 18.432 MHz 
Clock Period = 1/18.432 MHz= 54.25 ns 

For 2104A 

Max time between refresh = 576 (54.25 ns) = 31.25 ,..sec 

whl,ch Is the same as 2 ms/64 = 31.25 ,..sec. 

For 2117 

Max time between refresh = 288 (54.25 ns) = 15.625 ,..sec. 

which is the same as 2 ms/128 = 15.625 ,..sec. 

For frequencies above 18.432 MHz a similar exercise 
can be performed to determine the internal refresh rate. 
Note that these internally generated refresh cycles are 
generated religiously if you have power and a clock sup
plied to the 8202. Regardless of reset, processor being 

. in a hold or halt state, creven DMA transfers, the 8202 is 
going to refresh memory when "it needs it. . 

External Refresh 

An input is provided (REFRQ/ALE) that allows a user to 
externally command the 8202, to perform a refresh. This 
input is. high level sensitive and only requires a 20 ns 
pulse width for a request. After the refresh cycle is 
started the internal refresh counter is reset, bui it is not 
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disabled! This feature guarantees data integrity in the 
memory array if the external requests fail to occur, such 
as might be the case in a processor controlled refresh 
system. To use the external refresh pin to totally avoid 
having an asynchronous, internal refresh requests that 
may generate random wait states, you must provide the 
8202 with an external refresh pulse more often than the 
8202 will want to do the refresh. This rate is dependent 
on the clock frequency of the 8202 and can be calcu
lated with the min equations in the last section. 

Hidden or Sync Refresh 

A user may want to squeeze out a little more processor 
efficiency by doing an external refresh that is hidden in 
opcode decode. If not enough time is available during 
opcode decode, and program memory is not in dynamic 
RAM, the whole fetch cycle can be used to refresh RAM 
by pulsing the REFRQ/ALE pin when fetch occurs. 
Refreshing as often as an opcode fetch occurs has the 
advantage of gaining a little processor efficiency, with 
the disadvantage of increasing memory array power 
usage. The designer should trade off the relative impor
tance of these two aspects when considering external 
or sync refresh. 

Addressing and Control to the System Bus 

Processor addressing to the 8202 is simple and direct, 
with the 8202 taking care of the address multiplexing 
necessary for the dynamic RAM. To illustrate the 
addressing schemes, a few examples are given. In Fig
ure 4 the simplest is shown, mapping a 16 bit address 
bus onto 64K of memory. 

FROM 
PROCESSOR 

~') TO ALL 21175 
MULTIPLEXED ALo-Al&lAHo-AH6 

TO MEMORY 

l DECODED 80, 81 - SELECTS BANK OF 
J . 16,384 8 BIT BYTES 

WHERE Ao-As WILL BE THE RAS ADDRESSES AND A1-AU ARE THE CAS ADDRESSES 

Figure 4. 8202 Addressing 

With this simple configuration, all the address lines 
from the 8080A bus or 808SA demultiplexed bus are pre
sented to the 8202 for 64K bytes of dynamic RAM. If 
using this addressing scheme, it would be necessary to 
memory overlay the program memory to start the proc
essor. With this simple method of addressing, memory 
will be organized as shown in Figure 5. 

If the system requires it, the addresses to the 8202 .can 
be scrambled anyway desired (be careful with Bo, B1). 
This may seem confusing at first but RAM means what it 
says, Random Access Memory! Many RAMs don't have 

a logical mapping of address space even internally. 
Even though the program will go through .consecutive 
locations, scrambling the addresses to the 8202 will pre
sent no problems as it will map it into the dynamic RAM. 
You may have noticed that the output addresses are 
inverted from the inputs. Taking advantage of the irrele
vance of the addresses, the 8202 inverts its outputs to 
provide for faster operation. When isolating a physical 
location in .RAM (software only sees relative addresses) 
you must take this into consideration with any address 
scrambling you may do. To do refresh efficiently, how
ever, you must step through the lower RAS addresses of 
the RAM to refresh every row. Again the user need not 
be concerned as the 8202 automatically does this. 

_8BITS-_ 

Figure 5. 64K 2117 Memory Organization 

If not all the memory is wanted, say only 48K bytes 
instead of 64K so that program memory (such as ROM or 
EPROM) could reside in 0000H-3FFFH, all that is 
needed is to gate the prohibited memory space of A14 
and A15 and input this to the 8202 pes pin (Figure 6). 
This pes pin is a Protected ehip Select pin. When it is 
low, WR and RD/S1 inputs are enabled. If high, it will noi 
recognize any read or write cycles, but it is protected 
against terminating a cycle in progress and allows any 
future refresh cycles to occur. As in this case men
tioned here, its purpose is to disable the 8202 when 
accessing the first quadrant of address space. With the 
pes pin you can segment your memory as desired by 
decoding the proper enabling signal. 
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8202 
pcs 

ENABLES COOOH THRU FFFFH 

8000H BFFFH 

4000H 7FFFH 

LEFT OPEN 

Figure 6. Deselecting during Prohibitive Address Space 
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The control interface to the 8202 is just as simple. In 
most applic!'ltions all that is needed is a read or write 
command. The falling edge of these signals start the 
memory cycle to be performed. During write cycles it is 
up to the user that data is provided at the proper time to 
the memory array. This is discussed in more detail in the 
application and processor interface sections. 

The 8202 generates two control outputs in addition to all 
the dynamic RAM controlling signals. 'One, which has 
already been discussed, is SACK (System ACKnowl· 
edge). The other signal provided is called XACK and can 
be used to latch data buffers with the information from 
the dY,famic RAM. This XACK sig~ disappears after 2 
clock cycles if read or write and PCS terminate before
hand, otherwise it remains low until read or write and 
PCS disappear. XACK can also be used as an alternative 
SACK to guarantee that wait states occur in some spec
ific designs. 

SACK, XACK and READY 

This is one area that is easily confused and requires 
special attention. SACK (System ACKnowledge) is a 
system concept that is similar to a DMA acknowledge 
when a DMA request is made in a system with DMA. 
If a memory cycle request is made, the 8202 will respond 
on SACK when it Is available for use. SACK signifies 
when a cycle request has been accepted. It is delayed 
when there is a refresh cycle in progress until the 
refresh is complete. SACK does not tell you whether or 
not wait states are needed to be access compatible with 
the memory! Since SACK is gated into the READY input 
of the processor (this is more efficient than a request! 
request granted type' of structure) you must make sure 
.you don't mix the two concepts of acknowledge and 
memory wait states .. 

How to treat SACK can divided into two topic areas for 
its understanding; one, when a memory wait state is not 
ne~ded to guarantee memory access and two; when if is. 

1. Wait state not needed 

To guarantee a wait state free environment (except dur
ing refresh) SACK must return in time to guarantee 
READY set up at the processor. SACK will only respond 
after both PCS and a control signal has been presented . 
to the 8202. If the set up time Is not met, you mayor may 
not have a wait state. To avoid this you may want to try 
to use advanced controls to gain additional response 
time. 

The common configuration that has been shown up 
until this point in time for SACK is to NAND it with other 
system acknowledges to the READY input of the proc
essor. This concept only works if every addressable 
adress space has associated with it a system acknowl
edge, which would be common in a general bus environ
ment. If this is not the case, a little care must be taken 
for the logic on the READY input. Take for example: 
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Single board, a few memory mapped peripherals, ROM 
and RAM, with the only system acknowledge coming 
from an 8202 

If a user was to take this case and simply invert (the 
"logical" thing to do with only one SACK) SACK into 
READY, he would get wait states till ad nauseum when 
any address space except the 8202 was accessed. The 
user· may then be tempted to not invert SACK and input 
this into READY. Sorry, but this will not perform the 
function properly either. The correct way is shown in 
Figure 7 where PCS is OR'ed with positive SACK (or by 
using DeMorgan's theorem, PCS can be inverted and 
NANDed with SACK). Since READY is aCtive high, the 
processor will always see the address space as "ready" 
(because PCS will be high) until it accesses the 8202 
address space. At this point in time, READY will not be 
active until SACK returns. 

2. Wait state is needed to be memory access 
compatible 

If SACK returns.in time to guarantee ready setup and a 
wait state is needed, it will be necessary to delay SACK 
or gate it with some form of wait state generator. Exam
ple schematics of walt state generators for the various 
Intel processors are published in the various Intel Ap 
Notes and User Manuals. Another technique would be to 
use XACK (Transfer ACKnowledge) instead of SACK to 
produce the refresh and memory wait states needed. 
Depending on the buffering delays, processor and 8202 
cycle speeds, XACK may introduce more than one wait 
state. . 

If SACK does not return in time to guarantee READY set 
up, it is sometimes very tempting to use this as your 
wait state generator. Don't! This will not always guaran
tee a wait state. READY set up is specified as a mini
mum for guaranteed recognition, not a maximum for 
guaranteed nonrecognition. Again XACK (in addition to 
its duty of latching data buffers) could be the answer for 
a simple low cost wait state generator. The same 
discussion in the previous section about not having 
SACKs associated with the entire memory space also 
applies here. (If you had trouble understanding this sec
tion, reread it, it will be well worth your time.) 

Clocking the 8202 

The 8202 can be clocked in a variety of ways. The crystal 
inputs can be used with series resonant, fundamental 
crystals up to 25 MHz. The specifications for this crystal 
and their explanation are given in Intel Application Note 
#35, Crystals: Specifications for Intel Components. 
When working with such high frequenCies, certain pre· 
cautions should be observed. The crystal should be as 
close to the 8202 inputs as possible to reduce. the para
sitic effects associated with leads and board traces. The 
crystal holder or "can" should be grounded to the 
ground plane if possible. A trimming decoupling capaci
tor on the order of 10 pF is helpful to prevent DC across 
the crystal and trim the frequency. 
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PROCESSOR 

READY 

8202 

Figure 7. Ready Logic when Not All Address Space 
has SACKs 

Tying the Xo input to + 12V through a 1 K ohm resistor 
allows for operation of an external clock driver. Again 
this clock driver should be as close to the 8202 as possi
ble! If it is necessary to bus the clock signal to other 
components, you will want to buffer it (with a buffer that 
can easily handle 25 MHz) and possibly devote a layer on 
your board just for the clock to prevent clock and signal 
interaction. Unlike other NMOS components, the 8202 
clock input can be driven directly with TTL levels (I.e., no 
pullup resistors) when this option is selected. 

Power Up Reset 

The 8202 is designed such that no external reset is nec
essary. To understand this, it is helpful to look at the 
five groups of logic which could have required a reset, 
as listed below: 

1. Refresh timer logic 
2. Refresh address logic 
3. XACK and SACK logic 
4. Control timing logic 
5. Cycle start logic 

1. The refresh timer can't count more cycles than It 
is set for. Therefore, after power up, a refresh 
cycle will occur within the required amount of 
time for the dynamic RAM. If it is desired to pro
vide some synchronization with external refresh 
(to insure that an internal refresh will not occur 
in a wait state free system, for example) pulsing 
the REFRQ refresh request input will cause a 
refresh cycle to start and reset the timer. 

2. In reference to the refresh address logic, 
dynamic RAM does not care which row in the 
array is refreshed first, just as long as all of them 
are before 2 ms. As a result, it doesn't matter as 
to what location is used for a starting point after 
power up. However, pulling both read and write 
inputs low at the same time will cause the 
refresh address counter to reset to zero. This 
may be useful for testing purposes but it is not 
recommended for normal opE;!ration. 

3,4,5. XACK, SACK and control timing logic are all 
reset when RD, WR are both high and no cycle is 
requested. After power up, three memory cycles 
amount of. time must elapse before a valid mem
ory cycle can occur. This is due to the reset 
nature of the cycle start logic. The· cycle start 
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logic consists of several flip-flops, each of 
which is able to request a start of a cycle. If one 
of these is set at powerup, a cycle will start. 
Hence, it is possible that three "memory" cycles 
could occur, an internal and external requested 
refresh and a pseudo memory cycle. At the end 
of these pseudo initial cycles, the control timing 
and cycle start logic will reset itself and become 
available for normal use. 

MEMORY SPEED SELECTION AND LAYOUT 

Compatible Memories 

The 8202 was defined to give the widest possible range 
of compatibility with memory devices, as will be noted 
shortly. This section strictly discusses the 8202 compat
ibility with the dynamic RAM, not the processor compat
ibility. This will be dealt with in an upcoming section. 

An exhaustive approach can be performed to show the 
extent of compatibility of the 8202 to the actual memory 
device by comparing each individual specification·. This 
has been done for you in defining the 8202 (and is repro
duced in Appendix 3) with the Intel industry standard 
2104A and 2117 dynamic RAM parts. 

TABLE 1 

MEMORY RAS ACCESS CAS ACCESS 8202 compatible Ireq 

16K (2117) 

2117·2 150 ns 100 ns 18.432 MHz-25 MHz 
2117·3 200 ns 135 ns 18.432 MHz-25 MHz 
2117·4 250 ns 165 ns 18.432 MHz-22.222 MHz 

4K (2104A)" 

S6047 150 ns 100 ns 18.432 MHz-25 MHz 
S6048 200 ns 135 ns 18.432 MHz-25 MHz 
S6049 250 ns 165 ns 18.432 MHz-22.222 MHz 

-NOTE: Do not use 2104A-1, 2, 3, 4 with the 8202. The 8202 does a RAS only refresh 
. which requires the use of the S6047-6049 speed selections. 

Since the 8202 specs, for the most part, are frequency 
dependent, equations can be set up to determine the 
lowest and highest frequency possible for the compati
bility of the specs. Doing this, the 8202 frequencies (at 
the Xo, X1 clock inputs) can be obtained for the above 
dynamic RAMs and the results ar~ summarized in Table 
1. The upper limit of 25 MHz is the frequency limit of the 
8202 itself, not the dynamic RAMs. The lower limit of 
18.432 MHz is established by the refresh rate of the 
8202. At 8202 frequencies below this limit, the dynamic 
RAM \Nill not be refreshed adequately, as it will be below 
the 128 row/2 ms or 64 row/2 ms rate necessary, respec
tively. 

With the 2117-4 and S6049, the upper frequency limit is 
established by the tRAH (row address hold time). To illus
trate the frequency cut off due to this spec, let's calcu-
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late the allowable 8202 frequency range using tRAH as 
the limiting factor: 

2117·4 tRAH is 35 ns 

Setting the 8202 min spec tRAH = tp-10 (where 
tp= 1/8202 clock frequency) the upper limit can be 
established. 

tp-10 ns=35 ns 
tp= 45 ns Therefore f8202 upper= 1/tp= 22.222 MHz 

You may want to check a current data sheet and reo 
establish this limit (check other parameters also). Note 
thanhis range of 18.432 MHz-22.222 MHz allows you to 
work with slower memories and includes the frequency 
22.1184 MHz, a convenient source for BAUD rates. 
(There are also 2109s available which have the same pin· 
out as the 2117 but are 8K x 1 memories.) Again, please 
note that this is the frequency range of compatibility 
with the 8202, not the processor. Noting that specs 
change from time to time, a complete analysis is given 
in Apendix 3. Take the current specifications that you 

• 
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have for your memory component and compare them to 
the ones used in Appendix 3. 

Layout, Decoupling 

The need for adequate decoupling when working with 
dynamic RAM cannot be overstressed. Because of its 
dynamic nature, internal circuitry is turned off when 
deselected to limit the use of power. Large switching 
currents occur when turning on a group of dynamic 
RAMs all at once, which must be furnished by the power 
supply and bypassldecoupling capacitors. Any memory 
cycle will turn on at least 8 components, with a refresh 
using up to 32 components. Therefore, large bulk 
decoupling capacitors should be used to preveilt power 
supply droop, with many small capacitors to filter out 
the high frequency noise by minimizing the current spik
ing as much as possible. Reproduced in Figure 8 is a 
suggested 2117, 2104A layout (with 2104A, AH6 Is CS). 
To make this layout compatible with the 8202, the CAS, 
WE and address lines should be tied together to form 
one WE, CAS and set of address lines. 

6 7 

CASCO 
AGCO 
ASCO 
A4CO 
A3CO 
A2CO 
A1CO 
AOCO 

RASO 
RASC' 

WECO 

WEAB 
RASB 
RASA 

B~~~~~~~~~~~~~~~~~~~~~~§ • • • • • • • • 
~O-c-'B =+-OO~B-=---O-O=*"oB~O~B~ 

CASAB' 
AGAB 
ASAB 
A4AB 
A3AB 
A2AB 
A1AB 
AOAB 

A 

, . , . , 
• B 10 • B 

C 

DECOUPLING CAPACITORS 
B=O.l ~FTOVDDT6vss . 
D = 0.1 ~F Vee TO Vss 
C = 0.01 ~F Vee TO Vss 

. , 
I 0 

• 

. , . , . , . , • 
'. B 

10 • B 10 

SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES 

BOARD ORGANIZATION: 64K WORDS BY 8·BITS 

Figure 8. Recommended 2104A, 2117 Array Layout 
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Figure 8 also illustrates the proper method forgridding 
and placement of decoupling for a dynamic memory 
board. Locations 8, C, and D in the array are strategic 
locations for plaCing capacitors to minimize noise to the' 
memories. Gridding of the power supplies, not normally 
done with standard TTL boards, usually requires a multi
layer board (double layer shown). Gridding is imperative 
with MOS dynamic RAMs. Gridding helps lower the 
effective impedance of the supply bus and works toward 
eliminating power supply drops throughout the array. 
(Refer to primer in Appendix 2.) 

The 8202 itself should be decoupled by capacitors. It is 
recommended that three capacitors (the bulk capacitor 
could be at where the power enters the board) be used, 
as close to the component power pin as possible, with 
the following values: 

Quantity 
1 
1 
1 

Value 
4.7 microfarad (for supply droop) 

.1 microfarad (for filtering) 
.001 microfarad (for filtering) 

It is necessary to have these capacitors to insure proper 
operation of the 8202, especially under heavy loading 
conditions. In addition to the decoupling capacitors, it 
is sometimes helpful to use series resistors with the 
8202 outputs to reduce reflections and match imped
ance levels with that of the dynamic RAM. There already 
exists 20 ohms internal in the 8202 for this purpose. 

Checking Out the Memory Array 

After you blessed out the tech and draftsmen for the lay
out mistakes and wiring errors, it's time to see how well 
you did your homework. The first step is to determine if 
a simple write then read can be performed. If this 
doesn't happen correctly, you usually haven't found all 
the wiring errors. Afterwards, a simple test can be per
formed to determine if you have any gross noise or fun
damental problems. 

An example test pattern that does functional and some 
level of address checking is a checkerboard/checker
board bar pattern. This pattern, which is an alternating 
1 's and O;s test, can check if there is a "stuqk" bit, if the 
addressing is stepping from one location to another and 
basically.if the entire memory array is functional. Writ
ing all 1's or O's will not be sufficient as addressing is 
not really checked in this case. A flow chart for this type 
of test is given in Figure 9. This chart steps through the 
entire memory by first writing the pattern and then read
ing, comparing the read to what was written. If there is 
an error, both the address and erred data are stored In 
static RAM. (If you are not using the full memory space). 
If you are using the full address space, you may want to 
check out the array in sections. A second pass can be 
performed with the opposite data pattern; 

INITIALIZE HL TO 
o LOCATION 

SET BC TO # LOCATIONS/2 

WRITE DATA BYTE FF 
INCREMENT HL 

Figure 9. Example 8080A, 8085A18202 Test 
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There are several items that must be taken into consid
eration when interpreting the information obtained from 
the above test. One is that the data byte written covers 8 
CompOrients, making it imperative to determine which 
bit ,corresponds to which column of· components. If 
there· is one totally failing RAM, it will cause 16,384 
bytes to be wrong (if using 16Ks). The other considera
tion is the addressing scheme. Remember t~at RAS's 
are decoded from. the Bo, B1 inputs and. the output 
addresses of the 8202 are inverted from the input. There
fore the software addresses are not the same as your 
hardware addresses, With these considerations in mind, 
let's continue on to some helpful hints as to where to 
look if problems arise. 

No errors - Great! time for a beer. But the true test is 
over temperature, supply tolerance and time under ran
dom read/write conditions; If you are using Intel COIT!PO
nents, they were thoroughly tested. individually before 
they were shipped to you. 

Single bit - This may beth!! result of a bad component, 
but may not. Retest the memory to see if the error 
repeats. If so, move the failing component to' another 
location and see if the error follows. Ifit does'n't, you 
have a random error. If it does, replace the Componerit 
and try again. ' 

Random errors - First off, manyerrOi"S that are claimed 
to be random really aren't. Obtain the total information 
of failures (even if they are different from one pass to 
another, work with one or two passes) and determine If 
there is any consistency. A few helpful hints can be fol
lowed to isolate most problems. 

(1) Is there a consisten.t address involved? Most prob
lems of this nature are due to noise on the address 
lines. By using a scope, determine if the address 
levels are met before the required set up time to 
RAS and CAS. Is there ringing in the address 
lines? Series damping resistors on the order.of 10 
ohms can help reduce this problem. 

(2) Make sure that all address and control lines: make 
it to the RAM array and are not shorted together 
anywhere. Surprisingly, this is often a source'of .. 
random errors. . 

(3) Ground noise may be the problem. Look at this 
with the scope grounded properly. Make sure. 
ground is well gridded as suggested in Appendix 
2. After noise levels are cleaned up, try 'again. 

(4) If the errors are truly random, you will want to look 
at the Voo bus in dynamic RAM. array. 'Is it free' 
from droop (especially during refresh) and severe 
noise spikes? Supply droop can be minimized by 
using large bulk decoupling capacitors. Also look 
at the VBB and Vce lines. Intel12V dynamic RAMs 
are relatively insensitive to Vee as only the output 
buffer is connected to the + 5V supply. Voo is the 
main supply (this is not true with the 2118). VBB, 
however, is connected to the substrate of. ·the 
device and affects operation of every transistor in 

the RAM device. It iS,therefore, very important 
that Voo and VBB noise is minimized. Power sup
ply gridding (as shown in the Appendix) and liberal 
use of strategically located capacitors will help 
you here. Contrary to 12V dynamic RAMs, the 8202 
is driven from the Vee line. It is just as important 
that noise here is reduced. Make. sure the signals 
entering' the 8202 are buffered if ·necessary and 
the 8202 is well decoupled. Referring to Intel's 
Memo'ry Design Handbook may also provide some 
clues to the problem. 

With the possibility of 1 megabyte systems with the 
8086, it sometimes becomes attractive.to·usesome of 
the techniques that large mainfran;1e computer man'ufac
turers use to correct random errors. One such technique 
is error correction coding. Through clever coding it is 
possible to isolate a bit in error arid correct it, in signifi
cantly less bits than the data byte itself. For complete 
coverage of these. techniques you may want to refer to a 
textbook on the.Hamming Code for a start. Also, Intel 
wiil be publishing an Appl.ication Note on ECC in the 
near future. 

APPLICATION EXAMPLES 

808SA 

The processor interface tci the 8202 should also be 
taken irito consideration when selecting a memory 
device. The 8080A interface will not be covered, as this 
component has considerable technical documentation 
and is widely understood by the industrial market. It is, 
however,. worthwhile to consider the higher perfor
mance 8085A and the recently announced 16 bit 8086 
microprocessors. It is interesting to note that the 8202 
coupled with these processors provides one of the the 
lowest cost, highest performance dynamic RAM solu
tion possible on the market. Another solution has been 
processor controlled refreSh, which is not dependable 
in a system environment where the bus can be tied up 
for long lengths of time. With this in mind, let's look at 
ttie 8085A interface with the 8202. 

In .the 8085A system you must be conscious of two 
, things. One is that data is guaranteed to be valid 40 ns 

after the leading edge of WR (20 ns in 8085A-2). Sec
ondly, READY needs to be set up prior to RD or WR con
trol signals going low for the 8085A to work without wait 
states (check data sheet), 

Looking at the 8202 data sheet, the 8202 responds on its 
.. SACK line 40 + t p ns (118202 frequency) after a memory 

cycle is requested. What does this mean? This means 
that if you use RD or WR from the 8085A for the 8202 
controls, you mayor may not have 1 wait state inserted 
by the SACK line coming back. To guarantee that a wait 
,state will be iricluded, a wait state generator could be 
includ.ed locally on the processor board, which assumes 
a specific and dedicated system environment, or on the 
slave 'board, assuming a general bus such as the Intel 
MUL TIBUS. The SACK (or XACK could be used) line 
from the 8202 will still have to be involved so that extra 
wait states, if needed, will be introduQed when the 8202 
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is performing an internally initiated refresh. With a few 
simple tricks (or one that the 8202 provides) you can 
avoid wait states on read or both read and write cycles if 
desired. 

To determine the extent of compatibility of the 8202 and 
dynamic RAM with the processor, an extension of the 
spec comparisons can be done. This analysis should be 
d.one to determine the optimal operating frequency of 
the 8202 and the processor. The timings that should be 
checked are as follows: 

1. Read access 
2. Data valid to write 
3. Cycle time 
4. Ready set up 
5. Turn off delay 

When determining read access for the memory, you will 
find in most cases that tCAC is. the relevant parameter 
instead of tRAC' To describe further: 

Read Access 

After subtracting off the buffering delay (to and from 
memory) and the 8202's control to CAS delay, you will 

. have the amount of time available for CAS access. Com
pare this to the 2117 data sheet to initially select the 
unit. The 5V 2118 offers some higher speed selections. 

Data Valid to Write 

If using advanced write signals to help eliminate walt 
states, you. must take into consideration when write 
data will be valid. Dynamic RAM, unlike static and most 
peripherals, wants data to be valid at the leading edge of 
WE. 

Cycle Time 

In most instances, cycle time will be no problem, unless 
you start the cycle late in the CPU cycle. Take into con
sideration how quickly other bus masters will be able to 
get ahold of the bus and request a cycle. 

READY Set-Up 

READY timing is tricky. If the SACK tine coming back 
does not meet the minimum timing of the processor 
READY set up, it does not mean that you have a guaran
teed wait state. As mentioned with the 8085A, if the 
memory requires a wait state to be access time compati
ble, you must insure that a wait state occurs. This can 
be done with some logic (see Application Note #38) or 
XACK oftentimes will provide the necessary signal. 

Turn Off Delay 

Will the memory let go of the bus in time for the proces
sor to use it? If not, a buffer could buy you the extra time 
you need by isolating the memory bus when the system 
bus needs to be floated. 

BOB5A Interface Examples 

There are many options with interfacing the'8202 to the 
8085A microprocessor. Each option has its merits in 
performance versus cost tradeoff. Hopefully without 
introducing confusion, several of these options will be 
illustrated to provide the designer a range of choices. 

These examples are discussed below with the relative 
tradeoffs given in Table 2. 

TABLE 2 

Performance Cost 
Exampte 1 

10-20% reduction in processor speed (software depend- 0 Hardware overhead 
ent) due to wait states 

Up to 64K bytes addressable space 

Internal failsafe refresh 

Example 2 

Allows full 8202 compatible range for memory. Therefore 
low cost 2117-4 can be used. Plenty of margin for 
buffering 

Eliminates all read wait states (in most systems, the vast 0 Hardware overhead 
majority) except when refresh occurs Full 8202 compatible range possible 
Up to 32K bytes of address space 

Internal, failsafe refresh 

Example 3 

Same as 2 except 64K address space 

Example 4 

Same as 3 except no write wait states 

Example 5 

Virtually nonexistant wait states 

I nternal and external refresh i ng used 

Some margin available for buffering 

1 inverter, 1 0 flip-flop, otherwise same as 2 

3 flip-flops, 5 gates, otherwise same as 2 

2 flip-flops+ couple gates, otherwise same as 2 
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Example 1 - Figure 10 illustrates a direct interface to 
the 808SA. 64K bytes of memory are shown but one 16K 
block could just as easily been 2109's to allow for 8K of 
program memory space (ROM, EPROM) with 56K'bytes 
of dynamic RAM. This system has at least one wait state 
with every read and write (note the use of XACK instead 
of SACK). Since internal refreshing is used in this sche
matic, wait states will also be interjected when a mem
ory cycle is requested during a refresh. If one was to 
assume ,that every transfer involved the 8202 and the 
average instruction was 7 clock cycles, a reduction, in 
processor efficiency of 13-15% could be expected. For 
most applications this is not a detrimental factor. , 

Example 2 ...,... To eliminate read wait states (which are 
usually the vast majority of the cycles that are per· 

rD~ r-'1D~ 
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, 
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DATA BUS OUT 1\ 
~~8212 

formed) and still have a direct interface, one can take 
advantage of some of the 8202 options. An advanced 
read can be done by tying RDIS1 input to the 8085A S1 
output and latching it with ALE on the REFRQIALE 
input. To use this option B110P1 needs to be tied to 
+ 12V through a 5K ohm re'sistor. Since this input is 
used to enable two of the fbur RAS lines, two of them 
will be disabled (RASo and RA51 'as the 8202 will inter
pret B110P1 as a high), halving the available address 
space. If halts can occur in your software, you may want 
to qualify S1 with 101M so that reads do not occur in a 
HALT state (see 8085A data sheet for 101M, 51 and So 
decoding). An advanced write cannot be generated the 
same way as data will not be valid at ,the RAM array 
before the WE from the 8202 is presented. A little bus 
analysis can convince you of this point. 
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Figure 10. SOS5A - 2117 In'erface 
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Example 3 - Obviously, some people would prefer to 
have advanced read and the complete memory space. 
This· is accomplished easily enough by generating the 
advanced read externally as illustrated in Figure 11. For 
the price of one D flip·flop, the entire memory space Is 
available with no read wait states (if memory access is 
compatible with the processor access) .. You will also 
note that when using advanced read, SACK is shown as 
the READY input versus XACK. With advanced read it is 
possible (depending on the amount . of. buffer delay 
involved) to be memory access compatible. Since the 
write cycle is still being initiated by the 8085A WR, there 
mayor not be a write wait state (as READY is not guaran· 
teed to be set up). Make sure that the write timings will 
be c.Ompatible with the memory you are working ·wlth, 
with or without a wait state: 

Example 4 - For doing an 8085A write withqut wait 
states, a .Iittle more finesse is required. To understand 
the following approach, It is necessary to understand a 
particular function of the 8202, The 8202 looks at its WR 
and RD inputs to know when to start a memory cycle. If 
WR·is· the requestor, a memory write cycle is started. At 
the proper time, the 8202 will allow WR to pass through 
as WE to the dynamic RAM. If one was to shut of.! WR to 
the 8202 afte( the cycle has started .and then give it a 
write again after data is valid (in other words, a double 
write pulse) he can delay the WE to the dynamic RAM' .. 
You've .got to be careful when doing this.·One problem 
·that mighLoccur is that instead of a write cy.cle, a read· 
modUy·write cycle could get started. This will end up 
with an aborted. read. Dynamic RAM doesn't care about 
·this as long as you perform a write to the same location 
within the same cycle and don't expect to have read 
val id data. From a system poi nt of view, the data out and 
data in Unes of the 2117 (or any output floating memory) 
could no longer be tied together as data out is no longer 
guaranteed to be· tri·stated. If you are .considering this 
approach and are confused about this last point, think 
about it for a while. Using this concept allows one to 
avoid wait states in an 8085A write. To summarize, this 
is accomplished by one; giving the 8202 an advanced 
write so ihat SACK will return in time for READY and 
two; delaying WE to the array iJntil data is valid. 

WR 

5,1----10 a 

: ALE. r-...... ,v-:--vC! CL a 10----1 Ali 
BOBSA B202 

'-------j XACK 

OTHER SYSTEMS 
ACKNOWLEDGES 

Figure 11. BOB5A Interface - No READ wait states, wait states during 
WRITE and REFRESH 

• Another technique would be to Ignore the WE from the B202 and pro· 
vide your own when data Is valid. 
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A circuit. illustrating this technique, along with 
·advanced read, is shown in Figure 12. Note that an 
advanced write cycle is started when So, 5" and falling 
e(lge of ALE occurs and is cleared as soon as SACK 
acknowledges iLThe normal WR is delayed by CLKOUT 
(until output data is valid as the 820,2 propagates a WE 
very quickly) and,provides the WE to the dynamic RAM 
at the proper time. The footnote in Figure 12 is particu· 
larly importan.t. If you can be guaranteed that no wait 
states will.occur due to internal refresh, you can ignore 
the SACK line. 11 memory access,cycle ti;:nes are met, it 
is not necessary to generate an advanced write to avoid 
write wait states, as readY will/:Jo·longer be cont.rolled 
by SACK; Before making this assumption, determine if 
reset, burst ·DMA, or other lengthy bus holds can occur 
in your system. 

·Example 5, Hidden Refresh - As mentioned before, it is 
possible to do a hidden refresh that will increase CPU 
efficiency as wait states will tie reduced. An.exampleo! 
an external refresh that is,in sync with opcode decode is 
shown in Figure 13. 

8085A 

'---...,..:.':----1XER 

'-~----+----~SACK 

OTHER SYSTEM 
ACKNOWLEDGES 

8202 

NOTE: IF YOU CAN BE GUARANTEED THAT EVERY REFRESH WILL BE AN EXTERNAL REFRESH. YOU CAN 
IGNORE THE SACK LINE IN THE ABOVE CONFIGURATION AND USE WR DIRECTLY FROM B08SA 

Figure 12. BOBSA,... B202 Interface with No Read or Write 
Walt States 

So 

s, 

80SSA Ri5 
8202 

jc>----jREFRO 

ANY 
RAS 

HIDDEN. SYNC REFRESH WITH INSTRUCTION OECODE OF OPCODE FETCH. CAN BE 
USED WITH OR W1TH.DUT ADVANCED READ. 

Figure 13. Hidden Sync Refresh 
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This schematic illustrates using the So and S1 lines from 
the 808SA and gated into a D flip-flop to request an 
external refresh_ When both So and S1 are high (which 
denotes a fetch cycle is occurring) the D flip-flop will be 
able to clock in the refresh request. Note that the lead
ing edge of read is used to clock the D flip-flop. This 
allows fetch to occur from dynamic RAM with an exter
nal refresh cycle immediately afterwards'during opcode 
decode. This external, refresh request pulse can' occur 
simultaneously with the memory cycle request. Using 
the leading edge of the read from the 8085A will insure 
that the memory cycle will start before requesting a 
refresh cycle. (Remember refresh requests are latched 
until serviced). Note that this is only necessary if 
Instructions reside in dynamic RAM. If program memory 
resides in static RAM, ROM or EPROM, the entire fetch 
cycle could be used to perform a refresh. This can be 
implemented in a similar fashion as Figure 13, except 
ALE could clock a negative edge triggered flip-flop 
instead of RD in Figure 13. A RASfrom the 8202 Is a con
venient signal that can be used to clear the refresh 
request flip-flop. 

Example 5, DMA - A DMA controller interface to the 
8202 Is very similar to the processor interface. An exam
ple giving a partial schematic is shown in Figure 14 with 
the 8085A. The control lines from the 8257 could be wire 
OR'ed to the demultlplexed control lines of the 8085A 
and gated to the 8202. The'SACK signal from the 8202 
serves the same function as with the processor and 
must be gated Into the ready input of the 8257-5. This 
will cause wait states to occur when a refresh is being 
performed and a DMA transfer is requested. 

",5A ... , 

~.------~ OTHER 
SYSTEM ACKNOWLEDGES 

Figure 14. Partial Schematic Showing RD, ViR and READY 
Interconnect In DMA System 

Unlike In the 808SA system, the 8257 only requires the 
ready line to be set a minimum of 90 ns after the,read or 
extended write control line goes low. This means that an 
automatic walt state will. not included on reads or 
extended writes. (Over certain freqllency ranges of 8202, 
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seetCA spec on 8202. Also affected by the clock fre
quency of' the 8202). ,Therefore you must be careful 
about DMA read access from the 8202, will It be compat
Ible with the DMA transfer? 

Just as important is the write'cycle~ Remember dynamic 
RAM wants data to be set up at the leading edge of the 
write enable signal. If advanced write Is used to start the 
write cycle,data must be set up at the RAM (consider 
buffer propagation delay) after the cycle Is started. After 
a certain period of time the 8202 will give the dynamic 
RAM a WE signal. 

If you are using an external' advanced read or write 
option as shown in an earlier figure with the 8085A, you 
will want to place a tri-state buffer in between the 
advanced read flip-flop and the 8202. This is to insure 
that the lines are floated when the DMA controller asks 
for the bus. The control lines should be tied to + 5 volts 
through' 1 K ohm resistor on any input to the 8202 that 
may float to prevent unwanted cycles. 

Pulling together some of the previous examples (1-4) 
and the discussion on hidden refresh and DMA, exam
ple 5can be shown as a high performance; low cost sys
tem. To illustrate, say a system had an 8275 CRT con
troller, 3 MHz 8085A processor. 8257-5 DMA controller, 
8202 and wanted to use 2117-4 dynamic RAMs without 
wait states. If opcode fetches occur more often than the 
8202 will want to do them (see refresh under support 
section earlier in the Note) you can devise a system 
using external refresh without write walt states. Figure 
15 illustrates only looking at the SACK line when a read 
is being performed. A wait state here could only occur if 
an internal refresh request happened on the first cycle 
after a bus hold. Figure 15 also illustrates the use of 
advanced read and external refresh, so that read, write 
and the vast majority of the refresh wait states are 
eliminated. 

808SA 

1:>-------jREFRQ 

+--~-----<lANY RAS 

8202 

I:>------qiili 

~~----------~WR 

OTHER 
SYSTEM 

ACKNOWLEDGES 

TO DMA CONTROLLER 
(WAIT STATE EVERY 10-15 "s.c) 

WAIT STATES ONLY 
POSSIBLE IF AN INTERNAL REFRESH REQUEST 
COINCIDES WITH THE FIRST FETCH 
AFTER A DMA TRANSFER. VERY 
LOW PROBABILITY. 

Figure 15. Exampla 5 
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8086 

The 8086 is a high performance 16 bit microcomputer 
that has the capability of operating on an 8 bit byte or 16 
bit data word. Since the data word is 16 bits long, we 
could use two 8202's in sync (each controlling xk x 8 
bits) or one 8202 controlling 16 bits with the aid of a buf
fer. The buffer would be needed when trying to drive 33 

. to 64 MOS devices because of the additional dynamic 
RAM input capacitance. Up to 64 devices couid be used 
as now the memory will be organized as 64K words (or 
128K bytes, depending on your point of view). The 2117, 
2104A input CAS, for an example of excessive capaci
tance loading, is a signai that must interface with all the 
components (versus RAS which only sees a max of 16 
components) and is max at 10 pF each, or 640 pF in a 
128K byte system. As this exceeds the drive capability 
of the 8202, this signal must be buffered. Because of the 
tight timing on address set up to CAS it is advisable that. 
the addresses are buffered with the same physical com
ponent to maintain roughly the same amount of delay. 
Address setup to RAS will still be guaranteed as long as 
the designer provides the addresses to the 8202 30-40 
ns before the control signal (which is easy in the 8086 
system). 

In choosing either two 8202s or one buffered 8202, I 
picked the buffered 8202 to illustrate. Note that this buf
fering is only needed if more than 64K bytes (or 32K 
words) are being used, or only one 8202 is being used. 
For the 128K byte/64K word system shown in Figure 16, 
buffering is imperative, as noted above. 

Referring to Figure 16, you will notice that the 7 address 
outputs and CAS signal are all buffered by a non invert
ing octal bus driver. The driver shown has a typical prop
agation delay of 6 ns and an 10L sink current of 68 MA. 
Distributed buffering could be used instead if desired. 
Note that you must be careful about not violating any 
dynamic RAM timing parameters when using buffers. 
Delaying the address lines too much with respect to 
RAS or CAS could possibly violate the address setup 
time required for dynamic RAM. In addition, any delay of 
RAS or CAS will·take away some of the available access 
time for the memory. 

Also notice in Figure 16 that the WE signal is qualified 
by BHE (byte high enable) or Ao, (lowest address line on 
the address bus). This allows for the full software capa
bilities of the 8086 to be able to write to an 8 bit byte or 
16 bit word. 

Another consideration in this· array is the layout. The 
8202 is shown driving the array from the center out. This 
would allow for better signal distribution to the RAM 
array. Remember, many noise probiems are due to sig
nal nOise, any signal being driven from only one side will 
experience some degradation by the time it reaches the 
last component. 

The schematic shown aiso illustrates using A1-A16 for 
the address lines. (Ao denotes whether writing a high or 
low order byte. If reading a 16 bit word, Ao is immaterial). 
The remaining addresses A1rA19 can be decoded by a 1 
of 8 binary decoder (such as the Intel 8205) to generate 
PCS. Since this application will most likely be off board, 
A17-A19 should be double buffered along with the rest of 
the addresses, data, and control bus. These double buf
fersmust be taken into consideration when determining 
the memory device selection and operating frequency of 
the 8202. To interface this memory array to the 8086, I 
chose the 8086 max mode system as the example to 
illustrate. 

The 8086 max mode system combines some of the fea
tures of both the 8080A and 8085A families and adds 
some of its own. It has a multiplexed address/data bus 
like the 8085A, which is demultiplexed when working 
with dynamic RAM. Also, in the 8086 max mode, a sys
tem controller (8288) provides for a set of MULTIBUS 
compatible control signals. 

Figure 17 illustrates how the max mode 8086, running at 
5 MHz, can be interfaced to the memory array shown 
earlier. This figure illustrates a general bus environment 
(with partial MULTI BUS signals given) where the mem
ory board generates its own chip selects and everything 
is double buffered. This schematic allows for optimal 
system flexibility with reduced system cost through the 
use of inexpensive dynamic RAMs. Access time com-
patibility is guaranteed through the use of XACK 
requesting wait states from the 8284 clock generator. 
Wait states in the 8086 family do not reduce processor 
.efficiency as much as.otheir processors as the 8086 has 
an instruction queue that is constantly making full use 
of the bus. This queue takes advantage of instruction 
decode and long internal instructions to fetch additional 
instructions and acts as a fast "cache" memory for the 
8086. 

. The configuration shown in Figure 17 has two wait 
states on normal read and write cycles. This can be 
reduced to one by. using SACK instead of XACK and 
some gating logic to delay it to the 8284 until one wait 
state occurs. 

Using the generai bus concept, it WOUld. be easy to 
expand the address space of the 8086 to its full capabili
ties of one megabyte. If all of this was dynamic RAMs, it 
would only take 8 memory cards, each with one 8202 
and 128K bytes of RAM and one processor card. A proc
essor as powerful as the 8086 with one megabyte of 

. memory in about the space of a bread box, almost fright
ening, isn't it? 
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8288 MRDe 
MWTC 

MULTIBUS 
TYPE 

SYSTEM 
BUS 

B~EN 
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Figure 17. 5 MHz 8086/8202/128K Byte System - Double Data, Control 
and Address Buffering (Note: Bus driver on 8202 is not 
needed if less than 64K bytes are used) 

SUMMARY 

One of the main concerns with buying dynamic RAM 
has been its difficulty to use. Common complaints and 
comments are: "You've got to multiplex the address and 
you have to hassle with complicated clocks and refresh. 
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Sure the memory is less expensive, denser and uses 
less power, but it isn't worth it." 

Well to those of you who have avoided dynamic RAM so 
far, you don't have any excuses anymore. With the 8202, 
as far as the processor knows, the memory js.static, and 
the design hassles are gone. 
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APPENDIX 1. DYNAMIC RAM OVERVIEW 

Why would anyone want dynamic RAM? Why not stay 
with static? First, physical size - dynamic RAM gener· 
ally has a four to one advantage over static RAM in 
terms of how much memory can be placed in one com· 
ponent. With each static RAM memory cell taking about 
4 transistors versus one or two for a dynamic RAM cell, 
die size will be smaller for dynamic RAM. Smaller die 
size means more memory in one component and less 
expensive memory. 

Another attribute associated with dynamic RAM is its 
lower power consumption. Storing information' on a 
capacitor type cell (as is done in dynamic RAM) and leav· 
ing it until you need it consumes much less power than 
a flip·flop that is, continuously on (as in most static 
RAMs). Dynamic RAM is, therefore, less expensive to 
operate. 

What do you have to pay for having, denser, lower cost 
memory? Milton Friedman claims that there, is no such 
as a free lunch. Well, you have to refresh the part. In 
other words, the information on the storage'cell must be 
periodically recharged before it degrades to an indis· 
cernible level. The beauty of the 8202 is that it does this 
for you, regardless of resets, single stepping, bus holds 
or DMA. Even though the lunch isn't free, you've got 
someone else paying for it! To illustrate the dramatic 
reduction in layout area and operating power/bit, a com· 
parison of dynamic RAM vs static is shown in Table 1. 

TABLE 1 

Device No. of Bits BITS/IN2 Operating 
Board Area Power/Bit 

2102A static 1K 2K 0.16 mw 
2114 static 4K 7K 0.10 mw 
2104A dynamic 4K 8K 0.02 mw 

2117,2118 dynamic 16K 32K 0.01 mw 

The Intel 2104A and 2117 dynamic RAMs listed above 
are both packaged in a 16 pin configuration as shown in 
Figure 18 (A6 is CS for 2104A). These devices are organ
ized as 4096 or 16384 bits x 1 respectively. With this 
type of organization there is only one data input and out
put associated with each device. To use this type of 
memory in an 8 bit microcomputer system, it is neces
sary to place 8 of these devices in parallel, all controlled 
by the same control signals. This allows the user to have 
memory organized in integer groups of 4K or 16K bytes 
(8K, numbered 2109, is also available). 

Addressing 

If one was to look at the number of address pins in the 
above dynamic RAM pinout he would come to the con
clusion that there was o'nlY half as many address pinsas 
needed. Addressing for the 2014A and 2117 is performed 
in a'multiplexed flishion. One half of ,the addresses are 
giverito the RAM on the'leadingedge of RAS (Row 
Address Strobe) and the remaining half on the same 
address bus, on the leading edge of CAS (Column 

Address Strobe), as shown in Figure 19. This saves pins 
on the RAM device to allow for a compact memory 
layout. 

v •• V,, 
D,N CAS 
WE DOU1 

A, 
AD A3 

A. 
A, A, 

voo 

Figure 18. Pinoullor Multiplexed Address Dynamic RAMs 

Read Access 

For multiplexed address dynamic RAMs, two read 
, access specs are given; tRAC (access time from RAS) 

andtcAc (access time from CAS). Output data is valid 
tRAC nanoseconds from RAS as long as the RAS to CAS 
timing specification is met. If RAS to CAS timing is 
longer than, the specified maximum, data is valid tCAC 
nanoseconds after CAS. 

Write 

For a normal write, input data must be valid at a certain 
time with respect to CAS (or WE if using read-modify
write write cycle) and prior to write going low. Dynamic 
RAM differs from static in this respect as write data is 
latched on the leading edge of write versus trailing in 
static RAM systems. Some microprocessors do not 
guarantee data to be valid at the leading edge of WR 
which must be taken into consideration when interfac
ing to dynamic RAM. It is not possible for a dynamic 
RAM controller to guarantee that data is set up at the 
proper time for a valid write to occur, making the user 
responsible for this. This point is discussed in more 
detail in the body of the Application Note. 

Refresh 

The memory cell that the addresses select is a capaCitor 
that needs to be recharged (refreshed) periodically. To 
understand refresh and how to do it, it is first best to 
'conceptually understand the way a dynamic RAM mem
ory array is layed out. The 2104A can be viewed as a 64 
row by 64 row column matrix arrangement, with the 2117 
as 128 rows by 128 columns. The addresses presented 
to the ,memory arrayon,th'efalling edge of RAS are 
decoded and used to select one of the rows, whereas 
the addresses presented on the falling edge of CAS 
select one of-the columns. The 64 cells (128 In 2117) in 
the selected row are all indivldu'ally connected,to one of 
64 columns (see Figure 20). Then only one selected col
umn is connected to the input/output (dl"'dou~lIne to 
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Figure 19. Dynamic RAM Clocking 

present the information to the outside world. However, 
each column in the array has associated with it circuitrY 
called as sense amplifier. This sense amplifier serves a 

. dual purpose; one is, when selected, to drive the output 
buffer with the cell information and the other Is to 
refresh or enhance the information on the cell, whether 
that column is selected or not. 

As can be seen by this, with each unique RAS address, 
one row is refreshed. To refresh the entire memory in 
the most efficient manner, a "memory cycle" must be 
performed for all the possible combinations of RAS 
addresses (26 ,:, 64 for 21 04A and 27 = 128 for 2117). Note 
that a "memory cycle" can be a read, write or special 
refresh cycle. Specifications for refresh (generally 2 ms) 
give the maximum amount of time that can elapse from 
when a row is refreshed to when it is refreshed again. 
Two general methods of refreshing have developed to 
meet this specification, distributed and burst refresh. 
Distributed refresh is represented by a refresh cycle 
being performed every 2 ms/#rows period of time. Burst 
refresh has all the rows refreshed consecutively in one 
block of time every 2 ms. Both theoretically take the 
same amount of time, neglecting overhead of the proc· 
essor or controller. The 8202 performs a distributed 
refresh, at least one cycle every 15 + microseconds on 
the 2117 and 31 + microseconds for the 2104A (approxi· 
mately 2 ms/128 and 2 ms/64 respectively). For further 
information, please refer to the Intel 2104A, 2117 data 
sheets and the Intel Memory Design Handbook. 

DIN Dour 
BUFFER BUFFER 

FROM Ci!S 

Figure 20. Typical Dynamic RAM Memory 
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APPENDIX 2 

FORMULAS! 

Zo=TRANSMISSION LINE IMPEDANCE 

=F c 

SO 

L = INDUCTANCEI 
UNIT LENGTH 

C '= CAPACITANCEI 
UNIT LENGTH 

EQUIVALENT TRANSMISSION LINE CIRCUIT 

L 

----~nYn~---I~-
ZO-C 

T 
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NOTES: 

TYPICAL TTL AND BREADBOARD 
-POWER DISTRIBUTION 

• Usually single sided. 

• Decoupling sparse if at all. 

• To~ally inadequate for memory use. 

How do we correci this inadequacy? 

··STEPONE 

• "GRID" Ground. 

• Requires double sided board. 

• Run vertical traces 'on 'one sige of the 
board - horizontal traces on the other. . ... . 

• Interconnect at every crOs~ing. 
• This decreases inductance. 

Remember - Traces are pieces of 
transmission line. 

- Connecting N transmission 
lines in parallel decreases 
impedance to lIN of original 
value. LoWer impedance 
means less coupling to 

. signal traces. 
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, 
CONNECTING TWO LINES IN PARALLEL 

L 

cf ZO' 

,.,..!:..... 

cr 
/I'F' ANDZo-= 2 = - '= - Zo 

£6 2 C 2 

THE MORE YOU CONNECT -
THE LOWER THE EFFECTIVE IMPEDANCE 

\.. 

ON. CROSS SECTION ~ 

I 
ON. Vee 
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NOTES: 

STEP TWO 

• Grid the power supply - same as the 
ground grid . 

• , Impedance is better controlled - con· 
ductors are above each other. 

• Same, argument as for griddlng the ground 
applies - lowers impedance and reduces 
coupling to signal traces. 

STEP THREE 

• Add decoupling capacitors. 

• And now a few words about decoupling 
capacitors. 
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DECOUPLING CAPACIToRS 
Decoupling capacitors smooth out transients, 
(spikes) found on voltage supply lines, by pro
viding a source of energy to supply the extra cur
rent (i = c dv/dt) required. To see how this 
happens, let's analyze what happens when 'a 
device requires extra current, as in the case of a 
CS signal causing some output ,buffers and 
decoders to turn on. The decouplirig capacitors 
that are located throughout the board, usually 
small, high frequency .1,..F ceramic types, instan
taneously provide the extra current required. The 
large electrolytic capacitors, usually located near 
the card edge or the edge of the array, replenish' 
the charge tothe small high frequency capacitors 
by way of the low impedance gridded distribution 

"system. The large capacitors, usually tantalum 
electrolyte types, are slower in frequency 
response and therefore cannot instantaneously 
provide'the'chargeniqulred at the device. Finally, 
the' power supply,'which has a very row frequency 
response, replenishes the charge top the large 
(sometimes called "bulk") decoupling capaCitors. 

I n::,;; ;, '.~ (I II,~I II ~ : 
't.! _____ ..::t. ' -----.::y ---;::':YH1 

I I, I 

GND 

v •• Vee 
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NOTES: 

GOTCHA YOU SAY-
I NEED 2 POWER SUPPLIES!!!' 

Easy, Lay in a separate grid using the same 
techniques as for the previous ground and 
supply distribution. 
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NOTES: 

• OK. So now we've got 2 power supplies 
gridded. 
Where do the decoupling caps go? 

• This is just oneaf several schemes. The 
idea is to get the minimum distance from 
any capacitor to any voltage pin on a 
device. 

• With some devices a scheme that places 
the low current (actually the low di/dt) 
decoupling near the edges is preferred, as 
it allows for more decoupling internal to 

. the array . 

• Three supplies you say? No problem. 
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APPENDIX 3 

MEMORY COMPATIBILITY WITH 8202 

.. (Does not include processor c9mpatibility) 
Under column labeled "Note".: ok signifies that there is no problem witli this parame'ter below the maximum 8202 frequency of 25 MHz. 
Any area Where there exists user considerations is numbered and explained below. Blank spaces refer to' specs that the user must guarantee 

,with the processor interface. 

2104A S6047 S6048 S6049 
parame,ter, . description min 'max note min max note min. max note 

tREF Time betw refr ':. 2ms 1 2ms 1 2ms 1 
tRP ... RAS.precharge 100 ok "20 ok 120 ok 
tCP' CAS precharge 60 ok 80 ok 110 ok 
tRCD RAS to CAS·· 20 50 2 25 65 2 35 85 2 
tRSH, RAS hold 100 ok 135 ok 165 ok 
tAR RAS.to addr 95 ok 120 ok 160· ok 
tASR Row addr setup 0 ok 0 ok 0 'ok 
tASC Col addr setup -10 ok -10 ok -10 ok 
tRAH Row addr hold 20 ok 25 ok 35 3 
tCAH Col addr hold 45 ok 55 ·ok 75 ok 
tCAC CAS access· 100 135 165 
tRAC RAS access ·150 200 250 

READ CYCLE 

tRC Read, Write cycle 320 ok 375 ok 410 ok 
tRAS RAS pulse width 150 10K ok 200 10K ok 250 10K ok 
tCAS CAS pulse width 100 ok 135 ok 165 ok 
tRCS READ cmd setup 0 ok 0 ok 0 ok 
tRCH READ cnd hold 0 ok 0 ok 0 ok 

WRITE CYCLE 

tWCS Write cmd set 0 ok 0 ok 0 ok 
tWCH Write cmd hold 45 ok 55 ok 75 ok 
tWCR Write hold to RAS 95 ok 120 . ok 160 ok 
tWP Write pulse 45 ok 55 ok 75 ok 
tRWL Write to RAS lead 50 ok 70 ok 85 ok 
tCWL Write to CAS lead 50 ok 70 ok 85 ok 
tCS Data in setup 0 0 0 
tDH Data in hold 55 65 75 
tDHR Data in to RAS 95 120 160 

Notes: 

All numbers given above are in ns unless otherwise specified. All mathematical operations are from left to right. 

1. 2 nis/64 rows = 555 (tP) Therefore tP = 54.253 ns 
f820210wer = l/tP = 18.432 ns 

2. CAS access limited 

3. tRAH = 35 = tP,. 10 Therefore tP = 45 ns 
f8202 upper = l/tP = 22.22222 MHz 
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8202 
par min max 

tREF 548tP 576tP 
tRP 4tP-30 
>tRP 
tRCD 2tP-l0 2tP+30 
tRSH 5tP-30 
>tCAH 
tASR tpH 
tASC tP-35' 
tRAH tP-l0 
tCAH ·5tP 
processor depend 
processor depend 

tRC 1!10tP-30 I 12tP 
>tRSH 

tCAS 5tP 
tRC-tWCH guarantees 
by definition 

tWCS tP-40 
tWCH 5tP 
>tWCH 
>tWCH 
>tCAS 
>tCAS 
processor depend 
processor depend 
processor depend 
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MEMORY COMPATIBILITY WITH 8202 

(Does not include processor compatibility) 

Under column labeled "Note": ok signifies that there is no problem with this parameter below the maximum 8202 frequency of 25 MHz. 
Any area where there exists user considerations is numbered and explained below. Blank spaces refer to specs that the user must guarantee 
with the processor interface .. 

2117 2117·2 2117·3 2117·4 
parameter description min max note min "max not8 min max 

tREF Time betw refr 2ms 1 2ms 1 2ms 
tRP RAS precharge 100 ok 120 ok 150 
tCP CAS precharge 25 ok 25 ok 25 .. 
tRCD RAS to CAS 20 50 2 25 65 2 35 . 85 
tRSH RAS hold 100 ok 135 ok 165 
tAR RAS to addr 95 ok 120 ok 160 
tASR Row addr setup 0 ok 0 ok 0 
tASC Col addr setup -10 ok -10 ok -10 
tRAH Row addr hold 20 ok 25 ok 35 
tCAH Col addr hold 45 ok 55 ok 75 
tCAC CAS access 100 135. 165. 
tRAC RAS access 150 200 250 

READ CYCLE 

tRC Read, Write cycle 320 ok 375 ok 410 
tRAS RAS pulse width 150 10K ok 200 10K ok 250 10K 
tCAS CAS pulse width 100 ok 135 ok 165 
tRCS READ cmd setup 0 ok 0 ok 0 
tRCH READ cnd hold 0 ok 0 ok 0 

WRITE CYCLE 

tWCS Write cmd set -20 ok -20 ok -20 
tWCH Write cmd hold 45 ok 55 ok 75 
tWCR Write hold to RAS 95 ok 120 ok 160 
tWP Write pulse 45 ok 55 ok 75 
tRWL Write to RAS lead 60 ok 80 ok '. 100 
tCWL Write to CAS lead 60 ok 80 ok 100 
tCS Data in setup 0 0 0 
tDH Data in hold 45 55 75 
tDHR Data in to RAS 95 120 160 

Notes: 

All numbers given are in ns unless otherwise specified. All mathematical operations are from left to right. 

1. 2 ms/128 rows = 288 tP Therefore tP = 54.253 ns 
f8202 lower = 18.432 ns 

2. CAS access limited 

3. Same as 2104A tRAH 
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8202 
nota par min max 

1 tREF 264tP 288tP 
ok tRP 4tP-30 
ok >tRP 
2 tRCD ·2tP-l0 2tP+30 
ok tRSH 5tP-30 
ok >tCAH 
ok tASR tpH 
ok tASC . tP-35 
3 tRAH tP-l0 

ok' tCAH 5tP 
processor depend 
processor depend 

ok tRC 1110tp-30112tP 
ok >tRSH 
ok tCAS 5tP 
ok tRC·tWCH guarantees 
ok by definition 

ok tWCS tP-40 
ok tWCH 5tP 
ok >tWcl-i 
ok >tWCH 
ok >tCAS 
ok >tCAS 

processor depend 
processor depend 
processor depend 
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NEW PRODUCT INFORMATION 
8251A 

, , 

, The Industry standard USART, the Intell!> 8251 has now been improved and is called 8251A. It is packed with features 
and enhancements, as described below. Using the 8251A considerably simplifies programming and minimizes CPU 
overhead even further. ' 

FEATURES AND ENHANCEMENTS 

8251A is an ac;lvanced design of the industry standard 
USART" the Intell!> 8251. The 8251A operates with an 
extended range of Intel microprocessors that includes 
the new 8085 CPU and maintains compatibility with the 
8251. Familiarization time is minimal because of com· 
patibility and involves only knowing the additional 
features and enhancements, and reviewing the AC and 
DC specifications of the 8251A. 

The 8251A Incorporates all the key features of the 8251 
and has the following additional features and 
ehhancements: 

• 8251A has' double-buffered data paths with 
separate I/O registers for cont'ral, status,Data In, 
and Data Out, which considerably simplifies con
trol programming and minimizes CPU overhead. 

'. In asynchronous operations, the Receiver detects 
and handles "break" automatically, relieving the 
CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting, when in "break" state, preventing 
unwanted Interr!-,pts from a disconnected USART. 

• At the conclusion of a transmission; TxD line will 
always return to the marking state unless SBRK is 
programmed. 
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• Tx Enable logic enhancement prevents a Tx 
Disable command from halting transmission until 
all, data previously written has been transmitted. 
The logic also prevents the transmitter from turn
Ing off in the middle of a word. 

• When External Sync Detect is programmed, Inter
nal Sync Detect is disabled, and an External 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 pro
grammed, the characters be contiguously 
detected and alsQ 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 operation 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, pro
viding higher speed and better operating margins. 

• Baud rate from .DC to 64K. 
• Fully compatible with Intel's new industry stan

dard, the MCS-85. 



INTRODUCTION 
The Intel 8251 is a Universal Synchronous/Asyn" 
chronous Receiver/Transmitter (USART) which is 
capable of operating with a wide variety of serial 
communication formats. Since many peripheral 
devices are available with serial interfaces, the 8251 
can be used to interface a microcomputer to a 
broad spectrum of peripherals, as well as to a serial 
communications channel. The 8251 is part of the 
MCS-80™ Microprocessor Family, and as such it is 
capable of interfacing to the 8080 system with a 
minimum of external hardware. 

This application note describes the 825 I as a com
ponent and then explains its use in sample applica
tions via several examples. A specific use of the 
8251 to facilitate communication between two 
MCS-80 systems is discussed in detail frorri" both 
the hardware' and software viewpoirits. nie first 
two sections of this application note describe the 
8251 first from a functional standpoint and then 
on a detailed level. The function of each input and 
output pin is fully defined. The next section de
scribes the various operating modes and how they 
can be selected, and finally, a sample design is dis
cussed using the 8251 as a data link between the 
MCS-80 systems. 

COMMUNICATION FORMATS 

Serial communications, either on a data link or 
with a local peripheral, occurs in one of two basic 
formats; asynchronous or synchronous. These for
mats are similar in that they both require framing 
information to be added to the data to enable 
proper detection of the character at the receiving 
end. The major differerice between the two for
mats is that the asyrichronous format requires 
fraining information to be added to each character, 
while the synchronous format adds framing infor
mation to blocks of data, or messages. Since the 
synchronous format is more efficient than the 
asynchrori'ous format but requires more complex 
decoding, i~ is typically found on high-speed data 
links, while the asynchronous format is used on 
lower speed lines. 

The asynchronous format starts with the basic data 
bits to be transmitted and adds a "START" bit to 
the front of them and one or more "STOP" bits 
behind them as they are transmitted. The START 
bit is a logical zero, or SPACE, and is defined as 
the positive voltage level by RS-232-C. The STOP 
bit is a logical one, or MARK, and is defined as the 
negative voltage level by RS-232-C. In current loop 
applicationS 'current flow normally indicates a 
MARK and lack of current a SPACE. The START 
bit tells the receiver to start assembling a character. 
and allows the receiver to synchronize itself with 
the transmitter. Since this synchronization only 
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has to last for the duration of the character (the 
next character will contain a new START bit), this 
method works quite well assuming a properly 
designed receiver. One or more STOP bits are 
added to the end of the character to ensure that 
the START bit of the next character will cause a 
transition on the communication line and to give 
the receiver time to "catch up" with the transmit
ter if its basic clock happens to be running slightly 
slower than that of the transmitter. If, on the other 
hand, the receiver clock happens to be. running 
slightly faster than the transmitter clock, the' re-' 
ceiver will perceive gaps between characters but 
will still correctly decode the data. Because of this 
tolerance to minor frequency deviations, it is not 
necessary that the transmitter and receiver clocks 
be locked to tll.e identical frequency for successful 
asynchronous communication. 

The synchronous format, instead of adding bits to 
each character, groups characters into records and 
adds framing characters to the record. The framing 
characters are generally known as SYN, characters 
and are used by the receiver to determine where 
the character boundaries are in a string of bits. 
Since synchronization must be held over a fairly 
long stream of data, bit synchronization is nor
mally either extracted from the communication 
channel by the modem or supplied from an ex
ternal source. 

An example of the synchronous and asynchronous 
formats is shown in Figure 1. The synchronous 
format shown is fairly typical in that it requires 

. two SYN characters at the start of the message. 
The asynchronous format, also typical, requires a 
START bit preceding each character and a single 
STOP bit following it. In both cases, two 8-bit 
characters are to be transmitted. In the asynchro
nous mode 10*n bits are used to transmit n charac-

, ters and in the synchronous mode 8N+ 16 bits are 
used. For the 'exampie' shown the asynchronous 
mode is actually more efficient, using 20 bits 
versus 32. To transmit a thousand characters in the 
asynchronous mode, however, takes 10,000 bits 
versus 8,016 for the synchronous format' mode. 
For long messages the' synchronous format be
comes muth'more efficient than the asynchronous 

. format; the cro.ssover point for the examples 
shown in Figure 1 is eight characters, for which 
both. formats require 80 bits. 

In addition to the differences in format between 
synchronous and asynchronous communication, 
there are differences with regards to the type of 
modems that can be used. Asynchronous modems 
typically employ FSK (Frequency Shift Keying) 
techniques which simply generate one audio tone 
for a MARK and another for a SPACE. The receiv
ing modem detects these tones on the telephone 
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Figure 1. Transmission Formats 

line, converts them to logical signals, and presents 
them to the receiving terminal. Since the modem 
itself is not concerned with the transmission-speed, 
it can handle baud rates from zero to its maximum 
speed. Synchronous modems, in contrast to asyn
chronous modems, supply timing information to 
the terminal and require data to be presented to 
them in synchronism with this timing information. 
Synchronous modems, because of this extra clock
ing, are only capable of operating 'at certain preset 
baud rates. The receiving modem, which has an 
oscillator running at the same frequency as the 
transmitting modem, phase locks its' clock to that 
of the transmitter and interprets changes ,of phase 
as data. 
In some cases it" is desirable to operate in a hybrid 
mode,'which involves transmitting data with the 
asynchronous format ~sing a synchronous modem. 
This occurs when an increase in operating speed is 
req uired without a ch'ange in the basic protocol df 
the system. This hybrid technique is' known' as 
isosynchronous and involves the generation of the 
start 'and stop bits assoCiated with the asynchro
nous format, while still using the modem clock for 
bit synchronization. 

The 8251 PSART has been designed .to meet a 
broad spectrum of requirements in the synchro
nous, asynchronous, and isosynchronous modes. In 
the synchronous mode the 8251 operates with 5; 
6, 7, or 8-bit characters, Even or odd'parity can be 
optionally:appended and checked. Synchronization 
can be achieved either extern,ally,.via added hard
ware ,or internally via SYN character, detection. 
SYN detection can be based on one or two charac
ters ,which'may or may not be the same. :The single 
ot double SYNcharacters are inserted into the 
data stream automatically if the software fails to 
supply data in time. The automatic generation of 
SYN characters is required to prevent the loss bf 
synchronization. In",the asynchronous mode the 
8251 operates with the same data and parity struc
tures as it, does in the synchronous mode. In addi
tion to appending a START bit to this data, the 
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8251 appends 1, I Y2, or 2 STOP bits. Proper fram
ing is checked by the receiver and a status flag set 
if an error occurs. In the asynchronous mode the 
USART can be programmed to accept clock rates 
of 16 or 64' times the required baud rate. Isosyn
chronous operation is a special case of asynchro
nous with the multiplier rate programmed as one 
instead of 16 or 64. Note that X 1 operation is only 
valid if the clocks of the receiver and transmitter 
are synchronized. 

.The ,8251 USART can transmit the three formats 
,in half or full duplex mode and is double-buffered 
internally (Le., the software has a complete charac
ter time to respond to a service request). Although 
the 8251' supports basic data set control signals 
(e.g., DTR andRTS), it does not fully support the 
signaling described in EIA-RS-232-C Examples of 
unsupported signals are Carrier Detect' (CF), Ring 
Indicator (CE), and the secondary channel signals. 
In some cases an additional port will be required to 
implement these signals. The 8251 also does not 
interface to' the vbltage levels required by ,EIA
RS-232~C; drivers' and receivers must be added to 
accomplish this interface. 

BLOCK DIAGRAM 
A block diagram of the 8251 is shown in Figure 2. 
As Can be seen in the figure, the 8251 consists of 
five major sections which communicate with each 
other on an internal data bus. The five sections are 
the 'niceiver, transmitter, modem control, read/ 
write control, and I/O Buffer. In o'rder to facilitate 
discussion, the I/O Buffer has ,been shown broken 
down into its three major subsections: the status 
buffer, the transmit data/command buffer, and,the 
receive data buffer. 

Receiver, 

The receiver accepts serial data on the RiD pin and 
converts it to parallel data according to the appro
priate format. When the 8251 is in the asynchro
nous ,mode and it is: ready to accept a character 
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Figure 2. 8251 Block Diagram 

. . 
(Le., it is not in the process of receiving acharac
ter), it looks for a low level on the RxD line. When 
it sees the low level, it asSumes that it is a START 
bit .and enables an internal counter.' At a count 
equivalent to one-half of a bit time, the RxD line is 
sampled again. If the line is still low, a valid 
START bit has probably been received and. the 
825 I proceeds to assemble the character. If the 
RxD line is high when it is sampled, then either a 
noise pulse has occurred on the line or the receiver 
has become enabled in the middle: of the transmis
sion of a character. In either' case the receiver 
aborts its operation and prepares itself to accept a 
new character. After the successful reception of a 
START bit the 8251 clocks in the data, parity, and 
STOl' bits, and then transfers the data on the 
internai data bus to the receive data register. When 
operating with less than 8 .bits, the characters are 
right-justified. The RxRDY signal is asserted to 
indicate that a character is available. . 

In the synchronous mode the receiver simply 
clocks in the specified number of data bits and 
transfers them to the receiver buffer register, 
setting RxRDY. Since the receiver blindly groups 
data bits into characters, there must be a means of 
synchronizing the receiver to the transmitter so 
that, the proper character boundaries are main
tained in the serial data stream. This synchroniza~ 
tion isachieved.in the HUNT mode. 
In' the HUNT 'mode the 825 I . shifts in data on the 
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RxD line one bit at a time. After each bit is re
ceived, the receiver register is compared to a regis
ter holding the SYN character (program loaded). 
If the two registers are not equal, the 825 I shifts in 
another bit and repeats the comparison. When the 
registers compare as equal, the 825 I ends the 
HUNT mode and raises the SYNDET line to indi
cate .that it has achieved synchronization. If the 
USART has been programmed tooperate with two 
SYN characters the process is as described above, 
e.l{cept that two contiguous characters .from the 
line must compare to the two stored SYN charac
ters before synchronization is declared, Parity is 
not checked. If the USART has been programmed 
to· accept external synchronization, the SYNDET 
pin is used as an input to synchronize the receiver. 
The timing necessary' to do this is discussed in the 
SIGNALS section of this note. The USART enters 
the HUNT mode when it is initialized into the 
synchronous mode or when it is commanded to do 
so by the command instruction. Before the receiver 
is operated; it must be enabled by the RxE bit (D2) 
of the command instructions. If this bit is 'not set 
the receiver will not assert the RxRDY bit. 

Transmitter 
The transmitter accepts parallel data from' the 
processor, adds the appropriate framing informa
tion, serializes it,and transmits it on the TxD pin. 
In the asynchronous mode the transmitter always 



adds a START bit; depending on how the unit is 
programmed, it also adds an optional even or odd 
parity bit, and either I, l~, or 2 STOP bits. In the 
synchronous mode no extra bits (other than parity, 
if enable) are generated .by the transmitter. unless 
the computer fails to send a character to the 
USART. If the USART is ready to transmit a char
acter and a new character has not been supplied by 
the computer, the USART will transmit a SYN 
character. This is necessary since synchronous 
communications, unlike asynchronous communica
tions, does not allow gaps between characters. If 
the USART is operating in the dual SYN mode, 
both SYN characters will be transmitted before the 
message, can be resumed. The USART will not 
generate SYN characters until the software has sup
plied at least one character; i.e., the USART will 
fill 'holes' in the transmission but will not initiate 
transmission itself. The SYN characters which are 
to be transmitted by the USART are specified by 
the software during the initialization procedure. In 
either the synchronous or asynchronous modes, 
transmission is inhibited until TxEnable and the 
CTS input are asserted. 
An additional feature of the transmitter is the abil
ity to transmit a BREAK. A BREAK is a period of 
continuous SPACE on the communication line and 
is used in full duplex communication to interrupt 
the transmitting terminal. The 8251 USART will 
transmit a BREAK condition as long as bit 3 
(SBRK) of the command register is set. 

Modem Control 
The modem control section provides for the gener
ation of RTS and the reception of CTS. In addi
tion, a general purpose output and a general pur
pose input are provided. The output is labeled 
DTR and the input is labeled DSR. DTR can be 
asserted by setting bit 2 of the command instruc
tion; DSR can be sensed as bit 7 of the status 
register. Although the USART itself attaches no 
special significance to these signals, DTR (Data 
Terminal Ready) is normally assigned to the 
modem, indicating that the terminal is ready to 
communicate and DSR(Data Set Ready) is a signal 
from the modem indicating that it is ready for 
communications. 

I/O Control 
The Read/Write Control Logic decodes control 
signals on the"8080 control bus into signals which 
gate data on and off the USART's internal bus and 
controls the external I/O bus (DBo....:DB7). The 
truth table for these operations is as follows: 

If neither READ or WRITE is a zero, then the 
USART will not perform an I/O function. READ 

2·89 

CE C/D READ WRITE Function 

0 0 0 1 CPU Reads Data from 
USART 

0 1 0 1 CPU Reads Status from 
USART 

0 0 1 0 CPU Writes Data to 
USART 

0 1 1 0 CPU Writes Command to 
USART 

1 X X X USART Bus Floating 
(NO·OP) 

and WRITE being a zero at the same time is an 
illegal state with undefined results. The Read/ 
Write Control Logic contains synchronization cir
cuits so that the READ and WRITE pulses can 
occur at any time with respect to the clock inputs 
to theUSART. 
The I/O buffer contains the STATUS buffer, the 
RECEIVE DATA buffer and the XMIT DATA/ 
CMDbuffer as shown in Figure 2. Note that al
though there are two registers which store data for 
transfer to the CPU (STATUS and RECEIVE 
DATA), there is only one register which stores data 
being transferred to the USART. The sharing of 
the input register for both transmit data and com
mands makes it important to ensure that the 
USART does not have data stored in this register 
before sending a command to the device. The 
TxRDY signal can be monitored to accomplish 
this. Neither data nor commands should be trans
ferred to the USART if TxRDY is low. Failure to 
perform this check can result in erroneous data 
being transmitted. 

INTERFACE SIGNALS 
The interface signals of the 8251 USART can be 
broken down into two groups - a CPU-related 
group and a device-related group. The CPU-related 
signals have been designed to optimize the attach
ment of the 8251 to a MCS-80™ system. The 
device-related signals 'are intended to interface a 
.modem or like device. Since many peripherals 
(TTY, CRT, etc.) can be obtained with a modem-. 
like interface, the USART' has a broad range of 
applications which do not include a modem. Note 
that although the USART provides a logical inter
face to an EIA-RS-232 device, it does not provide 
EIA compatible' drive, and this must be added via 
circuitryextemal to the 8251. As anexample of a 
peripheral interface application and to aid in 
understanding the signal descriptions which follow, 
Figure 3 shows a. system configured to interface 
with a TTY or CRT. 
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CPU-Related Signals 
Vee (26) I 
GND (4) 

CLK (20) 

RESET (21) 

DB7-DBo· I/O 
(8,7,6,5,2,1, 
28,27) 

CS (11) I 

C/o (12) 

RD (13) 

+5 Volt Supply 

+5 Volt Common 
The CLK input generates in
ternal device timing. No ex
ternal inputs or outputs are 
referenced to CLK, but the 
frequency of CLK must be 
greater than 30 times the 
Receiver or Transmitter 
clock inputs for synchronous 
mode or 4.5 times the clock 
inputs for an asynchronous 
mode. An additional con
straint is imposed by the 
electrical specifications (ref. 
Appendix B) which require 
the period of CLK be be
tween 0.42 Jlsec and 1.35 
Jlsec. The CLK input can 
generaIly be connected to the 
Phase 2 (TTL) output of the 
8224 clock generator. 
A high on this input per
forms a master reset on the 
8251. The device returns to 
the .idle mode and will re
main there until reinitialized 
with the appropriate control 
words. 
The DB signals form a three
state bus which can be con
nected to the CPU data bus. 
Control, status, and data are 
transferred on this bus. Note 
that the CPU always remains 
in control of the bus and all 
transfers are initiated by it. 
Chip Select. A low on this 
input enables communica
tion between the USART 
and the CPU. Chip Select 
should . go low when the 
USART is being addressed by 
the CPU. 
Control/Data. During a read 
operation this pin selects 
either status or data to be in
put to the CPU (high=status, 
low=data). During a write 
operation this pin causes the 
USART to interpret the data 
on the bus as a command if it 
is high or as data if it is low. 
A low on this input causes 
the USART to gate either 

WR (10) 

TxRDY (15) 

TxE (18) 

RxRDY (14) 
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status or data onto the data 
bus. 
A low on this input causes 
the USART to accept data 
on the data bus as either a 
command or as a data char
acter. 
Transmitter Ready. This out
put signals the CPU that the 
USART is ready to accept a 
data character or command. 
It can be used as an interrupt 
to the system or, for poIled 
operation, the CPU can 
check TxRDY using the 
status read operation. Note, 
however, that while the 
TxRDY status bit will be as
serted whenever the XMIT 
DAT A/CMD buffer is empty, 
the TxRDY output will be 
·asserted only if the buffer is 
empty and the USART is en
abled to transmit (Le., CTS is 
low and TxEN is high). 
TxRDY wiIl be reset when 
the USAR T receives a charac
ter from the program. 
Transmitter Empty. A high 
output on this line indicates 
that the paraIlel to serial 
converter in the transmitter 
is empty. In the synchronous 
mode, if the CPU has failed 
to load a new character in 
time, TxE will go high mo
mentarily as SYN characters 
are loaded into the trans
mitter to fiIl the gap in trans
mission. 
Transmitter Ready. This out
put goes high to indicate that 
the 8251 has received a char
acter on its serial input and is 
ready to transfer it to the 
CPU. Although the receiver 
runs continuously, RxRDY 
will only be asserted if the 
RxE (Receive Enable) bit in 
the command register has 
been set. RxRDY can be con
nected to the interrupt struc
ture or,. for poIled operation, 
the CPU can check the condi
tion of RxRDY using a status 
read operation. RxRDY will 
be reset when the character is 
read by the CPU. 



SYNDET ('16) I/O Synch Detect. This line is used 
in the synchronous mode only. 
It can be. either an input or 
output, depending on whether 
the initialization program sets 
the USART for external or in
ternal synchronization. SYN
DET is reset to a zero by RE
SET. When in the internal 
synchronization mode, the 
USART uses SYNDET as an 
output to indicate. that the 
device has detected the re
quired ,SYN character(s). A 
high output indicates syn
chronization. has been achiev
ed. If the USART is pro
grammed to operate with 
double SYN characters, SYN
DET will go high in the mid
dle of the last bit of the 
second SYN character. SYN
DET will be reset by a status 
read operation. When in the 
external synchronization mode 
a .positive-going input on the 
SYNDET line will cause the 
8251 to start assembling 
characters on, the next falling 
edge of RxC. The high input 
should be maintained at least 
for one, RxC cycle following 
this edge. 

Device-Related Signals 
DTR (24) 0 Data Terminal Ready. This is a 

RTS (23) 

general purpose output signal 
which can be set low by pro-

, gramming a '1' in command 
instruction bit 1. This signal 
allows additional device con
trol. 

J .Data Set Ready. This is a gen
eral purpose input signal. The 
status of, this signal can be 

'tested by the CPU through a 
status read. This pin can be 
used to test device status and 
is. read as bit 7 of the status 
register. 

'0, Request to Send. This is a gen
:eral purpose output signal 
equivalent to DTR. RTS is 

'. normally used to request that 
the modem prepare itself to 
trarismit (Le., establish car
rier) .. RTS can be asserted 
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CTS (17) 

RxC (25) 

RxD (3) 

TxC(9) 

TxD (19) 

(brought low) by setting bit 5 
in . the command instructiori. 

'. I "Clear. to Send. A low on this 
input enables the USART to 
transmit data. CTS is normally 
generated by the modem in re
sponse to a RTS. 

I Receiver Clock. This clock 
controls the data rate of char
acters to be received by the 
USART. In the synchronous 
mode RxC is equivalent to the 
baud rate, and is supplied by 
the modem. In asynchronous 
mode RxC is 1, 16, or 64 
times the baud rate. The clock 
division is preselected by the 
mode control instruction. 
Data is sampled by the USART 
on the rising edge of RxC. 

I Receiver Data. Characters are 
received serially on this pin 
and assembled into parallel 
characters. RxD is high true 
(Le., High = MARK or ONE). 

Transmitter Clock. This clock 
controls the rate at which 
characters are transmitted by 
the USART. The relationship 
between clock rate and baud 
rate is the same as for RxC. 
Data is shifted out of the 
USART on the falling edge of 
TxC. 

o Transmit Data. Parallel charac
ters sent by the CPU are trans
mitted serially by the USAR T 
on this line. TxD is high true 
(Le., High = MARK or ONE). 

MODE SELECTION 

The 8251 USART is capable of operating in a num
ber of modes (e.g., synchronous or asynchronous). 
In' order to keep the hardware as flexible as possi
ble (both at the chip and end product level), these 
operating modes are selected via a series of control 
outputs to the USART. These mode control out
puts must occur between the time the USART is 
reset and· the time it is utilized for data transfer. 
Since the USART needs this information·to struc
ture its .internal10gic it is essential to complete the 
initialization, before any attempts are made at data 
transfer (including reading status). 

A flowchart of the initialization process appears in 
Figure 4. The. first operation which must occur 
following a reset is the loading of the mode control 



SYSTEM RESET 
INITIALIZATION 

Figure 4. Initialization Flowchart 

register. The mode control register is loaded by the 
first control output (C/D=l, RD=l, WR=O, CS=O) 
following a reset. The format of the mode control 
instruction is shown in Figure 5. The instruction 
can be considered as four 2-bit fields. The first 
2-bit field (D] Do) determines whether the USART 
is to operate in the synchronous (00) or asynchro
nous mode. In the asynchronous mode this field 
also controls the clock scaling factor. As an exam
pIe, if D 1 and Do are both ones, the RxC and TxC 
will be divided by 64 to establish the baud rate. 
The second field, D3-D2, determines the ,number 
of data bits in the character and the third, Ds-D4, 
controls parity generation. Note that the parity bit 
(if enabled) is added to the data bits and is not 
considered as part of them when setting up the 
character length. As an example, standard ASCII 
transmission, which is seven data bits plus even 
parity, would be specified as: 

XXIIIOXX 
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-~ --L ~.~"'-" 00 -SYN MODE 
01 -ASYNX1 
10 -ASYN X16 

, , ' . 11-ASVNX84 

CHARACTER LENGTH 

" 00 -SBITS 
01 "'6 BITS 
10-7BITS 
1,1 0 8 BITS 

PARITY CONTROL 

X ° ... NO PARITY 
01 ... ODD PARITY 
1 1 - EVEN PARITY 

FRAMING CONTROL 

SVN .' NO-ASYN 10, 00*'0,01 00 -NOT VALID 
? 01 "'1 STOP BIT 

1 0 -1% STOP BITS 
1 1 -2 STOP BITS 

VES 
(01 DO" 01 SVN CONTROL 

X 0 INTERNAL SYN 
X 1 EXTERNAL SYN 
o X DOUBLE SYN CHAR 
1 X SINGLE SYN CHAR 

Figure 5. Mode Instruction Format 

The last field, D7-D6, has two meanings, depend
ing on whether operation is to be in the synchro
nous or asynchronous mode. For the asynchronous 
mode (Le., D] Do =1= 00), it controls the number of 
STOP bits to be transmitted with the character. 
Since the receiver will always operate with only 
one STOP bit, D7 and D6 only control the trans
mitter. In the synchronous mode (D] Do = 00), 
this field controls the synchronizing process. Note 
that the choice of single or double SYN characters 
is independent of the choice of internal or external 
synchronization. This is because even though the 
receiver may operate with external synchronization 
logic, the transmitter must still know whether to 
send one or two SYN characters should the CPU 
fail to supply a character in time. 

Following the loading of the mode instruction the 
appropriate SYN character (or characters) must be 
loaded if synchronous mode has been specified. 
The SYN character(s) are loaded by the same con-

, trol output instruction used to load the mode in
, struction. The USART determines from the mode 
instruction whether no, one, or two SYN charac
ters are required and uses the control output to 
load SYN characters until the required number are 
loaded. 

At completion of the load of SYN characters (or 
after the mode instruction in the asynchronous 
mode), a command character is issued to the 
USART. The command instruction controls the 
operation of the USART within the basic frame
work established by the mode instruction. The 
format of the command instruction is shown in 



Figure 6. Note that if, as an example, the USART 
is waiting for a SYN character load and instead is 
issued~n internal reset command, it will accept the 
command as.a SYN character instead of resetting. 
This situation, which should only occur if two 
independent programs control the USART,. can be 
avoided by outputting three all zero characters as 
commands before issuing the internal reset com
mand. The USART indicates its state in a status 
register which can be read under program control. 
The format of the status register read is shown in 
Figure 7. 

'TRANSMIT ENABLE 
1'" ENABLE 
0= OISABlE 

DATA TERMINAL 
READY 

"HIGH"WILL FORCE 
OTR OUTPUT TO ZERO 

RECEIVE ENABLE 
'---~~I 1" ENABLE RxRDY 

0" DISABLE RxRDY 

SEND BREAK 

'----'---1 CH1A..R:g~~~s TxO "LOW" 
0- NORMAL OPERATION 

ERROR RESET 
'-------_1· ,. RESET ALL ERROR 

FLAGS (PE. DE. FE) 

INTERNAL RESET 
"HIGH" RETURNS 8251 
TO MODE INSTRUCTION 
FORMAT 

ENTER HUNT MODE 

When operating the receiver it is importantto real
ize that RxE (bit 2 of the command instruction) 
only inhibits the assertion of RxRDY; it does not 
inhibit the actual reception of characters .. Because 
the receiver is constantly running, it is possible for 
it· to contain extraneous data when it is enabled. 
To avoid problems this data should be read from 
th~ USART and discarded. The read should be 
done immediately following the setting of Receive 
Enable in the asynchronous mode, and following 
the setting of Enter Hunt in the. synchronous 
mode. It is not necessary to wait for RxRDY be
fore executing the dummy re.ad. '-____________ 1 , .. ENABLE SEARCH FOR 

SVN CHARACTERS 

Figure 6. Command Instruction Format 

L..-----~-+--f--_f--..... --+---<~--,. SAME DEFINITIONS, 

PARITY ERROR . 
THE PE FLAT IS SET WHEN 
'A PARITY ERROR IS DE· 
TECTED. IT IS RESET BY 
THE ER BIT OF THE COM·' 
MAND INSTRUCTION. PE 
DOES NOT INHIBIT OPER· 
ATION OF THE 8251. . 

OVERRUN ERROR 
THE OE FLAG IS SET WHEN 
.THE CPU DOES NOT READ A 
CHARACTER BEFORE THE 
NEXT ONE BECOMES AvAIL. 
ABLE. IT IS RESET BY THE 
ER BIT OF THE COMMAND 

. INSTRUCTION, OE DOES· 
NOT INHIBIT OPERATION OF 
"THE 8251; HOWEVER~ THE 
PREVIOUSLY OVERRUN 
CHARACTER IS LOST' 

FRAMING ERROR (ASYNC 
ONLY) 
THE FE FLAG ISSETWHEN 
A VALID STOP BIT IS NOT 
DETECTED AT THE END OF 
EVERY CHARACTER. IT IS 
RESET BY THE ER BIT.OF 
THE COMMAND INSTRUC· 
TION. FE DOES NOT INHIBIT 
THE OPERATION OF THE 8251. 

Figure 7. Status Register Format 
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. AS I/O PINS EXCePT': ; 
THAT TxRDY IS NOT 
CONDITIONED BY 
TxEN OR CTS". 



PROCESSOR DATA LINK 
The ability to change the operating mode of the 
USART by software makes the 8251 an ideal 
device to use to implement a serial communication 
link. A terminal initially configured with a simple 
asynchronous protocol can be upgraded to a syn
chronous protocol such as IBM Binary Synchro
nous Communication by a software only upgrade. 
In order to demonstrate the use of the 8251 
USART, the remainder of this document will 
describe the implementation of an interrupt-driven, 
full duplex communication link on the Intel 
MDSTM system. With minor modifications, the 
program developed could be used on the Intel 
SBC-80/lO™ OEM card, thus implementing a data 
link between the two systems. Such a facility can 
be used to down-load programs, run diagnostics, 
and maintain common data bases in multiprocessor 
systems. 

The factors which must be considered in the design 
of such a link include the desired transmission rate 
and format, the error checking requirements, the 
desirability of full duplex operation, and the phys
ical implementation of the link. The basic require
ment of the system described here is that it allow 
art Intel SBC-80/10 OEM card to be loaded from 
an MDS development ·system, either locally or on 
the switched telephone network .. An additional 
constraint is that the modem used on the switched 
network be readily available and inexpensive. 
These requirements led to the choice of a modem 
such as the Bell. 103A to implement the link. These 
modems, which support full duplex communica
tion at up to 300 baud, are readily available from a 
number of sources at reasonable cost. These 
modems are also available in acoustically coupled. 
versions which do not require permanent installa
tion on the telephone network. Interface to the 
103A modem is accomplished with nine wires: 
Protective Ground, Signal Ground, Transmitted 
Data, Received Data, Clear to Send,· Data Set 
Ready, Data Terminal Ready, Carrier Detector, 
and Ringing Indicator. 

The utilization of the interface signals to the 
modem is as follows: 
Protective 
Ground 

Signal 
Ground 

Protective Ground is used to bond 
the chassis ground of the modem to 
that of the terminal. 

Signal Ground provide~' a common 
ground reference between the mo
dem and the terminal. 

Transmitted· Transmitted Data is used to transfer 
Data serial data from the terminal to the 

modem. 
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Received 
Data 

Clear to 
Send 

Data Set 
Ready 

Data 
Terminal 
Ready 

Carrier 
Detector 

Ringing 
Indicator 

Received Data is used to transfer 
serial data from the modem to the 
terminal. 
Clear to Send indicates that the 
modem has established a connec
tion with a remote modem and is 
ready to transmit data. 
Data Set Ready indicates that the 
modem is connected to the tele
phone line and is in the data mode. 

Data Terminal Ready is a signal 
from the terminal which permits 
the modem to enter the data mode. 
Carrier Detector is identical to 
Clear to Send in the 103 modem 
and will not be used in this inter
face. 

Ringing Indicator indicates that the 
modem is receiving a ringing signal 
from the telephone system. This 
signal will not be used in the inter
face, since it is possible for the 
terminal to· assert Data Terminal 
Ready whenever it is ready for the 
modem to "answer the telephone". 
The modem uses Data Set. Ready to 
indicate that it has answered the 
call. 

A block diagram showing the connections between 
the MDS and the SBC-80/10 through the modems 
is shown in Figure 8. Figure 9 shows the portion of 
the MDS monitor board devoted to the USARTs 
and Figure 10 shows the equivalent section Qf the 
SBC-80/10 board. Note that several signals on the 
MDS to not have the properEIA defined voltage 
levels, and for this reason the adapter shown in 
Figure II was added to the MDS. The 390 pF 
capacitor was added to the 1488 driver to bring the 
rise time within EIA imposed limits of 30 volts/ 
Jlsec. In Figure 7 the signal labels within the MDS 
and SBC-80/10 blocks correspond to the labels on 
the schematics, the signal labels within the modem 
blocks correspond to EIA conventions, and the 
signal· labels on the wires between the blocks are 
abbreviations for the English language names of the 
signals. 

As an example of how the USART clocks can be 
generated, circuits A27, A16, and Al5 of Figure 9 
form a divider of.the OSC signal. The OSC signal 
has a frequency of 18.432 MHz and is generated by 
the 8224 which generates system timing for the 
8080A. The 18.432 MHz signal results in a state 
time of 488 ns versus the normal 500 TIS for the 
8080A. (This does not violate 8080A specifica
tions.) The 18.432 MHz signal can be divided by 



--------l 

CRT USART RTSI 

CRlTx DATA 

CRTRx DATAl 

«:;RT DTRI 

CRlOSRI 

CRTSIGGND 

. I 

'CRT'INTERFACE 

. . I 
_____ ~ __ ...J 

CTS CB . 

BA 

BB 

CD 

CC 

AB 

MODEM 

r--------
I 

co CTS 
REQTOSEND 

BA RECEIVE DATA 

BB TRANSMITTED DATA 

CD DATASET ROV 

CC DATA TERM'L ROV 

COM 
AB GND 

MODEM 'CRT'INTERFACE 

1 SBC10' . L ______ ·--'--_ 

Figure 8. System Block Diagram 

I 
~CTS 

~DSR 
~DTR· 

130DPF . 

Figure 9. EIA Adapter 

30 and then 64 to give a 9600 baud communica
tion standard. The 9600 baud signal can be further 
divided to give 4800, 2400, 1200,600, and 30b 
baud signals. The J 200 baud signal can be divided 
by·11 to give a 109.1 baud signal which is within 
I % of the II o baud standard signal rate. Note that 
because of constraints on the CLK input 9600 
baud operation is not possible in· the X64 mode. 
The divide by 64 can be accomplished by dividing 
by 4 with a counter and. then 16 within the 
USART; 

In order to keep the system as general purpose as 
possible, it was decided to transmit 8-bit data char
acters with an appended odd parity bit. Having a 
full 8-bit byte available for data enables the trans
mission of codes such as ASCII (which is 7-1evel 
with an additional parity bit) to. be transmitted 
and received transparently in the system. Also, of 
course, it allows 8-bit bytes from the 8080A mem
ory to be transferred in one transmission character. 
If error checking beyond the parity check is re
quired, it could be added to the data record to be 
transmitted in the form of redundant check charac
ters. 
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Before the software design of the system could be 
undertaken, it was· necessary· to decide whether 
service requests from the USART would be han
dled on a polled or iriterrupt driven mode. Polled 
operation normally results in more compact code 
but it requires that whatever programs are running 
concurrently with a transmission or reception must 
periodically either check the status of the USART 
or call a routine that does. Since it was not possible 
to determine what program might be running dur
ing a receive or transmit operation, it was decided 
to operate in an interrupt driven mode. 
The program which operates the 8251 must be 
instructed as to what data it should transmit or 
receive from some other program resident in the 
8080 system. To facilitate the discussion bf the 
operation of the software, the following definitions 

. will be made: 

USRUNis the program which controls the 
operation of the 8251. . 

USER is a program which utilizes USRUN in 
order to effect a data transmission. 

USER passes commands and parameters to 
USRUN by means of the control block shown in 
Figure 12. The first byte of the block contains the 
command which USER wants USRUN to execute. 
Valid contents of this byte are "C" which causes 
. US RUN to initialize itself and. the 8251, "R" 
which causes the execution of the data input (or 
READ) operation, and "W" which causes a data 
output (WRITE) operation. The second byte of the 
control block is used by USRUNto inform USER 
of the status of the requested operation. The third 
and fourth bytes specify the starting address of a 
buffer set up by USER which contains the data for 
a transmit operation or which will be used by 
USRUN to store received data. The fifth and sixth 
bytes are concatenated toforrn a positive binary 
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number which specifies how many bytes of data 
USER wants transferred. The seventh and eighth 
bytes are concatenated and. used by USRUN to 
count the number of bytes that have been trans
ferred. When the required number of characters 
have been transferred, or if US RUN terminates a 
READ or WRITE due to an abnormal condition, 
then USRUN calls a subroutine at an address de
fined by the ninth and tenth bytes of the com
mand block. This subroutine, which is provided by 
USER, must determine the state of the process and 
then take appropriate action. .' 

Since USRUN must be capable of operation in a 
full duplex mode (Le., be able to receive and trans
mit simultaneously), it keeps the address of two 
control blocks; one for a READ operation and one 
for a WRITE. The address of the controlling com
mand block is kept in RAM locations labeled 
RCBA for the READ operation 281 TCBA for the 
WRITE operation. If RCBA (Receive Control 
Block Address) or TCBA (Transmit Control Block 
Address) is zero, it indicates that the corresponding 
operation is in an idle status. 

Flowcharts of USRUN appear in Figure 13 and the 
listings appear in Figure 14. The first section of the 
flowcharts (Figures 13.1 and 13.2) consists of two 
subroutines which are used as convenient tools for 
operating on the control biocks. These routines are 
labeled LOADA and CLEAN. LOADA is entered 
with the address of a control block in registers H 
and L. Upon return registers D and E have been set 
equal to the address in the buffer which is the 
target of the next data transfer (Le., D,E = BAD+ 
CCT); and CCT (transferred byte count) has then 
been incremented. In addition, the B register is set 
to zero if the number of bytes that have been 
transferred is equal to the number. requested (i.e., 
CCT = RCT). CLEAN, the second routine, is also 
entered with the address of a command block in 
the Hand L registers. In' addition, the Accumulator 
holds the status which will be placed in the 
STATUS byte of the command block. On exit the 
STATUS byte has been updated and the address of 
the completion routine has been placed in Hand L. 

Upon interrupt, control of the MCS-80 system is 
transferred to VECTOR (Figure 13.3). Vector is a 
program which saves the state of the system, gets 
the status of the USART and jumps to the RISR 
(Receive Interrupt Service Routine) or the TISR 
(Transmit Interrupt Service Routine), depending 
on which of the two ready flags is active. If neither 
ready flag is active, VECTOR restores the status of 
the running program, enables interrupts, and re
turns. (Interrupts are automatically disabled by the 
hardware upon an interrupt.) This exitJrom VEC
TOR, which is labeled VOUT, is used from other 
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COMMAND 

STATUS 

BAD LOW 

BAD HIGH 

RCT LOW 

RCT HIGH 

eeT LOW 

CCTHIGH 

eRA LOW 

eRA HIGH 

I THESE TWO BYTES FORM 
THE BUFFER ADDRESS 

I THESE TWO BYTES INDICATE 
THE NUMBER OF BYTES TO 
BE TRANSFERRED ITt-lESE TWO BYTES INDICATE 
THE NUMBER OF BYTES THAT 
HAVE BEEN TRANSFERRED I THESE TWO BYTES FORM 
THE ADDR,ESS OF A SUB· 
ROUTINE TO BE CALLED 
WHEN THE OPERATION 
IS TERMINATED 

Figure 12. Control Block 

Figure 13.1. LOADA Subroutine 

Figure 13.2. CLEAN Subroutine 



INT 

Figure 13.3. Interrupt Entry 

Figure 13.4. Transmit Interrupt Service Routine 
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. portions of USRUN i( return from the. interrupt 
mode is required. 

In addition to handling normal data transfers, 
TISR (Figure 13.4) checks a location in memory 
named TCMD in order to determine if the receive 
program wishes to send a command to the USART. 
Since the transmit data and command must share a 
buffer within the USART, any command output 
must occur when TxRDY is asserted. If TCMD is 
zero,TISR proceeds with the data transfer. If 
TCMD is non-zero, TISR calls TUTE (Transmit 
Utility, Figure 13.5) which, depending on the value 

Figure 13.5. Transmit Utility Routine 



in TCMD, turns off the receiver, turns on the re
ceiver, or clears error conditions. Note that the 
error flags (parity, framing, and overrun) are al
ways cleared by the software when the receiver is 
first enabled. 

The flowchart of the RISR is shown in Figure 
13.6. Note that in addition to terminating when
ever the required number of characters have been 
received, the RISR also terminates if one of the 
error flags becomes set or if the received character 
matches a character found in a table pointed to by 
the label ET AB. This table, which starts at ET AB 
and continues until an all "ones" entry is found, 
can be used by USER to define special characters, 
such as EOT (End Of Transmission), which will ter
minate a READ operation. The remainder of Fig
ure 13 (13.7) shows the decoding of the commands 
to USRUN. The listings also include a test USER 
which exercises USRUN. This program sets up a 
256-byte transmit buffer and transfers itto a simi
lar input buffer by means of a local loop. When 
both the READ and WRITE operations are com
plete, the test USER checks to insure that the two 
buffers are identical. If the buffers differ, the MDS 
monitor is called; if the data is correct, the test is 
repeated. 

CONCLUSION 
The 8251 USART has been described both as a 
device and as a component in a system. Since not 
only modems but also many peripheral devices 
have a serial interface, the 8251 is an extremely 
useful component in a microcomputer system. A 
particular advantage of the deviee is that it is capa
ble of operating in various modes without requir
ing hardware modifications to the system of which 
it is a part. As with any complex SUbsystem, how
ever, the 8251 USART must be carefully applied 
so that it can be utilized to full advantage in the 
overall system. It is hoped that this application 
note will aid il). the designer in the application of 
the 8251 USART. As a further aid to the applica
tion of the 8251, .the appendix of this document 
includes a list of design hints based on past experi
ence with the 8251. 

Figure 13.6. Receive Interrupt Service Routine 
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Figure 13.7. URUN Command Decode 
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Figure 14. Program Listing 

.lIlililili , 

SYSTEM ORIGIN STATEMENT 
j 
.lIlIlI** , 

4000 ORG 4000H 

.**lIlI* , 

DATA STORAGE FOR TEST USER 
; 
.*lIlIlI* , 

4000 BUFIN: DS 100H jINPUT BUFFER 
4100 BUFOUT: DS 100H jOUTPUT BUFFER 
4200 5200 RBLOCK: DB 'R' ,OOH jRECEIVE CONTROL BLOCK 
4202 0040 RBAD: DW BUFIN 
4204 FFOO RRCT: DW OFFH 
4206 0000 RC.CT: DW OOH 
4208 17 42 RCRA: DW RCR 
420A 5700 TBLOCK: DB 'w' ,OOH jTRANSMIT CONTROL BLOCK 
420C 0041 TBAD: DW BUFOUT 
420E FFOO TRGT: DW OFFH 
4210 0000 TCCT: DW OOH 
4212 2742 TCRA: DW TCR 
4214 4300 GBLOCK: DB 'c' ,OOH 
4216 00 FLAG: DB OOH 

.lI*lIlili , 

COMPLETION ROUTINES 
j 
.*lIlI*lI , 

4217 AF RCR: XRA A jCLEAR A 
4218 323B42 STA RCBA jTURN OFF RECEIVE 
421B 323C42 STA RCBA+1 
421E 3A1642 LDA FLAG jGET FLAG 
4221 E60F ANI OFH jCLEAR UPPER FOUR BITS 
4223 321642 STA FLAG jRESTORE FLAG 
4226 C9 RET 
4227 AF TCR: XRA A jCLEAR A 
4228 323942 STA TCBA jTURN OFF TRANSMIT 
422B 323A42 STA TCBA+1 
422E 3A1642 LDA FLAG jGET FLAG 
4231 E6FO ANI OFOH jCLEAR LOWER FOUR BITS 
4233 321642 STA FLAG jRESTORE FLAG 
4236 C9 RET jTHEN RETURN 
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00F5 
00F5 
00F4 
00F4 
0000 
OOFF 
0001 

4237 
4238 
4239 
423B 
423D 

00 
00 
0000 
0000 
FF 

.***** , 

j 

j***** 

USTAT 
USCMD 
USDA I 
USDAO 
GSTAT 
BSTAT 
CEND 

j***** 

j 
.***** , 

LCMD: 
TCMD 
TCBA 
RCBA 
MTAB 

SYSTEM EQUATES 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

OF5H 
OF5H 
OF4H 
OF4H 
OOH 
OFFH 
01H 

jUSART STATUS ADDRESS 
jUSART CMD ADDRESS 
jUSART DATA INPUT ADDRESS 
jUSART DATA OUTPUT ADDRESS 
jGOOD STATUS 
jBAD STATUS 

SYSTEM DATA TABLE 

DB OOH CURRENT OPERATING COMMAND 
DB OOH IF NON ZERO A COMMAND TO BE 
DW OOH ADDRESS OF XMIT CBLOCK 
DW OOH ADDRESS OF RECEIVE CBLOCK 
DB OFFH END CHARACTER TABLE 
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423E 
423F 
4240 
4241 
4242 
4243 
4244 
4245 
4246 
4247 
4248 
4249 
424A 
424B 
424C 
424D 
424E 
424F 
4250 
4251 
4252 
4253 
4254 
4255 
4256 
4257 
4258 
4259 
425A 

23 
23: 
5E 
23 
56 
23 
23 
23 
4E 
23 
46 
EB 
09 
EB 
03 
70 
2B 
71 
OB 
2B 
7E 
90 
47 
CO 
2B 
7E 
91 
47 
C9 

.***** , 

j 
.***** , 

LOADA: 

LOAD ADDRESS ROUTINE 
LOADA IS ENTERED WITH THE ADDRESS OF A CONTROL 
BLOCK IN H,L. ON EXIT D,E CON~AI~S THE ADDRESS 
WHICH IS THE TARGET OF THE NE~T DATA TRANSFER (BAD+CCNT) 
AND B HAS BEEN SET TO ZERO IF THE REQUESTED NUMBER OF 
TRANSFERS HAS BEEN ACCOMPLISHED. CCNT IS INCREMENTED 
AFTER THE TARGET ADDRESS HAS BEEN CALCULATED. 

INX H jD,E GETS BUFFER ADDRESS 
INX H 
NOV E,M 
INX H 
NOV D,M jDONE 
INX H jB,C GETS COMPLETED COUNT (CCNT) 
INX H 
INX H 
HOV C,M 
INX H 
NOV B,M jDONE 
XCHG jD,E GETS BAD+CCNT 
DAD B 
XCHG jDONE 
INX B JCCNT GETS INCREMENTED 
MOV H,B 
DCX H 
MOV H,C jDONE 
DCX B JDOES OLD CCNT=RCNT? 
DCX H 
NOV A,M 
SUB B 
NOV B,A 
RNZ JNO-RETURN WITH B NOT ZERO 
DCX H 
NOV A,M 
SUB C 
MOV B,A 
RET jRETURN WITH B=O IF RCNT=CCNT 
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425B 5D 
425C 54 
425D 23 
425E 77 
425F 010700 
4262 09 
4263 7E 
4264 23 
4265 66 
4266 6F 
4267 C9 

4268 F5 
4269 C5 
426A D5 
426B E5 
426C DBF5 
426E DBFA 
4270 OF 
4271 OF 
4272 DA8842 
4275 07 
4276 07 
4277 DAD442 
427A 3EFC 
427C D3F3 
427E E1 
427F D1· 
4280 C1 
4281 3E20 
4283 D3FD 
4286 FB 
4287 C9 

.***** , 

CLEAN-UP ROUTINE 
CLEAN IS ENTERED WITH THE ADDRESS OF A CONTROL 
BLOCK IN H,L AND A NEW STATUS TOBE 
ENTERED INTO IT IN A. ON ~XIT THE ADDRESS OF THE 
CONTROL BLOCK IS I~D,E~ THE STATUS OF THE BLOCK 
HAS BEEN UPDATED; AND ~HE. ADD~E~S OF THE COMPLETION 

; . ROUTINE IS IN H,L. 
; 
.***1* , 

CLEAN: HOV 

.111*·1* , 

MOV 
INX 
MOV 
LXI 
DAD 
MOV 
INX 
MOV 
MOV 
RET 

E,L 
D,H 
H 
M,A 
B,7 
B 
A,M 
H 
H,M 
L,A 

;SAVE THE ADRESS OF THE COMMAND BLOCK 

jPOINT AT STATUS 
JSET STAius EQUAL TO A 
JSET INDEX TO SEVE~ 
jPOINT AT COHPLETION ADDRESS 
JOET LOWER ADDRESS 
jPOINT AT UPPER ADDRESS 
jH GETS HIGH ADDRESS BYTE 
jL GETS LOW ADDRESS BYTE 

INTERUPT VECTOR ROUTINE 
VECTOR SAVES THE STATUS OF THE RUNNING PROGRAM 
THEN READS THE STATUS OF THE USART TO DETERMINE 
IF A RECEIVE OR TRANSMIT INTERUPT OCCURRED. 

., 

VECTOR THEN CALLS THE AP~ROPRIATESERVICE ROUTINE. 
IF NEITHER INTERUPTS OCCURRED THEN .VECTOR RESTORES 
THE STATUS OF THE RUNNING PROGAM. THE SERVICE 
ROUTINES USE THE iXIT CODE, LABLED VOUT, TO EFFECT 
THEIR EXIT FROM INTERUPT MODE. 

i 
·**11* , 

VECTOR: PUSH 
PUSH 
PUSH 
PUSH 
IN 
IN 
RRC 
RRC 
JC 
RLC 
RLC 
JC 
MVI 
OUT 

VOUT: POP 
POP 
POP 
MVI 
OUT 
EI 
RET 

PSW 
B 
D 
H 
USTAT 
OFAH 

RISR 

TISR 
A,OFCH 
OF3H 
H 
D 
B 
A,20H 
OFDH 

iPUSH STATUS INTO THE STACK 

iGET USART ADDRESS 
iMDS-GET MONITOR CARD INT. STATUS 
;ROTATE TWO PLACES 
iSO THAT CARRY=RXRDY 
iIF RXRDY GO TO SERVICE ROUTINE 
iIF NOT ROTATE BACK 
iLEAVING TXRDY IN CARRY 
iIF TXRDY THEN GO TO SERVICE ROUTINE 
iMDS-CLEAR OTHER LEVEL THREE INTERUPTS 
i MDS 
iELSE EXIT FROH INTERUPT MODE 

iMDS-RESTORE CURRENT LEVEL 
iMDS 
iENABLE INTERUPTS 
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4288 
428B 
428D 
428F 
4290 
4291 
4294 
4295 
4296 
4299 
429C 
429E 
429F 
42AO 
42A2 
42A4 
42A7 
42A8 
42A9 
l2AC 
2AE 

.. 2B1 
42B2 
42B5 
42B8 

42B9 
42BB 
42BE 
42C1 
42C2 
42C4 
42C7 
42C8 
42CB 
42CC 
42CF 
42D1 

2A3B42 
3E82 
D3F3 
2C 
2D 
C29942 
24 
25 
CA7E42 
CD3E42 
DBF4 
12 
4F 
DBF5 
E638 
C2B942 
04 
05 
C2BE42 
3EOO 
217E42 
E5 
2A3B42 
CD5B42 
E9 

3EFF 
C3AE42 
213D42 
7E 
FEFF 
CA7E42 
B9 
CACF42 
23 
C3 C 142 
3E01 
C3AE42 

.***** , 

RECEIVE INTERUPT SERVICE ROUTINE; 
RIS~ PROCESSES A REdEIVE INTERUPT 
AT THE END OF RECEIVE THE USER SUPPLIED 
COMPLETION ROUTINE IS CALLED AND THEN AN 
EXIT IS TAKEN THROUGH VOUT OF THE 

; VECTOR 
.***** , 

RISR: 

RISRB: 

RISRA: 

RISRE: 

EXCHAR: 
EXA: 

PEND: 

LHLD 
MVI 
OUT 
INR 
DCR 
JNZ 
INR 
DCR 
JZ 
CALL 
IN 
STAX 
MOV 
IN 
ANI 
JNZ 
INR 
DCR 
JNZ 
MVI 
LXI 
PUSH 
LHLD 
CALL 
PCHL 

MVI 
JMP 
LXI 
MOV 
CPI 
JZ 
CMP 
JZ 
INX 
JMP 
MVI 
JMP 

RCBA 
A,82H 
OF3H 
L 
L 
RISRB 
H 
H 
VOUT 
LOADA 
USDAI 
D 
C,A 
USTAT 
38H 
RISRE' 
B 
B 
EXCHAR 
A,GSTAT 
H,VOUT 
H 
RCBA 
CLEAN 

'A,BSTAT 
RISRA 
H,MTAB 
A,M 
OFFH 
VOUT 
C 
PEND 
H 
EXA 
A,CEND 
RISRA 

rMDS-CLEAR RECEIVE INTERUPT 
;11DS 

;READY-SET UP ADDRESS 
;GET INPUT DATA 
;AND PUT IN THE BUFFER 
;SAVE INPUT DATA IN C 
;GET STATUS AGAIN 
;MASK FOR ERROR FIELD 
;NOT ZERO-TAKE ERROR EXIT 
;B WAS 00 IF DONE 

;NOT DONE-EXIT 
;A GETS GOOD STATUS 
;GET RETURN ADDRESS 

';AND PUSH IT INTO THE STACK 
;POINT H,L AT THE CMD BLOCK 
;CALL CLEANUP ROUTINE 
jEFFECTIVELY CALLS COMPLETION ROUTINE 
;RETURN IS TO VOUT BECAUSE OF PUSH H 
;A GETS BAD STATUS 
;OTHERWISE EXIT IS NORMAL 
;TEST CHARACTER AGAINST EXIT TABLE 

;END OF TABLE 

;MATCH-TERMINATE READ 

'\ .. 
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42D4 3A3B42 
42D7 B7 
42DB C40443 
42DB 3EBl 
42DD D3F3 
42DF 2A3942 
42E2 2C 
42E3 2D 
42E4 C2EC42 
42E7 24 
42EB 25 
42E9 CA7E42 
42EC CD3E42 
42EF lA 
42FO D3F4 
42F2 04 
42F3 05 
42F4 C27E42 
42F7 217E42 
42FA E5 
42F.B 3 EOO 
42FD 2A3942 
4300 CD5B42 
4303 E9 

4304 FEOl 
4306 CA2443 
4309 FE02 
430B CA1443 
430E FE03 
4310 CA1C43 
4313 C9 
4314 3A3742 
4317 F604 
4319 323742 
431C 3A3742 
431F F610 
4321 D3F5 
4323 C9 
4324 3A3742 
4327 E6FB 
4329 323742 
432C C32143 

·1111*11. , 

TRANSMIT INTERUPT SERVLCE ROUTINE 
, TISR PRaCCESSES TRANSMITTER INTERUPTS 

WHEN THE END OF A TRANSMISSION IS 
PETECTED THE USER SUPPLIED COMPLETION 
ROUTINE IS CALLED AND THEN AN EXIT IS 
TAKEN THROUGH VOUT OF VECTOR 

j 
.1111*** , 

TISR: LDA 
ORA 
CNZ 
MVI 
OUT 
LHLD 
INR 

, DCR 
JNZ 
INR 
DCR 
JZ 

TISRA: CALL 
LDAX 
OUT 
INR 
DCR 
JNZ 
LXI 
PUSH 
MVI 
LHLD 
CALL 
PCHL 

TUTE: CPI 
JZ 

.,CpI 
JZ 
CPI 
JZ 
RET 

TUTE2: LDA 
ORI 
STA 

TUTE3: LDA 
ORI 

TUTE4: OUT 
RET 

TUTE 1: LDA 
ANI 
STA 
JMP 

TCMD 
A 
TUTE 
A,OB1H 
OF3H 

, TeBA 
L 
L 
TISRA 
H 
H, 
VOUT 
LOADA 
D 
USDAO 
B 
B 
VOUT 
H,VOUT 
H 
A,GSTAT 
TCBA 
CLEAN 

01 
TUTEl 
02 
TUTE2 
03 
TUTE3 

LCMD 
04 
LCMD 
LCMD 
10H 
USCMD 

LCMD 
OFBH 
LCMD 
TUTE4 

jGET POTENTIAL COMMAND 
jDESIGNATE ON IT 
JDO UTILITY COMMAND 
jMDS-CLEAR XMIT INTERUPTS 
jMDS 

jMAKE SURE HAVE VALID CONTROL BLOCK 

jGOOD 

jNON VALID BLOCK (H)L=O) 
jSET UP ADDRESS 
jGET DATA FROM BUFFER 
jAND OUTPUT IT 
jB WAS 00 IF DONE 

JNOT DONE-EXIT FROM SERVICE ROUTINE 
jSET UP RETURN ADDRESS 
jAND PUSH IT INTO THE STACK 
jA GETS GOOD STATUS 
jPOINT H,L AT COMMAND BL6cK 
jCALL CLEANUP ROUTINE 
jCALL COMPLETION ROUTINE 
jRETURN WILL BE TO VOUT 
jRECEIVER,OFF 

j RECEIV,ER ON 

j C.LEAR ERRORS 
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432F 1A 
4330 FE43 
4332 CA4043 
4335 FE52 
4337 CA5D43 
433A FE57 
433C CA9D43 
433F C9 
4340 F3 
4341 AF 
4342 D3F5 
4344 D3F5 
4346 D3F5 
4348 3E40 
434A D3F5 
434C 3E5E 

434E D3F5 
4350 AF 
4351213942 
4354 77 
4355 23 
4356 77 
4357 23 
4358 77 
4359 23 
435A 77 
435B FB 
435 C c9 

435D 213B42 
4360 7E 
4361 B7 
4362 C26B43 
4365 23 
4366 7E 
4367 B7 
4368 CA7743 
436B.3EFE 
436D 217643 
4370 E5 
4371 EB 
4372 CD5B42 
4375 E9 
4376 C9 

4377 EB 
4378 223B42 
437B 3A3742 
437E F616 
4380 323742 
4383 OF 

.***** , 

USART COMMAND BLOCK INTERPRETER 
USRUN IS CALLED BY USER WITH THE ADDRESS 
OF THE COMMAND BLOCK IN H,L. USRUN EXAMINES 
THE BLOCK AND INTIALIZES THE REQUESTED OPERATION 

j 
.***** , 

USRUN: LDAX 
CPI 
JZ 
CPI 
JZ 
CPI 
JZ 
RET 

UCLEAR: DI 
XRA 
OUT 
OUT 
OUT 
MVI 
OUT 
MVI 

OUT 
XRA 
LXI 
MOV 
INX 
MOV 
INX 
MOV 
INX 
MOV 
EI 
RET 

UREAD: LXI 
MOV 
ORA 
JNZ 
INX 
MOV 
ORA 
JZ 

UROUT: MVI 
LXI 
PUSH 
XCHG 
CALL 
PCHL 

URDB: RET 

URDA: XCHG 
SHLD 
LDA 
ORI 
STA 
RRC 

D 
'c' 
UCLEAR 
.' R ' 
UREAD 
'w' 
UWRITE 

A 
USCMD 
USCMD 
USCMD 
A,40H 
USCMD 
A,05EH 

USCMD 
A 
H ,TCBA 
N,A 
H 
M,A 
H 
M,A 
H 
M,A 

H,RCBA 
A,M 
A 
UROUT 
H 
A,M 
A 
URDA 
A,OFEH 
H,URDB 
H 

CLEAN 

RCBA 
LCMD 
16H 
LCMD 

j GE.T THE.GMD FROM THE BLOCK 
JIS IT A CLEAR COMMAND? 
JYES GO TO CLEAR ROUTINE 
JIS IT A READ COMMAND? 
JYES-GO TO READ ROUTINE 
JIS IT A WRITE COMMAND? 
jGO TO WRITE ROUTINE 
JNOT A GOOD COMMAND-RETURN 
jDISABLE INTERUPTS 
jCLEAR A 
jOUTPUT THREE TIMES TO ENSURE 
jTHAT THE USART IS IN A KNOWN STATE 

jCODE TO RESET USAR~ 
jOUTPUT ON CMU CHANNEL 
JCE IMPLIES ASYN MODE (X16) 
j 8 DATA BITS 

ODD PARITY 
j 1 STOP BIT 
jOUTPUT ON CMD CHANNEL 
jCLEAR A, SET ZERO 
jCLEAR TCBA AND RCBA 

jENABLE INTERUPTS 
jAND RETURN TO USER 

jCHECK READ IDLE 

jREAD IS IDLE-PROCEDE 
jALREADY RUNNING-ERROR STATUS 
jSET UP RETURN ADDRESS 
jPUSH IT INTO STACK 
jH GETS COMMAND BLOCK ADDRESS 
jCALL CLEANUP ROUTINE 
jEFFECTIVELY CALLS END ROUTINE 
jRETURN TO USER 

jH GETS COMMAND BLOCK ADDRESS 
JRCBA GETS COMMAND BLOCK ADDRESS 
jGET LAST COMMAND 
jSET RXE AND DTR AND RESET ERRORS 
jAND RETURN TO MEMORY 
jSET CARRY EQUAL TO TXE 
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4384 D28C43 JNC URDC 
4387 3E02 MVI A,2 
4389 323842 STA TCMD 
438C 07 URDC: RLC 
438D D3F5 OUT USCMD jOUTPUT CMD 
438F DBF4 IN USDAI jCLEAR USART OF LEFT OVER CHARACTERS 
4391 DBF4 IN USDAI 
4393 3E82 MVI A,82H jMDS-CLEAR RECEIVE INTERUPT 
4395 .D3F3 OUT OF3H jMDS 
4397 3EF6 MVI A,.OF6H jMDS-ENABLE LEVEL THREE 
4399 D3FC OUT OFCH jMDS 
439B FB EI jENABLE INTERUPTS 
439C cg RET jRETURN TO USER 

439D 2139!j2 Ur/RITE: LXI H,-TCBA jCHECK WRITE IDLE 
43AO 7E MOV A,H 
43A1 B7 ORA A 
43A2 C26B43 JNZ UROUT jBUSY-EXIT 
43A5 23 INX H 
43A6 7E MOV A,M 
43A7 C26B43 JNZ UROUT jBUSY-EXIT 
43AA EB XCHG jOK-H GETS CO!1MAND BLOCK ADDRESS 
43AB 223942 SHLD TCBA jTCBA GETS COMMAND BLOCK ADDRESS 
43AE 3A3742 LDA LCMD jGET LAST COM!1AND 
43B1 F6?3 ORI 023H jSET RTS,DTR, AND TXEN 
43B3 3237~2 STA LCMD 
43B6 D3F5 OUT USCMD 
43B8 3EF6 MVI A,OF6H jMDS-ENABLE LEVEL THREE INTERUPTS 
43BA D3FC OUT OFCH jMDS 
43BC FB EI jENABLE SYSTEM INTERUPTS 
43BD C9 RET jAND RETURN 

2·110 



2-111 



BSTAT OOFF BUFIN 4000 BUFOU 4100 CEND 0001 
CLEAN 425B COMER, 441E COMLP 4410 EXA 42C1 
EXCHA 42BE FLAG 4216 GBLOC 42.14 , GSTAT 0000 
LCMD 4237 LOADA 423E MTAIi 423D PEND 42CF 
RBAD ·4202 RBLOC 4200 RCBA 423B RCCT 4206 
R CR 4217 RCRA 4208 RISR 4288 RISRA 42AE 
RISRB 4299 RISRE 42B9 RRCT .4204 TBAD 420C 
TBLOC 420A TCBA 4239 TCCT 4210 TCMD 4238 
TCR 4227 TCRA 4212 TISR 42D4 TISRA 42EC 
TRCT 420E TUTE 4304 TUTE1 4324 TUTE2 4314 
TUTE3 431C TUTE4 4321 UCLEA 4340 URDA 4377 
URDB 4376 URDC 438c UREAD 435D UROUT 436B 
USCMD 00F5 USDAI 00F4 USDAO OOF4 USER 43BE 
USRUN 432F USTAT OOF5 UWRIT 439D VECTO 42.68 
vaUT 427E 
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APPENDIX A 

8251 DESIGN HINTS 

1. Output of a command to the USART destroys 
the integrity of a transmission in progress if 
timed incorrectly. 

Sending a command into the USART will over
write any character which is stored in the buffer 
waiting for transfer to the parallel-to-serial con
verter in the device. This can be avoided by 
waiting for TxRDY to be asserted before send
ing a command if transmission is taking place,. 
Due to the internal structure of the USART, it is 
also possible, to disturb the transmission if a 
command is sent while a SYN character is being 
generated by the device. (The USART generates 
a SYN if the software fails to respond to 
TxRDY.) If this occurrence is possibh, in a sys
tem, commands should be transferred only when 
a positive-going edge is detected on the TxRDY 
line. 

2. RxE only acts as' a mask to RxRDY; it does not 
controi the operation of the receiver. 

When the receiver is enabled, it is possible for it 
'to already contain one or two characters. These 
characters should be read and discarded when 
the RxE bit is first set. Because of these extrane
ous characters the proper sequence for gaining 
synchronization is as follows:' 

1. Disable interrupts 

2. Issue a'command to enter hunt mode, clear 
errors, and enable the receiver (EH,ER,RxE= 
I) 

3. Read USART data (it is not necessary to 
check status) 

4. Enable interrupts' 
The first RxRDY that occurs after the above 
sequence will indicate that the SYN character or 
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characters have been detected and the next char
acter has been assembled and is ready to be read. 

3. Loss of CTS or droppingTxEhable will immedi
ately clamp the serial output line. 

TxEnable and RTS should remain asserted until 
the transmission is complete. Note that this im
plies that not only has, the USARTcompleted 
the transfer of all bits of the last character; but 
also that' they' have cleared the modem,: A delay 
of I Insec 'following a proper occurrence of 
TxEmpty is usually sufficient (see item 4).An ' 
additional problem can occur in, the synchro
nous mode because the loss of TxEnable clamps 
the, data in at a SPACE instead of the normal 
'MARK. This problem, which dOes, not occur in 
the asynchronous inode, can be corrected by an 
external gate combining RTSand the serial out-
put data. ' 

'; ',' " 

4. Extraneous transiti~ns can occur on TxEmpty , 
while data (incluctingUSART generated SYNs) 
is transferred' to theparallel-to-serial~onverter: 

This situation can be avoided by ensuring that 
TxEmpty occurs during several. consecutive 
status reads before assuming that the transmitter 
is truly in the empty state, 

5. A BREAK (Le., lorig space) detected by the 
receiver results' in a string of characters which 
have framing errors. 

If reception istobe continued after aBREAK, 
care must be taken to ensl.lrethat valid data is 
being received; special care must be taken with 
the last character perceiVed _ during a BREAK, 
since its value, including any framing errOr)iISSO-
ciated with it, is indeterminate. ' 
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INTRODUCTION· . . " . 

Microprocessor-based system designs are a cost
effective solution to a wide variety of problems. 
When a system designer is presented with the' 
task of selectirig ,il miCroprocessor for a design, Ute 
capabilities of the' microprocessor should not be 
the only consider,ation. The microprocessor should 
be an element of a' compatible family of devices. 
The MCS-80 component family is a group of com
patible devices which have been designed to 
directly address. and solve. the problems of micro
processor-based system design. One member of the 
MCS-80 compbnent family is Intel's 8255A pro
grammable Peppp,eral interface chip. This device 
replaces a significant percentage' of the logic re
quired to support a viuiety of byte oriented Input/ 
Output interfaces. Through the use of the 82SSA, 
the I/O interface design task is significantly simpli
fied, the design flexibility is increased,and the 
number of components required is reduced . 
. This application' note presents detailed design' 
examples from both the hardware and software 
points of view~ Since the 82SSA'is an extremely 
flexible device, it is impossible to list all of the 
applications and configurations of the device. A 
number of designs are presented which may be 
modified· to fulfill specific user interface J;'equire-·· 
ments. 
Detailed design examples are discussed within the 
context of the 8080 system shown hi Figure 1. The 
basic 8080 system is composed of the CPU mod
ule, memory· module, and the I/O. module. CPU 
module and memory module. design are discussed. 

DATA BUS 18 LINES) 

-----c{",,-} ..J....JI 1~==-:::-:-::::-:31::L:-:'=------,1 UL 
CONTROL BUS (6 LINES) 

__ U--"'--.,-,--J-O..L.-JI'-1-1 .-------------,1 [ 

IJTJII' I I/O MODULE I 

.' .... withiri other. Intel publications. This application 
note deals exClusively with I/O mo'dule design. 
It is assumed that the reader is, familiar with the 
MCS-80 User's Manual and/or the. MCS-8S User's 
Manual, particularlyth~82SSA dey~ce description. 

OVERVIEW OF THE 82SSA 

The 82SSA block diagram shown in Figure 2 has 
been divided into three sections: 8080 CPU Mod

. ule Interface, Peripheral Interface , and the Internal 
Logic. .. 

; .. 

Figure i 8255A,.Block Diagram 

. ::8080 CPU MODULE INTERFACf: 
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The 82SSA is a compatible member of the M:CS-80 
component family and, therefore, may be directly 
interfaced to the 8080. Figure 3 displays one method 
of interconnecting the 82SSA and an 8080 CPU 
module. The 8080 CPU module consists of the 
8080A CPU, the 8224 Clock Generator, and the 
8228 System Controller. The system shown in 
Figure 3 utilizes a linear select scheme whicl1 dedi~ 
cates an address line as an exclusive enable (chip 
select) for each specific I/O device. The chip select 
signal is used to enable communication between 
the seiected 82SsA and the 8080 CPU. I/O Ports 
A,B, C, or the Control Word Register are selected 
by the two port select signals (AI, AO). These 
signals (A I and AO) are driven by the least signifi
cant bits of the address bus. The I/O port select 
characters required by this configuration are shown 
in Figure 4. 
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When a system utilizing the linear select scheme is 
implemented, a maximum of six I/O devices may 
be selected. If more than six I/O devices must be 
addressed, the six device select bits must be en
coded to generate a maximum of 64 device select 
lines. Note that when large systems are imple
mented, bus loading considerations may require 
that bus drivers be included in the CPU module. 
The MCS-80 component family contains parts 
which are designed to perform this function (8216, 
8226). 

The 8255A I/O read (RD) and I/O write (WR) 
signals may be directly driven by the 8228. This 
results in an isolated I/O architecture where 8080 
Input/Output instructions are used to reference an 
independent I/O address space. Air alternate ap
proach is memory mapped I/O. This architecture 
treats an area of memory as the I/O address space. 
The memory mapped I/O architecture utilizes 
8080 memory reference instructions to access the 
I/O address space. Interfacing with the 8080 is 
outlined in Chapter 3 of the "8080 Microcomputer 
User~s MailUal". 
The most important feature of the 8255A to 8080 
CPU Module Interface is that for small system 
designs the 8255A may be interfaced directly to 

XTAL 

o 
CONTROL 

8080 
CPU 

ADDRESS BUS 

DATA BUS 8 

the standard MCS-80component family with no 
external logic. Minimum external logic is required 
in large system designs. 

I A71 Asl Asl A.I A31 A21 A, I AD I 
-,--

Port Selected 

Port A 8255A-1 
Port B 8255A = 1 
Port C 8255A = 1 
Control Word Register 8255A 'it 1 

Port A 8255A =2 
Port B 8255A =2 
Port C 8255A = 2 
Control Word Register 8255A =2 

8255A Port Select 

00 PortA 
01 PortB 
10 Porte 
11 Control Word Register 

8255A = 1 SeteCI '. 
0; Select 
1 = No Select 

8255A ;2 S~lect 
0= Select 
1 = NoSetect 

Spare Select Lines (other 8255's or I/O Devicesl 
Set to 1111 Binary 

Hexadecimal Port Select Character 
(Used with IN or OUT Instructions) 

F8 F. 
FA 
FB 

F. 
FS 
F6 
F7 

Figure 4. I/O Port Select Characters 

,s 

DATA BUS 8 
822. 

CLOCK 
GENERATOR 

DRIVER 

STATUS STROBE 

RESET 

8228 
SYSTEM 

CONTROLLER 

i/OR" 

Figure 3. Linear Select 8255A Interconnect 
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PERIPHERAL INTERFACE SECTION 
The pciripheral interface sectIon contains 24pei
ipheral interface lines, buffers; and control loglc. 
The characteristics and functions of the interface 
lines are determined by the 'operating, mode se
lected under program control. The flexibility of 
the 82SSA is due to the fact that the ,device is 
programmable. Three modes ,dt-'operation may be 
selected under program control: Mode 0 - Basic 
Input/Output, Mode I, - Strobed Input/Output 
with interrupt support, and Mode 2 -:-- Bidirectional 
bus with interrupt support. Through selecting the 
correct operating mode, the interface lines may be 
configured to fulfill specific interface require
ments. The characteristics of the interface lines 
within each mode must be understood so that the 
designer may utilize the 8255A to achieve the most 
efficient design. Table I lists the basic features of 
the peripheral' interface lines within each mode 
group. Figure 5 shows the grouping of.theperiph-
eral interface lines within each mode. ' ' 

Table I. Fe~'tu~es of Peripherallnterfa~e Lines, 

Mode 0 - Basic Input/Output 

Two B-bit ports 

Two 4·bit ports with bit set/reset capability 

Outputs are latched 

Inputs are not latched 

Mode 1 - Strobed Input/Output 

One or nyo strobed ports 

, Each Mode'1 port contains: 

8·bit data port 
3 control lines 
Interrupt support logic 

Any port may be inpu~ or output 

If one Mode 1 port is used, the remaining 13 lines 
may be configured in Mode O. 
If two Mode 1 ports are used, the remaining 2 bits 
may be input or output with bit set/re'set capability. 

Mode 2 - Strobed Bidirectional Bus 

One bidirectional bus which contains: 

B-bit bidirectional bus supported by Port A 
5 control lines 
Interrupt support logic 
Inputs and outputs are latched 

The remaining 11 lines may be configured in either 
Mode 0 or Mode 1. 

'" 
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One feature of PorfCis important to note. Each 
Port C bit may' be: individually set 'and reset. 
Through the: use of this featurE}, device , strobes may 
be easily generated by software, without utilizing 
external logic. ' The Mode land Mode 2 configura
tions use a number of the Port C lines for interrupt 
control lines. Thus, the 8255A contains a large por
tion of the logic required to implement an, inter
rupt driven I/O, interface. This feature simplifies 
interrupt driven' hardware design and saves a signi
ficant amount of the external logic that is normally 
required when less, pow~rful I/O chips are used. In 
fact, the design examples contained in this applica~ 
tion note describe how interrupt driven interfaces 
may be designed such that the only interrupt con
trol logic required is that contained in the 8255A. 

MODEl 

MODE 2 

ADDRESS BUS 

P~-P80 INTRa 1BFa 'S'i'Bi INTRA '!TriA IBfA I/O 110 PA7-PAO 
OR OR OR OR OR OR 

OBFe ACKa I/O 110 ACKA oaF A 

PORT B MAY BE 
MODE 0 OR MODE 1 

~RT A. PORT B CONTROL 

PORT A CONTROL BI· 
DIRECTIONAL 

BUS 

Figure 5. Grouping of Peripheral Interface Lines 
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INTERNAL LOGIC SECTION 

The internal logic section manages the transfer of 
data and control information on the internal data 
bus (refer to Figure· 2). If the port select lines (A 1 

and Ao) specify Ports A, B, or C, the operation is 
an I/O port data transfer. The -internal logic will 
select the specified I/O port and perform the data 
transfer between the I/O port and the CPU inter
face. As was previously mentioned, both the func
tional configuration of each port and bit set/reset 
on Port C are controlled by the system's software. 
When the control word register is selected the 
internal logic performs the operation describ~d by 
the control word. The control word contains an 
opcode field which defines which of the two func
tions are to be performed (mode· definition or bit 
set/reset). 

Mode Definition 

When the opcode field (Bit 7) of the control word 
is equal to a one, the control word is interpreted 
by the 82SSA as a mode definition control word. 
The mode definition control word (shown in Fig
ure 6) is used to specify the configuration of the 

CONTROL WORD 

l D11 D6 Dsl D41 Dal D21 D, I D;J - L/ GROUPS "-

PORT C ILOWER - pe3-PCa' 
1'" INPUT 
0=OUTPU1 

PORTB 
, "INPUT 
0" OUTPUT 

MODE SELECTION 
O;MODEO 
'''MODE1 

/ GROUP A "-
~~~~I~U~PPER - PC7-PC.v 

0"'OU1PUT 

PORTA 
, -INPUT 
O-OUTPUT 

MODE SELECTION 
00 .. MODE 0 
D'''''MODE 1 
1X""MODE2 

L DPCODE "-
,"MODE seT 

Figj,lre 6. Mode Definition Control Word 
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24 82SSA peripheral interface lines. The system's 
software may specify the modes of Port A and Port 
B independently. Port C may be treated independ
ently or divided into two portions as required by 
the Port A and Port B mode definitions. 

Example #1: This example demonstrates how a 
mode control word is constructed and issued to an 
82SSA. The mode control word is passed to the 
device through the use of an output instruction 
that references an 8080 I/O port address. The value 
of the I/O port address is determined by the 8080 
CPU interface implemented. This example refer
ences the I/O port addresses realized by the simple 
8080 to 82SSA interface shown in Figure 3. 
If an 82SSA is to be configured through the use of 
the mode control word interface as: 

Port A 
Port B 
PortC 
Port C 

Mode 0 Input 
Mode I Output 
Bits PC7-PC4 Output· 
Bit 3 Input 

The following mode control word is used: 

ID1IDBID51~IDaID2ID'IDOI 
.- II Port C Bit 3 Input .. 1 

Port B Output .. 0 

Port B Mode 1 • 1 

Port C Bits PC7-PC4 Output -0 

Port A Input .. 1 

PortA Mode" 00 

Opcode Made Set .. 1 

Mode Control Word II 10010101 Binary. . 

The assembly language program is: 

CWR .EQU DFBH ; 8255A #1 CONTROL WORD REGISTER 

ISSUE MODE CONTROL WORD 

MVI A.100101018 ; GET MODE CONTROL WOAD 
OUT twA ; OUTPUT TO 8265A # 1 CONTROL WORD 

,;AEGISTEA 
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Bit Set/Reset 

When the opcode field (Bit 1) ofthe control word 
is· equal toa zero; .the control word is interpreted 
by the 8255A .as a Port" Cbit set/reset command 
word (see Figure 7). Through the use of the. bit 
set/reset command, any of the 8 bits on· Port C 
may.be independently set or reset. Note that con
trol word bits 6-4 are not used. Bits 6-A should 
beset to zero. 

NOT USED seT TO 000 

Figure 7. Bit Set/Reset Control Word 

BITO 
BIT 1 
BIT 2 
BIT 3 
SIT4 
BITS 
BIT6 
BIT7 

Example #2: This example demonstrates how a 
Port C bit set/reset control word is constructed and 
issued to an 8255A. The bit set/reset control word 
is passed to the device through the use of an output 
instruction that references an .8080 I/O port ad
dress. The value of the I/O POTt address is deter
mined by the 8080 CPU interface implemented. 
This example references the VO port addresses 
realized by the simple 8080 to 8255A interface 
shown in Figure 3. 
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Control word (see Figure 7). 

1071 061 051 041 031 021 0,1 Dol 
T 'I.' SetBit=1,'ResetBit=Q 

I Bit Select .. 011 (Binaryl '" 3 (Decimal) 

Not Us~ = ODD (Binaryi 

Bit SatiReset Q~_code .. 0 

The controi word for set Port C bit 3 is 00000111 binary. 
The control word for reset .. Pqrt C bit 3 is 0OOO011~ binary. 

The as~embly language program is: 

CWR EQU OFBH ; 8255A #1 CONTROL WOAD REGISTER 

seT BIT 3 

'. 'MVI A, 00000111 B : GET set BIT 3 CONTROL WORD 
OUT ·CWR ; OUTPurro 8255A #1 CONTROL WORD REGISTER 

RESET BIT 3 

. MVI A,000001108 ; GET RESET BIT 3 CONTROL WORD , 
OUT CWA ; OUTPUT TO 8255A #1 CONTROL WORD REGISTER 

NOTE: An MVI instruction is used to load the reset bit 3 
control word into the A register. Since it is known 
that the set bit control word is already in the A 
register, a "DCR N'· Instruction could be used to 
generate the correct control word and save one 
byte of code. 

0000011·1- 1 = 00000110 (R.ESET BIT 3 CON· 
TROLWORD) 

Example #3: This example demonstrates one 
simple method of performing a bit set/reset opera
tion Oll" Ports A. and B. The. state of any output 
port may be determined by reading the port. The 
assembly language program which may- be used to 
set/reset Port A or B bits is: 

PORTA eau OFBH 

'SET BIT 0 

IN' PORTA 
ORI 01H 
OUT 'PORTA 

RESET BIT a 

IN PORTA 
ANI OFEH 
OUT PORTA 

; 8255A #1 PORTA 

; GET STATE OF PORT 
; SET BITO 
: OUTPUT TO PORT 

: GET STATE OF PORT 
; RESET BITO 
: OUTPUT TO POAT 
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INTERRUPT CONTROL LOGIC STATUS 
WORDS' 

As previously mentioned, the 8255A Mode 1 and 
Mode 2 configurations support interrupt control 
logic. If a read of Port C is issued when the 8255A is 
configured in Mode 1, the software will re"eive.the 
Mode 1 status word shown in Figure 8. The bits in 
the status word correspond to the state of the asso
ciated Port Clines (buffer full, intenupt request, 
etc.). The INTE bit shown in the status word corre
sponds to the interrupt enable flip-flop contained 
in the 8255A. This signal is not available externally. 
The structure of the Mode 1 status word varies as a 
function of the mode of the 8255A. Example #4 
shows the status word which results from reading 
Port C from an 8255A which is configureQ with 
Port A Mode 1 input and Port B Mode 1 output.· 

PORTC BITS 

GROUP A GROUP B 
STATUS STATUS 

INPUT INPUT 
PORT PORT 

110 I/O IIBfA IINTEAIINTRAI 

OUTPUT' 
. PORT 

I 

I OBF A IINTEA I I/O '/0 IINTRAI 

--02 0, DO 

I'NTEB I'BFB I'NTRB I 
OUTPUT 

PORT 

°2 , 0, DO 

IINTES I OBFe I INTRa I 

Figure 8. Mode 1 Status Word 

Example #4 - MODE 1 STATUS WORD 

If an 8255A is to be configured through the use of 
the mode control word interface as: ' . 

Port A Mode 1 Input 
Port B Mode 1 Output 
Port C Bits 6 & 7 Output 

The following mode control word 1s used: 
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1071 061 Dsl 041 031 021 0,1 DO I 
-r-

I I Not Used .. Set to 0 

Port B Output .. 0 

Port B 'Mode'''' 

POlt C Bit5 6 & 7 Output .. 0 

PortA I~t'" 

Port A Mode" 01 

Opcode Mode Sat - 1 

Made Control Word" 101'0100 Binary. 

After the 8255A mode control word has been 
issued, a READ of Port C wili obtain the following 
Mode 1 status word: 

Mode 1 Status Word 
from Port C REA!J 

GloupA GroupS 

NOTE: The Port C I/O bits D7 and D6 should be modified 
through the use of the Port C bit set/reset com
mand word. If a write to Port C is issued, the 
INTEA and INTEB bits may be inadvertently 
modified by the user. The IBF A,INTRA, OBFB, 
and INTRB bits will not be modified by either a 
write to Port C or a bit set/resetcommand.These 
four bits always reflect the state of the interrupt 
control logic. 

Note that the Mode 2 status word (shown in Fig
ure 9) differs from the Mode 1 status word. The 
format of the status word data bits l;h-:-Do are 
defined by the specification of the Port B configu
ration. Example #5 shows the structure of the 
Mode 2 status word when the 8255A is configured 
with Port A Mode 2 (bidirectional bus) and Port B 
Mode 1 input. -

The Mode 1· and Mode 2 status words reflect the 
state of the interrupt logic supported by the 8255A. 
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Example #6 demonstrates how the interrupt 
enable bits are controlled through the use of the 
Port C bit set/reset feature. The application exam
ples provide a more detailed explanation of the use 
of the Port C status word in the Mode 1. and Mode 
2 configurations. 

GRQUPA 
STATUS 

PORT C BITS 

I CiiFA liNTEl IISF A IINTE211NTRA I 

GROUP B 
STATU~ 

MOOED 
INPUT/OUTPUT 

02 

I/O 

MODE 1 
INPUT 
PORT 

0, , DO , 

I/O I. .1/0 

~ 

0, 0, 00 

I'NTEB 1 1BFa jlNTRa I 
." MODE 1 

OUTPUT 
PORr 

~-
O2 0, 00 

IINTEa I OBFe [INTRa I 

. Figure 9. Mode 2 Status Word.· 

Example #5 - MODE 2 STATUS WORD 

If the 82SSA is to be configured as follows: 

Port A Mode 2 Bidirectional Bus 
Port B Mode I Input 

The following mode control word is used: 

1071 061 061 04 031.021 0,1 DO 1 

I I Not Used - Set to 0 

Port B Input: 1 

.... PortB M;".,-, 

Not Used'; Set 10'00 

PortA Mod. 2"' 10 

Opcode Mode Set· 1 

Mode Cont':'!' Word .. 1100011~ Binary. 
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After the 8255Ainode :control word has been 
issued, a read of Port C will obtain the following 
Mode 2 status w.ord: 

Mode 2 Status Word 
froni Port C READ" 

Group B 

Example #6 :... MODE 2 INTERRUPT ENABLE! 
DISABLE . 

The Mode 2 status word shown in Figure 9 con
tains two interrupt enable bits: 

INTEl - Bit 6 - Enable output interrupts 
INTE2 - Bit 4 - Enable input interrupts 

Bit set/reset control words may be constructed 
which may be used to control the INTE bits. 

Set Bit 6 (Enable Output Interrupts) = 
0000 II a 1 Binary 

Reset Bit 6 (Disable Output Interrupts) = 
00001100 Binary 

Set Bit 4 (Enable Input Interrupts) = 
0000 100 1 Binary .. . 

Reset Bit 4 (Disable Input Interrupts) = 
0000 1000 Binary 

The control words shown were constructed from 
the standard bit set/reset format shown in Fig
ure 7. 

The value of CWR used.in the following program 
example corresponds to. the 8080 configuration 
shown in Figure 3. 

CWA EQU OFBH ; 8255A #1 CONT~OL WORD REGIST~R 

ENABLE INTERRUPTS FDA MODe 2 OUTPUT (SET PORT C BIT 6) 

MVI A,000011018 .; GET seT BIT 6 CONTROL WORe 
OUT CWR ; OUTPUT TO 8255.#"1 CONTROL WORD REGISTER 

DISABLE INTERRUPTS FOR MODE 2 OUTPUT (RESET PORT C BIT 6) 

MVI A,00001100B : GET RESET BIT 6 CONTROL WORD 
OUT CWA :OUTPUT.TO 8255A #1 CONTROL WORD REGISTER 
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SOFTWARE CONSIDERATIONS 
Regardless of the mode selected, the software must 
always issue the correct mode control word after a 
reset of the device. Generally, an initiali~ation 
routine is constructed which issues the, correct 
mode control word, sets up the.initiaI state of the 
control Jines, and initializes'any program internal 
data. ' , 

Many of the software requirements of the 8255A 
vary as a function of the mode selected. The 
simplest mode supported by the device is Mode 0 
(Basic Input/Output). Generally, Mode 0 is used 
for simple status driven device interfaces (no inter
rupts). Figure 10 illustrates sample software that 
could be 'used to support such interfaces. Most 
devices support a BUSY or READY signal which is 
used to determine when the device is ready to 
input or output data and a DATA STROBE which 
is used to request data transfer (DATA STROBE 
may easily be generated with the' Port' C' bit set/ 
reset feature). In the Mode 0 configuration, Ports 
A and B are used to input/output byte oriented 
data. Port C is used to input 8255A'status, peri
pheral status and to drive peripheral control lines. 
When the Mode 1 and Mode 2 configurations are 
used, the software is generally required to support 
interrupts. Software routines written for an inter
rupt driven environment tend' to be more complex 
than status driven routines. The added complexity 
is due to the fact that interrupt driven systems are 
constructed such that other software, tasks are run 
whiI~the I/O transaction is in progress. A ,software 
routine that controls a peripheral device is gener
ally referred to as a device driver. One method of 
implementing an interrupt driven device driver is to 
partition the device driver into a "Command Proc
essor" and an "Interrupt Service Routine". The 
command processor is the module that validates 

Table II. Sample Device Control Block , 

NAME 

Figure 10. Sample Status Driven Software Flowchart 

and initiates user program requests to the device 
driver. A common method of passing information 
between the various software programs is to have 
the requesting routine provide, a device control 
block in memory. A sample device control block is 
shown in Table II. 

DESCRIPTION 

Status This ,1-byte field is used to transmit the status of the I/O transaction (busy, 
complete" etc.l. 

Opcode This 1-byte field defines the type of I/O (READ, WRITE, etc_l. 

Buffer Address This 2-byte field specifies the source/destination of the data block. 

Character Count This 1-byte field is a count of the number of characters involved in ttie't'ransactiCin. 

Character Transferred Count This 1-byte count of the number of characters which were actually, transferred. 

Completion Address This 2-byte field is the address of the user supplied completion routine which will 
be call,ed after the I/O has been performed_ ,', 

' ' .. 
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The command processor validates the transaction 
and initiates the operation described, by the control 
block. Control is then returned to the requestor so 
that other processing may proceed. The interrupt 
service routine' 'processes the remainder of the 
transaction. 

The interrupt service routine supports the follow
ing functions:" 

1. The state of the .machine (registers, status, etc.) 
must be ilavedso that it may be restored after 
the interrupfis processed. 

2. The source of the interrupt must be determined. 
The hardware' may support areglster which indi
cates the interrupting device, or the software 
may poll the devices through interrogating the 
Port C status word of each 82SSA. 

3. Data must be passed to or from the devi~e. 

4. Control must be passed to the requesting routine 
at the completion of the I/O. 

5. The state of the machine must be restored be
fore returning to the interrupted program. 

Figure 11. Command Processor: 

Figures. 11 and 12 are simplified flowchaits Of one 
of the II).any methods of implementing command 

. processor and interrl!pt service .routine modules .. 
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The'rest of this' application note presents specific 
application examples; All of' the 8080 assembly 
language· programs supplied with the application' 
examples use the standard Intel 8080 assembly 
language mnemonics. The programs discussed use 
the program equate statement to specify all hard
ware related data; Equate statements are used so 
.that all references to an I/O port may be changed 
through a simple reassignment of the port address 
in the equate statement. 

". 

Figure 12. Interrupt Service Routine 
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MODE 0 - STATUS DRIVEN PERIPHERAL 
INTERFACE .. 

This design example shows how a single 8255A in 
Mode 0 may be· used to develop a status driven 
interface (no interrupts) for the Centronics 306 
character printer, the Remex paper tape punch, 
and the Remex paper tape reader. 

8255A To Peripheral Hardware Interface 
The first step in the design is to examine the speci
fication for the peripheral devices and identify the 
control and data signals which must be supported 
by the interface. Table III lists the signals which 
were chosen to be supported by the 8255A inter
face. All three of the devices support the standard 

Table III. Peripheral I nterface Signals 

CHARACTER PRINTER 

Name: DATA O-DATA 7 
Definition: Input data levels. A high signal represents a 

binary 1 and a low signal represents a binary 
O. These eight lines are the data lines to the 
printer. 

Name: DATA STROBE 
Definition: A 0.5 /.Lsec pulse (minimum) used to trans-

fer data from the 8255A to the printer .. 
Name: BUSY 
Definition: The I.evel indicating that the printer cannot 

receive data. 

PAPER TAPE PUNCH 

Name: TRACKS 1-B DATA INPUT 
Definition: Input data levels. A high signal causes a 

hole to be punched on the associated track. 
These eight lines are the data lines to the 
printer. 

Name: PUNCH COMMAND INPUT 
Definition: A true condition moves the tape and 

initiates punching the tape. This signal is 
actually a data strobe. 

Name: PUNCH READY OUTPUT 
Definition: True signal indicates that the punch is ready 

to accept a punch command. This is the 
punch busy line. 

PAPER TAPE READER 

Name: DATA TRACK OUTPUTS 
Definition: True signal indicates data track hole .. These 

eight lines are the data lines from the punch. 

Name: DRIVE RIGHT 
Definition: True signal drives the tape to the right and 

reads a character. This signal is actually the 
data strobe (initiate read signal),· 

Name: DATA READY OUTPUT 
Definition: True signal indicates data track outputs are 

in "On character" condition. This signal is 
the reader busy line. 
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BUSY/DATA STROBE interface discussed previ
ously (see Figure 10). Figure 13 is a block diagram 
of the interface design. The 8255A Port A is con
figured as a Mode 0 output port which is used to 
support the printer and the paper tape punch data 
bus. Port B is configured as a Mode 0 input port 
and is used to input the paper tape reader data. 
Three of the Port C lower bits (PC2-PCO) config
ured in input mode are used to input the device 
busy indications. Three of the Port C upper bits 
(PC6-PC4) configured in output mode are used to 
support the device strobe signals required by each 
device. 

The drive requirements of the interface lines are a 
function of the peripheral interface circuitry, the 
length of the interface cable, and the environment 
in which the unit is running. In this particular de
sign example, all output lines from the 8255A to 
the peripherals were buffered through a 7407 
buffer/driver. The input lines from the peripherals 
were fed directly into the Port C and Port B inputs. 

8080 CPU Module To 8255A Interface 
The schematic of the completed hardware design is 
shown in Figure 14. The CPU module design 
shown is the design which was implemented for 
Intel's SDK 80 kit board. The 8255A is addressed 
through the use of an isolated I/O architecture 
utilizing a linear select scheme. Address bits Al and 
AO are used to select the 8255A port. Address bit 
A3 is the exclusive enable for 8255A # 1. Exami
nation of the schematic shows that all of the 
8255A interface lines are directly driven by the 
CPU module. 

~7 DATA STROBE /t 
pc. 

V / 
BUSY t 

PC2 

BLINES 7 
CHARACTER 

OUTPUT OAT A BUS PRINTER 

PA7_0 

8255A 

7407 V PAPER TAPE 

pCs 
100.. PUNCH COMMAND INPUT t PUNCH 
V 

PUNCH READY OUTPUT / / 1 
pC t / 

INPUT DATA BUS - 8 LINES 

PB7_0 

DATA READY OUTPUT /t 
pCo 

~7 7/t 
PAPER TAPE 

DRiVER1GHf READER 

pc. V' / 

PC3 -} SPARE 

PC7 
_ LINES 

NOTE: 
1. OUTPUT DATA BUS BUFFERED WITH 7407. 
2. ALL 8255A OUTPUT LINES ARE PULLED UP TO +5v AT THE PERIPHERAL. 

Figure 13. Interface Block Diagram 
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Figure 14. SDK 80 Schematic 
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Mode 0 Interface Software 

An initialization routine and three device drivers 
(one for each peripheral device) are required to 
support the peripheral interface. The I/O port 
addresses implemented by the hardware are shown 
in Figure 15. The unused chip select bits are set to 
one so that chip select conflicts will. not result if 
the unused bits are required by an expan~ed sys
tem. 

IA71 Asl A_I A'I A31 A21 A'I AD I --

! Pon Selected 

Port A 8255A #1 
Port B 8255A # 1 
Port C 8255A # 1 

'I 

Control Word Register 8255A # 1 
I Port A 8255A #2 I Port B 8255A #2 

I Port C 8255A #2 
Control Word Register 8255A #2 

8255A Port Select 

DO Port A 
01 Pan B 
10 porte 
11 Control Word Register 

8251 Select 

0" Select 
, = No Select 

8255A it 1 Select 

O-Select 
,-NoSelecf 

8255A #2 Select 
0" Select 
, .. No Select 

Spare Select Lines Set to 111 Bina 

Port Select Character 
(In Hexadecimal) 

F' F_ 
F6 
F7 

EC 
ED 
EE 
EF 

Figure 15. I/O Port Addresses 

Note that the initialization routine issues the 
mode control word (shown in Figure 16). It also 
sets the low true DATA STROBE signals to an 
inactive (high) state. 

Hardware Requirements: 

Port A - Output Mode 0 

Port C Upper Biu C7-C4 - Output Mode 0 

Port C.Lawer Bits C3-CO - Input Mode 0 

Port B -Input Mode 0 

I' I 0 01 010101'1'1 
-,....-

I 
I Port C Lower rIo -Input Mode 

Port BrIo - Input Mode 

Port B Meda - Set to Mode 0 

Port C Upper 1/0 - Output Mode 

Port A I/O - Output Mode 

Port A Mode - Set to Mode 0 

Opcode .. Mode Set .. 1 

Mode Control Word" 100000011 Binary'" 83 HEX. 

Figure 16. Mode Control Word 
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ISIS 8080 MACRO ASSEMBLER, '1.0 
'HODE ZERO BlAMPLE 

PAGE 1 

00F4 

00F6 
OOF? 

0083 

DODD 
DOOC 
DaDa 
OOOA 
0009 
0008 

0004 
0002 
0001 

'jll'" 

; 
; 
; 

CHARACTER PRINTER, PAPER tAPE PUHCH, PAPER TAPE READER 
HODE ZERO EXAMPLE 

; ..... 
j ••••• 

; PROGRAM EQUATE:3 
j ••••• 

PORtA EQU 
fORTS EQU 
fORTC EQU 
cwa EQU 
;""'. 
; 

or4H 
DF5H 
or6H 
OF7H, 

j8255PORTA 
i 8255 PORT a 
i 8255 PORT C 
; 8255 CONTROL WORD. REGISTER 

; INITIALIZATION CONTROL WORD 
; 

; i····· lew i····· ; 
'" 

USED TO COHFIGURE THE 8255 AS FO~LOIiS: 

PORT A ~ OUTPUT HODE ZEIIO 
PORT a ~ INPUT HODE ZEIIO 
PORT C (UPPER) - OUTPUT 
PORT C (LOWER) - INPUT 

10000011a i INITIALIZATIOIf CONTROL WORD 

; 
SET/RESET CONTROL WORDS FOR GENERATION OF DATA STROBES 
ON PORT C. 

; 
;'"'' 
LPSON EQU 
LPsor EQU 
PNSOM EQU 
PHSOF EQU 
RDSOR EQU 
IPSOF EQU 
j ••••• 

00001101S 
00001100B 
000010118 
000010108 
000010018 
000010008 

j PRIHTER DATA STROBE ON 
; PRINTER DATA STROBE OFF 
i PUNCH OAT A STROBE OH 
; PUNCH DATA STROBE OFF 
; !lEADER DATA STROBE ON 
; lEADER DATA STROBE OFF 

; BIT IiASE FOR DEVICE 8USY CHECK 
j ••••• 

LPBS! EQU 
PNBSY EQU 
RDilSt EQU 

,.. 
02. 01. 

i LINE PRINTER BUSY 
i PUNCH BUSY 
i READER BUSY 

ISIS 8080 KACIIO ASSEMBLER, V1.0 PAGE 2-
MODE ZERO EXAMPLE - IHITIALIZATION ROUTINE 

,000 

30003E83 
30020]F7 

3001! 3EOD 
3006 D3F7 
30083£09 
300A D3F7 
300Ccg 

i"'" 
j ..... 

I· .... 
; 
; i····· INIT: 

; ..... 
; 
j ..... 

PROORAH ORICIN 

ORG 03000H 

INITIALIZATION ROUTIIfE 
A REGISTER HODIFIED 

KYI A,ICW j GET INITIALIZATION CONTRot. WORD 
OUT CWR j OUT.PUT TO ~ONTROL WORD REGISTER 

SET ALL LOW TRUE DATA STROBES Olf· 

HY! 
OUT 
HY! 
OUT 
RET 

A,LPSON 
OW. 
A,ROOOH 
CWR 

GET CONTROL WORD TO TURN ON PRINTER DATA STROBE 
OUTPUT 1'0 CONTROL WORD REGISTER 
GET COHTROL WORD TO TURN OM READER DATA STROBE 
OUTPUT 1'0 CONTROL WORD REGISTER 
RETURN TO CALLER 
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The three peripheral drivers which follow all have 
the basic structure discussed previously. Consider 
the printer routine~ Here the user routine places an 
ASCII data character in the C-register and passes 
control to the LPST location through a subroutine 
call .. The printer driver interrogates the status of 
the printer by reading Port C. If the printer is busy, 
the routine will loop until the printer is idle. When 
the printer is ready to 'accept a data character, the 
character is placed on the Port A lines and a DATA 
STROBE is generated. After generating the DATA 
STROBE, the driver, executes a subroutine return 
to the caller. 

The DATA STROBE signals to the devices are 
generated through the use of the Port C bit set/ 
reset feature. The bit set/reset control words used 
are shown in Figure 17. 

Summary/Conclusions 

This design example discussed the basic hardware 
and software required to handle a simple device 
interface. The 8255A will easily accommodate a 
more complex interface design which utilizes addi
tional interface lines supported by the peripheral. 

PRINTER DRIVER 
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1"7J06 L051°41 031 021 0; I DO I 
Set Bit ~ " Reset Bit = 0 

Bit Select 110 Binary': 6 Decimal (Printer) 
101 Binary = 5 Decimal (Punch) 
100 Binary_ '" 4 Decimal (Read!!,) 

Not Used - Set to 00 

Bit Set/Roeset Opcode .. 0 

Theco!Urol word for set Printer DATA STROBE (PC 6) '" 00001101 binary. 
The control word for reset Printer DATA STROBE (PC 61 = 00001100 binary. 
The control word for set Punch DATA STROBE (~5) = 00001011 binary. 
The control word for reset Punch DATA STROBE (PC 5)" 00001010 binary. 
The control word tor set Reader !JATA STROBE (PC 41 '" 00001001 binary. 
~~ control ~ord for reset Reader DATA STRO.BE (PC 41 = 00001000~inary. 

Figure 17; Bit Set/Reset Control Words 

For instance, one of the spare Port C output lines 
may be used to control the punch direction. Sup
port of this additional feature would require minor 
modification of the device driver so that the punch 
direction line could be specified by the user 
routine. 

. Through consideration of this example, the use of 
the 8255A in Mode 0 should become evident. 

, ' : . 
ISIS 8080 KACRO ASSEMBLER, Vl.0 PAGE 3 
HODE ZERO EXAMPLE _ alARACTER PRINTER DRIVER 

300D DBF6 
300FE6011 

301479 
3015D3F11 ' 
30173EOC 
3019 D3F7 
301B3C 
301CD3F7 
301EC9 

i"'" 

, ,i , , , 
;"'" 
LPST: 

i····· 

CHAflACTER PRINTER DRIVER 

INPUTS : CHARAqTBH TO PRINT IN C-HEG 
OUTPUTS: CHARACTBH TO PRINTER 

A HEGISTBR MODIFIBD .. 
IN POIlTC; QE'l' STATUS OF PRINTER 
ANI LPBSY; SEE IF BUSY 
JNZ LPST ; IF BUSY _ JUMP TO LPST (WAIT LOOP) 

i PRINTER IS IDLE - OUTPUT A CHARACTER 

I'"'' 
MO' 
OUT 

"VI 
,OUT 
INR 
OUT 
RET 

A.e 
PORTA 
A,LPSOF 
OW. 
A 
ew. 

GET DATA BYTE SUPPLIED Bl CALLER 
OUTPUT DATA TO DATA LINES .. 
GET DATA STROBE CONTROL WORn 
RES!T DATA STROBE (LOW THUE SIGNAL) 
GENERATE: SET DATA STROBE CONTIIOL WORD 
SET DATA STROBE 
RETURN TO CALLER 
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9 
B 
PUNCH DRIVER 

READER DRIVER 
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ISIS 8080 MACRO ASSEMBLER, V 1.0 PAGE II 
HODE ZERO EXAMPLE - PAPEl,l',TAPE PUNCH DRIVER 

30lF DBF6 
3021 £602" 
3023 C21F30 

: ..... 
; 

PAPERTAPEPUNCHDRIVEJI 

IHPUTS : DATA TO PUNCH IN C-REGISTER 
OUTPUTS: DATA TO PUNCH 

; A REGISTER HODIFIED 
; 
: ..... 
PIIST: 

i· .... 

IN PORte; GET STATUS OF PUNCH 
ANI PNBSY; SEE IF BUSY 
JNZ PHST ; IF BUSI - JUHP TO PNST (WAIT LOOP) 

: PUNCH IS IDLE - OUTPUT A CHARACTER 
i· .... 

A,e 
PORTA 
A,PNSOJl 
ew, 

CET DATA BITE SUPPLIED BY CALLER 
OUTPUT DATA TO DATA LINES 
SET DATA STROBE CONTROL WORD 
SET DAtA STRDaE 

302679 

]0293£OB 
302B 03F7 
302030 
302£ D3F7 
3030 C9 

HOY 
OUT 
MYI 
OUT 
DC' 
OUT 

A 
ew, 

GENERATE RESET DATA STROBE CONTROL WORD 
RESET DATA STROBE 

'" RETURH TO CALLER 

ISIS 8080 HACHO ASSEMBLER, V1.0 PAGE 5 
HODE ZERO EXAMPLE _ PAPER TAPE RE.\II£R DRIVER 

: ..... 
; 

; 

; 

PAPER TAPE READER DHIVER 

IN'PUTS : DATA FROM READER 
OUTPUTS: CHARACTER TO USER IN C-REGISTER 

i A AND C REGISTER M9DIFIED 

i····· 
30313E08 
3033 ~3F7 

RDS~: 
HVI A,RDSOF : GET STROBE CONTROL WORD (LOW TRUE SIGNAL) 

3035DBF6 
3037E601 
3039C23530 

ROLP: 

:.11 .. 

OUT CWR i SET DATA STilOBE 

IN' PORTC i GET STATUS OF DEVICE 
ANI RDBSY i SEE IF BUSY 
JNZ ROLP i IF BUSY - LOOP UNTIL IDLE 

REAI!EH'NOT BUSY - GET CHAR AND CLEAR STROBE 

IN GET CHARACTER 303CDBF5 
303EOE07 
301l03E09 
30112D3F7 
301lllC9 

MVI C,A SAVE CHARACTER 
MVI A,ROSON GET STROBE SET CONTROL WORD (LoW TRUE SIGNAL) 
OUT CVR TURN OFF STROBE 
RE:T aETURN TO CALLER 

i .. • .. 
i END OF I-IDDE ZERO EXAMPLE 
i· .... 

0000 END 
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MODE 1 INTERRUPT DRIVEN PRINTER 
INTERFACE 
The status driven interface described in the previ
ous example required the software driver to poll 
the device status for ,completion. An alternate 
approach is to construct the device interface such 
that an interrupt is used to signal the completion 
of the operation. When an' interrupt driven inter~,' 
face is utilized, the time that was dedicated to 
polling can be used to perform other functions and 
the effective processor through-put is increased. 
This example demonstrates how an 8255A config
ured in Mode I may be used to develop an, inter
rupt driven interface for the Centronics 306 char
acter printer. 

CPU Module To 8255AInterface 
The 8080 bus interface implemented for this ex
ample is the same as the Mode 0 example with the 
addition of interrupt support. Interrupt support 
is implemented through the use of a special feature 
of the 8228 System Controller. If only one inter
rupt vector is required (such as in small systems), 
the 8228 can automatically assert an RST 7 in
struction onto the data bus at the proper time. 
This option is selected by connecting the INT A 
output of the 8228 to the + I 2-volt supply through 
a I K ohrri series resistor. 
The Mode 1 interrupt support logic of the 8255A 
provides an interrupt request line for each port. 
The 8255A interrupt request line (INTRA) must be 
connected to the INT line of the 8080. A 10K ohm 
pullup resistor is used to insure that the VIH re
quirements of the 8080 are met. 

8255A To Peripheral Interface 

The interrupt driven configuration control signal 
interface to the printer is different than the status 
driven interface: Instead of a BUSY/DATA 
STROBE interface, a DATA STROBE/ACK inter
face is supported. The ACK signal notifies the 
8255A that a character transferred to the printer 
by a DATA STROBE has been accepted. After an 
ACK is issued the printer is considered idle. The 
block diagram shown in Figure 18 displays the 
interface signals used. ' 
The Mode I interrupt driven peripheral support 
signals used are: 

PA7-PAO - Output Data 
Used to support the printer data 
port. 

OBF - Output Buffer Full 
This line goes low when data is 
placed in the output buffer. The 

.OBF signal may be usedasa data 
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TO 8080 
INT 

+5V 

10kn 

strobe signal when interfacing to . 
peripherals which do not require a 
pulsed .input. The Centronics 306 
requires a pulsed DATA STROBE 
signal. This signal is supported by 
Port C bit O. . 

- ACKnowledge 
This line is used to signal the 8255A 
that the device, has accepted the 
data. This line is supported by the 
printerACKNLG signal. 

INTRA 

PC3 OUTPUT DATA 

NOTES: 

PA7-0 I----~----,/ 
8255A 7401 

CHARACTER 
PRINTER 

PCo I----,------t>-----l DATASTROBE 

PCa-ACKA ACK'NLG .' 

PC7-0BFA 

PC1.2,4,5 

1. DATA BUS BUFFERED WITH 7401. 
2. ALL 8255A OUTPUT LINES ARE PULLED UP TO +5 V ~T THE PERIPHERAL. 

Figure 18. Interface Block Diagram 
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Mode 1 Software Driver 

Hardware Requirements: 

Port A - Input Mode 1 
Port C (Lowerl- Output 

~~~ ~ (Upper) }. Not U5~ 

I' 1 0 , 1 0 I' 1 0 I' 1 0 1 
-e-

Port C Set to Output Mode 

The software driver implemented for this example 
utilizes the typical fnterrupt driven software struc
ture outlined previously. The initialization routine 
issues the mode control word (shown in Figure 19) 
to the 8255A after reset of the device. The initial
ization routine also places a jump to the interrupt 
service routine in the interrupt location for RST 7. 
The command processor is started by the user 
routine through a subroutine call to PSTRT, with 
the address of the control block in the D and E 
registers (the control block format is shown in 
Table IV). The command processor insures that an 
I/O operation is not already in progress, starts the 
I/O, enables interrupts, and returns to the caller so 
that other processing may proceed. i' Port B Not Used Set to Input Mode 

Port B Mode Not Used Set to 0 

Port C I/O Set to Input 

Port A 110 Set to Output 

Port A Mode One 

Opcode· Mode Set 

After a character is placed in the output buffer, the 
DATA STROBE signal is generated through the use 
of the Port C bit set/reset feature. When the ACK 
is generated by the printer, the buffer full indica
tion is cleared and the 8255A generates an inter
rupt. If interrupts are enabled, the interrupt request 
is serviced by the 8080 CPU through disabling 
processor interrupts and then executing the in-

Mode Control Word '" 10101010 Binary = AA HEX. 

• struction at location 38 hexadecimal in program 
memory. The interrupt service routine saves the 
processor state and polls the 13255A to determine 
the source of the interrupt. Once the interrupting 
device is located, the control block is used to 
locate the next data character for transfer to the 
8255A output buffer. After the entire buffer has 
been printed, the interrupt service routine passes 
control to the user-supplied completion routine. 
Before returning from the interrupt, the state of 
the processor is restored. 

Table IV. Printer Software Control Blo'ck 

NAME POSITION 

Figure 19. Mode Control Word 

DEFINITION 

Status Byte 0 A 1·byte field which defines the completion status of an I/O. 

00 = Good completion 
01 = Error - command already in progress 

Buffer Address Byte 1. 2 Pointer to the start Clf the data to print. 

Character Count Byte 3 Count of the number of characters to print. 

Character Byte 4 The number of characters transferred. 
Transferred Count 

Completion Byte 5, 6 Address of a user supplied routine which will be called after the I/O has 
Address been performed. 

NOTES: 

1. An opcode field is not required because WRITE is the only operation performed. 

2. The control block must reside above location FF Hex. 
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There area number of error conditions which may 
occur, such as an interrupt from a device which 
does not have a control block in progress, or an 
interrupt when polling establishes that no device 
requires service. Neither of these errors should 
occur, but if they do, the driver should perform in 
a consistent fashion. The recovery routines imple
mented to handle error conditions are determined 
by the particular applications environment. 

Summary/ConClusions 
When utilized in a small system "design, the 82SSA 
interrupt support logic provides all of the capabili
ties required to implemeritan interrupt driven 
hardware interface without the use of external 
logic. In larger system designs, the designer may 
chose to use additional hardware to determine the 
source of interrupt requests without software 
polling. The software design required by an inter
rupt driven system is inherently more complex 
than the status driven interface. If an interrupt 
driven system is required the added complexity is 
a small price to pay for a significant increase in 
system through-put. 

ISIS 888f1 JWXl ASSEMBIBR, Vl.1I 
MCI:IEQ\IB~LE 

."'" 1 

iIiIF4 

" .. "., IBJa 

.... 
il'htl 
80i10 

BBBO 
BilBe 

fillS" 
8B8e 

,:111**** , 
J ClJARACl'ER PRINmR - INl'ElWJPI' DRIVFJil 
, !«DE (M; EIWIPLB . , 
,.ft*** , 
, .... * •• 
, H<lGRAM """"'" ,*'*"" 
PCm'A ftC BF4B 
PORI.'B ECXJ ilp58 
PORTC QXJ BF6B 

,8255 PORI' A 
J 8255 PORl' B 
, B255'POR[' C 

CWR BX1 M'7H 
lISr7 £OJ 038U 

J 8255 a::mH>L K)RD REmS'l'ER 
I ilESTARr 7 IIDDm:5S , 

.,***** 
. ; nUTIALIZATIOO CC»mU WJR) , 

, USED 'ro CCfiFIGURE 'nIE 8255 AS roLLCHh , 
, PORI' A - oorrur /Q)E 1 

FORl'B-INfUl'tDlEB (N:7l'tJSED) 
FORI' C LCMa - 0U'l'PUT , 

1*-"** 
leW· E~ 1811111U0B 
,***111"" 
, BE'l',tm:sE'l' o:tI'rq, taIlS 

;;;;;* ftC 

"""" "'" , .... ** 
088088818 

. a888i1IKUIB 
I SET STiOlE 
I ~ET STREB 

, 
,***** 
lEN 
lllll 

8255 ~ISABLE INl'ERRtJPT catI'RJL I«)K)S 

0811111101B 
""eIUlilIilB 

I DEVICE Sl'ATUS Et,tJATES 
,."**-
U'BSY E(.lJ 088a ,BUFFER FULL (LINE PRDrrER aDSY) 
INl'M. BJU 8SH I IN'lERRUP'l' ~EST . 

"ISIS 8080 MACH) ASSEMBISR, Vl.B 
MOOE Q\IB EXAMPLE . 

.80S8 . 
il881 , 
11883 
81U'" 
iless 

8800 
0001 

311110 

JIJiI83EAA 
3002 D3F7 

"J0843Et11 
3886 DlF7 

,,,,, .. t. 
I cmm:L BLOCK EGlATES 
,***** 
CBST . E(.lJ eOH 
CBUF BX1 818 
CX'C BX1 83ft 
CE!C'l' E(.lJ 1148 
CBCMP EttI 85H ,._ ... , ,.flt •• 
'""" S"11l1 ,* ••• " , 
,***** 
1***** , 

"'" ... 
~ BIB 

PR:GIWI ClUGIN 

CHi 038888 

1 INITIALIZA'fIOO RXn'INE 

A,H,L REGISl'ERS KDIFIED 

, SI'A'ruS SrI'E 
,1lUFPER ........ 
,ClIARACl"ERCXXJNr 
J ClII\RACl'ER TPJINSFERfD o:ntt' 
, CDtIPLE'l'Iai SERVICE l\DDRESS 

MIll ,A,ICW , 'm:r ICDE COOTRJL WJH) 
cur om I Cl1l'l'U'l' 'ltI camm. l«)B) RmISl'ER 
MIll' , A,S'l'BC6, GET SET DATA STlOJE cama. NlRD 
cur 0iR J SEl' Dl\TA S'l'IUIE (lDW TRUE SlGtW.) 

,"'**** '.':" , 
, "SET tIP ~ 7, LOCA1'ION Wl'lH JOMP 'ltI PINT 
,***** 

M'lI A,0ClH J GET -JMEl-3808 3EC3 
3i1BA 323881 
300021383" 
3010223980 
3813 C9 

S'l'A RST7 , PIACE IN RS'l'7 IDCM'ION .-
LXI H,PINT 1 GE'I' ADDRESS OF IN'l'ERRUPI' SER't1ICE RXl'I'Itm ' 
SHID RST7+ 1 ,SlORE AIDESS . 
RET " J RImJRN '1'0 CALtSR 
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YES 

INT7 
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ISIS e080 MACRO ASSEHBLER, Vl.0 
COMMAND PROCESSOR 

PAOE] 

301431A230 
3017A7 

3018c22830 
3018 ED 
30le 22A130 
3D1FEB 
30202101100 
302319 
30243600 
3D26cD5830 
3029FB 
302ACg 

30283£D1 
30201:391i30 

rt ••• 

; 
; 

; 

; 
; 
; i····· P5TRT: 

i··· .. 

COMMAND PROCESSOR 

INPUTS: CONTROl. BLOCK ADDRESS IN 0 AND E IIEOISTERS 

ounUTS: START I/O OR ERROR STATUS IN CONTROL BLOCK 

A,H,I. REGISTERS MODIFIED 

LOA 
ANA 

JNZ 
XCHO 
SHLD 
XCHG 
LXI DA. 
"VI 
CALL 
EI 
RET 

PIPRO+ 1 ; GET PRINT IN PROGRESS BLOCK ADDRE:5S 
A ; SEE IF ZERO (PRIHT IN PROGRESS) 

; IF BI..OCK ADDRESS HOT EQUAL TO ZERO THEN 
j PRINT IN PROGRESS 

PSTE i IF YES - BRANCH TO ERROR 

PIPRO ; SAVE CONTROL BLOCK ADDflESS 

H,CBCT ; GEl' INDEX TO CT 
o i COMPU'lE ADDRESS OF CT 
H,OOH j CLEAR CT 
PDATA j START 110 

; ENABLE PROCESSOR INTERRUPTS 
; RETURN TO CALLER 

; ERROR - TRANSACTI.OII ALREADY IN PROGRESS i·· .. · PSTB: 
MYI A,STBI i GET ERROR STATUS CODE 
JMP POST i PASS COHTROl, TO COl1PLETIOH ROUTIHE 

ISIS 8060 KACRO ASSEMBLER, n.O 
PRINTER IHTERRUPT SERVICE. RounNE 

PAGEoIi 

i· .... 
; PRINTER INTERRUPT SERVICE ROUTINE 
; ALL REGISTERS SAVED AND RESTORED i····· PINT: 

3030 F5 PUSH PSW i SAVE PSW' 
3031C5 PUSH • j SAVE REGISTER PAIR BAND C 
303205 PUSH · i SAVE REGISTER PAIR 0 AND E 

PUSH " i SAVE REGISTER PAIR HAND L 
j ..... 

; POLL INtERRUPT SOURCE - SEE IF 8255 
j ..... 

30340BF6 1H PORTC GET STATUS OF DEVICE 
30368608 ANI INTRA SEE IF INT 
303BCA5230 JZ ppaLL NO _ BRANCH TO POLL omER DEVICES IF ANY 
303B3EOC "VI A,ION GET 8255 INT DISABI,.E CONTROl,. WORD 
3030D3F7 aUT 'W, DISABLE DEVICE INTERRUPTS 
303FFB EI ENABLE PROCESSOR INTERRUPTS 
3040 2U130 LHLD PIPRG GET CONTROL BLOCK ADDRESS 
3043 AF XM A CLEAlIAREG 
3044BC· 'H' " SEE IP PRIHT IN PROGRESS 
30115 CA5530 JZ PIERI NO - BRANCH TO ERROR ROUTINE 
30118 ED XCHG 
30119 CD5830 CALL PDAT! j PRINT DATA 

i .... • 
; RESTORE REGISTERS AIID RETURN FROM INTERRUPT 
j ..... 

PRTH: 
JOIICE! 'OP H j RESt'ORE REGISTER PAIR If AND L 
J04D D1 'OP · j RESTORE REGISTER PAIR 0 AND E 
J04E Cl ,a, · i RESt'ORE REGISTER PAIR BAND C 
J04FFI PO, PSW j RESTORE PSW 
3050FB EI ; ENABLE PROCESSOR INTERRUPTS 
J051C9 RET j RETURN TO INTERRUPTED PROCESS 

j ..... 

; PQLLOTlfERDEVICESIFANY 
; IF NO OTHER DEVICES TO POLl,. - USER SUPPLIED ERROR 
; IlECOVERY ROUTINE. 
j ..... 

PPOLL: 
3052C34CJO J"' i RETURN 

j ..... 

ERROR - INTERRUPT FRCI'I IDLE DEVICE 
USER SUPPLIED ERROR RECOVERY ROUTINE 

i· .. •• 
PIER1: 

JOSS C34C30 J"' PRTH j RETURN 
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ISIS 8080 MACRO ASSEMBLER, Vl.0 
PRINl'£R ool'PU1' DATA ROUTINE 

PAGES 

3DS8 DBFfi 
305AE680 
305CCABli30 
305F2101l00 
306219 
30637£ 
306113' 
30652B 
3066 BE 
3067CABA30 
]06A210100 
306019 
306£ 05 
]06F5E 
30702] 
307156 
30722600 
307116F 
307519 
]0767E 
3077D3FII 
30793EOO 
3D7B D3PT 
30703C 
307E D3F7 
3080Dl 
]08IC358)0 

30811F3 
]0853EOD 
)087D3F7 
3089C9 

308A3EOO 

308FAF 
3090]21230 
3093C9 

30911 ED 
309577 
3096 EB 
3097210500 
309119 
309B4£ 
309C21 
309Dli6 
109EC5 
309F C9 

30AI0000 

i· .... 

; PRINTER OUTPUl' DATA ROUTINE· 
; 
; CONTROL BLOCK ADDRESS IN D AND £ REG 
; 
i .... • 
PDATA: 

IN POR'le GET STATUS OF DEVICE 
ANI LPBSY SEE IF BUSY .(BUpFER PULL) 
JZ POlO IF BUSY - BRANCH 
LXI H,Cecl' GET INDEX 'l0 C'l 
DAD D COMPUTE ADDflESS.OF. CT ' 
HOY A,H GSTC'l 
IN' H INC CT 
DCX " DEC TO CC 
eMP H SEE IF EQUAL 
JZ ,Ol", IF EQUAL - DONE GO 'lELL USER 
LXI H,CBur GET INDEX TO BUFFER ADDRESS 
DAD D COMPUTE ADDRESS OF SUFFER ADDRESS 
PUS" D SAVE D AND E REGISTEHS 
HOY ',H GET LSS OF BUFFER ADDRESS 

.INX. " INC 'l0 NEXT BYTE 
MDY D,H, GET BUFFER HSD 
MYI H.OCH CLEAR H REG ,." ',A GET CT 
DAD D COMPUTE CHARACTER ADDRESS 
HOY A,H GET CHARACTER 
OUT PORTA OUTPUT CHARACTER TO PRINTER 

"VI A,STBOP RESET DATA STROBE (LOW TRUE .SIGNAL) 
OUT "" INR A GmERATE SET CONTROL. WORD 
OUT COR SET DATA STROBE 
'OP D RESTORE CONTROL BLOCK ADDRESS 
'HP PDATA LOOP UNTIL BUSY 

i· .... 
; PRINTER BUSY - RETURN 
;"'" 
PD10: 

DI i DISABLE IHTERIIUPTS 
MVI A,IEN i ENABLE DEVICE INTERRUPTS 
OUT CVR i SET INTERRUPT ENABLE 
RET i RETURN '1'0 CAL.LEB 

i POST 0000 COm'(.ETION TO USER 
i· .... 
PCOMP: 

i· .... , 

MYI A,STOO; GET GOOD STATUS CODE 
CALL POST ; POST TO USER 
XRA A ; CLEAR A REG 
STA PIPRG.' ; CLEAlI COMMAHD IN PROORESS ADDRESS 
RET ; RETURN TO CALLER 

i POST TO USER COMPLETION ROUTIHE 

; 
i .... • 
POST: 

i· .. .. 

ICHG 
.OY 
ICHO 
LXI 
DAD 
.OY 
INX 
.OY 
PUSH 
RET 

INPUtS: STATUS CODE IN A REG 
CONTROL BLOCK ADDRE:SS IN D AND E REG 

OUTFUl'S: PASSES CONTROL TO USER COMPLETION ADDRESS 
SPECIFIED IN CONTROL BLOCK 
WITH CONTROL BLOCK ADDRESS IN D AND E 

A,H,L,B,C REG HODIFIED 

M,A i UPDATE STATUS 

H,CBCHP i OET INDEX TO COMFI..E'lION ADDRESS 
D i COMPUTE ADDRESS 
C,M i OET LSB.Of' COMPLETION ADDRESS 
H i IKC TO NEXT Bt'rE 
B,M ; GET MSB Of' COMPLETION ADDRESS 
B i FUSH ADDRESS INTO STACK 

j PASS CONTROL TO USER ROUTINE 

DATA AND TABLES 
: .... . 
PIPRG: DW 

j ••••• 

i IN ·PROGRESS CONTROL BLOCK ADDRESS 
i IP DATA = 0 flO CONTROL BLOCK IN PIIOGRESS 
; IF DATA NOT EQUAL TO ZERO CONTROL BLOCK IN PROGRESS 

j END OF HODE ONE EXAHPLE 
; ..... 

0000 END 
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MODE 2 - 8080 TO 8080 INTERFACE 
Due to the drastic reduction of hardware costs, 
system designs which utilize multiple CPU Modu
les are becoming more common. An 8080 may be 
configured as a master CPU and used to control 
multiple 8080 slave modules which act as intelli
gent I/O controllers. When multiple CPUs are 
utilized, a method of processor intercommunica
tion must be supported. Figure 20 is a block dia
gram of one -method of implementing a master/ 
slave interface through the use of the 825 SA Mode 
2 bidirectional bus. 

Hardware Discussion 

Two complete 8080 systems are required for this 
example. Intel's SBC 80/10 OEM board is used as 
the master CPU module and Intel's SDK 80 board is 
used as the slave CPU. The SBC 80/10 supports an 
8255A which is configured in Mode 2. The 8255A 
is selected. through the use of a decoded select 
scheme. Through the use. of the 8228 RST 7 inter
rupt feature, a simple interrupt structure is sup
ported. The SDK 80 is configured without inter
rupts for this example. The extemallogic required 
for this example is associated with the slave CPU. 
Simple logic is implemented which allows the slave 
CPU to generate the ACK and STB signals required 
to READ from and WRITE to the 825 SA bidirec
tional bus with a single I/O instruction, 

MASTER MODULE 

INTERRUPT ReQUeST 

INT 
SYSTEM 

DATA BUS 
PA 

i5iiF 
8080 ADDRESS BUS 

MASTER 8255A "ISF 

m 
CONTROL BUS 

The system shown in Figure 20 utilizes SSI logic to 
read the 8255A IBF and OBF signals. If two spare 
8255A input lines are available they could be used 
to input the IBF and OBF signals and eliminate the 
SSI logic. 

Software Discussion 
Two sets of software are required to support the 
processor to processor interface. The master resi
dent software which follows conforms to the 
simple interrupt driven software structure outlined 
previously. The initialization routine issues the 
Mode 2 control word to the 8255A after device 
reset. The command processor accepts READ/ 
WRITE control blocks which provide a simple user 
interface for transferring data to/from the slave 
CPU. The master software is capable of processing 
both a read and a write control block simultane
ously. The slave resident software shown at the end 
of this example utilizes the status driven approach. 

Summary /Conc1usions 
It is important to note that this design may be ex
panded to include more slave CPUs by simply 
adding another 8255A to the master module for 
each slave. The software drivers discussed address 
only the passing of data between the two proces
sors. Specific applications generally dictate a soft
ware-protocol be implemented for information 
transfer. 

SLAVE MODULE 

SYSTEM DATA BUS 

BIDIRECTIONAL BUS 

8080 
SLAVE 

74125 

Figure 20. Interface Block Diagram 
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SLAVE READ 
ROUTINE 

B 
SLAVE WRITE 

ROUTINE 
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ISIS 8080 MACRO ASSEMBLER, V1:0 
HOOE TWO EXAMPLe: ~ SLAVE SOFTWARE 

PAOE I 

OOBF. 
001F 

0001 
0002 

3000 

30000B1' 
3002 E601 
3004C20030 
3001 OBBF 
300911F 
3001Cg 

. i',"." 
" j ..... , 

I· .... 

TITLE 'HODE TWO EXAMPLE ~ SLAVE SOFTWARE' 

8080 MASTER TO 8080 SLAVE DI'l'ERFACE 
~. SLAVE SOFTWARE -
~OE TWO EXAMPLE 

PROGRAH EQUATES 

PDATA· EQU CBPR i INTERPROCESSOR DATA PORT 
PSTS EQU 01FH i STATUS 
j ..... , 
j ..... 

OSF 
lBF 
; ..... 

BuFFER STATUS MASKS 

EOU 
EOU 

01. ". ; OUTPUT BUFFER FULL 
; INPUT BUFFER FULL 

i PROGRAM ORIOIN 
j, .... 

j ••••• , , , , , 
, 
j ..... 

SUD: 

ORG 03000H 

SLAVE READ ROUTINE 

'INPUTS: HONE 
OUTPUTS: CRARACTER READ III CaREOISTER 

A,C REG HODIFIED 

IN PSTS 
ANI OBF 
JNZ SLRD 
IN. PDATA 
mv C,A 
RET 

GET STATUS 
SBE IF BUFFER FULL • 
110 a LOOP UNTIL FULL 
OB'l'CHARACTBR 
PU.CE IN C-REQ 
RETURN TO CALLER 

lSlS 8OS0 IUCRO .lSS!M8LER, Vl.0 
NOIII 'ftJO lI&HPLI - SLAV! SOFTWARE 

PAGE 2 

300B D87F 
300D 1602 
300FC20B3G 
301219 
3013 D3BF 
30.15 C9 

j ..... , 
I SLAVE WRITE IIODnNE 

i· .... 

INPUTS: CHARACTER TO WRITE IN C~REGISTER 
OUT~UTS: NONE 

A REO KODIFlBD 

IN 
ANI 
'HZ 
MO' 
OUT 
RET 

PSTS j GET STATUS 
IBF ; SEE IF BUFFER FULL 
SLWt j YES - LOOP UNTIL EMm 
A,C ; GET DATA CHARACTER 
PDATA, ; OU'l'PUT DATA 

j RETURN TO CALLER 

j END Of' SU.VE SOFTWARE DRIVER 
j ..... 

0000 END 
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ISIS 8080 MACRO ASStH8t.EII. n.o PAGE 1 
HODE TWO EXAMPLE _ HASTEII SOFTWARE 

00&:11 

00E6 
00E7 
0038 

Ooe8 

0000 
0009 
OOOC 
0008 

0008 
0080 
0020 

TITL.E 'MODE TWO EXAHPL.E - MASTEII SOFTWAIIE' 
; ..... 
I 
i 8080 KASTEII TO 8080 SLAVE INTERFACE 

- HASTER SOFTWARE -
MODE TWO EXlHPL.E 

I 
;'"'' 
i .. ••• ; PROGRAH EQUAtES 
; ..... 
PORTA EQU OEIIH 
PORTB EQU DES" 
PORTC EQU OE6" 
CWII EQU OE7" 
IIST7 EQU 038H 
I 

i"'" 
I 

; 8255 PORT A 
; 8255 PORT B 
; 8255 PORT C 
; 8255 CONTIIOL. WORD REGISTER 
; RESTAIIT 7 ADDIIESS 

i INITIALIZATION COHTRDL. WORD 
I 
; USED TO CONFIGURE THE 8255 AS FOLLOWS: 
I 
; PORTA-HODE2BIDIRECTIONALSlIS 
i PORT S - INPUT HODE 0 (NOT USED) 
l REMAINING PORT CLINES - INPUT HODE (NOT USED) 

; ..... 
ICW EQU 110010118 i INITIALIZATION CONTROL. WORD 

;'"'' 
I 8255 ENASL.E/DISABLE INTERRUPT CONTROL. WORDS 
i .. • .. 
IENI 
lEND 
IONI 
IDNO i····· 

EQU 000011018 
EQU 00001001B 
EQU 00001100B 
EQU 000010008 

STATUS EQUATES 
i .... • 

; ENASLE INPUT INTEIIIIUPTS 
; ENABL.EOUTPUT INTEIIRUPTS 
i DISABLE INPUT INTERflUPTS 
i DISABL.E OUTPUT INTERRUPTS 

INTRA &OU 08H 
OBFA EQU 80H 
IBVA EQU 20H 

;INTEfiRUPTREQUEST 
i OU'l'PUT BUFFER "FULL 
i INPUT BUFFEfi FULL. 

ISIS 8080 HACRO ASSEMBLER, Vl.0 PACE 2 
110DB TIIO EXAHPLE - HASTEH SOFTWAI'IE 

0000 

0002 
OOOq 
0005 
0006 

0000 
0001 

0000 
0001 
0002 

0038 
0038C311630 

3000 

30003ECB 
3002D)E1 
300"C9 

;"'" 
I CONTROL.SLOCKEQUATES 
;'"'' 
CO" EOU OOH ; STATUS BYTE 
CDOP EOU O1H iOPCOOE:OflEAO 

= 1 WRITE 
CBUF EQU 02H jeuFFERADDRESS 
CBCC EOU 04H ; CHARACTER COUNT 
CSCT EOU OSH ; CHARAC"IER TRANSFERED COUNT 
CSCHP 'QU 06H ; COMPLETION SERVICE ADDRESS 
; ..... 

OPCODE EQUATES 
i· .... 
OPRD EOU OOH : READ OPCODE 
OPWT EOU O1H ; WRIrE OPCODE 
; ..... 

COMPLETION STATUS EQUATES 
j ..... 

STaD EOU OOH ; GOOD COMPL.ETION 
STEI EQU O1H ; ERROR - COMMAND AL.READJ IN PROGRess 
STE2 EOU 02H ; ERROR _ INVALID OPCODE 
i· .... 
I SET UP INTERRUPT VECTOR 
; ..... 

ORG RST7 
JHP PINT ; JUMP TO INTERRUPT SERVICE ROUTINE 

j ..... 

; PROGRAH ORIGIN 
; ..... 
j ..... 

I 

ORG 03000" 

i INITIALIZATION 1I0UTINE 
I 
; A REQISTER MODIFIED , 
i· .. •• 
INIT: 

KVI A,ICIt; GET HOD! COIfTROL. WORD 
OUT CWR i OUTPUT TO CONTROL WORD REGISTItR 
RET i I!E'roRN TO CALLER 

2·137 00744A 



2·138 

ISIS 8080 KACRO ASSEMBLER, VI.O PAGE 3 
CCIIHlND PROC&SSOR ' 

3005 210500 
300819 
30093600 
300B 210100 
300E 19 

3010 FEOO 
3012CA2430 
3015 FEOI 
3017CA3530 

30143£02 

301r 3EOI 
3,021 C3DC)0 

)0243A030 
3027 A7 
3028 C21F30 
302Bm! 
302C22E930 
302F EB 
3030CD7C30 
3033 FB 
3034 C9 

, 
; ..... 
PSTRT: 

COKHAND PROCBSSOR 

INPUTS: CONTROL BLOCK ADDRESS IN D AND E REGISTERS 

QUTP\lTS: START 1/0 OR ERROR STATUS IN CONTROL BLOCK 
A,H,L HqDIFIED 

LXI 
DAD 
MYI 
LII 
DAD 
MOV 
CPI 
JZ 
ePI 
JZ 

H,CBCT 
D 
H,OPRD 
H,CBOP 
D 
A,M 
OOH 
PSRD 
om 
PSWT 

; GET INDEX TO CT 
;, COMPUTE ADDliESS OF CT 
I CLEAR CT 
i GET INDEX TO OPCDDE 
; COHP\lTE ADDRESS 
; CET OPCODE 
I SEE IF READ 
i US - GO PROCESS READ 
; SEE IF WRITE 
; YES - GO PROCESS WRITE 

i ERROR - INVALID OPCODE 
i· .... 

KVI A,STE2 I GET ERROR STATUS CODE 
JHP POST ; CALL COMPLETION ROUTINE 

I .. • .. 
I ERROR - TRANSACTION ALREADY IN PROGRESS i··· .. PSTE: 

i~"" 

MYI 
JM' 

A,STEI i GET ERROR STATUS CODE 
POST ; CALL COHPLE'lION ROUTINE 

i PROCESS READ COMMAND 
I .... • 
PSRDf 

LDA PRGRD+ I ; GET READ IN PROGRESS ADDRESS 
ANA A I Sf;! IF READ IN PROGRESS (TEST FOR ZERO) 
JNt PSTE I IF YES _ BRANCH 
XCHO 
SHLD PRGRD i SAVE CONTROL BLOCK ADDRESS 
XCHG 
CALL ; START I/O 
BI ; ENABLB INTERRUPTS 
1IiT ; IIE'IUIt)! TO CALLER 

ISIS 80f10 MACRO ASSEHBLER, VI.O 
COMMAND PROCESSOR 

PAGE II 

30353AEC30 
3038A7 
3039 C21F30 
303C'm! ' 
303D 22EB30 
3040 Ell 
3041 CD9C30 
3044 FB 
3045c9 

j ..... 

i PROCESS WRITE COHHAND 
j ..... 

PSWT: 
LOA PRGWT+I i GET WRITE IN PROGRESS ADDRESS 
ANA A j SEE IF WRITE IN PROGRESS (TEST FOR ZERO) 
JNZ PSTE j IF YES _ BRANCH 
XCHO 
SHLO PROWT j SAVE CONTROL BLOCK ADDRESS 
XCHO 
CALL POUT i START I/O 
EI ; ENABLE INTERRUPTS 
RET i RETURN TO CALt.ER 
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ISIS 80BO MACRO ASSEMBLER, Vl.0 
INTEJlRUPT SERVICE ROUTINE 

PACES 

; ..... 
; 
; INTERRUn SERVICE ROUTINE 
; ALL REGISTERS SAV£!) AND JlESTOJIED 
; 
; ..... 
PINT: 

30116F5 PUSH PSW ; SAVE PSW 
30117C5 PUSH B ; SAVE REGISTER PAIR BAND C 
30llBD5 PUSH D ; SAVE REGISTER PAIR D AND E 

PUSH N ; SAVE REGISTER PAIR HAND L 
; ..... 
; POLL INTERRUPT SOURCE - SEE If B255 
; ..... 

301jADB!6 IN PORTe I GET STATUS OF DEVICE 
30llCE608 ANI INTRA ; SEE IV INT 
30llECA7630 JZ PPOLL ; NO - BRANCH TO POLL OTHER DEVICES IF ANY 
30S13EOC HVI A,IOHI ; GET INPUT INT DISASLE CONTROL WORD 
3053D3E7 our ew. ; DISABLE DEVICE INTERRUPTS • 
30553£OB HVI A,IDNO i GET OUTPUT INT DISAB['£ CONTROL WORD 
305703E1 our ew. ; DISABE DEVICE INTERRUPTS 
3059 FB EI ; ENABLE PJIOCESSOll INTEJIJIUPTS 
30512AE930 'NLa PRGRD ; GET READ CONTROL BLOCK 
3050 AF '" A i C['£AR A REG 
305EBC CHP • ; SEE IF READ IN PROGRESS 
305F CA6530 JZ PINTI iNO-BRANCH 
3062CD7C30 CALL PIN ; DO INPUT 

30652AEB]0 LHLa PRGWT ; Get' WRITE CONTROL BLOCK , 
]06B AF XRA A iCLE:ARAREG 
]069SC CHP H ; SEE IF WlIITE IN PROGRESS 
]06ACA7030 JZ PRTN iNO-BRANCH 
]06D CD9C30 CALL pour ; DO OUTPUT 

; ..... 
; RESTORE REGISTERS AND RETURN FROM DlTERRUPT 
i· .... 
PRTN: 

3070El pop • i RESTORE REGISTER PUR H AND L 
3071 PI pop D ; RESTORE REGISTER PAIR D AND E 
3072 Cl pop B ; RESTORE R!XJISTER PAIR BAND C 
3013 Fl pop PSW i RESTORE PSW 
30711 FB EI ; ENABLE PROCESSOR lBTEJIJIUP"l"S 
3075 C9 REr ; RETURN TO IIlTERRUPTEO PROCESS 

ISIS 8080 HACRO ASSEKBLER, Vl.0 
ItlTERRUPT SERVICE RounHE 

PAGE 6 

3076c37030 

3079C31030 

; 
i· .... 
PPOLL: 

i .... • 

POLL OTHER DEVICES IF AMY 
IF NO OTHER DEVICES TO POLL - USER SUPPLIED ERROR 
RECOVEJlI ROUTINE. 

JKP PRTH ; RETURN 

i ERROR - INTERRUPT FlIOH IDLE DEVICE 
i uSER SUPPLIED ERROR RECOVERY ROUTINE 
; ..... 
PIER1: 

JKP PRTH ; RETURN 
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ISIS 8080 HACRO ASSEMBLER, Vl.0 
INPUT DATA. ROUTINE 

PAGE 7 

307(: pais 
307E E6zo 
3080CA9&30 
3083CPBC30 
30860A.8F30 
3089DBEiI 
308B 77 
308cC37C30 

308F AP 
309032£11.30 
3093C39630 

j ..... 

; , ..... 
PIN: 

i····· 
i l •••• 

PIDON: 

INPUT DATA ROUTINE 

IN PORTC 
ANI IBFA 
JZ PRTI 
CALL ceFA 
JC PlOOH 
IN PORTA 
HOY M,A 
JHP PIN 

GET STATUS OF DEVICE 
SEE IF INPUT BUFFER FULL 
NO ~ BRANCH 
GET ADDRESS IN BUFFER 
IF DONE ~ BRANCH 
GET DATA 
P[.AC£ IN BUFFER 
LOOP 

END OF INPUT TRANSACTION 

XRA A lCLEARA 
STA PRGRD+l i CLSAH READ IN PROGRESS 
JMP PRTI i RETURN 

i RETURN FROM INPUT 

i· .. •• 
PRTI: 

01 DISABLE PROCESSOR INTERRUPTS 3096F3 
30973EOO 
3099D3E7 
309BC9 

MYI A, IENI GET ENABLE INPUT INTERRUPTS CONTROL WORD 
OUT CWR OUTPUT TO CONtllOL WORD REGISTER 
RET RETURN TO CALLER 

ISIS 8080 MACRO ASSEMBLER, 11.0 
Ol!1PUT DATA ROUTIME 

PAGE 8 

i····· ; OUTPUT DATA ROUTINE 
j ..... 

POUT: 
J09CDBE6 IN PORTC OETPORTCSTATUS 
309E £620 ANI IEFA SEE IF OUTPUT BlJFFE'R FULL 

JNZ PRTO YES - BRANCH 
30A3 CDBC30 CALL CBFA· SETUP ADDRESS OF DU'A 
3016 DAAF30 JC "'DO' IF DONE ~ BRANCH 
30.&91£ HO' A,H GET DATA FROM BUFFER 

·30lA DJEII OUT PORTA OUTPUT DATA 
30ACC39C30 J., POUT LOOP 

j ..... 

; END OF OUTPUT TRANSACTION i··· .. POIXIN: 
30AFAF IRA A j CLEAR A REO 
30BO 32£.C30 ST. PRGWT+l i CLEAR WRITE IN PROGRESS 
JOB3 e3B630 JH' "TO ; RETURN i····· RETURN FROM OUTPUT i· .. ·· PRTa: 

01 DISABLE PROCESSOR INTERRUPTS 30B6F3 
30B73E09 
30B9 D3E7 
30BB C9 

MY! A,IENO GET ENABLE OUTPUT IN'lERRUPTS conTROL WORD 
OUT CWR OUTPUT TO CONUOL WOR» REGISTER 
RET RETURN TO CALLER 

00744A 



Setup Buffer Address Subroutine 
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ISIS 80BO KACRO ASSEMBLER, Vl.0 
COMPUTE BUFFER ADDRESS ROUTINE 

PlGE9 

i·· .. · ; ..... 
CBFA: 

COMPUTE 'BUFFER ADDRESS ROUTINE 

30BC210500 
30BF19 
30COTE 
30Cl 3~ 
30C2 2B 
30C3 BE 
30CIICAD530 
30C7210200 
30CA19 
30CB D5 
30CC5E 
30CD ~3 
30CE 56 
30CF AC 
30»0 Sf' 
300119 
300201 
3003 AF 
30014 C9 

LXI 
DAD 
HOY 

I" 
DCX 
eHP 
JZ 
LXI 
DAD 
PUSH 
HOY 
IHX 
HOY ". ,." 
DAD 
POP 

'RA 
RET 

ISIS 8080 HACRO ASSEMBLER, Vl.0 
POST 10 USER COMPLETION ROUrINE 

i····· 

R,CBCT 
D 
A,H 
H 
H 
H 
POOMP 
H,CBUF 
D 
D 
E,M 
H 
D,H 
H 
L,A 
o 
D 
A 

GE:t IHDEX TO CT 
COKPUTE ADDRESS OF CT 
GE:t CT 
IHC CT 
DEC TO CC 
SEE IF EQUAl. 
IF £QUAI. - DOHE GO TELL USER 
GET INDEX TO BUFFER ADDRESS 
COMPUTE ADDRESS OF BUFFER ADDRESS 
SAVE D AND E REGISTERS 
GET LSB OF BUFFER ADDRESS 
INC TO NEXT BYTE 
GET BUFFER HSB 
CLEARHRBG 
GET CT 
COKPUTE CHARACTER ADDRESS 
RESTORE CONTROL BLOCK ADDRESS 
CLEAR CARRY 
R&TURH TO CALLER 

PAGE 10 

; POST GOOD COMPLETION TO, USER 
; ..... 
PCOMP; 

30053EOO HVI A,sroo ; GET GOOD srATUS CODE 
3007, CDDC30 CALL POST jCALLUSERROUTIHE 
3001.37 STe ; SET CARRY 
30DBC9 RET ; RETURN TO CALLER 

i .. • .. 
POST TO USER COMPLETION ROUTINE 

; 
INPUTS : 'STATUS CODE IN A REG ; 

; CONTROL BLOCK ADDRESS IN 0 AND E REG 
OUTPUTS: PASSes CONTROL TO USER COMPLETION ADDRESS 

; SPECIFIED IN CONTROL BLOCK 
; ..... 
POST: 

300CEB XCHG 
300077 HOY H,' i UPDATE STATUS 
30DE Ell XCHG 
30DF 210600 LXI ",CBCKP GET INDEX TO COKPLETION ADDRESS 
30E219 DAD D COMPUTE ADDRESS 
30E311£ HOY e,H GET LSB OF COMPLETION ADDRESS 
30EII23 INX . INC TO NEXT BrTE 
30£5116 HOY B,H GET MBB BYTE OF COMPLETION ADDRESS 
30£6 C5 PUS, B PUSH ADDRESS INTO STACK 
3ol!i7c9 RE' PASS CONTROL TO USER ROUTINE 
30£8 C9 RET RETURN TO CALLER 

; ..... 
; 
; DATA AND TABLES 

IF DATA NON ZERO CONTROL BLOCK IN PROGRESS 
; 
; ..... 

3DE9 0000 PRGRD: OW ; IN PROGRESS READ CONTROL BLOCK 
30B80oo0 PROWl: OW ; IN PROGRESS WRITE CONTROL BLOCK 

; ..... 
; END OF KiSTER SOFTWARE DRIVER 
; ..... 

0000 END 
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APPENDIX A -8255A QUICK REFERENCE 

CONTROL WORD 

107 106 05 1 04 1 031 02 1 0, I DO I 
-.- L/ GAOUPB "-

PORT C (LOWER - pe3-PCal 
1 = INPUT 
0= OUTPUT 

PORTB 
1 = INPUT 
0= OUTPUT 

MODE SELECTION 
O=MOOEO 
1 =MODE 1 

/ GROUPA "-
PORT C (UPPER - PC1-PC41· 
1 = INPUT 
0'" OUTPUT 

PORTA 
1 = INPUT 
0= OUTPUT 

MODE SELECTION 
00" MODE 0 
01"MODE 1 
1X"'MOOE2 

/ OPCODE '\.. 
, -MODE SET 

MODE CONTROL WORD 

NOT.USED SET TO 000 

o 
o , , 
o 
o 
" , 

BITO 
811: 1 
BIT2 
BI13 
81T4 
BIT5 
BIT6 
81T7 

BIT SET/RESET CONTROL WORD 

2-142 

GROUP A 
STATUS 

PORT C BITS 

GROUPB 
STATUS 

MOOED 
INPUT!OUTPU.r" 

loaF A liNTEl IIBF A \ INTEzln,,iTRA I 
MODE 1 
INPUT 
POAT 

I/O I/O I/O 

IINTE8 I IBF8 i INTRB I 
MODE 1 
OUTPUT 

PORT 

IINTEs I OBFs I INTRa I 

MODE 1 STATUS WORD 

I 
INPUT 
PORT 

I/O I/O IISF A IINTEA IINTRA I 

j 

OUTPUT 
PORT 

PORT C BITS 

GROUP A 
STATUS 

GROUP B 
STATUS 

INPUT 
PORT 

I'NTEB I'BFB I'NTAB I 

OUTPUT 
POAT 

IINTEa I OBFe I INTRa I 

MODE 2 STATUS WORD 
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CONTROL WORD 

CONTROL WORD 

07 06 06 04 03 02 01 Do 

MODE 1 CONFIGURATIONS 

/L 
PA,-PAa K 

PC4 . 
PC, 

PCJ 

PCG,7 

PB7-Psa 

PC, 

pc, 0 

PCa 

PORT A - STROBED INPUT 
PORT B - STROBED OUTPUT 

"'-
PArPAo V 

~ 

PC, 0 

PC, 

PCJ 

PCe,7 

PB,-PBa K 
PC, 

PC, 

PCa 

PORT A - STROBED INPUT 
PORT B - STROBED INPUT 

~ 

7 

7 

8 

, 

. 
< ' 

, 

8 

< ' , 

8 

STBA 

!BFA 

INTRA 

I/O 

OBFs 

ACKa 

INTRa 

I/O 

1BFa 

INTRa 

CONTROL WORD 

CONTROL WORD 

D7 .De Os 04 

2·143 

PA,-PAa 

PC, 

PC. 

PCJ 

PC4,5 . 
PB7-Psa 

PC, 0 

PC, 

PCa 

. PORT A - STROBED OUTPUT 
PORT B - STROBED INPUT 

PA,-PAa 

PC, 

PC. 

PCa 

PC4.5 

P87-PSa 

PC, 

PC, 

PCa 

PORT A - STROBED OUTPUT 
PORT 8 - S:fROBED OUTPUT 

~ 

"-

OBFA 

ACKA 

INTRA 

7 < ' I/O 

STBB 

1BFa 

INTRa 

8 

7 < ' 

8 

INTRa 
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MODE 2 CONFIGURATIONS 

CONTROL WORD 

07 06 05 04 03 02 01 '00 

1,1, MXMo I '2j"1 
PC2_0 
1 = INPUT 
D= OUTPUT 

PC3/-----+ 

PC,/-----

PC. 1-----

PC. 1-----

Pcsl-----

AD -----+.01 

"WR---_.o 

PORT A - MODE 2 
PORT B - MODE 0 INPUT 

CONTROL WORe 

07' 06 DS D. D3 D; 0, DO PC3 

I' I' c><JXIXJ ' I 0 IXI PA7-PAa 

PC, 

. peG . 
pc. 

PCs 

PB7-PSO 

PC, 

1m PC, 

WIi pCo 

, PORT A - MODE 2 
PORT B. - MODE 1 OUTPUT 

CONTRO( WORD 

INT~A D, D. DS 04 03'.02 D, DO 

[, I, N)@O 102j"1 
pe2_0 
1 = INPUT 
0" OUTPUT 

OBFA 

ACKA 

rnA 

IBFA 

I/O AD 

CONTROL WORD 

INTRA 
D, D. 05 D. 03 D2 D, 00 

W1XL><lX1' (}]Xl 

OBFA 

ACKA 

STSA 

IBFA 

OBFS 

AcKa 1m 

INTRa "W1I 
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PC3 INTRA 

PC, OBFA 

PC. ACKA· 

PC. STBA 

PCs IBFA 

PC2_0 I/O 

PORT A - MODE 2 
PORT B - MODE 0 OUTPUT 

INTRA 

OBFA 

pc • . . AcKA 

PC. STSA 

PCs IBFA 

PR7-PSO 

PC, rna 

PC, 1FRa 

PCo INTRa 

PORT A - MODE 2 
PORT B - MODE 1 INPUT 
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INTRODUCTION 

The Intel 8273 is a'OataCommunidations Protocol Con.' 
troller designed for use in systems utilizing either SOLC 
or HOLC (Synchronous or High·Level Oata Link Control) 
protocols. In addition to the usual features such as full 
duplex operation, automatic Frame CheckSequen~e 
generation and checking, automatic zero bit insertion 
and deletion, and TTL compatibility found on other 
single component SOLC controllers; the 8273 features a 
frame level command structure, a digital phase locked 
loop, SOLC loop operation, and diagnostics. 

The frame, level command structure is made possible by 
the 8273's unique internal dua'i processor architecture. 
A high·speed bit processor handles the, serial data 
manipulations and character recognition. A byte pro· 
cessor implements the frame level' commands. These 
dual processors allow the 8273 to control the necessary 
byte·by·byte operation of the data channel with a 
minimum of CPU (Central Processing Unit) intervention. 
For the user this means ttie CPU has time to take on 
additional tasks. The digital, phase locked loop (OPLL) 
provides a means of clock recovery from the received 
data stream on·chip. This feature, along with the frame 
level commands, makes SOLC loop operation extremely 
simple and flexible. Oiagnostics in the form of both data 
and clock loopback are available to simplify board 
debug and link testing, The 8273 is a dedicated function 
peripheral in the MCS·80/85 Microc9mputer family and 
as such, it interfaces to the 8080/8085 system with a 
minimum of external, hardware. 

This application note explains the 8273 as a component 
and shows its use in a generalized loop configuration 
and a typical 8085 system. The 8085 system was used to 
verify the SOLC operation of the 8273 on an actual IBM 
SOLC data communications link; 

The first section of this application note presents an 
overview of the SOLC/HOLC protocols. It is fairly tutorial 
in nature and may be skipped by the more knowledge· 
able reader. The second section describes the 8273 from 
a functional standpOint with explanation' of the block 
diagram. The software aspects of the 8273, including 
command examples, are discussed in the third section. 
The fourth and fifth sections discuss a loop SOLC con· 
figuration and the 8085 system respectively. 

SOLC/HOLC OVERVIEW 

SOLC is a protocol for managing the flow of information 
on a data communications link. In other words, SOLC 
can be thought of as an envelope - addressed, 
stamped, and containing an s.a.s.e. - in which informa" 
tion is transferred from location to location on a data 
communications link. (Please note that while SOLe is 
discussed specifically, all comments also apply to 
HOLC except where noted.) The link maybe either point· 
to·point or multi'point, with the point·to·point configura· 
tion being either switched or nonswitched. The informa' 
tion flow may use either full or half duplex exchanges. 
With this many configurations supported, it is difficult 
to find a synchronous data communications application 
where SOLe would not be appropriate. , 

,Asidefrom s!JPporting a large number of configurations, 
,', SOLe offers the potential of a 2 x increase in through· 

put over the presently most prevalent protocol: Bi·Sync. 
This performance increase is primarilyduetotwocharac· 
teristics of SOLC: full duplex operation and the implied 
acknowledgement of transferred in/.ormation. The per· 
formance increase due'to full duplex 'operation is fairly 

,obvious since, in SOLe, both stations can communicate 
simultaneously. Bi·Sync supports only half·duplex (two· 
way alternate) communication. The' increase from im· 
plied acknowledgement arises from the fact that a sta· 
tion using SOLe may acknoWledge previously received 
information while transmitting different information. Up 
to 7 messages may be' outstanding before an acknowl· 
edgement is required. These messages may be acknowl· 
edged as a block rather than 'singly. In Bi·Sync, acknowl· 
edgements are unique messages that may not be 
included with messages containing information and 
each info'rmation message requires a separate acknowl· 
edgement. Thus the line eHiciency of SOLe is superior 
to Bi·Sync. On a higher level, the potential of a 2 x 
increase in performar:Jce means lower cost per unit of 
information transferred. Notice that the increase is not 
due to higher data link speeds (SOLC is actually speed 
independent), but simply through better line utilization. 

Getting doWn to, the more salient characteristics of 
SOLC; the basic,unit of information on an SOLe link is 
that of the frame. The frame fo'rmat is shown in Figure 1. 
Five fields comprise each frame: flag, address, control, 
information, ,and frame check sequence. The flag fields 

, (F) form the boundary of the frame and all other fields 
are positionally related to one of the two flags. All 
frames start with an opening flag and end with a clOSing 
flag. Flags are used for frame synchronization. They 
also may serve as time,fill characters between frames. 
(There are no intraframe time·fill characters in SDLe as 
there are in Bi·Sync.) The opening flag serves as a refer· 
ence point for the address (A) and control (e) fields. The 
frame check sequence (FCS) is referenced from the 
closing flag. All flags have the ,binary configuration 
01111110 (7EH). 

SOLC is a bit·oriented protocol, that is, the receiving 
station must be able to recognize a flag (or any other 
special character) at any time, not just on an 8·bit 
boundary. This, of pourse, implies that a frame may be 
N·bits in length. (The vast majority of applications tend 
to use frames Which are multiples of 8 bits long, 
however.) 

2·146 

FRAME 
CHECK 

OPENING ADDRESS CONTROL INFORMATION SEQUENCE CLOSING 
FLAG FIELD tAl FIELD te) FIELD 111 (FCSI FLAG 

Figure 1. S[)le Frame Formal 
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The fact that the flag has a unique binary pattern would 
seem to limit the contents of the frame since a flag pat
tern might inadvertently occur within the frame. This 
would cause the receiver to think the closing flag was 
received, invalidating the frame. SOLC handles this 
situation through a technique called zero bit insertion. 
This techniques specifies that within. a frame a binary 0 
be inserted by the transmitter after any succession of 
five contiguous binary 1 s. Thus, no pattern of 01111110 
is ever transmitted by chance. On the receiving end, 
after the opening flag is detected, the receiver removes 
any 0 following 5 consecutive 1s. The inserted and 
deleted Os are not counted for error determination. 

Before discussing the address field, an explanation of 
the roles of an SOLC station is in order. SOLC specifies 
two types of stations: primary 'and secondary. The 
primary is the control station for the data link and thus 
has responsibility of the overall network. There is only 
one predetermined primary station, all other stations on 
the link assume the secondary station role. In general, a 
secondary station speaks only when spoken to. In other 
words, the primary polls the secondaries for responses. 
In order to specify a specific secondary, each secondary 
is assigned a unique B-bit address. It is this address that 
is used in the frame's address field. 

When the primary transmits a frame to a, specific sec
ondary, the address field contains the secondary's ad
dress. When responding, the secondary uses its own 
address in the address field. The primary is never iden
tified. This ensures that the primary knows which of 
many secondaries is responding' since the primary may 
have many messages outstanding at various secondary 
stations. In addition to the specific secondary address, 
an address common to all secondaries may be used for 
various purposes. (An al11s address field is usually used 
for this "All Parties" address.) Even though the primary 
may use this common address, the secondaries are ex
pected to respond with their unique address. The 
address field is always the first 8 bits following the 
opening flag. 

The 8 bits following the address field form the control 
field. The control field embodies the link-level control of 
SOLC. A detailed explanation of the commands and 
responses contained in this field is beyond the scope of 
this application note. Suffice it to say that it is in the 
control field that the implied acknowledgement is car
ried out through the, use of frame sequence numbers. 
None of the currently available SOLC single chip con
trollers utilize the control field. They simply pass it to 
the processor for' analysis. Readers wishing a more 
detailed explanation of the control field, or of SOLC in 
general, should consult the IBM documents referenced 
on the front page overleaf. 

In some types of frames, an information field follows 
the control field. Frames used strictly for link manage
ment mayor may not contain one. When an information 
field is used, it is unrestricted in both content and 
length. This code transparency is made possible 
because of the zero bit insertion mentioned earlier and 
the bit-oriented nature of SOLC. Even main memory core 
dumps may be transmitted because of this capability. 
This feature is unique to bit-oriented protocols. Like the 

control field, the information field is not interpreted by 
the SOLC device; it is merely transferred to and from 
memory to be operated on and interpreted by the 
processor. 

The final field is the frame check sequence (FCS). The 
FCS, is the 16 bits immediately preceding the closing 
flag. This 16-bit field is used for error detection through 
a Cyclic Redundancy Checkword (CRC). The 16-bit 
transmitted CRC is the, complement of the remainder 
obtained when the A, C, and I fields are "divided" by a 
generating polynomial. The receiver accumulates the A, 
C, and I fields and also theFCS into its internal CRC 
register. At the closing flag, this register contains one 
particular number for an error-free reception. If this 
number is not obtained, the frame, was received in error 
and should be discarded. Discarding the frame causes 
the station to not update its frame sequence numbering. 
This results in a retransmission after the station sends 
an acknowledgement from previous frames. [Unlike all 
other fields, the FCS is transmitted MSB (Most Signifi
cant Bit) first. The A, C, and I fields are transmitted LSB 
(Least Significant Bit) first.] The details of how the FCS 
is generated and checked is beyond, the scope of this 
application note and since all single component SOLC 
controllers handle this function automatically, it is 
usually sufficient to know only that an error has or has 
not occurred. The IBM documents contain more detailed 
Information for those readers desiring it. 

The closing flag terminates the frame. When the closing 
flag is received, the receiver knows that the preceding 
16 bits constitute the FCS and that any bits between the 
control field and the FCS constitute the information 
field. 

SOLC does not support an interframe time-fill character 
such as the SYN character in Bi-Sync. If an unusual con
ditiori occurs while transmitting, such as data is not 
available in time from memory or CTS (Clear-to-Send) is 
lost from the modem, the transmitter aborts the frame 
by sending an Abort character to notify the receiver to 
invalidate the frame. The Abort character consists of 
eight contiguous 1s sent without zero bit insertion. In
traframe time-fill consists of either flags, Abort charac
ters, or any combination of the two. 

While the Abort character protects the receiver from 
transmitted errors, errors introduced by the transmis
sion medium are discovered at the receiver through the 
FCS check and a check for invalid frames. Invalid 
frames are those which are not bounded by flags or are 
too short, that is, less than 32 bits between flags. All in
valid frames are ignored by the receiver. 

Although SOLC is a synchronous protocol, it provides 
an optional feature that allows its use on basically asyn
chronous data links - NRZI (Non-Return-to-Zero
Inverted) coding. NRZI coding specifies that the signal 
condition does not change for transmitting a binary 1, 
while a binary 0 causes a change of state. Figure 2 illus
trates NRZI coding compared to the normal NRZ. NRZI 
coding guarantees that an active line will have a transi
tion at least every 5-bit times; long strings of zeroes 
cause a transition every bit time, while long strings of 1 s 
are broken up by zero bit insertion. Since asynchronous 
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operation .requires that the receiver sampling clock be 
derived from the received data, NRZI encoding plus zero 
bit insertion make the design of clock recovery circuitry 
easier. . 

All of the previous discussion has applied to SOLCon 
either point-to-point or multi-point data networks, SOLC 
(but not HOLC) also includes specification for. a loop 
configuration. Figure 3 compares these three configura
tions. IBM uses this loop configuration in its 3650 Retail 
Store System. It consists of a single loop controller sta
tion with one or more down-loop secondary stations. 
Communications on a loop rely on the secondary sta
tions repeating a received .message down loop with a 
delay of one bit time. The reason for the one bit delay 
will be evident shortly. 

DATA 1 o 

SIT SAMPLE I I J I J J J J J' J 
NRZ 

NRZI 

Figure 2. NRZI ys NRZ Encoding 

POINT·TO·POINT 

SECONDARY 

MULTI· POINT 

Loop operation ·defines a new special character: the 
EOP (End-of-PolI) character which consists. of a 0 fol
lowed by 7 contiguous, non-zero bit inserted, ones. After 
the loop controller transmits a message, it idles the line 
(sends aI11s). The final zero of the closing flag plus the 
first 7 1s of the idle form anEOP character. While 
repeating, the secondaries monitor their incoming line 
for an EOP character. When an EOP is detected, the 
secondary checks to see if it has a message to·transmit. 
If it does, it changes the seventh 1 to a 0 (the one bit 
delay allows time for this) and repeats the modified EOP 
(now alias flag). After this flag is transmitted, the sec
ondary terminates its repeater function and inserts its 
message (with multiple preceding flags if necessary). 
After the closing flag, the secondary resumes its orie bit 
delay repeater function. Notice that the final zero of the 
secondary's clo~ing flag plu~ the repeated 1s from .the 
controller form an EOP for' the next down-loop sec
ondary, allowing it to. insert a message if it desires. 

One might wonder if the secondary missed any mes
sages from the controller while it was inserting its own 
message. It does not. Loop operation is basically half
duplex. The controller waits until it receives an EOP 
before it transmits its next message. The controller's 
reception of the EOP signifies that the original message 
has propagated around the loop followed by any mes
sages inserted by the secondaries. Notice that second
aries cannot communicate with one another directly, all 
sec'ondary-to-secondary communication takes place by 
way' of the controller. 

LOOP 

Figure .3 .. Network Configurations 
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Loop protocol does not utilize the normal Abort charac
ter. Instead, an abort is accomplished by simply trans
mitting a flag character. Down loop, the receiver sees 
the abort as a frame which is either too short (if the 
abort occurred early in the frame) or one with an FCS 
error. Either results in a discarded frame. For more 
details on loop operation, please refer to 'the IBM 
documents referenced earlier. 

Another protocol very similar to SOLC which the 8273 
supports is HOLC (High-Level Data Link Control). There 
are only three basic differences between the two: HOLC 
offers extended address and control fields, and the 
HLOC Abort character is 7 contiguous 1s as opposed to 
SOLC's 8 contiguous 1s. 

Extended addressing, beyond the 256 unique addresses 
possible with SOLC, is provided by using the address 
field's least significant bit as the extended address 
modifier. The receiver examines this bit to determine if 
the octet should be interpreted as the final address 
octet. As long as the bit is 0, the octet that contains it is 
considered an extended address. The first time the bit is 
a 1, the receiver interprets that octet as the final address 
octet. Thus the address field may be extended to any 
number of octets. Extended addressing is illustrated in 
Figure 4a. 

A similar technique is used to extend the control field 
although the extension is limited to only one extra con
trol octet. Figure 4b illustrates control field extension. 

Those readers not yet asleep may have noticed the simi
larity between the SOLC loop EOP character (a 0 follow
ed by 7 1s) and the HOLC Abort (7 1s). This possible in
compatibility is neatly handled by the HOLC protocol 
not specifying a loop configuration. 

This completes our brief discussion of the SOLC/HOLC 
protocols, Now let us turn to the 8273 in particular and 
discuss its hardware aspects through an explanation of 
the block diagram and generalized system schematics. 

EXTENSION BITS 

-... INDICATES LAST ADDRESS BYTE 

FIRST BIT TRANSMITTED (LSD FIRSTI 

A. HOLe ADDRESS FIELD EXTENSION 

Figure 4a 

EXTENSION BIT (1 MAXI 

flAG I A I i c, I C2 I I, I Ii I Fes1·1 FCS21 FLAG 

B. HOLe CONTROL FIELD EXTENSION 

Figure 4b 

BASIC 8273 OPERATION 

It will be helpful for the following discussions to have 
some idea of the basic operation of the 8273. Each 
operation, whether it is a frame transmission, reception 
or port read, etc., is comprised of three phases: the 
Command, Execution, and Result phases. Figure 5 
shows the sequence of these phases. As an illustration 
of this sequence, let us look at the transmit operation. 

,Figure 5. 8273 Operational Phases 

When the CPU decides it is time to transmit a frame, the 
Command phase is entered by the CPU issuing a Trans
mit Frame command to, the 8273. It is not sufficient to 
just instruct the 8273 to transmit. The frame level com
mand structure sometimes requires more iriformation 
such as frame length and address and control field con
tent. Once this additional information is supplied, the' 
Command phase is complete and the Execution phase 
is entered. It is during the Execution phase that the 
actual operation, in this case a frame transmission, 
takes place. The 8273 transmits the opening flag, A and 
C fields, the specified number of I field bytes, inserts 
the FCS, and closes with the closing flag. Once the clos
ing flag is transmitted, the 8273 leaves the Execution 
phase and begins the Result phase. During the Result 
phase the 8273 notifies the CPU of the outcome of the 
command by supplying interrupt results. In this case, 
the results would be either that the frame is complete or 
that some error condition causes the transmission to be 
aborted. Once the CPU reads all of the results (there is 
only one for the Transmit Frame command), the Result 
phase and consequently the operation, is complete. 
Now that we have a general feeling for the operation of 
the 8273, let us discuss'the 8273 in detail. 

HARDWARE ASPECTS OF THE 8273 

The 8273 block diagramis shown in Figure 6. It consists 
of two major interfaces: the CPU module interface and 
the modem interface. Let's discuss each, interface 
separately. 
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REGISTERS 

TxlfR" ' 

RxllR 

TEST MODE 

DBO_7 

TxDRO----I 

TxDACK ----at 
RxDRO ---,--; 

RxDACK ----01 

Ril----OI 
WR--,---of 
CS----of 
Ao----I 
Al----1 

',' ',', ~ 

DATA 
TRANSFER 

LOGIC 

READI 
WRITEI 

CONTROL 
LOGIC 

r-'---~"-'---'---+' FLAG'DETECT 

r-'-~-'---'--~--~ 

i---'---'--'--~ CTS " ' 

r'--'--'----'-'- ,RTS 

TxC 

DATA TxD 
TIMING 
LOGIC RxC 

RxD 

I DPLi. 
'32XCLK ' 

_'NTERNAL 
DATA BUS 

RESET ----'--' 

OCLK-----....J 
TxlNT ______ -' 

RxlNT _______ --' 

'CPU MODULE INTERFACE MODEM INTERFACE 

Figure 6. ,8273 Block Diagram 

CPU Interlace 

The CPU interface consists of four major blocks: 'Con
trol/Read/Write logic (C/R/W), internal registers, data 
transfer lo'giC" and data bus buffers., ' , • 

The CPU mod,ule utilizes the C/R/W logic to issue com~ 
mands to the 8273. Once the 8273 receives a command' 
and executes it, it returns the results (good/bad comple
tion) of the, command by, way of the C/R/W logic. The 
C/R/W logic is supported by seven registers which are 
addressed via the Ao, A" RD, and WRsignals, in addi: 
tion to CS. The Ao and A, signals are,generally derived, 
from the two, low order bits of the CPU module address 
bus while RD and WR are the normal I/O Read and Write 
signals found on the system control bus. Figure 7 
shows the address of each register using the C/R/W 
logic. The function of each register is defined, as 
follows: 

, 
ADDRESS INPUTS CON'l"ROL INPUTS 

" 

A1 Ao CS.RD CS.WR 

0 0 STATUS COMMAND 
0 1 RESULT PARAMETER 
1 0 'TxllR TEST MODE , 1, RxllR -

Figure 7. 8273 Register Selection 

Command - 8273 operations are iriitiated by writing 
the appropriate command byte into this register. 

Parameter - Many commands require more informa
tion than found in the command itself. Thisaddi
liomil information is provided by way of theparam
eter register. 

Immediate Result (Result) - The completion infor
mation (results) for commands which execute im
mediately are provided in this register. 

Transmit Interrupt Result, (TxIlR) - Results of 
transmit operations are passed to the CPU in this 
register. ; 

Receiver Interrupt Result (RxIlR) - Receive opera
tion results are passed to the 'CPU via this register. 

Status - The general status of the 8273 is provided 
in this register. The Status register supplies the 
handshaking necessary during various phases of the 
8273 operation. 

Test Mode - This register provides a software reset 
function for the 8273. ' 

The commands, parameters, and bit definition of these 
registers are discussed in the following software sec
tion. Notice that there are not specific transmit or 
receive data registers. This feature is explained in the 
data transfer logic discussion. 
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The final elements of the C/R/Wlogic are the interrupt 
lines (RxINT and TxINT). These lines notify the CPU 
module that either the transmitter or the receiver reo 
quires service; i.e., results should be read from the 
appropriate interrupt result register or a data transfer is 
required. The interrupt request remains active until all 
the associated interrupt results have been read or the 
data transfer is performed. Though using the interrupt 
lines relieves the CPU module of the task of polling the 
8273 to check if service is needed, the state of each 
interrupt line is reflected by a bit in the Status register 
and non-interrupt driven operation is possible by exam
ing the contents of these bits periodically. 

The 8273 supports two independent data interfaces 
through the data transfer logic; receive data and trans· 
mit data. These interfaces are programmable for either 
DMA or non-DMA data transfers. While the choice of the 
configuration is up to the system designer, it is based 
on the intended maximum data rate of the communica· 
tions channel. Figure 8 illustrates the transfer rate of 
data bytes that are acquired by the 8273 based on link 
data rate. Full-duplex data rates above 9600 baud usu
ally require DMA. Slower speeds mayor may not require 
DMA depending on the task load and interrupt response 
time of the processor. 

Figure 9 shows ttie 8273 in a typical DMA environment. 
Notice that a separate DMA controller, in this case the 
Intel 8257, is required. The DMA controller supplies the 
timing and addresses for the data transfers while the 
8273 manages the requesting of transfers and the actual 
counting of the data block lengths. In this case, 
elements of the data transfer interface are: 

TxDRQ: Transmit DMA Request - Asserted by the 
8273, this line requests a DMA transfer from memory 
to the 8273 for transmit. 

TxDACK: Transmit DMA Acknowledge - Returned 
by the 8257 in response to TxDRO, this line notifies 
the 8273 that a request has been granted, and pro· 
vides access to the transmitter data register. 

RxDRQ: Receiver DMA Request - Asserted by the 
8273, it requests a DMA transfer from the 8273 to 
memory for a receive operation. 

TxDACK: Receiver DMA Acknowledge - Returned by 
the 8257, it notifies the 8273 that a receive DMA cycle 
has been granted, and provides access to the 
receiver data register. 

RD: Read - Supplied by the 8257 to indicate data is 
.. ·to be read from the 8273 and placed in memory. 

WR: Write - Supplied by the 8257 to indicate data is 
to be written to the 8273 from memory. 

To request a DMA transfer the 8273 raises the appropri
ate DMA request line; let us assume it is a transmitter 
request (TxDRO). Once the 8257.obtains control of the 
system bus by way of Its HOL.D and: HLDA (hold 
acknowledge) lines, it notifies the 8273 that TxDRQ. has 
been granted by returning TxDACK and WR. The 
TxDACK and WR signals transfer data to the 8273 for a 
transmit, independent of the 8273 chip select pin (CS). A 
similar sequence of events occurs for receiver requests. 
This "hard select" of data into the transmitter or out of 

2-151 

the receiver alleviates the need for the normal transmit 
and receive data registers addressed by a combination 
of address lines, CS, and WR or RD. Competitive 
devices that do not have thiS "hard select" feature re
quire the use of an externa·, multiplexer to supply the 
correct inputs for register selection during DMA. (Do not 
forget that the SDLC controller sees both the addresses 
and control signals supplied by the DMA controller dur
ing DMA cycles.) Let us look at typical frame transmit 
and frame receive sequences tei better see how the 8273 
truly manages the DMA data tran$fer. . 

Before a frame can be transmitted, theDMA controller is 
supplied, by the CPU, the starting address for the 
desired information field. The 8273 is then commanded 
to transmit a frame. (Just how this is done is covered 
later during our software discussion.) After. the com· 
mand, but before transmission begins, the 8273 needs a 
little more information (parameters). Four ·parameters 
are required ,for the transmit frame command: the ad· 
dress field byte, the control field byte, and two bytes 
which are the least significant and most significant 
bytes of the information field byte length. Once all four 
parameters i1re loaded, the 8273 makes RTS (Request·to· 
Send) active and waits for CTS (Clear-to-Send) to go ac
tive. Once CTS is active, the 8273 starts the frame trans· 
mission. While the 8273 is tran~mitting the opening flag, 
address field, and control field; it starts making trans
mitter DMA requests. These requests continue ai char
acter (byte) boundaries until the pre·loaded number of 
bytes of information field have been transmitted. At this 
point the requests stop, the FCS and closing flag are 
transmitted, and the TxlNT line is 'raised, signaling the 
CPU that the frame transmission is complete. Notice 
that after the initial comm~rid and parameter loading, 
absolutely no CPU intervention was required (Since 
DMA is used for data transfers) until the entire frame 
was transmitted. Now let's look at a frame reception. 

8m, 

sec/byte 

800 .• s 

80 .. $ 

I t~ 

100 lK 10K lOOK 

BAUD RATE (bps! 

Figure 8. Byte Transfer Rate vs Baud Rate 

ORal 'OR 
-CONTROL 

RD BUS 

'OW 
WR 

07-00 

~ I I-OATA BUS 

Figure 9. DMA, Interrupt· Driven System 
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The receiver, operation is very similar. Like the initial 
transmit sequen<::e, the DMA controller is loaded with a 
starting address for a receiver data buffer and the 8273 
is commanded to receive. Unlike the transmitter,there 
are two different receive commands: General Receive, 
where all' received frames are transferred to memory, 
arid Selective Receive, where only fra,mes having an ad
dress field matching one of two preprogrammed ,8273 
address fields are transferred to memory. Let's assume 
for now that·we want to general receive. After the 
receive command, two parameters are required before 
the receiver becomes active: the least significant and 
most significant bytes of the receiver buffer length. 
Once these bytes are loaded, the receiver is active and 
the CPU may return to' other tasks. The next frame 
appearing at the receiver input is transferred to memory 
using receiver DMA requests. When the closing flag is 
received, the 8273 checks the FCS and raises its RxlNT 
line. The CPU can then read the results which indicate if 
the frame was error-free or not. (If the received frame 
had been longer than the pre-loaded buffer length, the 
CPU would have been notifiedof that occurrence earlier 
with a receiver error interrupt. The command description 
section contains a complete list of error conditions.) 
Like the transmit example, after the initial command, 
the CPU is free for other tasks until a frame is com
pletely received. These examples have illustrated the 
8273's management of both the receiver and transmitter 
DMA channels. 

It is possible to use the DMA data transfer interface in a 
non,DMA interrupt-driven environment. In this case, 4 in
terrupt levels are used: one each for TxlNTand RxINT, 
and one each for TxDRO and, RxDRO. This configuration 
is shown in Figure 10. This configuration offers the 
advantages that no DMA controller is required and data 
requests are still separated from result (comp.letion) re
quests. The disadvantages of the configuration are that 
4 interrupt levels are required and that the CPU must ac
tually supply the data transfers. This, of course, reduces 
the maximum data rate compared to the configuration 
based strictly on DMA. This system could use an Intel 
8259 8-level Priority Interrupt Controller to supply a vec
tored CALL (subroutine) address based on requests on 
its inputs. The 8273 transmitter and receiver make data 
requests by raising the respective DRO line. The CPU is 
interrupted by the 8259 and vectored to a data transfer 
routine. This routine either writes (for transmit) or reads 
(for receive) the 8273 using the respective TxDACK or 
RxDACK line. As in the case above, the DACK lines 
serve as "hard" chip selects into and out of the 8273. 
(TxDACK + WR writes data into the 8273 for transmit. 
RxDACK + RD reads data from the 8273 for receive.) 
The CPU is notified of operation completion and results 
by way of TxlNT and RxINT, lines. Using the 8273, and 
the 8259, in this way, provides a very effective, yet sim-
ple, interrupt-driven interface. ' 

Figure 11 illustrates a system very similar to that 
described above. This system utilizes the 8273 in a non
DMA data transfer mode as opposed to the two DMA ap
proaches shown in Figures 9 and 10. In the non-DMA 
case, data transfer requests are made on the TxlNT and 
RxlNT lines. The DRO lines are not used. Data transfer 
requests are separated from result requests by a bit in 

the 'Status register. Thus, in response to an interrupt, 
the CPU reads the Status register and branches to either 
a resuH or a data transfer routine based on the status' of 
one bit. As before, data t'ransfers are made via using the 
DACK lines as chip selects to the transmitter and 
receiver data registers. 

eS AD A1 D7-DO 

~~-, ... 
Figure 10. Interrupt· Based DMA System 

-CONTROL 
BUS· 

TxDACK RD lOR 

8273 
lOW 

RxDACK WR 

CS AD Al D1-DO 

.~ I-DATA BUS 

Figure 11. Non·DMA Interrupt· Driven System 

Figure 12 illustrates the simplest system of all. This 
system utilizes polling for all data transfers and results. 
Since the interrupt pins are ,reflected in bits, in the 
Status register, the software can read the Status 
register periodically looking for orie of these to be set. If 
it finds an INT bit set, the appropriate Result Available 
bit is examined to determine if the ,"interrupt" is a data 
transfer or completion result. If a data transfer is called 
for, the DACK line is used to enter or read the data,from 
the 8273. lithe interrupt is a completion result, the ap
propriate result register is read to determine the goodl 
'bad completion of the operation. 

The actual selection of either DMA or non-DMA modes 
is controlled by a command issued during initial,ization. 
This command is covered in detail during the software 
discussion."'" 
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The final block of the CPU module interface is the Data 
Bus Buffer. This block supplies the tri·state, bidlrec· 
tional data bus interface to allow communication to and 
from the 8273. 

Modem Interface 

As the name implies, the modem interface is the modem 
side of the 8273. It c'onsists of two major blocks: the 
modem control block and the serial data timing block. 

The modem control block provides both dedicated and 
user·defined modem control functions. All signals sup· 
ported by this interface are active low so that EIA 
inverting drivers (MC1488) and inverting receivers 
(MC1489) may be used to interface to standard modems. 

Port A is a modem control input port. Its representation 
on the data bus is shown in Figure 13. Bits Do and D, 
have dedicated functions. Do reflects the logical state of 
the CTS (Clear·to·Send) pin. [If CTS is active (low), Do is a 
1.) This signal is used to condition the start of a trans· 
mission. The 8273 waits until CTS is active before it 
starts transmitting a frame. While transmitting, if CTS 
goes inactive, the frame is aborted and the CPU is inter· 
rupted. When the CPU reads the interrupt result, a CTS 
failure is indicated. 

D, reflects the logical state of the CD (Carrier Detect) 
pin. CD is used to condition the start of a frame recep· 
tion. CD must be active in time for a frame's address 
field. If CD is lost (goes inactive) while receiving a frame, 
an interrupt is generated with a CD failure result. CD 
may go inactive between frames. 

Bits D2 thru D4 reflect the logical state of the PA2 thru 
PA4 pins respectively. These inputs are user defined. 
The 8273 does not interrogate or manipulate these bits. 
Bits D5, De,and D7 are not used and 'each is read as a 1 
for a Read Pori A command. 

Port B is· a modem control output port. Its data bus 
representation is shown in Figure 14. As in Port A, the 
bit values represent the logical condition of the pins. Do 
and D5 are dedicated function outputs. Do represents 
the RTS (Request-to-Send) pin. RTS is normally used to 
notify the modem that the 8273 wishes to-transmit. This 

. function is handled automatically by the 8273. If RTS is 
inactive (pin is high) when the 8273 is commanded to 
transmit, the 8273 makes it active and then waits for 
CTS before transmitting the frame. One byte time after 
the end of the frame, the 8273 returns RTS to its inactive 
state. However, if RTS was active when a transmit com
mand is Issued, the 8?73 leaves it active when the frame. 
is complete_ 

Bit D5 reflects the state of the Flag Detect pin. This pin 
is activated whenever an active receiver sees a flag 
character. This function is useful to activate a timer for 
line activity timeout purposes_ 

Bits D, thru D4 provide four user-defined outputs. Pins 
PB1 thru PB4 reflect the logical state of these bits. The 
8273 does not interrogate or manipulate these bits. De 
and D7 are not used. In addition to being able to output 
to Port B, Port B may be read using a Read Port B com
mand. All Modem control output pins are forced high on 

reset. (All commands mentioned in this section a~e 
covered in detail later.). 

The final block to be covered is the serial data timing 
block. This block contains two sections: the serial data 
logic and the digital phase locked loop (DPLL). 

Elements of the serial data logic section are the data 
pins, TxD (transmit data output) and RxD (receive data 
input), and the respective data clocks, TxC and RxC. The 
transmit and receive data is synchronized by the TxC 
and RxC clocks. Figure 15 shows the timing for these 
signals. The leading edge (negative tranSition) of TxC 
generates new transmit data and the trailing edge 
(positive transition) of RxC is used to capture the 
receive data. 

It is possible to reconfigure this section under program 
control to perform diagnostic functions; both data and 
clock loopback are available. In data loopback mode, the 
TxD pin is internally routed to the RxD pin. This allows 
simple board checkout since the CPU can send an SDLC 
message 10 itself. (Note that transmitted data will still 
appear on the TxD pin.) 
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Ne Ne NC Ne 

I-OATA'SUS 

Figure 12. Polled System 

Figure 13. Port A (Input) Bit Definition 

I I~ 
1

··.·1 I I ~ :~~ -, REaUEST TO SEND 

. '-----P02 I USER·DEFINED OUTPUTS 
'------PO, 

PO, 
'--------FLAG DETECT 

Figure 14. Port B (Output) Bit Definition 
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When data loopback is utilized, the receiver may be 
presented incorrect sample timing (RxC) by theexte'rmil 
circuitry. Clock loopback overcomes this problem by 
allowing the internal routing of TxC .and RxC~ Thus the 
same clock used to. transmit the data is used to receive 
it. Examination of Figure 15 shows that this method en· 
sures bit synchronism. The iinal element of t.he serial 
data logic is the Digital Phase Locked Loop. 

The DPLL provides a means of clock recovery from the 
received data stream. This feature allows the 8273 to in
terface without external synchronizing logic to low cost. 
asynchronous modems (modems which do not supply 
clocks). It also mflkes the problem of clock timing in 
loop configurations trivial. . 

To use the DPLL,a clock at 32 times the required baud 
rate must be supplied to the 32 x CLK pin. This clock 
provides the interval that the DPLL samples the received 
data. The DPLL uses the 32 x. clock and the received 
data to generate a pulse at the DPLL output pin. This 
DPLL pulse .is positioned at the nominal center of the 
received data bit cell. Thus the DPLL output may be 
wired to RxC and/or TxC to supply the data timing. The 
exact position of the pulse is varied depending on the 
line noise and bit distortion of the received data. The ad
justment of the DPLL position is determined according 
to the rules outlined in Figure 16. 

Adjustments to the sample phase of DPLL with respect 
to the received data is made in discrete increments. 
Referring to Figure 16, following the occurrence of 
DPLL pulse A, the DPLL counts 32 x CLK pulses and ex
amines the received data for a data edge. Should no 
edge be detected in 32 pulses, the DPLL positions the 
next DPLL pulse (8) at 32 clock pulses from pulse A. 
Since no new phase information is contained in the data 
stream, the sample phase is assumed to be at nominal 
1 x baud rate. Now assume a data edge occurs after 

IJI5II pulse 8. The distance frOm 8 to the next pulse C is 
influenced according to which quadrant (A" 8" 82, or 
A2) the data: edge falls in: (Each quadrant represents a 
32 x CLK times.) For example, if the edge is detected in 
quadrant A" it is apparent that pulse 8 was too close to 
the data edge and the time to the next pulse must be 
shortened. The adjustment for quadrant A, is specified 
as - 2. Thus, the next DPII. pulse, pulse C, is posi
tioned 32 - 2 or 30' 32 x CLK pulses following DPLL 
pulse 8. This adjustment moves pulse C closer to the 
nominal bit center of the next received data ceH. A data 
edge occurring in quadrant 82 would have caused the 
adjustment to be small, namely 32 + 1 or 33 32 x CLK 
pulses. Using this technique, the DPLL pulse converges 
to the nominal bit center within 12 data transitions. 
worse case - 4-bit times adjusting through quadrant A, 
or A2 and a-bit timesadjusting through 8, or 82, 

i.e 

hO =>C--'---J 

:::~ 
Figure 15. 'Transmil/Recelve Timing 

, BIT TIME 
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NO TRANSITION 
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I 

ADJUSTMENT 1 -2 1 -1 I +1 ·1 +2 I. 
Figure 16. DPLL Phase. Adjustments". 

2-154 00743A 



When the receive data stream goes idle after 15 ones, 
DPLL pulses are generated at 32 pulse intervals of the 
32x CLK. This feature allows the DPLL pulses to be 
used as both transmitter and receiver clocks. 

In order to guarantee sufficient transitions of the reo 
ceived data to enable the DPLL to lock, NRZI encoding 
of the data is recommended. This ensures that, within a 
frame, data transitions occur at least every five bit times 
- the longest sequence of 1 s which may be transmitted 
with zero bit insertion. It is also recommended that 
frames following a line idle be transmitted with pre
frame sync characters which provide a minimum of 12 
transitions. This ensures that the DPLL is generating 
DPLL pulses at the nominal bit centers in time for the 
opening flag. (Two OOH characters meet this require· 
ment by supplying 16 transitions with NRZI encoding. 
The 8273 contains a mode which supplies such a pre
frame sync.) 

Figure 17 illustrates 8273 clock configurations using 
either synchronous or asynchronous modems. Notice 
how the DPLL output is used for both TxC and RxC in 
the asynchronous case. This feature eliminates the 
need for external clock generation logic where low cost) 
asynchronous modems are used and also allows direct 
connection of 8273s for the ultimate in low cost data 
links. The configuration for loop applications is dis· 
cussed in a following section. 

This completes our discussion of the hardware aspects 
of the 8273. Its software aspects are now discussed. 

SOFTWARE ASPECTS OF THE 8273 

The software aspects of the 8273 involve the communi· 
cation of both commands from the CPU to the 8273 and 
the return of results of those commands from the 8273 

-= NC 

to the CPU. Due to the internal processor architecture of 
the 8273, this CPU-8273 communication is basically a 
form of interprocessor communication. Such communi
cation usually requires a form of protocol of its own. 
This protocol is implemented through use of handshak
ing supplied in the 8273 Status register. The bit defini
tion of this register is shown in Figure 18. 

CBSY: Command Busy - CBSY indicates when the 
8273 is in the command phase. CBSY is set when the 
CPU writes a command into the Command register, 
starting the Command phase. It is reset when the last 
parameter is deposited in the Parameter register and 
accepted by the 8273, completing the Command 
phase. 

CBF: Command Buffer Full - When set, this bit in
dicates that a byte is present in the Command 
register. This bit is normally not used. 

CPBF: Command Parameter Buffer Full - This bit in
dicates that the .parameter register contains a 
parameter. It is set when the CPU deposits a 
parameter in the Parameter register. It is reset when 
the 8273 accepts the parameter. 

CRBF: Command Result Buffer Full - This bit is set 
when the 8273 places· a result from an immediate 
type command in the Result register. It is reset when 
the CPU reads the result from the Result register. 

RxINT: Receiver Interrupt - The state of the RxlNT 
pin is reflected by this bit. RxlNT is set by the 8273 
whenever the receiver needs serVicing. RxlNT is reset 
when the CPU reads the results or performs the data 
transfer. 

TxINT: Transmitter Interrupt - This bit is identical to 
RxlNT except action is initiated based on transmitter 
interrupt sources. 

SYNC 
MODEM 

SYNCHRONOUS MODEM INTERFACE 

32X 
CLOCK 

ASYNCHRONOUS MODEM INTERFACE 

Figure 17 .. Serial Data Timing Configuration 
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RxIRA: Receiver Interrupt Result Available - RxlRA 
is set when the 8273 places an interrupt res,ult byte 
into the RxlIR register. RxlRA is reset when the CPU 
reads the RxllR register. 

TxIRA: 7,ansmitter Interrupt Result Available -' 
TxlRA is the corresponding Result Available bit for 
the transmitter. It is set when the 8273 places an in
terrupt result byte in the TxllR register and reset 
when the CPU reads the register. 

The signiti"cance of each of these bits willbe evident 
shortly. Since the' software requirements of each 
8273 phase are essentially independent, each phase 
is covered separately: ' . 

TdRA - TIlINT RESULT AVAILABLE 

R.dRA - AdNT RESULT AVAILABLE 

lJ=~=== hiNT - Til INTERRUPT RdNT - R~ INTERRUPT 
CRBF - COMMAND RESULT 

- BUFFER FULL 
'---------CPBF - COMMAND PARAMETER 

BUFFER FULL 

'----------CBF - COMMAND ~UFFER FULL 
'--------,-----eBSY - COMMAND BUSY 

Figure 18. Status Register Format 

Command Phase Software 

Recalling the Command phase description in an earlier 
section, the CPU starts the Command phase by writing a 
command byte into the 8273 Command register. If fur
thei information about the command is required,by the 
8273,the CPU writes this inforination into the Parameter' 
register. Figure 19 is a flowchart of the Command 
phase. Notice that the CBSY and CPBF bits of the 
Status register are used to handshake the command 
and parameter bytes. Also note that the chart shows 
that a command may not be issued if the Status register 
indicates the 8273 is busy (CBSY = 1). If a command is 
issued while CBSY = 1, the original command is over
written and lost. (Remember that CBSY signifies the 
command phase is in progress and not the actual execu
tion of the command.) The flowchart also includes a 
Parameter buffer full check. The CPU must wait until 
CPBF = 0 before writing a parameter to the Parameter 
register. If a parameter is issued while CpEiF= 1, the 
previous parameter is overwritten and lost. An example 
of command output assembly language software is pro
vided in Figure 20a. This software assumes that a com
mand buffer exists in memory. The buffer is pointed at 
by the HL register. Figure 20b shows the command buf
fer structure. 

The 8273 is a full duplex device, Le., both the transmitter 
and receiver may be executing commands or passing in-" 
terrupt resultsat any given time. (Separate Rx and Tx in
terrupt pins and result registers are provided for this 
reason.) However, there is only one Command register. 
Thus, the Command register must be used for only one 
command sequence at a time and the transmitter" arid 
receiver may never be simultaneously in a command" 

phase. A detailed description of the commands and 
their parameters is presented in a following section. 
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Figure 19_ Command Phase Flowchart 

,FUNCTION, COMMAND DISPATCHER 
,INPUTS, HL - COMMAND BUFFER ADDRESS 
,OUTPUTS. NONE 
,CALLS i NONE 
: DESTROYS: A,B,H,L,F/F'S 
,DESCRIPTION. CMDOUT ISSUES THE COMMAND + PARAMETERS 
,IN THE COMMAND BUFFER POINTED AT BY HL , 
CMDOUT, ,LXI, 

MOV 
INX 

CMDI. IN 
RLC 
JC 
HOV 
OUT 

CHD2, MOV 
ANA 
RZ 

,INX 
DCR 

CMD3. IN 
ANI 
JNZ' 
HOV 
OUT 
JMP 

H,CMDBUF;POINT HL AT BUFFER 
B. H ,1ST ENTRY IS PAR _ COUNT 
H ,POINT AT COMMAND BYTE 
STAT73 ,READ 8271 STATUS 
: ROTATE CBSY INTO CARRY 
CMDI ,WAIT UNTIL CBSY=0 
ArM ;MOVE COMMAND BYTE TO A 
COHM71 ,PUT COMMAND IN COMHAND REG 
A,B . :GET PARAMETER COUNT 
A ;TEST IF ZERO 
r IF " THEN DONE ' 
H ;NOT DONE, SO POINT AT NEXT PAR 
B· r DEC PARAMETER COUNT 

'STAT7J ,READ 8271 STATUS 
CPBF ,TEST CPBF BIT 
CMD3 ,WAIT UNTIL CPBF IS 9 
A,M ;GET PARAMETER FROM BtJFFER 
PARM73 ,OUTPUT PAR TO PARAMETER REG 
CMD2 ,CHECK IF MORE PARAMETERS 

Figure 20A. Command Phase Sollwar. 
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+4 PARAMETER 3 

+3 PARAMETER 2 

+2 PARAMETER 1 

+1 COMMAND 

CMDBUF: PARAMETER COUNT -HL 

Figure 20B. Command Buller Format 

Exe,cutionPhase Software 

During the Execution phase, the operation speci'fied by 
the Command phase is performed. If the system utilizes 
DMA for data transfers, ihere is no CPU involvement 
during this phase, so no software is required. If non
DMA data transfers are used, either interrupts or polling 
is used to signal a data transfer request. 

For interrupt-driven transfers the 8273 raises the appro· 
priate INT pin. When responding to the interrupt, the 
CPU must determine whether it is a data transfer reo 
quest or an interrupt signaling that an operation is com· 
plete and results are available. The CPU determines the 
cause by reading the Status register and interrogating 
the associated IRA (Interrupt Result Available) bit (Tx
IRA. forTxlNT and RxlRA for RxINT). If the IRA = 0, the in
terrupt is a data transfer request. If the IRA = 1, an 
operation is complete and the associated Interrupt 
Result register must be read to determine the comple
tion status (good/bad/etc.). A software interrupt handler 
implementing the above sequence is presented as part 
of the Result phase software. 

When pollillg is used to determine when data transfers 
are required, the polling routine reads the Status 
register looking for one of the INT bits to be set. When a 
set INT bit is found, the corresponding IRA bit is ex
amined. Like in the interrupt·driven case, if the IRA = 0, a 
data transfer is required. If IRA= 1, an operation is com· 
plete and the Interrupt Result register needs to be read. 
Again, example polling software is presented in the next 
section. 

Result Phase Software 

During the Result phase the 8273 notifies the CPU of the 
outcome of a command. The Result phase is initiated by 
either a successful completion of an operation or an er
ror detected during execution. Some commands such 
as reading or writing the 110 ports provide immediate 
results, that is, there is essentially no delay from the 
issuing of the command and when the result is avail
able. Other commands such as frame transmit, take 
time to complete so their result is not available im
mediately. Separate result registers are provided to 
distinguish these two types of commands and to avoid 
interrupt handling for simple results. ' 

Immediate results are provided in the Result register. 
Validity of information in this register is indicated to the 
CPU by way of the CRBF bit in the Status register. When 
the CPU completes the Command phase of an im
mediate command, it polls the Status register waiting 
until CRBF = 1. When this occurs, the CPU may read the 

Result register to obtain the immediate result. The 
Result register provides only the results from immedi· 
ate commands. 

Example software for handling immediate results is 
shown in Figure 21. The routine returns with the result 
in the accumulator. The CPU then uses the resLJIt as is 
appropriate. 

All non-immediate commands deal with either the trans
mitter or receiver. Results from these commands' are 
provided in the TxllR (Transmit 'Interrupt Result) and 
RxllR (Receive Interrupt' Result) registers respectively. 
Results in these registers are conveyed to the CPU by 
the TxlRA and RxlRA bits of the Status register. Results 
of non-immediate commands consist of one byte result 
interrupt code indicating the condition for the interrupt 
and, if required, one or more bytes su,pplying additional 
information. The interrupt codes and the meaning of the 
additional results are covered following the, detailed 
command description. 

Non-immediate results are passed to the CPU in 
response to either interrupts or polling of the Status 
register. Figure 22 illustrates an interrupt-driven result 
handler. (Please note that all of the software presented 
in this application note is not optimized for either speed 
or code efficiency. They are provided as a guide and to 
illustrate concepts.) This handler provides for interrupt· 
driven data transfers as was promised in the last sec· 
tion. Users employing DMA-based transfers do not need 
the lines where the IRA bit is tested for zero. (These 
lines are denoted by an asterisk in the comments col
umn.) Note that the INT bit isused to determine when all 
results have been read. All results must be read. Other
wise, the INT bit (and pin) will remain high and iurther in· 
terrupts may be missed. These routines place the 
results in a result buffer pOinted at by RCRBUF and 
TxRBUF. 

A typical result handler for systems utilizing polling is 
shown in Figure 23. Data transfers are also handled by 
this routine. This routine utilizes the routines of Figure 
22 to handle the results. 

At this point, the reader should have a good conceptual 
feel about how the 8273 operates. It is now time for the 
particulars of each command to be discussed. 
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;FUNCTION: IMDRLT 
; INPUTS: NONE 
; OU1'PUTS: RESULT REGIS'l'ER IN A 
;CALLS: !'lONE 
;DES1'ROYS: A,F/FIS 
;D£SCFPTI,ON: IMDllLT IS CALLED AF1'ER A CMDOUT FOR AN 
; ~MM~DIATE COMNAlIlu TO. READ 1'Hf." RESULT REGISTER 
; , 

IMGRL1': IN STAT71 
CkBF . 
IMDRLT 
RESL 71 
;RoTURN 

; RoAD 8271 STATUS 
;TEST If' RESULT REG RBADY 
;WAIT IF CRBF=0 
; HE-AD RESULT REGISTER 

Figure 21." Immediate Result Handler 
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,·FUNCTIDN: RXI' - INTERRUPT DRIVEN RESULT/DATA HANDLER. 
; INPUTS: ReRSUF'- RCVPNT· 
; CALLS: NDNE 
; DUTPUTS: RCRBUF; RCVPN'I! 
; DESTRDYS: NDTHING 
; DESCRIPTION: RXI IS ENTERED AT A RECEIVER INTERRUPT. 
;THE INTERRUPT IS TESTED FDR DATA TRANSFER (IRAg 0) 
lOR RESULT. (IRA-I). FDR DATA TRANSFER, THE .DATA IS 
;PLACED IN A BUFFER AT RCVPNT. RESULTS ARE PLACED IN 
; A BUFFER AT RCRBUF.· . . . . 

;A FLAG (RXFLAG) IS SET IF THE INTERRUPT WAS A RESULT. 
; (DATA TRANSFER INSTRUCTIONS ARE,DENDTED BY (*) AND 
; MAYBE ELIMINATED BY USERS USING' DMA. . 

~XI: . 

RXIl, 

RXI2: 

RXI4: 

RXI): 

.. 'PUSH 

·PUSH 
PUSH 
IN .. 

ANI,' , 
JZ 
LHLD 
IN 
ANI 
JZ' 
IN 
ANI 

,JZ 
IN 
MDV 
INX 
SHLD 

.JHP -
SHLD 
IN 
MDV 
INX 
JMP 
MVI 
'STA 
PDP 
PDP 
PDP' 
EI 
RE'l' 

H ;SAVE HL 
PSW ;SAVE PSW 
B \ ;SAVE B 
STAT71 ; (*) READ B2B STATUS 
RXIRA ; (*) TEST IRA BI'l' 
RX12 ; (,.) IF e, DA'l'A TRANSFER N.bEOBO 
RCRBUF . ; GET RESULT BUFFER PDIN'l'ER 
STAT.7l, ;READ B271 :S'l'A'l'US AGAIN 
RXINT ,TEST INT BIT 
RXI4 JIF 0, 'l'Hf:.N OON"E 
STATB ;READ B271 S'l:ATUS AGAIN 
RXIRA ;TEST IRA AGAIN' 
RXIl ;LODP UN'1'IL RESULT IS READY 

'RXIR71 ;READY, READ RXI/R . 
M,A ;STORE RESULT I~ BUFFER 
H .,' ;SUMP RESULT POINTER 
RCRBUF ,RESTDRE BUFFER PDINTER 
aXIl ;GD BACK TO. SEE IF MDkE. 
RCVPNT (*) GET DATA BUFFER PDINTER 
RCVOAT ,;. (*) READ DA'1'A VIA RXDACK 
M,A ; (*) STORE DATA IN BUFFEI< 
H' ; (*) BUMP DATA PDINTER 
RXIl' i (*)DDNE 
A,91H ; SET RX FLAG TO. SHOW COMPLE'1'ION 
RXFLAG ; COMPLETION 
B ';RESTORE Be 
PSW ; RESTORE. PSw 
H . ; RESTORB HL 
; ENABLE INTERRUPTS, 
~ DONE. 

;FUNC'1'ION: TXI - INTERRUPT DRIVEN RESULT/DATA HANDLER 
; INPUTS: 1'XRBUF, TXPNT r TXFLAG 
;OUTPU'l;S: TXliBUF, TXFNT, TXFLAG 
,"CALLS: NONE ' , 
jDESTl<OYS: NOTHING., : 
;Dt.SCRIPTION: TXI IS ENTERED AT A TRANSMI'l'TER INTERRUPT. 
;'HiE INTERRUPT IS TES'l'£D BY WAY OF THE IRA BIT TO SEE 
; IF A DATA TRANSFER DR RESULT COMPLETION. HAS OCCURED. 
;FOR DATA 'l'RANSFERS (IRA=O), THE DATA· IS OBTAINED FROM 
;A BUFF;,R LOCATION POINTED AT,. BY TXPNT. FDR CDMPLETION, 
; (IRA=I), THE RESULTS ARE READ AND PLACED AT A RESULT 
;BUFFt.R POINTED .A~ BY· TXRBUF, AND THE TXFLAG IS SET 
; TO. I~DICATE TO THE MAIN PROGRAM THAT A DPERATION IS 
;COMPLETE. TX OPERATIONS HAVE ONLY ONE 'RESULT. 
;DA'1'A TRANSFER INSTRUCTIONS ARE DENOTED BY (*). THESE 
,MYBE REMOVED BY UHRS USING DMA~ 

TXIl: 

TXI2: 

PUSH 
PUSH 
IN 
ANI 
JZ 
IN 
LHLD 
MOV 
INX 
SHLD 
MVI 
STA 
POP 
POP 
tI 
RET 
LHLD 
MOV 
OUT 
INX 
SHLD 
JMP 

H . ;SAVE HL 
PSW 
STAT73 
TXIRA 
TXI2 
TXIR73 
TXRBUF 
M,A 
H 
TXRBUF 
A,01H 
TXFLAG 
PSW 
H 
J ENABLE 
,DONE 
TXPNT 
A,M 
TXDATA 
H 

, -TXPNT 
TXIl . 

;SAVE fSW ... 
; (*j READ B273 STATUS 
; (*) TEST TXIRA BIT 
; (*) IF 0, DATA TRANSFER 
;1, THEN READ TXIR 
;GET RESULT BUFFER POINTER 
;STDRE RESULT IN BUFFER 
;BUMP RESULT POINTER ' 
; RESTORE RESULT POINTER 
;SET TXFLAG TO SHOW CDMPLETION 

·15ET FLAG 
J RESTORE PSW 
;RESTORE HL 
INTERRUPTS 

(*) 
(*) 
(*) 
(*) 
(0) 
(*) 

GET DATA POINTER' 
GET DATA FROM BUFFER 
DUTPUT TO 8273 VIA TXDACK 
BUMP DATA POINTER 
RESTDRE POINTER 
RETURN AFTER RESTORE 

Figure 22. Interrupt· Driven Result Handlers 
with Non·DMA Data Transfers 

; FUNCTION: POLDP 
; INPUTS: NONE 
;DOTPUTS: c-a (NO. STATUS), -1 (RX CDMPLETION), 
; -2 (TX CDMPLETION), -3 (BOTH) 
I CALLS: TXI, RXI 
; DESTROYS: S,C 
;DESCRIPTION: POLDP IS CALLED TO. PDLL THE B273 FOR 
;DATA TRANSFERS AND COMPLETION RESULTS. THE 
; RDUTINES TXI AND RXI ARE USED FOR THE ACTUAL 
;TRANSF£RS AND BUFFER WORK. 'PDLDP RETURNS 
;THE STATJjS OF THEIR ·ACTION. 
; 
POLOP: PUSH PSW ,SAVE PSW 

MVI C,aBH ,CLEAR C 
POLOPl: IN 'STAT73 ;READ B273 STATUS 

ANI INT ;'ARE TXINT OR RXINT SET? 
JZ PEXIT ,NO, EXIT 
IN STA'1'73 ;READ 8271 STATUS 
ANI RXINT ;Tt;ST RX .. INT 
JNZ RXIC ,YES, 'Go' SERVICE RX 
CALL TXI ; MUST BE TX, GO 5 ERVIC£ IT 
LOA TXFLAG ;GET TX .FLAG 

, CPI 01H ;WAS IT A COMP!oETION? (01) 
JNZ PEXIT ;NO, SO JUST' EXIT 
'INR C ;YES, UPDATE C 
INk C 
JMP PDLOPI ;TRY AGAI~ 

; 
l<XIC: CALL RXI. ;GO SERVICE RX 

LDA RXFLAG ;GET RX FLAG 
CPI 01H ;WAS IT A COMPLETIDN?, (01) 
JNZ PEXIT iNO, So. JUST EXIT 

- INR C ;YES, UPDATE C 
JMP PDLO!> 1 ;T~Y AGA·IN :, 

PEXIT: P,OP PSW ; RESTORE PSW 
R"'1' ;RETUR~ WITH COMPo STATUS IN C 

Figure 23, Polling Result Handler 

8273 COMMAND DESCRIPTION 

In this section, each command is discussed in detail. In 
order to shorten -the notation, please refer to the com-· 
mand key in Table 1, The .8273 utilizes five different 
command types: Initialization/Configuration, Receive, 
Transmit, Reset, and Modem Control. , 

Initialization/Configuration Commands 

The Initialization/Configuration commands manipulate 
registers'internaito the 8273 that define the various 
operating modes, These commands either set 'or reset 
specified bits in the registers'depending on the type of 
command, One parameter is required, Set commands 
perform ,a logical OR operation of the parameter (mask) 
and the internal register. This mask contains 1s where 
register bits are to be set. A 0 in the mask causes no 
change in the corresponding register bit. Reset com
mands perform a logical AND operation of the paramo 
eter (mask) and the internal register, i.e" the mask is Oto 
reset a register bit and a 1 to cause no change, Before 
presenting the commands, the register bit. definitions 
are discussed. . , . 

Bo, B, 
Ro, R, 
La, L, 
A" A2 
RIC 
TIC 
A 
C 
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TABLE 1. COMMAND SUMMARY KEY 

LSB AND MSB OF RECEIVE BUFFER LENGTH 
LSB AND MSB OF RECEIVED FRAME LENGTH 
LSB AND MSB OF TRANSMIT FRAME LENGTH 
MATCH ADDRESSES FOR SELECTIVE RECEIVE 
RECEIVER INTERRUPT RESULT CODE 
TRANSMITTER INTERRUPT RESULT CODE 
ADDRESS FIELD OF RECEIVED FRAME 
CONTROL FIELD OF RECEIVED FRAME 
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Operating Mode Register (Figure 24) 

07-06: Not Used - These bits must not be manipu
lated by any command; i.e., Or06 must be 0 for 
the Set command and 1 for the Reset command. 

0 5: HOLe Abort...:.. When this bit is set, the 8273 will 
interrupt when 7 1s (HOLC Abort) are received 
by an active receiver. When reset, an SOLC 
Abort (8 1s) will cause an interrupt. 

0 4: EOP Interrupt - Reception of an EOP character 
(0 followed by 7 1s) will cause the 8273 to inter
rupt the CPU when this bit is set. Loop con
troller stations use this mode as a signal that a 
polling frame has completed the loop. No EOP 

. interrupt is generated when this bit is reset. 

03: 'Early Tx Interrupt - This bit specifies when the 
transmitter should generate an end of frame in
terrupt. If this bit is set, an interrupt is gener
ated when the last data character has been 
passed to the 8273. If the user software issues 
another transmit command within two byte 
times, the final flag interrupt does not occur and 
the new frame is transmitted with only one flag 
of separation. If this restriction.is not met, more 
than one flag will separate the frames and a 
fra.me complete interrupt is generated after the 
closing flag. If·the bit is reset, only the frame. 
complete interrupt occurs. This bit, when set, 
allows a single flag to separate consecutive 
frames. 

O2: Buffered Address and Control - When set, the 
address and control fields of received frames 
are buffered in the 8273 and passed to the CPU 
as results after a received frame interrupt (they 
are not transferred to memory with the .informa
tion field). On transmit, the A and C fields are 

. passed to the 8273 as parameters. This mode 
simplifies buffer managemer)t. vilhen this bit is 
reset, the A and C fields are passed to and from 
memory as the first two data transfers. 

0 1: Preframe Sync - When set, the 8273 prefaces 
each transmitted frame with two characters 
before the opening flag. These two characters 
provide 16 transitions to allow synchronization 
of the opposing receiver. To guarantee 16 tran
sitions, the two characters are 55H-55H for non
NRZI mode (see Serial 110 Register description) 
or OOH-OOH for NRZI mode. When reset, no 
preframe characters are transmitted. 

Flag Stream - When set, the transmitter will 
start sending flag characters as soon as it is 
idle; i.e;, immediately If idle when the command 

. is issued or after a transmission if the transmit
ter is active when this bit is set. When reset, the 
transmitter. starts sending Idle characters on 
the next character boundary if idle already, or at 
the end of a transmission if active .. 

FLAT STREAM MODE 

PREFRAME SYNC MODE 

'------EARLY TIl INTERRUPT ENABLE 

HOLe ABORT ENABLE. L_~~======EOP INTERRUPT ENABLE 
-----NOT USED - DO NOT CHANGE 

Figure 24. Operating Mode Register 

Serial 1/0 Mode Register (Figure 25) 

0 7-03: Not Used - These bits must be 0 for the Set 
command and 1 for the Reset command. 

O2: Data Loopback- When set, transmitted data 
(TxO) is internally routed to the receive data cir
cuitry. When reset, TxO and RxO are indepen
dent. 

0 1: Clock Loopback - When set, TxC is internally 
routed to RxC. When reset, the clocks are inde
pendent. 

00: NRZI (Non-Return to Zero Inverted)- When set, 
the 8273 assumes the received data is NRZI en
coded, and NRZI encodes the transmitted data. 
When reset, the received and transmitted data 
are treated as a normal positive logic bit stream. 

Data Transfer Mode Register (Figure 26) 

0 7-01: Not Used - These bits must be 0 for the Set 
command and 1 for the Reset command. 

00: Interrupt Data Transfer - When set, the 8273 
wili.interrupt the CPU when data transfers are 
required (the corresponding IRA Status register 
bit will be 0 to signify a data transfer interrupt 
rather than a Result phase interrupt). When 
reset, 8273 data transfers are performed through 
OMA requests on the ORO pins without inter
rupting the CPU. 

¥>r3?¥¥ II LS~~~~~~~~PBAC; IL __ ---=· ===DATA LOOPBACK 
NOT USED - 00 NOT CHANGE 

Figure 25. Serial 110 Mode. Register. 

Figure 26. Data Transfer Mode Register 

2-159 00743A 



One Bit Delay Register (Figure 27) 

Di One Bit Delay - When set, the 8273 retransmits 
the received data stream one bit delayed. This 
mode·is entered and exited at a received.char· 
acter boundary. When reset, the transmitted and 
received' data' are independent. This mode is 
utilized for loop operation and is discussed in a 
later .section. 

D6-DO: Not Used - These bits must be 0 for the Set 
command and 1 for the Reset command. 

NOT USED - ~O, NOT CHANGE 

ONE BIT DELAY ENABLE 

Figure 27. One Bit Delay Mode Reglsler 

Figure 28 shows the Set and Reset commands associ
ated with the above registers. The mask which sets or 
resets the desired bits is treated as a sing.le parameter. 
These commands do not interrupt nor provide results 
during the Result phase. After reset, the 8273 defaults to 
all of these bits reset. 

REGISTER COMMAND 
HEX 

PARAMETER 
CODE 

SET A4 SET MASK 
ONE BIT DELAY MODE 

RESET 64 RESET MASK 

DATA TRANSFER MODE 
SET 97 SET MASK 

RESET 57 RESET MASK 

SET 91 SET MASK 
OPERATING MODE 

RESET 51 RESET MASK 

SET AD SET MASK 
SERIAL 110 MODE . 

RESET 60 RESET MASK 

Figure 28. Initialization/Configuration Command Summary 

Receive Commands 

The 8273 supports three receive commands plus a 
receiver disable function. 

General Receive 

When commanded to General Receive,the 8273 passes 
all frames either to memory (DMA mode) or to the CPU 
(non-DMA mode) regardless of the contents of the 
frame's address field. This command is used for primary 
and loop controller stations. Two parameters are re
quired: Bo and B,. These parameters are the LSB and 
MSB of the receiver buffer size. Giving the 8273 this 
extra information alleviates the CPU of the burden of 
checking for buffer overflow. The 8273 will interrupt the 
CPU if the received .frame attempts to overfill' the 
allotted buffer space. 

Selective Receive 

In Selective Receive, two additional parameters besides 
Bo and B, are required: A, and A2' These parameters are 
two address match bytes. When commanded to Selec· 
tive Receive, the 8273 passes to memory or the CPU 
only those frames having an address field matching 
either A, or·A2. This com'mand is usu'allyused for sec· 
ondary stations with A, being the secondary address 
and A2 is the "All Parties" address. If only one match 
byte is needed, A, and A2 should be equal. As in General 
Receive, the 8273 counts the incoming data bytes and 
interrupts the CPU if Bo,.8, is exceeded. 

Selective Loop Receive 

This command is very similar in operation to Selective 
Receive except that One Bit Delay mode must be set and 
that the loop is captured by placing transmitter in Flag 
Stream mode automatically after an EOP character is 
detected following a selectively received frame. The 
details of using the 8273 in loop configurations is 
discussed in a later section so please hold questions 
until then. 

The handling of interrupt results is common among the 
three commands. ·When a frame is received without 
error, I.e., the FCS is correct and CD (Carrier Detect) was 
active throughout the frame or no attempt was made to 
overfill the buffer; the 8273 interrupts the CPU following 
the closing flag to pass the completion results. These 
results, in order, are the receiver interrupt result code 
(RIC), and the byte length of the information field of the 
received frame (Ro, R,). If Buffered mode is selected, the 
address and control fields are passed as two additional 
results. If Buffered mode is not selected, the address 
and control fields are passed as the first two data 
transfers and Ro, R, reflect the information field length 
plus two. 

Receive Disable 

The receiver may also be disabled using the Receive 
Disabletommand. This command terminates any 
receive operation immediately. No parameters are reo 
quired and no r~sults are returned. . 

The details for the Receive command are shown in 
Figure 29. The interrupt result code key is shown in 
Figure 30. Some explanation of these result codes is 
appropriate. . 

The interrupt result code is the first byte passed to the 
CPU in the Rxl/R register during the Result phase. Bits 
D4-DO define the cause of the receiver interrupt. Since 
each result code has specific implications, they are 
discussed separately below. 

COMMAND 
HEX PARAM· RESULTS' 

CODE ETERS RxllR 

GENERAL RECE.IVE CO BO'.B1 RIC. RD. R1. A. C' 

SELECTIVE RECEIVE C1 BO. B1. A1. A2 RIC. RD. R1. A. C 

SELECTIVE LOOP RECEIVE C2 Bo. Bi. A1. A2 RIC. RD. R1. A. C 

DISABLE RECEIVER C5 NONE NONE 

'A AND C ARE PASSED AS RESULTS ONLY IN BUFFERED MODE. , . . 

Figur~ 29. Receiver Command Summ'ary 
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RIC RI'STATUS 
07- 00 RECEIVER INTERRUPT RESULT CODE AFTER INT 

00000 Al MATCH OR GENERAL RECEIVE ACTIVE 

00001 A2 MATCH ACTIVE 

000 00011 CRC ERROR ACTIVE 

000 00100 ABORT DETECTED ACTIVE 

000 00101 IDLE DETECTED DISABLED 

000 00110 EOP DETECTED DISABLED 

000 00111 FRAME < 32 BITS ACTIVE 

000 01000 DMA OVERRUN ' DISABLED 

000 01001 MEMORY BUFFER OVERFLOW DISABLED 

000 01010 CARRIER DETECT FAILURE DISABLED 

000 01011 RECEIVER INTERRUPT OVERRUN DISABLED 

"07-05 PARTIAL BYTE RECEIVED 

111 ALL 8 BITS OF LAST BYTE 

000 DO 
100 01-00 
010 02-00 
110 03-00 
001 040-0 
101 OS-DO 
011 06-00 

,Figure 30. Receiver Interrupt Result Codes (RIC) 

The first two result codes result from the error-free 
reception of a frame. If the frame is received correctly 
after a General Receive command, ,the first result is 
returned. If either Selective Receive command was used 
(normal or loop), a match with A1 generates the first 
result code and a match with A2 generates the second. 
In either case, the receiver remains active after the inter
rupt; however, the internal buffer size counters are not 
reset. That, is, if the receive c,ommand indicated 100 
bytes were allocated to the receive buffer (Bo, B1) and an 
80-byte frame was received correctly, the maximum next 
frame size that could be received without recomman
ding the receiver (resetting Boand B1) is 20 bytes. Thus, 
it is common practice to recommand the receiver after 
each frame reception. DMA and/or mem()ry pointers are 
usually updated at this time. (Note that users who do 
not wish to take advantage of the 8273's buffer manage
ment features may simply use Bo, B1 = OFFH for each 
receive command. Then frames of 65K bytes may be 
received without buffer overflow errors.) 

The third result code is a CRC error. This indicates that 
a frame was received in thE\! correct format (flags, etc.); 
however, the received FCS did not check with the inter
nally generated FCS. The frame should be discarded. 
The receiver remains active. (Do not forget that even 
though'an erior condition hasbeeh detected, all frame 
information up until that error has either been trans
ferred to, memory or passed to the CPU. This informa
tion should be invalidated. This applies to all receiver 
error conditions.) Note that .the FCS, either transmitted or 
received, is never available to the CPU. 

The Abort Detect result' occurs whenever the 'receiver 
sees either an SDLC (8 1 s) or an HDLC (7 1 s), depending 
on the Operating Mode register. However, the interven
ing Abort character between a closing flag and an Idle 
does not generate an interrupt. If an Abort character 
(seen by an active receiver within a frame) is not pre
ceded by a flag and is followed by an Idle, an iriterrupt 
will be genen:ltedfor the Abort, followed by an Idle inter-

rupt one character time later. The Idle Detect result oc
curs whenever 15 consecutive 1 s are received. After the 
Abort Detect interrupt, the receiver remains active. After 
the Idle Detect interrupt, the receiver is disabled and 
must be recommanded before further frames may be 
received. 

If the EOP Interrupt bit is set in the Operating Mode 
register, the EOP Detect result is returned whenever an 
EOP character is received. The receiver is disabled, so 
the Idle following the EOP does· not generate an Idle 
Detect interrupt. 

The minimum number of bits in a valid frame betVl(een 
the flags is 32. Fewer than 32 bits iridicates an error. If 
Buffered mode is seiected, such frames are ignored, I.e., 
no data transfers or interrupts are generated. In non
Buffered mode, a < 32-bit frame generates an interrupt 
with the < 32,bit Frame result since data transfers may 
already have disturbed the 8257 or interrupt handler. The 
receiver remains active. 

The DMA Overrun result results from the DMA controller 
being too slow in extracting data from the 8273, I.e., the 
RxDACK signal is not returned before. the next received 
byte is ready for transfer. The receiver is disabled if this 
error cond ition occurs. 

The Memory Buffer Overflow result occurs when the 
number of received bytes exceeds the ,receiver buffer 
length supplied by the Bo and B1 parameters in the 
receive command. The receiver is disabled. 

The Carrier Detect Failure result occurs when the CD 
pin goes high (inactive) during reception of a frame. The 
CD pin is used to qualify reception and must be active 
by thle time the address field starts to be received. If CD 
is lost during the frame, a CD Failure interrupt is 
generated and the receiver is disabled. No interrupt is 
generated if CD goes inactive between frames. 

If a condition occurs requiring an interrupt be generated 
before the CPU has finished reading the previous inter
rupt results, the second interrupt is generated after the 
current Result phase is complete (the RxlNT pin and 
status bit go low then high). However, the interrupt 
result for this second interrupt will be a Receive Inter
ruptOverrun. The actual cause of the second interrupt is 
lost. One case where this may occur is at the end of a 
received frame where the line goes, idle. The 8273 
generates a received frame interrupt after the closing 
flag and then 15-bit times later, generates an Idle Detect 
interrupt. If the interrupt service routine is slow in 
reading the first interrupt's results, the internal Rxl/R 
register still contains result information when the Idle 
Detect interrupt occurs. Rather than wiping out the 
previous results"the 8273 adds a Receive Interrupt Over
run result 'as an extra result. If the system's interrupt 
structure is such that the second interrupt is not 
acknowledged (interrupts are still disabled from the first 
interrupt), the Receive Interrupt Overrun result is read as 
an extra result, after those' from the first interrupt. If the 
second interrupt is serviced, the Receive Interrupt Over
run is returned as a single result. (Note that the INT pins 
supply the necessary transitions to support a Program-
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mabie Interrupt Controller such as the Intel 8259. Each 
interrupt generates a positive-going edge on the appro
priate INT pin and the high level is held until the inter
rupt is completely serviced.)lngeneral, it is possible to 
have interrupts occurring at one character time inter
vals. Thus the interrupt handling software must have at 
least that much response and service time. 

The occurrence of Receive Interrupt Overruns is an in
dication of marginal software design; the system's inter
rupt response and servicing time is not, sufficient for the 
data rates being attempted. It is advisable to configure 
the interrupt handling software to simply read the inter
rupt results, place them into a buffer, and clear the inter
rupt as quickly as possible. The software can then ex
amine the buffer for new results at its leisure, and take 
appropriate action. This can easily be accomplished by 
using a result buffer flag that indicates when new 
results are available. The interrupt handler sets the flag 
and the main program resets it once the results are 
retrieved. 

Both SDLC and HDLC allow frames which are of arbi
trary length (>32 bits), The 8273 handles this N-bii 
reception through the high order bits (07-Dsl of the 
result code. These bits code the number of valid re
ceived bits in the last received information field byte. 
This coding is shown in Figure 30. The high order bits of 
the received partia'i byte are indeterminate. [The ad, 
dress, control,' and information. fields are transmitted 
least significant bit (Ao) first. TheFCS is complemented 
and transmitted most significant bit firsl.) , , 

Transmit Commands 

The 8273 transmitter is supported by three Transmit 
commands and three corresponding Abort commands. 

Transmit Frame 

The Transmit Frame command simply transmits a 
frame. Four parameters are required when Buffered 
mode is selected and two when it is not. In either case, 
the first two parameters are the least and the most 
significant bytes of the desired frame length (Lo, L1). In 
Buffered mode, Lo and L1 equal ttie length in bytes of 
the desired information field, while in the non-Buffered 
mode, Lo and L1 must be specified as the information 
field length plus two. (Lo and L1 specify the number of 
data transfers to be performed.) In Buffered mode, the 
address and control fields are presented to the trahSmit
ter as the' third and fourth parameters respectively. In 
non-Buffered mode, the A and C fields must be passed 
as the first two data transfers .. 

When the Transmit Frame command is issued, the 8273 
makes RTS (Request,to-Send) active (pin low) if it was 
not already. It then waits until CTS (Clear-tei-Send) goes 
active (pin low) before starting the frame. If tlie Preframe 
Sync bit in the Operting Mode register is set, the trans
mitter prefaces two characters (16 transitions) before 
the opening flag.' If thEi 'Flag Stream bit is set in the 
Operating Mode register, the frame (including Preframe 
Sync if selected) is started on a flag boundary. Other
wise the frame starts on a character' boundary. 

At the end of the frame, the transmitter interrupts the 
CPU (the interrupt results are discussed shortly) and, 
returns to either Idle or Flag Stream, depending on the 
Flag Stream bit of the Operating Mode register. If RTS 
was active before the transmit command, the 8273 does 
not change il. If it was inactive, the 8273 will deactivate 
it within one character time. 

Loop Transmit 

Loop Transmit is similar to Frame Transmit (the param
eter definition is the same). But since it deals with loop 
configurations, One Bit Delay mode must be selected. 

If the transmitter is not in Flag Stream mode \jIhen this 
command is issued, the transmitter waits.until after a 
received EOP character has been converted to a flag 
(this is done automatically) before transmitting. (The 
one bit delay is, of course, suspended during transmit.) 
If the transmitter IS already in Flag Stream mode as a 
result of a selectively received frame during a Selective 
Loop Receive command, transmission will begin at the 
next flag boundary for Buffered mode or at the third flag 
boundary for non-Buffered mode:This discrepancy is to 
allow time for enough data transfers to occur to fill up 
the internal transmit buffer. At the end of a Loop ,Trans
mit, the One Bit Delay mode is re-entered and the flag 
stream mode is resel. More detailed 109P operation is 
covered later. 

Transmit Transparent 

The Transmit Transparent commaridenables the 8273 to 
transmit a block of raw data. This data is without SOLC 
protocol, Le., no zero bit insertion, flags, or FCS. Thus it 
is possible to construct and transmit a Bi-Sync message 
for fro"nt-end processor switching or to construct' and 
tr!lnsniit an SOLC message with incorrect FCS fordiag
nostic purposes. Only the Lo and L1 parameters are used 
since there are not fields in this mode. (The 8273 does 
not support a Receive Transparent command.) 

Abort Commands 

Each of the ,above transmit commands ,has an associ
ated Abort command. The Abort Frame Transmit com
mand causes the, transmitter tei send eight contiguous 
ones (no zero bit insertion) immediately and then revert 
to eitheridle ortlag streaming based on the Flag Stream 
bit. (The 8 15 'as an Abort character iscompatible with 
both SOLC and HOLe.) . " 

For Loop Tra[1smit, the :G·.bqrt Loop Transmit (:ommand 
causes the transmitter to send one flag and ,then revert 
to one bit delay., Loop protocol depends upon FCS 
errors to detect aborted frames. 

The Abort Transmit Transparent simply causes the 
transmitter to revert to either idles or flags as a function 
of the Flag Stream mode specified. 

The Abort commands require nO parameters, however, 
they do generate an interrupt and return a result when 
complete. 

A summary of thE! Tran~mit commands is shown in 
Figure 31. Figure 32 shows the various transmit inter' 
rupt result codes: As in the 'receiver operation, ,the 
transmitter generates Interrupts based on either good 
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completion of an operation or an error condition to start 
the Result phase. 

The Early Transmit Interrupt result occurs after the last 
data transfer to the 8273 if the Early Transmit Interrupt 
bit is set in the Operating Mode register. If the 8273 is 
commanded to transmit again within two character 
times, a single flag will separate the frames. (Buffered 
mode must be used for a single flag to separate the 
frames. If non-Buffered mode is selected, three flags 
will separate the frames.) If this time constraint is not 
met, another interrupt is generated and multiple flags or 
idles will separate the frames. The second interrupi is 
the normal Frame Transmit Complete interrupt. The 
Frame Transmit Complete result occurs at the closing 
flag to signify a good completion. 

The OMA Underrun result is analogous to the OMA Over
run result in the receiver. Since SOLC does not support 
intraframe time fill; if the OMA controller or CPU does 
not supply the data in time, the frame must be aborted. 
The action taken by the transmitter on this error is auto
matic. It aborts the frame just as if an Abort command 
had been issued. . 

Clear-to-Send Error result is generated if CTS goes inac
tive during a frame transmission. The frame is aborted 
as above. 

The Abort Complete result is self-explanatory. Please 
note however that no Abort Complete interrupt is 
generated when an automatic abort occurs. The next 
command type consists of only one c.ommand. 

COMMAND 
HEX PARAMETERS- RESULTS 

CODE TxlfR 

TRANSMIT FRAME C8 La. L1. A. C TIC 
ABORT CC· NONE TIC 

LOOP TRANSMIT CA La. L1. A. C TIC 
ABORT CE NONE TIC 

TRANSMIT TRANSPARENT co La. L1 TIC 
ABORT CD NONE TIC 

"A AND C ARE PASSED AS PARAMETERS IN BUFFERED MODE ONLY. 

Figure 31. Transmitter Command Summary 

TIC Tx STATUS 
D7- DO TRANSMITTER INTERRUPT RESULT CODE . AFTER INT 

000 01100 EARLY Tx INTERRUPT ACTIVE 

000 01101 FRAME Tx COMPLETE IDLE OR FLAGS 

000 01110 DMA UNDERRUN ABORT 

000 01111 CLEAR TO SEND ERROR ABORT 

000 10000 ABORT COMPLETE IDLE OR FLAGS 

Figure 32. Transmitter Interrupt Result Codes 

Reset Command 

The Reset command provides a software reset function 
for the.8273. It is a special case and does not utilize the 
normal command interface. The reset facility is provided 
in the Test Mode register. The 8273 is reset by simply 
outputting a 01 H followed by a OOH to the Test Mode 
register. Writing the 01 followed by theOO mimicks the 
action required by the hardware reset. Since the 8273 reo 
quires time to process the reset internally, at least 10 
cycles of the rzlCLK clock must occur between the 

writing of the 01 and the 00. The action taken is the 
same as if a hardware reset is performed,namely: 

1. The m'odem control outputs are forced high 
inactive). 

2. The 8273 Status register is·cleared .. 

3. Any commands in progress cease. 

4. The 8273 enters: an idle state until the next com
mand is issued. 

Modem Control Commands 

The modem control ports were discussed earlier in the 
Hardware section. The commands used to manipulate 
these ports are shown in Figure 33~ The Read Port A and 
Read Port B commands are immediate. The bit defini· 
tion for the returned byte is shown in Figures 13 and 14. 
00 not forget that the returned value represents the 
logical condition of ,the pin, i.e., pin.acti~e (low) = bit 
set. 

HEX 
.. 

REG 
PORT COMMAND 

'CODE 
PARAMETER 

RESULT 

A INPUT READ 22 NONE PORT VALUE 

READ 23 NONE PORT VALUE 

BOUTPUT SET A3 SET MASK NONE 

RESET 63 RESET MASK NONE 

Figure 33,' Modem Control Command, Summary. , 

The Set and Reset Port B commands are similar to the 
Initialization commands in that they use a mask param
eter which de!inesthe bits ,to be changed. Set Port B 
utilizes a logical OR mask and Reset Port B uses a 
logical ANO mask. Setting a bit makes the pin active 
(low). Resetting the bit deactivates the .pin (high). 

To help clarify the 'numerous timing relationships that 
occur and their consequences, Figures 34 and 35 are 
provided as an illustration of several typical sequences. 
It is suggested that the reader go over these diagrams 
and re-read the appropriate part of the previous sections 
if necessary. 

HLDC CONSIDERATIONS' 

The 8273 supports HOLC as well as SOLC. Let's discuss 
how the 8273 handles the three basic HOLC/SOLC dif· 
ferences: extended addressing, extended control, and 
the 7 1 s Abort character. 

Recalling Figure 4A, HOLC supports an address field of 
indefinite length. The actual amount of extension used 
is determined by the least significant bit of the charac
ters immediately following the opening flag. If the LSB 
is 0, more address field bytes follow. If the LSB is 1, this 
byte is the final address field byte. Software must be 
used to determine this extension. 

If non·Buffered mode is used, the A, C, and I fields are in 
memory. The, software must examine the initial charac· 
ters to find the extent of the address field. If Buffered 
mode is used, the characters corresponding to the 
SOLC A arid C fields are transferred to the CPU as inter· 
rupt results. Buffered mode assumes the two characters 
following the opening flag are to be transferred as inter: 
rupt results regardless of content or meaning. (The 8273 
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dees net knew whether it is being used inan SOLC er an 
HoLe environment.) In SOLC .. these characters are 
necessarily the A and C field bytes, hewever in HOLC, 
their meaning may change depending en the ,ameunt ef 
extensien used. The seftware must recegnize this and 
examine the transferred results as pessible address 
field extensiens.· 

Frames may still be selectively received as is needed fer 
secendary statiens. The Selective Receive cemmand is 
still used, This cemmand qualifies a frame receptien en 
the first byte fellewing the epening flag matching either 
cif the AT er A2 match. byte parameters. While this dees 
net allew qualificatien ever the cemplete range ef HOLC 
addresses, it dees perferm aqualificatien en the first 
address byte. The remaining address field bytes, if any, 
are then examined via seftware to. cempletely qualify 
the frame. ' 

Once the extent elthe address field is feund, the fellew· 
ing bytes ferm the centrol field. The same LSB test used 
fer the address field is applied to. these.bytes to. deter· 
mine the centrol field extensien, up to. two. bytes maxi· 
mum, The remaining frame 'bytes in memery represent 
the infermatien field. . 

The Abort character difference is handled in the 
Operating Mede register. If the HOLC.i\bert Enable bit is 
set, the receptien ef seven centigueus ones by an active 
receiver will generate an Abett Detect interrupt rather 
than eight enes. (Nete that beth the HOLC Abert Enable 
bit and the EOP Interrupt bit must net be set simultane· 
eusly.) 

New let's meve on to. the SOLC leep cenfiguratien 
discussion. 

.. CARRIER DHEcr J 
RxD 

LOOP CONFIGURATION 

Aside frem use in the normal data link applicatiens, the 
8273 is extremely attractive in leep cenfiguratien due to. 
the special frame·level leep cemmarids and the Oigital 
Phase Lecked Leep. Teward this end, this sectien 
details the hardware and seftware censideratiens when 
using the 8273 in a leep.applicatien. 

The leop. cenfiguratien effers a simple, lew·cest selu· 
tien fer systems with multiple stations within a small 
physicallecatien, i.e., retail steres and banks. There are 
two. primary reasens to. censider a leep cenfiguratien. 
The intercennect cest is lewer fer a leep ever a multi· 
point cenfiguratien since enly ene twisted pair er fiber 
eptic cable is used. (The leep cenfiguratien dees net 
suppert the passing ef distinct cleck Signals frem sta· 
tien to. statien.) In additien, leep statiens de not need· 
the intelligence ef a multi·peint statien since the leep 
pretecel is simpler. The mest difficult aspects ef leep 
statien design are cleck recevery and implementatien ef 
ene bit delay (beth are handled neatly by the 8273). 

Figure 36 illustrates a typical leep cenfiguratien with 
ene cent roller and two. dewn·leep sece,ndaries. Each 
statien must derive its ewn data timinQ frem the 
received data stream. Recalling eur earlier discussien ef 
the OPLL, netice that TxC and RxC clecks are previded 
by ·the DPLL ·eutput. The. enly cleck required in the 
secendaries is a Simple, nen·synchronized cleck at 32 
times the desired baud rate: Thecentroller requires beth 
32 x and 1 x clecks. (The 1 x is usually implemented by 
dividing the 32 x cleck with a 5-bit divider. Hewever, 
there is no.. synchronism requirement between these 
clecks so. any cenvenient implementatien may be used.) '. 

\'---

Rx COMMAND !! A ! C 111 
OR ~~~~~N~~~~~~i~""'--------":"---'-----"':"'I -I~'. 7-1 -~-----:-:--------

NON·BUFFERED ! FRAME ! peSSIBLE 
. MODE COMPLETE IDLE INT 

IN~~~~~~~~------------':'---'-------------"-------

A,' ·ERROR.FREE· FRAM~' RECEPTION 

CARRIER DETECT J .\\\\\\\\\\\\ 

Rx COMMAND ! 1 . CD t . cil . 

IN~~~~~~~~-. ____ -'-__ ~~FA~IL~U~R~E~I~-~~~-~~~--~~FA~I~LU~R=E~.--

B. CARRIER DETECT FAILURE DURING FRAME RECEPTION 

Figura 34. Sample Receiver Timing Diagrams ... 
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T. COMMANO I 

T.D 

RTS~ 
CTS-----....I 

L 
L 

'A 'C III 112 
oR1~~~~~~~~~:~~-------------L_,___'----~~--~-------------------------------------------------

NON.BUFFERED , 

IN~~~~~~i~ __ ------------M-O-D-E----------------------------------------------F-R-A-M_E_C_O_M_P_L_E_TE 
A. ERROR· FREE FRAME TRANSMISSION 

1ST FRAME 

T. COMMAND I 
T.D 

RTS~ 

2ND FRAME 
I I I I I 
I I I I I 

OR1~~~~N~~~~~;~i~~----------------~I-ll------------------------------------I-11 _____ '_12 __________ _ 

!EARLYTx 
IN~~~~~~i~------------------------------------------------------------~-----------

B. DIAGRAM SHOWING T. COMMAND QUEING AND EARLY T. INTERRUPT 
(SINGLE FLAG BETWEEN FRAMES) BUFFERED MODE IS ASSUMED. 

T. COMMAND I 

I CTS-----....I· 

L 

OR1~~~~N~~~~~~~~ __ ----------~I-A-----!-C~~-!-ll-----!-1-2----!-1-3~---------------------------
, CTS 

IN~~~~~~i~------------------------------------------~O==R~A~~~~~RO~R---------------
C. CTS FAILURE (OR OTHER ERROR) DURING TRANSMISSION ERROR 

INTERRUPT 

FI.gure 35. Sample Transmitter Timing Diagrams . 
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OR 
DIVIDER 
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TxD 

TxC TxD 

8273 8273 
LOOP . TxD 1---1-+--1 RxD LOOP 

TERMINAL TERMINAL 

TxC RxC 

Figure 36. SDLC Loop Application 

~ 
~ 

A quick review of loop protocol is appropriate. All com
munication on the loop is controlled by the loop con
troller. When the controller wishes to allow the sec
ondaries to transmit, it sends a polling frame (the con
trol field contains a poll code) followed by an EOP (End
of-Poll) character. The secondaries use the EOP 
character to capture the loop and insert a response 
frame as will be discussed shortly. 

The secondaries normally operate in the repeater mode, 
retransmitting received data with one bit time of delay. 
All received frames are repeated. The secondary uses 
the one bit time of delay to capture the loop. 

When the loop is idle (no frames); the controller trans
mits continuous flag characters. This keeps transitions 
on the loop for the sake of down-loop phase locked 
loops. When the controller has a non-pOlling frame to 
transmit,it simply transmits the frame and continues to 
send flags.· The non-polling frame is then repeated 
around the loop and the controller receives it to signify a 
complete traversal of the loop. At the particular second
ary addressed by the frame, the data is transferred to 
memory while being repeated. Other secondaries simply 
repeat it. . . . 

If the controller wants to poll the secondaries, it 
transmits a polling frame followed by all 15 (no zero bit 
insertion). The final zero of the closing frame plus the 
first seven 1s form an EOP. While repeating, the secon
daries monitor their incoming line for an EOP. When an 
EOP is received, the secon.l;la(y checks. if it has any 
response for the controller. If not, it simply continues 
repeating. If the secondary has a response, it changes 
tlie seventh EOP one into a zero (the one bit time of 
delay allows time for this) and repeats it, forming a flag 
for the down-loop stations. After this flag is transmitted, 

the secondary terminates its repeater function and in
serts its response frame (with multiple preceding flags. 
if necessary). After the closing flag of the response, the 
secondary re-enters its repeater function, repeating the 
up-loop controller 1s. Notice that the final zero of the 
response's closing flag PiuS the repeated 1s from the 
controller form a new EOP for the next dowri-Ioop 
secondary: This new EOP allows the next secondary to 
insert a response if it.desires. This gives each secon-
dary a chance to respond. . 

Back at the controller, after the polling frame has been 
. transmitted and the continuous 1s started,. the con
troller waits until it receives an EOP. Receiving an EOP 
signifies to the controller that the original frame has 
propagated around the loop followed by any responses 
inserted by the secondaries. At this point, the controller 
may either send flags to idle the loop or transmit the 
next frame. Let's assume that the loop is implemented 
completely with the 8273s and describe the command 
flows for a typical controller and secondary. 

The loop controller is initialized with commands which 
specify that the NRZI, Preframe Sync, Flag Stream, and 
EOP Interrupt modes are set. Thus, the controller en
codes and decodes all data using NRZI format. Preframe 
Sync mode specifies that all transmitted frames be 
prefaced with 16 line transitions. This ensures that the 
minimum of 12 transitions needed by the DPLLs to lock 
after an all 1 s line have occurred by the time the second
ary sees a frame's opening flag. Setting the Flag Stream 
mode starts the transmitter sending flags which idles 
the loop. And the EOP Interrupt mode specifies that the 
controller processor will be interrupted whenever the 
active receiver sees an EOP, indicating the completion 
of a poll cycle. 

When the controller wishes to transmit a non-pOlling 
frame, it simply executes a Frame Transmit command. 
Since the Flag Stream mode is set, no EOP is formed 
after the closing flag. When a polling frame is to be 
transmitted, a General Receive command is executed 
first. This enables the receiver and allows reception of 
all incoming frames; namely, the original polling frame 
plus any response frames inserted by the secondaries. 
After the General Receive command, the frame is trans
mitted with a Frame Transmit command. When the 
frame is complete, a transmitter interrupt is generated. 
The loop controller processor uses this interrupt to 
reset Flag Stream mode. This causes the transmitter to 
start sending all 1s. An EOP is formed by the last flag 
and lhe first 7 1s. This completes ihe loop controller 
transmit sequence. 

At any time following the start of the polling frame 
'transmission the loop controller receiver will start 
receiving frames. (The exact tirrie difference depends, of 
course, on the number of down-loop secondaries due to 
each inserting one bit time of .delay.) The first received 
frame is simply the original poflingframe. However, any 
additional frames are those inserted by the secondaries. 
The loop controller processor knows all frames have 
been received when it sees an EOP Interrupt. This inter
rupt is generated by the 8273 since the EOP Interrupt 
mode was set during initialization. At this point, the 
transmitter m'ay be commanded either to enter Flag 
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Stream mode, idling the loop, or to transmit the next 
frame. A flowchart of the above sequence is shown in 
Figure 37. 

The secondaries are initialized with the NRZI and One 
Bit Delay modes set. This puts the 8273 into the repeater 
mode with the transmitter repeating the received data 
with one bit time of delay. Since a toop station cannot 
transmit until it sees and EOP character, any transmit 
command is queued until an EOP is received. Thus 
whenever the secondary wishes to transmit a response, 
a Loop Transmit command is issued. The 8273 then 
waits until it receives an EOP. At this point, the receiver 
changes the EOP into a flag, repeats it, resets One Bit 
Delay mode stopping the repeater function, and sets the 
transmitter into FI.ag Stream mode. This captures the 
loop. The transmitter now inserts its message. At the 
closing flag, Flag Stream mode is reset, and One Bit 
Delay mode is set, returning the 8273 to repeater func· 
tionand forming an EOP for the next down-loop station. 
These actions happen automatically after a Loop 
Transmit command. is issued. 

INITIALIZE -
SET NRZI. FLAG STREAM 
PREFRAME SYNC. EOP 
INTERRUPT MODES 

MUST BE 
ERROR -
DO RECOVERY 
PROCEDURE 

o DENOTES COMMAND 

c:J DENOTES INTERRUPT CODE 

Figure 37. Loop' Controller Flowchart 

SET FLAG 
STREAM 
MODE 

PROCESS 
RECEIVED 
FRAMES 
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When the secondary wants its receiver enabled, a Selec
tive Loop Receive command is issued. The receiver then 
looki;l for a frame having a match in the Address field. 
Once such a frame is received,. repeated, and trans
ferred to memory, the secondary~s processor is inter
rupted with the appropriate Match interrupt result and 
the 8273 continues with the repeater function until an 
EOP is received, at which point the loop is captured as 
above. The processor should use the interrupt to deter
mine if it has a message for the controller. If it does, it 
simply issues a Loop Transmit command and things 
progress as above. If the processor has no message, the 
software must reset the Flag Stream mode bit in the 
Operating Mode register. This will inhibit the 8273 from 
capturing the loop at the EOP. (The match frame and the 
EOP may be separated in time by several frames de
pending on how many up-loop stations inserted mes
sages of their own.) .If the timing is such that the 
receiver has already captured the loop when the Flag 
Stream mode bit is reset, the mode is exited on a flag 
boundary and the frame just appears to have extra clos
ing flags before the EOP. Notice that the 8273 handles 
the queuing of the transmit commands and the setting 
and resetting of the mode bits automatically. Figure 38 
illustrates the major pOints of the secondary command 
sequence. 

INITIALIZE -
SET NRZI, ONE 
BIT DELAY MODES 

o DENOTES COMMANDS 

c:) DENOTES INTERRUPT CODES 

Figure 38. Loop Secondary Flowchart 
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When an off·linesecondarY wishes to come on·line,' it 
rrilistd6 so ina manner which does not disturb data on 
the loop. Figure 39 shows a typical hardware interface. 
The line labeled Port'could be one of the 8273 Port Bout· 
puts and is assumed to be high (1) initiallY. Thus up·loop 
data is simply passed down·loop with no delay; how· 
ever, the 'receiver may still monitor data on the loop. To 
come oh·line, the secondary is initialized with only the 
EOP Interrupt mode set: The up·loop data is then moni· 
tored until an EOp'occurs. At this point, the secondary's 
CPU is interrupted with an EOPinterrtipt. This signals 
the CPU to set One Bit Delay mode in the 8273 and then 
to set Port low (aCtive). These actions switch 'the sec· 
ondary's one bit delay into the loop. Since after the EOP 
only 1s are traversing the loop, no loop disturbance oc· 
curs. The secondary now' waits for the next EOP, cap~ 
tures the loop, and inserts a "new on·line" message. 
This signals the controller that a new secondary exists 
and must be acknowledged. After the: secondary reo 
ceives its acknowledgement, the normal command flow 
is used. 

It is hopefully evident from the above discussion that 
the 8273 offers a very simple and easy to implement 
sO,lution,for designing loop stations whether'they are 
controllers or down·loop secondaries. 

R.ol------r-----UP.LOOP DATA 

8273 
DOWN·LOOP DATA 

r.of----l----1"\ 

PORT f-----'>-I>o--

Figure 39. Loop Interface 

APPLICATION EXAMPLE 

This section describes the hardware and software of the 
8273/8085 system used to verify the 8273 implementa· 
tion of SDLC on an actual IBM SDLC Link. This IBM link 
was gratefully volunteered by Raytheon Data Systems in 
Norwood, Mass, and I wish to thank them for their 
generous cooperation. The IBM system consisted of a 
370 Mainframe,a 3705 Communications Processor, and 
a 3271 Terminal Controller. A Comlink II Modem sup· 
plied the modem interface and all communications took 
place at 4800 baud. In addition to observing correct 
respons!,!s, a Spectron D601 B Datascope was used to 
verify the, data exchanges. A block diagram of the 
system is shown in Figure 40. The actual verification 
was accomplished by the 8273 system receiving and 
responding to polls from the 3705. This method was 
used on both point·to·point and multi·point configura· 
tions. No attempt was made to implement any higher 
protocol software over that of the poll and poll reo 
sponses since such software would not affect the veri· 
fication of the 8273 implementation. As testimony to the 

. ease of use of the 8273, the system worked on the first' 
try. 

370, 
MA1NFRAME 

3705 
COMM.' 

PROCESSOR 

Figure 40. Raytheon Block Diagram 

An SDK·85 (System Design,'Kit) was ,used as the core 
8085 system. This system provides up to 4K bytes of 

,ROM/EPROM, 512 bytes of RAM,76 I/O pins,plus two 
timers as provided in two 8755 Combination EPROMIllO 
devices and two 8155 Combination RAMII/O/Timer 
devices. In addition, 5 interrupt inputs are supplied on 
the 8085. The address, data, and control buses are buf· 
fered by the 8212 and 8216 latches and bidirectional bus 
drivers. Although it was not used in this application, an 
8279 Display Driver/Keyboard Encoder is included to in· 
terface the on·board display and keyboard. A block 
diagram of the SDK·85 is shown in Figure 41. The 8273 
and associated circuitry was constru.cted on the ample 
wire·wrap area provided for the user. ' 

The example 8273/8085 system',-is interrupt·driven and 
uses DMA for all data'transfers supervised by an 8257 
DMA Controller. A 2400 baud asynchronous line, imple· 
mented with an 8251A USART, provides communication 
between the software and the user. 8253 Programmable 
Interval Timer is used to supply the baud rate clocks for 
the 8251A and 8273. (The 8273 baud rate clocks were 
use'd only during initi~1 system debug. In actual opera· 
tion, the modem supplied these clocks via the RS·232 in· 
terface.) Two 2142 1 K x 4 RAMs provided 512 bytes of 
transmitter and 512 bytes of receiver buffer memory. 
(Command and result buffers, plus miscellaneous 
variables are stored in the 8155s.) The RS·232 interface 
utilized MC1488 and MC1489 RS·232 drivers and 
receivers. The schematic. of the system is shown in 
Figure 42. 

One detail to note is the DtylA and interrupt structure of 
the transmit and receive channels. In both cases, the 
receiver is always given the higher priority (8257 DMA 
channel 0 has priority over ,the remaining channels and 
the 8085 RST 7.5 interrupt input has priority over the 
RST 6.5 input.) Although the choice is arbitrary, this 
technique minimizes the chance that received data 
could be lost due to other processor or DMA com· 
mitments. 

Also note that only one'8205 Decoder is used for both 
the peripherals' and the memorys' Chip Selects. This 
was .done to eliminate separate memory and I/O 
decoders si'nce it was known beforehand that neither 
address space would be completely filled, 

The 4 MHz crystal and 8224 Clock Generator were used 
only to verify that the 8273 operates correclly at that 
maximum spec l:lpeed. In a normal system, the 3.072 
MHz clock from the 8085 would be sufficient..(This fact 
was verified during initial checkout.) 
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Figure 41. SDK·85 Functional Block Diagram' 
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Figure 42. 8273/SDK·85 System 
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The software consists of' the normal monitor program 
supplied with the SDK-85 and a program to input com
mands to the 8273 and to display results: The SDK-85 
monitor allows the user to read and write on-board RAM, 
start execution at any memory .location, 10 single-step 
through a program, and to examine any of the 8085's in
ternal registers. The monitor drives either ihe on-board 
keyboard/LED display or a serial TTY interface. This 
monitor was modified slightly in order to use the 8251A 
with a 2400 baud CRT as oppo'sed to the 110 baud nor' 
mally used. The 8273 program implements monitor-like 
user inter.face. 8273 commands are entered by'. a two
character code followed by any parameters required by 
that command. When 8273 interrupts occur, the source. 
of the interrupt is displayed along with any results 
associated with it. To gain a flavor of how the user/pro
gram interface operates, a sample ouiput is shown in 
Figure 43. The 8273 program prompt character is a "- " 
and user inputs are underlined. 

The "SO 05" implements the Set Operating Mode com
mand with a parameter of 05H. This sets the Buffer and 
Flag Stream modes. "SS 01" sets the 8273 in NRZI mode 
using the Set Serial I/O Mode command. The next com-
mand specifies General Receiver with a receiver buffer 
size of 0100H bytes (Bo = 00, Bl = 01). The "TF" com
mand causes the 8273 to transmit a frame containing an 
address field of C2H and control field of 11 H. The infor
mation field is 001122. The "TF" command has a special 
format. The La and Ll parameters are computed from the 
number of information field bytes entered. 

After the TFcornmand is entered, the 8273 transmits the 
frame (assuming that the modem protocol is observed). 
After the closing flag, the 8273 interrupts the 8085. The 
8085 reads the interrupt results and places them in a 
buffer. The software examines this buffer for new 
results and if new results exist, the source of the inter
rupt is displayed along with the results. 

In this example, the ODH result indicates a Frame Com
plete interrupt. There is only one result for a transmitter 
interrupt', the interrupt's trailing zero results were in
cluded to simplify programming. 

The next event is a frame reception. The interrupt 
results are displayed in the order read from the 8273. 
The EOH indicates a General Receive interrupt with the. 
last byte of the information f.ield received on an 8-bit 
boundary. The 03 00 (Ro, R1) results show that there are' 
3H bytes of information field received. The remaining 
two results indicate that the received frame had a C2H 
address field and a 34H control field. The 3 bytes of in: 
formation field are displayed on the next line. 

8273 MONITOR Vl.2 .. 

-~ 
.- 5501 
-~ 
- TF C2 11 00 11 22 

TxlNT - 00 00 00 00 00 

RxlNT .,... EO 03 00 C2 34 
FF EE DO 

Figure 43. Sample 8273 Monitor 1/0 

Figures 44 throli'gh 51 show the' flowcharts used for tile 
8273 program development. The actual program listing 
is included as Appendix A. Figure 44 is the main status 
poll loop. After all devices are initialized and a prompt 
character displayed, a loop is entered at LOOPIT. This 
loop checks for a change of status in the result buffer or 
if a keyboard character has been received by the 8251 or 
if a poll frame has been received. If any of these condi
tions are met, the program branches to the appropriate 
routine. Otherwise, the loop is traversed again. 

The result buffer is implemented as a 255-byte circular 
buffer with two pOinters: CNADR and LDADR. CNADR is 
the console pOinter. It pOints to the next result to be 
displayed LDADFi is the load pOinter. It points to the 
next empty position in,the .buffer into which the inter
rupt handler places the next result. The ,same buffer is 
used for both transmitter and receiver results. LOOPIT 
examines these pOinters to detect when CNADR is not 
equal to' LDADR indicating that the buffer contains 
results which have not been displayed. When this oc
curs, the program branches to .the DISPL Y routine. 

DISPL Y .determines the source. of the undisplayed 
results by testing the first result. This first result is 
necessarily the interrupt result code. If this result is 
OCH or greater, the result is from a transmitter interrupt. 

. Otherwise it is from a receiver source. The source of the 
result code is then displayed on the console along with 
the next four results from the buffer. If the source was a 
transmitter interrupt, the routine merely repoints the 
pointer CNADR .and returns to LOOPIT. For a receiver 
source, the receiver data buffer is displayed in addition 
to the receiver interrupt results before returning to 
LOOPIT. 

START---l 

CMDREC---l 
i....-;--'-r------' 

LOOPIT 

y QETCMV 

y~ 

Figure 44. Main Status Poll Loop 
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READ AND DISPLAY 
REMAINING 
RESULTS 

READ AND DISPLAY 
REMAINING 
RESULTS 

, I RETURN TO I 
LOOP 

Figure 45. DISPL V Subroutine 

~ ",~ 

Figure 46. GETCMD Subroutine 

Figure 47. TF Subroutine 

Figure 48. TxPOL Subroutine 

PARAMETER .2 

PARAMETER -1 

COMMAND 

B-1· OF PARAMETERS I 

Flgur~ 49. COMM Subr,outlne, wi.lh Comman~ Buffer Format 
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CHECK IF RESULTS 
WILL FILL RESULT 
BUFFER 

READ RESULTS 
AND PLACE IN 
RESULT BUFFER 

EXIT TO 
MONITOR 

Figure 50. Txl (Transmilter Interrupt) Routine 

If the result buffer pOinters indicate an empty buffer, the 
8251A is polled for a keyboard character. If the 8251 has 
a character, GETCMD is called. There the character is 
read and checked if 'legal. Illegal characters simply 
cause a reprompt. Legal characters indicate the start of 
a command input. Most commands are organized as two 
characters signifying the command action; i.e., GR -
General Receive. The software recognizes the two char
acter command code and takes the appropriate action. 
For non-Transmit type commands, the hex equivalent of 
the command is placed in the C register-and the number 
of parameters associated with that command is placed 
in the B register. The program then branches to -the 
COMM routine. 

The COMM routine builds the command buffer by 
reading the required number of parameters from the 
keyboard and placing them at the buffer pointed at by 
CMDBUF. The routine at COMM2 then issues this com
mand buffer to the 8273. 

If a Transmit type command is specified, the command 
buffer is set up similarly to the the COMM routine; 
however, since the information -field data, is entered 
from the keyboard, an intermediate routine, TF, is 
called. TF loads the transmit data buffer pointed at by 
TxBUF. It counts the number of data bytes entered and 
loads this number into the command buffer as Lo, 
L1. The command is then issued to the 8273 by jumping 
to CMDOUT. 

One command does not directly result in a command be
ing issued to the 8273. This command, Z, operates a 
software flip-flop which selects whether the software 
will respond automatically to received 'polling frames. If 

the Poll-Response mode is selected, the prompt 
character is changed to a . + '. If a frame is received 
which coniains a prearranged poll control field, the 
memory location POLIN is made nonzero by the receiver 
interrupt handler. LOOPIT examines this location and if 
it is nonzero, causes a brarich io the TxPOL routine. The 
TxPOL routine clears POLIN, sets a pOinter to a special 
command buffer at CMDBUi=1, and issues the command 
by way of the COMM2 eritry'in the COMM routine. The 
special command buffer contains the appropriate 
response frame for the poll frame received. These ac
tions only occur when the Z command has changed the" 
prompt to a • + '. If the prompt is normal' -', polling 
frames are displayed as normal frames andno response 
is transmitted. The PolI-R,esponse mode was used dur
ing the IBM tests. 
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CHECK IF RESULTS 
WILL FILL RESULT 
BUFFER 

READ RESULTS AND 
PLACE IN RESULT 
BUFFER 

~EXIT-iO 
~ -MONITOR 

Figure 51. Rxi (Receyler Interrupt) Routine 
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The final two software routines are the transmitter and 
receiver interrupt handlers. The transmit interrupt 
handler, Txl, simply saves the registers on the stack and 
checks if loading the result buffer will fill it. If the result 
buffer will overfill, the program is exited and control is 
passed to the SDK-85 monitor. If not, the results are 
read from the Txl/R register and placed in the result buf· 
fer at LDADR. The DMA pointers are then reset, the 
registers restored, and interrupts enabled. Execution 
then returns to the pre-interrupt location. 

The receiver interrupt handler, Rxl, is only slightly more 
complex. As in Txl, the registers are saved and the 
possibility of overfilling the result buffer is examined. If 
the result buffer is not full, the results are read from 
Rxl/R and placed in the buffer. At this point the prompt 
character is examined to see if the Poll-Response mode 
is selected. If so, the control field is compared with two 
possible polling control fields. If there is a match; the 

special command buffer is loaded and the poll indicator, 
POLIN, is made nonzero. If no match occurred, no action 
is taken. Finally, the receiver DMA buffer pOinters are 
reset, the processor status restored, and interrupts are 
enabled. The RET instruction returns execution to the 
pre-interrupt location. 

This completes the discussion of the 8273/8085 system 
design. 

CONCLUSION 

This application note has covered the 8273 in some 
detail. The simple and low cost loop configuration was 
explored. And an 8273/8085 system was presented as a 
sample design illustrating the DMAlinterrupt-driven in
terface. It is hoped that the major features of the 8273, 
namely the frame-level command structure and the 
Digital Phase Locked Loop, have been shown to be a 
valuable asset in an SDLe system design. 
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APPENDIXA· 

ASM8e : F1: RA'mJ. SRC 

ISI5-II 8e39/8085 MACRO ASSEMBLER, X108 MODULE PAGE 1 

LOC OBJ 

9000 

9000 

0000 

SEQ SOURCE STATEI'IENT 

1 $NOPAGING M0085 NOCONO 
2 TRUE 
3 ; 
4 TRUEi 
5 ; 
6 OE~I 
7 . , 
8 ; 
9 ; 

EQU 00H 

EQU 00H 

EQU 00H 

; 00 FOR RAYTHEON 
;FF·FOR SELF-TEST 
; 00 FOR NORMAL RESPONSE 
; FF FOR LOOP RESPOl6E 
; 00 FOR NO DB'IO 
; FF FOR DEI'IO 

10 ; GENERAL 8273 110NITOR IHTH RAYTHEON POLL 110DE ADDED 
11; 
17 ; 
18.: 
19 ; CO~INAND SUPPORTED ARE: RS - RESET SERIAL 1/0 110DE 
20 ; SS - SET SER I AL I10 ~IODE 
21 ; RO - RESET OPERATING MODE 
22 ; 
23; 
24 ; 
25 ; 
26 ; 
27 ; 
28 ; 
29 ; 
30 ; 
31 ; 
32 ; 
33 ; 
34 ; 
38 ; 

SO - SET OPERATING MODE 
RD - RECEIVER DISABLE 
GR - GENERAL RECEIVE 
SR - SELECTI VE RECE I liE 
TF - TRANSlm FRAI1E 
AF - ABORT FRAI'1E 
SP - SET PORT B 
RP - RESET PORT B 
RB - RESET 0NE BIT DELAY (PAR = 7F) 
SB - SET ONE BIT DELA'T' (PAR = 80) 
SL - SELECTIVE LOOP RECEIVE 
TL - TRANSlHT LOOP 
Z - CHANGE 110DES FLIP/FLOP 

39 ; **************************"''''*'''**''''''****'''*>1<**************"''''******''''''*'''''''''****** 
413 i 

41 ; NOTE: 'SET' COI1I1ANDS IMPLEMENT LOGICAL 'OR' FUNCTIONS 
42 i'RESET' C0I1~IAND5 II1PLEI1ENT LOGICAL 'AND" FUNCTIONS 
43 j 

44 ; *****"'***"'******:***"'**********"'******"'''''''*********'''**''''''********************* 
45 i 

46 ; BUFFERED ~IODE I1UST BE SELECTED WHEN SELECTIVE RECEIVE IS USED. 
47 j 

48 i COMNAN[l FORI1AT IS: 'CO~I~IAND (2 LTRS)" 'PAR. #1' 'PAR. #2' ETC. 
49 ; 
513 .: THE TRANSNIT FRAI'1E COI'I~lANr, FOR~lAT IS: 'TF' 'A"C' 'BUFFER CONTENTS'. 
51 ; NO LENGTH. COUNT IS NEEDED. BUFFER CONTENTS IS ENDED WITH A CR. 
52 i 

53 ; *************~***>I'**"'**********ljO******************************************* 
54 ; 
55 ; POLLEr, HODE: WHEN POLLED MODE IS SELECTED (DENOTED BY A ,'+' PRO~lPT), IF 

2-174 00743A 



56 i A SNRIH OR RR(B)-P IS RECEIVED, A RESPONSE FRAflE OF NSA-F 
57 i OR RR(0)-F IS TRANSt'lITTED. OTHER CQt'lMANDS OPERATE NORMALLY. 
62 ; 

63 ; ***** .. **~*****t*;j<*******************************-*************************** 
64 .: 
65 ; 8273 mORTES 
66 ; 

0090 67 STAm EQIj 90H ; STATUS REGISTER 
0090 68 CONt'l7] EQU 90H ;COHMAND REGISTER 
0091 69 PARI'173 EOU 91H ; PARAMETER REGISTER 
0091 70 RESL73 EOU 91H ; RESULT REGISTER 
0092 71 TXIR73 EOU 92H iTX INTERRUPT.RESULT REGISTER 
00n 72 RXIR73 EOIJ 93H ;RX INTERRUPT RESULT REGISTER 
0092 73 TEm3 EW 92H ; TEST /10[IE REGISTER 
0020 74 CPBF EQU 2BH iPARAMETER BUFFER FULL BIT 
0004 75 TXINT EQU !l4H ; TX INTERRUPT BIT IN STATUS REGISTER 
0008 76 RXINT EQI.I !l8H .: RX INTERRUPT BIT IN STATUS REGISTER 
0001 77 TXIRA EQU 01H ;TX INT· RESULT AVAILABLE·BIT 
0002 78 RXIRA EQIJ 02H ; RX INT RESULT AVAILABLE BIT 

79 j 

8(1 ; 8253 Ei}UATE5 
81 ; 

009B 82 MODE5} EClli . 9BH .: 8253 MODE WORD REGISTER 
(109C 83 CNT053 EQU 9CH i COUNTER B REGISTER 
009D 84 (NTiS3 EW 9DH ;(OUNTER 1 REGISTER 
009E 85.CNT253 Emi 9EH ; COUNTER 2 REGISTER 
eeoc 86 COBR EOll 000CH ;CONSOLE BAUD RATE (2400) 
0036 87 M[)CNHl Elll1 36H ; MODE FOR COUNTER 0 
00B6 88 liDCNT2 EOLI 0B6H ; MODE FOR COUNTER 2 
21317 89 LKBRl EQU 2017H ;8273 BAUD RATE LSB ADR 
2018 90 LKBR2 EQU 2018H ; B271 BAur, RATE MSB ADR 

91 ,: 
92 .: BAUD RATE TABLE: BAIJD RATE LKBR1 LKBR2 
q? . ... ~ } ********* ***** *****. 
94 ; 9600 2E 130 
95,: 4800 5C 00 
96 .: 2400 B9 013 
97 ; 1200 72 131 
98 ; 600 E5 02 
99 ,: s00 C9 135 

100 " 
101 ; 
102 .: 8257 EQUATES 
103 : 

ooAB 104 NO£oE57 WJ 0ASH ; 8257 l'lODE PORT 
130A0 105 CH0ADR £i)1J 0AOH ;CH0 (RX) ADR REGISTER 
00Al 106 CHBTC EllU (JA1H i CH0 TERMINAL COUNT REGISTER 
0ef!2 107 CH1ADR EQIJ 0A2H ; CHl \nO ADR REGISTER 
atlA3 108 CHlTC Eau 0A3H ; CHl TERmNAL COUNT REGISTER 
0aAS 109 STAT'57 EQIJ flASH iSTATUS REGISTER 
82013 110 Ri{8UF EQU 8200H ;RX BUFFER START ADDRESS 
80B0 111 nBUF EQU 8000H ;TX BUFFER START ADDRESS 
13062 112 DRDMA EQU 62H ; [I I SABLE RX DMA CHANNEL.. TX STILL ON 
41FF 113 R~:TC EOU 41FFH ; TERH !HAL COUNT AND l'lOOE FOR RX CHANNEL 
000 114 ENN'lil Eau 63H .: ENABLE BOTH· TX AND RX CHANNELS-EXT. WR, Tii STOP 
0061 115 DTDl1A EOU 61H ; D I SABLE TX D~lA CHANNEL RX STILL ON 
81FF 116 TXTC EQU 81FFH ; TERm NAL COUNT AND MODE FOR TX CHANNEL 

117 i 
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118 i 8251A EQUATES 
119 ; 

0089 120 CNTL51 EOO S9H .; CONTROL WORD REGISTER 
8fl89 121 STAT51 EQU 89H i STATUS REGISTER 
0088 122 fliD5i EQU 88H !TX DATA REGISTER 
0088 123 RX.D51 EQU 88H i RX DATA REGISTER 
£laCE 124 MDE51 EQU OCEH iMODE16X,2 STOP,NO PARITV 
9927 125 CM051 EQU 27H iCOMMAND, ENABLE TX&RX· 
9902 126 RDV EQU .02H iRXRDV BIT 

127 i 

128 ; MONITOR SUBROUTINE EQUATES 
129; 

061F 130GETCH EQU 061FH ;GET CHR FROM KEVBOARD, ASCII IN CH 
05F8 131 ECHO . EI;ru 05F8H ;ECHO CHR TO DISPLAY 
075E 132 \lALDG . EQU 975EH ! CHECK IF VALID DIGIT, CARRY SET IF VALID 
85BB 133 CNVBN' EQU 05BBH !CONVERTS ASCII TO HEX 
85EB 134 CRLF EQU 95EBH !DISPLAYCR, HENCE LF TOO 
86C7 135 NflOUT EQU 96C7H ; CONVERT BYTE TO 2 ASCII CHR AND DISPLAY 

136 ; 
137 iMISC EQUATES 
138; 

20C0 139 STKSRT EQU 29C0H i STACK START 
9003 140 CNTLC EQU 03H iCNTL-C EQUIVALENT 
8098 141 MONTOR EQU 098SH .; MONITOR 
2000 142 CliDBIJF EQU 2000H ;START OF COMliAND BUFFER 
2028 143 CtiDBF1 EQU 2020H' ; POLL MODE SPECIAL TX COMMAND BUFFER 
800D 144 CR EQU 0DH ; ASCII CR 
000A 145 LF EQU 0AH ; ASCII LF 
2004 146 RST75 EQU 20D4H ;RST~ 5 JUMP ADDRESS 
20CE 147'RST65 EQU 20CEH ; RST6. 5 JUtlP ADDRESS 
2010 148 Lr,ADR EQU 2010H !RESULT BUFFER LOAD POINTER STORAGE 
2013 149 CNADR EQU 2913H ; RESULT BUFFER CONSOLE POINTER STORAGE 
2800 159 RESBUF EQU 2800H i RESIJL T BUFFER START - 255 BYTES 
0091 151 SNRMP EQU 93H ;5NRN.,.P CONTROL CODE 
0011 152 RROP EQU iiH ; RR(0j-P CONTROL CODE 
007::. 153 NSAF EQU 73H iNSA-F CONTROL CODE 
0011 154 RR0F EQU l1H ;RR(0)-F CONTROL CODE 
2015 155 PRI1PT EQU 2015H .; PRI'1PT STORAGE 
2916 15€ POLIN EQU 2916H i POLL MODE SELECTION INDICATOR 
2027 157 DEMODE EQU 2927H ;DEMQ MODE INDICATOR 

161 ; 

162 i*************************~~*************************~********************* 
161 .; 
164 ! RAfl STORAGE DEFINITIONS: 
165 ; LOC DEF 
166 ; 
167 ; 2909-200F COt-lt1AND BUFFER 
168 ; 2010-2011 RESULT BUFFER LOAD POINTER 
169 ; 2013-2014 RESUL i BUFFER CONSOLE POINTER 
170 ; 2015 PROt-lPT CHARACTER STORAGE 
171 ; 2916 POLL MODE IND.ICATOR 
172 i 2917 . BAllO RATE LSB .FOR SELF-TEST 
173 i 2918 BAUD RATE MSB FOR SELF-TEST 
177.; . 2019 SPARE 
179.; 2929-2026 RESPONSE COf1t'1AND BUFFER FOR POLL fl0DE 
189 i .2890-28FF RESULT BUFFER 
181 .; 

182 .; *************"'******"'**************"'''''''**,,**'''*****'''************************* 
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183 ; 
184 ; PROGRAI'l START 
iS5 i 
186 i INITIALIZE 8253, 8257, 8251A, AND RESET 8m. 
187 ; ALSO SET NORMAL I'lODE, AND PRINT SIGNON MESSAGE 
lSB i 

0800 189 ORG l3e0H 
19B 

01300 31C02e 191 START: LXI sp, STKSRi i !NIT! AULE SP 
0803 3E36 192 ~IVI A,I'lOCNT0 i 8253 1'lODE SET 
138135 D39B 193 OUT 110DE53 i 8253 1'10DE PORT 
13807 3AmB 194 LDA LKBRl .; GET 8273 BALID RATE LSB 
e80A D39C 195 OUT CNT053 ; USING COUNTER 0 AS BAUD RATE GEN 
080C 3A1820 196 LDA LKBR2 ; GET 8273 BURD RATE I'tSB 
B8eF D39C 197 OUT CNT1353 ; COUNTER a 
9911 CD1AeB 198 . CALL P.XDI'1A i INITIALIZE 8257 RX DNA CHANNEl 
0814 C03508 199 CALL TXNIA i I N IT! ALI ZE 8257 TX D~IA CHANNEL 
9917 3Eel 2013 MYI ' A,01H iOUTPUT 1 FOLLOWED BY A 0 
13819 D392 201 OUT TESm .' TO TEST I'IODE REGISTER 
081B 3E00 202 1'1111 A,e0H iTO RESET THE 8273 
e81D D392 2m OUT TEST73 
081F 3E2D 204 IWI A, '-' .' NOR~IAL MODE PRot1PT CHR 
0821 321520 2135 STA PRI'1PT .' PUT IN STORAGE 
13824 3Eee 2136 1'1\)1 A,130H .' TX POLL RESPONSE I ND I CATOR 
13826 321620 207 STA POLIN i 13 MEANS NO SPEC I Al TX 
13829 3227213 2138 STA DEMODE i CLEAR DEI'10 ~IODE 
e82C 21A3ec 212 LXI H, SIGNON iSIGNON MESSAGE ADR 
1382F C0920C 211 CALL T'fI'ISG i DISPLAY SIGNON 

214 i 
21 S .' I'ION !TOR USES JUI1PS IN RAM TO DIRECT INTERRUPTS 
216 i 

13832 21D4213 217 LXI H, RST75 i RST7. 5 JUI'1P LOCATION USED BY MONITOR 
9835 011390C 218 LXI B,RXI iADDRESS OF RX INT ROUTINE 
13838 360 219 ~1VI ~1., 13C3H iLOAD 'JMP' OPCODE 
981A 21 229 INX H i INC POINTER 
e81B 71 221 NOll ~I,C .' LOAD RXI LSB 
eS3C 23 222 INX H i INC POINTER 
083D 70 221 ~IOIl M.,B ; LOAD RXI MSB 
083E 21CE20 224 U<I. H,RST65 iRST~5 JUMP LOCATION USED BY MONITOR 
0841 elCE0C 225 LXI B, TXI ; ADDRESS· OF TX INT ROUTINE 
0844 36C3 226 1m 11,0C3H ; LOAD 'J~IP' OPCODE 
0846 2S 227 INX H i INC POINTER 
0847 71 228 ~IOV i1, C i LOAD n:I L5B 
0848 23 229 INX H .' INC POINTER 
0849 70 210 NOY N,B i LOAf) TXI 115B 
984A 3Ei8 231 NVI A,18H .' GET SET TO RESET iNTERRUPTS 
084C 30 232 snl ; RESET INTERRUPTS 
1384D FB 233 EI ;ENABLE INTERRUPTS 

234 i 
235 ; HHTIALIZEBUFFER POINTER 
236 ; 
237 i 

084E 210028 238 LXI H, RESBUF ; SET RESULT BUFFER POINTERS 
0851221320 239 'SHLD CNADR i RESULT CotOOLE POiNTER 
0854 221020 240 5HLD LDADR iRESULT LORD POINTER 

241 i 
242 .' I1A I N PROGRAfoI LOOP - CHECKS FOR CHANGE IN RESUL T PO iNTERS, LlSART STATUS, 
243 ; OR POLL STATUS 
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244 i 

9S57 (DEBe5 245 nlDREC: CALL CRLF .: DISPLAY CR 
eS5A 3A1520 246 LDA PRMPT iGET CURRENT'PROMPT CHR 
085D 4F 247 ~101l C,A .: t'10VE TO C 
0S5E CDF805 248 CALL ECHO .:DISPLAY IT 
08612AB20 249 looPH: lHlD CNADR iGET CONSOLE POINTER 
13864 7D 250 MOil A,L ,: SAYE POINTER LSB 
13865 2A10213 251 LHlD LDADR iGET LOAD POINTER 
9868 BD 252 CMP L i SAME l5B? 
9869 C2:?90A 253 JNZ DISPY i NO, RESULTS NEED DISPLAYING 
e86C D889 259 IN STAT51 ; YES, CHECK KEIr'BOARD 
086E E602 260 ANI RDY i CHR RECEIVED? 
0879 C27D08 261 JHZ GETCMD iMUST BE CHR SO GO GET IT 
0873 1A1620 .' 262 LDA POLIN i GET POLL MODE STATUS 
0875 A7 263 ANA A ; IS IT 0? 
9877 C24C09 264 JNZ' TXPOL iNO, THEN POLL OCCURRED 
0S7A G6108 265 JMP LOOP IT i YES.. TRY AGAIN 

266 i 
267 ; 
268 ; COM~lAND RECOGNIZER ROUTINE 
269 i 
270 ; 

e87D CD1F06 271 GETCMD: CALL GETCH ; GET CHR 
0880 CDF805 272 CALL ECHO ; ECHO IT 
0883 79 273 MOV ftC i SETUP FOR COMPARE 
0884 FE52 274 CPI IR' ;R? 
0886 CAAF08 275 JZ RDWN ; GET MORE 
0889 FE53 276 CPI IS.' is? 
e888 CADle8 277 JZ 5N1N i GET MORE 
eS8E FE47 278 . CPI "G'" iG? 
13890 CAFF~8 279 JZ GOWN i GET MORE 
089J FE54 . 280 CPI "TI iT? 
13895 CA0E09 281 . JZ TOWN i GET MORE 
0898 FE41 282 CPI .'A'" i A? 
e89A CA2209 283 JZ AOWN .: GET ~10RE 
0890 FE5A 284 CPI '"z' iZ? 
089F CA3109 285 JZ Ctl0DE ; 'fES, GO CHANGE ~lODE 

0BA2 FEes 290 CPI CNTle i CNTL-C? 
08A4 CA0800 291 JZ ~10NTOR i Em TO tlONITOR 
08A7 0E1F 292 IllEG: t1'.'I C 1')1 ., . .: PRINT? 
e8A9 CDFS05 293 CAll ECHO ; DI5PLAY IT 
08AC C35708 294 JMP Ct1DREC i lOOP FOR C~lMA~ID 

295 
€l8AF CD1F06 296 RDWN: CALL GETCH ; GET NEXT CHR 
0882 CDF805 297 CALL ECHO ; ECHO Ii 
08B5 79 . 298 MOV A .• C .: SETUP FOR COMPARE 
0886 FE4F 299 CPI '0' iO? 
08B8 CA5D09 ze0 JZ ROCHD .: RO COl1MANO 
e8B8 FE53 301 CPI IS' i 51 
e8BD CA6709 102 ']Z RSCt1D iRS COMMAND 
08C0 FE44 ::~(G CPI l[ll .i D? 
e8C2 CA7109 ::,04 ']Z RDCt10 .i RD COtltlAND 
e8C5 FE50 305 CPI 'P' .:P? 
08(7 .~AD809 106 JZ RPCI1D : RP C0I1tlAND 
u8eA FE52 307 CPI "R' .:R? 
08ee C00008 308 JZ START i START OVER 
08CF FE42 109" CPI 18' .:B? 
08[.01 CA7809 310 JZ RBCMD iRB COMMAND 
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08D4 C3A70S 311 JMP ILLEG iILLEGAL, TRY AGAIN 
312 

98D7 CD1F06 313 SD~IN: CALL GETCH i GET NEXT CHR 
9SDA CDF805 314 CALL ECHO iECHO IT 
98DD 78 315 MOV A,B iSETUP FOR COMPARE 
98DE FE4F 316 CPI '0' iO? 
08E9 CAA609 317 J2 SOCMD i SO COMMAND 
98E3 FE53 318 CPI 's' is? 
08E5 CAB099 319 J2 SSCMD i 55 COMMAND 
98E8 FE52 329 CPI 'R' iR? 
08EA CABA09 321 J2 SRCMD i SR COMt1AND 
98ED FE50 322 CPI 'P' iP? 
B8EF CAE209 323 J2 SPC~lD i SP C0I1tlAND. 
98F2 FE42 324 CPI 'B' ; B? 
08F4 CA8509 325 J2 SeCM[) ; SB Cot1t1AND 
08F7 FE4C 326 CPI 'L' ;L? 
0BF9 CABF09 327 J2 SLCMD ;SL COMMAND 
08FC C3A70S :m J~lP ILLEG i ILLEGAL.. TRY AGAIN 

329 
0BFF CD1F06 330 GDWtt CALL GETCH· ; GET NEXT CHR 
0902 CDF805 331 CALL ECHO ; ECHO IT 
0905 78 332 MOV A, B i SETUP FOR CONPARE 
0906 FE52 :m CPI 'R" i R? 
0908 CAC409 334 J2 GRCM[) ; GR COMMAND 
0908 C3A70S 315 JMP ILLEG ; ILLEGAL; TRY AGAIN 

336 
090E CD1F06 337 TOWN: CALL GETCH i GET NEXT CHR 
0911 CDF805 338 CALL ECHO i ECHO IT 
0914 78 339 HOV A,B i SETUP FOR CO~lPARE 
09-15 FE46 340 CPI 'F' .; F? 
0917 CAEC99 341 J2 TFCtlD i TF COMMAND 
091A FE4C 342 CPI 'L' iL? 
991C CA9909 343 J2 TLCt1D i TL COflMAND 
091F C3A700 344 Jt'1P ILLEG i ILLEGAL, TRY AGAIN 

345 
0922 CD1F06 346 ADJoiN: CALL GETCH ; GET NEXT CHR 
0925 CDFB05 347 CALL ECHO· · i ECHO IT 
0928 78 348 MOV A.. B i SETUP FOR C0I1PARE 
0929 FE46 349 CPI lFl iF? 
0928 CACE99 350 J2 AFCMD iAF COMMAND 
092E GA798 351 JMP ILLEG i ILLEGAL, TRY AGAm 

352 ; 
353 i RESET POLL t10DE RESPONSE - CHANGE PROMPT CHR AS INDICATOR 
354 i 

0931 F3 1.'15 CMODE: DI iDISABLE INTERRUPTS 
9932 3A1520 356 LDA PRI'lPT iGET CURRENT PROI'lPT 
9935 FE2D 357 CPI '-' · i NORNAL tl0DE? 
0957 C24309 358 JN2 SW ; NO, CHANGE IT 
093A 3E2B 359 I'lVI A, ,+, i NEW PRotlPT 
093C 321520 360 STA PR~lPT .; STORE NE1.j PROMPT 
093F FB 365 EI i ENABLE INTERRUPTS 
9940 C35708 366 JMP CI'lDREC i RETURN TO LOOP 
0943 3E2D 367 Sio/: HVI A, '-' · ; NEW PROflPT CHR 
0945321520 368 STA PRI'lPT ;STORE IT 
0948 FB 369 E1 iENABLE INTERRUPTS 
0949 C35708 370 JriP CI'lOREe ; RETURN TO LOOP 

371 i 
372 ; 
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:m i TRANSMIT ANSWER TO POLL SETUP 
374 i 

094C 3EOO 382 TXPOL: . I1VI A,99H iCLEAR POLL INDICATOR 
994E 321629 384 STA POLIN I INDICATOR AOR 
0951 216198 385 LXI H, LOOPIT. ,;SETUP STACK FOR COI1MAND OUTPUT 
0954 E5 386 ' PUSH H . i PUT RETURN, TO CMOREC ON STACK 
9955 0604 387 MVI B,04H ; GET I OF PARAMETERS READY 
0957 212020 388 LXI H,CMDBF1 . ;POINT TO SPECIAL BUFFER' 
995A C3FF0A :;89 JMP COMI'I2 .; JU~lP TO CmtMAND OUTPUTER '.:. ~ j' ~ 

390; 
391 ; 
392 ; 
393 iCOMMAND IMPLEMENTING R~JTINES . 
394 ; 
395 ; 
396 ; RO - RESET OPERATING MODE 
397 ; 

995D 9601 398 ROCf'ID: MVI B,01H ; # OF PARAMETERS 
995F 9E51 399 MVI C,5tH ; COMMAND 
0961 CDE50A 400 CALL COMM ; GET PARAMETERS AND IS~E COMMAND 
0964 CJ5708 401 JMP 01DREC ; GET NEXT COMMAND 

402 ; 
403 ; RS - RE5ET SERIAL 110 MODE COttMAND 
404; . 

0967 0601 '" ,r 405 RSCMD: " MVI B,91H i I OF PARAMETERS 
99699E60 406 11\11 C,60H ;COI1l1AND 
096B CDE50A 407 CALL COfIM ; GET P.ARAI1ETER5 AND ISSUE , COt111AND 
996E C35798 40B JMP CI1DREC ,; GET NEliTCOMMAIID 

409,; 
419 ; RD - RECEIVER DISABLE COMMAND 
411 ; 

0971 0690 412 ROCMD: MVI B,9aH ; II OF PARAMETERS 
0973 BEC5 413 Mill C,OCSH .; COttlAND 
0975 CDE50A 414 CALL COttl '; ISSUE COMMAND 
0978 C35708 415 JMP CMDREC i GET ,NEXT COMMAND 

416 ; 
417 ; RB - RESET ONE BIT DELAY COMMAND 

" 418 ; 
097B 9691 419 ReCMD: t1VI B,01H ; i OF PARAMETERS 
997D 0E64 420 MVI C,64H ;COI1HAND 
097F CDE511A 421 , CALL COIt1 ; GET PARAMETER AND ISSUE COMt1AND 
9982 C35708 422 IMP CMDREC ; GET NEXT COMMAND 

423 i 
424 i 58 - SET ONE BIT DELAY COMMAND 
425 i 

0985 0601 426 SBCHD:. 11VI B,9tH ; I OF PARAMETERS 
9987 BEA4 427 MVI C,9A4H ;COttlAND 
9989 CDE5'lA ',428 CALL COIt1 ; GET PARAMETER AND ISSUE COtlMAND 
998C,C35708 429 JMP CMOREC , ," i GET NEXT COMMAND 

430 ; 
431 ; SL- SELECTIVE LOOP RECEIVE COMMAIID 
432 ; 

098F 9604 433,Sl:.CI'ID:, MVI B,04H i' OF PARAMETERES 
9991 !!EC2 434 ,'.' MVI C,9C2H iCOMHAND 
9m CDE50A ,,435 CALL CO"" : i GET PARAMETERS AND ISSUE Cpt'lMAND 
0996 C35708 " '436, JtlP CMDREC, i GET NEXT COMMAND 

437 ; 
438 ; TL - TRANSMIT LOOP COtlMAND 
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439 ; 
0999 219020 440 TLCMD: LXI H, CliDBUF i SET COI'II'IAND BUFFER POINTER 
099C 0602 441 MVI B,02H j LOAD PARAI1ETER COUNTER 
099E 36CA 442 MVI M,OCAH ; LOAD COM~IAND INTO BUFFER 
09A9 210220 443 LXI H, CMDBUF+2 ; POINT AT·ADR AND CNTL POSITIONS 
09A3 C3F609 444 JMP TFCMD1 jFINISH OFF COMMAND IN TF ROUTINE 

445,; 
446 ,; SO - SET OPERATI NG ~IODE CO~II'lAND 
447 j 

09A6 9601 448 SOCMD: MVI B,91H ,;, OF PARAMETERS 
99A8 eE91 449 MVI C,91H jCOMMAND 
09AA CDE50A 450 CALL COi'1li ,; GET PARAt4ETER AND I 55UE COM~IAND 
99AD C35708 451 JMP CMDREC j GET NEXT COI'IMAND 

452 j 

453 iSS - SET SERIAL 1/0 COM~ND 
454 j 

09B8 9601 455 S5CMD: MVI B,01H i II OF PARA~IETERS 
99820EA0 456 MVI C,0A0H ,; COM~1AND 
09B4 CDE50A 457 CALL COI'IM i GET PARAt'1ETER AND IS5UE COMMAND 
0987 C35798 458 JMP CMOREC i GET NEXT COI'1MAND 

459 ; 
460 i SR - SELECTIVE RECEIVE COt1MAND 
461 i 

09BA 0604 462 SRCMD: MVI B,04H i II OF PARA~1ETERS 
098C 0ECl 463 MVI (,0C1H i COI'tr'lAND 
098E CDE50A 464 CALL COMH i GET PARAMETERS AND I SSUE COMMAND 
99(1 C35708 465 JMP CMDREC i GET NEXT COt'lt4AND 

466 i 

467 i GR - GENERAL RECEiVE COI'I~IANO 
468 j 

99C4 0602 469 GRCMD: MVI 8.,02H ; NO PARAI'1ETERS 
09C6 BEC0 479 1m C,0C0H i COI'IHAND 
99C8 COE59A 471 CALL CQIo1l'1 j I SSUE CO~I~IAND 

99CB C35708 472 J~IP eMDREC j GET N£'I.T COI'IMAND 
473 i 

474 i AF ., ABORT FRAI1E COMI'IAND 
475 i 

99CE 9600 476 AFCMD: MVI B,00H ; NO PARAMETERS 
09D9 BECC 477 tlllI C,9CCH ; COtII1AND 
99D2 COE50A 478 CALL COHfoI ,; ISSUE COMMAND 
99D5 C35708 479 J~IP CfoIDREC ,; GET NEXT COIir'lAND 

4813 ; 
481 i RP :. RESET PORT CO~triAND 
482 ; 

99DB 9601 483 RPCMD: foIVI B,B1H ; II OF PARAtlETER5 
99DA 9E63 484 ~IVI C,63H ; COfolfolAND 
09DC CDE50A 485 CALL COfolM i GET PARAMETER ANO I5SUE cor'n'lAND 
99DF C35798 486 JMP CMDREC j GET NEXT COMMAND 

487 j 

488 i 5P ,- SET PORT COfolMAND 
489 i 

99E2 9601 499·SPCtiD: MVI B,01H j II OF PARAi'1ETER5 
99E4 BEA3 491 MVI C,BA3H iCOfolfolAND 
09E6 CDE50A 492 CALL COI'II'I ; GET PARAMEiER ANO I SSLIE C0I1NAND 
99E9 C35708 493 JI1P CMDREC ; GET NEX CONfoIAND 

494 i 

495 j TF - TRANSMIT FRAME COMI4AND 
496 i 
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09EC 210020 497 TFCMD: LXI H, CMDBUF i SET CONMAND BUFFER POINTER 
09EF 0602 " 498 NIII B,02H iLOAD PARANETER COUNTER 
09Fl 36CB 499. MVI M,0C8H i LOAD CONI'IAND I NTO BUFFER·, 
e9FJ 210220 500 LX! H., CMDBUF+2 ;POINT AT ADR AND CNTl.POSITIONS 
09F6 78 ,', 5131 TFCMD1: MO\l' A,B ,; TEST PARANETER COUNT 
09F7 A7 502' ANA A ,; IS IT O7 
09F8 CA079A 503 JZ TBUFL ; 'r'ES, LOAD TX DATA BUFFER 
09FB CDAD9A 594 CALL ' PARIN ' ,; GET PARAMETER 
09FE DAA708 505 JC ILLEG i ILLEGAl CHR RETURNED 
0A01 23 506 INX H i INC CONi'IAND BUFFER POINTER 
BA02 95 597 OCR B iDEC PARANETER COUNTER 
0A03·77 50B 110V M,A i LOAD PARANETER, INTO CO~lMAND. BUFFER 
0A94 C3F609 599 'JIoIP TFCNDl i GET NEXT PARANETER 

519 
eM7 210080 511 TBUFL: LXI H, r":BUF ,; LOAD TX DATA BUFFER POINTER 
OR0A 010000 512 LXI B,000aH iCLEAR BC - B~TE COUNTER 
OR0D C5 513 TBUFL1: PUSH B iSAIiE BYTE COUNTER 
0ROE CORDeA 514 CALL PRRIN i GET DATA, ALIAS PARAHETER 
OAH DA1B.OA ,515 JC ENDCHK i MAYBE END IF ILLEGAL 
0A14 77 516 NOV ~l, A ;LOAD DATA BYTE INTO BUFFER 
OA15 23 517 INX H iINC BUFFER POINTER 
0A16 C1 518 POP .. B . ; RESTORE BYTE COUNTER 
OA17 03 519 INX B iINC B~TE COUNTER 
OA18 C30DOA 52O Jt,lP ' TBUFL1 i GET NEXT DATA 
OA1B FEOD 521 ENDCHK: ,CPI CR ;RETURNED ILLEGAL CHR CR' 
0A1DCA240A " 522 ' JZ iBUFFL iYES, THEN TX ,BUFFER FULL 
0A20 C1 523 ' POP B ,; RESTORE B TO SAVE STACK 
0R21 C3A7e8 524 Jt1P ILLEG i ILLEGAl CHR 
0A24 C1 525 TBLIFFL: POP B i RESTORE BI'TE COUNTER 
0A25 210120 526 LXI H, CMDBUF +1 ;POINT INTO CONNANO BUFFER 
€lAZ8 71 527 MOV M,C iSTORE B~TE COLINT LSB 
0R29 2~ 528 INX H iINC POINTER 
BR2A 7€l 529 HOV M,B iSTORE BI'TE COUNT HSB 
0A2B 0694 5313 HVI B,04H i LOAD PARANETER COUNT INTO B 
0A2D 2H60A 5~1 LXI H,TFRET i GET RETURN ADRFOR THIS ROUTINE 
eA30 C5 532 PliSH B ,;PUSH ONCE 
0fE1 E3 533 XTHL iPLIT RETURN ON STACK 
9A32 C5 534 PUSH B i PUSH IT SO: CMOOUT CAN USE IT 
0AB GFB0A 535 Jl1P CI'IDOUT i ISSUE COMMAND 
0A36 [35708 536>TFRET: Jl1p CMDREC i GET NEXT CO~1MAND 

537 i 

538 i 

539 i ROUTINE TO DISPLA~ RESUlT IN RESULT BUFFER WHEN LOAD AND CONSOlE 
540 iPOINTERS ARE DIFFERENT. 
541 i ,. 

542 ; 
0A39 1605 543 OISPI': H','I O,05H ; D IS RESULT .COUNTER 

, 0A3B 2A1320 544 LHLO CNADR iGET CONSOLE POINTER 
eA3E E5 545 PUSH H ,; SAVE IT 
OA3F 7E 546 MOV A,M i GETRESUl TIC. ' 
0A40 E61F 547 ANI iFH iLIHIT TO RESUlT CODE 
0A42 FEOC 548 CPI OCH i TEST IF RX OR TX SOURCE 
0A44 DA620A 549 . JC RXSORC iCARRI', THEN RX SOURCE 
0A4721C30C 550 TXSORC: LXI H, TXIHSG i TX INT NESSAGE 
0A4A W920C 551,· • CALL Tl'MSG i DISPLA~ IT 
0A4D E1 552 D I SPI'2 : POP H i RESTORE CONSOLE POINTER 
0A4E 7E 553 OIsPY1: HOV A,M . i GET RESULT 
0A4F CDC706 554 CALL NHOUT iCONVERT AND DISPLAY 

2-182 

- -------



0A52 0E20 555 ~!VI C,' , ; SP CHR 
0A54 CDFOOS 556 CALL ECHO ; DISPLAY IT 
0A57 2C 557 INR L ;INe BUFFER POINTER 
0A5B 15 558 DCR D , ; DEC RESULT COUNTER 
0A59 C24E0A 559 JNZ DISPYl ; NOT DONE 
0A5C 221J20 560, SHLD CNADR .: UPDATE CONSOLE PO INTER 
0A5F C35708 561 JMP CMDREC ; RETURN TO LOOP 

562 i 

563 i 

564 iRECEIVER SOURCE - DISPLAY RESULTS AND RECEYIE BUFFER CONTENTS 
565 i 

566 ; 
0A62 21B80C 567 RXSORC: LXI H, RXHISG .: RX INT MESSAGE ADR 
0A65 CD920C 568 :. CALL TYMSG i DISPLAY MESSAGE 
0A68 E1 569 POP H ;RESTORE CONSOLE POINTER 
0A69 7E 570 RXS1: MOl/ A,M ;RETRIEYE RESULT FROM BUFFER 
0A6A CDC706 571 CALL NtlOUT ;CONI/ERT AND DISPLAY IT 
0A6D 0E20 572 /11/1 C, ~ I ; ASCII SP 
0A6F CDFOO5 573 CALL ECHO i DISPLAY IT 
BA72 2C 574 INR L ; INC CONSOLE POINTER 
0A73 15 575 DCR D iDEC RESULT COUNTER 
0A74 7A 576 MOil A .• D ; GET SET TO TEST COUNTER 
eA75 FE04 577 CPI 04H i IS THE RESULT R0? 
BA77 CAA20A 578 JZ R0PT ; YES, GO SAVE IT 
0AlA FE0] 579 CPI 03H ;IS THE RESULT R1? 
0A7C CAA7eR 580 JZ RiPT ; YES, GO SAVE IT 
0A7F A7 581 RXS2: ANA A i TEST RESULT COUNTER 
0AS0 C2690A 582 JNZ RXS1 . i NOT DONEYET, GET NEXT RESULT 
0A81 221320 583 SHLD CNADR ; DONE, SO UPDATE CONSOLE POINTER 
BAS6 CDEB95 584 CALL CRLF ; DISPLAY CR 
BAB9 219982 585 LXI H .• RXBUF ;POINT AT RX BUFFER 
0ASC C1 586 POP B .: RETRIEVE RECEIVED COUNT 
BASD 78 587 RXS3: MOV A,B iIS COUNT,9? 
BASE B1 588 ORA C 
8ABF CA57eB 589 JZ CM[lREC ; YES, GO BACK TO LOOP 
0A92 7E 590 1'101/ A,/'! iNO, GET CHR 
BAn C5 591 PUSH B i SAVEBC' 
0fl94 CfG06 592 CALL NMOUT ;CONI/ERT AND DISPLAY CHR 
0R97'0E20 5CP ' --;;.. MVI C, I I iASCIl SP 
0A99 CDF805 594 CALL ECHO ; DISPLAY IT TO SEPARATE DATA 
0A9C Ci 595 POP B ; RESTORE BC 
0A9D 0B 596 DCX B ; DEC COUNT 
0A9E 23 597 lNX H ; INC POINTER 
0A9F 08D0A 598 mp RXS3 i GET NEXT CHR 

599 
0AA2 4E 600 R0PT. Me)ll c,1'1 iGET R0 FOR RESULT BUFFER 
0AA3 C5 601 PUSH B ; SAVE IT 
0AFt4 G7F0A 602 Jt1P RXS2 ; RETURN 

603 
0AA7 Cl 604 RiPT: POP B iGET R0 
0AAS 46 605 HOV B,M i GET Ri FOR RESULT BUFFER 
BRA9 C5 606 PUSH B ;SAVE IT' 
0AAA G7F0A 607 JMP RX52 

6138 ; 
609 } 

6113 
611 PARA/iETER INPUT;' PARAMETER RETURNED IN E REGISTER 
612 
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61L' 
0AAD C5 614 PflRIN: PUSH B iSAVE Be ' . 
MAE 1601 .615 MVI D .• 01H : .:SET CHR COUNTER 
BAB0 eD1FB6 616 . CAll GETCH .:GET CHR 
0ABl CDF805 617 . CAll ECHO ;ECHO IT 
0AB6 79 . 618 !';:.' MOil A,C .: PUT CHR IN A 
BAB7 FE20 619 .: CPI . ;SP? 
0AB9 C2Ee0A 620 JNZ PARINl ; NO, IllEGAl, TRY' AGAIN 
BABe CD1F06 621 PARIN3: CAll GETCH iGET CHR OF PARAMETER 
BABF CDFOO5 622 CAll ECHO iECHO IT . 
0AC2 CD5Ee7 621 CAll VAlOO ;IS IT A ·VALID CHR? 
BAC5 D2E00A 624 JNC PARINl ; NO, TRY AGA IN 
OACS CDBB05 625 CALL CNVBN' ; WillERT IT TO HEX. 
0ACB 4F ...• 626 . MOil C,A .. i SAVE IT IN C 
BACC 7A: 627 MOV A,D i GET CHR COUNTER 
BAeD A7 '. 628' ANA A ; IS IT 131 
eACE CADC0A 629 . J2 PARIN2 ; YES, DOtE WITH THIS· PARAMETER 
OADl 15 630 .. DCR D .: DEC CHRCOUNTER 
0002 AF 631 XRA A . ; CLEAR CARRY 

. 0AD3 79 . ". 632 . 1'I0V A,C . ; RECO~'ER 1ST CHR 
0A04 17 .. 633 RAl .:ROTATE lEFT 4 PLACES 
BAD5 17 634 ' .~ . RAl 
BAD6 17 .. 615 RAl ;.!.: 
0007 17 636, RAl 
eAD8 5F ·'637 MOil. E,A . .: SAVE IT IN E 
9009 C3BC0A 638 ' J~lP PARIN3 i GET NEXT CHR 
000C 79 639 PARIN2: 11011 A, C i 2ND. CHR IN A 
OOOD;B3 .. 640 .' . ORA E .:COMBINE BOTH CHRS 

. BADE C1 '641 . . :. ", POP B ; RESTORE BC 
eADF C9 642 RET .:REnJRN TO CAllING PROGRAM 
OAEe 79 643 PARIN1: HOV A,C .: PUT. IllEGAL CHR IN A 
0AE1 37 .' 644 STC .:SET CARRY AS IllEGAL STATUS 
0AE2 (1 '6~5 POP B .:RESTORE Be 
eAEl (9 646 RET .: RETURN TO CALLING PROGRAM 

647').· 
649.: 
649 ; .JUMP HERE IF BUFFER FUll 
650 'J 

0AE4 CF 651 ~IJFFUl: DB eCFH ; EXIT TO MONITOR 
··6.52.: 

653 ; 
654 .:COMMAND DISPATCHER 
655; . 

... 656 i.'·· 

eAE5 21911120 657 COMM: LXI H .. CI~DBUF .: SET POINTER 
0AE8, (5 658 PUSH B i5AVE Be 
!lAE9 71 659 MOil I1,C ;lOAD COMMAND INTO BUFFER 
0AEA 78 660 C0I1M1: MOV A .. B ; CHECK PARAMETER COUNTER 
BAEB A7 661 '. . ANA A ;IS IT 01 . 
0AEC CAFBeA 662 J2 CI1DOUT . .: YES, GO ISSUE COMMAND 
0AEF fDAD0A 663 CAll PARIN .: GET PARAMETER 
BAF2 DAA709 664· JC IllEG ; IllEGAL CHR RETURNED 
eAF523 665 INX H ; INC BUFFER POINTER 
0AF6 05 666 DCR B .: DEC PARAMETER COLINTER 
0AF7 77 667 ~10V /'I,A .: PARA~tETER TO BUFFER 
&8 C3EA0A 668 JMP COMMl .: GET NEXT PARA~lETER 
0AFB 210020 ... · .. 669 CI'IOOUT: L;~ I H,CMDBUF i REPOINTPOINTER 
0AFE C1 670 POP B .:RESTORE PARAMETER COUNT 
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IlAFF DB911 671 COMM2: IN STAm ;REAO 8273 STATUS 
0B01 07 672 RLC ;ROTATE CBSY INTO CARRY 
0B02 DAFF0A 673 JC COMM2 ; ~IAIT FOR OK 
0B957E 674 HOV A, M ; OK, MOVE COM~lAND INTO A 
1IBIl6 D399 675 OUT COMM7J ; OUTPUT C0I1MAND 
9B98 78 676 PARi: MOV A,B ; GET PARA~tETER COUNT 
9B99 A7 677 ANA A ; IS IT 0? 
9B9A C8 678 RZ ; YES, DONE, RETURN 
000B 23 679 INX H ; INC COMMAND BUFFER POINTER 
080C 05 680 DCR B . ; DEC PARAMETER COUNT 
0B0D 009l'l 681 PAR2: IN STAm ; READ STATUS 
0B0F E620 682 ANI CPBF ;IS CPBF BIT SET? 
0B11 C20D0B 683 JNZ PAR2 ; WAIT TIL ITS II 
9814 7E 684 MOY A,M ; OK, GET PARAMETER FROM BUFFER 
0815 D391 685 OUT PARM73 ; OUTPUT PARAMETER 
0817 C3080B .686 JMP PARl ; GET NEXT PARAMETER 

687 ; 
688 ;. 
689 ;; I NIT! ALI ZE AND ENABLE RX DMA CHANNEL 
690 ; 
691 i 

0B1A 3E62 692 RXDMA: MVI A,DRDMA ;DISABLE RX DMA CHANNEL· 
9B1C D3A8 693 OUT HODE57 ; 8257 MODE PORT 
9B1E 019982 694 LXI B,RXBUF ;RX BUFFER START ADDRESS 
9B21 79 695 MOV A,C ; RX BUFFER LSB 
9822 D3A9 696 OUT CH0ADR i CHI! ADR PORT 
9B24 78 697 [i0V A,B ; RX BUFFE~ MSB 
9B25 D3A0 698 OUT CH0ADR i CH0 AOR PORT 
0B27 01FF41 699 LXI B,RXTC ; RX CH TEERMINAL COUNT 
0B2A 79 700 .. MOV A,C ; RX TERMINAL COUNT LSB 
IIB2B D3A1 7111 OUT CH0TC ;CHII TC PORT 
0B2D 78 702 110Y A,B ;RX TERMINAL COUNT MSB 
0B2E D3A1 7113 OUT CHelTC ; CH9 TC PORT 
08393E63 794 "VI A,ENI)I1A i ENABLE DMA WORD 
9B32 D3A8 795 . OUT MODE57 i 8257 MODE PORT 
9B34 C9 706 RET ; RETURN 

707 ; 
798 ;. 
709 i INITIALIZE AND ENABLE TX DMACHANNEL 
710 ; 
711 ; 

0835 3EG1 712 TXDMA: MVI A,DTDMA i D I SABLE TX D~tA CHANNEL 
0837 D3A8 7B OUT HODE57 ; 8257 HODE PORT 
0839 010980 714 LXI B, TXBUF . ;TX BUFFER START ADDRESS 
983C 79 715 . MOV A,C ; TX BUFFER LSB 
083D D3A2 716 OUT CH1ADR ; CHl AOR PORT 
9BlF 78 717 . MOY A,B ; TX BUFFER ~lSB 
0840 D3A2 718 OUT CH1ADR ; CHi ADR PORT 
0842 91FF81 719 TXDMA1: LXI B, mc ; TX CH TERl1INAL COUNT 
0045 79 720 110Y A,C iTX TERMINAL COUNT LSB 
1lB46.D3A3 721 OUT CHHC ;CHi TC PORT 
0848 78 722 HOY A,B ;TX TERMINAL COUNT HSB 
0849D3A3 723 OUT CH1TG: • .; CHi TC PORT 
9B4B 3E63 . 724 ~tYI A,ENDMA i ENABLE DI'fA 1oI0RD 
084D D3A8 725 OUT . MODE57 ; 8257 [10DE PORT 
9B4F C9 726 . RET i RETURN 

727 ; 
728 ; 
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··72,9 ; INERRUPT PROCESSING SECTION 
730; 

OC00 731 ORG OC99H 
732; 
733 ; 
734 ; RECEIVER INTERRUPT - RST 7; 5 (LOC 3CH) 
735 ; 

9C013 E5 756 RXI: PUSH H ; SAllE HL 
13c01 F5 n7 PUSH P5IoI ; SAllE PSW' 
OCB2 C5 ;i8 ' PUSH B ; SAVE BC . , 
BCB3 05 739 PUSH D ;SAl'E DE 
0C04 3E62 740 MYI A,DRDI'IA ; DISABLE RX Dt1A 
OC06 D3A8 ., 741 OUT MODE57 ; 8257 MODE PORT 
OC083E18 " 742 '11111 A,iSH ; RESET RST7, 5 FIF 
0C9A 3O 743 5111 
0C0B 1604 744 ' MYI D,04H ;D IS RESULT COUNTER 
eC0D 2A1e29 745 LHLD LDADR ; GET LOAD POINTER 
em E5 746 PUSH H ; SAVE IT 
9C11 E5 747 PUSH ' H ' ,;SAYE'IT AGAIN 
0C12 45 748 MOl' B,L ;SAYE LSB 
OC13 2A1320 749 LHLD CNADR ; GET CONSOLE POINTER 
OC1604 750 RXI1: INR B ; BUMP LOAD POINTER LSB 
OC17 78 751 MOl' A,B ,; GET SET. TO TEST 
0C18 BD 752 CMP L ,; LOAll=CONSOLE? 
OC19 CAE40A 753 JZ BUFFUL ; YES, BUFFER FULL 
0C1C 15 754 OCR D ; DEC COUNTER 
OC1D C2169C 755 JNZ RXI1 ; NOT DONE, TRY AGAIN 
9C29 1695 756 I1I!I D,95H ; RESET COUNTER 
9C22 E1 757 POP H ; RESTORE LOAD POINTER 
9C23 0899 758 RXI2: IN STAm ; READ STATUS 
9C25 E698 759 . ANI RXINT ; TEST RX INT BIT 
9C27 CA39@C 760 JZ RXI3 ; DOI£, GO FINISH UP 
0C2A DB90 761 IN STAm ; READ STATUS AGAIN 
OC2C E602 ' 762 ANI RXIRA ;IS RESULT READY? 
13C2E CA2313C 763 JZ RXI2 ' ; NO, TEST AGAIN 
9C31 OB93 764 IN RXIR73· ; YES, READ RESULT 
om 77 765 MOY M,A ; STORE IN BUFFER 
9C34 2C 766 INR L ; INC BUFFER POINTER 
OC35 15 767 DGR 0 ,; DEC COUNTER 
9C36 C3230C 768 JI1P RXI2 ;GET MORE RESULTS 
OC39 7A 769 RXI3: MOY A,O i GET SET TO TEST 
OC3A A7 ,.' 770 ANA A i ALL RESll TS? 
0GB CA450C ' 771 JZ RXI4, i YES, 50 FINISH UP 
OCJE 3600 772 MYI M,00H i NO, LOAD ° TIL DONE 
OC402C '773 INR L ; BUI1P PO INTER 
OC41 15 774 OCR D ; DEC COUNTER 
9C42 C3399G 775 JHP RXI3 ; GO AGAIN 
13C45 221929 776 RXI4: SHLO LDADR ; UPDATE LOAD POINTER 
0C48 3A1529 m LDA PRI'IPT ; GET MODE INDICATOR 
0C4B FE20 778 CPI '-' i NORI'IAL MODE? 
0C4D GA850C 779 JZ RXI6 ,; YES, CLEAN UP BEFORE RETURN 

789; , 
781 ; POLL MODE 50 CHECK CONTROL BYTE 
782 ; IF CONTROL 'IS A POLL.. . SET UP SPECIAL Tii COMt1ANC'- BUFFER 
783; AND RETURN WITH POLL INDICATOR NOT 0 
784 ; 

0C513 E1 785 POP H ; GET PREVIOUS LOAD ADR POINTER 
9C51 7E 786 110Y A,M ; GET IC BYTE FROI1 BUFFER 
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IlC52 E61E 787 ANI 1EH I LOOK AT GOOD FRAME BITS 
IlC54 C2891lC 788 JNZ RXI5 IIf NOT Il, INTERRUPT WASN'T FROM R GOOD FRAME 
IlC57 2C 789 INR L I BYPASS R0 AND R1 I N BUFFER 
IlC58 2C 79O INR L 
0C59 2C 791 INR L 
OC5R 56 792 MOV D,M I GET ADR BYTE AND SAVE IT IN D 
0e5B 2C 793 INR L 
IlC5C 7E 794 MOV A,M i GET CNTL BYTE FRO/1 BUFFER 
IlC5D FE93 795 CPI SNRtlP I WAS IT SNRM-P? 
0C5F CR6CBC 796 JZ U I YES, GO SET RESPONSE 
0C62 FEU 797 CPI RReP i WAS IT RR(0)-P? 
0C64 C289BC 798 JNZ RXIS i YES,· GO SET RESPONSE. OTHERWISE RETURN 
0C67 1E11 799 MVI E,RRBF iRR(Il)-P SO SET RESPONSE TO RR(Il)-F 
0C69 06E0C 800 JMP TXRET I GO FINISH LOADING SPECIAL BUFFER 
0C6C 1E73 801 U: MVI E, NSAF I SNRIH SO SET P.ESPONSE TO NSA-F 
IlC6E 212020 802 TXRET: LXI H,CI1DBF1 I SPECIAL BUFFER ADR 
0m 36C8 806 MVI M,0C8H I LOAD TX FRAME COHMAND 
0C73 23 808 INX H I INC POINTER 
0C74 36OO 809 MVI M,0aH iLIl=9 
9C76 23 810 INX H I INC POINTER 
0m 368O 811 MVI M,00/i IL1=8 
OC79 23 812 INX H I INC POINTER 
OC7A 72 813 MOV f1.,D iLOAD RcvD ADR BYTE 
eC7B 23 814 INX H I INC POINTER 
IlC7C 7J 815 HOI/ M,E I LOAD RESPONSE CNTL BYTE . 
IlC7D 3E01 816 MVI A,01H iSET POLL INDICATOR NOT Il 
IlC7F 32162O 817 STA POLIN i LOAD POLL INDICATOR 
OC82 C3890C 818 JMP RXI5 lRETIJRN 

819 
0CS5 E1 820 RXI6: POP H ;CLEAN UP·STACK IF NORMAL MODE 
0C86 C3S90C 821 JHP RXI5 ; RETURN 

822 
0C89 CD1AOO 823 RXI5: CALL RXDtlA ; RESET DMA CHANNEL 
IlC8C D1 824 POP D iRESTORE REGISTERS 
OC8D C1 825 POP B 
IlCSE F1 826 POP PS~1 

OC8F E1 827··· POP H 
0m FB 828 EI ; ENABLE INTERRUPTS 
0C91 C9 829 RET .;RETURtI 

830 ; 
s:a; 
832 i I1ESSAGE TYPER - ASSUMES MESSAGE. STARTS RT HL .. 
833 ; 
834 i 

OC92 C5 835 TYMSG: PUSH B ;SAVE BC 
0C93 7E 836 TYMSG2: MOV A,M ; GET ASC II CHR 
OC94 23 837 INX H ; INC POINTER 
0C95 FEFF 838 CPI 0FFH I STOP? 
IlC97 CAAi0C 839 JZ TYMSG1 I YES, GET SET FOR EXIT 
0C9A 4F 840 MOV C,A iSET UP FOR DISPLAY 
IlC98 CDF81l5 841 CALL ECHO ; DISPLAY CHR 
OC9E C3931lC 842 JMP TYMSG2 I GET NEXT CHR 
eCA1 C1 843 TYI1SG1:POP B iRESTORE BC 
IlCA2 C9 844 RET ; RETURN 

845 ; 
846 ; 
847 i SIGNON MESSAGE 
848 I 
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OCA3 00 
0CA4·38323733 
0CA8 20404F4E 
OCAC 49544F52 
OCB0 20205631 
OCB42m 
OCB6 eo 
OCB7 FF 

849 ·SIGNON:OB 

850 i 

. 851 i 

852i 

CR, '8273 !1ONITOR Vi. 1', CR, 0FFH 

. 853 i RECEIVER INTERRUPT MESSAGES 
854 i 

855 i 

OCB8 00 . 856 RiiIMSG: OB CR,'Rii INT - ',BFFH 
OCB9 52582049 
OCBO 4E542020 :. 
0CC1 20 
eCC2 FF 

857 ; 
858 ; TRANS!1ITTER INTERRUPT MESSAGES 
859 j 

9CC3 eo B69 TXIHSG: OB CR, 'IX INT - ',eFFH 
OCC4 54582949 
0CC8 4E54202D 
OCCC 20 
OCCD FF 

861; 
B62 i 
863 i .TRANSt1ITTER INTERRUPT ROUTINE 
864 i 

9CCE ES 865 TXI: PUSH· H jSAVE HL 
eCCF F5 866 . PUSH PSW ;5AYE PSW. 
eC00 C5 867 PUSH B ;SAYE BC 
!lC01 05 86S PUSH D iSAVEOE 
0C02 3E61 869 MYI A,OTDMA j DISABLE TX 01lA 
OCD4 03A8 870 OUT MODES7 j 8257 MODE PORT 
OC061604 871 MYI D,04H i SET COUNTER 
ecDS 2A1020 872 .LHLD LDADR iGET·LOAO POINTER 
OCDB E5 an PUSH H i SAVE IT 
ecoc 45 874 MOV B, L i SAVE LSB IN B 
0CDD 2AB2B 875 LHLD CNADR i GET CONSOLE POINTER 
BCEe 04 876 TXI1: INR B JINC POINTER 
OCE1 78 an !1OIJ A,B ; GET SET TO TEST 
OCE2 BO 878 CMP L iLOAD=CONSOLE? 
0CE3 CAE40A 879 12 BUFFUL .; YES, BUFFER FULL 
0CE6 15 sse OCR 0 iNa, TEST NEXT LOCATION 
OCE7. C2EOOC 881 JNZ TXI1 i TRY AGAIN 
OCEA E1 002 POP. H i RESTORE LOAD POINTER 
OCEB 0092 003 IN TXIR73 i READ RESULT 
OCEO 77 884 MOV M,A i STORE IN BUFFER 
eCEE 2C· 885 INR L ; INR POINTER 
OCEF 3600 8B6 MYI M,00H ; EXTRA RESULT SPOTS 0 
IlCF1 2C 007 INR L 
0CF2 36e0 008 MVI M,00H 
OCF4 2C 009 INR L 
OCF53600 890 I1VI M,eeH 
OCF7 2C 891 INR L 
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8CF83699 892 I'IV! 1I,90H 
8CFA 2C 893 INR L 
OCFB 221929 894 SHLD LDADR jUPDRTE LOAD POINTER 
OCFE CD358B 899 CALL TXDMA .: RESET DMA CHANNEL 
0081 D1 988 POP D j RESTORE DE 
8082 C1 981 POP B jRESTORE Be 
0083 F1 902 POP PSW j RESTORE PSW 
8084 E1 983 POP H ; RESTORE HL 
8085 FB 984 EI ; ENABLE INTERRUPTS 
8086 C9 985 RET ; RETURN 

986 ; 
987 j 

952 ; 
953; 
954 END 

PUBLIC SYMBOLS 

EXTERNAL SYMBOLS 

USER SYMBOLS 
ADWN A 0922 AFCHO A 09CE BUFFUL A 0AE4 CH8ADR A !l8A8 CH8TC A!l8A1 CH1ADR A. 88R2 CH1TC A 88R3 
0051 A 8827 CtlDBF1 A 2828 CI'IOBLf A 2808 CMOOUT A 8AFB CI1DREC A 0857. CHODE A 0931 CNADR A 2813 
CNT053 A 889C CNT153 A 009D CNT253 A 089E CNTL51 A 08139 CNTLC A 0003 CNYBN A 05BB COeR A 000C 
COlt! A 0AE5 COtII11 A 8REA Cot1M2 A 8AFF COI1tl73 A 8090 . CPBF A 0020 CR A 8080 CRLF A 85EB 
OEM A 8000 DEMODE A 2027 DISPY A 0A39 o ISPY1 A 8A4E OISPY2 A 8A4D DRDMA A 8862 DTDI'1A A 0061 
ECHO A 95F8 ENDCHK A 0A1B ENDMA A 0063 GOWN A 813FF . GETCH ·A 061F GETCMD A 887D GRCI'10 A 09C4 
ILLEG A 8SA7 LDADR A 2010 LF A 000A LKBR1 A 2017 LKBR2 A 2018 LOOP IT A 0861 MOCNTe A 8036 
IIOCNT2 A OOB6 HOES1 A OOCE MODE53 A 009B .. M0DE57 A 00A8 MONTOR A 0008 NI'lOOT A 86C7 NSAF A 0073 
PARi A 0B0~ PAR2 A8B8D PARIN A eAAO PARIN1 A 0AE8 PARIN2 A 0ADC PARINl A eABC PARtI73 A 0091 
POLIN A 2016 PR~IPT A 2815 RaPT A 0AA2 R1PT A 8RR7 RBCI'1D A 097B RDCMO A 8971 ROWN A 08AF 
ROY A 0002 RES8UF A 2S80 RE5L73 A 0091 ROCI'1D A 0950 RPCMD A 9900 RR0F A 0011 RR9P A 0011 
RSCMD A 0967 RST65 A 20CE RST75 A 2804 RXBUF A 8200 RXD51 A .0088 RXDMA A 081A RXI A OC08 
RXI1 A 8C16 RXI2 A 0C23 RXB A 8C39 RXI4 A 8C45 RXI5 A 0C89 RXI6 A OCS5 RXIHSG A OCB8 
RXINT A 008S RXIR73 A 0093 RXIRA A 0002 RXS1 A 0A69 R'1i52 A 0A7F RlI'S3· A 8A8D RXSORC A 0A62 
RXTC A 41FF SBCMD A 0985 SDWN A 0807 . S IGNON A 0CA3 SLCtIO A 09SF SNRMP A 0893 SOCMI) A 09R6 
SPCMO A 89E2 5RCI'1D A 09BA SSCMD A 0980 START A 0800 STAT51 A 0089 . STATS7 A e8RS STAm A 0090 
STKSRT A 28C8 5101 A 0943 T1 A ac6C TBum A 8R24 T8UFL A 8R07 TBUFL1 A 0Ail0 TDf,/N A 090E 
TEsm A 9892 TFCtID A 89EC TFCI'1D1R 09F6 TFRET A 8A36 TLCMD A 8999 '. TRUE A 0000 TRUEl A 0080 
TXBUF A 8000 TXD51 A 8088 TXDMA A 0B35 TXDMAl A 0B42 ... Tlil A 9CCE TXI1 A 0CE8 TX IMSG A 0CC3 
TXINT A 0004 .. TXIR73 A 0092 TXIRA A 8001 TXPOL A 094C TXRET A 9C6E TXSORC A 0A47 mc A 81FF 
1'.'MSG A 8C92 TYI'1SG1 A 8CAl 1'.'11562 A 8C93 VALDG A 875E 

ASSEMBLY COtIPLETE, NO ERRORS 
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1. INTRODUCTION 

The purpose of this application note is to provide 
the reader with the conceptual and factual tools 
needed to apply the 8275 Programmable CRT Con
troller and 8279 Programmable Keyboard/Display 
Interface in CRT system design. The 8275 Con
troller is designed to interface CRT raster scan dis
plays with Intel® Microcomputer Products. Its 
primary functions include .refreshing the CRT 
display by buffering information from display 
memory and generating horizontal and vertical 
timing signals used for CRT synchronization. The 
programmable features of the 8275 allow it to be 
interfaced to almost any raster scan display with a 
minimum of external hardware. In addition, visual 
attribute features allow the implementation of 
specialized graphic display functions and display 
enhancement operations. The 8279 Keyboard 
Interface provides key scanning, debounce, and 
buffering features required for interfacing CRT 
terminal keyboards to 'the system processor. Two 
key or N-key rollover is provided. The use ofthese 
devices in a microcomputer based CRT terminal 
yields substantial savings in component count, 
printed circuit board area, and power consump
tion. 

The application note is divided into five, sections: 

1. Introduction 
2. CRT System Design Concepts 
3. Component Description 
4: CRT System Design Example 
5. Appendix 

Readers desiring an overview of CRT system design 
should consider reading the, first three sections of 
the application note. Individuals requiring an in
depth knowledge of CRT system design should 
read the first three sections, then proceed to the 
design example. The design example consists of a 
description of the design of a complete CRT termi
nal. Both hardware and software aspects of the 
design are included. It will be assumed in Section 4 
that the reader is familiar with the 8275,8279, and 
8257 data sheets, and the operation of the 8080A 
microprocessor. 

2. CRT SYSTEM DESIGN CONCEPTS 

2.1 CRT OPERATION 

In order to fully understand the CRT terminal 
design process, it is necessary to consider the fun
damentals of CRT operation. A typical CRT Moni
tor is shown in Figure 2-1. The CRT consists of an 
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evacuated glass structure having a phosphorescent 
coating on the inner surface of the rectangular 
frontal region (screen). A filament contained in 
the narrow cylindrical region (neck) of the CRT 
heats the cathode, causing the cathode to give off 
electrons by, thermionic emission. Heating is 
accomplished by applying a low voltage. source 
across the filament leads. A high voltage source 
applied between the cathode and the screen elec
trode (anode) accelerates the electrons toward the 
screen. The electron beam, upon striking the phos
phorescent inner surface of the screen, produces 
light. To control the point at which the beam 
strikes the screen, two primary deflection tech
niques are utilized. The first technique, electro
magnetic deflection, involves applying a current 
through a deflection coil placed around the neck 
of the CRT. The resulting magnetic field forces the 
electron beam to be deflected in proportion to the 
magnitude of the applied current. Electrostatic 
deflection involves placing deflection electrodes in 
the neck of the CRT perpendicular to the electron 
beam. An applied voltage changes the position of 
the beam accordingly. 

2.2 MONITOR OPERATION 

A CRT monitor consists of a CRT and the elec
tronics required for positioning the beam in the 
desired manner. A block diagram of the control 
electronics contained within a typical CRT moni
tor is provided in Figure 2-2. 

The horizontal oscillator is designed to move the 
electron beam horizontally across the CRT screen 
and then .return the' beam rapidly to its original 
position. As the beam is moved horizontally, the 
vertical oscillator causes the beam to be deflected 
vertically. The net result of these operations is to 
move the beam in a manner shown in Figure 2-3. If 
the intensity of the electron beam is modulated in 
a controlled manner as the beam sweeps across the 
screen, it is possible to display pictorial informa
tion on the CRT screen surface. It will be assumed 
that the monitor in question will be used for dis
playing alphanumeric characters or graphic sym
bols. In this case, the electron beam will be turned 
on to display a light region on the screen and 
turned off to display' a dark region. Display infor
mation appearing at the video input to the CRT is 
applied through the video amplifier to a control 
grid located in the neck of the CRT. The magni
tude of the video signal determines whether the 
electron beam will be on or off. 
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Figure 2·3. CRT Monitor Raster' 

2.3 CRT TERMINAL DESCRIPTION 

"> 

A CRT terminal consists basically. ora CRT moni-' 
tor, monitor control· electronics, memory for stor
ing display infolmation, logic' to control informa
tion transfer to and from external devices and 
between internal devices, and a keyboard .. The 
fundamental operations performed by a CRT 
terminal consist of the display of information con
tained in internal memory on the CRT screen, 
communication with manual data ·entry devices 
such as keyboards or light· pens, and cominunica
tion with external intelligent devices such as com
puters or data communication terminals. Typical 
CRT terminal communication functions are illus
trated in Figure 2-4. 

CRT TERMINAL 

Figure 2·4 .. CRT l'erminal Communiciations 



2.4 CRT TERMINAL IMPLEMENTATION 

A typical microprocessor-based CRT terminal is 
presented in block diagram form in Figure2-5. The 
terminal consists of the CRT monitor, monitor 
electronics, memory for storing the information to 
be displayed, a serial communication device, key
board, keyboard interface device, CRT controller, 
central processor and associated program memory, 
and a DMA device. The primary function of the 
CRT controller is to refresh the display. It does 
this by controlling the periodic transfer of informa
tion from display memory to the CRT screen. The 
central processor unit (CPU) coordinates the trans
fer of information to and from the terminal periph
eral devices and external devices. When informa
tion from an external device is received by the 
terminal, the central processor performs character 
recognition and handling functions, display. mem
ory management functions, and cursor control 
functions. The CPU also interrogates the keyboard 
interface device. If a key depression is detected by 
the keyboard interface device, the CPU responds 
by transmitting the ASCII character representing 

CRT TERMINAL 
SERIAL OUTPUT LINE 

CRT TERMINAL 
SERIAL INPUT LINE 

CRT TERMINAL 
PARALLEL INPUT/OUTPUT 

LINES 

the key to the terminal serial output line via the 
serial communication device. A direct memory 
access (DMA) device is required in the system to 
effect the necessary memory to screen data trans~ 
fer rate. 

The CRT terminal control functions under consid
eration may be implemented with LSI devices at a 
considerable cost savings over earlier terminal 
designs using MSI and SSI components. This cost 
savings is complemented by an increase in the num
ber of features which can be incorporated in termi
nal designs. The additional features stem from the 
programmable nature of the devices. In addition, 
utilizing a microprocessor as the teiTIlirial' control
ler allows considerable intelligence to be built into 
the terminal for decision making, computational, 
and control functions. The design example' pre
sented in Section 4 of the application note illus
trates the use of the 8275 Programmable CRT Con
troller and 8279 Keyboard Controller in a typical 
terminal design. In the following section, the 8275 
and 8279 are considered in depth. 

CHARACTER 
GENERATOR ROM 

Figure 2·5. CRT Terminal Block Diagram 
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3. COMPONENT DESCRIPTION 

3.18275 

The bl~cl$: diagram and pin configuration for the 
8275 Programmable CRT Controller are presented 
in Figure 3-1. The 8275 provides the following 
general capabilities: 

1. CRT Display Refreshing- The 8275, having 
been programmed to a specific screen format,. 

. generates a series of DMA request. signals, 
resulting in the transfer of a row of charac-. 
ters from display ,memory, via the 8257 DMA 
Controller, to the 8275's row buffers. The 
8275 presents the character sodes to. an ex
ternal character generator ROM. The 8275 
. character code outputsCCO":"CC6 are used for 
this purpose. External dot timing logicis then 
utilized. to transfer the. parallel output data 
from the .. character generator ROM,. serially, 
to. the video input of the CRT: The character 
'ro'ws are displayed on the CRT one lineata 
time. Line coun.t outputs LCO-LC3 are. ap
plied to the character generator ROM to per
form the line selection function. The display 
process is graphically illustrated in Figure 3-2. 
The entire process is repeated for each display 
row. At the beginning of the last display row, 
the 8275 issues an interrupt via the INT out
put line. The 8275 interrupt output will 
normally be connected to the interrupt input 
of the system central processor. The interrupt 
causes the CPU to execute an interruptservice" 
subroutine. The service subroutine typically 
re-initializes DMA controller parameters for 
the next display refresh cycle, polls the sys
tem keyboard controller, and/or executes 
other appropriate functions. A block diagram 
of a CRT system implemented with the 8275 
CRT Controller is provided in Figure 3-3. 
Proper CRT refreshing requires' that certain 
8275 parameters be programmed prior to the 
beginning of display operation. The 8275 has 
two types of programming registers,. the Com-

. mand Registers (CREG) and the Parameter 
Registers (PREG). It also has a Status Register 
(SREG). The Command Registers may only 
be written to and the Status Registers may 
only be read. The 8275 expects to receive a 
command followed by a sequence of from 0 
to 4 parameters, depending on the command. 
The 8275 instruction set consists of 8 com
mands: 
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NO .. OF 
PARAMET.ER 

COMMAND BYTES NOTES 

. RESET 4 . Display format pa-
rameters required 

START 0 DMA operation pa-
DISPLAY ramete~s included 

in command 

STOP 0 
DISPLAY 

READ 2 
LIGHT 
PEN 

LOAD 2 Cursor' X,Y posi-
CURSOR titin parametei-sre-

quired 

ENABLE 0 
INTERRUPT 

DISABLE 0 
INTERRUPT , .. 
PRESET 0 Clears all internal 
COUNTERS counters 

In order to establish the format of the dis
play, the 8ii5 provides a number of user 
programmable display format parameters.Dis
play formats having from 1 to 80 characters 
per row, I to 64 rows per screen, and from I 
to 16 horizontal lines per row are available. 

. In :addition to transferring characters from 
memory to the CRT screen, the 8275 features 
cursor position control. The cursor position 
may be programmed, via X and Y cursor posi
tion registers, to any character position on the 
dIsplay. The user may select from 4 cursor 
formats. Blinking or non-blinking underline 
and reverse video block cursors are available. 

2. CRT Timing - The 8275 provides two timing 
outputs, HRTC and VRTQ, Which are utilized 
in synchronizing CRT horizontal and vertical 
oscillators to the 8275 refresh cycle. In addi
tion, whenever HRTC or VRTC are active, a 
third timing output, VSP (Video Suppress) is 
true, providing a blanking signal to the dot 
timing logic. The dot timing logic will nor
mally inhibit the video output to the CRT 
during the time when video suppress signal 
is true. An additional timing output, LTEN 
(Light Enable) is used to provide the ability 
to force the video output high regardless of 
the state of VSP. This feature is utilized by 



the 8275 to place a cursor on the screen and 
to control attribute functions. Attributes will 
be considered in the next section. 

The HLGT (Highlight) output allows an attri
bute function to increase the CRT beam 
intensity to a level greater than normal. The 
fifth timing signal, RVV (Reverse Video) will, 
when enabled, cause the system video output 
to be inverted. 

3. Special Functions -
VISUAL ATTRIBUTES - Visual attributes 
are special codes which, when retrieved 
from display memory by the 8275, affect 
the visual characteristics of a character 
position or field of characters. Two types 
of visual attributes exist, character attri
butes and field attributes. 

Character Attribute Codes: Character attri
bute codes are codes that can be used to 
generate graphics symbols without the use 
of a character generator. This is accom
plished by selectively activating the Line 
Attribute outputs (LAO-LA I), the Video 
Suppression output (VSP), and the Light 
Enable output. The dot timing logic uses 
these signals to generate the proper sym
bols. Character attributes can be program
med to blink or be highlighted individually. 
Blinking is accomplished with the Video 
Suppression output (VSP). Blink frequency 
is equal to the screen refresh frequency 
divided by 32. Highlighting is accomplished 
by activating the Highlight output (HGLT). 
Character attributes were designed to pro
duce the graphic symbols shown in Figure 
3-4. 
Field Attribute Codes: The field attributes 
are control codes which affect the visual 
characteristics for a field of characters 
starting at the character following the field 
attribute code up to, and including, the 
character which precedes the next field 
attribute code, or up to the end of the 
frame. 

There are six field attributes: 

1. Blink - Characters following the code 
are caused to blink by activating the 
Video Suppression output (VSP). The 
blink frequency is equal to the screen 
refresh frequency divided by 32. 

2. Highlight - Characters following the 
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code are caused to be highlighted by 
activating the Highlight output 
(HGLT). 

3. Reverse Video - Characters following 
the code are caused to appear in re
verse video format by activating the 
Reverse Video output (RVV). 

4. Underline - Characters following the 
code are caused to be underlined by 
activating the Light Enable output 
(LTEN). 

5. General Purpose - There are two ad
ditional 8275 outputs which act as 
general purpose, independently pro
grammable field attributes. These at
tributes may be used to select colors 
or perform other desired control 
functions. 

The 8275 can be programmed to provide 
visible or invisible field attribute characters 
as shown in Figure 3-5. If the 8275 is pro
grammed in the visible field attribute 
mode, all field attributes will occupy a 
position on the screen. They will appear 
as blanks caused by activation of the 
Video Suppression output (VSP). The 
chosen visual attributes are activated after 
this blanked character; If the 8275 is pro
grammed in the invisible field attribute 
mode, the 8275 row buffer FIFOs are 
activated. The FIFOs effectively lengthen 
the row buffers by 16 characters, making 
room for up to 16 field attribute charac
ters per display row .. The FIFOs are 16 
characters by 7 bits in size. When a field 
attribute is placed in the row buffer during 
DMA, the buffer input controller recog
nizes it and places the next character in the 
proper FIFO. When a field attribute is 
placed in the buffer output controller dur
ing display, it causes the controller to im
mediately put a character from the FIFO 
on the Character Code outputs (CCO-6). 
The chosen attributes are also activated. 

LIGHT PEN DETECTION - A light pen 
consists fundamentally of a switch and 
light sensor. When the light pen is pressed 
against the CRT screen, the switch enables 
the light sensor. When the raster sweep 
coincides with the light sensor position on 
the display, the light pen output is acti-



vated. If the :butput of the ligh~ pen is pre
sented to the 8275 LPENinput, the row 
and character position coordinates are 
stored in two 8275 internal registers. These 
registers can be read on command by the 
microprocessor. 

SPECIAL CODES - Four special codes 
may be used to.help reduce memory, soft

. ware, . or DMA overhead. These codes are 
placed in character positions in display 
memory. 

DBQ.7 

ORa 

ilJiCR 

IRa 

.m; 

Ao 

;;S. 

1. End of Row Code -

Activates VSP. VSP remains active 
. until· the end of the line is reached. 
. While VSP' is active" the screen is 
blanked~ 

2.End of Row-Stop 'DMA Code 
Causes the DMA Control Logic to 
stop DMA for the resfoLthe row 

. when it is written into the row buffer. 

B~OCK DIAGRAM 

CCLK 

DATA 
BUS CCO-6 BUFFER 

LCI).3 

LAo" 
HRTC 
VRTe 
HLGT 
RW 
LTEN 
VSP 
GPA0-1 

LPEN 

It affects the display in the same way 
as the End of Row:Code.· 

3. End of Screen Code -

A~tivates VSP ~ VSP remains active 
until the end of the frame is reached. 

4. End of Screen7Stop DMA Code -
Causes the DMA Control Logic to 
stop DMA for the rest of the frame 
when it is written into the row buffer. 
It affects the display in the same way 
as the End of Screen Code. 

PROGRAMMABLE DMA BURST CON
TROL - The 8275 can be programmed to 
request single byte DMA transfers. or DMA 
burst transfers of:2, 4, or 8 characters per 
burst. The interval between bursts is also 
programm~ble. This allows the user to 
tailor his DMA overhead to fit his system 
'needs.' 

PIN CONFIGURATION 

LC3 Vee 

LC. LAD 

LC; LA, 

LCD LTEN 

ORa RW 

Im!R VSP 

HRTC OPA1 

VRTe GPAo 

HLGT 

WR IRa 

. LPEN CCLK 

DBa cce 
DB, COs 

DB. cc;, 
083 CC3 

c::.; cc. 
DB. CC, 

Oils CCo 

DB7 Os 
GND Ao 

Figure 3·1. 8275 Block Diagram/Pin Configuration 
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8 .. 0 ~ 
MICRO· 

PROCESSOR ~ 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character --... ...----------00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

First Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 

Second Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character ----.. """'-----oo •••• ooo.OOOO.oo ••••• ooooooooo •••• oooo ••• oooaooo.o 

0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 
'0.0000.00.0000.00.0000000000000.000.00.000.00.000.0 

Third Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character ----------, ... --00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

0.0000.00 •• 000.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0.00.00.0000000000000.000.00.000.00.000.0 
0.0000.00.0000.00 •••• 0000000000 •••• 000.000.00.0.0.0 
0.0000.00.00.0.00.0000000000000.0.0000.000.00.0.0.0. 
0.0000.00.000 •• 00.0000000000000.00.000.000.00.0.0.0 
00 •••• 000.0000.00 ••••• 000000000.000.000 ••• 0000.0. DO 

Seventh Line of a Character Row 

Figure 3-2. 8275 Row Display 

Leo 3 VIDEO SIGNAL 
DRQ 

8257 CHARACTER 
DMA cco-. GENERATOR HIGH 

HORIZONTAL SYNC 
CONTROLLER = 8275 ROM SPEED 

CRT 
DOT 

TIMING 
CON!.8.0LLER LOGIC VERTICAL SYNC 

CCLK AND 
INTERFACE 

INTENSITY 

VIDEO CONTROLS 

~ Jt 
SVSTEMBUS 

"'" ". 

-"" 
8251 PROGRAM/ 827. 

USART DISPLAY KEYBOARD 
MEMORY CONTROLLER 

tRJ 0 
COMMUNICATIONS KEYBOARD 

CHANNEL 

Figure 3-3. CRT System Block Diagram 
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Character attributes were designed to produce the folloWing graphics: 

CHARACTER ATTRIBUTE OUTPUTS 
CODE "CCCC" LA1 LAo VSP 

Above Underline O· 0 1 
0000 Underline 1 0 0 

Below Underline 0 1 0 
bove Underlihe 0 0 1 

0001 Underline 1 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0010 Underline 1 0 0 
Below Underline 0 0 1 
Above Underl ine 0 1 0 

0011 Underline 1 1 0 
Below Underline 0 0 1 
Above Underline 0 0 1 

0100 Underline 0 0 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0101 Underline 1 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0110 Underline 1 0 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

0111 Underline 0 0 0 
Below Underline 0 0 1 

bove Underline 0 0 1 
1000 Underline 0 0 0 

Below Underline 0 0 1 
Above Underline 0 1 0 

1001 Underline 0 1 0 
Below Underline 0 1 0 
Above Underline 0 1 0 

1010 Underline 0 0 0 
Below Underline 0 1 0 
Above Underline 0 O· 0 

1011 Underline 0 0 0 
Below Underline 0 0 0 
Above Underline 0 0 1 

1100 Underline .. 0 0 1 
Below Underline 0 0 1 
Above Underline 

1101 Underline Undefined 
Below Underline I 
Above Underline 

und~fined 1110 Underline 
Below Underl ine 
Above Underline I 

1111 Underline Undefined 
Below Underline I 

'Character Attribute Code 1011 is not recommended for 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. 

LTEN 
SYMBOL DESCRIPTION 

0 
0 I Top Left Corner 
0 
0 
0 "I Top Right Corner 
0 
0 L 0 Bottom Left Corner 
0 
0 
~ 0 Bottom Right Corner 

0 
0 
'1 
~ 

Top Intersect 
0 
0 

~ 0 Right Intersect 
0 
0 

~ 0 Left Intersect 
0 

~ 1 ~ Bottom Intersect 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

--- Horizontal Line 

I Vertical Line 

+ Crossed Lines 

Not Recommendeq * 

Special Codes 

Illegal 

Illegal 

IIIe9al 

Character Attribute Codes 1101, 1110, and 1111 are illegal. 

Blinking is active when B = 1. 

Highlight is active when H = 1. 

Figure 3-4, Character Attributes' 
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ABC 0 E F G H I J K L M 
NOPQRSTUV 

1 2 3 4 5 6 7 8 9 

EXAMPLE OF THE VISIBLE FIELD ATTRIBUTE MODE 
(UNDERLINE ATTRIBUTE) 

ABCDEFGHIJKLM 
N 0. P ,Q R STU V. 

1 23 4. 567 8 9 

.:. 

EXAMPLE OF THE INVISIBLE FIELD ATTRIBUTE MODE 
(UNDERLINE ATTRIBUTE). 

Figure 3-5. Field Attribute Examples· 

3.2 8279 

The 8279 .Programmable Keyboard/Display Inter
face block diagram and pin configuration are 
shown in Figure 3-6. The 8279 will. be utilized in 
Ule CRT design exa~ple for performing keyboard 
scanning, key debounce, and data bus interface 
functions. Only features associated with these 

BLOCK DIAGRAM 

CLOCK RESET. 080·7 

functions. will· pe described in this section. The 
reader is referred to the .8279 .data sheet for infor
mation. on display con.trol, sensor matrix mode 

. operation; and strobed input mode operation .. A 
detailed description of the 8279 keyboard~can
ning, debounce,· and· data bus interface functions 
follows. 

IRQ 

KEYBOARD 
DE80UNC~ 

AND 
CONTROL 

SLO_3 RlO-7 CNTLISTB 

RL2 

RL' 

·elK 

IRQ 

RL4 

RL" 

RLB 

RL7 

RESET 

iiD 
\Vii 

DBo 

OBI 

DB2 

DB. 

0.84 

DBs· 

DBB 

DB7 

. Vss 

PIN CONFIGUF\ATION 

Vee 
RLI 

RLO 

·CNTUSTB 

SHIFT 

SLa 

SL2 

SLI 

SLO 

so 
Bl 

B2 

B. 
AO 

Al 

.A2 

A. 
BD 

CS 

.Ao 

Figure 3·6. 8279· Pin Configuration and Block Diagrimi· 
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The primary functions of the 8279 in the CRT sys
tem application include scanning the 64 key key
board, determining if a key ~as been depressed, 
and, when polled by the system processor, trans
mitting the address of the key in the keyboard 
matrix to the master processor. Alternately, the in
terrupt line froIl) the 8279 may be used to inform 
the CPU of a key depression. A block diagram of 
the 8279 interface, as implemented in the CRT sySc 
tem design example, is provided in Figure 3-7. The 
keyboard controller initiates the keyboard scan
ning process by transmitting keyboard scan line 
selection information over output lines SLO-SL2. 
The data maybe encoded or decoded depending 
on the mode programmed. Assuming encoded 
mode is selected, the SLO-SL2 lines ate connected 
to the input of a 3-line to 8-line decoder as shown 
in Figure 3-7. The decoder outputs are connected 
to the keyboard row inputs. OnJy one decoder 
output will be enabled for a given set of input con
ditions. The keyboard column -outputs are con
nected to the 8279 return line inputs RLO":"RL7. 
The eight return lines are buffered and latched by 
the 8279. These lines are scanned by the internal 
logic of the 8~79, looking fora key depression in 
the selected row. If the debounce circuit deteCts a 
key depression, it waits approximately 10 ms to 
determine if the key remains down. If it does, the 
address of the key in the matrix plus the status of 
the shift and control lines are transferred to the 
8279 FIFO. The FIFO data format is shown in Fig
ure 3-8. The FIFO will hold up to eight data bytes; 
that is, up to eight key depressions may occur prior 
to a CPU initiated read operation. The number of 
characterS entered into the FIFO is indicated by 
the character' count contained within the FIFO . . .' 
status word. When a key depression is detected, the 
8279 interrupt line goes high, and the FIFO status 

I is modified t6 reflect the number of characters 
contained in the FIFO. The CPU may determine 
the occurrence of a key depression in one of two 
ways: The 8279 interrupt line may be connected 
to- the interrupt input line of the CPU, forcing the 
CPU to call an interrupt service routine which 
reads the FIFO character. An alternate approach 
requires the CPU to periodically poll the 8279, 
reading the FIFO status word. If the FIFO charac
ter count is non-zero, indicating that at least one 
character is present in the _ FIFO, the CPU then 
reads the FIFO contents. This approach will be 
utilized in the CRT design example. A read opera
tion places the con ten ts of the FIFO on the system 
datil bus and decrements the FIFO character 
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count, contained within the FIFO status word, by 
one. 

CONTROL BUS 

ADDRESS BUS 

I 
DATA BUS 

.. 

Ao ~ 080_7 RESET R.D WR IRQ I-8279 3 
KEYBOARD SLO_2 I 

CONTROLLER 
CONTROL SHIFT "RLO_7 ., 

.y. 
CONTROL SHIFT COLUMN 

OUTPUTS 
KEYBOARD ROW 7 3TOB 

18 X 8 MATRIX) INPUTS DECODER 

• 

Figure 3-7.8279 Interface 

Figure 3-8. FI FO Data Byte Format 

4. CRT SYSTEM DESIGN EXAMPLE' 

4.1 SCOPE OF THE PROJECT 

I--

A fully operational, microcomputer-based \..1U 

terminal was designed and c;onstructed utilizing the 
8275 CRT Controller and 8279 Keyboard Control
ler as the basic system elements. The terminal 
incorporates the majority of the functions found in 
existing dedicated computer terminals. An Intel® 
8080A microprocessor was utilized as the CPU in 
the design. The recently announced Intel® 8085 
microprocessor constitutes an ideal processor for 
future CRT terminal designs. LSI devices were 
utilized.in the design whenever possible in order to 
minimize component count. 



4.2 SYSTEM SPECIFICATIONS 

The specifications for the CRT terminal design are 
as follows: 

Display Format 

• 80 characters/display row 
• 25 display rows 

Character Format (Figure 4-1) 
• 5X7 character contained within a 7X 10 

matrix, 1st and lath lines blanked, 1st and 
7th columns blanked, 9th line cursor posi
tion, blinking underline cursor, 

Characters Recognized 

• Displayable characters: 64 ASCII upper
case alphanumeric characters 

• Control characters: 
Line feed, Control J 
Carriage return, Control M 
Back space, Control H 

• Escape Sequences: 
Cursor up, ESC, A 
Cursor down, ESC, B 
Cursor right, ESC, C 
Cursor left, ESC, D 
Clear screen, ESC, E 
Home, ESC, H 

. Erase to end of screen,ESC, J 
Erase line, ESC, K 

Characters Transmitted 
• 64 ASCII upper-case alphanumeric charac

ters 
• ASCII Control Character set 

• ASCII Escape Sequence set 
Program Memory 

• 2K bytes, 2716 EPROM 
Display /Buffer/Stack Memory 

• 2K bytes, 2114 static RAM 

.. Data Rate 
• 4800 BAUD maximllmusing 8080A 

CRTMonitor 

• Ball Bros TV-12, 12 MHz n.w. 
Keyboard 

• Microswitch hall effe.ct keyboard, open col-
. lector outputs .. . .. . . 

Scrolling 9apability 

• Scroll llP feature implemented with 825} 
DMA Controller 

Screen Refresh Rate 
• 60Hz 

COL 1 COL 7 

~ + 
LINE 1-••••••• 

~~~i~~~} . . 
.0000.0. 5 X 7 CHARACTER AREA 
• Q 0 0 0 0 • 

• 0 0 0 0 0 • 
• 0 0 0 0 0 • -UNDERLINE POSITION 

LINE 10-••••••• 

Figure 4-1. Character Format 

. 4.3 SYSTEM HARDWARE DESIGN 

4.3.1· General Considerations 

A block diagram of the CRT terminal is presented 
in Figure 4-2. The diagram includes only essential 
system features. A detailed schematic of the CRT 

. tei:minal is contained in the appendix. The terminal 
was constructed using an Intel® SDK-80 .micro
computer kit and an Intel® SBC 905 prototyping 
board. The standard 8080 bus structure incorpo
rated in. the SDK-80 kit allowed the CRT terminal 
to· be implemented with minimum buffering. 

In the ensuing discussion of CRT terminal opera-. 
tion, it will be assumed that the terminal normally 
communicates with a remote device, such as an. 
Intel® MDS-microcomputer development _ systel11. 
Communication will take place in the full duplex; 
mode .. The CRT terminal, upon transmitting a 
character to the remote device, . will remain- idle 
until a. character is received· from the external 
device. Transmission of a character to the remote 
device is initiated by depressing a key on the key
board. Character transmission to the CRT terminal 
from the remote device is assumed to .be asynchro
nous with respect to terminal operation. 
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4 4 8 

DATA BUS 

CRT 

VIDEO H.ORIVE V.DRIVE 

2708 CHARACTER 
GENERATOR ROM 

AND 
DOT TIMING LOGIC 

II II I IIIJml II II 

CRT CRT 
DATA DATA 
INPUT OUTPUT 

, Figure 4-2. CRT Terminal Block Diagram 

4:3.2 Operation 

The 8080A CPU iriitializes ~ach peripheral to the 
appropriate mode of operation following system 
reset. Upon receiving' a character from a' remote 
device, the 8251 USART issues an interrupt to the 
CPU. The CPU calls the inteTTlipt service subrou
tine; which polls both the 8275 and 8251 to deter
mine the source of the interrupt. Having deter
mined that the 8251 issued the interrupt, the CPU 
calls the' READ/STORE USART character subrou
tine, reads the USART character; and stores the 
character ,in buffer memory. The character recogni
tion subroutine is called 'next. This routine deter-' 
mines whether the character is a displayable char
acter,a, control character, or a character in an 
escape sequence. Assuming the character is a dis
playable character, the CPU places the character in 
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display memory at the location corresponding to 
the present cursor position, advances the cursor, 
modifies the display memory pointers, and, if 
required, performs the operations necessary for 
scrolling. If the received character is a control 
character or escape sequence character requiring 
cursor and displayme"mory pointer changes, these 
functions are carried out. Escape sequences which 
involve erasing a portion of the display are also 
handled via the appropriate subroutines. ' 

In order to place characters contained in display 
memory on the CRT display screen, the 8275 CRT 
Controller must first transfer the display characters, 
via the 8257 DMA Controller, to the 8275's row 
buffers. It should be noted that the 8257 DMA 
Controller is required to achieve the data transfer 



rate necessary for CRT refreshing. Display charac
ters are then transferred from the 8275 row buffers 
to the character code outputs CCO-CC5. The 
character code outputs are applied to the character 
generator address lines A3-A8 (Figure 4-3). Line 
count outputs LCO-LC2 from the 8275 are 
applied to character generator address lines 
AO-A2. It should be noted that the 8275 displays 
character rows one line at a time. The line count 
outputs are utilized to determine which line of the 
character selected by A3-A8 will be displayed. 
Following the transfer of the first line to the dot 
timing logic, the line count is incremented and the 
second line of the character row is selected. The 
process continues until the last line of the row 
under consideration is transferred to the dot timing 
logic. 

The dot timing logic latches the 6-bit character 
code and 3-bit line count from the 8275 on 
positive transitions of the character clock and 
transfers this information to the character genera
tor ROM. In systems requiring a greater number of 
lines/character, the fourth line count output would 
also be used. The 7-bitROM output corresponds to 
the 7 dots which "make up a line segment for a 
particular character. The ROM output is loaded 
into a parallel input-serial output shift register. The 
shift register is clocked at the dot clock rate (11.34 
MHz) continuously. The shift register output con
stitutes the video input to the CRT. The character 
code outputs select the character to be displayed at 
a given character position in the display row. The 
character set consists of 26=64 ASCII upper case 
alphanumeric characters. 

The row by row transfer of character data from 
display memory to the 8275 continues until the 
beginning of the last display row. At this time 
the 8275 issues an interrupt to the CPu. The CPU 
polls both the 8275 and 8251. Having determined 
that the interrupt originated with the 8275, the 
CPU calls the 8275 interrupt subroutine. The 8275 
interrupt subroutine re-initializes the 8257 DMA 
Controller starting address and terminal count 
parameters and polls the 8279 Keyboard Control
ler to determine if a key depression has occurred. 
If a key has been depressed, the CPU reads the key 
position data from the 8279, performs a table 
lookup, and transmits the appropriate ASCII char
acter to the CRT data output via the 8251 USART. 
It should be noted that interrupts are generated by 
the 8275 every 16.67 ms for a 60 Hz screen refresh 
rate. 
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I ~ 
T 
A '215 

CHAR CL.OCK 

r - - -_.-- ---

I 
I ___________ J 

VIDEO 

HaRtz DR 

VERT DR 

Figure 4-3. Character Generator/Dot Timing Logic 
Block Diagram 

4.3.3 System Timing 

The CRT terminal display raster is shown in Figure 
4-4. It can be seen from the figure that a display 
row is composed of 10 lines. The Total Line Time 
consists of the display portion of the line plus the 
Horizontal Blanking Time. Row Time is equal to 
the numbe.r of lines per row multiplied by the 
Total Line Time. The Total Screen Time (l/Re
fresh Rate) is equal to the Row Time multiplied 
by the number of display rows plus the Row Time 
intervals associated with vertical blanking. Speci
fications for the BALL BROS. monitor show that 
there are constraints on the Vertical Blanking Time, 
Horizontal Blanking Time, and Horizontal Oscil
lator Repetition Rate. These constraints are sum
marized in Table 4-1. 

1ST_ 
·lINE 

ROW 

ROW 

ROW 

" 
LAST 

DIsPLAY 
ROW 

1st 2nd 
CHAR CHAR 

H-I 
,om 

CHAR 

H 
r--=::::::::::::::]~~;;] } TOTAL LINE TIME LINE !DlsPLAVI _ LINE (DISPLAYI + 

----------ii'O'RiZRET HORIZ RET 

--------i-------
• • • 

Figure .4-4. CRT Display Raster 

CHAR 
HEIGHT 



Table4~1' 

PARAMETER RANGE 

Vertical Blanking Time 900 J.lsec nominal 

(VRTC) 

Vertical Drive Pulsewidth 300 J.lsec";; PW ..;; ,1.4 ms 

Horizontal Blanking Time 11 J.lsec nomi nal 
(HRTC) 

Horizontal Drive Pulsewidth 25 J.lsec ..;; PW ..;; 30 J.lsec 

Horizontal RepEitition Rate 15,750 ±500 pps 

Given the constraints in Table 4-1 and the Refresh 
Rate specification of 60 Hz, the, Vertical Retrace 
Row Count and Horizontal Retrace Character 
Count para~eters required by the 8275 CRT Con
troller may be calculated: ' 

, " ",' l' _ 1 
Total Screen Time = Refresh rate - 60 Hz 

,;, 0.01667 sec 

Also, 

Total Screen Time = (Row Time) (#ofDisplay Rows) 

+ Vertical Blanking Time (VRTC) 

Verticai Blanking Time (VRTC) must be an inte
grill number of Row Tinies (between 1 and 4). 

Therefore, 

0.016667 sec = (R0'iV Time) (25) + VRTC 

= (Row Time) (25) + N (Row Time) 

If N is selected to be 2, the following result is 
obtained: 

Row Time = 6.17284 X 10-4 sec 

Therefore, 

VRTC = (2)(Row Time) 12.3457 X 10.4 sec 

1.23457 ms 

Since the Vertical Blanking Time, nominally 900 
Ilsec, falls within the constraints for the Vertical 
Drive Pulsewidth, the VRTC output from the 8275 
may be used directly for the Vertical Drive Pulse. 
The 8275 will be programmed for a Vertical Re
trace Row Count of 2. 

In order to calculate the Horizontal Retrace Char
acter Count, 'it is necessary to consider the row for-
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mat, as defined in the speCifications; Figure 4-5' 
shows'three adjacent characters in 'a row. The row, 
as shown, is composed of 10 Lines/Rowand 7: 
Dots/Line/Character. Given that the Row Time is 
617.284 Ilsec,the Total Line Time may becalcu
lated as follows: 

Total Line Time 
Row Time 

# Lines/Row 

617.284 X 10-6sec 
10 

= 61.7284 X 10-6 sec 

= 61.7284J.1sec 

The, Total Line, Time is composed of. the display' 
portion of the iine plus the Horizontal Blanking 
Time (HRTC). 

Total Line Time = 61.7284 X 10-6 sec 

= ,80 (Char~cter Time) +, HRTC 
lme , 

Horizpntal Blanking Time (HRTC) must be an 
integral number of, Character Times/qne. , 

Then 

61. 7284 X 10-6 sec = 80 ( Charl~~~er Time) 

'+ M (Char~cte;' Time) 
" line 

If M is selected to be, 20, the follOWIng result is 
obtained: 

( Character Time) = 61. 7284~ 10-6 
. Ime , ' 80+ 20 

6.1728 X 10-7 sec 

617.284ns 

This value defines the period'Of the 8275 charac
ter clock. 

LINE1-· •••••• e' •••••••••••••• 
• ,0 0 0 0 a •• 0 0 a co •• 0 0 a 0 a • 
_900.00 •• O'O,ooo •• 00000e 
.00000 •• 00000 •• 00000. 

~ __ .oooo~ •• ooooo •• ooo·oo. 
.0000'0 •• 00000 •• 00600. 

eooooo •• ooooo •• ooooo. 
UNDERLINE • 0 0 0 0 0 •• a 0 0 0 0 •• a 0 a 0 a • 

POSITION _ .• 0 0 a 0 0 •• 0 0 0 0 0 •• 0 0 0 0 0 .' 

LINE 10 ----. ." ••••• ' •••••••••• • " •• ".1 " -,-CHARACTER 1 CHARACTER 2 CHARACTER 3 

Figure 4-5. Row Format ' 



The Horizontal Blanking Time (HRTC) is calcu
lated as follows: 

HRTC = 20 (617.284 ns) 

= 12.3456 /lsec (nominal value 11 /lsec) 

The 8275 will be programmed for a Horizontal 
Retrace Character Count of 20. Since the specifica
tions call for a Horizontal Drive Pulsewidth of 25-
30 Ilsec, an external oneshot is required. The one
shot is triggered by the leading edge of HRTC. 

Using the value for the Character Time/Line, the 
Dot Clock Rate may be established. It should be 
noted that the clock is used to shift data from the 
parallel in-serial out shift register (contained in the 
dot timing logic) to the CRT video input. The sys
tem character clock is also derived from the Dot 
Clock. 

The dot clock is calculated as follows: 

(DO~ Time) '= 
Ime 

(Char~cter Time) 
hne· . 

# do t8 / character 

6.17284 X 10,7 
7 sec 

8.8183 X lO,8 sec 

88.183 ns 

Dot Clock Frequency = _-'-~ = 11.34 MHz 
Dot Time 

Line 

The Horizontal Oscillator Repetition . Rate may be 
calculated as follows: 

f . = 1 
HafiZ Total Line Time 61.7284 X 10,6 sec 

16,200 Hz 

This value falls within the system specification of 
15,750 ±500 pps. 

4.3.4 Dot Timing Logic 

The primary function of the dot timing logic, illus
trated in Figure 4-6, is to transfer the output of the 
character generator ROM to the video input of the 
CRT. Due to the high data transfer rate (11.34 
MHz), logic external to the 8275 is required for 
this function. The data transfer operation is 
accomplished as follows: The character generator 
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ROM output is applied to the parallel input lines of 
the 74166 shift register, the shift register is loaded 
synchronously with respect to the positive-going 
edge ofthe character clock, and data is clocked out 
of the 74166 serial input at the dot clockfre
quency. The 74166 output is applied, through 
appropriate gating logic, to the CRT video input. 
In addition to the previously described functions, 
the dot timing logic provides the timing signals 
required for transferring characters from the 8275 
character code and line count outputs to the char
acter generator ROM, implements the video sup
press and light enable gating functions, and gener
ates the system dot and character clocks. 

In order to understand the dot timing logic design 
process, it is necessary to refer to Figure 4-6 and 
Figure 4-7. 

It can be seen from the timing waveforms of Fig
ure 4-7 that the character code output from the 
8275 will be valid 150 ns (worst case) after the 
negative-going edge of the character clock. The 
character generator ROM output will be valid, 
assuming a direct connection between the 8275 
and the ROM, 450 ns (worst case) after the charac
ter code appears at the address inputs. Total delay 
from the negative-going edge of the character clock 
until ROM output data becomes available is then 
600 ns. Given the character clock width of 617 ns 
and external logic propagation delays and setup 
times, it becomes difficult to latch the ROM out
put for the first display character during the first 
character clock period. In order to alleviate this 
situation, a data pipelining technique is utilized. 
The timing for this technique is shown in Figure 
4-7. A latch, introduced between the· 8275 and the 
character generator ROM as shown iIi Figure 4-6, 
samples character code and line cqunt data from 
the 8275 1/2 dot clock (45 ns) after the positive
going edge of the character clock.' Data from the 
latch is applied to the character generator ROM 
address lines yielding, after a 450 ns delay (worst 
case), the appropriate 7-bit code at the ROM 
output. ROM data is loaded into the 74166 shift 
register on the next positive-going edge of the 
character clock. This technique effectively delays 
the video output from the shift register, by 1 Y2 
character clocks, but eliminates the difficulties in 
sampling the ROM data within the first character 
clock period. Due to the video delay associated 
with this technique, it is also necessary to delay all 
signals affecting the video output and CRT timing. 
These signais. include HRTC,' VRTC, VSP, and 



L TEN. The delay is accomplished using a two-stage 
shift register constructed with edge triggered D flip
flops (74175). The system dot clock (11.34 MHz) 
isobtairied by dividing the 22.68 MHz output-from 
the 8224 clock generator by two. The dot clock is 
utilized to clock the .74166 output shift register 

CHARACTER 

COUNTE'R' • 
STATE 

DDT 
: CLOCK 

745163 
COUNTER OUTPUTS 

DA 

ac .. CHARACTER OS 
CLOCK 

DC 

DEL.AVED CHARACTER ""1 
CLOCK (74574) 

TO LATCH (741751 

. DECODE STATE 3 

LOA~~~~~R~~~~~~~ '-It--'-----, 

DECODE STATE 6 
CLEAR COUNTER 

SYNCHRONOUSLY 

CLEAR COUNTER CLEAR COUNTER 

and is divided by 7, using a 74S163 .counter, to 
produce the system character clock. It-should be: 
noted that the use of a bipolar character generator 
PROM such as the Intel® 3604 or-3608 will re4uce 
the external dot timing Iogi9 package count due to 
the reduced access time. 
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. Figu~e 4,6. Dot Timing Logic 
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Figure 4-7. CRT System Timing 

4.3.5 Keyboard Interface Design 

The keyboard interface, Figure 4-8, consists of the 
8279 Keyboard Controller and the decoding logic 
necessary for scanning the keyboard matrix. The 
8279 SLO-SL2 output lines are decoded by the 
74S 138 decoder. The eight output lines from the 
decoder select 1 of 8 keyboard matrix rows for 
testing by the 8279. The keyboard matrix column 
output lines are connected to the 8279 return 
lines, RLO-RL7. Open collector outputs presented 
by individual keys within the matrix eliminate the 
need for isolation diodes when two keys in a given 
column are depressed. Two-key rollover was 
chosen as the operating mode for the 8279. 

4.3.6 System Memory Design 

CONTROL 

CONTROL 

11 
080_7 

8279 
KEYBOARD 

CONTROLLER 

SHIFT 

SHIFT 

KEYBOARD 
8XBMATRIX 

OATA8US 

SLo-2 

RL0-7 

1/8 

COLUMN 
OUTPUTS 

ROW 
INPUTS 

r-- r--

'-- ~ '--

X r-
~ r-

3 

.---
7 

8 4 
f-S 

1 'r--
3 
8 

!== DECODER 

The system memory, illustrated in Figure 4-9, con
sists of one 2716 EPROM used for program storage 
and four 2114 RAMs used for display memory, 
buffer memory, and system stack. The 2114 4K 
static RAM was chosen for the design because of 
its 1 K X 4 organization, ease of use, and availabil
ity. Buffering between RAM memory and the 
system data bus was used to minimize bus loading. 

Figure 4-8. Keyboard Interface 
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Figure 4-9. System Memory 

4.4 .sYSTEM SOFTWARE DESIGN 

4.4.1 General Considerations 

The approach taken in presenting the system soft
ware design is as follows: First, the software devel
opment process will be outlined. A discussion of 
system software operation willthen be undertaken. 
Software operation will be followed by a detailed 
presentation of system subroutines. 

4.4.2 Software Development 

Soflware development was accomplished using the' 
foilowirig tools: 

'I. Intel® MDS microcomputer development 
system, 

2. Intel® dual floppy disc system 
. . ... 

3. Intel®' ICE-80 In-Circuit Emuiator 

4. Intel® ISIS II disc operating system 
The MDS was utilized in conjunction with the dual 
floppy disc system for program editing, assembly, 
relocation, .and loading functions. 

Tlte ICE mo~ule was us~d exteJ1sively for loading 
assembled ,routines into the prototype system 
RAM and debugging program errors. While in the 
emulation mode, the ICE processor controlled the 
operation of the CRT~Ystem. During debugging, 
emulation proceeded normally until certain user 
specified, break conditions occurred, at which time 
ICE enter~d the interrogation mode. During inter
~ogation mode all processor functions, including 
DMA, ~eased, allowing the user t9 access and clis
play CPU ,r~gi~ter cont,cnts, .st~tus, and up to 44 
previous machine cycles, system memory contents, 
and I/O device data. 

4',4.3 Operation 

The fundamental operations performed by the 
CRT system software are presented in Figure 4-10. 
Extensive' use of subroutines in, implementing 
major software functions resulted in readily undet:
standable sQftware. Debugging operations were also 
simplified ,as a result of the software structure. At 



system reset, the central processor interrupt system 
is disabled, the program counter is set to zero, and 
peripheral reset functions are carried out. Follow
ing reset, the system software initializes all periph
erals, clears buffer· memory, initializes special 
buffer locations, fills display memory with space 
codes, and enables interrupts . .The processor then 
loops until an interrupt arrives .. from the 8275 or 
8251. When the processor detects the occurrence 
of an interrupt, the instruction being executed is 
completed, an RST 7 vector is placed on the sys
tem data bus, and the RST 7 call instruction is 
executed, forcing a jump to the starting address of 
the 8275/8251 interrupt polling routine. Once the 
polling routine establishes the source of the inter
rupt, program flow continues along one of the two 
possilJle paths shown in Figure 4-10. An 8275 
interrupt causes the 8257 DMA Controller to be re
initialized, the 8279 Keyboard Controller to be 
serviced, and, if a key depression has occurred, a 
character to be transmitted to the terminal output 
An interrupt from the 8251 will first cause the 
USART character to be read and stored inmem-

CHARACTER RECOGNITION/HANDLING SUBROUTINE 

ESCAPE 
SEQUENCE 

SUBROUTINE 

I 
CONTROL 

CODe 
SUBROUTINE 

I 
DISPLAY 

CHARACTER 
HANDLING 

SUBROUTINE 

ory. The system software then examines the char
acter to determine whether it is a displayable 
character, a control code; or the first or second 
character in an escape sequence. After determining 
the nature of the character, an appropriate subrou
tine is called. Following the completion of the 
routines associated with an 8275/8251 interrupt; 
interrupts are re-enabled and a return instruction 
executed. The CPU then loops until the receipt of 
an interrupt. In order to appreciate the operation 
of the system software in detail, it is necessary to 
consider the following items: 

1. System memory organization. 
2. The relationship between character position 

on the screen and screen pointers Row Count, 
Column Count, and memory pointer Top. 

3. The relationship between memory pointers 
Row Count, Column Count and the 8275 
cursor X and Y position registers. 

4. Scrolling concepts, including the relation 
between scrolling, display memory, and the 
memory pointer Top. 

8275 INTERRUPT S~RVICE SUBROUTINE 

8257 
DMA CONTROLLER 
RE·INITIALIZATION 

ROUTINE 

I 
KEYBOARD 

CONTROLLER 
POLLING 
ROUTINE 

ENABLE INTERRUPTS, 
RETURN 

Figure ~10. CRT Software Operations 
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System Memory Organization 

System memory organization is shown in Fig\lre 
4-11. It should be noted that an additi6na12K 
block of RAM was utilized for program rriemory 
(rather than PROM) during the software develop-
ment/debug phase or'systemdesign. .. 

OOOOH 

~ 
07FFH 

SOOOH 

~. 
87FFH 

SFFFH 

I 

PROGRAM 
MEMORY 

(PROM) 

DISPLAY IBUFFERI 
STACK MEMORY 

(RAM) 

I PROGRAM MEMORY 
DURING SOFTWARE 

I DEVELOPMENT ONLY 

h 

I (RAM) I 
L _____ -.J 

DISPLAY MEMORY 
SOOOH----"S7CFH 

BUFFER MEMORY 
87D2H~S7E7H 

STACK MEMORY 
S7F2H-'S7FFH 

Figure 4-11. System Memory Organization 

Character Position/Screen Pointer Relationships 

To define the location of a character on the 
screen, two pointers, Row Count and Column 
Count, were created in memory. The relationship 
between character location on the screen and the 
two pointers is illustrated in Figure 4-12. Row 
Count and Column Count are stored in memory 
locations RCTAD and CCTAD, respectively. Row 
Count represents the position of the first character 
in a given row. For the first row, Row Count = 
OOOOH. For the second row, Row Count = 0050H. 
Column Count represents the specific column in 
which the character is located. Character position 
on the screen may be calculated by adding the 
Row Count to the Column Count; e.g., the high
lighted character in Figure 4-12 is located at 
AOH + 03H = A3H. . 
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Figure 4-12. Character Location/Pointe,r Re(ationship 

Memory Pointer/8275 Cursor Position Register 
Relationship 

It was necessary to establish a relationship between 
Row Count and Column Count pointers arid the 
8275 Cursor X and Y Position registers for the 
cursor generated by the 8275 to be loaded at the 
appropriate position on the screen. This relation
ship is summarized in Table 4-2. 

The value transferred to the 8275 for the Cursor X 
Position is identical to the Column Count. A new 
parameter, Cursor Y Position, stored at memory 
location CUR,SY, was also established. For a given 
Row Count value, a value for Cursor Y Position is 
defined. This value is transferred to the 8275 
Cursor Y Position register. 
It is necessary to introduce an additional param
eter, Top, which will be used in conjunction with 
Row Count and Column Count to determine the 
location in display memory at which an incoming 
display character will be stored. The location at , 
which a given character will be stored (assuming no 
more than 2000 characters have been entered since 
initialization) is calculated by adding TOP + Row 

. Count' + Column Count, where TOP is assumed to 
be 8000H,the starting location of display memory 
shown in Figure 4-11. Following system initializa
tion, characters will be entered in display memory 
starting at memory location 8000H. The 2000th 
character will be entered at location 87CFH. Upon 
entering the 200lst character, a scrolling condition 
exists and TOP will be modified to point to mem
ory address 8050H. An in-depth discussion of 
scrolling is presented in the next section. 



Table 4-2 

SCREEN POINTER/8275 CURSOR X,V POSITION REGISTER RELATIONSHIP 

ROW 
ROW COUNT.· CURSOR V POSITIO", 

VALUE REGISTER VALUE 

1 OOOOH OOH 

2 0050H 01H 

3 OOAOH 02H 

4 OOFOH 03H 

25 0780H = 19200 18H = 240 

Scrolling 

Scrolling is implemented in the CRT system design 
by shifting the entire display up by 1 row when a 
scrolling condition occurs. Scrolling will occur 
when certain cursor manipulation functions are 
exercised or when a character is entered in the last 
CRT display position, indicating a full memory 
page condition exists. Character entry will be used 
as the vehicle for explaining scrolling in the follow-
ing discussion. . 

Characters are normally entered sequentially in 
display memory. When the 2000th character has 
been entered, display memory capacity has been 
attained; i.e., a full page condition exists. At this 
point, scrolling will take place. For scrolling to 
take place, DMA channel. 2, the channel used to 
extract characters from display memory, must be 
re-initialized to the appropriate starting address 
and tenninal.count .values. The memory pointer 
TOP will be used to establish the starting address 
for channel 2. Prior to scrolling, TOP = 8000H, the 
starting. address of display memory. Each scrolling 
operation causes 80D (SOH) to be added to TOP, 

. movin:g the pointer, as ·shown in Figure 4-13b, to 
the beginning of the following row in display.mem
ory: It .should be recalled that TOP, in conjunction 
with Row Count and Column Count determines the 
insertion address for incoming display characters. 
The net effect of. modifying TOP is to shift the 
information being displa)ied on the CRT up by I 
row; i.e., scrolling is accomplished. Prior to scroll-

COLUMN 
COLUMN COUNT CURSOR X POSITION 

VALUE REGISTER VALUE 

1 

2 

3 

4 

80 
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OOH OOH 

01H 01H 

02H 02H 

03H 03H 

4FH = 790 4FH = 790 

ing, the terminal count value for DMA channel 2 
is equal in magnitude to the display memory length 
-lor 87CFH - 8000H. The actual value sent to 
the terminal count register is 87CFH- 8000H + 
8000H. The addition of 8000H sets bit 14 in the 
te'nninal count register to ai, indicating a DMA 
read operation. If scrolling is to be implemented, 
the tenninal count value must be modified to 
87CFH - TOP + 8000H. Characters transferred by 
channel 2 include those characters located from 
the address specified by TOP to the end of display 
memory. In order to transfer the characters from 
the beginning of display memory through the 
address immediately prior to TOP, the autoload 
feature of the 8257 DMA controller is utilized. 
When DMA chanriel 2 reaches terminal count, fol
lowing the transfer· of characters from TOP to the 
end of display memory, the starting address· and 
tenninal count parameters stored in· the DMA 
channel 3 registers are loaded into channel 2. DMA 
operations resume.in ' channel 2 using the channel 3 
parameters. To accomplish the desired channel 3 
operations, it is only necessary to re-initialize the 
channel 3 starting address to the beginning address 
of display memory, and the termllia1 count value 
to 87CFH, the maximum tenninal count for a 
2000-byte display memory space. These processes 
are perfonned during DMAre-initialization follow
ing an 8275 interrupt. New text entry following 
scrolling is illustrated in Figure 4-13. BOTTOM, a 
parameter corresponding to the address of the first 
character in the last row to be displayed, is utilized 
during clear to end of screen operations. 
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Figure 4-13. Pointer Manipulation During Scrolling 

4.4.4 System Subroutines 

System Initialization Routine (CRTGO) 

The .system initialization routine, Figure 4-14, 
establishes; a starting point for system operation. 
The 8251 USART is initialized to transmit to and 
receive characters from an external device. The 
8279 Keyboard Controner, at system reset, comes 
up in· th.e two-key rollover mode, Tt is therefore 
only necessary to set up the Keyboard Controller 
internal operating frequency during initialization. 
Assuming a desired intern,al operating frequency of 
approximately 100 kHz and a 2.048 MHz system 
clock, the frequency divider chain is programmed 
to divide by 21. The 8275 initialization parameters 
are determined from the original· CRT system 
specifications and' vertical retrace Row Count/ 
Horizontal Retrace Character Count calculations 
previously performed. The delayed line number 
feature allows the use of only 3 line count outputs 
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to determine which of 10 possible lines in a charac
ter row will be displayed .. Given that the underline 
placement position is set to the ninth row, the top 
and bottom lines of the character are automatically 
blanked, leaving, effectively, 8 unique lines for 
display. The 8275 cursor position registers are 
initialized to zero, forcing the cursor to the upper 
left"hand corner of the display. The preset counters 
command resets all 8275 counters to zero and 
stops the 8275 counters until another command is 
issued. The 8275 is then started by a start display 
command. An interrupt will be generated fromthe 
8275 approximately 15 ms later. Interrupts are 
enabled following the 8275 start command. Inter
rupts were disabled prior to this time to insure that 
the central processor did not react to erroneous 
interrupts. from the 8275 generated prior to 8275 
initialization. The processor, following initializa
tion, waits in a loop until the arrival of an interrupt 
from the 8275 or 8251. 
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Figure 4-14. System Initialization Routines 
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Inte"upt Polling Subroutine (Poll) 

The interrupt polling subroutine, Figure 4-15, tests 
to determine the source of the interrupt. If the 
interrupt originated with the 8275, the 8275 inter
rupt'service subroutine is called. Following comple
tion of the subroutine, interrupts' are re-enabled, 
and a return executed. An interrupt issued from 
the 8251 forces subroutine calls to the read/store 
USART character subroutine and the character 
recognition/handling subroutine. Interrupts are 
re-enabled at the completion of the character 
recognition/handling routine. A return operation 
follows. 

INPUT 8275 
, STATUS 

YES 

NO 

INTERRUPT 
FROM 
8251 

CALL READ/STORE 
USART CHARACTER 1 

SUBROUTINE [ROfslJ 

I 
CALL CHARACTER 

RECOGNITION 

SUBROUTINE I CHREC I 
I 

ENABLE 
INTERRUPTS 

I 
RETURN 

CALL 8275 
INTERRUPT SERVICE 

SUBROUTINE I RT 751 

I 
ENABLE INTERRUPTS 

I 
RETURN 

Figure 4-15. : Interrupt Polling Subroutine (POLL) 

8275 Inte""pt Service Subroutine (RT 75) 

The 8275 interrupt service subroutine, Figure 4-16, 
ie-initializes' the' 8257 DMA Controller, then tests 
the 8279 FIFO status. If a character has been 
transmitted from the keyboard to the Keyboard 
Controller, a table lookup operation is performed 
to obtain the correct ASCII code for the character, 
·and the character. is transmitted. 
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Figure 4·16. 8275 Interrupt Service Subroutine (RT75) 

USART Read/Store Subroutine (RDF 51) 

The read/store USART character subroutine, Fig
ure 4-17, rrioves a character from the US ART to 
the CPU, masks off the upper-most bit, and stores 
the character in system buffer memory. 

~ 
READ USART STATUS 

I 
READ ASCII rHARACTER 

MASKOrlltl1BIT 

STORE USART CHARACTER IN 

MEMOny LOCArON I USCHR I 

RETURN 

Figure 4-17. READ/STORE USART Character 

Subroutine (RDF51) 

Character Recognition/Handling Subroutine 
(CHREC) 

The character recognition/handling· subroutine, 
Figure 4-18, examines the masked USART charac-
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ter to determine whether the character is a display
able character, control code, or the first or second 
character in an escape sequence. A· call to the 
appropriate subroutine follows the decision-making 
process. If the character is the first character in an 
escape sequence, the escape sequence flag is set and 
the processor loops until a second character is 
received. The character immediately following the 
ESC character is examined by the escape code 
handling subroutine and a jump to .an escape code 
routine follows. If the character is a displayable 
character or control code, the appropriate subrou
tine is called. 

CALL ESCAPE 
coDe HANDLING 

SUBROUTINE I ESREC I 

I 
RESET ESCAPE seaUENCE FLAG, 

LOCATED AT t XFLG I 

CALL DISPLAY 
CHARACTER 
HANDLING 

SUBROUTINE I DISPL I 

I 
RETURN 

I CALL CONTROL 
CODE HANDLING 

RETURN SUBROUTINE I eNTRl I 

I 
RETURN 

Figure 4·18. Character RecognitiontHandling Subroutine 
(CHREC) 

Escape Sequence Subroutine (ESREC) 

The escape sequence subroutine, Figure 4-19, per
forms a masking operation on the USART charac
ter, shifts the result by one bit position, and adds 
this value to the base address of the escape se
quence lookup table, BSETI. The lookup table 
contains starting addresses for each of the escape 
sequence routines. This address is jammed into the 
program counter and the routine executed. A sum
mary of escape sequence Junctions is given in 
Appendix 5.2. 



~ 
MOVE USART CHARACTER 
FROM MEMORY LOCATION 

I USCHRI 

I 
CALCULATE ADDRESS IN 

LOOKUP TABLE OF ESCAPE 
SEQUENCE CHARACTER 

ROUTINE ADDRESS 

I 
JUMP TO ESCAPE SeQUENCE 

CHARACTER ROUTINE 

RETURN 

Figure 4-19. Escape Sequence Subroutine (ESREC) 

Control Code Subroutine (CNTRL) 

The control code subroutine, Figure 4-20, involves, 
conceptually, the same procedures executed by the 
escape sequence subroutine. A summary of control 
code functions is given in Appendix 5.2. 

I 
I erALH I 

BACK SPACE 

I 

~ 
MOVE USART CHARACTER 

FROM MEMORY LOCATION I USCHR! 

I 
CALCULATE ADDRESS IN 

LOOKUP TABLE OF 
CONTROL CODE 

, ROUTINEIAOORESS 

JUMP TO CONTROL 
CODE ROUTINE " I 

I 
I CTRlJ I 

LINE FEED 

I 
I 

RETURN 

I 
ICTRLM I 

CARRIAGE 
RETURN 

I 

Figure 4-20. Control Code Subroutine (CNTRl) 
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Display Character Handling Subroutine (DISPL) 

The display character handling subroutine, Figure 
4-21, determines if the cursor is located in the last 
column of the row, the last display position, or 
elsewhere and .calls the appropriate subroutines. 

CALL SUBROUTINE ~ 

I 
CALL SUBROUTINE §] 

I 
NO 

RETURN 

CALL SUBROUTINE 

~'. 

I 
CALL SUBROUTINE 

~ 
I 

RETURN 

YES 

END OF DISPLAY 

CALL SUBROf'NE ~ . 

CALL SUBROUTINE~ 

I 
RETURN 

Figure 4,·21. Display Character Handling Subroutine 
(DISPl) . 



Display Subroutine One (DIS]) 

Display subroutine one, Figure 4-22, calculates the 
location in memory at which the display, character',' 
is to be inserted. If the location calculation results' 
in an address outside of the display memory 
bounds, appropriate compensation action is taken.: 
Prior to inserting the display character in memory, 
the first character position in the row in which 
the character will be located is examined. If an End 
of Row character (EOR) is found, the row in ques
tion will be blanked by the 8275. It is necessary to 
clear the row by filling it with space codes (Fill 
Subroutine), then insert the display character in ' 
the desired location. If noEOR character is found, 
insertion proceeds without further software iJiter-
vention. " 

cy 
CALCULATE CHARACTER 

riISPL~~:=:~6~~~~;;~ORNE~~l.T IN IlOCAOI-

I ' " , , 
CALCULATE LOCATION .. 
OF 1st CHARACTER IN 
ROW, STORE RESULT 

IN I LOCO' I 

MOVE USARr CHAR 

FROM MEMOr TO A REG 

MASK OF1SITS 7. 8 

LOAD CHARACTER 
IN DISPLAY MEMORY 

AT ADDRESS SPECIFIED 

BVILrADI 

RETURN 

YES 

CALL[ili"g 
SUBROUTINE 

Figure 4-22. Oisplav Subroutine 1 (DIS1) 

Display Subroutines A. B. C (DISA. DISB, DISC) 

Display subroutines A, B, and C, Figure 4-23, mod
ify the appropriate display memory pointers. The 
modifications are based on the present cursor loca
tion, as determined by' subroutine DISPL. The 
resulting cursor position data is transferred to the 
8275 Cursor X IIlld Y Position registers. If DISC is 
called, a scrolling operation occurs. 
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DISPLAY SUBROUTINE A (OISA) 

T 
INCREMENT COLUMN COUNT 

I 
CALL LOAD CURSOR POSITION 

SUBROUTINE, I WP75 I 
I 

RETURN 

DISPLAY SUBROUTINE 8 (DISB) 

¥ 
SET COLUTCOUNT • 0 

seT ROW COUNT = 
RowcaUNT + 80 

I 
INCREMENT 

CURSOR I POSITION 

CALL LOAD CURSOR POSITION 
SUBROUTINE.I WP75 I I' , ' 

RETURN 

DISPLAY SUBROUTINE C (DISC) 

T 
SET COLUMN COUNT" 0 

I 
CALL LOAD CURSOR POSITION 

SUBROUTINE I WP75 I , I ' 
CALL SCROLL 

SUBROUTINE,lscROLI 

1 ' 
RE~URN 

Figure 4-23. Display. Subroutines -
A (OISA), B (OISB), C (DISC) 

Cursor Up Routine (ESCA) 

The cursor up routine, Figure 4-24, determines if 
the cursor is located in the first display. row. If it is, 
the Row Count and Column Count values are 
modified, and the cursor is moved to the last dis
play row with no change in X position. If the 
cursor is not in the top row; the tow up subroutine 
is called. 



CALL !Rowupl 
SUBROUTINE 

I 
RETURN 

YES 

SET ROWCOUNT .. 
LAST ROW (19200 '" 180H) 

STORE IN InclAol 

I 
SET CURSOR Y POSITION 
• LAST ROW 1240 • ISH) 

STORE IN ICURSY I 

I 
CALL lOAD CURSOR 

POSITION SUBROUTINE, I WP7S! 

. I 
RETURN 

Figure 4-24. Cursor Up Routine (ESCA) 

Cursor Down Routine (ESC B) 

The cursor down routine, Figure 4-25, determines 
if the cursor is located in the last display row. If it 
is, the scroll subroutine is called. No modification 
of cursor position is called for. If the cursor is not 
located in the last display row, the row down sub
routine is called. 

YES 

CALL (ROWDN! 

SUBRrNE 

RETURN 

CALL SCROLL 

SUBROUTINE,I scnOl I 

I 
RETURN 

Figure 4·25. Cursor Down Routine (ESCB) 

Cursor Right Routine (ESCC) 

The cursor right routine tests the cursor location 
and moves the cursor as described in Figure +26. 
If the cursor is in the last display position, a scroll
ing operation occurs. 8275 Cursor X and Y Posi
tion registers are updated accordingly. 

Cursor Left Routine (ESCD) 

The cursor left routine tests the cursor location 
and moves the cursor as described in Figure +27. 
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CALL COLUMN 
RIGHT SUBROUTINE, 

ICOLRTI 

I 
RETURN 

YES 

SET COLUMN COUNT 
-0 

I 
CALL IROWOOWNI 

SUBRyTINE 

RETURN 

SET COLUMN COUNT 
-0 

J 
STORE IN I eCTAD I 

J 
CALL LOAD 

CURSOR POSITION 

SUBROUTINE, ~ 

I 
CALL SCROLL 

SUBROUTINE.lscROL I 

I 
RETURN 

Figure 4-26. Cursor Right Routine (ESCC) 

CALL COLUMN LEFT 

SUBROUTINE, ICOLL T I 

I 
RETURN 

YES 

SET COLUMN COUNT 
'" LAST COLUMN VALUE 17901 

. I 
CALL IRowupl 

SUBROUTINE 

I 
RETURN 

SET COLUMN 
COUNT = LAST 

COLUMN TO = 4FHJ 

seT AOWCOUNT 
'" LAST ROW 

119200 i 7S0HI 

SET CURSOR Y 
POSITION = 
LAST ROW 

1240fSHI 

CALL LOAD CURSOR 
POSITION SUBROUTINE, 

l"WP75 I 

I 
RETURN 

Figure 4-27. Cursor Left Routine (ESCD) 

Clear Screen Routine (ESC E) 

Several possibilities existed for implementing the 
clear screen functiori. The simplest of these tech
niques involves filling the display memory with 
space codes. This technique, although conceptually 
simple, requires several milliseconds to implement. 



The End-of-Row character (EOR) recogriizeci by 
the 8275 allows the clear screen feature to be exe
cuted in a considerably shorter time span. During 
the clear screen routine, Figure 4-28, EOR charac
ters are placed in the first character position of 
each row in display memory .. Since the EOR char
acter blanks the entire display row when placed in 
the first character position· of the row, the use of 
EOR characters in each row blanks the entire 
screen. All pointers are· cleared during thl; clear 
screen operation. 

~ 
MOVE EOR CHARACTER 
TO FIRST CHARACTER 

LOCATION T EACH ROW 

SET ROW rUNT. 0 

SET COLUMj COUNT = 0 

SET CURSOR I POSITION· 0 

RE.INITIALIZ1 TOP TO SOOOH 

CALL LOAD CURSOR 

POSITION SUBROUTINE, [WP75] 

.. ····1 
RETURN 

Figure 4-28. Clear Screen Routine (ESCE) 

Home Rc0utine (ESC H) 

The home routine, Figure 4-29, resets the Row 
Count, Column Count·and Cursor Y Position buf
fers to zero, but does not affect the value of TOP. 

~ 
SET RowrUNT • 0 

SET CaLUMj COuNT' 0 

SET CURSOR I POSITION = 0 

CALL LOAD.CURSO~ 

'. POSITION SU8·~OUi-INE.~ . I . . 
RETURN 

Figure4-29~ Home Routin~ (ESCH) 
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Erase to Endof Screen Routine (ESCJ) . 

The erase to end of screen routine, Figure 4-30, 
inserts End of Row characters (EOR) in display 
memory in·. the same fashion as the clear screen 
routine. The . fundamental difference between the 
routines is that· the erase to end of screen routine 
must insert EOR characters selectiVely.· Only rows 
from the- prese~t display row until the last display 
row, pointed to by BOTIOM, receive EOR charac
ters. It should be noted that the pointer BOTTOM 
changes dynamically with scrolling operations. 

9 
CALCULATE LOCATION OF 

FIRST CHARACTER IN PRESENT 
ROW, STORE IN I LOCPR I 

'I . 
. CALCULATE BOTTOM;STORE IN leCTAol 

FILL LOCATION OF FIRST 
. CHARACTER IN PRESENT ROW 

WITH EOR CHARACTER 

SET LOCATION OF 
FIRST CHAR IN PRESENT ROW 

.. LOCATION OF FIRST CHAR OF 
FiRST.~ow IN DISPLAY MEMORV (8000H) 

seT LOCATION OF 
FIRST CHARACTER IN PRESENT 

ROW" LOCATION OF FIRST CHAR 
IN PRESENT ROW"+80D 

Figure 4-30. Erase to End of Screen Routine (ESCJ) 

Erase Line Routine (ESCK) 

The erase line routine, Figure 4-31, calculates the 
location of the first character in the current display 
row·stores the location in buffer memory, and 
call~ the fill subroutine, which fills the row with 
space codes. 

Backspace Routine (CTRLH) 

See cursor left routine. 

LineFeedRoutine(C.T~U) 

. See cursor down routine. 



~ 
CALCULATE LOCATION OF FIRST CHARACTER 

IN ROW. STORE AT ILOCxxl 

I 
STORE CONTENTS OF LOCXX 

IN MEMORY 

AT IlOCBUF I 
I 

CALL~ 
SUBROUTINE 

I 
RETURN 

Figure 4-31. Erase line Routine (ESCK) 

Carriage Return Routine (CTRLM) 

The carriage return routine, Figure 4-32, clears the 
column count and updates the 8275 cursor posi
tion registers. 

~ 
SET COLUMj COUNT - 0 

CALL LOAD CURSOR POSITION 

SUBROUTINE,I WP75 I 

I 
RETURN 

Figure 4-32. Carriage Return Routine (CTRlM) 

Row Up, Row Down Subroutines (ROW UP, ROW 
DOWN) 

The row up subroutine, Figure 4-33, subtracts 80D 
from the Row Count value, decrements the Cursor 
Y Position pointer, and updates the 8275 Cursor 
Position registers. The row down subroutine, Fig
ure 4-34, differs in that 80D is added to Row 
Count. 

Column Right, Column Left Subroutines (COLRT, 
C()LLT) 

The column right subroutine, Figure 4-35, incre
ments the Column Count poillter and updates the 
8275 cursor position registers. The column left 
subroutine, Figure 4-36, differs in that the Column 
Count is decremented. 
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or 
ADD-SOD 

TO ROW COUNT, 
STORE'IN LOCATION IRClAOI 

I 
DECREMENT CURSOR Y POSITION 

STORE IN LOCATION leuRsyl 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE,I WP15 I 

I 
RETURN 

Figure 4-33. Row Up Subroutine (ROWUP) 

? 
ADD +800 TO ROW caUNT 

STORE IN IRclAol 

I 
INCREMENT CURSOR Y PCS/TIO"! 

STORE IN ICURSY I 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE, [WP75 I 

I 
RETURN 

Figure 4-34. Row Down Subroutine (ROWDN) 

l§J 
. I 

INCREMENT COLUMN COUNT 

STORE IN JCCTAD I . 

I 
CALL LOAD CURSOR 

POSITION SUBROUTINE,I WP75 I . I 
RETURN 

Figure 4-35. : Column Right Subroutine (COlRT) 

~ 
. DECREMENT COLUMN·COUNT 

STORE IN ICCTAO I 
I . 

CALL LOAD CURSOR 

POSITION SU'BROUTlNE,I WP75 I 

I 
RETURN 

Figure 4-36. Coiumn left Subroutine (COll T) 



Scroll Subroutine (SCROL) 

The scroll subroutine, Figure 4-37, fills the row in 
display memory pointed to by TOP with space 
characters via the fill subroutine; then modifies the 
value of TOP. TOP is utilized by the 8275 service 
subroutine inre-initiali?:ingthe 8257 DMA con
troller. 

MOVETOP TO ILOCBUF I 

FROM I TOPAD I 

I 
CALL [TIIT] SUBROUTINE 

SET TOP - TOP+80D 

r OP+50H 

RETURN 

Figure 4-37. Scroll Subroutine (SCROLl 

Fill Subroutine (FILL) 

The fill subroutine, Figure 4-38, calculates the 
location of the last character in the current display 
row, plus one character position, by adding 80D = 
SOH to the location of the first character in the 
current display row. The current stack pointer 
value is saved, then the stack pointer is loaded with 
the location of the last character in the current dis
play row, plus one character position. The Band C 
registers of the CPU are loaded witIi space charac
ters and 40 PUSH B operations performed. This 
technique provides a rapid means (275 p.sec) of 
filling a given row with space codes. 

Load Cursor PositionSubroutine (WP 75) 

The load cursor positIon subroutine, Figure 4-39, 
transfers the contents of the Column Count and 
cursor Y position pointers to the 8275 cursor X 
position and cursor Y position registers, respec
tively. 
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The relationship between system subroutines is 
presented in Appendix '5.3. Software timing con
siderations are covered in Appendix SA. 

MOVE LOCATION OF FIRST 
CHARACTER IN PRESENT ROW I TOP ROW 

FROM BUFFER. ! LOCBUF) 

...... I . 
CALCULATE LOCATION OF . 

LAST CHARACTER IN ROW +1 CHARACTER LOCATION 

STOR E r LOC80 

SAVE STACK POINTER 

I .' , 
seT STACK POINTER = LOCATION 
OF LAST CHARACTER IN ROW + 1 

FILL ROW LCATIONS 
WITH SPACE CHARACTERS 

VIA STACK pur OPERATIONS 

RESTORE STrK POINTER 

RETURN 

Figure 4-38. Fill Subroutine (FI LLI 

OUTPUT WRITE CURSOR 
POSITION COjMAND TO 8275 

OUTPUT CURSOR X POSITION (COLUMN COUNT) 

TO 8275FT Icc~ AD I . 

OUTPUT CURSOR Y POSITION (CURSOR V POSITION) 

. . ~o 8;75 FRO~ leuAsv I 

I 
RETUR~ 

Figure 4-39. load Cursor PositionS~~routirie(WP751 
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1. 
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17OR.!... 

1lOi'i..!!!.... 

ABo2!.. 

'2 
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,----!! 
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CCLK FROM DOT 
+6V TIMING LOGIC 

fl20 tl30 
GND VCC CCLK ~CCO DRQ CCD 

CC, 2!...-cc, 

= CC2 ~CC2 
CC3 ~CC3 

1m CC4 ~CC4 
CC6 ~CC6 

WI! CCG ..!!. 

~LCo AD LCD 

LC, ~LC' 
8275· LC2 ~LC2 

LC3 e!-
DBD HRTC ~HRTC 

VRTe ~VRTC DB, 

DB2 LTEN ~LTEN 
DB. VSP ~Vsp· 
DB4 

DB6 

D" 
DB7_ 
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FRt: 
3' 

'K 
+6V 
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DECODER 7408 
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TIMING 
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+'V 

-£l f.o 
i/oii..!!!.... iW 

vss cc 
~ RLD 

RL, ...2L 
i70W..!!.... WR RL2 ~ 

RL3 ~ 
~2(nLI2..... CLK RL. f--L-

RL6 P-
ABo 2!.. Ao RLG ~ 
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RL7 rL-
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KEYBOARD 



FROM 
8275 c.c, 
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BIT 

0000 

0001 

0010 

0011 

, 0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

NOTE: 

Appendix 5.2 
ESCAPE/CONTROL/DISPLAY CHARACTER SUMMARY 

CONTROL 
CHARACTERS 

000 001 

@ p 
NUL DLE 

A lOCI Q 

SOH 

B R 
STX DC2 

C S 
ETX DC3 

0 T 
EOT DC4 

E 
NAK,U ENQ 

ACK F I SVN 'v, 

I:::?:::::::::::::::::~::~:: I CT B W 

:: x 
:' CAN ': ': 

I Y 
HT EM 

I::::::::::::':fi::i~:~:::::: Z 
SUB 

K !:~~~:::::::!::: ' VT , , 

L I 
' FF FS ' 

::~r~:::::::::::::::~;:l 
GS 

N A 
SO RS 

a 
S1 us -

010 

SP 

I 

.. 
# 

$ 

% 

~ 

( 

) 

. 
+' 

I 

OISPLAYABLE 
CHARACTER 

01 100 
101 110 

'" 
P 

I A Q 

2 B R 

3 C S 

4 D T 

5 E U 

~ F V 

7 G W 

8 H X 
,c, 

9 I Y 

: J Z 

; K' r' 

< L \ 

= M J 

> N /I. 

? 0 -

1111 0 
,10 

011 

.. 

ESCAPE 
SEQUENCE 

100 
101 

J A 

+ B - C - 0 

CLR E 

HOME H 

EOS I 

EL J ' 

Shaded blocks = functions terminal will reac~ to, Others. can be generated but are ignored up on receipt. 
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I 
ESCAPE 

SEQUENCE 
SUBROUTINE 

IESREe) 

I ! f I f 
CURSOR UP CURSOR DOWN CURSOR RIGHT CURSOR LEFT CLEAR SCREEN 

~ 
ROUTINE ROUTINE ROUTINE ROUTINE ROUTINE 

fESCA) IESCB) (ESCel fEStCI (ESeE) 

t-
ROWUP ROWDOWN ROWDOWN. COLUMN ROWUP 

SUBROUTINE SUBROUTINE SUBROUTINE LEFT , SUBROUTINE 
(ROWUP) (ROWON) (ROWDN) SUBROUTINE (ROWUP) 

LOAD 
CURSOR 
POSITION 

SUBROUTINE 
(WP75) 

SCROLL 
SUBROUTINE 

(SCROLl 

I 
FILL 

SUBROUTINE 
(FIll) 

1 

SYSTEM INITIALIZATION ROUTINES 

INTERRUPT POLLING SUBROUTINE 
(POLL) 

I 
I 

I 
READ/STORE 8275 INTERRUPT 

USART CHARACTER SERVICE 
SUBROUTINE SUBROUTINE 

(RDFS1) IAT75) 

I 
CHARACTER 

RECOGNITION! 
HANDLING 

SUBROUTINE 
(CHREe) 

I T 
CONTROL 

CODe 
SUBROUTINE 

(eNTRL) 

f 1 I I I I 
HOME ERASE TO ERASE BACK SPACE LINE FEED CARRIAGE 

ROUTINE ENDOF LINE ROUTINE ROUTINE RETURN 
(ESCH) SCREeN ROUTINE ICTRL HI (CTRLJI ROUTINE 

ROUTINE (ESCK) I I ICTRlMI 
(ESCJ) 

I 
CURSOR CURSOR 

LEFT DOWN 
ROUTINE ROUTINE 

(ESCD) (ESCB) 
FILL 

SUBROUTINE 
(FILL) 

LOAD 
CURSOR 

POSITION 
SUB-

ROUTINE 
(WP75) 

I 

I 
DISPLAY CHARACTER 

HANDLING SUBROUTINE 
(DISPLI 

I 
DISPLAY 

SUBROUTINE 1 
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LI 
eu 
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SUBR 
(~ 
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F 
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(F 
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II 
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LeI 
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OJ 
::Il 
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2"0 
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Appendix 5.4 

SOFTWARE TIMING 

Subroutine execution times are summanzed in the 
flowchart provided in Figure 5-1. The values shown 
represent the number of clock cycles required for 
the execution of a given routine. The actual rou
tine execution time is obtained by multiplying the 
number of clock cycles/routine by the time/clock 
cycle. For a 2.048 MHz system clock, the time/ 
clock cycle is 0.4883 J,lsec. It should be noted that 
the values indicated represent worst-case execution .. 
times. In order to appreciate the meaning of the 
subroutine execution times, it is necessary to con
sider two factors: 

1. The time available for the CPU to execute 
instructions between DMA operations. 

2. The maximum rate at which data characters 
are presented to the CPU for processing.· 

CPU availability during a complete display frame is 
illustrated in Figure 5-2. Available CPU processing 
time, per character, at 4800 baud,during the DMA 
active portion of the display frame, is illustrated in 
Figure 5-3. It can be seen from Figure 5-3 that 
1443 J,lsec are available for processing each charac
ter during the DMA active portion of the frame. 
Total CPU processing time during the DMA inac
tive portion of the frame may be seen from Figure 
5-2 to be 1234 J,lsec. This value encompasses· the 
time to process the 8275 interrupt and perform 
character handling functions. 

Using the information contained in Figure 5-1, 
the maximum execution time * for a given charac
ter handling routine is 802 J,lsec. Since this value 
is less than 1.443 msec, proper timing is assured. 
Using the maximum character handling routine. 
execution time and the time required for 8275 
interrupt processing, the maximum CPU availabil
ity requirement during the DMA inactive portion 
of the frame may be calculated. This value corre
sponds to 802 J,lsec + 253 J,lsec (8275 interrupt 
processing) or lOSS J,lsec. Since this value is less 
than 1234 J,lsec, proper timing is assured. 

"see notes, Figure 5.-1. 

2-232 

Appendix 5.5 

VISUAL ATTRIBUTE IMPLEMENTATION 
CONSI DERATIONS 

In order to utilize the visual attribute features of 
the 8275, it is necessary to modify the CRT sys
tem hardware and software functions accordingly. 

Hardware. modifications necessary to implement 
character attributes are illustrated in Figure 5-4. 
The attribute outputs LAO-LAI selectively con

.. trol the data transferred to the output shift regis-
ter. 

The software memory management scheme pre
sented in the Application Note must be modified 
in order to accommodate attribute features. An 
outline of the software considerations involved 
when using the attribute features is presented as 
follows: 

1. Attributes, as described in the 8275 Data 
Sheet, occupy character locations in display 
memory. Since the number of attributes per 
display row may be variable, the linear map
ping relationship between character position 
on the screen and memory pointers Top, Row 
Count, and Column Count no longer exists. 
It is necessary to keep track of the number of 
attribute characters in each row and their 
specific location when modifying pointer 
values. 

2. The increased number of character locations 
required will force the user to incorporate' 
additional display RAM. 

3. Since the total number of characters in dis
play memory may be variable when attributes 
are utilized, it is necessary to modify the 
starting a~dress and terminal count values for 
the DMA channels as required. 

4. Character insertion and deletion operations 
may be handled through block transfer oper
ations or through the use of extended display 
memory row segments. 



I T I 
ESCA ExeB ESCE 

I I I 
259 891 1058 
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I 
7,5 

RDFS1 

10 
I 

CHrEe 

I 

~ 
INITIALIZATION 

ROUTINES 

COMPLETE INSTRUCTION 
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4/10 
I 

R817 
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11 

I 
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POl" 

I 

TIMING VALUES SHOWN REPRESENT THE NUMBER OF 
CLOCK CYCLES REQUIRED TO EXECUTE A GIVEN ROUTINE. 

I I 
CTRLM 

I 
120 

14 
DlS1 

102J'427 

134 , 
0lS1 , I 

134 

I 
DIS1 

loJ'427 I , 
OISA 

I 
120 

.. UNDER NORMAL OPERATING CONDITIONS, 427 CLOCK CYCLES REPRESENTS 
THE WORST"CASE EXECUTION TIME FOR THIS ROUTINE . 

•• IT IS NECESSARY FOR THE REMOTE DEVICE TO WAIT APPROXIMATEL V 2.5 ms 
FOLLOWING THE TRANSMISSION OF AN ESCJ CHARACTER BEfORE RESUMING 
TRANSMISSION. 

Figure 5·1. Subroutine Execution Times Flowchart 
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1st ROW TIME 
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Figure 5·2. CPU Availability 
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LA, 
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LTEN 
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TOTAL CPU TIME AVAILABLE 
BETWEEN CHARACTERS 
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BAUD RATE = 4800 BAUD 
10 BITS/CHARACTER 

Figure 5·3. CPU Availability/Character at 4800 Baud (DMA Active) 
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Figure 5·4. Typical Character Attribute Logic 
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LOC OBJ 

OOFB 
OOFA 
OOFA 
006F 
006E 
005F 
005E 
001111 
0045 
0046 
0047 
0000 
0084 
0048 

0000 C34000 

0038 

0038 C3C900 

0040 

0040 F3 
0041 31F.F87 

0044 210080 
0047 3E20 
0049 77 
.004A 7D 
004B FECF 
OOIlD CA5400 
0050 23 
0051 C34700 
0054 7C 
0055 FE87 
0057 CA5EOO 

005A 23 
005B C34700 

005E 210000 
0061 22D387 
0064 22E287 
0067 22D887 
006A 22DA87 
006D 22DC87 
0070 22DE87 
0073 22E087 
0076 210080 
0079 22D687 
007C 218087 
007F 22E687 
0082 3EOO 
00811 32D287 
0087 32D587 
008A 32E487 
008D 32E587 

0090 3E4F 
0092 D3FB 
0094 3E27 
0096 D3FB 

0098 3E35 
009AD36F 

Appendix 5.6 
. . SOFTWARE LISTINGS 

SEQ SOURCE STATEMENT 

1 
2 

j8275/8279 CRT SYSTEM SOFTWARE 

~ 
5 CNCTL 
6 CNIN 
7 CNOUT 
8 KCOM 
9 KDAT 

10 CRCOM 
11 CRDAT 
12 PC2SA· 
13 PC2TC 
llj PC3SA 
15 PC3TC 
16 MDC57 
17 MDS57 
18 PMD57 
19 
20 
21 
22 

~~ 
25 
26 

~~ 
29 
30 
j~ CRTGO: 

~~ 
~~ 
~A THETA: 

~& 
III 
112 
113 
1111 NXT1: 

ft~ 
ftA 
49 
50 
51 
52 

~~ NXT2: 
55 
56 
§~ 
~6 
61 
62 

~~ 
%~ 
%~ 
69 
70 
71 
72 

H 
75 
76 

H 
A& 
81 
82 
ga 

ISYSTEM EQUATES 

~QU . OFBH 
EQU OFAH 
EQU OFAH 
EQU 6FH 
EQU 6EH. 
EQU 5FH 
EQU 5EH 
EQU 44H 
EQU 45H 
EQU 116H 
EQU 117H 
EQU OOH 
EQU 811H 
EQU 118H 

j8251 CONTROL ADDRESS 
'8251 INPUT DATA ADD 
;8251 OUTPUT DATA ADD 
;8279 COMMAND ADDRESS 
;8279 D.ATA ADDRESS 
;8275 COMMAND ADDRESS 
'8275 DATA ADDRESS 
;8257 CH 2 START ADD PORT 
'8257 CH 2 TERM COUNT PORT 
;8257 CH 3 STARTING ADD PORT 
;8257 CH 3 TERM COUNT PORT 
'8257 MODE CLEAR 
;8257 MODE SET (AUTOLOAD, CH 2 
;8257 MODE SET PORT 

ENABLED) 

!SYSTEM INITIALIZATION ROUTINES 
j 

~MP 
6RG 

~MP 
6RG 

6r 

CRTGO 

0038H 

. POLL 

0040H 

LXI SP, 87FFH 

;JUMP TO START OF MAIN ROUTINE 

; JUMP. TO START OF INT SERVICE ROUTINE 

;DISABLE INTERRUPTS 
;LOAD STACK POINTER 

· !MEMORY CLEAR ROUTINE 

hI H,8000H 
MVI A, 20H 
MOV M,A 

· ~~¥ ~6~H 
JZ NXTl 
INX H 
JMP THETA 
MOV A,H . 
CPI 87H 

· JZ . NXT2 

INX 
JMP 

H 
THETA 

;LOAD H&L WITH START ADD OF DISPLAY MEM 
. ;LOAD A WITH SPACE CHAR CODE 

JLOAD SPACE CHAR IN MEM 
;MOVE LOW ADD BYTE TO A 
;COMPARE WITH OCFH 
;IF COMPARRISON JMP TO NXTl 
;INCREMENT H&L 
;JMP TO THETA~ CONT LOADING MEMORY 
;MOVE UP ADD HYTE TO A 
;COMPARE WITH 87H 
iibDC~~k~~~bn~~~~DTbANi~ISPLAY 
!INcAEMENT H&L 
;JMP TO THETA, CONT LOADING MEMORY 

!POINTER/BUFFER CLEAR ROUTINE 
;. 

LXI 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
SHLD 
LXI 
SHLD 
LXI 
SHLD 
MYI 
STA 
STA 
STA 
STA 

HJ.OOOOH 
RI,;TAD 
LOCBUF 
LOCAD 
LOCal 
Loc80 
LOCXX 
LOCPR 
Hl 8000H 
TuPAD 
H./.8780H 
BuTAD 
AJ.OOH 
CI,;TAD 
CURSY 
XFLG 
USCHR 

• ZERO H&L 
iZERO·ROW COUNT 
• ZERO BUFFER 
iZERO CHARACTER LOCATION 
'ZERO LOC OF 1ST CHAR IN ROW 
~ZERO LOC OF 80TH CHAR IN ROW 
:ZERO PRESENT LOC OF 1ST CHAR IN ROW 
iZERO PRESENT LOC OF 1ST CHAR IN ROW 
;LOAD H&L WITH 8000H 
'SET TOP = 8000H 
;LOAD H&L WITH 8780H 
;SET BOT = 8780H 
'ZERO A 
!ZERO COLUMN COUNT 
iZERO CURSOR Y POINTER 
'ZERO ESC SEQ FLAG 
iZERO USART CHAR BUFFER 

i8251 
AirI 
OUT 
MYI 
OUT 

INITIALIZATION ROUTINE 

A,4FH 
CNCTL 
A,27H 
CNCTL 

18279 INITIALIZATION 

AVI 
OUT 

AJ.35H 
KI,;OM 

;MODE SET VALUE TO A 
jOUPUT VALUE 
;COMMAND WORD TO A 
jOUTPUT VALUE 

ROUTINE 

;OUTPUT PROG CLOCK, DIV BY 21 

18275 INITIALIZATION ROUTINE 



009C 3EOO ~6 MVI Aft°OH JRESET AND STOP DISPLAY 
009E D~~F OUT C COM 
OOAO 3 F ~~ MVI Aft4FH jSCREEN PARAM BYTE 1 
00A2 D35E OUT COAT 
00A4 3E58 89 MVI Aft58H BYTE 2 
00A6 D3~E 90 OUT COAT 
00A8 3E 9 91 MVI Aft89H BYTE 3 
OOAA D35E 92 OUT COAT 
OOAC 3ED9 

§ij 
MVI. Aft°D9H BYTE 4 

OOAE D3~E OUT COAT 
OOBO 3E 0 95 MVI Aft80H JLOAD CURSOR POSITION 
00B2 D35F 96 OUT C COM 
00B4 3EOO 97 MVI A,OOH j CURSOR X POSITION 
00B6 D35E 98 : OUT CROAT 

jCURSOR Y POSITION 00B8 3EOO 99 MVI . Aft°OH 
OOBA D35E 100 OUT COAT 

jPRESET COUNTERS OOBC 3EEO 101 MVI . AROEOH 
OOBE D35F 102 OUT C COM 
OOCO 3E2~ 10ij MVI ~R~~~ JSTAR1' DISPLAY 
00C2 D~5 10 OUT 
00C4 F 106 EI jENABLE INTERRUPTS 
OOC~ 00 .. 10 LOOP:. NOP 
OOC C3C500 107 JMP LOOP 

108 j 
109 

!8275/8251 INTER~UPT POLLING 110 ROUTINE 
111 j 
112 iN 00C9 DB5F 11ij POLL: CRCOM jREAD 8275 STATUSE CLEARING INT 

OOCB E620 11 ANI 20H jMASK· STATUS, SAV INT REO BIT 
OOCD CAD500 115 JZ AGGIE jIF STATUS=1, SERVICE 8275 

116 
tALL 0000 CD7304 11~ GIGEM: RT'75 jCALL 8275 INT SERVICE SUBROUTINE 

OODij FB 11 EI ;ENAIlLE INTERRUPTS 
000 C9 119 RET jRETURN 

120 
tALL 0005 CDODOO 121 AGGIE: RDF51 ·CALL READ liSART CHAR ROUTINE 

0008 CDE500 122 CALL CHREC ;CALL CHARACTER RECOG/HANDLING ROUTINE 
OOOB FB 12ij EI . j·ENABLE INTERRUPTS 
OOOC C9 12 RET jRETURN 

125 
JUSART .. 126 READ/STORE CHAR SUBROUTINE 

12A iN OODO DBFA 12 RDF51 : CNIN jREAD ASCII CHAR FROM USART, RESETTING RXRDY 
OODF E6H' 129 ANI 7FH ·MASK BIT 8 SAVE BITS 1-~ 
OOEl 32E587 130 STA USCHR ;STORE US ARt CHAR IN MEM RY 
00E4 cg 131 RET • RETURN 

1.32 
iCHARACTER RECOGNITION/HANDLING SUBROUTINE 13~ 13 ~DA OOE~ 3AE487 135 CHREC: XFLG JLOAD A WITH ESC SEO FLAG 

OOE E6FF 136 ANI OFFH jSET/RESET ZERO BIT 
OOEA CAFlOO 13~ JZ NXTX . jIF ONE~CHAR=2ND CHAR IN ESC SEO 
OOEO CDOFOl 13 CALL ESREC jCALL E C SEQ SUBROUTINE 
OOFO C9 lij9 RET • RETURN . 
OOFl 3AE587 1 0 NXTX: LDA USCHR iLOAD USART ·CHAR IN A 
00F4 E660 141 ANI 60H jMASK BITS 1-5~&8tSAVING BITS 6&7 
00F6 CAFDOO 142 JZ NXTY ·IF ZERO CHAR= ON ROL CHAR 

14ij ; IF ONE CHAR=DISPLAY CHAR 
00F9 CD4B03 14 CALL DISPL jCALL DISPLAY CHAR SUBROUTINE 
OOFC C9 14~ RET • RETURN . 
OOFD 3AE587 14 NXTY: LDA USCHR iLOAO USART CHAR IN A 
0100 E610 14~ ANI 10H jMASK OFF BITS SAVE BIT·5 
0102 C20901 14 JNZ NXTZ jIF ZERO CO NT tHAR=CONT CODE 

149 ·IF ONE CONT CHAR=ESC CODE 
0105 CD2701 150 CALL CNTRL ;CALL CONTROL CODE SUBROUTINE 
0108 C9 151 RET • RETURN 
0109 21E487 152 NXTZ: LXI H,XFLG .iLOAO H&L WITH ADD OF ESC SEO FLAG 
OlOC 3601 15ij MVI M,OlH JSET ESC SEQ FLAG 
010E C9 15 RET j RETURN 

155 
!ESCAPE.SEQUENCE SUBROUTINE 156 

15~ ~VI 010F 3EOO 15 ESREC: A,OOH ZERO A 
0111 32E487 159 STA XFLG RESET ESC.SEQ FLAG 
0114 3AE587 160 LOA USCHR LOAD USART CHAR IN A 
0117 E60F 161 ANI OFH MASK BITS 5..;8 
0119 07 162 RLC SHIFT LEFT,YIELDING OFFSET 
011A 210004 16ij LXI H,BSETl LOAD.BASE ADD OF TABLE 1 IN H&L 
011D 110000 16 LXI D,OOOOH ZERO D&E 
0120 5F 165 MOV E,A LOAD OFFSET IN E 
0121 19 166 DAD 0 ADD OFFSET TO BASED RESULT IN.H&L 
0122 5E 16~ MOV E,M MOVE LOW BYTE OF R UTINE ADD TO E 
012ij 2~ 16 INX ·H INCREMENT COMPUTED ADDRESS 
012 5 169 MOV D,M MOVE UP BYTE OF ROUTINE ADD TO 0 
0125 EB 170 XCHG EXCHANGE D&E WTIH H&L 
0126 E9 171 PCHL LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE 

172 
ICONTROL CODE SUBROUTINE 173 
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0127 3AE5B7 
012A E606 
012C 21F004 
012F 110000 
0132 5F 
0133 19 
01311 5E 
0135 23 
0136 56 
0137 EB 
0138 E9 

0139 2AD3B7 
013C 7D 
013D FEOO 
013F CA4601 
0142 CDOB03 
0145 C9 
0146 7C 
0147 FEOO 
0149 CA5001 
014C CDOB03 
014F C9 
0150 21B007 
0153 22D3B7 
0156 3E18 
015B 32D587 
015B CD3C03 
015E C9 

015F 2AD3B7 
0162 7D 
0163 FE80 
0165 CA6COl 
0168 CD1A03 
016B C9 
016C 7C 
016D FE07 
016F CA7601 
0172 CD1A03 
0175 C9 
0176 CD3C03 
0179 CDOB04 
017C C9 

017D 3AD2B7 
0180 FE4F 
0182 CA8901 

0185 CD3403 
018B C9 
0189 2AD3B7 
018C 7D 
018D FEBO 
018F C29BOl 
0192 7C 
0193 FE07 
0195 C29BOl 
019B C3A401 
019B 3EOO 
019D 32D287 
01AO CD1A03 
01A3 C9 
01A1! 3EOO 
01A6 32D287 
01A9 CD3C03 
01AC CDOBOII 
OlAF C9 

01BO 3AD287 
01B~ FEOO 01B CABCOl 
01B CD2C03 
01BB C9 
01BC 2AD387 
01BF 7D 
01CO FEOO 
01C2 C2CEOl 
01C5 7C 
01C6 FEOO 
01C8 C2CEOl 

174 
175 CNTRL: 
176 
177 
17B 
179 
180 
181 
182 
183 
184 
185 
lB6 
187 
188 
189 ESC A : 
190 
191 
192 

l§u 
195 ALPHA: 
196 

'§A 199 
200 BETA: 
201 
202 
203 
2011 
205 
206 
207 
20B 
209 ESCB: 
210 
211 
212 
213 
214 
215 GAMMA: 
216 
217 
218 
219 
220 DELTA: 
221 
222 
223 
2211 
225 
226 ESCC: 
227 
228 
229 
230 
231 
2j2 ZETA: 
~3a 
~~g 
237 
238 

... ~U6 CCTOA: 
241 
242 
243 
244 CCTOB: 
245 
246 
247 
248 
249 
250 
251 
252 ESCD: 
253 
2511 
~~g 
257 NXTA: 
258 
~g6 
261 
262 
263 

lDA 
ANI 
LXI 
LXI 
MOV 
DAD 
MOV 
INX 
MOV 
XCHG 
PCHL 

USCHR 
06H 
H,BSET2 
D,OOOOH 
E,A 
D 
~,M 
D,M 

!CURSOR UP ROUTINE 

lHLD 
MOV 
CPI 
JZ 
CALL 
RET 
MOV 
CPI 
JZ 
CALL 
RET 
LXI 
SHLD 
MVI 
STA 
CALL 
RET 

RCTAD 
AlL 
OuH 
ALPHA 
ROWUP 

AIH 
OuH 
BETA 
ROWUP 

H10780H 
R~TAD 
A,.18H 
CuRSY 
WP75 

!CURSOR DOWN ROUTINE 

lHLD RCTAD 

~~I ~6~ 
JZ GAMMA 
CALL' ROWDN 
RET' 
MOV A,H 
CPI 07H 
JZ DELTA 
CALL ROWDN 
RET 
CALL WP75 
CALL SCROL 
RET 

, !CURSOR RIGHT ROUTINE 
lDA . CCTAD 
CPI ·4FH 
JZ ZETA 

CALL 
RET 
LHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 
JMP 
MVI 
STA 
CALL 
RET' 
MYI 
STA 
CALL 
CALL 
RET 

COLRT 

RCTAD 
ALL 
8uH 
CCTOA 
A~H . 
.O,H 
CCTOA 
CCTOB. 
A1.00H 
C~TAD 
ROWDN 

A1.00H 
C~TAD 
WP75 
SCROL. 

!CURSOR-LEFT ROUTINE 

lDA . -CCTAD 
CPI OOH 
JZ NXTA 
CALL COLLT 
RET 
LHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 

RCTAD 
A,L 
OOH 

.. CCTMA 
-_ AH 

.. ' - 06H 
CCTMA 

2-237 

LOAD USART CHAR IN A 
MASK .CHAR, SAVE BITS 2-3 
LOAD BASE ADD OF TABLE 2 IN H&L 
CLEAR D&E 
LOAD OFFSET IN E 
ADD OFFSET TO BASE6 RESULT IN H&L 
MOVE LOW BYTE OF R UTINE ADD TO E 
INCREMENT COMPUTED ADDRESS 
MOVE UP -BYTE OF ROUTINE ADD TO D 
EXCHANGE D&E WITH H&L 
LOAD PC WITH ROUTINE ADD, JMP TO ROUTINE 

JLOAD ROWCOUNT IN H&L . 
jMOVE LOW BYTE .OF ROWCOUNT.TO A 
jCOMPARE BYTE WITH OOH 
jIF BYTE=O CONTINUE COMPARRISON 
jCALL ROWUP SUBROUTINE 
'RETURN . 
;MOVE UP BYTE OF ROWCOUNT TO A 
'COMPARE BYTE WITH OOH 
;IF BYTE=OpROWCOUNT=FIRST ROW 
!~~~~R~OWU SUBROUTINE 
;LOAD H&L WITH ROWCOUNT=LAST RO~1 VALUE (1920D) 
'STORE 0780H IN ROWCOUNT BUFFER -
; LOAD A ~IITHCURSOR Y POS=LAST ROW VALUE (240) 
jSTORE 18H IN CURSOR Y POS BUFFER 
jCALL LOAD CURSOR POSITION SUBROUTINE 

jLOAD ROWCOUNT IN H&L 
jMOVE 'LOW BYTE 'OF ROWCOUNT TO A 
jCOMPARE BYTE WITH 80H ' 
jIF BYTE=80H, CONTINUE COMPARRISON 
jCALL ROWDOWN SUBROUTINE 
'RETURN . 
;MOVE UP BYTE OF ROWCOUNT TO A 
'COMPARE BYTE WITH 07H 
iIF BYTE=07H, ROWCOUNT=LAST ROW 
jCALL ROWDOWN.SUBROUTINE 
'RETURN 
iCALL LOAD CURSOR POSITION SUBROUTINE 
jCALL SCROLL SUBROUTINE 
jRETURN 

'LOAD COLUMN COUNT IN A 
!COMPARE BYTE WITH 4FH . 
;IF BYTE=4FH6 COLUMN COUNT =LAST 
'CHARA€TER P SIN ROW 
;CALL COLUMN RIGHT SUBROUTINE 
'RETURN .-
iLOAD ROWCOUNT IN H&L 
jMOVE LOW BYTE 'OF ROWCOUNT TO A 
'COMPARE BYTE WITH BOH 
;IF BYTE=80H~ CONTINUE COMPARRISON 
jMOVE UP BYT~ OF ROWCOUNT TO A 
jCOMPARE BYTE WITH 07H 
jIF BYTE=07H6ROWCOUNT=LAST ROW 
j JUMP .TO CCT B . 
JZERO A . 
'ZERO COLUMN COUNT 
i'CALL ROWDOWN SUBROUTINE 
jRETURN 
j ZERO A . 
j ZERO COLUMN' COUNT BUFFER " .. 
jCALL.LOAD CURSOR POSITION SUBROUTINE 
jCALL SCROLL SUBROUTINE . . 
jRETURN '. 

LOAD -COLUMN COUNT IN A 
COMPARE BYTE WITH OOH . -
IF BYTE=O"COLUMN COUNT =FIRST CHAR POS IN ROW 
CALL COLUMN LEFT SUBROUTINE 
RETURN_ _ 
LOAD' ROWCOUNT· IN H&L 
LOAD LOW BYTE OF ROWCOUNT IN A 
COMPARE BYTE WITH OOH 
IF BYTE=O~CONTINUE COMPARRISON 
LOAD UP BITE OF ROWCOUNT IN A 
COMPARE BYTE WITH ZERO ; 
IF BYTE=O,HmIE POS CONDITION EXISTS 



01CB C3D701 
01CE 3E4F 
01DO 32D287 
01D3 CD0803 
01D6 C9 
0107 218007 
01DA 22D387 
01DD 3E4F 
o 1DF 32D2B7' 
01E2 3E18 
01E4 32D587 
01E7 CD3C03 
OlEA C9 

01EB 210000 
01EE 22D387 
01Fl 3EOO 
01F3 32D287 
01F6 32D587 
01F9 CD3C03 
OlFC C9 

01FD 2AD687 
0200 EB 
0201 2AD387 
0204 19 
0205 22DE87 

0208 3E87 
020A BC 
020B D21402 
020E CD2A02 
0211 C32002 
0214 C22002 
0217 3ECF 
0219 BD 
021A D22002 
021D CD2A02 
0220 2ADE87 
0223 22E287 
0226 CD3204 
0229 C9 

022A 2ADE87 
022D 1130F8 
0230 19 
0231 22DE87 
0234 C9 

0235 3EFO 
0237 0619 
0239 115000 
023C 210080 

023F 77 
02110 19 
0241 05 
0242 C23F02 

0245 210000 
0248 22D387 
024B 210080 
024E 22D687 
0251 2180B.7 
0254 22E6B7 
g~§~ ~~ggB7 
025C 32D5B7 
025F 32E4B7 
0262 CD3C03 
0265 C9 

0266 2AD6B7 
0269 EB 
026A.2AD387 
026D 19 

026E 22E087 

264 .. 
265 CCTMA: 
266 
267 
26B . 
269 CCTMB: 
270 
271 
272 
273 
274 
275 
276 
277. 
27B 
279 ". 
2BO ESCH: 
2Bl 
2B2 
2B3 
284 
2B5 
2B6 

JMP 
MVI 
STA 
CALL 
RET 
LXI 
SHLD 
MVI 
STA 
MVI 
STA 
CALL 
RET 

·CCTMB 
A 4FH 
CCTAD. 
ROWUP 

H1.07BOH 
Rl>TAD 
A IIFH 
C6TAD 
AJ.18H 
CuRSY 
WP75 

iHOME ROUTINE 
iXI . 
SHLD 
MVI 
STA 
STA 
CALL 
RET 

~c~2g0H 
A1.00H 
Cl>TAD 
CURSY 
WP75 

~~~ !ERASE LINE ROUTINE 

JUMP TO CCTMB 
LOAD A WITH 4FH 
SET COLUMN COUNT=4FH=79D 
CALL ROWUP SUBROUTINE 
RETURN 
LOAD H&L WITH ROWCOUNT=780H=1920D 
SET. ROWCOUNT =1920D 
LOAD ,A WITH 4FH 
SET COLUMN COUNT=IIFH=79D 
LOAD A WITH lBH 
SET CURSOR .'1 POINTER=18H=2I1D 
CALL LOAD CURSOR POSITION SUBROUTINE 
RETURN 

'ZERO H&L . 
iSET ROWCOUNT=O 
'ZERO A 
lSET COLUMN COUNT=O 
lSET CURSOR Y POINTER=O . 
iCALL LOAD CURSOR POSITION SUBROUTINE 
j RETURN .. 

289 .'. ' 
290 ESCK: tHLD TOPAD 'LOAD TOP IN H&L 
291 XCHG j STORE TOP IN D&E 
292 LHLD RCTAD 'LOAD ROWCOUNT IN H&L 
293 DAD D JADD TOP+ROWCOUNT, RESULT IN H&L 
294 SHLD LOCXX jSTORE RESULT IN MEM 
295 ' 
296 MVI A,87H 'LOAD 87H IN A 
297 CMP H iCOMPARE H WITH 87H 
29B JNC FRODO 'IF NO CARRY CONTINUE • 
299 , CALL COMRX ;IF CARRYLCAtL COMPENSATION ROUTINE 
300 JMP BILBO 'JUMP TO ~ILBO 
301 FRODO: JNZ BILBO iIF NOT EQUAL END COMPARRISON 
~g~ ~~ t~OCFH' l~gA~A~~"L I~I~H CFH 
3011 . JNC '. BILBO i IF NO CARRY,LOCXX LESS THAN OR EQ TO 87CFP. 
305 CALL COMRX j IF CARRY, CALL .COl~PENSATION ROUTINE 
306 BILBO: LHLD . LOCXX· j LOAD LOC OF FIRST CHAR IN ROW IN H&L 
307 SHLD LOCBUF jSTORE LOCXX IN BUFFER 
308 CALL FILL jCALL FILL ROW WITH SP CHAR SUBROUTINE 
309 RET jRETURN 

~~~ iCOMPENSATION SUBROUTINE COMRX 
312 ' 
313 COMRX: tHLD LOCXX 'LOAD LOCXX IN H&L 
3111 LXI D,OF830H iLOAD COMPENSATION VALUE IN D&E 
315 DAD D j ADD D&E TO H&L . 
316 SHLD LOCXX jSTORE RESULT. IN LOCXX 
31~ RET ' 

~~9 iCLEAR SCREEN ROUTINE 
320 ' 
321 ESCE: MVI A,OFOH' 
322 MVI B,19H 
33223 ", LXI D,50H 

II LXI H,8000H 
.325 j 
. 326 LOADX: MOV 
327 . DAD 
328 DCR 
329 JNZ 
B~ iXI .' 
332 ' SHLD 

~~~ k~lD 
3356 LXI 
33 SHLD 

~~~ ~~I 
339 STA 
3110 STA 
341 CALL 

!-i,A . 
D'" 

. B . 
LOADX 

~t~2g0H 
H.t8000H 
TuPAD 
HOB7BOH 
B TAD 

~t~2M 
CURSY 
XFLG 
WP75 

jMOVE EOR CHAR TO A 
jMOVE LOOP CTR START VALUE =19H=25D TO B 
jMOVE 80D=50H TO D&E . 
jMOVE 8000H TO H&L 

jMOVEEOR CHARACTER TO MEM 
jADD BOD=50H TO ADDRESS IN H&L 
'DECREMENT B. 
;CONTINUE LOO~ING.IF B NOT . ZERO 

'ZERO H&L 
iZERO ROWCOUNT 

'ZERO 'Ii 
iZERO COLUMN COUNT 
JZERO CURSOR Y'POS 

jCALLLOAD C\lRSOR POSITION SUBROUTINE 
342 RET 
33443 ' . ' . . 

4 i ERASE TO END OF SCREEN ROUTINE' 

~tt~ ESCJ: tHLD .TOP AD LOAD TOP IN H&L 
347 . XCHG .'. . STORE TOP IN D&E 
34B LHLD' RCTAD LOAD ROW COUNT IN H&L 
349 DAD D' ADD TOP+ROWCOUNTL YIELDING LOC OF 
350 FIRST CHAR IN PRl!;SENT ROW· 
351 SHLD LOCPR STORE .LOCATION IN MEM 

.352 



0271 3E87 
0273 BC 
02711 D27D02 
0277 CDEE02 
027A C38902 
027D C28902 
0280 3ECF 
0282 BD 
0283 D28902 
0286 CDEE02 

0289 2AD687 
028C 7D 
028D FEOO 
028F C2Al02 
0292 7C 
0293 FEBO 
0295 C2Al02 
0298 218087 
029B 22E687 
029E C3AB02 
02Al llBOFF 
02A4 2AD687 
02A7 19 
02A8 22E687 

02AB 3EFO 

02AD 2AE087 
02BO 77 

02Bl 7D 
02B2FE80 
02B4 C2D502 
02B7 7C .. 
02B8 FE87 
02BA C2D502 

02BD EB 
02BE 2AE687 
02Cl 7D 
02C2 BB 
02C3 C2CC02 
02C6 7C 
02C7 BA 
02C8 C2CC02 

02CB C9 
. 02CC 210080 

02CF 22E087 
02D2 C3AB02 

02D5 EB 
02D6 2AE687 
02D9 7D 
02DA BB 
02DB C2E402 
02DE 7C 
02DF BA 
02EO C2E402 

02E3 C9 
02Eli 215000 
02E7 19 
02E8 22E087 
02EB C3AB02 

02EE 2AE087 
02Fl 1130F8 
02F4 19 
02F5 22E087 
02FB C9 

02F9 C35FOl 

02FC 3EOO 
02FE 32D2t17 
0301 CD3C03 
0304 C9 

0305 C3BOOl 

353 
3511 
355 
356 

~~~ VAR: 
359 
360 
361 
362 
j~4 
365 FIN: 
366 
~gA 
369 
370 
371 
372 

~H 
375 TROLL: 
376 

~t~ 
~A6 GNOME: 
381 
382 

~~4 
385 

~~~ 
388 
389 
390 
391 
392 GZONK: 

~§~ 
~§~ 
3ge 
~§9 
~OO 
401 
402 FUN: 
403 
4011 
405 
406 WIZAR: 
407 
40B 
409 
410 
411 
412 
413 
414 
415 
416 NUF: 

alA 

MVI 
CMP 
JNC 
CALL .. JMp·. 
JNZ 
MvI 
CMp. 
JNC 
CALL 
j 

lHLD 
MOV 
CPI 
JNZ 
MOV 
CPI 
JNZ 
LXI 
SHLD 
JMP 
LXI 
LHLD 
DAD 
SHLD 

~VI 
lHLD 
MOV 

~OV 
CPI 
JNZ 
MOV 
CPI 
JNZ 

XCHG 
LHLD 
MOV 
Ct~p 
JNZ 
MOV 
CMp 
JNZ 

RET 
LXI 
SHLD 
JMp 

*CHG 
LHLD 
MOV 
CMP 
JNZ 
MOV 
CMp 
JNZ 

RET 
LXI 
DAD 
SHLD 
JMP 

A,87H 
H 
VAR 
COMRY FIN . 
FIN 
A,OCFH 
L 
FIN 
COMRY 

TOPAD 
A6L o H 
TROLL 
A6H 8 H 
TROLL 
HJ.B780H 
BuTAD 
GNOME 
D60FFBOH 
T PAD 
D 
BOTAD 

A,OFOH 

LOCPR 
M,A 

AbL 
8 H 
WIZAR 
AiH 
8 H 
WIZAR 

BOTAD 
~,L 
FUN 
~,H 
FUN 

H68000H 
L CPR 
GNOME 

BOTAD 
A,L 
E 
NUF 

. A H 
D' 

.. NUF 

H,50H 
D . 
LOCPR 
GNOME 

LOAD 87H IN A 
CO~PARE H WITH 87H 
IF NO CARRYl CONTINUE COMPARRISON 
CALL COMPEN~ATION ROUTINE 
JUMP TO FIN 
IF NOT EQUAL END COMPARRISON 
LOAD CFH IN A 
COMPARE L WITH CFH 
IF NO CARRYlLOCPR LESS THAN OR EQ TO 87CFH 
CALL COMPEN~ATION ROUTINE 

j LOAD TOP IN H&L 
·MOVE L TO A 
!COMPARE BYTE TO OOH 
iIF NO COMPARRISON, JUMP TO TROLL 
·MOVE H TO A 
!COMpARE BYTE WITH 80H 
iIF NO COMpARRISONtJUMP TO TROLL 
jIF COMPARRISON,SE BOT=8780H 

jJUMP TO GNOME 
jLOAD -80D=OFFBOH IN D&E 
JLOAD TOP IN H&L 
jADD -80D TO TOP 

jLOAD A WITH EOR CHAR (LOOP START) 

jLOAD LOCpR IN H&L 
jMOVE EOR CHAR TO MEM 

·MOVE L TO A , 
!COMpARE YTE WITH 80H 
iIF NO COMpARRISON,JMP TO WIZAR 
·MOVE H TO A 
!COMPARE BYTE WITH 87H 
!IF NO COMPARRISON JMP TO WIZAR 
iIF COMpARRISON,PRbcEED TO GZONK 
jSTORE PRESENT LOC IN D&E 
j LOAD BOT IN H&L 
·MOVE L TO A 
!COMPARE E WITH A 
;IF NO COMPA JUMP TO FUN 
l~g~~A~ETg WITH A 
;IF NO COMp, JMp TO FUN 
jIFCOMpARRISON,RETURN 
• RETURN 
iLOAD H&L WITH 8000H 
jSET LOCpR =tlOOOH 

jSTORE LOCPR IN D&E 
jLOAD BOT INH&L 
·MOVE L TO A 
;COMpARE E WITH A 
jIF NO COMp1JMp TO NUF. 
·MOVE H TO A 
!COMpARE D WITH A 
iIF NO COMp JMP TO NUF 
jIF COMpARRisON,RETURN 
j RETURN 
• LOAD 80D=50H IN H&L ,. 
iADD BOD TO LOCpR (LOCpR IN D&E) 
jSTORE LOCPR IN MEM 
jJUMP TO GNOME 419 

420 
421 
422 

ICOMpENSATION SUBROUTINE COMRY 

423 COMRY: 
424 

lHLD LOCPR jLOAD LOCPR IN H&L 
LXI D,OF830H iLOAD COM VALUE IN D&E 

425 
426 

DAD D jADD COMyENSATION TO LOCPR 
SHLD LOCPR jSTORE LOCPR ·IN MEM 

427 
428 

RET jRETURN 
jLINE FEED ROUTINE . 

429 
430 CTRLJ: 

~~~ lCARRIAGE RETURN 
434 ~VI AJ.OOH ft~5 CTRLM: STA C~TAD 
436 CALL WP75 
437 .. RET. 

jMP ESCB 

ROUTINE 

438 • 
439 ',·BACK SPACE ROUTINE 
4110 
441 CTRLH: jMP ESCD 

2-239 

ZERO A 
SET COLUMN COUNT=O 
CALL LOAD CURSOR POSITION SUBROUTINE 
RETURN 



0308 2AD387 
030B 11BOFF 
030E 19 
030F 22D387 

0312 21D587 ' 
0315 35 
0316 CD3C03 
0319 C9 

031A 2AD387 
031D 115000 
0320 19 
0321 22D387 
0324 210587 
0327 34 
0328 CD3C03 
032B C9 

032C 21D287 
032F 35 
0330 CD3C03 
0333 C9 

0334 210287 
0337 34 
0338 CD3C03 
033B C9 

033C 3E80 
033E D35F 
03&0 3AD287 
0343 D35E 
0345 3AD5B7 
0348 D35E 
034A C9 

g~ft~ ~~~~87 
0350 CA5A03 

0353 CD7E03 
0356 CDEB03 
0359 C9 
035A 2AD387 
0350 70 
035E FE80 
0360 CA6A03 
0363 CD7E03 
0366 CDC303 
0369 C9 
036A 7C 
036B FE07 
0360 CA7703 
0370 CD7E03 
0373 CDC303 
0376 C9 
0377 CD7E03 
037ACDDA03 
0370 C9 

03iE 2AD687 
03 1 EB 
03 2 2AD387 
0385 19 
0386 22DA87 
0389 EB 
038A 210000 
038D 3AD287 ' 
0390 6F 
0391 19 

0392 22D887 
0395 3E87 

4112 
443 
44/j 
445 ROWUP: 
446 

~~b 
449 
450 
451 
452 
~§ij 
455 
456 
457 ROWDN: 
458 

~66 
461 
462 
ftgij 
465 
466 
467 
468 COLLT: 
469 
470 
471 
472 

~H 
475 COLRT: 
476 

~tA 
479 
480 
481 
482 WP75 i 

~~a 
485 
486 

~~A 
489 
490 
491 
492 
493DISPL: 
4911 

~§6 
~§A 
499 
500 CTA: 
501 
502 
503 
504 
505 
506 
507 CTB: 
508 
509 
510 
511 
512 
513 CTC: 
51&' " 
515 
516 
517 
518 
519 DIS1: 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 

IRowup' SUBROUTINE 

[HLD RCTAD 
LXI D,OFFBOH 
DAD D 
SHLD 'RCTAD 

LXI 
DCR 
CALL 
RET 

~,CURSY 

WP75 

I ROWDOWN, SUBROUTINE 

lHLD' RCTAD 
LXI D,50H , 
DAD D 
SHLD RCTAD 
LXI H,CURSY 
INR M 
CALL WP75 
RET 

'C," 

LOAD ROWCOUN,T' IN H&L, " 
MOVE -80D=OFfBOH (2'S COMP) TO D&E, 
ADD ,.800 TO ,ROWCOUNT " 
STORE RESULT',IN ,ROWCOUNT BUFFER 

; LOAD CURSOR Y POINTER ADDRESS IN H&L" ' 
-DECREMENT CURSOR Y POINTER 
;CALLLOAD CURSOR POSITION SUBROUTINE 
; RETURN ' 

;LOAD ,RONCOUNT IN H&L 
;MOVE +80D=50H TO D&E 
-ADD +80D TO ROWCOUNT 
; STORE RESULT, ,IN ROWCOUNT, ' 
;LOAD CURSOR Y'POINTER ADDRESS IN.'H&L 
- INCREMENT CURSOR Y POINTER' : ' , 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 

!COLUMN LEFT SUBROUTINE ' 

LXI H,CCTAD 
DCR M 
CALL WP75 
RET 

;LOAD COLUMN COUNT ADDRESS IN H&L 
;DECREMENT COLUMN COUNT 
;CALL LOAD CURSOR POSITION SUBROUTINE 
; RETURN 

!COLUMN RIGHT SUBROUTINE 

LXI H,CCTAD ;LOAD COLUMN COUNT ADDRESS IN H&L 
INR M ' , ; INCREMENT COLUMN COUNT 
CALL WP75, ' ;CALL LOAD CURSOR POSITION SUBROUTINE, 
RET ; RETURN ., 

iLOAD CURSOR POSITION SUBROUTINE 

AVI A 180H ; LOAD A WITH BOH, LOAD CURSOR POSITION :COMMA ND 
OUT CKCOM 
LOA C,CTAD ; LOAD A WITH CURSOR X POSITION 
OUT CRDAT 
LDA ' CURSY , ;LOAD A WITH CURSOR Y POSITION 
OUT CRDAT 
RET ; RETURN 
;' 

i DISPLAY CHARACTER HANDLING, SUBROUTINE 
; . .' . 
LDA CCTAD ;LOAD COLUMN COUNT IN H&L" 
CPI 4FH -COMPARE BYTE WITH IIFH=79D 
JZ CTA ;IF BYTE=4FH~COLUMN COUNT=LAST CHAR

-ACTER IN ROw 
CALL 
CALL 
RET 
LHLD 
MOV, 
CPI 

, JZ, 
CALL 
CALL 
RET 

'MOV 
CPI 
JZ 
CALL 
CALL 
RET 
CALL 
CALL 
RET ' 

DIS1 
DISA 

RCTAD 
AIL 
8uH 
CTa 
DIS1 
DISB 

A,H 
07H 
CTC 
DIS1 
DISB 

DIS1 
DISC 

iSUBROUTINE DIS1 

;CALL DIS1 SUBROUTINE 
;CALL DISA SUBROUTINE 
• RETURN 
!LOAD,ROWCOUNT IN HBeL 
;LOAD LOW BYTE OF ROWCOUNT'IN H$L 
;COMPARE BYTE WITH BOH , 
;IF BYTE=80HL CONTINUE COMPARRISON 
-CALL DIS1 SuBROUTINE 
;CALL DISB'SUBROUTINE 
; RETURN , 
;MOVE UP BYTE OF ROWCOUNT TO H&L 
-COMPARE BYTE WITH 07H ' 
;IF BYTE=07H,END OF DISPLAY COND EXISTS 
;CALL DIS1 SUBROUTINE ' 
;CALL DISBSUBROUTINE 
-RETURN , 
!CALL DIS1 SUBROUTINE 

, ;CALL DISC SUBROUTINE 
; RETURN 

LOAD TOP IN HU 
STORE TOP IN D&E 
LOAD ROWCOUNT IN H&L 

.'!', LHLD 
XCHG 
LHLD 
DAD 
SHLD 
XCHG 
LXI 
LDA 
MOV 
DAD 

TOP AD 

RCTAD 
D 
LOCO 1 

ADD TOP+ROWCOUNT RESULT,' IN H&L 
STORE LOCATION OF FIRST CHAR IN ROW 
STORE TOP+RONCOUNT:IN'D&E 

SHLD 
MVI 

, ~c~2g0H 
LA 
D' 

LOCAD 
A,87H 
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ZERO H&L 
LOAD, COLUMN COUNT IN A 
MOVE COLUMN COUNT TO L 
CALCULATE LOCATION= 

: TOP+ROWCOUNT+COLUMN COUNT ,RESULT IN H&L 
STORE LOCATION IN MEMORY,' 
LOAD 87H IN,A 



039A BC 532 CMP H 'COMPARE H WITH 87H 
039 D2Al03 53~ JNC NXTCM !IFNO CARRY CONTNUE COMPARRISON 
039B CDE603 53 CALL COMRT ;11" CARRY* CALL COMPENSATION ROUTINE 
039E C3AD03 53~ JMP XSTAD 'JUMP TO STAD 
03Al C2AD03 53 NXTCM: JNZ XSTAD ;11" NOT EQUAL,END COMPARRISON 
03A4 3ECF 53A MVI A,OCFH 'LOAD OCFH IN A . 
03A6 BD 53 CMP L ;COMPARE L WITH OCFH 
03A7 D2AD03 5~9 JNC XSTAD JIF NO CARRY, LOCATION LESS THAN 

5 0 'OR EQUAL TO 87CFH 
03AA CDE603 541 CALL COMHT ;11" CARRY, CALL COMPENSATION ROUTINE 
03AD CDFB03 542 XSTAD: CALL EORT jCALL END OF ROW CHAR TEST ROUTINE 
03BO 21E587 54~ LXI H,USCHR l~g¢~ g~~~i gn~~ ~gDAIN H&L 03B~ 7E 54 MOV A~M 03B E63F 545 ANI 3 H ;MASK .OFF UPPER 2 BITS OF CHAR 
03B6 2AD887 546 LHLD LOCAD 'LOAD LOCATION IN H&L 
03B9 77 547 MOV M,A. ;MOVE CHARACTER TO CHARACTER 

548 jLOCATION IN DISPLAY MEMORY 
03BA C9 549 RET j RETURN 

550 
iSUBROUTINE DISA 551 

552 
LXI JLOAD COLUMN COUNT ADD IN H&L 03BB 21D287 55a DISA: H,CCTAD 

03BE 34 55 INR M jINCREMENT COLUMN COUNT . 
03BF CD3C03 555 CALL ~/P75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03C2 C9 556 RET j RETURN . 

55~ iSUBROUTINE DISS 55 
559 ~VI 03C3 3EOO 560 DISB: ~t~~~ ; ZERO A 

03C~ 32D287 561 STA 'ZERO COLUMN COUNT 
03C 2AD387 562 LHLD RCTAD ;LOAD ROWCOUNT IN H&L 
03CS 115000 56~ LXI D,50H jLOAD 80D=50H IN D&E 
03CE 19 56 DAD D 'ADD +80 TO ROWCOUNT 
03CF22D387 56~ SHLD RCTAD !STORE ROWCOUNT IN MEMORY 
03D2 21D587 56 LXI H,CURSY ;LOAD CURSOR Y POSITION ADDRESS IN H&L 
03D5 34 56A INR M jINCHEMENT CURSOR Y POSITION 
03D6 CD3C03 56 . CALL WP75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03D9 C9 569 RET j RETURN . . 

570 
iSUBROUTINE DISC 571 

572 
r!wI 03DA 3EOO 57~ DISC: ACOOH j ZERO A 

03DC 32D2117 57 STA C TAD JZERO COLUMN COUNT 
03DF CD3C03 575 CALL WP75 jCALL LOAD CURSOR POSITION SUBROUTINE 
03E2 CDOB04 57b CALL SCROL 
03E5 C9 57A RET j RETURN 

57 
iADDRESS COMPENSATION 5~9 SUBROUTINE. 

5 0 
lHLD· 03E6 2AD88J 581 COMRT: LOCft.D LOAD CHARACTER LOCATION 

0~E9 11301" 5!l2 LXI g,OFIl30H LOAD COMPENSATION VALUE IN D&E 
o EC 19 511~ DAD Af) COMPENSATION TO LOCATION 
03ED 220887 5tl SHLD LOCAD STORE MODIFIED LOCATION IN· MEMORY 

031"0 2ADA87 58~ LHLD 58 LOCO 1 LOAD LOCATION OF FIRST CHAR 
58~ IN ROW IN H&L 

03F~ 1130F!l 5!l LXI D,OF!l30H LOAD COMPENSATION VALUE IN H&L 
031" 19 589 DAD D ADD COMPENSATION TO LOCOI 
031"7 22DAll7 590 SHLD LOCO 1 STORE MODIFIED LOCOI IN MEMORY 
03FA C9 591 RET RETURN 

592 
iEND OF ROW TEST 59~ ROUTINE 

59 
LHLD 03FB 2ADA87 595 EORT: LOCO 1 LOAD LOCATION·OF FIRST CHAR 

596 IN ROW IN H&L 
03FE 7E 59~ MOV A M MOVE FIRST CHAR IN ROW TO A REG 
O~FF FEFO 59 CPI O~OH COMPARE CHAR WITH 01"0 (END OF ROW CHAR) 
o 01 C20A04 599 JNZ XIT IF NO COMPARRISON EXIT 
04011 22E284 600 SHLD LOCBUF STORE FIRST CHAR iN ROW ADD IN LOCBUF 
01107 CD320 601 CALL FILL CALL FILL ROW WITH SPACE CODES SUBROUTINE 
OIiOA C9 602 XIT: RET RETURN 

60~ iSCROLL SUBROUTINE 60 

040B 2AD687 
605 

lHLD 606 SCROL: TOPAD LOAD TOP IN H&L 
OIiOE 22E287 60A SHLD LOCBUF STORE FIRST CHAR IN· ROW ADD IN LOCBUF 
0411 CD32011 60 CALL FILL CALL FILL ROW WITH SPACE CODES SUBROUTINE 
01114 2AD687 609 LHLD TOPAD MOVE TOP TO H&L 
041A 7D 610 MOV &6~ MOVE LOWER BYTE OF TOP TO.A 
041 FE80 61 I CPI COMPARE TOP WITH MAX VALUE 
041A C22A04 612 JNZ DUCK IF NO COMPARRISON EXISTS6 CONTINUE SCROL 
041D 7C 61~ MOV a~~ MOVE UPPER BYTE OF TOp·T A 
OllIE FE87 61 cpr COMPARE TOP WITH MAX VALUE 
01120 C22A04 61~ JNZ DUCK IF NO COMPARRISON EXISTSt CONTINUE SCROL 

61 IF COMPARRISON TOP=MAX ALUE=8780H 
042~ 2100~0 61A LXI He8000H IF COMPARRISON: MODIFY TOP TO TOP=8000H 
042 22D6 7 61 SHLD T PAD STORE MODIFIED TOPAD IN MEMORY 
0429 C9 619 RET RETURN 
042A .1 15000 620 DUCK: LXI D,50H MOVE80D=50H TO D&E 
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042D 19 
042E 22D687 
0431 C9' 

0432 2AE287 

0435 115000 
0438 19 
0439 22DC87 
043C 012020 
043F 210000 
04112 39 
0443 EB 
04411 2ADC87 
0447 F9 
0448 C5 
0449 C5 
044A C5 
044B C5 
044C C5 
044D C5 
044E C5 
044F C5 
0450 C5 
0451 C5 
0452 C5 
0453 C5 
04511 C5 
0455 C5 
0456 C5 
0457 C5 
0458 C5 
0459 C5 
045A C5 
045B C5 
045C C5 
045D C5 
045E C5 
045F C5 
0460 C5 
0461 C5 
0462 C5 
0463 C5 
04611 C5 
0465 C5 
0466 C5 
0.467 C5 
0468 C5 
01169 C5 
046A C5 
0468 C5 
046C C5 
046D C5 
046E C5 
046F C5 
01170 E8 
0471 F9 
0472 C9 

0473 3EOO 
01175 D3118 

0477 2AD687 
047A 7D 
047B D344 
047D 7C 
047E D344 

0480 7D 
0481 2F 
0482 6F 
gft~~ ~~ 
0485 67 
0486 23 

0487 l1CF87 
048A 19 
048B 110080 
048E 19 

621 
622 

'623 ' 

DAD 
SHLD 
RET '. 

D 
, :TOPAD 

6211 i ., . 
625, i FILL SUBROUTINE 
626 • 
627 FILL:. {HDD LaCB~F: 

. 628 
629 
630 
g~~ 
M~ 
g~~ 
63~ 
g~9 
6~0 
641 
642 

~~i1 
645 
646 

~ft~ 
649 
650 
651 
652 
~§~ 
~~~ 
657 
658 
659 
660 
661 
662 

~~~ 
~~g 
gg~ 
669 
670 
671 
672 
Mij 
675 
676 

~~~ 
679·' 
680 
681 
682 

LXI 
DAD 
SHLD' 
LXI 
LXI 
DAD 
XCHG 
LHLD. 
SPHL 
~USH B 
PUSH B 
PUSH B 
~g~~ '~' 

, PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH 8 
PUSH B 
PUSH B 
PUSH. B 
PUSH B 

'PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH 8 
PUSH'B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSHB 
PUSH B 
PUSH B 
PUSH B 
PUSH B 
PUSH B 

. PUSH B 
PUSH B 
XCHG 
SPHL 
RET 
i 
i 
i 

g,50H 
LaC80, 
B,2020H 
~~OOOOH 

, LaC80 

iADD 80D=50H TO TOP 
iSTORE MODIFIED TOP AD IN MEMORY 
i RETURN 

;LOA~ LOCATION OF FIRST CHAR IN ROW 
iOR FIRST CHAR IN TOP ROW IN H&L ',' , 
• LOAD 80D=50H IN D&E' , 
~CALCULATE LOCATION OF LAST CHAR IN. ROW 
;STORE LOCATION OF'liAST CHAR IN ROW'IN MEMORY 
iLOAD SPACE CHARACTERS IN B&C', ' 
• ZERO H&L ',-' ' 
;ADD SP TO H&LJ. TRANSFERRING SP TO H&L 
'STORE STACK PuINTER IN D&E .', 
;LOAD LOCATION, OF LAST CHAR IN ROW IN H&L 
iLOAD LAST ·CHAR LOCATION IN SP 

iEXECUTE THE LIST OF PUSH B COMMANDS TO 
; FILL THE LI/iE: WITH BLANK CHARACTERS .' 

iSTACK POINTER TRANSFERRED TO H&L 
j RESTORE STACK 
jRETURN 

g~a 
g~g 
687 
688 
689 ' 

j8275 INTERRUPT SERVICE SUBROUTINE 

, .. 690 RT75: 
691 
692 
g§ij 
g§g 

·697 
698 
699 
700 
701 
702 
703, 
7011 

. 705 
706 
707 
708 
709 
710 

, j8257' REINITIALIZATION 
; ... ' 

MVI 
OUT 

LHLD 
MOV 
OUT 

, MOV 
OUT, 

~OV 
cMA 
MOV 
MOV 
CMA 
MOV 
INX 

LXI 
DAD 
LXI 
DAD 

'A,MDC57 
PMD57 

TOP AD 
A L 
PC2SA 
A,H ' 
PC2SA 

A,L 

L;A 
A,H 

, H A 
.. B' 

D,87CFH 
D " 
g,8000H 
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jMOVE MODE CLEAR COMMAND,TO A 
jOUTPUT MODE CLEAR COMMAND TO 8257 

LOAD TOP IN H&L 
LOAD CH 2 START ADD, LOW BYTE, IN A 
OUTPUT CH 2 START ADD TO 8257 
LOAD CH 2 START ADD, UP'BYTE, IN A 
OUTPUT CH 2 START ADD TO 8,257 

~gA~L~~~N~YIE OF TOP IN·A 
LOAD 'COMPLEMENTED VALUE,IN L 
LOAD UP BYTe: OF TOP IN A 
COMPLEMENT A ' 
LOAD ,COMPLEMENTED VALUE ,IN H 
INCREMENT H&L, YIELDING 2'S COMPLEMENT 
OF,TOP IN A ' 
LOAD 87CFH. IN" D&E 
ADD H&L TO D&E~ YIELDING 87CFH-TOP 
LOAD D&E WITHoOOOH " ' 
ADD 8000H TO' 87CF-TOP 



048F 7D 711 MOV A L MOVE LOW BYTE OF CH 2 TC TO A 
0490 D345 712 OUT pbTC OUTPUT CH 2 TC TO 8257 
0492 7C 
0493 D3li5 H~ MOV 

OUT ~t~TC MOVE UP BYTE OF CH 2 TC TO A 
OUTPUT CH 2 TC TO 8257 

049~ 210080 71~ LXI H,8000H 'LOAD 8000HIN H&L 71 
049 7D 717 MOV A,L ;MOVE LOW BYTE OF CH 3 START ADD TO A 
0499 D346 718 OUT PC3SA jOUTPUT CH 3 START AnD TO 8257 
049B 7C 719 MOV A H jMOVE UP BYTE OF CH 3 START ADD TO A 
049C D346 720 OUT PC3SA jOUTPUT CH3 START ADD TO 8257 

721 
LXI 049E 21CF87 722 H,87CFH jLOAD CH 3 TC VALUE IN H&L 

MAl 7D 723 MOV A,L jMOVE L TO A 
OliA2 D~47 724 OUT PC3TC jOUTPUT CH ~ TC TO 8257 
04A4 7 725 MOV A H 'MOVE H TO 
04A5 D344 72& OUT PC3TC !OUTPUT CH 3 TC TO 8257 
04A7 3E8 727 MVI A,MDS57 ;LOAD A WITH MODE SET VALUE 
04A9 D348 728 OUT PMD57 jOUTPUT MODE SET ·TO 8257 

729 j 
730 

!KEYBOARD POLLING 731 ROUTINE 

04AB DB6F 
732 

iN 73~ KPOLL: KCOM 'INPUT FIFO STATUS 
04AD E607 73 ANI 07H !HASK STATUS SAVE BITS 0-2 
04AF CAB504 735 JZ ZIP !TEST FOR CHARACTER PRESENT 
04B2 CDB604 736 CALL XMIT ;CALL CHARACTER TRANSMIT ROUTINE 
04B5 C9 73~ ZIP: RET j RETURN 

73 
l CHARAC'rER TRANSMIT SUBROUTINE 7~9 7 0 iN 04B6 DB6E 741 XMIT: KDAT jINPUT FIFO CHARACTER 

04a8 EECO 742 XRI OCOH 'INVERT TOP 2 BITS 
MBA 21F804 74~ LXI H,BSET3 ;LOAD BASE ADD OF TABLE 3 IN H&L 
04BD 110000 74 LXI D,OOOOH 'ZERO D&E . 
04CO 5F 745 MOV E,A ;LOAD E WITH CHARACTER FROM FIFO 
04Cl 19 74& DAD D jCALCULATE ADD IN LOOKUP TABLE 

74~ 'CONTAINING ASCII CHARACTERS 
711 ;CORRESPONDING TO KEY POSITION IN MATRIX 

04C2 DBFB 7119 USZ: IN CNCTL 'INPUT USART STATUS 
04C4 E601 750 ANI 01H ;MASK STATUS~ SAVE TRANSMITTER READY BIT 
04C6 CAC204 751 JZ USZ 'TEST READY IT 
04C9 7E 752 MOV A~M ;MOVE ASCII CHAR TO A 
04CA E67F 75a ANI 7 H 'MASK BIT 7 
04CC D3FA 75 OUT CNOUT ;OUTPUT CHAR FROM USART 
04CE C9 75~ RET jRETURN 

75 
lDUMY 75~ ROUTINE DEFINITION 

04CF C9 
75 ~ET 759 DUMY: j RETURN 
760 j 
761 j 
762 j 
76a iTABLE DEFINITION 76 AREA 
765 j 
766 j 
767 j 

0400 CFOli 768 BSETl : DW DUMY 
OliD2 3901 769 DW ESCA 
04D4 5FOl 770 DW ESCB 
04D6 7DOl 771 DW ESCC 
04D8 BOOl 772 DW ESCD 
04DA 3502 77a DW ESCE 
OllDC CFOll 77 DW DUMY 
04DE CF04 775 DW DUMY 
04EO EBOl 776 DW ESCH 
04E2 CF04 77~ DW DUMY 
04E4 6602 77 DW ESCJ 
04E6 FDOl 7~9 DW ESCK 
04E8 CF04 7 0 DW DUMY 
MEA CF04 781 DW DUMY 
OliEC CF04 782 DW DUMY 
04EE CFOli 78a DW DUMY 

78 j 
78~ 6w 04FO 0503 78 BSET2: CTRLH 

oliF2 F902 78~ DW CTRLJ 
04F4 FC02 78 DW CTRLM 
04F6 CFOli 789 DW DUMY 

790 j 

MF8 30 
791 

6B 792 BSET3: 30H jDUMMY CHARACTER 
04F9 30 79~ DB 30H 
04FA 30 79 DB 30H 
04FB 30 795 DB 30H 
OliFC jO 796 DB 30H 
oliFD 0 79~ DB 30H 
OliFE 30 79 DB 30H 
OliFF 30 799 DB 30H 

2·243 



0500 30 800 DB 30H 
0501 30 801" 'DB JOH 0502 30 802 DB OH 
050~ 30 8°d' DB 30H 
050 30 80 ' DB 30H 
050~ 30 805 DB 30H 
050 .30 806 DB 30H 
050~ 30 80~. DB 30H 
050 lB 80 DB lBH ESC 
0509 OA 809 DB OAH LF 
050A 2C 810 DB 2CH ; 

6R 050B 00 ,811 DB O,DH ; 
050C 20 " 812 DB, 20H ; SP 
050D 1F 81d DB :1FH ; DEL 
050E 2E 81 DB 2EH ; i 050F 2F 815 DB 2FH ; 
0510 5A 816 DB 5AH ,;" z 
0511 58 81~ , DB 58H ; X 
0512 40 81 DB 4DH M 
051d 56 819 DB 56H V 
051 ~O 820 DB ijOH 
051~ ~ 821 DB 3H C 
051 4 822 DB 4EH N 
051~ 42 823 DB 42H B 
051 30 824 DB 30H 0 
0519 20 825 DB 2DH -051A 4F 826 DB 4FH 0 
051B 4C 82~ DB 4CH L 
051C 39 82 DB '39H , 9 0510 '3A 829 DB 3AH ; 
051E 50 830 DB 50H ; P 
051F 3B 831 DB 3BH ; b 0520 ij~ 832 ' DB 5dH ; 
0521 ~~~ DB 4 H ; 0 
0522 4B DB , g~~ ; K 
052~ 41 835 DB ; G 
052 41 836 DB 41H ; A 
052~ 46 83~ DB 46H ; F 
052 4A 83 DB 4AH ; J 
052~ 48 8ij9 . DB 48H ; H 
052 51 8 0 DB ~7H W 
0529 45 841 DB 5H E 
052A 4Z 842 DB, 4ZH I 
052B 5 84~ DB 5A T 
052C 51 84 ' DB :51H Q 
0520 52 84~ DB 52H R 
052E 55 84 DB 55H :U 
052F 59 84A DB 59H Y 
0530 32 84 DB 32H 2 
0531 3g 849 DB 3gH g 0532 3 850 DB 3 H 
053~ 35 851 DB 35H 5 
053 31 852 DB 31H 1 
0535 34 85d DB 34H 4 
05j6 3l 85 DB 3lH l 05 A 3 855 DB 3 H 
053 30 856 DB 30H 
0539 30 85A DB 30H 
053A 30 85 DB 30H 
053B 30 859 DB 30H 
053C 30 860 DB 30H 
0530 30 861 DB 30H 
053E "30 862 DB 30H 
05~F 30 86~ DB 30H 
05 0 30 86 DB 30H 
0541 30 86~ DB 30H 
0542 30 86 DB 30H 
054~ jO ggA DB JOH 054 0 DB OH 
054~ 30 869 DB 30H 
054 30 870 DB 30H 
054~ 30 811 DB 30H 
054 ~O 812 DB 30H 
0549 0 81~ DB 30H 
054A 3C 87 DB 3CH ; < 
054B 30 81~ DB 30H 
054C 30 87 DB 30H 
054D 30 811 DB 30H 
051A 42 82~ DB 42H B 
051 30 82 DB 30H 0 
0519 20 825 DB 2DH -051A 4F 826 DB 4FH 0 
051B 4C 82A DB 4CH ·L 
051C 39 82 DB 39H 9 
0510 ~A 829 DB 3AH P 051E 0 8~0 DB 50H 
051F 3B 8 1 DB 3BH 1 0520 ~~ 832 DB 5~H , , . 
0521 . g~~ DB 4 H D 0522 4B DB 4BH K 
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052a 47 835 DB 47H G 
052 41 836 DB 41H A 
052~ 46 83~ DB 46H F 
052 4A 83 DB 4AH J 
0527 48 8a9 DB 48H H 
0528 57 8 0 DB 57H W 
0529 45 841 DB 45H E 
052A 49 842 DB 44H I 
052B 54 84~ DB 5 H T 
052C 51 84 DB 51H 0 
0520 52 845 DB 52H R 
052E 55 846 DB 55H U 
052F 59 84~ DB 59H y 
0530 32 84 DB 32H 2 
0531 3g 849 DB 3"H g 0532 3 850 DB 3BH 
053~ 35 851 DB 35H 5 
053 31 852 DB 31H 1 
0535 34 85a DB 34H 4 
0536 3X 85 DB 37H 

X 053~ 3 855 DB 36H 
053 30 856 DB 30H 
0539 30 85~ DB 30H 
053A 30 85 DB 30H 
053B 30 859 DB 30H 
053C 30 860 DB 30H 
0530 30 861 DB 30H 
053E 30 862 DB 30H 
05aF 30 86~ DB 30H 
05 0 30 86 DB 30H 
0541 30 865 DB 30H 
0542 30 866 DB 30H 
0544 30 86~ DB ~OH 054 30 86 DB OH 
0545 30 869 DB 30H 
0546 30 870 DB 30H 
054~ 30 871 DB 30H 
054 30 872 DB 3DH 
0549 30 874 DB 30H 
054A 3C 87 DB 3CH ; < 
054B 30 875 DB 30H 
054C 30 876 DB 30H 
0540 30 877 DB 30H 
054E ~E 878 DB ~EH > 
054F F 8~9 DB FH ? 
0550 30 8 0 DB 30H 
0551 30 881 DB 30H 
0552 50 882 DB 5DH 
055a 30 88a DB 30H 
055 30 88 DB 30H 
0555 30 885 DB 30H 
0556 30 886 DB 30H 
055~ 30 88~ DB 30H 
055 30 88 DB 30H 
0559 3D 889 DB 3DH 
055A 30 890 DB 30H 
055B 5C 891 DB 5CH \ 
055C 29 892 DB 29H ) 
0550 2A 89a DB 2AH • 
055E ~O 89 DB 30H 
055F B 895 DB 2BH + 
0560 30 896 DB 30H 
0561 30 89~ DB 30H 
0562 5B 89 DB 5BH 
056a 30 899 DB 30H 
056 ~O 900 DB 30H 
0565 0 901 DB 30H 
0566 30 902 DB 30H 
0561 30 90a DB 30H 
056 30 90 DB 30H 
0569 30 905 DB 30H 
056A 30 906 DB 30H 
056B 30 90~ DB 30H 
056C 30 90 DB 30H 
0560 30 909 DB 30H 
056E 30 910 DB 30H 
056F 30 911 DB 30H 
0570 22 912 DB 22H 
0571 2g 91a DB 2gH I; 
0572 2 91 DB 2 H ~ 057a 25 91~ DB 25H 
057 21 91 DB 21H ! 
0575 24 91~ DB 24H , 
0576 2X 91 DB 2lH 
057~ 2 919 DB 2 H & 
057 §O 920 DB jOH 0579 0 921 DB OH 
057A 30 922 DB 30H 
057B 30 92a DB 30H 
057C 30 92 DB 30H 
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057D 30 925 DB 30H 
057E 30 926 DB 30H 
05~F 30 927 DB 30H 
05 0 30 928 DB 30H 
0581 30 929 DB 30H 
0582 30 930 DB 30H 
058ij 30 931 DB 30H 
058 30 932 DB 30H 
058530 93ij DB 30H 
0586 30 93 DB 30H 
058~ 30 93~ DB 30H 
058 30 93 DB 30H 
0589 30 93~ DB 30H 
058A 30 93 DB 30H 
058B 30 9ij9 DB 30H 
058C 30 9 0 DB 30H 
058D 30 941 DB 30H 
058E 30 942 DB 30H 
058F 30 94~ DB 30H 
0590 1 A 94 DB 1AH SUB 
0591 18 945 DB 18H CAN 
0592 OD 946 DB ODH CR 
059~ 16 94~ DB 16H SYN 
059 30 94 DB 30H 
059~ 03 949 DB 03H ETX 
059 OE 950 DB OEH SO 
059~ 02 951 DB 02H STX 
059 30 952 DB 30H 
0599 1 F 95~ DB lFH , US 
059A OF 95 DB OFH , SI 
059B OC 955 DB OCH ; Fl" 
059C 30 956 DB 30H 
059D 30 95~ DB 30H 
059E 10 95 DB 10H DLE 
059F 3D 959 DB 30H 
05AO 1~ 960 DB l~H DC3 
05Al 0 961 DB o H EOT 
05A2 DB 962 DB OBH VT 
05A~ 07 96< DB 07H ; BEL 
05A 01 96& DB 01H ; SOH 
05A~ 06 96~ DB 06H ; ACK 
05A OA 96 DB OAH ; LF 
05A~ 08 96~ DB OSH ; BS 
05A17 96 DB 17H ; ETB 
05A9 05 969 DB 05H ; ENQ 
05AA 04 970 DB °tiH " , HT 
05AB 1 971 DB 1 H ; DC4 
05AC 11 972 DB llH ; DCl 
05AD 12 97~ DB 12H ; DC2 
05AE 15 97 DB 15H 1 NAK 
05AF 19 975 DB 19H EM 
05BO 30 976 DB 30H 

, 
05B1 30 97~ DB 30H 
05B2 30 97 DB 30H 
05B~ 30 9~9 DB ~OH 05B 30 9 0 DB OH 
05B5 30 981 DB 30H 
05B6 30 982 DB 30H 
05Be 30 98~ DB ~OH 05B 30 98 DB OH 
05B9 30 985 DB 30H 
05BA 30 98 DB 30H 
05BB 30 987 DB 30H 
05BC 30 988 DB 30H 
05BD 30 989 DB 30H 
05BE 30 990 DB 30H 
05BF 30 991 DB 30H 
05CO 30 992 DB 30H 
05Cl 30 99~ DB 30H 
05C2 30 99 DB 30H 
05C~ 30 995 DB 30H 
05C 30 996 DB 30H 
05C~ 30 9ge DB 30H 
05C 30 99 DB 30H 
05Ce 30 999 DB 30H 
05C 30 1000 DB 30H 
05c9 30 1001 DB 30H 
05CA ~O 1002 DB 30H 
05CB 0 1003 DB 30H 
05CC 30 1004 DB 30H 
05CD 30 1005 DB 30H 
05CE 30 1006 DB 30H 
05CF 30 1007 DB 30H 
05DO 30 1008 DB 30H 
05D1 30 1009 DE 30H 
0502 10 1010 DB 1DH GS 
0503 30 1011 DB 30H 
0504 30 1012 DE 30H 
05D5 30 1013 DB 30H 
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05D6 30 10111 DB 30H 
05D~ 30 1015 DB 30H 
050 30 1016 DB 30H 
05D9 30 101~ DB 30H 
05DA ~O 101 DB. 30H 
05DB C 1019 DB lCH FS 
05DC 30 1020 DB 30H 
05DD 30 1021 DB 30H 
05DE 30 1022 DB 30H 
05DF 30 102ij DB 30H 
05EO 30 102 DB 30H 
05El 30 1025 DB 30H 
05E2 lB 1026 DB lBH ESC 
05Eij 30 102~ DB 30H 
05E 30 102 DB 30H 
05E5 30 1029 DB 30H 
05E6 30 1030 DB 30H 
05E~ 30 1031 DB 30H 
05E 30 1032 DB 30H 
05E9 30 . ·103ij DB 30H 
05EA 30 103 DB 30H 
05EB 30 1035 DB 30H 
05EC 30 1036 DB 30H 
05ED 30 '03~ DB 30H 
05EE 30 103 DB 30H 
05EF 30 1039 DB 30H 
05FO ~O 10110 DB 30H 
05Fl 0 .10111 DB 30H 
05F2 30 10112 DB 30H 
05Fij 30 101l~ DB §OH 05F 30 1011 DB OH 
05F5 31 101l~ DB 30H 05Fb 0 1011 DB 30H 
05F7 30 101l~ DB 30H lOll ; 

10119 ; 
1050 ; 
1051 

iDATA SEGMENT AREA 1052 

87D2 105~ 
6RG 105 87D2H 

1055 6s 0001 1056 CCTAD: 1 0002 1057 RCTAD: DS 2 
0001 105!! CURSY: DS 1 
0002 1059 TOP AD: DS 2 0002 1060 LOCAD: DS 2 
0002 1061 LOC01: DS 2 
0002 1062 LOC80: DS 2 
0002 106~ LOCXX: DS 2 
0002 106 LOCPR: DS 2 
0002 1065 LOCBUF: DS 2 
0001 1066 XFLG: DS 1 0001 106~ USCHR: DS 1 
0002 106 BOTAD: DS 2 

1069 END 
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INTRODUCTION 

The UPI-41 is a: low-cost, single-chip microcom
puter designed to be used as a universal peripheral 
interface device in a microcomputer system. The 
device is based on a completely self-contained 8-bit 
microcomputer with program memory, data mem
ory, CPU, I/O, event timer, and clock oscillator, in 
a single 40-pin package. A bus interrace is included 
which enables the UPI-41 to be used as a peripheral 
controller in' MCS-48, MCS-80, MCS-85 and other 
8-bit microcomputer families. The device is de
signed for keyboard scanning, printer control, dis~ 
play multiplexing and similar applications which 
involve interfacing peripheral devices' to microcom
puter systems. 

The UPI-41 is fabricated with N-channel MOS tech
nology arid requires only a single S-volt supply for 
operation. It has 1 K words of program memory 
and 64 words of data memory on-chip. Both ROM 
(8041) and EPROM (8741) versions are available 
and the two are completely pin compatible. The 
instruction set of the UPI-41 is almost identical to 
that of the MCS-48. A single byte data register on 
the UPI-41 interfaces directly to an 8-bit master 
processor bus to handle asynchronous data transfer 
to and from the master system. A separate 4-bit 
register is used to indicate the status of data trans-' 
fer. Two 8-bit TTL-compatible I/O ports· plus two 
single-bit test inputs are available .. I/O can be . 
expanded further by using the 8243. I/O expander 
device. A separate register in the UPI-41 is used as 
an event counter or interval timer. 

Because it is a complete microcomputer,. the 
UPI-41 provides more power and flexibility than. 
conventional LSI interface devices. For instance, 
the UPI-41 can be programmed as a peripijeral 
interface for any of the low-cost drum or dot 
matrix printers currently on the market. In addi
tion to controlling the'printer, the UPI-41can 
handle zero suppression, limit-checking, formatting 
and other computations, thereby unburdening the 
master processor. This type of distributed intelli
gence, made possible, by the UPI-41, greatly en
hances overall system capability while reducing 
cost and development time. 

This application note describes how the UPI-41 can 
be used to implement an interface to a matrix 
printer. The printer chosen is fairly typical of a 
large class of printers which minimize total system 
cost by reducing the mechanical content at the 
expense of more sophisticated electronic require
ments. The UPI-41,with its high degree of cap~bil-

ity, is idtiru for this,type of application. It is sug
gested that' the reader not already familiar with the 
UPI-41 read the "Intel UPI-41 User's Manual" 
before proceeding in this document. 

THE LRC PRINTER 

The LRC Model 7040 printer is a matrix. printer 
manufactured by LRC Inc. of Riverton, Wyoming. 
Capable of printing up tq 40 columns of ,alpha
numeric information, this printer is mechanically 
simple and should be ideal for a variety of applica
tions such as point of sale terminals and data 
logging. While this note concentrates on the Model 
7040 printer, the techniques discussed should be 
applitable to a' variety of similar printerS which are 
currently available. 

The printer (Figure 1) consists of four major s\.!b
assemblies, the frame, the print head, the main 
drive, and the paper handling components. The 
frame is an aluminum extrusion which provides a 
suitable base for mounting the various components 
of the printer. The print head consists of seven 
solenoids which each drive stiff wires to impact the 
paper through the inked ribbon. At the solenoid 
end' of the print head these wires are arranged in a 
circular fashion. Where these wires impact the 
printer, however, the wires are arranged in a 
vertical column. To see how this arrangement can 
be used to print alphanumeric characters refer to 
Figure 2. The figure shows a 5 X 7 matrix of 

, "dots"~ The columns are labeled Cl through C5; 
the rows are labeled as Row 1 through Row 7. 
Each row corresponds to one of the solenoid
driven, wires. The entire print head assembly is 
moved left to right across the paper so that at T) it 
is over Cl, at T2 it is over C2, and so on. If the 
correct solenoids are activated at each of these 
times (T)-T 5) then a character can be formed. 
Figure 2 shows the character "A" formed. At T) 
solenoids one through five were active, at T2 sole
noids four and six were active, and so on until the 
'complete '. character was formed. The complete 

'. character is formed by choosing the correct pattern 
of active solenoids for each of five instants in time. 

The print head is moved across the paper by the 
main drive. The main drive consists of a 24-pole 
synchronous motor which drives a rotating plastic 
drum. The drum has a spiral groove molded into it. 
A pin attached to the print head rests in this 
groove so that as the drum rotates at a constant 
speed, the"print head is driven back and forth across 
the papeI:.· Printing is .accomplished by controlling 



the activation of the solenoids as the print head is 
driven from left to right across the paper.When the 
end. of the print area occurs the spiral groove 
reverses the direction. of the head motion. As the 
left-hand edge of the paper is reached a cam 
attached to the drum activates the HOME micro
switch and the groove again reverses the motion 

. of the head. When the print head is again over the 
print area and travelling in the left to right direc
tion the microswitch is deactivated. The printer 
controller uses the trailing edge of the signal gener
ated by the microswitch to initiate the printing of 
a new line of information. 

Paper feed is accomplished by a second synchro: 
nous motor which can be activated to feed paper 
through the mechanism. A switch is provided 
which is activated while the actual line feed is 
occurring. The control logic can use the trailing 

edge of the signal generated by this switch to tum 
off the line feed motor. A version of the printer 
with automatic line feed is available. 

INTERFACE SIGNALS 

The interface. signals to the pri~ter consists of a 
pair of wires for each solenoid,', a pair of wires for 
each motor (main drive and line feed), a pillr of 
wires returning the state of the ,HOME micro
switch, and a pair of wires returning the state of 
the LINE FEED microswitch. 

The solenoids must be driven from a 40 ±4 volt 
source. The peak current is approximately 3.6A, 
the .average current is approximately O.SA. A 
circuit providing the required drive is shown in 
Figure 3. The output stage,consisting of the. 
2N604S Darlington transistor, the IN4002 catch
ing diode, and the 20-ohm damping resistor, is the 

DIMENSIONS 

/ 

.,28~.350 d'~ 
4.700- , 
5.34' " 

.188 DIA HOLE ~ 
3PLACES 

ALL DIMENSIONS IN INCHES 

Figure 1. LRC Model 7040 Printer 
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one suggested by the manufacturer of the printer. 
The input stage is a discrete implementation of a 
DTL gate. Note that the base-emitter junction of 
the 2N6045 will protect the 2N2222A transistor 
from over-voltage on its collector. This circuit has 
several features which are important to the printer 
interface: 

I. All solenoid power (including the power used 
to drive the base of the power transistor) is 
derived from the 40-volt supply. 

2. Disconnecting the drivers from the UPI-41 or 
the loss of the 5-volt supply to the UPI-41 
will result in the solenoids being turned off. 

C1 C2 C3 C4' C5 

Row7D 0 • 0 D 
ROW6D • 0 • D 
ROWS. DOD. 
ROW •••••• 
ROW3. D DO. 
ROW2. D D D • 
ROW'. 0 DO. 
Figure 2. 5 x '1 Dot Matrix 

The first feature of the drivers will minimize the 
impact of the printer and its interface on the 5-volt 
supply of the system. The second feature prevents 
the activation of the solenoids erroneously during 
power on/off cycles or during system checkout. 
This is an important point since the solenoids will 
be damaged if left activated continuously. (During 
the debug of the design described in this note 
fuses were added to the solenoid drivers to protect 
them from mishap.) 

The two motors can each be driven as shown in 
Figure 4. The Monsanto MCS-6200 is an optically
coupled TRIAC which is ideal for driving the small 
synchronous motors in the printer. Coupled with a 
buffer this part provides a simple means of con
trolling the motor without sacrificing the isolation 
required for safe and reliable operation. 

Figure 5 shows a UPI-41 used as an interface be
tween an Intel® 8085 and an LRC Model 7040 
printer. The drivers which have already been 
described have been used to interface the TTL 
outputs of the 8741 to the levels required by the 
printer. The two contact closure outputs from the 
printer (PAPERFEED and HOME) have been 
filtered and applied to the TESTO and TEST! 
inputs of the UPI-41. Bit 5 of output port 2 has 
been designated as an interrupt pin which will be 
used to request service from the 8085. 

+40 

47K 

rN604s-------1 
:311 1N914 1N914 1N914 I 

I 
I 
I __ ...1 

Figure 3. Solenoid Driver 

+40V 

Figure 4. Motor Driver 

2·251 

27K 

12DVAC 
60 Hz 



READY , 

t~ AI 
2.7K 

1~rh. 
.S ~:2901 200 

'''~ ·fe., 

I I ":" INII. ., 

I I ~ 

I I 

t-' L. 
~o, I I ,. r'''' VI 

I.l ... MHr 
.X " \!:::: 2N2907 I .. ~D~, .. 

RXRET .. ... 
I I - ~ .0' SODr!-

D---i ., • 12 
UK , " , .. 

-:- JT. AD ' .. 
22 23 • • II , .. 0 510 , " 
2:t, KEVBOARD 

• II , " t " AS " -r , 
RSTU .t " ''VEeT'' 1 e12 

... " INTR .... ." " t· ... .. 
1"'" -:-... .12 

" ." ... v ... .. 
IlO> 

RSTU 

~ :~~:: '0'" .. 
RSTU ,. ... HOLD 

ALE 
37 ... 

'ft .. 
HOLD OUT 

" .0' " " 
.. , 

H!==-INTRS 10 INTR 
e,. 

INTAI 

A~SETINI~. 

f~ 
38 AESETINI HLOA IF-
~ " T ..... V" S1 t.!!.-

S1 ." I -If" >CO 

PJ;T" . J" ." IC20 16K 
O,II'F 

~! 
DO 

0' 
0' 
oo 
DO 
0. 
01 ., 

311>1 

.. ;,~ia -. ;~~~~;=:I~ ~~-
~........-- ~- --------- ~ " ~ ~ 

2·252 



Figure 5. SDK·85 + UPI·41 
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TIMING 

The relative· timing of the interface signals to the 
printer is·shown in Figure 6. Actual printing com
mences when the main drive switch signal goesinto 
the print ready. state. This edge indicates that the 
print head is scanning across the paper in the left 
to right direction and that the printer is ready to 
start the . actual printing of characters. When this 
edge occurs the UPI-41 must start transmitting. 
pulses to each of the seven solenoids. The timing 
for these· pulses is shown on the last line of Figure 
6. A pulse of about 400 microseconds is used to 
generate a dot·on the paper; a pause of about 900 
microseconds between these pulses satisfies the 
duty cycle restrictions of the solenoids and pro
vides a space between dots. Since the printer does 
not provide any feedback to the UPI-41 which 
would indicate the position Of the print head, it is 
necessary for the UPI-41 to decide when to fire 
each solenoid based on timing information it main
tains internally. The specifications ()f the printer 
allow 310 milliseconds for the print head to 
traverse the print area. The maximum repetition 
rate at which the solenoids cim be· fired is once 
every 1.3 milliseconds. The maximum number of 
dots that can be printed in the. available print area 
is then 310/1.3 = 238. After the last dot has been 
printeci the line feed motor can be activated. The 
motor should remain activated until the line feed 
switch makes the off to on to off transition; this 
takes about 200 milliseconds. After the line feed 
motor is .deactivated the next time of interest is 
when the main . drive signal goes to the inactive 

J 1,25 LINESISEC 
MAIN . . 

DIRVE MOTOR . . . 
-,INPUT) , 160-190 ms 

PRINT READY 
MAI~W~~ -t----' 

(OUTPUT) 

800ms 

HOME 

L 
I 

1--==~::;-~---~200ms 

FEED :~i~= -t----:--~ 
(INPUT) 

7040· 
·PRINT 
PULSE 

UNPIIT) 

·SCALE: 100x . , . . 

Figure 6. Printer Timing 

+40VDC 

state. At this point. the printing of a complete SMGR 

line, including the necessary line feed, has been PSR 

accomplished and the UPI-41 must prepare itself 
for the reactivation·· of the main drive . switch. 
The activation of this switch will indicate that the 
printing.of the next line can commence. 

g~::~~~r------~~ 
PRINTER 
SERVICE 
ROUTINE 

SOFTWARE 

The software system necessary to drive the LRC 
printer can be thought of as two main parts, each 
with an associated data structure. A block diagram 
of the system is shown in Figure 7. All the items 
shown above the dotted line are associated with 
the BUFFER MANAGER (BMGR) program part. 
All items shown below the dotted line are associ
ated with a PRINTER SERVICE ROUTINE (PSR). 

TABLES 

~·254 

} 
TO HAMMER 

. DRIVERS 
'-----

. Figure 7. SoftWare Block Diagram 



The BUFFER MANAGER is responsible for all 
interaction with the master processor (Le., the 
8085 in Figure 5). The data structure associated 
with BMGR is a 40-character buffer which is used 
to store the characters as they are received from 
the master processor. BMGR maintains two 
pointers which are used to access tht;: buffer; these 
pointers are shown as INPUT POINTER and OUT
PUT POINTER in the diagram and are imple
mented as UPI-41 registers Ro and Rl, respectively. 
The input pointer (lNPNT) is kept pointing to the 
last character loaded into the buffer, the output 
pointer (OUTPNT) is kept pointing to the next 
character to be printed. BMGR has two major 
interfaces, the INPUT BUFFER, which is used to 
communicate with the master processor, and the 
register shown in the figure as OUTPUT BUFFER. 
This register, which is implemented with register 
R3 of the UPI-4I, is used to communicate with the 
printer service routine (PSR). A character to be 
printed is placed in the output buffer (OBUF). 
When PSR is ready to print the character it moves 
it from OBUF to its own buffer (PBUF) which is 
labeled as PRINT BUFFER in the diagram. After 
the character is moved the output buffer is over
written by a predetermined value which indicates 
that PSR has accepted the character. BMGR will 
load a character into the output buffer only if it 
currently is equal to this value. .' 

The printer service routine utilizes the TIMER to 
keep track of the current position of the print 
head. At the appropriate times it causes the sole
noid drivers to be pulsed so that the character 
stream it sees inPBUF is . printed. Based on the 
contents of PBUF and the contents of leNT, 
which indicates the .active column of the current 
character, PSR looks up the appropriate column 
data to be printed in the. character generator tables. 
This data is stored in the HAMMER BUFFER until 
the precise time that it should be presented to the 
hammer drivers via the I/O bits in PORT 1. leNT 
arid the HAMMER BUFFER are implemented as 
UPI-41 registers 5 and 7, respectively. 

DETAILS OF THE BUFFER MANAGER 

Before BMGR can be discussed in detail, the man
ner in which it utilizes the character buffer must 
be understood. Figure 8 shows the operation of the 
buffer while two. lines of data are input to the 
UPI-41 and subsequently printed. In order to keep 
the discussion manageable, this figure is drawn as if 
the printer were capable of printing only four 
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characters per line. The two lines of characters to 
be printed are: 

ABeD 
1234 

§ m'D" mo-", "C" "3" 

=::: ::~: 
d ~ d 

s-~~ -Ed. ~. t±l-
W hi ~ 

.~ .. ~~ -rn ~- ~ 
c) oj 

{if m'D" ~'4" "c" .. C'. "3" ___ 
"8" "2" 

"A" ";. "'" 
d) iI p) 

~ ~.-PS-
8i8 ~ ~ 

81 kl gl 

-m:.~:: m"~:: § "S" "2" 
"A" --- .. , .. 

II ,) 

Figure 8. Buffer Operation 

It should be noted that the buffer contains 5 bytes, 
one more than the number of print positions. The 
extra byte is a "phantom address" which, when 
pointed to by the output pointer, indicates that 
the section of BMGR which services the printer 
service routine is inactive. This state must be 
allowed because th~ actual print operation cannot 
begin until the complete line has been input to the 
buffer. If this rule were not enforced, some under
run protocol would have to be established to 
handle the situation of the input stream from the 
master processor failing to keep up with the print 
head. 

Figure 8a shows the buffer in its initial state. The 
input pointer is. set to the last real position in the 
buffer and the output pointer is set to the phan
tom position. Figures 8b through 8f show the 
operation of the pointers as the characters "A", 
"B", "e", and "D" are loaded. In each caSe the 



input pointer is incremented to point to the next 
available location and then that location' is loaded 
with the character. The position of the output 
pointer is not changed until the last position of the 
buffer has been loaded. When this occurs, the out
put, pointer is set to point at the first, character of 
the buffer. The operation of the pointers thus far 
can be described by the following algorithm: ' 

INITIAL: 

INPOINT:=,BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+1 ; 

LOOP: 

IF CHARACTER_AVAILABLE T,HEN 

BEGIN 

INPOINT:~(lNPOINT+lI MOD BUFFER_LENGTH; 

BUFFER(INPOINT):=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN OUTPOINT:=BUFFER_MIN; 

END; 

GOTO LOOP; 

END; 

Obviously, if this loop were allowed to continue, 
the buffer would be overwritten by the next line of 
text before the first could be printed. This can be 
prevented by modifying the algorithm as follows: 

LOOP: 

IF CHARACTER_AVAILABLE'THEN 

BEGIN 

TEMP:=(lNPOINT+11 MOD BUFFER_LENGTH; 

IF TEMP<>OUTPOINT THEN 

BEGIN 

INPOINT:=TEMP; 

BUFFER(INPOINTI:=CHARACTER; 

IF INPOINT=BUFFER_MAX THEN O,UTPOINT:=BUFFER_MIN; 

END; 

END; 

GOTO Loopi 

This modification' will "freeze the action" at Fig
ure 8f until the output, pointer is incremented. 
When this occurs theiriput procedure will immedi
ately load the input data over the' character that 
Vias just printed (assuming that data is available to 
the procedure at a higherrate than can be printed). 
The defined ihterface with the printer service rou
tine allows a character to be removed from the 
buffer and placed in the output buffer whenever 
the output buffer contains the value placed there 
by the PSR, indicating that it has accepted the 
character that was previously in the output buffer. 
If this value is called EMPTY_FLAG then the 
complete buffer handling procedure can be defined 
as follows: 
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(NITIAL: 

INPOINT:=BUFFER_MAX; 

OUTPOINT:=BUFFER_MAX+l ; 

LOOP: 

IF CHARACTER_AVAILABLE THEN 

BEGIN 

TEMP:=IiNPOINT+I) MOD BUFFER~LENGTH; 
IF TE'MP<>OUTPOINT THEN' 

BEGIN 

INPOINT:=TEMP; 

BUFFER{INPOINT);=CHARACTER;' 

IF,INPOINT=BUFFER_MAX THEN 

OUTPOIIliT:=BUFFER_MIN; , 

END; 

,IF OUTPUT _BUFFER=EMPTY .,..FLAG THEN 

BEGIN 

IF OUTPOINT<=BUFFER_MAX THEN 

BEGIN 

ciuTPUT _BUFFER :=BUFFER{OUTPOINT); 

OUTPOINT:=OUTPOINT+l ; 

END; 

END; 

END; 

GOTO LOOP: 

Examination of Figures 8gthrough 8r will show 
how this algorithm maintains the buffer. If there is 
an open position and a character is available, iUs 
placed in the buffer. When a complete line is in the 
buffer, printing is initialized by setting the output 
pointer to BUFFER_MIN. As the last character of 
a line is printed, the output pointer is incremented 
to point at the "phantom location" until the next 
line is completely entered. It should also be noted 
that if the input stream is faste,r than the print 
operation, then aftetthe last character· of a lihe is 
printed only one 'character need be input before 
printing can resume (see' Figures' 81, m, and n). 
Frame r shows that after all available characters 
have been printed the state of the buffer is the 
same as it is initially. This is obviously a desirable 
feature. 

The flowcharts for th~ complete BUFFER MANA~ 
GER ,are shown in Figures 9a and 9b. The corre
sponding code,can be found starting at label 
BMGR of the program listings (see appendix). The 
flowcharts follow the algorithm that has been dis
cussed very cIosely~Sonie' additions have been 
made to implement logic llOt associated with the 
buffer. The first difference is that when a byte is in 
the input buffer it is tested to determine whether 
it is a command byte or a data character before 
further action is taken. Only two commands are 
recognized; one to set, and,'one to reset, the in
temal interrupt enable flag. This, flag, which is 



implemented as bit zero of PORT2 determines 
whether or not the UPI-41 will assert an interrupt 
to the master processor when it is able to accept 
a new ch!lracter. Two additional deviations can be 
noted in Figure 9a; the first is that the motor of 
the printer will be turned on whenever a data 
character is received, the second is that if an end of 
line code (Le., an ASCII line feed) is received, then, 
instead of storing it in the buffer, a mode is en
tered which fills the remaining buffer locations 
with space characters. This mode is enabled by bit 
one of PORT2. Note that utilizing otherwise 
unused bits of PORT2 for program status allows 
convenient testing and setting by the software and 
also enables external monitoring of the program 
operation. 

Figure 9a. Buffer Manager F.lowchart 
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The last addition .to the algorithm can be seen in 
Figure 9b where instead of going directly back to 
the start of the program after servicing the printer, 
a test is made to determine if the interrupt to .the 
master processor should be asserted. This interrupt 
is set if the enable bit is se~ and there is also room 
in the buffer for at least one more character. After 
this test, control is passed. back to the beginning 
ofBMGR. 

Figure 9b. Buffer Manager Flowchart 

PRINTER SERVICE ROUTINES. 

The Printer Seryice Routine must convert the char
acters given to it by the Buffer Manager into an 
appropriately timed. stream of pulses to the sole
noids. Because the PSR is extremely time
dependent, it was implemented as an interrupt
driven routine which is given control when the 
timer overflow occurs. This allows exact timing 
of the solenoid firings without requiring software 
delay loops. If the timing had been generated by 
such loops, synchronization would have been lost 
when the delay loops were interrupted in order to 
service the master processor. 



If a liard ware design of'a controller for tlie printer 
were being undertaken, a convenient place to start 
would be to generate a state transition diagram 
which shows all the states that can be entered and 
how control can transfer from state to state. This 
hardware design technique is often ·useful in soft
ware' design and was, in fact, used to develop the 
PSR. The state diagram of the PSR is shown in 
Figure 10. A total of eight states are necessary to 
implement the printer control function. Before 
discussing this diagram further, each of these states 
must be defined. 

WPA: 

TPA: 

IPO: 

ICOL: 

The WPA (Wait for Print Area) state is 
the state in which the system waits for 
the input from the printer which indi
cates that it is ready to start the actual 
printing of data. 

During the TPA ,(Test Print Area) 
state . the system digitaily filters the 
signal from the printer to ensure that 
contact bounce is not causing an er
roneous indication that the print area 
has started. 

Transfer to the IPO (Initialize Print 
Operation) state occurs after the posi
tioning of the print head over the 
print area has been verified. During 
this state the system. initializes itself 
to start printing it line of text. 

The ICOL (Inter Column) state is used 
to time the period between the activa
tion of the hammers. During this state 
the space between the dots of the 
characters is generated. 

PCOL: During the PCOL (Print Column) state 
the hammers are energized if the par
ticular character being printed re

. quires a dot in'the corresponding posi-
tion. 

ICHAR: the ICHAR (Inter Character) state is 
active between characters on a given 
line. 

WFON: During the, WFON (Wait for Feed On) 
state the system waits for the asser
tion of the feed pulse from the print
er. This signal indicates . that the 
process of feeding paper is occurring. 

WFOFF: The system remains in theWFOFF 
(Wait for Feed Off) until the feed 
pulse goes inactive. This indicates that 
the required paper feed operation has 
been completed. 

The state diagram, in addition to defining the 
allowl\ble states, also defines how state to state 
transitions can be made. The general structure of 
this diagram shows that PSR is initiated by the 
occurrence of the timer overflow interrupt. When 
the interrupt occurs the contents of the HAMDAT 
(HAMmer DATa) register are immediately trans
ferred to PORTI which causes the hammer sole
noids to be activated. Each of the eight possible 
states sets data into. the register which should be 
output at the next timer. overflow occurrence and 
starts the timer operating in a mode which will 
result in the main program (BMGR) being inter
rupted at the proper time. The following para
graphs describe the operaticm of each of the. states 

WPA WAIT fOR PRINT AREA 
. TPA TEST PRINT AREA 
IPO INITIALIZE PRINT OPERATION 
ICOL INTER COLUMN DELAY 
PCOL PRINT COLUMN 
ICHAR INTER CHARACTER DELAY 
WFON . WAIT fOR PAPER FEED ON 
WFOFF:< WAIT FOR PAPER FEED OFF 

Co, , 
C'O NOT IPRINT_AREAI 
Cn IPRINT -.AREAI·IFILTEROO) 
C12 IPRINT_AREAHFILTER=OI 
C20 IOBUF=EIW'TY_FLAG) 
""3 IOBUFOEMPTY _FLAG) 
C34 , 
C003 ICOL_COUNTOO) 
Coos (COL_COUNT-O) 
Cs3 (OBUF()EMPTV_FLAGI 
Ct;s IOBUF=EMPTV._FLAG) 
C&6 ~" (PAPERFEED=OFF) 
C67 (PAPERFEED=ONI 
C70 (PAPERFEED=ONI 
en IPAPERFEED=OFF) 

Figure 10. Print. Control State Transition Diagram 
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in detail. The flowcharts of the routines can be 
. found in Figure 11. 

The WPA, CPA; and IPO states are all assoCiated 
with the detection of the valid start of the· print 
area. The WP A state sets the timer iri the event 
count mode· so that the edge of the print area 
signal can be detected, the CPA state digitally 
filters this· input once it has been detected to 
ensure that noise has not caused a false input, and 
finally, thelPO state initializes the system to start 
the actual printing of data. The flowchart shows 
that- the WPA state accomplishes the following 
actions: . 

1. Turns off the paper feed motor 
2. Sets the filter count (for the CPA state) 
3. Sets HAMDAT to zero 
4. Sets STATE to one. 

The timer is set to event count with an initial value 
of OFFH. This will cause a timer overflow interrupt 
the next time a negative transition occurs on the 
TESTl input. Since this input is tied to the signal 
from the PRINT AREA switch, this interrupt 
should occur when the start of the print area is 
reached. The WP A state sets the STATE register to 
cause the TPA state to be entered when this inter
rupt QCcurs. Each time the TP A (Test Print Area) 
state is activated the software checks to ensure that 
the print area switch is in the proper state; if it is 
not,then all the actions of state zero are repeated 
(except turning off the motor), since a false start of 
print area has occurred. If the test reveals that the 
print area switch is in the proper state, then the 
filter count is reduced by one and the timer is 
started with an initial value of OFFH, the minimum 
attainable timer increment. The STATE register is 
set to repeat the TPA state unless the filter count 
has reached zero; when this occurs the IPO state is 
selected. The IPO state, which is responsible for 
the initialization of the actual print operation, first 
tests the output buffer register to determine if 
there is any data for it to print. If this test is unsuc
cessful the printer main drive motor is turned off, 
the TPA state is reinvoked and the timer is started 
in the event count mode so that it can detect the 
next start of print area. At first glance this seems 
somewhat fruitless since the event required cannot 
happen if the motor is not turning. By referring 
back to Figure 9, however, it can be seen that 
BMGR turns on the motor whenever it has a data 
character from the master computer. The reception 
of a character will always allow the PSR to find the 
next print area. If, when the IPO state makes it~ 
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test, there is data in the· output buffer then the 
. data is moved to the print buffer and the output 
buffer is set to the empty value. After this is ac
complished, a counter is set to the number of col
umns to be printed per character (seven in this case 
- see comment by CGEN label in program listing), 
the STATE register is seHo the ICOL state and the 
timer is set to. time the intercolumn time. (The 
intercolumntime is the time that elapses between 
each possible column of the character.) Before 
exiting from this state the first column of data for 
the hammbers is generated by the COLUMN rou
tine and placed in the HAMDAT register. 

The three states already discussed set the printer 
up so that it is ready to print. The next three states 
are repeated sequentially until the entire line of 
data has been printed. The ICOL state is probably 
the simplest of the states. When it is invoked the 
hammers have just been fired by the entry into the 
PSR. All that the ICOL state does is to set the 
timer to time the proper duration of the hammer 
strikes, clear the HAMDAT register, and set the 
STATE register to the PCOL state. The PCOL 
state, only slightly more complicated than the 
ICOL state, first decrements the column count. If 
the end of a character is detected (count equal 
zero), the HAMDAT register is cleared and the 
STATE register is set to invoke the ICHAR state. 
If the end of a character is not detected then the 
COLUMN routine is again used to determine the 
next data to be sent to the hammers and the ICOL 
state is reinvoked. When the ICOL state is active 
two things can happen, depending on whether 
there is more data to print. If there is data in the 
output buffer then a series of actions similar to 
those of the IPO state occur to reinitialize the 
printing of a character; if there is no more data in 
the line then the paper feed motor is turned on, 
HAMDAT is cleared, and the STATE register is set 
to the WFON state. The timer is set for approxi
mately one millisecond so that the state of the 
paper feed switch can be sampled periodically by 
the WFON and WFOFF states. 

The WFON and WFOFF states continue to set the 
timer to the one millisecond sample rate, the 
WFON state reinvokes itself until the paper feed 
switch input is detected and then it invokes the 
WFOFF state. The WFOFF state reinvokes itself 
until the paper feed switch is detected in the off 
state and then invokes the WPA state. The sole 
purpose of the WFON and WFOFFstates is to 
ensure that an off to on to off transition occurs on 



the paper feed switch, When this criterion is satis
fied the WP kstate is invoked which first turns off 
the paper:feed motor and then proceeds to print 
the next line of data; 

CONCLUSION 

The UPI-41 has been shown to be easily capable of 
controlling the 'LRC matrix printer with no ex
ternal logic other than drivers and receivers. The 
program listings 'which implement the algorithms 
discussed are shown in Appendix A: It should be 
noted that- no attempt has been made to minimize 
the amount of code in the program; the emphasis 
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wason clarity of operation and ease of implemen
tation. A careful programmer should be 'able to 
significantly reduce the, amount of code space 
needed, especially in the printer service, routine 
which duplicates much code in each STATE. Even 
with this relativeiy loose coding the printer control 
function,: including the complete character tables, 
easily fit within ,the memory available in the 
UPI-4I. The extra room in ,memory could be used 
to implement such extra features as tabulation, 
printing prestored messages, or even limited 
graphic capabilities. The power and flexibility, of 
the UPI-41 make such features easy to implement. 
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APPENDIX 

ISIS-II 8048 ASSEMBLER, V1.1 
LRC PRINTER CON'l'ROLLER 7/14/7 

we OBJ S&..I SOURCE STATEMENT 

0007 
0006 
1!1005 
0004 
0003 
0002 
001!11 
0000 

00A0 
FFFE 
FFFD 
FFF8 
FFFA 
001!14 

00FF 
0007 
007F 
00BF 
0001 
0002 
000A 
0021 
0020 
0020 
0018 
0018 
003F 

1 
2 
3 ;********************************************************************* 
4 ; 
5 
6 

~ 
9 

10 

B 
13 
14 

i~ 

UPI-41 LRC pRINTER CXlNTR:>LLER 

THIS PROGRAM IMPLEMENTS THE CONTROL OF THE 
LRC PRINTER WITH THE UPI-41. DATA IS INPUT 'IO THE 
UPI-41 AS SIX BIT ASCII. COMMANDS ARE PROVIDED 
'IO . ENABLE OR DISABLE THE GENERATION OF AN 
INTERRUPT WHEN THE UNIT IS READY 
FOR ANOI'HER DATA CHARACTER. THE INTERRUPT IS ENABLED 
BY OUTPUTING 1!13H 'IO THE CONTROL CHM"NEL AND DISABLED 
BY OUTPUTING 02H. WHEN ENABLED THE INTERRUPT 
IS IMPLEMENTED AS A POSITIVE GOING EDGE ON P25. 

NOTE: A PL/MLIKE LANGUAGE WAS USED 'IO cnlMENT 
THIS PROGRAM. NO COMPILER EXISTS FOR THE UPI-41. 
THE COMMENTS WERE 'HAND COMPILED' INTO UPI-41 
ASSEMBLY LANGUAGE. 

17 
18 
19 
211 
21 • 
22 ; **************:*1:r***********.****************************************** 
23 
24 
25 
26 ;************************************************************************* 
27 
28 
29 • 

REGISTER·ASSIGNMENTS 

30 ; *********.**********************~*****************************************~ 
~~ 
33 HAMDAT EQUU 
34 STATE EQ 
35 ICNT EQU 

j~ b~g~ ~ 
38 TESTR i98 39 OU'I'PNT 
40 INPNT U 
41 
42 

R7 
R6 
R5 
R4 
R3 
R2 
R1 
R0 

43 
44 ; ***************'******************************************************** 
45 
46 TIMER EQUATES 

a~ ~********************************~************************************** 
49 
50 TICK EQU 
51 THON EQUU 
52 THOFF EQ 
53 TINTER ~U 
54 TLFEED U 
55 FILTV U 
56 

160 
-321!1/TICK 
-480jTICK 
-1280/'l:'ICK 
-11!11!1.0/TICK 
640/TICK 

57 
58 i*********************************************************************** 
59 ; 
60 ; 
61 • 

PROGRAM MASKS 

62 ,*********************************************************************** 
63 
64 EMTFLG EQEQUU 65 IMAX 
66 PFEED EQU 
67 t«:l'ION EQU 
68 INTENA EQU 
69 Fl-DDE EQU 
711 EOL EQU 
71 EXCLAIM EQU 
72 SPACE EQU 
73 EXREQ EQU 
74 QPTMIN EQU 
75 BMIN EQU 
76 BMAX EQU 
77 
78 
79 $ EJECT 

I!IFFH 
07H 
7FH 
I!IBFH 
0lH 
02H 
I!IAH 
1!121H 
20H 
20H 
18H 
18H 
3FH 
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roc OBJ SEQ SOURCE STATEMENT 

80 
81 ********************************************************************** 
82 
83 START OF PROGRAM 
84 
85 ********************************************************************* 
86 
87 INITIALIZE; 
88 ; INITIALIZE AND GO TO 
89 ; BMGR 

0000 90 ORG 00H 
0000 1416 91 RESET: CALL CASE0 
0002 3479 92 CALL INIT 
0004 25 93 EN 'OCNTI 
0005 2400 94 JMP BMGR ; CODE MUST END NJ: roc 6 

95 
96 
97 .**********************************************************************1 , 
98 

~ 99 START OF INTERRUPT DRIVEN STATE MACHINE 
100 

~**********************************~******************~****************I 101 
102 
103 DO; 
104 ; HAMMERS=HAMMER$DAT' 
105 

A,IlAMDAT; 
DO. CASE STATE; , 

0007 2F HI6 TISR: XCH 
0008 37 107 CPL A 
001<l9 39 108 OUTL PI A 
000A FE 109 I!IJV A,~TATE 
000B 030E 110 ADD AAltCBASE 0000 B3 III JMPP @ 
000E 16 112 CBASE: DB CASE0 
000F 24 113 DB CASEI 
0010 40 114 DB CASE2 
0011 61 115 DB CASE3 
0012 6B 116 DB CASE4 
0013 7D 117 DB CASES 
0014 9B 118 DB CASE6 
0015 AE 119 DB CASE7 

120 
121 
122 
123 
124 
125 DO; ,jp*CASE 0, FEEDING LINE */ 
126 P ER$FEED=OFF; 
127 STA'l'E=l' . 
128 . ICNT=FILTV 
129 WAIT(PRINT$AREA); 
130 ; HAMMER$DATA=0; . 

0016 8A80 
131 

P2MtNOr; PFEED) 
END; /* END OF CASE 0 */ 

132 CASE0: ORL 
0018 BE01 133 I!IJV ST #l 
00lA 8004 134 I!IJV ICNTl~FILTV 
001C 23FF 135 I!IJV A,lt-
001E 62 ' 136 I!IJV '&Ir 001F 45 137 STRT 
0020 2300 138 I!IJV A,lt0 
0022 2F 139 XCH A,HAMDAT 
0023 93 140 RETR 

141 DO; ~* CASE~TING FOR PRINT AREA */ 
142 I T0=1 
143 DO; 
144 STATE=l; 
145 ICNT=FILTV; 
146 IVAIT (PRINTAREA) ; 
H~ HAMMER$DATA=0 ; 
149 

END; 
0024 4632 150 CASEl: JNTI CIELS 
0026 BE01 151 I!IJV STATE tl 0028 BD04 152 I!IJV ICNT!' ILTV 002A 23FF 153 I!IJV A,lI-
002C 62 154 I!IJV T,A 
0020 55 155 STRT T 
002E 2300 156 I!IJV Al ll0 
0030 043E 157 JMP C END 
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LOC, OBJ SEQ SOURCE S'IM'EMENT 
158 .. - '" ELSE 00; 
159 ICNT=ICNT-l-
16~ IF ICNT=~, TflEN STATE=2 ELSE STATE=l; 
161 TIME ("'"1) ; ," 
162 HAMMER$IlATA=~ ; 
163 

STNrEC#2; 
END;' , 

~~32 BEIcl2 164 CIELS: MOV 
0~34 ED38 165 . I:JNZ ICNT lIA 
~~36 BE~l 166 MOV STNrE,U 
~~38 23FF Ig~ CllA: !>J)V A,!-l 
~~3A 62 MOV ' T, , ' 

~~3B 55 169 STRl' ' ·T 
~~3C 23~~ 17~ MOV A,#~ 

171 A,HAMDAT; ENO; I-A:END OF CASEI *1 
0~3E 2F 172 CIEND: XCH 
0~3F 93 173 REI'R 

174 
175 

00; I*CASE 2, ,INITIALIZE PRINT OPERATION *1 176, 
177 IF OBUF<>EMPTY$FIAG '!HEN 
178 00; 
179 -' TIME (HAMMER$OFF) ; , 
,180 " ,PBUF=O~ " 
181 OBUF= $FIAG; 
182 I=IMIIX- ' 
183 STATE=3- , " 
184 HAMMER$6A~=C0LUMN(PBUF,I); 
185 A,OBUF ; 

END; 
0040 FB 186 CASE2: MOV 
0041 D3FF 187 XRL A~#EMTFLG 
~043 C655 188 JZ C ELS 
0045 23FD 189 MOV A,#THOFF 
~~47 62 190 MOV ~,A 0048 55 191 STRl' 
0049 FB 192 MOV A OBUF 
004A AC 193 mv P{lUF,A 
004B BBFF 194 MOV OBUF, #EMTFLG, 
0040 S007 195 MOV ICNTE IMIIX 
004F B~3 196 MOV ~r'uMN#3 0051 ~4E0 197 CALL 
~053 45F 198 JMP C2END 

199 ELSE 00-
200 STATE=l- , 
2~1 WAIT ~pRfNT$AREA) ; 
202 MO'lO ;=OFFi-A " 
2il3 ; HAMMER$M =0; 
2~4 

STATE,U; 
END; , 

il055 BE01 205 C2ELS: MeV 
0~57 23FF 206 ,MOV A,#-l 
0059 62 207 MOV '&Ii 00SA 45 2~8 STRl' 
005B 8A40 209 ORL K~dNOT ~CJmI 0050 2300 210 MOV ", 

I*END ~F ,CASE 2 *1 211 END; 
005F 2F 212 C2ENO: XCH A,HAMDAT 
0~60 93 213 REI'R 

214 
00; ~CASE 3, HAMMER OFF CYCLE *1 215 

216 ; =HAMMER$QN) f " , 
217 , ~IlATA=0; " 
218 ; , STNrE=; , 
219 

A,#THON ; 
'ENO; /*END OF CASE 3 *1, 

0~61 23FE 220 CASE3: MOV 
0~6362 221 MOV ~,A ' 
0064 55 222 STRl' ' 
0065 2300 223 MOV A #0 
0067 BE04 224 MOV STATE,H 
0069 2F 225 XCH A,HAMDAT . '~, , 
006A 93 '226· ' 'REI'R 

227 $ EJECT, 

.: . 

2-264 



roc OBJ sm SOURCE STATEMENT 

228 1 001 /*CASE 4,PRINTING COL I OF CHAR */ 
229 

A,jlTHOFF1 TIME (HAMMER$OFF) 1 . 
~~g~ ~~FD ~j~ CASE4: /IOJ 

/IOJ ~,A flJfIJ6E 55 232 STRl' 
233 1=1-1" 
234 IF I=~ THEN 
235 00; 
236 STATE=5bP, 
237 HAMMER$ TA=fIJ 1 
238 

ICNT,C4Ef.s 
END 

flJfIJ6F E077 239 OJNZ 
flJfIJ71 BEflJ5 24fIJ I'DV STATE,lI5 
flJ073 23f1JO 241 MOV ~~~D 0075 047B 242 JMP 

243 ELSE 00" 
244 STATE=3" 
245 HAMMER$DATA=COLUMN(PBUF,I)1 
246 

STATE,lI31 END1 
flJ077 BE03 247 C4ELS: I'DV 
0079 54EO 248 CALL COLUMN 

249 
A,HAMDAT' 

END1 /* END OF CASE 4 */ 
097B 2F 259 C4END: ~ 097C 93 251 

252 1 001 ~CASE~ INTERCHARACTER SPACE */ 
253 

A,jlTINT~ T (INT CHAR) 1 
flJ07D 23F8 254 CASE5: Jl'DV 
flJ97F 62 255 /IOJ .T,A . 
0989 55 256 STRl' T 

257 IF OBUF<)EMPTY$FLAG THEN 
258 00" 
259 'PBUF=OBUF1 
269 OBUF=EMPTY$FLAG1 
261 I=IMAX" 
262 STATE~" 263 HAMME DATA=COLUMN (PBUF, I) 1 
264 

A,OBUF 1 END 1 
0081 FB 265 /IOJ 
0982 D3FF 266 XRL ~~Hf'FLG 0084 C692 267 JZ 
flJ986 FB 268 I'DV AsOBUF 9987 AC 269 I'DV P UF,A 
9988 BBFF 270 I'DV OBUF'iEMTFLG 908A B097 271 MOV ICNT, lMAX 
fHiJ8C BE93 272 I'DV STATE,l/3 
908E 54Eil 273 CALL COLUMN 
0999 flJ49C 274 JMP C5END 

275 ELSE 001 
276 TIME~INE$FEED)1 
277 . PAP FEED=ON; 
278 . STATE=6 bP, 
279 HAMMER$ TA=O 1 
289 

A,lITLFEeb 
END1 

9992 23FA 281 C5ELS: I'DV 
0094 62 282 MOV ~,A . 
0095 55 283 STRl' 
flJfIJ96 9A7F 284 ANL P2Pi.#PFEEO 
OfIJ98 BEIl6 285 I'DV ST TE,l/6 
flJ09A 2300 286 MOV A, jill 1 287. END1· /* END OF CASE 5*/ 
1l99C 2F 288 C5END: XCH A,HAMDAT 
0090 93 289 RETR 

290 
291 $ EJECT 
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roc OBJ SEQ SOURCE STATEMENT 
292 ; 00; /*CASE 6,I'iAITING FOR'FEED ON */ 
293 ; TIME~LINE$FEED); .' 
294 . IFP S=l THEN' . 
295 ; 00· . 
296 ; 'STATE=7; 
297 

A;ITLFEEiJ 
ENO; 

009E 23FA 298 cAsE6: l'tJV 
0filAfIJ 62 299 l<K)V . T, 
filfilAl 55 3filfil STRl' T 
filfilA2 26A8 301 JNm C6ELS 
0filA4 BEfil7 302 l<K)V @~~~,#7 0filA6 04AA 303 JMP 

ELSE 00· :: 304 
3fil5 '. . STATE=6· 
306 

STATE, 116; 
END; I, 

00A8 BE06 3fil7 C6ELS: l<K)V 
·308 . lWIMER$DATA=B· 309 . 

A,#fil 
; ENO; /*END OF CAsE 6 */ 

0BAA 2300 ~U C6END: l<K)V 
0filAC 2F XCH A,HAMDAT 
0filAD 93 312 RETR 

313 
00;~CASE7~ WAITING FOR FEED OFF */ 314 

315 ~LINE FEED); 
316 IF P S=0 THEN 
317 ; 00; 
318 ; STATE=0· 
319 

A,#TLFEEiJ 
END; , 

00AE 23FA 32B CASE7: MeV 
0filB0 62 . 321 l<K)V ~,A 00Bl 55 322 STRl' 
0filB2 36B8 323 JTfIJ C7ELS 
0BB4 BEB0 324 l<K)V STATE.#fil 
BBB6 04BA 325 JMP C7ENO 

.. 326 ELSE 00· 
327 STATE=7; 
328 END; 
329 HAMMER$DATA=0· 
33B 

STATE. #7; 
END; . /*END OF CAsE 7 */ 

0f1JB8 BE07 331 C7ELS: MOV 
filfilBA 2300 332 C7END: MOV A,#0 
BfilBC 2F 333 XCH A,HAMDAT 
filfilBD 93 334 RETR 

335 
END; /*END OF CAsE BLocK */ 336 

337 
338 
339 
J4fIJ 

; ***'********************************************************************* 341 
342 ; 
343 ID'GR 
344 
345 TI:IIS SffiMEN1' CONTROLS THE HANDsHAKING BE'lWEEN THE 
346 CONTROLLER AND THE MASTER PROCESSOR. 
347 i *******************************.***************************************** 348 
349 
35B 

/BMGR-BUFFER MANAGER*/ 351 
352 
353 00; 
354 IF IBF=FULL THEN 
355 00· 
356 iF TYPE=DATA THEN 
357 00; 
358 MO'lOR=ON· 
359 TEMP=INCQPT(INPNT); 
36fil 
361 

0100 362 ORG IBflJH 
fillBB D647 

363 
364 BMGR: JNIBF BBPRT 

flJ102 7636 365 JFl BBCMD 
fil104 9ABF 366 ANL P2 #MO'IDN 
0106 F8 367 l<K)V A,INPNT 
0107 3470 368 CALL INCQPT 
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I.OC OBJ SEQ SOURCE S:mTEMENT 
369 IF TEMP<>OUT$POINT THEN 

. 371iJ 00 0 

371 IN$POINT=TEMPo 
372 IF FILL$MODOON TllEN 
373 00; 
374 TEMP--5PACE; 
375 EISE 00 0 

376 T~INPUT$BUFFER; 
377 INTERRUPT=OFF; 
378 END; 
379 IF TEMP=EOL THEN 
381iJ 00; 
381 FILL$MODE=ON; 
382 TEMP=SPACE; 
383 END 0 

384 IF TEMP=CONTRDL$CODE THEN TEMP='!'; 
385 BUFFER(IN$POINT~=TEMP AND 1iJ3FH; 
386 IF IN$POINT=BUF ER$MAX THEN 
387 

OO;FILL$MODE=OFF; 388 
389 OUT$POINT=BUFFER$MIN; 
390 END; 
391 END; 
392 
393 

1iJ109 D9 394 BBLl: XRL A,OUTPNr 
010A C647 395 JZ BBPRT 
010C D9 396 XRL A,OUTPNT 
1il10D AS 397 MOV INPNT,A· 
010E lilA 398 IN A,P2 
010F 3216 399 JBl FILL 
1il111 22 41il1il IN A~D88 . 
1il112 9ADF 401 ANL ~BfJ~Ol' (EXREO) 1il114 2418 41il2 JMP 
0116 2321il 403 FILL: MOV A'lSPACE 1iJ118 D30A 41il4 BBLlA: XRL ~~L !lIlA 9621iJ 405 JNZ 
011C8A02 406 ORL P2:dFMODE 
011E 2428 41il7 JMP BB C 
0121iJ D30A 4~8 BBLIB: XRL AtJ!>L 1il122 D228 409 JB6 B C 
0124 B228 411iJ JB5 BBLIC 
0126 2321 411 MOV A,#EXCLAIM 
0128 533F 412 BBLlC: ANL Af 1il3FH 
IU2A A0 413 MOV @ NPNT,A 
012B F8 414 MOV A,INPNT 
012C D33F 415 XRL A,iBMAX 
1iJ12E 9647 416 JNZ 88PRT 
0130 9AFD 417 ANL P&#jOl' FMODE 
0132 B918 418 MOV o T,iBMIN 
0134 2447 419 JMP 88PRT 

EISE OO~PE IS COMMAND*/ 421iJ 
421 INTE FF; 
422 IF ~RTIiJ AND 3)=2 THEN INTENA=OFF; 
423 IF( RTIiJ AND 3)=3 THEN INTENA=ON; 
424 END; 
425 

lU36 22 426 BBCMD: IN A DBB . 
1iJ137 9ADF 427 ANL E!!~NOl'(E~) IU39 531iJ3 . 428 ANL 
IiJ13B 323F 429 JBl 
013D 2447 431iJ JMP 88PRT 
IiJ13F 1245 431 BBL2: JBIiJ 88L3 
0141 9AFE 432 ANL ~~pmOl' INTENA 0143 2447 433 JMP 
0145 8A01 434 BBL3: ORL P2,lIINTENA 

435 $ EJECT 
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0147 FB 
Bf21~g;~ 
014C F9 .. 
014D D318 
014F 9658 
0151 FE 
0152 113FD 
11154 F258 
Bf~~ ~35E 
0159 025E 
015B F1 . 
flJ15C AS 
flJ15D19 

flJ15E F8 
015F 3470 
flJ161 09 
0162 C600 

flJ164 9A 
n~~ HfIJfIJ 
0168 326C 
016A 24fIJfIJ 
n~~ ~~~ 

flJ17fIJ 113flJ1 
flJl72 0275 
11174 83 
0175 2318 
flJl77 A7 
1:1178 83 

0179 BBFF 
017B B940 
017D BB3F 
1117F 23FII 
0181 3A 
0182 22 
0183 83 

SOURCE STATE201ENl' 

436 
437 
438 
439 
44fIJ 
441 
442 
443· 
444 
445 BBPRT: IIDV .. 
446XRL . 
447 JNZ 
448 I'lJV 
449 XRL 
45fIJ JNZ 
451 lIfJV 
452 ADD 
453 JB7 
454 JMP 
455 BBPRTA: lIfJV 
456 . JB6 
457 I'lJV 
458 I'lJV 
459 INC 
460 
461 
462 
463 
464 
465 
466 
467 
468 BINT: 
469 
47fIJ 
471 
472 BINTA: 

I'lJV 
. CALL 

XRL 
JZ 

473 IN 
a~~ ~~ 
476 JB1 
477 JMP 
478 SETINT: ORL 
479 JMP 
48fIJ 
481 
482 
483 
484 
485 
486 
ag~ 
489 
4911 
491 
a~~ INCQPl': ~ 
494 RET 
495 AIlJUST: I'lJV 
496 CPL 
497 RET 
498 
499 
5111l 
Sill 
5112 
503 
5114 
5115 
5116 
5117 
5f1J8 
5f1J9 
51fIJ 
511 INIT: 
512 
513 
514 
~fg 
517 
518 
519 
521l 
521 
522 
523 
524 $ 

MOV 
I'lJV 
I'lJV 
I'lJV 
OUTL 
IN 
ru.-r 

EJECT 

IF OBUF=EMPTY$FLlIG AND (OUT$POINT<)BMIN OR STATE-
00· 

IF OUT$POINT<=BUFFER$MAX THEN 
00; 

OBUF=BIN (OUT$POINTI: ' 
OUT$PO!N'l'=Ou.t'$POINTH; 

END· END; I 

AiOBUF 
~iwmLG 
A,OUTPNT 
~~~Pf1IN 
A, STATE 

,ALit-3 , BlSJ:'RTA 
BINT 
~f~TPNT 
AL@OUTPNT 
8fg~ 

A INPNT 

,~~T 
A,P2 

k 
SETINT 
sr«;R 

TEMP=INCQPT(I~T) ; 
IF TEMP<>OUT$POINT THEN 
00· ' 

iF INTENA=ON· AND FlIfJDE=OFF THEN INTERRUPT=ON; 
END· 

END· ' 
END ' 

~EXREQ 

~LU AWuST 

; PKlCEDURE INCQPT(A,CARRY); 
·00· i ' A=A MJD BUFFER LENGl'H+BUFFER MIN; 
; IF A=BUFFER MIN THEN CARRY=l; 
; END; -

~,flQPlMIN 

; PKlCEouRE INIT; 
·00· 
, , OBUF=EMPTY$FLlIG; 

OUT$POINT=BUFFEa$MAX+l; 
IN$POINT=BUFFER$MAX; 
IID'lOR=OFF· 
PAPER$FEE6=OFF; 
. FILLSr«:>DE=OFFi. 
INTEf!RUPT$MAS1\=OFF; 

; BUS$BUFFE~Il; 
; END; 

Q!3~I,!Em'FLG 1 
UUU'N.L' jlBMAX+ 
INPNT jBMAX 
ALflllFbH 
Pot A A,6Bs 

2·268 



LOC OBJ 

l'J2El'J 

~~~~ ~~ 
l'J2E2 B2E5 
l'J2E4 95 
l'J2E5 531F 
l'J2E7 AC 
02E8 E7 
l'J2E9 E7 
l'J2EA E7 
l'J2EB 37 
02EC 6C 
l'J2ED 6D 
l'J2EE 37 
1il2EF 1il31il7 
ftl2Fl B6F9 
1il2F3 E3 
1il2F4 2C 
l'J2F5 4321il 
1il2F7 2C 
1il2F8 83 
1il2F9 A3 
1il2FA 83 

sa;, SOURCE STATEMENl' 

525 ********************************************************************** 
526 

~~6 
529 
531il 

~j~ 
533 
534 
535 
536 
537 
538 
539 
541il 
541 
542 
543 
544 
545 
546 
547 
548 
549 
551il 

COLUMN IS CALLED WITH ICNT EOL TO THE CURRENT COLUMN NUMBER 
lIND PBUFF ~LTO THE CIlARACTER TO BE CONVERl'ED. 
COLUMN RETURNS THE APPROPRIATE COLUMN OF DA'I'A FRa>! THE 
CHARACTER GENERATER TABLE. COLUMN IS LOCATED IN PAGE 2 
FOI.I.OOING TIlE FIRST HALF OF TIlE TABLE •. 

********************************************************************** 

ORG 2EIilH 
PROCEDURE COLUMN(PRINT$BUFFER,ICNT); 
DO; 

F NT$BUFFER[5j; 
PRI [5j=lil; 
T +l -ICNT 
IF FLAG =OFF THEN 
DO; . 

TEMP=MP3 (TEMP) • 
PRINT$BU~FER[51=1; 

END' 
ELSE DO; 

TEMP=MP2 (TEMP) ; 
END; 

551 COLUMN: MOV ~bPBUF 
NOSET 
Ffil 
A.L#lillFH 
PtlUF,A 
A 

END; 

552 CLR 
553 JB5 
554 CPL 
555 NOSE.T: lINL 
556 IDV 
557 RL 
558 RL 
559 RL 
561il CPL 
561 ADD 
562 ADD 
563 CPL 
564 ADD 
565 JFIil 
566 MOVP3 
567 XCH 
568 ORL 
569 XCH 
571il RE.T 
571 PAG2: MOVP 
572 RET 
573 
574 
575 
576 

A 
A 
A 
A,PBUF . 
A,ICNT 
A 
A,J/7 
PAG2 
A,@A 
A,PBUF 
A,#2IilH 
A,PBUF 

A,@A 

577 ********************************************************************** 
578 
579 
581il 
581 
582 
583 
584 
585 
586 
587 
588 
589 
591il 
591 
592 
593 
594 
595 
596 
597 
598 
599 

CHARACTER GENERATER TABLES. 
THE FIRST HALF OF THESE '!'ABLES IS IN PAGE 2. FOI.I.OOING THIS HALF 
IS THE 'COLUMN SUBROUTINE~ TIlE SECOND HALF OF THE TABLE IS 
IN PAGE 3. TIlE PLACEMENT OF THESE TABLES IS TO TAKE 
ADVlIN'I'AGE OF TIlE MCS-41 MOVP AND MOVP3 INSTRUCTIONS. 

TIlE CHARACTERS ARE FORMED BY A SEVEN BY SEVEN MATRIX 
OF DOTS. EACH DOT POSITION CORRESFONDS 
TO ONE HALF TIlE NORMAL DOT SPACING OF THE LRC PRINTER. 
TO PREVENT EXCEEDING 'I'HE "BlINOOIDl'H" OF THE SOLENOIDS 
TIlE CIlARACTERS ARE FORMED SO THAT THE SAME SOLENOID IS 
NOT ENERGIZED TWICE IN SUCCESSION. CONSTRUCTING THE 
TABLE IN THIS MANNER ALIaVS THE FORMATION OF A CIlARACTER IN ONLY 
4 PRINT COLUMNS SINCE THREE OF THE DOTS WILL APPEAR BE.'n'IEEN 
NORMAL COLUMN POSITIONS. 

TIlE COMMENT FIELD OF THE TABLE SHOWS THE BIT PATrERN OF THE 
CHARACTERS. TIlE SPACING OF THE PRINTER CHARACTERS CAUSES 
DISTORl'ION OF THE CHARACTERS BUT THE PATTERN IS STILL DISCERNABLE. 

6e0 *********************************************************************** 
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601 
0200 602 . ORG .,200H 

603 

0200 0e, 
604 
605 DB 0CH' ** ,[AT] 

0201 22 606 DB 228 * *. 
0202 41 607 DB 4lH * .. 
0203 58 608 DB 58H ** * 0204 01 609 DB 01H * 0205 48 610 DB 48H * * 0206 00 611 DB 00H 

612 
DB 0207 0F 613 0FH **** [A] 

0208 10 614 DB 10H * 0209 24 615 DB 24H * * 020A 40 616 DB 40H * 020B 24 617 DB 24H * * 020C 10 618 DB 10H * 020D 0F 619 DB 0FH **** 620 
621 

020E 7F 622 DB 7FH ******* [B] 
020F 00 623 DB 00H 
e210 49 624 DB 49H * * * 0211 00 625 DB 00H 
e212 118 626 DB 08H * 0213 55 627 DB 55H * * * * 0214 22 628 DB 228 * * 629 
e215 3E 630 DB 3EH ***** 1 [e] 
0216 41 631 DB 4lH * * e217 0e ~~~ DB 00H 

* * e218 41 DB 4lH 
0219 00 634 DB 0eH 

* e2lA 41 635 DB 4lH. * 021B 22 636 DB 228 * * 637 
[D] 021e 7F 638 DB 7FH ! ******* 0210 0e 639 DB 00H 

021E 41 640 DB 4lH : * * , 
021F 0e 641 DB 00H 1 
0220 00 642 DB 00H 
0221 41 643 DB 4lH * * e222 3E 644 DB 3EH *****. 

645 
******* 0223 7F 646 DB 7FH 1 [E] 

0224 00 647 DB 00H 
! * 0225 49 648 DB 49B * * , 

0226 00 649 DB 00H 1 
0227 49 650 DB 49H , * * * 0228 00 651 DB 00H 1 
0229 41 652 DB 4lH 1 *. * 653 
022A 7F 654 DB 7FH , ******* [F] 
11228 0e 655 DB 00H· 1 .. 022C 48· 656 DB 48H 'I * 022D 00 657 DB 00H 1 
e22E 48 658 DB 48H * * 022F 00 659 DB 00H 
0230 40 660 DB .40H '. * 

661 
*~*** 0231 3E 662 DB 3EH 1 [G] 

0232 41 663 DB 4lH 1 * * 0233 00 664 DB 0eH 1 
* 0234 41., 665 DB 4lH :.;. * 0235 04 666 DB 04H * 0236 41 667 'DB 4lH * * 0237 26 668 DB 26H ** * 669 &JECT 670 $ 
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0238 7F 671 DB 7FH ******* [H] 
B239 B0 672 DB B0H 
023A B8 673 DB B8H * B23B BB 674 DB 00H 
023C 08 675 DB 08H * 023D 00 676 DB 00H 
023E 7F 677 DB 7FH ******* 678 
023F 00 679 DB 00H [IJ 
0240 41 680 DB 41H * * 0241 00 681 DB 00H 
0242 7F 682 DB 7FH ******* 
0243 00 683 DB 00H 
0244 41 684 DB 41H * * 0245 00 685 DB 00H 

686 
0246 02 687 DB 02H * [J] 
0247 01 688 DB 01H * 0248 00 689 DB 00H 
0249 Bl 690 DB 01H * 024A 00 691 DB 00H 
024B 01 692 DB BIH * 024C 7E 693 DB 7EH ****** 694 
024D 7F 695 DB 7FH ******* [KJ 
024E "'0 696 DB 00H 
024F 04 697 DB 04H * 0250 14 698 DB 14H * * 0251 22 699 DB 22H * * 0252 41 70B DB 4lH * * 0253 00 701 DB B0H 

702 
0254 7F 703 DB 7FH ******* [L] 
0255 00 704 DB 00H 
0256 Bl 705 DB BIH * 0257 00 706 DB 00H 
0258 fill 707 DB 0lH * 0259 00 708 DB 00H 
025A 01 709 DB 01H * 710 
025B 7F 711 DB 7FH ******* [M] 
025C 40 712 DB 40H * 025D 20 713 DB 20H * 025E 18 714 DB 18H ** 025F 20 715 DB 20H * 026B 40 716 DB 40H * B261 3F 717 DB 3FH ****** 718 

719 
0262 7F 720 DB 7FH ••• *te •• [NJ 
0263 20 721 DB 20H * B264 10 722 DB IBH * 0265 08 723 DB 08H * 0266 04 724 DB 04H * 0267 00 725 DB 00H 
0268 7F 726 DB 7FH ******* 727 
0269 3E 728 DB 3EH ***** [0] 
026A 41 729 DB. 4lH * * 026B 00 730 DB· 00H 

* * 026C 41 731 DB 4lH 
0260 00 732 DB B0H 
026E 41 733 DB 4lH * * 026F 3E 734 DB 3EH ***** 735 

[P] 0270 37 736 DB 37H **.* ** 
0271 B0 737 DB 00H 
0272 48 738 DB 48H * * 0273 00 739 DB 00H 
0274 0f.1 74f.1 DB 00H 

* * 0275 48 741 DB 48H 
0276 30 742 DB 30H ** 743 
0277 3E 744 DB 3EH ***** [0] 
0278 41 745 DB 4lH * * 0279 00 746 DB f.l0H 
027A 4f.1 747 DB 40H * 027B 05 748 DB 05H * * f.l27C 42 749 DB 42H * * 027D 3D 75\1 DB 3DH .. **** 
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751 
7FH 027E 7F 752 DB ******* ...•. [R] 

027F 00 753 DB 00H 
, 

0280 48 754 DB, 48H * * 0281 00 755 DB B0H 
0282 04 756 DB 04H * 0283 4A 757 DB 4AH * * * 0284 31 758 DB 3lH * ** 759 
0285 32 760 DB 32H ; * ** ; [S] 
0286 49 761 DB 49H ; * * * 0287 00 762 DB 00H ; 
0288 49 763 DB 49H ; * * * 0289 B0 764 DB 0BH ; 
028A 49 765 DB 49H .; * * * 028B 26 766 DB " 26H ; ** * 767 

768 
028C 40 769 DB 40H * [T] 
0280 B0 770 DB 01lH 
028E 40 771 DB 41lH * 1l28F 3F' 772 DB 3FH ****** B291l 40 773 DB 41lH * 0291 01l 774 DB 01lH 
11292 41l 775, DB 41lH * 776 
0293 7C 777 DB 7CH 'It.**. ,; [U] 
0294 02 778 DB 02H * 11295 III 779 DB 0lH * 0296 00 780 DB 00H 
0297 III 781 DB 0lH * 0298 112 782 DB 028 * 0299 7C 783 DB 7CH ***** 784 
029A 78 785 DB 78H **** [V] 
029B 04 786 DB' 04H * ~29C 02 787 DB 02H * 0290 III 788 DB 0lH * 029E 02 789 DB 1l2H * 
~29F 04 790 DB 04H * 02110 78 791 DB 78H **** 792 
02Al 7E 793 DB 7EH ****** ; [W] 
02A2 01 794 DB 0lH * 02A3 112 795 DB 02H * 02A4 IlC 796 DB IlCH ** 02A5 112 797 DB 02H * 02A6 01 798 DB 0lH * 1l2A7 7E 799 DB 7EH 'It***** 

" 1l2A8 41 
800 

* 8111 DB 4lH * [X] 
02A9 22 8112 DB 22H * * 02M 14 803 DB 14H * * 1l2AB 08 804 DB 08H * 02AC 14 805 DB '14H * * 02AD 22 8116 DB 22H * * 02AE 41 8117 DB :',. 4,lH * * 808 
02AF 41l 809 DB 41lH * ;: [Y] 
11280 21l 810 DB 21lH * 0281 10 811 DB 10H * 0282 ~F 812 DB 0FH **** 0283 0 813 DB 11lH * 0284 20 814 DB 21lH * 0285 40 815 DB 41lH .. 

816 817 $ ,', FJECT 
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02B6 41 818 DB 4lH * * [Z] 
02B7 02 819 DB 02H * 02B8 45 820 DB 45H * * * 02B9 08 821 DB 08H * 02BA 51 822 DB 518 * * * 02BB 20 823 DB 20H * 02BC 41 824 DB 4lH * It 

825 
DB [[] 02BD 7F 826 7FH ; ******* fil2BE 00 827 DB 0filH ; 

02BF 41 828 DB 41H .* It 

02C0 00 829 DB 00H 
02Cl 41 830 DB 4lH * It • 

02C2 0fil 831 DB 00H 
02C3 41 832 DB 4lH * It 

833 
[\] fil2C4 40 834 DB 40H It 

02C5 20 835 DB 20H It 

B~8~ ~~ 836 DB 10H * 837 DB 08H It 

02C8 04 838 DB 04H ;. It 

02C9 02 839 DB 02H ;. It 

fil2CA 01 84fil DB 01H · It 841 
02CB 41 842 DB 4lH * * . [II 
fil2CC 0k! 843 DB 00H 
02CD 41 844 DB 4lH * * 02CE 00 845 DB 00H 
02CF 41 846 Da 4lH · * * · 0200 00 847 DB 00H · 0201 7F 848 DB 7FH ; ******* 849 
0202 00 850 DB 00H [UA] 
0203 04 851 DB ·04H * fil204 08 852 DB 08H · * 0205·10 853 DB lfilH .; * 0206 08 854 DB 088 * 0207 04 855 DB 04H * 0208 00 856 

857 
DB 00H 

0209 01 858 DB 0lH · * U · 02DA 00 859 DB 00H ; 
020B fill 860 DB 01H · * 02DC fil0 861 DB 00H · fil20D 01 862 DB ·~Mf ; * 02DE 00 863 DB 
020F 01 864 DB 0lH * 865 

866 
867 
868 

*************************'!c*****.******.***********~********************* 869 
87fil 
87l Sl'ARr OF SECOND HALF OF CGEN TABLE .. 
872 

*********".*************************.***************",******************** 873 
874 

0300 875 
876 

ORG 30~H 

877 
[ ] 0300 0fil 878 DB 0.0H 

0301 00 879 DB 00H 
0302 00 880 DB ·fil08 
03fil3 00 881 DB 00H 
0304 aa 882 DB 00H 
0305 0fil . 883 . DB .00H 
0306 00 884 DB 00H 

885 
0307 00 886 DB 00H [I] 
0308 00 887 DB 00H 
03fil9 fil0 888 DB IHIlH 
fil30A 70 889 DB 700 * ***** 03filB 00 890 DB 00H 
030C 00 891 DB 00H 
030D0fil 892 DB 00H 

893 
894 $ EJECT 
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030E 00 895 DB 008 ["] 
030F 2fil 896 DB 208 * 
0310 40 897 DB 408 * 
0311 00 898 DB 008 
0312 2fil 899 DB 20H * 
0313 40 900 DB 46H .. 
0314 00 901 DB 00H 

902 
(fI] 0315 14 9fil3 DB .14H * * 

fil316 00 904 DB 0filH 
fil317 7F 905 DB 7FH ******* fil318 0fil 906 DB 0filH 
0319 7F 9fil7 DB 7FH ******* 
03lA filfil 9fil8 DB 0filH 
03lB 14 9fil9 DB 148 * * 

910 
031C fil0 911 DB 0filH [$] 
0310 32 912 DB 32H * ** 
031E 49 913 DB 49H * * * 
03lF 36 914 DB 36H ** ** 
0320 49 915 DB 49H * * * 
0321 26 916 DB 26H ** * 
0322 00 917 DB 00H 

918 
0323 51 919 DB 5lH * * * [%] 
0324 02 920 DB 02H * 
9~~~ ~ 921 DB 54H * * * 

922 DB 08H * 
0327 15 923 DB ISH * * * 
0328 2fil 924 DB 20H * 
0329 45 925 DB 45H * * * 

926 
032A 26 927 DB 26H ** * [&] 
032849 928 DB 49H * * * 
032C 10 929 DB 10H ~ 
fil32D 49 930 DB 49H * * * 
032E 26 931 DB 26H **. * 
032F 01 932 DB 0lH * 
0330 05 933 DB filSH * * 

934 
['] 0331 00 935 DB 9filH 

0332 00 936 DB 0filH 
fil333 lfil 937 .DB lfilH * 
0334 2fil 938 DB 21'1H * 
1'1335 40 939 DB 40H * 
0336 00 94fil DB 1il0H 
1'1337 0fil 941 DB 0filH 

942 
943 

0338 lC 944 DB lCH *** [(] 
0339 22 945 DB 22H * * 
1'133A 41 946 DB 4lH * * 
1il33B 00 947 DB 00H 
1'133C 1'10 948 DB .I'IIilH 
033D 1'11'1 949 DB . 60H 
1'133E 0fil 951'1 

951 
DB 1'108 

1'133F 01'1 952 DB 1'10H [)] 
1'1341'1 00 953 DB I'II'1H 
1il341 Iillil 954 DB IilIilH 
1il342 I'IIil 955 DB IilIilH 
1il343 41 956 DB 4lH * * 
1il344 22 957 DB 22H * * 
1il345 lC ~~~ DB .1CH *** 
1il346 49 961'1 DB 49H * * * [*] 
1il347 22 961 DB 22H * * 
1il348 lC 962 DB lCH *** 
1'1349 77 963 DB 77H *** *** 1il34A lC 964 DB lCH *** 
1il34B 22 965 DB 22H * * 
1il34C 49 966 DB 49H .. * * 

967 
1'134D 1'18 968 DB 1'18H * .[+] 
1'134E 08 969 DB fil8H * 
1il34F 1il8 971'1 DB fil8H * 
1'1351'1 3E 971 DB 3EH ***** 
1il351 1'18 972 DB fil8H * 
1'1352 1'18 973 DB 1'18H * 
1'1353 1'18 974 DB 1'18H * 
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975 

[,] 0354 00 976 DB 00H I· 
0355 00 977 DB 00H 
0356 00 .978 DB 00H 
0357 01 979 DB 018 * 0358 O6 980 DB 06H ** 0359 011 981 DB IIIIH 
1135A 11O 982 DB 110H 

035B 114 .~~~ DB 114H * [-] 
035C 114 985 DB 114H * 1135D 114 986 DB 114H * 1135E 114 987 DB 114H * 035F 114 988 DB 114H * 03611 114 989 DB 04H * 0361 04 9911 DB 04H * 991 

992 
0362 00 993 DB IIIIH 1 [.] 
11363 011 994 DB 110H 1 
11364 00 995 DB IIIIH 

.! * 11365 III 996 DB 1118 I 
11366 110 997 DB' 1l0H 1 
11367 01l 998 DB 00H 1 
11368 Illl 1~~~ DB 01lH 1 

11369 01 111111 DB IlIH * [I] 
1l36A 02 11l1l2 DB 1128 * 036B 114 111113 DB 1l4H * 1l36C 118 1004 DB 08H * 1l36D 10 11l1l5 DB 11lH * 1l36E 20 111116 DB 21lH * 1136F 411 10117 DB 411H * 10118 

* *** [II] 0370 ID 1009 DB lOH 
11371 22 111111 DB 228 * * 11372 45 1011 DB 45H 1 * * * 0373 08 1012 DB 1l8H 1 * 11374 51 HI13 DB SIB 1 *. * * 0375 22 1014 DB 228 1 * * 0376 5C 1~15 DB 5CH ·1 *** * 1 16 
11377 Ilil 1017 DB IlIIH 1 [1] 
0378 21 UU8 DB 21B 1 * * "r940 11119 DB. 41lB '1 * o 7A 7F 10211 DB· 7FB 1 ******* 037B 1111 11121 DB IIIlH : * 1137C III 11122 DB 1118 , 
1137D 110 1023 DB 

" 
IIIIB 1 1024 

1137E 23 11125 DB 23B 1 ** * 1 [2] 
1iJ37F 44 11126 DB 44H 

~ * * * 1iJ381iJ IiJl 11127 DB .' IlIB , 
0381 48 11128 DB 48B 1 * * 0382 IiJl 1029 DB. 1iJ18 * 1iJ383 48 11l31iJ DB 48B * * 0384 31 1031 DB 318 * ** lliJ32 
0385 42 1033 DB 428 1 * * [3] 
0386 III 1034 DB 1118 1 * 1iJ387 51iJ 1035 DB 5liJH 1 * * 1iJ388 01 1036 DB 1iJ18 1 * 1iJ389 50 1037 DB SOH ., * * 038A 29 11138 DB 29H 1 * * * 038B 46 1039 DB 46B 1 ** * 1041iJ 

1041 $ FJECT 
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038C 04 1042 DB I'J4H * [4] 
0380 08 1043 DB 08H * 038E 14 1044 DB 14H * * 038F 2fi Hl45 DB 20H * 0390 5F 1046 DB 5FH ***** * 0391 00 1047 DB 00H 
0392 04 Hl48 DB 04H * 1049 
0393 72 1050 DB 72H * *** [5] 
0394 III 1051 DB IIlH * 0395 50 Hl52 DB 511H * * 0396 01 1053 DB' 01H .,: * 
0397 411 1054 DB 40H 

, 
* , 

0398 11 11155 DB llH i * * 0399 4E 1056 DB 4EH i *** * 11157 
l!J39A 17 1058 DB 17H *** * [6] 
039B 21 1059 DB 21H * * 039C 40 1060 DB 40H * 0390 09 1061 DB 09H * * 039E 40 1062 DB 40H '* 039F 09 1063 DB 09H * * 03A0 46 1064 DB 46H ** * 1065 
03Al 40 1066 DB 411H * [7] 
03A2 00 11167 DB 00H 
03A3 47 1068 DB 47H *** * 03A4 08 1069 DB 08H * 03A5 50 10711 DB 50H * * 03A6 20 1071 DB 20H * 03A7 40 1072 DB 40H * 1073 
03A8 36 1074 DB 36H ** ** [8] 
03A9 49 1075 DB 49H * * * 03AA 00 1076 DB. 00H , ,i 
03AB 49 1077 DB. 49H i * * * 03AC 00 1078 DB 00H . i 
03AD 49 1079 DB 49H ; * * * 03AE 36 1080 DB 36H i ** ** 1081 
03AF 30 1082 DB 30H **. [9] 
0380 48 1083 DB 48H * * 0381 III 1084 DB 01H * 0382 48 1085 DB 48H * * 03B3 01 1086 DB. 0lH * 0384 42 1087 DB 42H * * 03B5 3C 1088 DB 3CH **** 1089 

1090 
03B6 00 1091 DB 00H [:] 
03B7 00 1092 DB 00H 
03B8 00 11193 DB 00H 

* * 03B9 14 1094 DB 14H 
03BA 00 1095 DB 00H 
03BB 00 1096 DB 00H 
03BC 00 1097 DB 00H 

1098 
03so 00 1099 DB 00H [i] 
038E 00 1100 DB 00H 
03BF 01 1101 DB 0lH * 03C0 02 1102 DB 02H * 03Cl 14 1103 DB 14H * * 03C2 011 1104 DB . 00H 
03C3 00 1105 DB 00H 

1106 
03C4 00 1107 DB 110H 

* 
[<) 

03C5 08 1108 DB 08H 
03C6 14 1109 DB 14H * * 03C7 22 1110 DB 22H * * 03C8 41 1111 DB 4lH * * 03C9 011 1112 DB 00H 
113CA 00 1113 DB 00H 

1114 
03CB 110 1115 DB 00H [=] 
03CC 14 ·1116 DB 14H * * 03CD 110 1117 DB 00H 

* * 03CE 14 1118 DB 14H 
I13CF 00 1119 DB 00H 

* * 0300 14 11211 DB 14H 
0301 00 1121 DB 00H 
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u::c. ~B) SEQ SOURCE STATEMEl!iiT 

1l3D2 110 
1122 
1123 DB IlIlH [» 

1l3D3 Illl 1124 DB IlIlH 
1l3D4 41 1125 DB 41H * * 1l3D5 22 1126 DB 22H * * 1l3D6 14 1127 DB 14H * * 1l3D7 118 1128 DB 1l8H * 1l3D8 Illl 1129 DB IlIlH 

1131l 
1l3D9 Illl 1131 DB 1l0H [?) 
03DA 21l 1132 DB 21lH * IlJDB 41l 1133 DB 40H * 03DC 115 1134 DB 1l5H * * 03DD 48 1135 DB 48H * * 03DE 30 1136 DB 30H ** 03DF Illl 1137 DB 1l0H 

1138 
1139 END 
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Slave· microcomputer· lightens 
main microprocessor load 

by Don Phillips and Allen Goodman, In/eICorp .• San/a Clara. Calif. 

o Peripheral devices for microprocessors are growing in space and execution time of the main system. Moreover, 
number and complexity to the point where ·they are the device substantially increases the overall efficiency of 
taxing the pr<J!;essor's time and memory .. Nor do simple a system, since two processors-the central CPU and the 
interface adapters that contain no intelligence of their slave UPI device-are working in parallel. 
own lighten the burden of managing such peripheral 
equipment as floppy disks, cathode-ray~tubedisplays, A peripheral controller 
and keyboards. What can save the· day for the central In operation, the UPI microcomputer acts as a peri ph
processing unit is a new class of peripheral controllers: eral controller rather than just an interface adapter. Its 
intelligent microcomputer-based universal peripheral architecture, detailed in Fig. 1, is similar to the recently 
interface chips. .. introduced 8048 one-chip microcomputer: it has an 8-bit 

IIi essrnce, what the UPI microcomputer does is act as CPU, 64 bytes of random-access memory, 1,024 bytes of 
a slave processor to the main-system CPU. With a built-in .. read-only memory, a timer/counter, and 18 input/out
processor and memory, it greatly eases the handling of put lines. In fact, the device executes the same basic set 
real-time tasks such as controlling printers, encoding of instructions· as does the 8048, except for special 
keyboards, and multiplexing displays. In fact, entire tailoring of data-bus operations to better suit control 
control algorithms can be programmed loclllly in. the applications. The difference is that the new peripheral
slave processor,instead of taxing the limited memory controlling microcomputer is designed to function as a 

w 00-7 
'-' « .... 
0: 
W ... 
!!!! 

WRITE (WAI :e 
w READ (iijjl ... 
~ CHIP-5ELECT 
~ 

EA . 

To 

CRYSTAL •. {. X _~.r----, 
LC NETWORK. X' 
OR CLOCK 2 

T, 

. {v~c~ PROGRA. MMABLE ROM 
. PROGRAM SUPPLY 

·POWER Vcc -+5SUPPLY 

v" _ GROUND .: . 

1. Smart. Interface. With.an 8.blt CPU, 64 bytes of RAM, and·l,024 words of ROM or erasable PROM, the universal peripheral Interface chip 

Is .. an Intelligent peripheral controller rather. than a simple interface adapter. The architecture of the chip is· similar to that of the 8048 

microcomputer. It.uses nearly the same Instruction set, save for slight variations that· Improve data-bus operations. 
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2. Slav ... The microcomputer-based univer
sal peripheral Interface chlps"""the 8741 with 
erasable PROM and the 8041 with mask
programmed ROM-are connected as slave 
processors to a main processor (tiere an 
8080 CPU) to take over Its 110 chores. 

slave processor to the main-syst~m processor~ 

8080 
CENTRAL 

PROCESSING 
UNIT 

The chip is the first microcomputer made specifically 
for a multiprocessor environment in which a master 
processor sends information to 0Ile or more slave proces
sors that in turn control peripheral devices. To accom
modate a variety of master processor types, including the' 
8080, the enhanced 8085, and, other 8-bit processors, the 
chip has bus irlt,erface registers that work directly with 
the central processor's data bus. 

Two peripheral controllers are available: the 8741 and 
the 8041, identical except in one respect. The 8741 has 
an ultraviolet-erasable, electrically programmable ROM 
plus the special capability of running through a program 
a'single step at a time. It is designed for low-volume 
applications requiring program development, as iri proto
type testing and custom interfacing; The 8041 has a 
conventional mask-programmable ROM and features a 
low-power standby mode. It is intended to replace the 
8741 once a system design has been set. The 874118041 
connections for a master-slave arrangement are shown in 
the block diagram of Fig. 2. 

The master processor and the peripheral controller 
communicate through an asynchronous data-bus buffer 
register. on the UPI. Data and commands are received 
from the master processor through the ODD, and status 
and data information are returned through it to the 
master. The controller sends status information to the 

8041 
OR 

8741 
UNIVERSAL 

PERIPHERAL 
INTERFACE 

8041 
OR 

8741 
UNIVERSAL 
PERIPHERAL 
INTERFACE 

,~ 
KEYBOARD 

imlER 
PERIPHERAL 
DEVICES . 

main processor from a 4-bit status register that uses four 
of the buffer register's eight lines. 

The configuration of the ODD arid' status registers, is ' 
shown in' Fig. 3. The master processor controls data . 
transfer to theuPI by four input, lines: the address-input ' 
signal specifies whether a command or a data word is 
being sent; the chip-select line is an enable input that 
permits communication with the interface, and the read 
and write lines are used to stroke output and input data, 
reSpectively. The master processor uses these signal~ to 
direct the exchange of information through the ODD 
register, which serves as temporary' storage for 
commands and data flowing between master and slave 
. processors. 

The four flags 
" . . 

The status register comprises four flags that direct the . 
handshaking between the master and slave processors. 
The first is a general-purpose flag, which is set by 
programming in the 8041/8741 and used to prevent 
contention over the ODD register between master and 
slave. processors. Another is the command/data flag 
,that, when set, indicates that command information is 
being transferred. The input-buffer-full flag is set when
ever the ODD register is loaded with a word' from the 
main. processor, and the output-buffer-full flag is set 
when the UPI loads its ODD register. 

3-4 
Electronics/July 7, 1977 



Protocol for the interface begins with the master 
proCessor writing an 8-bit character into the buffer regis
ter .. This sets the IBF, flag, signaling, the peripheral 
controller with an int,ernal interrupt. The:; UPI can then 
transfer the 8-bit data byte to its accumulator at any 
time under software control, which clears the ISF flag. ' ' 

In transferririg dat~ in the other direction:" from slave 
to master-the peripheral' chip loads, the DBB, re:;gister 
while automatically setting the OBF flag: Tl)e master 
processor can then 'reaq the status register, to determine 
that theOBF flag is set and can proceed to take in data 
from the buffer register, at the same'~imeclearing ihe 
flag in preparation for the arrival of inore data. , 

Transfer o,f'data. within :the peripheral controller is 
asynchronous to external processor timing. The chip' can 
thuseff'ectiyely control peripheraldeviees while data 
transfers goon unhindered. Moreover, the DBB register 
isolates peripheralcontrol tasks from the main processor. 
Task isolation is desirable in that it eases software devel
opment and debugging' within a given system (by 
modularizin'g functions). In addition, it is certain to 
enhance data throughput, since two microprocessors are 
rumiing concurrently. ' , ' 

Optimized for control 
The CPU and instruction set of the 8041/8741' are 

designed to efficiently handle' the single-bit operations 
required fn most 'control applications, including 110 oper
ations and data-bit manipulation. Two 8-bit-wide ports, 
compatible with transistor-transistor logic, are provided 
on the chip. (Sixteen additional lines may' be had with 
the"addition of an 8243 1(0 expander chip, which, takes 
up 'half thi: lines of 110 port 2.) Two inputs to the 
peripheral controller are provided that may ,be tested 
with conditi~rial branch instructions in, UpI software. 
Any port line can be set or cleared individually under 
software "control, and any line can function as either 
input or' output" irrespective of remaining lines. 

The timer/event-counter incliJded on the peripheral 
controller cim be preset, read, started, or stopped under 
software control., IIi the timing mode, an interrial oscil
lator can be set by a crystal or an LC network. 'In the 
event-counter mode, the T I input may be used' to count 
switch closures or tachometeq)ulses, directing program 
flow accordingly. If the counter has been preset, a flag is 
available that ,indicates overflow, and it can !lignal the 
master processor. " , 

The 1,024 bytes of on-chip ~OM are sufficient for most 
dedicated programming applications. Typically, key
board encoding or printer control requires 500 to'100 8-
bit bytes, and therefore ample program space is 'available 
for additional functions.' " . 

Of the 64 10,cations in the on-chip RA~, there are two 
8-byte register Qallks, an, eight-level program-counter 
stack, arid 32, byteS of user RAM.' The dual 
8-byte register 'banks allow fast response, to interrupts 
such' as 'the IBF' flag or time ovetflow. The stack also 
provides convenient handling of subroutine cells' and 
storage of other data. " ,,', , 

The thrust of theperipheral-oontroller chip is in its 
isolation of peripheral tasks from the maiil processo~. 

'Since its job is specifically for control, the main 
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8041/8741 
UNIVERSAL PERIPHERAL INTERFACE 

WRITE 

~' 
REAO--..a 

::l: CHIP cs ~ ,SELECT 

~ 
::;; 

~ 
DATA l3US 18 

. ". 

Fo 
GENERAL' 

FLAG 

F, a: 
COMMAND/ w 

.. OATA FLAG In 
a 

IBF 
w 
a: 

INPUT, '" '" BUFFER- !;c FULL FLAG t; 
OBF 

OUTPUT-
8UFFER-

FULL FLAG 

a; 
'" 

0 7 
e 
a: 

,06 
w .... 
'" D., a 
w 

D. a: 
a: 

03 w 

0'2' tt 
'" 0, '" '" 

Do '" '" ~ 
<{ 
c 

3. Buffer to thebu .. The,data'bus buffer register (DBB) provides, 
temporary storage for commands and data flowing between the UPI 
and a main-system processor, The status register puts ,four signals on 

the data bus that between them 'Inform the main processor of the 
status of the DBB and also establish a handshaking protocol, 

TO a'BIT' { 
MASTER, 

, PROCESSOR 

8041/8741 

DATA BUS 

CONTHOl IlUS 

4. Printer control. Memory in the 87411!!041 allowsihe device to 
buffer as many 'I\s 40 characterS .to be printed, The ,'~aln-system' 
processor can transfer'a bllick of 'daia at this' sp~ed' and then 

continue with,o!her tasks while the UPI'sbl~irection~1 i/o ports 
monitor and control sequential character printing, 
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8243 
INPUT/OUTPUT 

EXPANDER 

KEY80ARO 
MATRIX 

8 ROWS 

rip~O:;RT:;2--:'-:;' P;;;R;;;OG~R;'AM~~~-==:;::::!::=-;PORi 1 
PORT2 

, 8041/8741 

T08'BIT {:::::::::=~:::: MASTER 
PROCESSOR 

N<7 

5. Using the UPI. :t:yplcal applications of the 874,1/8041 include (a) 
a keyboard scanner In which an 8243 input/output expimder is 
added to permit the encoding of as many as 128 keys, (b) a process
control subsystem implemented with an analog multiplexer a~d a 
dlgltaHo-analog converter,' ahd (c) a generalized 'distributed 
processing sy~tem' that employs uP to seven of the devi~es as slave 
process~rs .. conne~ting ,them to a single 8048 microcomputer. 

,I':" .' ',' ,. 
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p~~cessor can therefore' be left to down-load commands 
and transfer data,while the UPI works in realtime. ' 

One application 'might be the ,controlling of a printer 
peripheral, to'~n8080 system, asshown)n Fig. 4. T!II: 
entire i'eal~tiniecontrol, portion of, the task can be 
handled by the peripheral controller. With its built-in 
timer, it easily handles timing functions like character 
spacing, print position, alld line feed. The, UPI. has ample 
1/0 poris for ~ 40-cohmindot-fuatrix printer. ' 

In this printer application, the DBB register allows for 
standardization of data transfer to and from the' 8080-
based' main processing sys~~m. To dothis,one typical 
format mightbe}or the nlain processor'to send a start 
coinmand f9110wed by a full line of 40 A~CII characters. 
The peripheral controller would then store the characters 
under p~ogram control ill a portion of the RAM and' begin, 
'execution of , the printing 'as soon as the print head and 
line' feed were in the proper position. In the meantime" 
the mainp~ocessorreturns to other tasks. The ROM in 
the 804118741 can ,be used to convert the ASCII code to ' 
dot-mairix or other formats. 

In printer applications, standardization, is' the key 
feature offered by the slave peripheral controller. 
Without any changes in the 8080-based,main processing; 
system, the UPI can be programmed to handle any 
printer mechanisms-dot nlatrix, drum, spherical head, 
and so on; In this way, a designer can ,easily upgrade the 
peripherals in his system with a minimum of change in 
the master~processorsoftware: ' 

A keyboard application 

Figure Sa illustrates an application in' which the' new 
chip plus' an 8243 1/0, expander provide a compact 
system for scanning, and encoding as many as 128 keys 
from a terminal keyboard. N-key rollover and debounce 
are implemented by using the on-chip RAM to keep, a 
copy' of the key status after each scan. When a key 
closure is detected, the 8041 uses ~ ROM look-up table to' 
generate th,e appropriate ASCII code for transfer to the 
master processor. As many as 16 characters can be 
stored and transferred in a block to 'the master processor. 

The analog process-control 'subsystem illustrated in' 
Fig. 5b can be inlplemented using an analog multiplexer 
and digital-to-analog converter along with the 8041. I,n 
,this configuration, the peripheral controller 'can m()nitor 
and digitize eight analog inputs, perform linearization 
(using equations or ROM look-up tables), check for limits 
and 'zero offsetS, and receive control information' that 
could determine new limits; . 

Figure 5c illustrates' a generalized distributed
procesSing system using as many as seven 8041s as slave' 
processors connected,to a single 8048 master processor. 
Port 20f the 8,048 provides seven chip-select lines to the 
peripheral controllers plus the command/data cOntrol 
function. This low~cost, low-speed multiprocessor config
uration has 'many advantages over a single high-speed 
processor. The peripheral controllers,aredesignedespe
cially for control or interface applications, and each can 
be programmed to handle a single isolated task. This 
inodular appro~ch allows easy~evelopmentand debug
ging oftlie system., ' , p 
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MICRD PROCESSOR 
COMPUTER DATA STACK 

MICROCOMPUTER INTERFACING: 
CHARACTERISTICS OF '·THE 
8253 PROGRAMMABLE INTERVAL TIMER 

Marvin L. DeJonCJ 
School of the Ozarks 

Jonathan A. Titus and Christopher Titus 
Tychon, Inc 

Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 

'As a preliminary discussion, some characteristics of the 
. Intel 8253 programmable interval timer are presented. 
This extremely versatile input/output chip has various 
potential uses such as a real·time clock, event counter, 
and period counter, in addition to· replacing software· 
implemented'timing 1,,0pS. For example, interval timers 
have been used in a digital cardiotachometer, a data· 
logging timer that employed several phototransistors to 
measure velocities and accelerations, and a program to 
sample nonperiodic waveforms for subsequent display on 
an, oscilloscop'e. 0 

3·7 

The' 8253 is a 24·pin integrated circuit that requires a 
single 5·V supply and contains three independent H>·bit 
interval timers, each ·of' which can be operated in six 
different modes. An interval timer isa ,device for, mea· 
suring the time interval between two actions, or a timer 
that switches electrical circuits on or off for the duration 

°Dr Dejong of the Dept of Mathematics/Physics at the 
School of the Ozarks, Point Lookout, Mo has implemented 
the timers in these simple, but diverse, applications. 

Fig 1 Interface circuit between 8253 program. 
mabie interval timer and 8080/8085mlcrocom
puter; Timer uses four locations of memory In 
this memory-mapped interface circuit . 

COMPUTER DESIGN/FEBRUARy.I978 



TABL~1 
Addreulng tile 8253 Programmable Interval TImer 

Control Inputs Memory Address In 
Demonstration Program 

CS RD WR A1 AO and Interface Circuit 

0 0 0 0 Load counter #0 200000 
0 0 0 1 .' Load cO'unter #:1 ' 200 001 , . '. ., 
0 0 1 0 Load. counter #2 . .200002 
0 0 '1 1 Load control' reg Ister 200 ·003" '.: 

.~ .. ; 0 0 9 '. ~. Read counter ·#0. 200000 
0 0 0 1 Read' counter if 200 001 
0 0 1 0 Read c.ounter #2 200002 
0 0 1 1 1 No operation (3-state) 
1 X X X X Disable chip (3-state) 
0 1 1 X X No .operatlon (3-state) 

Note: X _ don't care (logic 0 or logic 1) 

of the preset lime interval.1 Fig· 1 serves the dual- purpose 
of giving the pin diagram of the 8253 chip, while showing 
how the' chip can be interfaced with an 8080A/8085 

. based microcomputer system using· memory-mapped' in-
put/output. (1/0).2 ,. 

Four internal registers.,-three 'interval timers'arid a con
trol register-that are decoded as memory loc;!.tions 200 000 
through 200 003 with the aid 'of the address bus . signals 
AO, AI, and AI5 .(seeFig land Table 1) are contained 
on ·the 8253 chip. In Table 1, the lID' and Wi control in
puts determine whether a specific register is b.e.ing lo.aded 

3-STATE 
.. BIDIRECTIONAL 

DATA BUS 

"{, ;., 

ClK 

or read .. It is not possible 10 read the contents of the con
trol register, 

Table 2 summarizes the coding for the 8-bit control 
register within the chip .. Bits D7 and D6. determine the 
selection of the interval timer; bits D5 and D4 determine 
.thenature of the. read/write operation associated with 
the chosen timer; bits D3,D2, and.DI, the mode of 
operation· of . the timer; and. bit DO, whethe~. the timer 
counts down: in binary or binary.,coded decimal (BCD), 

Fig 2 provides a block diagram for :a typical counter 
in the chip, 11le microcomputer loads .the~ 16-bit down 

. ,~~:OOL .. {TRIGGER 
GATE tOR RESET 

Flg2 Functional diligt~m of each of .three 
16-blt Interval timers hi 8253 chip. Gate 

: Input acts alternatively' as gate, trigger,. or 
reset Input,.:dellendlng. upon mode chosen REGISTER' 

t', . I--f-..,...,.--OUT 
'1",. 
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counter as two successive bytes, a HI and LO byte, via the 
bidirectional data bus, DO through D7. If the gate line, 
GATE, is active, negative edge transitions at theCLK 
input decrement the counter. When the counter reaches 
zero, OUT becomes active, its actual behavior depending 
upon the mode programmed into the control register for 
the counter (see Table 2). The three 16-bit counters on 
the chip can each be programmed independently in any 
one of the six modes of operation. Counter inputs and 
outputs-CLK, GATE, and OUT-for the chosen counter 
are independent of the CLK, GATE, and OUT 1/0 of the 
remaining two counters on the chip. 

In addition to the address, data, and control bus con
nections shown in Fig I, the CLKO and GATEO inputs to 
counter 0 are respectively connected to the </>2 [transistor
transistor logic (Tl'L)] microcomputer clock output (typi
cally 2 MHz) and to bit 0 of accumulator output port 000. 
Any Tl'L level clock with a frequency of less than 2 MHz 
can be used as input to CLKO, and any suitably debounced 
switch or source of strobe pulses can be used to control 
the timer at GATEO. The output of the counter, OUTO, 
can be connected to an oscilloscope to permit observation 
of each of the six ·timer modes of operation. 

Next month's discussion will focus on the behavior of a 
demonstration program for the 8253 programmable pe
ripheral interface chips, which are further described in 
Refs 3 and 4. This program will illustrate the loading, 
latching, and reading of counter 0 as well as the various 
output modes. 

TABLE 2 

Coding for 8-Blt Control Reglater In 8253 Chip 

Bits Control Function 

07 06 
0 0 Control word Is for counter #0 
0 1 Control word is for counter #1 

0 Control word Is for counter #2 

3-9 

05 04 

0 0 Latch both bytes of chosen counter for 
read operation 

0 Load or read only most significant byte 
(MSB) of chosen counter 

0 Load or read only least significant byte 
(LSB) of chosen counter 

Load or read LSB first, then MSB of 
chosen counter 

03 02 01 

0 0 0 Mode 0: Output = 1 on zero counter 
0 0 Mode 1: Retrlggerable variable-width one-

shot 
X 0 Mode 2: Programmable rate generator 
X Mode 3: Programmable square wave gen-

0 

0 

erator 
0 Mode 4: Delayed strobe 

gered strobe) 
Mode 5: Triggered strobe 

gered strobe) 

DO 

o Count down in binary 
Count down In BCD 

Nol.: X = don'l car. (logic 0 or logic 1) 

References 

(software trig-

(hardware trig-

1. R.F. Graf, Modern Dictionary of Electronics, Howard W. 
Sams & Co, Indianapolis, Ind, .1972, p 298 

2. D. G. Larsen, P. R. Rony, and J. A. Titus, The BugbookB 

VI. BOBOA Microcomputer Programming and Inter/acing, 
E & L Instruments, Inc, Derby, Conn,1977, p 21-1 

3. Intel Data Catalog 1977, Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051, pp 10-159 (Price, $2.50) 

4. A. Osborne, An Introduction to MiCf'ocomputers, Vol II. 
Some Real Products, Osborne and Associates, Berkeley, 
Calif, 1976, pp 4-106 

This article is hased, with pennission, on a column 
appearing in American Laboratory magazine. 
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ORDERING INFORMATION 

Semiconductor components are identified as follows: 

Example: 

M C 5 1 o L 4 

~-----------.------------~I I~-----.r-~~~ 

Four L five characters 
per device type 

Package Type 
B - Hermetic Package, Type B 
C - Hermetic Package, Type C 
D - Hermetic Package, Type D 
M. - Metal Can Package 
P - Plastic Package 
X - Unpackaged Device 

M - Indicates Military Operating 
Temperature Range 

Examples: 

Up to three character 
modifier for power, 
speed, processing, etc. 

P5101L 

C8080A2 

CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 

8080A Microprocessor with 1.5 flS cycle time, hermetic package Type C, commercial 
temperature range. 

MD3604/C 

MC8080A/B 

512 X 8 PROM, hermetic package Type D, military temperature range, MI L-STD-883 Level 
C processing. * 

8080A Microprocessor, hermetic package Type C, military temperature range, M I L-STD-883 
Level B processing. * 

Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of variousoptions. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates MIL-STD-883 Level 
C processing. "S" number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

28-LEAD PLASTIC DUAL IN-LINE 
. PACKAGE TYPE P 

.4O-LEAD PLASTIC. DUAUN-UNE 
PACKAGE TYPE P 

C . ,.24513'.6231~ . 
1.235131.3691 

C· __ ~3PIN~----r 
.545 113.8431 

.- .' . .535113.5891 

--- ~ 
.20015.0801 .160 14.0641 

MAX. ___ =_ .150 13.8101] 

SEATING ~ ~ 
PLANE :Ji'lJ'lrM1 . -----r.015 M.IN. '. 

.126 13.175) I L =.l Il (0.381) 
MIN. r-I . '"l . +I .020 (0.5081' '. 

.o!!l!. 12.7941 .060 TYP .032 TYP .016 (0.4061 
. 090 12.2861 11.5241 10.8131 . 

1.455136.9571 

[---iA45136.7031~ C---3-_.f!N~I_·t 
'. 

~113.8431 
.535 (13.6651 

--- ~ 
.200 (5.0801 .160 14.0641 

MAX. ==== .150 13.8101 1 
"SE"'A"'T!!:IN"'G~-l __ ~---~ 
PLANE TIl'"M -----r.015 MIN. 

.125 (3.1751 r-I L::.i ~ Il (0.3811 

MIN. .110 12.7941 .060 TYP .032 TYP +I:~~~ l~':: 
:ii9O 12.2861 11.5241 (0.8131 . . 

2.055152.1971 

[
--. - 2.iii5(51.9431--->j 

C ---3--"'N.!I----r 

. 0 .545 (1. 3.8431 
.- .535 (13.5891 

'. '. .' I ___ --1. 

.. 200(5.0801 . .175 (4.445)' 

.- MAX. .==== .. fii5 (4.'911] 

SEATING ~~--~ 
PLANE - --·ITiflIJI -----r.015 MIN. 

.125 (3.'751 I L~ I Il (0.3811 
MIN. r-I '"l +I .020 10.5081 

:!.l". (2.7941 .060 TYP .032 TYP ms iOAOs'l 
.090 (2.2861 11.5241 (0.8'31 

.625 

[
. MAX'1 

~omJ "imt, 
10.2541 .- . ' ~ is' 

,"! ." ! 

L .650 j. 
(16.5101 . 

REF . 

.625 

[ 
MAX. 1 

.om-/. "Ft. 
(0.2541 ..... 15' 

! ,! 

L .650 I 
116.5101-J 

REF. 

.625 

[ 
MAX. 1 

. 115.8751-,1'· 

.D10TYP -t t ~g: 
(0.2541 "'"' 15' 

1 ! 
L .650 I 

(16.5101---J 
REF.' 



PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN-LINE PACKAGE TYPE D 
24-LEAD HERMETIC DUAL IN·LlNE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN·LINE 
PACKAGE TYPE D 
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PACKAGE TYPE D 
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NOTES 





3065 Bowers Avenue U.S. AND CANADIAN DISTRIBUTORS 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

ALABAMA 
tHamiiton/Avnet Electronics 
4692 Commercial Drive 
Huntsville 35805 
Tel: (205) 837-7210 
Pioneer 
1207 Putman Drive NW 
Huntsville 35805 
Tel: (205) 837-9300 

ARtZONA 
tHamilton/Avnet Electronics 
2615 South 21st Street 
Phoenix 85034 
Tel: (602) 275-7851 
tLiberty/Arizona 
8155 N. 24th Avenue 
Phoenix 85021 
Tel: (602) 249-2232 
TELEX: 910-951-4282 

CALIFORNIA 
tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel.: (714) 754-6111 
tHamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3355 
tHamiiton/ Avnet Electronics 
8917 Complex Drive 
San Diego 92123 
Tel: (714) 279-2421 
tHamiiton Electro Sales 
10912 W. Washington Boulevard 
Culver City 90230 
Tel: (213) 558-2121 
tLiberty Electronics 
124 Maryland Street 
EI Segundo 90245 
Tel: (213) 322-5059 
TWX: 910-348-7140 
tLiberty/San Diego 
8284 Mercury Court 
San Diego 92111 
Tel: (714) 565-9171 
TELEX: 910-335-1590 
tEl mar Electronics 
2288 Charleston Road 
Mountain View 94040 
Tel: (415) 961-3611 
TELEX: 910-379-6437 
Hamilton/ Avnet Electronics 
17312 Eastman Street 

. Irvine 92714 
Tel: (714) 979-6864 

COLORADO 
tElmar/Denver 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303) 287-9611 
TWX: 910-936-0770 
tHamiiton/Avnet Electronics 
5921 No. Broadway 
Denver 80216 
Tel: (303) 534-1212 

CONNECTICUT 
tCramer/Connecticut 
12 Beaumont Road 
Wallingford 06492 
Tel: (203)265-7741 
tHamilton/ Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 
t8arvey Ele'ctronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 

FLORIDA 
Arrow Electronics 
1001 N.W. 62nd Street 
Suite 402 
Ft. Lauderdale 33309 
Tel: (305) 776-7790 
Arrow Electronics 
115 Palm Bay Road, NW 
Suite 10 
Palm Bay 32905 
Tel: (305) 725-1480 
tHamiiton/ Avnet Electronics 
6800 Northwest 20th Ave. 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
tPioneer 
6220 S. Orange Blossom Trail 
Suite 412 
Orlando 32809 
Tel: (305) 859-3600 
Hamilton/ Avnet 
3197 Tech. Drive N. 
St. Petersburg 33702 
Tel: (813) 576-3930 

GEORGIA 
Arrow Electronics 
3406 Oak Cliff Road 

. Doraville 30340 
Tel: (404) 455-4054 
tHamilton/Avnet Electronics 
6700 I 85, Access Road, #11 
Norcross 30071 
Tel: (404) 448-0800 

ILLINOIS 
tCramer /Chicago 
1911 So. Busse Rd. 
Mt. Prospect 60056 
Tel: (312) 593-8230 
tHamilton/Avnet Electronics 
3901 No. 25th Ave. 
Schiller Park 60176 
Tel: (317) 849-7300 
Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove Village 60006 
Tel: (312) 437-9680 

tNDtANA 
tpioneer/lndiana 
6408 Castle place Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
Sheridan Sales 
8790 Purdue Road 
Indianapolis 46268 
Tel: (317) 297-3146 

KANSAS 
tHamilton/Avnet Electronics 
9219 Quivira Road 
Overland Park 66215 
Tel: (913) 888-8900 

MARYLAND 
tHamilton Avnet 
P.O. Box 647, 
BWI Airport 
7235 Standard Drive 
Hanover 21076 
Tel: (301) 796-5684 
tpioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 

MASSACHUSETTS 
fCramer Electronics Inc. 
85 Wells Avenue 
Newlon 02159 
Tel: (617) 969-7700 

MASSACHUSETTS (continued) 
tHamiiton/ Avnet Electronics 
50 Tower Office Park 
Woburn 01801 
Tel: (617) 273-7500 

MICHIGAN 
tSheridan Sales Co. 
24543 Indoplex Circle 
Farmington Hills 48024 
Tel: (313) 477-3800 
'Pioneer/Michigan 
13485 Stamford 
Livonia 48150 
Tel: (313) 525-1800 
tHamiiton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 

MINNESOTA 
,Industrial Components 
5280 West 74th Street 
Minneapolis 55435 
Tel: (612) 831-2666 
tCramer/Bonn 
5424 Edina Industrial Blvd. 
Edina 55435 
Tel: (612) 835-7811 
tHamilton/ Avnet Electronics 
7449 Cahill Road 
Edina 55435 
Tel: (612) 941-3801 

MISSOURt 
tHamiiton/Avnet Electronics· 
364 Brookes Drive 
Hazelwood 63042 
Tel: (314) 731-1144 
Sheridan Sales 
220 S. Hwy 67, Suite 10 
Florissant 63031 
Tel: (314) 837-5200 

NEW JERSEY 
Arrow Electronics 
Pleasant Valley Avenue' 
Moorestown 08057 
Tel: (215) 928-1800 
Arrow Electronics 
285 Midland Avenue 
Saddlebrook 07662 
Tel: (201) 797-5800 
tHamiiton/Avnet Electronics 
10 Industrial Road 
Fairfield 07006 
Tel: (201) 575-3390 
TWX: 710-994-5787 
tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 227-1262 
tHamilton/Avnet Electronics 
113 Gaither Drive 
East Gate Industrial Park 
Mt. Laurel 08057 
Tel: (609) 234-1233 
TWX: 710-897-1405 

NEW MEXICO 
Alliance Electronics Inc. 
11728 Linn Ave., N.E. 
Albuquerque 87123 
Tel: (505) 292-3360 
tHamiiton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87119 
Tel: (505) 765-1500 

tMicrocomputer System Technical Demonstrator Centers 
'Microcomputer Systems Spares Order Point 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910·338-0026 
TELEX: 34-6372 

ALABAMA 
Intel.Corp. 
3322 S. Parkway, Ste. 71· 
Holiday Office Center .. 
Huntsville 35802 
Tel: (205) 883·2430 
Glen White Associates 
3502 9th Avenue 
Huntsville 35805 
Tel: (205) 883·9394 
tPen-Tech Associates, loc. 
Holiday Office Center. 
3322 S. Memorial Pkwy. 
Huntsville 35801 
Tel: (205) 533·0090 

ARIZONA 
Intel Corp. 
8650 N. 35th Avenue, Suite 101 
Phoenix 85021 
Tel: (602) 242·7205 
jBFA 
4426 North Saddle Bag Trail 
Scottsdale 85251 
Tel: (602) 994·5400 

CALIFORNIA 
Intel Corp. 
7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714) 268·3563 
Intel Corp.· 
1651 East 4th Street 
Suite 105 
Santa Ana 92701 
Tel: (714) 835·9642 
TWX: 910·595·1114 
Intel Corp.· 
15335 Morrison 
Suite 345 
Sherman Oaks 91403 
(213) 986·9510 
TWX: 911).495·2045 
Intel Corp.-
3375 Scolt Blvd. 
Santa Clara 95051 
Tel:.(408) 987·8086 
TWX: 910·339·9279 
TWX: 910-338·0255 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 
San Diego 92111 
Tel: (714) 287-5441 
Mac-I 
2576 Shattuck Ave. 
Suite 4B 
Berkeley 94704 
Tel: (415) 843·7625 
Mac-I , 
P.O. Box 14:1:0 
Cupertino 95014 
Tel: (408) 257·9880 
Mac-I 
P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-I 
20121 Ventura Blvd., Suite 240E 
Woodland Hills 91364 
Tel: (213) 347·5900 

COLORADO 
Intel Corp.· 
6000 East Evans Ave. 
Bldg. 1, Suite 260 . 
Denver 80222 
Tel: (303) 758·8086 
TWX: 910·931-2289 
tWestex 
27972 Meadow Drive 
P.O. Box 1355 
Evergreen 80439 
Tel: (303) 674·5255 

CONNECTICUT 
Intel Corp. 
Peacock Alley 
1 Padanaram Road, Suite 146 
Danbury 06S10 
Tel: (203) 792·8366 
TWX: 710-456-1199 

FLORIDA 
Intel Corp. 
1001 N.W. 62nd Street,. Suite 406 
Ft. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 
5151 Adanson Street, Suite 203 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810·853·9219 
tPen-Tech Associates, Inc. 
201 S.E. 15tl} Terrace, Suite F 
Deerfield Beach 33441 
Tel: (305) 421-4989 

u.s; AND CANADIAN SALES OFFICES 

Wen-Tech Associates, Inc. 
111 So. Maitland Ave., Suite 202 
Maitland 32751 
Tel: (305) 645-3444 

GEORGIA \ 
tPen-Tech Associates, Inc. 
Suite 305 C 
2101 Powers Ferry Road 
At/anta 30339 
Tel: (404) 955-0293 

ILLINOIS 
intel Corp.· 
900 Jorle Boulevard 
Suite 220 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910·651·5881 
tDytek-Central, Inc. 
121 So. Wilke Road 
Suite 304 
Arlington Heights 60005 
Tel: (312) 394-3380 
TWX: 910·887·2287 

INDIANA 
Electro Reps Inc. 
941 E. 86th Street, Suite 101 
Indianapolis 46240 
Tel: (317) 255-4147 
TWX: 810-341-3217 

IOWA 
Technical Representatives, Inc. 
St. Andrews· Building 
1930 SI. Andrews Drive N.E. 
Cedar RapIds 52405 
Tel:. (319) 393·5510 

KANSAS 
Technical Representatives, Inc. 
8245 Nieman Road, Suite #100 . 
Lenexa 66214 
Tel: (913) 888-0212, 3, & 4 
TWX: 910·749-6412 

KENTUCKY 
tLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (806) 269·6329 

MARYLAND 
Intel Corp.· 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796·7500 
TWX: 710-862·1944 
Glen White Associates 
57 W. Timonium Road, Suite 307 
Timonium 21093 
Tel: (301) 252·6360 
tMesa Inc. 
11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 881·8430 

Balto. (301) 792-0021 

MASSACHUSETTS 
Intel Corp.-· 
187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 687·8126 
TWX: 710·343·6333 
tComputer Marketing, Inc. 
257 Crescent Street 
Waltham 02154 
Tel: (817) 894·70.00 

MICHIGAN 
Intel Corp. 
26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel: (313) 353-0920 
TWX: 910-420·1212 
TELEX: 2 31143 
tLowry & Associates, Inc. 
135 W. North Street 
Suite 4 
Brighton 48116 
Tel: (313) 227·7067 

MINNESOTA 
Intel Corp. 
8200 Normandale Avenue 
Suite 422 
Bloomington 55437 
Tel: (612) 835·6722 
TWX: 910-576-2867 
tDytek North 
1821· University Ave. 
Room 163N 
St. Paul 55104 
Tel: (612) 845·5816 

MISSOURI 
Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tel: (314) 731·5200 
TWX: 910·762·0618 

NEW JERSEY 
Intel Corp. 
1 Metroplaza Office Bldg. 
505 Thornall SI. 
Edison 08817 
Tel: (201) 494·5040 
TWX: 710-480·6238 

NEW MEXICO 
BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (50S) 523-0801 
TWX: 910·983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292·1212 
TWX: 910·989·1157 

NEW YORK 
Intel Corp.-
350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (518) 231·3300 
TWX: 510·227·6236 
Intel Corp. 
80 Washington St. 
Poughkeepsie 12601 
Tel: (914) 473·2303 
TWX: 510·248·0060 
Intel Corp. 
474 Thurston Road 
Rochester 14619 
Tel: (716) 328·7340 
TWX: 510·253·3841 
tMeasurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 
Tel: (516) 482·3500 
T-Squared 
4054 Newcourt Avenue 
Syracuse 13206 
Tel: (315) 463·8592 
TWX: 710·541·0554 
tT-Squared 
2 E. Main 
Victor 14564 
Tel: (716) 924·9101 
TELEX: 97·8289 

NORTH CAROLINA 
tPen-Tech ASSOCiates, Inc. 
P.O. Box 5382 
Highpoint 27262 
Tel: (919) 883·9125 
Glen White Associates 
3700 Computer Drive 
Suite 330 
Raleigh 27609 
Tel: (919) 787·7016 

'·OHIO 
Intel Corp.-
8312 North Main Street 
Dayton 45415 
Tel: (513) 890·5350 
TWX: 810-451).2528 
Intel Corp,· 
Chagrin~Brainard Bldg. #201 
28001 Chagrin Blvd. 
Cle'veland 44122 
Tel: (216) 464·2736 
Lowry & Associates, Inc, 
24200 Chagrin Blvd. 
Suite 320 
Cleveland 44122 
Tel: (216) 484·8113 
tLowry & AsSOCiates, Inc. 
1524 Marsetta Drive 
Dayton 45432 
Tel:· (513) 429·9040 
tLowry & Associates, Inc. 
105P Freeway Dr., N. 
Suite 209 
Colu·mbus 43229 
Tel: (814) 436-2051 

OREGON 
ES/Chase Company 
4095 5W 1441h 51. 
Beaverton 97005 
Tel: (503) 641·4111 

PENNSYLVANIA 
Intel Corp. - . 
275 Commerce Dr. 
200 Office Center 
Suite 212 .. 
ForfWash!ngto·n· 19034 
Tel: (215) 542·9444 
TWX: 510·661·2077 
tLowry & ASSOCiates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (412) 922·51·10 
to.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 6.74.9600 

TENNESSEE 
Glen White Associates 
Rt. #12, Norwood SID 
Jonesboro 37659 
Tel: (615) 477·8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (90l) 754·0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842·7799 

TEXAS 
Intel Corp.-
2925 L.B.J. Freeway 
SuIte 175 . 
Dallas 75234 
Tel: (214) 241·9521 
TWX: 911).861).5487 
Intel Corp.-
6776 S.W. Freeway' 
Suite 550 
Houston 77074 
Tel: (713) 784·3400 
Mycrosystems Marketing Inc. 
13777 N: Central Expressway 
SuIte 405 
Dallas 75243 . 
Tel: (214) 238·7157 
TWX: 910·867·4763 
Mycrosystems Marketing Inc. 
6610 Harwln Avenue, Suite 125 
Houston 77036 
Tel: (713) 783·2900 

UTAH 
tWestek 
3788 Brockbank Drive 
Salt Lake. City 84117 
Tel: (801l 278-6920 

VIRGINIA 
Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 384·6920 
Glen White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224·4871 

WASHINGTON 
I ntel Corp; . 
300 120th Avenue N.E. 
Bldg. 2. Suite 202 
Bellevue 98005 
Tel: (206)·453·8086 

. E.S'/Chase Co. 
P.O. Box 80903 
Seattle 98198 
Tel: (206) 762-4824 
TWX: 910-444·2298 

WISCONSiN 
Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel: (414) 747·0789. 

CANADA 
Intel Corp. 
Suite 233, Bell Mews 
39 Highway 7, Bell Corners 
Ottawa, Ontario K2H.8R2 
Tel: (613) 829·9714 
TELEX: 053-4419 
Multllek, Inc. * 
15 Grenfell Crescent 
Ottawa, Ontario K2G OG3 
Tel: (613) 226·2365 
TELEX: 053·4585 

-Field application location 
tThese representatives. do not offer Intel Components, 
only boards and systems. 
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