
8292 
GPIB CONTROLLER 

• Complete IEEE Standard 488 Controller 
Function 

• Interface 'Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization of the Bus 

• Responds to Service Requests (SRQ) 
• Sends Remote Enable (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-controlled chip designed to function 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 8041A. 
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Figure 1. 8291, 8292 Block Diagram 
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intJ 8292 

, Ta'ble1. ,Pin Description 

Pin Pin 
Symbol No. lYpe Name and Function No. lYpe Name and Fllnctlon 
IFCL 1 I IFC Rllcelved (LatChed): The 8292 Vee 5,26,.40 P.S. Voltage: +5V supply input ±100/0. 

monitOrs the IFC Line (whim not 
system controller) through this pin. 

X" X2 2,3 I Crystal Inputs: Inputli for a crystal, 

COUNT' 39 I Event Count: ' When enabled by the 
proper command the internal 
counter will count external events 

LC or an external timing signal to through this pin. High to lowt,ransi" 
determine the internal oscillator tion will increment the internal 
frequency. counter by one. The pin is sampled 

RESET 4 I Reset: Used to inUializethe chip to 
a state during power on. 

CS 6 I Chip Select Input: Used to select 
the 8292 from Other devices on the 

once per three internal instruction 
cycles (7.5I-'Sec sample period 
when using 5 MHz XTAL). It can be 
used for byte counting when con-
nected to NDAC, or for block count-

common data.bus. ing when connected to the EO!. 
RD 8 I Read Enable: Allows the' master REN 38 0 Remote Enable: The Remote En-' 

CPU to read from the 8292. able bus signal selects remote or 
Ao 9 I Address Line: Used to select be-

tween the data bus and the status 
local control of the device on the' 

, bus. A GPIB bus n'illriagement'line, 
I 'register during read operations and as defined by IEEE Std. 488-1978. 

to distinguish between data and 
commands writtl;ln into the 8292 

DAV 37 I/O Data Valid: Used during parallel 
poll to force the 8291 to accept the 

during write operat\ons. parallel poll status bits. It is also 
WR 10 I Write Eneble: Allows the master used durin9 the tos procedure. 

CPU to write the 8292. IBFI 36 0 Input Buffer Not Full: Used to 
SYNC 11 0 Sync: 8041A instfUction cycle syn-

chronization signal; it is an output 
clock with a frequency of XTAL "'" 
15. 

interrupt tne central processor 
while the input buffer of the 8292 is 
empty. This ;feature is enabled and 
disabled by .. the interrupt mask 

Do-Dr 12-19 I/O Data: 8 bidirectional lines used for 
communication between the cen-

register. 
OBFI 35 0 Output Buffer Full: Used as an 

tral processor and the 8292's data 
bus buffers and status reg,ister. 

Vss 7,20 P.S. Ground: Circuit ground potential. 
,SRQ 21 ,I Service Request: One of the IEEE 

interrupt to the central processor 
while the output buffer olthe 8292 is 
full. The feature can be enabled and 
disabled by the interrupt mask 
register. 

control lines. Sampled by the 8292 
when it is controller in charge. If 
true, SPI interrupt to the master will 
be generated. 

E012 34 I/O End Or.ldentlfy: One of the GPIB 
management lines, as, defined by 
IEEE Std. with;ATN 
as Identify Messageduring parallel 

ATNI 22 I 'Attention In:. Used by the 8292 to poll. 
'monitor the GPIB ATN control line. It 
is used during the transfer. control' 
procedure. 

SPI 33 0 Special Interrupt: Used as an iriter-
rupt on events not initiated by the 
central procesSor. 

IFC 23 1/0 Interface Clear: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978, places all de-

in a kriown quiescent state. 

TCI 32 0 Task Complete Interrupt: Interrupt 
to the control processor used to in-
dicate that the task requested was 
completed by the 8292 and the in-, 

SYC 24 I System Conroller: Monitors the formation requested is ready in the 
system controller switch. data bus buffer. 

CLTH 27 0 ClearLetch: UsedtoclearthelFCR CIC, 31 0 .Controller In Charge: Controls the 
latch afte, being recognized by: the 
8292. Usually low (except after I Input of the SRO bus trans-, 

ceiver. 'It can also be used to indi-
hardware it will be pulsed 
high when IFCR is recognized by 

cate that the 8292 is in charge of the 
GPIB bus. 

the 8292. " 

ATNO 29 0 Attention Out: Controls the ATN 
control 'line of the bus through ex-
ternal logic for tcs and tca proce- . 
dures. (ATN is a GPIB controlline, as . 
defined by IEEE Std. 488-1978.) , ... 
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FUNCTIONAL DESCRIPTION 
The 8292 is an Intel 8041A which has been programmed 
as a'GPIB Controller interface element. It is used with 
the 8291 GPIB Talker/Listener and two 8293 GPIB Trans-
ceivers to fotma.lComplete IEEI;;488 Bus Interface for a 
microprocessor. Tile electrical interface Is performed by 
the transceivers, data. transfer Is done by the talkerl 
listener; al'ldcontrolbf the bus is done by. the 8292. 
Figure 3 is a typical'. controller interface using Integs 
GPIB peripherals. 
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Figure 3. Configuration 

Register 

! SYC! ERR ! SRQ ! EV x IFCR IBF OBF 

The. 8292 can be cQnfig.ured to Interrupt the mlcroproo.-
. essor·on·one of severIlJ.condltlons. Upon receipt of the 
Interrupt the. microprocessor must read the 8292 
Interrupt status . register to .. determine which event 
caused the Jpterrupt, aod then the appropriate subrou-
tine can be performed . .The il"!terrupt status register Is 
read with Ao high. With the exception of OBF and IBF, 
these interrupts are enabled or disabled by the SPI 
interrupt mask.OBFand.IBF have their own bits In the 
interrupt mask (OBFI and IBFI). 
OBF Output Buffer Full. Abyte Is waiting to be read by 

the microprocessor. This flag is cleared when the 
output data bus .. buffer is read. 

IBF Input Buffer Full. The byte previously written by 
the microprocessor has not been read yet by the 
8292. If another byte is written to the 8292 before 
this flag clears, data will be lost. IBF Is cleared 
when the 8292 reads the data byte. 

IFeR Interlace Clear Received. The GPIB system 
controller has set IFC. The 8292 has become idle 
and Is no longer in charge of the bus. The flag Is 
cleared when the lACK command is issued. 

EV Event COunter Interrupt. The requested number 
of blocks or data bytes has been transferred. The 
EVinterrupt flag is cleared by the lACK 
command. 

SRQ Service Request. Notifies the 8292 that a service 
request (SRQ) message has been received. It is 
cleared by the lACK command. 

ERR Error occurred. The type of error can be deter-
mined by reading the error status register. This 
interrupt flag is cleared by the JACK command. 

The internal RAM In the 8041A is used as a special SYC System Controller Switch Change. Notifies the 
purpose. register bank for the 8292. Most of these processor that .the state of the system controller 
registers (except for the interrupt flag) can be accessed switch has changed. The actual state is con-
through commands to the Table 2 identifies the tained in the GPIB Status Register. This flag is 
registers used by the 8292 a'nd how they are accessed. cleared by the lACK command. 

Table 2_ 8292 Registers 

READ FROM .8292 . WRITE TO 8292 
INTERRUPT STATUS. AO INTERRUPT MASK AO 

'SYC 
I 

ERR I SRQ 
I 

EV 
I 

·x IIFCR I IBF OBF I 
I 

1 SPI TCI SYC I OBFI 
I 

IBFI 
I 

0 I SRQ I 0 

07 Do 07 Do 
ERROR FLAG ERROR MASK 

I 
X I x I USER I X 

I 
x I TOUT21 TOUTll o· 

I 
0 

I 
0 I USER I 0 I 0 I TOUT31 TOUT21TOUTli 

CONTROLLER STATUS COMMAND FIELD I CSBS I CA X I x I SYeS I IFe REN SRQ I o· I 1 
I 

1 I 1 I OP I C 
I 

C 
I 

C I C 

GPIB (BUS) STATUS EVENT 

REN OAV EOI I X I SYC I IFC I ANTI SRQ I o· I 0 I 0 I 0 I 0 I 0 I 0 I o. I 0 o· 

EVENT COUNTER STATUS TIMEOUT 

I 
0 

I 
0 

I 
0 

I 
0 

I 
0 

I 01 0 
I 

0 
I 

o· 
I 

0 I 0 
I 

',0 I 0 I o I 0 I 0 I 0 I o· 

TIME OUT STATUS 

I 0 I 0 I 0 I D I 0 I 0 I D I 0 I o· Note: These registers are accessed by a special utility command, 
see page 6. 
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Interrupt Mask Register 

I I SPI I TCI I SYC OBFI IBFI SRa 

The Interrupt Mask Register is used to enable features 
and to mask the SPI and TCI interrupts: The flags in the 
Interrupt Status Register will be active even when 
masked out. The Interrupt Mask Register Is written 
when Ao is low and reset by the RINM command. When 
the register is read, D, and D7are undefined. An Inter-
tupt Is enabled by setting the corresponding register bit. 
SRQ Enable interrupts on SRO received. 
IBFI Enable interrupts on input buffer empty. 
OBFI Enable Interrupts on output buffer full. 
SYC Enable interrupts <)0 a change In the system 

controller switch. ' 
TCI Enable interrupts on the task completed. 
SPI Enable Interrupts on special events. 
NOTE: The event counter Is enabled by the GSEC 
command, the error interrupt is enabled by the errOr 
mask register, and IFC cannot be masked (It will always 
cause an interrupt). ' 

Controller Status Register 

ICSBSI CAl x I x ISYCS IFC REN SRa 

The Controller Status Register is used to determine the 
status of the controller function. This is 
accessed by the RCST command. 
SRQ Service Request line active (CSRS). 
REN Sending Remote Enable. 
IFC Sending or receiving interface ,clear. 
SYCS System Controller Switch Status (SACS). 
CA Controller Active (CACS + CAWS + CSWS). 
CSBS Controller Stand-by State (CSBS, CA)= (0,0) -

Controller Idle 

GPIB Bus Status Register 

I REN I DAV I EOI I x svc IFC ATNI I, SRa 
,Do 

This register contains bus status information. It 
can be used by, the microprocessor to monitor and 
manage the bus. The GPIBBus Register can 'be read 
using the RBST command. 
Each of these status bits reflect the current status of 
the corresponding pin on the 8292: 
SRQ Service Request 
ATNI Attention In 
IFC Interface Clear 
SYC System Controller Switch 
EOI EndorldEmtify , 
DAY Data Valid 
REN Remote Enable 

Event Counter Register 

The Event Counter Register contains the initial value for 
the event counter. The counter can count pulses on pin 
39 <if the 8292 (COUNT). It can be connected to EOI or 
NDAC to count blocks or bytes respectively during 
standby state. A count of zero equals 256. This register 
cannot be read, an,d, Is written using the WEVC 
command. 

Event Counter Status Register 

This register contains the current value!n' the event 
counter. The event counter counts back from the initial 
value stored In the Event Counter Register to zero and 
then generates an Event Counter Interrupt. This register 
cannot be written and can be read' using a REVC 
command. 
Time Out Register 

TheTlme Out Register is used to storEi thelirnEiused for 
the time out error function. See the Individual tlmeouts 
(T9UT1, 2, to determine the units of, this counter. This 
Time Out Register cannot be read, apd, it is written with 
the WTOUT command. 
Time Oui Status Register 

This register contains the current ,ri' the time out 
counter. The time out counter decreinE!nls' from the 
original value stored In, the Time Out Register. When 
zero is reached, the appropriate error interrupt is gen-
erated. If the register is read while none of the time out 
functions a're active, the register will contain the last 
value reached the last time a function was active. The 
Time Out Status Register cannot be written, and it Is 
read with the RTOUT command. ' 

Error Flag Register 

I x I x I USER I x I x I TOUT3 I TOUT2 ItOUT1 

Do 

Four errors are flagged by the 8292 with a bit i,n the Error 
Flag Register. Each of thelie erro(S'CanbEimasked' by 
the Error Mask Reglster •• TheError i=lag;Register cannot 
be written, and It is read by the lACK commandwher. the 
error flag in the Interrupt;Status J,s set.,' 
TOUT1' Time Out Error'1 Occurs wherl,the current con-

troller has not stopped sending ATN after 
receivl ng the TGT message for the time period 
specified by the Time Out Register. Each count 
in the Time Out 'Register is at least 1800 tCY' 
After flagging the error, the,8292 will remain in a 
loop trying to take, c,ontrol until, the current 
controller stops sending ATN OJ a neW com-
mand.is written I;ly th,e microproCessor_ If a new 
command is written, the 8292 will return to the 
loop after executing It. 
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TOUT2 Time Out Error 2 occurs when the transmission 
between tlie addressed talker and listener has 
not started for the time period specified by the 

. TimeOut Register. Each count In the Time Out 
Register is at least 45 tCY' This feature is only 
enabled when the. controller is In the CSBS 
state.· .' 

TOUT3' Time OIJt'Error3 occurs when the handshake 
signals are stuck and the Is not succeed· 
ing in taking control synchronously for the time 
period specifiedQY Register.,Each 
count In the Time Out Register is at least 1800 
tcV.The 8292 will continue checking ATNI until 
It Qecomes true or a new command. is received. 
After performing the new command, .the 8292 
will return to the ATNI checking loop. 

USER User error occurs when request to assert IFC or 
REN. was received and the 8292 was not the 
system controller. 

E.rror ,,!ask Register 

o 0·1 USER o I TOUT31 TOUT21 TOUT, I 
0-; 

The Error Mask Register Is used to mask the interrupt 
from a particular type Of error. Each type ·of error inter· 
rupt Is enabled by setting the corresponding bit in the 
Error Mask Reglster.Thls register can be read. with the 
RERM command and written with Ao low. 

Command Register 

I ' y c c c c 

Qommand's. are perfOrrTledbY the 8292 whenever a byte 
is written with Ao high. There are two categories of 
commands disting,ulshed by the OPbit (bit 4). The .first 
category Is the operation command (OP = 1). These 
commands Initiate some action on the interface bus. 
The second category is the utility cC!lmmands (OP = 0). 
These commands are .used to ald' the communication 
between the processor and the 8292. 

OPERATION COMMANDS 
Operation 'commands Initiate some action on the GPIB 
Interface bus. It Is using these commands that the 
controlfu'nctions such as polling, taking and passing 
control, and system controller functions are performed. 
A TCI interrupt Is generated upon successful comple-
tion of each of these functions. 

FO - SPCNI. """" Stop COU.nter Interrupts 
This command disables the internal counter interrupt so 
ihat the 8292 will stop interrupting the master on event 
counter underflows. However, the counter will continue 
counting and its contentscanstiO be used. 

F1 - GIDL - Go To Idle 
This command is used. during the transfer of control 
procedure while transferring control to anC!lther con-
troller. The 8292 will respond to this command only if It 
Is In the active state. ATNO wilJgohigh, and CIC will be 
high so that this 8292 will no longer be driving the ATN 
line on the GPIB interface bus. 

F2 - RST - Reset 
This command has the same effect as asserting tlie 
external reset on the 8292. For details, refer to the reset 
procedure described . later. 

F3 - RSTI - Reset Interrupts 
This command resets any pending interrupts and clears 
the error flags. The 8292 will not returrito any loop It was 
in (such as from the time out Interrupts). 

F4 - GSEC - Go To Standby, Enable Counting 
The function causes ATNO to go high and the counter 
will be enabled . .lf the 8292 was not the active controller, 
this command will exit immediately .. If the 8292 is the 
active controller, the counter will be loaded with the 
value stored in the Event Counter Register, and the 
internal interrupt will be enabled so that when the 
counter reaches zero, the SPI interrupt will. be gener· 
ated. SPI will be generated every 256 counts thereafter 
until the controller exits the standby state or the SPCNI 
command is written. An initial count of 256 (zero in the 
Event Counter Register) will be used if the WEVC 
command is not executed. If the data transmission does 
not start, a TOUT2 error will be generated. 

F5 - EXPP - Execute Parallel Poll 
This.command initiates a parallel poll by asserting ATN 
and EOI (lOY message) true. The 8291 should be 
previously configured as a listener. Upon detection of 
OAV true, the 8291 enters ACOS and latches the parallel 
poll response (PPR) byte into its data ill register. The 
master will be interrupted by the 8291 BI interrupt when 
the PPR byte Is available. No interrupts except the IBFI 
will be generated by the 6292. The 8292 will respond to 
this .command only when It is the active'controller. 

F6 - GTSB - Go To Standby 
If the 8292 is the active controller, ATNO will go high 
then TCI will be generated. If the data transmission does 
not start, a TOUT2errorwili .be generated. 

F7 - SLOC - Set Local Mode 
If the 8292 is the system controller; then REN will be 
asserted false for at least 1oo,..sec. If it is not the 
system controller, the User Error. bit will .be set in the 
Error Flag Register. 

FS- SREM - Set Interface To Remote Control 
This command will set REN true If this 8292 is the 
system controller. If not, the User Error bit will be set In 
the Error Flag Register. 
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F9 - ABORT - Abort All Operation, Clear Interface 
This command will cause IFC to be asserted true for at 
least 100,.sec if this 8292 is the system controller. If it is 
in CIOS, it will take control over the bus (see the TCNTR 
command). 

FA - TCNTR - Take Control 
The transfer 6f control procedure is coordinated by the 
master with the 8291 and 8292. When the master 
receives a TCT message from the 8291, it should issue 
the TCNTR command to the 8292. The following events 
occur to take control: 
1. The 8292 checks to see if it is in CIOS, and if not, it 

exits. 
2. Then ATNI is checked until it becomes high. If the 

current controller does not release ATN for the time 
specified by the Time Out Register, then a TOUT1 
error is generated. The 8292 will return to this loop 
after an error or any command except the RST and 
RSTI commands. 

3. After the current controller releases ATN, the 8292 
will assert ATNO and CIC low. 

4. Finally, the TCI interrupt is generated to inform the 
master that it is in control of the bus. 

FC - TCASY - Take Control Asynchronously 
TCAS transfers the 8292 from CSBS to CACS indepen-
dent of the handshake lines. If a bus hangup is detected 
(by an error flag), this command will force the 8292 to 
take control (asserting ATN) even if the AH function is 
not in ANRS (Acceptor Not Ready State). This command 
should be used very carefully since it may cause the 
loss of a data byte. Normally, control should be taken 
synchronously. After checking the controller function 
for being in the CSBS (else it will exit immediately), 
ATNO will go low, and a TCI interrupt will be generated. 

FD - TCSY - Take Control Synchronously 
There are two different procedures used to transfer the 
8292 from CSBS to CACS depending on the state of the 
8291 in the system. If the 8291 is in "continuous AH 
cycling" mode (Aux. Reg. AO=A1=1), then the 
following procedure should be followed: 
1. The master microprocessor stops the continuous AH 

cycling mode in the 8291; 
2. The master reads the 8291 Interrupt Status 1 

Register; 
3. If the END bit is set, the master sends the TCSY 

command to the 8292; 
4. If the END bit was not set, the master reads the 8291 

Data In Register and then waits for another BI 
interrupt from the 8291. When it occurs, the master 
sends the 8292 the TCSY command. 

If the 8291 is not in AH cycling mode, 'then the master 
just waits fora BI interrupt and, then sends the TCSY 
command. After the TCSY command has been issued, 
the 8292 checks for CSBS. If CSBS, then .it exits the 
routine. Otherwise, it then checks the DAV bit in the 
GPIB status. When DAV becomes false, the 8292 will 

wait for at least 1.5 ,.sec. (110) and then ATNO will go 
low. If DAV does not go low, a TOUT3 error will be 
generated. 

FE - STCNI - Start Counter Interrupts 
This command enables the internal counter interrupt. 
The counter is enabled by the GSEC command. 

UTILITY COMMANDS 
All these commands are either Read or Write to regis-
ters in the 8292. Upon completion of Read commands, 
the TCI (Task Completed Interrupt) will be generated. 
Note that writing to the Error Mask Register and the 
Interrupt Mask Register are done directly. 

E1 - WTOUT - Write To Time Out Register 
The byte written to the data bus buffer (with Ao= 0) 
following this command will determine the time used 
for the time out function. Since this function is imple-
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable by the 
Error Mask Register. No interrupts except for the IBFI 
will be generated upon completion. 

E2 - WEVC - Write To Event Counter 
The byte written to the data bus buffer (with Ao= 0) 
following this command will be loaded into the Event 
Counter Register and the Event Counter Status for byte 
counting or EOI counting. Only IBFI will indicate 
completion of this command. 

E3 - REVC - Read Event Counter Status 
This command transfers the contents .of the Event 
Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 

E4 - RERF - Read Error Flag Register 
This command transfers the contents of the Error Flag 
Register into the data bus buffer. A TCI is generated 
when the data is available. 

E5 - RINM - Read Interrupt Mask Register 
This command transfers the contents of the Interrupt 
Mask Register into the data bus buffer. This register is 
available to the processor so that it does not need to 
store this information elsewhere. A TCI is generated 
when the data is available in the data bus buffer. 

E6 -:- RCST - Read Controller Status Register 
This command transfers the contents of the Controller 
Status Register Into the data bus buffer and aTClll'lter-
rupt is. generated. 

E7 - RBST - Read GPIB Bus Sta.tus Register 
This command transfers the contents of the GPIB Bus 
Status Register into the data bus buffer, and a TCI 
interrupt is generated when the data is available. 
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E9..-; RlOUT "';;"Read Time Out Status Register 
This command transfers the contents cif the Time Out 
Status Register into the data bus buffer, and a TCI 
interrupt Is generated when the data Is available. 

EA ..;.; RERM --Read Error .Mask Register 
This command transfers the contents of the Error Mask 
Register to the data bus buffer so that the processor 
does not need to store this information elsewhere. A TCI 
interrupt is generated when the data Is available. 

Interrupt Acknowledge 

I fiVC ERR SRQ EV, IFCR 

Each named bit in an Interrupt Acknowledge (lACK) 
corresponds to a flag in the Interrupt Status Register. 
When the 8292 receives this command, It will clear the 
SPI and the, corresponding bits in the Interrupt Status 
Register . .If not all the bits were cleared; ,then the SPI will 
be set true again. If the error flag is not acknowledged 
by the lACK command, then the Error Flag Register will 
be transferred to the data bus buffer, and a TCI will be 
generated. 
NOTE: XXXX1X11 is an undefined operation or utility 
command, so no conflict exists' between the lACK 
operation and utility commands;. 

SYSTEM OPERATION' 
8292 To Master Processor Interface 
Communication betWeen the 8292 and the Master 
Processor can be either interrupt based communication 
or based upon polling the interrupt status register in 
predetermined Intervals. 

Interrupt Based Communication 
Four different interrupts are available from the 8292: 
OBFI Output Buffer Full Interrupt 
IBFI Input Buffer Not Full Interrupt 
TCI Task Completed Interrupt 
SPI Special Interrupt 
Each of the Interrupts is enabled'or disabled by a bit in 
the Interrupt mask register. Since OBFI and IBFI are 
directly connected to the OBF and IBF flags, the master 
can write a new command to the Input data bus buffer 
as soon as the previous command has been read. 
The TCI interrupt is when the master Is sending 
cOmmands to the 8292. The pending TCI will be cleared 
with each new command written to the 8292. Commands 
sent to the 8292 can be divided into two maJor,groups: 
1. Commands that require response back from the 8292 

to the master,e:g., reading register. 
:\!; Commands that initiate some action or enable 

, features but do not require response back'from the 
8292, e;g., enable data bus buffer Interrupts. 

With the first group, theTCilnterrupt will be used to 
indicate that the required response Is ready In the data 
bus,bufter and the master may ,continue and'read,lt. 
With the second QroUP, the interrupt will be used to 
indicate completion of the required task, sot!1at the 
master may send new commands. 
The SPI should be used when immediate information or 
special events is required (see, the Interrupt Status 
Register). 

('Polling Status" Based Communication 
When interrupt based communication Is not desired, all 
interrupts can be masked by the interrupt mask register. 
The communication with the 8292 is based, upon 
sequential poll of the interrupt status register. By 
testing the OBF and IBF flags, the data bus buffer 
status is determined while special, events are deter-
mined by testing the other bits. 

Receiving IFC 
The IFC pulse defined by the IEEE-488 standard is at 
least 100 IAsec. In this time, all operation on the bus 
should be aborted. Most important, the current control-
ler (the one that is in charge at that time) should ,stop 
sending ATN or EOI. Thus, IFC must externally gate CIC 
(controller in charge) and ATNO to ensure that this 
occurs. 

Reset and Power Up Procedure 
After the 8292 has been reset either by the external res,et 
pin, the device being powered on, or a ,RST command, 
the following sequential events will take place: 
1. All outputs to the GPIB interface will go high (SR'O", 

ATNI, T'FC, SYC, CLTH, ATNO, CIC, TCI, SPI, ro, 
OBFI, TEI'FT, DAV, REV). 

2. The four interrupt outputs (TCI, SPI, OBFI, IBFI) and 
CLTH output will go low. 

3. The following registers will be cleared: 
Interrupt Status 
I nterrupt Mask 
Error Flag 
Error Mask 
Time Out 
Event Counter (= 256), Counter is disabled. 

4. If the 8292 is the system controller, an ABORT 
command will be executed, the 8292 will become the 
controller in charge, and it will enter the CACS state. 
If it is not the system controller, it will remain In 
CIOS. 

System Configuration 
The 8291 and 8292 must be interfaced to an IEEE-488 
bus meeting a variety of specifications including drive 
capability and loading characteristics. To Interface the 
8291 and the 8292 without the 8293's, several, external 
gates are required, using a configuration similar to that 
used in Figure 5. 
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GPIB 
TRANSCEIVERS 

30 EOI 

PROCESSOR BUS 
INTERRUPT WR RD RST CLK ADD DATA DMA 

l-
t-
l-

I-- r-
>-- r-

l-
I--
I-
I--

I t 
1----1 .. 1 RSo 
1----1 .. 1 RS, 

1----1 .. 1 RS, 

1----iiNT 

Cs 

I 
I 

NOTE 2 (J 3b ATN 

3c NDAC 

3d NRFD 

r--t---+--iL. 20 ATN 

l-
I-

'-----.II DATA r . 
01--------<.-1 Ao 

oI----------ICS 

CLTH 

'-----+ .. -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ -.:-.:-_ -_ • . !-,S:;.P.;..I _-' 

NOTES: 
1. CONNECT TO NDAC FOR 

BYTE COUNT OR TO EOI 
FOR BLOCK COUNT. 

;------ix, a T 

i 
x, 

;------iEA 

8292 

SYC 

T, ... ;CO=U:;.N:.:T------' 

-

2. GATE ENSURES OPEN; 
COLLECTOR OPERATION 
DURING PARALLEL POLL. 

T'--_-ISs 
Tol • ..::IF"'C"'L---------------' 

1.-_---' 
SYSTEM ON 

4.7K 

CONTROLLER ....... -0--"----' 
SWITCH 

Figure ·4; 8291' and 8292 System Configuration 

1d EOI 

18 IFe 

=W; 
1c SRQ 
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TO 
MICROPROCESSOR 

GPI 
- -TRIG'GE 

S 
R 
T 

TO MICROPROCESSOR 

15 
16 
17 
18 
19 
21 
22 
23 

9 
10 
4 
6 
7 
8 
3 

11 

5 

I' 

...!l. 
L...1! 

-----1!. 
18 
17 
18 
19 
9 
8, 

IO 

DO 
Ot 
02 
03 
04 
05 
06 
07 
RSO 8291 

RSI 
RS2 
iiii 
WR 
RESET 
OREO 
DAcK 
Cs 
'CLOCK 
INT 

TRIG 

DO 
01 
02 
03 
04 
05 
D6 
07 
1.0 82,92_ 

iiii 
Wi! ..... 4 RESETll .... 

TO 
MICROPROCESSOR 

OSCILLATO 
OUTPU 

I 
R 
T 

6 
32 
33 
3S 
38 
11 

vcc--2. 

CJ 

cs 
TCI 
SPI 
OSFI 
iBFi 
SYNC 
SS 
X,I 

..:::;=- 1 -X,1 

15-25 pF ± EA 

• =.GPIS SUS TRANSCEIVER 
I=SEE 8041A DATA SHEET FOR ALTERNATE 

,CRYSTAL CONFIGURATIONS 
11 = CAN CONNECT TO SYSTEM RESET SWITCH, 

SEE 8041A DATA SHEET 

8292 , <. 

, 
0101 

28 25 0101 

0102 
29 23 

0102 

0103 
30 10 

0103 

0104 
31 9 0104 
32 8 

0105 01'15 

0106 
33 ,7 

0106 

Dl07 
34 6 0107 

0108 
35 5 0108 

Tlii1 
1 1 

TIRI 

OAV 
36 24 OAV 
39 

EOI 
3 EOI 

ATN 
26 4 

ATN 

SRO 
27 

IFC 
24 

NOAC 
38 

NRFO 37 

TIR2 2 
ATNO 

REN t- ,2 IFCL 

,', 

OAV rE. t-r-!. TIRI 
4 ATN 

10 
NOAC 

9 iiIl'iiii 
2 TIR2 

SRO 
21 8 SRci 

REN 
38 6 REN 

IFC 
23 5 IFe 

'ATNli 29 23 
ATNO 

COUNT 
39 3 -EOI 

EOl2 
34 7 EOl2 

ATNI 
22 11 

ATNI 

1 
IFCL 

25 
IFCL 

CIC 31 -24 
CIC 

CLTH 
27 21 

CLTH 
24 22 SYC SYC UC ON SYSTEM 

CONTROLLER 
,SWITCH 

Figure 5. 8291,8292, and 8293 System Configuration 
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0101· 

0102· 

0103· 

0104· 

0105· 

0108· 

0107· 
8293 

0108· 

DAV· 

OPTA 

OPTS 
MODE 3 _ 

NOAC 

NRFO 

SRO· 

REN· 
8293 IFe· 

ATN· 

EOI· 

OPTA 
OPTS 

MODE 2 

t-l!-
r!!-
tE-
rJ!--
rJ!-
r!!-
r!!-
r!!-

fl!-v 

r!!-

r!!-
r!!-
r!!-
r!!-

TO 
IEEE-488 
BUS 

cc 
cc 

TO 
IEEE-488 
SUS 

fl!-vs 
cc 
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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 ......................... 1.5 Watt 

'NOTICE: 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'affeci. device 
reliability. 

D.C. CHARACTERISTICS (TA = O"C t9 70"C, Vss = OV: 8292, Vee = ±5V ±10%) 

Symbol Parameter Min. Max. Unit 

Vill Input Low Voltage (All Except Xl, X2, RESEn -0.5 0.8 V 

VIL2 Input LoW Voltage (Xl, X2, RESEn -0.5 0.6 V 

VIHl Input High Voltage (All Except Xl, X2, RESEn 2.2 Vee V 

VIH2 Input High Voltage (Xl, X2, RESEn 3.8 Vee V 
VOll Output Low Voltage (00-07) 0.45 V 

VOL2 Output Low Voltage (All Other Outputs) 0.45 V 

VOHl Output High Voltage (00-07) 2.4 V 

VOH2 Output High V61tage (All Other Outputs) 2.4 V 

III Input Leakage Current (COUNT, IFCL, RD, WR, CS, AciJ ±10 ... 

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

Ii..ll Low Input Load Current (Pins 21-24, 27-38) 0.5 ' 

Ill2 Low Input Load Current (RESEn 0.2 

lee Total Supply Current 125 
IIH Input High Leakage Current (Pins 21-24, 27-38) 100 

CIN Input Capacitance 10 

CliO 1/0 Capacitance 20 

A.C. CHARACTERISliCS (TA = O·C to 70"C, Vss = OV: 8292, Vee = +5V ±10%) 

DBBREAD 
Symbol Parameter Min. Max. 

tAR CS, Ao Setup to RD. 0 

tRA CS, Ao Hold After ROt 0 

tRR RD Pulse Width 250 

tAD CS, Ao to Data Out Delay 225 

tRO RD. to Data Out Delay. 225 

tOF ROt to Data Float Delay 100 

tey Cycle Time 2.5 15 

DBBWRITE 
Symbol Parameter Min. Max. 

tAW CS, Ao Setup to WR. 0 

tWA CS, Ao Hold After WRt 0 

tww WR Pulse Width 250 

tow Data Setup to WRt 150 

two Data Hold After WR. 0 

1·289 

mA 
mA 
mA 
/LA 
pF 
pF 

Unit 

ns 
ns 
ns 

ns 
ns 
ns 

"'S 

Unit 
ns 
ns 
ns 
ns 
ns 

Test Conditions 

IOl=2.0 rnA 
IOl=1.6 mA 
IOH= -400 ",A 

Vss" VIN" Vee 
Vss + 0.45" VIN" Vee 
Vll=0.8V 
Vll = 0.8V 
Typical = 65 mA 

"'N= Vee 

Test Conditions . 

Cl = 150 pF 
Cl=150pF 

Test Conditions 
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8292 
[13] COMMAND TIMINGS' :::i, ,. 

Execution 
Code ·Name TI!!IiI'i IBFIt TCP! SPI ' A'I'Nl5 "tC iJiC' RION EOi DAY C9m.men" 
El WTOUT '24 '. 
E2 WEVC:' 63 '" 24 
E3 REVC 7f '. 24 51 
E4 RERF, 67 24 47, 
E5 RINM 69 24 49 
E6 ReST 97 24 '77 
E7 RBST : 92 24 72 
E6 , 
E9 RTOUT 69 24 49 .. 
EA RERM 69 24 ,49 
FO sPot·jf " 53 24 Count Stops After 39 
Fl . GIOL 66 24 .. 7q· 161 161 
F2 RST 94 24 152" , Not System Controller 
F2 RST 214 24 192 152 1179· 1174 1101 System Controller 
F3 RSTI 61 24" .' 
F4 GSEC 125 24 107 198 

, 

F5 EXPP 75 24 153 155 
159 157 

F6 GTSB 118 24 100 191 
F7 SLOC 73 24 55 146 
F8 SREM 91 '24 73 164 
F9 ABORT 155 24 133 1120 m5 142 
FA TCNTR 108 24 66 171 168 
FC TCAS 92 24 67 155 
FD TCSY 115 24 91 160 ' 
FE STCNI 59 24 Starts Count After 43 
PIN RESET 29 - 17 17 Not System Controller 
X IACtS. 116 - 173 

198 '. If Interrupt Pending 
Notas: 
1. All times are multlples'of tCY from the 8041 A command Interrupt. 
2. TCI clears after 7 tCY on all commands. 
3. I Indicates a leveltransilion from low to high, I Indicates a high to low transition. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 -Y2,O 2,0V-> TEST POINTS < 
0,45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC":1" AND 0.45V FOR 
A LOGIC '0.' TIMING MEASUREMENTS ARE MADE AT 2,QV FOR LOGIC '" 
AND 0.8V FOR A LOGIC '0.' ' 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

.. 

CL INCLUDES JIG CAPACITANCE 
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CLOCK DRIVER CIRCUITS 

CRYSTAL OSCILLATOR MODE 

r-----, 
I 1·6 mHz 

< 15 pF I 
(INCLUDES XTAL,...L = 
SOCKET, STRAY) T 

3 

15-25 pF 
(INCLUDES SOCKET, I 

STRAY) -=-

XTAl1 

XTAL2 

CRYSTAL SERIES RESISTANCE SHOULD BE 
<75Q AT 6 MHz; <180Q AT 3.6 MHz. 

LC OSCILLATOR MODE 
-.£.. 

45 flH 20 pF 
120 ... H 20pF :i.2MHz 2 

riC L 
-=- C 

DRIVING FROM EXTERNAL SOURCE 

XTAl1 

+5V 

470Q 

1<>---+------"-l XTAL1 
+ 5V 

470Q 

XTAL2 

BOTH XTAL1 AND XTAL2 SHOULD BE· DRIVEN. 
RESISTORS TO VCC ARE NEEDEDIO ENSURE VIH = 3.8V 
IF TTL CIRCUITRY IS USED. 

I 
f;::: 2rn/1C' 

2 

5.2MHtIj 

3 XTAl2 
Cpp ::: 5 -10 pF PIN-TO-PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATElY 20 pF. INCLUDING STRAY CAPACITANCE. 

WAVEFORMS 

READ OPERATION-DATA BUS BUFFER REGISTER 

CS OR Ao 
(SYSTEM'S 

ADDRESS BUS) 

iiii 
(READ CONTROL) 

=:) 
-tAR-

---- ... 
\ 

K 
-- IRA--

} I 
"\ 

_tRD_ -tOF-

-IAD_ 

DATA BUS _________ i ... ---DA-T-A-VA-U-D------!>--------__ 
(OUTPUT) 

WRITE OPERATION - DATA BUS BUFFER REGISTER 

CsORA0=i f (SYSTEM'S ADDRESS BUS) _________________ _________ __ 

- .. WR 
(WRITE CONTROL) 

DATA BUS DATA \i DATA VALID V DATA 
(INPUT) ___ ",;M",;A,;,;Y_C;,;H,;;,A",;N",;G",;E ___ ....J/'!1o-_______ ____ _ 
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APPENDIX mabie Instrumentation, IEEE Std. 488·1978. This docu; 

The following tables and state diagrams were taken 
from the IEEE Standard Digital Interface for Program· 

ment is the official standard for the GPIB bus and can be 
purchased from IEEE, 345 East 47th St.I New York, NY 
10017. . . 

(WITHIN I<) 

Messages 

pon = power on 
rsc = request system control 
rpp = request parallel poll 
gts = go to standby 
tca = take control asynchronously 
tcs = take control synchronously 
sic = send interface clear 
sre = send remote enable 
IFC = interface clear 
A TN = attention 
TCT = take control 

• T10 > 1.5 joIsec 
t THE·MICROPROCESSOR MUST WAIT FOR THE ao 

INTERRUPT BEFORE WRITING THE GTSB OR GSEe 
CO.MMANDS TO ENSURE THAT 
IS TRUE. 

C MNEMONICS 

CIDS 
CADS 
CTRS 
CACS 
CPWS 
CPPS 
CSBS 
CSHS 
CAWS 
CSWS 
CSRS 
CSNS 
SNAS 
SACS 
SRIS 
SRNS 
SRAS 
SIIS 
SINS 
SIAS 
(ACDS) 
(ANRS) 

I nterface States 

= controller id Ie state 
= controller addressed state 
= controller transfer state 
= controller active state 
= controller parallel poll wait state 
= controller parallel poll state 
= controller standby state 
= controller standby hold state 
= controller active wait state 
= controller synchronous wait state 
= controller service requested state 
= controller service not requested state 
= system control not active state 
= system control active state 
= system control remote enable idle state 
= system control remote enable not active state 
= system control remote enable active state 
= system control interface clear idle state 
= system control interface clear not active state 
= system control interface clear active state 
= accept data state (AH function) 
= acceptor not ready state (AH function) 

(SDYS) = source delay state (SH function) 
(STRS) = source transfer state (SH function) 
(TADS) = talker addressed state (T function) 

SRO 

Q 

FlgureA.1. C State. Diagram 

1·292 

roc 

._ 0 SACS 
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REMOTE MESSAGE CODING 

Bus Signal Llne(s) and Coding That 
Asserts the True Value of the Message 

e 
T L 0 0 NN 
Y A I I DRO A E SIR 
P S 0 0 AFA TOR F E 

Mnemonic Message Name E S 8 7 6 5 432 1 VDe N I Q e N 
ACG Addressed Command Group M AC Y 0 0 0 X X X X XXX X X X X 
ATN Attention U UC XXXXXXXX XXX 1 X X X X 
DAB Data Byte (Notes 1, 9) M DD D D D D D D D D XXX OXXXX 

8 7 6 5 4 3 2 1 
DAC Data Accepted U HS XXXXXXXX XXO X X X X X 
DAV Data Valid U HS XXXXXXXX 1XX X X X X X 
DCL Device Clear M UC Y 0 0 1 0 1 0 0 XXX 1 X X X X 
END End U ST XXXXXXXX XXX 0.1 X X X 
EOS End of Stri ng (Notes 2, 9) M DD E E E E E E E E XXX o X X X X 

8 7 6 5 4 3 2 1 
GET Group Execute Trigger M AC Y 0 0 0 1 000 XXX 1 X X X X 
GTL Go to Local M AC Y 0 0 0 0 0 0 1 XXX 1 X X X X 
IDY Identify U UC XXXXXXXX XXX X 1 X X X 
IFC Interface Clear U UC XXXXXXXX XXX X X X 1 X 
LAG Listen Address Group M AD Y 0 1 X X X X X XXX 1 X X X X 
LLO Local Lock Out M UC Y 0 0 1 000 1 XXX 1 X X X X 
MLA My Listen Address (Note 3) M AD Y 0 1 L L L L L XXX 1 X X X X 

5 4 3 2 1 
MTA My, Talk Address (Note 4) M AD Y OTT TT T XXX X XX X 

54321 
MSA My Secondary Address (Note 5) M SE Y S S S S S XXX X X XX 

54321 
NUL Null Byte M DD 0 0 o 0 0 0 0 0 XXX X X X X X 
OSA Other Secondary Address M SE (OSA = SCG A MSA) 
OTA Other Talk Address M AD (OTA = TAG A MTA) 
PCG Primary Command Group M (PCG = ACG v UCG v LAG v TAG) 
PPC Parallel Poll Configure M AC Y o 0 0 0 1 0 1 XXX 1 X X X X 
PPE Parallel Poll Enable (Note 6) M SE Y 1 1 0 S P P P XXX 1 X X X X 

321 
PPD Parallel Poll Disable (Note 7) M SE Y 1 D D D D XXX X X X X 

432 1 
PPR1 Parallel Poll Response 1 U ST X X X X X X X 1 XXX X X X 
PPR2 Parallel Poll Response 2 U ST XXXXXX1X XXX X X X 
PPR3 Parallel Poll Response 3 U ST X X X X X 1 X X XXX X X X 
PPR4 Parallel Poll Response 4 (Note 10) U ST X X X X 1 X X X XXX X X X 
PPR5 Parallel Poll Response 5 U ST X X X 1 X X X X XXX X X X 
PPR6 Parallel Poll Response 6 U ST X X 1 X X X X X XXX X X X 
PPR7 Parallel Poll Response 7 U ST X 1 X X X X X X XXX X X X 
PPR8 Parallel Poll Response 8 U ST 1 X X X X X X X XXX 1 X X X 
PPU Parallel Poll Unconfigure M UC Y 0 0 1 0 1 0 1 XXX 1 X X X X 
REN Remote Enable U UC XXXXXXXX XXX X X X X 1 
RFD Ready for Data U HS XXXXXXXX XOX X X X X X 
ROS Request Service (Note 9) U ST X 1 X X X X X X XXX o X X X X 
SCG Secondary Command Group M SE Y11XXXXX XXX 1 X X X X 
SDC Selected Device Clear M AC Y 0 0 0 0 1 0 0 XXX 1 X X X X 
SPD Serial Poll Disable M UC Y 0 0 1 1 001 XXX 1 X X X X 
SPE Serial Poll Enable M UC Y 0 0 1 1 000 XXX 1 X X X X 
SRO Service Request U ST XXXXXXXX XXX X X 1 X X 
STB Status Byte (Notes 8, 9) M ST S X S SS S S S XXX o X X X X 

8 65432 1 
TCT Take Control M AC Y 0 0 0 1 001 XXX X X X X 
TAG Talk Address Group M AD Y 1 0 X X X X X XXX X X X X 
UCG Universal Command Group M UC Y 0 0 1 X X X X XXX XXXX 
UNL Unlisten M AD Y0111111 XXX X X X X 
UNT Untalk (Note 11) M AD Y1011111 XXX X X X X 
The 1/0 coding on ATN when sent concurrent with multiline messages has been added to this revision for Interpre-

tive convenience. 
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NOTES: 
1. 01-:08 specify the data bits. 
2. E1-Ea specify the device dependent code used to indicate the EOS message. 
3. ,L 1-1",5 device dependent bits 'of the device's listen address. 
4. Tl-T5 specify the devicEidependent bits of the device's talk address ... 
5. 51-55 specify the device dependent bits of the device's secondary address. 
6. 5 specifies the sense of. the PPR. 

. Response;::: 5 EF> 1st 
P1-P3 specify the PPR to be serit parallel poll is executed. 

P3 P2 P1 . PPR Message 
o 0 0 PPR1 

PPR8 
7 ... 01-04 specifydon't·care bits that shall not be decoded by the receiving device. It is recommended that all zeroes 

be sent. 
8. 51-56,.58 specify the device dependent status; (0107 is used for the RQ5 message.) 
9. The source of the message on the ATN line Is always the C function, whereas the messages on the 010 and EOI 

. lines ·are enabled by the T function.' . 
10. ,The SOl!rce of the. messages on the ATN and. EOllines Is always the C function, whereas the source of .the 

. messages on the 010 lines is always the PP function. 
11 .. This code.is provided for use, see 6.3; 

"'£, 

",:e. 
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