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8292
GPIB CONTROLLER

m Complete IEEE Standard 488 Controller m Complete Implementation of Transfer
Function Control Protocol

m Interface Clear (IFC) Sending Capability m Synchronous Control Seizure Prevents
Allows Seizure of Bus Control and/or the Destruction of Any Data
Initialization of the Bus Transmission in Progress

m Responds to Service Requests (SRQ) m Connects with the 8291 to Form a

m Sends Remote Enable (REN), Allowing $°|":‘P'°‘° IEEE sé“"d""’ 488 Interface
Instruments to Switch to Remote alker/Listener/Controller

Control

The 8292 GPIB Controller is a microprocessor-controlled chip designed to function with the 8291 GPIB Talk-
er/Listener to implement the full IEEE Standard 488 controller function, including transfer control protocol.
The 8292 is a preprogrammed Intel® 8041A,
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Table 1. Pin Description

Pin

Symbol Number Type Name and Function

IFCL 1 | IFC RECEIVED (LATCHED): The 8292 monitors the IFC Line (when not
system controller) through this pin.

X1, X2 2,3 | CRYSTAL INPUTS: Inputs for a crystal, LC or an external timing signal to
determine the internal oscillator frequency.

RESET | RESET: Used to initialize the chip to a known state during power on.

1 | CHIP SELECT INPUT: Used to select the 8292 from other devices on the
common data bus.

RD | READ ENABLE: Allows the master CPU to read from the 8292.

Ao | ADDRESS LINE: Used to select between the data bus and the status
register during read operations and to distinguish between data and
commands written into the 8292 during write operations.

WR 10 | WRITE ENABLE: Allows the master CPU to write to the 8292,

SYNC 11 (0] SYNC: 8041A instruction cycle synchronization signal; it is an output
clock with a frequency of XTAL + 15.

Do-D7 12-19 1/0 DATA: 8 bidirectional lines used for communication between the central
processor and the 8292's data bus buffers and status register.

Vss 7,20 P.S. GROUND: Circuit ground potential. .

SRQ 21 | SERVICE REQUEST: One of the IEEE control lines. Sampled by the
8292 when it is controller in charge. If true, SPI interrupt to the master will
be generated.

ATNI 22 | ATTENTION IN: Used by the 8292 to monitor the GPIBATN control line.
If is used during the transfer control procedure.

IFC 23 1/0 INTERFACE CLEAR: One of the GPIB management lines, as defined by
IEEE Std. 488-1978, places all devices in a known quiescent state.

SYC 24 | SYSTEM CONTROLLER: Monitors the system controller switch.

CLTH 27 0 CLEAR LATCH: Used to clear the IFCR latch after being recognized by
the 8292. Usually low (except after hardware Reset), it will be pulsed high
when IFCR is recognized by the 8292.

ATNO 29 (o) ATTENTION OUT: Controls the ATN control line of the bus through
external logic for tcs and tca procedures. (ATN is a GPIB control line, as
defined by IEEE Std. 488-1978.)

Vee 5, 26, 40 P.S. VOLTAGE: + 5V supply input £10%.

COUNT 39 | EVENT COUNT: When enabled by the proper command the internal
counter will count external events through this pin. High to low transition
will increment the internal counter by one. The pin is sampled once per
three internal instruction cycles (7.5 psec sample period when using 5
MHz XTAL). It can be used for byte counting when connected to NDAC,
or for block counting when connected to the EOI.

REN 38 (o] REMOTE ENABLE: The Remote Enable bus signal selects remote or
local control of the device on the bus. A GPIB bus signal selects remote
or local control of the device on the bus. A GPIB bus management line,
as defined by IEEE Std. 488-1978.
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Table 1. Pin Description (Continued)

Symbol :': Type Name and Function

DAV 37 170 DATA VALID: Used during parallel poll to force the 8291 to accept the
parallel poll status bit. It is also used during the tcs procedure.

TBFI 36 0 INPUT BUFFER NOT FULL: Used to interrupt the central processor
while the input buffer of the 8292 is empty. This feature is enabled and
disabled by the interrupt mask register.

OBFI 36 (0] OUTPUT BUFFER FULL: Used as an interrupt to the central processor
while the output buffer of the 8292 is full. The feature can be enabled and
disabled by the interrupt mask register.

EO12 34 110 END OR IDENTIFY: One of the GPIB management lines, as defined by
IEEE Std. 488-1978. Used with ATN as |dentify Message during parallel
poll.

SPI 33 (0] SPECIAL INTERRUPT: Used as an interrupt on events not initiated by
the central processor.

TCl 32 (0] TASK COMPLETE INTERRUPT: Interrupt to the control processor used
to indicate that the task requested was completed by the 8292 and the
information requested is ready in the data bus buffer.

CIC 3 (0] CONTROLLER IN CHARGE: Controls the S/R input of the SRQ bus
transceiver. It can also be used to indicate that the 8292 is in charge of
the GPIB bus.

FUNCTIONAL DESCRIPTION

The 8292 is an Intel 8041A which has been pro- <>
grammed as a GPIB Controller Interface element. It = OPTA

is used with the 8291 GPIB Talker/Listener and two orTe

8293 GPIB Transceivers to form a complete IEEE- rrocessond ol sz o

488 Bus Interface for a microprocessor. The electri- sug MODE 3 Ll

cal interface is performed by the transceivers, data
transfer is done by the talker/listener, and control of
the bus is done by the 8292. Figure 3 is a typical
controller interface using Intel’s GPIB peripherals.

0 OPTA
PROCESSOR( 15} 8202 orTe
BUsS

10 MODE 2

o L
ki

aris
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Figure 3. Talker/Listener/Controller
Configuration
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The internal RAM in the 8041A is used as a special EV  Event Counter Interrupt. The requested num-
purpose register bank for the 8292. Most of these ber of blocks of data byte has been trans-
registers (except for the interrupt flag) can be ac- ferred. The EV interrupt flag is cleared by the
cessed through commands to the 8292, Table 2 IACK command.
identifies the registers used by the 8292 and how SRQ Service Request. Notified the 8292 that a
they are accessed. service request (SRQ) message has been re-
. ceived. It is cleared by the IACK command.
Interrupt Status Register ERR Error occurred. The type of error can be de-
termined by reading the error status register,
[ SYc I ERR ] SRQ I EV ‘ X I IFCR | IBF l OBF] This interrupt flag is cleared by the JACK com-
D7 Do mand.
SYC System Controller Switch Change. Notities

The 8292 can be configured to interrupt the micro-
processor on one of several conditions. Upon re-
ceipt of the interrupt the microprocessor must read
the 8292 interrupt status register to determine which
event caused the interrupt, and then the appropriate
subroutine can be performed. The interrupt status
register is read with Ag high. With the exception of
OBF and IBF, these interrupts are enabled or dis-
abled by the SPI interrupt mask. OBF and IBF have
their own bits in the interrupt mask (OBFI and IBFI).

OBF Output Buffer Full. A byte is waiting to be read
by the microprocessor. This flag is cleared
when the output data bus buffer is read.

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

the processor that the state of the system
controller switch has changed. The actual
state is contained in the GPIB Status Regis-
ter. This flag is cleared by the IACK com-
mand.

Interrupt Mask Register
| 1 | spi] o] svc [ osr[®F[o]sral
D7 Do

The Interrupt Mask Register is used to enable fea-
tures 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 Ag is low and reset by the RINM

IBF

8292 before this flag clears, data will be lost.
IBF is cleared when the 8292 reads the data
byte.

Interface Clear Received. The GPIB system
controller has set IFC. The 8292 has become
idle and is no longer is charge of the bus. The
flag is cleared when the IACK command is

IFCR

command. When the register is read, D1 and D7 are
undefined. An interrupt is enabled by setting the cor-
responding register bit.

SRQ Enable interrupts on SRQ received.
TBFT  Enable interrupts on input buffer empty.
OBFI Enable interrupts on output buffer full.

issued.
Table 2. 8292 Registers

READ FROM 8292 WRITE TO 8292

INTERRUPT STATUS Ao INTERRUPT MASK
Lsvc [err[sra] ev [ x [wrcn] mwF [oer |1 [ 1 | smi | Tc1 | svc [osr] BF | o | sha o

D, ERROR FLAG Do 0; ERROR MASK Do
Lx | x Juser[ x T x Trour[vours[routiJor [ o | o Juser] o | o [tours[touty[tout,]o
CONTROLLER STATUS COMMAND FIELD

lcses| ca [ x | x [sves[wc [menTsmalor [+ [ + [ + Jop ] c | c e ] c ]

GPIB (BUS) STATUS EVENT COUNTER
[Ren [oav]eor [ x Tsve[we [ann]srajor [0 [ 0 [ 0 [ D [ D] D] D] D Jor

EVENT COUNTER STATUS TIME OUT

[ololoJo[o[o[o[oje[o]op]o]0o]o][o]o]ob o

TIME OUT STATUS
Lo [ o[ o] o] o] o] o] o Jo NoTe:Theseregsters are accessed by a special utity

command, see page 7.
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SYC Enable interrupts on a change in the system
controller switch.

TCl Enable interrupts on the task completed.
SP1 Enable interrupts on special events.
NOTE:
The event counter is enabled by the GSEC com-
mand, the error interrupt is enabled by the error

mask register, and IFC cannot be masked (it will al-
ways cause an interrupt).

Controlier Status Register
lcss| ca | x | x [svcs| IFc | REn|sRa]
Dy Do

The Controller Status Register is used to determine
the status of the controller function. This register 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
| ReN | pav | Eol | x [ syc | IFc | ATNI | sRa |
D7 Do

This register contains GPIB bus status information. It
can be used by the microprocessor to monitor and
manage the bus. The GPIB Bus 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 End or Identify

DAV Data Valid

REN Remote Enable

Event Counter Register
[ D7 [ Ds [ Ds [ Ds [ Dy [ Dp | Dy | Do |

The Event Counter Register contains the initial value
for the event counter. The counter can count puises

on pin 39 of the 8292 (COUNT). It can be connected
to EOI or NDAC to count blocks or bytes respective-
ly during standby state. A count of zero equals 256.
This register cannot be read, and is written using the
WEVC command.

Event Counter Status Register
| 7 [ Dg | D5 | Dy | D3 [ D2 | Dy Do |

This register contains the current value in 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 us-
ing a REVC command.

Time Out Register
| D7 | D [ Ds | D4 | D5 | D2 [ D4 | Do |

The Time Out Register is used to store the time
used for the time out error function. See the individu-
al timeouts (TOUTH, 2, 3) to determine the units of
this counter. This Time Out Register cannot be read,
and it is written with the WTOUT command.

Time Out Status Register
[ D7 [ Ds [ Ds [ Ds [ D3 [ Dp | Oy o]

This register contains the current value in the time
out counter. The time out counter decrements from
the original value stored in the Time Out Register.
When zero is reached, the appropriate error interrupt
is generated. If the register is read while none of the
time out functions are active, the register will contain
the last value reached the last time a function was
active. The Time Out Status Register cannot be writ-
ten, and it is read with RTOUT command.

Error Flag Register
{x | x| user | x| x| TouTs | TOUT, | TOUT, |

Four errors are flagged by the 8292 with a bit in the
Error Flag Register. Each of these errors can be
masked by the Error Mask Register. The Error Flag
Register cannot be written, and it is read by the
IACK command when the error flag in the Interrupt
Status Register is set.

TOUT1 Time Out Error 1 occurs when the current
controller has not stopped sending ATN af-
ter receiving the TCT 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 con-
trol until the current controller stops send-
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ing ATN or a new command is written by
the microprocessor. If a new command is
written, the 8292 will return to the loop after
executing it.

Time Out Error 2 occurs when the transmis-
sion between the addressed talker and lis-
tener has not started for the time period
specified by the Time Out Register. Each
count in the Time Out Register is at least 45
toy. This feature is only enabled when the
controller is in the CSBS state.

Time Out Error 3 occurs when the hand-
shake signals are stuck and the 8292 is not
succeeding in taking control synchronously
for the time period specified by the Time
Out Register. Each count in the Time Out
Register is at least 1800 toy. The 8292 will
continue checking ATNI until it becomes
true or a new commnand is received. After
performing the new command, the 8292 will
return to the ATNI checking loop.

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

TOUT2

TOUT3

USER

Error Mask Register
{ 0 [o]user|o]o]ToUTs | TOUT, | TOUT, ]
Dy Do

The Error Mask Register is used to mask the inter-
rupt from a particular type of error. Each type of error
interrupt is enabled by setting the corresponding bit
in the Error Mask Register. This register can be read
with the RERM command and written with Ag low.

Command Register
Lt [+]1forfcfecfc]c]
D7 Do

Commands are performed by the 8292 whenever a
byte is written with Ag high. There are two categories
of commands distinguished by the OP bit (bit 4). The
first category is the operation command (OP = 1).
These commands initiate some action on the inter-
face bus. The second category is the utility com-
mand (OP = 0). These commands are used to aid
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: control functions such as polling, taking and
passing control, and system controlier functions are
performed.

FO—SPCNI—Stop Counter Interrupts

This command disables the internal counter inter-
rupt so that the 8292 will stop interrupting the master
on event counter underflows. However, the counter
will continue counting and its contents can still be
used.

F1—GIDL—Go To Idle

This command is used during the transfer of control
procedure while transferring control to another con-
troller. The 8292 will respond to this command oni
if it is in the active state. A will go high, and CI
will be high so that this 8292 will no longer be driving
the ATN line on the GPIB interface bus. TCI will be
set upon completion.

F2—RST—Reset

This command has the same effect as asserting the
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 return to 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 coun-
ter will be enabled. If 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
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Register, and the internal interrupt will be enabled so
that when the counter reaches zero, the SPI inter-
rupt will be generated. 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 Regis-
ter) will be used if the WEVC command is not exe-
cuted. If the data transmission does not start, a
TOUT2 error will be generated.

F5—EXPP—Execute Parallel Poli

This command initiates a parallel poll by asserting
EOI when ATN is already active. TCI will be set at
the end of the command. The 8291 should be previ-
ously configured as a listener. Upon detection of
DAV true, the 8291 enters ACDS and latches the
parallel poll response (PPR) byte into its data in reg-
ister. The master will be interrupted by the 8291 BI
interrupt when the PPR byte is available. No inter-
rupts except the TBFI will be generated by the 8292.
The 8292 will respond to this command only when it
is the active controller.
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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 TOUT2 error will be generated.

F7—SLOC—Set Local Mode

If the 8292 is the system controller, then REN will be
asserted false and TCI will be set true. if it is not the
system controller, the User Error bit will be set in the
Error Flag Register.

F8—~SREM—Set Interface To Remote Control

This command will set REN true and TCl true if this
8292 is the system controller. If not, the User Error
bit will be set in the Error Flag Register.

F9—ABORT—Abort All Operation, Clear
Interface

This command will cause IFC to be asserted true for
at least 100 psec if this 8292 is the system control-
ler. If it is in CIDS, it will take control over the bus
(see the TCNTR command).

FA—TCNTR—Take Control

The transfer of control procedure is coordinated by
the master with the 8291 and 8292. When the mas-
ter receives a TCT message from the 8291, it should
issue the TCNTR command to the 8292. The follow-
ing events occur to take control:

1) The 8292 checks to see if it is in CIDS, 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 inde-
pendent 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 check-
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ing the controller function for being in the CSBS
(else it will exit immediately), ATNO will go low, and
a TCl 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. A0 = A1
1), then the following procedures should be fol-
lowed:

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
Bl 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 mas-
ter just waits for a Bl interrupt and then sends the
TCSY command. After the TCSY command has
been issued, the 8292 checks for CSBS. If CSES,
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 psec. (T10)
and then ATNO will go low. If DAV does not go low,
a TOUT3 error will be generated. If the 8292 suc-
cessfully takes control, it sets TCI true.

FE—STCNI--Start Counter Interrupts

This command enables the internal counter inter-
rupt. The counter is enabled by the GSEC com-
mand.

UTILITY COMMANDS

All these commands are either Read or Write to reg-
isters in the 8292. 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 Ag = 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
IBFT will be generated upon completion.
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E2--~-WEVC—Write To Event Counter

The byte written to the data bus buffer (with Ag = 0)
following this command will be loaded into the Event
Counter Register and the Event Counter Status for
byte counting of EOI counting. Only TBF1 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 TCl 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 TCl is gen-
erated when the data is available.

E5—RINM—Read Interrupt Mask Register

This command transfers the contents of the Inter-
rupt Mask Register into the data bus buffer. This reg-
ister is available to the processor so that it does not
need to store this information elsewhere. A TCl 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 Control-
ler Status Register into the data bus buffer and a TCI
interrupt is generated.

E7—RBST—Read GPIB Bus Status Register

This command transfers the contents of the GPIB
Bus Status Register into the data bus buffer, and a
TCl interrupt is generated when the data is available.

E9—RTOUT—Read Time Out Status Register

This command transfers the contents of the Time
Out Status Register into the data bus buffer, and a
TCl 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.
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Interrupt Acknowledge
|svc|ErRr[sra|ev]1][wer]1] 1]
D7 Do

Each named bit in an Interrupt Acknowledge (IACK)
corresponds to a flag in the Interrupt Status Regis-
ter. When the 8292 receives this command, it will
clear the SP! and the corresponding bits in the Inter-
rupt 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 IACK command, then the
Error Flag Register will be transferred to the data
bus buffer, and a TC! will be generated.

NOTE:
XXXX1X11 is an undefined operation or utility com-
mand, so no conflict exists between the IACK oper-
ation and utility commands.

SYSTEM OPERATION

8292 To Master Processor Interface

Communication between the 8292 and the Master
Processor can be either interrupt based communica-
tion or based upon polling the interrupt status regis-
ter in predetermined intervals.

Interrupt Based Communication

Four different interrupts are available from the 8292:
OBF! Output Buffer Full Interrupt

IBFI Input Buffer Not Fult Interrupt

TCl Task Completed Interrupt

SPl 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 TClI interrupt is useful when the master is send-

ing 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.

2) Commands that initiate some action or enable
features but do not require response back from
the 8292, e.g., enable data bus buffer interrupts.



