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GPIB SYSTEM CONCEPTS

definitions and other GPIB fundamentals.

WHAT IS THE GPIB?

The GPIB is a digital interface that
allows efficient communication
between the components of an
instrumentation system.

“e primary purpose of the GPIB is
.0 connect self-contained
instruments to other instruments or
devices. This means that the GPIB is
an interface system independent of
Adevice functions.

There are four eieiments of the GPIB:
mechanical, electrical, functional,
and operational.

Of these four, only the last is device-
dependent.  Operational elements
state the way in which an instrument
reacts t¢ a signal on the bus. These
reactions are  device-dependent
characteristics and state the way in
which the instruments use the GPIB
via application software.

Mechanical Elements. The standard
defines the mechanica! elements :
cables and connectors. Standard-
izing the connectors and cables
—eures  that  GPIB-compatible
.as.ruments can be physically linked
together  with  complete  pin
compatibility.

The connector has 24 pins, with 16

signed to specific signals and eight
10 shields and grounds. Instruments
on the bus may be arranged in a
linear or star configuration.

Electrical Elements. The voltage and
current  values required at the
connector nodes for the GPIB are
based on TTL technology (power
source  not to exceed +5.25V
referenced to logic ground). The
standard defines the logic levels as
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The first of two parts in this appendix describes the digital interface specified
in IEEE Standard 488-1978, “Standard Digital Interface for Programmable
Instrumentation.” At Tektronix, the digital interface /s commonly called the
General Purpose Interface Bus (GPIB). This first part discusses signal-line
BACKGROUND
The General Purpose CAMAC transmitted data at
Interface Bus (GPIB) is a a rate near 5 megabits/
control bus that interfaces second over 86 lines. The
with a microcomputer major obstacles to its
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peripheral devices. expense and impracticality
for microprocessor control.
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Automated and Measure- oriented toward system |
ment Control) interface was configurations that use a
developed by the nuclear variety of peripherals. Any 1
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several standards: Std 583 in a byte-serial, bit-parallel
(Basic CAMAC), Std 595 fashion. Bus extenders can
(CAMAC), and Std 596 be used, at reduced data
(Parallel CAMAC). CAMAC rates, to interface with
was comprised of a common carriers. The GPIB ‘
rigorously-specified main- is a very practical and |
frame (chassis) housing 25 inexpensive means to f
plug-in modules. Outside of transmit or receive data
the nuclear industry and from microcomputers over .
some electrical power relatively short distances E
companies, CAMAC was (up to 20 meters without !
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applications. The Parallel {
INTERFACE FUNCTION SYMBOL f
Source Handshake SH
Acceptor Handshake AH
Talker or Extended Talker TorTE
Listener or Extended Listener LorLE
Service Request SR
Remote-Local RL
Parallel Poll PP
Device Clear DC )
Device Trigger DT E
Controller C
{
X

follows. Logical 1 is true state, low-
voltage level (£+0.8V), signal line is
asserted. Logical 01s false state, high-
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Table 1. The ten major interface functions for the GPIB.
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voltage level (>+2.0V), signal line is
not asserted.

Messages can be sent over the GPIB
as either active-true or passive-true
signals. Passive-true signals occur at
a high-voltage level and must be
carried on a signal line using open-
collector devices. Active-true signals
occur at a low-voltage level.

Functional Elements. The functional
elements of the GPIB cover three
areas:

Ten interface functions that define
the use of specific signal lines so that
in instrument can receive, process,
and send messages (the ten interface
functions - with their allowable
subsets - provide an instrumentation
system with complete communica-
~‘lons and control capabilities).

The specific protocol by which the
interface functions send and receive
their limited set of messages.

The logical and timing relationships
between allowable states for the
interface signal lines.

INTERFACE FUNCTIONS

Not every instrument on the bus has
all ten functions (listed in table 1),

because only those functions
important to a particular
instrument’s  purpose need be

implemented

— TYPICAL SYSTEM
JN THE GPIB

Figure | illustrates an example of the
GPIB and the nomenclature for the
16 active signal lines. Only four
struments are shown, but the GP1B
can support up to 15 instruments
connected directly to the bus.
However, more than 15 devices can
be interfaced to a single bus if they do
not connect directly to the bus but
arc interfaced through a primary
device. Such a scheme can be used for
programmable plug-ins housed in a
mainframe where the mainframe is
addressed with a primary address
code and the plug-ins are addressed
with a secondary address code.

The nstruments connected to a
single bus cannot be separated by
more than 20 meters (total cable
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length) and at least one more than
half the number of instruments must
be in the power-on state. To maintain
the electrical characteristics of the
bus, a device load must be connected
for each two meters of cable length.
Although instruments are usually
spaced no more than two meters
apart, they can be separated farther if
the required number of device loads
are lumped at any one point.

CONTROLLERS, TALKERS,
AND LISTENERS

A talker is an instrument that can
send data over the bus; a listener is an
instrument that can accept data from
the bus. No instrument can

INSTRUMENT A
ABLETO
CONTROL, TALK
& LISTEN
(CONTROLLER)

INSTRUMENT B
TALK AND
LISTEN

communicate until it is enabled to do
so by the controller in charge of the
bus.

A controller is an instrument that
determines, by a software routine,
which instrument will talk and which
instruments will listen during any
given time interval. The controller
also has the ability to assign itselfas a
talker or listener whenever the
program routine requires. In
addition to designating the current
talker and listeners for a particular
communication sequence, the
controller has the task of sending
special codes and commands (called
interface messages) to any or all of
the instruments on the bus.

} DATA BUS
) (8 SIGNAL LINES)

TRANSFER BUS

(DIGITAL
MULTIMETER)

INSTRUMENT C
LISTEN ONLY
(SIGNAL
GENERATOR)

(HANDSHAKE)
(3 SIGNAL LINES)

INTERFACE

INSTRUMENT D
TALK ONLY
(COUNTER)

MANAGEMENT BUS
(5 SIGNAL LINES)

DIC 1-8 — DATAINPUT/
OUTPUT LINES

DAV — DATAVALID

Y~ NRFD — NOT READY FOR DATA

NDAC — NOT DATA ACCEPTED

IFC — INTERFACE CLEAR
— ATTENTION

— SERVICE REQUEST
— REMOTE ENABLE

— END ORIDENTIFY

Figure 1. A typical system using the general purpose interface bus (GPIB).
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ASCII & IEEE 488 (GPIB) CODE CHART

B7 o | o )¢J o 1 1 1 1
B6 g | 2 1 1 ' 4 | o 1 ! 1
BS o | 1 g 1 o [ 1 il i 1
BITS
NUMBERS
CONTROL SYMBOLS UPPER CASE |LOWER CASE
B4 B3 B2 B1
0 20 40 I 100 [120 140 \ | 160
|
o000| NUL| DLE | SP o @ P p
0 0/10 16] 20 32|30 4840 64) 50 800 96/ 70 112
1 GTL|21 teofa 61 101 121 141 161
g 08 1] SOH  DC1 ! 1 A Q a q
1 11 17]21 33|31 agf a1 65| 51 81]s1 97|71 113
2 22 @ 62 102 122 142 162
o061 0] STX DC2 2 B R r
2 2|12 18] 22 34|32 s0fa2 6652 8262 98|72 114
3 23 43 63 103 [ 123 143 163
o011 1| ETX DC3 | # 3 c s | ¢ s
3 3l13 1923 35|33 5143 67|53 8363 99|73 115
4 soc[ea DCL [ a4 64 104 124 144 [16a
g 100|] EOT A DC4 $ 4 D T d t
a )14 20] 24 36|34 52] a4 68 54 gafea 10074 116
5 pecl2s  ppufas [es 105 125 145 165
6 1 8 1] ENQ NAK % | 5 E U e | u
5 5[15 2125 ar|3s 53)as 6955 8ses 101|75 117
6 26 6 66 106 126 146 166
6 11 0| ACK SYN & 6 F Vv f v
6 6|16 22| 26 38|36 saas 70| 56 86|66 10276 118
7 27 a 67 107 127 147 Te7
s 11 1| BEL | ETB 7 G W g | w
7 7)17 23] 27 39|37 ssfa7 71|57 87fe7 103] 77 119
10 GET[30  SPE|s0 70 110 130 150 170
1000 BS CAN | J 8 H X h x
8|18 2a] 28 40|38 s6] 48 72|58 8868 104/ 78 120
1 TCT| 31 spD | 51 [71 11 [131 151 lm
1990 1| HT | EM ) 9 | . i |y
9 9,19 25] 29 a1]39 57]a9 73|59 a9 )69 105[79 121
12 132 2 (72 112 }132 152 [172
16 10| LF SUB |t J i |z
A 1014 26 ] 2a 42/3A s8laa 74[5A 906 106] 7 122
13 33 53 73 13 "133 153 [173
1011 SC + K I k {
8 1118 27] 28 43|38 s9] 4B 75,58 91{eB 107| 78 123
14 34 54 174 _ e 1134 154 T17a .
1106| FF FS ; < L I
c 12/1C 28| 2c 44|3c 60fac 76 5C 92]sc 108 7C 124
15 S 55 175 115 1135 155 [175
1161/ CR_ _GS | = = [ 'm ] m )
D 13 1D 29|20 4530 61]ap 775D 9360 109/ 7D 125
16 "36 56 76 116 136 156 76
1110 L. > N A n v
E 14 1€ 30 | 2€ 46 3E 62] 4€ 78 SE 946 110, 7€ 126
17 37 57 77 uNLf117 137 UNT[157 177
‘ RUBOUT
11 11 S us ? — o (DEL)
F 15 1F 31 ]2F a7, 3F 63)ar 79 5F 95 J6F 111, 7F 127
ADDRESSED UNIVERSAL LISTEN TALK SECONDARY ADDRESSES
COMMANDS COMMANDS ADDRESSES ADDRESSES ORCOMMANDS

Interface messages are sent with ATN asserted.

KEY

octal | 25 PPU| GPIB code

hex

NAK ASCll character
15 2

1] decimal

Figure 2. ASCII & IEEE 488 (GPIB) Code Chart.
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liB’) (‘A)!

SECONDARY
ADDRESS

PRIMARY
LISTEN

ADDRESS

f—..:';
B D108 mal , ol
: | 1 L% 1
: o l—o 1)
E o]/ ol 0L
E 0 | 0 [ 1 |
: ol ol 1]
B Enf ol o\
: D101 o] 1 0]
—F - 66 65 103
=
ASSERTED ASSERTED ASSERTED
TRUMENTS
CONTROLLER Figure 3. An example of data byte traffic on the GPIB. INSTRU
DEVICE-DEPENDENT messages, remember that any

INTERFACE MESSAGES

The IEEE standard specifies that the
interface messages, as shown in
figure 2, ASCI1 & IEEE 488 (GPIB)
Code Chart, be used to address and
control instruments interfaced to the
GPIB. Interface messages are sent
and received only when the
controller asserts the ATN bus line.
The wuser can correlate interface
message coding to the ISO 7-bit code
by relating data bus lines DIOI
through DI0O7 to bits | through 7,
respectively.

iterface  messages include the
primary talk and listen addresses for
instruments on the bus, addressed

commands (only instruments
previously addressed to listen
respond to these commands),
niversal commands (all

instruments, whether they have been
addressed or not respond to these),
secondary addresses for devices
interfaced through their primary
instrument, and secondary
commands. At present, the standard
classifies only two interface messages
as secondary commands, Parallel
Poll Enable (PPE) and Parallel Poll
Disable (PPD). (Parallel Poll Enable
means that after the controller
configures the system for a parallel
poll (PPC command), all
instruments respond at the same time
with status information on receipt of
PPE.)

@

MESSAGES

The IEEE 488-1975 does not specify
coding of device-dependent
messages, messages that control the
device’s internal operating functions.
After addressing (via interface
messages) a talker and listener(s), the
controller unasserts the ATN bus
line. When ATN becomes false, any
commonly-understood 8-bit binary
code may be used to represent a
device-dependent message.

The standard recommends that the
alphanumeric codes associated with
the numbers, symbols, and upper
case characters (decimal 32 to
decimal 94) in the ASCII Code Chart
be used for device-dependent
messages. One example of a device-
dependent message is the ASCII
character string

MODE V; 2.5MV; FREQ IE3

which may tell an instrument to set
its front-panel controls to the voltage
mode, with 2.5 millivolt output at a
frequency of 1000Hz.

When 8-bit binary codes other than
the ISO 7-bit code are used for
device-dependent messages, the most
significant bit must be on data line
DI08 (for bit 8).

Tosummarize the difference between
interface  and  device-dependent

message sent or received when the
ATN line is asserted (true) is an
interface message. Any message
(data bytes) sent or received when the
ATN line is unasserted (false) is a
device-dependent message.

GPIB SIGNAL LINE
DEFINITIONS

Figure | shows the 16 signal lines of
the GPIB functionally divided into
three component busses: an eight-
line data bus, a three-line transfer
control (handshake) bus, and a five-
line management bus.

The Data Bus. The data bus has eight
bidirectional signal lines, DIOI
through DIO8. Information, in the
form of data bytes, is transferred
over this bus. A handshake sequence
between an enabled talker and the
enabled listeners transfers one data
byte (eight bits) at a time. Data bytes
in an interface or device-dependent
message are sent and received in a
byte-serial, bit-parallel fashion over
the data bus.

Since the GPIB handshake sequence
is an asynchronous operation, the
data transfer rate is only as fast as the
slowest instrument involved in a data
byte transfer at any one time. A
talker cannot place data bytes on the
bus faster than any one listener can
accept them.
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Figure 3 illustrates the flow of data
bytes when a typical controller sends
ASCII data to an assigned listener on
the bus. The first data byte, decimal
44, enables device 12 as a primary
listener and the secondary address,
decimal 108, enables a plug-in device
as the final destination of the data to
follow. The data is the two ASCII
characters, A and B (decimal 65 and
decimal 66).

The decimal value for B is specified
as negative to activate the EOI line
and signify the end of the device-
~‘ependent message. The controller
«ctivates the ATN line again and
sends the universal unlisten (UNL)
and untalk (UNT) commands to
clear the bus. Six handshake cycles
_on the Transfer Bus are required to
nd the six data bytes.

The Transfer Bus (Handshake). Each
time a data byte is sent over the data
bus, an enabled talker and all
enabled listeners execute a
handshake sequence via the transfer
bus. The transfer-bus signal lines are
defined below. Figure 4 illustrates
the basic timing relationship between
the three signals. The ATN line is
shown to illustrate the controller’s
role in the process. A flowchart for
the handshake sequence is shown in
figure 5.

ATN
(CONTROLLER)

Not Ready For Data (NRFD). An
asserted NRFD signal line indicates
one or more assigned listeners are not
ready to receive the next data byte
from the talker. When all of the
assigned listeners for a particular
data byte transfer have released
NRFD, the NRFD line becomes
unasserted (high). The RFD message
(Ready For Data) tells the talker it
may place the next data byte on the
data bus.

Data Valid (DAYV). The DAV signal
line is asserted (low) by the talker
after the talker places a data byte on
the data bus. When asserted, DAV
tells each assigned listener that a new
data byte is on the data bus. The
talker is inhibited from asserting
DAYV aslongasany listener holds the
NRFD signal line asserted.

Not Data Accepted (NDAC). Each
assigned listener holds the NDAC
signal line low-true (asserted) until
the listener accepts the data byte
currently on the data bus. When all
assigned listeners accept the current
data byte, the NDAC line becomes
unasserted, telling the talker to
remove the data byte from the bus.
The DAC message (Data Accepted)
tells the talker that all assigned
listeners accepted the current data
byte.

When one handshake cycle transfers
one data byte, the listeners reset the,
NREFD line high and the NDAC line(
low before the talkerasserts DAV for
the next data byte transfer. NDAC
and NRFD both high at the same
time is an invalid state on the bus.

The Management Bus. The
management bus is a group of five
signal lines which are used to control
the operation of the GPIB: IFC,
ATN, SRQ, REN, and EOL

Interface Clear (IFC). The system
controller asserts the IFC signal line
to place all interface circuitry in a
predetermined quiescent state which
may or may not be the power-on
state. ‘

Only the system controller can
generate this signal. IEEE 488-1975
specifies that only three interface
messages (universal commands) be
recognized while IFC is asserted:
Device Clear (DCL), Local Lockout

(LLO), and Parallel Poll
Unconfigure (PPU).
Attention (ATN). A controllen(

asserts the ATN signal line whem
instruments connected to the bus are
being enabled as talkers or listeners
and for other interface control
traffic. Aslongasthe ATN signalline

DAV
(TALKER)

RFD

NRFD
(LISTENER)

NDAC
(LISTENER)

e __l___
I |

ol e ———— - -l ——

SN I N

DATA
“BUS

LAST INTERFACE MSG BYTEJ

>

— - —— e —

- e e ——— e e ———— —

1
HBYTE CAPTUIRE TIME»=

FROM CONTROLLER

Figure 4. A typical handshake timing sequence (idealized). Byte capture time is dependent on the slowest instrument involved

in the handshake.
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TALKERS (SOURCE) LISTENERS (ACCEPTORS)
SET NRFD
SET DAV=0 AND NDAC=1
(HIGH) (LOW)

Y

=0
?

BONYES NO
NRFD, NDAC

READY
FOR HAND-

SHAKE
?

ADD OR ALTER ERROR
DATA ON D10 CONDITION .
LINES .
y
y
DELAY END
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W
> WP
l \«gﬁ}qz’ -
G' o~
Oes;“,;egd& Y
NRFD “;040,\6"@‘\5 s
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DATA IS VALID Af_D_CiN.P.E.fE-E—"-_ e
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(Low) SET(LNORV::’)D:1
Y - !
NDAC ATk
=0 (HIGH) o
NDAC-=
ves Y= = ~PAC-0 G0 ity whgy o *
R TENERS HAVE ACCEPTED TR
SET DAV=0 S, el
HIGH S -
( ) ‘qk ~ ‘94'
4\\07
)

DAV=0
(HIGH)
2

YES

SET NDAC=1
(LOW)

!

Figure 5. The handshake flow chart.
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is asserted (ATN = 1). only
instrument  address  codes and
control messages are transferred over
the data bus. With the ATN signal
line unasserted. only those
instruments enabled as a talker and
listener(s) can transfer data. Only the
controller can generate the ATN
signal.

Service Request (SRQ). Any
instrument connected to the bus can
request the controller’s attention by
asserting  the SRQ line. The
controller responds by asserting
ATN and executing a serial poll to

.ermine  which instrument is
requesting service. (An instrument
requesting service identifies itself by
asserting its DIO7 line after being
addressed.) After the instrument

waesting service 1s found, program
control is transferred to a service
routine for that instrument. When
the service routine is completed,
program control returns to the main

A-8

polled. the
service

program. When
instrument requesting
unasserts the SRQ line.

Remote Enable (REN). The svstem
controller asserts the REN signal line

whenever the interface svstem
operates under remote program
control. Used with other control

messages. the REN signal causes an
instrument on the bus to select
between two alternate sources of
programming data. A remote-local
interface function indicates to an
instrument that the instrument will
use either information input from the
front-panel = controls (l.ocal) or
corresponding information input
from the interface (Remote).

End or Identify (EOI). A talker can
use the EOI to indicate the end of a
data-transfer sequence. The talker
asserts the EOI signal line as the last
byvte of data is transmitted. In this

case, EOI is essentially a ninth data
linc and must observe the same setup
times as the DIO lines. When th&
controller is listening. it assumes that
a data byte received i1s the last byte in
the transmission (if the EOI signal
line has been asserted). When the
controller is talking. it may assert the
EOI signal line as the last bvte is
transferred. The EOI signal is also
asserted with the ATN signal if the
controller conducts a parallel polling
sequence. EOI is not used during
serial polling.

FOR MORE INFORMATION

For detailed information on GPIB
specifications, refer to IEEE 488-
1975 (Revised 1978), published by
the Institute of Electrical and
Electronics Engineers. 245 East 47th
Street., New York, New York 11117,
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GPIB INTERFACE FUNCTIONS
AND MESSAGES

This second of two parts in this appendix discusses interface functions and
the protocol for transferring data between instruments on the GPIB. This is
intended to help you grasp the basics of GPIB operation as an aid in applying

IEEE Standard 488-1978.

‘NTRODUCTION

The ten interface functions of the GPIB (listed in table 1)
provide a variety of capabilities and options for an
instrumentation system. These functions may be
implemented in, or for, any particular instrument with
nstrument hardware or with a programming routine
(software).

INTERFACE FUNCTION SYMBOL
Source Handshake SH
Acceptor Handshake AH
Talker or Extended Talker TorTE
Listener or Extended Listener LorLE
Service Request SR
Remote-Local RL
Parallel Poll PP
Device Clear DC
Device Trigger DT
Controller C

Table 1. The ten major interface functions for the GPIB.

Figure 1 illustrates the basic linkage between a GPIB-
controller and the interface functions implemented in
another instrument on the bus. For a particular

measurement or stimulus device, any or all of nine possible
interface functions (SH through PP) may be selected to be
linked to the tenth function (controller,. C). Only those
functions necessary for an instrument’s purpose need be
implemented by the instrument’s designers; it is not likely
that one instrument has all ten interface functions. For
example, an instrument generally doesn’t need to implement
the Parallel Poll (PP) function if the instrument can respond
to a serial polling sequence from the controller-in-charge
(there may be more than one controller in a system).

The following is a discussion of the interface functions and
their relationship to interface messages and commands.

(e

The interface messages discussed in this article are shown in
the ASCII and IEEE (GPIB) Code Chart in Table 2. All
interface messages and commands, except [FC, discussed in
this article are sent and received over the GPIB with the
ATN line asserted low true. .

TALKER AND LISTENER FUNCTIONé (T/TE AND
L/LE)

Although discussed under one heading, the T/TEand L/ LE
functions are independent of each other.

The T and TE functions provide an instrument and its
secondary devices, if any, with the capability of sending
device-dependent data (or, in the case of a controller, the
capability to send interface messages or device-dependent
program data) over the GPIB. The T (Talker) function is a
normal function for a talker and uses only a one-byte
address code called MTA (My Talk Address); the TE
(Talker Extended) function uses a two-byte address code: an
MTA code followed by an MSA code (My Secondary
Address).

Only one instrument in the system can be in the talker active
state at any given time. A non-controller commences talking
when ATN is released and continues its talker status until an
Interface Clear (IFC) message occurs, an Untalk (UNT)
command is received from the controller-in-charge, the
instrument is addressed as a listener (receives My Listen
Address, ML A). or another instrument is addressed as a
talker when a data byte called OTA, Other Talk Address,
appears on the bus.

One or more instruments on the bus (up to a maximum of
14) can be programmed for the L (Listener) function by use
of their specific primary listen address (ML A). All or none
of these instruments may be programmed for the LE
(Listener Extended) function (if implemented). The LE
function requires a secondary listen address (MSA).

An instrument on the bus may be a talker only, or a listener
only, or have both functions (T/ TE and ./ LE). Inany case,
its address code has the form XI10TTTTT for a talker and
XOILLLEL for a hstener. For instruments with both
functions, the T-bit binary values are equal to the binary
value of the L. bits. The system operator sets these five bits by
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Interface Messages when ATN is low (true)
Device-Dependent Data when ATN is high (false)
EOI (Last Byte)
-
DAV : ! ’DAV
NRFD _ f NRFD Source
————
NDAC NDAC Handshake
————— — (SH)
Controller | EEEEE | EEEEETAKAUN 3 Talk Device-
Function (C) (TITE) Dependent
T W Functions
Listen
System | pmmummmyo [ frmmn NGRS (L/LE)
Controller, send
IFC, REN, and ’
ATN. Respond +
to SRQ. Talk. Acceptor |-
Listen. Parallel Handshake
Poll. Take (AH) >
Control
Synchronously.
Clear
(DC) )
» ATN
EOI Trigger .
> (D7)
REN : Remote-
B Local |
(RL)
SRQ Service
I R e Request [
(SR)
Parallel
Poll —
: ; (PP)
i
..__>

Figure 1. A maximum of ten interface functions can be interlinked between instruments on the GPIB.
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means of address switches on each instrument before
applying power to the system. The controller’s address code
may be implemented in software.

If an instrument has TE or LE functions, the five secondary
address bits must not be set to the same value as the primary
address bits. The system program, from the controller,
designates the primary talker and primary listener status of
the desired instruments by coding bits 6 and 7 (10 for talker
and Ol for listener). Secondary listen addresses (or
commands) are represented by the controller sending both
bits (6 and 7) as a I.

A talker may assert the EOI line with the last data byte or
send a special “end of message terminator” code so that the
assigned listeners will know that the talker has no more data
ransfer to send.

SOURCE AND ACCEPTOR HANDSHAKE
FUNCTIONS (SH AND AH)

Like the T/TE and L/LE functions, SH and AH are totally
‘ndependent of each other. The SH function guarantees
proper transmission of data, while the AH function
guarantees proper reception of data. The interlocked
handshake sequence between these functions guarantees
asynchronous transfer of each data byte.

Both functions utilize the DAV, RFD, and DAC messages
to transfer each byte. (For details, see figures 2and S and the
discussion under “The Transfer Bus (Handshake)” in GPIB
Systems Concepts, the first part of this appendix.) The SH
and AH functions in some instruments, but especially in
controllers, allow the source (talker) to listen to itself, with
or without ATN asserted. Both functions must respond to
the ATN message within 200 nanoseconds.

DEVICE CLEAR FUNCTION (DC)

The Device Clear function allows a controller-in-charge to
clear (initialize) an instrument, either individually or as part
of a group of instruments. The group can be either a part or
all of the addressed instruments in one system. -

The controller (under program direction) asserts ATN and
sends either the universal Device Clear command (DCL) or
the Selected Device Clear command (SDC). When the DCL
message is received, all instruments on the bus must clear or
initialize their internal device functions. When the controller
sends the SDC command, only those instruments which
have previously been addressed to listen must clear or
initialize their internal device functions. The IEEE 488
standard does not specify the state an instrument goes to as a
result of the DCL or SDC command; it may be, but does not
have to be, the power-up default setting.

DEVICE TRIGGER FUNCTION (DT)

The Device Trigger function allows the controller-in-charge
to start the basic operation of an instrument, either by itself
or as part of a group of instruments. The group may be
:ither a part or all of the addressed instruments in one
system. The IEEE 488 standard does not specify an
instrument’s basic operation when it receives the GET
(Group Executive Trigger) command. To issue this

@
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command, the controller asserts ATN, sends the listen
addresses of the instruments which are to respond to the
trigger, and then sends the GET message.

Once an instrument starts its basic operation, the instrument
must not respond to subsequent trigger-state transitions
until the current operation is complete. Only after
completing the operation can the instrument start the same
operation in response to the next GET message; thus the
basic operating time is the major factor that determines how
fast the instrument(s) can be repeatedly “triggered.”

REMOTE-LOCAL FUNCTION (RL)

The Remote-Local (RL) function provides an instrument
with the capability to select between two sources of
information input. The function indicates to the instrument
that its internal device-dependent functions respond to
information input from the front panel (Local) or
corresponding information input from the GPIB (Remote).
Only the system controller is permitted to assert the REN
line, whether or not it is the controller-in-chégge at the time.

When the system controller asserts the REN line, an
instrument on the GPIB goes to the remote mode when it is
addressed as a listener with its primary address, not before.
In this case only, the primary listen address is sufficient to
cause an instrument to go to the remote mode. Forexample,
if several instruments have a different secondary, but a
common primary address, they will all go to the remote
mode when the primary address is received.

An instrument remains in the remote mode until the REN
line is released, a front-panel switch on the instrument is
activated to request the local mode, or a Go to Local (GTL)
command is received while the instrument is enabled as a
listener. However, the controller can disable the local mode
function of an instrument by sending a lLocal Lockout
(LLO) command, which applies to all instruments on the
bus, addressed or not. The UNL (Unlisten) command does
not return an instrument to a local mode.

All instruments must recognize when the REN line goes
false (a high voltage level) and go to the local mode within
100 microseconds. If data bytes are still being placed on the
data bus when REN goes false, the system program should
assure that the data bytes are sent and received with the
knowledge that the system is in a local mode, not remote.

CONTROLLER FUNCTION (C)

The Controller function provides the capability to send
primary talk and listen addresses, secondary addresses. and
universal commands to all instruments on the bus, and
secondary commands to previously-addressed instruments.
The controller function also provides the capability of
responding to a service request (SRQ) message or
conducting a parallel poll routine to determine the status of
any or all instruments.

If an instrumentation system has more than one controller,
only the system controller is allowed to assert the IFC and
REN lines at any time during the system operation, whether
or not it 1s the controller-in-charge at the time.

A-11



GPIB Functions and Messages—492P Programmer’s

ASGII & IEEE 488 [GPIB) CODE CHART

B7 0 0 i} i} 1 1 1 1
B6 0 0 1 1 0 0 1 1
BS 0 1 0 0 1 9 1
BITS
NUMBERS
CONTROL SYMBOLS UPPER CASE |LOWER CASE
B4 B3 B2 B1
0 20 40 60 100 120 140 \ 160
6 000| NUL| DLE | SP (o] @ P P
0 010 1620 32|30 4840 64| 50 8060 96|70 112
1 GTL| 21 LLOj 41 61 101 121 141 161
o 08 1| SOH | DCH ! 1 A Q a q
1 1111 17121 33|31 49141 65| 51 81]61 97 (71 113
2 22 42 " 62 102 122 142 162
o6 10] STX | DC2 2 B R | b r
2 2112 18] 22 34|32 50(42 66|52 8262 98|72 114
3 23 43 63 103 123 143 163
6 011| ETX | DC3 | # 3 c s c s
3 3[13 19123 35|33 51143 67|53 83163 99|73 115
4 SDC|24 DCL J44 64 104 124 144 164
o 1 00| EOT | DC4 $ 4q D T d t
4 4{14 20] 24 36(34 52144 68|54 8464 10074 116
5 PPC |25 PPU | A4S 65 105 125 145 165
018 1| ENQ | NAK %o 5 E U e u
5 5[15 21125 37|35 5345 69| 55 85165 101 (75 117
6 26 46 66 106 126 146 166
o011 06| ACK | SYN & 6 F v f v
6 616 22] 26 38|36 54146 70| 56 8666 10276 118
7 27 47 ' 67 107 127 147 167
e 1 11| BEL | ETB 7 G w g w
7 7(17 23127 3937 55447 71|57 87|67 10377 119
10 GET |30 SPE ] 50 70 110 130 150 170
1000| BS | CAN ( 8 H X h X
8 8118 2428 40|38 56§48 72|58 88|68 104|78 120
1 TCT |31 SPD |51 7 1M1 131 151 17
190 1]| HT EM ) 9 I Y i y
9 9119 25029 41|39 57149 73|59 8969 10579 121
12 32 52 * 72 112 132 152 172
1810 LF SuB : J p4 ] z
A 10| 1A 26 ] 2A 42| 3A 58] 4A 74| 5A 90 6A 106 | 7A 122
13 33 53 73 113 133 153 173
10 1 1 VT ESC + ; K [ k {
B 1118 27§28 43(38 59148 75|58 91]68B 107|78B 123
14 34 54 74 114 134 154 17d|
1100| FF FS ; < L \ I i
C 12]1C 28§ 2C 44|3C 60§ 4C 76| 5C 92(6C 108(7C 124
15 35 . 55 75 115 135 155 175
1101] CR GS - = M ] m }
D 13|10 29120 45|30 614D 77150 93160 109|70D 125
16 36 56 76 116 136 156 176
1110]| SO RS . > N A n N~
13 14| 1E 30 | 2E 46 | 3E 62]4E 78 | S5E 94 |6E 110|7E 126
17 37 57 77 UNLJ117 137 UNT 157 177
RUBOUT
111 1 S| us / ? (o) — o (DEL)
F 154[15: 31| 2F 47| 3F 63f4F 79 |5F 95 |6F 111|7F 127
ADDRESSED UNIVERSAL LISTEN TALK SECONDARY ADDRESSES
COMMANDS COMMANDS ADORESSES ADDRESSES

Interface messages are sent with ATN asserted.
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octal | 25 PPU| GPIB code
NAK ASCll character
hex [ 15 21| decimal

Table 2. ASCII and IEEF 488 (GPIB) Code Chart.
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The controller function has specified time intervals for
certain operations. For example, the execution time for
parallel polling instruments on the bus cannot be less than 2
microseconds. The ATN message must have a controller
delay of at least 500 nanoseconds to allow a current talker to
see the ATN line asserted before placing a new data byte on
the bus. The IFC message must be asserted for at least 100
microseconds.

If a controller requests system control from another
controller and receives an internal message to send the
remote enable message (REN), the controller must verify
that the REN line remains unasserted (false) for at least 100
microseconds before asserting REN. The time interval that
REN is asserted depends on the remote programming
sequence and will vary with the program.

. a controller is in the controller active wait state and does
not receive an internal message to conduct a parallel poll, it
must wait at least 1.5 microseconds before going to the
controller active state to give the NRFD, NDAC, and EOI
__lines sufficient time to assume their valid states.

taking Control (Asynchronous or Synchronous). All data
bytes transmitted over the GPIB with ATN asserted are
interpreted as system control information. Asserting ATN
directly at any moment is an asynchronous operation with
respect to the bus and may cause loss of data if a handshake
cycle is in progress. To prevent loss of data, a controller can
take control synchronously with the handshake cycle (if it is
in progress) by first asserting the NRFD line to stop the next
nandshake cycle, and then automatically asserting ATN
when the current talker releases DAV.

Taking control synchronously presents problems; the ATN
line may not become asserted automatically if the data
transfer has stopped for some reason. For example, (1) the
talker may have finished talking (sent the last data byte), or
(2) the talker may be very slow to send the next data byte, or
(3) an instrument on the bus may not be functioning
nroperly. Programmers can solve the first problem if they

now that all talkers on the bus assert EQI with the last data
byte. The second and third problems may require asserting
IFC to clear the bus and then asserting ATN
asynchronously.

Performing a Serial Poll. The controller may conduct a
.erial poll at any time, whether or not an instrument has
asserted the SRQ line. Most, but not all, instruments have
the Service Request (SRQ) function.

To perform a serial poll, the controller first asserts ATN and
issues the Untalk (UNT) and Unlisten (UNL) commands.
The controller then sends Serial Poll Enable (SPE)
command, followed by the talk address of the first
instrument to be polled. The controller then releases ATN,
and the addressed talker responds by sending its status byte
over the data bus. If the addressed talker has requested
service, it must assert bit'seven of the status byte and encode
the remaining seven bits of the status byte to indicate the
reason for asserting SRQ. Status bytes are device-dependent
and are not specified in the IEEE 488 standard.

@
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An addressed instrument will release its SRQ line when
serial polled, but other instruments may still be holding it

asserted. When the controller has read the status byte of an
addressed instrument, it should send the UNT and Serial
Poll Disable (SPD) commands before repeating the
procedure to poll the remaining instruments. The routine
should continue until the controller no longer detects SRQ
asserted.

Performing a Parallel Poll. The Parallel Poll (PP) function
provides an instrument with the capability to present one,
and only one, bit of status information to the controller
without being previously addressed to talk. The parallel
polling capability requires a commitment by the system
program to periodically conduct a parallel poll sequence.

When an instrument responds to a parallel poll, the single
data bit presented to the controller may or may not indicate
a need for service. If the data bit is used as a service request
function, the controller should perform a serial poll in order
to obtain a complete status byte. ’

Before an instrument can respond to a parallel poll, the
GPIB system must first be configured. The controller asserts
ATN, sends the UNT command followed by the listen
addresses of all instruments to be included in the parallel
poll, and then sends the Parallel Poll Configure (PPC)
command. The PPC command is followed immediately
with the Parallel Poll Enable (PPE) command to cause all
listeners to go to the parallel poll standby state.

If the EOI line has been asserted along with ATN, all
selected instruments have up to 200 nanoseconds to go to the
parallel poll active state. EOI may be asserted along with the
PPE command, or at any time after the PPE command. An
instrument does not present its one bit of status information
to the controller until it sees both ATN and EOI asserted.

The PPE message sent by the controller has the form
X110SPPP. Bit 4 (S) is called the sense bit, and PPP is an
octal number (000=0 through 111=7) designating a specific
data line (DIOI - DIO8) that an instrument must assert if its
internal status message has the same value as the sense bit (S
may equal | or 0). If so designed, the controller can read the
data lines while ATN is asserted to interpret the status of the
instruments.

To conclude the parallel poll, the controller releases EOI
and then sends the Parallel Poll Disable (PPD) command. [f
the system needs to be reconfigured, the Parallel Poll
Unconfigure (PPU) command is sent, followed by the
Unlisten (UNL) command.

Passing Control. As a controller-in-charge, the system
controller (program) may relinquish control to any other
instrument in the system capable of acting as a controller.
The controller-in-charge first addresses the other controller
as a talker, and then sends the Take Control (TCT)
command and other desired control messages. The other
controller becomes controller-in-charge when ATN s
released. (J
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