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FOREWORD

The adoption of {EEE Standard 488-1978 is a significant step toward creation of universal in-
strurnentation systems approach. This standard allows easy systems configuration involving in-
struments produced by different manufacturers, As such, it greatly simplifies the design of produe-
tion testing, systems control or scientific data recording systems.

Quite naturally, the IEEE-Standard has gencrated a tremendous amount of interest among both
imstrument and computer manufacturers and measurement equipment users. Among the restraining
factors on 488-1978 implementation have been the complexity of the logic protocol and the in-
availability of low-cost ICs to satisfy the required logic contral needs.

A multifunctional intelligent LSI device (MC68488) has been developed by Motorola to provide the
interface between the IEEE488 Standard bus (GPIB -~ General Purpose Interface Bus) and a
parallel computer bus., This complex IC chip functions as an entire block allowing easy interaction
with the GPIB. It performs many of the interface tasks automatically, reducing the software burden
of the processor and improving throughput.

This manual describes the IEEE-488 Standard, and discusses Motorola's MCGE488 {GFPiA —
General Purpose Interface Adapter) for system implementation. The decument is intended for the
prospective user as well as the experienced instrumentation designer. It can be used as a tutorial
presentation, a detailed user’s manual, or a reference guide.

This manual does not cover the IEEE Standard 488-1978 in its entirety. Instead it supplements and
highlights the standard rather than replacing it. bt will be assumed that the reader has access to
copies of the complete standard for a detailed technical reference on the subject. Portions of this
document have been taken from IEEE STD-1978 Digital Interface for Programmable Instrumenta-
tion, with permission of the Institute of Electrical and Electronics Engineers, Inc. Copies of IEEE
STD 488-1978 may be purchased from IEEE, 345 East 47th Street, New York, N.Y. 10017, or from
the American National Standards [nstitute, 1430 Breadway, New York, N.Y. 10018,
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CHAPTER 1
INTRODUCTION

Communications between instruments, terminals, mass storage devices, etc., in an instrumentation
system is accomplished by interconnecting these devices to a common bus. This means each device
needs to be interfaced so its logic convention, signal levels, timing protocols, etc. are compatible
with those of the other instruments in the system.

1.1 TRADITIONAL APPROACH TO INTERFACE DESIGN

The traditional approach to interface design has been to provide each device (instrutnent) with a set
of specialized controls, data, and status signals. A fairly easy straight-forward design was provided
to achieve direct control of an instrument’s programmable features: however, a problem resulted.
The choice of signal lines, status lines, etc., which were to be made available, and the types of timing
transitions between these lines were decided upon by the individual design engimeer. Thus, there
were about as many different interfacing technigues as design engineers. The net result was a
dedicated interface structure for each instrument used in a system, Not only were interface struc-
tures for different manufacturers incompatible, but many instruments from the same manufacturer
were incompatible. To accommodate all of the different structures (logic levels, signal levels, timing,
etc.) many different adapters were built (Figure 1-1). This created a system with a mass of intercon-
necting cables and black boxes. As the sophistication of instrumentation systems increased — dus
mainly to the increase of highly programmable instruments — so did the complexity of the interface
adapters. The resulting interface cost and complexity to achieve required performance levels,
became unmanageable, The effort put into the wide variety of hardware design and the implementa-
tion of the necessary software was enormous — an interface standard was definitely needed.

s
Imgirurman Intarface Adapvar
& & &
[rswrumant imerface Adapter
B B B
Inz1ruman Intarface Adapter
z C C
e ALHKBE

Flgure 1-1. Instrumentation System Prior to Standardlzation
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1.2 PURPOSE OF IEEE-488 STANDARD

The purpose of the IEEE-488 Standard is to allow for interconnection of programmable instruments
with minimum engineering. Its intent is to remove the need for adapters and numerous types of
patching cables. The IEEE-488 Standard allows systemn configurations using programmable in-
struments, calculaters, and other types of peripheral devices produced by different manufacturers
(Figure 1-2). The IEEE-488 Standard provides a set of rules for establishing an unambiguous com-
munications link, producing a high degree of compatibility and yet maintaining flexibility between
independently manufactured products.

_:‘; . ‘1”? Digital Multimneter

i Counter! Timer

M aasureman

LR L

Zrimulus [:Ei Digital Valtage Source
.. [ ] :

Display
Widao Taeminal

Storege | Tape Faader

Campuler

L aculator
Procazsar) Goniralkar

ADGTN

Figure 1-2. System Conflguration
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The IEEE-488 Standard defines ihe;

® Electrical Characteristics — driver and receiver cirenit parameters, logical and electrical signal
levels, loading requirements, and ground requirements;

@ Mechanical Characteristics — connector type, contact assignments, and cable assembly;

@ Functional Characteristics — the complete repertoire and precise definition of sach of the signal
lines, the protocol and timing relationships used to transfer all messages across the interface and
the response expected as & result of receiving these messages. There are ten defined functions
to be performed by the interface. These will be covered in Chapter 2.

The IEEE-488 Standard defines a special bus structure xnown as the GPIB {General Purpose inter-
face Bus). Any device meeting the specifications described in the IEEE-488 Standard witl be directly
compatible with the GPIB without the need of an adapter (Figure 1-3). Motorola’s MCGE488
General Purpose Interface Adapter (GPIA) meets these requirements.

The standard applies to interface systems used to interconnect both programmable and non-
programmable electronic measuring apparatus with other apparatus and accessories necessary to
assemble instrumentation systems.

it applies to the interface of instrumentation systems or portions of them, in which the:
1, Data exchange between the interconnecting apparatus is digital (as distinct from analog);
2. Number of devices that may be interconnecied by any contiguous bus does not exceed 15;
3. Total transmission path length over the interconnecting cables does not exceed 20 meters;
4. Data rate across the interface on any signal line does not exceed one Mega byte/second,

GPIB
Inatrument & o
Instrument 4 GPIE
Cieuitry i imarface
|
Instrument B
Insirurran | GPIB
Circuitry i Intarface
1
Ingtrumeant C
!
Instrument f GPIB
Cirauitry i imarface
|
b=
ADGT

Figure 1-}. GPIB System (Adapiers Not Needed)
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The basic functional specifications of the IEEE-488 Standard may be used in digital iaterface ap-
plications which require Jonger distance, more devices, environments requiring increased noise im-
munity, of combinations of these parameters. Different electrical and mechanical specifications
may be required {for example, symmetrical circuit configurations, high threshold logic, special con-
nectors, or cable configurations) for those extended applications. However, applications of this type
are not covered and are beyond the scope of the JEEE-488 Standard.

The IEEE-488 Standard is also applicable to other instrumentation system elements such as pro-
cessors, stimulus units, display units, terminal \mits of mass storage devices. It applies generally to
laboratory and production test or any other test environment which is both electrically quiet and
restricted as to physical dimensions (distance between the system components).

The IEEE-488 Standard only specifies the operation of the GPIB and interface. It assures that data
and contro! information will be transferred without error between the communication instruments.
1t does not specify the way this information will be interpreted by the instrument. It is up to the user
to choose the type of data format and instrument contrel messages.

1.3 OVERVIEW OF THE IEEE-488 STANDARD

The GPIB can be thought of as the communications link between two or more instruments {Figure
1-4), This communications link is a paralle! bus as opposed to the serial links associated with most
sther types of data communications. The transmission is that of a bit-paralle}, byte-serial format,
Bit-parallel refers to a set of concurrent data Dits being transmitted simultanecusly, and the byte-
serial refers to consecutive bytes carried over the data link in a serial fashion. The GP1B consists of
16 transmission lines which are catagorized into:

1. eight data lines;

3. three data byte transfer control lines {(handshake Iines);

3, five general interface management signal lines,
The eight data lines are used 10 transfer data from the talkers to Jisteners., They are also used to
transfer interface commands from the controller ta various instruments, All transmission is asyn-
chronous and all transmissions except parallel pell occurs according to a specialized 3-wire hand-

shake (DAV, NRFD, and NDAC} It is with this handshake that the talker or controller syn-
chronizes its readiness to transmit data to the listenier's readiness to receive data.

Al any point in time, an individual device on the bus will be idle monitoring the bus activity, a talker
sending data to listeners on the bus, a listener receiving data from the talker on the bus, or a con-
rroller controlling the activity of the bus.

NOTE
Canfusion sometimes arises in the meaning of the word controller. In the context of the
IEEE-488 Standard and this manual, the word controller refers to a special device that
connects to the GPIB. It is a complete unit in itself. The controller directs the flow of data
by assigning devices to be either listeners or talkers. It can also interrupt the data flow and
command specific actions within devices. The word controller does not refer to an MPU
on the instrument side of the GPIB.

14
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Many devices are both talkers and listeners. A programmable multimeter, for instance, will be 2
fistenar when receiving its programmed instructions and a talker when sending its data to another
device such as a printer or disk. There can be more than one listenier at one time, but only one talker.
A minimum system need not contain a controller but may consist of just one talket and one listener.
For example, a dedicated voltmeter could be outputting data to a dedicated printer. In such a
system, it will be necessary for the two devices to have interfacing options that will allow local
messages from the device MPU to assign them as cither a talker or a listener, The assignment will
most likely be made during power-up and will not change, Controllers can only be omitted from
such dedicated systems, i.e., systems where the functions of talker and listener are not automatically

reassigned.

The controller alters activity on the bus by sending interface commands. The controller {currently
active controller if more than one exists on the bus at the same time) is the only device capable of
sending commands. It does this in one of two ways:

1. Uniling Messages — The controller can send a command over one of the five management
lines, e.g., Interface Clear (IFC) or Remote Enable (REN).

2. Multiline Messsages — The controller can send a command over the sight data lines, It does this
by first asserting the ATN (Attention) management line signifying to all instruments on the bus
that the eight data lines contain a multiling command or address rather than data.

These messages are interface commands which do not interact directly with the measurement pro-
cess of an instrument. They interact only with the interface logic within connected devices. The
primary purpose of these messages is to carry out the proper protocol in setting up, maintaming,
and terminating an ordetly flow of device dependent messages {device dependent messages refer to
the information being sent by the addressed talker device to the addressed listener devices and not
the messages used to control the interface). The multiling and uniline messages are vsed to address
devices as either talkers or listeners, to signal an instrument to ignore or not ignore front panel set-
tings, to inquire about any problem the device has, 1o reset the interface circuitry, to begin making a
measurement, etc. Commands can be categorized as Universal Commands, Addressed Commands,
Universal Addressed Commands, and Secondary Address or Commands. The command repertoire
of the IEEE-488 Standard is covered in detail in Chapter 2.

Addresses are assigned to each device so it can respond to addressed commands. Using this address
the controller can pick out a specific device and instruct it 10 be a talker or listener. The controller
does not assign addresses; this must come from an external means such as a set of switches attached
to the back panel of an instrument or a subroutine resident in the device software. The address is
placed in the instrument GPIB interface during an initialization sequence. Once resident in the inter-
face circuitry, the device can respond to addressed commands, The address is a 5-bit binary number
that allows the controller to talk 1o a particular instrument.

A talker sends a data byte over the GPIB to a listener or listeners using the asynchronous 3-wire
handshake. The transfer beging when the talker makes data available (DAY is asserted) and is com-
pleted when the slowest listener accepts the data byte (DAC is asserted). The third handshake line,
RFD {Ready For Data), is used to signal the talker that the listeners are ready for data. There actual-
ly are four states in a data transfer.

1. The talker generates a new byte;
2. The states of the data bus signal lines settle;
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3, The listeners accept the data;
4. The listeners become ready for the next byte.

Since there can be many listeners (maximum of 14; 14 listeners + 1 talker = 15 devices) it is possible
to have some that respond very quickly (e.g., a disk) and some that respond slowly (e.8., a
mechanical teletype) to the same data byte, Thus, the overall speed of transmission over the bus will
be governed by, and will not exceed, the response rate of the slowest listener.

There is no restriction to data format on the GPIB. The only functional restriction is that the data
be transmitted in 8-bit byte lengths. The choice of code and convention is up to the system designer.
It should be pointed out, however, that many commercially available ¢alculators used as system con-
trollers have established codes and data formats. The development task will, in many instances, be
simpler if the data formatting convention of all devices in the sysiem is compatible. The IEEE-488
Standard, even though it doesn’t resirict itself to any particular converition, is s&t up up 10 accom-
modate standard 7-bit ASCII code with ease. Because of this, many contrellers have adapted the
ASCII code. A table is given in Appendix A correlating the IS0-7 code convention to the IEEE-488
Standard multiline command codes.

The objective of the IEEE-488 Standard is to provide a set of rules which insure compatibility and
yet are flexible enough to allow a designer freedom to tailor an instrusment to his particular needs,
To do this, the IEEE-488 Standard was developed in terms of interface functions (as distinet from
instrument functions), messages to and from the interface functions, and state diagrams describing
the behavior of each of these functions. Thus, an instrument operation is divided into two sets of
functions, interface functions (which insures the instrument behaves correctly with respect to the
GPIB signal lings) and device functions (which are used for specific instrument conttol, e.g., perfor-
ming a volimeter function). The device functions are beyond the scope of the IEEE-488 Siandard.
Note that the theoretical separation of device and interface functions does not imply a physical
separation. The interface is partitioned {see Chapter 2 for further details) into ten interface func-
tions. Five of these — Source and Acceptor Handshake, Talker, Listener, and Controller — provide
the primary communications capability. The other five interface functions, Device Clear, Device
Trigger, Setrvice Request, Parallel Poll, and Remote/Local add special purpose capabilities. In turn,
these interface functions interact with the device functions to form a complete operational unit.

1.4 SUMMARY

The I[EEE-488 Standard is a much needed and internationally recognized standard, It is universal
and encompasses many types of applications. As such, it is also a very complex interface standard.
Among the restraining factors causing its slow adoption has been the complexity of the logic pro-
tocol and the unavailability of low cost LSI ICs to satisfy the required logic needs, Implementing the
interface standard discretely could invelve up to 190 TTL small scale integrated circuit packages.
The number of packages would of course depend upon the number of interface functions to be im-
plemented: not all of the interface functions are required for every application.

Motorola’s MC68488 General Purpose Interface Adapter (GPLA) provides an easy, low cost inter-
face to the JEEE-488 Standard instrumentation bus. The GPIA completely implements all of the
IEEE-488 Standard interface functions {(except that of the controller) as well as provides exira
special purpose features. When used in conjunction with the MC3448 or MC3447 high current us
drivers, & set is formed which interfaces any 8-bit MPU standard bus to the IEEE-488 Standard in-

strumention bus {Figure 1-3).
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Figure 1-5, Typical instrument Configuration

This manual describes the IEEE-488 Standard and shows how the MCE8488 is used to implement
this standard, including application examples.
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The IEEE-488 Standard has become a recognized and accepted standard in the field of instromenta-
tion. It is, however, not restricted to instrumentation and can be used in other areas that require an
asynchronous parallel bus. This chapier highlights the standard, its system architecture and
characteristics. The intent is to provide a working knowledge of the standard. For a more detailed
description, a copy of the IEEE-488 Standard can be purchased from the IEEE headquarters in New

York.

The general system defines all circnits, cables, connectors, control protocol, and message repertoire.
Table 2-1 briefly cutlines the general specifications for the interface system; the overall interface bus

CHAPTER 2

IEEE-488 STANDARD

structure is illustrated in Figure 2-1.

Table 2-1. Interface Specification

imterconnected Devicey

Up tp 15 maximum an ona Contiguous bus

intarconnection Path

Stgr or lingar bug natwork undar 23 mmars wtal transmission
path langth

Signal Linas

Sixtean total; eight data ling3 and eght lines tor critical cantral and
atetul messages

Measkapa Transfer Schars

Byte-seriat bit-parallel asynchrgnous date Wrensher using intarlooked
thiree-wide hanodshake ehrigus

Daa Rate

Cna megabyte par secand maimurn aver limied diétann:&s; TR0
kilobyres par second typical over full transmission path

interface Function

Tan tolal; five prichary eommuncation functiona and five spagial-
purpose functiong

Address Capability

frimary addresses, 31 talk gnd 31 listen; secandary |2-kya) address:
3, BE1 lalk and D81 listan

Coamtral Shift

May b delegeted, never assumed, with a maximum ol one talker {up
to 14 listenars] at a time

Imarface Circuns

Driver angd regeiver cirtuits T TL-CoMpaubla

2.1 BUS LINE CALLOUTS

The IEEE-488 Standard bus consists of a 24 ling passive cable of which 8 lines are used for ground

connection and the remaining 16 are signal lines categorized as:

1. eight data bus signal Jines;
2. three handshake lines;
3. five management lines.

The following is a description of each of these lines. Since the bus has a negative logic convention, a
less positive voltage level is referred to as TRUE {binary 1) and a more positive voltage level is

FALSE {binary 0}.
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Figure 2-1. A Possible Interface Bns Structure
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1.1.1 Daia Lines

These are the message lines for carrying data in a bit-parailel, byte-serial form. Data is asynchronous
and generally bidirectional. These lines carry either data or address/command infermation, depen-
ding upon the condition of the ATN management line.

2,12 Handshake Lines

The three handshake lines (NRFD, DAYV and NDAC) form a unique three-wire handshake for
transferring information on the GPIB. The handshake lines provide the means to asynchronously
transfer data between devices.

NRFD — The NRFD (Not Ready for Data) line is used to indicate the condition of readiness of
devices to accept data. All instruments must drive NRFD passively High when ATN is Low.The
NRFD line and the NDAC line are monitored by the controller when ATN is Low and by the Ad-
dressed Talker when ATM is High. The NRFD line is Low when any listener is not ready for data.

DAY — The DAY ling (Data Valid) is used to indicate the validity of data on the data lines. DAY
is driven by the Controller when ATN is Low and by the Addressed Talker when ATN is High. The
DAYV line is monitored by all instruments if ATN is Low and by Addressed Listeners when ATN is
High. The DAY line is Low when data is valid.

NDPAC — The NDAC (Not Data Accepted) line is used to indicate acceptance of data by Address-
ed Listeners. Listeners indicate acceptance of data by setting NDAC passively High. When NDAC is
Low, one or more Listeners have not accepted the data.

2.1.3 Mpnagement Lines

The five bus management lines are IFC, ATN, SRQ, REN and EOL. IFC and ATN are used by all
instruments while the remaining three may or may not be used by a particular instrument.

ATN — The ATN (Attention) line is vsed by the Active Controller to indicate how information
on the data lines is to be interpreted, The ATN line must be monitored by all instruments other than
the Active Controller at all times. When the ATN line is Low, the Active Controller can send intez-
face messages and addresses to instruments on the bus, Data can be sent by the Active Talker to Ac-
tive Listeners when the ATN line is high,

IFC — The TFC (Interface Clear) line is used by the System Controller to place the bus in & known
quiescent state. The IFC lin® can only be driven low by the current Systems Controller and must be
monitored by all other instruments. In order to clear an interface, the IFC line must be set low for at
least 100 microseconds, IFC may be set by the current System Controller at any time. IFC puts
talkers and Jisteners into their idle states.

REN — The REN (Remote Enable) line is used to operate an instrument under remote mode,
€.g., interface comtrol rather than front pancl contrel. A Low level for the Remote Enable line is one
of the conditions for operation of an instroment in remote made. The REN line is driven by the cur-
rent System Controller and may be changed at any time. Instruments which nse the REN line mnst
meonitor it at all times and return to local control whenever it becomes High. The use of the remote
function is optional,

SR} - The SRO (Service Kequest) line is nsed by an insttument 1o asynchronously request ser-
vice from the Controller in charge of the GPIB. The SR() line is sensed by the currently addressed
Contraller.
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EOQI — ‘The EQI (End or Identify} line is used to indicate the end of a data string provided the
ATN signal is High, When the ATN line is High, the Addressed Talker may indicate the end of its
data by setting EOI Low at the same time it places the last byte on the data lines, The currently ad-
dressed Active Controller may initiate a Parallel Poll of all instruments with Parallel Polling
capability by sstting ATN and EOI Low simultaneously.

2.2 DEFINITIONS

A number of definitions or terminoiogy are presented here 1o aid in understanding subsequent
discussions of bus concepts. Unless otherwise noted with an asterisk (*}, these definitions are direct-
ly from the IEEE-488 Standard.

Active Transfer -—— A technique for resolving conflicts between twe devices sitnultaneously sen-
ding opposite remote message values, whereby, the interface is so structured that the active value
overrides the passive value.

Bidirectional Bus — A bus used by an individual device for two-way transmission of messages,
that is, both input and output.

Bit-Parsllel -—— Refers to a set of concurrent data bits present on a like number of signal lines used
to carry information. Bit-paralle! data bits may be acted upon concurrently as a group (byi¢) or in-
dependently as individual data bits,

Bus — A signal line or a set of signal lines used by an interface system to which several devices can
be connected and over which messages are carried.

Hyte — A group of eight adjacent binary digits operated on as a unit.
Byte-Serial — A sequence of bit-parallel data bytes used to carry information over a common bus.

Compatibility - The degree to which devices may be interconnected and nsed, without modifica-
tion, when designed as defined throughout Section 2.3 and 4 of the IEEE-488 Standard.

Controller — A device that can address other devices to listen or to talk. In addition, this device
can send interface messages to command specified actions within other devices. A device with only
this capability neither sends nor receives device dependent messages.

NOTE

The use of the word contreller throughout the 1EEE-488 Standard applies strictly to the
management {contrel) of the interface system and does not imply the broad capabilities
typically associated with the word in the data processing context. Further classification of
the controller is made in Section 2 of the IEEE-488 Standard to distinguish between dif-
ferent types of controller capabilities related to the interface system. Listener, talkers, and
controller capabilities occur individuaily and collectively in devices interconnected via the
imerface system, as shown in Figure 2-1.

Device Dependeni Messages — Messages used by the devices interconnected via the interface
system, that are carried by but not used or processed by, the interface system directly. Device depen-
dent messages are passed between the device functions and the message coding logic via specified in-
terface functions. These will cause no state transitions within the interface functions. Examples of
device dependent messages include device programming data, device measurement data, and device
status data (see Figure 2-7, message route 3),
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An Expression — Consists of one or more local messages, remote messages, state linkages, or
minirmum time limits used in conjunction with the operators AND, OR, or NOT.

Handshake Cycle — The process whereby digital signals affect the transfer of each data byte
across the interface by means of an interlocked sequence of status and control signals. Interlocked
denotes a fixed sequence of events in which one event in the sequence must occur before the next
event may Qccur.

High State -— The relatively more positive signal level used to assert a specific message content
associated with one of two binary iogic states.

Juterface — A shared boundary between & considered system and another system, or between
parts of a system, through which information is conveyed.

Taterface Messages -— Messages used to manage the interface system itself. Bach interface
tnessage is sent 1o cause a state transition within another interface function. An interface message
will not be passed along to the device when received by an interface function (see Figure 2-7,
message route 2).

Interface System — The device-independent mechanical, electrical and functional elements of an
interface necessary 1o effect communication among a set of devices, Cables, connector, driver and
receiver circuits, signal line descriptions, timing and control conventions, and functional logic cir-
cuits are typical interface system elements. )

Listener — A device that ¢an be addressed by an interface message to receive device dependent
messages from another device connected to the interface system, Listener, talker, and controller
capabilities occur individually and collectively in devices interconnected via the interface system, as
shown in Figure 2-1.

Local Conirol — A method whereby a device is programmable by means of its local (front or rear
panel) contrals in order to enable the device to perform different tasks. (Also referred 10 as manual
control,)

Local Messages -—— Local messages flow between device functions and interface functions (see
Figure 2-7, message route 5).

NOTE
Certain local messages are conveyed as remote messages and vice versa.

The designer is not allowed to introduce new local messages to interface functions.

The designer is allowed 1o introduce a local message derived from any state of any interface func-
tions to device function(s).

Local messages sent by device functions must exist for enough time to cause the required state
transitions.

Low State — The relatively less positive signal level used to assert a specific message content
associated with one of twe binary logic states {a logic true),

Messages — Quantities of information carried by the interface system. A message will be received

either true or false at any specific time,
All communication between an interface function and its environment is accomplished through

message sent or received,
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Message Coding — Message coding is the act of translating remote messages to or from interface
signal lines values.

“Mnemonic — Refers to a technique of abbreviations that has some easily remembered relation-
ship to the name of the state ot message; i.e., NY for New York, IFK for New York’s John F. Ken-
nedy Airport.

Multiline Message — A message that shares a group of signal Jines with other messages, in some
mutuaily exclusive set, Only one multiline message (message byte) can be sent at one time.

Passive Transfer — A technique for resolving conflicts between two devices simultaneously sen-
ding oppasite remote message values. A passive value is not guaranteed to be the value received as it
¢an be overridden by an active transfer.

Programmable — That characteristic of a device that makes it capable of accepting data to alter
the state of its internal circuitry 1o perform two ot more specific tasks.

Programmable Messuring Apparatus — A measuring apparatus that performs specified opera-
tions on command from the system and, if it is & measuring apparatus proper, may transmit the
results of the measurement(s} to the system.

Remote Messages — Messages sent via the interface between interface functions of different
devices are called remots messages.
Each remote message is either an interface message or a device dependent message.

Signal — The physical representation which conveys data from one point to another.

NOTE
For the putpose of the IEEE-488 Standard, this is a restricted definition of what is often
called “‘signal’’ in more general sense, and is hereinafier referring to digital electrical
signals only.

Signsl Level — The magnitude of a signal when considered in relation to an arbitrary reference
magnitude (voltage in the case of the IEEE-488 Standard).

Signal Line — One of & set of signal conductors in an interface system vsed to transfer messages
among interconnected devices.

Signal Parameter — That parameter of an electrical quantity in which the values or sequence of
values convey information.

Sinte Linkage — The logical interconnection of two interface functions where the transition to an
active state of one interface Tunction is dependent upon the existence of a specified active state of
another interface function (see Figure 2-7, message route 4).

System — A set of interconnected elements constituted to achieve a given objective by performing
a specified function,

Talker — A device that can be addressed by an interface message to send device dependent
messages {0 another device connected to the interface sysiem.

Listener, talker, and controller capabilities oceur individwally and collectively in devices intercon-
nected via the interface system, as shown in Figure 2-1.

Terminal Unit — An apparaius by means of which a connection (and translation, if required} is
made between the considered interface system and another external interface system.

Unidirectional Bus — A bus used by any individual device for one-way transmission of messages
only, that is, either input only or cutput only.

Uniline Message — A message sent over a single signal line. Two or more of these messages can be
sent congurrently.
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2.3 CONVENTIONS

Following the lead of IEEE-488 Standard, certain conventions will be followed throughout the re-
maining text and in all figures and diagrams.

Local Messages — Al local messages to an interface function defined by the IEEE-488 Standard
will be represented by three-letier lower case mnemonic. Example: rdy. Local messages are
tabulated in Table 2-2.

Table 2-2. Local Message Mpemonics

Mnsrnonic Mansape Tiths
gts go to stendby
18R indrvidusl se7vice request [guall
ion tigten only
lpe tocal poll enabla
L ligtan
Iun lacal unlistan
nba rigw byter available
ELy| powear gn
rdy ready
pp raguesy parallel poll
=1 raguast Syatbem contol
ISy raguest sarvics
rtl redusm 1o kgl
B sand nierface claar
srg sand refmoa anable
toa take contral asynahronsusly
1cs take control synchronously
Halyl 1alk only

[al |IEEE-d88 Siamdard specified local megsages.

apte addrazs pass through enable

dacd DAL disabla |digablag autemalic command mpda)
dacr DAL raloasa

dal digabbe listenar

dan disable talker

dzal disabke inlerrupt for GET, WALG, UUCG, 5DC, DLC
lapi farce O Eng e

et torea group sxecule trigger

hida hold AFD on all daa

hida haold AFD art end ol data

|sbe lzast aignilicent kit anatile

ma iy address

mea vy sseondary soddress

rfgr RFD ralaasa

Ib) Mon IEEE-488 Standard specilied local rmazsanss. These 3 and 4
lattar mnemanics eprasant additionsl logel messages usad by 1ha
MCES488 and are not part af the standard.
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Remote Messages — All remote messages received via the interface will be represented by three-
letter upper case mnemonic. Example: ATN. Remote messages are given in Table 2-3.

Tuable 2-3. Remote Message Maemonics

Mnornonic:
ATH
DA
DAC
DAY
DL
END
GET
GTL
0%

IFC
LLO
MLA ar {MLA]
MEA or IMSA]
MTA or IMTAL
Q54
0oTA
FCG
PRPC
[P
|PFE]
FPAN
PR
HEM
"/FD
RGOS
[s0Cl
SFD
SPE
5RO
s18
TCT or [TCT]
LINL

Mewsage Tite

Autention

Daa Byw

Data Acoapied

Data Valid

Device Clear

Erd

Group Execute Trigoger
Go To Local

hkarily

Iniarface Claar

Locet Lock Qg

My Ligten Addregs

My Socondary Address
My Talk Address

Dthar Secondary Address
Other Talk Addrass
Prirmary Command Group
Farellal Podl Conligura
Farellsl Pl Disabls
Paralal Pl Enabla
Farallal Foll Response n
Farallal Patl Uncanfigure
Rematg Enable

Ready For Data
Request Service
Selected Devica Clear
Sarial Pall Disable
Larial Foll Erakle
Senice Haguest

Status Byte

Take Coraral

LIniistan

State Notation — Each state that an interface function can assume will be represented by a four-
fetter upper case mnemonic with an S being the final letter. The mnemeonic will be enclosed in & cir-
cle and all permissible transitions between states of the interface function will be represented by ar-
rows between the circles. States are summarized in Table 2-4.

Linksge — A linkage from another state diagram will be represented by a four-letter mnemonic
enclosed in an oval, Example:(LACY . Linkages are listed in Table 2-5.
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Table 2-4. Interface Siate Mnemonics

I rerrink:

ACDS
ACRS
AIDS
ANHE
AFRS
AWWMNES
CALS
CADE
CAWSE
cinos
CFFS
LS
CSBS
LENS
CSRS
CEWE
CTRS
DCAR
s
DTAS
LTS
LACE
Laps
LIDS
LOCE
LPAS
LPIS
LWwLS
NPFRS
PRCS
FPAS
FPIS
PPSS
PUCE
HEMS
RWLE
Sa05
SDYS
SGNS
SIAS
SIDS
518
SING
5IWS
SNAS
SPAS
SRS
SPMS
SHAS
5RIS
SHMNS
SAOS
ETHS
SWNE
TACS
Taps
TGS
TRAS
TFIS

Mussage Tiia
#Accept Data State
Arcaptor Reaady State
Accoptor (de State
Accaptor Mat Ready State
Affimmative Poll Response State
Acceptor Yeait For Mew Cyohe State
Controlls Actlva Stats
Controller Addressed State
Controdler Activa Wal Suals
Controller Ide State
Controller Peralal Poll State
Controller Parallal Fol Yyail Slale
Controller Stendby Stete
Controlles Sarvics Kot Raguesied State
Controller Service Requeated State
Contrgfer Synchrmonos Wait State
Contrabar Transfar State
Cevice Clear Active State
Cevica Claar Idle State
Device Trigger Activa Stata
Dervicn Trigoer lde State
Listaner Active State
Lstaner Addresssd Siats
Ligtaner Idle State
Local State
Lestarind Prirnary Adodressed Stata
Listener #rmary Idle Stata
Local With Lockout State
Magative Poll Response State
Parallal Foll Addressad Ta Conflgure State
Parallel Foll Active Etate
Parallal Pall Idle Stata
Farallel Poli Standby State
Parallel Poll Unaddmssed Ta Configure Stats
Resmicta State
Remote With Lockout Stete
Systarn Cantral Acive Slawe
Source Delay Stale
Sourge Ganarats St
Systam Control imarface Clear Active Stata
Sourge Ide Stete
Systemn Control Interface Clear Idle Stata
Symtamn Conteal Inderfacs Clear Mot Active Siste
Source die Wait S1ae
Syzwam Cantrol Not Active Stata
Sarigl Foll Aclve Stae
Sevial Poll [dlx Siale
Sarigl Poll Mode Stale
Syrtamn Conrsl Remow Enable Active State
System Control Aamote Erable idie Stata
Syamm Contrel Remowe Enable Mol Aclive Stale
Searvice Request State
Source Trengter Stats
Source Walt For Naw Cycle Stale
Talkar Active State
Talker Acdressad Siale
Talker ide State
Talker Primary Addressad Siate
Talker Prmary Idie State
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Srate

Dingrmm

EH
EH
EH
GH
AH

A&H

TE

TE

LE
LE
LE
SR
RL
RL
PP
PP
il
DC
DT

oT

Table 2-5. State Linkages

§

b

9060000006000000060000000008

Irterfacs Strta

Talker Actlwe Stata (T foncton)

Sarigl Poll Activa Siate (T function!
Controdler Active Stete (C lunction)
Contredler Transfer State [C lunction]
Listarar Addressed State 1L fungtionk
listemer Activa Siatg (L function]
Accapt Data Stata [AH funclion|
Acoapt Data Stata LAH funchiont
Listener Frimary Addrésssd S L funceont
Accapl Data Stata [AH funglont
Contraller Acthva State (C function]
Arcap Daa State (AH funckont
Contratier Acthe State (G lunction]
Talkar Primary Addressed Siate (T function
Seral Foll Active Stete (T furaiion
Accapl Bata Stete [AH function]
Listarnar Addressed Siate 1L fungliont
Accapt Daa State LAH function]
Listener Addneased Swae (L funciion!
Accapt Dala State LAH lunction)
Linterer Acddressed Siale (L function|
Accept Datz Stete {4H lunctian]
Listenar Addreased Slate (L. huncticn)
Accept Data Stete 1AH lunction)
Accapt Mot Ready Siate {aH fungtiond
Saursa Delay State 1SH function)
Source Transter Sate (5H function)

Talkar Addressad Stata (T funciank
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Maximpm Time — I a tragsition has 3 maximum dme limit, it will be indicated by the symbol 1.
Thus the state pointed to, must be entered within a specified amount of time after the expression
becomes true. See Table 2-6,

Minimum Time — A minimum time limit is represented by the symbaol Ty, This symbol achieves a
true value only after the interface has been in the state originating the transition for the time value
specified. It will remain true until the state is exited. See Table 2-6 for these time limits.

AND — The AND operator is represented by the symbol A.

OR — The OR operator is represented by symbol v, (The AND operator takes precedence over
the OR operator wnless specified by parenthesis.)

NOT -~ The NOT operator is represented by a horizontal bar above the portion of the expression
to be negated.

Active/Passive — The interface is so structured that conflicts, which may arise when opposite
remote message values are simultaneously transmitted by two devices, are resolved. In such cases
one message must always be made to override the other. Thus an active value will override a passive
value when conflicts ocgur,

T — indicates active true.
F — indicates active false.
(T) — indicates passive true.
(F} — indicates passive false.

Optonal True — If a portion of an expression iz optional in that its true value it not required for
the complete expression to be true, then it will be enclosed with square brackets [......].

Table 26, Time ¥aloes

Time .
Valus [ Ath;:uﬂmm;m hacriprion Valus
Identifier”

Ty %H Senting tirme lor multiline rmessages =2 gt
13 SH, AH, T, L | Responsa o ATH =30
Ta AH Inlarface messags acoopl sl =04
4 T. TE, L, LE, T | Responsa to 17 or AEN lalss < 100 um
15 PP Response to ATH A EQI =200 ns
Ts C Parallsl gall axecution urme =2 us
T7 ¢ Conrsller dalay to allow current talker to see ATH message | & B0 ns
T8 c Langth of IFC ar REM falze =100 ps
T c Delay for EQI7T 1.5 pstt

“Turne vallwes specified by 8 war 0ase tindiceta the maximum time allawed o make a state transition, Time
velues specified by an upper case T indicata the minimuem time thet a function must remain in 8 stats before
axiting.

Tl threg-state drivers are used on the 010, DAY, andg ECQ inag, T1 must be:

=1 ns

{2] Or =70 ng if il is kevvwwns that within the controller ATH & driven by 8 threg-state driver

{3 Or 2B ns for ail subsequent bytes lallpwing tha first sarm alver aach faisa vansition of ATH 1the first
byta must be gant in accordance wath (1F o5 [21)

fTima required bar interface fuRcHens 10 accepl, Nat negegaanly raspand to, intarace rescsges.

Jimplemantaton dependant.

*"Dhelay requirad for EQ, NDAC, and NRFD signal lings to indicate valid states.

THE0 ns for thrag-siate drivers.
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2.4 LOGIC LEVELS

Throughout the IEEE-488 Standard document the coded logical states ¢ and 1 are otilized. A
negative logic convention is defined as follows:

Coding Logical State  Electrical Signal Level
)= False =20 ¥ called the high siate
1="Trus ={.8 ¥ called the low state

Either open-collestor or three-state drivers may be utilized with the following constraints:

1. Open collector types are required on the following lines; SR, NRFD, and NDAC., In addi-
tion, if parailel polling is used, DIO1-DIO8 must also be open collector types.

2 Three-state drivers are recommended for higher speed systems and especially in a controller
ATN signal line, if used with other devices employing three-state drivers on the DAY, EOI and
DIO1-DIOS lines,

Drivers of either open-collector or three-state configuration must be capable of sinking + 48 mA
without exceeding 0.5 V. Three-state drivers must maintain 2.4 ¥, or greater, when sourcing
5.2 mA. Typical specifications for both open-collector and three-state drivers and receivers are
given in the IEEE-488 Standard, When implemented with standard TTL jogical elements and with a
3 k9 resistor to Voo and a 6.2 k& resistor to ground at each common node, the typical suggested
confignration is met (see Figure 2-2). The actua) dc load requirement which must be met, however, is
a function of driver, receiver, and resistive terminations. This load requirement is given in Figure
2-3.

Ta
o~ Busg

Yoo
% Ik
D o
Connector
B2k

Figure 2-2. Typical TTL Implementation
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The recievers may be standard TTT. gates with 2.0 ¥V high state input voltages or Schmitt trigger
fypes employing hysteresis.

If hysteresis is wtilized for improved noise immunity, it i recommended that at least 0.4 V be
employed. It is alse secommended that the Jower threshold be greater than 0.8 V and che upper
threshold less than +2.0 V. Negative voltage clamping is also required within the receiver,

2.5 TIMING
All specified timing constraints are summarized in Table 2-6.

2.6 THE CONNECTOR

Both the dimensions and the actual pin locations of the connector are preseribed in the IEEE-488
Standard. Recommended connectars include MICRORIBBON {Awmphenol or Cinch Series 57) or
CHAMP (AMP). lllustrations of the connector, cables and pin connections are presented in Table
2-7 and Figures 2-4 through 2-6.

Table 2-7. Connector Pin Assignments

Contact Sipnal Lire Comact Signal Lirm
1 oo 13 DIOS
2 g 4 DO
3 D3 15 mo?
4 Do 8 ulln):
5] EQI 17 REM
8 DAv 18 Gnd._ Bk
7 NAFD 19 Grd. (7)
) NDAC 20 Gl (B
9 WC 11 Gnd, (3
10 SRO 22 Gnd. 110
11 ATH 23 Gnd. 1171)
12 SHIELD 24 Gnd, LOGIC

Noig: Gnd. int rafars to the signal ground reluen ol the referencad
conacl,
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Figure 2-4. Device Connecior Monnting

Figure 2-5. Cable and Connectors

Figure 2-6. Device Mounted Conuaector

ARM STORAGE Q50

Photos courtesy of Hewlett-Packard.
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2.7 PARTITIONING

An IEEE-488 Standard compatible device can be divided into three major functional parts:
1. The device function;
2. The interface functions (5 basic and 5 supplementary};
3. The message coding logic.

Figure 2-T shows the way the IEEE-488 Standard system is partitioned, The device functions, as
mentioned earlier, are simply the application which the device has been designed to perform, e.g.,
voltmeter, signal generator, logic analyzer, etc.

Davice {Apparaius|

Dewice Functiens B
MBS0 h
Syatam 3 B
. e i
T o T Tl T I e 12 8]
| : T [MTefiscE Foncions "
1 rl
SH AH |1y of |y1 o
1oTE : 1 LE SR Al PR (1 DT |r I
11 yi 1]
T —— —_— — -
W CEB4RA — e
oA — -
@1 o
Message Coding
MO A %
CHivars aawl:::l4 RAecaivers

R

Intarfase Bus

A — Capability defined by the IEEE-4BH Standard

B — Capahlity defined by tha desigrar

1 — Inierface bus signal lines

2 — HRemote interface messagas to and from interface lunctions

3 — Devioe depandani messages tp and om cevica funclipns

4 — Siate inkages belwean inlerface funcbons

§ — Local messages hetween dewvica funcligns and inlerface
funclions {messages w inlarface funclions are defined; mes-
sages om intertace lunctiong exist according 1o the de-
signer's choicel

& — Remota interfece meassages sent by device functions within
g cantrallar

Figure 2-7. Functlonal Partitlon YWithin A Device

L n L
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2.1.1 Interface Fonctions

The interface function is that part of the system which allows for the basic link through which a
device can receive, proocess, and transmit messages. Table 2-8 and 2.9 list the ten interface functions
defined by the standard,

Table 2-8. Basic Interface Functions

Functhon Cascripticn
(1} TALKER
Bagic Tokar Allows an inswgmeant W send data 19 amcther instrument.
Talk Only Allows an insltument o operate in & Systam with a controlier,
Urgeltress If my listen sddresd Fravents an inswrurent capable of functioning as ooth & slker and a listenee from wlking Yo
IMLA) jtgalf.
Exiended Talker (TE SEme 59 talker funchion with added addressing capability to send a “swatus byle™ to the
Sarigl Foll pantrallar and identiby mealf in the coumne of & SBrACE request.
{2} LISTEMER
Basic Listarar Allows @n instrusnent to feceive dets lom anothar intrumsanl.
Liser: Oy Allowws a0 iNstrumant to operats in & systam without B cormolkar,

Unaddress if my talk address
1MTA)

Extended Listener [LE)
I3 SOURCE HANDSHAKE

tdh ACCEPTOR HANDSHAKE

i8I CONTROLLER
Sysiem Controller

Sand intarface Clear IFC)

Send Ramets Enable tAEN)

Razpond to Servica Request
[SRON

Send Intesface Mesgages

Recaive Control

Paza Conargl

FParallal Poll

Toke Cantrol Synchrongusly

To prevent an instrument capable of functioning A% both talker ard liswaner from AEleTing

ey it f,

Sarrd &% listener function with added addessing capebility.

Synichronize Uranamission of infarmation on the data bus by the telker when sending insi-
rmant-panerated data and by the contraller when sanding inlevface massages.

Synehronizes the recaipn of information on the data bug for all inerface fundions wihan fecaiv-
img interkite Messages and lar the lstener fungich when receiving instrument-generatad data

Allows An instrument to send the interface clear HFC] or remots enable [REN) messages.
Adlowa a Systam to take charge fram anothar contraier and/or initializa ne bus,

Allawa a system sontroller to enable instruments 1o Switch T remole contral.

Bllaws the controllar to respond WO S8MvICE ragueasls.

Allows the contraller to send muliline rassages.

Allows the controller 1o sccept control on the bus from anathr controller.
Allwe the controllsr to paes control of the bus 1o anoines controdler.
Allpws tha contrdd 1o exesute a4 parallel pol.

Allows the controllar 1 aks conirsl of the bus withput destroving 8 deta IransTEsson N
Qrogréss.

Table 2-9. Supplementary Interface Functions

Function

Daacription

18) SERYICE REQUEST
(¥ REMOTE-LOCAL
Begic Ramota-Local

Local Lock Qut

18 FARALLEL POLL
Basic Farallel Poll

Parallel Poll Configuratian

[ DEVICE CLEAR
Basic Device Clagr

Selective Deowview Chaar
(10 DEVICE TRIGGER

Allws gn instrument to indicate 1o the controller that soma evant hes popurred and mEguest it
to take tome specilic action asynchronously with fespect to ather bus operations (ene SRO
funclion is equired Tor each independent resgon for mquesting service.

Allgws tha sentral af the instrument to be gwitched between its local manuatl conwols and
TBMmIe contrits fprpgrarnming codes teomived while Bddressed as a liswenerl

Allcws tha iocal contrgl raturn to bocal™ 1o be disablad.

Allows inewruments to retwm one-bit $tatug 1a the canwoller, Up 1o eight INSWLmEnly may -
spond simultenecusly. More than one inetrufnent may respond on tha same Jtatus lire %0 that
bogical oparations LAMD, DR may be parformed an a group of inginerends.

Alkws the instrurnent 1o be contigured By the Conirgllar.

Provides & reans iy which an instrument {device] may be initialized 1o a predefined siste. All
ingtruments ere claamsd concurramly.

Clears individue! instrurnents (devices! salactivaly.

Adleavs instruments {devicash, either singly of in a group, 1o be wiggeesd, or S0Mme Soton bE
staried.
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2.7.2 Message Coding
Mesaage coding is the process of converting remote messages to or from interfacs signal line values.

As mentioned in Chapter 1, there are two types of messages: uniline, a message sent over a signal
line; and multiline, 8 message that vses a group of lines. Only one multiline message may be sent at a
time, however, more than one uniline message may be set at a time {on different lines). Uniline and
multiline messages form the command repertoire defined by the IEEE-488 Standard, The com-
mands serve several different purposes such as:

1. Address, or talk and listan commands select the instruments that will transmit and accept data.
They are all multiline messages.

2. Liniversal commands cause every instrument 50 equipped to perform a specific interface ques-
tion. They include multiline messages and three uniline commands; Interface Clear (IFC),
Remuote Enable {REN), and Attention (ATN).

3. Addressed commmands are similar to universal commands, except that they affect only those
devices that are addressed and are all multiline commands. An instrument responds (o an ad-
dressed command, however, only after an address has already told it to be a talker or listener.

4, Secondary commands are multiline messages that are always used in series with primary com-
mands {(address, universal command, or addressed command) to form a longer version of the
particular command, thus they extend the code space when necessary,

To send multiline messages, the controlier uses seven of the eight data bus lines, This allows in-
struments using 7-bit ASCII code to act as a controller. The commands are catagorized into five
distinct groups by the assignment of bits 5, 6 and 7 of the command word (Table 2-10). For example,
the code format for any multiline message in the Listen Command Group is (X0IXXXXX}. Bit 6
being 2 1 and bit 7 a O define this group. The five least significant bits define the address of the
device. Thus the command (X010001 1) is a multiline message that instructs device #3 to be a listener.,
All 1s (decimal 31) in the five least significant bits are not allowed as an address because the code
(XO0111511)% is reserved for the unlisien command (see Table 2-100, The talk command X 1HXXX-
XX), defined by kit & being a @ and bit 7 a 1, is analogous to the listen command. Thus the com-
mand (X10008H 1) is a multiline message that instructs device #3 to talk. The command (X1011111}is
the untalk command for all devices,

Table 2-10. Command Group Coding

Code
B0 | b7 | b6 | b5 | b4 | 63 b2 | b1 Function ASCH
Al OO0 Ag]|AglAr | A | Addressed Commands KUL- 51
Al oo 1 Ay Ag|Ae [A Lnivarsal Commands DLE-US
K| O] 1 |Ag|Ad]Ag|As A Listan Address SF - = lincludes numarics)
E O I B 1 1 1 1 1 Unlistan Command i
A I I I T OV O A T - Talk, Address & — tlinglugdes an alpha char.]
¥ 1 o 1 1 1 1 1 Intalk Commend -
X1 1 | &) Ag | Az | Az {41 | Secondary Commands -
E O I 1 1 1 ] 1 1 lgnarad QEL
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For the multiling interface messages, Table 2-11 lists the remote message coding. Many devices use
the IS0-7 bit code (or the equivalent code in American National Standard Cade for Information In-
terchange ANSL X3.4-168) because it is convenient tc both generate and interpret this code. A
description of this code and the relationships between the 130-7 code and the messages (hinary bit
pattern) defined in the IEEE-488 Standard can be found in Appendix A.

A uniline message value is valid as spon as the corresponding logic state is detected. However,
multiline messages are valid only within the context of 5H and AH functions. Thus the transmitted
multiline message is valid while the SH function is in the STRS state. The received multiline message
is valid while the AH function is in the ACDS state. All passive message values are transferred as &
signal line states. This requires the logic OR of signal line states to be performed on the interface.

2.1.3 Drivers and Receivers

The drivers and receivers provide the necessary current levels and termination networks to satisfy
the requirements in the preceding section on logic levels, It is generally assumed that either bipolar
or MOS technolegy can be employed for the message coding and interface function sections. MOS
LS1 will probably be preferred due to the logic complexity and either gold-doped or Schottky
bipolar devices can be utilized to implement the 48 mA drivers and provide the current drive at the
actual bus.

The Motorola complement of KCs includes four Schottky bipolar quad transceivers, type MC3448A
or two Schottky bipolar octal transceivers, type MC3447C for the driver/receiver function; and an
NMOS LS1 device, type MC68488, to provide the message coding and interface functions, The
MOC6B488 is designed specifically to be an interface between the IEEE-4E8 Standard bus and the
M6800 microprocessor bus, With some modification, however, the MC68488 can be made to func-
sion with other mictoprocessor systems,

1.8 THE HANDSHAKE*

2.8.1 Genersl Description

When data is transferred from a source tO one Or more acceptors, a handshaking procedure is uti-
lized to insure that the transfer is performed properly. The procedure is repeated for each byte
transferred. Three signal lines are utilized for the handshake; the DAV, NRFD and NDAC line. The
DAV line is controlled by the talker, while the NRFD and NDAC are under the control of the
listeners.

The handshake procedure insures that each listener is ready to accept data, that the data on the
DIO1-DIOS lines is valid data and that the data has been accepted by all listeners. Drata will be sent
only as rapidly as it can be accepted by the slowest listener.

*The (hree-wire handshake described in this sgction is the subject of patents owned by Hewlett-Packard Co. Inquines on licsnse details
should be dirscted o the legal departmient of Hewleit-Packard,

2-18



R TSR OREENL N |G WUl LA (Y T
® OBl B My FERARIA 'BR) e ) aie

MU L0 B SEE B o Do BT 1y

ey 51 oBTRG by Ly Bl §F paeaoR)

b Pl g LM B, IREGU G ) Wt
WAECRUL TSI B ] S

R Pz BO S anegn ol L G| g
[ WREMNALE Sl M MO} pRn B Laiar

RNIPU T MR Sl B & Bs 1S 8l
ey Busugoge
B A PDOE I L] PREU 10U B G ' AAOU T

1A e T JEA B B 3 A L 1Ll

Bidd L L L

L o D&
WOBEAN Yot d4 24 Rd
PR A o
IR B U vt 3 00 BRI e WL Ay I -1 4
1 [
i 4
Bk Cchbiny 5
‘Hdd Wk O GEU0G WL MRt 5 gpt
"Bk AIIUID00E Dpingp
il 40 R AR I ) AR G515 )
WEAE /il BHADD
B 40 M JURpAUHIGE Ehvae bl A1eW Si-l]L onl
R WL R
BUL 40 HIM ILBOURCRE RHARD Byl Ajowde -1 (|
T ST L KB
O e Gk Lumpuiacan RoLap sl e g3-43 [
IR T JURERRD SRR L A L (L

[RORREH DALY A
0o Bipog By ATf) B JOU LU Ay
oD
Pty |2 BN R0 Gl Joy) Bl Luop e
DR (1S R PUD R - |
1M [EUBS 40| O FRAB
WG = §5
URPuCokE w33

Smbracal] AHAM] = (1]
LR 10 Y[R BRBEY - W
PLHNLAHTY IRCEOpEY = Yy

Lo TR T T Y]
L= T R

SHOlY

DL fawim | ¥ | s [ s eya x| wf{xl4]cF 1Tt lall [x | W
O [avdm | X | x| x [ xR [w e el vt [t [+ imdxn s R
oL _fongmix || i w fo [ [N ¥]x|x |t |nipdx Andeg pusuws LA | oon
M owwi X x| wiw | | x (K| xfx][ e[ wlxlulof.x L TR T T
113 o W ! x x x M kS ¥ ¥ § L] o L Q L+l 1} ¥ PO BHEL L
B8 S IM] x i | ¥l X [ xiX]{ XX [IS|[rE[ec(rs o8 (a5 f ¥ |05 g s | gL
- Ein) e | i M eI [ |w]low]w | xnlxlx ity RHAsES | (NS
o WX )u | xEx | xlxix (s |alafoa]tfilolalx L T A ET
o (Wl Fadxf N | wwix x| o]: Fidealx TR 04 FES | s
O 3w Wix (X IX[¥ | ¥ )i [dole]|sia|oja|o]|x 1L $CAB) [mLAneS | O0E
oL [N [x ¥ | x [ W w[® |adn] B [%]% [xFg [ [ %[ a0 oy Urpowoss ] ooz
[ A8 ([ w [w )W (x| x | wluwle]eloeTefxt |x FHUES B | 50U
- SH{N| X | ¥)x || ]x]o|t]x{Mife]el[e]®]|x W sy ApeRd |y
—gnya L [ ¥E [ [Ny [ lx x| x [x|x|%]x oyaeu By | Er
o oWl K | x| 2= |xfx[w[xldeicTaolt|olo]lx WRLSUN T R | gd
- is|In| x| x| » L 4 AR EEE A A E 3 = LI L i ol B0 g Bddd
- Jan[w s n [n [ sl xfntx | |F a1 Ix i AN P wETd | audd
— A N[ % [ x| g | Wl [ x i wEu[ x|t Fxfx Y muodeay J0.4 I [ Dudd
— it e lalwlabx (x| Wi || x| x[w]l[xx]|x 9 MR 30y ey [ GHed
— (EFdnl % il v w Ew | ¥ ¥Fw |w|lw|l | dulu{ulx & Wiy 0 R | tuda |
- LE g w ) x [ wiw |w (%[ e|wlw{wl o |afuwin]w]x § meucdmy o WEEA | EHdd |
- Lafmi wdx | djx(uwdx|w|x|x[ov[x]xlueix[>Tx Z RGNy RO Mg | ZdAd
- LE I Xl | u [ K x| e[ L[ W% FxEw | w|x e e T L T T
DL'2 |astwm| = Fxi{wEx [xxJx % (O|Zalcajwml+ F1 |t X AR g My | Oad
OL'R |35 fWE R Exlw [ w | W] x| x[idealesf{e (a0 | |« Sy g @19 | 349
O (W Wf x| xfw|x[x]xfr|{xli]od e |cloio|x LT (M sty | Gdd
m |- A 191 2 0% | & Q201 A D% mO0ar TOAE Bk S | Sy
Q. [ W L ¥ O =0l FIORY ) Al ] WI0
|35 | m I75# ¥ 905 =wsi; WY IR 0 | WS
D jMlw| x| x[x[ x| xYxfptolale o0k 1 auiginy | AN
s 335 W] K[ k[ %[ xfx x| Wi [I5fe5|t5|m (95| L FLET Arpuosis A | wow
O v Jov I w| X | x| x| 2 [x |k el urlzi{el (w500 ix sapey AL AW | v
gt Jov || x]x|x[=|[«]x]x[xw[n]aa|aa|misa| 1 loFx Y WY A P e
oL xix | xfx [x|w[w[x[slalelodt|ololx NG 4307 B AT
118 aviw | x i || u | |a]Ja|w]w][ ] xTFulilo]|x droif HMPEy e [ Oy
— Inn ] xELiix [ i i x| x| x[xfuiun|n]|x A ol | g
Lok Jon g = [ wf sl [wixfw [ w]wl x| %tu|n%]|x Alvusia | Al
ol FALIEIRIBIR SRS R EEFEEN D R A IR up O 15
W EWEa [ a | w | R Rl x ol ololtl (¢ Tolals ) ame e | 13m
BT |anlW| =[x ux[u]xxTxx{a|lain |||ma o] ey o g =03
WE Jis || x[w]| X[ [x[xr] e [xu]x]nfx [x|xxx MI{  ama
Ak W W[ [a) x| |™|x[nlo]{o] o elaln]|x e TR T
- IsHin x| Kl X[ x]x] el w ] i al¥|[x [x|xT=]x ] BT
- IsH|A | x| x| ki |o| i x X HEX | X | ¥ | XEx]w PGSy B | Ziywg
81 00w x [ W | ¥ | xix [*]| X % [I0f[¢0|v0 [20(c0fa j8g wig g b avo
— i K[ ¥|[x[x[L 2T [x[ xR |% |= | x[f=]x e ETT
Qi Je W X [w x| m || [olofDlx dreug pure petdiahiy || ow
. F FEREBE ] R [T = ORIy
m._"mwmmmmmmmmmmmmmm
r!ﬁ_Li'! iy oA Wi
w_ m. AL B0kl |y W
Bt B (Y S ing

Apo)) Fwmapy Howdy “[1-7 QL

2-19



The three-wire handshake has three important characteristics which give the interface system wide
flexibility.

First, the data transfer is asynchronous, thus avoiding inherent timing restrictions. Data can be
transferred at any rate up to 1 megabyte per second that is suitable to the device on the bus.

Second, the handshake allows the interconnection of devices which operate at different input/out-
put speeds. Data is transferred antomatically at the speed which can be handled by the slowest active
device on the bus.

Third, more than one device can accept data simultanecusly.
A handshake cycle is illustrated in a step-by-step mannet in Figure 2-8.

Both the source and acceptor power-up, or start, in a known guiescent state; thus the source has
DAY high indicating the data on the bus is not valid, and the acceptor sets both NRFD and NDAC
passive true (low) indicating that daia has neither besn accepted nor is the listener ready to accept
data. If both NRFD and NDAC are sensed high by the source, an error condition exists.

A source will indicate that valid data is available on the DIO iines by setting DAY low. When this
event occurs, the acceptor(s) respond by pulling NRFD low. During this time data transfer takes
place. Since each aceeptor accepts data at different rates, their NDAC handshake lings are set high
accordingly. The source will not sense NDAC as high until the slowest acceptor has responded. At
this time NDAC goes high, indicating that all the accepiors have accepted the data. When the source
senses NDAC high, the source will set DAV high, indicating that data on the DIO lines is no longer
valid, Upon DAY going high, the acceptors will return the NDAC line low. As data transfer con-
tinues, the cycle repeats.

No step in this sequence can be initiated until the previcus step is completed. Thus, information can

proceed as fast as devices can respond, but no faster than the slowest device that is presently ad-
dressed as active,

2.8.2 Timing of Handshake
The sequences of timing for a handshake and byte transfer are illusteated in Figure 2-9,

Details of the Source Handshake (SH) and Acceptor Handshake {AH) states are given in the State
Diagram Section to follow.
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Figure 2-9. Source and Acceptor Handshake Functions
2.9 STATE DIAGRAMS

2.9.1 Descriptions and Definltions

State diagrams are used throughout the IEEE-488 Standard to graphically illustrate the permissible
transitions between states and the conditions required to effect such transitions. In the state diagram
convention, each state is illustrated as a four-letter upper case mnemonic ending with an 3, enclosed
with a circle. Arrows connect the various states and the direction of the arrow indicates the path
from ote state to the next. Expressions beside the path define conditions which must be true 1o
result in the transition along the path of the arrow.

A simple example will be given for illustration (see Figure 2-10), ABCS and XYZ3 are States, To
cause 3 transition from State ABCS to XYZS, the logical OR of conditions R and § must be true;
i.e., either R or § or both must be true.

NOTE

The logical OR function is represented by the symbol v and the logical AND function is
represented by the symbol A.

A transition from ABCS to XYZ5 will occur if and only if R v S (logical OR) occurs. A transition
from XYZS to ABCS will occur if and only if D A A (logical AND) occurs.
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Figure 2-10. State Diagram

2.9.2 Suates

A state diagram is given in this section for each of the major interface functions. These state
diagrams (Figures 2-11 through 2-21), represent each of the interface functions as implementad by
the MCG6R488 (GP1A). As such, they are derived from and encompass the IEEE-438 Standard state
diagrams with the fellowing changes:

1. The contreller state diagram has been omitted:

2. The additional addressing mode capabilities of the GPIA have been added to the talker and
listener state diagrams;

3. The response to the additional local messages designed into the MCG68488 are indicated in the
appropriate state diagram.

A prief description of the basic talker function as implemented by the MCH8488 is given to illustrate
the use of the state diagrams. Only the talker function (not extended talker) is covered in this exam-
ple. Refer to Figure 2-13, When power is turned on (pon), the talker function enters its initial (idle)
state (TIDS A SPIS) in which the device cannot present device-dependent messages on the GPIB;
i.e., the instrument cannot send data or status. This state is also entered when the controller issues
an Interface Clear {IFC) message or when the dat (disable talker) local message is sent.

The assurance that there can only be one talker active per system is achieved by assigning each talker
function its unique address {MTA — My Talk Address), which it can distinguish from talk addresses
assigned to other devices (OTA — Other Talk Address). The presentation of the MTA message
(specifically apte A TFC A MTA A ATN) brings the function to the Talker Addressed State (TADS),
a necessary condition to be able to place device-dependent messages on the bus. The apte local
message must be false as this message, when true, activates the talker extended mode of operation,
If lsbe local message is sent, the talker function will respond to either of two consecutive address
values; i.e., the least significant address bit is a don’t care. In the above transition expression, the at-
tention message (ATN) is used by the controller to distinguish interface messages from device-
dependent messages.

When a talker function is in the TADS state, it can enter either the Talker Active (TACS) or Serial
Poll Active (SPAS) state, 1t will enter TACS where the device can actively send device-dependent
messages on the data bus conditioned by the attention false {ATN) message. The TADS state is
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restored whes the attention message becomes true again, Thus, it is possible for the controller (at
the end of a handshake sequence) to interrupt the stream of device-dependent messages being sent
by the talker without introducing errors.

In normal operation, the MTA and ATN messages place the device in the TACS state. A device is
conditioned to present status data to the bus when the futiction alsa is placed in the SPAS state via
the Serial Poll enable commanid (SPE). Note that two states of the talker function are active concut-
rently, one in each of the two sets of mutually exclusive states. Ambiguity within the device is
precluded since it cannot transmit talker bytes when SPE is presented. The serial poll mode of
operation is used to obtain status data sequentially from a number of devices. This will be covered in
greater detail in Chapter 4. The arbitrary program order of the SPE and MTA messages makes a
very flexible status polling sequence possible.

Some simple systemns containing two devices (e.g., a voltmeter and printer) may require a talker
functions in one device and a listener function in the other device with no separate controller func-
tign, Tn systems where there is no controller function, ATN is always false and therefore when ton is
made true {via a local switch) the talker will enter TACS via TADS at once.

Finally, some devices that have beth the talker and listener functions may want to have the talker
automatically unaddressed when they are addressed as a listener, This is done in order to prevent the
device from Listening to its own talker or status data. This is accomplished by considering the listen
address of the device as an OTA address.

Sovrce Handshake (SH) is the interface which controls the starting and stopping of multiline
message byte transfer.

fan

ATH Twithin tzt
W

LATH n

warhin 13

ATN v (ATN AGTACDYEPAS!

Lwithin 131

LwitFury £l

ADHO0R

Figure 2-11. Scource Handshake State Diggram
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Acceptor Handshake (AH) allows for the proper reception of remote multiline messages with a
device, The Acceptor Handshake function uses the DAY, NRFD, and NDAC lines to coordinate
cach message byte transfer.

1ATHN 1 A TEE
[within 13
pan AIDS -
ATN A ridy
f
m ‘5-,. L within 13]

DAY [DAY]" (AW DAy

iy & ATHb v itz A ATHI
MWote: pon= AESET v aphware reset

JRESET =pin #18

:softearg reset= Git 7, rag. 3
" Thig Irarngition will mever oocur under narmal inerfasa aperation; howevar, i1 may be implemented 1o simplity the interface function
design.

Figure 2-12, Acceptor Handshake Siate Diagram ADD10R

Talker (T)/Talker Extended (TE) allow the device 1o transmit data over the interface to other
devices.

IFG twithin tq]
ants” A (0T4 v [MLAD A(GCDP ETH AGPMD

ATH Cwathin 1)

TFC A SPE AGGCDD)

e
IFC dwithin tg) SFD

Mote: 1f lsbe=1 the LSB of talk addrags is a don'y care.
'These local messapes refiect additional mnemonics dasgrad inte the MCBBE and aro ol part of the IEEE-A88 Standard.

ADa110
Figure 2-1}. Talker 5tate Diagram (ppte =1, dat=0)
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*These local messages reflect additicnal mnemonics designed ime the MCGE4EE and ara not part
ol tne \EEE-488 Standard. i

Figore 2-14, Talker Extended Diagram (apte=1, dat=0)

1FC [wwithien 1}

Listener {L)/Listener Extended (LE) pravide the device with the ability to receive data over the in-
terface bus from other devices.

iFC A Ion A dal* A pon”

W
IFC A MLA napl.a' A gg* A pon®

dar*
IFC twrithin t4]

(T A AGCDR! A Soiar AT twithin 131

ATH
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Mol I Isba=1, LSR of listen addreas is 8 don' care.
*These local messages raflact addivonsl mnemenics designed into the MCBS4EE and
are fiot parl ot the |EEE-488 Stenderd.

ADG112

Figure 2-15. Listener State Diagram (apte=10, dat=10)
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Figure 2-16. Listener Extended State Diagram (apte=1, dat=0)

Service Request (SRQ)) allows a device to request service from the interface controller.
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Figure 2-17. Service Reques( Siaie Diagram
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Remote Local (RL) allows a device to select from one of two sources of information. The source can
be local {input information from the device front panel) or remote (input information from the in-
terface).

((PAS) A msa® AT A REN MECDS)
REM AT0 A MLA nﬁé"* A'gon

pon LOCE AEMS

FEN {within ta] GTL
A |L|LD'.r b

mza’
MLA

“These local messages raflect additional mnerncnics designed into the MCEE48E
and ara not part of the IEEE-ABA Standard,

ADOIR

Figore 2-18. Remote Local Sizte Diagram

Parallel Poll (PP) allows a device to send ong bit of status to the controller without having been
previously addressed to be a talker.

Ipe

Pon

IDY A ATH
Iwithin tek

ATH v DY
[within 5]

Ipe is socgmplisted by writng parallal poll wart into Reg. #G.
ipe is accomplished by writing hex [0 into Feg. #5.
ADU1TE

Figure 2-19. Parallel Poll Siate Diagram
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Figure 2-20. Device Clear State Diagram
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Figure 2-21. Device Trigger Siate Diagram
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CHAPTER 3
GPIA FEATURES

3.1 ORGANIZATION

The MC584838 is an NMOS General Purpose Interface Adapter (GPIA} that provides the means to
interface between the IEEE-488 Standard instrument bus and an 8-bit computer bus. It implements
the necessary IEEE-488 Standard state diagrams for the Acceptor and Source Handshake, Talker,
Talker Extended, Listener, Listener Extended, Service Request, Parallel Poll, Device Trigger,
Remote Local, and Device Clear functions. in addition, the part implements other Non-1EEE-488
Standard defined functions such as; single and dual primary address recognition, RFD handshake
“hold-off*’, DMA, talk only, listen only and programmable interrupts. Many instrument bus pro-
toco] features are autematically handled by the device and require minimal MPU response duoe to
the state of the MC684B8 and GPIB. The device is configured for the desired operation by program-
ming it from the MPU data bus or the IEEE-488 Standard bus.

The GPIA is designed to be used with an MPU, The MPL is used to program the part (¢.g., in-
itialization or changing operations within the context of the IEFE-488 Standard protocel), to
transfer device-dependent messages to and from the part {and hence the GPIB), and to monitor
status of the GPLA and GPIB. The MC68458 responds to GPIB contreller commands and conveys
current status to an MPU through either an interTupt or polling sequence {see Chapter 4).

The MC68488 will antomatically handle all handshake protocol on the GPIB. The device provides:
® MCH800 compatibility
® IEEE-488 Standard features:
Talker, Talker Extend, Listeper, Listener Extend
Complete Source and Acceptor Handshake
Serial and Parallel Poll
Device Trigger, Device Clear, and Remore/Local

#® Single or dual primary address recognition
® Secondary address capability

& RFD holdoff to prevent overrun

® Talk only or listen only capability

® DMA capability

@ Complets static operation

The GPIA is contained in a 40-pin package and operates from a single 5-volt power supply. Figure
3-1 shows the pinout structure and Table 3-1 provides a description of the pinout signals.
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Table 3-1. Description of MC63488 Finouls

Symbal Dpscriptiol
DeOL-DRT Bllows Date Transter Banwesn the MPL and the MOBSaE3
TRGHE? Allows Data Transler Betwesn the MOBBASE and tha 488 Bus
[ Chip Select
AS-RASE Registar Sekacts
[:]%] Inkeerupt Reouasts
AESET ilsad 10 Initiglize the Chip During Fowsr-On
el GRANT Diract Mamory Acoess Gram
DA REQUEST Giragt Marmory Access Aequest
ASE Address Switct Enalbie
DAC Data Acceptad
RFD Raady far Date
DAV Data Yakid
ATHN Atention
TFC Interface Clear
ZA0 Servica Request
REN Remote Enatie
EQr End or identify
TiR1-2 Transmit/ Receive Transcaivar Contral Cutputs
E Derivative of MPL 43 Clock
Riw Read/ Wit Line from MPL
TRIG Trigger Cut Corasponds to GET and fget Commend
Vg Growndgd
Yo +5 W Powsr Supply

Vs 1w ./ ) Ji.ﬁ'_ﬂ
DMa Grant[] 2 =[] 52
sz 36[] AST
ASER 4 311 RS0
R[5 5[] 16O
Efle =181
oeof] 7 L EE
e[ & kel i [T
pe2 [ 9 3z[1 B4
o3 1o 31[] iBS
084 111 o] s {1
oes fhiz 2401187
oes [13 ] 1 P
oe7 Qs 20 TR
DMA Reagues 15 [ ATH
Tav O =0 EQl
pac 17 20 TRIG
RFC {18 23 5RO
ReseT Io 22{] REN
vpp 120 21 IFc
oo & 1 oot

Figure 3-1. Pinouts for MUGB488 GPLA
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The MC3448A quad bus transceivers (Figure 3-2) or MC3447 Octal Bus Transceivers provide the
electrical interface between the GPIB signal lines and the MC68488. It is with these transceivers that
the electrical specifications (drive requirements, logic levels, receiver hysteresis, terminations, etc.)}
are met. The primary reason for using a separate IC for the electrical interface is to provide the
48 mA drive capability per signal line required by the IEEE-488 Standard. These driver ICs are
coupled directly to the MC68488, and the proper direction of data flow is automatically selected by
T/K1 and T/R2. The signals on T/R1 and T/K2 are generated by the MC68488.

3.1.1 Input/Ouipnt Functions

All inpuis to the GPLA ave high impedance and TTL compatible. All outputs from the GPIA are
compatible with standard TTL. IRQ (Interrupt Request), however, is an open drain output {no in-
ternal pullup),

3.1.1.1 INTERFACE WITH MPU

Bidirectional Data (DBJ-DB7) — The bidirectional data lines allow the transfer of data between
the MPU and GPIA, The data bus output drivers are three-state devices that remain in the high-im-
pedance (off) state except when the MPUI performs a GPIA read operation or the DMA controller
performs a memary write operation. The Read/Write ling is in the read high state when the GPIA s
selected for a read operation.

Chip Select (CS) — This input signal is used to select the GPLA. CS must be low for selection of
the device. Chip Select decoding is normally accomplished with logic, external to the chip.

Read/Write Line (R/W) — This signal is generated by the MPU or DMA controller to control
register access and direction of data transfer on the data bus. A low state on the GPIA Read/Write
and DPMA Crant lines allows for the selection of one of seven write only registers when used in con-
junction with register select lines RS0, RS1, and R52. A high state on the GPIA Read/Write and
low state on the DMA Grant ling allows for the selection of one of eight read only registers when
used in conjunction with register select lines RS0, R51, and RS2,

Register Seleci (RS0, RS1, RS2) — The three register select lines are used to select the various
registers inside the GP1A. These three lines are used in conjunction with the Read/Write lice to
select a particular register that is to be written or read. Table 3-2 shows the register select coding,

Interrupt Request (IRQ) — The IRG cutput goes to the common interrupt bus line for the MPU,
This is an open drain output which is wire-ORed to the IRQ bus line, The IR(] is asserted Low when
an enabled interrupt cccurs and stays low until the MPU reads from the interrupt status register,
Reading ROR will reset ERQ 1o the high state.
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Table 3-2. Reglsier Access

rsz | ms1 | Aso | AW Raglater Tith m’;}'
1] ] ] 1 Interrupt Status AR
o 0 0 0 Interrupt Mask Ry
a 0 1 1 Cornrnand Siatus AR
4] o] 1 q Urusand -
a 1 O 1 Addrass Status R2A
i} 1 L 4} Adddress Moda AW
0 1 1 1 Auxiliary Commmand R2A
0 1 1 0 Auiliaey Command Ry
1 2 Q 1 Arddress Switch™ Rar
1 s 0 0 Address Ry
1 a i 1 Sarial Poll RGR
1 Q 1 o Sarial Poll R
1 i 0 1 Command Fasa-Thraughn AGR
1 1 O o Paralled Pl REwW
1 ] 1 1 Data kn AR
i 1 1 g Data Chut AW

*Entermal 1o MCEBAEE

Reset — The RESET input provides a means of resetting the GPIA from a hardware source. In
the Low state, the RESET input causes the following:

@ The Interrupt “*Mask’ register 13 reset;

& All status conditions are reset;

® The GPLA is placed in the Untalk/Unlisten state;

® The Parallel Poll, Serial Poll, Data In, and Data Out registers are reset;
@ The Address register and Address mode register are cleared;

® All stored conditions in the Auxiliary Command register excepi bit 7 are reset — (Bit 7 isto be
se1);
& T/R1, 2 will go to the low state.

When RESET returns High {the inactive state) the GPIA will remain in the reset condition until the
MPU writes bit 7 of the Auxiliary Command register {R3IW) low, Prior to the refease of the software
reset bit, the only register that can be accessed is the Address Register. The conditions affected by
the RESET pin cannot be changed while this pin is low.

E (Enable Clock) — E activates the address inputs {C5, RS0, RS1, and R52) and R/W input and
enables data transfer on the MPLU data bus. It is also used internally as a state counter allowing the
device 1o change interface states. E should be a free running clock such as the MC6800 42 clock.



1.1.1.2 GPLA/GPIB INTERFACE BUS SIGNALS. The GP1A provides a set of eighteen interface
signat lines between the M6800 and the [EEE-48% Standard bus.

NOTE

The TEEE-488 Standard defines these signals as negative logic. In this document all MPU
and MCHB488 signals are defined as positive logic.

Signal Lines (IBO-IBT) - These bidirectional lines aliow for the flow of seven bit ASCIL interface
messages and device dependent messages. Data appears on these lines i a bit-paralle] byte-serial
form. These lines are buffered by transceivers and applied to the IEEE-488 Standard bus {DIO1-
DIO8).

Byie Transfer Lines (DAC, RFD, DAV) — These lines allow for proper transfer of each data byte
on the bus between sources and acceptors, RED goes passively High indicating *“Ready For Data*’.
A source will indicate the *'data is valid" by pulling DAV low. Upon the reception of valid data,
DAC will go passively High indicating that the **data has been accepted™ by all acceptors. The
handshake lines have internal pullup vesistors.

Bus Mazsgement Lines (ATN, IFC, SRQ, EOI, REN) — These lines arc used to manage an
orderly flow of information across the interface lines.

Atiention {ATN) — is continuously monitored by the GPIA, The device resonds to any changes
on this line in less than 200 os by activating the transmit/receive control signals, if the EOI line and
LTI are Low at the same time, GPIA will place the contents of the parallel poll register on the
IEEE-488 Standard bus.

Interface Clear (IFC) — is used by a system controller to put the GPIA in a known quiescent
state. The eccurance of [FC will place the GPIA in the Listener/Talker idle state (LIDS or TIDS). If
the MC68488 is in a Listener Active state with a byte of data in the Data In Register (BI bit set) an
TFC wili place the part in LIDS but will not destroy the received byte nor the status indication (BI).
Any interface function that requires the device 1o be in tither the Listener ot Talker Active state
(e.g., 4 Serial Poll enable command) will be reset if an TFC occurs. A comimand that originates from
the MPU (e.8., to, 1o, fzet, hida) will only be affected during the occurance of an IFT (when IFC is
low) and will return to its programmed state when IFC returns, high; i.e., IFC will not affect local
messages. For example; if the GPIA is in TACS {Talker Active State) and has placed a byte in the
Data-Out Register it has made a new byte available (nga). If TFC occurs while the source handshake
is in SDYS, the 1alker function will be returned to its idle state but nba (a local message} will not be
destroyed. When the GP1A is again made a talker, the byte in the Data-Cut Register (placed there
before IFC) will be placed onto the GPIE, after completion of the handshake. The address register
is not affected by an IFC.

Service Request (SRQ) —— is used to indicate a need for attention n addition to requesting an in-
terruption in the current sequence of events. This indicates to the controller that a device on the bus
is in need of serivee. This output becomes active Low by setting the rsy bit (bit &) or R5W. This line
is an open drain and an external pullup resistor (3 kif} must be used.

Remote Ensble (REN) — is used to select one of two alternate sources of device programming
data — local and remote control. When this input is Low the GPLA is enabled to move to the REMS
gtate, Note that REN being Low is a necessary but not a sufficient condition for moving to REMS,
See Remote Local (R} state diagram in Chapter 2.



End or Jdentify (EOT) — serves a dual purpose. When the GPIA is in TACS and the MPU writes
bit 5 or RIW (feoi) this pin becomes an ovtput and signals the end of a multibyte transfer. If the
system controller makes the EOL line true in conjunction with ATN, the contents of the Prallel Foll
register will be placed on the IEEE-488 Standard bus.

Eransmit/Receive Control Signals (T/R1, T/R2) — These two signals are used to control the
quad or octal transceivers which drive the interface bus. It is assumed that transceivers equivalent to
the MC3447 or MC3448A will be used where each transceiver has a separate Transmit/Receive con-
trok pin. These pins can support one TTL load each. The outputs can then be grouped and the con-
trol for SRE) hardwired high to transmit. The Transmit/Receive inputs of REN, IFC, and ATN are
hardwired low to receive. EOI is controlled by T/R1 through the MC3447/MC3448A (or
equivalents) allowing it to transmit or receive. T/R1 operates exactly as T/R2 except duting the
paraliel polling sequence. During parallel poll, EOT will be made an input by T/R1 while DAV and
IBO/IB7? lines are outputs.

3.1.1.3 CONTROL SIGNAL

DMA Control Lines (DMA Grant, DMA Reguesi) — The DMA request line is used to signal a
DMA conteeller that a data transfer is pending. The DMA request line is set high if either the Bl or
BO status bits are set in the Interrupt Status Register (ROR). The DMA request line is cleared when
the DMA Grant is trye. The DMA Grant line is used to signal the GP1A that the DMA Grant is true.
The DMA Grant line used to signal the GPLA that the DMA has control of the MPU data and ad-
dress lines. The DMA GRANT, whet set high, selects register 7, It also inhibits the RS0, RS81, and
RS2 lines. During this time the €S input must be High. the DMA GRANT also inverts the function
of the R/W line makeing it B/W. Thus,if the DMAC supplies a write function to a memory loca-
tion, this same line will perform a repd of the GPIA (R7R) and vice versa.

NOTE
DMA GRANT MUST BE GROUNEDED WHEN NOT IN USE!
Trigger Output (TR1G) — The TREG pin provides an output corresponding to the GET and fget
commands. A hardware or software reset places this output at a low level. The trigger output can be
programmed high by either of two methods:

1. Setting faet (bit 0 of RIW) by the MPU causes the trigger output to be set. It remains set until
the fget bit is programmed low or until a reset occurs.

2. The Trigger Output is st upon reception of a GET command from the controller. It is reset
when the GPIA moves out of DTAS {Device Trigger Active State); ic.., when GET, LADS, or
ACDS occur.

Address Switch Enable (ASE) — The ASE output is used to enable three-state buffers that con-
nect instrument address switches to the MPLU data bus, This cutput pin is pulsed low when the Ad-
dress Switch Register of the GPILA is read (R4R), i.e., a read of R4R will drive the ASE line low for
the E clock that is used to read R4R.

-7



3.1.2 Logic Conventions

The GPIB is a negative logic bus as described in Chapter 2. Thus, 2 binary 1 is represented by a low
voltage (0 volt) and a binary 0 by a high voltage (5 volts). This is the inverse of the notation used on
the MC6800 MPU data bus (Figure 3-3).

y=vigh | ©87 | oes | pes | psa | oma [ pe2 | pEv | DBO B

0=low 1 0 1 ] 1 1 e 1 {Positive: Logic!

twhigh | 57 | ™ | @ | wa | @ | B2 | ® | &b MESBIER Write

0=low ] 1 o 1 0 i 1 o To GFIE Transcetvers
(Positive Logic]

1= low 1 o7 DIQE (n]lnlY Do [ ]ax] ooz DM Data an GPIB

0= high i i} 1 0 1 1 0 1 IMegative Logich

AL

Figure 3-3. Logl Notation Comparison Between MPU and GPIB

The GPLA handles the inversion of the data bus internally. Thus, each of the data bits on the GPIB
will be the inverse of its corresponding MPU data bus bit. The GPIB being a negative logic bus wiil
be completely trassparent to the user. A data byte in the talker device will be sent by the MPU 1o the
talker MC684388 as a positive logic data byte, The talker MCG8488 will invert it and at the ap-
propriate titne place it on the GPIR. The listener MCG6B488 will receive the negative logic data byte,
invert it and place it in the GPIA Data In Register. The listener device MPU will receive a positive
logic byte from the MC6E8488 in the same format as sent by the talker MPLL The MOCARARE inverts
all GP1B data bytes before placing them on the MPU data bus, even those that are received through
the Command Pass Through Register.

Also note that [IEEE-488 Standard uses the notation (D101-DIOS) to represent the individual bits
on the GPIB. Motorola’s MC&800 family uses DB0-DB7 as its MPU Data bus notation. The inter-
pretation is as follows: the least significant bit on the GPIB is DIO1 while the counterpart on the
MPU bus is DBO and so on up 1o the most significant bit DIO8 and DB7.

3.1.3 GPIA Registers

The MC68488 has fifteen register locations accessible to the MPU data bus which are used for
reading and writing data to and from the IEEE-488 Standard bus, transferring data to implement
various functions, and providing current status to the GPLA and GPIB. There are seven Write Only
and eight Read Only registers accessed according to the three Jeast significant bits of the MPU ad-
dress bus and the status of the R/W line (Table 3-2). The write registers of the MC68488 are pro-
grammed by the MPU, The read registers reflect data commands, and addresses from the IEEE-488
Standard bus side of the GPIA. Many of the bits in the read registers are set by internally generated
states of the GPIA, The major IEEE-488 Standard bus standards are realized using the Data Input



Register, Data Output Register, Parallel Poll Register, Serial Poll Register, and Address/Address
Switch Register. The reset of the registers is used to set flags for commands, addresses and to in-
dicate the condition of the IEEE-488 Standard bus. The data In/Out Registers are used 1o write data
from the MPU to the IEEE-48E Standard bus (Out) or to receive data from the IEEE-488 Standard
bus {In). Figure 3-4 shows a block diagram of the MCG8448.
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Figure 3-4. Block Disgram of M 68488

The Address Switch Register (R4R) is external to the part, but this address location is provided for
reading a set of external address switches (see description of ASE line). Table 3-3 shows the actual
bit contents of each of the registers.

3.1.3.1 INTERRUPT STATUS REGISTER. All of the bits in this register are “Jevel sensitive.'"*

Interrupt States Register (ROR)
(Read Only)
¥ b 5 4 : 2 1 a
INT BO GET 1 APT CMD | END Bl

*] evel Sensitive stabs bit means that (he bil being 3cl is a rosult of the current levels of the appropriate cendidens rather than 2 latched
sitnatipn. When any of the conditions causing the set condition {e.g., ATN becoming false or 8 special command bring removed from
thee data bus) are removed, the status B will retum (o zero. Level sensitivity applies to certain bitsin the lnterrupe and Command Statug
Regislers.
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Table }»3. GPLA Register Contenis

i a 5 4 S i 1 1]

A IR BO GET APT CMO EmMD Bl Imarrupt ~Mask Register''
ROR T B0 GET ART ChD END Bl Interrupt Status Regisier
AR UACG HEM a1 ALG SPAS DCAS | WUCH Caommand Status Registar
AW ——— Unused

AR ma o 1o ATH TACS | LACS | LPAS | TPAS Address Stetus Registar
R dsal i o Fide hida e Arddrogs Mile Register
H3A RESET pac DAy RFL s l Hpa gen Auxitary Command Register
BRI rfdr feoi dagr dacd Auxiliary Command Register
B4R D3 uG2 U A0 Abd A03 A A1 Address Switch Registar
R4 labe del dat ALDE AD4 AD3 A2 A1 Address Regisiar
_R5R <7 SROS 55 4 53 52 51 S0 Secigl Poll Rexistar
REWY ] 15y

RERA BY Bb RS B B2 B2 B1 B0 | Command Pass-Thrgugh Regiser
REW FFRE FFRY PFRE FFR5 FPR4 FFR3 FPRZ PPRI Paralel PoAl Ragiater
R7R oy DG G o4 [ K] iz i oig Data In Rogistar

Ry ooT ooe [NL#) D Do3 ooz D B30 Dpta Dut Reqgister

Mares:
1. Lippar cage leners indicals & messaga resulting from the IEEE-488 Standard bus,
2. Lewear case #miters indicata a message resuliing from the MPU date bus,
3. The bit terrminclogy of the Data in and Dala registers represent the numbaring of the IEEE-488 Standard bus and not the EBO0

MPL bus — see Section 3.1.2.

p0 Byte in {BI} — This bit indicates when data can be read from the GPIA Data In Register by the
MPL. Bl is set when the GPIA is addressed as an Active Listener and data from the JEEE-488B Stan-
dard bus is present in R7R, The DAC handshake is also held up. Bl is reset and the handshake com-
pleted when R7R is read by the MPU, A release of the handshake (by dacr) is a reconfiguration of
the GPIA by the controller (e.g., IFC} will not reset the BI bit.

b1 END — This bit is used to indicate the reception of the final byte of data in a multibyte
tranisfer. ‘This bit is set when the EOT line is Low and ATN is High. It is reset when EOT is High or
ATHN is Low. This bit is not gualified with the handshake and will be set as soon as the EOL line is
low. The reception of the final data byte occurs after END is set and causes the BI status bit to be
set.

b2 Command (CMD) — When set, this bit indicates that the controller has sent a command which
may reguire special recognition or action by the MPU, The category or special commands received
can be obtained by reading the Command Status Register ar Serial Poll Register. This bit is set when
the following conditions are met: CMD = 5PAS v RLC v dsel A(DCAS v UUCG ¥ UACG). dselisa
bit in the Address Moxle Register which is used by the MPU to deselect DCAS, UUCG, and DACG
from causing & command interrupt and holding the handshake, CMD is reset when the condition in
the Command Status Register that caused CMD Lo be set is reset.

b3 Address Pass Through (APT) — When set, this bit indicates, in the secondary address mode,
that a secondary address can be read from the Command Pass-Through Register. This bit is set
when the apte bit is set (placing the device in the secondary address made), the OPIA is in LPAS or
TPAS, and a seconary address has been received by the GPIA. This bit is reset when the handshake
is completed in the secondary address protocol (writing dacr high after examining the secondary ad-
dress).
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h4 — This bit is not used in the status register and is always in the high state, This allows the
MC8200 TAP instruction to be used in examiting the status register without resetting the
micToprocessor interrupt mask.

b5 Group Execute Trigger (GET) — When set, this bit indicates the reception of the Group Ex-
ecute Trigger command from the controller. When this bit is high, the Trigger output pin will be
High. This bit is set as long as the GP1A is in DTAS (Device Trigger Active State). That is, the bit is
set when dsel {(bit 7, R2W) is low, the GPIA is in LADS {Listener Address Statc}, the GET command
is TRUE, and the GPLA acceptor handshake is in ACDS, The handshake will alse be held-cff. The
GET bit will be reset and the handshake released if the MP1J writes daer high in the Auxiliary Com-
mand Register (R3IW), If dsel {bit 7, R2W) is set, this bit is inhibited and does not cause an Lnterrupt
Request {IRQ). The handshake is automatically completed, The GET bit is not set by writing a one
into Fget {RAW).

b6 Byte Out (B0O) — When sct, this bit indicates ta the MPU that another byte can be written to
the Data Out Register (R7W). This bit indicates completion of the handshake when the GPlA is a
talker. The BO bit is set upon initialization as a talker or upon reception of DAC by all the listeners
when the GPIA is in TACS. This bit is reset when data is written to the Data Out Register (R7R).
Byte Out is also Low when ATN is Low.

b1 interrupt Bit (INT) — This bit is set to indicate the state of the status register when the ap-
propriate bits are enabled in the Interrupt Mask Register (ROW), INT =[BI A BI(M)] v [END AEND
{M)] ¥ [CMD A CMD {M)] v [APT A APT (M)] v {GET A GET (M)] v [BO A BO (M)]. *M"
represents the corresponding bit in the Interrupt Mask Register. Thus, the INT bit in ROR is the
result of the logic ORing of bits 0, i, 2, 3, 5 and 6 in ROR being ANDed with their respective bits in
ROW, If IRQ (M) is set in ROW, the INT bit in ROR, when set, will cause the TRG output pin to
become active {low). The IRQ pin goes to the inactive state (high) by reading ROR.

The 1R output (from ROW) is edge sensitive to occurrence of an INT status condition; i.e., if 4 sec-
ond condition occurs 1o make the INT status high, but INT is already high, the second condition
will not cause IRQ to go low. When servicing this register throngh a software interrupt routine, the
final instructions should reset the interrupt mask register followed by programming the interrupt

mask register to its original state, Should a second interrupt 2 condition be pending, this sequence
caunses the necessary edge transition and an JTRQ will occur (see Section 3.3.2 for farther details).

3.1.3.2 INTERRUPT MASK REGISTER. The Interrupt Mask Register is wsed to seiect which
bit(s) in ROR will cause an intercupt. Each bit is ANDed with a corresponding bit in RGR. This pro-
vides an MP1 controllable mask for the interrupt. Bit 4 is unused.

Imterropt Mask Register (ROW)
{Write Only)

7 6 5 4 3 2 | H
IRG BO GET X APT CMD» | END Bl
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3.1.3.3 COMMAND STATUS REGISTER. The bits in this register reflect Special Command
status. All the bits except the RLC bit are ““level sensitive.”* RLC is edge sensitive and will go high
whenever a remote-to-local or local-to-remote transition is detected.

Commeand Status Register (R1R)
(Read)

7 6 3 4 3 2 1 a
UACG | REM LOK 1 RI.C SPAS | DCAS | UUCG

b0 Undefined Universal Command Group {(ULCG) — When this bit is set, the GPLA has received
a command which is to be interpreted by the MPU., This bit will be set anytime the command
XO00FXXXX is sent by the controller. The handshake will also be held aoff. The UUCG causes the
CMD bit in the Interrupt Statns Register 1o be set if dsel is zero (bit 7, R2W). The command byte
can be read from the Command Pass-Through Register (R6R). The UUCG bit and its correspond-
ing CMD bit if selected will be reset and the handshake released by writing dacr (bit 4, R3W} high. if
dsel is set to a **1°*, an undefined Unviersal Command will not canse this bit 1o be set.

b1 Device Clear Active State (DICAS) — This bit is set whenever the GPILA enters the Device Clear
Active State. This state will be entered if either of the two following conditions result, and the dsel is
set Low:
Y. ATN on the GPIB is Low and the Device Clear Command (X0010100) is sent {duration of
command}.
2. ATN on the GPIB is Low, the GPIA is in the LADS, and the Selective Device Clear Command
{X0000100) is sent (duration of command).

These conditions will also set the CMD interrupt bit if dsel (bit 7, K2W) is zero, The DAC hand-
shake will be held off when either of the above two conditions occur, The DCAS bit and CMD bit, if
enabled, will be reset and the handshake released by writing dacr {bit 4, R3W) high,

b2 Serlal Poll Active State (SPAS) — When set, this bit indicates that the GPIA is in the Serial
Poll Active State. This bit is set when the GPIA is an addressed talker, the Serial Poll Enable Com-
mand (X0011000} is sent and then ATH is High. The SPAS bit will always set the CMD bit in the lo-
terrupt Status Register. This bit is reset when the GPIA jeaves SPAS.,

b3 Remote Local Change (RLC) — This bit, when set, indicates a change has occurred in the
REM bit {(bit 6, RIR) unless the REM bit was reset via the ri! local message. The RLC bit sets the
CMD bit in the Interrupt Status Register, Reading the Command Status Register resets the RLC bit.
Only the REM bit affects RLC. The rtl local message will reset the REM bit if LOK is not set but this
action will not set the RLC bit.

b4 - Bit 4 is unused, and is always a logical 1.

bS5 Local Lockout Enable (LOK) — This bit is set when REN is made true and then the Local
Lackout Command (X0010001) is sent. This bit is reset when REN is high.

*[eve] Sensitive status bil means Lhat ive Bit being set is 2 result af the sutvent kvels of the appropriate conditons rather than a latched
situation. When any of the condilions causing the set condition (e.g., ATH becoming falsz or 4 special command boing removed from
the data bus} are removed, the status bit will ceturn to zero. Level sensitivity appliss to cerlain bits in the Interrupt and Command Status

Begiaters,
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b6 Remete Eppble (REM) — This bit, when set High, indicates to the device that the control func-
tion is to be performed remotely. This bit is set High when the REN uniline message is first made
Low and then the GPIA is made a listener. The REM bit remains High until the REN uniline
message goes High or until the rtl bit (bit 2, RIW) is written High, or the Go to Local Command
(X0000001} is sent by the controller. Any change in this bit, unless it is caused by the rtl local
message, causes the RLC bit 1o be set,

b7 Undefined Address Command Group (UACG)Y — When sct, this bit indicates to the MPU that
the GPIA has received an undefined address group command and that this byte is in the Address
Pass-Through Register (R6R). This bit is set anytime dsel (bit 7, R2ZW) is low and the Addressd
Command Group (X000XXXX} is received excluding the GTL, GET and SDC Commands. The
handshake is also held off, If dsel {bit 7, RZW) is zero, the UACG causes the CMD Interrupt Status
bit 10 be set, The UACG bit and corresponding CMD, if enabled, is reset and the handshake re-
leased by writing dacr (bit 4, RIW) high. If dsel is set te a ““1°°, DACG will not set the UACG status
hit. When dsel =1, the UACG is ignored by the MC68488 and the handshake will automatically be
completed.

3.1.3.4 ADDRESS STATUS REGISTER

Address Status Register (R2R)
(Read Oaly)
7 6 5 4 3 2 | 0
ma 1o lo ATN | TACS | LACS | LPAS | TPAS

b Talker Primary State (TP AS}) — This bit is only used in the secondary {extended) address mode
(apte bit = 1) and indicates, when set, the reception of the primary talker adidress. It remains set until
another primary command is sent over the IEEE-488 Standard bus or until the GPIA is removed
from the talker mode. This bit is not set when in the primary address mode (apte bit =10),

bl Listener Primary Address State (LPAS) — This bit is only used in the secandary address mode
{apte bit = 1) and indicates, when set, the reception of the primary listener address. It remains set un-
til another primaty command is sent over the IEEE-488 Standard bus or until the GPIA is removed
frott the listener mode. This bit i5 not set when in the primary address mode (apte bit=0).

12 Listener Active State (LACS) — This bit is set when the GPIA is in LACS. The GPIA can be
placed i LACS by reception of MLA from the controller or by the MPL setting lo {bit 5, R2W)
high and ATN being high. The GPIA is now ready to receive data. A received data byte is indicated
by the BI bit in ROR being set. (IFC and ATN will overide lo for the duraticn of IFC.) The LACS bit
is reset from the IEEE-488 Standard bus by ATN becoming low, IFC, and by the unlisten commansd
{if lo is not set), or the GPLA being addressed as a Talker. The MPU can remove the GPIA from
LACS by setting dal (bit 6, R4W) high (this will override Jo for the duration of dal being high).

b3 Talker Active State (TACS) — This bit is set when the GPIA is in TACS. The GPIA can be
placed it TACS by reception of MTA from the controller or by the MPU setting to {bit 6, R2W)
high and AN going high. The GPIA is now ready to transmit data. The BO-bit in ROR is set at this
time. The TACS bit is reset from the IEEE-488 Standard bus for the duration of ATN being low, by
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the oceurrence of an IFC (if the to bit is set TACS will only be low fot the duration of IFC), and by
the Untalk Command (if the to bit is not set). The GP1A being addressed to listen also resets the
TACS bit. The MPU can remove the GPIA from TACS by setting dat (bit 6, R4W} High (this will
averride the to bit for the duration of dat being high).

b4 Attention (ATN) — This bit is the inverse of the ATN line of the IEEE-488 Standard bus. This
bit is set when the controller asserts the ATN uniline message L.ow and is reset when the controller
makes AT High.

b5 listen only (o) — When this bit is set, the GPIA is in the listen only mode. It is set and reset by
the MPU programming bit 3 of R2W high or low, respectively.

b6 talker only {10) — ‘When this bit is set, the GPIA is in the talk only mode. It is set and reset by
the MPU programming bit 6 of RIW High and/or Low, respectively.

b7 my address has occnrred ¢ma) — This bit is set automatically when the controller has addressed
the GPIA or either the to ot lo bit has been set. The ma bit will be st when the GPIA is in TACS,
TADS, LACS, LADS or SPAS. This bit is reset from the IEEE-488 Standard bus by [FC, the Untalk
Command (if previously in TACS or TADS), or the Unlisten Command {if previously in LACS or
LADS).

3.1.3.5 ADDRESS MODE REGISTER

Address Mode Register {(R2W)

(Write Only)
7 & 5 4 3 2 1 ]
dsel to o X hide hida X apte

b address pass-through enable (apte) — This bit is set by the MPU to place the GPIA in the ex-
tended {secondary) addressing made. This should be done prior to reception of the primary address.
When apte = 1, the GP1A will expect a secondary address (X11XXXXX) to follow its primary ad-
dress. The part responds to the secondary address by setting APT in ROR and holding off the DAC
handshake. The apte hit is reset by writing it low or by a chip reset.

Bl — This bit is nnused and is undefined.

b2 hold-off RFD on ail data (hlda) — This bit, when set, holds off the RFD handshake on recep-
tion of each data byte when the GPIA is in the listener mede. The reception of data occurs in the
normal sequence, However, the handshake is not released by simply reading the Data In register
(DAC only is released). Rather, RFD is released by the MPU writing rfdr (bit 6 of R3IW) high after
EOR is read, The hida bit is set and resst by the MPU writing this bit high or low, respectively. The
hlda bit being set causes an RFD latched condition for the next received data byte, This latched con-
dition is released by writing rfdr high, but is again latched as long as the hlda bit is set. To remove
the hida condition, the hlda hit must be written low.
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b3 held-off RFD on end {hide) — This bit is used, when in the listener mode, to hold-off the RFD
handshake when an EQI uniline message is received by the GPIA. IT this bit is set and a data byte is
received while EQI is Low, the RFTY handshake line is not released until rfdr (bit 6, RIW) is written
high by the MPU, The hlde bit is set and reset by the MPU writing this bit high or low, respectively.
The hlde bit being set causes a latched condition in the GPIA for a data byte received when EOQI is
true. This latched condition is released by writing rfdr high but is again latched as long as the hide
bit is set. To remove the hide condition, the hlde bit must be written low followed by writing the rfdr
kit high, thus removing the stored condition. If rfdr is not written high, the next EOI received by the
GPIA in the listener state, even if the device was made a talker and then returned, will holdoff an
RFD.

b Unosed — undefined.

b5 listener only (lo) — The GPIA will be in LACS when this bit is set, ATN is high and dal (bit 6,
R4W) is low, Under these conditions R2R will show a hex A4 reflecting ma, lo, and LACS. The dal
bit, when set, will force the GPIA inte LIDS even if 1o is set. The le bit is set and reset by the MPU
praogramming bit 5 of R2W high or low, respectively. Once set, a reset of the lo bit is not sufficient
to place the GPIA back in L1DS. The device remains in LACS until the dal bit is set. Setting dal with
lo low will place the GPIA in LIDS.

bé (talker oply) t0 — When this bit is s¢t, ATN is high and dat (bit 5, R4W) is low, the GPLA will
be in TACS. Under these conditions R2R shows a hex C8 reflecting ma, to, and TACS. The dat bit,
when set, forces the GPIA into TIDS for duration of dat being high, even if the to bit is set. The to
bit is set and reset by the MPU programming this bit either High or Low, respectively. Once set, a
reset of the to bit is not sufficient to piace the GPIA back in TIDS, The device remains in TACS un-
til the dat bit is set. Setting dat with to low places the GPIA in TIDS,

b7 deselect (dsel) — When this bit is set, it prevents the DCAS, UUCG, or UACG status bits from
being set in RIR and inhibits the status conditions and their respective interrupts on the GET,
UACG, UUCG, 5DC, and DCL commands. The handshake is also automatically completed. ‘Thus,
setting dsel high causes the GPIA to ignore these commands.

3.1.3.6 AUXILIARY COMMAND REGISTER

Amnxiliory Command Register (R3}

7 6 5 4 3 2 1 0
R3R DAC DAV RFD alpha
rew | FBET — e T%soi T daer 1 ™® rd dacd | Bt

bl {R'W) forced group execute trigger (fget) -— When this bit is set, the TRIG output pin will be
high, When fget is reset, the TRIG cutput is controlled by the presence or absence of a GET com-
mand from the IEEE-488 Standard bus. The fget bit is set and reset by the MPU writing this bit
either high or low. Setting fget high does not cause the GET bit to be set.
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b1 (R) upper/lower primsry address (ulpa) — Once the GPlA has received its primary address,
this bit reflects the value of the least significant bit of that address. It is used in the Dual Primary
Address mode ta detect which of two primary addresses has occurred, This bit is set if the GPIA re-
ceived primaty address from the IEEE-488 Standard bus is of the form “XXXX1"* and reset if this
address is of the form *XO{XX0".

b1 (W) deta sccept disable (dacd) — When set, this bit inhibits completion af the DAC handshake
on addresses or commands. The handshake is released by writing daed low or dacr high. As long as
dacd i5 set, the handshake is held up on addresses or commands.

b2 (RW) return 1o local (rtl) -— When set, this bit returns the GGPLA from the remote state to the
local state, if the local state is net locked out (bit 5, RIR set); i.e., if REM (0it 6 of RiR) is set and
LOK (bit $, RIR) is reset, setting rt! resets the REM bit. The rtl bit is set and reset by the MPU
writing this bit either high or low,

b3 (RW) my secondary address (msa)— This bit is set to indicate the existence of a valid secondary
{extended) address, When in the secondary address mode, setting this bit causes ma (bit 7, RIR) to
be set and places the GP1A into cithet LADS or TADS if the GPIA is initially in the LPAS or TPAS
state. The GPIA will then move to ¢ither LACS or TACS when ATN is made false, This bit should
be set by the MPLU during an SCG sequence and is automatically reset at the end of a Secondary
Command Group (SCG) multiline message.

b4 (R) Ready For Data (RFD) — This bit monitors the state of the NRFD handshake line. When
this bit is set, the handshake !ine is in the high state. If the RFD bit is a Low, the handshake line is in
the low state.

b4 (W) DAC release handshake (dacr) — When set, this bit releases any handshake which was
held off because of DAC not being released. The dacr bit is set by the MPU writing this bit high and
is resct one E clock cyele after it was set.

b5 (R) Dain Availabie (DAY) -— This bit menitors the status of the DAY handshake line. It is set
when the DAV line is high and it is low when the DAV line is low, This bit is Jow when data is valid,
and high when data is not valid on the [EEE-488 Standard bus.

85 (W) forced end or identify (feoi) — The GPIA will assert the EO! management line when the
feai bit is set and the device is in TACS, This bit is set by the MPU writing this bit high, and reset
one E clock cycle after it was set. This bit can be used when the GPLA is a talker to indicate to the
listener(s) on the IEEE-488 Standard bus, the end of a data string, Once feoi is written high, the
END message will be sent with the next byte that the talker sends, unless a reset occurs. This is true
even if feoi is written high while the device is not an active talker — the END message will be sent
with the first byte the GPIA sends when it becomes a talker,

b6 (R) Data Accepled (DAC) — This bit monitors the state of the DAC handshake line, When
this bit is & high, the DAC line is in the high state. When this bit is low, the DAC line is in the low
state.

b6 (W) ready for data release (rfdr) - This bit releases the handshake caused by RFD hoid-off,
e.g., hida or hide. The rfdr bit is set by the MPU writing this bit high and reset one E clock cycle
after it has been set.
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b7 (RW) reset — When this bit is set, it clears the GPLA, except for the Address Register, placing
the GPIA in an idle state. The device remains in this state until this bit is reset by the MPU writing it
low. During the reset state, the only registers which can be changed are the Address and Address
Switch Registers. All current interrupts will also be cleared. A hardware reset sets the reset bit.
When removing the software reset condition, the only bit in R3W that can be written into is bit 7;
i.e., this same write insiruction that resats bit 7 cannot be used to alter any of the other bits in R3IW.

3.1.3.7 ADDRESS SWITCH REGISTER

Address Switch Register (R4R)
(Resd Only)

7 6 5 4 3 2 1 0

U3 uD2 uD1 ALYS AD4 AD3 ADZ AD1

The Address Switch Register is not a register inside the GP1A, However, this addressing space is
assigned 1o the GPIA and a read of R4R causes a negative going pulse to occur on the ASE output
pin. This provides 2 means for using external switches on an instrument which is used to select the
device address. The switches must be buffered onto the MPU data bus with ASE connected to the
buffer enable pin. Thus, an R4R ready by the MP1J places the address switch contents on the MPU
data bus. Bits 0-4 are used for addresses and bits 3-7 are user defined. However, care should be nsed
in defining bits 5-7 if these bits are to be placed in the Address Repister of the GPIA.

3.1.3.8 ADDRESSE REGISTER

Adddress Register (R4W)
{Write Only)
7 6 5 4 3 p 1 0
Ishe dal dat ADS AD4 AD3 AD2 A1

bl-bd Address — These bits establish the primary address of the GPIA, The GPIA responds to
listener/talker commands if the address sent by the contreller matches the address in bits 0-4. The
MPL] must write to this register to establish the correct address, This register is reset by a hardware
reset, An all 1°s address (hex 1F) cannot be used as this matches an untalk or unlisten command.

bS disable the talker {dat) — When set, this bit disables and inhibits the talker function. The data
bit is set and reset by the MPLU writing it either high or low.

b6 disable the listener (dalj — When set, this bit disables and inhibits the listerer function. The
dal bit is set and reset by the MPLJ writing it either high or low,

b7 least significant bil ensble (Isbe} — This bit enables the dval primary address mode. The Isbe
bit, when set, causes the least significant bit of the primary address to be a don't care, i.e., the GPIA
will respond to either of two addresses that differ by the LSB only. The MPU can determine which
of the two addresses was actually sent by checking bit 1 of RIR. The Isbe bit is set and reset by the
MPU writing it either lugh or low.
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3.1.3.9 SERIAL POLL REGISTER

Serinl Poll Register (RSR)

(Read/ Wriie)
7 i 5 4 3 2 1 ]
R5R I SRQS
87 =5 =4 53 52 51 S0
R5W ISV

pl-b5, b7 (RW) Status Bits -—— These bits are used to give the device status to the controller during
a Serial Poll. The status bits are set by the MPU at the same time the rsv bit is set. They are reset by
the MPU writing them low.

b6 (W} service request (rsv) — Setting this bit causes the SRQ) management line of the GPIA to
become low. This bit is set and reset by the MPU writing it either high or low. The device initiates &
service request by writing this hit high.

Note

Once written high and a Serial Poll conducted by the controller, the rsv bit must be writ-
ten Jow prior to the initiation of a second service request. Unless rsv is Teset in between
consecutive service requests, the SRQ line cannot he made active. This bit, however, can-
not be written low while a Serial Poll is being conducted.

b6 (R) Service Request Status State (SRQS) — This bit is set when rsv is written high. It is reset if
rsv 3s written low or when the GPIA is in the Serial Poll Active state (SPAS -— bit 2 of RIR is set}.

3.1.3.10 COMMAND PASS-THROUGH REGISTER

Command Pass-Through Register (R6R)

{(Read Only)
T & 5 4 3 2 1 0
B7 Bé BS B4 B3 B2 Bl B0

The Command Pass-Through Register reflects the status of the data line of the IEEE-488 Standard
bus. This is not a latched register. The contents of the IEEE-488 Standard data bus are placed on the
MPU data bus when the MPLU reads R6R. Reading this register does not reset any status bits in the
GPIA nor does it release the handshake if it had been held off.
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3.1.3.11 PARALLEL POLL REGISTER

Parallel Poll Register (R6W)
{(Write Only)

7 6 & 4 3 2 ; {}

PPR8 | PPRT | PPRG | PPRS | PFR4 | PPR3 | PFR2 | PPRI

This register is written to by the MPU and its contents placed on the IEEE-488 Standard data bus
during the PPAS (Parallel Poll Active State), A byte of data is placed into this register by the MPLI
writing to R6W. This does not set any status conditions nor does it flag the controller. The contents
of this register are placed on the TEEE-4828 Standard bus when the EOI and ATN management lines
are boih true. This register is reset by writing all bits low or setting the RESET bit (in the Auxiliary
Command Register).

3.1.3.12 DATA-IN REGISTER

Data In Register (RTR)
{(Rend Omnly)

7 & 5 4 3 2 1 0

DI7 DI6 Di5 DI4 DI3 DI2 IDI1 DIY

This regisier contains the received data byte when the GPIA is an active listener. The BI status bit in-
dicates to the MPLJ the presence of a data byte in the register. When in the listener mode and receiv-
ing data, the DAC handshake is held off until the MPU reads R7R. The DAC handshake line {any
time it is held off} is released after the high-to-low transition of the same E pulse used to read data
from the Data In Register.

3.1.3.13 DATA-OUT REGISTER

Daitn Out Register (R7TW)
{Write Only)

7 & 5 4 3 2 1 0

DO7? DO6 DOs DO DO3 DO2 DO1 ! DOO ‘

Data is transferred from the MPU to the IEEE-438 Standard data bus through the Data-Out
Register, When the data byte in R7W has been accepted by alt the listeners, the BO bit in the Inter-
rupt Status Register is set indicating 1o the MPL that another data byte can be written 1o the Data-
Ot Register, Writing to this register resets BO until all listeners bave again accepted the data byte,
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3.2 INTERFACE FUNCTION — GPLA RECOGNITION AND OPERATION

The GPLA implements the interface function state diagrams of the IEEE-488 Standard in hardware
logic. The GP1A moves in and out of the states in these diagrams as a function of the conditions on
sither the GPIB or MPU data bus. The state of the MC68488 can be monitored by examining the
various GPLA status registers. This section correlates the state diagrams to the contents of these
status registers. For simplicity, the conditions for transition between states have been omitied from
the state diagrams shown in this section. Only the relationship between the states are indicated. For
more details the complete interface state diagrams as implemented by the GPLA can be found in
Chapter 2. Also, the movement from state {o state in this section assumes that the GPIA has
previously been initialized and programmed propetly {see Chapter 4 for initialization).

3.2.1 Listener State

The GPIA uses the Listener Function in conjunction with the Accepior function to receive data
from the GPIB. There are three states in the Listencr State diagram (Figure 3-5). The GPIB in-
dicates whether it is in LIDS or LACS by setting the appropriate bits in the Address Status Register
{(R2R). The LISTENER Extended Function defines two additional states (LPIS and LPAS) in a
separate state diagram. There are four listener modes that allow movement intoe and out of the
Listenet states: 1) Listener Mode (Primary Address Mode), 2) Dual Primary Address Mode (Special
Eeature of GP1A), 3) Listener Extended Mode {requires the secondary addressing feature of the
GPIA), and 4) listen only (programmed by the MPUL

Listener
Artiva
Siane
LACS!

Ligtaner
Addressed
Sate
LLADS

alq1zd

Figore 3-5. Listen State Diagram

3.2.1.1 LISTENER MODE (Primary addressing — apte = 0). Ongce initialized, the GP1A js ready 1o
become a listener. The controller sends MLA (My Listen Address) which is:

MEE L5B
X i b L L

L] i L
\_v_/ .
L
Ligtemes Address
Code 180 1's Mot Adlowwed b

A24

Figure 3-6. MLA From Controller
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where the L’s correspond to the address placed in the Address Register. An all 1's address is not
allowed because this code (X0111111) represents the unlisten command. Using the acceptor hand-
shake, the GPLA moves to LADS (Figure 3-7). When ATN goes inactive ¢high), the GPIA will move
to LACS.

Bit ) 3] 5 4 k| 2 1 4]
HZH ma 0 I ATM | TALS { LACS | LPAS | TPAS
Raad 1 o] o 1 a [v] f &

ATN=True
ia) Listervar Adddressed Siate hax 901

Bit T G 5 4 3 2 1 0
f2A rma (4] lo ATH { TACS | LACS | LPAS | YPAS
Reard 1 0 0 0 0 1 0 ]

ATM = False

) Listener Active State (heo Bd)
ADO1 2%

Figure 3-7, Address Statos Register (apte=0)

The device is now ready to be a listener, A flag, BI (Byte Input), in the Interrupt Status Register
(ROR) is se1 high when a data byte is sent by the addressed talker. The MPLU obtains this data byte by
reading the Data-In-Register {R7R}).

Bit 7 5 B 4 3 2 1 it

ROA IHT BO GET APT | CWMD | END Bl

Read ¥} O LI 1 0 O o 1
Mo Interrupt Masks Sat. ADA26

Figore 3-8, Interrupl Status Register For Listener

Bl is reset low when the MPU reads the Data-En Register, When the talking device sends EOI, the
END flag in the Interrupt Status Repister is sat high to indicate this condition. END resets to zero
when the ECI line goes high or ATN goes Jow, An option is provided to holdeff the RFD (Ready for
Data) handshake whets the END flag is set high allowing the listener to hold up the 1IEEE-48% Stan-
dard bus in order to accomplish any necessary processing of the data that was just sent, This holdoff
on END option is selected by setting the hlde bit in the address mode register (R2W).

Bit 7 [ 5] 4 3 2 i Q
AW | dsal 1o 1+] hida hida apta
Wrila 0 0 0 n 1 4] K 0

ADG1 27

Figore 3-9. Hold On End Option
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The hida (hold on all) bit in the R2W, when set, holds off the RFD handshake on all data. The
handshake is released by writing ridr (ready for dats release) high in the Auxiliary Command
Register (R3R).

it 7 ] & 4 3 2 1 0
A3R Reget DAL ijr RFD rrisa a ulpe fgat
AawW ridr fagi daar dacd

Writa 0 ¥ i Ly 0 o 0 g

1S

Figure 3-10. Release of RFD Hold Off {Caused by hide or hida)

3.2.1.2 DUAL PRIMARY ADDRESS MODE (apte=0). The duval primary address mode is
selected by writing Isbe (least significant bit enable) high in R4W, This bit can be set with the same
write operation that places the device address in R4W,

Bit 7 g 5 4 1 a

FAW | kshe | dob | dat Ad A3 A2 A A0

Wiite |1 0 D Ad A3 A Al A
Writa Hox & AO120

Figure 3-11. Dual Primary Address Enzble

The Dual Primary Addressing mode is similar to the previously discussed listener mode (Primary
Address Mode) except that, as its name implies, the device responds to two adjacent addresses; i.e.,
the least significant bit of the address is a don’t care. A software routine must be used to determine
which of the two possible addresses was actually sent over the GPIB. For example, if the address in
the Address Register of the GPIA is 00010, then the MC68488 responds by going into LACS if the
controller sends ¢ither of the MLAs shown in Figure 3-12.

amsurmes the sddress (O0011}

MEE 158
x 4] 1,0 [ 0 1 0 -
hd v
Listeregr Lgtanes
Copeles Addrazz
X D 1 \ﬂ 1} ¥} 1 1 y
o L
Listaner Lisienar
Coda Address ADO1N0

Figure 3-12. Acceptor MLAs from Controller in Dual Address Mode (R4W) Address = 0010
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The state of the least significant bit of the address sent by the controller can be read in the Aunxiliary
Command Register {Figure 3-13).

B 7 5 5 4 3 7 ! 5
RAA DaC | DAY | AFD uipa®
R mzy rtl ot
Aaw | et ridr 1 feon | decr i B

*ulpg s g 1 far binary data and 3 & for ASCL date
AL

Figure 3-13. Dual Primary Addressing (LSB Recognition)

A possible application for the dual primary address mode is to provide an easy way for a device to
distinguish two types of data being sent on the IEEE-488 Standard data lines. For example, when in
the Listen Active State, a read of the ulpa bit might alert the MPU that either ASCII data (ulpa=0)
ar binary data (ulpa= 1) is forthcoming. The ulpa bit could be used to make a seftware decision
concerning the type of data handling routine to be used.

NOTE
This mode can also be vsed in conjunction with the listener extended mode.

3.2.1.3 LISTENER EXTENDED MODE (apte =1). Refer (o the state diagram in Figure 3-5 for the
relation between LIDS, LADS, and LACS, However, some of the transitions between these states
are different in the extended mode from those of the nonextended moxde; see Chapter 2 for details.
Two additional states (LPIS and LPAS) in & separate state diagram are defined for the Listener Ex-
tended mode (Figure 3-14).

List&nar
Primary
Addrass
Siate
iLFAS)

Lratanes
Prirmary
Idle Gtete
RSB

Lok )

Figure 3-14. LPAS Siate Diagram

To be in the listener extended mode, the apte bit (bit 0, RZW) must be set. This allows the GPIA to
respond to secondary commands, If apte= 1, the GPLA moves to the Listener Primary Addressed
State when it receives its primary address, This will cause LPAS (Listener Primary Address State) in
R?2R to be set. Note that ma (my address) is not set at this time. That is because full address has not
been received.

The primary address sequence is implemented as described in Section 3.2.1.1. When the controller

sends MLA (My Listen Address) and makes ATN (Attention) false, the Address Status Register
{R2R) contents is as shown in Figure 3-18b,
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Following the primary address, the controller sends the SCG (Second Command Group) of the form
shown in Figure 3-15. If the controller does not send this, but rather it sends another PCG (Primary
Command Group), the GPLA goes to the listener idle state (LTDS) and MLA must be sent again to
establish secondary addressing. When the SCG is received, the DAC handshake signal is held-off
(not allowing the handshake to complete) until the MPU has had a chance to examine the command.

M=H LER
X 1 1 X 5 g g 5 5 y
W L%
Sacondary Secondary
Code Addrass

AN

Figure >15. Secondary Address Command

The APT bit is set high in the Interrupt Status register (ROR, Figure 3-16) indicating the Secondary
Address s available for sxamination in the Command Pass-Through Register (R6R). The Com-
mand Pass-Through Register contains the secondary address (Figure 3-17).

i, T & 5 4 3 2 1 1]

ROA [[51a] =[] GET APT | CMD | EMD Bl

Read [ i H 4 1 1 i 0 4]
M Interrupl Mask Bits Sac ADOTM

Figure 3-16. Interrupl Staius For APT

Bh 7 B B 4 3 % 1 0
R [ x | 1 ] 1] s s ] s ] s |3

ALK 3%
Figure 3-17. Contents of Command Pass Throngh Register

Once the secondary address is read into the MPU and a compare is made to determine if the secon-
dary address is valid, the following procedure should be implemented (Figure 3-18).

Bit 7 -] b 4 3 2 1 L
R2W { dsel o I¥] X X x X 1
Wrha A 4] 0 = X x X 1

I8l Address Mode Aegistar {laptow 1 salecis sacondary addraasing)

AZR me o [ ATH | TACS {LACS | LPAS |TPAS
Read | O 0 0 o 9..4.0 K 0
Primary Address gent and ATN= I3l

ibl Address Siawus Regisier when in LPAS thex Q21
R2A rma 1o lo ATH [ TACS | LALCS [LAAS [TRAS
Read 1 0 ] 1] D 1 X" Q

MPLU writas mza (R3IWE high akong with dacr if 2econdary cormmand ig walid.
(ch Addrass Stetva Fegiatar when in LACE [hes 08

LPAS wall be a "1™ afwer reception of the primary command growp but will be rasel to
g "0 whan another grimary cormmand s 2ant sver tha GPIB. ADGIG

Figure 3-18. Listener Extended Mode




1. if the SCG is valid, the MPU should write a hex 18 into R3W releasing the handshake and
allowing the GPLA 1o go to the Listener Active State when ATN is released. Once the secon-
dary command sequence is initiated, the LPAS status bit remains set until another POG is sent
over the bus. See Section 4.2.4.1 for details on LPAS,

3. If the SCG is invalid, the MPU should write a hex 10 into R3W releasing the handshake. The
GPIA does not go to the Listener Active State when ATN is released, LPAS will be 2 *'17 after
the reception of the primary command group bt is reset to a **0"" when another primary com-
mand is sent over the GPIB.

Writing the dacr bit high releases the DAC handshake, and writing msa high places the MC68488 in-
to the Listener Active State when ATN is released (Figure 3-19),

Bit 7 8 g 4 ) 2 1 g
GRS pac | pav | RO ] ulpa
Ea o
v Ll g pre ey pereves dci |
Wrile
i o 0 i 1 1 o i) )
Vald
Write
1] ol o ¥ 1 o 0 Y i)
Iryalid ADGTAT

Figure 3-13. MPU Response to Secondary Address

3.2.1,4 LISTEN ONLY MODE (lo). The GPIA can become an active listener by programming it to
listen only (10). Setting bit 5 of R2W high (with dal low, R4W) places the GPIA in the Listener Ac-
tive State through the listen only mode {Figure 3-X) if ATN is not asserted. The talk only (to) bit

must not be set high when lo is high.

Bu 7 B b 4 3 2 1 &

Hawy zal 0o o Filga X apte
Writa X Q 1 x X X b x

Addess Moda Ragister

b4
=
=)
@

18] Selecting listen oniy mode

AZR me o [l+} ATH | TACE | LACS |LPAS |TRPAS
Rasad 1 1] 1 o 3 1 a 0
Addrass Swls Register

bl Listens: Active State (Listen Only — Hex Adf
ADD1 30

Figure 3-20. Listener Only Mode
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The I bit is reset by writing it low via the MPLJ. The GPIA remains in LACS after the 1o bit is reset.
To place the device in LIDS, the 1o bit is reset followed by setting the dal bit (Figure 3-21). The dal
bit need only be toggled high to place the GPLA in LIDS, Onee dal is set placing the device in LIDS,
it can be immediately reset and the GPIA will rermain in LIDS,

Bil 7 5] 2] 4 3 2 1 1]
H2w sl " o] X all+[ hide X ante
Write x o 1 . LA X X M

Address Mods Aagister

(ab devica in dizten only moda

RX | dsel o [[+] X hidka hida X ap

Write x 4] 4] x x X X X
Agddragzs Mode Registar

R2R ma 0 [+ ATH | TACS | LACS { LEAS | TPAS

Rerad 1 0 0 L 9] 1 2 O

Addrags Stalug Aegisier
GPIA ramaing i LACS ahar la reset.

[b) Resat ko it
RAW | Iskba dak dat ADE | ADL | ADI | ADZ { ADY
Writa n 1 i A A A [ &
Adrress Regisiar
Sel del kit
RAW | Isba del dat ADE | AD4 | AD3 | ADZ | ADN
Wirite X 8] 1] A A A A A
Address Hegister
Reset dal it
RzR 3% [ [ ATH | TACS | LACS {LPAS | TPAS
Raad 0 o @ g o & 1] 0

Address Status Regeber
davice now in LIDS

(o) Salffasat dal bil places davice in Listener |die State,

ek

Figure 3-21. Removing GP1A ¥rom Listen Only Mode

3.2.2 Talker State Diagrams

The GPIA uses the TAEKER functions in conjunction with the source function to send data on the
GPIB.

There are four states in the Talker State Diagram (Figure 3-22). The GPIA indicates whether it is in
TIDS or TACS by setting the appropriate bits in the address Status Register (R2ZR). The Serial Poll
Active State (SPAS) is recognized in the Command Status Register. This functien is described in the
Service Request State/Serial Poll Section. The Talker Extended function defines two additional
states (TPIS and TPAS). As with the Listener function, there are four talker address modes that
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Sewial

Talker Talkar

idle Addrassed Paoll Active
Suate Suato Srater
ITIDS] {TADS 1SPAS)

Talkwr

Active
Slake

ITACSH

A 18
Figore 3-22, Talker State [Hagram

allow movement into and out of the talker state: 1} Talker Mode (Primary Address Mode), 2} Dual
Primary Talker Mode (special feature of the GPIA), 3} Talker Extended Mode (requires the secon-
dary addressing feature of the GPIA) and 4) talk only {programmed by MPU}. The operation of the
GPIA in the various talker address modes is analogous to that of the listener address modes discuss-
ed in the previous sections.

3.2.2.1 TALKER MODE (Primary Addressing —apte =0). Ongce initialized, the GPIA is ready to
become a talker on the GPLA. The controller sends MTA (My Talker Address) which is:

MSE 158
x 1 §] \T T T T T y
L'
Talker Device Address
Codda {41 1's Mot Allowed b

ADG141

Figure 3-23. MTA Sent by Controller

whers the T's correspond to the address placed in the Address Register. An all 1”5 address is not
allowed because this code (X1011111) represents the Untalk command. The (iPIA responds as
shown in Figurs 3-24.

Bit 7 E B 4 3 2 1 o]
A3R mE tor 1o ATH | TACE | LACS | LPAS | TPAS
Read 1 0 L 1 0 0 0 L
ATM =Trug
lg] Telkar Addreas State (Hax 201
AIR mE i [ ATH | TACS [ LACS| LPAS | TPAS
Read 1 0 0 i} 1 0 0 1)
ATN=Falzg
[b) Talwar Active Slate {Hax 5851 ADO14Z

Figure 3-24. Address Statos Register After MTA Placed on GPIB (apte=0)
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After entering TACS, the device is ready to talk. The B (Byte Cutput) status bit in the Interrupt
Status Register (ROR) is set high (Figure 3-25) indicating that the GP1A is in TACS and the Data-
Out Register (R7W) is empty.

Bit 7 L] % 4 3 2 1 4]

ROR NT RO GET 1 ART | CMO [ ENDG i1l

Read a 1 0 1 { 0} 4] a
The B8O interrupt magk bit DWW is not set, A1 43

Figure 3-25. Interropt Statos Reglster for BO

Writing to the Data-Out Register (RTW) places the byte on the IEEE-488 Standard data lines DIOI1-
DIOS. Writing the byte to the Data-Out Register resets BO status (ROR). BO is again set high when
the GPIA receives a DAC back for the listener(s). EOT (End or Identify) being made true by the
talker indicates the end of a multiple byte transfer, This is accomplished by writing feei (forced end
or identify) high in the Auxiliary Command Register (Bit 5, R3W) prior to sending the last byte
(Figure 3-26). This will drive the EOI management line low. The EOT line is made false (high) when
the listener(s} accept the data. The feol bit is automatically reset one E clock cycle after it was set.

NOTE

Once feoi has been written high, the END message is sent with the next byte the talker
sends unless a hardware {pin 19) or software (bit 7, R3W) reset occurs. This is true even if
feai is written high while the device is not an active talker — the END message is sent with
the first byte the GPLA sends when it becomes a talker.

Bit ¥ B b 4 3 2 1 {
R3A Reset DAL | DAY | RFD msa a uipz et
3w rfgr fani dacr dacd
writg { O 0 1 [ q u 0 o ADO1A

Figure 3-26. EOI1 Activatfion By Setting feoi

3.2.2.2 DUAL PRIMARY ADDRESS MODE {(apte =0). The dual primary address mode is
selected by writing lsbe (ieast significant bit enable) high in R4W. As previously mentioned for the
listener mode, setting Isbe high makes the least significant bit of the device address 2 don’t care; i.¢.,
the device responds to either of two adjacent addresses (see Figure 3-27). A software routine must be
used to determine which of the two possible addresses was actuaily sent over the GPIB. The soft-
ware routine can check the LSB of the address by monitoring bit 1 of R3IW (see Figure 3-13).

NOTE
This mode can also be used in conjunction with the talker extended mode.
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MER 158
X 1 0 0 D it 1 0 4
'\_v_z’ k!
L'
Tatker Code Devica Duodress
X 1 0 N 0 0 & 1 1 P
R4
Talkar Code Device Addresa

A DQTa3

Figure 3-27. Accepted MTA(s) from Controller In Dusl Address Mode (R4W Address =00010)

3.2.2.3 TALKER EXTENDED MODE (apte=1). Refer to the state diagram in Figure 3-22 for the
relationship between TIDS, TADS, and TACS. However, some of the transitions between these
states are different in the extended mode from those of the nonextended mode; see Chapter 2 for
details. Another state diagram (Figure 3-28) defines two additional states (TIPS and TPAS) for the

Talker Extended mode.

Talker
Prifnary
Addrggs
Stana
{TPASI

DG 4

Figure 3-28. TPAS State Diagram (Tslker Extended)

The Tatker Extended mode requires that the MPU program the apte bit (bit 0, R2W) high. This
allows the (GPIA to respond to secondary commanids. In the secondary address mods, the controller
first sends a primary address and then a secondary address, giving two bytes of address capability.
Both bytes are fimited to the five least significant bits for addressing, giving 961 possible addresses.
The first byte received is the primary address and the primary address sequence is described in Sec-
tion 3.2.2.1. The addressed state of the GPIA can be obtained by reading R2R {Figure 3-29).

Bit 7 & =] 4 3 2 1 0
R&W dzal o o x nikde Filda b apig
Yrita ¥ 0 iH b A X b 1

(al Addrass Made Rogistar lapie= 1 selects secondary addrassing)

RIR TG o o ATH | TALS | LACS | LPAS fTPAS

Aead Ly 4] Q o 0 a [+ A

1} Addrass Status Registar when in TRAS (Hex D1}
AZR [ ma 0 o AW ] TALe | LATE TTPAS TTRAS

Read t D o g L] o g X
TACS ocours aher MPL writes rmsa indicauns] vahd secondary address has been ra-
caved.

ey Address Siaus Aagiswer when in TACS {Hax 90
*"TPAS will be a "' 1" after the recapticn of e prifmaty command group, but will be rg-
el g e "0 when another primary command (g, 9., angther device's primary address] is

sant over tha GPIE. ADIH4T

Figure 329, Talker Extended Mode
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Fallowing the primary address, the controller sends the SCG (Secondary Command Group) of the
form shown in Figure 3-15. If the controller does not send this but rather it sends another RPCG
{Primary Command Group), the GPIA goes 1o the Talker Idle State (TIDS) and the primary talk
address has to be sent again by the controller. When the SCG is received, the DAC handshake signal
is held off (not allowing the handshake to complete) until the MPL has had a chance to examine the
command. The APT bit is set high in the Interrupt Status Register (see Figure 3-16) indicating a
secondary command is available for examination in the Command Pass-Through Register (R6R).
Onece the Secondary Command is read into the MPU and a compare is made to determine if the
Secongary Command is valid, the following procedure should be implemented (see Figure 3-19).

1. If the SCG is valid, the MPU should write a hex 18 into RIW. This releases the handshake and
allows the GPIA to go to the Talker Active State when ATN s released.

2, If the SCG is invalid, the MPU should write a hex 10 into R3W, releasing the hansdshake but
keeping the GPIA in the Talker Primary Address State.

Onee the secondary command sequence js initiated, the LPAS status bit remains set until a PCG is
sent over the bus. See Section 4.2.4.1 for details on LPAS.

3.2.2.4 TALKFR ONLY (lo). The GPIA can become an active talker by programming it to talk on-
Iy (to), Setting bit 6 of RZW high (with dat low, R4W) will place the GP1A in the Talker Active State
through the listen only mode (Figure 3-30) if ATN is high, The listen only bit (lo} must not be set
high when talk only is high.

Bit 7 B b 4 3 s 1 0
A2W | dsal 0 Iz kilcla X apte
Wieina A 1 ¥ * b X X »

Address Mode Aegister
1a) Selecting listan onky made

AR ma T ) ATH [ TACS | LACS JLPAS |TPAS
Aaad 1 1 o 1] L) 0 f i

Address Slatus Register

>
=]
=
&

Ib) Telker Actve Stae {talk only — Hex CH) ADU4S

Figore 3-30. Talker Only Mode

The to bit is reset by writing this bit low via the MPU). The GP1A remains in TCAS after the to bit is
reset. To place the device in TIDS, the to bit is reset followed by setting the data bit (Figure 3-31).
the data bit only neesd be togeled high to place the GPIA in TIDS; i.¢., once data is set placing the
device in TIDS, it can be immediately reset and the GPIA remains in TIDS.

3.2.3 Service Request State/Serlal Poll
The GPIA uses the Service Request function to request service from the controller, The state

diagram for service request (Figure 3-32) has three states; NPRS (Negative Poll Response State),
SRQS (Service Request State), and APRS (Affirmative Pall Response State). When the GPLA issues
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Bit 7 5] 5 4 3 2 1 0
A2w | dsal b ke ® hide | hide X apte
Yirite ", 1 0 .1 ¥ x * X

Addmess Moda Repizer
18] devica in 1alk only mode
A2W ] oeal g =} X hilda fikda ¥ apwa
Wrile X 3 1] X x x X *
Adoress Mode Registar
RZA ma o [ ATH | TARS [ LACS | LPAS | TRAS
Read 1 g 0 D 1 1) ¥} 1}
Addrass Status Register
GPLA rameins in TACS afvar 1o resar.
1t} Reszet to kit
R4wy | Isha al det ARG | ADd [ ADZ | ADZ [ AN
Write x 0 1 A, A A A A
Sddress Rogister
Reoset dal i

k2R T ® I ATH | TACE | LACS | LPAS | TPAS

Read 0 0 0 4] 0 1 i) K

Addrass Status Register
Setting af cfat will place device in TIDS

{cl e dat
A (e 40

Figore 3-31. Removing GPIA From the Toalk Only Mode

8 servige regquest, it is requesting that the controller conduct a Serial Poll to obtain the service re-
quest information placed in the GPIA Serial Poll Register by the MPL). Since a Serial Poll can only
be conducted on a GPIA when it is in the talker mode, the Serial Poll Active State (SPAS) is part of
the Talker State Diagram (Figure 3-22), For state diagram details see Chapter 2.

Service
Requeat
Siate
{SROSH

Alfirmativa
ol
Ragxnsa
Stete
{4PRS)

AL

Figore 3-32. Service Request State Dlagram
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The device issues a service request to the controller by enabling the SRQ management line (bringing
this line low). To request service, a ''1" is written into the rsv bit (bit 6) of the Serial Poll Register
(R5W — Figure 3-33). This action enables the SKQ line indicating to the controller that one of the
devices in the system is requesting service. The appropriate status bits (indicating what service is re-
quested) should be written into R5W at the same time rsv is set. Seven bits are allowed for coding the

status.

it 7 L] & 4 3 2 1 0
REA SROS
REWY 57 — 5h G4 g3 52 51 30
Wirita 57 1 55 54 53 52 31 Sl
ADDE

Figure 333. Request for Service

The controller must then poll each device 1o determine which device is requesting service, The poll is
initiated by the controller sending the remote message SPE (Serial Poll Enable — Figure 3-34) which
places all devices in the Serial Poli Mode State (SPMS),

MER L5B
X 0 0 1 1 a 1] ¥}
Contreller Sands
D012

Figure 3-34. Serial Poll Ensble

In order for a device 1o be Serial Poll Active it must be a talker. The controller then sequentially ad-
dresses each device to be a talker. As each GPIA is addressed to 1alk, it responds by going to the
Serial Poll Active State (SPAS). The contents of the Serial Poll Registers are placed on the GPIB. If
bit 6 (DIO7) is high (DIO7 will be low on the GPIB since it is a negative logic bus, but will be a “1"
on the MPU side of the GPIA) the controller knows this is the device requesting service. If more
than one device is requesting service the first device polied has highest priotity. When the GPlAisin
SPAS, bit 2 of the command status register is set (Figure 3-35).

Bit T B 5 4 a Z 1 13
AIR | UACG | REM [ LOK * RLG | 8PAS | DCAS | UUICT
Aaed 4] [ i i 4] 1 1] 1]
ADE

Figure 3-35, Serial Foll Active State
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Bit 2 being set causes the CMD status bit (ROR) to be set, which will in turn issue an interrupt if the
appropriate mask bits are set in the Interrupt Mask Register, The CMD bit and SPAS bit remains set
as long as the GPIA is in SPAS, When ATN is asserted the GPLA leaves SPAS. It returns to SPAS if
ATN hecomes false unless SPD (Serial Pall Disable) or OTA {Other Tatk Address) has been sent.
After sending SPD, the GPIA is in TACS and the SPAS and CMD status bits are reset, The SROS
bit in R5R is also reset. The rsv bit, however, remains set. Once the rsv hit is set and a Serial Poll
conducted, this bit must be reset by the MPU before it can be set again for a second service request.

ATN = Falze
MSE LSB
X 4] ] ] 1 H] 1] 1
Controller Sends AL

Figure 3-34, Serial Poll Disable

3.2.4 Parsllel Poll Sinte

Parallel Poll is a means by which the controller may request one bit of status from each device. The
GPIA uses the Parallel Paoll State Diagram (Figure 3-37) to plage the contents of the Paralle] Poll
Register (R6W) on the GPIB. The states implemented by the GPIA are PPIS (Parallel Poll Idle
State), PPSS (Paralle]l Pell Standby State}, and PPAS (Parallel Poll Active State). The PUCS and
PACS states defined in the IEEE-488 Standard as a separate state diagram are not implemented by
the GPLA. This omits the capability to be directly configured by the controller. The configuration
must o¢cur from the controller via the GPIA MPL. The precedure to configure for Parallel Poll is
given in Chapter 4,

Farallsl
ol
Standby
Stete
(PEESI

Parglled
Fall
Il

Stete

[PPI5I

Parglled
Pol
Active
State
IPPAS

ADGTAS

Figure 3-37. Parallel Poll State Dingram
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Paraitel Poll is initiated with the controller requesting that all devices place their status bit on the bus
simultanecusly (Figure 3-38).

Bit 7 f B 4 3 z 1 a
Row | PPRE | PPR? | PFRE | PFAS | PPR4 | PPR3 | PPAZ | FPR]
Writa 3 0 1] 1 q 0 o &

Bil ¥ sssigrad to this device. A0 56

Figure 3-38. Parallel Poll Register

Each device is assigned one bit to be used for its Parallel Poll, If more than eight devices are con-
nected to the GPIR, then some devices must share one of the bits. To initiate a Paraliel Poll, the
controller asserts bath the EOTI and ATN management lines simultanecusly. This procedure causes
all the GPIAs connected to the bus to place their Parallel Poll Register content on the GPI1B.

Unlike Serial Poll, which is device initiated, Parallel Poll is controller initiated. Also, whereas Serial
Poll provides seven bits of status information to a device, Parallel Poll provides only one. However,
the Parallel Polling procedure is much less complicated and is mere quickly executed than that of
Serial Polling. In many cases, the Parallel and Serial Poll functions are used together to obtain the
most efficient status information transfer (see Chapter 4).

3.2.5 Remote/Local State

The Remote/Local modes provide a protocol for allowing the device to be configured from either ity
front panel controls or from the controller. Thus, such instrument parameters as voltage ranges, fre-
quency seiting amplitude settings, etc., may be set either by switches on the front panel of the device
or set internally by commands sent over the interface, An additional feature of the Remote/Local
Mode is 2 Local Lockout. 1t not only prohibits the front panel controls from controlling the device,
but, also prevents the device from being placed in the Local Mode from the front panel. The
Remote/Local State diagram (Figure 3-39) has four states; LOCS (Local state), REMS (Remote
State), LWLS (Local Without Lockout State), and RWLS (Remote With Lockout State).

Local Rampte
Stae State
LTS IREMS]

Lacal Remote
With With
Leckout L ohaw
sigte Srate
ILWLSE JAWLEE

LI EH
Figure 3-39. Remote/Locsl State Diagram
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The Remote/Local Mode uses the REM (Remote), LOK (Lockout), and RLC {Remote/Local
Change) bits in the Command Status Register (R1R) and the ril (return to local} bit in the Auxiliary
Command Register (R3IW). The REM and LOK status bits are used 1o uniquely indicate the four
states of the Remote/Local State diagram (Table 3-4),

Table 3-4. Remote/Local Stgte |adication

AEM | LOK Etata
q ] LDCE: no Ipckout
Q 1 LYYLS: il disabdad
1 0 REMS: no lackows
1 1 RWLS: rtl disabled

REM =hit &, AR
LW = hit 5, R1R

The RLC bit {bit 3, RIR) of the Command Status Register indicates, when set, that the GPIA has
changed states in the Remote/Local state diagram; i.e., anytime the REM bit changes from a 1-to-0
or D-to-1, the RLC bit is set. This bit and not LOK or REM causes the CMD interrupt bit to be set,
The RLC bit is reset by reading the Command Status register.

The GPIA enters REMS (Remote State) when the REN uniline message is true and MLA is received
(Figure 3-40). Note that REN must be sent first, followed by MLA before the GPIA enters REMS,

Hin 7 & -] 4 ] 2 1 u]
A1R | UACG [ REM | LOK — ALC | SPAS | DCAS [ ULCG
Read ¥ 1 a i 1 O 0 0
ALC will be 38t an AEM transitipn and reset an read aof B1A. ADOH

Figure 3-40. REMS Indication

The REM bit remains high until the REN uniline message goes false (high)} or the rtl bit in the Aux-
iliary Command Register is written high (if the GPIA is in Local Lockout, the rtl will be disabled).
The GTL {Go-To-Local) command from the controller also reseis the REM bit,

The GPIA will go from REMS 1o RWLS (Remote with Lockout State) if the REN uniline message is
true and the L1LO {Local Lockout) universal command is sent by the controller (Figure 3-41}).

Bit 7 B § & % 2 1 1]
AIA [ UACG | REM LK - ALG | 3PAS | DCAS | ULICTE
Read 0 1 1 ] [H] i 4] 0

AL will ba set gn AEM transition and reset an read af R1A, but
RLL 13 non 560 onoa LOK tranastion,

Figure -41. RWLS Indkcation

ADD1E
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The LWLS (Local With Lockout State) is activated when the LLO command is sent from the con-
troller with the REN uniline message true and MLA not active (Figure 3-42). LWLS can also be
entered from RWLS via the GTL command.

Bu 7 G & 4 3 2 1 0
Ri1A | UAC | AEM | LOK — ALC | 5PAS | DCAS | LUCG
Read D 1 o 1 O o ] g

FLC s not 281 on & LOK fransition.

Figore 3-42. LWLS Indication

ADOBE

3.2.6 Device Clear State

The Device Clear Mode allows a device to be cleared, setting it to some initial state. This capability
could be used to place an instrument in its power on (pon) state. The Device Clear State Diagram
has two states: Device Clear IDLE State {DCIS) and Device Clear Active State (DCAS) as shown in
Figure 343,

Device

Davica

Clear Clear

Idle Active
Siate Stale
QIS {DCAS]

ADDn

Figure 343, Devite Clear State Diagram

‘The DCAS is activated by the controller sending either the Device Clear (DCL command) or the
Selected Device Clear (SDC) command. The GP1A enters DCAS if:

1. The Device Clear Command {X0010100) is sent.

2. The GPIA is in LADS (Listener Address State) and the Selected Device Clear (X0000100; is
sent, i.e., if the device has first been programmed to be a listener.

When the GPIA enters DCAS it responds by setting the DCAS bit in the Command Status Register
(Figure 3-44).

The DCAS bit remains set as Jang as the device is in DICAS. This condition causes the CMLD inter-
rupt bit to be set if the dsel bit (R2ZW) is notset.  The DAC handshake is also held off allowing the
MPU time to respond to the Device Clear before releasing the GPIB. The GPIB moves from DCAS
to DCIS if {a} the controller removes the Device Clear Command in condition 1 above; ot (b) for
condition 2 if either the GPIA leaves LADS or the controller removes the selected Device Clear
message.
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Bt 7 i L] 4 3 2 L a

RIA ; UACG | REM | LOK - RALL | SPRAS ) DCAS | LUCG
Read 0 0 0 1 a 0 1 L]

. ADErIR
Figure 3-44. DCAS Indication

3.2.7 Device Trigger State

The Device Trigger Mode allows one or more devices to be triggered from the same signal (com-
mand). This couid be used to instruct instruments to begin making measurements at the same time,
The Device Trigger State Diagram consists of two states, Device Trigger ldle State (DTIS) and
Device Trigger Active State {DTAS) as shown in Figure 3-45.

Dawvice
Trigoer
Idlg
Slawe
[BTISE

ADQIEY
Figure 3-45. Device Trigger State Diagram

The DTAS is activated by the controllor sending the Group Execute Trigger (GET) command
{(X0001000). The GPTA must be in LADS (Listener Address State) and the dsel bit (RZW) must be
low in order to respond to GET. The device responds by setting the GET bit {bit 5, ROR, see Figure
3-46). The DAC handshake is also held off, If dsel is set, the GPIA completely ignores the GET

command; i.e., the GET status bit iz not set, the TRIG pin remains low and the handshake is
antomatically completed.

Ba 7 6 5 4 3 2 1 Q

ROA IMT BO GET -~ APT | CMD | EMD Bl

Read 0 1 1 1 & a 0 o
3el=1

GET interrupt mask bit mon sa ADO184

¥igure 3-46. DTAS Indication
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When the GET bit is set, the TRIG output pin (pin 24 on the MC68588) goes high and remains high
while the GET bit is high or until the dacr (DAC release) bit in RIW is set. (The dacr bit returns low
one MPL clock cycle after it is set true.)

The TRIG output pin can also be set high by the MPU programming the fget (force group execute
trigger) bit high in the Auxiliary Command Register (R3W). See Figure 3-47, The TRIG pin remains
high until the MPU writes fget Jow, Programming the fget bit high will not set the GET bit.

Bit 7 3] =] 4 3 2 1 n
R2A oal | DAY RFD ulpa
M5sE 11 iget
raw | P T tea deor " geca |
Wrila 0 X x x X X x 1
TRIG pin will rarnain high until foet is programmed low by MELL ADIES

Figure 3-47. fget Local Command

3.1 SPECIAL FEATURES

The previcus section describes the features of the GPIA that relate to the implementation of the
IEEE-488 Standard state diagrams. This section describes the special purpose features that are not
described by the IEEE-488 Standard. These features allow an MPU an easy straightforward way of
moenitoring and interfacing with the GPIB.

3.3.1 Handshake Holdoff

Some commands are not handled by the GPIA. In many cases it is necessary for the MPU to receive
the command (e.g., Undefined commands or Secondary commands} and halt the GPIB temporarily
while it interprets the commans (what does it mean, is it meant for this device, etc.}. In other cases
same commands (e.g., Device Clear) require that the MPL perform a task. If the handshake is held
up, not only does the device have time to complete the task, but the controller can monitor the
handshake. When released, the controller knows that all required actions have been completed. In
still other cases, some devices, when receiving data, may want to work with the data on a per byie
basis (e.g., perform some computation on each byte as it is received). These devices can hold up the
handshake not allowing the talker to send the next byte until the listener is ready. This lists but a few
of the reasons for temporarily halting the GPIB. Since the GPIB is an asynchronous trus, the most
convenient way of haiting the flow of data is 1o hold up the handshake sigrnals. There are two ways
the GPIA can hold up the handshake: 1) Not allowing the DAC handshake line to return high, in-
dicating to the talker that not all listeners have accepted the current data byte on the GPIB, 2) Not
allowing the RFD handshake line to return high, indicating to the talker that not all addressed
listeners are ready for data.
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3.1.1.1 DAC HOLDOFF. The DAC holdoff feature is used to hold up the handshake on the recep-
tion of commands from the controller, Certain commands such as GET, DCL, UUCG, UACG, to
name a few, canses an automatic DAC holdaff. As mentioned earlier, this gives the MPU time to
take any needed action. For example: in the secondary address mode a controller might be using a
secondary command to set the range on a digital voltmeter. The reception of a Secondary Command
Group (SCG) automatically holds off the DAC handshake. The MPU can then receive the com-
mand, compare it to a lookup table in software and determine which range is being requested. After
taking the necessary action, the MPU can release the handshake by writing bit 4 of the Auxiliary
Command Register {R3IW) high (Figure 3-48).

B 7 & L] L] 3 2 1 ]
Ra3A Chip | DAC | DAY | AFD ga al uipe fget
Raw | reset eldr ln dact decd
Wirine o d il 1 L i 0 n]
decr Teset ane &2 cluok cyche afler sel. ADp18E

Figure 3-48. DAC Handshake Relesse (hex 10)

In addition to the automatic DAC holdoff on certain commands mentioned in the previous
paragraph, the GPIA provides a programmable control bt that allows holding off the DAC on all
remote multiline commands. The dacd (data accept disable} local message provides a means of
holding off the DAC handshake on the reception of all Remote Multiline Messages, including MLA
My Listen Address), MTA (My Talk Address), and the Untalk Command. Note that neither MTA
nor MLA cause IRQ) interrupts. Thus, dacd should not be used on these commands unless a polling
rontine is used by the MPUJ to monitor R2R. The MPU activates the DAC holdoff feature by
writing dacd (bit 1, R3W) high, After sach command is received the MPU can release the handshake
by writing dacr high, Note that to keep dacd activated, a hex 12 must be written into the Auxiliary
Command Register {Figure 3-49). This releases DAC for the current command and keeps the dacd
bit high, holding up the handshake on every remote multiline message until it is programmed low,

Hin ¥ & 5 4 3 2 1 a
RsA [ Grip J oAC [ Dav [AFD [ T [ uea [,
Raw | Aesat | rldr leci daer dacd
Write i 3 a 1 0 L 1 0 —

Figure 3-4%. DAC Relense with dacd Activaied (hex 12)

3.3.1.2 RFD HOLDOFF. The RFD holdoff feature is used in the listener mode to hold up the hand-
shake on the reception of data from the talker. An RFD holdup indicates to the talker the
unreadiness for more data by the listener(s). This is interpreted differently from a DAC holdoff., In
this case, the talker receives & DAC from the listener and can place the next data byte in the Data

Output register of the talker GPIA (making new byte available — nba), preparing itself for the next
transfer, This byte is immediately placed on the GPIB, but the handshake does not begin umil the
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talker makes DAY true. When the talker receives RFD it will make DAV (Data Available) hand-
shake signal true and the byte will automatically initiate a handshake to the listener(s). This provides
a much faster data transfer rate than would be possible if the DAC heldeff were implemented for
data transfers.

There are two features provided for RFD holdoff (Figure 3-509; 1) hida (hold on a¥l data) and 2) hide
(hold on end}.

Bit 7 -] b 4 3 2 1 [i]
RIW | dsal tos lix hida | hida apla
Writa 1] [v] 0] X & 1 x o]

[at AFD hotd-afl on eech date byta recaived,
RIN [ dual to o hide | hids aprte
Write § O 4 0 ¥ 1 o X D

tbt RFD hoid-gff on End -~ EOI manegement lina trua while ATH is talse.

Mpte that any other gasirad festures in Whis Tegister Must be kept at the sppropriata
ZLate, Apoiss

Figure 3-50. RFD Holdolf

Te hold the RFD handshake on every data byte the MPU writes a 1 into bit 2 of the Address Mode
Register (R2W). This halts the data transfer on the GPIB for each data byte until the MPL releases
the handshake by writing rfdr (bit &, R3W)high (Figure 1-51). The rfdr bit is antomatically reset on
the next E-pulse.

Bt 7 6 5 4 3 2 i D
B3R DaC | DAY | RFD yipa
msa | |
aaw | Pl 155 1 fami | dacr M hacd |
e | O i D o g 0 ) B

ADO1EE

Figure 3-51. Ready for Data Relesse (rfdr — hex 40}

Another feature is provided to hold RFD on the last data byte sent by the talker. The talker, when
sending a string of data makes the EOI uniline management line low (by writing feoi high} just
before the last data byte. The hlde bit (bit 3, R2W) of the listener, when high, will holdoff the RFD
handshake on the data byte received when the EOI line is low.

The RED handshake is released by sending the rfdr local message (setting bit 6, RIW).
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3.3.2 Interrupt Siaius

Conditions in either the Interrupt Status Register (ROR) or the Command Status Register (RiR) can
cause an interrupt; i.e., these conditions will canse the interrpt signai line {TRJ) to the MPU to go
low if the appropriate interrupt masks are set. There are three registers invalved, the two just men-
tioned and the Interrupt Mask Register (ROW)., There is another status register, the Address Status
Register (R2R), but this register status cannot canse an interrupt and thus is not discussed in this sec-
tion,

The main status register is the Interrupt Status Register. It is the contents of this register, and only
this register, that can cause an interrupt (see Section 3.1.3.1 for details). An ﬁf interrupt is
genetated if INT (bit 7, ROR) is set along with its cotresponding mask bit {IRQ} in ROW. The TR
output line goes low and remains low until the MPU reads ROR. The IRQ line returns high when the
MPU reads ROR.

The Interrupt Status Register and Command Staivs Register are linked {ogether by the CMD bit (bit
2, ROR). The UUCG, DCAS, SPAC, RLC and UACG (bits 0, 1, 2, 3 and 7 respectively) in the Com-
mand Status register causes, if dsel (bit 7, R2W) is low, the CMD bit in the Interrupt Status Register
to be set. Thus the Command Status Register bits, through an indirect means, can canse an IRQ in-
terrupt.

The dsel bit (bit 7, R2W) provides a means af deselecting the GET (ROR)}, UACG (RI1R), DCAS
{R1R) and UUCG (R1R} from causing an interrupt (see Section 3.1.3.5 for more details).

Consider anly the effects of an Undefined Address Comimand Group (UACG): Figure 3-52 shows
the possible conditions that could occur in the Interrupt and Command Status Registers,

il 7 & & 4 3 2 1 q
AOA INT BO GET - APFT § CWMO | ENG £l |
Read & & a 1 o q q o
A1R jUACG | #EWM | LDK - ALC [5PAS | BCAS [LILCG
Aaad 1 a e} 1 1 A Q o

ia] dsal {bit 7 — RPN =1; no A0 genaratad.

RGA INT Bo GET d APT | CMO ] END al
fead [ 0 a 1 & 1 4 f]
R1A | UACG [ REM | LOK - ALC | SPAS| DCAS |ULUCG
Read 1 4] 0 1 0] a 0 o

bl deet=0, Mo mask etz set; no [RO ganarated.

RGR INT BO GET - APT | CWD | END El
Raad 1 0 0 1 g i 0 n
A1R FAACG | REM | LOK - RLC [S5PAZi DCAS |LUCG
Aead 1 0 ] 1 Q o o 4]

ig) deal =0, Only SMD maesk it 56t na (D generated.

ROA iNT BG GET - APT | CMD | END Bl
Read 1 0 0 1 o 1 1} v
AR | UACS {| REM | LDK - RLLC | SPAS | DCAS UUCG
Faad 1 o] o] 1 4] 0 ] iy

ld) dsel=0. CMD and IR0 mask tts set; RS generaed.
AT

Figure 3-52. YACG Interrupi (Effects of dsel and Mask Bits)
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The bits in the Command and Interrupt Status Registers are level sensitive, This means that a bit be-
ing set is a result of the current condition rather than a laiched condition. When any of the condi-
tions causing the set condition are removed, that status bit will return to 2 low.

For example: if the controller sends a Device Clear message, the GPIA enters the Device Clear Ac-
tive State and the DCAS bit in RIR is set. If dsel =0 and the CMD and IR} interrupt mask bits are
set, an [R(} will be generated. If the controller mistakenly makes the ATN Ene inactive (high), the
GPIA leaves DICAS and all the status bits resulting from the condition are reset. The TRQ line
however, remains low producing a *““ghost interrupt®” to the MPU; i.c., the TRQ line is low, signhaling
an interrupt but no Interrupt status bit will be set.

The TR signal line responds and is set low as a function of a Jow-to-high transition on its internal
input latch. This prevents exirancous interrupts from occurring. Thus, if a status bit is set and
cavses an interrupt, the TRC) signal line goes low, This signals the MPU to enter an interrupt
handler. Once in the interrupt handler, the MPU reads ROR and tests the appropriate bits for the
origin of the interrupt, If, for example, the Bl bit is the only set condition, the MPU detects this and
reads the Data-In register. After handling this byte of data, the MPU is ready to leave the routine.
Care should be taken when exiting the interrupt handler. After ROR in the above example is read
and before the Data-in Register is read, the BI bit is still set. Should another status condition in RCR
be set (this is ap unlikely event and in most applications will never occur), this condition does not
praduce an IRQ. This second condition does not cause an TRQ because the first condition kept the
level of the INT status bit high while the second condition occurred and hence a low-to-high transi-
tion is not detected, The occurrence of such a set of circumstances s rare, but to avoid missing an
RO, the Jast instruction sequence hefore leaving the interrupt handler, should be a reset of the in-
terrupt Mask Register followed by programming it to its original state. If a second intertupt went
undetected, this sequence will produce the needed low-to-high transition and an TRQ does result.
The most likely sequence where a second interrupt condition could occur before the first one is ser-
viced is in relation to the Remote Enable Uniline Message. REN is an asynchronous occurrence to
other activity on the GPIB and can occur at any time. It is possible for REN to be sent by the con-
troller causing an RLC status interrupt while another interrupt situation is being serviged, The
change in the REN line in this sequence does not cause an TR until the interrupt mask register is
reset and then set.

3.3.3 DMA (Ddrect Memory Access)

The GPIA provides the necessary handshake line to allow its use in DMA mode. These control lines
(DMA Grant and DMA Request) are used to handshake data bytes to and from memory with the
aid of a DMA Controller {see Chapter 4). The DMA control lines, as well as the specialized opera-
fian of the R/W line and register select lines (RS0, RS1, RS2), in this mode allow a DMA controller
such as Motorola’s MC6844 to connect directly to the GPIA withowt any additional gating cireuitry
{see Section 3.1.1.3 for description of the control line).

1. DMA REQUEST — This line is an output signal line to the DMA controller used by the GPLIA
to request 2 DMA transfer, It is used in either the talker or listener modes and is set high if
either BI or BO in the interrupt status register is set. This line always follows the status of BI ot
BO even if the DMA feature is not used.
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2. DMA GRANT — The DMA Grant line is an input signal line to the GPIA from a DMA con-
treller. Once the DMA controller, after receiving a DMA request, has obtained control of the
MPLUJ bus it issues a DMA Grant instructing the GPLA to begin the transfer.

NOTE
If the DMA feature of the GPLA is not used, the DMA Grant line must be grounded.

3.3.4 Primary Address Recognition

The Address Register (R4W) gives the GPIA awiomatic primary address recognition capability
{Figure 3-53).

Bils 7 ] ) 4 3 I 1 a
Adyy | |abe da dat ADG | ADd | ADT | ALY | AN
Read X X x A Ay A, A A

ADTADE can assume any valos axcept hax 1F a5 1ms is an nvahd prirvary address.

ADdTh

Figore 3-53, Address Reglster

The value in the five least significant bits of this register must be programmed by the MPU with the
address ta which the device is to respond to, upon receipt of command from the controller. When
the controller sends addressed commands such as MLA and MTA, the address in these commands
must correspond to that in the Address Register (R4W) in order 10 be recognized by the GPIA.

The GPIA provides a means of selecting this address through a set of external switches attached to
the device (Figure 3-54), The ASE {Address Select Enable) signal output goes low for one E2 clock
pulse coincident with the read of the Address Switch Register (R4R). This register does not exist in
the GPIA bt its MPLU address selection is provided. Thus, if a circuit such as is shown in Figure
1-34 i5 used, when the MPU reads R4R it actvally reads the contents of the external switches which
have been manually set to the correct address. The MPU then simply performs a write operation to
the same address location* and the GPIA is programmed with its IEEE-488 Standard device ad-
dress. This provides an easy way of placing a device in a system withovt changing software to change
the device address, Care should be taken in the selection of the three most significant bits of the 8-bit
ward written to R4W. These bit locations, although undefined for addressing, are used in the Ad-
dress Switch Reguster {see Chapter 4 for more details).

*This address location is not part of e [EEE-488 Standard systom addressitig, rather it refers o 1he lacation of the GPLA in & memory
muapped pevipheral Arvatgement for the MPLU. It pertains to MPL addressing and not GP18 addressing.
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Figure 3-54. Address Switches for Device Addresses

3.4 RESPONSE TO REMOTE MULTILINE MESSAGES

The IEEE-488 Standard defines & set of remote multiline messages that can be sent by the controller.
Same of these messages direct specific actions by the interface and thus are handled automatically.
Others are better handled thraough sofiware. Table 3-5 lists all of the IEEE-438 Standard defined
remote multiline messages and how each is handled by the GPIA
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Table 3-5. MCO8488 Response to IEEE-488 Staudard Multiline Messages

Muitiine Meazage

MUES4EE Resnonso

Adrrassed Cormmand Group (ACG)E

ta) deal (Bit 7, R2W) = {)
WAGG i 7, R1R} will ba set: DAGC handshaka held off; CMD (it 2, ADR] will be set; ACG avail-
abte 1o MPL through RBA.

o] dsal ibin 7, R =1
Cammand igrprnsd .

Davice Clear 10CLF

(ash clzad (B 7, REWI=0 .
DCALC [bit 2, R1A) is zaL whon GPLA 2 in Davice Claar Activa S1ato twher ATH i assered and

DCL recaivedl; MWAC hendshake hetd off; ChD ibit 2, ROA will be et.
it doal (hit 7, A2y 1
Command ignarad

Group Execute Triggar (GET)

la) dsel thit 7, f2W1=0
GET (it &, ROR) is bt when MOBBSE is in Device Trigger Active Stete; Trigger output Lpin 244
is set high; DAC held ofl.

bt daed {hit 7, AZWE=1
Cormrmand ignored.

Go To Logal (5TL

Will resel REM ibit &, R1A1

Local Lock St [LLCH

LOK {hil B, R1R is el wher #CEB488 is in Lacal Stawe ILOCS) o Remota Stats {AEMS) and REN
irpaal b 22 08 lowe.

Lisgtener Addreza Group LLALG]

leb apla (bil D, RZW=0Q
1. My Listen Address IMLAF - if dal (bt B, R is not sat, the MCEBABE will enter LACS
after ATN goes high, LACS status bk it 2, R2ZRE and ma (it 7, A2A) will be sat.
2. Orher Listan Address (OLAF — ignored
3. Secondary Cormmand Group {SCGF — ignored
Lbd aprte Lbit 0. R2W0 =1
1. My Listen Address (MLAF — if dal (bit & R4W! iz not sel, the MOGB48E will enter LPAS,;
LFAS status bit [bit 1, B2A) will e set.
£. Dher ligten address {CLA]
(&) if in LPAS the MOG8488 will g 1o LIOS. LPAS {kit 1, R2R) will bwe reset.
ibh if molin LPAS tha OLA will be igrored
A, Sepondany Commaend Group [S045] — AFT 1bit 3, RIR) will ba set; DAC hetd off; Secondary
Command available in RER.

Faralldl FHl Configure wprel!

Treatad as ACG — See Address Command Group, PPC code recognian in MPU soltware,

Parallel Poll Enable”

Treated a2 SCG — See Sacondary Command Graup mecgnition: Specle code assigrmand ra-
engnition in MPL soltwarg.

Parallel Poll Disatée [PPC)T

Treated gz SCU — Ses Secondsry Command Group racoqnition: spacific code assignment ra-
cogrition in MPU spltwara,

Parale| Fgll Response 18
{FIPR1-FFRE)

Approgriate code pleced in perallel poll regiswer (REWE by MPLL contants of REYY placed on GRS
when cantrallar makas BOLand ATH troe.

Parallal Poli Uneonligurs e

Troated & UCGE — Ses Universal Command Group: Specific Command code recognition in MPLU
goftware,

Secondary Command -Gun:.-l.u:l2

1a) apta ibi g, AW e
Command ignorad.
bl apae (hit O, A2W=1
APT (hit 3, ROAL will be e DAC hald aff. Secondary Command availakle in BER.

Salected Yevice Clear {8001

Rasponss is the seme 3 Device Claar {DCL] excapt thet the G PLA must be in LADS to respond to
SDC.

Sarial Foll Disabile (S5PDY

This commantd will ramove the GPIA fram the Sexial Poll Made.
1.  the MCES4BE iz in SPAS the device will be pleced bagk in TADS: SPAYS siatus kit by 2,
R1R) and CMOD s1aws ba fbar 2, BORK will be rersat.
2, If MCS8488 iz not in SPAS, no status Bits will ba aflecwed. Howaver, since the lalched Sernal
Poll Mode is rvmgwed, the SPAS sate canngt be ontared unless SPE in sgain moaived.

— Continned
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Table 3-5. MCG68488 Response to IEEE-488 Standsrd Multiline Messsges (Continued)

Muttdine Mossega

WMICEMEE Reanporss

Seviadd Poll Enable {SPE]

This command will place he GPLA N 2 [atched Sersl Poll Mods

1. M the GPLA i3 in TADS when SPE is raceived, the MOGB4EE will move te tha Savial Poll Aclive
Siwane when ATH is raleasad. The SPAS status bit thit 2, A1RY and CMD atatus bit 1bit 2,
{ROR) will ba so0.

4. 1f the MCESABE is ot initially in TADS, the GPLA will remain in the Sanal Foll Moda but no
E1AtUS bitg will e sax. 1f the controlier places tha GPL& in TADS altar 2anding SPE by sanding
KT A, the davice will move to SPAS when ATN is eleasad, and the appropriate stalus bils s
described in 1 will ba 581,

Taka Camtrol ITCTH

Tregied as ACG ~ See Address Command Group: Specific Cammand Coda regagnition in MPU
sofpoare,

Tolk Address Group {TAGH

18] apte (hit 0, R2WI =D
1. My Telk Address (MTAY = if dat (bt 5. R4WI is not 3el, the MCERER will enter TACS.
TACS Status bit {bit 3, AZA) end ma {biv 7, R2ZA) will ba sert.
2. Qther Talk Address (OTAF — will put MOSSER in TIDS; it MCEBBABE has bean In TACS,
the TADS statug (il 3, RZR] and ma status {bit ¥, R2RE will be revat.
A Sacondary Command Graup [S0G — ignoned.
bl apta (it 0, R =1
1. My Talk Address (MT A — if den {bit 5, A4 is not set tha MOBB488 will anter TPAS, TPAS
status [bit 0, AZAN will be 2ot
2. riher Talk Address [OTA] — will pur MCEB488 in TIDS; it MOGE4EE has peon in TACS
or TRAS thair respactive stelus blts will ba resst.
4. Spepndary Commend Group - AFT status ibit 3, RORT will ba set; DAC hald off; Secondary
Cornrand aveilatile in RER,

Uniyarsal Command IGmup2

fa) dsal (bit 7, RIWI =5
UUCG kit D, R1R) will be set; DAL handshake hedd off; CHD [hit 2, ROR) will ba st UGG

available o MPU through RER.
bk daal (it 7, R2WH =1
Command ignored

Unligtar (LWL

Places MC8B488 in LIDGE

Lintalk (UNTIZ

Placas MOBR4SE in TIDSS

TThe responses Lo these commands will ramain 83 1ong s the commend remains on 1he GPIB. Howener, should BTN ba made false o
the commend code ramoved, the conditicns indicated will slso be remaved, .

2Tha responses to these commands will remain as long a8 the Cormmand remaing on the GPIB, Howsver, ghould ATH be made false
or the command coda ramoved, the conditions indicatad will 8196 e ramdwed,
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CHAPTER 4
PROGRAMMING CONSIDERATIONS

4.1 HARDWARE CONFIGURATION

The MC6E8488 is fully compatible with Motorola’s 6800 family and needs ne special circuitry. It can
also be used with any MPU based system as long as the bus characteristics of the GPLA are met.
Figure 4-1 contains & block diagram of an expanded GPLA/MPU system.

4.1.1 MPU Bus

The eight data lines applied to the MPU are bidirectional and are in the high impedance condition
until the MPU performs a read operation. During a read, they are capable of driving one TTL load.
In a multiboard system it may be necessary to buffer these lines for added drive capability.

There are 15 internal registers in the GPIA that are accessed by the 3 least significant bits of the
MPU address bus in conjunction with the Read/Write ling. Address lines Ad, Al and A2 go to
register select lines RS0, RS1, and RS2, respectively. See Table 3-2 for details, The GPIA uses eight
address locations in the MPU address structure. These eight address iocations ¢an be placed
anywhere in the address map by decoding the appropriate address lines used to activate Chip Select

(C5).

Remember that there are two separate address categories on the GP1A. The address system just
described represents the way the MPLU addresses, through its address bus, the GPIA internal
registers, This is distinct from the device {instrument) address which is used by the GPIB controller
when it sends addressed commands to a specific device. The device address is the five least signifi-
cant bits of an 8-bit word that appears on the address switch configuration of an instrument and is
placed in the address Switch Register (R4W) of the GP1A. Thus, the MPLU uses its address bus te
select specific registers in the GPIA (e.g., reading the contents of the Data-In Register — R7R) and
the GPIB controller uses the device address (contents of bits 0-5 of R4W) to send addressed com-

mands, {e.g., talk to listen commands}.

The ASE (Address Switch Enable} signal line on the MC68488 provides a convenient method of us-
ing switches on the back panel of an instrument to place the device address in the GPIA, The ASE
line goes ow when the MPU performs a read of register 4 {R4R). If the ASE ling is connected as
shown in Figure 4-2, the MPU will read the contents of the switch register when it tries to read R4R.
A write operation to the register 4 location following the

LDAA R4R
STAA R4W
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read operation will place the contents of the switch register into the MC68488, With this procedure,

the device address can be changed by simply changing the position of the address switches, The
MP1) software does not have ta be altered.

+W Addrass

Switcnes Thrae-5uae

Bufferg

O O AD —y —lm
W, e ADZ o1

ADA
&0 & wna | MCETS? S . —m;
m-{s e [n]

ADE MPL
L 00 - ] o1

L 2 [EL3

Pulldown E D6
Resistors o7

L
¥
L ]

¥

R

um -3
TTe o] MCETE? o1
DA O—— g2

GPA,

-]
DiBG

ASE

)

Mokes: (Groes LOW when regisiar A4R is selectad)
1. Tie U HIGH for LISTENER OMLY device, othenwisa tie EOW.
2. Tie UDZ HIGH far TALEER OMNLY devica, othersnse tie LOW,
2, With LI tied LOWY, Dual Primary Mode can be enabled with subssquent softwere.

ADGT T
Figure 4-2. Device Address Connections

The ENABLE (E) input is & clock signal input that is used:

1. to enable data transfers on the MPL) bus. During a Read operation, data is made available to
the MPU during the high t{ime of the Enable pulse. During a write operation, data is latched in-
to the addressed internal register of the MC68488 on the high-to-low transition of the E-pulse,

2. to relsase the DAC handshake line when in the listener mode and data byte has been received.
When the MC68488 is a listener and receiving data from the addressed talker, the DAC hand-
shake line is held off until the MPU reads the Data-In Register (R7R). The high-to-low transi-
tion of the E-pulse when R7R is addressed by the MPU initiates the release of DAC indicating
to the addressed talker the acceptance of the data byte.

3. as a state counter. The E-pulse is used to mowve the MCGAE488 through the state of the source
and acceptor function,

4. to enable or release many of the status conditions,
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The MCBE488 iz completely static, and as such, the removal of the E-pulse as a clock does not
desiroy any of the stored conditions in the chip, Since the E-pulse is used as a state counter,
however, it is important to maintain a clock allowing state transitions in the [EEE-488 Standard
state diagrams. Because of this, the removal of the E ciock prevents state transitions and could canse
the MC68488 to hang-up the GPIB and not allow data transfer.

The E clock signal can be aperated at a lower frequency than its specified maximum value and need
not be symmetrical as long as the timing constraints, as listed in the data sheet, are adhered to.

If a 6800 Family microprocessor is used, the E signal should he the same as the MPU 42 clock
signal. If a microprocessor without z 42 (E) clock is nsed, a free running clock must be provided that
can be synchronized to the Read/ Write operation when the internal registers of the M{UC68488 are be-
ing accessed.

4.1.2 Bos Transcelver

4.1.2.1 MCM4B3A. The MCI4484 is a quad bidirectional transceiver for mating MOS or bipolar
logic systems to the JEEE-488 Standard bus. Each channel provides back-to-back driver and
receiver elements plus the required bus terminations, Dirgction of data flow is controlled by thrae-
state disabling of the undesired direction element, i.e., driver or receiver, Schotiky technology
assures high speed while PNP puffered input structures guarantes low input loading for MOS com-
patibility, Both driver and receiver elements are non-inverting.

A pullup enable input is provided on each pair of drivers which allows selection of an open-collector
or three-state driver configuration.

Additional features include:
& Minimum receiver hysteresis of 400 mV for improved noise immunity

# Power up/down protection to assure that no invalid information is transmitted to the bus dur-
ing these time periods

& No bus loading (including terminations when power is removed from the device)
& Fast propagation delay times

@& Selection of a three-state or open—collector configuration

#® 48 mA drive capability.

The pinouts and truth table for the MC3448A are given in Figure 4-3.

Four MCA448A transceivers are required to buffer the 16 bus lines. Figure 4-4 shows (he connec-
tions of the transceiver Send/Receiver and Pullup enable inputs,

Figure 4-5 shows the proposed Motorola IEEE-438 Standard systemn along with the required inter-
connections.
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4.1.2,2 MC3447. The MC3447 is an octal bidirectional transceiver for mating MOS or bipolar logic
systems to the IEEE-488 Standard bus, Only two MC3447 devices are required for interfacing the
GPIA to the IEEE-488 Standard bus. In addition, the T/ 1, 2 control lines from the GPLA can be
directly connected to these drivers without the need of an inverter.

4.2 GPLA OPERATIONS

4.2.1 Initialization

A hardware RESET (applied to pin 19) provides a means of resetting the GPIA. It places the
MC6B488 in the idle state far each of the interface functions. Section 3.1.1.1 describes the effects of
a hardware reset. An internal reset condition is latched in the GPIA (bit 7, RIW is set high} to pre-
vent erronecus cutput transitions. This internal reset condition remains until dit 7, R3IW is program-
med low by the MPL). During the reset condition, the only accessabie register locations are the Ad-
drss Switch Register (R4R), the Address Register (R4W), and Auxiliary Command Register bit 7
{R3W, bit 7). Thus, it is possible to place the device address in R4W before writing the reset bit low
which allows the controller 1o have access to the device. After a hardware reset and prior to pro-
gramming R2W, the contents of the Address Register is hex 00. Should the GPIA be taken out of
reset (bit 7, R3W written low) at this time, it is possikle for the device to respond to an addressed
command with a 00000 as the address. To prevent this, it is recommended that the correct address be

placed in R4W prior to writing the reset bit low,

The RESET bit (bit 7, RIW) when high prevents the MPU from writing to any of the GPIA registers
except R4W/RAR and itsetf. Bits 0-6 of RIW are not accessible to the MPU until the RESET bit has
been programmed low; i.e., the same write instruction that write bit 7, R3IW low cannot be nsed to
program the ocher 7 bits.

If back panel address switches are used for the device address, an example initialization procedure is
as follows;

1. Set address switches to desired Device Address.
2. Turm on power and provide a hardware reset.

3. Load the contents of the GPLA regisier 4 address location (R4R) inio {he accumulator. This
enables the three-state address switch buffers and applies the contents to the MPU data bus.

4. Store the contents of the accurnuiator in the GPIA register 4 address location (R4W), This
places the contents of the address switches inte the GPIA Address Register (R4W).

5. Remove the latched reset condition (program bit 7, RIW low).
6. Set desired GPIA features, e.g., interrupt masks, local messages, etc,

In some cases, back panel address switches are not used. In such a case, the cotrect device address
must be resident in a software routine and this routine places the address in the GPIA.
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4.2.2 Interrupt Status Register Monttoring

The Interrupt Status Register (ROR) is an 8-bit register that contains the primary status information
of the GPIA. Only the contents of this register are directfy capable of generating an interrupt. It is
through this register that the MPU determines when to output another byte; when, in the listener
maxde, a byte Is available to the MPU; when the last data byte in a long string has been received, eic.
Bit 2 in ROR (CMD) fisiks the Command Status Register (R1R) to the Interrupt Status Register. The
CMD bit reports the presence of a status condition in RYR to the Interrupt Status Register. Thus,
through an indirect means (CMD bit) the contents of the Command Status Register (RiR) can be
magle to cause an TRQ interrupt, These two registers form the complete interrupting capability of the
GPIA,

The Interrupt Status Register can be monitored through either an interrupt sequesce or a polling se-
gquence. In a polling sequence, the MPU checks the register on a routine basis. The data rate on the
GPIB is in part governed by the MPU. For high data rates, a palling sequence may requice full time
monitoring by the MPU, If a polling operation is desired, the appropriate Interrupt Mask Register
bits should still be set causing bit 7 in ROR (INT} 10 be set if any of the desired status conditions oc-
cur. Thus, the polling routine only need check bit 7 and if bit 7= 0then no further action is required.
If bit 7= 1 then the desired bits need to be checked. The IRQ Interrupt Mask Bit (bit 7, ROW) must
not be set high for a polling operation as this bit, when high enables the IRQ output line.

To free the MPU for other activities, the GPLA status conditions can be monitored in an interrupt
mode by setting bit 7 of ROW along with the other appropriate interrupt mask bits. In this made, the
MPU can be engaged in other tasks and when a status condition requiring service accurs, the MPU
is interrupted. After an IRQ, the MPU interrupt handler can check bit 7 of ROR to be sure the inter-
rupt is a result of the GPIA and not some other device in the system. I this bit is set, the handler
routine can then check the other status bits in the order set up in the program. Section 3.2.2 further
describes the use of the interrupt structure of the GP1A. Nete that status conditions in the Address
Status Register (R2R) do not cause interrupts, This register is used to indicate when the GP1A is an
active talker or listener but these conditions do not directly cause interrupts. However, the occur-
rence of being in either the Talker Active State {TACS) or Listener Active State (LACS) can be ob-
tained when the BO (Byte Out) or Bl (Byte In) status bits are set. As soon as the GPIA is placed in
TACS, the BO status bit is set indicating to the MPU that the GPLA is in TACS and the Data-Out
Register is empty. When in LACS and a data byte is received in the Data-In Register, the BI status
bit is set.

4.2.3 Data Handling

Once the device has been addressed, data is passed through the MC68488 via either the Data-In
Register (R7R) when a listener, or the Data-Out Register (R7W) when a talker.

4.2.3.1 SENDING DATA. When the device is addressed as a talker, the GPLA enters TACS (Talker

Active State) when the controller makes (asserts} ATN false. The BO (Byte-Out) Status dit in ROR is
set, flagging the MPU to write a data byte to RTW, After writing to R7W, the BO status bil goes
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low. The 3-line handshake is set to the appropriate state and the data byte placed on the GPIB data
bus. (The Talker controls DAV and asserts the line to make data available 10 the listeners. The
listenets control DAC and RFD, sending these signals back to the talker indicating when the
listeners have accepted data and when they are ready for more data.) After ail listeners have been ac-
cepted the data (DAC becomes true), BO is again set, indicating to the MPU that the data has been
accepted and another data byte can be placed in the Data-Out Register. The next data byte is placed
on the GPIB as soon as it is written to R7W. The DAV (Data Available)} line is made true when the
talker receives an RFD (Ready for Data) from the listeners. All listeners must be ready for data
before the RFD line is asserted true. An example of a basic talker routine flow chart is shown in
Figure 4-6. In this routine a string of data is sent by the talker outputting the required number of
data bytes to the addressed listener(s). The end of the data transmission is indicated by making the
EQI management line true just prior 1o sending the final byte, When a listener detects a true state on
the EOI management Yine, it knows the next data byte received in R7R will be the final one. The use
of EOI is, of course, optional.

The procedure used for sending the last byte is described below. When using the EOT management
line, the MPU software must first set the feoi control bit (asserting EOT) and then send the last byte.
When the last byte is accepted by all listeners, the BO status bit of the talker device is set. The BO
status bit is not qualified with the EQT line but is set whenever the current data byte is accepted by all
listeners and the device is in the Talker Active State (TACS). (Note that when the controiler asserts
ATN to send commands, the GPIA moves ont of TACS cavsing BO to reset, and remains out of
TACS as long as ATN is asserted.) After the data block transfer the controller takes control of the
bus (asserts ATN) and reconfigures the GPIB system. In performing this task, the controller sends
comumand(s) that untalk the device (MLA, OTA, UNT} or reassigns it as a Talker (MTA) asking for
further data transfers. Since the GPIB operates asynchronously with respect to the device MPU bus
it is possible for the controller to take control of the GPIB and cause actions that change the state of
the BO status bit in the middle of the MPU interrupt routine, As a result, care needs to be exercised
when responding to the BO status bit interrupt oceurring after transferring the last byte. Any of the
following conditions can ogcur,

1. Device Untalked — If sither My Listen Address, Other Talk Address, or the Untalk comnmand
is sent the device is placed in the Talker Idle State (TIDS} — the device is Untalked. In this case
the BO) status bit is szt as soon as the last data byte is accepted, reset when the controller asserts
ATN, and BO will remain reset after ATN is released. (&) The BO status bit indicates a set con-
dition if the MPU reads the Interrupt Status Register before the controller asserts ATN. This
status indication, however, is misleading as another byte transfer is not intended. The device is
soon to be Untalked. (b) The BO status bit indicates a reset condition if the MPU reads the in-
terrupt Status Register after ATN has been asserted — a **ghost interrupt’ is produced. This
BO status bit remains reset after ATN is released,

2. Device Reassigned as a Talker — The controller reassigns the device to talk by sending My Talk
Address. In this case the BO status bit is set as soon as the last data byie is accepted, reset when
the controller asserts ATN to send MTA, and is again set when ATN is released by the con-
troller. {a) The BC status bit indicates a set condition if the MPU reads the Interrupt Status
Register before the controiler asserts ATN, This case is identical to part {a) for “Device Un-
talked®" shown abave. (b) The BO status bit indicates a set condition if the MPLS reads the In-
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terrupt Status Register while ATN is asserted — a “'ghost interrupt’ is produced. (c) The BO
status bit indicates a set condition if the MPU reads the Interrupt Status Register after ATN is
released. This status indication is requesting a byte transfer and should be acted upon accor-

dingly.

To alleviate the above ambignity and ghost interrupt situation, the GPIB handshake must be syn-
chronized with action by the device MPU. The following step-by-step procedure provides this need-
ed synchronizatiot and eliminates the ambiguity when servicing the BO status bit after sending the
last byte.
1. Before sending the fast byte of a block transfer, the feoi bit (if used) should be set. In addition,
the dacd bit in R3IW should be set holding off the handshake upon reception of any command
{establishes the required synchronization between MPU and controller).

2. 1f operating under interrupts, the BO interrupt mask bit should be reset. This prevents genera-
tions of a BO status interrupt when the last byte is received.

3. Send the last data byte.

4. The MPU now monitors the ATN bit it the Address Status Register (R2R). When the ATN bit
is set, the ATN line has been asserted and it will remain asserted until completion of the hand-
shake. The procedure described herein, assumes that ATN is asserted between block transfers
and at least one command sent. The fact that ATN is asserted indicates that the device is no
longer in TACS and, thus, the BO status bit is reset. '

5. The dacd bhit in RIW can now be written low removing the manual handshake hold-off on
subsequent commands. ‘With the same write instruction, the dacr bit should be set releasing the
handshake on the current command (write a hex 10 10 RIW).

6. The BO interrupt mask bit can now be set, enabling interrupts for another block transfer.

After following this procedure, a BO status condition will occur only if a second block of a data is
requested by the controlier. In addition, the possibility of a BO *‘ghost interrupt’ is eliminated.

A data exchange normally takes place without controller intervention. There are, however, many in-
stances where the controlier breaks the flow of data. The controller can take control of the bus by
asserting ATN (low). When this occurs, all active GPIAs on the bus become listeners and monitor
the GPIB for commands, The controller might intervene if it detects an undefined state on the
GPIR, cic. The controller can interrupt the data transfer asynchronously or synchronously.

An asynchronous bus take-over is usually the result of a major problem on the GPIB that requires
immediate attention (.., the bus being in an undefined state}. If a device dependent message is true
(e.g., data being transferred from talker to listeners) and ATN becosnes true {low), the interrupted
byte could be misinterpreted by other devices as an interface message (for example, commands or
addresses) and produce unintended state transitions. As a result an asynchronous take-over (assert-
ing the Attention line, ATN, during the handshake sequence) might place the GPIA in an undefined
state. This type of intervention must be immediately followed by an TFC (with ATN high) from the
controller, placing the GPIA(s) in 2 koown state, &.g.; after the controller asserts ATN asyn-
chronously, it must then remove ATN and send the TFC message before allowing another hand-
shake to take place. Once in a known state, the controller can reconfigure the bus (s¢e Question § —

Appendix B).
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A synchronous bus take-over is often used with only a temporary interruption of the data flow, To
rake over the bus synchronously, the controller simply monitors the GPIB conditions and asserts the
ATN Bine during an idle condition in the handshake process (between handshakes). To do this the
controller must wait until ail listeners have accepted the current data byte and before the next data
byte has been made available. Under these conditions the controller can intervene and use the data
hys without causing asmbiguity in the interrupted data transfer.

Anytime the controller takes over the bus in a synchronous fashion, the GPIA is not adversely af-
facted. In the talker mode, it it conceivable that the take-over could occur bebween the time the
MPU has written a byie of data to the Data-Out Register (made nba true in the source state
diagram) and before this byte becomes valid on the GPIB, If this accurs {for example, the controlier
conducts a Serial Poll of the device) and then the controller gets off the bus, placing the original
talker back in TACS, the data byte previously placed in R¥W is automatically transferred {after
handshake) to the listeners. An IFC being sent by the controller at any time does not destroy nba.
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4.2.3.2 RECEIVING DATA. When the device is addressed as a listener, the GPLA will anter LACS
(Listener Active State). The GPIA does not interrupt the MPU until the first data byte is received
from the addressed talker, When received, the BI (Byte-In) status bit in ROR is set, flagging the
MPU to read the Data-In Register (RTR).

The DAC handshake is held-off on the reception of each byte. DAC is released and the B status bit
reset when the MPU reads the Data-In Register. The handshake is automatically completed after the
read of R7R. A Basic Listener Routine is shown in Figure 4-7. When the talker sends the last data
byte in a string it sets the EO1 management line. When this cccurs, the END status bit in ROR of the
tistener GPIA is set, flagging the MPU that the final data byte has just been received. The END
status hit, like the BI status bit, is reset when the MPU reads the Data-In Register.

Aead Intgrrupl

Sratus Reqister -
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f

Raad Data-
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Read Dala-

e

AN

Figure 4-7. Basic Listener Routine

The listener GPIA, unless programmed differently, automatically completes the handshake when
R7R is read. Reading R7R releases DAC which is followed by an automatic release of RFD com-
pleting the handshake sequence. Once RFD indicates a readiness for more data, the talker can send
another data byte (make DAV true). In some situations, however, it is desirable to hold off the
handshake to temporarily halt the beginning of the next data byte transfer. For instance, the MPU
may need to perform some task after each data byte (¢.g., perform data calculations on & per brte
basis). The GPIA provides two features for holding off the handshake (see Sectien 3.3.1.2 for
details). The hida and hlde features prevent the handshake completion by holding off the handshake
sequence. The MPU aliows the handshake to proceed by writing rfdr high in RIW, Thus, the MPU
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can read the data byte from R7R without allowing the next handshake sequence, The hida feature
holds off the RFD handshake on each data byte received. This gives the MPU the option of looking
at each data byte on a per byte basis. The other feature, hlde, holds of f the RFD handshake on the
data byte received when the EOL management line is true {low).

If the controller takes over the GPIB asynchronously {(asserting ATN when the handshake is not in
an idle state) it cannot be assumed that the listener GPIA will go back to LACS when ATN becomes
false (high). An asynchronous take-over must be immediately followed by an TFC (with ATN high)
and then the controller can reconfigure the GPIA, as discussed in Section 4.2.3.1.

If the controller takes over the bus synchroncusly (forcing ATN lew during the idle time in the
handshake) and then makes ATN high without reconfiguring the listener GPIA, the MC68488 will

refurn to LACS.

‘The BI status bit in ROR reports to the MPU the presence of a data byte in R7R. Asserting TFC does
nof reset BI. The BI status bit can only be reset by a hardware reset (pin 19}, software reset (bit 7,
RIW), or by reading RTR.,

4.2.4 GPIA Interface Operation Modes

Each of the interface functions of the GPLA is entered through a programming protacol and the in-
teraction of both the GPIB controller and the GPIA MPU, Befere any of the interface functions
can be established, the MC68488 must first be initialized as mentioned earlier. A flow diagram of
the Primary imtialization is given in Figure 4-8. A read of R4R is not necessary if the MPL sofiware
is 10 supply the devige address.

The initialization routine described here is used when an active controller is to place the GPIA in one
of its operating modes. If & controller is not used and the GPLA is placed in the taiker or listener
mods through the talk only {to) or listen only {lo) local meassages, then the address registers (R4
and R4W) are not used and these steps can be omitted from the initialization routine.
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Figure 4-8. Primary Initialization Routine
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4.2.4.1 TALKER/LISTENER ADDRESSING MODES. There are three additional addressing
modes available to the GPIA user. The controller can command the GPIA to be a talker or listener
through either the 1) Primary Addressing Mode (Basic listener/talker) 2} Dual Primary Addressing
Mode, or 3) Secondary Addressing Mode. In configuring the system, the controller should either
keep ATN asserted through the entire system initialization or make all listener assignments before
sending the talk command. Once the talker assignment has been made and ATN is set false (high},
this device can begin sending data. If all listener assignments have not been made at this time, confu-
sion and missed data could result.

Primary Address Mode
Afiter the Primary Initialization Routine has been completed, the controller can address the GPIA to

be either a talker or listener in the Primary Address Mode. At this point, the GPIA remains in the
jdle state until MTA (My Talk Address) or MLA (My Listen Address) is sent (Figure 4-5).
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Figure 49, Primary Talker/Listener Sequence

If MTA is sent, the GPLA will go into TACS {Talker Active State) as soon as the ATN line is set
false (high). The presence of LACS or TACS states can be monitored in the Address Status Register
(R2R). These conditions do not canse an MPU interrupt.
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[Dnial Primary Address Mode

The Dual Primary Address Mode is similar to the previously mentioned primary address mode in
that only one command need be sent from the controller to configure the GPIA as either a talker or
fistener (this mode can also be used with secondary addressing). It differs, however, in that this
mode, as the name implies, allows the GPIA to respond in the same way to two adjacent addresses,
For example, if the address programmed inte the MC68488 is 01010, then the device responds to ad-
dressed commands with either 01010 or 01011 as the address portion of the command. A software
routine must be used to determine which of the two possible addresses was actually received.

The GPLA is placed in the Dual Primary Address Mode by writing Ishe (bit 7, R4W) high. Thus, one
additional step is required in the Primary Initialization Routine {(Figure 4-10). Once the appropriate
address is in GP1A, an OR operation of R4W information with hex 80 is one methed of establishing
the Dual Primary Address Mode.
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Figure 419, Duoal Primary Talker/Listener Sequence
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After the GPIA has been addressed as either & talker or listener, the MPL) can determine which of
the two addresses was sent by reading ulpa (bit 1, RIR). The ulpa bit always monitors the least
sighificant bit of the addressed command that was sent to the GPIA by the controller. In the exam-
ple mentioned earlier, if ¢101{0Jhad been sent, the ulpa bit will be a 0 and if 0101(1jhas been sent,
ulpaisa l.

Dual Primary Addressing provides a convenient method of partitioning a device into two sections.
For instance, a voltmeter and ammeter could use the same GPIA (be considered one device on the
GPIB) ad vet respond to two different primary addresses.

Dual Addressing imphes the use of two adjacent primary addresses and, as such, care should be
taken when selecting the primary addresses for this mode. Address 30 {11110) should not be nused
because the Dual Address counterpart of decimal 30 is decimal 31 (11111). Since address 31 has the
same bit code as that of either the Untalk or Unlisten Command this valve is an invalid primary ad-
dress for the IEEE-488 Standard system.

Secondary Addressing Mode

Secondary Addressing may be used 1o extend the number of individual instrument addresses in the
system or allow individual devices to have multiple addresses for data routing. In this mode, the
controller addresses a device to be a talker or listener by sending at least two commands. The first is
the Primary Address followed by the Secondary Address{es). A software routine must be used to
determine the validity of each secondary address.

The GPIA is placed in the Secandary Address Mode by writing apte (bit O, R2W) high. This is ac-
complished in the initialization routine after software reset. Thus, the Secondary Initialization

Routine uses the Primary Initialization Routine followed by one additional step (Figure 4-11),

For a talker device, the controller sends MTA just as for the Primary Address Mode or Dual
Primary Address mode. Upen reception of this, the GPIA enters TPAS (Talker Primary Address
State} and no MPU interrupt is generated, The handshake is automatically completed. The con-
troller then sends a Secondary Command Group (8CG). This causes the APT bit in ROR 10 be set,
Nagging the MPU that a secondary command is to be read through the Command Pass-Through
Register {R6R}, The DAC handshake is also held off giving the MPLU time to read the command and
determine if it is proper, i.e., does the secondary address belong to this device {most likely a com-
parison is made in a “look-up table'’). After the comparison is made, the MPU should do ore of
two things:

1. If the secondary address is not proper, the MPU should write a hex 10 to R3W releasing the
handshake leaving the GP1A in TPAS. The device waits for another SCG.

2. If the Secondary address is proper, the MPUJ should write a hex 18 to RIW releasing the hand-
chake. The device will now be ready to talk when ATN is released.
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Secondary Initialization
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Figure 411, Secondary Addressing Sequence
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The procedure for the listener mode is much the same. See Figure 4-11 for the Secondary Addressing
procedures.

The IEEE-488 Standard protocol requires, in extended addressing, that the Secondary address
follow the primary address. Should a GPIA (with apte= 1) receive its pritnary address, it enters
either TPAS or LPAS. If while in either of these states the controlier sends something other than the
SCG, the GPIA returns back to its idle state and the entire process needs 1o be initiated again.

Secondary Addressing can be vsed for many purposes. A multimeter can receive specialized instruc-
tions through secandary addresses {e.g., function to be performed or range settings). Secondary ad-
dresses can be used to cluster instruments around one GPIA. In this configuration, all of the in-
struments would be treated as one device an the GPIB and have one primary address. The secondary
address would then address a specific instrutnent or part of an instrument. The secondary address
could also be used for routing specific data arrays.

NOTE

TPAS/LPAS status bits once set remains set until another Primary Command Group
(PCG) message is sent over the GPIB. Thus, for example, if device #1 receives its secon-
dary sequence for a listener state, the contents of R2R will be 10000[1]0 — LPAS is set.
Should a Primary Command (e.£., another device listen address) be sent over the GPIB,
the state of R2R in device #1 is 100001[0)0 — LPAS is reset.

4.2.4.2 SERIAL POLL WITH SERVICE REQUEST. The service request {rsv) provides a device
with the capability to alert the system controller that special status information is available from the
device. The request for service may be asserted asynchronously from other activity on the interface
bus. A device sends a service regquest by making the SRQ management Iine trug {low). Devices can
use this feature for reporting specific status conditions, e.g., out of paper, improper measuring con-
nection, critical measurement results, etc., or any other time a device would like to alert the con-
troller af a status situation. The Serial Poll Register (R5W) in the GPIA is used for sending a service
request and reparting the status. Seven of the bits in this register are used for coding the specific
status conditions while the remaining bit (bit 6) serves a dual role. First, when set it forces the SROQ
ine low. Second, this bit indicates to the controffer that this is the device requesting service,

After the service request is detected, the controller obtains the status information by sending a Serial
Poll Enable (SPE} command followed by the device talk address. This causes the GPLA to enter the
Serjal Poll Active State and the GPIA to place the contents of R3W on the GPIE data bus. It also
causes the GPIA to release the SR} line. If another device is also requesting service at the same
time, the SR management line remains low. After the status information is obtained, the con-
troller sends the Serial Poll Disable (SPD) command completing the Serial Poll procedure.
However, there is only one service request line (SRQ), and there may be as many as 14 devices all
capable of driving this line iow. The controller must systematically determine which device is re-
questing service. It can do this in one of two ways.

1. The controller can send SPE and then sequentially make each device a talker, When made a
talker, the addressed device places the contents of R5W (Serial Poll Register) on the GPIB data
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bus. The controller can then chack the status byte of each device. When it finds a status byte
with bit 6 (D107 in GPIB convention) set, it knows that this device had requested service. Ifthe
SRQ line is not high at this $ime the controller knows that a second device is requesting service.
Figurs 4-12 shows the device/controller interaction. If device #1 is made a talker and the con-
trodler does not find bit 6 set, it will know that this device did not request service. It then needs
to check the next device in its peolling rontine. The controller need not send the Untalk Com-
mand before proceding 1o device #2, since device #1 automatically returns to the Talker Idle
State (TIDS) when it detects another device primary talk address on the GPIB. This prevents
more than one talker from being on the bus at any one time. After the controller receives the
status byte of the requesting device and the SRQ) line is high, it can send SPD and reconfigure
the bus.

2. The Serial Poll Procedure, as described above, can be a lengthy process. It could require the
controller 1o pell 14 devices before finding the one requesting service. If the devices in the
system have Parailel Poll capability, the efficiency of the Serial Poll procedure can be greatly
increased. Both the Serial Poll Function (initiated through register R5W) and the Paralle] Poll
Function {sstablished through register R6W) can be used together. If before initiating a service
request (setting bit 6, R5W) the device set assigned Parallel Poll bit in R6W, the controller can
narrow the possible choice of devices requesting service to § or 2. Thus, on detection of an
SRQ, the controller would first perform a Parallel Poll, isolating which devices might be re-
guesting service, and then perform a Serial Poll on this smaller group. If, for example, a
Paralle! Poll was conducted and the Paralle! Poll byte showed bit 4 set high, the coniroller need
only perform the Serial Poll procedure on the device(s) assigned bit 4. Since there are 8 Parallel
Poll status bits and a maximum of 14 devices (15 total; 14+ controller), there need only be a
maximum of 2 devices assigned (o any one Parallel Poll bit,
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Figure 4-12. Serisl Poll Procedure
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The MPL] initiates a service request by writing rsv (bit &, RSW} high in the GPIA., At the samea time
the appropriate code should be placed in the other & bits, Bit & being set causes the SRQ manage-
ment line to go low, The GPIA will enter the Serial Poll Active State (SPAS) when it receives SPE
and is an active talker. When it enters SPAS, the following occurs: the SPAS status bit (bit 2, R1R)
is set, the CMD status bit (bit 2, ROR) is s&t, the m line is asserted {low), the SR() status bit (bit 6,
R5R) is reset, and the contents of R5R are placed on the GPIB data bus. Figure 4-13 shows the
GPIA Serial Poll Sequence.
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Figure 4-13. Serial Poll Sequence
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When the GPIA enters SPAS, the SPAS status bit (R1R) is set. This in turn causes the CMD status
bit in ROR to be set. In an interrupt driven system with the CMD and IR{) mask bits set, this causes
an MPL) interrupt. These status bits are not latched conditions and only monitor the current state of
the GPIA. If the controller places the GPIA in SPAS (sends SPE and MTA), receives the Serial Poll
status byte and removes the GPIA from SPAS (sends SPD) before the MPL reads the Interrupt
Status register, the contents of this register shows hex 00, Since the MPU knows that this device
issued the service request, it should check bit 6 of RSW if an MPL interrup is generated but no
status bit is set. If this bit is reset, the MPLU will know the controller has performed a Serial Foll on
it. However, the SRQ) status bit being reset does not indicate that the status byte was accepted by the
controller — that is, the handshake was completed. Rather it indicates that the GPIA has been plac-
ed in SPAS and that the status byte has been placed on the GPIB. To determine when the status byte
was accepted, the MPU can monitor SPAS status bit. This bit is reset when the controller has
removed the GPIA from the SPAS, Once in SPAS the controller must accept the Serial Poil byte
before moving the device from SPAS unless it interrupts the handshake asynchronously. The rsv bit
cannot be written low until the status byte has been accepted. The rsv bit should be written low as
soon as the status byte has been acceptad by the controller.

The GPIA uses the source handshake to send the Serial Poll status byte to the controller. The GPIA
does this by placing the status byte on the GPIB, and when the controller makes RFD high, the
GPLA will assert DAY troe {low) and the handshake will take place according to the IEEE-488 Stan-
dard handshake protocol. If nba for the GPTA TACS function is false at this time, the GPIA will
send this byte only once; i.e., the GPLA doeas not assert DAY true {Jow) a second time. If nba for the
OPIA TACS function is true at this time, the GPIA sends this byte over and over provided the con-
troller continually makes RFD true at the end of the handshake without reconfiguring the device,
i.e., the GPIA in this sitnation deasserts DAV true each time it recejves an RFE true from the con-
troller. The only time nba can be true for TACS is if the device was an active talker prior to the
Serial Poll sequence and the GPIA MPU had loaded a byte in RYW. Now if the controller syn-
chronously takes over the bus before this byte is placed on the GPLH, the nba for TACS will be true.

NOTE

After a Serial poll has been conducted on the GPIA and the SRQ bit (bit 6, R5W =0) is
reset, the MPU must write the rsv (bit 5, R5W} low before another service request can be
initiated.

42,43 PARALLEL POLL. Paralle] Poll iz a function where the controller simultansously seeks
one bit of status information from each device. Each device is assigned one of eight bit locations by
the controller during a Paraliel Poll configure initialization. The MPU can set (or reset depending
on the convention used) the appropriate GPIA status bit by writing the assigned bit in the Parallel
Poll Register {R6W). The Parallel Poil sequence is shown in Figure 4-14. Unlike Serial Poll, the
device shown does not request service through Parallel polling. This is a controller initiated sequence
and it is beyond the scope of th IEEE-488 Standard to specify when a Paralle] Poll is optional. In
some systems the controller might conduct a Parallel Poll each time it reconfigures the bus, and in
others the Parallel Poll procedure might not be nsed at ali. As mentioned in Section 4.2.4.2, a
Paralle] Poll sequence can be used in conjunction with a service request to increase the efficiency of
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the Serial Poll procedure. The controller conducts a Parallel Poll by asserting both the ATN and
EOI lines low (true). When this aceurs, each active device (the GPIA not in reset) places the contents
of R6W on the GPIB data bus.
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Figure 4-14. Parallel Poll Sequence

The controller configures a device by first sending the Parallel Poll Configure (PPC) command. The
GPIA. treats this as an unidentified Address Command Group and sets the UACG bit in R1R, The
MPU reads the command through RSR and interprets it in software. In normal IEEE-488 Standard
protocol, the controller follows this command by sending Paralle] Poll Enable {PPE} or Faralle]
Poll Disable (PPD). (The PPC command alerts a device to establish Paralle] Poll capability and
PPE/PPD provides bit assignment and convention). Both PPE and PPD are part of the Secondary
Command Group. The Paraliel Poll configure procedure involves the reception of two commands.
Since software routine must be used to analyze these commands, the bandshake must be held off on
the reception of both. The handshake is automatically held off on the first one (PPC) but the GPIA
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must be programmed after receiving PPC to hold off the handshake on the second (FPE/PPD).
After receiving PPC, the MPL must set the dacd bit in R3IW holding off the handshake an reception
of all commands. Now the MPU can monitor the DAY status bit in R3W for the occurrence of valid
data (in this case PPE or PPD). When this bit is set, the MPL! should read R6R and interpret the
received data byte in software. The handshake is released by setting dacr in RIW (see Section 3,3.1.]
for details). Figure 415 shows an example of how the GPLA receives its Parallel Poil bit
assignments. Note that the IEEE-488 Standard does not reguire the PPE or PPD command {o im-
mediately follow PPC and thus it is possible for the controtler to send other commands in between.
In such a case, the MPL may need to read more than one byte through R6R (releasing the hand-
shake after each byte) before receiving the appropriate bit assignment. It is recommended, however,
that the controller send either PPE or PPD immediately after sending PPC. Otherwise, cir-
cumstances could arise where PPE/PPD would be mistakenly interpreted as a secondary address.
For example, suppose PPC is sent to device #1 and this is followed by the controller sending device
#2 ptimary address and device #2 in the extended address mode. Since PPE and PPD are patt of the
Secondary Address Group, confusion could arise when the secondary address is sent 10 device #2.
Device #1 might interpret this secondary address as its Parallel Foll bit assignenent.
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Figore 4215, FParsllel Poll Assignment Sequence

The controller sends PPC followed by PPE/FPPD 10 establish Parallel Poll Capability for a device,
To remove this capability, the controller sends Parallel Pell Unconfigure (PPU). The GPLA will
treat this as an Unidentified Address Command Group and set the UACG bit in R1R. As with PPC,
the MPLJ will read this command through R&6R. The PPU command dces not have another com-
manid associated with it and thns dacd does not need 10 be set.
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4.2.4.4 REMOTE/LOCAL. In many systems, the option is provided to configure an instrument
(e.g. voltage range, operating frequency, amplitude settings, etc.) from either the instrument fromt
panel {local mode) or the controller (remote mode). The controller can place a device {instrument) in
sither of these two modes by sending commands like Remote Enable (REN) or Go-To-Local (GTL}.
In addition, the Local Lockout Command (LLO) is used to place the GPIA in RWLS once the inter-
face function is in REMS. The GPIA can move from RWLS to LWLS if the GTL command is
received. However, the GPLA does not respend 1o the Return To Local (rtl) local command while in
either RLWS or LWLS. Thus LLO prevents the GPIA from responding to rtl as long as the REN
line remains low,

The GPLA provides three status bits (bits 3, 5, and 6-R1R) for monitoring the Remote/Local modes.
It also provides the return te local {rtl} Jocal message for placing the device in the local state, Section
1.2.5 describes the interaction of these bits. Figure 4-16 shows the sequence for placing the GPLA in
either the Remote (REN) or Remote with Local Lock (LWLE) states,

4.2.4.5 DEVICE CLEAR. The controller can instruct a device to clear itself by sending either the
Device Clear {DCE} or selected Device Clear (SDC) commands. A controiler might use commands
fike these to place devices in their power-on state, If DCL is sent, all active GP1As {GPlAs not in
software reset) will receive this command. Only addressed listeners will receive the SDC command.

When the GP1A is placed in the Device Clear Active State by these commands, it sets bit 1 in R1R,
which in turn fiags the MPU through the command interrupt bit (CMD). The MPU detects the
presence of this state by reading RIR and takes appropriate action according to its Device Clear
software routine. The GPIA response to these commands can be found in Section 3.2.6. Figure 4-17
shows the Device Clear sequence.

4.2.4.6 DEVICE TRIGGER. The Device Trigger allows an instrasnent or group of instruments to be
triggered from the GPIB. The controlier can trigger all addressed instruments simultancously by
sending the Group Execute Trigger (GET) command. The MPU can, in addition, trigger its own in-
strument(s} by sending the fget local command to its GPIA. Section 3.2.7 explains the GPLA
response 1o these commands. Figure 4-18 shows the Device Trigger Sequence.

4.2.5 DM A Operation

DMA is normally used to transfer blocks of data at high data rates. The high data rates are achieved
by removing the MPU (and its associated software overhead) from the system and allowing a DMA
controller (which is much more efficient at moving data between peripheral devices and memaory) to
control the data transfer. Note in the context of the IEEE-488 Standard that DMA does not refer to
the transfer on the GPIB as data is always transferred on the GPIB according to the J-wire asyn-
chronous handshake previously described. DMA here refers to how data is transferred from a talker
device memory to its GPIA or from a listener device GPIA to its memory. tf a device can transfer
data between its GPLA and its memory at a faster rate, then it has increased its data rate capability
on the GPIB, However, increasing a device capability does not insure that in a system configuration
data is transferred at a faster rate. The GPIB data rate is always governed by the slowest listener in
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the system, High data rate capability listeners can only receive data as fast as the siowest active
listener in the system.

There are basically two methods used for transferring data in DMA mode. They are:

1. Halt Burst Mode ~— In this mode, the MPU is halted and removed from the device system while
a block of data is transferred between memory and the GPLA. The DMA conireller manages
the control lines (e.g., R/W, address lines, #tc.) and keeps track of how many bytes have been
transferred, returning control back to the MPU when the last byte has been sent. Thus, if the
DMA controller has been programmed for a 16K byte transfer, the MPU is removed from the
system at the beginning and is not brought back on line until all 16K bytes are transferred. The
highest data rates are achieved in this mode of operation at the expense of altering the MPLU for
long periods of time while large blocks of data are transferred.
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3. ‘Three-state steal (cycle stealing) — In this mode, the MPU is not halted nor removed from the
system For an extended length of time. Rather, the MPU clock is stretched helding the MPU
temporarily suspended while the DMA coniroller transfers one byte of data. At the end of this
one byte transfer, control is given back to the MPU. If a block of data is being transferred, the
MPU is placed back in the system between each transfer for at least one MPU clock cycle. This
methed of DMA operation is siower than the halt-burst mode but does not cause the MPL! to
relingquish control for long periods of time.

Figure 419 shows a block diagram of a DMA system using Matarola's DMA Controller (MC6844)
in the three-state steal (cycle steal) mode, After a power-on reset, the MPU must initialize both the
DMAC and the GPIA. Initialization of the GPIA is as previously discussed with one exception. If
DMA is 1o be the mode of transfer, the GP1A should not be initialized to cause an IRQ when BO or
BI occur in ROR (these mask bits must be low). Rather than causing an IRQ to the MPU, when data
is to be read from R7R {listener mode) or written to R7W {talker mode}, the GPLA flags the DMAC
through its DMA Request Yine (pin 15). The DMA request line from the GPIA will produce a re-
quest signal if either the BO siatus bit or Bl status bit is set in ROR. See Section 3.1.1.3 for details.
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In some cases, a device might use DMA when addressed as a listener, but not as a talker or vice ver-
s4. In such a case, only the interrupt mask bit pertaining to the DMA mode of operation need be in-
hibited.

During the initialization process, the MPU programs the DMA controller for the desired operation.
Internal registers on the DMA controller need to contain such information as direction of data
transfer (memory-to-GPLA for talker mode and GPLA-to-memory for listener mode), which one of
the four channels is to be used for the transfer, what memory address is to be accessed, number of
bytes to be transferred, method of DMA transfer, etc. Sse Motorola’s MC6844 data sheet for
details.

The GPIA inititates 8 DMA transfer request. In the listener mode, when a byte has been received
from the addressed talker, the BI bit will be set and the DMA request line goes high. In the talker
mode, when the Data Out Register is empty, the BQO bit is set and the DMA Request line goes high.
The DMA Reguest line, when high, issues & request to the DMA controller. The DMAC in turn
issues a transfer request (DRQT) to the MPU system {in this case the MC6875 clock). The MC68735
clock responds with a DMA Grant (DGRANT) back to the DMAC, While the MCE875 is issuing
DGRANT, it is holding its cleck cutputs (o the MPU in an idle state (stretching the clock to the
MPU]). The Memory Clock output {memclk) from the MC6875 continues to run at its normal rate
during the DMA stretch period and is the clock used by the DMAC and GPEA, thus, the clock to the
DMAC and GPIA is never interfered with, When the DMAC receives a grant back from the clock, it
in turn issues a DM A Grant (high state) to the GPLA, The DMA Grant line being high results in the
following to the GPLA:

1. The DMA Request line is reset.

2. Register 7 of the GPIA is automatically selected irrespective of the conditions on RS0, RS1,
and RS2, The CS5 line must be high.

3. The R/W line is inverted and becomes R/W. This eliminates the need of an inverter when using
DMA. The DMAC drives R/W high for a read of memory and low for a write of memory. But
in DMA mode a read of memory means a write to the GPIA, and 3 write to memery means a
read of the GPLA. This condition is automatically processed by the GPIB.

The steps in the three-state mode are summarized as Follows;
1. GPLA initiates transfer request to DMAC.
2. DMAC in turn issues a request to MPL clock.
3. MPU cdlock stretches clock and then issues grant to DMAC.
4. DMAC issues grant to GPIA which causes transfer on the concurrent E clock cycle.
5. DMAC removes request to clock,
& Clock remaves grant ta DMAC and releases siretch 10 MPU,

After the byte has been transferred, the DMA Grant line to the DMAC and, in turn, to the GPlA is
brought low and the clock to the MPU begins running, Each succeeding byte is transferred by the
same methed. The MPU is brought back on line after 2ach byte transfer. Thus, should the GPIR
system controlier interrupt the GPIEB (e.g., sending IFC) during & block transfer, the MPU can be
immediately notified.
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When in the listener mode and receiving a data string, the EO1 management line can be used by the
Talker to indicate, to all active listeners, that the next byte recejved is the final byte. The MPU in the
fistener device is notified of the final byte by the END status bit in ROR. This bit and the EOI line is
reset whet all listeners have accepted the final data byte. if the EOT option is used, it is important
not 10 read the final data byte by DMA means; because once this data byte is read, the EOI line can
go inactive, causing the END status bit to be reset. To avoid this problem, the EOI management line
should be allawed to gate off the DRQT signal (transfer request) to the MPU system. The END
status bit can then be used to interrupt the MPU, and the system interrupt handler can receive the
final byte through a non DMA mode, An advantage of using the EOi line is that the Listener System
need 1ot know the exact number of data bytes to be transferred. The DMAC byte count register
{BCR) need only be loaded with some large number (must be larger than the actual number of bytes
1o be transferred) and then allow the EOL line to signal the end of the transfer.

The halt-burst mode of transfer requires that the DRQH line from the DMAC be connecied to the
MO6800 hait line. ‘The DGRANT ling back to the DMAC line comes from the BA (Bus Available)
line of the MC6800, Care should be taken when using a device connected to the GPIB in the halt-
burst mode. As mentioned earlier, onoe a hatt-burst mode begins, the MPL! is halted {in this mode
the MPYJ is completely removed from the system and will not even respond to an IRQ) for the entire
vlock transfer. If during the transfer, the GPIB system contreller sends an IFC, the GPLA is placed
in an idle state, but the MPU will remain halted since the full block has not been transferred
{DMAC byte count register is not zero). To prevent a device from hanging-up in this mode, extra
gating circuitry should be nsed in the MPU system, providing a means to release the halt line to the
MPU from the GPIB system. For example, the IFC and/or ATN tines from the GPIB could be
gated to release the halt condition on the MPU. Thus, if the GPIB controller stops the block data
transfer it can also bring the MPU cut of the halt state. Alsc, if the FOI line were able to intermupt
the MPU halt condition (as described for the three-state steal mode above), the DMAC, when the
device is a listener, would not have to be programmed for the exact pumber of bytes to be received,
gince in many cases, this is hot known.

4.3 EXAMPLE PROGRAMS

This section shows two programs for the talker and listener routines. These programs are for il-
lustrative purposes only and are not intended to necessarily be the most efficient or practical soft-
ware for any given application. Table 41 shows the MPU address memory map for the GPIA used
for these programis.

Tabk 41, MPU Address Map for GFILA

“Tdm"“' MCEBABE Pegisters 1RV
5000 Intefrupt Status/nterropl Mask
5001 Command Staluss —
SRO02 Addrase Stetusd Address Mode
550 Auxiliary Command/! Auxiliery Camrmancd
55004 Address Switch) Address
5006 Saral Poll! Serial Poll
55006 Command Pass-Through! Pacalkel Poll
45007 Data InSDawa Dt
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4.3.1 Basic Talker Sofiware

LOOP

LOOP |

LDAA
STAA

LDAA
STAA
STAA

STAA

LDAB
LDAA
CMPA
BNE
DECB
BEQ
LDAA
STAA
INX
BRA
LDAA
STAA
LIDDAA
STAA
RTS

$5004
$5004

#300
$5003
35000

35002

#505
£5000
#5350
LOOP

LOOP 1
0, X
£5007

LOOP
#3520
$5003
0, X
§5007

Assume the MOG6B4ER is at address location $4000.
REAT) the device address on the ADDRESS SWITCHES.

WRITE the address into the ADDRESS REGISTER.
NOTE: Assume the device address was $0A. (ADS-AD] corresponds
t0 01010, respectively)

LOAD ACC A with zergs.
This clears the reset hit.

Mask all iaterrupts (if desired) in the INTERRUPT MASK
REGISTER.

Select no special features in the ADDRESS MODE REGISTER.
NOTE: At this time the controller will address the device to TALK in
the following manner: ENABLE ATN and send MTA (My Talk Ad-
dressy on the DIO1-8 jines which would be X1005010 (33A). Now
DISABLE ATN, A READ of §$5002 ADDRESS STATUS
REGISTER will show: $88 ma (bit 1) and TACS (hit 3} will be set
HIGH. At this time the device is ready to TALK, BO (bit 6) of the IN-
TERRUPT STATUS REGISTER will be HIGH. Writing a byte to
$£5007 DATA QUT REGISTER. will reset BO to ZERQ, BO is set
HIGH when the device{s} listening accept(s) the data. A possible soft-
ware approach to output five bytes of data from memory pointed to
by the INDEX REGISTER to the IEEE-48% Standard bus is as
follows:

Counter

LOAD ACC A with contents of INTERRUPT STATUS REGISTER
Check for Bit (BO) to be set,

If BO is zero, keep checking.

Decrement counter.

If last byte go set feai control bit

Get a byte of data.

OQOutput to DATA OUT REGISTER and into bus.

increment pointer

Go check INTERRUPT STATUS REGISTER for another BO.
LOAD ACCA A with hex 20

Set feoi (thiz precedes last byte of data),

Remove last byte from buffer.

Write last byte to DATA OUT REGISTER and onto bus.

End of Subroutine.
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4.3.2 Basic Listener Software

Assume the MC68488 is at address location $5000.
LDAA 355004 READ the device address on the ADDRESS SWITCHES,

STAA 35004 WRITE the address into the ADDRESS REGISTER.
NOTE: Assume the device address is 306 (AD5-ADI corresponds to
00110, respectively).

LDaA #3500 LOAD ACC A with 2er0s,
STAA 55003 This clears the reset bit,

STAA $5000 Mask all interrupts (if desired) in the INTERRUPT MASK
REGISTER.

STAA 35002  Select no special features in the ADDRESS MODE REGISTER.
NOTE: At this time controller will address the device to LISTEN in
the following manner:

ENABLE ATN and send MLA (My Lisien Address) on the DIO1-8
ines which would be X8100110 ($26). Now DISABLE ATN. A
READ of $5002 ADDRESS STATUS REGISTER will show $34 ma
(bit 7} and LACS {bit 2) will be set high. At this time the device is
ready to LISTEN.

BI {Bit 0) of the INTERRUPT STATUS REGISTER will be
L.OW, BI will go HIGH to indicate that a data byte is available in the
DATA-IN REGISTER at $5007, Reading the DATA-IN REGISTER
will reset BI (Bit 0}). A possible software approach could be as
follows: Accept data from the IEFE-488 Standard bus to a memory
buffer pointed to by INDEX REGISTER.

LOOF 1 LDaAA %5000 Load ACC A with contents of INTERRUPT STATUS REGISTER.
TAPP Transfers ACC A contents t¢ CONDITION CODE REGISTER.
BCC LOOP 1 LOOP until carry bit is set. This indicates BI is set in ROR.

BVS LOOP 2 BRANCH to LOOP 2 if averflow is set, indicating END, bit 1, of
ROR has set (i.e., TALKER has sent EQL).

LDAA $5007 LOAD DATA-IN REGISTER into ACC A, This resets bit BIL.
STAA 0,X  STORE the data byte in the buffer.

INX Increment pointer.
BRA LOOP | BRANCH back to LOOP 1 and check to see if Bl ig set.
INX Increment pointer.

LOOP 2 LDAA  $5007 GGet the last byte from the DATA-IN REGISTER.
S5TAA 0, X Put last byte in the buffer.
RTS End of Subrouwtine.
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4.4 A/D-D/A SYSTEM EXAMPLE

‘Two devices are discussed showing how to use the MC68488 in a GPIB compatible instrument. An
Analog-to-Digital (A1) system describes & device configured as a talker, and a Digital-to-Analog
(D/A) sytem describes a device configured as a listener.

In both of these systems, the MPU initinlizes the MC68488 as discussed earlier in this chapter. Onge
initialized, the controller can configure the GPIB, Figure 4-20 shows an example of the controller
configuration procedure,

The system descriptions and software flow charts are for a minimum system. As such, they do not
handle universal commands or special features like Parallel or Serial Poli, They are only concerned
with the basic talker or listener functions as pertain to the respective circuitry.

Cartroliar Asaumes
Contrak af Bus
{Makes ATH True!

|

Conmtroller Sands
Lintalk

‘

Camrpllar Sends
Unlisten

;

Contrpllar Sands
Lasten Comenand|s

'

Contrpller Sends
Talk. Carnmand

;

Cantrallar Relegses
Control of Bus
(Makes ATH Faized

l

Data Transmigsion
Tegkas Placa
Betwaen Addrassed
Talkar and Addrezsed

Listernar{ &t

ADST

Figore 4-20. System Configuration By Controller
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4.4.1 A/D System

The A/D system converts the analog signal at any one of six inputs to an 8-bit digital word and sends
it over the GPIB. The sixchannel design in Figure 4-2 is built around an MC6802 acting as the
MPU, along with other ICs that are responsible for contrelling the A/D converter and placing data
obtained from the A/D to the bus. The interface handles all the handshaking protocel associated
with the IEEE-488 Standard and places the desired data on the bus.

Two typee of data are sent to the addressed listeners. First, the A/D channel number is sent; i.e., the
first data byte received indicates the channel with which the following data byte 1s associated. Sec-
ond, a data byte representing the digitized analog signal is sent. Thus, the addressed listeners will
receive data formatted in pairs (address of A/D channel followed by that channel’s converted

analog data).

The A/D converter is a CMOS upit {MC14443), which receives the appropriate multiplexed address
from a Peripheral Interface Adapter (PIA). Three output lines from a PIA in turn supply the analog
multiplexer address. For simiplicity, assume that the input voltages to the A/D are constant during
the conversion cycle.

‘The A/D converts voltages into pulses using a single-slope technique. Pulse width is determined by
the unknown voltage plus an offset veltage (which is considered constant during conversion).

The tate at which the ramp goes toward zero is fixed by the reference current and the holding
capacitor (slope = 15/C), So the time it takes to reach zero is proportional to the unknown voltage.
After conversion, the A/D stops the timing process with an output to the PIA, which in {umn inter-
rupts the MPL,

With the MPU set up in a software timing loop, timing starts when the MPL gives the A/D starting
pulse and stops when the A/D sends back an interrupt request {IRQ). The equivalent converted
voltage then resides in the MPU counting registers,

To initialize the A/D system as a talker, the MPU must assign an address to the MO68488. This ad-
dress may be read from switches or may be assigned in the software. The controller follows pro-
cedures indicated in Figure 4-20 to assign the A/D GP1A as a talker function. To start the conver-
sian process, the MPU must set up registers which are used to time out the A/D processor. The
MPU then supplies the PIA with a code to issue a ramp start pulse to the A/D. The block diagram
of the software necessary for the conversion process is indicated in Figure 4-22. The biocks
numbered 1 through 7 are used for the actual conversion process. Blocks 10 through 18 are used to
transmit the converied data to the bus and assign the appropriate address associated with the data.

In Figure 4-22, block 1 indicates that the counter registers in the MPU and the registers in the GPIA
and PIA must be initialized. The PIA must be initialized so that four lings are output lines and one
line can be used as an interrupt. Blocks 2, 3, 4, and 5 are the procedures used to establish ground
and voltage references in equivalent times T3 and T2. To measure ¢ach time, in the conversion se-
quence, a software counting loop is set up in the MPU. After each time measurement, the counting
registers are reset. The times T1 and T2 need only be measured once and stered, assuming the
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references are stable and there are no temperature drifts over the measurement sequence. The con-
version sequence of the unknown voltage ocours in blocks 6, 7 and 8, The analog channel is selected
by selecting the proper channel address €0, €1, C2 and the time T3 is measured. The channel ad-
dress is stored for later use. Black ® of the conversion sequence is the scaling of the unknown
veltage, It should be noted that the scaling can be greatly simplified by properly choosing T12 and
Vief. Then it is only necessary to calculate T32. Blocks 11, 12, 13, 16, 17 and 18 are used in conjunc-
tion with the GPIA to apply the data and the channel address to the IEEE-488 Standard bus. The
analog channel number is written to the GPIB first and after it is accepted by the listener the data is
sent. When the data is accepted, the process is repeated (block 18), Blocks 9, 10, 14 and 15 are used
to check o the status of the GPIA,
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4.4.2 I/ A System

The D/A system is & 6-channel Digital-to-Analog converter a5 shown in Figure 4-23. This device is
designed to be a listener on the GPIB in the inverse manner of the A/D system. As a listener, it
receives data in pairs from the addressed talker. The first data byte is the channel number (address}
that the following data byte is intended for. The second data byte of each is the 8-bit digital word
that is to be converted to an analog value, The fiow chart which can be used for development of the
necessary software to drive the D/ A converter is given in Figure 4-24, The MPL must initialize the
PIA in such a manner that eight lines are used for the data transfer to the D/A (output lines} and
three lines are used 1o degode the channel number address to the analog multiplexer {(block 1}
Reading ROR of the GPLA and testing 81 will indicate if the byte in register R7R is valid data; Bl is
reset by reading R7R (blocks 2 and 3). The first byie received shounld be a D/A channel number ad-
dress. This byte can be compared with addresses previcusly stored in memory {blocks 4, $ and 8). If
the address does not compare, a flag is set, or a routing is entered to identify the next valid channel
address on the bus. Once a proper address is established and written into memoery, the ROR register
is rend to see if the Bl bit is set and if it is set, R7R can be read for the data (blocks 9 and 19). The
data and multiplexer address can then be written to the P1A for conversion to an analog voltage. As
in the case of the Talker, the status of the chip must be checked to see if it is still an active listener.
This is done by bloacks 7, 8, 11 and 12. The D/ A system uses 4 polling routine to check the status of
the GPIA. The system, rather than using a polling sequence, could be interrupt driven by enabling
the appropriate interrupt mask bits in ROW. A software interrupt handler would also need 1o be
placed in the MPU system memory.

4.5 GPIA AS A CONTROLLER

4.5.1 Hardware Configuration

With additional circuitry (Figure 4-25) the GPLA can be used to implemient the controller funciion.
The three basic components of this circuit are:

1. The MCH8488 — The GPLA i5 used to menitor the status of the GPIB. The state of the hand-
shake lines can be monitored through RIW. In addition, the GPLA is used to send and receive
data and to send commands; i.e., the spurce and acceptor handshake functions are used by the
controller much like they would be by a talker or listener device.

2. The MCS821 (Parallel Port) — The PIA is a dual 8-bit parallel interface adapter that is used to
manage the five GPIB management lines.

3, The MPU — The contreller state diagram is implemented in the MPU software. in microcom-
puter systems like the MCA801, the softwara is stored in the “‘on chip* ROM. The software ar-
chitecture could be such that the MPU shown in Figure 425 would respond to a set of
macroinstructions from a larger system or the MPLU shown could encompass the entire con-
troller device,
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Flgure 4-25. GPLA In a Controller Configuration

The purpose of Figure 4-25 is to show a possible controller circuit configuration and should not be
considered a complete system. Gating and decoding circuitry are not included as well as the driver
circuitry for the management lines. All of the management lines of the GPIA except SRQ, are
shown tied high (inactive state}. In a multiple controller system, these lines need to be gated 10 the
proper management lines for controller-to-contreller interaction.

The MC6821 has two 3-bit parallel ports. Five of the 8-bits of one of the ports are used for the
management lines. Since each bit of the P1A can be independently programmed as either an input or
output, the proper signal flow is casily established. The handling of the SRQ line is, to a large
degrez, & function of the application. In many cases immediate recognition of an active SRQ is
desired. In such a case, the SR line should be connecied to one of the PIA special interrupt lines
and cause an immediate interrupt of MPU. in other applications, this line will be ene of the inputs
on the PIA port and be routinely polled by the MPL.

4.5.2 Operaton
To transmit either data or commands, the GP1A is configured as a talker through the talk only (to)

local command. The controller sends commands by first having the MPU make the designated ATN
bit on the PIA True (low) and then, using a handshake, transfer the command ento the GPIB



through the Data-Out-Register (R7W) of the MC68488. The only distinction between commands
and data on the GPIB daa bus is the state of the ATN line, Once the appropriate PIA bit has been
asserted, the controller uses the GPIA to send commands much like a device programimed as a talker
would use it to send data. Each time the BO status bit in ROR is set, the MPU knows the command
currently on the bus has been accepted (a true on the DAC line) by all active devices. The state of the
handshake lines can be monitored, if desired, through either RIR on the GP1A or by connecting
these lines to the three unused lines on the PIA. Once the IEEE-488 Standard systern has been con-
figured, the controller releases the bus by programming the designated ATN line high on the PIA.

The controller can take aver the bus asynchronously by asserting ATN during the middle of a hand-
shake. As discussed in Section 4.2.3.1, this type of take over will produce undefined states on the
GPIB and should be avoided except where absclutely necessary. If the controller takes aver the bus
asynchronously, it should immediately follow the take over by sending IFC with ATN false.

The controller normally takes over the bus by taking control synchronously. To do this, the con-
troller monitors the handshake Iines for an idle state before asserting ATN. The following procedure
can be used by the controller to take-over the bus synchronously.

1. Make the GPIA a listener by setting the listen only (lo) bit,

2. Set the hida bit (R2W} to held off the RFD handshake on all received data bits or set hlde
(R2W) instead of hida if the take-over is to occur after the addressed listener has received the
last data byte of a string. See following note for take over when data is not being transmitted.

1, When the BI bit is set, the MPU should read the Data-In Register (R7R). This will release the
DAC handshake {DAC can also be released by writing dacr in the Awuxiliary Command
Register),

4. Now the MPU should monitor the DAC handshake line, When this line returns high, the con-
troller will know that all active listeners have accepted the current data byte. Since the con-
troller GPIA is holding off RFD, the handshake will be held up in an idle state. Another hand-
shake sequence will not begin until RFD is released.

5. During this idle state, the MPU can assert ATN, taking over the bus synchronously. The MPU
should write rfdr {R3W) releasing the RFD hold off. Otherwise, when the GPIA is returned 1o
the listener state, RFD will remain low {not-ready-for-data}.

6. The MPU can now make the GPIA a talker {tc) and commands can be sent. If the coniroller
wants to continue holding off RFD on the reception of data from the addressed taiker when the
GPLA returns to the listener state, then the hida or hlde bit need not be written low. Otherwise,
these bits should be written low followed by writing rfdr (R3W) high. (See Section 3.2.1.2 for
details.)

NOTE

The synchronous take over procedure just described assumes that the GPIB is actively
transferring data (using handshake) from talkers 1o listeners. If there is no data being
rrapsmitted, the hide/bida hold off procedure will not work since there isn't 4 handshake
1o hoid off. A software routine should be added 10 the above procedure to monitor and
time out the handshake sequence. Thus, if after a predetermined time as a listener a Bl in-
terrypt has not occurred, the controlier should polt the handshake Eines for an idle state.



This section has described an approach for nsing the GPIA in & controller application. For details
concerning the controller state diagram function and timing details, the reader should consult the
IEEE-488 Standard.






APPENDIX A
1S0-7 BIT CODE REPRESENTATION

Many devices use the IS0-7 bit code because it is convenient to both generate and interpret this code.
The relationship between this code and the IEEE-488 Standard interface messages are identified in
this appendix.

The IEEE-488 Standard interface system utilizes message coding as defined in Table 2-11 to transfer
interface messages between devices when the ATN message is true. This coding may be correlated to
the 150-7 bit code by relating DIQ1 through DIO? on the GPIB data line to bit 1 through 7 in
Table A-1. The IS0-7 bit code does not contain the eguivalent of the dedicated ATN line.

When the interface system defined in the IEFE-488 Standard is interconnected via a terminal unit to
other environments, then protocal beyond the scope of the IEEE-488 Standard must be used to
enable proper communication and avoid possible contradictions with other assigned meanings for

the IS0-7 bit code.

Table A-1. Muliiline Fnierface Messages: 150-T Bil Code Represeniation
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Table A-2. Command and Address Formats

IBT... 180

Addressed Commands XOO0E KX
Urivarsal Commands HIEIEENK
Listarn Addresses KOTRXXEEX
Talk Addrazses LR )
Secondary Caommands EAREF 00 b

Table A-3. ASCII and Hexadecimal Equivalents

Command Haw
Mrnamanic ASCH Loda Fuivalant 15

GTL 50H 01

5DC ECT

FPLC EMO

GET BS

TCT HT

L DG 1

QCcL LRI 14

FPU NAK 1%

SPE CAN 18

SFD EM 19
Secondary Blank thtough — 0 through TE
Commands

ATH=1

Table A-4. ASCIH Codes for Talk/Listen Commands
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Liswen Address SP thiough = A thraugh JE
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Untalk a 5F
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APPENDIX B
QUESTIONS AND ANSWERS

Q1. What is the difference between ¢2, E, clock and Enable?

Al, There is no difference. These terms can be used interchangeably when referring to the input at
pin 6 of the MC&8488. This input is often timnes called ¢2 since in & 6800 system the 42 clock applied
to the MPLJ is the same signal that goes to the peripheral devices. It is also called Enable {or simply
E} since this signal enables data transfers between MPU and peripherals (e.g., the MC68488) during
Read/Write operations.

Q2. Can more than one pulse oceur during a read or write operation of the internal registers?

A2, Prablems can arise if this occurs. A double E pulse during a read cycle has the same effect as
reading that register twice and hikewise a double E pulse during a write cycle has the same effect as
writing to that register twice. Remember, the E pulse that occurs during a read of the Interrupt
Status Register (ROR) will reset the TRQ) line if it is currently active. Should a second interrupt occur
between these two E pulses, the second pulse resets the IRD line before the MPU has 4 chance to
acknowledge it. In the Command Status Register (R1R) a read resets the RLC bit if set. I the status
byte is placed in the MPU accumulator by the sacond E-pulse, the RELC bits, even if it was set before
the read seqguence, will always be a **0"’. Also, when in the Listener mode, the E pulse that occurs
during a read of the Data-1n Begister (RTR) releases the DAC handshake. If the talker is able to
place a second byte in R7R between these two ¥ pulses, the second E pulse will release the DAL for
the second byte. The result will be missed data bytes.

3. Do bits 4, 5, angd 6 of RIR monitor the handshake lines while software reset (hit 7, R3IW) is
high?
A3, Yes,

Q4. Is there any way to destroy new-byie-available (nba)? For example, suppose the GPIA in a
multi-range instrument is a talker and outputting data. The controller is monitoring the data and
Hgaes' that a multi-range instrument is not outpusting the correct data and a rangs scale needs 1o he
changed. The contraller takes over the bus synchrancusly, makes the device a listener and instructs
it to go to a different range, and then returns the device back {o the talk mode. Now, just prior to
the controller taking over the bus, the MFLU wrote a byte of data {0 R7TW (made nba {rue), but the
{GPIA had not made this byte available (asserted DAY) to the listeners. What happens to this byte?

Ad. There is no way to destroy nba except for a chip reset, In the example presented, the byte, that
was placed in R7W before the synchronous take over, is passed (via handshake) to the listeners as
soen as the device is returned to the talker state and the controller deasserts ATN high. This situa-
tion can, however, be handled external to the GPlA. For instance, the controller, after taking over
the bus, can unlisten all active listeners and then become a listener accepting this data byte. Another
approach would be fot the talker to write over the current data byte befora asserting DAV low. This
would require the DAY handshake to be held up. Since DAV 1s automatic, external circoitry would
be required for this situation,
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Q5. Will an interface clear message destroy nba?

AS. No. The purpese of the IFC message is to place the GP1B in a known state. It does this by acting
upon all messages that are GPIH originated. For example, if a device is made a talker by the con-
troller sending MTA, a subsequent IFC message will reset the GPIA to the idle state (TIDS).
However, local messages are a function of the devics and not the GPIB management arid as such an
JFC message does not interface with these conditions. Since nba is local message, it is not affected
vy an IFC message. An [FC message will, in addition, only remove a device from TACS or LACS

for the duration of the EFC message if the local message t¢ or lo cansed them.

NOTE

Care should be taken when using to or lo with a controller in the system. These local
messages are meant to be used when there is not a GP1E controller.

Q6. Will an IFC message reset the Bl status bit?

Af6. No, Bl indicates the presence of a data byte in the Data-In register (R7R). IFC does not affect
this data byte nor its associated interrupt. However, the data byte in R7R is only reliable if the GPIB
data lines retain the value of the last data byte until the MPL reads RYR., 3ee question 7 for more
details.

Q7. Is the data in the Data-1n Register a latched condition?

AT, The inverse of the values on the GPIR data lines are placed into R7R on the falling edge of
DAV. While DAV is low, RTR follows the GPIB data bus. Data cannot be placed in R7R when
DAY is high. During a data transfer, the talker must maintain the correct data on the GPIB until it

receives an NDAC back from the addressed listeners, If the GPIB is interrupted and the data bus
changes (¢.g., going to a high-impedance condition) before the device MPU reads BTR, this in-
formation may be incorrect even though the BI status bit is set.

Q8#. During a handshake sequence, can the DAY line to the GPLA be made high (false) prior to the
DAC line being made true (high)?

AR. Yes. This is an allowed conditios but is an interruption of a normal handshake sequence.
It can place the GPIA(%) in a lock up state unless the procedure for an asynchronous take control
(Section 4.2.3.1) is properly followed, The GPIA uses the acceptor handshake as defined in the
IEEE-488 Standard to receive data and commands (Figure B-1) and expects the following sequence:

1. GPIB asserts RED (high) alerting the sending device that the listening device is ready-for-data
{a new handshake sequence can now begin).

2. The sending device asserts DAV {low) indicating valid data or commands on the data bus. The
high-to-low transition of DAV causes the RFD line to become jow, The DAV line must be held
tow until the sending device receives a high on the NDAC line.

3. When all listening GPIAs have accepted the byte on the GPIB, the DAC line becomes true
(high) indicating this condition. This low-tp-high transition causes the sending device to
deassert DAY, DAV becoming high in turn causes the NDAC line to become low (end of

handshake sequence).
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Figure B-1. GPIA Handshake Sequence

The handshake sequence shown herein must be adhered to for proper handiing. Any violations can
place the GPIA in an unintended state.

NOTE

If both the sending device and receiving device{s) use the MC68488, the handshake sc-
guence will always be completed in the proper manner.

If the DAY handshake line is made false (high) before NDAC is made false (high) during a hand-
shake sequence, the listener GPIA(s) responds as fellows:

1. IFC sent by the controller with ATN false before another handshake sequence is initiated. 1f
this pocurs the GPIA responds to IFC as described in Section 3.1.1.2. The Bl status bit is set;

but since the handshake was interrupted, the data byte in R7R not valid.

NOTE
If IFC is sent with AT true, it must be sent again with ATN false.

2. Another handshake is allowed to be initiated before IFC is sent with ATN false. If this accurs
the GPIA will not generate interrupts for subsequent daia bytes received by the listener
GPLA(s). The device will respond to commands and move into and cut of TACS, LACS, etc.
but no further Bl interrupts will be generated. The anly selutions to this situation are to reset
the MC6B488 or have the MPU perform a dummy read of R7R. In most systems, however, the
MPU will not know it is to perferm either of these tasks and a power-on reset will be required.
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Q9. Does the MCH8488 interface to other manufacturers’ microprocessors?

A9, Yes, As long as the electrical specifications are met and the Read/Write timing conditions are
adhered to (as indicated in the MC68488 Data Sheet}, the MCG68488 will easily interface with any 8-
bit microprocessor.

Q10. What is the state of the handshake lines during reset?

A1D. During either & hardware or software reset all the handshake lines will be passively high, i.e.,
DAV, NRFD and NDAC are sent passively false, In addition, the EOI and SR} lines are set passive-
ly false ¢high). This insures the GPIA does not disturb the GPIB on power-up or chip reset.

Q11. Does the REM bit in R1R always monitor the REN management line?
Al1. No. REM only monitors the REMS or RWLS states. See state diagrams in Chapter 2.

Q12. An MPU interrupt occurs {(JRQ line goes low) and then the status bit that caused the interrupt
is reset before the MPU acknowledges the in interrupt condition. Will the IRQ line return high?

Al12. Na, The [RQ line only returns high by reading ROR or by a chip reset.

Q13. Can the controller place the GPIA in both TACS and LACS simultaneously by sending both
MTA and MLAT

A13. No. The GPIA can never be in both LACS and TACS at the same time. If in LACS and the
controller sends MTA, the GPIA will move to LIDS and TACS. If in TACS and the contraller
sends MLA, the GPLA will move to TIDS and LACS. The GPIA will also move to TIDS from
TACS if the controller sends another device talk address {OTA).

Q14. s there a status bit for an interface clear message?

A4, No. The GPIA does not report the occurtence of an IFC message to the MPU. If it is impor-
tant to know if an IFC message occurred, this line should be monitored external to the MC63488.

Q15. Docs the MC68488 require an MPU on the device side?

A1S, Yes, The MPU is used to access the 15 internal registers of the GPIA. The MC6O8488 is an
MPU peripheral part and is directly compatible with all of Motorola's 6200 Family microprocessors.
In addition, it can be interfaced with any computer bus as long as the Read/Write timing
characteristics indicated in the MC68488 Data Sheet are met.

Q16. How does a GPIA, addressed as a talker, function if there are no active listeners on the bus?

Al6. ) there are no active listeners, the RFD and DAC handshake line float and assume the passive-
Iy true state. The talker BO status bit is set, instructing the MPU to write a byte of data to the GPIA.
The MPL writes a byte to R7W resetiing BO. Since RFD and DAC appear at a high level, the talker
GPIA interprets this as the listener{s) having accepted the current data byte and are ready for more
data: the BO bit is again set, instructing the MPU to output another byte. This sequence will be
repeated continuously,



Q17. If an active talker writes to RTW when there are no active listeners, does DAV go low?

Al7. Yes. RFD being high causes DAV to go low indicating valid data. Because DAC is high, the
talker assumes this data byte has been accepted. DAY will immediately return high and another BO
status bit will be produced.

Q18. How do I clear the BO status bit without writing to RTW or resetting the GP1A? For example,
the talker is sending data, BO is set when each byte is accepted. With the last byte, the EO] line is
set. Another BO interrupt occurs when this last byte is accepted.

A18. This is true. Another BO interrupt is generated., In an interrupt driven system the MPU checks
ROR and sees BO set. Since it knows there is no more data to be sent, it should ignore the interrupt,
Reading ROR releases the TRQ line and this line will not be set until another imerrup: edge is
datected (see Ssction 3.3.2), The BO bit remains set, however, until the GPIA is removed from
TACS. Since the BO bit remains set during this sequence, another MPU interrupt does not oceur. If
the controller asserts ATN true {Jow}, the GPIA will move out of TACS into TADS and the BO will
be reget. If the GPIA is ot removed from the talker state, another BO status interrupt will occur

when ATN is deasserted high.

Q19. What happens to the BO bit if the Untalk Command is sent?

A19,. The BO status bit, if set, is reset when the GPIA receives an Untalk Command. In an interrupt
driven system it is possible for the controller to send an Untalk Command, resetting BO, before the
MPU interrupt handler is able to check the Interrupt Status Register. This could happen when the
Talker sends the last byte of a string and: (1) the controller detects this, {2) synchronously takes con-
trol of the bus, and {3) sends an Untalk Command to the Talker, Under these conditions a ““ghost
interrupt'’ might occur. 1f the '“ghost interrupt® occurs, the MPU software should check R2R to see
if the GPIA is still in the Talker State. (Refer to Question 27 for more details concerning the “‘ghost
intesrupt.'"}

Q0. What is meant by overlapping interrupts?

A0, Consideting the expected protocol on the IEEE-488 Standard bus the Interrupt Status register
has been specifically designed to produce one status condition at a time. It is possible, however, in
some situations for more than one status bit to be set {excluding the INT status bit), When this oc-
curs, the set status bits are said to be overlapping.

Q1. In an interrupt driven system, if a second interrupt condition occurs after the MPU reads ROR
for the first condition (deasserting the TRQ line) and before the MPU has acted on the first condi-
tion, what happens to this overlapping interrupt condition and when is it likely 1o occur?

All, The Interrupt Status Register has been specifically designed to efficiently monitor the needed
GPIB status conditions and avoid overlapping interrupts. It is possible, however, for an overlapping
interrupt to occur when in the secondary address mode. If the contreller sends REN and then ad-
dresses a device to listen, the following could occur. When the Secondary Command Group is
received, the APT status bit will be set. This bit is reset when the handshake is released {the MPU
writes dacr high in R3W). If during the same write instruction the MPU writes msa high, indicating
the complete listen address has been received, the GPIA moves to the Listener Active Stace {LACS).
Thus, the APT bit will be reset and the device will move to LACS simultaneously. Since REN has
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been asserted prior to the GPIA receiving its listener address, an impending RLC status condition
and hence CMD interrupt (if enabled) will be resident in the GPIA. As soon as the device maves to
LACS, both the RLC and CMD bits will be set. If this situation occurs, the APT bit is reset when
the CMD bit is set and it is possible that the CMD low-to-high transition needed by the IR Line
could be missed. (Remembter, the IR0 line responds to the leading edge of the INT status bit. If a
second status bit is set before the first is reset, the INT status bit remains set and a low-to-high tran-
sition for the second status does not occur,) Thus, the IRQ line is not asserted (Jow) by the CMD bit.

If the last sequence of instructions in the interrupt handler is a reset of the Interrupt Mask Register,
followed by programming it to its original state, all overlapping interrupt conditions will be allowed
to cause an MPU interrupt. See Section 3.3.2 for details.

Q22. What is the difference between a hardware and software reset?

A22, The only difference is that a hardware reset resets the Address Register {(R4W) and a software
reset {writing bit 7, RIW high)} does not affect R4W,

Q23. When using an EXORcisor can the MAID System program be vsed to interrogate the internal
registers of the GPIA?

A23, MAID can be used to examine all read register bits except the RLC bit in RIR. MAID
automatically performs a double read on each location it examined and it is the second read that is
displayed by MAID. Since the RLC bit is reset by a read of RI1R the first read in the double read se-
quence will reset RLC. Thus, second read always indicates that this bit is low.

Q24. What does the SRQS bit in R6R monitar?
A2d. There are two CASES:

a. Prior to the GPILA being placed in the APRS state, the SRQS bit monitors the rsv bit in R6W.
If rsv is set, the SROQS will be set, If rsv is reset, the SROS bit is reset.

b. If the rsv bit is set, it causes the SRQS bit to be set and the SRQ management line 1o go low.
When the contreller initiates a Serial Poll, the SRQS bit in R6R is reset when the GPIA enters
SPAS.

Thus if rsv is set, causing the GPIA to actively pull the SRQ management line low, the SRQS bit is
set, When the GPIA enters SPAS, releasing the SR management line, the SRQS status bit will
raturn low even if another device is actively keeping the SRC) management line low,

Q25. If the rsv bit in R6W is not reset after a Serial Poll procedure, will subsequent Serial Polls by
the controller show bit & of the Serial Poll status byte to be set?

A2S. Yes. Since the controller checks bit & of each device status byte during a Serial Pell procedure,
it is itportant to reset rsv after being Serial Polled so that subsequent Serial Polls do not indicate the

device is still requesting a service.,

(26, In the dual addressing mode of operation what happens if address 30 is placed in R4W as the
primary address, i.e., hex 9E is written to R4W?
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A26. The Dual addressing mode allows the GPLA to recognize two adjacent addresses, separated by
the least significant bit of the address, as valid primary addresses, However, since address 31 is an
invali¢ primary address {address 31 has the same code as that of the Untalk or Unlisten Commands)
the address 30 also becomes an invalid primary address in the Dual addressing mode, The GPIA
responds to a programmed address of 30 as follows for dual addressing.

1. In the listener mode, the Unlisten command (same as sending the listen command with address
1) will unlisten the GP1A, If address 30 is sent by the control the GPIA is addressed to listen.

2. Inthe Talker mode, if the Untalk command 1s sent {same as sending the talk command with ad-
dress 31) the GPLA does not respond to this as an Untalk command and is addressed to talk. If
the talk address 30 is sent by the controller, the GPIA is addressed to talk.

Q27. What causes a ‘'‘ghost interrupt?*’

A27T, A “‘ghost interrupt’’ results when the MC68488 issues an interrupt request {TRQ) to the MPU,
but, whan the software routine services the interrupt, it no longer exists (all bits in the Interrupt
Status Register are reset). There are two conditions that can legitimately cause a “*ghost interrupt.”’
They are:

a. SPAS status bli — If the controller conducts a serial poll by sending Serial Pell Enable (SPE)
and then sends the GPIA talk address, the SPAS status bit is set and can cause an intermpt.
When the controller receives the Serial Poll Status byte it sends Serial Poll Disable (SP1) which
resets the SPAS status bit. If the controller can perform this sequence of events before the in-
terrupt handler can check the SPAS status bit, the MPU will not find any status bits set (“*ghost
interrupt’*). The possibilities are twofold:

1) If this device had actually requested the service, then the MPL, after receiving the inter-
rupt {**ghost" or not) should check bit 6 of the Serial Poll register. if this bit is reset the
MPU knows that a Serial Poll was conducted and can reset the rsv as per normal Serial
pol! handling procedures.

2 IF this device did not request the service request and SPAS is not set the software should
detect this as a **ghost interrupt® and proceed with tiormal operations.

b. BO Status bit — The BO Status bit s st whenever the MCAB488 is in the Talker Active Staie
and the output register {(R7W) is empty. After the listener(s) accept the current data byte on the
IEEE-488 Standard bus, the BO status bit is again set and, with the appropriate mask bits set,
causes an interrupt. When the talker sends the last byte of a string it is possible for the con-
troller 1o detect this, synchronously take control of the bus, and untalk the talker; however,
when the last byte is accented the BO status bit is again set and if so programmed, causes
another interrupt. It is possible for the controller to untalk the device and reset BO before the
MPU interrupt handler is able to check the status register. Under these conditions a *'ghost in-
terrupt” occurs. In many applications the ““ghost interrupt”’ can be ignored and the software
proceed with other operations. The BO “‘ghost interrupt'’ can be avoided by having the MPU
saftware disable the BO status bit {reset the mask bit) before sending the final data byte. If the
BO status bit mask is not disabled, the MPU software should check the address status register
1o see if the GPIA has been unaddressed to talk. If it has, the interrupt was most likely cansed
by a BO “'ghost interrupt.” If the GPIA is still addressed ta talk, the interrupt was most likely
caused by a serial poll **ghost interrupt.” Note that in some applications the controller might
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send the Untalk Command and immediately follow it with My Talk Address (MTA). If this
happens the TACS bit could go from the set condition to the reset condition and back to the set
condition before the MPL can check the status of TACS. In those applications, where it is im-
portant to monitor all address changes, the MC68488 should be programmed to hold off the
handshake on atl commands (the dacd bit in RIW should be set), If this approach is taken, the
MPU must use & polling routine to monitor R3W for the occurrence of Data Valid (DAV). If
DAYV is detected, the software should then check R2R for ATN asserted. If both are true, a
command is present on the GP1B. See Section 3.3.1.1 for details on using dacd.
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