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Preface

Following is a description of each section of the GPIR-PC2A

Technical Reference Manual.

Section

1.

3.

6.

General Information. This section contains a brief
deseription of the GPIB~PC2A kit, a 1list of equipment
supplied, a 1ist of optional equipment, and a list of
applicable documents. Terminology used in this manual is
also explained in this section.

GPIB-PC2A Description. This section contains the physical
and electrical specifications for the GPIB-PC24 and
describes the characteristica of key interface board
components.

Register Descriptions. This section contains detailed
descriptions of the interface registers as well as summary
tables f'or easy reference.

Programming Considerations. This section explains important
considerations for programming the GPIB-PCZ2A.

Theory of Operation. This section contains a detailed
technical discussion of the major elements of the GPIB~PC2A.
References to the schematic diagrams are provided.

GPIB~PC2A Diagnostic and Troubleshooting Test Procedures.
This section contains test procedures for determining if the
GPIB-PC2A is installed properly and operating ceorrectly.



Appendix

A.

B.

Parts List, PAL Drawings, and Schematic Diagram. This
appendix includes a parts list, PAL drawings, and a detailed
schematic diagram.

Multiline Interface Command Messages. This appendix
provides a listing of the multiline GPIB interface command
messages.

Mnemonics Key. This appendix contains an alphabeftical
listing of all memonics used in this manual and indicates
whether the mnemonic represents a bit, register, functioen,
remote message, local message or a state.
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Section One

General Information

This section contains general information about the National
Instruments GPIB-PC24 interface kit. This information includes a
brief description of the GPIB-PC2A kit, a 1list of equipment
supplied, a list of optional equipment, and a list of applicable
reference documents.

1.1 GPIB-PC2A INTERFACE KIT DESCRIPTION

The National Instrument GPIB-PC2A, shown in Figure 1.1, is =&
multifunction interface for the IBM PC and compatibles such as
the PC Expansion chassis, XT, Portable, and AT; COMPAQ and COMPAQ
Plus; AT&T (or Olivetti) 6300; Zenith Z-150 and Z-160. The
GPIB-PC24 provides an interface from the personal computer to the
IEEE-488 Qeneral Purpose Interace Bus (GPIB}, along with an
optional time-of-day, real-time clock, with alarm interval and
battery back-up.

11
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1.2 EQUIPMENT SUPPLIED

Table 1.1 1lists the -equipment supplied in the National
Instruments GPIB-PC2A Interface Kit. Optional equipment is
listed in Table 1.2.

Table 1.1 - Equipment Supplied in GPIB-PC24 Kit

Equipment NI Part Number

———— . - 4t e i s P e e e s o

Bus Interface Card

GPIB~PC24 180210-01

or
GPIB~-PC2A with Clock Option 180210-02
GPIB-PC2A User Manual Supplement 320014-50

Table 1.2 ~ Accessory Equipment for GPIB-PC24

Equipment NI Part Number
GPIB Ex;;;;;;;—gable - 1 meter B ) 765661«01
GPID Extension Cable - 2 meter 763001-02
GPIB Extension Cable - 4 meter 763001-03
GPIB~PC2A Technical Reference Manual 3200L5.02
GPIB~-PC2A Techniecal Reference Manual,in Binder 3200485.01

1-3



1.3 APPLICABLE DOCUMENTS

The following documents are references which cover in greater

detail

*

specific topies introduced in this manual:

IEEE Std. 488-1978, ¥Standard Digital Interface for
Programmable Instrumentation®

uPD7210 GPIB-IFC User's Manual, NEC Electronics J.5.4.,

Inc., One Natick Executive Park, Natick, Massachusetts
01760

uPD7210 INTELLIGENT GPIB INTERFACE CONTROLLER, Engineering
Data Sheet, NEC Electronies U.S.4., Inc., Micrccomputer
Division

HOW TO INTERFACE A MICROCOMPUTER SYSTEM I0 A GPIB, (& The
NEC uPD7210 TLC), NEC Electroanics U.S.A., Inc.

1-4
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1.4 TERMINOLOGY

The term "set" is used throughout this manual to mean writing a
value of 1 to a memory element. The term "clear"™ is used to mean
writing a value of 0 to a memory element. The terms "set to
zero," "set false," T"preset," and "reset" are avoided in
preference to the use of "set" and "clear." Bit signatures are
written in uppercase letters. An asterisk (¥) after a bit
signature indicates the signal is active low. An  asterisk 1s
equivalent to an overbar. For example, if bit ATN¥*=0, the GPIB
ATN signal line is asserted. After the mnemonic of a register
pame is introduced and the name written out, the mnemonic is used
thereafter.

Where it is necessary to specify a particular bit of a
register, the bit position appears as a decimal number in square
brackets after the mnemonic (e.g., ISR1[2] indicates the ERR bit
of Interrupt Status Register 1).

Uppercase mnemonics are used for control, status, data
registers, register contents, and interface funections, as well as
GPIB remote messages, commands, and logic states, as defined in
the TEEE-488 standard.

The term "addressed! means the interface has been configured
to perform a function from the GPIB side, while the term
"programmed” means that it has been configured to perform a
function via instructions from the PC processor. This
distinction is important because many functions, such as wmaking
the interface a Talker or Listensr, can be activated from either
side.

In logical expressions a minus sign (-) indicates logical
negation, an ampersand (&) represents AND, and a plus sign (+)
repregents OR.

All numbers are decimal unless specified otherwise.
Register offsets are given in hexadecimal.

15



Section Two

GPIB~PC2A Description

This section contains the physical and electrical specifications
for the GPIB-PC2A. It oprovides a brief overview of the key
interface board components including a functional block diagram.

2.1 GPIB-PC24 SPECIFICATIONS

This paragraph contains the electrical specifications and data
transfer features of the GPIB-PC2A and  describes the

characteristics of key interface board components.
2.1.1 Pnysical Characteristics

The GPIB-PC2A measures 4.20 by 5.00 inches and is designed te fit
in any slot in the IBM PC or slots J1 through J7 in the IBM
PC/XT. The card is supplied with a standard 24-pin GPIB
connector which fits through the rear panel slot.



2.7.2 Electrical Characteristics

Following is a l1list of the signals used by the GPIB-PC2A and the
line loading presented by the circuitry on the card (in terms of
device types and their part numbers):

Bus Signals Driver Receiver

b0 - D7 ThLS245 7415245
415 -~ THLS00 X 2
A4 - A13 -— THL3266
Al2 - A10  — THLS541

A9 - AD,AEN - PAL16L2
IOR#*,I0W#*,T/C, —— T4LS581
DACK1*,DACK2%*,

DACK3#,RESET DRV

DRQ1,DRG2,DRQ3, THLS 1254 —
IRQ2-IRQT, IORDY

CLOCK —-—— T4LS32

The GPIB transceivers meet the requirements of the IEEE-488
standard. The GPIB-PC24 requires regulated +5 VDC power from the
IBM PC I/0 channel. Current load is typleally 0.5 A.

2.1.3 IBM PC 1/0 Channel Characteristics

The details of the GPIB-PCZ2A interface to the IBM PC 1/0 Channel
are given in the following paragraphs.

2-2
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2.1.3.1 Input/Output Addressing

The GPIB-PC24 card decodes the low-order ten address bits, A0
through 49, to obtain a hardwired base address of 2E1. The three
address bits A10 through A12 are used by the NEC uPD7210 as
register select lines RSO through RS2, respectively. The address
bits A10 through A12 are alsc used to select the two clock
registers, CCR and CDR. The two address bits A13 and A1d are
used to select one of the four possible bloek numbers, 1 through
4, thereby allowing up to four boards in one backplane. Address
line A15 is used to select the NEC uPD7210 (A15=0) or the N3
MMS816748 (A15=1). Address lines A16 through A19 are not used.

A4 complete address map for each base address is given below.
To change the GPIB-PC2A base address or interrupt level, refer to
Section Two A of the User Manual.

BOARD #Q

8088 uPD7210 Register 8088 Clock Register
Port Mnemonic Port Mnemonic
Address (Read) (Write) Address {(Read) (Write)
02E1 DIR CDOR 9651 - CCH
06K 1 I3R1 IMR1 QAE1 CDR CDR
DAES I3R2 IMR2

OEE1 SP3R SPMR

12E1 ADSR ADMR

16E1 CPTR AUMR

1AE1T ADRC ADR

1EE1 ADR1 EOQOSR

2-3



BOARD #1
8088 uPp7210 Register 8088
Port Mnemonic Port
Address (Read) (Write) Address
22E1 DIR CDOR B6E1
26E1 I3R1 IMR1 BAE1
2AE1 I8R2 IMR2
2EE1 SESR SFMR
32E1 ADSR ADMR
3681 CPTR AUXMR
3AE1 ADRO ADR
3EE1 ADR1 EOSH

BOARD #2
8088 uPp7210 Register 8048
Port Mnemonic Port
Address (Read) (Write) Address
H2E1 DIR CDOR DBE1
LBE ISR1 IMR1 DAET
BAET ISR2 IMR2
LEE SP3R SPMR
52E1 ADSR ADMR
5681 CPTR ATMER
5AE1 ADRO ADR
5EE1 ADR1 EQSR

BOARD #3
8088 uPD7210 Register 80838
Port Mnemonice Port
Address (Read) (Write) Address
62E1 DIR CDOR FOE1
66E1 I3R1 IMR1 FAE
HART ISRZ IMR2
BEE SP3R SPMR
T2E1 ADSR ADMR
76E1 CPTR ATXMR
TAE ADRO ADR
TEE1 ADR1 EQSR

Clock Register
Mnemonic
{Read) (Write)

- CCR
CDR CDR

Clock Register
Mnemonic
(Read) (Write)

- CCR
CDR CDR

Clock Register
Mnemonic
(Read) (Write)

- CCR
CDR CDR
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The following two points also need to be considered when
determining the I1/0 space used by the GPIB-PC2A.

* Tn addition to the I/0 space reqﬁired for each board, an
additional address block at hex 02F0-~02F7 is reserved for
a special interrupt handling feature of the GPIB-PC2A.

% Bven if your GPIB-PCZ2A does not have the clock option, the
clock address space cannot be used by another device.

2,1.3.2 Interrupts

Interrupt events that originate from the TLC are as follows:

GPIB Data In (DI) Address Status Change {(4DSC)
GPIB Data Qut (DO) Secondary Address received (4PT)
END message received (END RX) Service Request received (SRQI)
GPIB Command QOut (CO) Trigger command received (DET)
Remote mode change (REMC) Device Clear received (DEC RX)

GPIB handshake error (ERR) Unrecognized Command received (CPT)
Lockout change {LOKC)

The TLC interrupt can be connected to any one of the six IBM
PC interrupt request signals (IRQ2 through IRQ7) by means of an
on-board jumper.

Interrupt events that originate from ¢the clock are as
followss

10 times per second

Once per second

Once per minute

Once per hour

Once a day

Once a week

Once a month

Interrupt when a RAM/real-time counter comparison occurs

The clock interrupt can also be connected to any one of the
six IBM PC interrupt request signals by means of an on-board
Jjumper.

2.1.3.3 Direct Memory Access

Two GPIB events may cause a request for a DMA transfer. They are
Data Out and Data In.

The GPIB-PC2A i3 designed to allow the user to seiect one of
three pairs of DMA Channel signal lines by orienting the
configuration jumpers. The DMA channel jumpers select Channel 1
as configured by the manufacturer.
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2.1.3.4 Data and Command Input/Cutput

Command and data bytes are transferred between the IBM PC /G
Channel and the GPIB via the Ccmmand/Data Out and Data In
registers of the GPIB adapter. Bidirectional transceivers buffer
the bytes at the interface to each bus.

2.1.4 Data Transfer Features

The GPIB-PC2A transfers data to and from the GPIB using DMA and
programmed 1/0.

The GPIR-PC24 1s capable of transferring data at rates up to
300K bytes per second using DMA transfers. The actual data rate
and overall throughput achievable in any system are dependent on
the transfer speed of the slowest device participating in the
transfer and the number of bytes transferred in one operation.
As a result, data rates and throughput can vary widely.

The data tranafer rate of programmed I/0 depends on how fast
the program code executes.

2.2 DESCHIPTION OF THE GENERAL PURPOSE INTERFACE BUS

The IEFE-488 GPIB provides a2 means for communicatlion among 2
group of interconnected devices. Two ©types of messages are

carried by the bus:

# Tnterface messages, which are used for bus management, and

# Device dependent messages, which are communicated among
the various devices via the interface bus but are not used

or processed by the bus.

The three types of devices which organize and manage the
flow of information on the bus are a Listener (L), a Talker (T),
and {optionally) a Controller (C). ' A Listener has the capabllity
of being addressed Dby an interface message to receive device
_dependent messages. L Talker has the capability of being
addressed by an interface message to send device dependent
messages. A Controller can address devices to Listen or Talk. 4
Controller can also send interface messages to command other
specific actions within interfaced devices. A single bus may
have one or more Controllers. If more than one Controller 1s
connected to the bus, one is designated as the System Controller
and may temporarily pass control to any other Controller.

‘The GPIB-PCZ2A is capable of being a Listener, a Talker, a
Controller, and, in particular, a System Controller.

2-6
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2.2.1 GPIB Operation

This section contains a simplified description of the operation
of the GPIB. For more details, refer to the IEEE-488 standard.

Bus operation is divided into two logical functions:
interface functions {for bus management) and device funciions
{for device control and communication). The interface functions,
deseribed din this manual, are basically used to establish an
environment in which device funciions may be performed. The
device funetions are unique to individual instruments and are
beyond the scope of this manual.

The Source Handshake (SH) and Acceptor Handshake {AH)
interface functions are used %o transmit and receive bit-
parallel, byte-serial measages (multiline messages) on the bus.
These messages are interpreted either as commands to the
interface or as data bytes for the device, depending on the
atatus of the bus signal Attention (ATN). ATN is asserted for
interface commands.

The Talker or Extended Talker (TE) and Listener or Extended
Listener (LE) interface functions are used to set up devices for
data transfers. The ¢transfers are made using the handshake
funetions. When an interface has been addressed as a Talker, the
applicable device function is allowed to use the interface Source
Handshake function to transmit data bytes. The device functions
of any interfaces that were addressed as Listeners must use the
fcceptor Handshake function to receive the data bytes. Only one
device at a time may be the Talker although mnmultiple Listeners
may exist.

The Controller function is the originator of all interface
messages. Only one in%erface at a time may be the Controller-
In-Charge and protocol exists to pass the control capability
among interfaces. When the Controller-In-Charge is asserting the
ATN line, it is in its active state and is often referred to as
the Active Controller. When not asserting ATN, it is in its
standby state. Any controller that is not the Controller«~In-
Charge remains in its idle state. At any time, there is, at the
most, one interface on the bus that has the capability of making
itself the Controller-In-Charge. It is referred to as the System
Controllier.

The Controller is responsible for addressing and
unaddressing Talkers and Listeners, as well as performing other
bus management operations. These other operations include
conducting a Parallel Poll using the uniline message Identify
(IDY); setting device functions in remote or local mode using the
uniline message Remote Enable (REN); and initializing the bus by
asserting the uniline message Interface Clear (IFC). The latter
two operations are actually capabilities only of the System
Controller and are not transferable by the transfer of control
protocol.



2.2.2 GPIB Signal Lines

A4 total of 2% signal lines are used to implement the bus. of
these lines, 16 are signal lines, one is ground, one is the cable
shield, and six are twisted pair common for six of the signal
lines. The 16 signal lines are used to carry all information,
interface messages, and device dependent messages among
interconnected devices.

The 16 signal lines are organized into three sets, as
follows:

% 8 data input/cutput lines
# 3 handshake lines
* 5 interface management signal lines

Negative logic with standard TTL levels i3 used on the GPIB.
That is, a false (0) logic state corresponds to a TTL high level
of 2.0 V or higher, and a true (1) logic state corresponds to a
TTL low level of 0.8 V or lower.

The eight data lines, DIO1 through DIO8, carry all data
ineluding input, output, and device dependent messages. In many
instruments data is based on the seven-bit ASCII code set.

The three handshake lines, NRFD, DAV, and NDAC, are used to
effect the transfer of each byte of data on the DIO lines from an
addressed Talker to all addressed Listeners. The three nandshake
lines provide a means to -asynchronously transfer data among
instruments.

The NRFD (Not Ready for Data) line is used to indicate the
condition of readiness of devices to accept data. All
instruments drive NRFD false when ATN becomes true. Only
addressed Listeners drive NRFD false when ATN becomes false. The
NRFD line is monitored by the Controller when ATN is true and by
the addressed Talker when ATN is false. The NRFD line is false
when all Listeners are ready for data and true when one or more
Listeners are not ready for data.

The DAV {Data Valid) line is used to indicate the validity
of data on the data lines. DAV is driven by the Controller when
ATN is true and by the addressed Talker when ATN is false. The
DAV 1line is monitored by all instruments if ATN is true and by
addressed Listeners when ATN is false.

The NDAC (Not Data Accepted) 1line is used to indicate
acceptance of data by addressed Listeners when ATN is false and
acceptance of commands by all devices when AIN is true.
Listeners indicate acceptance of data by setting NDAC false.
When NDAC is true, one or more Listeners have not accepted the
data.
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The five bus management lines are ATN, IFC, REN, SRQ, and
EOI. ATN and IFC are used by all instruments while the remaining
three may or may not be used by a particular instrument.

All devices on the GPIB must monitor &the ATN line. This
line 1is set true Wy the Controller-In-Charge when it sends
interface messages, such as device talk and listen addresses,
secondary addresses, and polling configuration messages. When
ATN is false, the active Talker can send device dependent
messages, such as data and programming information, to active
Listeners.

The IFC (Interface Clear) line is used by the System
Controller to place the bus in a known quiescent state. The IFC
line ean only be driven true by the System Controller and must be
monitored by all other instruments. To clear a device, the IFC
line must be set true for at least 100 microseconds. IFC may be
set true by the System Controller at any time.

The REN (Remote Enable) 1line is used to ,send the REN
mesSsSage. REN must be asserted as one of the conditiona for

operating an instrument in remote mode. The use of the remote
function 1s optional. The REN line is driven frue only by the

System Controller and may be changed at any time. Instruments
which use the REN line must monitor it at all times and return to
loeal control whenever it becomes false.

The SRQ (Service Request) line is used by an instrument to
asynchronously request service from the Controller-In-Charge.

The EOI {END or Identify) line is used either to Iindicate
the end of a data string or to copduct a Parallel Poll, depending
on the state of the ATN iine. When ATN is false, the addressed
Talker may send the END message to indicate the end of its data
by setting EOI true at the same time it places the last data byte
on the DIC lines. The Controller-In«Charge may send the IDY
message to initiate a Parallel Poll of all instruments with
Parallel Poll capability by setting ATN and EQI true
simultanecusly.

2.2.3 GPIB Physical Characteristics

Bus cables are used to interconnect instruments. There are three
basic restrictions on cable length., First, the maximum length of
any single span between itwo devices {(loads) is four meters.
Second, the maximum average length 1s two meters per device.
Third, the maximum total length for all interconnected devices is
20 meters. With special high~-performance cable, such as the HP
10833 series, the distance among devices is not critical provided
the second and third restrictions are met. Instruments may be
connected in a linear or star configuration. For applications
requiring greater device separation, an extender such as the
Natiopal Instruments GPIB-100 can be used.
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Two 24-pin piggy-back connectors, one male and one female,
are used on either end of the interconnecting cables. An overall
cable shield is used to reduce susceptibility to noise.

2.3 GPIB-PC24 FUNCTIONAL DESCRIPTION

The GP1IB-PC2A c¢an be characterized as a  bus translator,
converting messages and signals of the IBM PC bus into
approprizte GPIDB messages and signals. Expressed 1in  GPIB
terminology, the GPIB-PC2A implements GPIB interface functions
for communicating with other GPIB devices and device functions
for communicating with the central processor and memory. From
the point of view of the computer, the GPIB-PC2A is an interface
te the ocutside world.

A block disgram of the GPIB-PC24 is shown din Figure 2.1,
This diagram will be discussed in greater detail in Sections
Three, Four, and Five.

The GPIB~PC2A interface consists of the buffers, drivers,
and transceivers for the address, data, and control lines used on
the PC I/0 Channel, plus other logic circultry that converts
internal signals to bus-compatible signals. The software
accesses registers within the TLC to configure, control, and
monitor the GPIB interface functions. The registers can be used
by the interface to interrupt the controlling program to inform
it of the occurrence of an anticipated event. Special
transceivers interface the TLC to the GPIBR itself.

PO R R R EERA AR RAR R ERRARARAARRARRRNRRGEARRRERR



Emoee!

[+ DATA

CORTAYL
BUFFEAING ARD

DATA ROUTING ADGRESS

ADDHESS

cLanx ! HPOTIW

ara

AQAHTER

DECOOING |

2]

sl

DATA
COWTAOL
ADPRESS

of nereanuer
A asiRaTion [§

© DA
ARSITAATION

L]

™

CONFIGURATION
SWITCHES AHD JUMPERS

L

ol e - "

18M P 10 CHAKKREL

B

GPIa COHMECTOR
RATA LINES
MANAGEMENT LIMES
HAKOSHAKE LIHES

Figure 2.1 - GPIB-PC2A Block Diagram
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Table 2.1 lists the capabilities of the GPIB«PCZA in terms of the
codes in Appendix C of the IEEE-488 standard.

Tablie 2.1 « GPIB-PC2A IEEE-488 Interface Capabilities

Capability
Code

SH1
AMY

5

TES

L3

LE3

SR1
RLA

PP1
pe2

DC1

Description

- o e e AR it VD e Al TR e Y AR T A B

Complete Source Handshake capability
Complete Acceptor Handshake capability
DAC and BFD holdoff on certain events
Complete Talker capability
Bagic Talker
Serial Poll
Talk Only mode
Unaddressed on MLA
Send END or EOS
Dual primary addressing
Complete Extended Talker capability
Basic Extended Talker
Serial Poll
Talk Only Mode
Unaddressed on MSA®LPAS
Send END or EOS
Dual extended addressing with
software assist
Complete Listener capability
Basic Listener
Listen Only mode
Unaddressed on MTA
Detect END or EOS
Dual primary addressing
Complete Extended Listener capability
Basic Liatener
Listen Cnly mode
Unaddressed on MSA®TPAS
Detect END or EOS
Dual extended addressing with
software assist
Complete Service Hequest capability
Complete Remote Local capability with software
interpretation
Remote Parallel Pell configuration
Local Parallel Poll configuration with software
assist
Complete Device Clear capability with software
interpretation

2-12
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Table 2.1 - GPIB-PC2A IEEE-488 Interface Capabilities (cont.)

Capability
Code Deseription
o Complete Device Trigger capability with soft-

ware interpretation
C1-5 Complete Controller capability
System Controller
Send IFC and take charge
Send REN
Respond to SRQ
Send interface messages
Receive Control
Pass Control
Parallel Poll
Take Control Synchronously or Asynchronously
E1/2 Three-state bus drivers with automatic switceh to
open collector drivers during Parallel Poll

The GPIB-PC2A has complete Source and Acceptor Handshake
capability. The OPIB-PC24 can operate as a basic Talker or
Extended Talker and can respond to a Serial Poll. It may be
placed in a Talk Only mode, and it will be unaddressed to Taik
when it receives its Listen address. The interface can operate
as & basic Listener or Extended Listener. It may be placed in a
Listen Only mode, and it will be unaddressed to Listen when it
receives its Talk address. The GPIB-PC2A has full capabilities
for requesting service from another Controller. The ability to
place the GPIB-PC2A in local mode is included but the
interpretation of remote versus local mode is software dependent.
Full Parallel Poll capability is included in the interface
although loecal configuration requires software assistance.
Device Clear and Trigger capability is included in the interface
but the interpretation is software dependent. A1l Controller
functions as specified by the IEEE-488 standard are inecluded in
the GPIB-PC2A. These include the capability to:

* Be System Controller

S

Initialize the interface

# Send Remote Enable

# Respond to Service Request

* Send multiline command messages

# Receive control

W

Pass control
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# Conduect a Parallel Poll

* Take control synchronously or asynchronously
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Section Three

Register Descriptions

This section presents detailed information on the use of the
GPIB-PC24 internal program registers. This information 13
essential to programmers working with the GPIB~PC2A.

3.1 TERMINOLOGY

Refer to paragraph 1.4 for a description of the terminology used
in this section. After a mnemonic has been defined, the mnemonic
ig used in the remainder of the section. Mnemonics are assigned
to messages, states, registers and bits. Most mmemonics contain
a clue to their meaning. Table 3.1 contains a list of clues for
which to look.

Tablie 3.1 - Clues to Understanding Mnemonics

Clue Mnemonic Probably Stands For:
Fnds in IE Interrupt enable bit
Ends in EN Enable bit
§ letters, Interface function as defined in
ends in S the IEEE-488 standard
Ends in R,
RO, R1, R2 GPIB program register
3 letters,
uppercase Remote message
3 letters,
lowercase Local message

Appendix C contains an alphabetical list of mnemonics.



3.2 INTERFACE REGISTERS

Eight of the ten program registers are contained in the NEC
uPDT7210 Talker/Listener/Controller (TLC) integrated circuit. The
other two registers are used to control data flow to the clock
and to enable interrupts from the clock. All software control of
the GPIB~PC24 is performed through these I/0 interface registers.
Many of the registers are read only or write only. Some
registers are not storage registers at all, but buffers through
which status signals can be read or through which control signals
can be sent. Five Phidden" registers are accessed indirectly.
Each of the interface registers is addressed relative to one of
the eight GPIB-PC2A block addresses.

Figure 3.1 shows the regular GPIB-PC2A TLC registers.
Figure 3.2 shows the hidden registers of the TLC and illustrates
the method of writing to those registers via the Auxiliary Mode
Register. Notations within the figures indicate the read/write
accessibility and the relative address of each register. A
detailed function deseription of all the interface registers is
provided in the paragraphs followlng the figures.
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Address
DIR
CHOR

+0

ISR1
IMR1

ISR2
IMR2

SPSR
+3
SPMR
ADSR
+4
ADMR
CPTR

+5
AUXMR

ADRO
+6
ADR
ADR1
+7

EQSH

l.egend

{(Contents of Read Register)

Bit git Bit 8it Bit Bit Bit Bit
T 6 5 4 3 2 1 Q
({Contents of Write Registar)

6 5 a 3 2 1 o
7 DlI6 pIs Di4 Di3 DIz Dit Dic
cDovy CDOS CDOS& cDo4 cDO3 cho2 cbo1 CDOOo
CPT APT DET END RX BEC ERR DO D1
GPT IE APT 1E DET {E END IE DEC IE ERR IE 0Q E D1 IE
INT SRQI LOK REM coO LOKC REMC ADSC
X . SRaQl IE DMAQO DMAI CO IE LOKC IE | REMC IE | ADSC IE
58 PEND 86 S5 S4 53 52 S1
58 rsv 56 S5 54 53 52 s1
Cic ATN#» SPMS LPAS TPAS [.A TA MJMN
ton ion THRM TRMO X X ADM1 AUMO
CPTT CPTE CPT5 CPT4 CPT3 CPT2 CPT1 CPTO
CNT2 CNT1 CHNTO COM4 COM3 coM2 | comi cCOoMO
X DTO DpLO ADS5~0 AD4-Q AD3-0 AD2-0 AD1-0
ARS pT DL ADS AD4 AD3 ADZ AD1
EQH BT pLy ADS5S-1 AD4-1 ADQ-!. AD2-1 AD1-1
ECT ECS CECS EC4 EC3 EC2 ECH ECO

X indicates bit is not used. Not used read bits may read as 1 or O.

Figure 3.1 - GPIB-PC2A TLC Registers

Read/
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+5
AUXMR

et Control Code

Command Code

CNT2

CNT1

COM1

When CNT2-CNTO is:

ICR is ioaded

v

with:

o

0

CLKS3

CLK2

CLK1

CLKQ

PPR

is loaded

with:

P2

P1

AUXRA is ioaded with:

BIN

XEQS

REOS

HLDE

HLDA

AUXRE

is locaded with:

IS8

iINV

TRI

SPEQI

CPT
ENABLE

AUXRE is loaded with:

DHDC

DHDT

Figure 3.2 - Writing to the Hidden Registers
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3.2.1 Data In Register (DIR)

| pr7 | Dpi6 | pI5 | pI4 [ DpI3 | DpI2 | DIT | DIO
l E l | | I | !

- —— o - o i

i 6 5 3 3 2 1 0 R
]
i

I/0 Channel Address: Block! - 2E1; Block2 -~ 22E1;
Block3 - 4281; Blockld - B2E1;

Attributes: Read Only

The DIR is used to move data from the GPIB to the PC when the
interface is a Listener. Incoming information is separately
latched by this register and is not destroyed by a write to the
Command/Data Out Register, CDOR. The GPIB ready for data
message, RFD, is held false until the byte is read from the DIR
by the PC. The Acceptor Handshake (AH) completes automatically
after the byte has been read. In RFD holdoff mode (refer to the
description of Auxiliary Register 4, AUXRA) the GPIB handshake 1is
not finished until the Finish Handshake auxiliary command is
issued telling the TLC to release the holdeff. By using the RFD
holdoff mode, the same byte may be read several %imes, or an
anxious GPIB Talker may be held off until the program ig ready to
proceed.

DIO is the least significant bit of the data byte and

corresponds to GPIB DIO1. DI7 is the most significant bit of the
data byte and corresponds to GPIB DIO8.

Bit Mnemonlc Degeription

7-0r DIRT- Data In Byte
DIRO



3,2.2 Command/Data Out Register (CDOR)

7 6 5 b 3 2 1 0

| | | | I ! E I |
| cba7 | cpoé | €po5 | cpo4 | cpo3 | cpo2 | cpot | CDOO |

- e e

o T i - W
CDOR
I/0 Channel Address: Bloekt - 2E1; Blocka - 22ET1;

Block3 - U2E1; Block# - 62E1;

Attributes: Write Only

The CDOR register is used to move data from the PC to the GPIB
when the TLC is the GPIB Talker or the Active Controller.
Outgoing data is separately latched by this register and is not
destroyed by a read from the DIR. When a byte is written to the
CDOR, the TLC GPIB Source Handshake (3H) function is initiated

and the byte is transferred to the GPIB.

Bit Mnemonic Degeription

7-0w CDOR7- Command/Data Out Byte
CDORO

s
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3.2.3 Interrupt Status Register 1 (ISR1)
Interrupt Mask Register 1 (IMR1)

7 & 5 2 3 2 1 0 R

| CPT | 4APT | DET |ENDRX | DEC | ERR | DO | DI ]
{CPT IE |APT IE |DET IE |END IE |DEC IE |ERR IE | DO IE | DI IE |

o - i e 4D R TR Y POV A e e e e i S

ISR1
I/0 Channel Address: Block? = 6E1; Block2 - 26E1;
Block3 - U46E1; Blockl - 66E1;

Attributes: Read Only,
Bits are cleared when read

IMR1
I/0 Channel Address: Blockl - 6E1; Block2 - 26E1;
- Block3 - U6E1; Block4 - 66E1;

Attributes: Write Only

ISR1 is composed of eight interrupt status bits. IMR1 is
composed of eight interrupt enable bits which direectly correspond
to the interrupt status bits in ISR1. As a result, ISR1 and IMR1
service eight possible interrupt conditions, where each condition
has an interrupt status bit and an interrupt enable Dbit
associated with it. If the enable bit is true when the
corresponding status condition or event oceurs, a hardware
interrupt request is generated. Bits in ISR1 are set and cleared
by the TLC regardless of the status of the interrupt bits 1in
IMR1. If an interrupt condition occurs at the same time ISR1 is
being read, the TLC holds off setting the correaponding status
bit until the read has finished.



Bit Mnemonic

Dezcpiption

Tr
Tw

CPT
CPT IE

Command Pass-Through
Command Paas-Through Interrupt Enable

CPT is seft ont

[Uco + ACG & (TADS + LADS)]
& undefined & ACDS & ~{CPT ENAB)
+ UDPCF & SCG & ACDS & CPT ENAB

CPT is cleared by:

pon + (Read ISR1)

Notes
UCG:
ACG:
TADS:

LADS:
defined:

undefined:

ACDS:
CPT ENAB:
UDPCF:

3CG:

pon:
TAG:
LAG:
Read ISR1:

GPIB Universal Command Group
message

GPIB Addressed Command Group
message

GPIB Talker Addressed State
GPIB Listener Addressed State
GPIB command automatically
recognized and executed by TLC
GPIB command not automatically
recognized and executed by TLC
GPIB Accept Data State
AUXRB{O]w

Undefined primary command function

(see below)

GPIB Secondary Command Group
message

power on reset

GPIB Talk Address Group message

GPIB Listen Address Group message
Bit is cleared immediately after

it is read

UDPCF is set on:

fUCG + ACG & (TADS + LADS)] & undefined
& ACDS & CPT ENAB

UDPCF is cleared on:

[(UcG + ACG) & defined + TAG + LAG]
& ACDS + CPT ENAB* + pon
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Bit Mnemonic Desaription

The CPT bit flags the occurrence of a GPIB
command not recognized by the TLC, and all
following GPIB secondary commands when  the
Command pass-through feature is enabled by the
CPT ENAB bit, AUXRB[O]Jw. Any GPIB  command
message not decoded by the TLC is treated as an
undefined command (for example, the Go To Local
command, GTL). However, any addressed command is
automatically ignored when the TLC is  not
addressed.

Undefined commands are read using the Command
Pass Through Register (CPTR). The TLC holds off
the GPIB Acceptor Handshake in the Accept Data
State (ACDS) until the Valid auxiliary command
function code, hex OF, is written to the AUXMR.
1If the CPT feature is not enabled, undefined
commands are simply ignored.

ér  APT Address Pass-Through
6w  APT IE Address Pass-Through Interrupt Enable
APT is set Dby:
APM1 & ADMO & (TPAS + LPAS) &
SCG & ACDS
APT is cleared by:

pon + (Read ISR1)

Notes

ADM1: Address Mode Register bit 1,
ADMR[ 11w

ADMO: Address Mode Register bit O,
ADMR[ 0w

TPAS: GPIB Talker Primary Addressed
State

LPAS: GPIB Listener Primary Addressed
State

SCGs GPIB Secondary Command Group

ACDS: GPIE Accept Data State

pon: power on reset

Read ISR1: Bit is cleared immediately after

it is read.



Bit Mnemonic

Description

Sp
5w

DET
DET IE

The APT bit indicates that a secondary GPIB
address has been received and is available in the
CPTR for inspection (Note: the application
program must check this bit when using TLC
address mode 3). When APT is set, the DAC
message is held and the GPIB handshake stops
until either the Valid or Non-Valid auxiliary
command 13 issued. The secondary address can be
read from the CPTR.

Device Execute Trigger
Device Execute Trigger Interrupt Enable

DET is sef by:

DTAS

DET is cleared by:

pon + (Read ISR1)

Notes

DTAS: GPIB Device Trigger Active State
poni power on reset

Read ISRH1: Bit is cleared immediately after

it is read.

The ©DET bit indicates that the GPIB Device
Execute Trigger (DET) command has been received
while the TLC was a GPIB Listener {(the TLC has
been in DTAS).

3-10
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Bit Mnemonic

Description

Ip
Uy

END RX
END IE

End Received
End Received Interrupt Enable

END RX is set by!

LACS & (EOI + EOS & REOS) & ACDS

END RX is cleared by:

pon + (Read ISR1)

Notes

LACS: GPIB Listener Active 3tate

EQT: GPIB End Or Identify Signal

EOS3: ‘ GPIB End of String message

REQS: ~ Reception of GPIB EOS allowed,
AUXRA[2]w

ACDS: GPIB Accept Data State

pon: power con reset

Read ISR1: Bit is cleared immediately after

it is read.

The END RX bit is set when the TLC is a Listener
and &the GPIB uniline message, END, is received
with a data byte from the GPIB Talker, or the
data byte in the DIR matches the contents of the
End Of String Register (EOSR).
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Bit Mnemonic

Description

3r
3w

DEC
DEC IE

Device Clear
Device Clear Interrupt Enable

DEC is set by:

DCAS

DEC is cleared by:

pon + (Read ISR1)

Notes

DCAS: GPIB Device Clear Active State
pon: power on reset

Read ISR1: Bit is cleared immediately after

it is read.

The DEC bit indicates that the GPLB Device Clear
(DCL) command has been received or that the GPIB
Selected Device Clear (3SDC) command has been
received while the TLC was a GPIB Listener (the
TLC is in DCAS).
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Bit Mnemonic

Deacription

ar
2w

ERR
ERR IE

Error
Error Interrupt Enable

ERR iz set by:
TACS & SDYS & DAC & RFD + 31IDS &
(Write CDOR) + (SDYS->SIDS)

ERR is cleared by:

pon + (Read ISR1)

Notes

TACS: GPIB Talker Active State
SDYS: GPIB Source Delay State
DAC: GPIB Data Accepied message
RFD: GPIB Ready For Data message
3IDS: GPIB Scurce Idle State

{Write CDOR): Bit is get immediately after
writing to the Command/Data
Cut Register

SDYS->31IDS: Transition from GPIB Source Delay
State to Source Idle State

pone power on reset

Read ISR1: Bit is cleared immediately after

it is read.

The ERR bit indicates that the contents of the
CDOR have been leost. ERR is set when data is
sent over the GPIB without a specified Listener
or when a byte is written to the CDOR during SIDS
or during the SDYS to SIDS transition.
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Bit Mnemonic

Deseription

ir
w

Do
DO IE

Data Out
Data Out Interrupt Enable

DO is set as:

(TACS & SGNS) becomes true

b0 1s cleared by:

(Read ISR1) + TACS*® + SGNS*

Notes

TACS: GPIB Talker Active State

SGNS: GPIBR Source Generate State

Read IS3R1: Bit is cleared immediately after

it is read.

The DO bit indicates that the TLC is ready *to
acecept another data byte from IBM PC for
transmission onto the GPIB when the TLC is the
GPIB Talker. The DO bit is cleared when a byte
is written to the CDOR and alsoe when the TLC
ceases to be the Active Talker. When performing
a DMA operation, DO IE should be clear so that an
interrupt request does not acccur; inatead, the
DMAO bit in the Interrupt Mask Register 2
(IMR2[5]w) should be set to enable a DMA request
when DO is asserted.

314
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Bit Mnemonic Descripﬁion

Or DI Data In
Ow DI IE Data In Interrupt Enable

DI is set by:

LACS & ACDS & Continuous Mode

DI is cleared by:

pon + (Read ISR1) + (Finish Handshake)
& (Holdoff Mode) + (Read DIR)

Notes
LACS: GPIB Listener Active State
ACDS: GPIB Accept Data State

Continuous Mode: Listen In Continucus Mcde
auxiliary command in effect

pont power on reset

Read ISR1: Bit is cleared immediately
after it is read

Finish Handshake: Finish Handshake auxiliary
command issued

Holdoff Mode: RFD holdoff astate

Read DIR: Read Data In Register

The DI bit indicates that the TLC, as a GPFIB
Listener, has accepted a data byte from the GPIB
Talker. When performing a DMA operation, DI IE
should be glear so that an interrupt request does
not occur; instead, the DMAI bit in the Interrupt
Mask Register 2 (IMR2[4]w) should be set to
enable a DMA request when DI is asserted.
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3.2.4 Interrupt Status Register 2 (ISR2)
Interrupt Mask Register 2 (IMR2)

7 6 5 h 3 2 1 g R
| INT | SRQI | LOK | REM [ CO | LOKC | REMC | ApsSC |
! 0 |SRQI IE] DMAO i DMAI | CO IE |LOKC IE|REMC IE|ADSC IE|

o e sk o

i W
ISR2 -
I/0 Channel Address: Blockl ~ AE1; Block2 - 2AE1;

Block3 - 4AE1; BlockH# - 6AE1;

Attributes: Read Only,
Bits are cleared when read

IMR2
I/0 Channel Address: Block1 - AE1; Block2 - ZAET;
Block3 - 4AE1; Block3 - 6AE1;

Attributes: Write Only

ISRZ consists of six interrupt status bits and two TLC internal
status bits. IMRZ2 consists of five interrupt enable bits and two
TLC internal control bits. If the enable bit is true when the
corresponding status condition or event ocours, an interrupt
request 1is generated. Bits in ISR2 are set and cleared
regardless of the status of the bits in IMR2. If a condition
occurs which requires the TLC to set or clear a bit or bits in
ISR2 at the same time ISR2 is being read, the TLC holds off
setting or clearing the bit or bits until the read is finished.

Bit Mnemonic  Description

Tr INT Interrupt

This bit is the logical OR of =all the enabled
interrupt status bits in both ISR1 and ISR2, each
one ANDed with its interrupt enable bit (refer
below) There is no corresponding mask bit for
INT. If the INT=1, the INT output pin of the TLC
signal 1s asserted causing an interrupt pulse on
the selected IRQ line.

INT is set by:

(CPT & CPT IE) + (APT & APT IE) +
(DET & DET IE) + (ERR & ERR IE) +
(END RX & END IE) + (DEC & DEC IE) +
(DO & DO 1IE) + (DI & DI IE) +

(SRQI & SRQL IE) + (REMC & REMC IE) +
(CO & CO IE) + (LOKC & LOKC IE) +
(ADSC & ADSC IE)
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Bit

Mnemonic

Description

Tw

br
Bw

5r

SRQI
SRQI IE

LOK

Unused

Write zero to this bit.

Service Request Input

Service Request Input Interrupt Enable

SRQI is set when:
{CIC & SRQ & -(RQS &% DAV)) becomes true or
(CIC & SRQ & RQS & DAV) bhecomes true
[see IMPORTANT NOTE below]

SRQI is cleared by:

pon + {Read ISR2)

Notes

CIC: GPIB Controller In Charge

ShQ: GPIE Service Requeat message

RQS: GPIB Requeat Service message

DAV GPIB Data Valid message

pon: power on reset

Read ISRZ2: Bit is cleared immediately after
it is read.

The SRQI bit indicates that a GPIB Service
Request (SRQ) message has been received while the
TLC Controller function is active (CIC=1).

IMPORTANT NQTE

The second equation shown above for setting SRQIL
applies exclusively to situaticons in which two or
more devices are issuing the SRQ message.

Lockout

LOK is used, along with the REM bit, to indicate
the status of the TLC GPIB Remote/Local (RL)
function. If set, the LOK bit indicates that the
TLC is in Loecal With Lockout State (LWLS) or
Remote With Lockout State (RWLS). LOK is a non-
interrupt bit.
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Bit Mnemonic

Description

5w

4r

Yy

DMAQ

HEM

DMAT

DMA Out Enable

The DMAQ bit must be set to allow DMA transfers
from IBM PC memory to the CDOR. DO IE should be
clear, DMAC should be set, and the TLC must be
the active GPIB Talker whenever a "DMA cut"”
cperation is initiated. If DMAO is set, the DO
condition causes a DMA transfer requesai rather
than an interrupt requeat. When DMAO is set, the
GPIB-PC2A 13 enabled to drive the selected DMA
Channel DRQ line. After the DMADC bit is set, the
TBM PC DMA Controller should be set up to respond
to a DMA request from <the GPIB-PC2A. The DMA
transfer will be a read f{rom memory.

Remote

The REM bit is true whenever the TLC GPIB BRL
funetion is in one of two states: Remote State
(REMS) or Remote With Lockout State {(RWL3). The
T, RL function enters one of these states when
the System Controller has asserted the Remote
Fnable line (REN}, and the Controller-In-Charge
addresaes the TLC as a Listener.

DMA Input Enable

The DMAQ bit must be set to allow DMA transfers
from the DIR to IBM PC memory. DI IE should be
clear, DMAI should be set, and the TLC must be an
active GPIB  Listener whenever a YDMA in"
operation is initiated. If DMAT is set, the DI
condition causes a DMA transfer request rather
than an interrupt request. When DMAI is set, the
GPIB-PC24 is enabled to drive the selectsd DMA
Channel DRQ line. After the DMAI bit is set, the
IBM PC DMA Controller should he set up to respond
to a DMA request from the GPIB-PCZ2A. The DMA
transfer will be & write to memory.
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Bit Mnemonic

Degepiphion

3r
3w

2w
2r

co
Co IE

LOKC
LOKC IE

Command Qut
Command Cut Interrupt Enable

C0 is set when:

{CACS & SGNS) becomes true

CO is cleared by:

(Read ISR2) + CACS#* + SGNS#

Notes

CACS: GPIB Controller Active State
SENS: GPIB Scurce Generate State

Read I3RZ: Bit is cleared immediately after

it is read. .

CO = 1 indicates that the CDOR is empty and that
another command may be written to it for
transmission over the GPIB without overwriting a
previcus command.

Lockout Change
Lockout Change Interrupt Enable

LOKC is set by:

any change in LOK

LOKC is cleared by:

pon + (Read ISR2)

Notes

LOK: IsR2[5]r

pon: power on reset

Head ISRZ: Bit is cleared immediately after

it 1ls read.

LOKC is set whenever there is a change in the LOK
bit, ISR2{5]r, (REMS + RELS).
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Bit Mnemonic

Deseription

w
ir

Or
Ow

REMC
REMC IE

ADSC
ADSC IE

Remote Cﬁange
Remote Change Interrupit Enable

REMC is set by:

any change in REM

REMC is c¢leared by:

pon + (Read ISR2)

Notes

REM: ISR2{4]r

pont power on reset

Read ISR2: Bit is cleared immediately after

it is read.

REMC is set whenever there is a change in the REM
bit, ISR2[4]r, (REMS + RELS).

Addressed Status Change
Addressed Status Change Interrupt Enable

AD3C 1is set by:
[(any change in TA) + {(any change in L&)
+ (any change in CIC) + (any change
in MOMN)] & -(lon + ton)

ADSC is cleared by:

pon + (Read ISR2)

Notes

TA: Talker Active bit, ADSR[1]lr

LA: Listener Active bit, ADSR{2]r

cicC: Controller-In-Charge bit,
ADSR{T]r

MJIMN 2 Major/Minor bit, ADSRIOIr

lon: Listen Only bit, ADMR{&1w

ton: Talk Only bit, ADMRE7Iw

pon: power on reset

Read ISR2: Bit is cleared immediately after
it is read.

ADSR: Address Status Register

ADMR: Address Mode Register
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Bit Mnemonic Description

ADSC is set whenever there is a change in one of
the four bits: TA, LA, CIC, MJMN of the Address
Status Register (ADSR).
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3.2.5 Serial Poll Status Register (SPSR)

Serial Poll Mode Register (SPMR)

7 5 4 3 2 1 0 R
! 38 | PEND | S6 ] 85 | sS4 | 83 | 82 P81 |
] 88 | rsv | 86 | s5 | s4 f 83 | s2 | 3 I
il oy - - -y ---‘1“-**-;}
5PSR

I/0 Channel Address: Blockl - EE1; Block2 - 2EE1;

Attrihutes:

SPMR

Attributes:

Block3 ~ UEE1; Block# - 6EET;
Read Only
I/0 Channel Address: Block1 - EE1; Block2 - 2EE1;
Block3 - 4EE1; Block4 - 6EE1;
Write Only
Description

Bit Mnemonic

Tr
T
5-0w,

5-0r

ér

S8

56-31

PEND

Serial Poll Status Byte

Cleared by power on reset and by issuing the Chip
Reset auxiliary command. These bifs are used for
sending device or system dependent status
information over the GPIB when the TLC is
serially polled. When the TLC is addressed as
the GPIB Talker and receives the GPIB multiline
Serial Poll Enable command message, SPE, it
transmits =a byte of status information, SPMR[7-
0], to the Controller-In-Charge after the
Controller GCoes to Standby and becomes an Active
Listener.

Pending

PEND is set when rsv=1 and cleared when NPRS and
rav=1. (NPRS stands for Negative Poll Response
State.) Reading the PEND status bit can confirm
that a request was accepted and that the Status
Byte (STB) was transmitted (PEND=0).
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Bit Mnemonic  Description

6w  pav Request Service

The rav bit is used for generating the GPIB local
request service message. When rsv is set and the
GPIB Active Controller is not serially polling
the TLC, the TLC enters the Service Request State
(SAQS) and asserts the GPIB SRQ signal. When the
fctive Controller reads the STB during the poll,
the TLC clears rav at the Affirmative Poll
Response State (APRS). The rsv bit is also
cleared by power on reset and by issuing the Chip
Reset auxiliary command.
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3,2.6 Address Status Register (ADSR)

I/0 Channel Address: Block1 - 12E1; Block2 - 32E1
Block3 - 52E1; Block4 - 72E1

Attributes: Read Only
T 6 5 4 3 2 1 0 =R
| ¢cIC | ATN* | SpMS | LPAS | TPAS | LA ] TA | MaMN |

I I l | | i I ! E

The ADSR contains information that can be used to monitor the TLC
GPIB address status.

Bit Mnemonic Description

7r  CIC Controller-In-Charge
CIC = ~{CIDS + CADS)
CIC indicates that the TLC GPIB Controller

function is in an active or standby state, with
ATN#* on or off, respectively. The Controller

function is in an idle state, with ATN* off, if.

CIC=0.
br ATN* Attention*

ATN® is a status bit which indicates the current
level of the GPIB ATN* signal. If ATN*® is O, the
GPIB ATN® signal is asserted.

5r SPMS Serial Poll Mode State

If SPMS=1, the TLC GPIB Talker {T) or Talker
Extended (TE) function is enabled to participate
in a serial pell. SPMS is set when the . TLC has
been addressed as a GPIB Talker and the GPIB
Active Controller has issued the GPIB Serial Poll
Enable (SPE) command message. SPMS is cleared
when the GPIB Serial Poll Disable (SPD) command
is received by power on reset, LMR (CRO{2]w}; or
by issuing the Chip Reset auxiliary command .

4r  LPAS Listener Primary Addressed State

The LPAS bit is used when the TLC 1s configured
for extended GPIB addressing and, when set,
indicates that the TLC has received its primary
1isten address. In Mode 3 addressing (see

Address Mode Register Deseription in paragraph
3.2.7), LPAS=1 indicates that the secondary

address being received on the next GPIB command

3-24

CEORRARRRERARRARRRARARRERARRERARAREARRCRQaQEOEOORTREQEQOQCRY



Bit Mnemonic Description

may represent the TLC Extended (Secondary) GPIB
Listen address. LPAS 1is cleared by power on
reset or by issuing the Chip Reset auxiliary
command .

3r TPAS Talker Primary Addressed State

TPAS is used when the TLC is configured for
extended GPIB addressing and, when set, indicates
that the TLC has received its primary GPIB Talk ~
address. In Mode 3 addressing, TPAS=1 indicates
that the secondary address being received as the
next GPIB command message may represent the TLC
extended (secondary) GPIB Talk address.

er LA Listener Active

LA is set whenever the TLC has ‘been addressed or
programmed as a GPIB Listener (i.e., the TLC is
in the Listener Active State, LACS, or the
Listener Addressed State, LADS). The TLC can be
addressed to listen elther by sending 1its own
listen or extended listen address while it is
Controller-In-Charge or by receiving its listen
address from another Controller-In-Charge. It
can also be programmed %o listen using the lon
bit in the Address Mode Register (ADMR).

If the TLC is addressed to Liaten, it 13
automatically unaddressed to Talk. LA is cleared
by power on reset, or by issuing the Chip BReset
auxiliary command.

ir TA Talker Active

TA is set whenever the TLC has been addressed or
programmed as the GPIB Talker (i.e., the TLC is
in the Talker Active State, TACS; the Talker
Addressed State, TADS; or the Serial Poll Active
State, SPAS). The TLC can be addressed to talk
either by sending its own talk or extended talk
address while it is Controller-In-Charge or by
receiving its talk address from  anobher
Controller-In-Charge. It can also be programmed
to talk using the ton bit in the ADMR.

If the TLC is addressed to Talk it is
automatically unaddressed to Listen. TA 1is
cleared by power on reset or by issuing the Chip
Reset auxiliary command.
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Bit Mnemonic

Degcription

Or

MJMN

Major-Minor

The MJMM bit is used to determine whether the
information in the other ADSR bits applies to the
TLC major or minor Talker/Listener’ function.
MIJMN is set to 1 when the TLC GPIB minor Talk
address or minor Listen address 13 received.
MJMN is cleared on receipt of the TLC major Talk
or major Listen address. It should be noted that

only one Talker/Listener may be active at any one

time. Thus, the MJMN bit indicates which, if
either, of the TLC Talker/Listener functions is
addressed or active. MJMN is always zerc unless
a dual primary addressing mode (Mode 1 or Mcde 3)
is enabled {see the description of the Address
Mode Register (ADMR) in paragraph 3.2.7).
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3.2.7 Address Mode Register {(ADMR)

I/0 Channel Address: Blockt - 12E1; Block2 - 32E1

Block3 ~ 52E1; Blockd -~ T72E1

Attributes: Write Only
T 5 4 32 1 0
! ! ! ! ! l l | I
| ton | P TRM1 ] TRMO | O ] O ] ADM1 | ADMO |
W
Bit Mnemonic Description
Tw  ton Talk Only
Setting ton programs the TLC to be a GPIB Talker.
If ton is set, the lon, ADM1, and ADMO bits
should be cleared. This method should be used in
place of the addressing method when the TLC will
be only a Talker.
Note: Clearing ton does not by itself take the
TLC out of GPIB Talker Active State (TACS). It
is also neceasary to execute the Chip Reset or
Immediate Execute pon auxiliary command.
6w lon Listen Only

Setting lon programs the TLC to be a GPIB
Listener. If lon is set, ton, ADM1, and ADMO
should be cleared.

Note: Clearing lon does not by itself take the
TLC out of GPIB Listener Active State (LACS). It
is also necesgary to execute the Chip Reset or
Immediate Execute pon auxillary command.
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Bit Mnemonic

Description

5-4w TRM1-0
32w
1-0w  ADM1-0

Transmit/Receive Mode

TRM1 and TRMO control the funetion of the TLC
T/R2 and T/R3 output pins in the following

manner:

TAM1 TRMO T/R2 T/83
0 0 EQI QF TRIG
0 1 CIC TRIG
1 ] CIC EQI OE
1 1 cIic PE
Key
EQL OE = GPIB EQI aignal output enable
cic = Controller-In~Charge
TRIG = Trigger
PE = Pull-up Enable

For proper operation, set ©Doth TRM1 and TRMO
(which selects T/R2 = CIC and T/R3 = PE).

Unused
Write zeros to these bits.
Addreas Mode

These bits specify the addressing mode which is
in effecty i.e., the manner in which the
information in ADRC and ADR? is interpreted. Ir
both bits are 0 then the TLC does not respond to
GPIB address ccmmands; instead, the ton and lon
bits are used to program the Talker and Listener
functions, respectively. The ton and lon bits
must be cleared if Mode 1, 2, or 3 addressing is
gelected, and the AMD1-0 bits must be cleared if
either of the bits ton or lon are set.

3-28

P N E RN Y Y Y E Y EYEE XY EEEEEEEEEREEEEEEELEEREEREEREEYEEENEN N E N R N®E N



Bit Mnemonic

Description
Mode ADM1 ADMO Title
g 0 0 ton/lon
1 0 1 Normal dual addressing
2 1 0 Extended single addressing
3 1 1 Extended dual addressing

In Mcde 1 ADRO and ADR1 contain the major and
minor addresses, respectively, for dual primary
GPIB address applications (i.e., the TLC responds
to two GPIB addresses, a major one and a minor
one). The MJMN bit in the ADSR indicates which
address was received. In applications where the
TLC needs to respond to only one address, the
major Talker/Listener function igs uzed and the
minor Talker/Listener function should be
disabled.

In Mode 2 (4DM1=1, ADMO=0), the TLC recognizes
two sequential GPIB address bytes, a primary
followed by a secondary. Both GPIB address bytes
must be rpeceived in order to enable the TLC to
Talk or Listen. In this  manner, Mode 2
addressing implements the Extended Talker and
Extended Listener functions as defined in IEEE-
488, without requiring computer program
intervention. In Mode 2, ADRO and ADR? contain
the TLC primary and secondary GPIB addresses,
respectively.

In Mode 3 (ADM1=1, ADMO=1), the TLC handles
addressing just as it does in Mode 1, except that
each major or minor GPIB primary address must be
followed by a secondary address. All secondary
OPIB addresses must be verified by computer
program when Mode 3 is used. When the TLC is in
TPAS or LPAS (Talker/Listener Primary Addressed
State), and a secondary address byte is on the
GPIB DPIO lines, the APT bit of ISR2 is set and
the gecondary GPIB address may be inspected in
the CPTR (Command Pass Through Register). The
TLC Acceptor Handshake is held up in the Accept
Data State (ACDS) until the Valid or Non~Valid
auxiliary command is written to the AUXMR,
signaling a valid or invalid secondary address,
respectively, to the TLC.

ADMO and ADM1 should both be cleared when either
of the two programmable bits ton or lon is set.
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3,2.8 Command Pass Through Register (CPTR)

I/0 Channel Address: Block1 - 16E1; Block2 -~ 36E1
Block3 - 56E1; Blockd4 - T6E1

Attributes: Read Only
7 6 5 i 3 2 1 0 R

—— o y  —

| cPT7 | cpT6é | CPTS | CPT4 | CPT3 | CPT2 | CPT1 | CPTO |
| I | | ! i | l |

- —— -

Bit Mnemonic Description

7-0r CPT7-0 Command Pass Through Byte

This register is used to transfer undefined
multiline GPIB command messages from the GPIB DIO
lines to the IBM PC. When the CPT feature is
enabled (CPT ENAB=1, AUXRB[OJw), any GPIB Primary
Command Group (PCG) message not decoded by the
TLC i3 treated as an undefined command. All GPIB
secondary command group {3CG) messages followling
an undefined GPIB PCG message are also treated as
undefined. In such a case, when an undefined
GPIR message is encountered, it is held in the
CPTR and the TLC Acceptor Handshake function is
held off (in ACDS) until the Valid auxiliary
command is written to the AUXMR. The CPTR is
also used to inspect secondary addresses when
Mode 3 addressing is used. The TLC Acceptor
Handshake function 1is held off (in ACDS) until
the Valid or Non-Valid auxiliary command 1is
written to the AUXMH.

The CPTR is read during a TLC-initiated Parallel
Poll operation to fetch the Parallel Poll
response, and the PPR message is latehed into the
CPTR when CPPS is set, until CIDS is set, or a
command byte is sent over the GPIB.
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3.2.9 Auxiliary Mode Register (AUXMR)

I/0 Channel Address: Blockl -« 16E1; Bloek2 -~ 36E1

Block3 - 56E1; Blockl4 - T6E1

Permits Accesa to Hidden Registers

5 4 3 2 1 0

| I | ! i E |

Attributes: Write Only,
T

I I

| CNT2 | CNT1

[ CNTQ | coM4 [ coM3 | coM2 | coM1 | coM0 |

s —— - oy S~ —_ ] - v iy

W

The AUXMR is used to lasue auxiliary commands. It is also used
to program the five hidden registers:

1. Auxiliary Register A (AUXRA)

2. Auxiliary Register B (AUXRE)

3. Parallel Poll Regiater (PPR)

4, Auxiliary Register E (AUXRE)

5. Internal Counter Register (ICR)

Table 3.2 shows the control and command codes implemented.

Bit Mnemonic Deascription

T-5w CNT2-

CNTO
4-0w COM4-
coMO

Control Code

These bits specify the control code; i.e., the
manner in which the information in bits COM4-COMO
is to be used. If CNT2-CNTO are all 0, then the
special command selected by  COMU-COMO is
executed. Otherwise the hidden register selected
by CNT2-CNTO is loaded with the data from COM4-
COMO.

Command Code

These bits specify the command code of the
special function if the control code is 000,
Table 3.3 i3 a summary of the implemented speeial
funetiona. Table 3.4 explains the functioning
details of the special functions. If the control
code 1s not 000, then these bits are written to
one of the hidden registers (indicated by the
control code in CNT2~-CNTO).
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Table 3.2 =

Funetion Code®
{ COM4-COMO) Octal

y 3 2 1 0 Code*®

Auxiliary Command Summary

Auxiliary Command

0 0 6 0 O 200
0 0 0 1 0O 002
o 0 0 11 003
06 1 ¢ 0 004
00 1 0 1 0058

0 01 1 0 006

0 0 1 1 1 007
g 1 1 1 1 017

00 0 9 1 001
0 1t & 0 1 011

1 021
o o2
o 03
10 0 0 0 020
1 0 0 1 1 023
1 1 0 1 1 033
11 1 0 0 03
111 0 1 035

11 1 1 0 036
1 ¢ 1 10 026

Tt 1 1 1 1 037
1 ¢ 1 1 1 027

10 1 0 0 021

—— ——

Immediate Execute pon
Chip Reset

Finish Handshake
Trigger

Return to Loecal

Send EQIL

Non-Valid Secondary Command or Address
Valid Secondary Command or Address

Clear Parallel Poll Flag
Set Parallel Poll Flag

Take Control Asynchronously (pulsed)
Take Control Synchronously

Take Control Synchronously on End
Go To Standby

Listen

Listen in Continuous Mode

Local Unlisten

Execute Parallel Poll

Set IFC
Clear IFC

Set REN
Clear REN

Disable System Conirol

# CNT2-CNTO set to 000 binary
## Represents all eight bits of the Auxiliary Mode Register
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Table 3.3 - Auxiliary Commands: Detail Desecription

The following functions are executed when the AUXMR Control Code
is loaded with 000 (binary) and the Command Code

(CNT2-CNTO)

(COMU-COMO) is loaded as shown below.

Command Code

{COMU4-COMQ)

b 3 2

2 208 o S T

0 0 ¢

1

1

0

0

Description

2 . - v - v s i

Immediate Execute pon

This command generates a loecal pon {power on
reset) message that places the following GPIB
interface functions intoc their idle state:

AIDS Acceptor Idle State

CIDS Controller Idle State

LIDS Listener Idle State

LOCS Local State

LPIS Listensr Primary Idle State

NPRS Negative Poll Response State

PPIS Parallel Poll Idle State

PUCS Parallel Poll to Unaddressed
to Configure State

SIDS Scurce Idle State

S1IS System Control Interface Clear
Idle State

SPIS Serial Poll Idle State

SRIS System Conirol Remote Enable
Idle State :

TIDS Talker Idle State

TPIS Talker Primary Idle State

If the command is sent while z pon message 18
already active {(by either an external reset
pulse or the Chip Reset auxiliary command), the
pon local message becomes false.

Chip Reset
The Chip Reset command performs the same
funetion as an external reset pulse. The TLC

is reset to the following conditiona:

- local message pon is set and the interface
functions are placed in their idle states;
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Table 3.3 - Auxiliary Commands: Detail Description {continued)

Command Code
(COM4-COMQ)
5 3 2 10

e D Y Y IR T Y S . iy -t

O
—
[w]
—

Description

- all bits of the serial poll mode register are
cleared;

- EQI bit is cleared;

~ all bits of the auxiliary 4, B, and E regis-
ters are cleared;

- the Parallel Poll flag and RSC local message
are cleared;

- sets) NF=8 (F3 set to 1; F2, F1, and FO set
to 0

- glears the TRMO bit and the TRM1 bity

Finish Handshake (FH)

The Finish Handshake command finishes a GPIB
handshake that was stopped because of a holdoff
on RFD or DAC.

Trigger

The Trigger command generates a high pulse on
the TRIG pin (T/R3 pin when TRM1=0) of the TLC.
The Trigger command performs the same function
as if the DET (Deviee Trigger) bit (ISR1{5]r)
were set. (The DET bit is not set by issuing
the Trigger command.)

Return to Local {(rtl)
Return to Local (rtl)

The two Return to Local commands implement the
rtl message as defined by IEEE-U488. When COM3
is 0, the message is generated in the form of
pulses. When COM3 is 1, the rtl command is get
in the standard manner.

Send EOI (SEOQIL)

The Send EOI command causes the GPIB EQI  1line
to go true with the next byte transmitted. The
EOI line is then cleared upon completion of the
handshake for that byte. The TLC recognizes
the Send EQI command only if TA=1 (i.e., the
TLC is addressed as the GPIB Talker).
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Table 3.3 - Auxiliary Commands:

Command Code

Detail Description (continued)

{ COMUE~COMO) Deascription

y 3 2 1 0

g o 1 1 1 Non-Valid Secondary Command or Address
The Non-Valid command releases the GPIB DAC
message held off by the address pass through.
The TLC i3 permitted to operate as if an OSA
(Other Secondary Address) message has been
received.

g 1 1t 1 1 Valid Secondary Command or Address
The Valid command releases the GPIB DAC message
held off by address pass through and allows the
TLC to function as if an MSA (My Secondary
Address) message had been received. The DAC
message is released at the time of command pass
through. DAC is also released if DCAS or DTAS
is in holdeff state.

o g 0 1 Clear Parallel Poll Flag

Set Parallel Poll Flag

These commands set the Parallel Poll Flag to
the value of COM3. The value of the Parallel
Poll flag is used as the local message ist when
pit 4 of Auxiliary Register B is O. The value
of SRQS is used as the ist when ISS=1.

' Go To Standby

The Go To Standhy command sets the local
message gts if the TLC is in Controller Active
State (CACS) or when it enters CACS. When the
TLC leaves CACS, gts is cleared.

Take Control Asynchronously

The Take Control Asynchronously command pulses
the local message tea.

Take Control Synchronously

The Take Control Synchronously command sets the
local message tes. The local message tes is
effective only when the TLC is in C3BS3
(Controller Standby State) or CSW3 (Controller
Synchronous Wait State)., The local message tes
is cleared when the TLC enters CACS (Controller
Active State).

3-35



Table 3.3 - Auxiliary Commands: Detail Desecription {continued)

Command Code

(COME-COMO)
4y 3 2 1
1 1 0 1
1 0 0 1

0

—y

Description

Take Control Synchronously on END

The Take Control Synchronously on END command
gets the local message tes when the data block
transfer end message (END bit equal to 1) dis
generated at CSBS (Controller Stand By State}.
The tecs message is cleared when the TLC enters
CACS (Controller Active State).

Listen

The Listen command generates the local message
1tn in the form of a pulse. ;

Listen in Continuous Mode

The Listen in Continuous Mode command generates
the local message 1ltn in the form of a pulse
and places the TLC in continuous mode.

In continuous mode, the local message rdy 1is
1ssued when the (Acceptor Not Ready State) ANRS
is initiated unless data block transfer end is
detected (END bit is 1). When END is detected,
the TLC is placed in the RFD holdoff s=state,
preventing generation of the rdy message. In
continuous mode, the DI bit is not set when a
data byte 13 received. The continuous mode
caused by the Listen in Continuous Mode command
is released when the Listen auxiliary command
is issued or the TLC enters the Listener Idle
State (LIDS).

Local Unlisten

The Local Unlisten command generates the local
message lun in the form of a pulse.
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Table 3.3 - Auxiliary Commands: Detail Description (continued)

Command Code
{COME-COMO)
y 3 2 1 0

e e e s i e D S S ) T iy

Description

e i i -

Execute Parallel Poll

The Execute Parallel Poll command sets the
local message rpp (request parallel poll). The
rpp message is c¢leared when the TLC enters
either CPPS (Controller Parallel Poll State) or
CIDS (Controller Idle State). The transition
of the TLC Controller interface function is not
guaranteed if the local messages rpp {request
parallel poll) and gts (go to standby) are
issued simultaneously when the TLC is in CACS
(Controller Active State) and STRS (Source
Transfer State) or SDYS (Source Delay State).

Set IFC
Clear IFC

These commands generate the local message rsc
(request system econtrol) and set IFC to the
value of COM3. In order to meet the IEEE-U488,
you must not issue the Clear IFC command until
IFC has been held true for at least 100
microseconds.

Set REN
Clear REN

These commands generate the local message rac
(request system control) and set REN to the
value in COM3. In order to meet IEEE-LS8
requirements, you must not issue the Set REN
command until REN has been held false for at
least 100 microseconds.

Disable System Control

The Disable System Control command c¢lears the
local message rsc (request system control).
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3.2.10 Hidden Registers

The hidden registers
Register, AUXMR.
number, and AUXMR[4-0] is loaded with the data to be
to the hidden register.
in some cases the contents are setable only; l.e.,

are

loaded through the Auxiliary Mode
AUXMR[7-5] is loaded with the hidden register
tranaferred
The hidden registers cannot be read, and
they c¢an be

cleared or reset to initialized conditions only by issuing the
Chip Reset auxiliary command, by a power on reset, or by LMR
{crRO{2]w)., Figure 3.3 shows the five hidden registers and

illustrates how they are loaded with data from the AUXMR.

g—— Control Code Command Code T
+g RS R
AUXMR CNT2 CNT1 CNTQ COM4 coM3 comz COM1 COMO
Y Y | w
When CNT2-CNTO is: ICR is loaded with:
-0 0 1
"0 CLK3J CLK2 CLK1 CLKO
PPR is loaded with
o 1 1
u s P3 p2 P1
AUXRA is loaded with
1 1] 0
BIN XEOS REOS HLDE HLDA
AUXRE is loaded with:
1 4] 1
185 INV TR1 _ SPEOI ENABLE
AUXRE is foaded with:
1 1 0
0 o 1] DHDC DHDT

Figure 3.3 - Writing to the Hidden Registers
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3,2.10.1 Internal Counter Register (ICR)

I/0 Channel Address: Block? - 16E1; Block2 - 36E1T

Block3 - 56E1; Blockd -~ T76E1

AUXMR Control Code: 001 (binary, bits 7 - 5)
Attributes: Write Only, Accessed through AUIMR
h 3 2 1 0
I | i I | !
| 0 | cLk3 | cLkK2 | CLKt1 | CLKO |

Bit Mnemonic

Description

Usy

3~0w CLK3-
CLKQ

Not used. Write zero to this bit.

Clock

The contents of the ICR are used to divide
internal counters that generate TLC state change
delay times that are specified by the IEEE-488
specification. The most familiar of these times,
T1, is the minimum delay between placing the data
or command bytes on the GPIB DIO lines and
asserting DAV. These delay times vary depending
on the type of transfer in progress and the value
of the AUXRB bit TRI.

For proper operation in the GPIB~-PC24, ICR should

be set to 4 because the TLC is clocked at 3.6864
MHz.
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3.2.10.2 Parallel Poll Register (PPR)

I/0 Channel Address: Bloeki -~ 16E1; Block2 - 36E1
Block3 - 56E1; Blockd - T6E1

AUXMR Control Code: 011 (binary, bits 7 - 5)
Attributes: Write Only, Internal to TLC
i 3 2 1 0
I I ! | ; !
v | s | p3 | P2 | P1 |

Writing to the Parallel Poll Register 1s done via the AUXMR.
Writing the binary value 011 into the Control Code (CNT2-CNTO)
and a bit pattern into the command code portion (COMY-COMO} of
the AUXMR causes the command code to be written to the Parallel
Poll Register (PPR). When COM4-COMO is written to the PPR, the
bits ars named as shown in the figure above. This five-bit
command code determines the mamner in which the TLC responds teo a
Parallel Poll.

When using remote Parallel Poll configuration (capability
code PP1), do not write a non-zero value to the PPR. The TLC
implements remote configuration fully and autcomatiecally without
goftware assistance. The hardware recognizes, interprets, and
responds to the Parallel Poll configure (PPC), enable (PPE),
disable (PPD), and identify (IDY) messages. The user need only
set or clear the ist message (using the Set/Clear Parallel Poll
Flag auxiliary commands) according to pre-established system
protocol convention.

When using local parallel poll configuration (ecapability
code PP2), a valid PPE or PPD message should be written to the
PPR in advance of the poll.

Bit Mnemonic Description

Hw U Parallel Poll Unconfigure

The U bit determines whether or not the TLC
participates in a Parallel Poll. If U=z0, the TLC
participates in Parallel Polls and responds in
the manner defined by PPR[3] through PPRIQ] and
by ist. If U=1, the TLC does not participate in
a Parallel Poll.

The U bit is equivalent to the local message lpe®
(local poll enable, active low). When U=0, S and
P3-1 mean the same as the bit of the same name in
the PPE message, and the I/0 write operation (o
the PPR) is the same as the receipt of the FPPE
message from the GPIB Controller. When U=1, 3
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Bit Mnemonic Description

and P3-1 do not carry any meaning, but they
should be cleared,

3w S Status Bit Polarity

The S bit iz used to indicate the polarity of the
TLC loecal ist (individual status) message. If
S=1, the status is 'in phase', meaning that 1if,
during a Parallel Poll response, S=zist=1, and
U=0, the TLC responds to the Parallel Poll by
driving one of the eight GPIB DIC lines low (thus
asserting it to a logic one). If S=1 and ist=0,
the TLC does not drive the DIO line.

If S=0, the status is 'in reverse phase', meaning
that if, during a Parallel Poll, ist=0, and U is
0, the TLC responds to the Parallel Poll by
driving one of the eight GPIB PIO lines low. If
S=0 and ist=1, the TLC does not drive the DIO
line.

Refer %o the description of AUXRB and the
Set/Clear Parallel Poll Flag auxiliary commands
for more information.

3w P3-P1 Parallel Poll Response

PPR bits 2 through O, designated P3 to P1,
contain an encoded version of the Parallel Poll
Response. P3-P1 indicate which of the elght DIO
lines is to be asserted during a Parallel Poll
(equal to N~1). The GPIB-PC2A normally drives
the GPIB DIC lines using three-state drivers.
During Parallel Poll responses, however, the
drivers automatieally converf to open-collector
mode, as required by IEEE-488. For example, if
P3-P1=010 (binary), GPIB DIO line DIO3* is driven
low (asserted) if the GPIB-PC2A 1is Parallel
Polled {(and S=ist).
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Some examples of configuring the Parallel Poll Reglster are
as follows:

Written to the AUXMR

7 6 5 4% 3 2 1 0 Result
g 1 1 1 ¢ 0 0 0 Unconfigures PPR.
g 11 0 0 0 0 O 00000 is written to the PPR.

GPIB-PC24 participates in a Pa-
rallel Poll asserting the DIO1
line if ist is 0. Otherwise, it
does not participate.

g 1 1 01 0 0 1 01001 4is written to the PPR.
GPIB-PC2A participates in a Pa-
rallel Poll asserting the DIC2
line if ist is 1. Otherwise, 1t
does not participate.
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3.2.10.3 Auxiliary Register & (AUXRA)

1/0 Channel Address: Blockl - 16E1; Block2 - 36R1
Block3 - 56E1; Blockld - 76E1

AUXMR Control Code: 100 (binary, bits 7 = S)
Attributes: Write Only, Internal to TLC
4 3 2 1 0
l | | | i ]
[ BIN | XEO0S | REQS | HLDE | BHLDA |

W

Writing to Auxiliary Register A i3 done via the AUXMR. Writing
the binary value 100 into the Control Code {CNT2~CNTO) and a bit
pattern into the command code portion (COMU-COMO) of the AUXMR
causes the the command code to be written to Auxiliary  -Register
A. When the data is written to AUXRA, the bits are denoted by
the mnemconica shown in the figure above. This five-bit code
controls the data transfer messages holdoff and EOS/END.

Bit Mnemonie Deseription

w  BIN Binary

The BIN bit selects the Ilength of the EGS
message. Setting BIN causes the End of String
Register (EQSR) to be treated as a full 8-bit
byte. When BIN=0, the EOSR is treated as a T-bit
register (for ASCII characters) and only a 7T-bit
comparison is done with the data on the GPIB.

3w XECS Transmit END with EOS

The XEOS bit permits or prohibits automatie
transmission of the GPIB END message at the same
time as the EDS message when the TLC is in TACS
{Talker Active State). If XEOS is set and the
byte in the CDOR matches the contents of the EOS
register, the EOI 1line is sent true along with
the data.

2w REQS End on E0S Received

The REOS bit permits or prohibits setting the
END RX bit at reception of the EOS message when
the TLC is in LACS {Listener Active State). If
REOS is set and the byte in the DIR matches the
byte in the EOS register, the END RX bit is set.
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Bit Mnemonic

Deseription

1-0w HLDE
HLDA

Holdoff on End
Holdoff on All

HLDE and HLDA together determine the GPIB data
receiving mode. The four possible modes are as
follows:

HLDE HLDA Data Receiving Mode
H] g Normal handshake
o 1 RFD holdoff on All Data
1 G RFD holdeff on End
1 1 Coptinuous

In Normal handshake mode, the local message rdy
ig generated when data is received from the GPIB.
When the received data is read from the DIR, rdy
is generated in ANRS (Acceptor Not Ready State),
the RFD message 1is transmitted, and the GPIB
handshake continues.

In HFD Holdoff on All Data mode, RFD is not sent
true after data 1is received until the Finish
Handshake auxiliary command is issued. Unlike
normal handshake mode, the RFD Holdoff on All
Data mode does not generate the rdy message even
if the received data 1s read through the DIR
{that is, the GPIB RFD message is not generated).

In RFD Holdoff on End mode, operation is the same
as the BRFD Holdoff on All Data mode, buit only
when the end of the data block is detected, i.e.,
the END message i3 received or, if REOS is set,
the EOS character is received. Handshake holdoff
is released by the Finish Handshake auxiliary
command .
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Bit Mnemonic

Description

In continuous mode, the rdy message 13 generated
when in ANRS (Accepior Not Ready State) until the
end of the data block is detected. A holdoff is
generated at the end of a data block. The Finish
Handshake auxiliary command must be issued to
release the holdoff. The continuocus mode is
useful for monitoring the data block transfer
without actually participating in the transfer
(no data reception). 1In continuous mode, the DI
bit (ISR1[0]r) is not set by the reception of a
data byte.
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3.2.10{4 Auxiliary Register B (AUXRB)

I/0 Channel Address: Block?l ~ 16E1; Block2 -~ 36E1
Block3 - 56E1; Block4¥ - T6E1

AUXMR Control Codes 101 (binary, bits 7 - 5)
Attributes: Write Only, Internal to TLC
4 3 2 1 0
! ! | ] i CcpT |
| ISS | INV | TRI | SPEOI | ENAB |

W

Writing to AUXRB is done via the AUXMR. Writing the value 101
into the Control Code (CNT2~-CNTO) and a bit pattern into the
command code portion (COM4-COMOQ) of the AUXMR causes the command
code to be written o Auxiliary Register B. When the data is

written to AUXRB, the bits .are denoted as shown in the figure

above. This five-bit code affects several interface functions,
as described in the following paragraphs.

Bit Mnemonic Description

Uy IS83 Individual Status Select

The ISS bit determines the value of the TLC
individual status (ist) message. When ISS=1, ist
becomes the same value as the TLC SRQS (Service
Request State). (The TLC asserts the GPIB SRQ
message when it is in SRQS). When ISS=0, ist
takes on the value of the TLC Parallel Poll flag.
The Parallel Poll flag is set and cleared usging
the Set Parallel Poll Flag and Clear Parallel
Poll Flag auxiliary commands.

3w INV Invert

The INV bit affeects the polarity of the TLC INT
pin. Setting INV causes the polarity of the INT
pin on the TLC to be active low. As implemented
on the GPIB-PC2A, 1INV should always be cleared
(D) and should never be set (1) except for
diagnostie purposes.

NV 0 ¢ INT pin is active high

INV

1 ¢ INT pin is active low
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Bit Mnemonic

Description

2w TRI
1w  SPEOI
Ow CPT ENAB

Three-3tate Timing

The TRI bit determines the TLC GPIB Source
Handshake timing. TRI may be set to enable high
speed data transfers (T1 = high apeed) when
three-state GPIB drivers are used. (The GPIB-
PC24 uses three-state GPIB drivers except during
parallel poll responses, in which case the GPIB
drivers automatically switch to open collector.)
Setting TRI enables T1 (high speed) timing as T1
of the GPIB Socurce Handshake after transmission
of the first byte. Clearing TRI sets the T1
timing to low speed in all cases.

Send Serial Poll EOI

The SPEQI bit permits or prohibits the

transmission of the END message in SPAS (Serial
Poll Active State). If SPEQI is set, E0I is sent

true when the TLC is in SPAS; otherwise, EOI is
sent false in SPAS.

Command Pass Through Enable

The CPT ENAB bit permita or prohibits the
detection of undefined GPIB commands and permits
or prohibits the setting of the CPT bit
(ISR1[T7T]lr) on receipt of an undefined command.
When CPT ENAB is set, GPIB commands not
recognized by the TLC can be handled by software.
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3.2.10.5 Auxiliary Register E (AUXRE)

I/0 Channel Addresa: Block1 ~ 16E1; Block2 - 36E1
Block3 ~ 56E1; Block# - T6E1

AUXMR Control Code: 110 (binary, bits 7 - 5)
Attributes: Write Only, Internal to TLC
4 3 2 1 0
I ! | ! i |
o | o |t 0 | DpHDC | DHDT |

W

Writing to AUXRE is done via the AUXMR. Writing the binary value
110 into the Control Code (CNT2-CNTO) and & bit pattern into the
the lower five bits (COMU.COMO} of the AUXMR causes the two
lowest order bits to be written to AUXRE. The two-bit code, DHDC
and DHDT, determines how the TLC uses DAC holdoff.

Bit Mnemonic Description

1w DHDC DAC Holdoff on DCAS

Setting DHDC enables DAC holdoff when the TLC
enters DCAS (Device Clear Active State),
Cliearing DHDC disables DAC holdoff on DCAS.
Issuing the Finish Handshake auxiliary command
releases the holdoff.

0w DHDT DAC Holdoff on DTAS

Setting DHDT enables DAC holdoff when the TLC
enters DTAS (Device Trigger Active State).
Clearing DHDT disables DAC holdoff on DTAS.
Issuing the Finish Handshake auxiliary command
releases the holdoff.
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3.2.11 Address Register O (ADRO)

I/0 Channel Address: Block1 - 16E1; Block2 - 36E1
Block3 - 56ET1; Blockl - T6E1

Attributes: Read Only, Internal to TLC
7 6 5 3 3 2 1 0 R
I X | DT0 | DLO | AD5~0 | ADY4-0O | AD3-0 | AD2-0 | AD1-0 |

! I I f I ! ! ! |

i i s - - e am

ADRO reflects the internal GPIB address status of the TLC as
configured using the ADMR. In addressing Mode 2, ADRO indicates
the address and enable bits for the primary GPIB address of the
TLC. In dual primary addressing (Modes t and 3) ADRO indicates
the TLC major primary GPIB address. (Refer to the description of
ADMR for information on addresaing modes.)

Bit Mnemonic Deseription

r Not used. May read as 0 or 1.
ér DTO Disable Talker O

If DTO is set, it indicates <that the Meode 2
primary (or Mode 1 and 3 major) Talker is not
.enabled; i.e., the TLC does not respond to a GPIB
talk address matching AD5-0 to AD1-0. If DT0=0,
the TLC responds to a GPIB talk address matching
ADS-0 to AD1-0.

Sp DLO Disable Listener O

If DLO is set, it indicates that the Mode 2
primary {or Mode 1 and 3 major) Listener is not
enabled; i.e., the TLC does not respond to a GPIB
listen address matching bits ADS-0 to AD1-0. If
DLO=0, the TLC responds to a GPIB listen address
matching ADS5-0 to AD1~0.

§-0pr ADS=-0 Mode 2 Primary GPIB Addresas
thru
AD1=0

These are the lower bits of the TLC GPIB primary
{or major) address. (The primary talk address is
formed by adding octal 100 to bits ADS5-0 through
AD1-0, while the listen address is formed by
adding octal #0.)

3-49



3.2.12 Address Register (ADR)

I/0 Channel Address: Block1 - 16E1; Block2 - 36E1

Block3 - 56E1; Block4 - T6E1

Attributes: Write Only, Internal to TLC

7 6 5 3 3 2 1 0
! | [ [ | ] i ] I
| aRs | DT | DL | AD5 | AD4 | AD3 | Ap2 | AD1 |

ADR is used to load the internal registers ADRO and ADR1. Both
ADRO and ADR1 must be loaded for all addressing modes.

Bit Mnemeonic

Tw  ARS
éw DT
5w DL
4-0w  4D5-1

Deseription

Address Regiater Select

ARS i3 0 or 1 to select whether the seven lower-
order bits of ADR are to be loaded into internal
registers ADRO or ADR1, respectively.

Disable Taiker

DT should be set if recognition of the GFIB talk
address formed from ADS through AD1 (ADR[U4=0]w)
is not to be enabled.

Disable Listener

DL should be set if recognition of the GPIB
listen address formed from ADS through AD1 is not
to be enabled.

Address

These bits specify the five low-order bits of the
GPIB address that is to be recognized by the TLC.
(The corresponding GPIB talk address is formed by
adding oetal 100 to  AD5-AD1, while the
corresponding GPIB listen address is formed Dby
adding octal #0.) The value written to AD5-ADR1
should not all be ones, since the corresponding
Talk and listen addresses would confliet with the
GPIB Untalk (UNT) and Unlisten (UNL) commands.
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3.2.13 Address Register 1 (ADR1)

I/0 Channel Address: Block1l - 16E1; Block2 - 36E1
Block3 - 56E1; Blockd - 76E1

Attributes: Read Only, Internal to TLC
7 6 5 i 3 2 1 0 R
i EOI | DT1 | DL1 | AD5-1 | AD#-1 | AD3-1 | AD2-1 | AD1-1 |

| l ! | | | | ! E

ADR1 indicates the status of the GPIB address and enable bits for
the secondary address of the TLC if Mode 2 addressing is used, or
the minor primary address of the TLC if dual primary addressing
is used {Modes 1 and 3}. If Mcde 1 addressing is used and only a
single primary address is needed, then both the talk and listen
addresses should be disabled in this register. If Mode 2
addressing is used then the talk and listen disable bits in this
register should match those in ADRO.

Bit Mnemonic Desgcription

Tr EOI End or Identify

EOI indicates the value of the GPIB EQI line
latched when a data byte is received by the TLC
GPIB AH (Acceptor Handshake) function. If EQI=1,
the EOT line was asserted with the received byte.
EQOI is cleared by power on reset, or by using the
Chip Reset auxiliary command.

B DT Disable Talker 1

If DT1 is set, it indicates that the Mode 2
secondary (or Mode 1 and 3 minor) Talker is not
enabled; i.e., the TLC does not respond to a GPIB
secondary address (or minor primary talk address)
matching AD5~1 to AD1-1. If DT1=0, the secondary
address is checked only if the TLC received its
primary talk address.

5pr DL1 Disable Listener 1

If DL1 ig set, it dindicates that the Mode 2
secondary (or Mode 1 and 3 minor) Listener is not
enabled; i.e., the TLC does not respond to a GFPIB
secondary  address {(or minor primary listen
address) matching ADS-1 to ADP1-1. IFf DL1=0, the
gsecondary address is checked only if the TLC
received its primary listen address.
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Bit Mnemonic Description

JQr ADS-1 Mode 2 Secondary GPIB Address
thru
AD1-1

These are the lower bits of the TLC GPIB
secondary (or minor) address. {The secondary
address is formed by adding octal 140 to ADS-1 to
AD1-1)
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3.2.14 End of String Register (EOSR)

1I/0 Channel Address: Blocki -~ 16E1; Block2 - 36E1

Block3 - S6E1; Blockd - T6E1
Attributes: Write Only, Internal to TLC
7 6 5 b 3 2 1 0

- P A A S A . S O s e i ) sk e WU AT Y T T .

! i | ! | ] ! l l
| E0S7 ] E0Sé | Eos5 | Eos4 | E0s3 | E0sS2 | EOS1T | EOSO |

" i i - - -

W

The EOSR holds the byte used by the TLC to detect the end of a
GPIB data block transfer. A 7- or 8-bit byte (ASCII or binary)
may be placed in the EOSR to be used in detecting the end of a
bloeck of data. The length of the EOS byte to be used in the
comparison is selected by the BIN bit in Auxiliary Register A,
AUXRA[4]w.

If the TLC is a Listener and bit REOS of AUXRA is set, then
the END bit is set in ISR1 whenever the byte in the DIR matches
the EOS register. If the TLC is a Talker and the data is being
transmitted, and bit XEOS of AUXRA is set, the END message (GPIB
EOI® line asserted low) is sent along with the data byte whenever
the contents of the CDOR matches the EOS register..

Bit Mnemonic Description

7-0w EOST- fnd of String Byte
EOSO
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3.3 CLOCK REGISTERS

A1l programming of the MM58167A takes place through twoe I/0
registers, CCR and CDR. Clock registers are addressed indirectly
through the CDR using the clock register address programmed in
the CCR. Both the CCR and the CDR are desecribed in more detail
in the following paragraphs.
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3.3.1 Clock Control Register (CCR)

I/0 Channel Address: Block! - 9BET; Block2 - BOE1
Block3 - D6E1; Blockl - FEE1

Attributes: Write Only

7 6 5 I 3 2 1 0
i f I | | | | | |
| CIE | STE | CLK IE] CKAL | CKA3 | CKA2 | CKA1 | CRAO |

The CCR is used to control acceas to the MMSB81674 internal
registers and also to control the clock interrupts.

Bit Mnemonic Description

Tw CIE Clock Interrupt Enable

If CIE is set, interrupt requests from the clock
circuitry will be enabled into the special shared
interrupt circuitry used by the GPIB chip. CIE
is eleared by power on reset.

éw SIE Separate Interrupt Enable

If SIE is set, interrupt requests from the clock
cireuitry will be enabled onteo the PC IRQ bus
lines using a bus driver unique from the one used
by the shared interrupt circuitry. SIE is
cleared by power on resetb.

5w CLK IE Clock Interrupt Enable

CLK IE is a master interrupt enable for the clock
eircuitry. When CLK IE is cleared, the clock
eircuitry is prohibited from generating any
interrupts. CLK IE overrides the CIE and SIE
bits, and must be set for CIE and/or SIE to be
effective. CLK IE is cleared by power on reset.

3-55



Bit Mnemonic

Desecription

4.0w CKA4-0

Clock Address Lines

The clock address lines determine which internal
clock register 1is accessed by an I/0 read or
write to the CDR. All five bits are cleared by
power on reset.

CKA% CKXA3 CKA2 CKA1 CKAO FUNCTION

Counter - 1/18,000 of seconds
Counter - 1/100 & 1/10 of sec.
Counter -~ Seconds

Counter - Minutes

Counter - Hours

Counter =~ Day of Week
Counter - Day of Month
Counter -~ Month

RAM - 1/10,000 of seconds
RAM - 1/100 & 1/10 of seconds
RAM -~ Seconds

RAM - Minutes

RAM - Hoursa

RAM - Day of Week

RAM - Day of Month

RAM - Month

Interrupt Status Register
Interrupt Control Regiater
Countera Reset

RAM Reset

Status Bit

GO Command

Standby Interrupt

Test Mode

L B BN L O D000 D0 0DO0ODOOOO O
S OO0 000 bmamed 2 OO0 0O0CO G
B M D DOO = = D000 s s OO0 O
SN N = S Y . SN T - S S o N - IR« ) = I e Y o 3 =
T R O R RN . YR ., RIS ., ., R R o I
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3.3.2 Clock Data Register (CDR)

I/0 Channel Address: Blockl -~ 9AE7; Bloeck2 -~ BAE1
Block3 - DAE1; Blockl# - FAE1

Attributes: Read and Write
T 6 5 i 3 2 1 ¢! R
| cp7 | c¢cpé | cps | co4 | cp3 | cp2 | CD1 ] cpa |

t l E | | l E ] |

- - g sy e D S A W o - i AV

Bit Mnemonic Deseription

70 co7-0 Clock Data Byte

This register is used to access clock data from
the MM58167A register programmed in the CCR.
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Section Four

Programming Considerations

This section explains important considerations for programning
the GPIB-PCZ2A.

4.1 INITIALIZATION

On power up, the IBM PC issues a bus reset by driving &the RESET
DRV 1line high, which drives the RESET line high and the RESET*
line low on the GPIB-PC2A. RESET clears the uPD7210 and RESET#
clears the System Controller bit, disables interrupts from the
clock, and causes the selected interrupt request line(s) and DMA
request line to be tri-stated.

RESET resets the NEC uPD7210 Talker/Listener/Controller
(TLC) integrated circuit as follows:

# Local message pon is set and the interface functions are
placed in their idle states (SIDS, AIDS, TIDS, SPIS, TPIS,
LIDS, LPIS, NPRS, LOCS, PPIS, PUCS, CIDS, SRIS, SIis}.

# A1l bits of the Serial Poll Mode Register {SPMR) are
cleared.

¥ BOT bit is cleared.

% 311 bits of the Auxiliary Registers A, B, and E (AUXRA,
AUXRB, and AUXRE) are cleared.

# The Parallel Poll flag and request system control {rsec)
local message are cleared.

% The TInternal Clock Register (ICR) is set to a count of 8.

¥ The TRMO and TAM1 bits in the Address Mode Regilster (ADMR)
are cleared.
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All other register contents should be considered as
undefined while RESET DRV is asserted and after RESET DRV has
been cleared. All Auxiliary Mode Register commands are coleared
and cannot be execubed. All other GPIB-PCZ2A registers can be
programmed while the GPIB-PC24 internal signal pon is set. When
porn is released or cleared (by issuing an Immediate Execute pon
auxiliary command to the GPIB-PC24), the interface functions are
released from the pon state and the auxiliary commands can be
exacuted.

& typleal programmed initialization sequence for the GPIB-
PC24A might include the folliowing steps:

1. Write the Chip Reset command te £the auxiliary command
register to place the GPIB-PCZ2A in a known, quiescent
state.

2. Set or clear the desired interrupt enable bits in
Interrupt Mask Register 1 (IMR1) and Interrupt Mask
Register 2 (IMR2).

3. Load the GPIB-PC24 primary GPIB address 3in Address
Register Q0 (ADRO) and Address Register 1 (ADR1).

4. Enable or disable the GPIB Talker and Listener functions
and addressing mode using the ADMR.

5. Set the TRMO and TREM1 bits in the ADMR.

6, Load the Serial Poll response in the SPMR.

7. Load the Parallel Poll response in the Parallel Poll
Register (PPR) if local configurzation is used. If using

remote configuration, clear the PPR.

8. Clear pon by issuing the Immediate Execute pon auxiliary
command .

9. Execute the desired auxiliary commands.

;ﬁﬁﬁﬁ@ﬂ@ﬂuﬁ@u@aaa@ma@aaammaaauamaaammunmum&@E




4,2 THE GPIB-PC2A AS GPIB CONTROLLER

The GPIB-PC2A Controller function is generally in one of two
modes: idle or in-charge. When in-charge, the Contreocller
function is either active (asserting ATN) or standby (not
asserting ATN). The following paragraphs discuss the various
transitions between these modes.

4.2.1 Becoming Centroller-In-Charge (CIC) and Active Controller

The GPIB-PC24 can become CIC either by being the System
Controller and taking contrel (by issuing the 3et IFC auxiliary
command which also sets the System Controller bit) or by being
passed control of the GPIB from the current Active Controller.

The GPIB-PC24 is only capable of driving the GPIB IFC and
REN lines (which thus allows the GPIB-PC2A to function as GPIB
System Controller) when the System Controller bit is set. To
take control, issue the Set IFC auxiliary command, wait for a
minimum of 100 microseconds, and then issue the Clear IFC
auxiliary command. The ensuing GPIB IFC message initializes the
GPIBR interface functions of all devices on the bus. As soon as
any existing CIC goes to idle (unasserting ATN if it was active)
the GPIB-PC2A becomes CIC and Active Controller and asserts the
GPIB ATN line.

The System Contoller bit is cleared by issuing the Chip
Reset or Disable System Control auxiliary command. Another
Active Controller passes control to the GPIB-PC2A by sending the
GPIB-PC2A GPIB talk address (MTA) followed by the GPIB TCT (Take
Control) message. The GPIB-PC24, upcn receiving these two
messages (MTA and TCT), automatically becomes CIC when ATN i3
unasserted. The exact sequence of events is as follows:

# MTA (My Talk Address) is received by the GPIB-PC24, and it
enters into TADS (Talker Addressed State); this operation
can be transparent to a program. The TA bit in the ADSR
is se® when the GPIB-PC2A receives its GPIB Talk address.

* Next, the GPIB TCT message is received by the GPIB-PC2A.

¥ The current Active Controller sees the completed
handshake, goes to idle and unasserts ATN.

#* As soon as the ATN line on the GPIB is unasserted, the
GPIB-PC2A automatically becomes CIC and asserts ATHN.

As soon as the GPIB~PC2A becomes CIC, the CIC bit in the
Address Status Register (ADSR) is set, and the Command Output bit
(CO0) in Interrupt Status Register 2 (ISR2) is set. Using these
two bits, the program can unambiguously determine that the GPIB-
PC24 is the GPIB Active Controller and can send remote messages.
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4,2.2 Sending Remote Multiline Messages (Commands)

The GPIB-PC2A sends commands as Active Controller simply by
writing to the Command/Data OQut Register {CDQR) in reaponse to
the CO status bit in ISRZ.

The GPIB-PCZ2A can address itself to be both Talker and
Listener in address modes 1 or 2; that is, the TLC recognizes its
address when it sends or receives it.

4,2,.3 Going from Active to Standby Controller

If the GPIB-PC2A ia GPIB Active Controller, &he Controller
Standby State (CSBS) is entered upon reception of the Go To
Standby auxiliary command. The ATN line is unasserted as soon as
the GPIB-PC2A enters C3B3. Even though the GPIB-PC24 GPIB
Controller state machine is in standby, the CIC bit in the ADSR
is still set. Do not issue the Go To Standby auxiliary command

unless the CO bit in ISR2 is set.
There are three cases to consider when going te standby:

# Case 1. The GPIB-PC24 is to become the GPIB Talker when
ATN is unasserted. To do this, wait for CO to be set,
send the GPIB-PC2& GPIB Talk Address (MTA), wait for CO to
be set again, and then issue the Go To Standby auxiliary
commarnd .

* Casze 2. The GPIB-PC2A is to become a GPIDB Listener when
ATN is unasserted. To do this, wait for CO to be set,
issue the Listen auxiliary command, wait for CO to be set
again, and then issue the Go To Standby auxiliary command .

# Case 3. The GPIB-PC2A is to be neither GPIB Talker or
Listener. In this case, issue the Listen auxiliary
command and set the Holdoff on End (HLDA) and Heldoff on
A1l {HLDA) bits in AUXRA before going to standby. Once
this mode is enabled, the GPIB-PC2A participates in the
GPIB handshake without setting the DI (Data Im) bit. A
handshake holdoff occurs as described in paragraph
3.2.10.3. When holdeff occurs, the GPIB-PC24 can take
control synchroncusly. This means that the Talker must
finish its transmission with the END or EOS message. It
can then take control synchronously when necessary.

4,2.4 Going from Standby to Active Controller

The manner in which the GPIB-PC24 resumes GPIB Active Control
depends on how it went to standby. Consider the three cases:

* Case 1. The OPIB-PC24, as a Talker, takes control upon
receipt of the Take Control Asynchronously auxiliary
command. Do not issue the Take Control Asynchronously
auxiliary command until there are no more bytes to send
and the DO bit is set.
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% Case 2. The GPIB-PC2A, as a Listensr, takes control upon
receipt of the Take Control Synchronously auxiliary
command. If programmed I/0 ig usSed, the Take Control
Synchronously auxiliary command should be issued between
seeing a DI status bit and reading the last byte from the
PIR.

% Case 3. The GPIB-PC2A as neither Talker nor Listener,
takes control synchronously with the Take Control
Synchronously auxiliary command after detecting the END RX
bit set in ISRH1. This indicates that a holdoff is in
progreas.

~ When the Take Control Synchronously auxiliary command is
used, the GPIB-PC2A takes control of the GPIB only at the end of
a data transfer. This implies that one transfer must follow or
be in progress when the Take Control Synchronously auxiliary
command is issued. If this is not the case, the Take Control
Asynchronously auxiliary command must be used. Of course, the
Take Control Asynchronously auxiliary command may be used Iin
place of the Take Control Synchronously auxiliary command when
the possibility of disrupting an in-progress GPIB handshake
(before all GPIB Listeners have accepted the data byte) is
acceptable.

In Cases 2 and 3 above, the END IE bit in IMRT can also be
set to indicate to the program that the GPIB-PC2A (functioning as
a GPIB Listener) has received its last byte.

In all cases, a CO status indicates that the GPIB-PC2A is
now Active Controller.

4.2.5 Going from Active to Idle Controlier

Going from Active to Idle GPIB Controller, also known as passing
control, requires £&that the GPIB-PC2A be the Active Controliler
initially {in order to send the necessary GPIB command messages).
After the GPIB-PC24 has become the GPIB Active Controller, the
sequence of events required to pass control are as follows:

# Write the GPIB Talk address of the device being passed
control te the CDOR.

% In response to the next CO status, write the GPIB TCT
(Take Control) message to the CDOR.

% As soon as the TCT command message 1is accepted by all

devices on the GPIB, the GPIB-PC24 automatically unasserts
ATN and the new Controller asserts ATN.
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4.3 THE GPIB~PC2A AS GPIE TALKER/LISTENER

The GPIB-PC2A may be either GPIB Talker or Listener, but not both
simultaneously. Either function is deactivated automatically if
the other is activated. The T4, L4, and ATN* bits in the ADSR
together indicate the specific state of the GPIB-PC24:

ATN#® TA LA
0 1 0 Addressed Talker -- cannot send data
1 1 0 Active Talker =-- can send data
9 Q 1 Addressed Listener -- gannot receive data
1 G 1 Active Listener -- can receive data

The status bits ADSC (Address Status Change), €O (Command
Output), APT (Address Pass Through), DO (Data Out), and DI (Data
In) are used to prompt the program (with an interrupt request if
enabled) when a change of state occurs.

The following paragraphs discuss several aspects of data
transfers.

4.3.1 Programmed Implementation of Talker/Listener

When there is no Controller in the GPIB system, the ton and lon
address modes {(refer to the description of the ADMR) are used to
activate the GPIB-PC2& GPIB Talker and Listener functions. If
used, ton or lon should be set during GPIB-PC2A initialization.

When the GPIB-PC2A is GPIB Active Controller, the Listen and
Local Unlisten programmed auxiliary commands are used to activate
and deactivate the CGPIB-PC24 GPIB Listener function.

4.2.2 Addressed Implementation of Talker/Listener

When the GPIB~-PC24 is the GPIB Active Controller, it can address
itself to talk by sending its own GPIB Talk address (MTA) using
the CO bit and the CDOR. When there is another device on the
GPIR acting as Controller, the GPIB-PC2A is addressed with GPIB
command messages to become a Talker or Listener.

4,3.2.7 Address Mode 1

If the GPIB~-PC2A ADMR has been configured for Address Mode 1, the
GPIB~PC2A responds to the reception of twoc primary GPIB
addresses: major and minor. Upon receipt of its major or minor
MTA or its major or minor MLA from the GPIB Active Controller,
the GPIR-PC2A is addressed as Talker or Listener. If the GPIB~
PC28 has received its GPIB Talk Address, the TA bit in the ADSR
is set, the ADSC bit in ISR2 is set, and the DO bit in ISR1 is
set. 1f the GPIB-PC2A has received its GPIB Listen address, the
LA bit in the ADSR is set, the ADSC bit in ISR2 is set, and the
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DI bit in ISR1 is set when the first GPIB datz byte is received.
4,3.2.2 Address Mode 2

Address Mode 2 is used when Talker Extended (TE) or Listener
Extended (LE) functions are to be used. TE and LE functions
require receipt of two addresses (primary and secondary) before
setting TA or LA. The GPIB-PC2A GPIB primary address 1s
specified by the byte written to ADRO. The secondary address is
specified by the byte written tc ADR1. Upon receipt of both the
primary and secondary GPIB addresses the GPIB~-PC2A beccmes &an
addressed Talker or Listener. If the GPIB-PC2A has received its
primary GPIB Talk address, the TPAS (Talker Primary Addressed
State) bit in the ADSR is set. If the GPIB-PC2A receives its
secondary GPIB talk address before recaiving another GPIB Primary
Command Group (PCG) message that is not its MTA, the T4 bit in
ADSR, the ADSC bit in ISR2, and the DO bit in ISR1 are set. If
the GPIB-PC2A has received its Primary GPIB Listen address, the
LPAS bit in the ADSR is setb. If the GPIB-PC2A receives Iits
secondary GPIB listen address before receiving another GPIB
Primary Command Group (PCG) message that is not its MLA, the LA
bit in the ADSR is set, the ADSC bit in ISRZ2 is set, and the DI
bit in ISR1 is set when the first GPIB data byte is received.
The MJMN bit in the ADSR indicates whether the address status
refers to the major or minor address.

4,3.2.3 Address Mode 3

Address Mode 3, 1like Address Mode 2, is used to implement
Extended GPIB talk and listen address recognition. However,
uniike Address Mode 2, Address Mode 3 provides for both major and
minor primary addresses, and the user's program must identify the
secondary address by reading the CPTR. The sequence of events
for proper operation using Address Mode 3 is as fellows:

% During initialization of the GPIB-PC24, enable Address
Mode 3 (and optionally set the APT IE bit in IMR1 to
enable an interrupt request on receipt of a secondary GPIB
address). Write the GPIB-PC2A major GPIB primary address
to ADRO and the GPIB-PC24 minor GPIB primary address to
ADR1.

# Receipt of the GPIB-PCZA major or minor primary GPIB Talk
Address {(MTA) or major or minor primary GPIB Listen
Address (MLA) sets TPAS or LPA3, indicating that the
primary address has been received.

% Tf the next GPIB command following the primary address is
a secondary address, the APT Dit is set and =z DAC
handshake holdoff is activated (the GPIB DAC message is
held false).

# In response to APT, the program must:

- Determine whether the command just received is =&

listen, %talk, major, or minor address by reading the
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LPAS, TPAS, and MJMN bits of the ADSR; and

- Read the secondary address in the CPTR and determine
whether or not it is the address of the GPIB-PC24.

* If it is not the GPIB~-PC2A address, issue the Hon-Valid
auxiliary command. If it is the GPIB-PC24 address, issue
the Valid auxiliary command. :

¥ When the Valid auxiliary command is issued, the GFPFIB-PC2A
assumes that the My Secondary Address (MSA) message has
been received, which causes:

~ The LA bit to be set and the TA bit to be cleared
(LADS=TIDS=1) if LPAS was set, or the TA bif to be set
and the LA bit to be cleared (TADS=zLIDS=z1) if TPAS was
set; and .

~ The GPIB DAC message to be ' sent true, and the GPIB
handshake is finished.

* When the Non~Valid auxiliary command is issued, the GPIB«
PC2A assumes that the Other Secondary Address (0S4)
message has been received, which causes:

- The GPIB-PC24 Talker or Listener function to go to its
idle state (TIDS=1 or LIDS=1) if the either the TPAS or
LPAS bit was seb; and

- The GPIB DAC message to be sent true, and the handshake
is finished.

Until a2 GPIB Primary Command Group (PCG) message is received
{(i.e., as long as the subsequent messages are secondary
addresses), the APT bit is set and a DAC holdeff is in effect
pach time a GPIB secondary address is received. In this way, the
GPIB CIC can address several devices having the same primary
address without repeating the primary address each time. I a

"PCG message is received before a secondary address 1is received,
the TPAS and LPAS bits are cleared.



4,4 SENDING/RECEIVING MESSAGES

When the GPIBR-PC2A is a GPIB Talker or Listener, data (device
dependent messages) can be sent or received using DMA or
programmed L/0. Setting up the GPIB-PC24A for DMA is described in
4.8,

4,4.1 Sending and Receiving Data

To send data, wait until the GPIB-PC24 has heen programmed or
zddressed to talk and the CDOR is empty. When this occurs, the
DO bit in the ISR1 is set, indicating that it is safe to write a
byte to the CDOR. The DO bit iz set again once the byte has been
received by all Listeners. If DMA is enabled, (by setting the
DMAO bit), the GPIB-PC2A requests a DMA transfer f{rom the PC by
driving DRQ high under the same conditions that the DO bit is
set. If the PC completes the DMA transfer, the GPIB-PC2A drives
DRQ low. and a byte is transferred from PC memory ‘and sent to
the GPIB. When all listeners have received the byte, the GPIB-
PC2A again requests a DMA transfer.

To receive data, wait until the GPIB-PC24 has been
programmed or addressed to listen and the CDOR is empty. When
this occurs, the DI bit in ISR1 is set, indicating that the GPIB
Talker has written a byte to the DIR. Once that byte has been
read, the DI bit is set again when a new byte is received from
the Talker. If DMA is enabled, (by setting the DMAL bit), the
GPIB-PC24 requests a DMA transfer from the PC by driving DRQ high
under the same conditions that the DI bit is set. If the PC
completes the DMA transfer, the GPIB-PC2A drives DRG low. and
the byte received from the GPIB Talker is transferred to PC
memory. When a new byte has Dbeen received from the Talker, the
GPIB-PC24 again requests a DMA transfer.

Determining when the CDOR is empty or the DIR is full can be
done by polling ISR1 until the DO or DI status first appears or
by allowing a program interrupt or DMA transfer to occur on the
respective event. Remember, however, that the status bits and
interrupt signal are cleared when the register is read, so the
absence of a true DO or DI status does not indicate that the CDOR
is still full or that the DIR is still empty.

4.4.2 Sending END or EOS
The GPIB END message is sent by issuing the Send EOI auxiliary
command just before writing the last data byte to the CDOR. The

GPIB EOS message is sent simply by making the last byte the ECS
code.
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4.5.3 Terminating on END or ECS

The END status bit or interrupt is used to inform the program
the cccurrence of an END message or an EOS message.

.10
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k.5 SERIAL POLL3

Serial polls allow the Controller-In-Charge to obtain detailed
status information on each device configured for responding.

4.5.1 Conducting Serial Polls

The GPIB-PC24, as CIC, serially polls other devices as described
in the IEEE-488 specification. From the programming point of
view, the GPIB-PC2A must first become Active Controller to send
the addressing and enabling commands to the device being polled,
make itself a GPIB Listener by issuing the Listen auxiliary
command, and then go to standby with the Go To Standby auxiliary
command in order to read the status byte.

},5.2 Responding to a Serial Poll

The CIC can conduct Serial Polls to determine which device is
asserting the GPIB SRQ signal to request service.

Before requesting the service, the recommended practice 1is
to check the PEND bit of the SPSR to be certain it 1s zero,
indicating that the GPIB-PC2A is not presently in the middle of a
Serial Poll {SPAS=0}. If PEND=0 write the desired Status Byte
(STB) into the SPMR with the rsv bit set. At that time, PEND 1is
set and remains set until the Serial Poll completes.

Once rsv is set, the GPIB-PC24 waits until any current
Serial Poll is complete and then asserts the GPIB SRQ signal. In
response to that signal, the CIC starts the poll addressing the
GPIB-PC2A to talk, and when the CIC unasserts ATN, the GPIB-PC2A
unasserts SRQ and tranfers the STB message onto the GPIB data bus
with DIO7, the RSQ signal, asserted.

While the Serial Poll is in progress (SPAS=1), the CIC
normally reads the STB only once but may read it any number of
times provided that it asserts ATN between each one byte read.
However, RSQ is set only during the first read; after the first
read, rsv also is cleared. PEND is cleared when the CIC asserts
ATN to terminate the poll.

The GPIB EOI line is asserted along with the status byte

{i.e., the END message is gent) during the serial poll if bit
SPEQI of AUXRB is set.
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4.6 PARALLEL POLLS

Parallel Polls are used by the GPIB Active Controllier to <check
the status of several devices simultaneously. The meaning of the
status returned by the devices being polled is device dependent,
but there are two general ways in which Parallel Polls are
useful.,

* When the GPIB Controller sees SRQ asserted in a system
with several devices, it can quickly determine which one
needs to be serially polled using, usually, only one
Parallel Poll.

*# In systems in which the Controller response time
requirement to service a device is low and the number of
devices is small, Parallel Polls can replace Serial Polls
entirely, provided that the Controller polls freguently.

Although the Controller can obtain a Parallel Poll response
quickly and at any %time, there can be considerable front end
overhead during initialization o configure the devices to
respond appropriately. This is contrasted with Serial Polls,
where the overhead, in the form of addressing and enabling
command messages, occurs with each poll.

4.,6.1 Conducting a Parallel Poll

The GPIB-PC2A as Active Controller has the capability to conduct
a Parallel Poll. When the Execute Parallel Poll asuxiliary
pommand is issued and the GPIB-PC24 internal local messags rpp is
set, the Parallel Poll is executed (the GPIB message IDY is sent
true) as soon as the GPIB-PC24 Controller interface function 1s
placed in the proper state (CAWS or CACS). The Parallel Poll
Response {PPR) is automatically read from the GPIB DIO lines into
the CPTR and the rpp local message is cleared. A program can
determine that the Parallel Poll operation is complete based on
the - condition of CO (CO=1 when the poli is complete). The
response can be obtained by reading the contents of the CPTR.
The respongse ia held in the CPTR until a GPFIB command is
transmitted or the GPIB-PC24 Controller functiaon becomnes
inactive.

In reasponse to IDY, each device participating in the
Parallel Poll drives one and only cne GPIB DIO iine (its Parallel
Poll response or PPHEn) active true or passive false, while it
drives the other lines passive false.

Since there are eight data lines, and for each 1line there
can be two responses (true or false), there are 16 possible
responses. The line & device uses and now that device drives the
line depends on how it was configured and whether its loeal
individual status message (ist) 1s one or zero. Thus, each
device on the GPIB can be configured to drive its assigned DIO
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line true if ist=1 and to drive the DIO line false if 1ist=0; or
it can be configured to do exactly the opposite: that is, to
drive the DIC line true if ist=0 and false if ist=1. (The
meaning of the value of ist, whether one or zero, is system or
device dependent.)

Because the data lines are driven open collector during
Parallel Polls, more than one device can respond on each line.
The device or devices asserting the line true overrides any
deviece asserting the line false. Obviously, the Controller must
know in advance whether a true response means the local ist
message of the device is one or zero. To do this, the device
pust be configured to respend in the desired way, and two methods
of accomplishing this can be used.

Local configuration (Parallel Poll function subset PP2)
involves asaigning a response line and sense from the device side
in a2 manner similar to assigning the device GPIB address. Thus,
one device might be assigned to respond with remote message PPR1
{driving DIO1), while a second device is assigned to respond with
remote message PPR3 (driving DIO3); both positive (i.e., true
response if ist=1). Local configuration is static in the sense
that it does not change after the system is integrated (system
installed and configured).

Remote configuration (Parallel Poll function subset PP1)
involves the dynamic assigning of response line and sense to
devices on the GPIB. This is accomplished using PPE (Parallel
Poll Enable) and PPD (Parallel Poll Disable)} commands, which are
issued by the Active Controller. following is the recommended
sequence for remotely configuring devices:

* Become Active Controller.

% Send the GPIB UNL (Unlisten) message to unaddress all GFIB
Listeners.

# Send the Listen address of the [first device to be
configured.

% Send the GPIB PPC message followed by the PPE message for
that device.

* Repeat from the 2nd step (UNL) for each additional device.

The same procedure should be followed to disable polling
with PPD, -e.g., when changing responses during reconfiguration.

4.6.2 Responding To a Parallel Poll

Before the GPIB-PC2A can be polled by the CIC, the GPIB-PC2A must
be configured either loecally by the user program at
initialization time, or remotely by the CIC. Configuration
involves the following:



#* enabling the GPIB-PC24 to participate in polls,
* selecting the sense or polarity of the response, and

* gelecting the GPIB data line on which the response is
asserted when the CIC issues the IDY message.

With remote configuration (PP1}, the GPIB-PC24 interprets
the configuration commands received from the CIC without any
scftware assistance or interpretation from the user program.
With local configuration (PP2}, the three actions listed above
must be explicitly handled in the software by writing the
appropriate values to the U, S, and P3 to P1 bits of the PPR.
Hefer to the PPR register descripition for more information.

Once the PPR is configured, all that remains for +the user
program is to determine the source and wvalue of the local
individual status {(ist) message. If the ISS bit in the AUXRE is
zero, ist is set and eleared via the Set and Clear Parallel Poll
auxiliary commands. If ISS is one, 1lst is set if the GPIB-PC2A's
Service Request function is in the Service Request State (SRQS)
and the GPIB-PC2A is asserting the GPIB SRQ signal 1line and
cleared otherwise. Consequently, setting ISS ties the Parallel
Poll function toc the Service Request function and also to the
Serial Poll process.

The particular response sgent by the GPIB-PC2A duing a
Parallel Poll is determined by the value of dist and the
configuration of the GPIB-PC2A. The value of ist and the actual
configuration must be decided by the GPIB system integrator. The
response can be changed dynamically during program execution by
changing the value of ist and, when remote configuration is used,
by reconfiguration.
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4,7 JINTERRUPTS

Interrupts must be enabled via hardware jumpers to any of the six
available IRQ lines on the IBM PC I/0 Channel. Interrupts from
the TLC and clock can share an interrupt line by setting the
common interrupt enable bit (CIE) in the CCR. Interrupts from
the TLC and Clock can also have their own separate interrupt
lines by setting the separate interrupt enable bit (SIE) in the
CCR and enabling each interrupt with separate hardware jumpers to
the respective IRQ lines. If the TLC and Clock are configured to
interrupt on the same line, the clock will be using the specizl
shared interrupt logie provided on the GPIB-PC2A and any
interrupt handling routine for the clock must follow  the
guidlines set below.

GPIB interrupt requests from the TLC are enabled using the
IE bits in IMR1 and IMR2. Interrupt requests from the clock are
enabled by using the IE bits in the clock interrupt control
register.

The DMA Terminal Count (DMA TC) interrupt is implemented
external to the 7210 TLC and is enabled whenever either the DMAO
or DMAI bit is set and at least one of the IE bits of the TLC is
set. The DMA TC Interrupt is further explained in section 4.8.

The selected IRQ line is driven by the GPIB-PC2A whenever at
least one of the IE bits is set, otherwise the selected IRQ line
is tri-stated. :

Once asserted, the interrupt request line remains asserted
until the corresponding status register is read.

The DMA Terminal Count interrupt has no corresponding status
register or bit but is cleared when ISR2 is read.

Interrupts are arbitrated by the 82594 Interrupt Controller
Chip located on the IBM PC System Card. The 82594 shoulid never
be enabled to respond to an interrupt request from the GPIB-PC2A
when no interrupts are enabled on the GPIB-PC2A., This tri-states
the GPIB-PC2A IRQ line. A tri-stated IRQ line may look 1like an
interrupt request to the 8259A.

An Interrupt Handler routine for the GPIB-PC2A must perform
the following steps:

* Read ISR2 to see whether the INT bit is set, confirming
that the GPIB~PC2A has indeed issued an interrupt. If the
DMA TC interrupt has been enabled, the INT bit will not be
set when it occurs, however the DMA Controller will
indicate whether or not it has reached terminal count f'or
the GPIB-PC2A DMA Channel.
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¥ Read ISR1. Reading ISR2 and ISR1 will clear an interrupt
caused by any of the 14 possible conditions.

¥ Read the clock interrup: status register to determine If
any condition of the clock caused the interrupt. FReading
this register will clear any interrupt caused by the
clock.

% Write the End Of Interrupt (EOI) command to the 82594
Interrupt Controller.

* Yrite Lo I/0 =zddress 2FX where X is the interrupt level
being used by the GPIB-PC2A. Writing to 2F¥ reenables
interrupts on the GPIB-PC24. If the Clock caused the
interrupt and is not using the Common Interrupt Enable
{CIE) legie, this step is not necessary.

In a system where several GPIB-PC2As share the same interrupt
level, the same steps should be used in an interrupt handler
routine except that each of the boards should be polled until one
is found that caused the interrupt. When 2FX is written to, any
pending interrupt from another GPIR-PC248 wili be allowed *to
occur, and that GPIB~PC2A may then be serviced.

To emphasize once more, the status bits in ISR1 or ISR2 are
all automatically cleared when the register is read, even if the
conditions are still true. If two conditions are true at the
same time (i.e., more than one bit in ISR1 or ISRZ is set), a
software copy of the register should be maintained if the program
is going to analyze the conditions cne at a time.

4,7.1 Programming the 8259A Interrupt Controller

Programming information for the 82594 Interrupt Controller Chip
may be found in the Intel Component Data Catalog and in the IBM
PC Technical Heference Manual. The following consideration should
be taken:

* The 82594 is initialized upon powerw-up by the IBM PC Bios
program located in ROM on the system Dboard. DBlos
initializes the 82594 in a way that is required for the
IBM PC to operate correctly. Software written for handling
GPIB-PC2A interrupts must in no way change the overall
configuration of the 82594 and commands written to the
82594 should only affect the selected GPIB~PC2A IRQ line
and no cther.

The manner in which the 82564 is configured and used by Bios wmay

be found in the listing of the Bios program in Appendix A of the
IBM PC Technical Reference.
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4.8 DMA TRANSFERS

DMA transfers must be enabled via two hardware jumpers to one of
the three available pairs of DMA transfer lines on the IBM PC I/0
Channel

DMA requests from the TLC are enabled using the DMAO and
DMAI bits in IMRZ. The TLC generates a DMA request under the
same conditions that the DO and DI bits in ISR1 are set. A DMA
request indicates that the TLC either requires a byte to be
written to the CDOR or requires a byte to be read from the DIR.
The DMA request signal (DRQ) is cleared by a low on the DMA
Acknowledge line (DACK¥*).

The selected DRQ line is driven and the DACK line enabled by
the GOPIB-PC2A whenever the DMAQ or the DMAT bit is set in IMRZ,
otherwise the selected DRQ line is tri-stated, and DACK line is
disabled.

DMA transfers are arbitrated by the 82374-5 DMA Controller
Chip located on the IBM PC System Card. The 82374~5 should never
be enabled to respond to a DMA request from the GPIB-PC2A when
neither the DMAO nor DMAI bit is set in the TLC. This tri-states
the GPIB-PC24 DRQ line. A triwstated DRQ line may look like a
DMA request from the GPIB-PC2A.

Once asserted, the DMA request line (DRQ) remains asserted
until a DMA transfer occurs or until a read from the DIR or a
write to the DOR occurs depending on the direction of the DMA
tpansfer selected Dy the DMAC or DMAT bit.

The DMA Terminal Count interrupt is enabled whenever gither
the DMAC or DMALI bit is set and at least one of the interrupts
internal to the uPD7210 is enabled (IE bits ISR?T or ISR2).

The DMA Terminal Count interrupt is asserted when the DMAQ
or DMAI bit is set and the IBM PC I/0 Channel TC line sends a
nigh pulse during a DMA transfer to the GPIB. A high pulse on
the TC line indicates that the DMA Controller Chip has reached
terminal count; i.e., the DMA Controller Byte Count has gone from
0 to FFFF for the corresponding DMA Channel. Therefore, the DMA
Terminal Count interrupt indicates that the 82374-5 has reached
terminal count for the GPIB-PC24 DMA Channel.

The DMA Terminal Count interrupt is cleared when ISRZ2 is
read.

The DMA Terminal Coun%t interrupt can be detected by reading
the Status register or channel Byte Count register of the 82374~
5. The Terminal Count bit corresponding to the GPIB-PC2A
selected DMA Channel is set in the B8237A-5 Status register when
the DMA Controller reaches terminal count for that DMA c¢hannel.
A1l Terminal Count bits are cleared when the 82374~5 Status
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Register is read. The channel byte count should be FFFF unless
the DMA Controller has been programmed to auto~initialize that
channel.

4.8.1 Programming the 8237A-5 DMA Controller

Programming information for the 82374-5 DMA Controller Chip may
be found in the Intel Component Data Catalog and in the IBM PC
Technical Reference Manual. The following consideration should be
taken:

# The B8237A-5 is initialized upon power-up by the IEM PC
Bios program located in ROM on the system board. Bios
initializes the 82374-5 in a way that 1s required for the
IBM PC to operate correctly. Software written for handling
GPIB-PC2A DMA transfers must in no way change the overall
configuration of the 82374-5 and commands written to the
82374-5 should only affect the selected GPIB-PCZA DMA
Channel and no other.

The manner in which the 82374-5 is configured and used by Bios
may be found in the listing of the Bios program in Appendix 4 of
the IBM PC Technical Reference.



4,9 PROGRAMMING THE TIME-OF-DAY CLCCK

Programming information for the MM58167A Real~Time Clock may be
found in the National Semiconductor Data Book. The following
considerations should be taken when programming the MM58167A:

% To save I/0 space, all registers of the clock are accessed
indirectly  through the  CCR. To access the clock
registers, the address of the desired register must first
be written toc the low order five bits of the CCR. Data
ecan then be read or written directly to the clock register
by either writing to or reading from the CDR.

% Tnterrupts from the clock can either be on the same level
as the TLC and use the shared interrupt logic, or they can
be on & separate level from the TLC. See szection 3.3.1
for more information on enabling clock interrupts.

# The Standby Interrupt feature of the MMS8167A 1is not
implemented on the GPIB-PC2A.

-
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Section Five

Theory of Operation

5.1 INTRODUCTION

This document describes the theory of operations of the GPIB-PC2A
interface hardware. The information in this section follows the
fundamental outline presented in the block diagram of the GPFIB-
PC2A and makes extensive references to the schematic diagram,
Appendix A.

5.2 DATA BUS BUFFER

The GPIB-PC2A is interfaced to the IBM PC I1/0 channel data bDus
through a THLS245 transceiver. The L8245 provides proper loading
and hysteresis when it is configured for receiving, and has
aufficient drive capability for proper coperation when used to
source data from the card to the channel data bus. Both asides of
the L3245 are held at 3-state (pin 19 = high) unless the card is
being addressed (MY BOARD = high) or the 8237A-5 DMA controller
is responding to a DMA request from the board (DMAACK = high).
The L8245 transceiver direction is controlled, indirectly, by the
backplane IOR* signal. If IOR* is low, the L3245 is configured
to source data onto the IBM PC I/0 channel data bus from the
uPD7210. If IOR¥ is high, the LS2U5 receives data from the
channel daka bus and buffers it to the uPD7210, PAL20RA and
optionally to the MMS581674 and T3LS273 clock support chips.

The channel data bus signals, DO through D7, when buffered
through the LS2U45 become the internal data bus, GD0 through GDT.



5,3 CONTROL SIGNAL BUFFER

The IBM PC I/0Q channel control signals IOR¥, IOW¥, RESET DRV, and
T/C; the DMA controller acknowledge signals DACK1*, DACK2%*, and
DACK3%¥; and the address lines A10, A11, and A12; are all received
using a 74LS541 1line receiver before being used on the board.
The LS541 provides high input impedance and hysteresis to
minimize bus loading and susceptibility to noise. The channel
signals, once received by the LS541, are given different
signatures to avoid confusion.

Channel Name GPIB=-PC2A Name
A10 RSO

A1 . R31

A2 R32

IOR* RD#

Ioy* WR*

RESET DRV RESET

T/C G T/C
DACK1/2/ 3% DACK*
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5.4 DMA CIRCUITRY

The DMA acknowledge and request signals on the channel connector
are brought to wire-wrap pin arrays on the board. These pin
arrays are arranged so that two small pin~to-pin  shunt
connectors, which are supplied with the card, can be used fo
select the proper pair of DMA signals for the board's use.

DACK* (DMA acknowledge) is ANDed with DMA EN* (which is
generated by the TNTERFACE CONTROL LOGIC) and becomes DMAACK (DMA
acknowledge). When DMAACK* goes low the outputs of Uiz, an
eight-bit shift register, are cleared and the DMAACK* pin on the
uPD7210 goes low. When DMAACK* returns high the DMAACK¥* pin on
the uPD7210 goes high, and the shift register delays. the low-to=
high transistion of DMAACK* by at least one glock  cycle
(approximately 210 nancseconds, assuming a k,77 MHz system
clock).

The delayed DMAACK* signal is then ANDed with the DMAREQ
signal from the uPD7210, thereby inhibiting a GPIB-PC2A bus DREQ
until at least 210 ns after DMAACK* goes from low to high. This
delay is implemented to solve a possible problem when using the
uPD7210 with the Intel B82374-5 DMA controller (i.e., if DMAACK#
returns high before a minimum of 200 nanoseconds after RD* or WR¥*
go high, a spurious uPD7210 DMAREQ signal of short duration may
be generated, according to NEC). This solution inhibits any
spurious uPD7210 DMAREQ pulses from being sent to the 82374-5.

The signal used to drive the shift register, CLK (U12.8) 1is
a received and buffered version of the CLOCK zignal on the
channel connector (4.77 MHz for the PC and PC/XT). CLK 1is also
used by the uPD721C for determining the GPIB T1 delay.



5.5 .INTERRUPT CIRCULTRY

The interrupt circuitry is made up of logic and an array of
wire-wrap pins to allow the user to select the channel connector
interrupt request signal. The interrupt logic consists of two
gates of a TULS125A three-state buffer, each of which drives a
row of wire-wrap pins. One of the three-state buffers 13 used to
drive interrupt requests from the GPIB-PC2A's optional clock
gircuitry, while the other is used to request interrupts from the
GPIB-PC2A's shared interrupt logic. The pin array is arranged so
that small pin-to-pin shunt ceonnectors (supplied with the card)
can be used to gelect the desired interrupt reguest level for
both the shared interrupt logic and optional clock. Note that it
is not possible to apply shunt connectors so that both the shared
interrupt logic and the clock circuitry dinterrupt on the same
level, but the clock can be programmed to interrupt through the
card's shared interrupt logic circuitry. The uPD7210 and DMA TC
interrupts are logically ORed together to form az single Interrupt
request signal, TLC INT, which is used as an input to the shared
interrupt circuitry.

5.5.1 Shared Interrupt Logic

The CGPIB~PCZ2A contains special circuitry which allows it to share
an interrupt request line with other cards which also contain the
special interrupt cirecuitry. This shared interrupt circuitry
allows multiple cards {(and not just GPIB-PC2A cards) to share a
common PC interrupt request line. The primary mechanism used to
allow multiple cards %o share an interrupt request line are as
follows:

¥ The IRQY line is treated as an open«collector style line,
even though it is connected to the output of a three«state
gate (LS125A). The L31254 pulls the line to a low level
{sinks current) when an interrupt is being requested by
the card. Other cards using the same IRQX line can also
pull the line to ground at the same time, which is a legal
operation electrically. Simultaneously, those other cards
usinrg the same IRQX 1line which are not requesting an
interrupt are not driving the line at all, since their
L.51254s are in high-impedance meode.

% The special ecircuitry, which is discussed in greater
detail below, generates a low-going pulse on the selected
interrupt request line in order to request an interrupt
from the processor. The rising edge of this pulse is
detected by the 8259A on the PC motherboard. The shared
interrupt ecircultry 1s inhibited from generating another
pulse until either the interrupt is removed {presumably by
the interrupt service routine) or until the board receives
an I/0 write to location 2FX¥. The duration of this pulse
is determined by the cloek period (210 nanoseconds for the
PC and XT) signals.
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The input of the L31254, used in the shared interrupt logic
cireuitry, is tied to ground and the enable for the gate is
driven by INT REQ* (interrupt request), which is generated by the
SHARED INTERRUPT LOGIC. Therefore, an active interrupt request
(INT REQ¥* = low) corresponds to a low level belng transmitted
onto the selected interrupt request bus line. When INT REQ* is
high, no interrupt is being requested, and the output of the
181254 gate is in high impedance mode. The 8.2K ohm pull-up
resistor attached to the output of the gate ensures that the IRQX
signal is pulled up to a high level when the SHARED INTERRUPT
CIRCUITRY is not requesting an interrupt.

Interrupt request inputs to the SHARED INTERRUPT LOGIC can
originate in three places: the uPD7210 (INT), +the DMA TC
INTERRUPT logic (DMA TC INT), or the optional Time-of-Day Clock
(CLK IRQ).

The DMA TC INT signal goes high whenever the DMA controller
on the PC motherboard sends a T/C (Terminal Count) signal with
the DACKn signal, and only if interrupts are enabled by the
interrupt enable bits in ISR1 and/or ISR2, and only if oné of the
DMA transfer enable bits (DMAO or DMAI) in ISR2 is set.

Interrupts from the clock are processed through the shared
interrupt legic if interrupts from the clock have been enabled
(CLK IE = high) and clock interrupts have been programmed to use
the shared interrupt logie (CIE = high). These three interrupt
request conditions, uPD7210, DMA TC and clock, are logically ORed
together to generate the IRQ signal. Note that .it is the
responsibility of the Interrupt service routine to determine
which, if any, of the three logical components on the GPIB~PC2A
board 13 causing the interrupt.

TRQ is used as the A4 input of the shift register (U4) so
that at the next low-to-high transition of CLK, the interrupt
request, which is still present at a high level on the A input of
the shift register, will be shifted in. The shift register
output QB will then go high on the next CLK low~to=high
transition. This will cause INT REQ¥ to go low. As soon as INT
REQ* goes low, IRQX will go low and the selected channel
interrupt request line will go low.

IRQX going low will cause the B input of the shift register
(Ul.2) to go low. After two low-to-high transistions of CLK, the
INT REQ* signal will go high, thus causing IRQX to go high. The
low-to-high transition of IRQX will also clock a flip-flop (U5.3)
of the SHARED INTERRUPT LOGIC, which causes the INT INHIBIT#
signal to go low, thus prohibiting any further INT REQ* high-to-
low transistions.

Presumably at this point, the interrupt handler is invoked,
and the source of the interrupt is cleared. This causes the A
input to the shift register to go low, thus preventing further
interrupt requests from being clocked through the SHARED
INTERRUPT LOGIC until another valid interrupt condition occurs.
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Finally, &the interrupt handler must re-arm the SHARED INTERRUPT
LOGIC by causing the INT INHIBIT¥® signal to return to a high
level. This is accomplished by writing a byte to I/0 port hex
2FX, where X 45 0, 1, 2, 3, 4, 5, 6, or 7, depending. on the
interrupt request level being used and the configuration of the
interrupt acknowledge jumpers described in the ADDRESS DECODE
LOGIC section of this document.

if, for some reason, the interrupt handler chooses not to
clear +the source of the interrupt (perhaps another board got
serviced), the IRQX high-to-low-to-high pulse will simply be
regenerated after the handler writes to port hex 2FX. Thus, the
SHARED INTERRUPT LOGIC will generate a continuous series of IRQX
pulses, thereby causing a series of interrupts, until it gets
serviced by the handler.

5.5.2 DMA TC Interrupt Logile

The DMA acknowledge signal (DACKn*) and the DMA {erminal count
signal (T/C) from the 8237A~5 DMA controller, which are selected
and received by the DMA CIRCUITRY and the CONTROL SIGNAL BUFFER
CIRCUITY to become the DMAACK* (DMA acknowledge) signal and the G
T/C signal, are used with the INT EN (interrupt enable) signal
from the INTERFACE CONTROL LOGIC to generate an interrupt request
(DMA TC INT) when the DMA controller has reached terminal count
{i.e., the DMA transfer has completed). The G T/C signal is used
to cloeck a filip-flop (U5.11) which has the IE signal connected to
the D input (US5.12)., Thus, DMA TC INT will go high when the DMA
controller reaches terminal count (ie., when G T/C makes a low-
to-high transition) if the GPIB~PC24 has been previcusly armed
for interrupt operation (by setting one of the interrupt enable
bits in IMR1 or IMR2). The DMA TC INT signal is cleared to a low
state on twoe conditions: when the RESET sigrnal goes high or when
the 8088 processor reads the uPD7210 Interrupt Status Register 2
(ISR2)., The ISR2 read is the mechanism used by the Iinterrupt
handler to clear the DMA terminal count interrupt request.

5.5.3 Separate Clock Interrupt Logilc

Logic is provided on the GPIB~PC2A to allow the clock to
interrupt seperately from the shared interrupt logic. A second
shunt connector can be configured on the wire-wrap array in
addition to the shunt connector for the shared interrupt logic.

The LS125A used to drive interrupt requests from the clock
is enabled by setting the SIE bit in the CCR. The LS125A's input
is dpiven directly by the CLKIRQ signal. When the clock option
is not present, the enable pin of the LS125A4 is pulled high by an
8.2K ohm resistor which forces the L81254 in ite high-impedance
mode.,



5.6 ADDRESS DECODE LOGIC

The 16 address lines AQ through A15 on the PC channel c¢onnector
are all used for determining the GPIB-PC2A address. 4 PAL16L2 is
used along with some jumpers to decode the base address 2E1# and
the interrupt arm signal 2FX*. The AEN signal from the processor
is zlso used in the decode logie to ensure that the card is not
inadvertantly selected when the 8088 processor does not have
control of the bus.

The 2E1* signal is further conditioned to generate the
signals MY BOARD, TLCSEL* and CLEKSEL¥. This 13 done using
exclusive~or gates to compare the address lines A13 and Ath with
on~board switches.

The binary base address 2E1 decoded by the PALI6LZ is as
follows:

15 14 13 12 11 10 9

joo
I~3

6 5 1+ 3 2 1 20

w X X ¥ y Yy 1 0 1 1 1 0 o 0 G 1

The three bits labeled y are used as register select signals
for the uPDT7210. These bits are also used to select the two
clock registers, CCR and CDR. The two bits labeled x are used to
select one of the four possible block numbers (1 fhrough 4 ).
The single bit, labled w, is used to select the NEC uPD7210 {(w=0)
or the NS MM581674 (w=1).

The interrupt arm signal 2FX* is decoded by the PAL16L2 as
follows:

15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 8

|
i
I
I
I

0 0] 1 0 1 1 1 1 0 z Z Z

[
fov]
o
o

The three bits labeled z are user selectable as zeros or
ones using switches on the card. The binary value of the three
bits should be equivalent to the interrupt request level selected
by the INTERRUPT CIRCUITRY to guarantee system integrity (i.e.,
if IRQ7 were selected, zzz should be configured as 111 using the
switches on the board). The WR* and AEN* signals are also used
in the decode logic to ensure that the 2FX*® signal 1is generated
only when the 8088 processor is writing to the decoded address.
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5.7 INTERFACE CONTROL LOGIC

The PAL20RY is the principal component in this group. The PAL
monitors the internal data bus (GDO through GD7), the uPD7210
select signal (TLCSEL*), and the uPD7210 register select signals
(RSO through RS3). These inputs allow the internal logic of the
PAL to generate the following outputs:

# TR2%, or uPD7210 Interrupt Register 2, which 1s true (low)
when either Interrupt Status Register 2 (ISR2) or
Interrupt Mask Register 2 (IMR2) is being selected by the
regiaster select lines.

% The SC output is a latched signal, signifying that the
GPIB-PC28 is the GPIB System Controlier. SC is latched
high whenever the uPDT7210 receives an auxiliary command to
set or clear the GPIB REN or IFC signals. SC is returned
to a low level when a DSC (disable system control) or Chip
Reset auxiliary ecommand is sent to the uPD7210 or when
RESET* is low.

¥ The DMA EN#* signal is latched at a low level whenever
either of the DMA enable bits in the uPD7210 IMRZ2 is set.
DMA EN¥* is returned to 2 high 1level if beth bits are
cleared or if RESET* is low. .

¥ The INT EN signal is latched at a high 1level 1if one or

_more of the interrupt enable bits in IMR1 or IMR2 are set.
INT EN is returned %o a low level if all of the interrupt
enable bits are cleared or if RESET#* is low.

The latched signals are all cleared when RESET* goes low.
See the PAL20RU fuse equations (Appendix A) for more information.



5.8 GPIB TALKER/LISTENER/CONTROLLER

The TLC is a large scale integrated circuit (NEC uBD7210) that
contains most of the logic circuitry needed to program, control,
and monitor the GPIB interface functions that are implemented by
the GPIB-PC24. Access to these functions is through 8 read-only
registers and 13 write-only registers, of which 5 are indirectly
addressed.

The TLC is enahled when the TLC SEL#* signal is low and the
register select signals RSO through RS2 are decoded internally to
access the appropriate register. Data on the internal data bus
(GDG through GD7) 1s strobed into write-only registers at the
trailing edge of WR*. Data in the read-only registers is placed
on the internal data bus a minimum access time after TLC SEL* and
RD#* are both low.

Most of the GPIB interface functions can be implemented or
activated from either side of the TLC; that is, the interface
may be programmed to do these functions from the IBM PC system or
it may be addressed to do them from the GPIB. In terms of the
{EEE-488 standard, the distinction between the two 1s generally
that between local and remote interface messages, respectively.

Command and data to the GPIB and data from the GPIE are
pipelined through the Command/Data Out Register (CDOR) and the
Data In Register (DIR), respectively.

Interrupt Mask Registers 1 and 2 {IMR1/2) are used to enable
or disable the generation of the TLC INT signal on the occurrence
of 13 key GPIB conditions or events. IMR2 also has two bits to
enable DMA transfers to or from the TLC. Interrupt Status
Registers 1 and 2 (ISR1/2) record the occurrence of the 13
conditions or events.

NOTE

ISR1 and ISR2 are not true status
registers in that the bits are cleared
whenever they are read. Appropriate
programming steps must be taken %o
derive status information from the
information provided by these
registers.

The status bits function independently of the correspending mask
bits.

The Address Status Register (ADRS) reveals the current
status of the Controller, Talker, and Listener functions. The
Address Mode Register (ADMR) is used to program or enable the
desired addressing mode as well as determine the use of the TLC's
three T/R output signals.



Interface messages (commands) that are not automatically
deciphered and implemented by the TLC can be read by the driver
program through the Command Pass Through Register (CPTR). The
program can then decide what action to take, usually by writing
commands to the Auxiliary Mode Register (AUXMR).

The AUXMR is used both to issue special commands to the TLC
and to write +to the five hidden registers. The Internal Clock
Register (ICR) is used to set eritical timing parameters based on
the frequency of the TLC input clock, which on the GPIB-PCZ24 is
approximately 4.77 MHz. The Parallel Poll Register {PPR) is used
to locally configure the TLC for polling. Auxiliary Registers A,
B, and E (AUXRA/B/E) provide a means £o control a variety of
diverse functions, such  as enabling handshake holdoffs,
transmitting END when the EQOS byte is sent, setiing the END BRX
bit when EOS is received, enabling high speed transfers, and
cthers.

The Address Register (ADR) is used to program two address
registers, ADRO and ADR1, which contain the base GPIB addresses
recognized by the TLC as well as Talker and Listener disabling
bits. The manner in which the TLC uses these registers depends
on the address mode established in the ADMR, & bit in ADR1
indicates if END was set on the last byte received.

The TLC can automatically determine when an end of string
character (EOS) is received by comparing each byte against the
character stored in the End of String Register (EOSR).



5.9 GPIB TRANSCEIVERS

The TLC is interfaced %o the GPIB through two special purpose
transceivers, a DST75160A for the data signals and a DS751624 for
the handshake and interface management signals. Signal direction
routing through these transceivers is controlled by three signals
from the TLC (T/R% through T/R3) and the SC signal from the
INTERFACE CONTROL LOGIC. T/R1 is high when the TLC 1s a Talker
or Active Controller, and low when it is a Listener; it controls
the direction of the data, handshake and EOI signals. T/R2 is
inverted so that the DC 3ignal 1s high when the TLC 1is
Controller-In-Charge and low  obtherwise. It controis the
direction of the ATN and SRQ signals. T/R3 4is high when the
three-state driver mode is active and low when the open collector
mode is active. When the GPIB-PC24 is parallel polled, the
transceiver switches to open collector mode during the poll. SC
controls the direction of the IFC and REN signals, driving the
GPIB when SC is high and receiving from the GPIB when it is low.
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5.10 OPTIONAL TIME-QF~DAY CLOCK

The GPIB-PC24 can be purchased with an optional real-time, time-
of-day clock, with alarm interval and battery back-up. The clock
logic consists of a NS MM581674 Real-Time Clock chip, a T74LS273
8-bit register (CCR), and some discrete clock support components.

The MM581674 is a low threshold metal gate cmes circuif that
functions as a real-time clock. The time base for the clock is
generated with a 32.768 KHz crystal oscillator. 4 3 V lithium
cell and power-down circuitry are provided so that timekeeping
may be maintained when power to the card is removed. See
Nztional Semiconductor Data Bock for more information on the
MM5816TA.

To remove the battery for replacement, insert a blunt NON-
METALLIC +tool between the bottom face of the cell and holder.
Five access slots are provided. Pry the battery up and at an
angle. Remove with fingers or insulated tweezer.

To replace the battery, place the cell into pesition with
the negative (-) face down and positive {(+) face up. The
positive top contact will snap close when properly inserted.
Replace with BR 2325 3 V cell or equivalent.

The CCR {Clock Control Register) is a write only register
made from a 7THLS273 8-bit lateh. It is used to address the
MM581674 internal registers and to enable clock interrupts as
described in section 3.3.1. The low order five bits of the
register are connected directly to the MM58167A register select
lines (A0 through AY) and must be programmed before any data
transfers with the MM581674 can take place. Bit 5 (CLK IE)
enables interrupts from the clock to either the separate clock
interrupt eircuitry or the shared interrupt logic as determined
by bits 6 and 7. Bit 6 (SIE) allows interrupts from the clock by
enabling the LS125A4 three-state driver which drives the CLKIRQ
signal onto the wire-wrap array. Bit 7 {CIE) allows the clock to
interrupt through the shared interrupt logic ecircuitry along with
interrupts from the uPD7210 and DMA TC. All bits of the TH4L.8273
are cleared when RESET* gres low.
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Section Six

IB2AIFT -~ Operation and Specification

This section contains the operation and specification of IB2ATIFT,
a standalone production test for the GPIB-PC2A. A copy of
IB2ATFT.EXE is stored on the disk that accompanies this manual.

IB2AIFT can test up to four GPIB-PC2As at one time.

The first part of this section, OPERATING INSTRUCTIONS,
deseribes the procedure used to run IB2AIFT. The second part,
the GPIB-PC2A DIAGNOSTIC SPECIFICATION, is -the specification that
TB2AIFT is based on and 1lists the steps contained in each
individual test of the GPIB-PC2A executed by IB2AIFT.

A wrap plug is needed to use IB2AIFT. To make a wrap plug,

eut the end off a GPIB cable and connect the wires, as shown in
Part II of the GPIB-PC24 DIAGNOSTIC SPECIFICATION.
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6.1 OPERATING INSTRUCTIONS -~ GPIB-PC2A INCOMING FUNCTIONAL TEST

The incoming functional test (IB2AIFT) will be performed using an
IBM PC egquipped with =& monitor, keyboard, and (optionaliy) an
expansion chassis. A wrap plug is alsc required. Up to four
boarda at one time can be tested in either the PC chassis or an
expansion chassis. Follow these test instructions:

1. Turn off power to the IBM PC and the expansion chassis
if used).

2. All boards should be set to interrupt level 7. Select
IRQ7 by placing the jumper such that the points marked
"y¥® are connected.

3. All boards should be set to DMA channel 1. Select DMA
channel 1 (DRQ1 and DACK1} by placing the two jumpers so
that the points marked x are connected and the points
marked y are connected.

DMA
A Ixy .. I
B lxy « o o ol
U —— +
RARARA
112233



4. Each board should have its own address, as follows: The
x indicates where the switch is pressed. Always start
with board 0. For example, to test three boards, use
the switch settings for boards 0 through 2.

Switch settings

Board # Address 12345

e s e i e i o Lt

0 0ZE1 oN | x x|
OFF Ix x x |

e e i v -+

e e v

1 22E1 oN | x|
OFF [x x x x|

e o 4 o e e

B e -

2 L2E1 ON | % |

OFF lx x x x ]

o e e s s

3 62E1 oN | ]
OFF |x x x x x |

[T R———

5. Turn on the expansion chassis, if used. The wrap plug
should NOT be inserted on any board.

6. To start (or restart) the program from the DOS prompt
A>, type TIB2AIFT. Press return in response to the
prompt.

7. The user is prompted for the number of boards installed
and told when to insert the wrap plug.



6.2 DIAGNOSTIC PROGRAM SPECIFICATION FOR PRODUCTION TEST

1-~16-85

Reference Documents:

82374-5 Chip Description
B2594A Chip Description
IBM PC Technical Reference

6.2.1 Board Configuration

The following configufations are used for the Diagnostic
PrOgrams.

* DMA Channel - The boards may be configured for DMA Channel
1 or 3.

NOTE

IBIFT requires that boards bhe
configured for DMA Channel 1 only.

* Interrupt Level - The boards may be configured for
Interrupt Levels 2 through 7.

NOTE

IBIFT requires that boards be
configured for Interrupt Level 7 oniy.

6.2.2 Board Tests

The hardware is tested by programming certain registers on the
GPIB-PC2A board and within the PC and then reading other
registers to determine if the operaticns were successful.

The Diagnostic tests are divided into two partis. Each part
is made up of one or more routines. Each routine is divided into
a series of independent tests.

Part T is completely standalone {uses no wrap plug) and is
“divided into four routines. The first routine {Tests 2 through
4) tests the interface between the GPIB interface hardware and
the PC I/0 Channel. The second routine (Tests 5 through 35)
tests the GPIB functions of the interface. The third routine
(Tests 36 and 37) tests the DMA transfer capability of the
interface. The fourth routine (Tests 38 through 55) tests the
interrupt capability of the interface, both for GPIB functions
and DMA terminal count.



Part II consists of one routine (Test 56 through 668) that
tests the GPIB interface using a wrap plug.

The board under test is initialized at the  beginning of
each test. Tests 2 through 55 are executed sequentially with the
exception that Test 38 is executed before Tests 36 and 37. If the
software includes the wrap plug tests, Tests 56 through 66 are
executed after the wrap plug is attached.

A board will fail if there is a functional problem, a DMA or
interrupt channel configuration problem, or the board is
recognized at an illegal address.

The test of a board will stop on first step failure.
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$.2.3 Tesat Specifications

The tests making up a GPIB-PC2A Diagnostic program are listed
below.

Each test consists of a sequence of numbered steps. If a
step fails, the test number, step number, board number and test
error anumber are printed on the screen, along with the relevent
error messages. The test number and step number can refer the
user to the exact step that failed.

Most steps are a read from or write to an I/0 register. For
example: :

write auxmr = 02
Write a 02 out to the 7210 Auxiliary Mode Register.
read isr2 = 007%

Read isr2, the 7210 Interrupt Status Register. If it is
not a zero, the test step fails.

Other possible test steps are as follows:
read isr2 = Bit 5 set?

Read register isr2. If bit 5 1is clear step passes,
otherwise step fails.

read isr2 = Bit 5 clear?

Read register isr2. If bit 5 is clear step passes,
otherwise step fails.

init (initialize)
Execute the initialization procedure
ekint {(check interrupt)

Cheeck that an interrupt occurred. If an interrupt did
not occur, test step fails.

ckspint (check spurious interrupt)

Check that an interrupt did not occur., If an interrupt
did oeccur, test step fails.
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In addition, there are a few other symbols used in the tables, as
follows:

04 | dmach
Represents the logical OR of the values 04 and dmach
stat * drqmaak

Represents the logical AND of the values stat and
drgmask

Some tests have additional steps that are unique to that tesat and
are described in detail below the test.

6.2.4 Error Messages
The folloging is a list of error messages commen to all tests.
"Tast Pattern Error®
The value read from the indicated register did not mateh
the expected value given in the test table. Both the

expected and received values are printed after this
mMessAZe .

"Timed out waibting for valid test pattern”

The correct test pattern did not appear within the
expected amount of time.

"Timed out waiting for DMA transfer®

A DMA operation did not begin within the expected amount
of time.

"DMA transfer data erropr®

One or more bytes of data were incorrectly transferred
in the DMA process.

"Expected interrupt did not occur®

No interrupt was detected when one should have appeared
on the board's interrupt level {level 2 for IBIFT).

"Interrupt received when none expected"

An interrupt request was detected when all interrupts
should have been clear.
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In addition, there are one or more error messages unique to each
test. These messages are described in the test tables section.

6.2.5 Registers

The following I/0 registers are referred to in the test steps:
6.2.5.1 GPIB-PC2A Registers

7210 registers for base address 2E1

Read Write Addreas RS2=A12 RS1=A11 RS0D=zAT0

dir edor 02E1 0 0 0
isri imr? 06E1 G o 1
isrz imr2 0AET 8] 1 4]
spsr spmr 0EE1 o 1 1
adsr adar 12E1 1 ¥ 0
eptr  auxmr 16E1 1 0 1
adr0 adr 1AE1 1 1 0]
adr1 eosr 1EE1 1 1 1
5.2.5.2 DMA Controller Registers
82374-5 in IBM PC

Register I/0 Address
chaddr 2x(GPIB~PC2A Dma Channel #)
chent chaddr + 2
stat B
mask A
mode B
bpflop C
page 83 if dma channel = 1

81 if dma channel = 2

82 if dma channel = 3

6.2.5.3 Interrupt Controller Registers
82594 in IBM PC
Register I/0 Address

OCHW3 20
imr 21



6.2.6 Teat Tables

All numbers in the tables that follow are hexadecimal.

6.2.6.1 INIT

The. following initialization instructions ocecur at the beginning
of each test so that the tests may be performed in any sequence.
However, the sequence in which the tests are presented below is

implemented in all the Diagnostic Programs.

At the start' of each test, the following instructions
{initialization procedure) are executed:

02 reset chip; clear isrl, isrz,
spmr, parallel poll flag,
EOI bit in asr; set clkr to 8;
hold all functions in idle state

Write auxmr

Write imr1 = 00 ¢lear both mask registers
Write imr2 = 00 .

Write admr = 00 clear mode register

Write auxmr = 00 release from idle state
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PART I

Routine I: Test of GPIB Hardware Interface to the PC I/Q Channel

Test 2

Purpose : Verify register locations

Step
T init
2 Read isrl = 007 read mask registers
3 Read isrz = 007

4% Read adsr 30?2 cheeck that ATN is set

Error numbers : 65300 "Base address incorrect®
6301 "Read registers incorrect following init"

Possible reasons for failure:

~-board at wrong address

-~cannot read from board

~7210 bad

-internal data bus problems

-register select lines bad

-ATN is on (Read adsr = 00) because 75162 or ATN line between
it and 7210 is bad

~wrap plug attached to board

«cable and device attached to bhoard

If passed:

-7210 is responding at right address
-can write to and read from 7210

TEST 3

Purpose - Verify data lines

Step
1 init
2 write spmr 3 f£f
3 pead aspsr = 17
B ywrite spmr = 00
5 read gpsr = 007

Error number : 6302 "Write to SPMR failed"

Pogsible reasons for failure:

-cannot read or write interface
=7270 might be bad
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‘~internal data bus problem
~register select lines bad

If passed:
-can read and write interface
~data lines probably ok
-address lines probably ok
-register select lines ok
TEST 4

Purpose : Verify board is an GPIB-PC24 board

Step
1 init
2 write adr = 55
3 write adr = aa
B read adr0 = 557
5 read adrl = 2a?

Error number : 6303 "irite to ADR falled"
Possible reasons for failure:

~7210 might be bad

-internal data bus problem

~register select lines bad

If passed:

-interface definitely at right address
~data lines ok

-zddress lines ok

~interface I1/0 address decoding ok
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Routine II: GPIB Functions

TEST 5

Purpose : Verify GPIB-PC2A can be programmed to listen

Step
1 dinit
2 write admr = 40 set listen only
3 read isrt = 007
B pead isr2 = 007
5 =

read adsr Lz check listener active
Error number 6310: "Cannot be programmed to listen
Possible reasons for failure:

«T7210 might be bad

~register select lines bad

~-ATN line driven low external to 7210
If passed:

«can program 7210 to be listener

TEST 6

Purpose : Verify GPIB-PC2A can be programmed to talk

Step
1 init
2 write admr = 80 set talker only
3 read isrt = 027 check DO bit set
§ pread iszr2 = 007
5 read adsr = 427 check for talker active

Error number : 6311 "Cannot be programmed to talk"

Possible reasons for failure:
«7210 might be bad
If passed:

-can program 7210 to be talker
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TEST T

Purpose : Verify GPIBPC2A can take control and become controller

Step
1 dinit
2 write admr = 3i t/r mode 3, address mode 1
3 write auxmr = le set IFC
4 read isrt = 007
5 pread isr2 = 097 check that CO and ADSC bits set
6 read admr = 80?7 check Ffor controller-in-charge,

asserting ATN

Error number : 6312 "Cannot take control with IFCH

Possible reasons for failure:
~-7210 might be bad
If passed:
«7210 can take control
TEST 8

Purpose : Verifyy GPIB-PC2A can go to standby

Step
1 init
2 write admr = 31 set t/r mode 3, address mode 1
3 write auxmr = le set IFC
4 read isr1 = 007
5 read disr2 = 097 check that CO and ADSC bits set
6 write auxmr = 16 clear IFC
7 write auxmr = 10 go to standby
8 read d4isr2 = 007 .
8 read adsr = c? check for controller-in-charge,

ATN unasserted

Error number : 6313 "eannot go to standby!

Possible reasons for failure:
-7210 might be bad.
I1f pazssed:

~7210 can go to standby
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TEST 9

Purpose : Verify GPIB-PC2A can take control asynchronously

Step
1 init
2 write admr = 31 set t/r mode 3, address mode 1
3 write auxmr = le  set IFC
4 pread disrt = 007
5 pead isr2 = 097 check that C0 and 4DSC bits set
6 write auxmr = 16  ¢lear IFC
7 write auxmr = 10 go to standby
8 read isrz = 007
9 read adsr = ¢0? check controller-in-charge,

ATN unasserted
11 take control asynchronously
087 check CO bit set
80?7 check controller-in-charge,
ATH asserted

10 write auxmr
11 read isr2

12 read . adsr

# 4 H

Error number : 6314 nCannot take control asynchronously"

Possible reasons for failure:
~7210 might be bad.
If passed:
-7210 ean take control asynchronously

TEST 10

Purpose : Verify GPIB-PC2A cannot take control when it shouldn't

Step
init
write admr 31 set t/r mode 3, address mode 1
write auxmr 1e set IFC
read isri 002

097 check CO, ADSC bits set

16 c¢lear IFC

10 go to standby

007

¢0? check controller-in-charge
12 take control synchronously
007

¢0? check controller~in-charge,
ATN unassertied

write auxmr
write auxmr
read isr2
read adsr
10 write auxmr
11 read isr2
12 read adsr

1
2
3
y
5 read isr2
)
7
8
9

[T TS T SO N NN T N I N B L B

Error number : 6315 "Takes control synchronously incorrectly™

6=k



Poassible reasons for failure:

~7210 might be bad.

If passed:

-7210 does not take control when it shouldn't

TEST 11

Purpose : Verify GPIB-PC2A can pass system control

Step

1 init
2 write
3 write
4 yrite
5 write
6 read
T pread
8 write
9 write
10 write
11 read
12 read

Error number :

Possible reasona for failure:

-7210 might be Dbad.

If passed:

adr
adr
admr
auxmr
iart
iard
auxmr
cdor
cdor
isr2
adsr

6316

B o# 0 s BB BN H R

00
e
31
1e
007?
097
16
41
09
017
o7

ma jor address = 0
disable minor TL

tr mode 3, address mode 1
set IFC

checlt CO, ADSC bits set

¢lear IFC

send other talk address

send take control command

ADSC

check not controller<in-charge,
ATN unasserted

"Cannot pass control?

~7210 can pass conirol

Purpose : Verify GPIB-PC2A can listen at all 32 possible listen

TEST 12
addresses
Step

1 init
2 write
3 write
4 write
5 write
6 write
7 read
8 read
9 write
10 read
11 read

adr
adr
admr
auxmr
auxmr
isre
adar

cdor
isrd
igr2

W H B H BI

B i

00
el
31
1e
16
097
807

20
0C?
097

program majcr address

disable minor TL

tr mode 3, address mode 1

set IFC

clear IFC

check CC, ADSC bits set

check for controller-in-charge,
ATN aasserted

send my listen address

gheck for CQ, ADSC bits set
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12 read adsr = 942 check for controller-in-charge,
ATN asserted, listener primary
address, listener active

Repeat for my listen addresses 21 through 3E.

Error number : 6317 “Cannot be addressed to listen™

Possible reasons for failure:

«7210 might be bad.
If passed:

-7210 can be addressed to listen
TEST 13

Purpose : Verify GPIB-PC2A can be unaddressed as listener

Step
1 dinit
2 write adr = 00 major address = 0
3 write adr = el disable minor TL
4 yrite admr = 31 tr mode 3, address mode 1
5 write auxmr = le set IFC
6 write auxmr = 16 elear IFC
7 read isr2 = 09?7 check CO, ADSC bits set
8 read adsr = 80? check controller-in-charge,

ATN asserted

20 send my listen address

007

09? check CO, ADSC set

947  gheeck for controller-in-charge,
ATN asserted, listener primary
addressed, listener active

3r send unlisten command

09? check CO, ADSC bits set

807 check controller-in-charge, ATN
asserted, not listener

9 write cdor
10 read disril
11 read isr2
12 read adsr

a un "

13 write cdor
14 read isr2
15 read adsr

H H i

Error number : 6318 "oannot be unaddressed to listen"

Possible reasons For fallure:
«7210 might be bad.
If passed:

-7210 can be unaddressed to listen
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Verify GPIB~PC2A can be addressed to talk at all
addresses

init
write
write
write
write
write
read
read
write
read
read
read

write
read

adr
adr
admr
auxmr
auxmnr
iare
adsr
cdor
isri
isr?d
adsr

auxmr
isr1

[T O TR I I S E N I I B

repeat for my talk

Error number :

Poasible reasons for failure:
~7210 might be bad.

If passed:

6319

00
el
3
ie
16
097
807
ity
007
097
8a?

10
027%

major address = 0

disable minor TL

t/r mode 1, address mode 3
set IFC

clear IFC

cheeck CO, ADSC
controller-in-charge, ATN
send my talk address

check C0O, ADS3C

controller~in-charge, ATN,tpas,
talker active

go to standby

check DO

addresses 41 - 57

"oannot be addressed to talik”

-7210 can be addressed to talk

TEST 15

Purpose : Verify GPIB-PC2A can be unaddressed as talker

Step

WO o3 WU S D e

10
12
13

14
15

init
write
write
write
write
write
read
read
write
read
read
read

write
read
read

adr
adr
admr
auxmr
auxmr
isr2
adsr
cdor
isri
isrd
adsr

cdor
isr2
adsr

TS LT T T T T L T 1 O | S 1

[1 20 1 B 14

00
el
31

16

097
807
4o

007
097
8a?

5¢
29?
8o?

major address = 0

disable minor TL

t/r mode 1, address mode 3
set IFC

clear IFC

cneck CO, ADSC
controller-in-charge, ATN
send my talk address

check CC, ADSC

controller~in-charge, ATN, tpas,
talker active

untalk

check (0, ADSC

controller-in-charge, AIN
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Error number : 6320 "Cannot be unaddressed to talk"

Posaiblie reasons for failure:

-~7210 might be bad.

If passed:

-7210 can be unaddressed to talk

TEST 16

Purpose

Verify GPIB-PC2A can be addressed to listen at all 960

gxtended addresses

Step

15
16

087 check CO
4907 controller-~inw«charge, ATN, listener
primary address state

60 my secondary address

007

09?7 check CO, ADSC

947  controller~in-charge, ATN, listener
primary address state, listener active

read isre
read adsr

init

write adr = 00 primary address = 0

write adr = 80 secondary address = 0
write admr = 32 £/r mode 1,address mode 2
write auxmr = Je set IFC

write auxmr = 16 clear IFC

read isr2 = 09? check CO, ADSC

read adsr = BO? controller-in-charge, ATN
write edor = 20 send my listen address
read isri = 007

write cdor
read iari
read isr2
read adsr

#Honououn

repeat for 960 other listen addresses

Error number : 6321 YCannot be addressed to listen"

Possible reascns for faillure:

-7210 might be bad.

If passed:

-7210 can be addressed to listen

6-18



TEST 17

Purpose : Verify GPIB-PC2A can be unaddressed as listener with
extended address

Step
1 init
write adr 00 primary address = 0
write adr 80 secondary address = 0
write admr 32 tr mode 2, address mode 2

Te set IFC

16 glear IFC

097 check CO, ADSC

80?7 controller-in-charge, ATN

20 send my listen address

007

n82? check CO bit

90?7 controller-in-charge, ATN, listener
primary address state

60 my secondary address

097 check CO, ADSC

94?  controller-in-charge, ATN, listener
primary address state, listener active

3F unlisten

09?7 check CO, ADSC

B0? controller-in-charge, ATN

3

4

5 write auxmr
6 write auxmr
7 read isr2

8 read adsr

9 write cdor

10 read isri

11 read isrz2

12 read adar

[T T T U T S T JO AN T2 (I E I | B H

13 write cdor
14 rpread isr
15 read adsr

16 write cdor
17 read isr2
18 read adsr

H B h

Error number : 6322 "eannot be unaddressed to listen with extended addressing'

Possible reasons for failure:

-7210 might be bad.
If passed:

~T210 can be unaddressed to listen with extended addressing
TEST 18

Purpose : Verify GPIB-PC2A can be addressed to talk at all 960
gxtended addreases

007
087 check CO bit
887 controller-in-charge, ATN, tpas

10 read isrl
11 read isr2
12 read adsr

Step
1 dnit
2 write adr = Q0 primary address = 0
3 write adr = 80 secondary address = 0
4 write adar = 32 tr mode 3, address mode 2
5 write awmr = le set IFC
6 write auxmr = 16 eclear IFC
7 read i1sr2 = 09?7 check CO, ADSC
8 pread adsr = 807 «controller-in-charge, AN
9 write cdor = #0 send my talk address
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13 write cdor
14 read isri
18 read isrz2
16 read adsr

60\' my secondary address

007 )

097 check €O, ADSC

8a? controller-in-charge, ATN, tpas,
talker active

i0 write GTS (go to standby)

027 check DO bit

17 write auxmr
18 read isri

repeat for 960 other talk addresses

SError number : 6323 "Cannot be addressed to talk"

Possible reasons for failure:
~7210 might be bad.
If passed:
-7210 can be addressed to talk with extended addressing

TEST 19

Purpose : Verify GPIB~PC24 can Dbe unaddressed fo talk with
extended addressing

Step
1 init
2 write adr #10; primary address = 0
3 write adr 80 secondary address = 60
4 write admr 32 tr mode 3, address mode 2
5 write auxmr = le set IFC
6 write auxmr = 16 clear IFC
7 read ispr2 097 check CD, ADSC
8 read adsr 80?7 controller-in-~charge, ATHN

4o send my talk address

007

087 check CO

887 contrecller-in-charge, ATN, tpas

60 my secondary address

(91004

097 check CO, ADSC

8a? controller-in-charge, ATN, tpas,
talker active

5t untalk

097 check CD, ADSC

80? controller-in-charge, ATN

write cdor
10 read disri
11 read isre
i2 read adsr
13 write cdor
14 read isrt
15 read isr2
16 read adsr

w

H i B B B U B B H R

17 write odor
18 read isr2
19 read - adsr

H H B

Error number : 6324 "eannot be unaddressed to talk with extended addressing"

Posaible reasons for failure:

~7210 might be bad.
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If passed:
-7210 can be unaddressed to talk with extended addressing
TEST 20

Purpose : Verify GPIB~PC2A can recognize data in condition

Step
1 init
2 write admr = c0 talk only, listen only
3 read isrt = 02?7 check DO bit set
4 pead isr2 = 007
5 read adsr = 867 listener active, talker active
6 write cdor = aa
7 read isrl = 03? check DO, DI bits
8 read dir = aa? data in
Error number : 6325 "Cannot write to self"

Possible reasons for failure:
~7210 might be bad.
If passed:
~7210 can write to selfl
TEST 21

Purpose : Verify GPIB~PCZA can recognize error condition

Step
1 dinmit
2 write admr = b0 talk only, tr mode 3
3 pead isri = 027 check DO
4 pread isr2 = 007
5 read adsr = 427 talker active
6 write ecdor = aa
7 read isrl = 06? ERR, DO

Error number : 6326 "Cannot generate handshake error®

Possible reasona for failure:
~7210 might be bad.
If passed:

-7210 can generate handshake error
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TEST 22

\

Purpose : Verify GPIB-PC2A can recognize device clear command

Step

W o3 U I Lo N

10
1
12

inig
write
read
read
read
write
write
read
read

write
read
read

Error number ¢

Poszsible reasons for failure:

~7210 might be bad.

If passed:

admr
isri
isr2
adsr
auxmr
auxmr
isre
adsr
cdor
isrl
isr?

6327

-7210 can detect

TEST 23

~ Purpose :
(speC)

Step

W~ o Sl

10
kN
12

Verify GPIB-

init
write
read
read
read
write
write
read
read

write
read
read

admr
isrl
iar2
agdar
auxmyr
auxmr
isr2
adsr

cdor
isrt
isr2

Error number : 6328

| T £ S T - N 7 | B 1

i un

70
007
00?2
Ly
te
16
087
842

14
087
087

listen only, tr mode 3

listener active

set IFC

clear IFC

check CO bit

check controller-in-charge, ATH,
listener active

set DCL

check DEC

check CO bit

"Cannot detect DCL message”

DCL message

PC2A can recognize Selected Device Clear

H B #H B AL KW H RN

o4
087
087

iisten only, tr mode 3

listener active

aet IFC

clear IFC

check CO bit

controller-in-charge, ATN, listener
active

send SPC command

check DEC bit

check CO bit

"Cannot detect SDC message™
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Pogsible reasons for failure:
=7210 might be bad.
If passed:
«7210 can detect SDC message
TEST 24

Purpose : Verify GPIB-PC2A can recognize EOI and set end

Step
1 init
2 write admr = fO talk only, listen only, %tr mode 3
3 read isrl = 027 check DO
B pead isr2 = 007
5 read adsr = 467 listener active, talker active
6 write auxmr = 06 send END
7 write edor = 55 .
8 pead isrl = 137 check END, RX, DO, and DI
9 pread dir = 557 data in
Error number : 6329 fCannot detect END with EQIV

Possible reasons for failure:
~7210 might be bad.
If passeds
~7210 can detect END with ECT
TEST 25

Purpose : Verify GPIB-PC2A can recognize EOI and set REQI

Step
1 init
2 write admr = f0 talk only, listen only, tr mode 3
3 read isrl = 027 check DO
4 pread isr2 = 007
5 pread adsr = #6? listener active, talker active
6 write auxmr = 06 send end
7 write cdor = 55
8 read isri = 137 check END,RC, DO, DI
9 pread adrl = 807 <check EOI
10 read dir = 557 data in
Error number : 6330 "Cannot detect EOI with EOIY
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Possible reasons for failure:
~7210 might be bad.
If passed:

~-7210 can detect EOI with EOI

2a? data in
aa
132 check END, RX, DO, DI

10 read dir
11 write cdor
12 read isr?

TEST 26
Purpose : Verify GPIB-PC28 can recognize B8-bit eos character and
set end
Step
1 init
2 write admr = {0 talk only, listen only, tr mode 3
3 read isrl = 027 check DO bit
4 read isr2 = 007
5 read adsr = 467 listener active, talker active
6 read auxmr = 94? set end on 8 bit eos
7 write eosr = aa
8 write edor = 2a
9 read isrl = 037 check DO, DI

Error number : 6331 "Cannot detect END with 8 bit EOS"

Possible reasons for failure:

-7210 might be bad.
If passed:

-7210 can detect END with 8 bit EOS
TEST 27

Purpose : Verify GPIB-PC2A can recognize T-bit eos character and
set end

Step
init
write admr
read isri
read isr2

1

2 £0 talk only, listen only, tr mode 3
3

i

5 read adsr

6

7

8

9

027 check DO

007

467 listener active, talker active
847 set end on 7 bit eos

aa

2a

137 check END, RX, DO, DI

2a? data in

aa

132 check END, RX, DO, DI

read auxmr
write eocsr
write cdor
read isrl
10 read dir
11 write edor
12 read isri

O L £ T I | SO I I | N I

6-24



Error number : 6332 #Cannot detect END with 7 bit EOS.

Possible reasons for failure:
~7210 might be bad.
If passed:

-7210 can detect END with 7 bit EOS.

TEST 28
Purpose : Verify GPIB-PC2A can recognize group execute trigger
command
Step
1 init _
2 write admr = T0 listen only, tr mode 3
3 pread isrl = 007
4 pead isr2 = 007
5 rpead adar = U442 listener active
6 write auxmr = le set IFC
7T write auxmr = 16 clear IFC
8 read isr2 = 08?2 check DO bit
9 read adsr = 847 coniroller-in-charge, ATN,

listener active
08 write group execute trigger command
207 check DET bit
08? check CO

10 write cdor
11 read isr!
12 pread isre

Hounon

Error number : 6333 "Cannot detect GET"

Possible reasons f{or failure:
-7210 might be bad.
If passed:

-7210 can detect GET

TEST 29
Purpose : Verify GPIB~PC2A can set APT bit on unrecognized
command
Step
1 init
2 write adr = GO major primary address = 0
3 write adr = el disable minor address
4 write admr = 33 tr mode 3, address mode 3
5 write auwxmr = le set IFC
6 write auxmr = 16 elear IFC
7 read isr2z = 09? check CC, ADSC
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8
9
10
11
12

13
14

15
16

17
18

19

read
write
read
read
read

write
read
read
read

write
read
read

Error number @

Possible reasons for fallure:

-7210 might be bad.

If passed:

adsar
cdor
isri
isr2
adsr

cdor
isr1
iare
adsr

auxmr

isr2
adsr

6334

[ T I P

H H ¥ H

it H U

807
40

007
087
887

60

407
007
887

of
097
8a?

controller-inwcharge, ATN
send my talk address

check CO

eontroller-in-charge, ATN, talker
primary address

send my secondary address

check APT bit

controller-in-charge, ATN, talker
primary address

valid pass through

check CO, ADSC

controller-in-charge, ATN, talker
primary address, talker active

"Mode 3 addressing not functioning"

«Mode 3 addressing functional

Verify GPIB-PC2A can recognize undefined command and

TEST 30
Purpose :
execute
Step
1 init
2 write
3 write
b write
5 write
6 read
7 read
8 read
9 write
10 read
11 read
12 ‘write
13 read
4 write
15 read
16 read
17 read

Error number :

admr
auxmr
auxnr
auxmr
isri
isp2
adsr

cdor
isri
eptr
cdor
iari
auxmr
cdor
isri
cptr

6335

i ¥ n 8w i

#OHOH 1R NN

70
ie
16
al
007
082
847

02
807
027
03
00?
o7
067
807
06?

listen only, tr mode 3, address mode O
set IFC

¢lear IFC

ept enable

check CO

controller-in-charge, ATN, listener
active

any undefined command

check CPT

undefined command

another one

have not acted on first one yet

invalid command

another one

check CPT

new undefined command

"Cannot recognize undefined command!
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Poszible reasons for failure:

=7210 might be bad.

If passed:

~7210 recognizes undefined command

TEST 31

Purpose ! Verify GPIB-PC2A can set REM, REMC, LOK, and LOKC bits

Step

1 init
2 write admr
3 write adr
4 write adr
5 write auxmr
6 write auxmr
7 write auxmr
8 write auxmr
9 read isr2
10 write cdor
11 read isre
12 write auxmr
13 write auxmr
14 write auxmr
15 read isrl
16 read isr2
17 read adsr

HOH OB W OB BB N H BN H IR

18 write cdor
19 read isrl
20 read isr2
21 read adsr

H B oHuon

22 write cdor
23 read isr2

Error number : 6336

Possible reasodnsg for failure:

31
00
el
1e
16
1r
14
097
20
097
1e
16
17
0072
0172
907

20
a7
167
942

11
3e?

tr mode 3, address mode 1
major address = 0
disable minor address
get IFC

clezar IFC

set REN

release system control
check CO, ADSC

send my listen address
eheck CO, ADSC

get IFC

elear IFC

set REN

ADSC

controller-in-charge, AIN and
listener active

send my listen address

REM, CO, REMC, AD3C

controller-in-charge, ATN, listener
primary address, listener active

write loecal lockout

check LOK, REM, CO, LOKC

"Cannot detect REM, REMC, LOK, or LOKC"

-REN line may be grounded

-7210 might be bad

If passed:

-7210 can detect REM, REMC, LOK, and LOKC
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TEST 32

Purpose : Verify GPIB-PC2A can clear REM and LOK bits

Step

1 dinit
2 write
3 write
L yrite
5 write
6 write
T write
8 read
9 read
10 read
11 write
12 read
13 read
14  read
15 write
16 read
17 write
18 read

admr
adr
adr
auxmr
auxmr
auxmr
izri
isr2
adar
cdor
isrt
isr2
adsr

cdor
isr2
auxmr
isr?

Error number : 6337

Possible reasons for failure:

31
00
el
1e
16
1£
007
097
807
20
o7
17
g4

H H K H B H O K H H O LN

11
3e?
17
062

tr mode 3, address mode 1
major address = 0
disable minor address
set IFC

¢lear IFC

set REN

eheck CO, 4DSC
controller-in-charge, ATN
send my listen address

REM, CO, REMC, ADSC
controller-in-charge, ATN, listener
primary address, listener active

write loecal lockout
check LOK, REM, CO, LOKC
clear REN

check LOKC, REMC

"Cannot clear REM or LOK"

-7210 might be bad

If passed:

~-7210 can detect

TEST 3

A~

Purpose : Verify GPIB=-

Step

1 init
write
write
write
read
read
Wwrite
read

O~ Ut Mo

Error number :

admr
auxmr
auxmr
isr]
isr2
spmr
isr2

6338

REM and LOK

PC2A can set. SRQI

£0
le
16
007
087
ko
807

#H M N U H

talk only, listen only, tr mode 3
set IFC -
clear IFC

co
set SRQ
SRQI

"Cannot detect 3SRQ"
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Possible reasons for failure:
-7210 might be bad
If passed:
-7210 can detect 3RQ
TEST 34

Purpose : Verify GPIB-PC2A can perform serial poll as
controller-in-charge and as a responding device

Step
1 init
2 write admr = 0 talk only,; listen only, &r mode 3
3 write auxmr = le set IFC
4 write auxamr = 16 clear IFC
5 read isri = 007
6 read isr2 = 087 check CO
7 write spmr = 55 gset SRQ and status byte
8 read disr2 = H0? SHQI
9 write cdor = 18 write Serial Poll Enable command
10 read adsr = ab? controller-in-charge, ATN, SBMS,

listener active, talker active
10 write Go To Standby command
017 check DI bit
557 status byte
11 take control asynchronously
10 Go to standbys
017 check DI bit
157 status byte without RSQ

11 write auxmr
12 read isrl
13 read dir
14 write auxmr
15 write auxmr
16 read isri
17 read dir

[ L E O | N L TR TR 1)

Error number : 6339 "Cannot conduct serial poll®

Posgible reasons for failure:
7210 might be bad
If passed:
~7210 can conduct serial poll
TEST 35

Purpose : Verify GPIB-PC2A can perform a parallel poll both as
controller-in~ charge and as reaponding device

Step
1 init
2 write admr = 70 listen only,; ir mode 3.
3 write auxmr = ie set IFC
4 write auwxmr = 16 elear IFC
5 write auxmr = 01 clear ist
& write auxmr = 50 lpe/ppe on diol
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007

087  check CO

847 controller-in-charge, ATN, listener
goetive

14 parallel poll

01?2 response

6b lpe/ppe on dio5

1d parallel poll

(410274 no response

0g set IST

1d parallel poll

08? new response

T0 lpe/ppd

1d parallel poll

007 noc response

7 read isri
8 read iar2

9 pread adsr

10 write auxmr
11 read cepir
12 write auxmr
13 write auxmr
14 read copir
15 write auxmr
16 write auxmr
17 read cptr
18 write auxmr
19 write auxmr
20 read cptr

o O# U oo R BN BN

Error number : 6340 "Cannot conduct parallel poll"

Possible reasons for failure:
~7210 might be bad

If passed:
-7210 can conduct serial poll

Interrupt Test -- see Routine IV

TEST 38

Purpose : Verify unexpected interrupts have not occurred.

Step
1 init
2 ckspint
re-enable shared interrupt line
3 ckspint
Error number : 6358 "Unevoked interrupt received”

Possible reasons for failure:

-IRQ line may be malfunctioning
-7210 might be bad

If passed:

-no pending interrupts
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Boutine IIi: DMA Transfers

dma channel number
== 1 shifted left dmach + 4 times
dmach ored with 488

Verify GPIB-PC2A can DMA correctly from GPIB to memory

dmach =
drqmask
dmamode =
TEST §§
Purpose @
Step
1 dinit,
2 wWrite
3 write
§ write
5 write
6 read
7 write
read
9 read
10 write
11 write
12 write
13 write
14 write
15 write
16 check
17 check
18 check
Error numbers:
Step 1-15 @
Step 16~17
Step 18

write (2fX) = 00

bpflop
mask
mode
imr2
stat

LE D T T I

admr

adsr

stat
chadr
chadr
port
chent
chent
mask
that DMA

LT { I L N [ O L |

00 set pointer

drgmask disable dmas

dmamode dma writs

20 enable dma out

bit 5 elear? no request pending, dreq
driven low

£0 make GPIB-PC24 talker only, listener
only, t/r mode 3

467 verify talker active, listener
active

bit 5 set? request pending, dreq driven high
low byte of address

next byte of address

top nibble of address

1F low byte of count-1
00 high byte of count-1
dmach start dma

started on time

that data tranaferred correctly
for no DMA TC interrupt

6350
6351
6358

Cannot DMA to T210¢
"Data error on DMA to 72100
"Unevoked interrupt received"

Possible reasons for failure:

All steps:
-DMA jumpers bad or improperly installed
~PAL possibly bad
~7210 possibly bad
Step 6:
-DREQ line high or floating
Step 9:
~DREQ line low
Step 16:
-DACK high or floating
-DMAACK high or floating
Step 17:
~data lines posaibly bad
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If passed;

-no pending interrupts
-DMA into memory functions correctly

TEST 37

Purpose : Verify GPIB-PC2A can DMA correctly from memory tc GPIB

Step
1 init, write (2fX) = 00
2 write bpflop = 00 set pointer
3 write mask = O4ldmach disable DMA
4 write mode = O4|dmach dma write to from memory
5 write imr2 = 10 enable DMA in
6 pread stat ¥ drqmask
= Bit 5 ¢lear ? check DREQ driven low
7 write admr = 0 talk only, listen only, tr mecde 3
8 read adsr = 467 check for talker active, '

listener active
low byte of address
next byte of address
top nibble of address
12 write chent low byte of count-1
13 write chent = high byte of count-i
14 write mask = dmach start dma
15 check that DMA started in time
16 check that data tranaferred correctly
17 check for no DMA TC interrupt

g write chadr
10 write chadr
11 write page

[E I E I O I |

Error numberst

Step 1-15 1 6352 "Cannot DMA from 72100
Step 16 : 6353 "Data error on DMA from 7210"
Step 17 : 6358 "Unevoked interrupt received®

Possible reasons for failure:

All steps:

~DMA jumpers bad or improperly installed
=~PAL possibly bad

~-7210 possibly bad

Step 6:

~DREQ high or floating
Step 15t

~DACK high or floating
~-DMAACK high or floating
Step 163

-Data lines possibly bad
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If passed:

~DMA from memory to GPIB functions correctly
-no pending interrupts
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Routine IV: Inferrupts

TEST 39

Purpose : Verify GPIB-PC2A can interrupt on Address Status Change

Step
1 init, write (2fX) = 00
2 write imr2 = 91 enable ADSC interrupt
3 write admr = 31 set tr mode 3, address mode 1
b yrite auxmr = le set IFC
5 ckint check that int occurred
& read isr2 = 89? check INT, CO, and ADSC bits

Error number : 6359 "Cannot interrupt on ADSCY

Possible reasons for failure:

~interrupt jumpers bad or incorrectly set
~PAL might be bad

~IBM interrupt controller might be bad
~interrupt circuitry may be malfunctioning
=7210 might be bad

If passed:

«interrupt circuitry is functioning correctly
~7210 can interrupt on ADSC

TEST 40
Purpose : Verify GPIB~-PC2A can be interrupt on Address Status
Change
Step
1 init, write (2f%) = 00
2 write imr2 = 01 enable CO interrupt
3 write admr = 31 setup tr mode 3, address mode 1
4 yrite auxmr = le set IFC
5 ckint check that interrupt cccurred
6§ read isr2 = B89? check int, CO, and ADSC bits

Error number : 6360 "Cannot interrupt on ADSCY

Possible reasons for failure:

«~T210 might be bad
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If passed:
~7210 can interrupt on ADSC

TEST 11

Purpcse : Verify GPIB-PC24 can interrupt on CO condition

Step
1 init, write (2fX} = 0O
2 write imr2 = 08 enable CO interrupts
3 write admr = 31 setup t/r mode 3, address mode 1
4 write auxmr = le set IFC
5 ckint
6 read isr2 = 897 «check int, CO, and ADSC bits set

Error number : 6361 "Cannot interrupt on COM

Posgible reasons for failure:
«7210 might be bad
If passed:
~7210 can can interrupt on CO
TEST 42

Purpose : Verify GPIB-PC2A can interrupt on DO condition

Step
init, write (2fX) = 00
write imri 02 enable do interrupt
write adr 0 major primary address = 0
write adr el disable minor address
write admr 3N setup t/r mode 3, address mcde 1

Te set I¥C

16 clear IFC

09? Check that CO and ADSC bits are set

80? Check that GPIB-PC2A is controller-in-charge-
and asserting ATN

40 send my talk address

007

06?7 check that CU, ADSC bits are set

8a? controller-in-charge, asserting ATN;
talker primary addressed, and talker

write auxmr
write auxmr
read isr2
read adsr

W~ oW

o oK hB H N

10 write cdor
11 read isrl
12 read isrz2
13 read adsr

H H I H

active
14 write auxmr = 10 go to standby
15 ckint check that interrupt occurred

027 check DO bit set

i

16 read isr1

Error number : 6362 "Cannot interrupt on DOM
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Possible reasons for fallure:
~7210 might be bad

If passed:
~7210 can interrupt on DO

TEST 43

Purpose : Verify GPIB-PC2A can interrupt on DI condition

Step
1 init, write (2fX) = 00
2 write imr? 01 enable DI interrupt
3 write admr c0 program GPIB-PC2A for talker only,
listener only

4 pread isri = 02? check DO bit set
5 read isr2 = 007
6§ read adsr = 46?2 check that GPIB-PC24A is talker only,listener only
7 write cdor = aa write out data byte
8 ckint
g read disr = (037 check DO and DI bits set
Error number : 6363 "Cannot interrupt on DIV

Possible reasons for fallure:
-7210 might be bad
If passed:
-7210 can interrupt on DI
TEST 44

Purpose : Verify GPIB-PC24 can interrupt on ERR condition

Step
1 init, write (2fX) = 00 -
2 write imri = 04 enable ERR interrupt
3 write admr = DbO program talker only, t/r mode 3
4 pread isri = 02? check DO bit set
5 read isr?d = 007
6 read adsr = B2? talker active, ATN unasserted
7 write cdor = aa write out data byte
8 ekint
9 read isr?! = 067 check ERR, DO bhits set

Error number : 6364 "Cannot interrupt on ERR"
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Possible reasons for fallure:
-7210 might be bad
If passed:
~7210 ean interrupt on ERR
TEST 5

Purpose : Verify GPIB-PC2A can interrupt on DEC condifion

Step _
1 init, write (2fX) = 00
2 write imr} = 08 enable DEC interrupt
3 write admr = 70 program listener only, t/r mede 3
4 read isrl = 007 check that interrupt registers
5 read disr2 = 007 are cleared
6 read adsr = 44?7 c¢heck listener active, ATN unasserted
7 write auxmr = le set IFC
8 write auxmr = 16 elear IFC
9 pead isr2 = 087 ‘check CO bit set
10 read adsr = BY? check for controller-in-charge, ATN

asgerted, and listener active
11 write cdor 14 send device clear command
12 write ckint

12 read isrl

1]

087 checlkt GPIB~PC2A in Device Execute Clear

Error number : 6365 "Cannot interrupt on DECY

Pessible reasons for failure:
~7210 might be bad
If passed:
~7210 ean interrupt on DEC
TEST 46

Purpose : Verify GPIB-PC2A can interrupt on END condition

Step
1 init, write (2fX) = 00
2 write imr1 = 10 enable interrupt on END IE
3 write admr = 0 set talker only, listener only,
, t/r mode 3
4 pead isr?! = 02? check DO bit set
5 read isr2 = 007
§ read adsr = 467 check listener and talker active
7 read auxmr = 06? send EOI with next byte
8 write edor = 55 write data byte
g ckint
10 read isri = 13? check END RX, DO, and DI bits set
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Error number : 6366 "Cannot interrupt on ENDT

Possible reasons for failure:
~7210 might be bad
If passed:
-7210 can interrupt on END
TEST 47 |

Purpose : Verify GPIB-PC2A can interrupt on DET condition

Step
1 init, write (2£X) = 00 :
2 write imr? = 20 enable interrupt on DET
3 write admr = T0 set listener only, t/r mode 3
4 pead isri = 007 check that interrupt registers are
5 read isr2 = 007 clear
6 read adsr = 44?7 check listener active, ATN unasserted
7 write auxmr = le get IFC
8 write auxmr = 16 clear IFC
9 read isr2 = 08?7 check CO bit set
10 read adsr = 84?7 chegk for controller-in-charge, ATN

asserted, and active listener
11 write edor 08 gend group execute trigger command
12 ckint

13 read isrt

H

207 check that GPIB-PC24 is in device execute
trigger state

Y

Error number : 6367 "Cannct interrupt on DET"

Possible reasons for failure:
~7210 might be bad
If passed:
~7210 can interrupt on DET
TEST 48

Purpose : Verify GPIB-PC2A can interrupt on APT condition

Step
1 init, write (2fX) = 00
2 write imrt = 40 interrupt on APT
3 write adr = 00 set major primary address = 0
B write adr = el disable minor address
5 write admr = 33 set address mode 3
6 write auxmr = le set IFC
7 write auxmr = 16 clear IFC
8 read isrz = 097 eheck that CO and ADSC bits set
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9 read adsr
10 write cdor
11 read isr?
12 read isr2
13 read adar

807 check for Controller-in-charge and ATN

ko send my talk address

007 check that

087 CO bit is set

887 gheck for controller-in-charge, ATN
asserted, talker primary addressed

14 write ecdor gsend my secondary address '

15 ckint check that interrupi occurred

16 read isrl 407 check APT bit set

i H BB

u
on
[=]

i

Error number : 6368 "Cannot interrupt on APT™

Posaible reasons for failure:
-7210 might be bad
If pasged:
~7210 can interrupt on APT
TEST A9 |

Purpose : Verify GPIB-PC2A can interrupt on CPT condition

Step

1 init, write (2£X) = 00

2 write imrl = 80 enable cpt interrupt

3 write admr = T0 GPIB-PC24 listener only, t/r mode 3, mode O

4 write awmr = le set IFC

5 write awxmr = 16 clear IFC .

6 write auwxmr = al enable command pass-through mode

7 read isrl = Q0? check that only CO

8 rpread isr2 = 08? bit is set

g read adsr = 847 cheek for controller-in-charge, ATN
asserted, and active listener

10 write edor = 02 or any other undefined command

11 ckint check that interrupi occcurred

807 chect CPT bit set
027 read undefined command

12 read isr?
13 read epir

Error number : 6369 "Cannot interrupt on CPT"

Possible reasons for failure:
~7210 might be bad
If passed:

-7210 can interrupt on CPT
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TEST 50
Purpose : Verify GPIB-PC2A can interrupt on REMC condition

Step
1 init, write (2f¥X) = 0O

2 write imr2 = 02 enable REMC interrupts

3 write admr = 31 set t/r mode 3, address mode
4 write adr = 00 set major address = 0

5 write adr = el disable minor address

b write auxmr = le set IFC

7 write auxmr = 16 clear IFC

8 write auxmr = 1f set REN

9 read disrl = 007 check that CO and ADSC bits

10 read disr2 = 097 are set

11 read adsr = 807 check controllier-in-charge, ATN asserted
12 write cdor = 20 send my listen address

13 ckint
14 read isr2

tH

9b? check INT, REM, REMC, and ADSC bits set

Error number : 6370 "Cannot interrupt on REMCY

Possible reasons for failure:
~7210 might be bad
If passed:

=7210 can interrupt on REMC

Purpose : Verify GPIB-PC24 can interrupt on LOKC condition

1 init, write (2fX) = 00
write imr2 oh enable LOKC interrupts

write admr 31 set t/r mode 3, address mode 1
write adr 00 set major address =z O
el disable ninor address

1e set IFC

16 clear IFC

if set REN

007 check CO and ADSC bits

write auxmr

write auxmr

write auxmr
9 read isri

2
3
y
5 write adr
6
7
8

10 read isr2 0972 are set

11 read adsr 807 check controller-in charge, ATN asserted
12 write edor 20 send my listen address

13 read isri 00? check that REM, CO, REMC, and ADSC

14 read isr2 167 bits are set

YU 1 T2 T T T T SN N £ A N T I | B I B )

15 read adsr g47 check controller-in-charge, ATN asserted,

listener active, listener primary

addressed
16 write edor = 11 send local lockout command
17 ckint
18 pread isr2 = be? check INT, LOK, and LOKC bits set
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Error number : 6371 "Cannot interrupt on LOKC"

Possible reasons for faillure:
~7210 might be bad
If passed:
-7210 can interrupt on LOKC
TEST 52
Purpose : Verify GPIB-PC2A can interrupt on SRQI condition

Step
1 init, write (2fX) = 00

write imr2 4o enable SRQI interrupts

write admr f£o set talker only, listener only, mode 3

write auxmr 1e set IFC

write auxmr 16 eclear IFC

read isrl 007 check CO bit set

read isr2 087 check CC bit set

write spmr 4o set SRQ

ckint

read 1isr2

H # 4 3 & 1 H

O o1 S

b

«07? check SRQI and INT bits set

Error number : 6372 "Cannot interrupt on SRQIY

Possible reasons for failure:
-7210 might be bad

If passed:
-7210 ecan interrupt on SRQI

TEST 5

Purpose : Verify GPIB-PC2A can DMA from GPIB to system memory and
cause DMA TC interrupt

Step
1 init, write (2£fX) = Q0
2 write bpflop = 00 set byte pointer flipflop
3 write mask = 05 turn off DMA
4 write mode = 49 DMA read from memory
5 write imr2 = 2§ enable DMA out and DMA TC interrupt
6 read stat = 207 check DREQ driven low
7 write adamr = £0 gset talker only, listener only,
t/r mode 3
8 read adsr = 467 check talker active, listener active
9 read stat = bit 5 set? check DREQ driven high
10 write chadr = low byie of address
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next byte of address

top nibble of address

low byte of countwl

14 write chent high byte of count-i

15 write mask 01 start dma

16 check that no interrupt occurrad

17 check that DMA started on time

18 check that data transferred correctly

19 check that interrupt occurred after DMA completed
20 check for no other Iinterrupts

11 write chadr
12 write page
13 write chent

H H 0 1 H

Error numbers:

Step 1-15,
17-19 1 6373 "Cannot interrupt on terminal count
on DMA to T210"
Step 16,20 : 6358 "Unevoked interrupt recelved"

Possible reasons for failure:

-DMA terminal count circuitry not working
~PAL might be bad

~interrupt circultry not working

-7210 might be bad

If passed:
«DMA terminal count ecircuitry working
TEST 54

Purpose : Verify GPIBwPC2A can DMA from system memory to GPIB and
cause a DMA TC interrupt

Step
1 init, write (2fX) = 00
2 write bpflop 00 set byte pointer flipflop
3 write mask Ol }dmach disable DMA
4} write mode Ohldmach dma write to memory
5 write imr2 t4  enable DMA in and DMA TC interrupts
6
7
8
9

H # i

read stat * drgmask = 00?7 check DREQ driven low

write admr = £0  set talker only, listener only,
t/r mode 3

467 check active talker, active listener

low byte of address

next byte of address

top nibble of address

1f low byte of count-1

13 write chent oo . high byte of count-1

14 write mask dmach  start DMA

15 check that DMA began in the correct amount of time

16 ocheck that start of DMA did not cause interrupt

17 check that data transferred correctly

18 check that DMA caused an interrupt on completion

19 check that interrupt was cleared

read adsr

write chadr
10 write chadr
11 write page
12 write chent

oot HH o H
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Error numbers :

Step 1-15,
17-18 ¢ 6374 "Cannot interrupt on terminal count
on DMA from 72107
Step 16,19 : 6358 "nevoked interrupt received®

Possible reasons for failure:

«7210 might be bad
-PAL mignht be bad

If passed:
-7210 can interrupt on terminal count on DMA from 7210
TEST 55

Purpose : Verify GPIB-PC2A does not cause DMA TC interrupt on
other channel TC.

Step
1 init, write (2fX) = 00
2 write imr2 = 24 enable DMA and DMA TC interrupts

3 wait 1 second and check that no DMA TC interrupt occurred

Error number : 5375 #Spurious DMA terminal count interrupt”

Possible reasons for failure:
~TC line floating
If passed:

~TC line ok
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This part requires a wraparcund test plug with the

cross connections:

PART II

following

+-=DI01 DAVam——+
| DID2cmm—mmm——————————— NRFD |
+-==DI03 NDAC-+ |
| DIOY - AT |
+==DIO0S SRQueme | =+
| DIQ6- ———— REN |

4+=-DIO7 + - IFC |

+==DI08 | EQOI =+

e s o e +

wire list:

DIO1 to DIO3 to DIOS to DIOT to DIO8 te IFC DIN2 to NRFD DIOK to
ATN DIO6 to REN DAV to SRQ NDAC to ECI

TEST 56
Purpose : See analysis section below
Step
1 init
2 write admr = 50 listen only, &/r mode 1, drv NDAC,
- rec EOI
3 write adr = 80 clear adr!
b pread adrl = 007 EOQT bit not set yet
5 read eptr = 007 drv rfd, rec ~dioZ
6 write spmr = 30 drv SRQ, rec DAV, drv NRFD, rec dio2,
drv dac
7 read ecptr = 027 drv NRFD, rec dio2
8 write adr1 = BO rec EOT
Error number @ 6£380 "CPIB Signal Problem on EOI, DAV, SRQ, -

NRFD, OR DOIZ"

analysis:

Programming the 7210 to be a listener asserts NDAC, which is
tied to EOI. The EOI bit in adrl is not set yet because DAV
is not seen. The cptr shows that NRFD is false, as well as
ATN, IFC, and REN. Setting the rsv bit in the spmr asserts
SRQ, which is tied to DAV and simulates a data byte written
from an exbernal device. The 7210 responds by asserting
NRFD, as seen in the cptr. The EOI bit in adrl is now set
as expected.
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TEST 57

Purpose : See analysis section below

Step
T init
2 write edor = 00
3 write admr = 10 t/r mode 1
} write auxor = le set IFC
5 write auxmr = 1f set REN
6 write auxmr = 1d rpp
7 read cptr = £d? drv IFC, rec die8,7,5,3,1, drv REN,

rec diob, drv ATN, REN dio4

Error number : 6381 "GPIB Signal Problem on IFC, REN, ATHN,
DIA8-3, or DIOIM

analysis:
Setting IFC makes the 7210 active controller and drives most
data lines. Setting REN drives another. The data lines are
get false to not interfere. The parallel poll response in
the cptr shows that IFC, REN, and ATN are asserted correctly
and the corresponding data lines are receiving correctly.

TEST 58

Purpose : See analysis section below

Step
1 init
2 write cdor = 0O
3 write admr = 10 £/r mode 1
4 pead disr2 = 007 no SRQ at this time
5 write auxmr = le set IFC
6 write auxmr = 16 elear IFC
T write edor = 00 drv DAV
8 read isr2 = 497 SRQI, rec SRQ, CO, ADSC
8 write cdor = 02 drv dio2, rec NRFD
10 read isr2 =

co? no o

Error number : 6382  "GPIB Signal Problem on DAV, SRQ, NRFD,
or DIQ2n

analysis:

Writing to the codr after being made active controller
asserts DAV which in turn simulates an SRQ input, which is
noted in isr2. Thus DAV is asserted correctly and SRQ is
received correctly. Another byte is written with dio2 set,
which drives NRFD. The no co status indicates that NRFD is
received correctly and dio2 is driven correectly, and the
handshake lines are in a NRFD holdeff.
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TEST 59

Purpose @ See analysis section below

Step
1 init
2 write cdor = 00
3 write auxmr = 10 t/r mode 1
L write auxmr = le set IFC
5 write auxmr = 16 eclear IFC
6 write auxmr =z 14 release control
7 read adsr = 807 controller-in-charge, ATN asserted
8 write cdor = 80 drv dio8, rec IFC
9 read adsr = 507 not controller-in-charge, ATN

unasserted
Error number : 6383 "GPIB Signal Problem on

analysis:

IFC or DIO8"

By pulsing IFC and releasing control, the 7210 ends

active controller and receiving IFC.

lines are asserted correctly.
TEST 60
Purpose : See analysis section below

Same as TEST 59, except step 8 is "write
Error number : 5384  "GPIB Signal Problem on

TEST 61
Same as TEST 59, except step 8 is "write edor
Error number : 6385 "GPIB Signal Problem on
TEST 62
Same as TEST 59, except step 8 is ™write cdor
Error number : 6386  "GPIB Signal Problem on
TEST 63

Same as TEST 59 ,except step 8 is "write edor
Error number : 6387 ®GPIB Signal Problem on

TEST 64
Purpose : 3See analysis section below
3tep

1 init
2 write edor = Q0

646

By setting each data
bit tied to IFC in turn, the controller function is reset to
the idle state. Thus IFC is received correctly and the data

cdor = Hon
IFC or DIOTM

= 10"
IFC or DIOS"

= Un
IFC or DIO3®

= 1n

IFC or DIOIM



write admr = 30 talk only, t/r mode 1
write cdor = 08 drv diol, rec ATN
check adsr alternating between 02 and 42.
indicates adsr did not begin alternating.

[=a 5 1 R BN

Error number : 6388  "GPIB Signal Problem on AIN or DIO4®

analyais:

After programming the 7210 to be talker, diol, which is tied
to ATN, is asserted. This puts the t/r1 ocutput of the 7210
into oscillation, as it first sees ATN set, switches from
source to acceptor control of the 75160, which unasserts the
data line and ATN, which allows the 7210 to switeh back to
source control, setting the data line and ATN, etec, etc.
The ATN line oscillates at about 10 MHz with about a 50%
duty cycle, and this can be seen by reading the adsr, which
should read 42 and 02 with equal frequency.

TEST 65

Purpose : See analysis section below

Step
1 init
2 write ador = 00
3 write admr s 90 talk only, t/r mode 1
4 pead isrl = 06? ERR, do
5 write auwxmr = 06 drv EOI on next byte, rec NDAC
§ write edor = 00
7 read isrl = 04 ERR
8 write cdor = 00
g read isrl = 027 do

Error number : 6389  "GPIB Signal Problem on NDAC, EOI, NRFD,
or DIO2%

analysis:

An error cccurs by writing to the cdor when not =a talker,
but do 1is set because the bus is not in a heldoff. By
driving EOI, which is tied to NDAC, on the next write, the
7210 will see either that an error exists when the cdor is
loaded, but because EOL/NDAC is agsserted, do is not set yet
NDAC holdoff. The handshake lines are now in a legal state,
NRFD unasserted and NDAC asserted. Writing to the odor
again clears EOL/NDAC, but because NDAC was seen when the
edor is loaded, no error occurs. The handshake finishes and
a new do status occurs.
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TEST 66

Purpcse : See analysis gectlon below

Step
1 init
2 write cdor = 00
3 write admr = 11 t/r mode 1, address mode 1
L write adr = 00 GPIB adr = 00
5 write adr = el disable secondary addressing
6 write auxmr = le set IFC
7 write auxmr = 16 clear IFC
8 write auxmr = 14 release control
9 read adar = 807 controller-in-charge, ATIN
10 write cdor = 24 drv diob,diol, rec REN
11 read isr2 = 497 SRQI, CO, ADSC
12 write cdor = 20 send my listen address, drive
dioé, rec REN
13 read isr2 = 5b? SRQI, REM, CO, REMC, ADS

Error number : 6390 "GPIB Signal Problem on REN, DAV, SRQ,
or DIO6!

analysis:

The edor is first cleared to avoid conflict and the GPIB
listen address 1s set to 20. Then the 7210 is made active
controller and system control is relessed so that REN can be
received. Writing 2% to the cdor sets the lines tied to REN
and ATN. The latiter is done so that another listen address
is sent that does not cause a signal conflict. Next the
7210s listen address is sent, and since REN is set, a remote
state change is detected. Thus REN is received correctly
and diob is asserted correctly.
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Appendix A
Parts List, PAL Drawings, and Schematic Diagram

This appendix contains the parts 1list, PAL drawings, and
schematic diagram for the GPIB-FC2A.



[TEM QGTY MFR  PART/DNG DESCRIPTION
NO REGD FSCM NO STOCK NO REFERENCE DESIGNATION
L 1 NI 180212-01 PWE, GPIB~PC/2A
7U294 1B0212-01
2 REF NI  1BO211~01 SCHEMATIC, GP IB~PC /24
7U2%4 180211-01
3 1 PANSNC BR2323 BATTERY, 3V, 140MAH, LITHIUM COIN CELL
724023-01 BTL
4 & AVX  SA10SE473ZAA CAPACITOR, AXIAL LEAD, 50V, .047 UF
715079-01 Ci~6&
5 1 CDE GD&CAZ200D03 CAPACITOR, MICA, +=1/2FF. 100V, 20PF
71%047-01 c7
& 1 TUS S513011G7-40 CAP, VAR, 7—40PF
71308101 ]
7 4 SPC  199D10&X0016CER2  CAPACITOR, RDL _LEAD, 1& V, 20%, 10 UF
71504201 0912
8 1 SAN  D7=1~C-B2i=J=0 CAPACITOR., RDL LEAD, 100 V. %%, 820 PF
00853 715008-01 ci3
9 4 GE  1N4148 DIODE, SILICON, SWITCHING
15413 730001-~01 D1-4
10 1 NI  180148-01 CONNECTOR, CHAMP, DISASSEMBLED
7U296 1BO1&8-01 Ji
11 L GE  2N4403 TRANSISTOR, 40 ¥, 0.5 A, SWCHG., PNP
15413 733001-01 a1
12 1 GE  2N440L TRANSISTOR, 40 V, 0.5 & SWCHG, NPN
15413 733000-01 G2
13 3 ~  RCOSGF&81J RES, 680, 1/8W, 5%
711149-01 R1.2.3
14 1 ~  RCOSGF103J RES, 10K, 178U, 5%
711150=01 R4
15 3 ~ _ RCOSGF333J RES, 33K, 1/8W, 5%
711151-01 R5. 8, 10
14 2 -~  RCOSGF274J RES, 270K, 1/8W, 5%
711132-01 Ré. 9
17 1 -  RCOSGFS&2J RES, 5. &K, 1/78W, 5%
71115301 R7
18 1 - RCOSGFIS4d RES. 150K, 1/8W, 5%
711154-01 Ri1
TITLE FECM NG DWG NO REV

PARTS LIST- CCA, GPIB-PC/24 + CLOCK

PL 1B80210-02 A
Thy Oct 11 14:06:54 1984

NATIONAL INSTRUMENTS SH 2 OF 3
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[TEX GTY

MFR

PART/DHG

NO REGD FSCM NO STOCK NO

DESCRIPTION
REFERENCE DESIGNATION

19 1 - RCOSGF20&K RES, 20M: 1/8W, 10% :
711155-01 R12
20 1 - RCO7GE103J RESIGTOR, 1/4 W, 3% 10K OHM
71783 711011-01 R13
21 1 CTs 750-101-R1IQK RESISTOR, SIF, L10—PIN, 24, 9 X 10K OHM
00079 71000&-01 R14
22 1 -~ RCOSGE470J RES, 47, L/BW: 3%
711156-01 R1S
23 1 TI  SN74LSO2N IC, GUAD 2-INPUT NOR GATE
06448 700002-01 UL
24 t TI  SN74LS0SN 1€, GUAD 2~INPUT & GATE
06648 700004-01 uz
23 1 TI SN7ALSSLN iC, 2~WIDE 2~-INPUT %~0OR~INVERT GATE.
064648 700012-01 ua
26 2 TI  SN74LS164N 1¢, B~BIT PARALLEL~OUT SER SHIFT REG
0&&LB 70009701 U4, 12
27 1 TT  SN74LS74AN tc, DUAL D-TYPE FF
Qh&4E 700013-01 us
28 2 I  SN74LSQON IC. QUAD 2-INBUT NAND GATE
06648 700001-01 Ub, L3 )
29 1 TI  SN74ALS04N 1C, 14-PIN DIP, PLASTIC, HEX INVERTER
0&6b8 700003-01 u7 -
30 L NI  700324-01 1C, PALZORACNS, 488 CTRL
7U295 700324-01 ug
a1 1 NG MHS8147aN IC, 58167, REAL TIME CLOCK
70032201 Uy
az 1 NEC uPD7210 IC. GPIB INTERFACE CTRLR
700200-01 u1o
33 1 NS DS7S1&26N IC. OCTAL IEEE-488 CONTROL BUS XCVR
700107-01 Ut
3¢ 2 TI  SN74LS32N IC., QUAD 2~INPUT OR GATE
0b&ES 700011-01 U13. 14
33 i NI 700323-01 IC, PAL.LALY, ADDR DECODE
HIRFL 700323-01 ULs
3& 1 AMP 4334484 SWITCH, SPST, LOW P?- mPOSITION: DIP
QO77y 720001-01 ULy
TITLE FSCM NO DUHG NO REV
PARTS LIST- CCA,GFIB-PC/24 + CLOCK PL 18021002 A
Thu Oct 11 14:04:54 1984
NATIDNAL INSTRUMENTS SH 3 OF 5
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[TEM @TY

HFR

PART/DWG

ND REGD FSCM ND STOCK NO

DESCRIPTION
REFERENCE DESIGNATION

a7 1 TI  SN74LS264N IC. OPEN C OUT, QUAD 2-INPUT EXCL NOR
064648 700263-01 uta
38 1 TI  SN74L51254N IC, QUAD BUS BFR GATES
0&5468 700279-01 u1w )
av 1 TI  SN74LS541N 1, OCTAL 3-2TATE BFR/LINE DRVR
Q4668 700077-01 uz0
40 1 TI  SN7ALS2V3N IC. OCTAL D-TYPE FF W/ CLR
06668 70023701 U2t
41 H TI  SNTALS243N Ic, OCTAL 3~8TATE BUS XCVR
06668 700099-01 "u22
42 1 NS  DS73140AN IC. OCTAL IEEE-488 DATA BUS XCVR
700106-01 uza
43 1 HMPD  BHYO& BATTERY HOLDER, LITHIUM COIN CELL
745088~-01 XBTL
a4 1 STATEK CX—1V 32, 758KC CRYSTAL, 0. 1%, 32 768 KHZ
72400401 Yi
45 30 BERG &5300-101 HEADER, S6GL ROW, 5TR. .1 CTR, 1 POSN
272528 760013-01
a5 4 AMP  331220-3 CONNECTOR, 2 POSI, .1 CTR: MINI-JUMP
CO77% 750014-02
47 1 AMP  435238-2 COVER., PROT, SWITCH, 5 PDSN, DIP
00779 720008-01 ‘
48 1 NI  1B0183-01 BRACKET, CONNECTOR MOUNTING. CHAMP
7U2%4 1BOLESE-01
49 1 NI 180188-0% E=MI SMIELD, CONNECTOR. CHAMP
7UzZ96 180188-01
50 2 ZIER 741 ANGLE DRACKET, 4-40 THD HOLE
745100~01
s 2 NI  180187-01 JACKSOCKET, CHAMP, METRIC. LONG
TUZ296 1BO1B7-01
52 2 WASHER, SPLIT LOCK, N@. 10, ZPS
740406-01
a3 2 SCREW: 4-40 X 1/4, PNH, STAINLESS STL
74071101
54 4 WASHER, INT TOOTH. NO. 4. STAINLESS STL
740407-01
TITLE FSCH NO  DWG NO REV

PARTS LIST- CCA, GRIB-FC/2A + CLOCK

PL 180210-02 A
Thy Oct 11 14:06:54 1984

NATIONAL INSTRUNENTS SH &4 QF 3



[TEM QTY MFR  PART/DWG DESCRIPTION

NO REGD FSCM NO STOCK NO REFERENCE DESIGNATION
55 2 NUT, HEX, 4-4Q THD, SBTAINLESS STEEL,
740010-01
TITLE FSCM NO DWe NO REV
PARTS LIST-, CCA,GPIE-PC/2A + CLOCK PL 180210-02 A
Thu Oct 11 14:06:54 1984
NATIONAL INSTRUMENTS SM 5 QF §
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¥

C1E1

GPIB-PC2A
Pal. DESCRIPTION
REV A

NI PART NO. 700324—-01 made from PAL20R4. Manufacturer part no.

MMI PALZORACN.

PROGRAM

PALRZORA PAL DESIGN SPECIFICATION
700324~01 REV A Bob Summersatd 7/18/784
TLC Instruction Decodar

NATIONAL INSTRUMENTS AUSTIN TEXAS

CK RS2 b7 &Da GDS " eD4

eD3 - eD2 ot GDo /TLCSEL  GND

/0E NG : /0SC. CRST /RESET /DMAEN /8¢

1E2 1EL ZIR2 RSO RS1 vee

DSC, CRST = /GD7%/CD&#/GD3#GDAR/CDI*CD2#/GD1%/CDO

I OD7%/CD&*/CDS#/GDAR/DED*/GD2#GD1#/GDO
/RESET#IR2#GDS

/RESET#R2#CD4

/RESET#/ IR2Z*DMAEN

/RECET#RS2% /RS 1 #RE0*TLCSEL */GD7%/GD6*/GDI*GDAXED2¥GD1
/RESET#RG2%/RS1#RSO#TLCSEL#/DSC, CRET*SC
/RESET*SC*/RE2

/RESET#*SC*RS1

/REGET#SC# /RS0

/RESET#SC*/TLCSEL

/1ER%/IRR

S 1EDw#/GDA#/GDI%/GD2#/GD1#/GDO
IRDO#*/GD&#/GDA/CD2*/GD1#/6GDO

RESET

/IE1#RS2

/1E1%RS1

/IE1# /RS0

/IE1%/TLCEEL

Y 1E1#/QD7*/GDE* /GDE*/DRA /GD3*/GD2#/GD1#/GDO0 .

DHMAEN

sC

IE2

RESET
/REZFRSI#/RSO*TLCSEL

I++++++I++0~I+¥+++E++I+

IR&

DESCRIPTION

Programmad PAL must be stampad with NI part na. 70032401 A

/RSQ*/RS1iRSO*TLCSEL*IGD?*!GD&*/GDS*/GD4*IGDB*IGDZ*/GDI*/GDO

TITLE _ SIZE[FSCHM NO |[DWG NO REV |
PROGRAM , PALZOR4CNS- | A | 70296 | 700324 -0! A
GPIB -PC/2A NATIONAL INSTRUMENTS _ [SH Z OF 3

’ <

A~B




Pinout for 700324-01

CK 241~ YCC

RS2 231-~ RS1

cn7 221-~ RS0

Ghé 21 4=~ /IR2

cos 201~ IEYL

eD4 19i— IEZ

GD3 18}{-- /5C

@D2 171~= /OMAEN

@Dl 141-— /RESET

FROo 15| == /BSC, CRST

/TLCSEL 141-— NC
&MD 131~ /OE
SIZEIESCM NO  |DWG NO REV
GPIB-PC2ZA
NATIONAL INSTRUMENTS _ |SH 3 OF 3

X

A-T
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L 4

GPIB-PC2A
PAL. DESCRIPTION
REV A

NI PART N, 700323~01 made from PAL.I6LZ.
MMI PAL1&L2CN.

PROGRAM

PALLALR

700323-01 REV A

Address Decoder

NATIONAL INSTRUMENTS AUSTIN

AEN /WR Aébé AZ AL

A3 A2 Al AQ GND
AR AT A7 NC /2E1
F2FX INT2 INTL INTQ VCC

Manufacturer part no.

Pal. DESIGN SPECIFICATION
Hob Summersett 7/17/84

TEXAS

ZEL = /JAEN®ATH/ABRATHALRATR/ALGR/ATR/AZR/H1 A0
2FX = IAEN*HR*AQ*/AB*A7*A6*A5*A4*/A3*/INTE*/AZ*/INTi*/AI*/INTO*/AO

++++++ 4+

DESCRIPTION

JAENSWR #AT#/ABHATHALSASHAAR/ AT/ INT23 /A28 / INT1#/AL# INTORAQ
JAENEHR#AT*/AB#ATEALRATHAS R/ AT/ INT2#/AZR INT L#AL#/ INTOR®/AQ
/AENKWR®ATH/ABHATHASHATRAAS/ AT/ INT2#/A2% INTL#AL* INTO#AQ
JAENKWR#ATE/AD#ATHAL#ASRAG R/ ATS INT2#AZ R/ INTL#/AL*/ INTO#/A0
FAENSHR¥AT#/AB#AT#AL#AS A%/ AT INT2#A2%/ INT 1€/ AL# INTO*AQ
JAENSWRRATH/ABRATHAL#ASHAL S/ AZ# INT2#A2% INTL#A L%/ INTO®/AQ
7AENMHRRATE/ ADRATRALHASHALR /AT INT2#ARS INTL AL INTO#AQ

Programmed PAL must be stamped with NI part no. 700323014

Pinaout for 700323-01

ke i e

AEN ——11 201 VCC
JWR —-—=12 19t—— INTO
A& -—13 181—— INTI
AZ ~—14 17— INTZ2
A4 =19 161== /DFX
A3 =16 (31— J2EL
A2 =17 141~ NC
AL -~18 131w A7
AD —-19 12i-— A9
eND ——110 11—~ AB
TITLE SIZE[ESCM NO |DWG NO REV
PROGRAM, PALIGLZCN-. A | 7u29e 700323 -0/ A
P - 5
GPIB -PC/2A NATIONAL INSTAUMENTS  [SH 2 OF 2
y §
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APPENDIX B

MULTILINE INTERFACE COMMAND MESSAGES
{(Sent and Received with ATN TRUE)

The following tables are multiline interface messages (sent and received with ATN TRUE}.



APPENDIX B

MULTILINE INTERFACE COMMAND MESSAGES

(Sent and Received with ATN TRUE)

Hex Octal Decimal ASCII Message Hex Octal Decimal ASCII Message
8]8) 000 0 NUL 20 ol 32 SP MLA
01 001 1 30H GTL 21 041 33 ! MLA
p2 002 2 STX 22 oLz 34 " MLA
03 003 3 ETX 23 043 35 i# MLA
04 ooh i EOT SpC 24 o4y 36 $ MLA
05 005 5 ENQ PEC 25 o4s 37 4 MLA
06 006 6 ACK .26 Qué 38 & MLA
07 007 T BEL 27 Ou7 39 ! MLA
08 010 8 BS GET 28 050 40 ( MLA
09 011 9 HT TCT 29 051 4 ) MLA
A 012 10 LF 24 052 b2 # MLA
0B 013 1 VT 2B 053 43 + MLA
0C 014 12 FF 2c 054 e ’ MLA
0b 015 13 CR 2D 055 y5 - MLA
(934 016 14 S0 2B 056 46 . MLA
OF 017 15 S 2F 057 g7 / MLA
10 020 16 DLE 30 060 48 g MLA
11 021 17 neh LLO 31 061 kg 1 MLA
12 022 18 pc2 32 062 50 2 MLA
13 023 19 DC3 33 063 51 3 MLA
14 p2h 20 DCY DCL 34 064 52 4 MLA
15 025 21 NAK PPU 35 065 53 5 MLA
16 026 22 SYN 36 066 54 ) MLA
17 Q27 23 ETB 37 087 55 T MLA
18 030 24 CAN 3PE 38 07¢C 56 8 MLA
19 031 25 EM SPD 39 071 57 9 MLA
14 032 26 SUB 3A ore 58 H MLA
1B 033 27 ESC 3B C73 59 H MLA
ic 034 28 FS 3C yg 60 < MLA
1D 035 29 G3 3D 075 61 = MLA
1E 036 30 RS 3E 076 62 > MLA
1F 037 31 us 3r o7T 63 ? UNL



MULTILINE INTERFACE COMMAND MESSAGES

(Sent and Received with ATN TRUE)

Hex Octal Decimal ASCII Message Hex Qctal Decimal ASCII Message
4o 100 64 é MTA 60 1430 g6 * MSA,PPE
41 101 65 .| MTA 61 141 97 a  MSA,PPE
42 102 66 B MTA 62 142 98 b  M34,PPE
83 103 67 C MTA 63 143 99 ¢  MBSA,PPE
iy 104 68 D MTA 64 144 100 d MSA,PPE
us5 105 69 B MTA 65 145 101 e  MSA,PPE
i) 106 70 F MT4 66 146 102 f MSA,PPE
iy 107 T1 G MTA 67 147 103 z MSA,PPE
48 110 72 H MTA 68 150 104 h  MS4A,FPE
49 111 73 I MTA 69 151 105 i  MSA,PPE
ua 112 TH J MTA 64 152 106 j  MSA,PPE
4B 113 75 K MTA 6B 153 107 k  MB3A,PPE
4c 114 76 L MTA &C 154 108 1  MSA,PPE
4p 115 T7 M MTA ] 155 109 m MSA,PPE
ke " 118 78 N MTA 6E 156 110 n  MS3A,PPE
i 117 79 0 MTA 6F 157 111 o MSA,PPE
50 120 80 P MTA 70 160 112 p  MSA,PPD
51 121 81 Q MTA 71 161 113 q MS3A,PPD
52 122 82 R MTA T2 162 114 r  MSA,PED
53 123 83 ] MTA 73 163 115 s MB3A,PPD
54 124 84 T MTA T4 164 116 t  MSA,PPD
55 125 85 4] MTA 75 165 117 u  MSA,PPD
56 126 86 v MTA 76 166 118 v  M34,PPD
5T 127 87. W MTA T7 167 119 Ww  MSA,PPD
58 130 88 X MTA 78 170 120 X  MSA,PPD
59 131 89 Y MTA 79 171 121 v  MSA,PPD
5A 132 g0 Z MTA 74 172 122 7z  MSA,PPD
5B 133 91 [ MTA 7B 173 123 f  MS3A,PPD
5C 134 92 \ MTA 7C 174 124 ] MSA,PPD
50 135 93 ] MTA 7 175 125 }  MSA,PPD
5E 136 94 " MTA TE 176 126 =~  MS3A,PPD
5F 137 95 UNT TF 177 127 DEL






Appendix C

Mnemonica Key

Mnemonic Type¥ Full Name

ACDS ST  Acceptor Data State (AH function)

ACG e Addressed Command Group

ACRS ST  Acceptor Ready State

AD1-0 B TLC GPIB Address Bit 1 {Mode 2)

AD1-1 B TLC GPIB Secondary Address Bit 1 {Mode 2)
AD2-0 B TLC GPIB Address Bit 2 (Mode 2)

AD2-1 B TLC GPIB Secondary Address Bit 2 (Mode 2)
AD3-0 B TLC GPIB Address Bit 3 (Mode 2)

AD3-1 B TLC GPIB Secondary Address Bit 3 (Mode 2)
AD4-0 B TLC GPIB Address Bit 4 (Mode 2)

ADUw1 B TLC GPIB Secondary Address Bit 4 (Mode 2)
ADS-0 B TLC GPIB Address.Bit 5 (Mode 2)

ADS-1 B TLC GPIB Secondary Address Bit 5 (Mode 2)
ADCS B Address Status Change

ADCS IE B Address Status Change Interrupt Enable
ADMO B Address Mode Bit O

ADM1 B Address Mode Bit 1

ADMR R . Address Mode Register

ADR R Address Register

ADRO R Addreas Register O

ADR1 R Address Register 1

ADSR R Address Status Register

AH 3T Acceptor Handshake

AIDS ST Acceptor Idle State

ANRS ST Acceptor Not Ready State

AFRS 8T Affirmative Poll Response State

APT B Addresas Pass Through

APT B Address Pass Through

APT IE B Address Pass Through Interrupt Enable
ARS B Address Register 3Select

ATN ' 8L, Attention

ATN® B Attention

AUZMR R Auxiliary Mode Register

AWNS ST  Acceptor Wait for New cycle State

BIN B Binary

c F Controller

CACS ST Controller Active State (C function)
CADS ST Controller Addressed State

CAWS ST Controller Active Wait State

CDOR R Conirol/Data Out Register

CDoLo-71 B Control/Data Oubt Bits 0-7

#Key: FsFunction, RM=Remote Message, LM=zLocal Message, ST=State,
B=Bit, R=Register



Mnemonics Key (continued)

Mnemonic Type¥* - Full Name

CIC B Controller-In-Charge

CIDSs ST Controller Idle State

CLKD B Clock Bit O

CLK1 B Clock Bit 17

CLK2 B Clock Bit 2

CLK3 B Clock Bit 3

CNTO B Control Code Bit O

CNT B Control Code Bit 1

CNT2 B Control Cede Bit 2

Cco B Command Output

¢o IE B Command Output Interrupt Enable

COMO B Command Code Bit O

COM1 B Command Code Bit 1

coM2 B Command Code Bit 2

COoM3 B Command Code Bif 3

coMi B Command Code Bit 4

CPPS ST Controller Parallel Poll 3tate

CPT B Command Pass Through

CPT ENAR B Command Pass Through Enable

CPT IE B Command Pass Through Interrupit Enable
CPTR R Command Pass Through Register
CPT{0-7] B Command Pass Through Bits 0-7

CPW3 ST Controller Parallel Poll Wait State
€383 3T Controller Standby State

C3HS 3T Controller Standby Hold State 4
C3NS ST Controller Service Not Requested State
C3RS ST Controller Service Requested 3State
CSW3 3T Controller Synchronous Wait State
CTRS ST Controller Transfer State (C function)
DAB RM  Data Byte

DAC RM Data Accepted

dacr DAC holdoff release

DAG Device Address Group

DAV 3L, Data Valid

DC Device Clear

DCAS ST Device Clear Active State

DCIS 8T Device Clear Idle State

DCL EM  Device Clear

DEC B Device Clear

DEC 1IE B Device Clear Interrupt Enable

DET B Device Execute Trigger

DET IE B Device Execute Trigger Interrupt Enable
DHDC B DAC Holdoff on DCAS

DHDT B DAC Holdoff on DTAS

DI B Datz In

DI IE B Data In Interrupt Enable

DIR R Data In Register

#¢eys F=Function, RM=Remote Message, LM=Local Message, STzState,
B=Bit, R=Register



Mnemonics Key {continued)

Mnemoniec Type® Full Name-
DI[O-T] B Data In Bits G-7

DL B Disable Listener

DLO B Disable Listener 0

DL1 B Disable Listener 1

DMAT B DMA Input Enable

Do B Data Out

Do 1B B Data Out Interrupt Enable
DT Device Trigger

DT B Disable Talker

pTo B Disable Talker O

DT B Disable Talker 1

DTAS ST Device Trigger Active 3tate
DTIS ST Device Trigger Idle 3tate
END RM  End

END IE B END Received Interrupt Enable
END RX B END Received

RO B END or Identify

EOI SL End Or Identify

EOS EM End Of String

EOSR R End of String Register
E03[7-0] B End of String Bits 7 to O
ERR B Error

ERR M  Epror

ERR IE B _ Error Interrupt Enable

GET ‘M Group Execute Trigger

GND S Ground

GTL RM Go To Loeal

gts LM Go To Standby

HLDA B Holdeff on All

HLDE B Holdoff on END

IDY RM Identify

Irc RM Interface Clear

IMR1 R Interrupt Mask Register 1
IMR2 R Interrupt Mask Register 2
INT B Interrupt

INV B Invert

IORD® SX I/0 Read

IOWRTH#* S¥ I/0 Write

ISR1 R Interrupt Status Regiszter 1
ISR2 R Interrupt Status Register 2
133 B Individual Status Select
ist Individual Status

L F Listen

LA B Listener Active

LACS 8T Listener Active State (L function)
LADS ST Listener Addressed State (L function)
LAG RM Listen Addresas Group

#Key: F=Function, RM=Remote Message, LM=Local Message, ST=3tate,
B=Bit, R=Register



Mnemonics Key {(continued)

Mnemonic Type¥* Full Name
LE F Extended Listen

LIDS ST Listener Idle 3tate

LLO RM  Loecal Lockout

LOCS 8T Local State

LOK B Logckout

LOKC B Lockout Change

LOEC IE B Lockout Change Interrupt Enable
lon B Listener Only

lon LM Listen Only

LPAS B Listener Primary Addressed State
LPAS 5T Listener Primary Addressed State
lpe LM Local Poll Enabled

LPIS ST Listener Primary Idle State
1ltn LM Listen

lun LM  Loecal Unlisten

LWLS ST Local With Lockout State
MCLK*® S  SBY Cloek

MCSOA# S5X Chip Select 0, Connector A
MCSOB#* 8X Chip Select 0, Connector B
MC3S0OC* 3¥ Chip Select 0, Connector C
MCS1A® SX Chip Select 1, Connecteor A
MCS1B®* SX Chip Select 1, Connector B
MCSI1CH 3% Chip Select 1, Connector C
MDT7-MDO 3X Data Lines

MDACK# SX  DMA Acknowledge

MDRQT S{ DMA Request

MINTRAOQ SX Interrupt 0, Connecfor A
MINTRA1 SX Interrupt 1, Connector A
MINTRBC S¥ Interrupt 0, Connector B
MINTRB1 3.4 Interrupt 1, Connector B
MINTRCO 3%  Interrupt 0, Connector C
MINTRC1 SX Interrupt 1, Connector C
MJMN B Ma jor«Minor

MLA AM My Listen Address

MPST* SX Present

M3A EM My Secondary Address

MTA M My Talk Address

nba LM  New Byte Available

NPRS ST Negative Poll Response State
NUL EM  Null byte

0S4 . RM  Other Secondary Address

0TA M  Other Talk Address

P1 B PPH Response Bit 1

P2 B PPR Response Bit 2

B3 B PPR Response Bit 3

PACS ST Parallel Poll Addressed to Configure State
PCG RM  Primary Command Group

¥Key: Fs=Function, RM=Remote Message, LM=Local Message, ST=State,
B=Bit, R=Register



Mnemonic Type®

Mnemonics Key (continued)

Full Name

PEND
pef
pon
PP
PPAS
PPC
PPD
PPE
PPiS
PPR
PPSS
PPU
PUCS
rdy
REM
REMC
REMC
REMS
REN
REQS
RFD
RL
rpp
RQS
rsc
rsv
rsv
rti
RWLS
3
SACS
SCG
3DC
3DYS
SGNS
SH
SIAS
aie
SIDS
SIIS
SINS
SIW3
SNAS
SP
SPAS
SPD
SPE

e

IE

ST
F

ST
LM
¥
ST
ST
3T
ST
F

ST
RM
M

Pending

Power Off

Power On

Parallel Poll (secan all status flags)
Parallel Poll Active State
Parallel Poll Configure
Parallel Poll Disable

Parallel Poll Enable

Parallel Poll Idle State
Parallel Poll Response
Parallel Poll 3tandby Active
Parallel Poll Unconfigure
Parallel Poll Unaddressed to Configure State
Ready for next message

Remote

Remote Change

Remote Change Interrupt Enable
Remote 3tate

Remote Enable

END on EOS Received

Ready For Data

Remote/Local

Request Parallel Poll

Request Service

Request System Control

Request Service

Request Service

Return To Loecal

Remote With Lockout 3State

Sense

System Conirol Active State

Secondary Command Group

Selected Device Clear

Source Delay State

Source Generate State

Source Handshake

Systemn Control Interface Clear Active State
Send Interface Clear

Source Idle State

System Control Interface Clear Idle State
Syatem Control Interface Clear Noi Active State
Source Idle Wait State '
Syatem Control Not Active State

Serial Poll (scanning flags)

Serial Poll Active State { T function)
Serial Poll Disable

Serial Poll Enable

#ay: F=Function, RM=Remote Message, LM=Local Message, ST=3tate,
B=Bit, RzRegister

C-5



Mnemonics Key (continued)

Mnemonic Type® Full Name

SPECI B Send Serial Poll EQI

SPIsS 3T Serial Poll Idle State

SPMR R Serial Poll Mede Register

SPMS B Serial Poll Mode State

3PMS 3T Serial Poll Mode State

SPSH R Serial Poll Status Register

SR F Service Regquest

SRAS ST System Control Remote enable Active State
are LM Send Remote Enable

SRIS ST System Control Remote Enable Idle State
SRNS ST Syatem Control Remote Enable Not Active State
3RQ EM Service Request

SRQT B Service Request Input

SRQI IE B Service Request Input Interrupt Enable
SRQS ST Service Reguest State

STB AM  Statua Byte

STR3 ST Source Tranafer State

SWNS ST Source Wait for New Cycle State

T F Talk

TA B Talker Active

TACS ST Talker Active State (T function)

TADS ST Talker Addressed State

TAG RM  Talk Address Group

tea LM  Talk Control Asynchronously

tes LM Take Control Synchronously

TCT RM  Take Control

TDMA SX Terpinate DMA

TE F Extended Talk

TIDS ST Talker Idle State

TLC Talker/Listener/Controller (GPIB Adapter)
ton B tfalker Only

ton LM  Talk Only

TPAS B Talker Primary Addressed State

TPAS ST Talker Primary Addressed State

TPIS ST Talker Primary Idle State

TRI B Three-State Timing

TRMO B Transmit/Receive Mode Bit 0O

TRM1 B Transmit/Receive Mode Bit 1

1] B Uneonfipgure

UcG RM Universal Command Group

UNL EM Unlisten command

UNT RM  Untalk command

XEOS B Transmit END with EO3

#ley: FzFunction, AM=Remote Message, LM=Local Message, ST=3tate,
B=Bit, R=zRegister ’

C-6



User Comment Form

National Instruments encourages you 1o give us your comments on the documentation supplied
with its products. This information helps us provide quality products to meet your needs.

Tide: GPIB-PCHA Technical Reference Manual
Edition Date: September 1989
Part Number: 320045-01

Please comment on the completeness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Tide

Company

Address

Phone ¢ )

Mail to:  Technical Publications
National Instruments Corporation
6504 Bridge Point Parkway
Austin, TX 78730-5039




