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INTRODUCTION

This document describes a working implementation of
an IEEE U488 peripheral interface. The hardware and
firmware described within are used to interface a
peripheral mass storage device (the TEKTRONIX 4924 3M
cartridge tape unit) to the IEEE U488 general purpose
interface bus (GPIB). This implementation is suitable
for medium speed applications (about 65k bytes/second)
which contain a Motorola M6800 microprocessor. The
design goal was to achieve a reasonable trade-off among
transfer speed, cost, and firmware complexity.

Before beginning the description of this particular
interface, a brief review of the IEEE 488-1975
standard's characteristics will be presented. The IEEE
488-1975 standard is also called the ANSI MC1.1-1975
standard, the proposed IEC bus, the ASCII bus, the
HP-IB, the GPIB and other names.

BACKGROUND

interface bus provides an
communication link among
they be measurement

The IEEE 488
internationally standardized
several instruments whether
apparatus, computers, mass storage devices, or other
peripherals limited only by one's imagination. The
charter of the IEEE 488 standard is meant to provide
the logistics for signal management along the bus
connecting the system devices. The standard describes
the means for addressing, handling interrupt conditions

and data interchange between devices as well as the
electrical and mechanical specifications for the bus.
As with many other standardization documents, this

standard suffers from lack of readability. However, it
is complete and thorough. It is the objective of this

paper to aid in the understanding of the GPIB via a
specific example.

With the advent of inexpensive microprocessors,
reasonably sophisticated instruments and systems will
become cost-effective and popular. Since
microprocessors allow for greater flexibility and
device local processing, this writer feels that the

GPIB will provide a sufficient means of local data
interchange for 211 but the highest sneed applications.

Devices on the bus are grouped into three functional
categories:

1) listeners --- devices which can receive data
from the bus,
2) talkers --- devices which can send data along

the bus and,

3) controllers --- devices which provide the
management function of assigning who talks to
whom and when.

A device may have the capability to assume any, or all,
of the above three functions. Additionally, there may
be only one active controller and one active talker at
any one time along with any number of listeners, (up to
14 as limited by the electrical bus loading). When the
controller 1is giving commands, it is the talker. All
other instruments are forced to be listeners, listening

to the commands. After the controller has finished
giving commands, the bus is free for data interchange
among the devices which have been instructed to

communicate by the controller. Although the standard
does sufficiently describe the logistics of addressing
and data transfer, it does not make any attempt to

describe the content of data messages which are passed
along the bus. Although incompatible messages may seem
like a major point, it has proved to be only a minor
inconvenience. This stems from two related phenomena:

1) devices are somewhat "intelligent" in that
they can perform some local data processing to
format data into a palatable state, and

2) most manufacturers are using the ASCII
character code in communicating data and
status information.

The GPIB is a byte serial - 8 bit parallel
communicatiocn bus. In addition to the 8 bi-directional
Jata lines there are 3 handshake control 1lines and 5

bus management lines.

used to provide a fully
synchronized byte transfer on the 8 data lines (DIO
lines). Thus, byte transfers occur under the control
of a three wire handshake. The control lines, names
and functions, are described below:

The 3 control lines are

DAV ---- Data Valid. Asserted by the current
talker when data is valid.

NRFD --- Not Ready For Data. Asserted when the
listening devices are not ready to receive
data.

NDAC --- Not Data Accepted. Asserted when the
current data has not been read by all

listening devices.

The 5 bus management 1lines provide the required
functions to manage the usage of the bus. In some
cases they augment information that appears on the data

lines. The names and functions of these management
lines are:
ATN ---- Attention. Asserted by the controller

when it is issuing commands on the data lines.

IFC —=--
controller
state.

InterFace Clear. Asserted by the
to reset all devices to the idle




SRQ ---- Service ReQuest. Asserted by devices to
request service. This is an asynchronous
interrupt request line.

REN ---- Remote ENable. Asserted by the

controller to activate the bus.

EQOI ---- End Or Identify. Optionally asserted by
the talker to end messages. Also defined for
use in a high speed parallel poll of
interrupting devices.

THE DESIGN

The M6800 microprocessor, and associated firmware,
is used to drive the GPIB interface hardware and is
also used to control other functions within the
peripheral. The interface hardware consists of 1 and
1/2 PIA's (M6820 -- peripheral interface adapter), a
handful of SSI TIL devices and the required bus
transceivers. The interface firmware uses about 750
bytes of ROM out of a total of 6K bytes of ROM
contained in the 4924. The interface also requires
some of the 768 bytes of R/W memory.

The hardware has three modes of operation:

1) IDLE - This is the unaddressed state where the
bus drivers are disabled and the hardware is
only "listening". to attention (ATN) and
interface clear (IFC-- system reset).

2) LISTEN - In this mode, the hardware is driving
the NRFD and NDAC handshake 1lines while
listening to the DAV handshake line as well as
the associated data and management lines. The
management lines used, in this implementation,
are ATN and EOI (end or identify) although REN
(remote enable) is available for use if
necessary.

3) TALK - In this mode, the hardware 1is driving
the DAV handshake 1line and the appropriate
data lines in addition to the EOI bus
management line while 1listening to the NRFD
and NDAC handshake lines. The hardware also
has the capability of driving SRQ to request
service.

The microprocessor is interrupted by the GPIB

hardware under the following conditions:

1) IFC is asserted -- Asserting IFC informs the
firmware that a reset function is required.

2) ATN transistions -- Both the assertion and
unassertion of ATN causes the M6800 to be
interrupted because some intervening action is
required.

3) A handshake cycle relevant to the device. The
microprocessor is only interrupted to
participate in handshake cycles that occur on
the bus when the device has been addressed.
(See IDLE above.) If in the LISTEN mode, the
hardware generates an interrupt when DAV is

asserted. If in TALK mode, the hardware
generates an interrupt when the slowest
current listener indicates its readiness to
receive data by allowing NRFD to go high.

TWO HANDSHAKE EXAMPLES

The commands in these examples are given to the
system controller which is assumed to be a TEKTRONIX
4051. Furthermore, the 4051 provides the other
necessary complementary function, i.e., the talker
function in the first sequence and the listener
function in the second sequence.

he Listener

In the first example we execute an ASCII transfer of
a logical record, 1i.e., the four character data
sequence ABC<cr>, where <cr> represents the ASCII
character RETURN. The command is:

PRINT €1,12: "ABC"

which tells device #1 on the bus (our mass storage
device) to receive (and store) the four data characters
A, B, C and <er>. The packets of information presented
on the bus are shown in Figure 1. A detailed handshake
sequence is shown in Figure 2.

bro 1-s— Lo H "5 F—{* H® H® H*

ATN

Fig. 1. PRINT €1,12: "ABC"
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Fig. 2. Detailed Handshake Timing



The information packets presented in Figure 1 can be

summarized as follows:

MLA-1 The 4051 controller is setting up
peripheral device #1 as a listener.

MSA-12 The 4051 controller is further
telling device #1 to perform the PRINT
command. This is interpreted.as My Secondary
Address (MSA) #12 or my PRINT command. This

byte tells the peripheral device that an ASCII
transfer is coming from a talker on the bus.

ABC<cr> The controller has now changed roles
and 1is an ordinary talker transmitting data.
The data sent is the ASCII data to be stored
in the buffer and eventually stored on the
magnetic media.

UNL ...... The controller has finished the
command and 1is telling the peripheral to get

The text which follows, along with Figures 2
hardware/firmware/bus

(Figure 3 is a pull-out schematic in the

describe
interactions.

off the bus (stop listening).

in detail the

back of this application note.)

1) ATN is asserted -- This tells all

2)

3

~

peripherals
on the GPIB that the controller is going to
send a command (or address) to all peripherals
and they must 1listen. The assertion of ATN
causes an interrupt in the M6800 to inform the
firmware of the event. ATN also causes the
NRFD and NDAC handshake drivers to be placed
on the bus in preparation for receiving of the
address byte.

DAV (data valid) is asserted -- This informs
the devices connected to the GPIB that the
data appearing on the DIO (data) lines is
valid and ready for action. Since ATN is also

asserted, the peripherals interpret the data
byte as a command (the primary address - MLA-1
in Fig. 1). The assertion of DAV causes an
interrupt in the M6800 via the HAND line (CA1
- U315 pin 40 in Figure 3) (note: this line is
alternately wused 1in TALK mode when NRFD goes
high). The information presented on the data
lines 1is interpreted by the peripheral to be
its primary listen address. This is
determined by the firmware looking at the
address switches.and comparing them with the
address received over the bus. Upon
determining that the peripheral has been
addressed, the firmware proceeds to enable the
addressed bit (PB6 - U315 pin 16 in Figure 3)
so that the hardware will be in the proper

listen state after the controller is through
talking, e.g., ATN goes high. Then the
firmware advances to the next state.
Meanwhile the hardware has caused NRFD ¢Not

Ready For Data) to go low, indicating that the
device is not ready to receive data.

A SHAKE pulse is issued by the firmware. This
shake pulse causes the R-S flip-flop (U5a -
USb in Figure 3) to enter the reset state
which in turn allows NDAC(Not Data ACcept) to
go high indicating to the controller that the
data has been accepted. Upon seeing NDAC high,

and 3,

4)

5)

6)

7)

the controller proceeds to un-assert DAV (set
high) while it prepares the next byte. DAV
going high causes the hardware to set NRFD
high as well as setting the R-S flip-flop
allowing NDAC to go low. The hardware is now
ready to receive the next byte.

The controller then issues the secondary
address 12 which the peripheral accepts as
before. The information passed across the

GPIB thus far has set device #1 (our device)
as a listener (MLA-1), and has told it via th-
secondary address (MSA-12) to prepare for .-
PRINT command, where the data following shall
be 1interpreted as data to be stored in the
current open file.

ATN goes high. Attention going high informs
the peripherals on the bus that the
controller is finished giving orders and the
bus is now free for data interchange. This
second transition of attention again causes an
interrupt in the M6800 to inform the firmware
of the change of state and the hardware acts
accordingly. Since this peripheral was
instructed to enter the listen state, the
hardware stays in the LISTEN mode as
determined by the ADDRESSED, and TALK/LISTEN
lines which were set appropriately in step 2.
If the peripheral had not been addressed, the
ADDRESSED line would have been left
un-asserted and the drivers would have been
off the bus so data interchange among other
peripherals could proceed at a rate unrelated
to the speed of this device.

The talker (also the controller in this
example) proceeds to send the four characters
of information as data. Once again DAV ic
asserted, which causes an interrupt in the
M6800 and the data to be read. This process
is repeated until all appropriate data is sent
and received, at which point the controller
steps in again and sends the unlisten (UNL) or
unaddress command.

unaddress command, the
the bus and begins

Upon recieving the
peripheral gets off

executing the command requested which in this
case was to store four characters of data.
Note that normal data transfers, those without ATN

asserted, cause the firmware to store the data received
in a buffer rather than being acted upon one byte at a
This buffering is done for three reasons:

time.

1) Buffering allows data transfers at

2)

a maximum

rate.

It is somewhat
routines

simpler to write conversion

and scanners when a whole buffer is

available at a time.

This peripheral is a magnetic tape

drive and

requires the data to be buffered into physical

blocks before accessing the

actual recording

media.




When looking at the firmware 1listing that follows
this discussion, note that occasionally the hardware
can be placed into a suspended state. These suspended
states are envoked when a buffer becomes full or when
the monitor (overall peripheral control program) is off
doing something more important, 1like completing the
execution of the last command. While in one of these
suspended states, the hardware is left "sitting" on the
bus refusing to handshake which effectively holds
everything. When the monitor has completed the
condition that caused the suspended state to be
envoked, it can subsequently restart the handshake.
One aspect of this buffer management scheme is that it
is typical to receive an unaddress command (UNL or UNT)
to execute every command (MSA). The unaddress forces
the monitor to come out from the idle state and process

the current buffer even though it is not full. This
generates a clean solution because each command is
explicitly delimited.

The Talker

A peripheral talk sequence proceeds in much the same
way as the listen sequence previously discussed and
will be illustrated by executing an input data request.
The command being performed is:

INPUT @1:4$

This command requests device #1 to send a data stream
from the currently open file. The bus information
packets are shown in Figure 4. The handshake detail is
shown in Figure 2.

or0 1-s LA H A {4 H® H® He

Fig. 4. INPUT €1:A$

A detailed discussion of Figure 4:

1) The first two command bytes, those sent with
ATN asserted, are handled by the
hardware/firmware in much the same way as the
previous example. However, since the first
byte instructed the device to enter the talk
mode, communicated by the designation MTA-1
(My Talk Address), the firmware asserts the
ADDRESSED line and sets the TALK/LISTEN line
to the TALK mode. This allows the hardware to
enter the TALK state after ATN goes away.

2) When ATN
interrupted,
data registers so that they can be
output.

does go away the processor is
at which point it reverses the
used for

3) As the last (slowest) listening device becomes
ready to receive data, the NRFD line goes
high. NRFD going high causes an interrupt via
the HAND line, this in-turn tells the firmware
to put a data byte on the DIO (data) lines and
to issue the SHAKE pulse.

4) While in the TALK state, a SHAKE pulse
controls a second R-S flip-flop (U5c - U5d in
Figure 3). SHAKE puts the flip-flop into the
Set state which in turn asserts the DAV line
on the bus, indicating that the data is valid.
As the =lcwest 1i-tener accepts the data, the
NDAC line is driven high. This action Resets
the flip-flop, taking away DAV, and allows the

listeners to once again enter the RFD (Ready
For Data) state.
5) As the RFD state of the listener 1is reached,

an interrupt is once again received on the
HAND line and the process repeats itself until
the oontroller is satisfied that enough data
has been passed at which point attention (ATN)
is reasserted.

6) This example is a special case where the
controller and 1listener are the same device.
In general, the TALKER asserts EOI with the
last byte of the transfer, thereby signalling
the CONTROLLER that the data transfer is
complete.

7) ATN is asserted by the
point, the hardware

CONTROLLER. At this
is forced into a listen
state by some appropriate gating. The
firmware is informed of this action by an
interrupt on the attention line and proceeds
to interpret further interrupts of the HAND
line as being data to be received (note: the
data register must be turned around to receive
data). Since the message received was an
Untalk (UNT) the firmware informs the hardware
of this change in state by clearing the
ADDRESSED line and setting the TALK/LISTEN bit
back to the LISTEN mode.

While in the TALK mode, the bus can be suspended by
running out of data in a buffer. This generally calls
on the monitor to get another physical buffer from the
tape. After getting more data to work with, the
handshake is continued.

MISCELLANEOUS COMMENTS

Following are some general implementation comments

and/or suggestions.

The EOI (End Or Identify) line 1is presented as a

level and can be received or transmitted by the
firmware when required. In this particular-
implementation the EOI line is wused during some

operations to indicate the end of information or end of
file.



SRQ -- This line may be activated by the firmware
for requesting service. In the 4924, it is used
primarily to indicate that an error condition exists.
For example, a write operation was commanded when the
media was write protected.

A digital debounce chip (U115 M14490 in Figure 3) is
included on the control 1lines to help control noise
problems. However, the delay also slows down the bus
and it may be eliminated.

The careful observer will note that the hardware
does not really get off the bus when IFC is asserted.
The IFC function is executed by the firmware and as
such may take longer than 100 uSec. to execute. This
is not considered too serious but can be corrected with
the addition of a latch and some appropriate gates and
a clearing mechanism.

NOBODY --- This line is asserted anytime both NRFD
and NDAC are sensed high. This condition means that
nobody is listening to the bus which is considered an
error state if someone is talking. It is appropriate
that the talking device either exit from its talk
state or wait until someone is listening. As an aside,
in this implementation it was decided that the device
would wait if nobody was on the bus and it was
operating in the normal on-line mode. However, if it
was operating in the off-line data logging mode (with
no controller, it uses a front panel) the device would
exit from the current command.

Acknowledgments: C. Roger Muller and Lang Lok were
responsible for the development of the hardware used in
this interface.

MACROASSEMBLER LISTING

The following is a macroassembler listing which is
substantially the same as the interface driver program
used in the TEKTRONIX 4924. This listing is believed
to be accurate and correct. However, the usual
disclaimer that exists for all software, applies here,
too.
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Tektronix:

COMMITTED TO EXCELLENCE

Tektronix, Inc.

Information Display Group
P.0O. Box 500,

Beaverton, OR 97077
Telephone: (503) 638-3411
TWX: 910-467-8708

Cable: TEKTRONIX

Printed in U.S.A. U.S.A. and Foreign Products of

Tektronix, Inc. are covered by U.S.A. and Foreign

Patents and/or Patents Pending. All specifications

subject to change without notice, AX-3607




