Designer’s Guide

To The GPIB/HPIL

by Paul Snigier

The Hewlett-Packard Interface Bus
or HPIB was standardized in 1975
into the IEEE - 488 and became
the general-purpose interface bus
for test and measurement instru-
ments that are used in automatic
test equipment (ATE) and for pro-
grammable bench instruments and
wC-to-peripheral data transfer de-
vices. The bus standard has greatly
simplified system design when as-
sembling programmable test and
measurement instruments from dif-
ferent manufacturers.

included a 0.4 10 0.3V change for
drivers to handle certain new
Schottky devices. Others included
coded identification IO markings
on instruments to prevent
obfuscation.

The HPIB was later adopted by
companies other than HP as the
General-Purpose Interface Bus
(GPIB). The 488 bus standard per-
mits up to 15 devices to operate on
the bus. with a maximum 20m dis-
tance for interconnecting cables.
The standard is divided into me-
chanical. electrical. functional and

operational specifications. These
define the type of cable and con-
nectors to be used. the circuits and
voltage levels into and between
nodes and the interface signals.
Unlike the rigidly defined STD
bus. covered in April’s Digital De-
sign the 488 bus specifications
leave some interfaces optional or
undefined. As a result. noncompa-
tibility resulting from device-de-
pendent program codes. output
data formats and a data coding can
lead to problems. If care is taken in
reading the product literature the

If you are interested
in designing test in-
struments i1nto a
benchtop or field
environment, con-
sider the GPIB and
HPIL to meet your
design needs.

Prior to Y75, instruments werce
manufactured with dedicated inter-
face structures that had unique sig-
nal. control and data lines. Data
rates, logic levels. and codes also
varted. These instruments were of-
ten interconnected with cables that
had up to 100 wires.

In 1972, when the situation had
grown intolerable, an TEEE-48Y
standards advisory committee met
to explore a standard bus. The re-
sult, the TEEE-48X Standard - 1973
“Digital Interface tor Programma-
Instrumentation.”  was  pub-
hshed in April of that vear and up-
graded slightly in 1978 to clarity
textual ambiguities. Minor changes
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interface problems can be mini-
mized. The standard avoids rigid
specification, thus leaving the door
open for designers to try new
approaches.

After wading through the volum-
nous 488 document. we must agree
with critics who accuse it of being
tedious to read. In all features. we
do feel that the state diagram nota-
tion is more precise and lucid than
timing diagrams and does create
less ambiguities, compared to other
interface standard documentation.
Let's now turn to the 488 bus stan-
dards in greater detail.

Point-to-point transfer of data
over 16 signal lines on the 488 bus
is accomplished via devices that are
either ““talkers’ (transmitters).
“listeners’” (receivers). controllers.
or a combination. A talker sends
data over the bus. listeners only ac-
cept data from the bus. and a con-
troller supervises the others by ad-
dressing devices and letting talkers
talk. At any time. only one con-
troller or talker can be active. All
devices have separate addresses. so
each can be uniquely addressed by
the controller. Although a control-
ler mav address many hsteners.
data is generally transferred be-
tween a speaker and one listener.
A printer could be a listener. a wa-
veform generator could be a talker
and a digital cassette drive could be
both.

All three device types terminate
signal lines with 6.2k pulldown
and 3k§) pullup resistors, thercby
providing a uniform bus impedance
and good noise immunity. Drivers
sink 48mA; receivers use Schmitt-
type inputs.

The 488 bus byte-serial, bit-par-
allel. negative-logic scheme  has
three categories of TTL-level sig-
nals. These are eight bidirectional
data lines (DIO, ). three data-
byte-transter-control lines and five
general-interfaces-management
lines. The eight bidirectional data
lines can carey either one byte of
cither address. data or command.

The three byte-transfer-control
lines are “data valid™ (DAV). "not
ready for data” (NRFD) and “not
data accept” (NDAC). When a
talker device forces the “data val-
id” (DAV) line low the device ig-
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vices on any contiguous bus.
mum 20m length.

cal control/status messages.

handshaking.

full path.

1. Interconnected devices: permits a maximum of 15 de-
2. interconnection path: Linear or star network with a maxi-
3. Signal lines: 16 active, total; 8 data lines; and 8 for criti-

4. Message transfer. scheme is byte-serial, bit-parallel,
| asynchronous data transfer via interlocked three-wire

5. Maximurn data rate: 1 Mbyte/s over limited distances
with perfect design; otherwise, 250 to 500 kbytes/s over

GPIB Characteristics At A Glance.

6. Addressing: primary addressing permits a maximum of
one talker and up to 14 listeners (at a time). Primary ad-
dresses—31 talk and 31 listen; secondary (two-byte) ad-
dresses—961 listen. ; :
7. Control transfer (shift): if there is more than one control-
ler, only one is active (at a time). The presently-active one
passes control to ane of the others, and only that controller
designated as system controller can assume control.

8. Interface circuits: both driver and receiver circuits are
TTL-compatible, with the higher power dissipation and
higher speeds of this logic family.

asking a device to identify itself
after it sent a ‘“‘service request”
(SRQ) to the controller. To pre-
vent the controller from servicing
every device that sends a LOW
SRQ signal the controller first asks
for device identification. When the
device receives this EOI (Identify)
command, it places its unique ad-
dress on the bus during the polling
sequence. The controller initiates
this parallel poll sequence by the
EOI signal with the ‘“attention™
(ATN) command, which it acti-
vates by sending it LOW. ATN can
be asserted only by the controller
and only during the addressing or
command scquence. The controller
can poll up to eight devices.

Data Transfer

Data input/output lines (DOI 1-8)
resemble WP I/O ports, and carry
8-bit parallel data to and from the
CPU. When PRINT, INPUT,
GET and similar operations are
used the CPU controls the [OD
lines which handle transfer control
handshake signals and interface
management line signals,

The control line logic levels are
negative-true: if the level is under
0.8V, the signal is logic ONE: if it
is from 2.0V to 5.0V the signal is a
logic ZERO. The 0.8V to 2.0V lev-
el 1s undefined. This is the opposite
of many pwP svstems. More about
this later in the section on the CPU
clectrical characteristics.

Hundshaking between  talkers,
listeners and controllers is func-
tionally accomplished in the follow-
ing manncer. Every byte transfer
oceurs with an accompanying asyn-
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chronous three-wire handshake on
the byte-transfer-control lines. The
talker pulls DAV LOW (once it
knows all listeners are listening). so
that all devices know that the DOI
1-8 lines carry valid data. Then the
fastest talker pulls NRFD low,
which lets everyone know that the
talker is busy with that byte. Later,
the slowest listener lets go of
NDAC., which tells the talker ev-
eryone got the data. Then this lis-
tener removes its DOI 1-8 message
and pulls DAV HIGH, which tells
the listeners to pull NDAC LOW,
The talker and controller then are
ready to be “spoon-fed” more
data. The cycle then repeats: the
talker asserts DAV as soon as it
senses NDAC went LOW and
NRFD, HIGH. There, in a nut-
shell, are the simple 488 bus basics.

Functional Partitioning and
Messaging

Devices are divided or partitioned
into four functional component
arcas. GPIB bidirectionally inter-
faces first through drivers and re-
ceivers that exchange data through
the message coding section, which
in turn. transfers its signals to the
device through a collection of in-
terface functions: SH. AH, T/'TE,
L/ILE, SR. RL, PP, BC. DT and
C. These “interface functions’ reg-
ulate the bus control circuitry
states. Since these interface func-
tions are mutually independent,
only one state is active at a given
instant. State diagrams specify this
set of functions. Obviously the de-
vice functions are not covered by

the 488 standard. Device functions
include modes of operation, capa-
bilities, types of measurement and
the like. The 488 drafters wisely
left the device functions unspeci-
fied because these functions are
unique to each instrument.

Of the ten interface functions,
any given device probably will be
capable of using only a few, al-
though it could handle all of them.
Each function about to be de-
scribed uses one or more bus lines
we previously discussed to perform
the operation. The “source hand-
shake™ (SH) lets the talker talk.
All the handshake interdevice
transfer originates with SH. The
listener returns the ‘‘acceptor
handshake™ (AH), with the slowest
listener setting the return rate. The
T/TE is used to send device-depen-
dent data. The talker is active only
if addressed by one byte while the
extended talker requires a two-byte
address. The corresponding “lis-
tener or extended listener™ (L/LE)
interface function receives device-
dependent data with either a one-
byte (listener) or two-byte (ex-
tended listener) address. The
service request signal is sent to the
controller as a single-bit reply in
the status byte during a serial poll.

The remaining five are control-
ler-related functions. “*Remote lo-
cal” (RL) enables or disables the
manual front panel controls. “Par-
allel Polling™ (PP) permits eight
devices to send a status bit over the
DIO lines. The “device clear”
{DC) sequence clears and initia-
lizes devices, so that remote re-
starting of device operation can be
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done with the “device trigger”
(DT). Finally. the “controller™ (C)
function can do several things. such
as initiate device addresses and
transmit universal and addressed
commands. More than one contiol-
ler can be on the bus. but when
one device is transmitting com-
mands or addressing devices. the
others must be idle.

Messages are local (hetween de-
vice and interface function logic) or
remote (between device and bus).
If remote. they can cause a state
transition in some interface func-
tions or depend upon device(s) for
internal control. with remote mes-
sages determined by the designer.
When two devices try to transmit
simultancously. the active transfer
takes priority over the passive one.

With this background behind us.
we can proceed to look at a recent
extension to the HPIB or GPIB:
the HP Interface Loop (HPIL). Al-
though only introduced a few
months ago. HPIL already prom-
ises to become a de facto standard.
Aside from a few differences. it is
identical to the GPIB. and the ma-
terial we have already covered also
applies.

Portable Instrumentation

Like the GPIB. the Hewlett-Pack-
ard Interface Loop (HPIL) inter-
faces instruments. controllers. peri-
pherals and the like. Unlike its big
brother. however. HPIL is intend-
ed for low-power., portable
instrumentation.

HPIL is suited to CMOS. bat-
tery-powered instruments. HPIL
devices transmit data serially in a
loop at up to 20 kBytes/sec. HPIL
interfaces HP-41, 83 and 85 hand
calculators to small cassette drives,
microprinter/plotters, small DMM
LVDTs and the like buiit bv Hew-
lett-Packard. HPIL could be
hooked up aboard an attack class
sub. for example. with an HP-41
running a tape cassette and micro-
printer/plotter. and be quickly dis-
connected after the tests, On the
other hand. a sophisticated avion-
ics test system will mandate GPIB,
as speeds are higher.

HPIL, unlike GPIB, has a re-
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mote, power-down control, so the
controller can put devices in a
stancdby-state of low power con-
sumption. Unlike GPIB’s byvte-
wide data bus (10D 1-8). the serial
data format helps cut power use.
Only one device at a time uses
power to transmit to the next de-
vice in line. To cut costs, two-wire,
differential - drive links cancel out
noise and raise SNRs over dis-
tances of 100m rather than GPIB's
20m. An added advantage. auto-
matic addressing on HPIL makes
programming easier. an area that
has caused designers to grumble
about the GPIB. Compared to
GPIB’s linking 15 devices maxi-
mum the HPIL can link up to 31
devices, and with extended ad-
dressing can address 961 devices,
on a low-cost, two-wire cable.

The 82166A convertor provides
a general-purpose 1/0O-to-device in-
terface for interfacing to a noncom-
patible device. With this converter
the engineer can connect several
peripherals from different vendors.
Under a typical arrangement, an
HP-41C could be pre-programmed
to take DMM and counter read-
ings. with its commands retransmit-
ted by each device and only acted
upon by the addressed device,
which also re-transmits the mes-

sage. In this application the data is
transmitted at a slow 5 kbvtesisec
through the closed loop and is re-
checked for errors by the HP-41C.
Typicallv. the HP-41C could com-
mand a thermal printer/plotter to
print out data.

With a special interface card
(costing above the $125 base price
for the HPIL module and calibre),
the HP-41 will interface to the HP-
83 and HP-85 and 87 desktop com-
puters. Thus the HP-41 can be pro-
grammed to collect data in the field
or bench and later transfer this
data into the HP-85 for analysis
and storage. This new data can
then be downloaded later into the
HP-41 for later use. A more com-
plicated hookup would allow sever-
al controllers, with the first taking
control upon powerup and others
taking over according to the appli-
cation-specific protocols. Protocols
permit a higher-priority-but-idle
controller to interrupt another ac-
tive one.

Code and Interfacing

Since HPIL uses two-wire lines and
i1s asynchronous, a self-clocking
three-level code is used. HPIL uses
four control bits: 1.0, 1§ and 05—
the last two used for reference syn-




chronization at the start of each
frame.

The three levels are = 1.5V and
0V. Logic ONE is a positive and
negative pulses: a ZERO, just the
reverse (negative and zero pulses).
Pulse width is about 1us. with each
bit sequence followed by a delay
(OV) of 2ps or more. In this way, a
spike or transient coming in is
overlooked. The sync bit IS or
ONE-S is just a ONE repeated
twice with no inter-sequence delay.
that is the trailing edge of the first
ONE. which is rising to OV simply
becomes the positive-going leading
edge of the next ONE. The 0S or
ZERO-S. likewise. 15 two Zeros
without anv inter-sequence gap.
This is a reliable coding scheme. al-
though lower in bit density than
two-level codes (such as NRZI,
Delta Distance. F2F and the like).

Transmission time is as follows:
a sync bit takes 6ps: a frame bit.
dps. A complete frame of 11 bits.
one data byte, takes $6us (10 times
4 plus 6). Ideally, a 21.7 kbytes/sec

The talker will not
send a frame until it
gets back and
checks the previous
one. To avoid trans-
mission delays,
each device copies
the command frame
and passes the
frame on, thus per-
mitting parallel pro-
cessing.

foop data-transmission rate could
be approached. realistically. exist-
ing devices are between 3.0 and 5.0
kbyvressec.

Handshaking and Messages
The talker transmits itS message
one Il-bit frame at a time. The
tatker refuses to send the next
frame until it gets back the pre-
vious one and does an error-correc-
tion check on it.

To avoid this unacceptable slow-
ness. each device copies the com-
mand trame and passes the frame
on. thus permitting parallel pro-
cessing. After the controller gets
back this command frame. it then
will not transmit the next command
frame until it transmits a “‘ready
for command” (RFC) message and
receives it back. The RFC signal is
passed along from device to device
in the loop—but only after each
device has handled the previous
command frame.

Updated information is available
on the 488 Bus Standard from
[EEE at a cost of $10 (39 for IEEE

members), plus $2 for shipping.
Write to: [EEE Service Center,
445 Hoes Ln., Piscatawav, NJ
R854, =
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