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National’s Series 32000" (formerly
known as NS16000) provides the most
complete family of 32-bit CPUs, slave
processors, systems peripherals, devel-
opment systems and software. Today!

In today’s fast paced high-technology
marketplace, time equals money. And
chances for product success often depend

— “ upon narrow

- windows of
~ opportunity.
~ So time-to-
- market be-
comes a criti-
cal ingredi-
entin micro-
processor

.. selection.
When you thoroughly evaluate and
compare available 32-bit options, we think
you'll find that National’s Series 32000 is
the undisputed choice.

Full 32-bit Architecture.

In aworld of over-stretched, band-aided
microprocessor architectures, National
provides a true 32-bit solution. The Series
32000 is the world’s first commercially-
available 32-bit microprocessor family that
was designed as 32-bit. We've taken a sys-
tems solution approach to give you what you
need: An innovative microprocessor family
with the right performance. Current avail-

ability. And alternate sourcing by major

manufacturers.

+ Advanced 32-bit architecture is the
basis of the Series 32000. This same |
32-bitarchitecture isimplemented |
in all Series 32000 CPUs. These
'CPUs also offer downward com-

B

+ Fast floating point support is available now
with National's NS 32081, the only viable
floating point unit to support your sys-
tem'’s needs for floating point operations.

+ A powerful MMU, National’s NS 32082,
provides Demand Paged Virtual Memory sup-
port and it’s available today. This industry
‘first’ provides fast on-chip address transla-
tion and advanced operating systems
support, making it the ideal choice for a
UNIX"environment.

The best UNIX Micro.
If your system design
calls for UNIX, indus-
try experts have called
the Series 32000 “the
best for UNIX”
National's GENIX}
featuring optimized
Demand Paged Vir-
tual Memory support,
is available today in
source form for OEM
adaption. The next
generation of

Nationals
s 32000,

GENIX, with Ethernet” support, is in test
now. We have also delivered the Series 32000
version of UNIX System V (release 2.0) to
AT&T for validation. National is your source
for UNIX.

Our Series 32000 software catalog gives
OEMs an opportunity to select from a wide
variety of software, including offerings from
independent software vendors.

Series 32000
is the only 32-bit solution today.

If your market window falls within the
next twenty-four months, the Series 32000
provides you with product for your designs
today. National is the only manufacturer
that offers a complete 32-bit microprocessor
family now. With an architecture designed
to fully support high-level languages; a
full 32-bit data bus to memory that increases
memory bus bandwidth and thus the speed
at which data can be transferred; a range
of CPUs with total compatibility to 16 and
8-bit; a full range of peripherals; powerful
evaluation tools; a multi-user, multi-tasking

development system; a growing list of

available third-party software; and the
hardware, software, service and

& customer training that spell real

long-range commitment.

All to assure you of the prod-
ucts and support you need today
and into the future.

Truly a generation ahead.
Wed like to send you a copy of our
brochure entitled: “The Specifics
¥ of 32-Bit %tecmre and Imple-

24 National Semiconductor
MICROCOMPUTER SYSTEMS DIVISION.
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Ournew function generator
makes frequencies
30 times easier to hold.

The typical function
enerator lets you dial in
requencies with +3 %

accuracy. Our new Model 21
doesn’t have a dial. Instead, a
3 1/2-digit display shows you
settings over the 100uHz to
1" Ml-?z range. And the
accuracy equals the display
resolution—an impressive
+.09%, thanks to a built-in
counter and a digital memory
circuit.

Push the Stabilizer button
and that accuracy becomes
long-term stability.

But that's only the
beginning, because Model 21
is the most important new
function generator design in
the last 20 years.

For instance, it has digital
synthesis of waveforms
(including haverwaves and
ramps) below 1.1 kHz, with
1000 horizontal points and
250 vertical points per cycle.
You can stop a wave at any
point, hold it, then resume.

4Moded» Gate

Stabon
Off

4Funch

Or you can use the generator’s

output as a 1000:1 frequency
divider for ultra-low frequency
generation.

Sine, triangle, and square
waveforms are available at all
frequencies, and they can be
triggered or gated.

lot of capability for an
instrument just a little over
3 inches high—and just a little
under $1,000*. For details on
how you can get your hand on
one, contact:
Wavetek San Diego, Inc.
9045 Balboa Ave., P.O. Box
85265, San Diego CA
92138. Tel. (619]
278-2200;TWX
910-335-2007.
*U.S. price.
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DEDICATED TO Z807?
SO ARE WE.

NOTDEDICATED TO Z.80°?
SO ARE WE.

Y ou're covered.
Every which way — in the STD BUS card world —

which we (a) created, invented, started, and (b) influence
with more cards, more versions, more solutions than anyone.
Adding four new cards brings the Pro-Log card count to 59,
which is a lot of ways to solve Z80 and non-Z80 problems.
Speaking of Z80, one new card, the 7806, is a Z8OA
multifunction CPU 128K on-board memory and [/O.

The second card, a natural ally to the multifunction CPU
card, is our new 128K dynamic ram card. 7707 to be exact.
(64K memory is an option). The latest in high-density semi-
conductor memory. Compatible with Z80A, 8088, 80854,
6809 and others.

The third card, 7606, is a versatile, four-port parallel I/O
card designed specifically for ZB0OA-based STD BUS card
systems. Starting with just these three cards gives you the
nucleus of a Z80-based system.

Our fourth new card, 7388, is dedicated and not dedicated
to Z80. It's a double-density floppy disk controller card with
a most important — and exclusive feature. It runs 8", or 54"
or 32" drives without moditying the connectors. The soft-
sectored diskettes can be single-sided, single-density,
double-sided, double-density, or any combination thereof.

So you now have 4 new reasons and 55 original l

reasons to buy Pro-Log. You get unmatched quality,
a 2-year warranty, prompt delivery and our total lack
of dedication.

7806, Z8OA MULTIFUNCTION CPU CARD, 128K on-board
EPROM capacity, tully buffered Z80A processor, four 8-bit coun-
ter/timers, dual independent RS-232-C channels.

7707, 128K DYNAMIC RAM CARD vwith parity, compatible
with Z80OA, 8088, 8085A, 6809 and others, 64K option, cuts card
count for large memory applications.

7606, PARALLEL I/0 CARD, four operating modes, supports
280 mode-2 interrupts, direct TTL interface.

7388, DOUBLE-DENSITY FLOPPY DISK CONTROLLER
CARD, runs 8", 314", 314" drives, uses a DMA controller for fast
memory access, three user accessible DMA channels.

PRO_LOG® 2411 Garden Road
Monterey, California 93940
CORPORATION 408-372-4593, TLX: 171879
INVENTORS OF THE STD BUS Outside CA: 800-538-9570

Offices and Telex: Australia, 35494; France, 842-696379; Germany, 971624;
Italy, 68071; Sweden, 13695; Switzerland, 55448 United Kingdom, 858618,
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iaregrated development $0008), «» <ERIEEEIMERES . . . .. tonessnsnossnosssedssddO
Dcvcloéamcnt-systcm utilities that have uniform commands and compatible outputs smooth the tran-
sition from one design step to the next.

Extended-processing units etElmduPcomputmgpower. A RS AR A B S
Specialized parallel-processing chips tied to a Z8000 CPU get more concxiputing power from the uP;

e Z8000 family’s extended-processing architecture increases the speed of slave interfaces.
Eliminating protection circuitry reduces switching-supply costs ...............157
Crowbar-type overvoltage and foldback-mode current-limit circuits are needless in many switching-

supply applications. A study of supply circuitry shows how to eliminate such protection functions.

Driver ICs interface yPs with vacuum-fluorescent displays....................169
Vacuum fluorescent displays suit commercial and industrial applications, and sequence- and segment-
driver ICs ease the use of display devices in pP-based systems.

Circuits allow direct digitization of low-level transducer outputs ..............183

Designers like to digitize anakt)vi,1 signals as far forward in the signal chain as possible. Part 1 of this

2-part series describes circuits that digitize low-level signals without preamplification.

Program automates error analysis of time-interval measurements ..............197

Calculating resolution and accuracy for a programmable counter’s time-interval error can be a big job
if done by hand. A program adaptable to any counter can relieve this burden.

TECHNOLOGY UPDATE
CAE design systems, functional testers combine to ease prototype-IC testing . ....61

Plastic-fiber-based optical links offer low-cost, short-haul data transfer ..........91

Continued on page 7

Instrumentation tailored to CAE sys-
tems #s simplifying test and verification of
prototype chips. Such instruments combine
stimulation, acquisition, and comparison
capabilities (tg 61).

Plastic fibers offer an alternative %
coaxial cable or twisted-wire pasrs in appli-
i i |1t
link. Moreover, the fibers are easy to use

9 91).

On the cover: Cutting product-desigm
schedules depends on more than your choice
of development-system hardware; you must
also select integrated software packages that
work smoothly with your hardware. See pyg

116. (Photo courtesy Emulogic)

Saul Goldweitz, President and Chief Executive Officer; Ronald G el, Executive Vice President and Chief Operating Officer. EDN is published by the Cahners Magazine Division;
J A Sheehan, President; William Platt, Executive VP/Group Publisher. Circulation records maintained at Cahners Publishing Co, 270 St Paul St, Denver, CO 80206. Second class postage
paid at Denver, CO 80202 and additional mailing offices. Postmaster: Send address changes to EDN, 270 St Paul St, Denver, CO 80206. Advertising and editorial offices: 221 Columbus
Ave, Boston, MA 02116. Phone (617) 536-7780. Subscription offices: 270 St Paul St, Denver, CO 80206. Phone (303) 388-4511. EDN is circulated without charge to those qualified.
Subscription to others in the continental US: $4/copy (special issues may vary), $55/year; international subscriptions: $6/copy ($5/copy in Canada/Mexico) (special issues may vary),
$120/year ($60/year in Canada/Mexico). Send requests for qualification forms and/or change of address to subscription office.

© 1984 by Cahners Publishing Company, Division of Reed Holdings, Inc. All rights reserved.

EDN (ISSN 0012-7515) is published biweekly by Cahners Publishin’g Company. Division of Reed Holdings, Inc, 221 Columbus Avenue, Boston, MA 02116. Norman L Cahners, Chairman;

EDN NOVEMBER 29, 1984 5




Tough enough to work
anywhere you work.

Copyright © 1984, John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4705-20

The Fluke 20 Series. A tough new
breed of Analog/Digital Multimeters.

Put them to the test.

The new Fluke 20 Series are the first lab-
accurate analog/digital handhelds tough
enough to withstand water, contaminants,
chemicals, accidental drops, extreme tempera-
tures, and severe electrical overloads.

They're also the first sealed meters to offer
fast autoranging, an analog bar graph, a
continuity/diode test beeper, and Fluke’s
unique “Touch Hold"* display.

All in your choice of two models, the Fluke
25, and the Fluke 27, which adds “Relative”
(difference) and “Min/Max” recording modes.

Each features 0.1% basic dc accuracy and
a unique combined analog and digital display
for quick measurement of changing or stable
signals.

So now you can get high performance
under the harshest of working conditions.

With another first that's tough to beat.
They're made by Fluke, first choice of profes-
sionals worldwide.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 25 FLUKE 27

$2451 $275t

Charcoal or yellow case Charcoal or yellow case
Analog/digital display Analog/digital display
0.1% basic dc accuracy 0.1% basic dc accuracy
100 wV to 1000V ac and dc 100 w2V to 1000V ac and dc
0.1 wA to 10A, all fused 0.1 pA to 10A, all fused
—15°C to 55°C operation —15°C to 55°C operation
Two year warranty Two year warranty

Relative (difference) mode
MIN/MAX recording mode

*Patent pending.

‘Based on worldwide suggested price, including freight and duty effective
November 1, 1984. Your price may vary slightly due to exchange rates, taxes
and duties.

IN THE U.S. AND NON-

EUROPEAN COUNTRIES: IN EUROPE:

John Fluke Mfg. Co., Inc.  Fluke (Holland) B.V.
P.0. Box C9090, M/S 250C PO. Box 5053, 5004 EB
Everett, WA 98206 Tilburg, Netherlands

(206) 356-5400, Tix: 152662 (013)673973, Tix: 52237

FLUKE
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There’s quality...
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..and there’s
protected quality.

When you really need top quality and
reliability down to assembly line level,
even the best AQLs and PPM’s are not
enough.

Quality has to be protected.

Protection begins with design, continues in
fabrication and is guaranteed in shipping.
SGS MOS products, such as memories,
high speed CMOS, microprocessors, etc.,
are designed with full protection against
electrostatic discharge.

But that’s just the starting point.

All SGS MOS devices are shipped in
antistatic DIL chip carriers which are in
turn vacuum sealed into conductive
shielding bags.

This gives 100% protection against
electrical fields, humidity or oxidizing
agents.

Super quality deserves super protection
down to assembly line level. You get it
with SGS MOS products.

SGS MOS PRODUCTS: TOP QUALITY,
TOP PROTECTION.

® Technology and Service

SGS-ATES Componenti Elettronici SpA
Via C. Olivetti, 2 - 20041 Agrate Br. (Italy). Tel. 039-65551

CIRCLE NO 10




R-"1.THE DEFINITION OF RELIABILITY IS QUALITY OVER TIME.
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1983, National redefines quality. And then redefines it again. 1984. Now, National defines reliability.



Everyone is talking about quality.
But at National,we give you
quality you can relyon

year

after year.

That’ reliability:

In the last two vears, National
has twice redefined the industry’s
standards for quality.

By 1983, after only four years,
we dropped from 8,000 ppm to a
mere 174 ppm.Then we went even
further. To 119 ppm.

And now we're doing the same
in a different, but no less critical
area. Reliability.

Quality is important because
it measures how well a product
will perform. Buf you also need to
know how long it will perform.

Because the more reliable our com-

ponents, the more reliable your
product. And, of course, the less
you spend on warranty claims.

The chart on the left illustrates
what we've done. It measures
reliability as a Linear IC failure rate
tested under severe conditions.
The 1,000-hour test is equivalent
to 20 years of operation under
normal usage. Ours has plummeted
from 2.0% to just 0.15%. That's an
exceptional 92.5% reduction in
our failure rate.

Results like these don't happen
overnight.They happen over time.
And at National it started with
our people.

CIRCLE NO 11

They're responsible for the
quality and reliability of our prod-
ucts at every stage of development
—from the very start to final
shipment.

We've developed a Fast Reac-
tion Program that catches latent
defects before they ever leave a
National plant. More importantly,
feedback for corrective action
solves the problem onee and for all.

We've developed corrosion pre-
vention techniques. Automated
manufacturing lines to all but stop
unit defects. Statistical quality
control.The list goes on.

And so does our commitment
to the most important service
we can provide: delivering you
exceptionally superior products,
time after time.

Remember, National gives you
the quality you've come to expect.
And the reliability you'll come
to depend on.

National
Semiconductor
We're doing it.




Gould... Innovation and Quality in Logic Analyzers

The K105-D analyzer with
Trace Control™ helps you find
faults quickly and easily.

For most engineers, the frustra-
tion is not in solving the problem.
Butin finding it.

Not anymore. Take the Gould
K105-D logic analyzer. It can
help you isolate errors and their
causes quickly and easily. Be-
cause now you can capture and
examine several possible cause
areas with a single pass.

Advanced program tracking
and data capture.

Flexibility is the key.

With 8 levels of Trace Control, you
can follow every bend and turn

in your program flow. No matter
how complex. And capture widely-
separated slices of code better
than any other triggering method.

Although faults and their causes
may be separated by thousands
of lines of code, the K105-D

records only what you want to see.

Once captured, the K105-D
brings these windows of informa-
tion directly to the screen for your
analysis.

This selective recording con-
serves memory. While it helps you
get at the problem —and solve it
—in less time than ever before.

An analyzer that speaks your
language.

The K105-D speaks simple
assembly language, not complex
object code. Quite fluently, we
might add.

With our disassembly modules for
the 68000, 8086, 8080, 8085A
and Z80® B microprocessors, you
need only one analyzer for debug-
ging most popular processors.

Clear, concise pattern
definitions.

With the K105-D, you can define
all your event patterns with sym-
bolic labels. These labels can
represent address locations, data
values, fetched instructions or any
control signal you're monitoring.

And since you create them,
they're easier to understand and
remember.

What's more, Trace Control uses
English-like commands which
make for shorter set-ups. Quicker
comprehension. And a more
productive engineer.

To make debugging even easier,
add the optional dual floppy disk
drive. With it, you can store up to
35 set-ups and associated record-
ings on a single diskette for instant
recall.

Now, capture up to 4 segments of complex
program flow to pinpoint problems fast.




You won't get caught in a loop.
By using the K105-D's loop
counter, you can follow a
sequence of events for a specific
number of iterations. Then stop
at will.

It's a quick way for you to test the
repeatability of a program func-
tion. And verify that your code is
having the predicted effect.

Integration made easy.

For the hard part (hardware/soft-
ware integration), now there's a
simpler solution. The K105-D's
100 MHz high speed link.

It's an extremely precise way to
see how timing affects software
execution. And vice-versa.

Performance above all the rest.

At Gould, we engineer every
instrument to be clearly the best
in its class.

So now with your insight and the

K105-D analyzer, you can capture

the problem. And solve it. Fast.

For the name and number of your
nearest Gould sales representative
or for a detailed brochure and
application notes, call us toll-free at
(800) 538-9320. In California, call
(800) 662-9231 or (408) 988-6800.
Or write Gould Inc., Design & Test
Systems Division, 4600 Old Ironsides
Drive, Santa Clara, CA 95054-1279.

United Kingdom: Gould Inc., Design
& Test Systems Division, Hainault
Operation, Roebuck Road, Hainault,
Essex 1G6 3UE, United Kingdom.
Phone: (44) (1) 500-1000.

The K105-D gives you two levels of HELP
at the touch of a button. First, step-by-step
operating instructions that appear along
the bottom of the analyzer screen. Second,
a menu that allows you to select more
detailed “help” should you need it.

Again, for this task, Trace Control
can help you track down hard-to-
find faults. So you end up with a
program that flows smoothly.
Error free. In a fraction of the time
it used to take.

West Germany: Gould Inc., Design &
Test Systems Division, Dieselstrasse
5-7, D-6453 Seligenstadt 3, West
Germany. Phone: 06182/801-1.

™Trace Control & demar

® Z80 is a registered trademark of Z © 1984, Gould, Inc
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| %.eadaeirGSmart
n enerators

ml%lke tough tests

fast, easy, accurate.

When it comes to test
equipment, being smart
makes a big difference.
We equipped these two new
Leader Smart Generators with
programmability and a 2K memory
to end time-wasting repetitive set
ups. The LSG-215A & LSG-216
general purpose AM/FM signal
generators recall at the touch of a
button the 100 test conditions you
use most often. Just set frequency,
output level and modulation once
for each situation. You never need
to do it again, even if the ac is lost.
Fail-safe battery backup protects
the RAM memory against power
outages lasting up to one full month.

Unequalled performance,

features and ease-of-use.
Both of these Leader Smart Signal
Generators are ideal for general,

communications, AM/FM radio
receiver, TV-VIF, and cordless
telephone applications. Whether you
choose the LSG-215A (0.1 to 120
MHz frequency) or the LSG-216

(0.1 to 30 MHz and 75 to 115 MHz
ranges), each has a high visibility
digital display and large peak
modulation meter to make error-free
readings a cinch. Its one-touch front
panel keyboard enables you to
easily control frequency, output level
and modulation mode. A precise
PLL synthesizer provides oscillation
frequency and drift stability accurate
to an incredible 5x10-5. AM/FM
modulation is available internally

at 1 kHz and at 400 Hz as well as
externally. And FM Stereo MPX is
standard on the LSG-216. There are
many more features, too numerous
to list. You can even add an optional
remote control and for identical
programming of multiple test stations,
a plug-in EPROM Cartridge.

Leader Smart Signal
Generators cost no more
than many dumb ones.

Yet they are backed by our two-
year warranty, factory service depots

= BOTH OFF CW —,
o

- .
© O

REQ UP/DOWN 1 ”ﬁ‘ﬂ LSS e
i

SISIT SELECT

on both coasts and the 30-year
reputation for reliability and precision
which has made Leader famous.
Compare Leader Smart Generators
to the rest. We think you will agree,
Leader is the only smart choice.

Call toll-free

(800) 645-5104

In New York State

(516) 231-6900

Request an evaluation unit,
our latest test equipment catalog,
the name of your nearest “Select”
distributor, or additional information.

For professionals

wno
sl LEADER
'8y ()| Instruments Corporation

difference.

380 Oser Avenue
Hauppauge, New York 11788
Regional Offices:

Chicago, Dallas, Los Angeles, Boston.
In Canada call Omnitronix Ltd.
(514) 337-9500
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MITSUBISHI

Optical .".Vision

Extending the

Commitment of Excellence

It didn’t happen by accident.
Reliabil

When a semiconductor laser’s
life exceeds a million hours (@
25°C), it is more than just a coinci-
dence. MITSUBISHI quality and
reliability standards are renowned

throughout the world.
1 ‘

The most advanced recording,
print/scan and communications
systems rely on these devices. State-
of-the-Art, yet only forerunners of
more powerful, highly integrated
optical devices now under develop-

¢ High reliability

® Power from 3 to 15 mW

¢ Low threshold current and noise
characteristics

¢ Higher output power under
development

into the Future.

® Long wavelength laser diodes at
1.3 um

® Multimode and Singlemode pigtail
modules

¢ Short wavelength, low cost laser
diode for LAN

e 1.3 um LED, 1.3 um LED
Transmitter/Receiver module
and 1.3 pum LD module with
DIP and high speed package under
development.

MITSUBISHI
ELECTRONICS

ADVANCED AND EVER ADVANCING

ment. Envisioned today, destined to

impact tomorrow’s society.

Qi il D
oearch for Performance

MITSUBISHI Optical Semi-
conductors are designed and devel-
oped by industry’s most regarded
scientists, answering and prepared
to answer the requirements of a
new breed of high technology
minds. High performance: a part of
MITSUBISHI's commitment to the
future.

MITSUBISHI ELECTRONICS

. AMERICA, INC., Optical Semicon-

ductor Products, 777 North Pasto-
ria Avenue, Sunnyvale, CA 94086.
(408) 730-5900.

LA
AR CODE REAI

ASRTEL )

o Wavelength in the 780 nm region

¢ Single and multi-longitudinal mode

¢ Low cost, high volume production
device

¢ Low threshold current.

Optical Semiconductor Products

Circle 14




3 KHz-800 MHz

over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,

connector or pin versions (plastic or metal case built

to meet MIL-T-21038 and MIL-T-55831 requirements*).
Fast risetime and low droop for pulse applications;

up to 1000 M ohms (insulation resistance) and up to 1000V
(dielectric withstanding voltage). Available for

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

*units are not QPL listed

computer-automated
pel?ormanoe dafa
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NEWS BREAKS

Edited by Joan Morrow

PORTABLE SYSTEM TESTS 5%- AND 3%-IN. WINCHESTER DRIVES

Flexstar’s (San Jose, CA, (408) 946-1445) FS-5000 self-contained portable test
system tests 5%- and 3%-in. Winchester disk drives, and it can test any Winchester
drive that uses ST-505/412-type interfaces. It’s designed to test two drives at a time
by taking advantage of the overlap seek mode.

The FS-5000 has a built-in & line x 40-column LCD, a 50-character keypad, and a
40-column printer. It also has dec power capable of powering up one disk drive. The
FS-5000 performs both phase-margin and phase-margin surface-scan testing to
1-nsec resolution. It measures 15 x 15x 4 in. and weighs 15 1bs.—Chris Everett

MS-DOS OR CP/M COMPUTER HOSTS ;P DEVELOPMENT TOOLS

The MPDS family of hardware/software uP development tools from Microtek
(Gardena, CA, (R13) 538-5369) supports the 80186, 80188, 68000, and .14 other
widely used CPUs. A portable uC controls operation and executes the CP/M (MPDS
I) or MS-DOS (MPDS II) operating system. A typical $8595 system includes choice of
computer, in-circuit emulator, and cross assembler, as well as symbolic debugging
and software performance analysis.—Maury Wright

COMMERCIAL IC EMPLOYS 1-uym CMOS PROCESSING

Touted as the first commercially available product to use 1-um CMOS processing,
the $120 (1000) Model TMCR110 from TRW’s LSI Products Div (La Jolla, CA) is a
16 x 16-bit multiplier/accumulator. The IC directly replaces the company’s bipolar
TDC1010. At full operating speed, the device performs a multiply/accumulate
operation in 90 nsec; ie, it attains an 11.1-MHz throughput rate. This speed
represents a 2:1 increase over the speeds of previous products. In some systems,
this increased operating speed can entail the use of higher speed supporting-
memory chips. Thanks to the IC’s CMOS process, the device draws essentially zero
power in static mode; at full operating speed, the power draw increases to slightly
less than 350 mW.

The device employs a bulk ion-implanted CMOS technology that uses eight mask
layers. The TMCR110 performs two’s-complement or unsigned-magnitude
multiplication to yield a full-precision 32-bit product. —Bill Travis

MICROWINCHESTER DISK DRIVE PROVIDES 10M BYTES OF STORAGE

Fitting the 3%-in. form factor and furnishing 10M bytes of storage, Hewlett-
Packard Co’s first Winchester disk drive suits the rough treatment that portable
and transportable computers experience. The unit uses sputtered thin-film media
and withstands as much as 50g without external shock mounts. High-quality
read/write electronics ensure data integrity. The drive provides 25-msec track-to-
track access times and a 75-msec average access time.—Ed Teja

VOICE-OUTPUT CARD CONTAINS OWN DEVELOPMENT SYSTEM

The M520 voice-output card from Microcontrol (Kogarah, NSW, Australia) costs
less than $400 and allows implementation of a custom vocabulary with the
addition of only an RS-232C terminal and an EPROM programmer. The board
contains a 6802 uP, a 3k-byte monitor program, and audio-input and -output lines
to allow recording, editing, and playing of sounds with cassette-recorder quality.
On-board memory sockets allow storage of 46 sec of sound.—Gary Legg
EDN NOVEMBER 29, 1984 17




NEWS BREAKS

SINGLE EUROBOARD FEATURES DEC J11 CHIP SET

Adding to its G-64 line of computer and peripheral boards, Gespac (Mesa, AZ,
(B802) 96R2-5559) brings DEC’s 15-MHz J11 processor chip set to the single-Eurocard
form factor. The on-chip memory-management unit extends the G-64 bus’s
physical address space to 512k bytes. The board also contains a DEC-compatible
serial port, triple 16-bit timer, and interrupt controller. The interrupt controller
supports 10 interrupts—four external interrupts and six on the processor board.
Samples of the GESMPU-11 board cost $1750.—Maury Wright

DMA CONTROLLER ACTS AS COPROCESSOR FOR iAPX 286 DESIGNS

Systems based on the iAPX 286 uP can now move data blocks more efficiently by
employing the 82258 advanced direct-memory-access (ADMA) controller from Intel
(Santa Clara, CA, (408) 987-7197). The ADMA device functions like a coprocessor
and was jointly developed with Siemens. When used with the iAPX 286 family’s
pipelined architecture, the 82258 specs an 8M-byte/sec data-transfer rate. The
4-channel chip supports operation with high-speed transfer on all channels, or one
of the four can act as a multiplexed channel supporting 32 lower speed channels.
The 82258 will cost $170 (100).—Maury Wright

wP FAMILY OFFERED IN SURFACE-MOUNTED PACKAGES

SGS Semiconductor Corp (Phoenix, AZ) now offers its Z8, Z80, Z8000, and Z8500
product lines in quad-in-line, J-bend chip-carrier packages. The packages are one-
third the size and one-fifth the weight of corresponding dual-in-line housings. The
ICs come in commercial, industrial, and military temperature ranges, and in
plastic or ceramic packages. In addition, versions accommodating + 10% power-
supply variations are available.—Bill Travis

SINGLE-BOARD ;C SPORTS VME EXPANSION SLOTS

The 68010-based VSF 1605 single-board computer includes 512k bytes of RAM,
demand-paged virtual memory, a memory-management unit, bootstrap PROM, I/0
interfaces, and five VME Bus-compatible expansion slots. Called the VME system
foundation, the $5995 board from Interphase (Dallas, TX, (214) 350-9000) only
requires peripherals to function. Disk interfaces provided include ST506, ESDI, and
ST412HP Winchester devices and IBM-compatible 5%4-in. floppy disks. The board
comes standard with eight serial ports that support a variety of protocols. In
addition, four general-purpose programmable timers provide separate interrupt
vectors to the CPU.—Maury Wright

DISK- AND TAPE-STORAGE DEVICES INTRODUCED AT COMDEX

At the COMDEX/FALL ’'84 show (Las Vegas, November 14 to 18), Seagate
Technology (Scotts Valley, CA) was among a number of companies to announce new
lines of disk-drive products. Its 10M-byte ST11R2, a 3%-in. Winchester drive that
costs $450 (1000), provides a 65-msec average access time; the STRR25 packs 20M
bytes in a 5%-in. form factor for $495 (1000).

The company’s most significant introduction may have been its ST4000 Series, a
line that uses a closed-loop servo and voice-coil actuator to achieve as much as 40M
bytes of storage in a 5%-in. package. Furnishing 960 tpi, the ST4000 Series has
977 cylinders and provides an ST412 interface that features the error-correction
circuitry available in the ST412HP interface.—Ed Teja
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New 4-hit raster DAC

sharpens graphics
(and it's in an 18 lead DIP)
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Give yourself a head start with a monolithic
DAC designed specifically for raster scan
systems—the TRW TDC1034 4-bit, 125
MSPS D/A converter. It directly drives
CRTs to video compatible levels. Save on
circuitry—no extra registering, buffering or
deglitching. Save space—the 4-bit TDC1034
is an ultra-thin 18 lead DIP.

And you get terrific performance. This
monolithic 4-bit DAC is ideal for either
monochromatic or RGB color raster graphics
(4096 colors!). Its high speed scans more
pixels per picture to produce razor sharp
high resolution displays. And because it’s
built with TRW’s OMICRON-B™ 1-micron
bipolar process, you get high reliability and
low power consumption (600mW).

The low-cost4-bit TDC1034 is your one chip
solution to high volume production of

EDN NOVEMBER 29, 1984

125MSPS, guaranteed,

CAD/CAM work stations, computer

graphics, and high resolution video. If your

application needs all the options that an 8-bit,

24 lead DIP offers, consider the TDC1018—

the first monolithic 8-bit, 125MSPS D/A

converter.

Check these key performance features:

* Blank, sync and bright video controls

* Directly drives standard 7592 load

* Inherently low glitch

* Registered data and control inputs

* Power supply rejection ratio>50dB

¢ Differential logic for maximum speed,
minimum noise

*RS-343 compatible

* Low power dissipation

*Single —5.2V power supply

* 1/8 LSB linearity (4-bit TDC1034)

* 1/2 LSB linearity (8-bit TDC1018)

* ECL compatible data and control inputs

CIRCLE NO 16

“graphics ready,” just $15*

These DACs are available from Arrow
Electronics, Hall-Mark, and Hamilton/Avnet.
Remember, you always get FULL SPEC
PERFORMANCE from TRW LSI.
Forafull data sheet orimmediate information
about our ““graphics ready’’ DACs, call or
write our Literature Service Department:
LSI Products Division,

TRW Electronic Components Group,

P.O. Box 2472, La Jolla, CA 92038,
619.457.1000

In Europe, call or write:

TRW LSI Products,

Konrad-Celtis-Strasse 81,

8000 Muenchen 70, W. Germany,
089.7103.115

In the Orient, phone:

Hong Kong, 3.856199;

Tokyo, 03.461.5121; Taipei, 751.2062

*U'S. price in 1000s: TDC1034 CERDIP $15; TDC1018 CERDIP $36.00
< TRW Inc. — 1984 TRS-4116

4 FXWY

LS| Products Division
TRW Electronic Components Group
19




NEWS BREAKS:INTERNATIONAL

by Peter Harold

INTERNATIONAL TEST AND MEASUREMENT SHOW HIGHLIGHTS

The ITAME (International Test and Measurement Exhibition), which was held in
London on October 30 to November 1, was the occasion for a variety of new-
product introductions. For instance, Solartron Instruments (Farnborough, UK,
TLX 858245) displayed its $5295 7%-digit 7071 digital multimeter. The device
shares the same measurement, processing, and remote-control facilities as the
company’s 7081, but it’s specified to require no recalibration for more than 10
years. The instrument’s drift is proportional to the square root of time, resulting in
a l-year dc voltage accuracy of +20 ppm of the reading, + 1 ppm FS. For nine
years that spec is + 60 ppm of the reading, + 1 ppm FS. The unit achieves
accuracies per square root of one year on its other functions as low as +20 ppm of
the reading, +1 ppm FS for resistance, and +0.02% of the reading, +0.005% FS
for ac voltage.

Philips S & I Div (Eindhoven, The Netherlands, TLX 51573) displayed its $2400
PM3302 digital storage oscilloscope. The scope features a sampling rate as high as
20 MHz and captures waveforms at time-base speeds from 10 usec/div to 50
sec/div with a maximum vertical sensitivity of 1 mV/div. Its dual 2k x 8-bit
memories, each capable of capturing 25, 50, 75 or 100% pretrigger information,
can be separately displayed or updated as required. You can generate trace data to
an X-Y recorder or via an optional IEEE-488 interface to compatible devices. A
direct-display mode with time-base resolution from 200 nsec/div to 0.1 sec/div is
also available.

The PALAS 40C50 logic analyzer, which costs approximately 13,900 DM, was
exhibited by Dolch Logic Instruments (Dietzenbach, West Germany, TLX 4191550).
It provides 32 channels of 1k-bit acquisition memory; 16 of those channels capture
glitches as short as 5 nsec. In timing mode, it has a maximum resolution of 20
nsec (10 nsec with an optional high-speed probe). For state analysis, it operates
with external clocks as fast as 56 MHz. Each 16-channel block has its own clock
input and three clock qualifiers. The 40C50 has 4-level sequential triggering with
eight trigger qualifiers. A full-size reference memory allows you to perform
automatic trace and compare operations with optional rearming of the analyzer.

Marconi Instruments Ltd (St Albans, UK, TLX 23350) introduced the 800X in-
circuit tester, which tests high-density digital or hybrid circuit boards that contain
VLSI devices. The 800X is equipped with 2048 nonmultiplexed test pins, each
capable of performing digital stimulus/response or analog measurements. The
system features a synchronous logic tester for the examination of VLSI device
operation; you can synchronize the unit under test to the 800X at speeds as high
as 16 MHz. For functional board testing, additional instrumentation can be
connected via the system’s IEEE-488 bus. The fault-report database generated is
suitable for access by automated repair stations. The 800X is software and test-
fixture compatible with 80X Series testers. System price starts at £176,000;
delivery is 16 to R0 weeks ARO.

20 EDN NOVEMBER 29, 1984



You OWE IT TO YOURSELF
To CHOOSE FROM THE BEST.

Choosing the right logic analyzer
can be tough. But one thing is
clear—you want all the advantages
you know you can count on from
the performance leaders.

EVEN AMONG THE LEADERS,
THE DIFFERENCES CAN BE
SIGNIFICANT.

For example, not all the top logic
analyzers give you 200 MHz timing.
Or highly sophisticated linkage
and interactive analysis. Or 1000-
word deep data collection and
auxiliary memories. Or an easy-to-
use ASCII keyboard. Or floppy disk
data storage. Only Nicolet’s 800

series gives you all these advantages.
In the end, though, it’s Nicolet’s
unmatched price/performance ratio

that’s the most important difference.

SOME LOGIC ANALYSIS SYSTEMS
GROW WITH YOUR NEEDS.
SOME DON’T.

Only Nicolet makes it easy and
inexpensive to enhance perform-
ance—not just add channels—any
time you need it. And the NPC-800
Series gives you fire instruments
to choose from, and more options
than anyone else in the industry:
Waveform Recorder, Performance
Analysis, CT/SA, Computer/IEEE-
488 Controller, Printer Software,
Non-Volatile Memory, Dot Matrix
Printer, and Second Disk Drive.

Put THE LEADERS TO THE TEST.

When you really think about it,
the only way to be sure is to let the
best logic analyzers prove what
they can do—for you. When it
comes to capability, versatility, and
performance, there’s really only one
choice. For a Logic Analyzer Com-
parison Chart, call: (800) NICOLET
or (415) 490-8300 (inside CA).
Nicolet Paratronics Corporation, 201
Fourier Ave., Fremont, CA 94539.

kel

Nicolet

THE WORLDS THREE GREAT

LOGICS,

() predtoaitt

HP 1630

" NPC 800 SERIES

CIRCLE NO 17

ALYZERS.
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one-piece design defies rough handling

Check these features:

v" Each unit undergoes high-impact shock test
v’ Available from 1 to 40 dB

v DC to 1500 MHz

v’ Unexcelled temperature stability, .002 dB/°C
v/ 2W max. input power (SMA is 0.5W)

v BNC, SMA, N and TNC models

v Immediate delivery, 1-yr. guarantee

NEW!

Precision 50-ohm terminations ... only $6.95 (1-24)
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1
BNC (model BTRM-50), TNC (model TTRM-50)

SMA (model STRM-50), N (model NTRM-50)

- = - =
[ JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460; International Telex 620156
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*Freq. ‘ Atten. Tol.| Atten. Change, (Typ.)
(MHz) | (Typ.) over Freq. Range VSWR (Max.)
| DC-1000)1000-1500 | DC-1000 MHz | 1000-1500 MHz
DC-1500 MHZ} +0.3 0.6 0.8 1.3 1.5

*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)
MODEL AVAILABILITY
Model no. = a series suffix and dash number of attenuation
Example: CAT-3 is CAT series, 3 dB attenuation
B denotes 75 ohms; add —75 to model no
@ denotes 50 chms

ATTEN SAT (SMA) CAT (BNC) NAT (N) TAT (TNC)
L L ] [ ] ® L]
2 ®
3 L] on [ L]
4 L]

5 L]
6 ® on ® ®
7 L
8 L]
9 L]
10 ° on ® L]
12 ®
15 ®
20 L on ® ®
30 L] L ] ® ]
40 [ ] L ] L] L]

PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95
TAT (TNC)..$12.95, NAT (N)..$15.95
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up to 2 Watts linear output
50 KHz to 4200 MHZ from $199

If your application requires up to 2 watts for intermodulation testing of components
... broadband isolation . . . flat gain over a wide bandwidth . . . or much higher
output from your frequency synthesizer or signal/sweep generator . . . Mini-Circuits’
power amplifiers will meet your needs, at low prices.

These ultra-linear Class-A amplifiers are unconditionally stable and can be
connected to any load impedance without amplifier damage or oscillation.

For low power (50 mW), 22dB gain and 40dB isolation, consider the ZF[.-2000;
for operation up to 4200MHz with 1-watt output, specify the ZHI-42.

So select the amplifier for your application from the chart below. We'll ship
in one week, with, of course, our one-year guarantee.

Gain Max. Power Noise Intercept .

Model Freq. Gain Flatness Output 1dBm Figure Point, Typ. DC Power Price

No. MHz dB dB Compression dB  3rd Order Voltage Current $ Ea. Qty.

ZHL-32A  0.05-130 25 Min. =1.0 Max +29dBmMin. 10Typ. +38dBm +24V  0.6A 199.00 (1-9)

ZHL-3A 0.4-150 24 Min. +1.0 Max. +29.5dBm Min. 11Typ. +38dBm +24V  0.6A 199.00 (1-9)

ZHL-1A 2-500 16 Min. =1.0 Max +28dBmMin. 11Typ. +38dBm +24V  0.6A 199.00 (1-9)

ZHL-2 10-1000 15 Min. +=1.0 Max. +29dBmMin. 18Typ. +38dBm ~24V  0.6A 349.00 (1-9)

ZHL-2-8 10-1000 27 Min. +1.0 Max +29dBmMin. 10Typ. +38dBm +24V  0.65A 474.00 (1-9)

ZHL-2-12 10-1200 24 Min. +1.0 Max. +29 dBm Min. 10Typ. +38dBm +24V  0.75A 599.00 (1-9) m
ZHL-1-2W  5-500 29 Min. +=1.0 Max. +33dBmMin. 12Typ. +44dBm +24V  09A 495.00 (1-9) a
ZHL-42 700-4200 30 Min. +1.0 Max. +29dBmMin. 7.5Typ. +38dBm +15V  0.69A 895.00 (1-9) o
ZHL-7-2W 600-800 28 Min. +1.0 Max +33dBm Min. 12Typ. +43dBm +24V  09A 525.00 (1-9) =
ZFL-2000 102000 20 Min. =1.5Max. +17dBmMin. 7Top. +25dBm  +15V 01A 179.00 (1-9) 3]

50 ohm impedance,
input and output VSWR 2: 1 max

now |
available
computer-automated
performance data

X ey [ =19V H = = =
Price and specifications M t
subject to change without notice m i n W .c' mu i s
A Division of Scientific Components Corporation
CIRCLE NO 194 World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500

Domestic and International Telex 125460 International Telex 620156

Refer to EEM and Gold Book for detailed specs.




These pace-setting devices from Texas
Instruments operate at unprecedented
clock speeds up to 50 MHz. They can
cut processing time in half for such
speed-critical applications as high-
resolution graphics for CAD/CAM sys-
tems. New superminicomputers. Artifi-
cial intelligence machines. Wherever
complex functions demand extremely
large numbers of logic operations for
rapid image access, use TI’s new IMPACT

bipolar PAL®-ICs (TIBPAL-15 Series).

Propagation delay cut by 40%
TI’s unique 2-pm Implanted Advanced
Composed Technology (IMPACT) dramat-
ically reduces the size and the sidewall
capacitance of circuit elements (see
facing page). Establishes a new perfor-
mance standard with propagation delay
cut to 15 ns, maximum, at 180 mA—
versus 25 ns at 180 mA for the fastest
PAL ICs formerly available.

Space requirements

cut by up to 83%

With their extremely dense circuitry,
TIBPAL-15 Series devices can bridge
the gap between SSI/MSI and LSI gate
arrays. Now a single PAL IC can re-
place as many as six SSI or MSI
circuits. And give you the flexibility of
user-programmable logic in such fields
as telecommunications and automotive
control, where space constraints—

as well as processing speed—are

often critical.

Fast and easy programming
Programming TIBPAL-15 Series

bipolar logic circuits, with their

reliable titanium-tungsten fuses, takes
only seconds using widely available
software and inexpensive device program-
mers. And you can implement logic-
design changes in minutes, without
vendor retooling.

For any logic application where
superspeed, high density, and immediate
availability are design criteria, your
best—and only—answer is a 15-ns PAL
IC from Texas Instruments.

 Processing 50 megabits of digitized data
per second, TI 15-ns PAL ICs will find
widespread application in advanced, high-
resolution graphics for CAD/CAM systems.
These new superspeed PAL ICs can enhance
performance by increasing both the speed
and the size of the graphics-display processor.

Demonstration software courtesy of Calma Company.

® PAL is a registered trademark of Monolithic Memories, Inc.
27-4990

©1984 TI




the world’ fastest PAL ICs: New
process delivers 15-ns speed.

Also from T1:
The world’s fastest FPLAs.

In addition to superspeed TIBPAL-15
Series ICs, Texas Instruments offers
the industry’s fastest Field Program-
mable Logic Arrays (FPLAs), with
20-ns maximum gate delay.

Whereas PAL ICs have a program-
mable AND array feeding a fixed OR
array, the universal structure of the
FPLA includes programmable AND
and OR arrays. The FPLA provides the
ultimate flexibility for implementing
logic functions in the “complexity gap”
between standard SSI/MSI and LSI/
VLSI logic.

The wide range of programmable-logic
devices available from Texas Instruments
is described in the table below. In
addition, military versions of the
PAL16XXA/A-2 are available, with
TIBPAL-15 Series and TIFPLA839/840

soon to come.

EMITTER BASE COLLECTOR

CHANNEL ___
STOP

P- SUBSTRATE

A highly significant reduction in capacitance results from the 2-pm feature size which TI's MPACT
processing makes possible. Silicon dioxide is the isolation material. Switching speed is further

enhanced by utilizing this silicon dioxide for emitter and base sidewalls. G
TI’s Broad PAL/FPLA Family
[Ts new IMPACT technolo S e
(ns) (mA) | Outputs
* b * PAL ICs
OQOStS circuit density an TRALEET [ [ |0
TIBPALI6R8-15 | 15 180 8
TIBPALI6R6-15 | 15 180 6
performance leve o bl
-
PALIELSA/A-2 | 2535 | 18090 0
IMPACT is a unique innovation of Texas walling together contribute significantly e R R L :
Instruments, capitalizing on the advan- to the increase in switching speed. PALI6R4A/A-2 | 2535 | 180/90 4
tages of composed-masking techniques Other important features of IMPACT LAY
to increase the speed and density of technology are independently con- TIFPLAG0 ) 1% 0
bipolar integrated circuits. trolled base resistance and double- TIFPLA840 25 190 0

level metal with a 7-pm pitch at the

C.O{gp(;ls.ei l:llaSk'itng first level. For more information on Texas
K\leco r: ig ma:gsl %5 , — Exceptional Instruments PAL ICs and FPLA§, call
posed g, critical com your local TI distributor. To receive a

reliability built in

The high speed, low power, and potential
for large-scale integration that IMPACT
makes feasible are valuable characteristics

for chips used in harsh environments.

ponents are placed on the chip with a
minimum number of masks. Thus they
can be more tightly defined and more
densely spaced than by conventional
masking, which requires more precise

data-sheet collection on all the new TI
high-performance, user-programmable
products, call Texas Instruments
Incorporated at 1-800-232-3200 Ext. 201

registration.

Improved electrostatic-discharge (ESD)

tolerance has been designed in. Copper-
doped aluminum in the first-level inter-
connection eliminates electromigration
during programming. Current densities,
metal spacing, and contact sizes are all
conservatively designed to add reliability
to the process.

The process also makes it possible to
insulate critical base and emitter
components with oxide walls. This
insulation reduces sidewall capacitance,
which at the dimensions of IMPACT
features can represent as much as half the
overall capacitance. Small size and oxide
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TURNING YOUR PC INTO A
FASTER TOOL FOR MODERN TIMES.

IBM® and other compatible PC computers are
tast enough for general home and office use. But,
for hardware and software development applica-
tions, the gears turn slowly.

What you need is a faster “"gear” to co-process
with the Intel 8088 inside IBM's PC. Like Zilog's
Z8001® CPU.Now, there's a way to increase through-
put for the IBM PC—as well as test the performance
of the Z8001 CPU for your high-performance
applications with a Z8001 CPU-based board called
the "Trump Card” from Sweet Microsystems. And
it proves dramatically how powerful Zilog's 16-bit
CPU redlly is.

This is the 3rd in a series of technical papers from Zilog, designed
to give engineers new insights into Zilog microprocessors—what

advantages they provide for particular products and why they are

the choice among engineers who need optimum performance.

The new device is a peripheral board that
plugs into any expansion slot on an IBM PC or
compatible PC computer. Trump Card is addressed
as an I/O device that communicates through the
expansion bus. It is powered by Zilog’s Z8001 CPU.

The Trump Card increases the computational
power of the IBM PC, and provides maximum
performance with a minimum of board space.

neninniewinihiniuinininieier ¥ o =

T T T T T

The Trump Card, shown from the front The left side of the

board contains 512 K-bytes of type-4164 dynamic RAM:; the right
side contains the Zilog Z8001 and an interface to the IBM PC
1/O-expansion bus.

EDN NOVEMBER 29, 1984
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28001 COMPILER BASIC IS 80 TIMES
FASTER THAN IBM INTERPRETIVE BASIC.

Essentially a monolithic minicomputer central
processing unit, the Z8001 CPU is characterized by
an instruction set more powerful than many mini-
computers. As the programmer sees it, the Z8001
contains sixteen 16-bit general-purpose registers
(for addresses or data) that may also be used in
groups to form as many as eight 32-bit registers or
four 64-bit registers. The low-order halves of the
registers may be used for byte operations, thus the
Z8001 CPU is able to manipulate data in 8-, 16-, 32-,
and 64-bit pieces.

The Z8001 CPU, running at 10 MHz, can execute
the same programs 4 to 10 times faster than the
Intel 8088. What's more, the Z8001 CPU, with its large
8-megabyte memory range, makes the Trump
Card’s 512K bytes of memory easy to design with.
(To use this memory in the card, you simply load a
BASIC, CP/M-80, or C program from PC-DOS and
type "RUN!")

A comparison of execution times (in seconds). Running on IBM's

interpretive BASIC, a Sieve program takes 190 seconds to execute.

Running the same program under TBASIC on the Trump Card
Compiler takes only 2.4 seconds.

The eight addressing modes are register,
indirect-register, direct-address, indexed, immedi-
ate, base-address, base-indexed, and relative-
address. The instruction set utilizes data types
ranging from single bits to a 32-bit long word.
What's more, the processor executes 110 distinct
instruction types that, when permuted by all the
addressing modes and data types, create a set of
more than 400 instructions.

TNTERNAL DATA BUS

1 INSTRUCTION | PSAP
| _BUFFER | PROGRAM
= STATUS
$—  INSTRUCTION S
EXECUTION =T EXCEPTION
CONTROL || }': o ji HANDLING
ET koWl CONTROL

A 78000 CPU functional block diagram of the internal structure
of the Zilog Z8000 family of high-performance microprocessors.
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ALL THE PROPER SUPPORT FOR
512K BYTES OF MEMORY.

The wide range of software written for the
Z8001 CPU is proven by all the programs you can
run on the Trump Card. With the Z8001-based
Trump Card, you can run the following software
on your IBM or other compatible PC:

BASIC Compiler—TBASIC is PC BASICA-

compatible. Most instructions are implemented

without modification.

CP/M-80 Emulator — Allows you to run CP/M-80

Z80 assembly language programs directly.

gﬁlst download your Z80 programs and run

em.

C-Compiler—The industry standard version of

Cis available.

Debugger— Intended to aid in program devel-

opment, you can examine and change

memory and register contents and more.

Screen-editor —Has many word processing
features, including ASCII text file development.

Multilevel Language Compiler— Allows
Pascal-like control and data types, arithmetic
expressions with automatic or specified
allocations of registers, and more.

RAM Disk— Can allocate 128K to 387K bytes of
on board memory to function as an intelligent
RAM disk.

COPROCESSING IS JUST PART OF THE STORY.

The Z8001-based Trump Card is just one
example of a successful application design for the
78001 CPU. But there's far more to the Z8000 family
than this.

Today, Z8000 CPU's are used in a wide range
of applications, from industrial and medical
products to computers and graphics imaging
machines. And Zilog stands behind every applica-
tion with service and software support that makes
your Z8000-based products get to market on time.

Find out for yourself how much power Zilog
packs into every Z8000 CPU by turning your IBM PC
into a faster tool for modern times.

To get your own Trump Card and complete in-
structions, call Sweet Microsystems at (401) 461-0530.

For information about the Z8000 CPU, send for
our complete overview or call our Literature Hot Line
at 800-272-6560. For seminar dates and locations,
or information on Zilog training, call 408-370-8091.
Or write: Zilog, Inc., Technical Publications, 1315
Dell Avenue, MS C2-6, Campbell, CA 95008.

The Z80, 78000, Z800] are registered trademarks of Zilog, Inc.
CP/M is a registered trademark of Digital Research Inc.

IBM is a registered trademark of International Business Machines
Corporation.

Zilo

an affiliate of
ExoN Corporation

Pioneering the Microworld.
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YOUR DESIGN.

The Intel 286 and Pioneer’s technical back-up
speed you into production.

Intel's 286 Familyis the new standardin
16-bit technology, and Pioneer is ready
to bring it to you now.

A complete family. The family is
based on the 80286 microprocessor,
which offers 1-gigabyte of virtual
memory and true multitasking capabili-
ties. The 286 family also includes a full
line of peripherals:

O The 80287 numerics co-processor,
a “turbocharger” that provides high-
speed processing for high-volume
mathematical calculations.

OThe 82730 text/graphics co-proces-
sor for high-quality, fast-response
graphics.

S Pioneer

O The 82586 LAN co-processor, the
“chip of choice” for ethernet and IBM-
PC compatible communications systems.

In stock now. Pioneer has the entire
line of Intel 286 Technology in stock now
—components, board-level and box-level
products.

The technical assistance you need.
And when you select Pioneer as your
source for Intel 286 products, you also
get OEM-grade technical assistance.
Our Intel-trained engineers are thor-
oughly knowledgeable and prepared to
help you discover how much you can
accomplish with this breakthrough

microprocessor.
" l Id'
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For more
information,
call your local
Pioneer office
or mail the
coupon today!

ALABAMA
Huntsville 205-837-3300

CONNECTICUT
Norwalk 203-853-1515

FLORIDA
Altamonte Springs 305-834-3090
Ft. Lauderdale 305-428-8877

GEORGIA
Norcross 404-448-1711

ILLINOIS
Elk Grove Village 312-437-9680

INDIANA
Indianapolis 317-848-7300

MASSACHUSETTS
Lexington 617-861-3200

MICHIGAN
Livonia 313-525-1800

MINNESOTA
Minnetonka 612-835-5444

NEW JERSEY
Pine Brook 201-575-3510

NEW YORK

Fairport 716-381-7070
Woodbury 516-921-8700
Vestal 607-748-8211

NORTH CAROLINA
Charlotte 704-527-8188
OHIO

Cleveland 216-587-3600
Dayton 513-236-3900
PENNSYLVANIA
Horsham 215-674-4000
Pittsburgh 412-782-2300
TEXAS

Austin 512-835-4000
Dallas 214-386-7300
Houston 713-888-5555

WASHINGTON, D.C.
Gaithersburg 301-821-0660

r------------1

Pioneer-Standard Electronics, Inc.
l 4800 E.131st Street

Cleveland, OH 44105
= Attn: Jamie Feldkamp

= Name
I Title

I Company

Address
' City
l State Zip
I Phone

O Please rush me the Intel 286 Datapak.

O I'minterested in the 286 Designer Kit.

O I'minterested in attending a seminar
on the 186, 188, and 286.

O Please have an applications engineer
call me.

EDN NOVEMBER 29, 1984

SIGNALS & NOISE

MTBASIC compiles
100 statements per sec

Dear Editor:

I was very pleased to see the review
of Softaid’s MTBASIC in the Sep-
tember 6 issue of EDN (pg 284).
There was one small error, howev-
er, that I would like to correct. The
review states that MTBASIC
“translates the program to Z80 code
and executes it at 100 BASIC state-
ments/sec typ.” In fact, MTBASIC
compiles 100 BASIC statements/sec
typically, making it one of the fast-
est compilers around. It executes
far in excess of this rate.
Sincerely,

Catherine L Ganssle

Vice President

Softaid Inc

Columbia, MD

BASYS adapts BASIC
to data acquisition

Dear Editor:

I have just read with interest your
Technology Update regarding hard-
ware-specific software packages
that adapt BASIC to data acquisi-
tion (EDN, September 6, pg 55). I'd
like to point out that ADAC Corp
manufactures a family of microcom-
puters for data acquisition and con-
trol called the BASYS systems.
These computers are compatible
with DEC-11 systems and with the
IBM PC/XT, and they link via an
RS-232C interface. The software
supplied with the system uses I/0
BASIC, which includes I/0O state-
ments for analog, digital, and serial
cards, timers, optically isolated
boards, DMA cards, and a variety of
sensors. I/OBASIC is a line-com-
piled language that permits A/D
conversion and other I/0 to proceed
simultaneously, allowing A/D con-
version to take place at hardware
speeds of as high as 100,000 conver-
sions/sec. The software includes a
communications utility program

that allows handshaking between
the ADAC unit and the associated
IBM or DEC computer. BASYS
systems can operate as stand-alone
units, hosts, or satellites.
Sincerely,

Lawrence Pelavin

Marketing Support Manager
ADAC Corp Woburn, MA

GE supplies
power conditioners

Dear Editor:

It was with a great deal of interest
that I read the article on line condi-
tioners in the July 12 issue (pg 218).
I was disappointed to see that Gen-
eral Electric was not listed among
the leading suppliers. General Elec-
tric has a full line of power condi-
tioning equipment, including line
conditioners for application with
desktop computing equipment.
Sincerely,

J S White

Manager, Power Conditioning
Market

General Electric Co

Fort Wayne, IN

|

———

““NO, HE MAY BE MISINFORMED
.. .PERHAPS BULLHEADED. ..
EVEN STUPID. . .BUT NEVER,

NEVER, WRONG.”

29




wa
mig

H

e Ela

Copyright® 1984, Tektronix, Inc. All rights reserved. KSA-458-1

P
=

E
-

o oo

f
A

arn:

TR

i ) Y
SOFEVBEDRNIREIVII
e ]
e L]

JIEBURRUREUROUINY

EryeudatuRiety

¥




PROGRAMMABLE

’ DIGITIZER

Dlgntizer into your Tek 7000

7000 Series package
It not only makes better use
of you space and time. It helps

investment, all for the pnce of
a plug-in.
Not least, it assures you the
~ superb documentation and
~ long-fived product support
that’'s made Tek scopes the
- choice for all kinds of auto-

can add our reliable, long-term
service and component avail-
ability worldwide.

- Tek 7000 Series, it's also part of
~ amulti-dimensional, recon-
figurable, continually expand-
able instrument line.

ure it with as much or as little
operator control as required.

glifec cycles-to~ which you

And because its partofthe

cosﬂydigiﬁzers Confxg-

Just piug the 7D20 Waveform =

o TEK Standard
for easy to write
programs which si
integration.

You can record, ¢
compare two ¢
simultaneous
to six waveforms ¢
panel setups with on-boa
memory. Bandwidth is up
to 10 MHz for single-shot p
nomena and 70 MHz for
tive signals, with a s¢
rate of up to 40 M

automatically capture
variations among random
events and reveals dn‘f

quency deviations such as
jitter or a missing pulse.

Of course, Tek Standard
Codes & Formats conSIde
simplifies your interfaci

f%rrfe Ontano L4M 4\/3
,,‘Phyon‘e, 05/737-2700
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~ Fluorinert’ Liquids
prevent rejects
from boxing in profits.

9231 22222085
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Product failure can come from a
lot of different sources. Unrelia-
ble solder joints. Ineffective defect
testing. Inefficient component
cooling. All together, that can add
up to a lot of rejects. And a lot of
lost profits. Fluorinert® Liquids
reduce the risk of product failure.
And increase your chances for
profits and productivity.

Vapor phase soldering with
Fluorinert® Liquids provides a
faster, more reliable soldering
method for electronic components
and assemblies. This results in a
higher yield and reduced costs.

Direct contact cooling with
Fluorinert® Liquids removes heat
rapidly so component tempera-
tures are kept lower, reducing fail-
ure rates and increasing reliability.
At the same time, components
can be packaged closer together,
maximizing power density and
miniaturizing the package.

Gross leak, thermal shock,

and liquid burn-in testing with
Fluorinert® Ligquids detect more
defects before they have a chance
to become rejects.

Fluorinert® Liquids don't make
problems while they’re solving
problems, either. They leave
essentially no residue, so no
clean-up is necessary. They're
colorless, odorless, non-flamma-
ble, non-explosive, non-corrosive,
and will not remove markings.

Fc numbers (FC-72, FC-77,
FC-70, FC 40, etc.) iden-
tify individual Fluorinert® Liquids.
They offer a wide range of boiling
points, making it easy to select
the liquid that's right for your
application. FC numbers are
solely 3M designations for our
fluorochemical products.

And in addition to making Flu-
orinert® Liquids easy to choose,
we make them easy to use. We

offer comprehensive technical
assistance, including recommen-
dations for fluids and application
equipment; testing and produc-

tion methods; evaluation of results;

an extensive service bulletin
program covering technological
advances; and on-site applica-
tions seminars.

3M developed perfluorinated
liquids 35 years ago, and we've
been supplying them to the elec-
tronics industry for the past 25
years. So you can trust us, the
industry leader, to help you select
and use the right Fluorinert®
Liquid for peak performance. And
peak profitability.

For more information, write:
Commercial Chemicals Division/
3M, Building 223-6SE, St. Paul,
MN 55144. Or call our hotlines:
612/733-6282 (testing/cooling)
612/733-7424 (soldering).
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What is the “most wanted” feature in
a programmable function generator?

The Arbitrary
Waveform Function

And Krohn-Hite makes the

function generators wanted most.

As the most accurate, the most ver-
satile, and least expensive in today’s
market, the Krohn-Hite Model 5910B is
the ultimate in arbitrary function gener-
ators. By defining a waveform point by
point directly in voltage levels, the
5910B allows the user to construct a
waveform of complexity previously
unattainable. Complemented by its
Auto-Programmer, the 5910B lets the
user generate signals composed of
multiple, arbitrary, and/or standard
waveforms and repeat those wave-
forms at any given rate. Finally, the
5910B has an impressive frequency/
accuracy of better than 0.05%—
unheard of in an arbitrary function
generator—until now.

[J 0.0001Hz to 5MHz

[J Frequency accuracy: 0.05%

[J Points defined directly as voltage
levels

[J Non-volatile memory

[J IEEE-488 interface

If the arbitrary capability is not in
your future, the Model 59008B is. This
generator has all the capabilities of the
5910B with the exceptions of the arbi-
trary function and non-volatile memory.

Because Krohn-Hite makes a com-
plete line of quality function generators,
you'll find the perfect instrument for
your needs. Krohn-Hite designs func-
tion generators you wanted most.

WLlcpoHN-HITE

CORPORATION
Avon Industrial Park, Avon, MA 02322
(617) 580-1660 TWX: 710 345 0831
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Krohn-Hite . . . Benchmark

of Quadlity in Instruments

SALES OFFICES

NEW ENGLAND, McBar Assoc., (617) 890-0233, (203)
865-4376; METRO NY, NJ, EASTERN PA, Sci. Devices (E),
(201) 871-3916, (215) 643-3335; UPSTATE NY, Labtronics, Inc.,
(315) 455-7314; MID ATLANTIC, Sci-Rep., (703) 385-0600;
SOUTHEASTERN US, Gentry Assoc., (305) 859-7450, (305)
791-8405, (919) 227-3639, (803) 772-6786, (205) 837-0692,
(404) 998-2828, (504) 367-3975, (813) 886-0720, (615)
584-0281, (901) 683-8072; GREAT LAKES (E), EQS Systems,
(216) 729-2222, (313) 961-3042, (614) 228-3453; GREAT
LAKES (W), Berndt Assoc., (312) 283-0713, (317) 844-0114,
(414) 545-8400, (612) 546-2021; MIDWEST, Ramsey Assoc.,
(314) 878-5042, (913) 649-6996; SOUTHWESTERN US, Kemp
Engineering, (214) 931-7100, (713) 466-1465, (918) 663-4501,
(501) 826-5869; ROCKY MOUNTAIN, Odyssey 1, (505)
265-6645, (303) 773-8176, (602) 246-8846; CALIFORNIA,
NEVADA, L + M Engineering, (408) 246-7330, (213) 674-6850;
NORTHWEST US, McLaren, (206) 454-3400, (503) 297-2248;
CANADA, Webster Instr., (416) 625-0600, (613) 725-1931, (514)
744-5829, (604) 434-2611, (403) 437-5450;
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CALENDAR

Semicon/Japan ’84, Tokyo Interna-
tional Trade Center, Tokyo, Japan.
Semiconductor Equipment and Ma-
terials Institute, 625 Ellis St, Suite
212, Mt View, CA 94043. (415) 964-
5111. December 3 to 5.

Digital Avionics Systems Confer-
ence, Baltimore Convention Cen-
ter, Baltimore, MD. AIAA, 1633
Broadway, New York, NY 10019.
December 3 to 6.

Armed Forces Communications
and Electronics Association: Arti-
ficial Intelligence (unclassified),
Washington, DC. AFCEA, Profes-
sional Development Center, 5641
Burke Centre Parkway, Burke, VA
22015. (703) 425-8500; (800) 336-
4583. December 4 to 6.

Videodisc, Optical Disk, Compact
Disc Conference & Exposition,
Washington, DC. Mark Roseman,
Meckler Communications, 11 Ferry
Lane W, Westport, CT 06880. (203)
226-6967. December 4 to 7.

Course on Electronic Materials,
Stouffer’s Concourse Hotel, Wash-
ington, DC. Palisades Institute for
Research Services Inc, 225 Varick
St, New York, NY 10014. (212) 242-
6864. December 5 to 7.

California Computer Show, Hyatt
Hotel, Palo Alto, CA. Norm
DeNardi Enterprises, 289 S San
Antonio Rd, Suite 204, Los Altos,
CA 94022. (415) 941-8440. Decem-
ber 6.

IEEE International Electron De-
vices Meeting, San Francisco Hil-
ton Hotel, San Francisco, CA. Me-
lissa  Widerkehr, Courtesy
Associates Inc, 655 15th St NW,
Suite 300, Washington, DC 20005.
December 9 to 12.
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LOWBAND HIGHBAND .

NEW

R5635 CCITT V.22 bis, full-duplex Switched-Capacitor Filter 1.C. with MUXes.
R5636 Bell 201/CCITT V.26 combo filter 1.C.

R5637 Bell 208/CCITT V.27 combo filter 1.C.

R5638 Bell 209/CCITT V.29 combo filter I.C. (available Dec.'84).

R5630 Bell 103, full-duplex filter I.C. with MUXes.

R5631 CCITT V21, full-duplex filter I.C. with MUXes.

R5632 industry Standard, Bell 212A/CCITT V.22 full-duplex combo filter I.C.
R5633 Selectable filter array I.C. for 103, V.21, DTMF and Videotex applications.
R5626 Mask programmable to your specification.

Contact: EG&G Reticon 345 Potrero Avenue, Sunnyvale, CA 94086-4197 (408)

738-4266 TWX 910 339-9343; or, Chicago (312) 640-7713; Boston (617) 745-7400;
Japan 03-343-4411; England (0734) 788666; Germany (089) 92692-666.

JSEGzG RETICON

WHERE VISION AND TECHNOLOGY MEET
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FERRORESONANT

LINEAR

When You Require The Highest
Quality Supply, NJE Has The

Power . ..to supply you with reliable,

high-performance switchers. We
offer over 30 standard models, each
made to our exacting standards that
meet (actually exceed) CSA and UL
requirements.

e
o T

Backed By The Most Dedicated
Customer Support Team In The
Industry. From our 5 year warranty on
every power supply to on-going prod-
uct development to our unsurpassed
customer support, our commitment to
quality is second to none. We offer
the power to deliver. To customize.

To provide the support you need.
Whether you need quality switchers,
or linears and ferroresonants. Our
technology coupled with dedicated
service adds up to providing you with
the ultimate in power supplies.

Call us today for our complete catalog,
for specs., quotes or for any other in-

formation your application may require.

Call (800) 526-2439 TODAY.

POWER SUPPLIES

329 Culver Road
P.O. Box 669
Dayton, NJ 08810-0669
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CALENDAR

1984/1985 Strategic Issues Confer-
ence, Americana Canyon Hotel,
Palm Springs, CA. InfoCorp, 20833
Stevens Creek Blvd, Cupertino, CA
95014. (408) 973-1010. December 10
to 13.

Cadcam International Show, Na-
tional Exhibition Center, Birming-
ham, England. EMAP International
Exhibitions Ltd, Durrant House, 8
Herbal Hill, London, EC1R 5JB,
England. (01) 837-3699. January 8 to
10.

MOS A/D Interface Circuit Design
for VLSI Digital Systems, San
Francisco Airport Hilton Hotel, San
Francisco, CA. University of Cali-
fornia Extension, Continuing Edu-
cation in Engineering, 2223 Fulton
St, Berkeley, CA 94720. (415) 642-
4151. January 9 to 11.

Microcomputers in Control Sys-
tems: Hardware, Software and In-
terfacing, George Washington Uni-
versity, Washington, DC. Chip
Blouin, Continuing Engineering
Education, George Washington Uni-
versity, Washington, DC 20052.
(800) 424-9773; (202) 676-8527. Janu-
ary 14 to 18.

Mecom ’85, Bahrain. Kallman Asso-
ciates, 5 Maple Ct, Ridgewood, NJ
07450. (201) 652-7070. February 2
to 4.

Computer Business Graphics,
Bonaventure Intercontinental
Hotel, Fort Lauderdale, FL. Carol
Every, Frost & Sullivan, 106 Fulton
St, New York, NY 10038. (212) 233-
1080. February 20 to 23.

National Electrical Manufactur-
ers Association (NEMA) Liability
Seminar, Hyatt Regency Tampa,
Tampa, FL. NEMA, 2101 L St NW,
Washington, DC 20037. (202) 457-
8400. March 4 to 5.
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Circuit-Board-Design
Without the Tedium

SMARTWORK™ lets the design
engineer create and revise
printed-circuit-board artwork
on the IBM Personal Computer.

Forget tape. Forget ruling.
Forget waiting for a technician,
draftsman, or the CAD depart-
ment to get to your project.
SMARTWORK™ software turns
your IBM Personal Computer
into a professional, high-quality
drafting tool. It gives you
complete control over your
circuit-board artwork — from
start to finish.

sSMARTWORK™ trans-
forms your IBM PC into a CAD system
for printed-circuit-board artwork.
Display modes include both sin-
gle-layer black and white and
dual-layer color.

What makes SMARTWORK™ |1

so smart is that it understands
electrical connections. Con-
ductor spacing is always cor-
rect, lines don’t become too
narrow, and connecting lines
do not intersect other con-
ductors. SmMARTWORK™ can
automatically find and draw
the shortest route between two
conductors. Or you can specify
the route.

SMARTWORK™ is the only low-
cost printed-circuit-board
artwork editor with all these
important advantages:

[J Complete interactive control
over placement and routing

(J Quick correction and revision

O Production-quality 2X artwork
from pen-and-ink plotter

[J Prototype-quality 2X artwork
from dot-matrix printer

[J Easy to learn and operate,
yet capable of sophisticated
layouts

(1 Single-sided and double- -
sided printed-circuit boards
up to 10 x 16 inches

[ Multicolor or black-and-
white display

[J 32 user selectable color

combinations; coincident
points can be displayed
_ in contrasting
colors.

[0 Can use optional Micro-
soft Mouse as pointing
device

Twice scale
hardcopy of your
artwork is produced using

the Epson dot-matrix printers or the
Houston Instrument DMP-41 pen-
and-ink plotter. Quick 1X check plot
is also available from Epson printers.

Dual-layer color display of a 2” by 4"
section of a 10” by 16" circuit board

The Smart Buy

At $895, sSMARTWORK™ is an
exceptional value, particularly
when compared to conven-
tional engineering workstation
costs.

Call or write us for more
information on sSMARTWORK™
We'll be glad to tell you how
sMARTWORK™ helps us design
our own circuit boards and
what it can do for your business.

Send a purchase order, or
maijor credit card number,
and smARTWORK™ can be
working for you next week.

System Requirements
O 1BM PC or XT with 192K RAM, 2 disk
drives and DOS Version 2.0

(J 1BM Color/Graphics Adapter with
RGB color or b&w monitor

[J Epson MX-80/MX-100 or FX-80/
FX-100 dot-maitrix printer

(J Houston Instrument DMP-41
pen-and-ink plotter (optional)

O Microsoft Mouse (optional)

wmwaﬁ

“smARTWORK"” and “"Wintek” are tfrademarks
of Wintek Corporation.

YY.

WINTEK CORPORATION, 1801 South St., Lafayette, IN 47904-2993, Phone: (317) 742-8428, Telex: 70-9079 (WINTEK CORP UD)
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For ferrites come to the source...

The Philips range of ferrites goes right
across the board. Covers all applica-
tion areas and is backed by extensive
support such as computer aided
design programs for motor segments
and loudspeaker rings, nomograms
for power transformers and lab Kkits,

with  step-by-step instructions, for

interference  suppression.  They're

pries|  Electronic
Components

and Materials

&

available in over thirty different mat-
erial types and thousands of different
shapes and sizes and are made at the
world's largest production facilities.
So whatever your needs in ‘hard’ and
‘soft’ ferrites, you'll be sure of finding
the answer at Philips . . . the ferrite
source for over thirty years

The products illustrated have been

grouped into four main product/appli-
cation areas. From left to right these
are:

Ferroxcube rods, rings,__tubes and
beads. Available in over 200 standard
sizes and in twenty different mate-
rials. Ideal for small transformers,
screening and interference suppres-
sion.




the biggest range...the best support

Ferroxdure
roxdure products are pressed and
sintered from ferrite powders, so they
behave like ‘ceramics’ but have supe-

loudspeaker rings. Fer-

rior magnetic characteristics. The
material is ideal for loudspeaker rings,
which are available in sizes from 36
to 224 mm.

Ferroxcube cores for transformers

and chokes. Here too Philips offer a
wide range of types and sizes for all
power applications, including wide-
band and switched mode transfor-
mers.

Permanent magnets for DC motors.
With Ferroxdure ceramic magnets
you're no longer limited to small
motors, but can now benefit from a

First in Ferrites
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permanent magnet design for powers
upto10 HP.

For more information please write to
the address below giving details, if
possible, of your application.

Philips Industries, Electronic
Components and Materials Division,
Eindhoven, The Netherlands.

PHILIPS




To EDN readers, for consistently votin

EDN your favorite electronics
publication. '~l &
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In 64K DRAMSs, INMO!
high performance and flexibl

...including 8K x 8. ‘

Look to INMOS for a wide selection of 64K DRAMs.
" We offer access times from 100ns. By-1, by-4, and
by-8 organizations. Plus features that boost performance

" and simplify design. This is the family that lets you avoid
compromises by giving you the performance and organization

you want...at costs you can afford.

8K x8 —The cost and space saver. This newest
member of the INMOS 64K DRAM family, available
in a plastic package, offers access times of 120
and 150ns. The by-8 organization is a natural for
microprocessor designs and other applications that
require word width rather than memory depth...in
process controllers, intelligent terminals, and buffer
memories for example. And its pin 1 refresh makes
it a very attractive alternative to 8K x 8 static
RAMs. Because it combines low power and low cost
with minimal support circuitry.

16K x4 — The performance chip. With 100, 120, and
150ns access times, this organization makes a lot
of sense in high-performance systems, such as high-
resolution graphics, where high data rates are
required. Packaged in plastic DIPs, the IMS2620 also
gives you the right combination of cost, organiza-
tion, and speed for microprocessor systems, terminals,
and even arcade and home games. If you're up-
grading from 16Kx1 chips, it provides a factor of
four reduction in chip count. And its “CAS before
RAS" refresh assist function minimizes required
support circuitry for cost and space savings.

nmos

P.0. Box 16000  Colorado Springs, CO 80935 (303)63

TWX 910/920-4904 e Burlington, MA (617)

CA (408) 298-1786 * Torrance, CA (213

MN (612) 831-5626 * Baltimore, MD

(214) 669-9001 * Atlanta, GA (404)
Lewins Mead e Bristol BS1

64K x1—The big-system choice. This DRAM also
gives you a choice of 100, 120, and 150ns access
times. What's more, it includes “Nibble Mode,"
which allows effective cycle times below 85ns.
Available in a variety of packages, including plastic
DIPs, ceramic DIPs, and chip carriers, it's ideal for
systems requiring lots of memory depth.

Check the chart. You'll find the industry’s broade
family of 64K DRAMs...and the right device for
your requirements. Then call an INMOS distributor fo
all the details.

Organization Access Time (ns) Cycle Time (ns) Part No.

: 120 190  IMS2630-1
8Kx8 150 240  IMS2630-1
100 160  IMS2620-1
16K x4 120 190  IMS2620-
150 240  IMS2620-1!
100 160 IMS2600-11
64K X 1 120 190  IMS2
150 230

IMS2600-

INMOS Distributors: Anthem Electronics,
Arrow Electronics, Falcon Electronics,
Future Electronics, Lionex Corp.







“ actual size

tiny

the world's smallest hermetically-sealed mixers from®1195
40 KHz to 3 GHz, MIL-M-28837 performance*

Increase your packaging density, and lower your costs. .. specify Mini-Circuits LG FLATMOUNT.  EDGEMOUNT
miniature TFM Series. These tiny units 0.5” x 0.21" x 0.25" are the smallest,
off-the-shelf Double Balanced Mixers available today.

Requiring less PC board area than a flat-pack or TO-5 case, the TFM Series offer
greater than 45 dB isolation, and only 6 dB conversion loss.

Manufactured to meet the requirements of MIL-M-28837*, the tiny but rugged

TFM units have become the preferred unit in new designs for military equipment. E-Z Mounting for circuit layouts
Use the TFM series to solve your tight space
problems. Take advantage of the mounting

MODEL FREQUENCY, MHz CONVERSION ISOLATION dB, TYPICAL PRICE versatility—plug it upright on a PC board or
I:‘I'OY?’ISC?\% mount it sideways as a flatpack.
1 Octave Lower Band Upper Band
from Total Edge Mid Range Edge $
LO/RF IF Band Edge Range | LO-RF LO-IF LO-RF LO-IF LO-RF LO-IF| EA. QTY.
TFM-2 1-1000 DC-1000 6.0 7.0 50 45 40 35 30 25 11.95 (1-49)
TFM-3 .04-400 DC-400 5.3 6.0 60 55 50 45 35 .35 19.95 (5-49)
TFM-4 5-1250 DC-1250 6.0 75 50 45 40 35 30 25 |21.95 (5-49)
eeeTFM-11 1-2000 5-600 7.0 7.5 50 45 35 27 25 25 |39.95 (1-24)
eseTFM-12 800-1250 50-90 — 6.0 3 30 35 30 35 30 |[39.95(1-24)
w[FM-15 10-3000 10-800 6.3 6.5 35" 30 35 30 35 30 [49.95 (1-9)
=TFM-150 10-2000 DC-1000 6.0 6.5 32 33 35 30 35 30 13995 (1-9)

see]f Port is not DC coupled
s+10 dBm LO, +5 dBm RF at 1dB compression

*Units are not QPL listed

= - k3 E1
Comerauomatc [ Mini-Circuits
Ve M ivision of Scientific Components Corporation
periormance data World's largest manufacturer of DoublepBa/ancedmAixers
e P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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For complete specifications and performance curves
refer to the Goldbook, EEM, EBG, or Mini-Circuits catalog



EDITORIAL

Jesse H Neal

Editorial Achievement Awards
1981(2), 1978(2), 1977, 1976, 1975
American Society of

Business Press Editors Award
1983, 1981

Automation revisited

Two months ago on this page we discussed a key benefit of automa-
tion in electronics manufacturing companies: the maintenance of a
competitive edge against inexpensive foreign labor. Automation also
has benefits at the personal level, though, as our just-completed trip
to the Far East demonstrated very nicely. We found even in
Taiwan—noted for its cheap assembly labor—that automation im-
proves workers’ jobs and lives without, in general, reducing the
number of jobs available.

As related by the president of an electronics company in Taiwan,
labor costs in that country have increased tenfold in the last decade.
Thus, even though these costs are still low by US standards, some
degree of automation is necessary to stem further increases. But in
Taiwan, as in the US, automation’s increased efficiencies often mean
more production by the same number of workers—not less produc-
tion by fewer workers. And, most important, workers’ jobs become
less tedious, more meaningful, and more satisfying.

Throughout history the pattern has been consistent: The use of
newly developed tools, whether flint knives or robots, has improved
the worker’s lot. (The Industrial Revolution is a notable exception,
but the worst aspects of it, fortunately, were transient.) Today’s
rapid changes in the work environment do create a potential for
temporary injustices, but time will surely prove, as it has in the past,
that improved productivity and increased freedom from boring,
repetitive tasks will lead to improvements in job quality.

And so, to those who say that automation is unfair to workers, we
say “Nonsense!” An adjustment period may be necessary, but the
result is worth it. We should do all we can to minimize automation’s
problems, but otherwise we should let automation proceed on its
course. There’s no point in standing in the way of progress.

DY

Gary Legg
Editor

EDN NOVEMBER 29, 1984
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Advanced Micro Devices * Bruxelles (02) 77199 93 « Hannover area (05143) 53 62 » Hong Kong (852) 3695377
London area (04862) 22121 - Manchester area (0925) 828008 * Milano (02) 339 0541 « Munchen (089) 40 19 76
Paris (01) 687.36.66 * Stockholm (08) 98 12 35 « Stuttgart (0711) 62 33 77 * Tokyo (03) 329-2751
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CELEBRATE THE FIRST.

The first 512K EPROM is here.

You think Fujitsu came out with the
world’s tirst 512K EPROM? No, gomena-
sai. You think Intel’s got the first chip
big enough to hold an entire operating
system? No way.

It's Advanced Micro Devices.

And the Am27512 is just the latest
reason our memory family is skyrocketing.

There’s also our world record speed-
ster, the 256K EPROM, as well as our
really hot 128K and 64K EPROMs.

We've got the biggest family of
EPROMs there is. From 2K to 512K.

And our other products are just as hot.

We'll put you as far ahead
of the competition as we are.

Controllers. Bipolar and MOS micro-
processors. Communication circuits.
Signal processors.

And nobody makes as many peripher-
als for as many microprocessors as AMD.

e And every
single chip
meets or ex-
ceeds the
International

Standard of Quality.
Next time you need an EPROM, give

AMD a call.
We'll give you something to celebrate.

Advanced Micro Devices ¢ 1

For a sales agent nearest you, write the word “EPROM” on your letterhead and mail it to
Advanced Micro Devices, Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom.




“Teradyne systems
may occasionally break down.
Teradyne service will not.” g

PACIFIC U.S. CENTRAL US. EASTERN U.S. GREAT BRITAIN SWEDEN FRANCE WEST GERM



Nobody likes mistakes. That’s why Teradyne has
spent more than 20 years building automatic test equip-
ment that roots out and eliminates errors.

Nobody’s perfect, however, and in one of life’s great iro-
nies, even Teradyne products sometimes fall down on the job.

But not to worry. We can be absolutely candid about

=, this for two reasons. First, we
know that within any reason-
able framework, Teradyne
equipment performs superbly.

Second, when the inevi-
table problem does occur, we
gy ' : f also know that you can’t find

| better service than ours any-
where. And we're very proud
of that.

Only Teradyne offers
such a variety of service
options. For instance, you can
contract for complete on-site
service to be delivered within
a specified time. If we don’t
come through, you don’t pay.

Or you may choose to be
more self-reliant, in which
case we'll analyze your needs
and help train and equip your
people to handle almost any-
thing that comes up. You'll go
from downtime to uptime
} In no time.

The point s, Whlchever option you choose, we'll give
you all the support you need. And in this unpredlctable
world that kind of assurance can be very comforting.

So there you have it. Admitting we’re not perfect
may be a bit unusual, but then at Teradyne we never follow
the pack.

We lead it.

f ERADYNE

We measure quality

CIRCLE NO 52




60

INTRODUCING THE OLIVETTI-AT&T 3B SUPERMINICOMPUTERS WITH UNIX SYSTEM V.

LOOK HOW FAR ADVANCED TECHNOLOGY
HAS PROGRESSED

The 3B superminicomputers are the fruit
of the agreement for worldwide cooperation
between Olivetti and AT&T. Designed in the
research centres of AT&T Bell Laboratories,
they are distributed, sold, guaranteed and
assisted technically by Olivetti.

CAPACITY. These
superminicomputers
can connect from 2 to
50 work stations, pro-
viding true 32-bit chip
processing in addi-
tion to 256 Kbit mem-
ory. Depending on
the model, you can
get up to 2 or 8MB of
main memory, plus a
wide choice of fixed
and removable disks.
Feature-after-feature,
including the upgrad-
ing of I/0 units and a
variety of communica-
tion interfaces.

FLEXIBILITY. The
connection possibili-
ties of the 3B line is extensive. To Ethernet*
compatible local area networks. To simple,
windowed, or graphics terminals, personal
computers, and a wide selection of heavy-

*Ethernet is a trademark of the Xerox Corporation.
**UNIX is a trademark of AT&T Bell Laboratories.

duty or quality printers. The 3B line is avail-
able in two models, the 3B2 and 3B5, offer-
ing a vast range of solutions within a totally
compatible family.

SOFTWARE. One of the many interesting
aspects of the 3B line is the UNIX** System V
operating system of-
fering unequalled sim-
plicity in software port-
tability. It is emerging
as a standard in the
computer world, and
for which the 3B sys-
tems were specifically
designed in order to
exploit its insurpassed
performance.

INVESTMENT. In-
vest in the 3B sys-
tems today, make a
sound investment for
tomorrow. And not
just because they of-
fer you authentic tech-
nological advances.
But also because both
Olivetti and AT&T are committed to protect
your investment in software by continu-
ing the upward compatibility of the UNIX
System V.

Olivetti invites you to find out more about
the 3B Systems through this invitation to
attend a discussion conference. OEM and

JOIN THE PARTY- OPENINGS FOR OEM AND VAR

Name

Address

Value Added Resellers please fill out cou-
pon, and mail to, your nearest Olivetti repre-

sentative. Company
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TECHNOLOGY UPDATE

CAE design systems and functional testers
combine to ease testing of prototype ICs

David Smith, Associate Editor

The growing complexity of semi-
custom and custom ICs is aggravat-
ing the problem of testing and veri-
fying prototype chips. Fortunately,
vendors of computer-aided engi-
neering (CAE) systems and instru-
mentation systems are introducing
products that simplify the solution
to this problem. These products
help you create and edit test pat-
terns, and they apply the patterns
to your IC. They also combine stim-
ulation, acquisition, and comparison
capabilities for less than what you
would spend on a production ATE
system or a GPIB-based instrument
cluster. Most important, they inter-
face to your CAE equipment so you
can create, control, and evaluate
your tests within your existing de-
sign system.

For the problem of the prototype
test, the obvious solution would be a
low-cost IC test system designed
specifically to interface with CAE
systems. The Logic Master Series
of functional testers (formerly the
Design Master; the name was
changed because of trademark con-
siderations) from Integrated Mea-
surement Systems (Beaverton, OR)
fits this description. These testers
include a controlled-impedance en-
vironment for the device under test
(DUT), a mainframe containing
plug-in testing modules, and soft-
ware that supports close interaction
with many CAE systems over an
RS-232C interface or a GPIB bus.
(Ref 1 supplies more information
about the Logic Master and de-
scribes the role of hardware verifi-
cation during IC design.)

As an IC tester, the Logic Master
expands to meet your I/O require-
ments. The mainframe accepts 16-
channel modules that perform pat-

EDN NOVEMBER 29, 1984

By performing tests under CAE control, the Logic Master from Integrated Measurement
Systems brings prototype IC testing to the designer’'s workstation. Tests created on the
workstation download to the Logic Master over a GPIB or RS-232C connection, while test
results return to the workstation for analysis.

tern generation, data acquisition, or
real-time data comparison. As many
as 12 modules can fit in one main-
frame, resulting in 196 testing chan-
nels. In addition, two mainframes
operate in parallel to provide the
ultimate system limit of 392 chan-
nels. Incidently, the mainframes are
small enough to fit beside or below
your desk.

The test modules operate at fre-
quencies high enough to verify the
operation of most ICs. The pattern-
generator module applies test vec-
tors at 20 MHz, but you can add an
accessory that enables 40-MHz
clocking. The timing resolution for
all modules is 1 nsec, so the data-
acquisition module can measure
waveforms with the accuracy of a
1-GHz logic analyzer. If you attach a
data-comparison module to a data-
acquisition module, you can com-
pare acquired data with expected
results, even at 20 MHz. Therefore,

you can generate tests that not only
sense but also identify bugs in your
chips by including branching and
triggering techniques.

The cost of using the Logic Mas-
ter depends on what modules you
need to provide the test capabilities
that you require. The lowest price
configuration, at $29,000, offers 32
patterns of stimulation backed by 8k
bits of pattern memory per channel.
It also includes 32 channels of acqui-
sition (also with 8k bits of associated
memory) that compare acquired and
expected data in real time.

If you need to evaluate your ICs
more closely, the more sophisti-
cated Logic Master II increases
channel memory to 16k bits and
supports programmable capabilities
in the stimulus channels. In addi-
tion, the driver and receiver probes
can operate at voltage levels defined
in 10-mV increments. These added
features bring the starting price to
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TE

CURVE
TRACERS

THE ANSWER
BY ANY MEASURE

Affordable and easy to operate,
Tek curve tracers visually
document the performance
characteristics of semi-
conductor devices.

For tightening design para-
meters and protecting yourself
against the high cost of compo-
nent failure, nothing compares

with the Tek family of curve tracers.

Tek curve tracers help you
quickly test semiconductor de-
vices like diodes, transistors, opto
isolators, thyristors and opera-
tional amplifiers. They can help
you design, analyze and evaluate
...to detect problems early, before

they become far more costly to
remedy.

Curve tracer mainframes
include the 576, with both CRT
display and scale factor readout
...and the 577, with storage
and non-storage CRT displays.

Test fixtures compatible with the
576 include the 176 pulsed high
current test fixture that can supply
up to 200 amps or 1000 watts to
the device under test and the 172
programmable test fixture that
offers the convenience and high
throughput of semi-automated
measurements. Compatible with
the 577 are the versatile 177 stan-

dard test fixture and the 178,
designed to test the performance
of linear ICs.

Two curve tracer plug-ins are
also available for Tek laboratory
oscilloscopes: the 7CT1N for
7000 Series and the 5CT1N for
5000 Series scopes.

Learn more about how Tek
curve tracers save you time and
money. See your local Tek sales
representative or contact:

Tektronix, Inc.

P.O. Box 1700, Portland, OR 97075.
Call 1-800-547-1512.

In Oregon, 1-800-452-1877.

Copyright ¢ 1984, Tektronix, Inc. All nghts reserved. SCA-410-1
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TECHNOLOGY UPDATE

The HVS tests prototype ICs under the control of a Mentor Graphics workstation. The setup
(a) puts creation and control of the test into a window on the workstation screen (b). The
similarities between the simulation and test interfaces simplify the development and analysis
of the tests.

EDN NOVEMBER 29, 1984

$39,000. In comparison, Integrated
Measurement Systems éstimates
that a GPIB-based system with a
controller can cost from $40,000 to
$80,000, not including setup time.
Furthermore, a production ATE
system with similar timing capabili-
ties costs more than $150,000.

The test-CAE interface

For the IC designer, the Logic
Master’s software places test gener-
ation and application within the
CAE interface. This software re-
sides on both the Logic Master
mainframe and the CAE system. On
the tester mainframe, the software
controls each of the modules during
the test procedure. In addition, it
responds to a set of commands re-
ceived from the CAE system over
either an RS-232C interface or an
IEEE-488 (GPIB) bus. The soft-
ware at the CAE system allows you
to control the testing (ie, issue those
commands) using whatever data-en-
try techniques the system uses. For
example, if the CAE system uses a
menu-driven format, the test inter-
face also uses it, allowing one user
interface for both design and test.

To apply the CAE-supported test
to the DUT, you must configure the
test apparatus for your require-
ments. First, you select and insert
the modules containing the stimula-
tion and acquisition modules. Rib-
bon cables connect the I/0 channels
from the modules to the test fixture,
allowing the mainframe to sit away
from the fixture. For each I/O chan-
nel, the test fixture and ribbon ca-
bles provide a controlled impedance
from the mainframe to terminals
that are only centimeters from the
DUT’s socket. Briefly then, to con-
figure the test fixture for the DUT,
attach short wires from the socket
to the terminals, and plug in the
appropriate modules in the main-
frame.

With the tester set up, you can
create, execute, and evaluate tests
on your system while sitting at your
workstation. Initially, you trans-
form your simulation patterns di-
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rectly into suitable test patterns
and download these into the tester.
Next, you identify those channels in
the modules that drive specific pins
on the IC. You command the tester
to run the test and to return the test
results over the GPIB to the CAE
workstation. Finally, a conversion
program can translate the test re-
sults into a format that allows auto-
matic comparison with the outputs
of your simulation.

Integration vs resolution

The Hardware Verification Sys-
tem (HVS) brings similar capabili-
ties to Mentor’s Ideas series of CAE
workstations. It also tests under
workstation control, fits beside or
on top of your desk, and provides a
controlled-impedance environment
for the DUT. You can select the test
capabilities you need with plug-in
modules. The creation, control, and
evaluation of tests occurs at your
workstation. Of course, the HVS,
built for Mentor by Northwest In-
strument Systems (Beaverton,
OR) operates only with Mentor
products.

In comparison with the Logic
Master, the HVS has a more clearly
defined interface with the CAE en-
vironment. This stems from Men-
tor’'s cooperation with the test-
equipment supplier during the
development of the product. As a
result, the Idea workstation con-
tains some of the conversion and
comparison software you need to
generate for the Logic Master. For
example, the HVS includes the pro-
grams that both translate simula-
tion data into test patterns and com-
pare test output with simulation
output.

In contrast, the HVS tests at
lower frequencies than the Logic
Master. Pattern generation pro-
ceeds at speeds to 20 MHz, and the
32-channel state (data) acquisition
module operates at 10 MHz. By
adding a timing-analysis option,
however, you can achieve a 100-
MHz sampling speed in 16 acquisi-
tion channels. Still, the sampling
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resolution is less than the resolution
of the Logic Master.

Your required sampling resolu-
tion depends on how specifically you
must determine the timing behavior
of your DUT. Purely functional test-
ing, with ICs based on static-circuit
designs, does not need full clock
speed to be accurate. In this case,
an IC functions in the same manner
at 1 MHz as it does at 10 MHz,
unless you have demanding clocking
or strobing signal relationships.
Therefore, you should examine the
extent to which you must specify
signal timing when you test proto-
types in your design environment.
The integration and lower cost
(starting at $24,000) of the HVS
may outweigh the higher test rates
of the Logic Master, particularly if
you already use the Mentor Idea
workstations.

The pattern-generation module in
the HVS is available from North-
west Instrument Systems as an
add-on to the IBM PC; it’s known as
the 2300 Series. One 2300 chassis
offers as many as 160 channels for
random-logic testing or as many as
120 channels for random-logic and

i\
1ol

{

memory testing. Coupled with
Northwest Instrument’s 2400 Se-
ries 20-MHz data analyzer, you can
get 48 channels of pattern genera-
tion and 48 channels of data analysis
for approximately $22,000 (without
the PC). However, until logic simu-
lators migrate to the PC and devel-
op interfaces to the add-ons, this
approach won’t provide the CAE-
test interaction of the HVS, al-
though it’s certainly competitive in
price.

Simulators test functionality

Other CAE vendors support pro-
totype testing through their simula-
tion systems. Specifically, Daisy
Systems and Valid Logic offer a
hardware extension to their soft-
ware-simulation capabilities. The
primary use for these extensions is
the virtual breadboarding of sys-
tems comprising many LSI or VLSI
chips (Ref 2). However, the virtual
breadboard is a suitable environ-
ment for the functional testing of
your ICs.

To realize a virtual breadboard,
the Daisy PMX and the Valid Real-
chip use plug-in boards similar in

By hooking an instrumentation system to a VAX, the Tektronix DAS 9100 with the 91DVV
software package links VAX Unix-based CAE tools to a variety of test configurations. The DAS
(lower right) operates using local input from its own keypad or remote data from a VAX

terminal.
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Discover HP
revolutionary answer to
your measurement needs

Introducing an extremely versatile
solution to your measurement needs:
The HP 7090A Measurement Plotting
System. By merging several technologies
—waveform recording, digital plotting,
analog recording, and automated
measurement—the HP 7090A provides

a powerful solution to a broad range
of measurement problems. Imagine...
significantly increasing your ability

to measure and display low frequency

phenomena and, at the same time,
substantially improving your real-
time recording and digital plotting
results. All in one low-cost system!

Hewlett-Packards new 7090A-
the single-instrument solution for low frequency measurement,

analysis and documentation

Now you can capture
low frequency

(<3kHz) signals.

The HP 7090A precisely measures,
stores and displays signals
through simultaneous sampling
on each of three channels, with
12-bit resolution, a bandwidth

of dc to 3kHz (33.3k samples/s
maximum) and a 1000 word
memory per channel.

You get 6 trigger mode
flexibility.

Virtually any signal change can now

initiate signal capture through
HP5 six trigger modes
Even decaying repeti-
tive signals, such as
faults in a power line
voltage or in a transducer’s
carrier, can be captured. And
combined with our pretrigger
capability, the HP 7090A Measure-
ment Plotting System is your ideal
system for turn-on/turn-off charac-
terization, fault monitoring and
mechanical motion analysis.

Plus, it’s a system
component.

All panel functions of the HP 7090A
are programmable via the HP-IB

interface. And data can be streamed
at up to 500 points/s from either
the internal 1K buffers, or in real
time from the analog-to-digital con-
verters. A menu driven software
package is available for HP Series
200 computers, allowing you easy
data manipulation, storage/retrieval,
and system integration.

And the HP 7090A gives
you much more...

The HP 7090A is also a high per-
formance real-time X-Y recorder,
digital plotter and DVM.
% In a stand-alone mode,
it annotates setup
b conditions, date and
time, selected data
points from mem-
ory and even the
trigger time. Plus, you
can even make overhead
transparencies for technical
presentations!

The HP 7090A is your
low-cost, one-stop system.
From its 3 analog inputs to its
6-pen writing system, the HP 7090A
adds a totally new dimension
to low-frequency measurement,
analysis and display. And with

a price tag of only $4400*
the HP 7090A is your complete
measurement plotting system.

Send today for your free
information package.

Clip out and mail the coupon
below to receive—absolutely free—
a complete information package,
including our detailed brochure
and specifications.

~ HEWLETT
.é/.” . PACKARD

b . L

YES! I need a one-stop breakthrough solu-
tion like this in my lab. Please send me more
information about Hewlett-Packards new
HP 7090A Measurement Plotting System.

Name

Title

Address

City State Zip

Phone ( )

Detach and mail to:
Hewlett-Packard
16399 W. Bernardo Drive,
San Diego, CA 92127
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| Attn: Marketing Communications 11405 EMX
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TECHNOLOGY UPDATE

By adding simulation software, the Inspector 200 and 300 testers from Pragmatic Test
Systems integrate CAE and testing. The Eplog software accepts net-list input, simulates the
design, and generates test vectors for prototype IC test.

function to those in the Logic Mas-
ter and the HVS. Driver and receiv-
er circuits on the boards compose a
simple functional-test system for
the ICs you include in the system
simulation. During simulation,
these ICs are equivalent to IC mod-
els in software. The simulator can
therefore query the IC instead of
the software model for functional
information. Because the IC re-
sponds more quickly than the soft-
ware model, the simulation time
decreases.

With regard to the functional ver-
ification of ICs, the equivalence be-
tween the IC in the virtual bread-
board and its software model allows
you to apply to a prototype IC the
same stimulus patterns you used to
functionally test the software repre-
sentation of your design. In other
words, by inserting your prototype
into the hardware extension, you
can run the same test patterns on it
as you ran on your logic design.

There are some advantages to
this method. First, the test patterns
require no translation: If the re-
sponse of the prototype differs from
simulation results, translation er-
rors are not to blame. Next, the
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Realchip and PMX can cost less
than the Logic Master or the HVS
depending on which options you
purchase. They start at $29,000 and
$15,000, respectively. Finally, you
have the resources for system simu-
lation and debugging available. The
verified IC can immediately operate
in a simulation of the system for
which you have designed that IC.
On the other hand, these hard-
ware extensions for simulation can
provide information concerning only
functional behavior. They are not
test systems; you cannot analyze
timing behavior. In addition, Real-
chip and PMX clock the ICs at 3 and
1 MHz, respectively, and these fre-
quencies are lower than the clock
rates of many IC-based systems. If
your verification effort requires
running the prototypes at full
speed, or if you must verify signal
waveforms as well as levels, you
need more testing capabilities.

Integrated-instrument control
Traditionally, instrumentation
manufacturers have supplied the
logic analyzers that perform the
waveform analysis. Now they see
the CAE workstation as a direct link

between their test instruments and
the designers who use the work-
stations for the design of complex,
hard-to-test electronics. These com-
panies have been integrating pat-
tern generation and analysis func-
tions into instrumentation systems
for a few years. Now some are pro-
viding the interfaces that integrate
the instrumentation systems with
the CAE workstations.

One example, the Tektronix DAS
9100, uses a variety of instrumenta-
tion plug-ins that provide the re-
sources for functional and timing
analysis of digital ICs and board-
level systems. In addition, it in-
cludes a local processor, a keyboard,
and a built-in monitor (color option-
al). The plug-ins are similar to the
modules previously discussed—with
pattern generation, data acquisi-
tion, and timing analysis—but you
can test your DUT using only the
keyboard and monitor without the
need for a host computer system for
test entry and control. As a result,
the DAS 9100 has usually operated
independently of the design system.

This year Tektronix has comple-
mented the DAS 9100 with the
91DVV software package that, over
an RS-232C connection, allows you
to create and control test proce-
dures for the DAS 9100 from your
VAX terminal. The software for the
VAX, written in C, runs under Unix
4.1; therefore, the 91DVV software
can interface with any CAE soft-
ware written for the VAX Unix 4.1
environment. In particular, the
91DVV compresses simulation vec-
tors into DAS pattern-generator
programs, downloads these pro-
grams to the DAS 9100, uploads the
results of the test into the VAX, and
finally compares hardware respons-
es with simulation output.

VAX governs instrumentation
This package aims at VAX-based
design groups that need timing
analysis as well as functional verifi-
cation. For a 25-MHz maximum test
rate, the DAS mainframe can sup-
port 80 pattern-generation channels
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“Our applications
engineers always want

mefo

buy

‘the latest this’

or ‘the latest that;

How come USIR’s
never satisfied?”

Because newer, better elec-
tronic test instruments are
introduced all the time, Bob,
and we want to make sure we
have the latest equipment
for our customers.

As the leader in the electronic test equip-
ment rental business, we have a reputation
to uphold. That’s why we constantly survey
the industry, to make sure when new, state-
of-the-art equipment is developed, we have
it. We also stock our inventory in depth to
make sure you can have exactly what you
want when you want it.

We offer state-of-the-art financing, too,
with lots of options. You can rent, lease, or
buy. And you can choose from a variety of
financing plans, all with very flexible terms.

Don't settle for anything less than the
latest. Call us.

Call toll-free

To receive our new, 1984 catalog, circle
the number below. This 264-page catalog is a
valuable reference book, with thousands of
test equipment listings, guidelines for
matching applications, and suggestions for
financing. And it’s yours, free.

We go the extra mile.

U.S. Instrument Rentals
2988 Campus Drive

San Mateo, CA 94403
415/572-6600

United States Instrument Rentals, Inc.

l ' N AUS. Leasing Company

For the number of your nearest sales office,

© 1984 U.S. Instrument Rentals, Inc.

EDN NOVEMBER 29, 1984

call toll-free 800-242-USIR, ext. 932.
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and 96 acquisition channels. For
more exact timing analysis, you can
insert 91A08 data-acquisition mod-
ules for 32 channels of synchronous
or asynchronous sampling at 100
MHz. You can switch to 91A04A
modules for asynchronous sampling
at 660 MHz (1.5-nsec sample inter-
val) or synchronous sampling at 300
MHz of as many as 16 channels. A
typical DAS 9100 system configured
for IC verification costs about
$40,000.

Though these sampling rates may
satisfy timing-analysis require-
ments, they may be excessive (and
costly) for a basic functional test.
Remember that you can select the
modules you need for the DAS; less
powerful acquisition modules cost
less.

For the DAS, the more restrictive
criterion is the software providing
the CAE-test interface. First, you
need to write a program to convert
your simulator’s output into the
TLOGS format for the 91DV'V input
as well as one to translate the re-
sults of the test back into your simu-
lator’s format for comparison to sim-

ulation results. Though this is a
minor task, it does require some
familiarity with both formats. More
importantly, if your CAE tools run
under any operating system but
VAX Unix, you cannot use the
91DVYV. Tektronix promises to start
expanding the range of compatible
hosts and operating systems by the
end of 1984.

Tester uses existing modules

If you use workstations made by
CAE Systems (Sunnyvale, CA),
Dolch Logic Instruments (San Jose,
CA) offers an integrated instrumen-
tation system that interfaces with
your design system. The Caesar 400
can accept four plug-in modules of
the set already offered for Dolch’s
Atlas and Colt instrumentation sys-
tems. These modules can put 96
channels of 20-MHz pattern genera-
tion, as well as 96 channels of
20-MHz acquisition (or 64 acquisi-
tion channels at 100 MHz, or 32
acquisition channels at 300 MHz) in
one Caesar mainframe. The test
procedure, including test-pattern

generation, pin assignment, proto-

type test, and comparison with sim-
ulation data, occurs in the windows
of the CAE Systems’ user interface.

As a result of the close coopera-
tion of Dolch and CAE Systems,
expect the Caesar to interact closely
with the CAE Systems environ-
ment, much as the HVS from Men-
tor does. Also, Caesar costs roughly
the same (for similar capabilities) as
the HVS, ranging from $13,000 to
$25,000. Obviously, at this time, the
HVS works only with Mentor prod-
ucts, and the Caesar only with prod-
ucts from CAE Systems, so the
choice of functional testers depends
on your choice of CAE vendors.

CAE enters test systems

Instead of depending on your
CAE vendor for an interface to test
equipment, you can bring the de-
sign database to a testing system.
Pragmatic Test Systems (Milpitas,
CA) brings a package of simulation
and test software to its Inspector
200 and 300 Series test systems.
This package, Eplog, simulates
logic designs that you enter as net
lists. Next, it converts the simula-

Four instrumentation plug-ins provide flexibility for the Caesar test system (a). When the plug-ins are connected to a CAE Systems
workstation, test patterns and results appear in a test window (b). In addition, simulation results can be combined with the test results (middle

window) for easy comparison.
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PRECISION At Precision Monolithics,only analogICs, precision is part
three things count: precision, of your philosophy. But for us,
precision, and precision. it’s even more.

We believe quality control It’s our name.
isn’t just the last step before Precision Monolithics Inc.
shipping. It’s the last, the first, 1500 Space Park Drive, Santa
and every step in between. Clara, California 95050, USA.
If you already specify our A Bourns Company.
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ELECTROMAGNETIC
TRANSDUCER

PARALLEL
DIGITAL
QUTPUT

PRINTED CIRCUIT
BOARD ELECTRONICS

ASI's EGONOGODER.
AVAILABLE WITH
RUGGEDIZED
TRANSDUCERS
INGLUDING
EXPLOSION-PROOF.

ECONOCODER position detectors/controllers
provide precise digital output proportional to
angular shaft position. Because the output is
absolute, it is unaffected by power outages and
surges. And, equipped with the explosion-proof
housing option, ECONOCODER is ideal for use
in volatile applications such as paint spraying
and grain storage.

ECONOCODER consists of an electromagnetic
transducer and a printed circuit board or panel-
mounted enclosure. Just 6 wires connect the
transducer to the PC board which can be
located up to 1000 ft. away. Binary and BCD
digital outputs with programmable controller
interface are available with resolutions as high
as 1000 counts per 360°.

ECONOCODER is just one economy model of
Astrosystems’ broad line of resolver-based
systems. Many thousands of ASI systems are at
work in industry today providing measurement
data wherever accuracy and reliability are
required. We also offer a complete line of
encoders and limit switches utilizing NEMA
standard and environment-
resistant trans-
ducers.

Check ASl first. Call
or write today for
our technical
bulletin on ASI
ECONOCODER.

ASI Econocoder®

Advanced Position Measurement
Systems for Industry

astrosystems.
inc.

6 Nevada Drive, Lake Success, NY 11042
516-328-1600 @ TEX 510-223-0411
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For more information . . .

following manufacturers directly.

CAE Systems Inc

Sunnyvale, CA 94086
(408) 773-9111
Circle No 733

(503) 626-7000
Circle No 736

2029 O'Toole Ave
San Jose, CA 95131
(408) 945-1881
Circle No 734

Box 1309

(503) 645-5151
Circle No 737

For more information on the products discussed in this article, circle the
appropriate numbers on the Information Retrieval Service card or contact the

Integrated Measurement Systems Inc Tektronix Inc

1333 Bordeaux Dr 9525 SW Gemini Dr Box 500

Sunnyvale, CA 94089 Beaverton, OR 97005 Beaverton, OR 97077
(408) 745-1440 (503) 626-7117 (503) 644-0161

Circle No 732 Circle No 735 Circle No 738

Daisy Systems Corp Mentor Graphics Corp Valid Logic Systems Inc
139 Kifer Ct 8500 SW Creekside PI 2820 Orchard Parkway

Beaverton, OR 97005

Dolch Logic Instruments Inc  Northwest Instrument Systems

Beaverton, OR 97075

San Jose, CA 95134
(408) 945-9400
Circle No 739

tion data into test vectors that run
on Inspector test systems. Without
much of the burden of test genera-
tion, you benefit from the flexibility
and programmability of a test
system.

Using this approach for prototype
verification pays off in environ-
ments where budgets are tight and
timing requirements are loose. For
as little as $50,000, you can own the
hardware and software both to sim-
ulate designs and to test proto-
types. In comparison, a CAE Sys-
tems design workstation without
the Caesar product costs $50,000 to
$150,000 depending on the software
options. However, the Inspectors’
test clocking peaks at 1 MHz, so
many chips run at less than maxi-
mum frequency. Still, the Inspec-
tors’ programmable resolution
(5-mV increments) and current
measurement allow you to charac-
terize IC parametrics; logic analyz-
ers and hardware-simulation exten-
sions don’t provide this capability.

The net result of bringing CAE
programs to the test computer is
the same as that of introducing test
capabilities into CAE systems—
making prototype test as easy for
the designer as the rest of the de-
sign process. To simplify testing,
these products link integrated test-
ing capabilities with a CAE environ-
ment. The choice of which products

to use depends on your existing
CAE tools, your testing require-
ments, and particularly your bud-
get. Unfortunately, predicting your
future test needs can be as hard as
predicting your budget, so the
choice depends more on the efficien-
cy and productivity you can achieve
with a particular functional tester
integrated into your design environ-
ment. EDN
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LEADERSHIP Since 1969 Precision Monolithics and again we’ll establish new

has been a leaderin theworld of ~ standards. Technological leader-

precision bipolar analog ICs. ship is more than being the first.
We invented the DAC-08, the It’s being the best.

REF-01, the or-07, the op-27 and Precision Monolithics Inc.

more. All industry standards. 1500 Space Park Drive, Santa

Soon we'll be bringing precision  Clara, California 95050, USA.

to the world of analog cmos, A Bourns Company.




FIBER OPTIC
DATA LINKS

Our FO-SERIES offers longer signal distances and
greater data rates without modems or line drivers.

e FO-232 1.25 miles at 19.2 Kb/s.

e FO-232LD 2.5 miles at 19.2 Kb/s.

e FO-232E 250 ft. at 19.2 Kb/s.

e FO-232S Synchronous/1.25 miles at 19.2 Kb/s.
* FO-422 1.25 miles at 10 Mb/s.

Cl Lishtwave Communications,Inc.
i 650 Danbury Road, Ridgefield, CT 06877 e (203) 438-3591
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tocall Zendex 2nd

(If you insist on calling Intel first.)

ZX-186/30 CPU Board

An 80186-based CPU board that  ~ Advanced features: 256KB zero-

is an ideal replacement for 7 » wait-state on-board RAM
the iSBC-86/30 or iSBC/ (expandable to IMB) two
86/12A. 1t is fully software DMA channels, Dual
compatible with the multi- protocol USART,
ZX-86 and the entire up to 128KB PROM and
iSBC-86 family. two iSBX connectors.

The other giant in the Multibus Market™

6700 Sierra Lane, Dublin, CA 94568, Phone: (415) 828-3000 TWX: 910 389 4009. Zendex products are available worldwide.
Intel, iSBC and iSBX are trademarks of Intel Corp.
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WHERE CAN I FIND

PERFORMANCE?
PMI International Offices
France Israel
Bourns- Rapac
OHMIC-PMI Electronics Ltd.
01-203 96 33 03-47 7115
Germany Italy
Bourns-pMm1 Technic s.R.L.
0711-21 740 02-569 57 46
Netherlands Norway
Bourns-pmI A/s Kjell Bakke
070-87 44 00 02-83 02 20
Switzerland Portugal
Bourns-pmI Telectra
042-33 33 33 S.A.R.L.
19-68 6072
United
Kingdom South Africa
Bourns-pmI Allied
01-§72 65 31 Electronic
Components
Hong Kong, 52 86 61
Korea,
Taiwan, and South Africa
Singapore Associated
Bourns Asia Electronics Ltd.
Pacific 01183918 24
(03) 724-0386
Spain
Japan Sonelco s.A.
Nippon-pmI 0I-409 46 34
(03) 234-1411
Sweden
Australia Bexab
RIFA Pty. Ltd. Elektronik AB
(02) 570-8122 08-768 05 60
Austria Turkey
Ing. Otto Folger Nel, Nuekleer
0222-432639  Elektronik Ltd.
041-301§ 10
Belgium
Vekano N.v. Yugoslavia
02-72092 04 Jugomineral
041-42 37 46
Denmark
Tage Olsen Eastern Europe
A/s Ing. Gerhard
02-65 81 II Stoits
0222-245 74 12
Finland
Insele Oy
80-73 5774
Greece
Germanis Co.
01-821 §8 25§

®
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PERFORMANCE Precision Monolithics is one of
those rare companies that would
rather help you than sell you. We
know if our analog ICs do what
we say they’ll do, you’ll be sold.

So we offer sales engineers—
technical problem solvers—who
take the time to understand your

application. And we support
them with people who care.

Why? Because your success
18 our success.

Precision Monolithics Inc.
1500 Space Park Drive, Santa
Clara, California 95050, UsA.

A Bourns Company.
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nnouncing liberation from oppressive
gate-array production costs:

The Universal Netlist Translator, only from
INTERNATIONAL MICROELECTRONIC
PRODUCTS, INC.

Just give us the netlist from your current
gate-array design. In ten weeks, you’ll have a
standard-cell circuit, fabricated in our silicon-
efficient three-micron CMOS process.

The Universal Netlist Translator converts
any semicustom circuit to our library of fully
characterized standard cells. That can mean
substantial savings over what you now pay for
gate arrays, particularly if your production
volumes are increasing. And it opens up an

%

alternative source for your standard-cell cir-
cuits, which could save your business during a
backorder.

To learn more about how the Universal
Netlist Translator will set you free, call or write:

INTERNATIONAL MICROELECTRONIC
PRODUCTS

2830 North First Street, San Jose, CA 95134
(408) 262-9100

For every netlist translated before March 1,1985,
INTERNATIONAL MICROELECTRONIC
PRODUCTS, INC., will donate $1000 in your name
to the Statue of Liberty restoration fund.

#

INTERNATIONAL MICROELECTRONIC PRODUCTS
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Logic Analyzers with Multiple Functions —
Simultaneous Hardware and Software Analysis/
Disassembled Mnemonic Display

When the chips (or other logic
devices) are down, you need fast,
accurate logic analysis, high-speed
performance and multichannel
capacity. Where can you get all this
at a price you can afford ? From
Panasonic, of course. We give you a
choice of 3 logic analyzers—the
VP-3662A, VP-3661A and
VP-3620A —to meet virtually any
need in timing, state and micro-
processor analysis. The sophisti-
cated VP-3662A is the top choice
with 100MHz high-speed resolu-

tion, 48 channels and real-time
analysis, plus simultaneous 16-bit/
8-bit microprocessor analysis and
100MHz/16-channel peripheral
equipment timing analysis.

All 3 models feature an optional
disassembled mnemonic display for
16-bit and 8-bit microprocessors
(VP-3661A: 8-bit only), and optional
RS-232-C serial data analysis. So
whether you choose the VP-3620A,
the VP-3661A or the VP-3662A,
you can be sure that you’ve made
the logical choice.

VP-3661A

* 32-channel high-speed analysis with maximum
resolution of 100MHz.

* Disassembled mnemonic code display for
8-bit microprocessor software.

o Simplified data analysis with NAME display for
each channel.

* Multiple display modes plus flexible trigger
functions for easier debugging.

VP-3620A

e 32-channel high-speed analysis with maximum
resolution of 20MHz.

» Disassembled mnemonic code display for 16-
bit/8-bit microprocessor software (optional).

¢ Flexible trigger and versatile display functions
for powerful debugging.

» Glitch trigger function for transients as narrow
as 10ns.

National/Panasonic

Matsushita Electric Trading Co., Ltd. Industrial Electronics Section, P.O. Box. 18, Trade Center, Tokyo 105, Japan Telex: 522-8771 “METOSK J”
CIRCLE NO 62
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VMEmodules: valuable system investments
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@ Adopting the popular Eurocard mechanical format, VMEmodules are
available in two pin-out compatible sizes. Single high and double high
eerew board are used to afford a high degree of space flexibility for system
configurations. Pin/socket connectors, card cages, backplanes, and plug-in
power supplies all meet rigid DIN and IEC standards, and perform espe-
cially well in applications where

resistance to shock and vibration -
is important. ¥

MTFITATEE e

300 Series — Peripheral Controllers
GPIB, universal IPC, SASI, Winches-
ter/floppy, Ethernet, serial and
parallel I/O controllers

SAS]I, I/O channel interfaces

700 Series — Non-Eurocard /0
wire wrap boards
connectors
mass storage extenders

900 Series — Packaging Hardware
backplanes
extender boards
wire wrap boards
chassis

annel Modules
parallel ports
printer

ipe adapters




100 Series — E
Monoboard Computers

and System Controllers with MC68000,
MC68010, and MC68020 Processors

sensing, swi

800 Series — Mass Storage Support
Products
15 Mbyte Winchester
1 Mbyte DS/DD 5%" floppy

(not shown)

400 Series —1/0.Ca
dual channel serial or
Centronics compatible

200 Series —
Memory Modulé

64K,256K, 512K, interface
ilz\glgjliil:/l memories SASI™ 15" magnetic iz

1Mbyte ROM memories
32Kbytes, 128Kbytes static RA
memories
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Readily available cache

enriches V

Having cash handy makes good
financial sense. Quick access to cache
makes good computing sense. With
the new VME120 monoboard micro-
computer, 4 Kbytes of instruction

cache are provided along with a choice

of 128 or 512 Kbytes of on-board
dual port RAM. The on-board cache
memory increases overall system
processing speed by allowing faster
access and minimizing off-board
activity. This is especially important
in performance-sensitive applications,
such as image processing and high-
speed scientific data acquisition.

With an optional 12.5 MHz
MC68010 MPU, the VMEI120 provides
throughput of up to 3 million instruc-
tions per second.

Additional new VMEmodule prod-
ucts allow integration of powerful
application systems with a minimum
number of system components.

The VMEO50 system controller
may be used with the VME120 proces-
sing module to provide global
interrupt generator, system clock,
serial clock and time-of-day clock
functions. It also houses eight 28 pin
sockets, two RS-232C serial ports and
one parallel port.

The VME320 disk controller is a
double-high Eurocard module for
adding mass storage capacity to a
VMEbus system. It provides high
performance DMA data channels
between system memory and Winches-
ter hard disk drives and/or floppy
disk drives. This disk controller is
used in applications having intensive
real-time disk I/O or multiprocessing
structures to reduce VMEbus traffic
and increase system throughput.

For VMEmodule applications requir-
ing mass storage, the VMES820 is an
integrated module incorporating a
disk controller board, plus both a
Winchester and floppy disk drive, all
in a convenient Eurocard format
plug-in unit.

The VME943 chassis provides 9
VMEbus slots and 6 I/O channel slots
in the front, with room for 16 I/O
channel or 80mm slots provided in the
rear. The chassis uses a tranverse,
mid-chassis 400 watt power supply.

It is 19 inches deep and designed for
mounting in a standard 19 inch rack.

--------

e

VMEmodule software support
includes VERSAdos, Motorola’s real-
time, multi-tasking, multi-user
operating system that includes M68000
Family macro assemblers, a full screen
editor, linker and symbolic debugger.

For efficient software evaluation
and debug, VMEbug is one of Motor-
ola’s debug/monitor firmware prod-
ucts supporting various processor

......

Emodules. »

modules. VMEbug provides an assem-
bler/disassember feature, commands
to examine or modify memory, and
terminal I/O, disk I/O and boot
capabilities.

These new boards add additional
system building block features to the
broadest line of VMEbus compatible
boards available.

Check O A for information.



VME 331*
serial I/O
controller

e MC68000 based
e 2 asynchronous ports

e 4 synchronous or asynchronous ports
e all 6 RS-232C or RS-422

¢ 128/512 Kbyte RAM

e 2 28 pin sockets

VME 050

system controller

e used with VME 115, 120, 128

and 130

e 8 28 pin sockets

e 2 RS-232C serial ports

e 2 parallel ports

e provides: interrupt handlers
system clock
serial clock, and
time-of-day clock

VME 211

static RAM/ROM

e 16 28 pin sockets

e backed up from +5 standby
e up to 1 Mbyte ROM

e up to 128 Kbyte SRAM

e mix static RAM and ROM
o selectable access time

VME 315

intelligent SASI™ interface

o floppy controller for 4 5% or
8" floppies

e DMA access

e 1 RS-232C debug port

GPIB controller
e meets full [EEE488-1979 standard
e DMA interface

o selectable byte or burst transfers
e up to 500 Kbyte/Sec transfer rate

VME 316

VMEbus to

I/0O channel interface

e converts I/O channel interrupts to
VME interrupts

e converts VMEbus RESET to I/O
Channel RESET

e selectable address block

VME 202/222
512K/2M DRAM
VME 203*/223*
512K/2M DRAM with
VMXbus

e byte parity
e on-board refresh
e selectable memory map

VME 320

Winchester/floppy controller
e up to 2 5%" Winchesters

e up to 4 floppies

e DMA access

e 32 bit ECC code

*To be introduced in 1985.

SASI is a trademark of Shugart Associates.
Ethernet is a trademark of Xerox Corp.

e,
S

VME 128*

monoboard microcomputer

with cache

o« MC68010 (12.5MH?z)

o 2 28 PIN sockets

e 4 Kbyte instruction cache (optional)
e 256 Kbyte dual port RAM

e 1 RS-232C debug port

o triple programmable timer

o VMXbus interface

e uses VME 050 system controller

VME 130*

32-bit monoboard microcomputer
o MC68020 (16MHz)

o MC68851 PMMU (optional)

e M(C68881 co-processor (optional)

e 2 28 pin sockets

¢ 512 Kbyte dual port RAM

e VMXbus interface

e uses VME 050 system controller

VME 330

Ethernet™ 2.0 LAN controller
e complete transceiver interface
o MC68000 (10MHz)

o LANCE chip and SIA devices
¢ 128K dynamic RAM

¢ 32K EPROM

e 1 RS-232C debug port

Check O B for information.




Be the envy of your industry.

You, too, can take high-capability
advanced systems to market and be
the envy of your industry.

The answer lies in the rich resources
of Motorola's M68000 Family of
high-performance 8-, 16- and 32-bit
microprocessors and system periph-
eral circuits. Chances are, once you
design in the M68000 Family and
experience the success that follows,
you'll be a family friend for good.

The extensive M68000 Family of
compatible, easy-to-use MPUs and
peripherals is available from Motorola
and the most comprehensive comple-
ment of contractual alternate sources.

Data Comm, DMA Control, Local
Area Network Control, Parallel,
Serial and General Purpose 1/0,
Memory Management, Bus Control
and more are available to help you
raise your systems above the competi-
tion in a hotly competitive marketplace.

Move data fast.

Moving data around fast with mini-
mal intervention from the processor
is the province of the 68440 Dual
DMA and the 68450 DMA Controller.
The two-channel 68440 is capable
of 5 Mbyte/sec transfer and the 68450
offers four independent channels
and extensive support for the move-
ment of complex data structures.

Links to the outside world.
M68000 Family data communica-
tions devices link your system
efficiently to the outside world, be it
terminal, transmission line or another
system, and free the processor for
other important work in the process.
One of the most popular data
comm devices available is the 68661
Enhanced Programmable Communi-
cations Interface. It's a universal
synchronous/asynchronous chip that
interfaces easily to M68000 MPUs
and directly to most 8-bit MPUs.
Another important available family
communications device is the 68681
Dual UART that provides two com-
pletely independent full duplex
receiver/transmitter channels.

Extensive flexibility is achieved
with the 68652 Multi-Protocol
Communications Controller. Basic
system functions are contributed by
the 68901 Multi-Function Peripheral.
Other family data comm functions
include Intelligent Peripheral Con-
trollers, Polynomial Generator Checker
and Parallel Interface/Timer. Addi-
tional 68000-compatible data com-
munications parts are available or

DATA COMMUNICATIONS

HIGH SPEED

DATA LINK| 3
DMA

VERSAbUS

under development at other leading
VLSI manufacturers.

Memory management

and disk control.

Data-storage device management
is the domain of the 68454 Intelligent
Multiple Disk Controller. It can con-
trol any combination of up to four
single- or dual-density floppy and
hard disks of various formats. Our
68451 MMU is a seasoned veteran in
multi-user, multi-task systems, and
now, the requirements of 32-bit
demand-paged virtual environments
are immediately satisfied by the 68461
Memory Management Controller.

Network and bus control.

The M68000 Family is growing to
meet expanding demands in network
and bus control. The 68590 is
designed to meet all [EEE Ethernet™
specs for M68000 systems, and a new
VME Controller will be added as
VMEbus becomes a standard.
Floating point.

A companion processor to the
32-bit 68020 MPU is scheduled for
introduction soon as well. The 68881
is designed to support the latest
revision of the IEEE specification for
floating point high-level calculations.
It can also be used with the 16-bit
M68000 Family processors.

You can see, now, why M68000
Family systems will make you the
envy of your industry. You owe it to
yourself and your customers to
act now. Check O C for information.
Ethernet is a trademark of Xerox Corp.

DISK CONTROL

s
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Think of a DO-41

without leads.

....and you've pictured total flexi-
bility of choice in surface-mount
zener diodes.

No one is stronger in zeners than
us and you now have easy access to
this total capability and sourcing in
1 W surface-mount zeners.

This newest, most sophisticated
packaging technology is revolution-
izing circuit boards. Cutting cost,
increasing density and speeding
manufacturing operation, surface-
mount is re-shaping boards of the
future. And we're leading, not only in
zeners but in hundreds of other dis-
crete and IC-packaged types.

We were first with SOTs. And a
full line of SOICs. Plus chip carriers.
The MLL4728-4764 zener series
ranges from 3.3 to 100 V. Tolerance
is 10% for the standard version and
5% for the A" version. It's available
in bulk, or in 12mm tape and reel in

both T1 and T2 configurations.
T1— Cathode facing sprocket holes.
T2 — Anode facing sprocket holes.

Even more practical placement is
reflected in the pricing: it's comparable
to leaded packages.

Think of them as the right stuff for
your PCBs and we'll send you a data
sheet and new brochure.

Check O D for information.




Benchmark 20: First to evaluate. First to market.

System integrators thinking about
using the new 32-bit MC68020 MPU
now have an excellent testbed for
system evaluation: Benchmark 20!

This MC68020-based system pack-
age provides a variety of hardware
and software tools to allow stream-
lined 32-bit benchmarking, code
development and debugging. Packing
a lot of power into a small space,
the Benchmark 20 system contains a
single-board microcomputer with the

MC68020 MPU, plus an auxiliary

1 Megabyte RAM module, all con-
figured with powerful debug/monitor
firmware in a 4-slot chassis.

The result? You reduce time-to-
market for your new 32-bit system
product. Benchmark 20 is configured
and ready to use alongside an appro-
priate software development host to
trim your schedule for MC68020
benchmarking and code debugging.

The VM04 VERSAmodule CPU
board utilizes the capacity of this
new 32-bit performance standard to
achieve speeds in the 2-3 million
instructions per second (MIPS) cate-
gory. 4K long words of on-board
instruction/data cache reduces off
board memory accesses to insure
top performance.

The companion VM13 dynamic
RAM module provides 1Mbyte of
random access memory dual ported
with both RAMbus and VERSAbus.

A perfect system mate for the VMO04
32-bit monoboard, the VM13 RAM
board has error detection and diag-
nostic capability.

To help you quickly evaluate the
MC68020 and the VMO04, the Bench-
mark 20™ system package incor-
porates the 020bug™ debug/monitor
firmware package to allow you to do
benchmarking and to debug code.
The 020bug resident package allows
full speed execution of system and
user developed programs operating
out of the Benchmark 20 system
package. Powerful software and
system debug command set allows
access to all VM04 I/O, control, and
memory facilities plus the full 4
gigabyte direct address range of the
VERSAbus system bus.

Benchmark 20, 020bug and VERSAbus are
trademarks of Motorola.

Check O E for information.

Turbo-charge operating systems with MC68010 monoboard.

The VERSAmodule line of 16- and
32-bit system components now includes
a M(C68010-based monoboard just
right for hosting today’s high-end
operating systems including the UNIX™
System V operating system.

The VMO03 monoboard utilizes an
MC68010 microprocessor running at
10 MHz combined with an MC68451
memory management unit. Your
choice of 256Kbytes or 1024Kbytes
of on-board dynamic RAM with
parity check assures outstanding
local high-speed storage needed for
“heavyweight” applications in image
processing, artificial intelligence
and supervisory control.

The optional 1 Mbyte of on-board
memory increases operating system
efficiency by allowing larger seg-
ments of code and data to be accessed,
minimizing off-board activity. This
performance benefit pays off in appli-
cations such as software development
where large operating systems are
used. An I/O channel interface is
also provided for adding off-board
resources in incremental amounts.

The VMO03 monoboard is comple-
mented by additional new support
modules for high-end system applica-
tions.

Used for high speed storage in
VERSAbus systems, the VM12 is a
4096Kbyte or 1024Kbyte dynamic
RAM module with parity. It attains
its capacity options and performance
using high density HMOS 256K or

&

supports the full 32-bit address of
the M68000 family.

For system applications requiring
high-capacity rotating mass storage,
the VM22 disk controller supports
4 SMD drives and 4 SA400/800
floppy disk drives. Data transfer
speeds up to 3 Mbytes/sec between
system memory and hard disk drives
and floppy disk drives are maintained
by the direct memory access feature
of the disk controller.

The VERSAmodule line is sup-
ported by both of Motorola’'s M68000
operating systems: the VERSAdos
operating system for real-time appli-

64K dynamic RAM chips. The VM12 cations, and the SYSTEM V

Eﬁ“ 5 '
& g2
/68
operating system where a UNIX™
operating system environment is
desired. Full operating system support,
including VERSAdos real-time device
drivers, are available now for the
MC68010-based VMO03 monoboard.
Add to all this Motorola's expertise,
proven products, training and service
support and you can understand why
VERSAmodule system components
continue to be your best choice for
the highest performance board-level
applications.
UNIX is a trademark of AT&T Bell Laboratories.
SYSTEM V/68 is a trademark of Motorola.
Check O F for information.




electron tunneling MOS, FETMQOS,
fabrication. Data integrity is 10 years,
and data is protected during power
up and power down.

Fast access and low-power opera-
tion are characteristic. Maximum
standby power dissipation is 35 mA,
and max. active Py is 125 mA. Speeds
of 150 and 200 ns are available.

Byte erase or write is 9 ms.

A choice of erase modes, bulk,
byte, row or column, helps optimize
g | system erase/write time and makes

the MCM2833 easier to use. Latched

OOT117107T addresses, data and controls create

OT10T10001 microprocessor-friendly operation,
allowing the MPU to work on other
DC 01 0110001 jobs while the MCM2833 is erasing or

/01001101000110111000 . hormnin

Not the least of the MCM2833

Time and cost saving
E2PROM operates
from single

+ 5V supply.

The MCM2833 is a 32K E2ZPROM,, the MCM2833 fits perfectly, with E2PROM'’s attractiveness is its rela-
Electrically Erasable Programmable in-system erase and reprogram tionship as a member of Motorola’s
Read Only Memory, that can save capability that can cut costs and industry-standard byte-wide non-
time and money in many data- conserve time. volatile memory family, providing
handling applications. And, it operates In addition, the MCM2833 derives opportunities for cost-effective
from a single +5V supply. outstanding data retention and density upgrades.

Where non-volatile memory and endurance from the technologically Engineering samples are available.
in-system programming are required advanced Motorola floating-gate Check O G for information.

One MC1377P RGB
encoder generates

broadcast color,
pure and simple.

Simple things are best, and nowhere
is this more true than video color en-
coding with the unique new MC13771

Just one 18-pin DIP does it all.
With the addition of only a crystal
and a few external resistors you have
what used to a boardfull of time- and
cost-consuming discretes and/or 1Cs.

Superior phase linearity and well-
controlled color vectors provide the
purity of color found only in complex,
high-level studio broadcast equipment.
And you can design the extraordinary
performance features of the mono-

lithic MC1377P into a wide variety of  or enhance R, G or B for a rainbow combined with the encoded video to
color cameras, graphics computers of special effects. Simply, easily, produce the composite video output.
and teletex generators for about one- economically. The sync is also used to trigger the
tenth the cost of the “maze” approach. The MC1377P contains a sub- generation of color (burst) reference.
A major system simplification leap. carrier oscillator, voltage controlled Both chroma and luma signals are
The MC1377 combines red, green 90° phase shifter, two double-side- “looped out” of the chip to permit
and blue video information into a band modulators, RGB input matrices tailoring bandwidth and delay to
composite signal in either NTSC and blanking level clamps. Its oscil- the designer’s taste. This permits very
(U.S.) or PAL (Europe) formats. Used lator can be used as the “master” in a elegant applications as well as very
with the MC1374 color-modulated system, or it can be driven by an simple ones.
oscillator and a few components to external source. R, G and B inputs The MC1377P production line is
generate a modulated RF carrier, are ac-coupled to simplify interfacing. running. Price is in focus too.
you've actually got a miniature TV A 1.0 V p-p input level produces full
station. saturation of colors in the output.
Design it with the TDA3300 decoder The only other input required is

family and you can separate, modify a composite sync signal, which is Check O H for information.



Floodgates open for VME/10 software.

Industry standard operating systems
such as the UNIX™ System V allow
greater than ever software portability
for users of Motorola’'s VME/10 OEM
Microcomputer system.

Software support within the UNIX™-
derived SYSTEM V/68 operating
system includes 400-plus utilities plus
an optional optimizing Pascal com-
piler, M68000 macroassembler, and
facilities to store and update all ver-
sions of a source code module.

The SYSTEM V/68 operating sys-
tem comes with full screen editors
and spelling checkers for full screen
text processing. The “mm” memoran-
dum macrocommands automatically
format standard footnotes; number
pages, lists, and paragraphs; and pro-
duce headings and footings.

Additional application software
availability will grow as agreements
between Motorola and Digital
Research Inc. bear fruit in coming
months. These DRI agreements call
for a total of 25 software packages for
the M68000 Family in SYSTEM V/68,
Concurrent DOS™-68K and CP/M*
68K. Nine of the packages to be
developed will be supported under
SYSTEM V/68.

Concurrent DOS-68K, which is
written in C language, is a multi-

tasking
operating system
with widowing,
LAN support and graphics. It is
designed for multiuser or single user
microcomputers and includes an IBM
PC-DOS™ mode. This means appli-
cation programs written in standard
high-level languages on the IBM PC
can be re-compiled on Concurrent
DOS-68K without any modification.
DRI is developing a system of com-

Languages to be available
on the VME/10

Under CP/M 68K

Digital Research C
Pascal MT +
CBasic Compiler

Under Concurrent DOS-68K
and SYSTEM V/68:

Digital Research C
Pascal MT+

CBasic Compiler
FORTRAN 77

BASIC Interpreter
GSX Graphics Software

Were
onyour
aesign-in
edam.

pilers for a range of machines that
operate under SYSTEM V/68,
CP/M-68K, Concurrent CP/M and
Concurrent DOS-68K.

CP/M is one of the most popular
microcomputer operating systems
for which hundreds of applications
have been written.

Application programs written
in any of the covered languages —
Pascal, FORTRAN, C, BASIC and
PL/I—should then run on any com-
puter in the M68000 Family under
CP/M-68K, Concurrent DOS-68K or
SYSTEM V/68.

UNIX is a trademark of AT&T Bell Laboratories.

CP/M is a registered trademark of Digital
Research Inc.

Concurrent DOS is a trademark of Digital
Research Inc.

IBM PC and PC-DOS are trademarks of IBM.

Check OJ L for information.
S

Sharpen Macrocell Array
design skills.

Two new Macrocell Array design
manuals are now available from
Motorola to assist you in understand-
ing and easily generating optimized
semi-custom ECL application spe-
cific ICs.

The MCA2500ECL Macrocell Array
Design Manual is all new. It covers
just about everything a trained MCA
designer needs to carry out the design.
There’s a review of the Macrocell
Array concept and technology, and
a run-down of MCA features sup-
plemented by an explanation of cell
types.

Logic design considerations and
performance guidelines are examined
in detail. CAD layout, array option
development and various hardware
subjects are reviewed. A large section
is devoted to the Macrocell Library
and MCA2500ECL specification
plus individual cell descriptions.

Order the MCA2500ECL Design
Manual as BR165.

MCA600ECL and MCA1200 ECL
are Macrocell Arrays similarly served
by the eagerly awaited revised design
manual, BR107/D R1. This is an
updated replacement for a preliminary
edition.

Both of these Macrocell Array
design manuals are available at modest
cost. Please contact the appropriate
Motorola sales office for prices
and ordering information.




Fastest, highest-voltage bipolar pushes

powerFETs.

td(on)—»

Output, Vout

—% — 50%
)

It may not quite catch them, but it's
so close you can virtually ignore the
difference in speed.

The complete new MJH16000 series
of 850 to 1,500 V Switchmode III
bipolar power devices switches big
loads in nanoseconds — about 10
times faster than other bipolars — just
like power MOSEFETsS, without sacri-
ficing ruggedness.

Ideally suited for high-frequency
inductive switching where high-
temperature RBSOA is a major con-
cern, these 5, 8 and 15 A units feature
a higher periphery-to-area ratio and
hollow emitter structuring to give the
designer a needed edge in rugged-
ness and speed and improve design
efficiency and compactness.

P-Channel
powerFETs
add new
chapter to
drive circuit

applications.A :

When you want to cut power supply
or charge pump requirements to your
power MOSEFET in bridge cascode
or push-pull applications, go Motorola
P-Channel.

This extension of the MTM/
MTP8PQOS, -2P45 family is available
from Motorola to make your design
job simpler and more cost-effective.

Vas

WANOSECONDS
(2

Q

S

— & —90%

f
NANOSECONDS NANO®

The TO-218 packaged units are
suitable for both U.S. and European
power supply designs. Unique lead-
spacing and package dimension
features allow regulatory agency
approval in both domains enabling
you to design one supply accepted
for both markets.

Use the 450 V units for line-operated
half-bridge, full-bridge and push-pull
configurations and the higher-voltage
types for single transistor flyback
and forward converter topologies.

Additionally-packaged in TO-204
(TO-3), the series is molehill priced
for mountains of performance.

Check O M for information.

A simple load that requires only
one-side grounding to a negative bus
can easily be switched with P-
Channel technology eliminating
extra, expensive componentry. V3,
which biases gate above source to
hold the MOSFET on, is no longer
necessary.

Schottkys extend
efficiency to 12 V.

The world’s best Schottky rectifier
process introduces an expanded
Schottky rectifier voltage — 60 V.

You now have the option of design-
ing 12 V supplies with Motorola
devices to improve efficiency and
reduce recovery noise associated
with other rectifier types.

Packaged in TO-220, the 10 A
MBR1060 Schottky offers 0.7 V¢ and
less than 6% power loss, or 94%
efficiency, at 120 W Po. Ordinarily,
you'd lose twice that with a slower
rectifier, up to now your only choice
for higher output power applications.

With the MBR1060, you gain the
same advantages for 12 V supplies as
you've enjoyed with Schottkys in 5 V
supplies.

Cool by nature, calm by compari-
son, Motorola’s broad TO-220
Schottkys exhibit lowest correlation
of temperature rise vs. forward drop
of any other types. You gain more,
lose less with Motorola....up to
175°C operating temperature.

Add a guaranteed avalanche surge,
built-in PN guard rings, freedom from
trace anomalies and virtually perfect
working barrier processes and you've
got the highest quality going in nano-
second rectification.

Discipline power with efficiency:
Motorola Schottkys.

Check O N for information.
6

The new nanosecond-switching
series is fabricated utilizing the same
N-Channel TMOS™ III process that
results in optimized cell density and
cost factors. It's the best silicon util-
ization process in the industry and
offers you the ultimate design advan-
tage: price.

There's no sacrifice in reliability or
performance. AOQ levels measure
out at less than 100 ppm, guaranteed.
And rps(on) as low as 0.1Q is available
for very &ﬁgh efficiency operation.

Prices for the 50 to 500V, 2 to 25 A
family are low in hermetic, TO-204,
(TO-3) or low-cost TO-218 and
TO-220 plastic packaging.

We'll send you Designers™ data
sheets and a new TMOS brochure.

Check O P for information.



Look into these
fibre optic connections

You'll see efficient interconnection
solutions from Amphenol Products.
Aerospace. Computer. Telecom-
munications. Industrial controls. No
matter how demanding your applica-
tion or environment, we can give you
maximum design flexibility and the
performance you need for reliable
data transmission.

We offer a broad range of fibre
optic interconnection technologies
and styles. Amphenol® and Bendix®
connectors. From epoxy/polish, to
expoxyless/polish with resilient
captivator, to epoxyless/no-polish
lens-to-lens terminations. From
©1984 Allied Corp.

single-channel, to duplex, to 29
channels in a single connector. From
low-cost plastic connectors, to SMA
styles. From rectangular styles, to
environmental circular connectors.
We have connectors for most
common fibre/cable types. For
virtually all mounting variations.
Complete factory assembled and
tested cable assemblies are available
too. If one of our Amphenol or
Bendix standard products isn’t the
solution, we'll customize a connector
or assembly for you.

Look into all we can do for you, by
contacting our nearest sales office.

CIRCLE NO 23

Amphenol Products world headquarters:
Lisle, lllinois 60532—USA—Telex 190-215

CANADA: Montreal, (514) 482-5520
e Ottawa, (613) 226-2727 ® Toronto,
(416) 291-4401 e Vancouver, (604) 278-7636

EUROPE: Austria—Vienna, (0222) 925166,
Telex: 132661 ® England—Whitstable,
(0227) 264411, Telex: 96157 e France—Paris,
(01) 5888682, Telex: 360264 ® W. Germany—
Heilbronn, (07131) 4861, Telex: 728816

o ltaly—Arese, (02) 9385161, Telex: 334899

® Sweden—Upplands Vaesby, (0760) 88035,
Telex: 17890

FAR EAST: Hong Kong—Kowloon,

(3) 681283, Telex: 39289 e India—Poona,
83363, Telex: 145337 e Japan—Tokyo,
(03) 379-2111, Telex: 232-2285

Amphenol
ANLLIED szt




Integrated Technology

State-of-the-art power MOSFET

technology, high quality
standards and highly
automated high-tech HEXFET
processing contribute to an
expected operating life of
200,000 years at 70°C.

Bullseye Wire Bonding . . .

Automated bonding puts wire exactly where
it should go . . . on the pads, not on the
active areas . . . with 100% accuracy. Result?
HEXFET gates exhibit less than 1% failures per
500,000 years at 150° C, under 10 volts of
gate bias, no less.

“Hands-Off” pays offl e

Automated laser marking of ()(;/
part number and lot number £
guarantees permanence and y

legibility for lot tracing. Marking
made immediately after 100%
electrical test assures adherence
to outgoing quality levels well
under 100ppm. Marked parts are
automatically placed in the
correct shipping container to
eliminate mixing or handling .

And it's all done without hands!

NUMBER 1 IN
POWER MOSFETSs!

CIRCLE NO 24

Environmental Security . ..

State-of-the-art epoxy enables an
average HEXFET to withstand 28,000 hours
of continuous exposure at 85°C and

85% relative humidity. (Vps=10V).

Unalterable
Chip Bonding . ..

Solders that bond HEXFET
chips to bases permit an
average 32,000 power
cyclesat AT=70°C
without decrystalization
of the solder or other
degradation of thermal
resistance.

Quite
possibly...

aHEXFET"
is forever.

Our penchant for quality has brought
unequalled reliability to HEXFETs. And it also
brings higher yields, thus lower costs. Today,
IR is the lowest cost manufacturer of power
MOSFETs. That can mean a lot to you when
you're buying.

When you order, ask for “International
Rectifier HEXFETs.”

Only HEXFETs are forever.

International
Rectifier

WORLD HEADQUARTE®NS: 233 KANSAS ST, EL SEGUNDO, CA 90245

U S A (213) 772-2000. TWX 910-348-6291, TELEX 472-0403

EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB,
ENGLAND TELEPHONE (088 33) 3215/4321. TELEX 95219



TECHNOLOGY UPDATE

Plastic-fiber-based optical links
offer low-cost, short-haul data transfer

Tom Ormond, Senior Editor

Cost has been the barrier to using
fiber-optic links in low-data-rate,
short-haul applications of less than
5M baud and 300 ft. New fiber-optic
links made of plastic (acrylic) fiber,
however, provide a cost-effective al-
ternative to coaxial cable and twist-
ed-wire pairs in such applications.
These large-core fibers—approxi-
mately 1000 pum—don’t require the
tight alignment tolerances needed
in glass- or plastic-clad silica fibers
for reasonable light coupling at the
source and detector interfaces.
Looser alignment tolerances also let
manufacturers package transmit-
ters and receivers in plastic hous-
ings, thus lowering component
costs.

In addition, plastic-fiber-based
optical links are not affected by (nor
do they emit) EMI or RFI. The
fiber is nonconductive, so there’s no
operational problem in explosive at-
mospheres. Optical systems also
provide a high degree of data-trans-
mission security because the fiber is
difficult to tap.

Acrylic fiber is also user friendly.
Although most link manufacturers
offer ready-to-go systems, you can
buy the cable yourself. You'll find
the cable-termination process quite
simple, and it requires no special
tools or expertise. You can cut the
fiber with a razor blade, for exam-
ple, and polishing requirements are
minimal. Acrylic fiber is available
from DuPont (Wilmington, DE) and
Nissho-Iwai (Los Angeles, CA).

The fiber has one additional ad-
vantage: Although plastic fiber is
lossy, it has a relatively low attenu-
ation window, around 650 nm. Most
link systems operate at this wave-
length, and the visible-light trans-
missions make system troubleshoot-

EDN NOVEMBER 29, 1984

ing easy: There’s
mystique involved.
Because the fibers available from
DuPont and Nissho-Iwai have simi-
lar transmission characteristics,
most link manufacturers spec their
systems to accommodate either one.
As a result, gross link-performance
specs are similar. However, there
are some subtle differences in data-

no optical

rate and distance capabilities, and
there are some not-so-subtle differ-
ences in price. An examination of
current data-link offerings shows

- * e

You can realize 60m transmissions at data rates to 40k baud using the transmit

how they measure up in these cate-
gories.

Hewlett-Packard’s Snap-In opti-
cal-link line includes three transmit-
ters (HFBR-1510, -1502, and -1512),
three receivers (HFBR-2501, -2502,
and -2503), simplex and duplex fiber
cables in lengths of 500 to 999m
(HFBR-3510 simplex costs $0.75/m;
HFBR-3610 duplex is $1.50/m), and
connectors—$0.40 (100). When you
combine the -2503 with the -1512
transmitter (with 60-mA drive cur-
rent), you'll have a link that accom-

iﬁ*“ o i s -
ter/receiver

components available in Hewlett-Packard’s Snap-In data-link line. Over shorter distances, link
components will accommodate 5M-baud (12m) and 1M-baud (24m) data rates.
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Design in tpb
1

family of

Choose from three
fiber optic
families.

Hewlett-Packard
gives you price/
performance flexibility
with fiber optic compo-
nents. There are three
product families to
choose from, so there’s
one that offers a practical
solution for your
application. And you
can count on HP to
meet your volume
manufacturing needs,
today and tomorrow.
Because we're com-
mitted to fiber optics.

What's more, HP
specifies and guarantees
the performance of each
fiber optic component
so you know what to
expect every time. Our
fiber optic components
are easy to use, cost-
effective and provide consistent
and reliable performance.

HFBR-0500 Series Plastic
Snap-In Link components.

Data rates to 5 Mbaud,
distances to 60 metres and low cost
make this family ideal for connecting
computers to peripherals and for
industrial control applications.
HP’s Snap-In links use rugged,
1-millimetre diameter plastic fiber
and have connectors that are quick
and easy to attach. Introduce your-
self to the advantages of this easy-
to-use, low-cost family. Try

CGo8410
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HP offers three families of products to give you solutions for a variety of distance
and data rate applications.

HP’s HFBR-0500 Snap-In Link
evaluation kit.

HFBR-0200 Series
Miniature Link components.

This family provides cost-
effective solutions for LANs, and
computer-to-peripheral connec-
tions. The optical port design
provides precision optical coupling
to small diameter glass fibers. This
family achieves data rates of up to
100 Mbaud. Evaluate the per-
formance of this family with the
HFBR-0200 kit.

HFBR-0010 Series High
Performance modules.

This family offers transparent
TTL-TTL communication inde-
pendent of data format at data rates

HEWLETT
PACKARD

(7

CIRCLE NO 25

erformpnce with HI?s
er optic components.

of up to 10 Mbaud.

A link monitor on the
receiver provides a
digital indication of
link continuity. The
HFBR-0010 evaluation
kit is your introduction
to this family.

A commitment
beyond quality
products.

Ten years of
experience and a sub-
stantial investment in
quality is only part
of our commitment to
fiber optics. Wherever
fiber optics can provide
a solution, from com-
puter to industrial
applications, HP backs
you up with worldwide
service and technical
support.

For pricing and
delivery, contact your
local Hewlett-Packard authorized
components distributor. In the U.S.,
call Hall-Mark, Hamilton/Avnet
or Schweber. In Canada, call
Hamilton/Avnet or Zentronics, Ltd.
For more information, call your local
HP sales office listed in the tele-
phone directory white pages and ask
for the Components Department.

HP: The right choices
for performance in
fiber optics.

EDN NOVEMBER 29, 1984



TECHNOLOGY UPDATE

Significant cost reductions in Motorola’s
FLCS line are made possible through a com-
bination of an all-plastic packaging system
and a permanently affixed, pc-board-mount-
able interconnect receptacle that eases as-
sembly.

modates 40k-baud data rates over
60m max transmission distances.
You can operate this same combina-
tion with only 2 mA of transmitter
drive current and realize an 8m link.

The -1512 transmitter module—
$8.10 (100)—incorporates a 665-nm
LED and is easily interfaced to
standard TTL devices. With a
60-mA drive current, guaranteed
output power (measured at the end
of a 0.5m cable) ranges from —11.2
to —5.4 dBm at 25°C and —13.6 to
—4.5 dBm over 0 to 70°C. Rise and
fall times (10 to 90%) spec at 50
nsec.

The -2503 receiver module—
$11.05 (100)—has a —39-dBm sensi-
tivity spee. It features an inte-
grated photodetector and de ampli-
fier for high EMI immunity. The
output is an open collector with a
150-pA internal-current-source
pull-up resistor and is compatible
with TTL/LSTTL and most CMOS
families. For minimum rise time,
you should add an external pull-up
resistor of at least 3.3k—V¢c must
be greater than or equal to the
supply voltage for the pull-up
resistor.

Depending on the transmitter/re-
ceiver combination, you can develop
5M-baud/12m and 1M-baud/24m
links with the other modules in the
Snap-In line. All the active devices
are housed in plastic DIPs and fea-
ture single 5V operation. For all link
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combinations, bit-error rate (BER)
specs at 107°.

Interoptics’ 100 (simplex) and 200
(duplex) Series data links provide a
50m max transmission capability.
The 100 Series consists of the
OPTO101 transmitter (driver plus a
660-nm LED) and the OPTO0102 re-
ceiver (photo diode and a receiver
IC) for $14.37 each. The 200 Series
transceiver ($27.47) incorporates
both the LED/receiver IC and the
photo diode/driver IC in one pack-
age (OPTO212). Data rates for ei-
ther link range to 1.5M bps RZ and
3M bps for NRZ; BER measures
107%.

Power coupled to the fiber at the
transmitter output ranges from —15
to —10 dBm. Typical minimum and
maximum receivable power levels
are —30 and —13 dBm, respective-
ly. The modules are designed for
pe-board mounting, feature single-
supply operation (7V max), and op-
erate over 0 to 70°C.

The plastic-fiber cable—$1/m
(10m)—has a 0.5 numerical aper-
ture (NA), 60-MHz bandwidth, 7-
nsec/m max propagation delay time,
and 0.4-dB/m attenuation at 660 nm.
You install the connector with a
crimping tool, so epoxying and ex-
tensive polishing are not required.
The connectors, which cost $6.26
(25) and $10.62 for simplex and du-

tions.

plex types, respectively, have a
coupling key to prevent reverse-
direction coupling.

The user doesn’t need to know
fiber-optic technology with this link
design because the input and output
signals are at TTL levels and re-
quire no special coding. An auto-
matic threshold-control circuit as-
sures constant pulse width
regardless of optical power fluctua-

Handling analog or digital signals, Molex’s
fiber-optic-link components are sealed
against dust and moisture. The systems
transmit 40-kHz analog or 10k-baud square-
wave signals over 60m.

Plug-to-plug compatible with RS-232C connectors, the FO-232E from Lightwave Communi-
cations offers an inexpensive way to get complete EMI/RFI immunity when interconnecting
terminals, printers, and other peripherals with computers.
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Available in simplex and duplex versions, optical links from Interoptics accommodate dc to
3M-baud data rates and feature a 50m transmission capability.

Motorola recently introduced its
Fiber Optics Low Cost System
(FLCS), which consists of a GaAlAs
infrared emitter and three detector
configurations. Although the sys-
tem provides high performance with
greater than 10-MHz bandwidth,
the design concept is simple. Sys-
tem application doesn’t require you
to have experience with fiber-optic
technology.

The $1.30 (100) MFOET71 emitter
has an 820-nm peak wavelength and
features a molded lens to maximize
coupling efficiency. Typical
launched power is 165 puW (110 pnW
min); optical rise and fall time
measures 25 nsec.

A PIN photodiode, the MFOD71
detector costs $0.98 (100). It has a
spectral response that’s matched to
the MFOE71 LED, and it also fea-
tures a molded lens for efficient
light coupling. Dark current specs
at 0.06 nA and responsivity and
response time measure 0.2 pA/pW
and 1 nsec, respectively. Total ca-
pacitance is 3 pF. The MFOD72—
$0.87 (100)—is a phototransistor de-
tector. The maximum dark current
is 100 nA, and the minimum collec-
tor-to-emitter breakdown voltage
specs at 30V. Typical responsivity
measures 125 pA/pW, and turn-on

94

and turn-off times are 10 and 60
psec, respectively. The $0.98 (100)
MFOD73 photo-Darlington detector
features dark current and break-
down voltage of 100 nA max and
60V min, respectively. Typical re-
sponsivity measures 10 mA/pW,
and turn-on and -off times are 125
and 150 psec, respectively.

Typical transmission distances,
with 100-mA drive current through
the emitter, extend to 32m for the
MFOD73, 17Tm for the MFOD72,
and 10m for the MFOD71. Each
emitter/detector configuration pro-

vides trouble-free performance at
the maximum specified cable
lengths.

The FLCS package includes all
necessary components: active de-
vice, connector, locking nut, and
mounting (pc-board) flange. You
don’t need special tools or proce-
dures to terminate either DuPont’s
or Nissho-Iwai’s cable. You cut the
fiber with a sharp blade or hot knife
and use an 18-gauge wire stripper
to expose 0.10- to 0.18-in. of bare
fiber core. Then insert the prepared
cable through the locking nut and
into the connector on the module
housing until the core tip butts
against the molded lens inside the
package. You tighten the locking
nut to lock the cable firmly in place.

Aborn Electronics also offers a
short-distance, low-cost link. The
AFL 1000 uses AMP’s DNP snap-in
connector system to provide an
easy-to-terminate, easy-to-use fi-
ber-optic link. Available in both
simplex and duplex versions, it ac-
commodates dc to 5M-baud data
rates and has a 22m maximum
transmission distance. Housed in
low-cost plastic DIPs, the transmit-
ter and receiver require single 5V
supplies and operate over 0 to 70°C.

Each link ($18 for a 5m version)
contains an LED transmitter with a
665-nm peak output wavelength and
a Schmitt trigger receiver with an

For more information . . .

Aborn Electronics
3675 Enochs St

Santa Clara, CA 95051
(408) 746-0505

Circle No 740
Hewlett-Packard Co Molex Inc
640 Page Mill Rd

770 Airport Blvd Box 20912
Burlingame, CA 94010
(415) 347-7727

Circle No 742

For more information on the fiber-optic-link products discussed in this article,
contact the following manufacturers directly or circle the appropriate num-
bers on the Information Retrieval Service card.

Lightwave Communications Inc
650 Danbury Rd

Ridgefield, CT 06877

(203) 438-3591

Circle No 743

2222 Wellington Ct

Palo Alto, CA 94304 Lisle, IL 60532
Phone local sales office (312) 969-4550
Circle No 741 Circle No 744

Interoptics

Motorola Semiconductor Products Inc

Phoenix, AZ 85036
(602) 244-4912
Circle No 745
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'The KM6 Subrack System
will never be complete...

The KM6 Subrack System has always been years ahead of its time

1981

Polarising/PCB
Mounting

Bracket

Secured to front panel
or direct to PCB. Mating
half fitted to front of PCB
guide during assembly.
Polarisation by breaking
spills and filling corres
ponding
holes.

Security PCB

Retainer

Ensures PCB's stay
electrically mated to
connectors within sub
rack. Easily assembled.
Prevents PCB’s
becoming disengaged
even in vibrative
environments.

1932

Front Panels

An increased variety
of front panels for PCB
mounting. Just look
around . . . you'll notice
them everywhere,
good looks and
quality where ~
it counts.

N

Horizontal
Mounting Kit

Horizontal Mounting
Kit accommodates any
size of PCB within width

Telephone: (714)

Leaders in packaging technology

EDN NOVEMBER 29, 1984

1933

PCB Ejector/

Injector

Unique saddle
operated Injector/
Ejector means
increase in number of
connector contacts
without difficulty of
inserting and
retracting PCB’s from
subrack.

Unit operates within
confines of subrack,
utilising normal front
panels, hinged or
otherwise.

BICC-VERO ELECTRONICS INC.

171 Bridge Road Hauppauge New York 11788
Telephone: (516) 234-0400 TWX: 510-227-8890

4001 Leaverton Court Anaheim California 92807

630-2030 Telex: 277732

CIRCLE NO 26
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9U KM6. Flexibility in Packaging
Triple High Eurocards

Anticipating packaging needs has always been
our strong point.

KM6 is now available in 9U heights for those who
need the extra ‘real estate’ a triple high Eurocard
offers.

Needless to say you can also mix single and
double Eurocards along with triples.

Mixing different depths?
No problem.

L0 7LD

SOSSSSSSS

SCSSSSSS

—
T rrmere—

It will never be complete because our
programme of improvement and
innovation will never cease. .
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open-collector, LSTTL/TTL-com-
patible output. An external resistor
lets you adjust receiver sensitivity
(threshold). The receiver will drive
eight TTL loads. Propagation delay
is 140 nsec max.

Digital or analog applications

Molex specifies end-to-end elec-
tronic performance of its links so
you don’t have to worry about fiber-
optic technology. The firm’s initial
TTL-compatible offering handles
40-kHz analog signals or 10k-baud
square waves. Transmission capa-
bilities range to 60m.

A proprietary connector design
integrates the alignment mecha-
nism into the optoelectronic devices
and the outer jacket of the acrylic
cable. The device-to-fiber interface
is sealed and uses a lens to conserve
optical power.

The firm offers simplex and du-
plex configurations. The simplex
system’s optoelectronic devices can
be wave soldered into a pc board
and then covered with a rugged
cable-retention housing. The duplex
system is built into a connector
housing and is interfaced to external
electronies through a standard
Molex 7990 connector. Transmitters
and receivers require 5V supplies
and operate over —30 to +80°C.
System BER specs at 107°.

Molex offers kits (simplex, $30;
duplex, $60) to help you evaluate
link performance. Each kit contains
a transmitter, a receiver, a 3m ter-
minated cable assembly, and a pc
board that contains the electronic
interface circuitry.

Providing dedicated service

The $90 FO-232E from Light-
wave Communications is a full-du-
plex optical modem that transmits
asynchronous data. It’s plug-to-plug
compatible with RS-232C 25-pin
connectors that meet EIA RS-232C
and CCITT V.24 specs. Developed
to let you interconnect terminals,
printers, and other peripherals to
computer equipment, the FO-232E
offers a simple, inexpensive solution

to maintaining data integrity in haz-
ardous environments, plus complete
immunity to EMI/RFI, without sac-
rificing speed.

Housed in a 0.625x2.125X2.75-
in. package, the modem can trans-
mit data over 250-ft distances at
19.2k bps. Available in both DTE
and DCE versions, it specs a 107°
BER. Operating range spans 0 to
50°C, and power requirements are
12V dec at 100 mA. Source and de-
tector functions are provided by
LED and PIN photodiodes, respec-
tively. Receive sensitivity measures
50 nW.

Standard models feature SMA-
type fiber connectors; AMP Opti-
mate devices are optional. The elec-
trical interface employs a male
25-pin D-subminiature connector,
but female units are also available.
You can also order preterminated
cable assemblies. EDN

Article Interest Quotient
(Circle One)
High 503 Medium 504 Low 505

HOW’S YOUR
PROFESSION?

EDN wants to know about you and your
profession.

Are you completely satisfied with your
career? Would you like to see changes
in your working environment or the
electronics industry? Is your compa-
ny treating you fairly? Thinking about
changing your job or geographical liv-
ing area for career growth? Getting
enough support from IEEE or other
electronics industry associations?
Want to pass along some of your
management techniques to others in
your field?

We'd like to hear what you have to say.
By understanding some of the
problems you face, EDN can call at-
tention to important issues affecting
your profession.

Professional Issues is your section. But
we can'’t address critical topics without
your help. Write or call section editor
Deborah Asbrand with your ideas.

EDN: Everything Designers Need
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For 15 years, Calma’s been the
big fish in a microscopic pond —
the intricate world of computer
aided IC layout.

Now we're going into business
on a much larger scale —PCB
layout.

INTRODUCING T-BOARDS
—A BIGGER HELP.

Our new T-BOARDS" soft-
ware can give you more help than
any other PCB layout software.

What other system, for instance,
can give you fast automatic inter-
active routing of up to eight layers
simultaneously.

And automatic interactive
placement.

And on-line connectivity and
clearance checking.

And a full color view of multiple
layers.

And correct-by-construction
methodology.

Allin one package.

T-BOARDS is capable of han-
dling 32"x 32!'32-layer boards, and
features pop-up menus, real-time
checks to make sure layout mirrors
design, and 1 mil precision.

BIGGER AND BIGGER HELP.

T-BOARDS alone can cut
your workload down to a manage-
able size.

But it doesn’t stop there.

When brought into Calma’s full
TEGAStation environment,
you'll have a complete front-end
workstation system for schematic
capture, advanced simulation
and testability analysis —all using
just one database.

SERVICE AND SUPPORT—
MAYBE THE BIGGEST HELP.

For 15 years, Calma’s been put-
ting a comprehensive service and
support organization in place.

In 60 places, for that matter.

All over the world.

We offer a variety of service

plans, hardware and software sup-
port, education programs —even
a hotline.

Error lockout and dynamic checking.

Red rectangle shows clearance violation.

BIG COMPANIES HAVE
BIG ADVANTAGES. ONE OF
OURS IS GE.

PCB layout systems are a long
range commitment.

No way do you want the
company you're buying them from
to fold in the short run.

Calma’s been here for 15 years —
an institution in this mercurial
business.

General Electric, our parent
company, has been here over 100
years. And firmly believes elec-
tronics is the foundation for the
next 100 years.

Giving Calma the resources
and commitment to be here much
longer.

Which, if you plan on future
growth in total automation, makes
a big difference.

Call (800) 626-2001 extension
801 for specifics.

cajma

Calma Company is a wholly-owned subsidiary of General Electric Company, U.S.A. @ is a registered trademark of General Electric Company, U.S.A.
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THE QUALITY
OF OUR
THINFILM
DISCS
ISAS GOOD
AS GOLD.







IF YOU WAN'T
THE FASTEST
64K PROM,
YOULL HAVETO
PAYA LITTLE LESS

Max. TAA Max.Taa Max.

Commercial Military ICC
64K (8Kx8)
937565 55ns 65ns 180 mA
93Z565A 45ns 55ns 180 mA
16K (2Kx8)
937511 45ns 55ns 175 mA
8K (1Kx8)
937451 40 ns 55ns 135mA
93Z451A 35ns 45ns 135 mA
Availablein 24-pin dual-in-line and 28-pin leadless chip carrier.
8K and 16K also available in 24-pin flatpak and 300 mil DIP.

The Fairchild 93Z565A.. One of the first
64K PROMs on the market and still the
fastest. Giving you access time of 45 ns.

But that’s not all.

Since we've been making them for over
two years, we also know how to make them
more cost-effective for your application.
Which means you can confidently design
with our 64K now and realize a lower cost-
per-bit at the system level. And you'll find
one 64K to be significantly more efficient
than several 8K, 16K or 32K devices.

If you have an application requiring

MEMORY
AND HIGH SPEED
LOGIC

From Puyallup, WA.

FAIRCHILD
ST s R
A Schlumberger Company

high speed at a lower density, we have a
16K PROM at 45 ns and an 8K PROM at
35 ns. Both in space-saving 300 mil DIPs.

It all adds up to the fastest PROM family
ever built. PROMs that use Fairchild’s
Isoplanar-Z™ technology. With vertical fuse
technology giving you one of the highest
programming yields in the industry.

Our family of high-speed, low-cost
PROMs is available now. For more
information, contact our local sales office
or your nearest authorized Fairchild
distributor today.

Fairchild Memory and High Speed Logic Division, 33309 1st Way South, Federal Way, WA 98063-9701

Isoplanar-Z is a trademark of Fairchild Camera and Instrument Corporation.
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Still First. Still Best.
TheToughest Fiber Optic
Connectors in the World.

The military specifies only the most reliable So if you need the toughest fiber optic con-
fiber optic connectors for use in field, shipboard and nectors in the world, contact your Hughes repre-
undersea communications. So they choose Hughes. sentative or phone Jack Maranto at 714-660-5759.

They demand rugged bodies, super sealing, Or write Hughes Aircraft Company, Connecting
low insertion loss, precise alignment, repeatabil- Devices Division, 17150 Von Karman Avenue, Irvine,
ity, field termination and simplicity. The ultimate CA 92714. In Europe: Hughes Microelectronics,
in performance. ; K Ltd., Clive House, 12/18 Queens Road, Weybridge,

We're proud to be first with the military, for Surrey KT13 9XD, England.
their land, sea and undersea fiber optic connec-
tor applications.

L <4
HUGHES AIRCRAFT COMPANY
CONNECTING DEVICES DIV.
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TECHNOLOGY UPDATE: NEW PRODUCTS

Analyzer packs waveform, spectrum,
and network analysis in one box

Integrated measurement tools are
not unusual; however, finding one
aimed at analog-circuit design is.
Model 3562A dynamic signal analyz-
er combines a waveform recorder,
spectrum analyzer, and network an-
alyzer in a benchtop instrument that
analyzes signals from near de to 100
kHz. It doesn’t stop at data collec-
tion but also does extensive data
and design-parameter manipulation
and display as well.

The signal analyzer itself is a
dual-channel, fast Fourier trans-
form (FFT) analyzer. Its two chan-
nels are closely matched to a =0.1
dB and *=0.5° frequency- and phase-
response accuracy. They feed the
incoming signals to two 13-bit ana-
log/digital converters that have 80
dB of dynamic range, 10 dB better
than previously available.

As a waveform recorder, the
3562A digitizes waveforms contain-
ing frequencies to 100 kHz with
complete antialias protection. Each
recording is 2k words long, and the
instrument stores as many as 10
recordings internally. For subse-
quent time-domain or frequency-do-
main analysis, you can recall either
a single time-domain record at a
time or a concatenated display of as
many as 10 records. The 3562A di-
rectly controls external disk drives
(IEEE-488 compatible) and stores
as many as 32,000 records per re-
cording session without needing an
IEEE-488 controller.

As a dual-channel spectrum ana-
lyzer, the unit achieves 25.6-pHz
resolution anywhere within its
64-uHz to 100-kHz measurement
range. Because it is a dual-channel
unit, you can display the full 100-
kHz spectrum on one channel and a
magnified or “zoom” spectrum on
the other for more detailed analysis.
Or you can display both time and
frequency traces simultaneously.
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You can store as many as 32,000 record-
ings on disk during a single analysis session
when using Model 3562A. It can extract
design parameters like the open-loop or im-
pulse response from measured data. It also
serves as a design tool by accepting design
parameters like pole and zero locations and
generating displays like Bode plots from
them.

Single-channel accuracy is £0.15 dB
with 80 dB of dynamic range. You
can resolve 0.001 dB using the sin-
gle-point harmonic and sideband
markers. You can also do modula-
tion analysis and demodulate AM,
FM, or PM signals having carrier
frequencies to 99.9 kHz.

In its role as a network analyzer,
the instrument brings into play its
built-in signal source. The source
generates either random noise for
nonlinear device testing or sine
waves for linear devices. Both types
of input signals are band-limited
and band-translated to reduce out-
of-band effects.

The instrument has three modes
for frequency-response measure-
ments: linear-resolution FFT, loga-
rithmic resolution FFT, or true
swept-sine. With the linear-resolu-
tion FFT technique, the 2k-word
time records get transformed into
801-line frequency spectra. Fre-
quency-response magnitude and
phase as well as input and output
power spectra get measured with
801 lines of resolution to accuracies
of £0.1 dB and =0.5° over an 80-dB
dynamic range. For display of re-

sponse over two to five decades of
frequency, the logarithmic-resolu-
tion FFT mode combines the linear
resolution points to create 80-point/
decade measurements.

To allow the instrument to func-
tion as a true swept-sine frequency-
response analyzer, the source
makes programmable linear or loga-
rithmic sweeps with increasing or
decreasing frequencies. An auto-
ranging sweep function makes it
possible to test active devices with
more than 130 dB of dynamic range.

The computational capabilities of
the 3562A are extensive. For exam-
ple, you can first model the ex-
pected response of your system on
the instrument before you test it.
The HP 3562A will accept a system
description in a pole/zero, pole/resi-
due, or ratio-of-polynomials format
and generate a display of magnitude
and phase over a specified frequen-
cy span. Or you can work backwards
and extract as many as 40 poles and
40 zeros from your measured fre-
quency-response data.

Also, the built-in waveform math
lets you manipulate entire blocks of
data. For instance, you can convert
closed-loop measurements to open-
loop responses for stability analysis.
Or you can use the inverse FFT
function to derive the impulse re-
sponse of a system from measured
data.

In addition, a number of applica-
tion-specific programs are provided
by the manufacturer as well as by
third-party vendors for structural-
vibration analysis, acoustic-intensi-
ty measurements, and rotating-ma-
chinery analysis. Prices start at
$22,500. Delivery, 16 wks ARO.

—Chris Everett

Hewlett-Packard Co, 1820 Em-
barcadero Rd, Palo Alto, CA 94303.
Phone local office.

Circle No 716
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CHABIN'S TLA* APPROACH
CAN PERFORM ANY NUMBER
OF CREATIVE SOLUTIONS

FOR YOUR

HIGH-SPEED INTERCONNECT
REQUIREMENTS.

Your problem didn’t come off the

shelf. The answer shouldn’t either.
It's problem-solving flexibility that

brings all the major manufacturers to

Chabin Cerporation. Besides understand-

ing high-speed, high-frequency data trans-

mission and the associated problems of

signal fidelity and high-density packagmg,

we know how to antici- mammy =/~

pate, adapt, and move

quickly in an ever-chang-

ing industry. Equally im-

portant, we're small

enough to give your

problem the personal

attention it requires,

but large enough to

meet sophisticated pro-

duction demands.

Copyright 1984, Chabin Corporati

Chabin provides complete support for
the design engineer. We're consultants.
Supplying technical information when you
need answers. We're innovators. Charting
new courses in design, electrical, and
packaging engineering, just like you. We're
manufacturers. Offering a state-of-the-art
tooling, testmg, and production facility, all

in one. But more than
* anything else, we're
people. A team of
professionals who be-
lieve interconnects are
more than just wire,
cable, and connectors.

In the many years
Chabin has been in

business, we've solved all kinds of serious
noise problems and prevented many po-
tential disasters. In the process, we've
perfected the most flexible concept in
cable/connector design available to the
design engineer. One that will lead you to
think in terms not of /imitations but of
possibilities. That concept is the Trans-
mission Line Assembly (TLA™).

Chabin’s TLA™: Functionally
designed, gracefully executed.

The TLA™ is no run-of-the-mill cable
assembly intended for just any application.
It was developed expressly to meet the
complex demands of high-speed logic data
transmissions, and now to tackle the un-
compromising signal-purity requirements




of the electronics industry.

And Chabin’s compact, elegant packaging
solutions makes our TLA™ the ideal
choice for any application requiring high-
density cabling within strict space
limitations.

Chabin’s TLAs are available in “stan-
dard” configurations which can be easily

DESIGN FLEX

adapted to your single or multiple signal
applications. And because our connectors
are designed to accept a wide range of
cable types, we gain the flexibility to
choose the perfect cabling to meet your
electrical requirements and mate it to the
ideal connectors to meet your mechanical
requirements.

It’s Chabin’s design flexibility that will
help you meet the rising challenge of
higher speed and smaller size in advanced

circuit technology. So bring us your tough-

est cabling requirements. We’ll develop
solutions — before you face even
the first problem.

CIRCLE NO 32
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*TLAs are a family of cable assemblies value engi-
neered to address the needs of high-speed ditigal
electronics. Impedance-controlled cabling with a
high velocity of propagation is used to minimize
waveform distortions. The connectors are intricately
designed to allow for high-signal density and
molded onto the cable to guarantee reliability.

Chabin Corporation
890 Fortress Street, Dept. E
Chico, California 95926

916/891-6410

PREVENTIVE DESIGN FOR THE
PROGRESSIVE ENGINEER.

*TLA is a registered trademark of Chabin Corporation
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company that has
all the oil it needs
use solar power?

"To save money, thats why.
Today, cost-conscious oil com-
panies are using Solarex modules to

power remote telemetry units by
the thousands — in oil and gas fields
all over the U.S.

These modules are photovoltaic
power cells, which convert sunlight

CIRCLE NO 33

Why wouid e

y

What :
Well, compare solar power to
primary batteries.

Batteries die, and have to be re-
placed frequently.

(In fact, when you consider
what it costs to replace a battery—
including labor and disposal —
you end up paying many times the
original price.)

Photovoltaics, on the other
hand, last 20 years.

There are no fuel costs, ob-
viously. And with no moving
parts, the systems require little

Tl
SOLAREX

no maintenance. = -~
Thatmeans a Solarex installation
pays off quickly — often in two years .
or less.

Plus, we're experts at tailoring
our technology to yours —no matter
what the application. So from the
start, we make your job easier.

And nows the perfect time to buy
solar. Photovoltaic power costs half
of what it did, even four years ago.
What other kind of energy can

make that claim?

Write Solarex Corporation,
Dept. 8-701, 1335 Piccard Dirive,
Rockville, MD 20850, USA.



SPRA : l I Ii The choice is Sprague for solid tantalum capacitors! Sprague Type 199D
Epoxy-Coated Solid Tantalum Capacitors, the first of their kind, are now better than
ever...lower leakage current. . . higher operating temperature to +125°C with
MAKES I I voltage derating . . .new smaller sizes. Four lead styles to meet your needs. ..
also taped and reeled for low-cost automatic insertion on printed wiring boards. All

delivered on time at competitive prices. Write for Engineering Bulletin 3547C SPRQGUE
e to Sprague Electric Company, 491 Marshall St., North Adams, Mass. 01247. e
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Pot-Core 9 18 9% 28 Bi8 18 ~ 188 125 PC board 6 2 '3 39 — — 9.3 103
Laminate (power) — 18 46 12 8 18 189115 Dry reed —_ 29 29 42 — — 9.6 145
CONNECTORS Maccuy - 14 57 29 — — 95 167
Military panel = 9 3 28 — 28 16.1 149 Solid state — 20 S0 20 10 — 102 109
Flat/Cable 1 47 288 5 = 11 = 6.5 DISCRETE SEMICONDUCTORS
Multi-pin circular - 30 40 10 — 20 116 13.9 Diode 13 30 27 10 20 — 96 9.2
PC — 46 31 8 — 15 93 6.6 Rectifier — 31 &3 6 26 6 127 85
RF/Coxial — 42 24 17 — 17 108 85 Thyristor — 37 37 14 6 6 94 103
Socket 20 56 1% — | = 10 oS4 59 FET — 21 |48 27 6 6 114 11.9
Terminal blocks 4 52 T 26 9 B 9 s 5.7 Zeners 5 30 33 13 5 8 96 85
Edge card 6 62 18 6 — 8 78 79 |NTEGRATED CIRCUITS, DIGITAL
Subminiature 8 50 28 — [~ 17 83 83 CMOS = 4 12 36 32 16 201 148
Rack & panel — 55 18 9 — 18 96 84 TTL = 6 11 39 22 22 198 143
Power 13 26 38 — I= 25 #8E 5.7 LS 4 4 3 54 17 17EsBE 170
PRINTED CIRCUIT BOARDS INTEGRATED CIRCUITS, LINEAR
Single sided — 2 42 20 = — - 886 81 Communication/Circuit —  — 20 54 13 13 | 17.7.16.6
Double sided = 25750 25 F=— — _ 88 90 OP amplifier 6 17 22 44 — 11 12.6 146
Multi-layer = — 8 67 & — =144 Voltage regulator — 19 24 33 10 14 145 120
Prototype — 61 [ 1R 22 =% — 6.1 3.6 MEMORY CIRCUITS
RESISTORS RAM 16K — — 37 25 25 13 175176
Carbon film 38 31 TH58 12 . — 48 3.6 RAM 64K 8 8 l2a 23 23 15 1 163 19.7
Carbon composition 13 25 oI 21 4 — s 5.7 RAM 256K 17 — 88 — T 17 B —
Metal film 18 25 43 14 7= — | B2 50 ROM/PROM 17 — 25 42 8 8 133 166
Metal oxide i1 37 26 26 i~ — - 0 3.8 EPROM 12 — 29 35 12 12 148 167
Wirewound — 17 548 29 = — 93 75 EEPROM — — 80 40 0 — PiB 195
Potentiometers — 41 g7 22 = — 78 85
DISPLAYS
fictvorks — 2N 0B SENR e Panel meters 8 42 25 17 8 — | 76 9.2
FUSES Fluorescent 18 25 25 25 12 — | 958 96
48 29 18 5 — — 28 25 Incandescent 13 13 3 25 13 — 105 60
SWITCHES LED 6 6 52 18 18 — 118 79
Pushbutton 26 21 (88 16 5 — 6.8 6.9 Liquid crystal — 25 34 25 8 8 118 13.7
Hotary 6 41 35 18 — — 6.5 10.0 M'CROPROCESSOR lcs
Rocker = 50 49 30 B= — 8 66 8-bit 17 6 11 33 22 11 154 —
Thumbwheel 9 18 18 55 — — 110 938 16-bit = 10 10 40 30 10 183 —
Snap action — 36 28 36 — — B 7.7 FUNCTION PACKAGE
g'°""?"‘|?'y = 22 :g 25 = — 2‘3 ;'3 Amplifier ~ I Fra BEi 0
UG — > B — - : Converter, analog to digital — — 8 45 11 11 161 120
WIRE AND CABLE Converter, digital toanalog 10 — 40 30 10 10 137 10.8
Coaxial 11 50 22 11 6 — 6.1 59
Flat ribbon 20 45 [ B9 5 5 — o8 5.2 LINE FILTERS 10 10 40 30 — 10 413 9.0
Multiconductor — 31 (808 13 &6 — [ 88 5.7 - :
Hookup 9 29 (11 4« 0% — [ W a6 CAPACITORS
Wirewrap 5 20 (8 14 0¥ — | B a4 % S 8. 29 BA 17 EEN 4 BEEE 7.2
Pawercorde 17 38 33 6 5 — 59 46 Ceram!c rtTonohthuc — 33 33 22 6 6 102 9.0
Other T 20 40 20 20 — 120 47 Cgramlc disc 17 33 33 11 — 6 6.9 6.7
Film — 39 39 14 — 8 86 7.2
POWER SUPPLIES Electrolytic 8 34 25 25 4 4 90 94
B 13 fe O7 NS S EEMN2  Tanteum 5 35195 20 = 5 084101
CIRCUIT BREAKERS
1116 28 39 6 — 104 94 INDUCTORS W BESE 33 EEEM 17 14.6 11.0
HEAT SINKS
17 44 018 26 B=0 — 6.1 43 Source: Purchasing magazine's electronic business survey
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SPLCTRUM ANAlY 21 r
10K %2 SNA
Wande! & Goltermann

[ ANALOG CONTROL

TiTeme ey

[ SWEEP RANGE

Sctr ‘ Network Aalysis
Simpler and greater accuracy, at last!

Precision, even with simpler oper-
ation? The SNA-1 Spectrum and
Network Analyzer, 100 Hz to

180 MHz, offers both at the op-
timum.

Simple operation:

For overview measurements, the
“analog” settings with three
knobs for center frequency,
sweep width, and level range are
obviously useful. On the other
hand, known parameters are best
entered exactly and easily via the
keypad. Thanks to the “soft-
keys”, the rest is easy. Complete
standard setups can be stored, or
else setting and evaluation are
taken care of by computer via the
IEC 625/1EEE 488 Interface.

Accurate measurements:

The SNA-1 offers the stability of a
synthesizer and the high accuracy
of our classical level measuring
setups, with which we have
achieved such worldwide suc-
cess. Indeed, bandwidths starting
at 3 Hz and a level measuring
range down to —130 dBm speak
for themselves.

The evaluation? Very easy: cali-
brated electronic graticule, par-
allax-free readings, two digital
measurement curve stores
(measurement, reference/differ-
ence), superimposed measuring
traces and tolerance limits as well
as alphanumeric display of all im-
portant parameters.

For easy documentation, the com-
plete formatted measurement
results are shown on the video
screen and are available as hard-
copies from a graphics/video plot-
ter or by photographic recording.
Are you looking for such an instru-
ment? Then just request detailed
information about the SNA-1 and
its interesting price.
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Please send me:
O Information about the SNA-1

. O An applications engineer to

advise me

Name

; Firm

Address

' Wandel & Goltermann
P.O.Box 45 - Abt. VW

D-7412 Eningen u. A.

Fed. Rep. of Germany

Tel. +(49) 7121-89 11

Telex 729833wugd
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Integration Can Be a Beastly Problem.

project. Which means your engineers
actually work together harmoni-
ously—whether they’re side-by-side

or far apart. And that allows each
engineer in your team to simultane-
ously see what other members are
doing. So the pieces fit together.

St.Louis Washington,D.C. Portland Atlanta Detroit Orlando

The first time. And in less time.

The result: increased productiv-
ity, better communication and fewer
errors. Contact CAE Systems, Inc.
today at: 1333 Bordeaux Drive,
Sunnyvale, CA 94089, (408) 745-1440.
Get the ideal integration of man

and tools to conquer tomorrow’s
beastly electronic design problems.

CAESYSTEMS inc.

We Understand
Engineering Integration

European Headquarters: Switzerland
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BRILLIANT ON YOUR BENCH.
LIGHT ON YOUR BUDGELT.

New 572-digit
Keithley 197 DMM
brightens a bench
for under $600.

52 ISONLY THE START.

This Keithley starts by giving
you the versatility you expect
in a general-purpose meter.
Then, add 1xV, 1ImQ, 1nA
sensitivity and 0.011% DCV
accuracy to 5 full functions,
and you've got an unexpected
combination of versatility and
sensitivity.

But the latest technology
takes it even further beyond
the expected in performance,
convenience, and value.

5% + EXTENDED

ohms from 1mQ to 220 M{Q, and

current from 1nA to 10A on 6
ranges. This extended capabil-
ity is easily read on the
220,000 count display, with
full annunciators for your
beyond-the-ordinary measure-
ments. Digital calibration
locks in this performance.

5% + CONVENIENCE.
The fast AUTORANGING
and front panel simplicity will
make the 197 your favorite
meter. But there’s more.

The 100-point DATA LOG-
GER lets you store readings
at 6 different rates or by

manual trigger.
The RELATIVE reference

button lets you zero out any on-

scale reading with one touch.

5v2 + IEEE-488 +
ANALOG OUTPUT.
Here's the low-cost way to put
the 197 on the GPIB with
range programmability on
volts and ohms, talk/listen
capability, trigger, SRQ, and
other commands. Order the
IEEE option alone or with the
isolated analog output.

5% + VALUE.
Add it all up. We think you'll
agree the new 197 is a highly
sensitive, accurate, and ver-
satile tool that belongs on
your bench. All for a base
price of $595. IEEE option:
$225.

For complete details, con-
tact Keithley Instruments
Telemarketing Dept. at (216)

PERFORMANCE. There’s also MIN/MAX 248-0400, or 28775 Aurora
. The 197 offers voltage reading hold and direct- Rd., Cleveland, OH 44139.
\\ measurements from 1uV to reading dB. For portability, the
i M 1000 V, TRMS AC to 100 197 can be ordered with a

{ 1 kHz, automatic 2/4 wire

DATA LOGGER

S8TO/CLR RCL

rechargeable battery option.
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“People developing software for the TMS 320 . . .

should not be without this book and the accompanying software’ **

DIGITAL SIGNAL PROCESSING SOFTWARE

with advanced applications on the

T1 TMS 320 DSP MICROCHIP

consists of a 500 page, tutorially-orientated text and programming/users’ manual; more than 50
tested FORTRAN, MACRO-11, and TMS 320 programs in machine readable DEC or MS/PC-DOS
source floppy format; and a powerful TMS 320 cross assembler. Of course, all TMS 320 cross
assemblers can assemble TMS 320 code! But, only DSPS-Macro, because it runs under MACRO-11
or Microsoft Macro, allows the user to invoke the powerful repeat [.REPT], concatenation [’], and
numeric conversion [\] operators for user macros. The following examples vividly demonstrate what
these capabilities buy you in terms of ease of generation of time-efficient “320 code such as
DSPS’ FFT’s, with 64/128/256 complex point transforms executing in 0.53/2.4/6.1 msec.

128’th Order FIR Filter: Only two short macros and a 5-line repeat sequence
generate the complete nucleus of a 128'th order, 400 nsec-per-tap, finite
impulse response filter, assuming that a file containing COEF 1,c1; COEF 2,¢2;

. COEF 128,c128 (where the c’s are scaled, 13-bit integers) has been
generated by any high level language filter design package, such as those in
the IEEE Programs for DSP book:

.MACRO COEF |,) .MACRO TAPGEN | | = 128.
CFl =) LFD<e= -REPT 128.
.ENDM MPYK CF'I TAPGEN \I
.ENDM I =1-1
.ENDR

What could be simpler?

Variable Shift of a 32-bit Integer, plus Exponent Adjustment: In TI's Floating-
Point Arithmetic DSP Application Report, the 30 required subroutines occupy
about 10 pages of code (over 400 source lines) vs. only 1 page of code (about
50 lines) required for DSPS-Macro. Although both programs assemble into the
same amount of object code, the compact DSPS approach is easier to write,
debug, and maintain, and results in a much smaller and thus more readable
source program.

10’th Order Leroux-Gueguen LPC Matrix Inversion (included in our package):
The lack of indexed data addressing on the TMS 320 makes our autogen techni-
que both attractive and realistic for programming ‘“non-array-like”’, looped
algorithms involving indexed data access. In the -G program, about 60 lines
of clear, readable, ‘/looped’” code — which reflect the
structure of the original FORTRAN prototype program — generate about 600
lines of TMS 320 in-line code which execute in 300 usec (including 10 calls
to divide): nearly 3x faster than a leading $50,000 floating-point array processor.
The alternative, a “/looped-at-run-time’’ version, would execute more than
twice as slowly. And, writing a correct in-line version manually would be very
difficult indeed, and totally inappropriate in view of the power of DSPS-Macro.
Similarly, in our 535 usec 64 complex-point FFT (DSPS-2), about 150 source
statements — which again echo the structure of the FORTRAN prototype —
expand into 2900 lines of object code, with all control, addressing, and trig
coefficients absorbed into the code at assembly time.

And, DSPS-Macro allows use of other powerful features such as conditional
assembly, macro nesting, and macro calls within macro definitions (including
recursion). Finally, while we guarantee that DSPS-Macro assembles TMS 320
code correctly, DEC and Microsoft guarantee the long-term support, stability
and availability of the MACRO-11 and Microsoft Macro “‘supervisors”’.

BOOK CONTENTS/REVIEW

 Digital Signal Processing Algorithms & General Purpose Computers ¢
PDP-11 & Macro-11 Assembler ¢ Structures For Control, Data Access & Data
Manipulation ¢ Compilers, Computers, & High-Level DSP Software
o Systematic DSP Programming & DSP Systems Programming ¢ TMS 320 DSP
Microchip : Architecture : instruction set; address modes; page, pointer, and data
manipulation. Arithmetic sequence programming: data and coefficient scaling;
addressing and instruction ordering strategies; utilities. Modular programming:
subroutines and argument passing, case branch, threaded code, interrupt
service routines, memory overlays. Input/output. Data and coefficient scaling
techniques. Time/space tradeoffs via autogen. DSP case studies: A/D, D/A, ulaw
mapping, windowing, FFT butterfly, convolution, biquad filter, nodems, square
root, software sine & divide. LPC: limited-memory, 32-bit autocorrelation
(3 msec for 200 point, 10 lag); L-G matrix inversion (300 usec for 10'th order);
lattice speech synthesis (20 usec/point, 10’th order); pitch detection.
Comparative performance: Tl vs. Fujitsu vs. J-11. Software development systems:

Software emulators. MACRO-11 and MS-DOS cross assemblers; TI EVM
board/host communication. Next generation TMS 320. A Tale of Two
Architectures: PDP-11 vs TMS 320 ® The Future: New Technologies ®

The reviews are now in on our DSPS-3 package; in the Jan/Feb 1984 issue of
Speech Technology, Dr. E. Randolph Cole at the Information Sciences
Institute, U. of S. California, states: “‘People developing software for the
TMS 320 ... should not be without this book and the accompanying
software’** “the software is a bargain for those who can use it”, “‘the techni-
ques of real-time software writing are the strength of the book”’, and ““we're talk-
ing about powerful real-time software here’’, and “this is the clearest, most con-
cise tutorial on the TMS 320 | have seen anywhere””. We appreciate Dr. Cole’s
remarks, and we know that the hundreds of copies of the DSPS-3 book and
software now in the field have easily saved their owners the purchase price in
the first week or two of software development on the TI TMS 320.

Complete package (DSPS-3), only US$299. Includes 500 page
book and floppy with cross assembler, EVM/XDS loader, and
50 source programs (e.g., TMS 320 windowing, IR, FIR kernels;
LPC autocorrelation, L-G matrix inversion, & lattice synthesis).

Send cheque or PO specifying PDP-11/VAX-11 or MS/PC-DOS
version. SPECIAL: DSPS-2, the 64/128/256 point FFT software
is now only US$199 if ordered with DSPS-3. Guaranteed
off-the-shelf delivery by first class air mail upon receipt
of order. Phone (613) 825-5476 for information.

ﬂﬂ(( l( il Dl }l

Signal Processing Sof ware, Inc.

P.O. Box 5348, Station F, Ottawa, Canada K2C 3J1
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Integrated development tools /ubricate the software design cycle.
(Photo courtesy Zax)




SPECIAL REPORT

INTEGRATED
DEVELOPMENT TOOLS

Projects go faster if your development system is move than a
disjointed collection of tools. Development-system utilities
that have uniform commands and compatible outputs smooth
the transition from one design step to the next.

Charles H Small, Associate Editor

You can’t spot an integrated development system by
looking at its hardware. A collection of hardware might
plug together easily, but that doesn’t mean the sys-
tem’s integrated. Actually, you need to be concerned
with hardware compatibility only when you’re hooking
the development system up to your target system.
From then on, it’s the software that you use as you step
through the software design cycle (Fig 1). Therefore,
the degree of integration of the software tools deter-
mines just how integrated a development system is.

In fact, integrated software needn’t be entirely de-
pendent on hardware; many sets of integrated develop-
ment utilities can run on more than one manufacturer’s
hardware. One product offering a high level of integra-
tion is Tektronix’s suite of integrated software that
runs on the firm’s 8500 Series development systems,
whose hardware comprises a terminal, a controlling
Model 8560 computer, and an emulator box. The com-
puter’s heart is a DEC LSI 11/23, so the code also runs
on the DEC VAX (although a system incorporating the
VAX won't exhibit the hardware integration of the
all-Tektronix system).

You can thus run the same software and do the same
tasks on two vastly different physical systems. Except
for the fact that the Tektronix/DEC system has greater
speed and bigger disks, you can’t tell if you're using the
Tektronix or the DEC computer. Similarly, Motorola’s
development software for the firm’s HDS-400 and
HDS-200 emulators will run on a DEC mainframe or
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the firm’s VME/10. Further, Kontron makes both a
Unix box that complements its KDS development sys-
tem and a hard-wired link to DEC mainframes. Indeed,
you can expect virtually every development-system
maker who hasn’t done so already to come out with
DEC-compatible software tools soon.

In addition to manufacturers of complete develop-
ment systems that run integrated software suites,
consider firms that make stand-alone emulators: for
example, Zax, Microtek Lab, Huntsville Microsystems,
Relational Memory Systems, and Applied Microsys-
tems. A simple dumb terminal can control these firms’
in-circuit emulators. But they all now offer control
programs that run on common personal computers. The
software for these systems resembles that of early

Whether running on a DEC mainframe or on the firm's 8560
development station, the integrated software for Tektronix's 8500
series supports a project from definition through debugging.
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Integrated software systems
run on superminicomputers

development systems from IC vendors. You can inte-
grate your own development system if you add the
newer high-level-language compilers available for per-
sonal computers.

Whether you choose to call such a collection an
integrated development system is up to you. The
Sophia Systems SA700, for example, has a built-in
CRT, keyboard, processor, and floppy disk. It also
sports in-circuit emulators and a PROM burner. The
processor can run some CP/M-based or Intel develop-
ment software. Yet, the firm prefers to call it a stand-
alone in-circuit emulator rather than an integrated
development system.

ZAX (which was, until recently, considered to be a
maker only of stand-alone in-circuit emulators) now also
offers a controlling computer, called the Box, that runs

Combining in-circuit emulation with 700-MHz logic analysis, Intel’s

PICE handles as many as four of the firm’s 16-bit processors at
once.

several operating systems, including Unix. This com-
puter controls the firm’s stand-alone in-circuit
emulators.

This spectrum of available products, running the
gamut from superminicomputer-based systems to
stand-alone emulators, can make selecting a develop-
ment system a tough chore; no consensus exists relative
to the best choice for specific applications, as the
viewpoints expressed in the accompanying boxes indi-
cate. Nevertheless, all recent offerings overcome many
of the problems that earlier versions exhibited.

Early systems lacked focus

The first development systems were integrated
physically because you could get, from a single vendor,
a complete hardware/software package for wP develop-
ment. The hardware comprised a more-or-less garden-
variety controlling computer with CRT, keyboard, flop-
py disks, and perhaps a printer, along with other
equipment more specific to wP development, like a
PROM burner, a logic-analyzer-like program-trace ana-
lyzer, and an in-circuit emulator (ICE). The software
comprised program-development tools like assemblers
and compilers and pP-development utilities for running
the PROM burner, setting up the trace analyzer, and
manipulating the ICE’s memory and the pP’s internal
registers and breakpoints.

But none of the software tools was integrated. Each
subsystem had its own command language and proce-
dures. The text editors had one set of commands while
the emulator and the trace analyzer used others. The
linker and loader worked one way and the software that
downloaded to the PROM burner had differing syntax
and options. And the software wasn’t particularly easy

With either a Unix box or a hardwired, high-speed link to a DEC
mainframe, the Kontron KDS gains access to high-level tools previ-
ously unavailable on its 8-bit controlling computer.

Offering a choice of high-level-language software debuggers,
Hewlett-Packard’s 64000 system has both software emulation and
real-time hardware emulation.
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to use. The emulator-control software, for instance,
often looked like a crude monitor. These monitor-based
command languages had low-power, atomistic com-
mands for examining and changing the contents of
registers and memory locations, running and halting
the program at breakpoints, and patching code.

Specs set the tone

Regardless of the development tools you choose to
use, a deésign project begins with setting specifications.
Studies of sources of error in programs consistently
reveal that bad specs cause a significant percentage of
all software failures. In these cases, the code performs
exactly as specified; the specs themselves are out of
line. Bad specifications arise partly from human limita-
tions and partly from the way the specs are promul-
gated. Usually the marketing and software engineering
departments get together to hammer out the initial
product specs because no one person has a complete
grasp of both the customers’ needs and the software’s
possibilities. The marketing department (presumably)
understands the customers’ needs but doesn’t under-
stand programming. The software engineers know all

about programming but probably don’t understand the
end product’s application very well.

For example, one emulator company had a team of
experienced C software engineers develop a new soft-
ware product. Following the usual C convention, the
product printed out all hex numbers in lower-case

Based on the DEC Professional, the Emulogic 3200 features
system-control software that resembles the C programming lan-
guage.

> SPECIFICATION
SOFTWARE HARDWARE
DEVELOPMENT DEVELOPMENT
i_l _________ Y
X
PHANTOM
o> CODING CODING
¥ Y Y Y
MODULE 1 MODULE n stuB1 |--.-| STUBK ~U
Y
A ! I
e Heminig o B
VL + A { | |
+<— DEBUG 1 DEBUG n | |
I |
Eooigudeeitis (a0 |
| |
Y. | 2 /
- INTEGRATION
Y
= VERIFICATION
MANUFACTURING,
TEST,
MAINTENANCE
Fig 1—At every step in a software project, you can use an integrated development tool. Note that the path between coding and
debugging is bidirectional. These are the stages that benefit the most from integration of software tools.
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Integrated tools go
beyond plug compatibility

characters: for example, “fed0.” More accustomed to
seeing “FEDO0,” every beta-site evaluator complained,
and the output routines had to be changed.

This is not to say that programmers and software
engineers are the only ones to blame for poorly done
specs; they claim with some justification that it’s not
uncommon for marketing departments to change the
specs frequently while the software engineers are
writing the code.

The other problem with specs is the form in which
they’re promulgated. Specs often come out loosely

A stand-alone emulator can rival integrated development systems
using an IBM PC or PC clone. Microtek’s MPDS currently supports
the 8048/49/50, 8085, 8086, 8088, 80186, 80188, 6809, 68000,
68010, 6502, 65SC02, 65C02, 65SC802, Z80, and NSC800. The firm
plans to include the 68020 and 80286.
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| sustem .
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Spoclfy\ System
concept )\ sgatul\ *m:q {s“‘
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hordware
\ .6
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Design
@

[‘eblg

Systes

e

Integrate
— HJ & SU
e

Fig 2—Structured analysis (data-flow analysis) is an efficient way
to set up specs for a project. Every data structure and its contents get
specified. Relationships between processes are also spelled out. The
finished analysis suits structured walkthroughs, which test the proj-
ect’s functions before any code gets written.
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worded and incompletely detailed, perhaps merely
written in plain English. Such specs may look good
right up to beta-site testing, but they often prove
inadequate when potential customers try the product.

Hidden bugs trip you up

Such inadequacies can be prevented—many struc-
tured methods can be used to effectively detail software
specs. Instead of loosely worded English, some firms
employ schemes like structured English, program-
description languages (PDL), or structured analysis
(data-flow analysis). These more rigorous methods of
expressing a program’s functioning allow you to test
the program in advance. Although these methods are
clearly amenable to computerized checking of things
like module interfaces and both data-structure patterns
and usage, most firms currently do them manually.

Indeed, some overdo them. A recent IEEE study
found some firms generating as little as 1.15 to 1.3 lines
of real code for every line of pseudocode (program-
description language or structured English) in the
software spec. A ratio of one line of real code for one
line of pseudocode would mean you've achieved a zero
level of abstraction and, in essence, written the pro-
gram twice. A ratio of 1.3:1 isn’t much better.

None of these methods, manual or computerized,
results in optimal code. The most you can hope for is
that the program will work after a fashion. Studies of
robust, highly optimized programs still reveal such
dead ends and redundancies as variables that are never
used and subroutines that are never invoked.

Curiously, of all the makers of integrated develop-
ment tools, only Tektronix offers a software tool to aid
with this important initial phase of the design cycle.
Called SA Tools (from structured analysis), the $9500
suite of programs runs on Tektronix’s 8560 (VAX
versions cost extra) and requires a Tektronix 4100- or
4110-series color terminal for its graphics. SA Tools is a
semiautomated version of structured (or data-flow)
analysis.

Structured analysis looks at data first

Data-flow analysis focuses not on the code, but on the
data structures and on what happens to the data in
them at different stages of the program’s execution.
This method takes a different view of a computer
program; strictly speaking, you should consider a pro-
gram to be both the code and the data structures the
code operates on. Most debugging tools concentrate
only on the code. Data-flow analysis starts with the
data and leaves the code-writing till last. The method
has found wide application over the last ten years.
Tektronix applications engineers report that users
manually maintain data-flow analysis schemes that
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have more than 2000 constituent modules.

Tektronix’s programs provide a graphics editor for
naming modules (the blue circles in Fig 2) and connect-
ing them with labeled arrows to show how they relate.

This results in a directed graph that resembles a graph
for a classical finite-state machine. Clearly, there’s
room for only so many blue circles on a given screen.
Therefore, the editor encourages you to do a top-down

Why ICE isn’t enough

Terry Larson, Dolch Logic Instruments Inc

Traditional test and measurement
instruments used in digital-system
design are undergoing dramatic
changes. The primary purpose of
development aids such as logic
analyzers, in-circuit emulators
(ICE), and pattern generators is to
increase engineers’ efficiency by
simplifying engineering tasks. To
facilitate testing of complex de-
signs, instrumentation systems in
the past combined several stand-
alone instruments with an IEEE-
488 (GPIB) controller. However, a
new breed of truly integrated in-
struments provides real-time test-
ing capabilities that were previ-
ously impossible with the GPIB
approach.

Typical of these is Dolch’s
ATLAS 960 personal-instrument
workstation, which integrates dig-
ital test instruments within a single
controller and allows real-time in-
teraction between all instruments.
Because the ATLAS is a modular
system, you can combine a varie-
ty of instrument plug-ins.

Another example is Intel's
I?ICE, which is slaved to a dedi-
cated pP-development system to
bring logic analysis and in-circuit
emulation together in a fashion
that allows cross-triggering be-
tween instruments. Most in-circuit
emulators provide some logic-
state analysis capabilities for soft-
ware debugging purposes; I?2ICE
incorporates an asynchronous an-
alyzer for true timing and off-the-
bus event tracing. Similarly, the
Tektronix DAS 9100 is a configur-
able logic analyzer that incorpo-
rates a digital pattern (word) gen-
erator. This combination provides

the hardware stimulus for logic-
analysis testing.

Although these examples are all
properly termed integrated instru-
mentation, there are significant
differences between them. I2ICE
requires the host system to drive
all test and debugging functions.
This approach is expensive, and it
lacks several instruments vital for
testing. These include a digital-
pattern generator, serial-data an-
alyzer, and waveform analyzer.
You are limited to a single 16-
channel analyzer for each IPICE
chassis, making multiple-channel
logic-analysis applications expen-
sive.

The I2ICE approach lacks hard-
ware-stimulus capability; for in-
stance, there’s no pattern genera-
tor to drive asynchronous circuitry
or circuitry off the wP’s bus. There
is no logic-simulation capability,
and all testing must be done under
development-system control,
tying up a very expensive soft-
ware-development system for an
often lengthy debugging effort. Fi-
nally, PICE has no IEEE-488 to
integrate other instruments into
the system. It can only supply
triggers for external instruments.

Dedicated and universal devel-
opment systems are being re-
placed by general-purpose com-
puters running development
software. I’ICE wasn't designed
to be slaved to general-purpose
computers (from PCs to minis and
mainframes).

With the emergence of CAE
systems, highly sophisticated
hardware and software support
for all facets of the engineering

design cycle will be included in the
engineering workstation of the fu-
ture. System-test instruments
must be flexible enough to inter-
face to CAE systems and be re-
motely controllable from the CAE
system. Only with such an ap-
proach will the computer and sim-
ulation power resident in CAE sys-
tems be able to interface, in a
high-level fashion, to the target
system. Design and testing needs
are becoming so complex that it is
mandatory to remove the engi-
neer from the mechanical loop
linking the simulator to the actual
target system'’s operation.

Admittedly, enhancing soft-
ware-development systems with
hardware and software trouble-
shooting capabilities is neces-
sary, but it will be obsolete in a
few years. A new approach to
integrated digital-system testing,
illustrated by the Dolch ATLAS
and CAESAR systems, allows
flexibility to mix and match instru-
mentation plug-ins to fit the appli-
cation. Such an instrument can
operate either as a stand-alone
unit or slaved to a CAE-system
workstation. It is with this ap-
proach that future systems de-
signers will truly be able to marry
the computer and simulation
power to automated product-de-
velopment test needs while retain-
ing a degree of hands-on control
over traditional digital-instrument
test capabilities.

The author is vice president of
marketing for the San Jose, CA,
firm.
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Specification stage produces
high percentage of errors

hierarchical design by numbering all the blue circles on
a given screen at the same level—say, 1.0, 2.0, 3.0, etc.
To expand the hierarchy downward, you select a
circle and engage the screen underlying that circle in
the hierarchy. If you were to select circle 2.0, for
example, all the circles underlying circle 2.0 would get
labeled 2.1, 2.2, 2.3, etc. You can continue this process
ad infinitum.

At your option, you can append a “minispec” to each
circle. Tektronix recommends that you write this mini-
spec using some form of structured English or pro-
gram-description language (PDL). However, none of
the SA Tools does any syntax checking on your struc-
tured English, though they do enforce some rules.
Specifically, they check your circles and arrows for
consistency, and they require you to define the contents
of every data structure or item mentioned. When the
analysis is complete, each member of a programming
team has a complete description, either on screen or on
printouts, of his module’s functions and interface.

Automated spec’ing ensures consistency

The real value of this kind of automated tool becomes
apparent only after you've done your initial layout and
‘have begun to modify it. Although top-down hierarchi-
cal design sounds and looks impressive, in the real
world, most hierodules (slaves in the service of a
hierarchy) work not from the top down (or from the
bottom up, for that matter) but from the middle out.
Therefore, the structured analysis is bound to be re-
structured frequently as the project progresses and the
software engineers find that their initial ideas need
rethinking. Just like any other coordinated combination
of engineering drawings and engineering documents
(for example, schematics, pc-board layouts, bills of
material, and net lists), a complex data-flow analysis
and its accompanying minispecs and data dictionary can
get hopelessly fouled if they’re not modified and up-
dated very carefully, thoroughly, and consistently.
Computerized tools make a good deal of the thorough-
ness and consistency automatic.

Industry sources report that firms who have been
using manual structured-analysis methods eagerly em-
brace the computerized version. Characteristically,
firms that haven’t don’t seem to be able to grasp the
value of the method.

Once you've done the structured analysis, you can try
the proposed program manually with a structured
walkthrough, a paper analysis of the program’s opera-
tion. But specifications and structured walkthroughs
are only the beginning of a project. The real grunt work
begins with writing the code.

At the dawn of the wP age, most 8-bit WP code was
written in assembler instead of in high-level code. And
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The personal-computer
development system:
A less expensive alternative

Robert Hsieh, Microtek Lab Inc

A personal-computer-based development system is
the least expensive way to handle system develop-
ment chores. You need a computer like the IBM PC,
compilers and assemblers that run on it, and stand-
alone in-circuit emulators.

Microtek's MPDS, for example, provides the
same power as full microprocessor development
systems like those made by Intel, Hewlett-Packard,
Tektronix, and Kontron, but at a fraction of their cost.
MPDS performs emulation with easy-to-learn, sin-
gle-letter commands.

The cost of a microprocessor development sys-
tems depends on the processor. The table shows
the complete cost of a Microtek system for the
80186 w.P.

To emulate the 80188 on that system you need
only replace the 80186 chip with an 80188. To
emulate a microprocessor belonging to a different
family you need a personality card and the corre-
sponding software. The 68000 personality card, for
example, costs $2395, and the software package is
$1300.

The author is vice president of the Gardena, CA,
firm.

COST OF A DEVELOPMENT SYSTEM
FOR THE 80816 P

HARDWARE

80 (O RS M e o SO $2600
MICE 80BBUS2KIICE) =. . .. ..o siaiamias <o« o i NTT $4395
BREAKPOINT PROCESSORBOARD . .............. $1795
MICE POWER SUPPLY. 0.0y L L. oo et $250
SUBTOTAL i -2 i vts sk 6 2w i slibaman e L $9040

SOFTWARE PACKAGE

(CROSS ASSEMBLER, SYMBOLIC DEBUGGER,
LOGIC-STATE ANALYZER, AND
SOFTWARE-PERFORMANCE ANALYZER) ....... . $1300
TOTAESYSEEM . . coi:.. . oo e, . b ol | 98 $10,340

the amount of code was small enough that just a few
software engineers could complete the entire project.
While you can’t go so far as to say that nobody writes
just 4k of code and ships a product anymore (the
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semiconductor industry sells far too many single-chip
wPs to support that claim), you can say that many
wP-development projects are much larger than they
were because of the new 16- and 32-bit wPs.

Software projects getting bigger

The move to more powerful uPs profoundly affects
the way you must organize your project and the tools
you need. The tools include:

® Software-version control
Target-system simulation
Assemblers
Compilers
Target-compilation utilities
Symbolic debuggers
Program trace and trap utilities
Software verification tools.

Version-control systems are familiar to software en-
gineers who work on large projects; Unix’s “sces”
(source-code control system) is the best known. These
systems keep track of program modules as they evolve.
They record the identity of the person who modifies a
module and the date and time of the modification. After
the initial entry of a module, the version-control sys-
tems record only the changes to a module; they don’t
overwrite the old version with new versions. That way,
you can reconstruct any previous version of a module.

Version control keeps modules on tap

Coupled with a “make” utility that reconstructs and
links selected versions of modules, version-control sys-
tems have obvious value for large projects. Engineers
who write small test programs to exercise hardware
usually don’t think they need an elaborate software-
control system. That is, they don’t think so until a
member of their team takes off for a long weekend and
leaves his floppy disk—containing a critical module—
locked up in his desk. Version control also proves useful
for keeping track of the “phantom code” (or “stubs”)
that gets written to stand in the place of real modules
that aren’t working yet. These stubs are essential for
getting segments of a large project running well enough
to check them out. Yet despite their importance, few
projects make allowances for the time it takes to write
and debug the stubs or provide for keeping track of
them.

Intel’s I’ICE has a version-control system that has a
novel feature you can’t get on mainframe systems. It
links version control with electronic mail. When a
module comes due, the manager gets an electronic-mail
reminder of the fact. And if a module is updated, all
members of the team who depend on that module get
notified that it’s been changed.

Although some engineers might doubt that they need
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version control, there’s no doubt that in-circuit emula-
tion is currently accepted (although complex systems
offer a wider view into the target system than ICE
provides). In today’s large, modularized development
programs, the integrated development system’s ability
to mimic the eventual target system is important
because hardware and software development often
proceed in parallel. Therefore, in the early stages of the
project, the software engineers may have no working
target system on which to try out their code.

Development system mimics target

The integrated development system’s mappable
memory is the primary mechanism for simulating the
target system. With this scheme, the address and data
lines of the emulator’s wP get switched back and forth
from the target system’s memory to the overlay memo-
ry in the development system. Further, all integrated
development systems can make portions of their RAM
read-only, thereby simulating the target system’s
ROM. In the limiting case, you can have all memory
reads and writes occur in the integrated development
system’s memory and none in the target system’s. In
other words, you need no target system at all. No
target system at all, that is, if your project communi-
cates only with memory.

Most wP projects don’t communicate exclusively with
memory, however. Most integrated development sys-
tems, by virtue of their monitor heritage, have little
routines embedded in their operating systems for doing
character-by-character I/0 to the development sys-
tem’s CRT. It’s not too hard to embed a small routine in
your code that first initializes the necessary registers
and memory location that the development system’s I/0
routines need and then jumps out of your program into
the development system’s ROM. Some systems have
disk I/0 routines you can jump to as well. Tektronix’s
8500 integrated development systems have a more
regular mechanism. They allow you to patch the inte-
grated development system’s terminal and disk I/0 into
your target system’s programs. The price you pay is
eight consecutive memory locations that you load with a
Tektronix-specified array of information.

The Emulogic ECL-3200 Series provides, on the
other hand, no patchable I/0 routines. The firm claims
that this points up the difference in application between
Tektronix and Emulogic systems. Applications for the
Tektronix integrated development systems presuppose
a conventional general-purpose computer with the
usual sort of terminal, printer, and disk I/0. Emulogi¢
integrated development systems, the firm says, suit
target systems with embedded processors that don’t do
such I/O—a robot, for example. I/0 simulation for these
kinds of systems is necessarily very application depen-
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Walkthroughs stamp out
hidden bugs

dent, and it must be done by each user. Emulogic
further notes that its 16-bit emulators don’t usurp or
share any target-system resources.

Some systems intrude

Not all integrated development systems can make
the claim that they don’t usurp or share any target-
system resources. For example, both Tektronix 8500
series and HP 64000 series 16-bit emulators need a
small chunk of target-system memory—about 2k—for
their own routines. You can’t use this space for your
code because that’s where routines like the ones for
dumping the pP’s registers reside. Further, the Tek-
tronix and HP emulators, as well as ones made by Zax,
share the wP’s nonmaskable interrupt (NMI) pin with
the target system. That’s how their emulators regain
control of the emulator’s wP from the clutches of the
target system’s code. Emulogic 16-bit integrated devel-
opment systems put no code in the target system’s
space and don’t use the NMI pin.

In defense of their schemes, HP and Tektronix point
out that not using any target-system memory is impor-
tant for 8-bit nPs with their limited memory space. For
16-bit wPs, with their extensive memory space, usurp-
ing a small relocatable chunk of target-system memory
isn’t so bad. Also, the firms claim that most engineers
don’t use the NMI pin for ordinary run-time functions.
Instead, the NMI gets hooked to the power-up reset or
watchdog timer. In these cases, they claim, the user
has no problem distinguishing whether the integrated
development system stopped the processor or whether
the power failed.

But where does the code you're trying out come
from? Industry sources estimate that 80% of all code for
8-bit wPs is written in assembler, while the remaining
20% is written in high-level languages. They expect the
percentages to reverse for 16- and 32-bit wPs. But
engineers aren’t likely to use just any high-level lan-
guage; they’re more likely to write time-critical code
than the average programmer is. Engineers are also
more likely to use cross assemblers and cross compilers
than are applications programmers. That is, engineers
will write code on one computer that will eventually
run on some other machine.

Engineers eschew protection

This means that engineers now need more than mere
assemblers. They also need powerful system-implemen-
tation languages that don’t attempt to protect pro-
grammers from making mistakes or from encountering
the actual hardware of the native machine. Software
engineers need these low-level facilities because the
target machine often doesn’t have an operating system.
Therefore they cannot depend on an existing operating

124

system’s routines to handle the work of I/0, seheduling,
intertask communication, and the like; instead they
must write these low-level facilities themselves.

Software tools ignore time

But even though assemblers and certain high-level
languages supposedly suit system implementation, a
critical element is missing: time. All software-oriented
tools suppress time. Yet time is critical in much of the
software that engineers write. There’s no intrinsic
reason why software tools can’t deal with time. It’s not
hard to conceive of a software simulator that would
calculate a routine’s run time, or an assembler directive
that would pad out a module with NOPs (dummy
execution cycles) so that the module would execute in a
preset amount of time. But these things don’t exist.
That’s why software engineers turn to hardware-based
simulation. They write the code, try it out, measure
critical timing parameters, and then return to the
software domain and amend their code. In fact, speed-
ing up this iterative, cyclic process of writing, loading,
running, and amending lies at the heart of all claims
that integrated development systems are powerful.

However, no two manufacturers have exactly the
same view of just what steps make up the software-
design cycle. Take target compiling, for instance: For a
program written on a development system to run on a
different target system, many things must be done to
match the program to the new hardware. You have to
assign some code to RAM and some to ROM, load
interrupt vectors, assign stacks, and so on. Of all the
firms making integrated development systems, only
Tektronix views this target compilation as a task in
itself. Tektronix supplies a specific utility that matches
the software to the hardware. Other firms spread
target compilation over three areas: assembling or
compiling, linking, and loading.

Target compiling hits the mark

Tektronix’s ICS (Integration Control System) is a
part of the LANDS (LAnguage Development System)
package. it prompts you for all the information the
linker needs to assign code and data properly. It also
handles patches for resets, I/0O and other interrupt-
driven processes that you might want to simulate back
in the development system rather than in your target
system. Finally, it goes beyond target compilation to
include emulator setup. After you answer all the
prompts, ICS yields a command file that links and loads
your code as well as initializing the emulator.

However a given development-system maker struc-
tures its software and hardware, speeding through the
design cycle means scaling successive levels of abstrac-
tion as painlessly as possible. Even the most elementa-
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ry assembler allows you the abstraction of labels.
High-level languages expand this repertory of abstrac-
tions to include not only symbolic names for various
segments of your program but also various data con-
structs and special objects (linked entities of code and

data, such as arrays defined by a DIM command). By
the time you run the code with the aid of your inte-
grated development system’s in-circuit emulator, all
these abstractions have long since been converted to
machine code and machine-readable data. Consequent-

An integrated approach to microprocessor development

John Marshall, Hewlett-Packard Inc

Today’s competitive environment
demands that new products move
quickly through the design cycle.
Conflicting with this demand is the
growing complexity of and in-
creasing emphasis on quality and
maintenance for both hardware
and software. Design teams are
responding to this need by using
automated design tools that ac-
celerate the design process and
help locate and eliminate errors at
the earliest stage possible.

Cross assemblers and compil-
ers, for example, are essential au-
tomated software-design tools
that have been available for a long
time. Unfortunately, because soft-
ware-design automation seldom
extends beyond this point, soft-
ware analysis and system integra-
tion are now the major throughput
bottlenecks. While individual sim-
ulators, emulators, and logic ana-
lyzers are available to address the
problems of software debugging
and system integration, in most
cases the process is as disjointed
as the instruments themselves,
and it's far from automated. In-
stead, the process is labor-inten-
sive and prone to error, and it
often fails to identify bugs early in
the design cycle. (The later in a
design cycle you find a bug, the
more expensive it is to eliminate.)

The Hewlett-Packard Model
64000 logic-development system
automates the entire process of
software design and system inte-
gration. For this purpose, not only
are the necessary software-de-
sign, debugging, and analysis
tools provided, but they’re tightly

linked into an integrated design
and analysis system. Because it is
a modular system, the 64000 has
no fixed price. Generally, howev-
er, a 6-station system with a fast
hard disk costs about $12,500 per
user (two users per station). The
advantage of this approach be-
comes apparent as we trace
through a typical design cycle.

The workstation does program
assembly and compilation at high
speed, which provides fast turna-
round from source-code editing to
native object code. You can begin
software debugging immediately
with the emulator before target
hardware exists, and you can ana-
lyze a separately compiled mod-
ule in terms of the C or Pascal
source code. You can also do
software-performance analysis to
get an overview of program activi-
ty or to optimize the module’s per-
formance. Meanwhile, the emula-
tor can control the processor and
observe activity in registers within
the processor. You can also simu-
late nonexistent 1/0 with the work-
station’'s 1/O devices. Program
changes and enhancements are
made and bugs are removed at
the source-code level; the tight
coupling of the instruments allows
rapid context switching between
the software-design and system-
integration environments.

As the design progresses and
hardware is developed, emulation
provides a vital link between the
target system and the software-
design environment. Now it be-
comes important to observe the
cause-and-effect relationship be-

tween the program running on the
target processor and correspond-
ing activity at I/O ports, coproces-
sors, or peripheral devices.

You can evaluate even complex
multitasking software with an inte-
gral state-analysis subsystem.
The analyzer's trace specifica-
tions and displays get labeled sim-
ilarly to the high-level source code
because the tight coupling pro-
vides the integral state analyzer
with access to the software’s sym-
bol tables. An integral high-speed
timing analyzer verifies critical tim-
ing specifications and identifies
glitches. You can correlate the an-
alyzer’'s and emulator’s displays to
help identify problems.

The key advantage to the inte-
grated approach is that you find
bugs early in the design cycle,
where you can remove them at
the lowest cost. You can produce
accurate documentation quickly
because you make all changes
and repairs at the source-code
level instead of the assembler
level. As a result, software-main-
tenance costs are lower. Designer
efficiency is greatly increased be-
cause all the compatible software-
design and system-integration
tools are accessed from the same
keyboard with a common syntax.
Software is designed and de-
bugged and measurements are
made in terms of the same high-
level language.

The author is a product manag-
er for the firm’s Logic Systems Div
in Colorado Springs, CO.
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Stm@ed analysis leaves
coding till last

ly, the makers of integrated development systems have
tried to provide a path back from the bit patterns to
your initial abstractions with symbolic debuggers.
Symbolic debuggers make it easier to backtrack from
what’s happened in your hardware simulation to your
original code.

Symbols get plugged in

The simplest symbolic debuggers work with assem-
blers and linkers. If, for example, you ask your in-
circuit emulator to disassemble a string of activity it
captured in your target system, it can ask the control-
ling computer to see if any disassembled op codes’
arguments correspond to labels in your program. That
way, the disassembled stream of program activity will
show your original labels as arguments of the disassem-
bled op codes instead of uninformative hex numbers.
This scheme works fine for jump addresses or declared
constants. But it can sometimes blow up. Take, for
example, a jump table comprising the starting address-
es of subroutines. These simple symbolic debuggers
can’t do a dump of the table and translate the raw
addresses into their corresponding labels. The best
they could do would be to try to disassemble the jump
table. The resulting output wouldn't be executable
code, it would just be garbage.

Symbolic debuggers that work with high-level lan-
guages have considerably more power. Instead of work-
ing with just raw addresses or labels of addresses, you
can set a breakpoint corresponding to specific lines of
code in your source program. Many, like HP’s 64000
system, can print out and display a mixed listing of
high-level code along with the compiled assembly-level
codes and machine codes. They all disassemble exe-
cuted code in terms of the high-level labels, and some
allow you to examine and change the physical target-
system memory using the high-level terms.

For example, Tektronix’s LANDS works with C and
Tektronix’s enhanced Pascal. LANDS takes advantage
of Pascal’s strong type checking. Suppose, for instance,
you define a data type DOG that embraces the set of
TERRIER, BOXER, and POMERANIAN and then
define a variable of the type DOG named DOGHOUSE.
You can then interrogate DOGHOUSE to find out what
dog is currently in the DOGHOUSE. You can also, with
simple commands, kick the BOXER out of the DOG-
HOUSE and replace it with, say, the POMERANIAN.

If you were to look at the actual code compiled by the
Pascal compiler, you’d find that it probably assigned the
numbers 1, 2, and 3 to TERRIER, BOXER, and
POMERANIAN. And if you got the address of DOG-
HOUSE from a cross-listing and inspected the contents
at DOGHOUSE’s address, you'd simply finda 1,2, or 3
and not some DOG’s name. The simpler symbolic de-
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buggers could find DOGHOUSE all right, but they
wouldn’t be able to tell you what kind of DOG was in the
DOGHOUSE.

Of course, debugging high-level code involves more
than looking at variables. High-level languages and
elaborate operating systems employ things like dynami-
cally defined variables and overlays, which baffle sim-
ple debuggers. Simple debuggers expect a given memo-
ry location always to be used for the same purpose.
Smarter symbolic debuggers handle these cases. For
instance, Emulogic’s SLICE (Source Language In-
Circuit Emulator) debugging system works with C and
Pascal. SLICE has tools for determining how modules
get called. For example, the first thing a C routine does
when it gets called is to allocate space on the stack for
its local variables. It also puts a link on the stack so that
subsequently called modules can return control to the
calling module. After the Emulogic emulator recogniz-
es a breakpoint and freezes the target system, SLICE
can analyze the stack’s contents. Then it can display a
list of module names in the order in which they were
called. This allows you to backtrack from the observ-
able symptoms to the offending module.

Symbolic debuggers go slowly

HP offers high-level symbolic debugging with both a
software simulator and a hardware execution-vehicle.
The 64330 software simulator is similar to Tektronix’s
LANDS system and can trace, trap, and break on
changes to high-level constructs like variables and
arrays as well as by program lines or modules. It
doesn’t run in real time.

The software that runs HP’s 64620S logic-state/
software-analyzer module in a 64000 system accom-
plishes these tasks in a slightly different manner. You
can set up trace, trap, and breakpoint sequences on
fixed addresses or definable states of the target pP
using some, but not all, high-level constructs—much
like a logic analyzer. You can also set up what HP calls
“windows” to troubleshoot overlays. Simple debuggers
would trace, trap, or break if the processor accessed a
preset memory area. They can’t distinguish among
overlays operating in a common area. The HP window
feature recognizes activity of a certain kind in a certain
area of memory and thereby deduces that a particular
overlay is active. The trace, trap, and breakpoint
commands for a given window become active only if the
appropriate overlay is running.

When the analyzer finally halts the process, the
64000 system first displays the disassembled code of the
captured trace along with a column showing elapsed
time. Then, right under the assembly code, the system
displays a segment of the source code that corresponds
to the decompiled captured activity. The system can do
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this because it keeps a table of pointers from the source
code to the assembled code. The net effect is similar to
that of software-based high-level debuggers: You can
get back and forth quickly from the high-level code to
the low-level machine code.

Furthermore, the software supplies a setup screen
that the firm claims allows you to coordinate the 64620A
with virtually any compiler and not just the C and
Pascal compilers that HP supplies with the 64000
system.

Meanwhile, Intel's PSCOPE also solves problems
inherent in debugging high-level languages that dy-
namically assign variables on the stack. While lan-
guages like FORTRAN preassign fixed memory loca-
tions to each data construct, languages like Pascal and

C keep local variables in temporary stack locations.
When the module using the local variables quits, its
local variables get popped off the stack and dropped. A
simple symbolic debugger couldn’t find a given dynami-
cally defined variable, but PSCOPE can trace, trap, and
break on dynamically defined variables.

Dynamic variables befuddle debuggers

While simpler monitor-based debuggers can single-
step through an assembly-code program, PSCOPE—
like most other high-level debuggers—can single-step
by source-code line or by module. You can command
most simple debuggers to execute a given number of
lines of code. Similarly, PSCOPE will execute a given
number of lines of source code or a given number of

Using superminicomputers for pP-software development

Michael P Kendall, Digital Equipment Corp

The key points of a supermini-
computer approach to uP devel-
opment are as follows:

e Cross-development tools
—Many companies sell cross-de-
velopment software for supermin-
is. The tools support a wide range
of wPs, including the latest 16-
and 32-bit products. Cross-devel-
opment tools include relocatable
macro cross assemblers; compil-
ers such as Pascal, C, PL/M, and
FORTRAN; language-syntax-
checking editors; symbolic and
high-level-language debuggers
(not in real time); utilities such as
linkers, cross-reference librarians,
version-control systems, and pro-
gram profilers; object-format con-
verters and peripheral interfaces;
and bit-slice development tools.
Various emulator and analysis
tools are also available.

e Computing power—Su-
perminis can quickly handle com-
putationally intensive activities
such as compiling and linking the
large 16- and 32-bit pP-develop-
ment tasks.

e Large disks—Superminis’

large, high-speed disks can store
the numerous files from complex
projects. Available disk capacities

range to tens of gigabytes.

o Multitasking/multiuser op-
erating systems—Because su-
perminis have multitasking and
multiuser operating systems and
large address spaces, they sup-
port software-development team-
work. The team can easily share
program, documentation, and
specification files.

® Revision control systems
—Because sharing occurs under
one operating system, you can
employ a revision-control system.
DEC has DEC/Code Management
System and DEC/Module Man-
agement System software under
the VMS operating system. In ad-
dition, software-revision-control
systems are also available under
Unix.

e Multiple application sup-
port—Because superminisare
general-purpose machines, they
can run other software that com-
plements and augments pP-soft-
ware development. Available soft-
ware includes project-man-
agement and CAD/CAM. CAD/
CAM packages can include those
for pc-board layout and routing,
logic and circuit simulation, IC lay-
out, and mechanical design. Oth-

ers offer electronic mail and word
processing.

® Low cost per user—For
the supermini approach, cost per
development station compares fa-
vorably to other methods of pP-
software development.

Relative to this last point, con-
sider that a VAX 11/750 computer
with 4M bytes of physical memo-
ry, 456M bytes of disk storage, a
%-in. magnetic tape, a 300-LPM
printer, 16 CRTs, and an operat-
ing system handles 16 simultane-
ous developers. The cross-devel-
opment software includes a C or
Pascal compiler, cross assem-
blers, utilities such as linker and
cross-reference checker, debug-
ger, and integration link to emula-
tion hardware. The total typical
cost of such a system is about
$150,000—%$9375 per user.

In comparison, emulators range
from approximately $4,200 (for
simpler units) to $24,000 or more.
For four developers per emulator,
total per-user cost can range from
$10,425 to $15,375.

The author is a senior market-
ing specialist for the firm’s CAE/
CAM group in Marlboro, MA.
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Computer-aided updating
achieves thoroughness

modules. That way you can single-step line-by-line to
get a detailed view of one portion of your program’s
execution and then execute a group of lines or modules
to jump over known-good or uninteresting portions of
the program.

But even the fanciest debuggers can’t handle some of
the problems posed by powerful computer systems. The
reason is that some so-called high-level programming
constructs are actually in hardware. For example,
National Semiconductor’s 16000 and 32000 family of 16-
and 32-bit wPs and peripheral chips includes an exter-
nal memory-management chip that supports demand-
paged virtual memory. The P itself includes hardware
that simplifies multitasking context switching. The
external memory-management chip imposes a propaga-
tion-delay penalty on the series compared to nPs that
have their memory management on board. Therefore,
National could not build a full-speed emulator without
having the wP, memory-management, and clock chips
in the emulator. Only National’s SYS32 hydra-headed
development system emulates all of these chips in one
unit.

Debuggers have limits

The timing constraints that dictated the layout of the
emulator have a beneficial side effect for tracing and
trapping high-level software systems. Because the
SYS32 integrated development system can see the pins
of both the wP and the memory-management chip, the
emulator can trace and trap on physical as well as
virtual addresses. Other emulators see only the address
lines coming out of the emulated wP; therefore, unless
your emulator has some nondedicated inputs that you
can hook to the memory-management circuitry, you
can’t be sure just what portion of memory the wP is
accessing.

Similarly, if your multitasking software system
swaps tasks into and out of off-line memory, the nP’s
address lines again do not uniquely define the state of
the system. You must also factor in the state of the
multitasking system’s pointers and tables to figure out
which module is running. In other words, memory
management renders the wP’s state ambiguous with
respect to the linear memory space; multitasking ren-
ders it ambiguous with respect to time.

Other areas where hardware does software-like func-
tions include dedicated I/O processors (especially ones
that run asynchronously to the main processor), hard-
ware floating-point processors, multitasking context
switchers, and multiprocessor architectures.

Although it is true that you can run multiple emula-
tors in a multiprocessor system using Intel’s I’ICE, for
example, the emulators are only loosely linked. Most
emulators have output lines incorporated in their word-
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recognizer circuitry that can cross-trigger another em-
ulator. If one emulator’s word recognizer sees a prede-
fined machine state, it can toggle its output line. You
can use this output line from one emulator as an input to
another emulator’s trace, trap, and breakpoint word
recognizers. Further, Intel’s systems also have a high-
speed time stamp so that you can reference the events
captured in the multiple emulators to a common time
base. At present, Intel doesn’t have a utility that will
take this raw information and display the activity of
multiple, asynchronous processers in a time-aligned
manner, the way the Tektronix 1240 dual-time-base
logic analyzer does; with the Intel device you have to
puzzle that out for yourself.

Math coprocessors are no problem

While custom hardware floating-point processors are
a headache, math coprocessors aren’t. In the case of
Intel processors, most firms’ emulator pods have a
socket for a math coprocessor. The pods do not, howev-
er, provide a bond-out emulating coprocessor. The
firms having 8087 sockets in their emulators’ pods claim
that the math coprocessor is so tightly coupled to the
main processor that you can do all the tracing, trapping,
and breaking by monitoring the main processor’s inter-
action with the coprocessor; you don’t need to emulate
the 8087 itself. National makes the same claim for the
math coprocessor in the SYS32.

Because of the limited view that emulators have of
the total software system, complete, real-time symbolic
debugging is at present beyond the capability of exist-
ing hardware. Consider high-level symbolic debuggers
like Kontron’s or Zax’s. These are actually software
simulators running on the host development-system
computer. Although these debuggers can easily get at
all the high-level constructs of the program, they do not
run at anything approaching real time. Tektronix’s
LANDS and HP’s 64330 are software simulators that
run on the target system’s pwP. But to get at the
high-level constructs, they sometimes have to inter-
rupt execution.

Therefore, although you get access to all the target-
system resources, the code still doesn’t run in real time.
HP’s 64620 analyzer (which works in real time) and
some postcapture processing give you a pointer back
into your source-code file. For C programs that aren’t
highly type-checked, this is not much of a penalty. (A
type-checking compiler makes sure that the data writ-
ten into a data construct is the kind of data that’s been
defined previously as allowable for that construct.) But
for Pascal programs, HP’s 64620 can’t work forward
from the source file to read and write from data
constructs using high-level objects as Tektronix’s
LANDS can.
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Since STEP Engineering has always been
a “Step Ahead” in quality high-speed
processor development support, it's only
natural to be the first with these
emulators. The STEP-27, a complete
development station, includes the
following:

Disassembler? The First For the
Microprogrammer! No need to
convert ones and zeros into mnemonics.
Poly-Meta-Symbolics (PMS)™ does it for
you. It even enters your patches
symbolically.

Fast, Bug-Free Programs? Simple!
STEP-27's powerful logic analyzer
includes a 20-MHz, 16-level-state
machine with five, 54-bit matchword/
qualifiers for each level. The 4K buffer
uses PMS to disassemble and display its
contents in mnemonics.

Software? The Best! In addition to
full software support for either a local
or a remote host, STEP provides a
general-purpose meta-assembler.

Poly-Meta-Symbolics (PMS) is a trademark of STEP Engineering.

Writable Control Store (WCS)? The
Fastest! STEP's ten nanosecond WCS
provides real-time execution of the
most demanding high-speed designs.
With any number of arrays (each up to
512-bits wide by 64K deep), the
STEP-27 supports the largest micro-
program requirements.

Communications? Of course! Using
an RS232 linkup, the STEP-27, with a
unique, general-purpose, menu-driven
communication program, easily
interfaces with the IBM® PC, VAX®,
PDP-11® or CP/M®-based and other
operating systems.

PDP-11 & VAX are registered trademarks of Digital Equipment
Corporation.

CPM is a registered trademark of Digital Research Inc.

STEP-27
SERIES

Bit-Slice
Microprogramming
ROM-Simulation
Support

Are We Interested In Your Questions?
You Bet! Our sales engineers quickly
respond to all inquiries. Mail coupon or
call Toll Free (800) 538-1750; in

California (408) 733-7837.
O Please send more [J Please schedule
information. STEP-27 demo ASAP.
Name
Title
Company M.S
Street
City State Zip
Phone
Engineering

Post Office Box 61166 Sunnyvale, Ca. 94088
CIRCLE NO 63




New uPs generate
larger software projects

The solution to all the problems of real-time symbolic
debugging of high-level software systems awaits a
rather strenuous hardware-design effort. The solution
might be something like a dual-ported stack or perhaps
a phantom stack area operating in parallel with the real
stack. You could switch the phantom stack off line as
needed and analyze its state while the real stack
continues to operate. While this provides you with one
look at the stack, multiple looks leave you the problem
of updating the phantom stack to correspond to the
present state of the real stack and putting the phantom
stack back on line. Similar phantom hardware could
prove useful for other hardware that handles high-level
software-system tasks like context-switching hard-
ware.

Although such features await future designs, design-
ers have expended considerable effort on user interfac-
es for the development systems. In fact, the user
interfaces that control trace, trap, and break hardware
exhibit the greatest range of ingenious design of any
aspect of these instruments. No two manufacturers’
setup and control schemata are at all alike. Each
system has myriad possibilities, tricks, and wrinkles.
Instead of getting bogged down in a welter of specs and
claims that don’t correspond to one another, you can
evaluate each manufacturer’s schema beter if you keep
in mind what it is you actually do when debugging code.

Debugging mirrors initial analysis

How you actually debug software is very similar to
the data-flow analysis (structured analysis) method of
software design. With data-flow analysis, a program
gets defined in terms of botk the data constructs and
the code that operates on them. Most of the features of
a debugger concentrate on the sequential execution of
the code and deal with data structures inferentially or
secondarily. However, this bias doesn’t concur with the
way a lot of debugging gets done. Very often, the
symptom of bad code is corrupted data or improper
outputs. Therefore, debugging begins with finding the
bad data or identifying the improper outputs and then
trying to find the code that’s at fault. This is especially
true in large modular programs where many different
modules operate on common data structures or output
ports.

This software debugging situation is similar to con-
sidering glitches as a symptom during hardware debug-
ging. Logic analyzers can trigger either upon recogniz-
ing defined states in a digital machine or upon spurious,
short-duration signals (glitches). Every digital machine
has lots of glitches. It’s hard to find a point to probe that
doesn’t have some. Most glitches don’t cause problems.
Therefore, it doesn’t pay to trigger on glitches and look
for problems. Rather, you have to trigger on the
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problem and look for suspicious glitches around the
problem.

Similarly, you can single-step forever through a piece
of code without figuring out which portion is the
culprit. It’s far better to run the code and trap or break
on its erroneous outputs. If you've done your initial
design using data-flow analysis, you’ll find it easy to
check the program’s functioning against the design.
Most debugging tools (Kontron’s is the exception)
aren’t set up to do explicit data-flow monitoring; they
are set up to do program-flow monitoring. You have to
build your own data-flow system on top of the program-
flow primitives of the development system. So that you
can appreciate the enhancements of integrated sys-
tems, consider how you’d monitor data flow with a
simple, monitor-based debugger.

Begin with basic monitor

These debuggers usually allow you to execute to a
breakpoint or to single-step. They also have commands
for examining and changing sequential memory loca-
tions. So you'd step through your program—one line at
a time or perhaps many lines at a time—and after each
step you’d dump the relevant memory areas on screen.
As you'd probably repeat this sequence many times,
hitting the same sequence of keystrokes over and over
could prove annoying and lead to errors.

Therefore, even a simple monitor-based emulator
like the Gould 9508A has a command buffer that you can
load with a command string that does your data-flow
monitoring. That way you can repeat the sequence you
need over and over with just one command. And with
one keystroke, the 9508A can redirect its input to the
output of a host computer. That way, the host computer
can send it a long string of commands as well. With
some effort, you could program your host computer to
send a command string to the 9508A that would down-
load code, set up the emulator’s memory and CPU
registers, and command it to run. Then your host
program could wait for the emulator to break. After the
break, your program could send further command
strings to interrogate the emulator. Based on an analy-
sis of the results of the interrogation, your host pro-
gram could restart the cycle or branch to another
setup-and-test routine.

You really don’t have to write all this software
yourself anymore because most of the current crop of
stand-alone in-circuit emulators, such as those made by
Applied Microsystems, now have driver programs for
common personal computers that do just these jobs. In
addition, most of these emulators incorporate a simple
assembly-language symbolic debugger.

The integrated-development-system makers go be-
yond these rudimentary facilities. They have three
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Emulators open a window
into circuit under test

basie things to work with: program listings, instrument
setup screens, and captured data. Each company mas-
sages these elements into a different form. The Tek-
tronix LANDS system tries to make the target sys-
tem’s captured data look as much like the program
listing as possible. Intel’'s I!ICE, on the other hand,
tries to make the instrument setups look as much like
the program editor as possible. With Intel’s system,
about 80% of the editor’s commands and procedures will
also manipulate objects on the emulator’s and logic
analyzer’s control screens. In keeping with Intel’s con-
cept of blurring the distinction between writing code
and testing it, you can patch your targeted code with
high-level constructs using the editor right in the
middle of an emulation session. With other systems,
you’d have to exit emulation and fire up the editor to
patch your program in high-level code. If you've done a
lot of patches directly to the program image in machine
code, you would have to use utilities like Motorola’s that
reconcile the source code to such changes.

Emulogic also seeks to make writing the program
and testing it as much alike as possible. The firm has
two ways to do instrument setup. One way is via the
usual sort of simulated instrument front panel dis-
played on a CRT, where fields take the place of knobs
and switches on a physical instrument. You move the
cursor around on the screen to these areas and enter
the setup information. The other method is to enter
command strings. In Emulogic’s case, these command
strings look very much like C programs. The commands
have some of the attributes of Unix command-shell
utilities. You can redirect the input and output for your
commands to various areas of the screen, disk, or
printer. You can keep a log of all your command entries
in a file. When you get a command sequence you like,
you can edit the log and subsequently use it for a
command file.

Kontron’s control software comes set up for data-flow
analysis, and it can dump data structures to a variety of
predefined windows on the CRT’s screen. Setup menus
let you choose from several combinations of windows of
different sizes. You also select the data format for each
window. When the Kontron emulator breaks, you auto-
matically get a look at the state of your data constructs.
In other development systems you have to enter an
explicit command string in order to get data dumps of
various areas printed on the CRT’s screen.

Integration shades into verification

As you test and integrate more and more of the
project’s modules, software integration merges imper-
ceptibly into software verification. Most software gets
tested with other software. But there are other ways to
test software—ways that are very important to time-
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conscious software engineers. For years mainframe
computers have had software-performance hardware
that unintrusively monitored activity on the main-
frames’ buses. These parasitic gadgets kept track of
memory use and run times without slowing down the
programs running on the computer. You can now get
hardware-based software verification along with inte-
grated development systems, as well as with most logic
analyzers. But although software analysis is widely
available, industry sources say that many software
engineers don’t yet understand or see the utility of
software-performance analysis. The technique proves
useful for identifying frequently used modules that
could benefit from optimization. Even better, it can
spot orphan modules, modules that aren’t being used at
all.

Hewlett-Packard alone offers a range of software-
performance hardware. For a 64000 system, you can get
either a 64620S (combination logic-state/software-per-
formance analyzer board) or the 64310A (dedicated
software-performance analyzer). The combination
646208 logic/software board shows that there’s consid-
erable overlap in function and hardware between a
logic-state analyzer and a software-performance ana-
lyzer. Both machines look at the target system’s ad-
dress bus. Both also look at qualifiers to determine
what kind of bus cycle is going on. The difference
between the two is that the logic-state analyzer’s pri-
mary purpose is to capture bus activity while the
software analyzer’s primary purpose is to count various
classes of bus events. Of course, most logic-state ana-
lyzers have at least one counter (Emulogic’s integrated
development system has four, for example), so they can
do software-performance analysis as well.

HP’s 64310A dedicated software-analysis board is
optimized for software analysis and hence can do some
tricks that logic analyzers can’t. The board’s hardware
is not too complex; it has a pair of word recognizers that
toggle a bank of counters. The 64000 system automati-
cally sets up the board to correspond to the target
system’s pP. You can program the board to monitor as
many as 12 address ranges. Because the board has only
one pair of word recognizers, it obviously can’t look for
all 12 ranges simultaneously. Instead, the board period-
ically (you choose the period) gets its word recognizers
reloaded with a new pair of address-range limits.

Software analysis takes time

This is why you may have to run a software analysis
for hours or even days; the software has to run long
enough for the software analyzer to be sure to get a
statistically valid sample of activity for each range—
especially if some of the ranges are used infrequently.

You program the board to look for various classes of
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Development systems serve
as software-test environment

Manufacturers of integrated development tools

For more information on integrated development systems, circle the appropriate numbers on the Information
Retrieval Service card or contact the following manufacturers directly.

Advanced Digital Technology
13400 Northrup Way, Building 27
Bellevue, WA 98005

Hewlett-Packard Inc
1820 Embarcadero Rd
Palo Alto, CA 94303

National Semiconductor
2900 Semiconductor Dr
Santa Clara, CA 95051

Phone local office
Circle No 722

(206) 642-2382
Circle No 717

Applied Microsystems
5020 148th Ave NE
Redmond, WA 98052
(206) 882-2000

Circle No 718

Box 12415

(205) 881-68005
Circle No 723

Microcosm Inc
Box 624

Dolch Logic Instruments
3052 Orchard Dr

San Jose, CA 95134
(408) 945-1881

Circle No 719

(503) 648-6400
Circle No 724
Emulogic Inc Microtek Lab Inc
Three Technology Way
Norwood, MA 02062

(617) 329-1031 (213) 538-5369
Circle No 720 Circle No 725
Gould Inc Motorola
Design & Test Systems Div Box 20912

4600 Old Ironsides Dr
Santa Clara, CA 95050
(408) 988-6800

Circle No 721

(602) 244-6900
Circle No 726

Huntsville Microsystems

Huntsville, AL 35802

Hillsboro, OR 97123

17221 S Western Ave

Gardena, CA 90247

Phoenix, AZ 85036

(408) 737-5000
Circle No 727

Relational Memory Systems Inc
1640-B Berryessa Rd

San Jose, CA 95131

(408) 729-3011

Circle No 728

Sophia Systems
3337 Kifer Rd

Santa Clara, CA 95051
(408) 733-1571

Circle No 729

Tektronix Inc

Box 500

Beaverton, OR 97077
(503) 627-7111

Circle No 730

ZAX Corp

2572 White Rd
Irvine, CA 92714
(800) 421-0982
Circle No 731

events—reads, writes, instruction fetches, etc. Be-
cause the target-system’s clock rate is known, the
integrated development system’s computer can calcu-
late time from the number of bus cycles captured. Then
you decide how you want them counted. The board’s
word recognizers and counters can count events or bus
cycles basically three ways: They can count the number
of events or bus cycles either within a given range of
addresses or outside a given range, and they can count
the number of times two given addresses were accessed
in a specific order.

From this relatively simple data, the 64000 can
calculate a number of interesting statistics on your
program and display the results in histograms labeled
with module names right from your source program. It
can calculate statistics (for as many as 12 modules) on
how often an individual module gets used, how long the
module takes to run, and how much time is»’t consumed
by a module. And, using the software analyzer’s ability
to increment its counters when it sees two particular
addresses occur in succession, you can determine the
order in which modules run and thereby get statistics
on which modules are calling which other modules.

Thus, software verification is the last step in an
integrated development system’s suite of tools. Once
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started, the design cycle never really ends. The verifi-
cation step can feed right back all the way to the
initial-specification stage and start the cycle all over
again. And after the initial shipments of the product,
the design cycle doesn’t end; it’s just renamed—it’s
called maintenance. But whatever the name, the cy-
cle’s steps remain the same. EDN

Article Interest Quotient (Circle One)
High 470 Medium 471 Low 472

Need to Know?

EDN'’s advertisers stand ready to provide you
with helpful design information and other
data on their products. Just circle the appro-
priate numbers on the Information Retrieval
Service card. If your need is urgent, contact
advertisers directly, and mention EDN.

EDN: Everything Designers Need
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3 x 9 switch offers over
19,000 code combinations.

Ev ing you demand
in DIP switches is now
available from the people
who invented them.

Total reliability. immediate delivery, competitive prices—you
can get all this and design superiority from AMP.

Our selectively plated wipe/back wipe contacts give
you 30 micro-inches of precise, dependable gold. To
eliminate contamination and solder wicking, our switches
are all epoxy bottom-sealed and available with tape or
plastisol top sealant, as well.

We also make them easy for you to get. Computerized
regional delivery guarantees you shipment of all popular styles.

Our prices? Thanks to automation, you’ll be impressed.
Just ask.

CIRCLE
NUMBER

For more information, call the AMP DIP Switch Desk at 5
4

(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105

A RNIPP means productivity.

o

Plastisol sealing withstands Hexadecimal and BCDs are Low-cost DIP shunts
high pressure aqueous among our style variety. are AMP exclusives.

cleaning techniques.

AMP is a trademark of AMP Inc
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Marconi microwave instruments
give you more for your money.

Compare for yourself.

Hewlett-Packard

|

Marconi Instruments

Reputation

Undisputed leader in electronic instrumentation among
US. firms. Began in the 1930’s. Now produces automatic
microprocessor controlled microwave instruments.

Undisputed leader in electronic instrumentation among
UK. firms. Began in the 1930’s. Now produces automatic
microprocessor controlled microwave instruments.

Performance

Microwave counter

HP-5342A Option 011

Frequency coverage 10 Hz to 18 GHz

Maximum resolution 1 Hz

Sensitivity at 1 GHz —25 dBm, at 18 GHz —20 dBm
Maximum input damage level +25 dBm peak
Automatic acquisition time 530 ms (normal FM)

Power meter

HP-436A Option 022

Technology: TTL logic

Instrumentation accuracy =+ 0.5% or =002 dB =+ .001 dB/C°
Power range with available detectors — 70 to +35 dBm
Frequency range 100 kHz to 26.5 GHz

Calibration: adjustment manual screwdriver

Response time fixed by range

Panel height 514"

Scalar analyzer

HP-8756A

Frequency range 0.01 to 40 GHz

Electronic graticule; 401 point display, line only

Dynamic range +10 to —50 dBm

Fast screen dump and direct digital plotter output

Sweeper control exclusive HPIB port to HP8350B or
HP8340A

Minimum sweep time 150 ms

Logarithmic conversion by analog circuitry

Microwave counter

MI-2440

Frequency coverage 10 Hz to 20 GHz

Maximum resolution 0.1 Hz

Sensitivity at 1 GHz —25 dBm, at 18 GHz —20 dBm
Maximum input damage level +27 dBm
Automatic acquisition time 200 ms typical

Power meter

MI-6960 Option 001

Technology: microprocessor controlled
Instrumentation accuracy = 0.5% or + 002 dB
Power range with available detectors —70 to +20 dBm
Frequency range 10 MHz to 20 GHz

Calibration: adjustment automatic, key or GPIB
Response time is user selectable

Panel height 312"

Scalar analyzer

MI-6500 Option 001

Frequency range 0.01 to 40 GHz

Electronic graticule; 422 point display, line and
histogram fill-in

Dynamic range + 16 to —55 dBm

Fast screen dump and direct digital plotter output

Sweeper control coax cable to all popular sweepers

Minimum sweep time 70 ms

Logarithmic conversion by digital circuitry

Price
HP-5242A-011 Microwave Counter. $ 6,850 $5,290 MI-2440 Microwave Counter
HP-436A-022 Power Meter $ 3,400 $2,690 MI-6960-001 RF Power Meter
HP-8756A Scalar Analyzer $11,000 $8,195 MI-6500-001 Scalar Analyzer

Specs and prices aren't everything.
We made Marconi instruments as sim-
ple as possible to use, so you can make
measurements quickly
and comfortably with
complete confidence
in the results.

Thousands of
Marconi instruments are now used by
satisfied customers throughout the world.

‘-J*‘) o sama

They testify to the value inherent

in Marconi instruments— reputatlon
reliability, performance, and price.
Discover

# | Marconi value
for yourself.

,v Call today for

y * a demonstration
by phonmg (201) 934-9050 or in the Western
U.S. (714) 895-7182.

marconi
Instruments

U.S.A.: Marconi Instruments, 3 Pearl Court, Allendale, NJ 07401, (201) 934-9050. UK.: Marconi Instruments,
Longacres. St. Albans, Herts., England AL4 OJN Phone 44 (727) 59292. Telex 23350.

Data on H-P instruments from their 1984 catalog. H-P prices are as

of July, 1984. Marconi prices are as of July 1984 domestic U.S.A. only.
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Our newest

design centerfor
gatearr

_ .\3 '-

Yesterday it was just another [BM* PC.

Today it's a powerful workstation for gate array
design.

What happened? We did.

We're LSI Logic Corporation. Our LDS mainframe
design system has guided more than 600 gate array
designs from the drawing board to the assembly line.

With a 95% hit rate, first time out.

And now, with our Software Data Book”
macrocell library and the FutureNet DASH-1 Schematic
Designer;* you can create schematic designs on your
PCor XT.

Just see your local Wyle or Hamilton/Avnet
distributor. They stock the stuff to help you design great
gate arrays.

Without ever leaving your desk.

LSI LOGIC

CORPORATION

*IBM is a registered trademark of International Business Machines
*FutureNet DASH-1 Schematic Designer is a registered trademark of FutureNet Corporation
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Extended-processing units
expand wP computing power

Specialized parvallel-processing chips tied to a Z8000 CPU
let you get morve computing power from the w.P, and
the Z8000 family’s extended-processing architecture

increases the speed of slave interfaces.

Stephen R McMahan, Olympic Synthesis

The extended-processing architecture of Zilog’s Z8000
provides a flexible, modular approach for expanding
CPU hardware and software capabilities with parallel-
processing add-on chips called extended-processing
units (EPUs). When you tie an EPU like the Z8070
arithmetic-processing unit to the CPU, the Z8070 per-
forms floating-point mathematics while the CPU oper-
ates in parallel. By adding interface hardware, instruc-
tion coding, and timing logic, you can also create a
generalized hardware EPU interface that is separate
from memory or I/O spaces. This interface can be used
for data and instruction passing to slave processors, for
system-overhead control, and for other such functions.

In addition, you can use the EPU block move in a
LAN Controller for Ethernet (LANCE) interface to
provide a generalized memory-to-memory transfer
mechanism. The EPU block move lets the CPU share a
pair of RAM buffers with the LANCE and still transfer
data continuously by running the buffers in an inter-
leaving mode.

The EPU structure, combined with the EPU flag in
the Z8000’s flag and control-word (FCW) register, is a
special type of instruction trap. When you reset the
EPU flag (EPU not selected), the Z8000 recognizes
certain instructions as EPU instructions, and it vectors
to a preset point in the software. This vectoring allows
the software either to emulate an EPU (for example,
one floating-point software package emulates the
7Z8070) or to execute a program (such as a system-
overhead routine).

EDN NOVEMBER 29, 1984

With a Z8002 CPU or a Z8004 virtual-memory pro-
cessing unit (VMPU), this vector point resides in the
program-status-area header, +0002H, and consists of
two words—the new FCW and the new program count-
er. With a Z8001 CPU or a Z8003 VMPU, the vector
point is located at the program-status-area header,

TABLE 1—EPU INSTRUCTION
FORMATS
FCW TO EPU
:1000:1110:NU 1Y . 6. 6
:NU :0000:NU :00 00:
EPU TO FCW
:1000:1110:NU :00:XX:
:NU :0000:NU 00 00:
CPU TO EPU
:1000:1111:0:NU D O &
:NU : DST :NU : INFU I
EPU TO CPU
:1000:1111:0:NU :00:XX:
:NU : SRC :NU : N1
MEMORY TO EPU
:Md:00:1111:SRC HOXX
:NU :NU :NU : N-1
EPU TO MEMORY
:Md:00:1111:DST S5 ) 0 ¢
:NU :NU :NU NN
EPU INTERNAL INSTRUCTION
:1000:1110:NU 19X X
2 NOT USED 2 oNstL g
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Parallel operation
speeds peripherals

+0004H, and consists of four words. Three of these
~words contain the FCW, the program-counter seg-
ment, and the program-counter offset; the first word is
reserved by the manufacturer for internal use.
When you set the EPU flag, the CPU recognizes
EPU instructions and acts on them accordingly. Each
EPU monitors the instruction-fetch cycle and recogniz-

TABLE 2—EPU ASSEMBLER STATEMENTS

INTERNAL OPERATION—

XCTL EPUO0—3, #BYTE, #BYTE
EPU TO CPU MULTIPLE—

XLDM dstREG, EPUO—3, # OF WORDS, #BYTE
CPU TO EPU MULTIPLE—

XLDM EPUO-—3, srcREG, # OF WORDS, #BYTE
EPU TO MEMORY MULTIPLE—

XLDM dst REG,EPUO—3,#of words,#byte
Memory to EPU multiple—

SLDM EPUO-—S3, srcREG, # OF WORDS, #BYTE
FCW TO EPU

XLDCTL EPUO—3, FLAGS, # BYTE
EPU TO FCW

XLDCTL FLAGS, EPUO—3, # BYTE

es its own instructions; then it performs the internal
setup required to implement the instructions. As shown
in the following EPU instruction structure, all EPU
instructions are in double-word format.

M1 CYCLE-:XXXX :XXXX :XXXX :XX:XX-EPU ID#
Mn CYCLE-:XXXX :XXXX :XXXX :XXXX:

C B A N
NIBBLE NIBBLE NIBBLE FIELD

The two least significant bits (LSB) of the first word
make up the EPU ID number; this leaves room for four
EPUs in a system. Generally, the C and A nibbles don’t
affect EPU instructions. However, you can use these
nibbles to expand the capabilities of a hardware extend-
ed-processing unit (HEPU). The N field holds the
number of words moved (expressed as N—1) in trans-
fers either between the memory and the EPU or
between the CPU and the EPU. For transfers between
the memory and the EPU, the E field designates the
CPU register that points to the memory position at
which the transfer initializes. For transfers between
the CPU and the EPU, the B nibble specifies the

5V

2

2 18
AD; 3 17 AD,s
e 5V AD AD. )
1/0 DECODE ST 16 14
fAD Ls645s |15  AD,
7 20 AD12 6 14 AD12
sty 1B n|s AD,, 7 13__AD,)
ST, 2l B P ig NC AD,, 8 i 12 AD,
ST, 3lcC ol16 AD; g DIR 11 ADq
P — ———NC e H—
sT, 410 paLteLs sv AR L 101 :
DS 5
RIW Sje H}8 5 Q, 14 = ADy-AD,
b 11} 4 > 5V TO/FROM
MREQ ! - : % 1/0 AND EPU
AD.
e sl - R 7 =[O e
1 10 7 31 0=<— |17 s A
1l 3 YAD, AD,
; e ted 16 e/
~ AD; 51 se4s 15 AD,
. Lo 9 "AD AD,
, ! Q, D, D, 4 6 14 3A
Te z Tz ,:‘D"_l 13_;‘[‘;/
- 28 12"/
™ 'AD, 9 11 AD,
ADy 19 10
ADG-AD, AD, J AD, /
TO/FROM =

BUS

Fig 1—Instead of being included with the CPU buffers, an EPU can share a board with 1/O. A PAL controls this simple circuit.
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starting register from which (or to which) the transfer
occurs. The multiple register transfers shift through
the registers (R0-R15) and then wraps around, so that
RO follows R15.

Table 1 provides the specific formats of each of the
EPU instructions. Table 2 lists the Western Wares
(Placerville, CO) ZAS 2.0 assembly-language state-
ments for these EPU instructions. The first byte
(#byte) following the source in each statement corre-
sponds to the C and A nibbles. The second byte refers
to the B-nibble, N-field combination.

Plan your timing and control signals

The main timing and control signals for the EPU are
Read/Write (R/W) and Data Strobe (DS). Timing and
control during FCW and CPU transfers are much the
same as in a normal I/O or memory transfer. The
difference between them is that you must code the CPU
status (ST, through ST;) for EPU transfers. The differ-
ence between CPU cycle timing and the timing for the
transfers between the CPU and the EPU is that the

CPU doesn’t recognize any wait states for EPU trans-
fers.

When the EPU resides outside the CPU buffers,
EPU decoding must also control the EPU buffer direc-
tion and data strobing. But the situation changes for
transfers between memory and the EPU; R/W is now
referenced to the memory end of the transaction. When
memory is the source, R/W is High; when memory is
the destination, R/W is Low. The CPU provides timing
and status for the transfer and transfers the data
between the EPU and the memory in flyby fashion. The
CPU also provides the address, which is relative to the
memory end of the transfer, and sets the address/data
lines (AD, through AD;;) to 3-state during the data
transfer. When the EPU resides outside the CPU
buffers, you must set the CPU buffers to 3-state during
the data transfer.

‘When memory is the source, the EPU grabs the data
on the rising edge of DS. When the EPU is the source,
it must put the data on the bus prior to the falling edge
of DS.

5V = ——<ID,
20 / 20 . 0 by
AD, P1 D,
AD,, 3 2iey =65 121 D,
AD 18] 1o 11} [AD; 18 T 5V 2 =
e N IC, 5 10] |[AD, 4 Ic 5 3
ADjy o = > b Pl 20 20
AD,, N 14 169 = AL e aiilaz 1[a alleYq  1a
8 7
AD,, N 7] Ls37a |6 7, AD. = LS374 .‘13?414 1 2|8 o8 2| g R L@
AD,, < 14 _‘..5__6/ e 5 E:'s 10 3]c pliz2/ __ 3lc ot (5
AD, 8 S ® [ 13 =
4% N = 2 5| [Fou1s T SR R ic, ‘p—=isT
D, 125 r=<al;{s s|E KH2 XFRST
AR
s A 5] o PALIeLe PAL16L8
I3 ‘ [T o T N G
5V
% 5 glH
=|6 ASIDS| = = 49|
2 Q
B ® =
295 =0 vReQ— |
5V Y DS_4] D
1 1 14 —
Pa 11 2%\/ T # (ASiDS 11| 4
11_]20 11|20 Lo 168N STiRae) v
AD ——
A - 2 o - Eapa, ST, 6] F
AD, Ic s 18 19 b VST, Al o
IC. = 2 'AD, 1
7 AD s 4 IC, '5—<PA2 /STJ 8| n
5
LS374 o \ Ls374 AD; 17 16 05, FIalT
ST, A7 16 STl TN v R el Ay
0 AD, 7 6 4 == 2 pa
STl 2 LR 14 15 2] [P SR A
14 1550 2N AD,, <IPAg
e S e 2 e z —<apa, 10 i
8 9 o :
ST, —8& = Ap, < 13 12 0 1513 12 apa, J- L
= SYSTEM
|1 |10 |1 |1c l1 |1o CLK
N s
Fig 2—You can use EPU architecture to build a generalized hardware EPU interface. Flag and control-word transfers are not
permitted in this circuit.
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Hardware EPUs must
decode EPU instructions

The code must specify which EPU is going to be
active. This look-ahead function, combined with the
ST-through-ST; decode and R/W, steers the data path.
"The status codes, ST; through ST,, for calling EPUs
are:

1010 DATA MEMORY REQUEST
1011 STACK MEMORY REQUEST
1110 CPU, EPU TRANSFER.

The status lines do not indicate EPU internal opera-
tions, which may require as many as 16 cycles to
execute. The N field determines the instruction length.

Internal operation is typically synchronized with the
n* machine cycle, Mn. At the end of each T3 (a full
machine cycle) during an EPU internal instruction, the
CPU monitors the Stop line. By pulling the Stop line
low, the EPU forces the CPU to wait until the EPU has
finished its internal instruction. The CPU runs through
a series of memory-refresh cycles until the EPU releas-
es the Stop line, enabling the CPU to download a
process to the EPU and wait for the result without an
interrupt.

EPU decoding is straightforward
For an example of EPU decoding, look at the coding

for an EPU that resides outside the CPU buffers and
shares a board with I/0. Fig 1 illustrates such an
interface. To catch the EPU ID number, the interface
must latch AD; and AD, on the rising edge of DS during
the M1 cycle. By clocking the LS74 with the PAL
output M, you can latch the EPU ID number.

You can assign the EPU an ID of 0. If you use an
EPU like the Z8070, the EPU will respond to all
instructions directed to EPU #0.

During transfers between memory and the EPU, the

TABLE 3—PAL EQUATIONS
FOR FIG 1 CIRCUIT

PAL16L8

EPU/DEC1

ABCDEFGHIGND
JKLMNOPQRVCC
M=/E+/F+/A+B+/C+ /D
IN=/E*IG*F + /O
Pi=eB2C D A IE [ > H.*
IO=/P+/A*B*C*D*F*IE*/H*/

5V Q|3 A,
11 Q|2 A,
16 Q|6 A
LS193 QL7 A,
RST = u D 11
5 |4 i
CS— Cs

PUSH/PULL— RIW

256x 16
5V
s[CrRY BRW 4,
UP CLK DU
16
DOWN CLK ‘50
LS193 Q4 |3 A,
RST Qg |2 A,
RESET—Do—lﬁ CLR gc = A,
b |7 A,
Do'D1s

B

ADy-AD,; <
(a)

the push-pull stack is illustrated in b.

Fig 3—A simple push-pull stack is easily built with a hardware EPU interface (a). The interface between the HEPU interface and

5V

P20

Dy iR RIS up ok
ppe— Q'8 pown cLk
D, 3| ¢ Pl7_ =
ST,—— 4 b IC, OP® __BusmpruLL
ST, SlE PAL16LS
ST, 8| ¢
ST3—7 G
e ———— 08
R -————191 1
=y ) g
5V ikl 8
Tzo I19 N i
PA, 2] 322k =
PA, 4 S
PA, 6 Ic, 7
PA, 8] o2sLss21 |9
PA, 11 12
PA, __13 14
PA, 15 16
BATRRT 18

(b)
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data flows counter to the direction of the R/W line.
When the EPU is the source, it feeds data onto AD,
through AD;; prior to the falling edge of DS (but after
the address floats). During transfers between the CPU
and the EPU, the data follows the direction of R/W,
with DS gating the data out of the buffer.

PAL output N (Fig 1) controls the data direction.
When the EPU is the source for a memory transfer, the
P—O—N chain delays Memory Request (MREQ) to
prevent a bus contention. Table 3 gives the PAL
equations.

In the /N equation, the /E*/G*F term steers the I/O
data and the /O term steers the EPU data. The /P term

steers the EPU memory data. In the /O term, gates in
the PAL delay /P. The rest of the equation controls data
between the EPU and the CPU.

After you've worked with the EPU decoding, you can
try using the EPU structure to do some non-EPU
work. With the addition of some instruction decoding
and timing logic, you can create a generalized HEPU
interface. You can use such an interface to facilitate
data and instruction passing to slave processors, imple-
ment system-overhead control, provide a parallel-pro-
cessing interface to dedicated processors (such as I/O
processors or high-efficiency bit-slice peripherals), es-
tablish a workspace outside of memory or I/0, create

5V
i1
o L 111 Bo Yo
a2 7] B1 Y1
Is 4] B2 Y2
Q
2 B3 Y3
iy B 16
T EAADY LS83 A9
16 Al
Loap 1 :ﬁ
CRY
CLR e ,D\ = IN
|14 5 |4 13
RST
5V
12 |13 ?s 14
CRY BRW CRY
UCLK —25u Q 3 111 B0 QuT YO
4 2 7] B1 Y1
DCLK—D Q |
@ Q‘ 6 4| B2 2|
oI 1] B3 Y3
Q
5 e ot LS83
stz | o =
11 Al
LOAD
o 8 A2
B A3
CLR =
lm 13 [12
RST
OFFSET (iTH/LTCH
15 3 0A
PA‘,—1 D, Q[ —
PA; —— D, Q, _’6 -
PAz—J?D2 Q, -7——3/
e e
LS193
o — Ui 0ap 15
5 8
OUCLK >U
obcLK—2kp _-l_-
CLR
14
RESET RST (a)

5V
Pas

ID,—H A w 22—pbcLk
2
D B
4 3 v IZ—ucwk
b,—{ ¢
STo 4 D U 21 &
5
ST E o
/) 6 72— iNout
ST, F
st,—a -y L
= 8
AS H 18
= R ODCLK
AW— |
xFRsT—Y a FX—oucik
PA, Ll |
7
PA, 2y
PA, 1: M
PA, o
PAL20L10
112

(b)

AD-AD,

Fig 4—A stack more sophisticated than Fig 3’s, although
still based on the Fig 2 HEPU interface, allows top-of-stack
relative addressing, as well as separate incrementing and
decrementing (a). The interface to the hardware is shown in
b.
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Establish a workspace
outside of memory or I/O

multiple stacks, and support RAM and ROM disks.
These are only a few examples; you'll find many more
uses for HEPU interfaces.

For non-EPU hardware, the interface must monitor
and decode the EPU instructions, provide timing and
control to the hardware, and pass pertinent information
to the hardware. Fig 2 shows a generalized HEPU
interface operating in EPU; space. Disallowing FCW
transfers is the only restriction on this HEPU inter-
face. Table 4 lists the PAL equations used to build the
circuit in Fig 2.

On the falling edge of T3, during M1, the CPU clocks
the AD lines into the first set of latches (IC,, IC,). ICs
decodes these lines to indicate the presence and type of
HEPU instruction. The CPU encodes these HEPU
instructions onto the three output lines of the PAL. The

identification lines (ID,-ID,) are encoded below.

000 HEPU TO MEMORY

001 MEMORY TO HEPU

010 HEPU TO CPU

011 CPU TO HEPU

110 HEPU INTERNAL INSTRUCTION
111 NO HEPU INSTRUCTION

The CPU passes these lines to the HEPU bus and the
second stage of the HEPU interface. For transfer
instructions, this status arrives three clock cycles be-
fore the actual transfer if the CPU doesn’t use any wait
states during the instruction-fetch cycles. On the falling
edge of T3, during Mn, the CPU clocks the AD lines
into the second set of latches (IC;, IC,). The second set

5V
<izo
AD, 3| 2 o
AD, 18 19 5
Ay . 4 i_\z
ADS 17 ‘ LS374 16 3
AD, 7 6 4
AD, 14 15 5]
e TF 4 e o]
ADS 8 9 6
AD, 13 12 7]
ey ‘_ﬂ
11110 [1
= \ ENABLES
& / FROM SLAVE
11?20 |1
AD, - Nig 2 J D
1 0
AD, 18 19 D,
Ao 4 Lsara 2 3 D, sLAvE
AD 17 16
1 2 D, DATA
AD,, 7 6 Ne b, BUS
5
AD,, 14 15 %. D,
ADN 8 3 \ De
AD, 12 iE Ne- D,
T
5V
2[4Y14
D P
gli— -~ Sy siAvE
gt 3}, Ls74 ; Slux/éNvL NMI)
otR H—3(sos]; INTACK
X
= SYSTEM
@ RESET

(b)

Fig 5—An HEPU can be the basis of a simple, multipurpose
slave interface. The hardware (a) coupled to the interface (b)
passes a word and then sends an interrupt to the slave.
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of latches passes all the lines to the HEPU bus.

ICs provides the timing for the HEPU bus and
interface. For an internal instruction, IC; generates the
internal instruction strobe (IST) that goes low with the
rising edge of DS and high with the falling edge of the
address strobe, (AS). The transfer strobe (XFRST) is
the gated result of DS and the EPU transfer decode
from the CPU status lines.

HEPU interfaces transfer data to CPU

For memory-to-HEPU transfers, IC; generates
XFRST with the output from DS gated with R/W and
the CPU status. Generating XFRST for the HEPU-to-
memory operation is not as straightforward as the
reverse operation. You need to gate R/W and either
EPU memory request or EPU stack request with
MREQ), creating both a delay to avoid contention with
the address output from the CPU and a data setup time
for the memory. The HEPU interface outputs pass to
the HEPU bus, which you can add to the mother bus or
the backplane. The HEPU bus comprises the following
signals:

HEPU INSTR. ID ID,-ID,
HEPU PORT ADDRESS PA-PA;
HEPU PORT INSTR. PI,-PI;
TRANSFER WORD COUNT XW-XW;
INTERNAL INSTR. STROBE IST
TRANSFER STROBE XFRST
ADDRESS-DATA STROBE AS-DS.

Using the internal HEPU instructions, you can de-
sign your own instruction set. The following are
assembly-language mnemonics for the internal instruc-
tion.

XCTL EPU 3, #(PA-7), #(PI-7)

The parentheses highlight the immediate bytes but
are not part of the ZAS 2.0 syntax. This instruction lets
you pass 16 bits as two bytes. The HEPU interface
passes both bytes in the second word of the instruction
fetch. The first byte contains the C and A nibbles; the
second byte contains the B nibble and N field. You can
split these bytes into any field configuration at the
destination, so you can pass 16 bits throughout the
system or eight bits to 256 ports. You can also pass 12
bits to 16 ports, and so on. The application determines
the format, rather than the converse.

LIFO interfaces feature high performance

Now that you have completed the interface, you can
try a few applications. The simplest stack is the classic
push-pull, last-in/first-out (LIFO) structure. The hard-
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ware includes up/down counters and RAM. Fig 3a
illustrates such a push-pull stack; Fig 3b gives the
interface to the stack from the HEPU interface. The
PAL equations are presented in Table 5.

ZAS 2.0 defines a push as

XLDM EPU3, SRC, #(NO WORDS PUSHED), #7F

and a pull as
XLDM DST,EPUS, #(NO WORDS PULLED), #7F.

Before each push, the up clock cycles once. AS, gated

TABLE 4—PAL EQUATIONS
FOR FIG 2 CIRCUIT

PAL16L8

HEPU PAL1

ABCDEFGHIGND

JKLMNOPQRVCC

R=N*M*/A*/IC*ID*E*F*G*H"*J*L
+N*M*A*B*/IC*D*E*F*G*H*NI*N"*IL
+N*M*A*B*IC*D*E*F*G*/H"*L

IQ=N*M*/A*/C*D*E*F*G*H"L
+N*M*A*B IC*D*E*F*G*H"L

P=N*M*/A*IC*D*E*F*G*H"L
+N*M*A*B*/IC*D*E*F*G*H

PAL16L8

HEPU PAL2

ABCDEFGHIGND

JKLMNOPQRVCC

IR=D+/E+F+/G+/H

Q=D+E+F+/G+/MH

IL=/A*B*C*N

IK=A*IC*D*F*IG*H
+/A*IC* I

TABLE 5—HEPU SIMPLE
STACK PAL EQUATIONS

PAL16L8
STACK 1
ABCDEFGHIGND
JKLMNOPQRVCC

IR =51 THE O S AN BT 255
1Q=gld ) UGN ESSTE G
P=MN"IC*B*I
+MN*IC*B*IA*I
IO=/L*IC*B

+ LT IC B A IA
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Apply auxiliary stacks
to Forth-based systems

5V \ 5V
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Fig 6—Although more sophisticated, this slave buffer is functionally similar to Fig 5’s interface. The hardware is illustrated in a,

the interface in b.
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with the look-ahead status and decode—and in conjunc-
tion with the correct CPU status decode—generates
the up-clock signal. The down clock cycles once after
each pull. XFRST, in conjunction with the correct
decode, creates the down clock.

Combined with the correct stack decode, XFRST
creates the Chip Select (CS). The RAM needs to be less
than 70 nsec.

Top of stack reads/writes relatively

A more complicated stack permits Top-Of-Stack
(TOS) relative addressing and separate increment and
decrement handling. Fig 4a illustrates the core of such
a stack; Fig 4b shows the interface to the stack. Table 6
lists the PAL equations for this stack.

This type of stack can function as a normal push-pull

TABLE 6—TOP OF STACK
PAL EQUATIONS

PAL20L10
STACK 2
ABCDEFGHIJKGND
JKLMNOPQRSTUV VCC
N = [0 FAHE S FE*G G L " H KM
W=/Q*"A*E*IF*G*N*"K*/IC*L"'M
N=L*N"/IC*B*M
- +L*IC*N*B*IA*M
m=/N1*/C*B

+1*/IC*IB*IA
IS’ =D HESE ~ G|
R=0*K*L*A*/C*E*F*G*MH*"M
Q=0*"K*L"J*A"IC"E*"IF*G"*"M

stack and as a stack that allows multiple read/writes in
TOS relative mode—without affecting the TOS. You
structure the immediate byte (PA,-PA,) as:

OFFSET TOS OFFSET
STACK INC/DEC INC/DEC
DECODE ENABLE ENABLE
XX X X XXXX-LSB.

A Forth-based system is a good application for an
auxiliary stack. Table 7 shows how you would code
typical Forth stack manipulations.

Next, you can try slave interfacing. The simplest

TABLE 7—TYPICAL FORTH

puP EX R2,R3

XLDM  R2,EPU3#%00,#%CO XLDM  EPU3,R2,#9%01,#%D0
xLDM R2,EPU3, #00,#D0 FNRAD

SWAP XLDM  R3,EPUS,#9%03,#%EQ
XLDM  R2,EPU3#%01,#%D0  EX R3,R4

EX R3,R2 EX RS5,R6

XLDM  EPU3,R2#%01#%DO0 XLDM  EPU3,R3,#9%03,#%E3

ROT 2ROT

XLDM  R2EPU3#%02#%D0 XLDM  R2, EPUS,#9%05 #%E0
LD RS,R4 EX R6,R7

LD R4,R2 EX R2,R5

XLDM  EPU3R3,#9%02,#%D0  EX R3,R4

S XLDM  EPU3,R2,#9%05 #%ES

XLDM  R2,EPU3#9%00,#%C1 20VER

XLDM  EPU3,R2#%00,#%D0 XLDM  R2, EPUS#%01,#9%E2
20UP EX R2,R3

XLDM  R2,EPU3#9014%E0 XLDM  EPU3R2,#9%01,#%D0

5V

20
AST 13|L sl ® ( D,—4 A
Bs—4A P A @ i 1—2" B
sv 28000 w—28 8000 1D,—3c
28000 DEC —2{ C o ﬁ@ xFRsT—4 b
20 +RP 4 7
MREQ —4 D 15 Z8000 RW— G e
PA,—2 3 NEE) 5|
4 5 5 14 Ls125
PA, — - MODE —{ E Y enG) O1 o 78
6
PAz_a' IC, 9 i PA';éSLB K .&@ Mopgﬁ. M AD,
PA,— 25152521 5 DS—F '
P, 1 1 ai—Ua oke @ PAL16LS
13 14 o NG A IC,
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Slave interfaces
control LANSs and disks

slave interface (Fig 5a) passes one word and then
interrupts the slave. Typical slave operations include
local-area-network (LAN) controllers and intelligent
disk controllers. Fig 5b is an example of an interface
decoder.

Using this type of slave interface has one advantage
over direct CPU or DMA access—it doesn’t create holes
in the memory map. Fig 6a shows a more realistic slave
buffer than the simple one in Fig 5a. Fig 6b gives the
interface decoder for this improved slave buffer, and
Table 8 provides the programs for both PALs.

CPU polls parallel boards

The structure for transferring data between the
CPU and the HEPU allows the CPU to test or set bits
on the Z8000 side of the buffer. At power-up, the mode
latch resets to Z8000 mode. The CPU can test the mode
latch on the Z8000 side at data bit 0 in an HEPU-to-
CPU transfer. The CPU can set the mode latch to Z8
mode by a CPU-to-HEPU transfer. When the interface

is in the Z8000 mode, data bit 0 provides the data for
the mode latch.

The Z8000 can poll and set as many as 16 parallel
boards, each of which has been assigned to a different
data bit. On the Z8 side of the buffer, the Z8 performs
the test and reset functions, and it reads and writes the
data in a single memory location. As before, the Z8 uses
data bit 0 to pass data. The Z8000 and Z8 may poll the
mode latch in either mode, but they can only set the
mode latch in their respective modes.

The circuitry described to this point works with
either a 4- or a 6-MHz CPU, but the timing is incompat-
ible with a 10-MHz CPU. Fig 7 shows an HEPU
interface modified to run at 10 MHz with the PAL codes
listed in Table 9.

You can see several changes to the interface, com-
pared with the original. The PALs perform basically
the same functions, but Schottky parts pass the timing,
with the PALs providing a look-ahead function to the
timing. Some other components included are Am29845s

5V r % N
5V
14] L4 14[ Toa ‘ iao
12 AD 12
AD; 5 3 =2 1{ /ADO 3 —<§12 11y 1\————‘1 Ua R :2
P - AM29845 ;:J | Vs, - ; Tl L
AD,, o 5 _Q/ AD, 5| AM29845 20_<I2 }__3_ e 7
5V AD,, 6 19 g /ADG 6 19 ]la \8 4 D
AD,, 7 18 8 s 7 18 1 N 5|
AD 8 17 Y'AD; g 17 4 N 6
3 & 6 VAD s 3
P D AD, - 9 16 SA ADvo 9 &—4'5 ies 2 IS <
AD, o 10 15 110 15 qu, S 8y 3
F74 Ql—zs 1 - gy o
AS/DS = o 11 =
A Y 2 1 J <§(
A OE 12]23]13 23[12] |13 N
55 N 14fm
l = = Q15w
DS
5V 5V G F02 )O 5V
s Fo2
ot :
1312724 14[13 124 [1a]13]24
\4 AD \
AD. 3 22 44 -3 22
P /A5, ] 21—<lg:.,
6 —<
AM29845 AD, b AM29845 'ADs s| Am29845 |20 ) 1
AD4_\ /_,/&—6 B ,F:A’ 10
6 19_ST, AD ) 7 18 3 ADy, 7 18 As i
sty ——11 R 2] Vs e, =
7 18 ST, AD, 8 74 2 13 8 '17—<PA
g ST I e %1 'AD,, g 16 s
ST 8 17 2 AD1 \ A 14 _—<PA6
2 = 16 STy Ap 10 15 o)  PADis1g 15
ST, ey 50 ——=<PA,
e Y0 15_RIW
RW =\
1 ]2 [23]12 [ |2 |23|12 121 ]2 [23
Fig 7—Operating at 10 MHz, this modified HEPU interface improves performance with Schottky devices and high-speed PALs.

148

EDN NOVEMBER 29, 1984




and AmPAL16L8As. The Am29845s are fast transpar-
ent latches, optimized for suppressing metastates. The
AmPAL16L8As are also fast devices.

10-MHz HEPUs

The next HEPU application targets 10-MHz Z8000
applications. The Z8000 family doesn’t have a direct-
memory-access (DMA) chip that runs at 10 MHz. That
leaves you with three options: You can adapt the
7Z8016A for use at 5 MHz, rely on the CPU block-
transfer instructions, or use the EPU structure. The
first choice requires extensive hardware modification
and provides a throughput of only about 1.7M bytes/
sec. The second choice offers a throughput of about
2.2M bytes/sec. The third choice is capable of giving you
a throughput of about 3.9M bytes/sec. (Throughput
figures are calculated based on a transfer of 32k bytes
in word mode, assuming the Z8016A runs in a flow-
through mode.)

In an application such as a LANCE interface, the

EPU block move allows the CPU to share a pair of
RAM buffers with the LANCE and still transfer data
continuously by running the buffers in an interleaving
mode. The speed of the EPU block transfer permits the
CPU to fill one buffer and load the task to the LANCE.
While the LANCE is transmitting from one buffer, the
CPU can monitor the buffer’s status and fill the other
buffer. The same holds true for the receive mode. The
only interruption in the process arises when the
LANCE issues an interrupt to the CPU.

This application is a generalized memory-to-memory
transfer mechanism. Fig 8 is a schematic of the hard-
ware that implements a fast block transfer between the
EPU and memory.

EPUs access parallel blocks

You might think that Fig 8 shows a lot of hardware
for just 64k bits of RAM. But keep in mind the speed of
transfer and the cost of 55-nsec RAM. By adding two
more PALs and appropriate RAM decoding, you can

5V
Tz

SO 4

DS

AS832

SYSTEM
CLK

RESET

AMPAL16L8A

STo 6
(ST, 7
ST, g

3
RW11

el 0 [

TABLE 8—Z8000 - Z8 BUFFER
PAL EQUATIONS

PAL16L8

Z8K-Z8PAL1
ABCDEFGHIGND
JKLMNOPQRVCC

R =L

IP=E*J*L*N*MH*IF*G
+E*L"/G

IO=E*N*L*N*H*IF*G
+E*L*/G

IN=/E*/A*/B*IC*D
+E*IF*IG*H"*/

/M =/E*/A*/B*D
+E*IF*H*N*J

IK=/E*IA*/B"*ID
+E*IF*H*N*N

IQ=/E*/A*IC*B*L
+/E* B ~IC*ID*L

PAL16L8

Z8K-Z8PAL2

ABCDEFGHIGND
JKLMNOPQRVCC
R=M*"IG*A*B*IC"*IE
Q=M*G*/A*B*/C*/E"*ID

P=M*/IL*H*I
O=M*/L*H*N*N
IN=M*IL*N*N*H

+5/M= A A B G T D /B
K =N
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32-bit processors
implement extended processing

access 256 of these 64k-bit RAM disks.

The interface works as a RAM disk, using the EPU
structure for setup and accesses. When it’s not enabled
by mode decode, the bus accesses the RAM in normal
memory space. The HEPU interface latches the mode
decode signal from the I, HEPU line using the IST
signal in conjunction with the Py-P; decode. The mode
decode is active-Low, which enables transfers between
the CPU and the HEPU and between the HEPU and
the memory. The interface always responds to its
internal operation.

When mode decode enables data exchange, a transfer
between the CPU and a HEPU port loads the counters
with the origin address. (When not enabled, the coun-
ters act as address latches.) From then on (until the bus
disables mode decode), the CPU transfers data be-

TABLE 9—10 MH HEPU
INTERFACE PAL EQUATIONS

PAL16L8

10MPAL1
ABCDEFGHIGND
JKLMNOPQRVCC

ABCDEFGHIGND
JKLMNOPQRVCC

M=N*M*/AIC* D E"FR*GTH2dYE
+N*M*A*B*/IC*"D*E*F*G*H*N*N*IL
+N*M*A*B*IC*D*E*F*G*/H"L

IQ=N*M*/A*/IC*D*E*F*G*H"L
+N*M*A*B*IC*D*E*F*G*H"L

P=N*M*/A*/IC*ID*E*F*G*H"L
+N*M*A*B*IC*"D*E*F*G*H"/I*/L

PAL16L8

10MPAL2

: ] . RaL*J*/A*B*C*F*I/G*H"I
tween memory and the HEPU in flyby fashion, with Q=/C*B*L*IF*G*H"I
the PAL in Fig 8 automatically incrementing the RAM P=/C*B*L*G"*"/H"I
disk address. The XFRST signal compensates for the O=L*J*D*F*IG*H"I*M
destination, source (dst,sre) differential in timing. IN=L*J*D*F*IG*H*I*/A*B*C"*M
The manufacturer plans to include EPU capabilities
on the Z800 and 780,000 processors. Because of the
7. N As
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ADw./ 5 20 Ao \ADyo 4 21 Dy 5
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Ay 7| iseet 18 AwY  NACiz 6| Amzoses |19 D
AD, 4 8 17 AgY NAD,; 7 18 Diy il
ADM./ 9 16 Au\ NAD,, 8 17 Dy -
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| T 1
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e ADDRESS g DATA
BUS BUS
Fig 8—This block-transfer circuit speeds communication between the EPU and memory. The design is related to a RAM-disk
circuit.
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Many of today’s complex instrumentation systems
depend on programmable frequency synthesizers.
Varian Instrument Division, Palo Alto, is using
PTS 160 and PTS 200 low noise sources in their
state-of-the-art-products.

The reliability record established by these
synthesizers over the years has been outstanding.

If you need VHF-UHF Synthesizers for precision
frequency control in your system or lab,
follow the leaders, specify PTS with confidence.

FREQUENCY SYNTHESIZER MODELS
. MHz, 160 MHz, 200 MHz, 500 MHz

PROGRAMMED TEST SOURCES, INC. Littleton, MA, 617-486-3008
:  CIRCLE NO 69




RS-232-C
opto-modem

TR2000

Here is the ‘
ultimate Fiber

Optic interface
for full-duplex

transmission of
data and control
signals between
datacomm devices.

¢ Low Power Consumption
e DTE/DCE Operation
¢ Long Distance/High Speed

For more information and prices, contact:

=2
giS

American Photonics Inc.
71 Commerce Drive, PO. Box 289
Brookfield Center, CT 06805 (203)775-8950

CIRCLE NO 70

e A

o B

JTS AND 32 ompms

' PER STEP
B INDUSTRIAL INTERFACE RACK
B CASSETTE LOADER FOR PROGRAM
STORAGE

For more information contact Jim Mellen
CALL 1-800-635-3435

ENCODER PRODUCTS CO
\_ /601B Dover Road * Sandpoint, ID 83864 J

With an HEPU, the Z8000
polls 16 parallel boards

design of their respective instruction-fetch cycles,
HEPU interfaces are most easily implemented on the
7Z8000; the Z80,000 implementation is more difficult,
and the Z800 is the most complex. EDN
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You can be among the chosen few to have their
technical articles appear in EDN. We’'re constant-
ly looking for good articles that cover state-of-the-
art technology and applications.

If you’ve got an innovative application for a hot new
device, why not immortalize it in print? It’s easier
than you think. Just send an outline of the pro-
posed article to Bill Travis, Senior Editor, EDN, 221
Columbus Ave, Boston, MA 02116. Or, you can
call him and discuss the application at (617)
536-7780.

Don’t miss this opportunity to become one of the
chosen few.
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FAST ON
ITS FEAL

The 74F402 Serial Data
Polynomial Generator/Checker

make short work of errors in long serial

&= data streams.
= Plus, no external logic is necessary. And

Generator/Checker from Fairchild.
Whether you're designing local area the F402 comes in one neat 16-pin DIP.
That means less board space, fewer parts

networks, data storage equipment or
Ethernet-compatible equipment, this is From Portland, ME. and reduced design time.
The F402 from Fairchild. We're putting

the part for you. It delivers a guaranteed
our best feat forward.

30 MHz at commercial temperatures. It's
expandable to generate polynomials up FAIRCHILD For data sheets, samples or more infor-
mation, contact your nearest sales office or

to a 56th order fire code with the addition
of CRC16 and CCITT codes. So you can A Schlumberger Company authorized distributor.

Fairchild Digital Division, 333 Western Avenue, South Portland, Maine 04106
FAST (Fairchild Advanced Schottky TTL) is a trademark of Fairchild Camera and Instrument Corporation.
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Introducing the first LSI way togo FAST™:
The new 74F402 Serial Data Polynomial
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A 100mm, DIGITIZED,
4 CHANNEL, FIXED THERMAL
PRINTHEAD RECORDER THAT:

* OFFERS USER PROGRAMMABLE CHART SPEEDS - PROVIDES
ELAPSED TIME PRINT OUT - GENERATES ITS OWN GRID
« ACCEPTS ANALOG INPUTS - IDENTIFIES TRACES

FOR LESS THAN $200
PER CHANNEL.

Gulton’s Supertrak® 4100 does all based for complete system coor- Never before has so much been
~that and more. It offers four analog dination. An internal clock provides designed into a single recorder for
~ input channels for multiple signal accurate time/data correlation and less than $200 per channel. For

recording and lets you select SIgnal allows for the additional feature of =~ complete details and specifications
i i ~ elapsed time pnntout in the chart - write GRAPHIC INSTRUMENTS
margin. DIVISION, Gulton Industries, Inc.,
- Fa Greenvw °h, R102818. Fora
V % ca (401) 884 6800,




insertion equipment right along with
IC's.. without machine adjustment. You
get economical high speed board pro-
duction. You'll save significant board
space as well! This new switch takes
only 37% of the volume of a standard
DIP switch allowing for closer board
stacking and space savings.

Wave solderable! Board washable!
The AUTO-DIP™ design eliminates bot-
tom sealing. And, a lead frame housing
construction with time-proven tape top
seal keeps contaminants out of the
switch through wave soldering and sol-
vent or aqueous cleaning.

swftchescan be used in your automatic

Actual size switch

New! CTS AUTO-DIP" Switches for

AUTOMATIC INSERTION!

control used in every step during manu-
facturing assures unvarying part quality
and final reliability. Available in 2-posi-
tion to 12-position switches.

WRITE TODAY for full techmcal data

-

on these new Series 207 ]
AUTO-DIP™ switches. =
Contact: CTS Corporation®

Paso Robles Division.
Electromechanical Group.

500 Linne Road, =
Paso Robles, CA 93446. s
Phone: (805) 238-0350

*In Calif. dba CTS Electronics Corporation

CIRCLE NO. 1

CTS means Reliability

CTS CORPORATION * ELKHART, INDIANA

Series 206RA & 197 Right
angle and 4PDT slide actu-
ated DIP switches.

Phone: (805) 238-0350
CIRCLENO. 2

PC Boards Complex double-
sided and multilayer.

Phone: (415) 964-5000
CIRCLENO. 3

ceramic Sl
networks.

resistance, In addition, statistical process

Series 750 & 760 Solid

Phone: (219) 589-8220

Switch reliability that
is the best ever!

STATIONARY
DETENT POST

Redundant gold inlaid contacts dramatically
enhance contact reliability.

Positive wiping contacts assure low and con-
sistent contact resistance. (050" travel)
Detent function separated from contacts to
optimize both designs.

Gold contacts never abraded or contaminated
by sliding over polymer surfaces. Contacts
never touch a nongold surface

No contactor deflection for the life of the
switch. Constant contact force eliminates
overstressing of contacts for greater reliability.

Series MX055 Low profile
hybrid clock oscillators.
Phone: (815) 786-8411
CIRCLENO. 5

P and DIP resistor

CIRCLENO. 4







Eliminating protection circuitry
recduces switching-supply costs

Crowbar-type overvoltage and foldback-mode curvent-limit
circuts are needless in many switching-supply applications.
A study of supply circuitry shows why you can often
eliminate such protection functions.

D J Becker, Lorain Products

If you design or specify switching-regulator-based
power supplies, you can often realize cost savings by
eliminating the crowbar-type overvoltage and foldback-
characteristic current-limiting circuitry used in many
such supplies. What’s more, you can dispense with
these circuits without compromising the safety of the
supply or its load.

The cited protection schemes owe their existence to
previous necessity; they were generally an outgrowth
of linear-power-supply characteristics. A comparative
study of the attributes and failure mechanisms of linear
and switching-regulator supplies shows why the costly
protection circuits are often unnecessary in switching
supplies.

Linear-supply development

To see why voltage and current limiting are needed in
linear supplies, it’s important to understand how these
supplies operate—specifically, how they relate to their
respective loads. The linear power supply (Fig 1) has a
single series element that’s responsible for the output
regulation. This element is usually a bipolar transistor
or a power MOSFET. The supply regulates the output
by using some kind of electronic control to vary the
conductivity of the series transistor.

The transistor is in series with the unregulated input
line; it continuously adjusts the excess voltage between
input and output. Some of the linear supply’s advantag-
es are that it regulates well, it’s relatively simple, and
it has very low output noise. A major drawback,
however, is that if the series pass element fails (and
bipolar transistors usually fail dead short), the total

EDN NOVEMBER 29, 1984

potential of the unregulated input source appears
across the supply’s output terminals. This high voltage
can result, for example, in the failure of all logic
elements connected to the supply. This dead-short
failure mechanism is the reason for the development of
the crowbar circuit.

Crowbar overvoltage limiting

You can consider the crowbar circuit the last-resort
effort by the power supply to protect any critical load
connected to the output terminals. Fig 2a shows that
failure of the series-pass element results in a rapid
voltage rise across the load. Failure to contain this
voltage within a specified limit (eg, 6V for TTL circuits)
is catastrophic: Excess voltage can burn out the load
circuitry. The purpose of Fig 2b’s crowbar circuit is to

SERIES-PASS
ELEMENT

P
UNREGULATED
INPUT
O— j
Fig 1—A linear power supply’s series-pass element is
subject to dead-short failure if overloaded. This fact man-

dates foldback current limiting (to protect the pass element)
and crowbar overvoltage protection (to protect the load).

OUTPUT

i REGULATED

157




Linear power supplies
need crowbars, foldback limiting

detect the fast-rising voltage front and provide a high-
conductivity path to the return.

The conductive path is designed to draw enough
current from the unregulated input source to prevent
the voltage from damaging the load. The crowbar must
be of sufficient size to handle the large current drawn
from the unregulated line, for at least the time it takes
for some sort of protection device (eg, a fuse or circuit
breaker) to activate. The conditions that trigger a
crowbar circuit are rarely caused by any supply-elec-
tronics fault other than failure of the series-pass ele-
ment itself. Typical causes of failures of the series
device are thermal breakdowns caused by excess power
dissipation.

Foldback current limiting

A second consideration in linear supplies is the use of
a foldback current-limiting circuit. As Fig 3a shows,
the nomenclature “foldback current limiting” is appro-
priate: The output current folds back in value, and the
output voltage decreases when the load demands ex-
ceed a preset value. The foldback characteristic owes
its development to the needs of the series-pass element,
which dissipates most of the power during a fault
condition.

Consider, for instance, the condition shown in Fig 3b.

(a)

4 UNREGULATED VOLTAGE
(TYPICALLY 9V)

OUTPUT
VOLTAGE
5V FAILURE OF
SERIES ELEMENT
TIME
(b)
Or —0O O—9—0O
VOLTAGE
LINEAR-
POWER-SUPPLY DETECTOR | LOAD I
OUTPUT

cal

Fig 2—Failure of the series-pass element in a linear supply
could result in application of the full unregulated input
voltage to the load (a). A crowbar circuit (b), though, detects
the series-pass element’s failure and immediately short cir-
cuits the power-supply output.

——0 O—+4—0

TURNING ON INTO A
CONSTANT-CURRENT LOAD
@ A CAN LOCK UP POWER SUPPLY

o

18V
Az CURRENT-
LIMIT SET
POINT
OUTPUT
VOLTAGE

FULL
LOIAD

OUTPUT CURRENT  2A

‘Y

(b)

1

18V

OUTPUT
VOLTAGE

Y

OUTPUT CURRENT 22A

Fig 3—Foldback (a) and straight (b) current limiting differ
markedly. In the former, exceeding the preset rated current
causes both the supply’s output voltage and the current to
decrease according to the load line. The straight limiter, on
the other hand, allows the full input-output differential to
appear across the series-pass element at currents as high as
the full-load limit.
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Assuming a 24V raw input voltage, the drop (the
difference between output and raw input voltages)
across the series device is 6V. If the supply is deliver-
ing 2A, the power dissipation in the series-pass element
is 12W. In providing for this 12W power, you must
consider the capabilities of the selected series-pass
device and also the thermal path necessary to keep the
device’s dissipation within the specified limits.

A standard TO-3 transistor (eg, the 2N3054) has a
7°C/W  junction-to-case thermal-resistance specifica-
tion. You must therefore select an appropriate heat sink
to keep the transistor’s junction temperature within
operational limits. If you choose a heat sink with 2°C/W
thermal resistance, the total junction-to-air thermal
resistance is 9°C/W. This resistance results in a temper-
ature rise of 108°C (9°C/W x12W) from junction to air.
For a device that operates at 40°C ambient tempera-
ture, the 108°C gradient produces a 148°C junction
temperature, roughly 74% of the 2N3054’s operating-
temperature capability.

Consider now a thermal analysis for a short circuit.
The total 24V unregulated input voltage appears across

EDN NOVEMBER 29, 1984



the series-pass element. If, under these conditions, you
use a nonfoldback scheme (Fig 3b) that limits current
to 110% of the nominal 2A full-load current, the total
power dissipation in the series-pass device is 52.8W.
Assuming use of the previously described transistor
and heat-sink system, the total gradient from air to
junction is 475°C, and the transistor fails quickly.

The short-circuit example demonstrates the reason
for the development of foldback current limiting. In this
protection mode, a fault forces a reduction in output
voltage; the output current is also forced back to some
lower value, thereby keeping the junction temperature
of the series-pass transistor within the manufacturer’s
ratings. If, in the example given here, the junction-
temperature rating is 200°C, you can calculate what the
short-circuit current limit must be to maintain the
200°C limit.

The allowable rise in a 40°C ambient temperature is
160°C. Using the 9°C/W transistor/heat-sink thermal

Vour =Viy X SWITCH DUTY CYCLE

(T: T
UNREGULATED REGULATED
INPUT ==  OUTPUT
CONTROL
CIRCUIT W
g =

Fig 4—A chopper-type switching power supply needs no
transformer between input and output. Like linear supplies,
the chopper supply uses a series-pass element. Therefore, a
crowbar protection circuit could be required to protect the

series element.
L] .
é“i % P
* % O

CONTROL l SWITCHING
CIRCUIT | (INay/ "ELEMENT

Fig 5—In forward-converter switching supplies, the trans-
former provides inherent protection that eliminates the need
for crowbar and foldback current-limiting circuitry.
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resistivity, the total power allowed in the series-pass
element comes to only 17.7W. With 24V unregulated
input voltage, the total allowable output current in a
short-circuit condition is thus 0.74A. These figures
indicate that the current-limiting circuitry must start
its foldback action at approximately 2.2A; by the time
the output voltage falls to 0V, the current must de-
crease to about 0.75A.

Remember that during a short-circuit condition, the
foldback current-limiting circuit’s purpose is to protect
the linear power supply’s series-pass element and not
the critical load. Even if your power-distribution sys-
tem has some sort of fuse protection, the fuses are not
able to sense the fault condition because the foldback
circuit limits the available current and thus prevents
the fuses from operating.

Although linear supplies by nature need either crow-
bar-type overvoltage or foldback-mode current-limiting
protection, switching power supplies generally don’t.
However, you should consider two types of switching-
regulator topologies in your assessment of the need for
one or both of the protection options. The first topology
is embodied by the chopper-type circuit in Fig 4, in
which there is no transformer connection between the
unregulated input and the regulated output.

The schematic shows that there can be a direct
connection between the input and output, similar to
that of the previously discussed linear (series-pass)
supply. If the switching element in series with the load
fails in short-circuit mode, the unregulated voltage
appears across the output leads. In this case, the
protective features of the crowbar are beneficial.

The chopper circuit, however, differs from the linear
regulator in its requirement for foldback current limit-
ing. As explained earlier, foldback current limiting
controls the temperature rise in the dissipative linear
element. In the chopper’s case, though, the series
element serves as a switch with variable duty cycle for
regulation purposes.

Should an external fault occur, the switching element
sees little difference between a short-circuit and nor-
mal-load condition: Peak currents for the short-circuit
condition are slightly higher, and the duty cycle is
shorter. When the series element switches on, there is
little voltage drop across it. Therefore, the increased
current during the short-circuit period has little or no
adverse effect on the series-pass device’s junction
temperature. Of course, when the switching device is
not conducting, the temperature doesn’t rise.

For the chopper circuit, the considerations that usu-
ally lead to the requirement for foldback current limit-
ing do not apply. Many specification writers, however,
aren’t familiar with the derivation of foldback-mode
current limiting and automatically include it in a
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Crowbar protection circuits
need high-V detector, high-I SCR

A R ,

(b)

traces in (b) are those of (a) with a fivefold expanded time scale.

TRACE WAVEFORM VERTICAL | HORIZONTAL

A SWITCHING-TRANSISTOR 2A/DIV 250 uSEC/DIV
CURRENT

B POWER-SUPPLY OUTPUT 5VIDIV 250 uSEC/DIV

C SWITCHING-TRANSISTOR 2A/DIV 50 uSEC/DIV
CURRENT

D POWER-SUPPLY OUTPUT 5V/DIV 50 xSEC/DIV

Fig 6—A failed switching transistor in Fig 5’s circuit produces no excess voltage at the load. The short circuit results in a large
current spike (trace A) in the transformer primary, magnetic saturation prevents the transmission of the overload to the load. The

switching supply’s specifications. The result is in-
creased parts cost and lowered reliability with no
attendant system benefits.

Eliminate crowbar with a forward converter

Having determined that a chopper-type switching
power supply could need a crowbar but no foldback
limiting, consider a different switching-supply topolo-
gy: the simple forward converter in Fig 5. This supply
uses a transformer between the regulator’s input and
output portions. The transformer plays a key role in
eliminating the need for crowbar and current-limiting
circuits.

Recall that the crowbar circuit was developed to
protect the load against failure of the series-pass ele-
ment in the power supply. The counterpart to the
crowbar in Fig 5’s switching regulator is the switching
device itself. In the case where a transformer is con-
nected between the circuit’s input and output sections,
the failure of the switching element does not cause the
same kinds of problems as does the failure of a series-
pass element.

Should the switching transistor fail in the short-
circuit mode, the result is the application of the full bus
voltage across the primary of the power transformer. If
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this transformer is designed according to standard
practices, it takes slightly more than one switching
period for the transformer to saturate and draw a large
current from the input. Typically, the result is the
activation of whatever input-protection device (eg, fuse
or circuit breaker) is in the power supply.

If the supply has no input-protection device, the wire
bonds in the power transistor blow open and thereby
open the circuit. As far as the output circuit is con-
cerned, however, the shorted transistor produces mini-
mal disturbances. The application of one period of
excessive current to the transformer does not result in
high voltage at the output. The oscilloscope photo-
graphs in Fig 6 bear out this contention: Note that a
current spike of approximately 5A vs the nominal 1.5A
produces no output-voltage increase.

The major problem to guard against in forward-
converter supplies is a runaway control circuit, result-
ing in high output voltage. This problem is easily
resolved with a simple shutdown of the primary transis-
tor; large and expensive high-current-SCR circuits are
not needed.

Even if the transistor-shutdown circuitry fails, the
circuit’s action can be controlled through a simple
inhibit-type network. Because of the way the system
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MULTIT-CAGE Card Cages

for the MTULI'TBUS:

ll' ¥ MULTI-CAGE®: the industry
" standard Multibus card holder
and backplane system. De-
signed for performance, built
with precision.

Choose from the widest
selection available from any
manufacturer. The durable,
anodized aluminum cages,
featuring single mother
board backplanes, are
available in 17
slot sizes:

3,4,56,7,8,
9,10, 12, 13, 14,
15, 16, 20, 21, 24,
and 26 slots.

Choose from free-
standing, horizontal
and vertical rack
mount cage designs.
Choose card spacing
of either 0.6 or 0.75
inch. There’s even
special slot spacing
models for efficient
use of three-level wire
wrap or iSBX 300/340 mod-
ules. Every model is UL-
recognized. Multi-Cage is
electrically and dimensionally
interchangeable with Intel’s
iSBC-80 cages.

Call TOLL FREE
(800) 854-7086

™Multibus, iSBX, and iSBC-80 are trademarks of Intel Corp. in Calif.:
®Multi-Cage is a trademark of Electronic Solutions (800) 772-7086
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Choose, too, from a huge
variety of packaging options
and accessories, such as P2
connectors and backplanes,
Parallel Priority Resolution
Circuitry (PPRC), cooling fans
and power distribution boards.

Whatever your Multibus
packaging needs, give us a call
on one of our toll-free numbers.
You'll find the best selection
in the industry, along with
competitive prices, quick
delivery, and an unmatched
THREE YEAR WARRANTY
on every Electronic Solutions
product.

Electronic
Solutions

9255 Chesapeake Drive

San Diego, CA 92123

(619) 292-0242

Telex II (TWX): 910-335-1169
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5 TOUGH QUESTIONS
AN OEM SHOULD ASK

BEFORE BUYING
FIBER OPTIC
CONNECTORS.

1 “Will | get the quality | need?”
Specifically, will you get precise connector con-
struction and dB tolerances that other manufac-
turers claim but only OFTI delivers? Will you
get the intermateability* and ease of connector/
cable installation that reduces termination
losses and labor costs?

2 “Willl get dependable service
again and again?”

Can you count on your orders being filled on
time, the way you can with OFTI? Will you get
the attention and product consistency that you
have to have in order to turn out dependable
equipment yourself?

3 “Will | get the best possible price?”
Not only do you have to have the most reliable
SMA FO connectors, you can’t afford unreason-
able costs. That means that you have to work
with a company dedicated to helping you suc-
ceed by bringing you a true value. A company
like OFTI!

4 “Will 1 get innovations to keep

me ahead of competition?”

What if you need a special-design FO connec-
tor? Is your supplier a specialist with the engi-
neering expertise and production facilities to
put you out front and keep you there? OFTI is
and always has been!

5 “Willl get faster deliverles
cnywhere else?’

You simply can’t afford to wait around for your
SMA FO connectors. Compare OFTI delivery
times (5 to 7 days for up to 100 pieces ARO) with
everyone else’s. Then go with the winner—OFT1I!

You know that your total system has to be as
good as the FO connectors you specify. It's your
decision—you've asked the tough questions,
now you have an easy answer—OFTI, the FO
connector specialists!

P.O.Box 148. Nutting Lake, MA 01865

a Optlcal Fiber Technologies, Inc.
’ (617)663-6629 Telex: 948-288

Nobody Makes a Better
Fiber Optic Connector

* Amphenol 905 or 906, and AMP intermateable.

Amphenol is an Allied Company. AMP is a frademark of AMP, Inc
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Foldback current limiting
protects series-pass element

fails in the event of either a control-circuit or power-
switch failure, a crowbar circuit is not needed to protect
the load against high voltages.

Foldback limiting still not needed

The previous discussion of foldback current limiting
applies equally well to forward-converter switching
power supplies. In the presence of a short circuit on the
output terminals, the current passing through the
switching device naturally increases. However, be-
cause the switching device operates as a switch (either
fully On or Off), the power dissipated in that device is a
very small portion of the overall power in the supply.
For this reason, foldback current limiting is unneces-
sary in this or any type of switching supply.

Freedom from the need for foldback limiting gives
the switching regulator certain advantages over linear
power supplies. For example, the switching regulator is
capable of delivering enough current to blow protective
fuses under most conditions. Moreover, foldback cur-
rent limiting has a disadvantage in that it can cause a
power supply to lock up in a low-output-current mode if
the supply encounters a constant-current load during
turn-on. In this case, the intersection of the load line
and the regulation line are such that the supply can
become trapped in a low-voltage, low-current mode and
cannot exit from this mode. This situation can arise, for
example, during an attempt to charge a capacitor upon
the initial voltage application. Because a switching
regulator itself runs in a constant-current-limit mode,
you can drop foldback limiting and thereby avoid the
possibility of lock-up. EDN
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TWO WAYS OF
LOOKING AT
MULTITASKING.
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Their way puts all the
burden on you to develop

complex multitasking soft-

ware. Software which can
slow system performance.

Our way is to handle
multitasking support
on-chip.

Their way can take a
whopping 120 microsec-
onds to switch tasks.Where-
as our iAPX 286 supermicro
requires only a single in-
struction to switch from task
to task in a mere 21 micro-
seconds.

That gives you up to
80% more time to manage
multiple robot arms, con-
current windows on a PC,

The result is a sleek, swift
design that makes the sys-
tem faster. For builders and
users. With no drag to slow
productivity. And no short-
cuts in quality. Because
every part is built to quality
levels that have set industry
standards.

What's more, as a mem-
ber of the 86 family of pro-
CEessors, it gives you access to

hundreds of telephone calls  the entire 86/88 software
p , 15

on aPBX,oreventhousands base. That’s over a billion
of packets on a
n etW O rk ACHIEVING PERFORMANCE MEMORY MANAGEMENT

And v&;hen it Traditional Technique iAPX 286 Technique
comes to keeping AP
your tasks from v | p|Manage| | yemon 286 || Memory
crashing into each Logic
other, our 286 on-

chip memory pro-

IAPX 286 integrated Context Switch, memory management and protec-
tion offers a fast, consistent, and bighly portable multitasking solution.

tection gives you
your own micro-traffic cop
to prevent the system from
coming to a full stop.

On the other hand, their
way requires still more soft-
ware and additional hard-
ware, stalling system per-
formance and system
design.

The 286 also gives
you 16 megabytes
of physical memory
and 1 gigabyte of vir-
tual memory. Which

is more than enough space

to accommodate your
future application software
needs.

There arentany red lights
when it comes to running
your tasks at high speed
either. The 286 has a pipe-
lined architecture that's tur-
bocharged by our family of
coprocessors. Like the
80287 Numerics Coproces-
sor that gives you 80-bit
floating point math in a flash.

dollars worth of software at
your fingertips.

You'll also have the bene-
fit of Intel’s massive field
support staff. Comprehen-
sive technical training. And
all the development tools
and support you need to
accelerate your de-
sign and speed you
into production.

For the whole iAPX
286 story, call toll-

" free (800) 538-1876;
in Cahfomla (800) 672-1833.
Or write Intel Lit. Dept.
M-12,3065 Bowers Avenue,
Santa Clara, CA 95051.

Intel’s iAPX 286 — the
world’s only true multitask-
ing supermicro.

Any way you look at it.

intel

© 1984 Intel Corporation




VMEDbus I/O.
Xycom offers you the most.

X T frm——
e i 3 £

:
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And the best.

When choosing VM Ebus
Industrial I/O, consider this:
Xycom offers you the widest

choice of modules in the world.

With a common system archi-
tecture that can save you sub-
stantial design and program-
ming time...while greatly in-
creasing your system’s design
flexibility. You can also count
on Xycom’s team of technical
support engineers — before
and after the sale.

Each module is backed by a
full two-year warranty and
Xycom’s 15 years experience

in designing and manufacturing
industrial microcomputers.

So make the right VMEDbus
I/O choice, right now. Call us
toll-free (1-800-367-7300) for
details, or write for our
free I/O module brochure.

Then put our better
VMEbus mousetrap
to work for you.

Look closer. We deliver added value.

Xycom’s I/0
Selection

1) XVME 010
System
Resource

2) XVME 085
VMEDbus
Prototyping

3) XVME 560
64/32 Channel Analog Input

4) XVME 680 10MHz 68000
Processor

5) XVME 530 8 Channel Isolated
Analog Output

6) XVME 240 64 Channel Digital
TTL I/O

7) XVME 260 32 Channel Relay
Output

8 XVME 080 Intelligent VMEbus
Prototyping

9) XVME 210 32 Channel Isolated
Digital Input

The Hardhat Computer People. 750 North Maple Road, Saline,
Michigan 48176, Phone: (313) 429-4971, TWX 810-223-8153 Regional Offices:
Boston (617) 246-2544 ¢ Chicago (312) 963-7272  Cleveland (216) 499-2555

¢ Philadelphia (215) 536-0810 ® San Francisco (415) 573-0404 e Detroit (313) 794-7427
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10) XVME 230 Intelligent Counter/
Motion Control

11) XVME 420 Intelligent Serial
Peripheral Controller
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Pay less for more.

VP4801 APT, $348*

Get RCA quality and performance.

OEM designers and systems integrators can now
utilize the many performance features of RCA
communication terminals, at most attractive prices.
The RCA APT
(All-Purpose Terminal).

. Professional quality RCA APT terminals are designed
for remote data base timesharing and direct computer-
connected applications. They feature a built-in 300
baud direct-connect modem, an RS232C interface for
high speed modem and other accessories, and a
parallel printer port for hard copy. Menu controlled
operation and-a “programmable personality” can match
specific requirements for each data base.

VP4801 APT, $348*

Full 60-key typewriter-style keyboard with 16-key
calculator keypad. Auto-dial (tone or pulse) of up to 26
stored numbers for voice or data base calls.
Programmable sequences initiated automatically after
log-on. Two user keys for selection of printer or other
operating modes; four programmable function keys,
shiftable for a total of eight functions. APT can be
programmed to match the communications
requirements and control commands of many other
(and more expensive) terminals. Briefcase size (17"

x 7" x 2"), light weight (under 6 Ibs.) and memory
backup (minimum 48 hrs., without batteries) enhance
portability. Many other user-friendly features.

VP3801 APT, $348*.

Same features as VP4801, in rugged
metal case with flexible mem-
brane keypad,
designed for de-
pend-
able
perfor-
mance
in hostile
environments.

VP3801 APT, $348*
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VP3301 Interactive Data
Terminal, $307*.

58-key flexible membrane keyboard with finger posi-
tioning overlay includes two definable user
keys. Full RS232C interface for
direct modem and com-
puter connec-
tion.
Six
switch-
select-
able
baud
rates from
110 to 19.2 kilo-
baud. Full color graphics and reverse video. 40
character x 20 lines or 20 x 12 display formats.
Video output for 525-line color or standard
monochrome monitor. Size: 13.1” x 7" x 2", Weight:
approx. 5 Ibs.

To order, call toll-free 800-233-0094.
(In PA, 717-295-6922.)
For more information, call 800-233-0187.
Or write: RCA Data Communications Products,
P.O. Box 3140, Lancaster, PA 17604- 3140.
*OEM quantity prices, 25 units.

VP3301 IDT, $307*

VP4801 APT with optional display monitor.
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Gain peace of mind in programming. Throw out your
personality modules, socket adapters, and ‘paks’. Move in a
Valley Data Sciences (VDS) IBM PC-based programming
workstation.

Work faster. No more juggling of hardware adapters.

" Everything from programming algorithms and electrical
 parameters to pin-signal assignments, is stored on floppies.
Masters and backups included. Also, VDS menu-based, single-
key commands with self-prompts in English are easy and fast.
Get more designing and programming flexibility. Design
AL® and IFL logic arrays, EPROMs, EEPROMs, Bipolar
'ROMs, and EPROM-based microcomputers. Support devices
with up to 40 pins now. Our expandable architecture will
support up to 96 pins for future devices.

Stay current. We work with semiconductor manufacturers
to quickly convert the latest devices and programming algo-
rithms to floppy. So you’ll receive new device updates rapidly
through the VDS Software Subscription Service.

Get more value. Call for a demo. Find out how much more
you get with the Valley Data Sciences programming solution.

Distributed by
Kierulff Electronics

Charleston Business Park, 2426 Charleston Rd., Mountain View, CA 94043

415/968-29.0

Circle No. 66 for literature

VDS, Valley Data Sciences, trademarks of Valley Data Sciences. PAL trademark of Monolithic Memories, Inc. IBM PC registered trademark Cll‘ch NO.
of International Business Machines Corporation. UniPak 2 and LogiPak trademarks of Data IO Corporation.




Driver ICs mterface s
with vacuum-fluorescent displays

Vacuum fluovescent displays suit a variety of commercial and
industrial applications, and sequence- and segment-driver ICs
make it easy to use the display devices in pwP-based systewms.

Antonio Rodrigues, RCA

When developing a pP-controlled vacuum-fluorescent-
display (VFD) system, you can employ sequence- and
segment-driver chips to interface the low-level pP
circuitry with the display devices. Such a system has
relatively low power requirements and a minimal num-
ber of components. The wP provides the code to gener-
ate characters and graphics, and it refreshes the dis-
play. The sequence and segment drivers increase the
typical 5V pP-supplied power to a 35 to 55V level,
suitable for VFDs used in such applications as audio
equipment, appliances, digital clocks, and automotive
displays. To optimize wP efficiency, the uP can execute
the display code when not occupied with tasks unre-
lated to display control.

VFD principles

The VFDs now being manufactured include 7-seg-
. ment patterns, starburst 14-segment grids, and
5XT7-dot matrices. Operating in much the same way as a
triode vacuum tube, the VFD consists of three elec-
trodes: a cathode, an anode, and a grid. The cathode is a
small-diameter, oxide-coated tungsten filament that is
heated to emit electrons; the anode is an array of
segments, dots, or symbols formed on an insulating
base and coated with fluorescent phosphor; and the
grid is a thin screen of metal that accelerates the
electrons toward the anode. A vacuum-sealed glass
envelope encloses the three electrodes.

EDN NOVEMBER 29, 1984

The VFD functions when a voltage that’s positive
with respect to the filament is applied to the grid and
anode. The resulting electrical field accelerates the
electrons emitted by the filament toward the grid.
Because the grid is a mesh, most of the electrons pass
through it and are accelerated toward the anode. When
electrons strike the phosphor coating, it emits a bright
light, which is typically blue-green, although other
colors are available.

Static and dynamic driving

VFDs operate in static or dynamic driving modes
(Fig 1). In static driving modes, used with nonmulti-
plexed displays, the grids are continuously biased at a
certain level. In dynamic driving modes, used with
multiplexed displays, each grid is pulsed at a rate high
enough so that the resulting illumination appears to be
continuous.

Displays suitable for static-drive circuits are formed
with each anode and grid independently driven; thus,
multiplexing is not required. With this construction,
one pin is needed for each display element. For com-
plex, multiple-character displays, the common seg-
ments of each character are connected, and the inde-
pendently driven grids are used to address individual
characters. In dynamic-drive circuits, the grids are
sequentially pulsed at a flicker-free rate to allow for
multiplexing. The phosphor-coated anode segments are
individually biased in both types of displays.
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VEDs operate in static-
or dynamic-driving modes

A CDP1802 pP is suitable for controlling these
displays, as are other popular pwPs. You can use a
serial-to-parallel driver to provide the input voltage
and current that VFDs require at levels greater than
the typical 5V pP-supplied power. The CA3207 se-
quence driver and the CA3208 segment driver (see box,
“VFD driver ICs”) fulfill the VFD voltage and current
requirements, as do similar devices. Fig 2 illustrates a
wP-based scheme for both multiplexed and
nonmultiplexed displays.

Multiplexed display circuits

Fig 3 shows a 28-character multiplexed display with
one CA3207 and two CA3208 drivers controlled by a
CDP1802 pP. The display consists of 14 grids, each
addressing two characters simultaneously and each
connected to an output of the CA3207 sequence driver.
Each of the 14 segments of the starburst-display char-
acters is driven by the output from one of the CA3208
segment drivers.

Fig 4 illustrates the interface circuit used between
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Fig 2—This basic pP-controlled display system provides
serial input to the segment drivers for use in both multiplexed
and nonmultiplexed displays.
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drive (a) and static-drive (b) circuits, respectively.

Fig 1—Vacuum-fluorescent-display devices come in multiplexed and nonmultiplexed versions, which can operate in dynamic-
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the displays and the pP. The segment drivers, IC; and
ICs, control the 14 segments of the upper and lower
rows, respectively. When data representing a character
is strobed, all the characters in that row have the same
anodes biased.

The sequence driver, IC,, drives one of the grids so
that only one character per row is displayed at any
time. IC, and IC; are connected so that each driver is
alternately enabled and disabled. This step is accom-
plished by connecting the strobe signal to the IC,
active-Low Clock Enable (CE) and to the IC; active-
High Clock Enable (CE).

The strobe signal is obtained from the output of the
4013 flip flop, IC;, which is toggled On every fourteenth
clock pulse by the 4516 counter, ICs. The strobe signal
is also the clock input to the IC; sequence driver; it runs
at Yiath of the IC; and IC; clock rates. To obtain the
signal, outputs from the N;, TPB, and MRD pins of the
controlling microprocessor are combined through an
AND gate (ICy).

IC/’s Sync input is the Q-Flag output of the wP and is
under software control. The Q-Flag output is also the
Preset Enable input of ICs and the Reset input of IC:.

Fig 5 depicts the pertinent waveforms. The TPB
positive pulse occurs in each machine cycle. The MRD
pulse appears during a memory-write cycle. The N, line
is activated by execution of an “Out” instruction to Port
1. Line N; remains Low at all other times. Upon
execution of the “Out” Port 1 instruction, the ICs
counter receives a clock pulse when the AND gate’s
output is a positive pulse equal to the union of the Nj,
TPB, and MRD outputs. The IC; clock pulse toggles flip
flop ICs on every fourteenth pulse decoded by ICs,
while IC,4 resets counter ICs.

The data that represents the 28 display characters is
stored in 56 adjacent memory locations. Each character
code is 14 bits long and requires two locations per code
because the CDP1802 provides only 8-bit processing.
Each location holds seven bits of the code, and this
results in a simpler display subroutine.

The display subroutine

The subroutine starts by setting and then resetting
the Q-Flag output. This pulse syncs the sequencer IC,
so that the last grid is on. This pulse also resets IC; and
presets IC;. An output loop routine determines the

ADDRESS

ROM

.

=

| cPU
(CDP1802)

B

INPUT
PORT

[

A\ A/

< VL_E‘E IT DATA BUS "o

i

1-BIT DATA LINE | ||B,

CONTROL LINES

INTERFACE CIRCUIT
] L
s Y2 2
SEG LATCH /7 DRIVER SEQUENCER/DRIVER SEG LATCH / DRIVER
(CA3208) (CA3207) (CA3208)

the 14 segments of a VFD character.

Fig 3—To drive a 28-character multiplexed display, one sequence driver and two segment drivers are controlled by a wP. The
sequence driver controls the 14 display grids by simultaneously addressing two characters per grid. Each segment driver controls
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Serial-to-parallel drivers
increase voltage and current

least significant digit of the code. The first-out instruc-
tion toggles the flip flop’s output High, which enables
the upper-row segment driver IC,. IC; is simultaneous-
ly disabled, while the output loop shifts the code and
consecutively presents each bit.

After all 14 bits are generated, IC; toggles IC;’s
output Low and thus enables IC; and disables IC..
When the next 14 bits are clocked into IC;, the output
from IC; is toggled High. This causes a positive pulse
edge to strobe the data in both the IC; and IC; shift-
registers to the output drivers, biasing the 14 segments
of all the characters in the upper and lower rows.

The pulse edge also clocks the sequence driver, IC;,
advancing it by one count and turning on the first grid.
As a result, the first characters in both the upper and
lower rows are displayed. IC; is now enabled to receive
the next 14 bits, and all remaining characters are
displayed in the same manner.

The display subroutine used by the CDP1802 uP to
generate the codes corresponding to the 28 characters
is shown in Fig 6. The subroutine starts by setting and
then resetting the Q-Flag output to ensure that each
character is displayed in the proper position.

The starting location of the section of memory that
holds the codes is stored in register R;. The two
counters for registers RE and RF are then initiated.
Register RE is set to 56 (38), the number of locations.
Register RF is set to 7, the number of code bits per
location.

The output loop furnishes one bit and shifts the
contents so that each bit is individually presented.
When there is output for only half of a character, two
additional shifts are required before the original data
can be restored to its memory location. The 7-bit
counter is reset, the character counter is decremented,
and the location pointer is incremented so that the next

VFD driver ICs

The CA3207 sequence driver and
CA3208 segment-latch driver are
BiMOS devices that drive vacuum
fluorescent displays requiring
anode and grid voltages in the 35-
to 55V range. Both devices incor-
porate low-power CMOS logic to
accept CMOS- and TTL-compati-
ble input and control signals; bipo-
lar output stages furnish the high
voltage levels that VFDs require.

The CA3207 sequence driver
(Fig A) creates a sequential out-
put for display multiplexing from
the G; to Gy, driver pins. It con-
sists of a 7-stage Johnson count-
er, which is clocked on the posi-
tive transitions of the CLK pulse
and reset by the positive transition
of the Sync pulse. The positive
edge of the Sync input turns on
output G; while turning off the
remaining 13 outputs. The counter
outputs are decoded to turn on
one output driver at a time, in
sequence, for a period of one
clock pulse. This sequence pro-
vides the voltage increase re-
quired to drive one of the VFD
grids: Each output is normally
connected to the grid of the VFD

and is capable of sourcing 40 mA
at 55V.

Gate, and Gate; are active-High
inputs that inhibit the shift register
without affecting its contents.
When the Sync pulse is applied,
output 1 is turned On. All outputs

are turned Off if a High level is
present at either Gate, (pin 5), or
Gate; (pin 6), although the counter
operation is not affected. You can
delay the falling edge of the Gate;
signal by connecting a resistor
between Rp and Vpp to provide
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Fig A—The CA3207 sequence driver selects a display character by driving only one
display grid High at any time. It is particularly suited to use with multiplexed displays.
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half-character can be processed. When all 56 locations
are processed, the program counter returns to the main
program.

The program structure

The main program controls the display by providing
the proper information and control signals. In a
nonmultiplexed display, the wP addresses the display
only when a digit or a character needs to be updated.
All digits remain displayed because the outputs of the
segment drivers are latched; thus, they continuously
bias the anodes. In a multiplexed display, however, the
wP must dedicate a considerable amount of processing
time to refresh the display at a flicker-free rate because
only one grid is biased at any time by the sequence
driver.

You can minimize pP display-related overhead by
interleaving the display subroutine’s execution with the

execution of other subroutines. Fig 7 shows the differ-
ence between the program structures for a multiplexed
and a nonmultiplexed display. The simple routines
shown drive the display of a digital thermometer.

The major difference is that in a nonmultiplexed
display, the subroutine needs to be addressed only with
each change in temperature. The pP is thus available
most of the time for additional processing, such as
controlling other peripherals whose operation depends
on a specific temperature. Conversely, in a multiplexed
display, the subroutine must be addressed even when
the temperature remains constant. The pP must con-
trol any peripheral in conjunction with the processing of
the display routine.

Frequency requirements

Several factors dictate the minimum frequency for
VFD operation: type of display, number of characters,

e e —— e -

proper shutdown timing. You can
also apply a pulse signal to Gate,
for display dimming. Variations in
the duty cycle result in variations
in brightness.

The CA3208 segment driver
(Fig B) drives any combination of

the 14 segments selected by the
data input. A 14-bit shift register
that has latched outputs address-
es the 14 output drivers with seri-
al-to-parallel data conversion. The
output drivers then alter each of
the 14 segment-driver outputs (a

through n) to the voltage level
required to control each associ-
ated display anode; maximum
output current equals 7.5 mA at
55V.

The signal at the data input is
shifted through the 14-bit shift

register with every positive edge

14 OUTPUT DRIVERS

of the clock signal. Input from a
positive-edge-triggered strobe
provides a parallel shift of the data

{}

14-BIT LATCH

from the register to the 14-bit
latch, which turns each of the 14
outputs On or Off according to the
control data. The Clock Enable |
lines (CE and CE) are especially |

ﬁ

14-BIT SHIFT REGISTER

Voo GND

DATA CLK CE CE

SEGMENT-LATCH DRIVER

Fig B—The CA3208 segment-latch driver lets you interface a wP with a VFD in either a

multiplexed or a nonmultiplexed configuration.

STROBE Vv,

useful for driving a multiplexed
display: CE operates as an active-
High input and CE is active Low.
In combination, the CA3207
and CA3208 can drive a 14-char-
acter starburst, multiplexed dis-
play. The CA3208 turns on the |
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