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PC Collection

Peripheral Collection Data Communications

Collection

high-density versions.

Some of the most contemporary ASIC
art is in data communications design. Where
increasingly complex network requirements are
creating new challenges for designers.

Which is precisely why we created the
Data Communications Collection” All you need
to improve the art of network reliability and
performance. Now and in the future,

The collection integrates SuperMacros,
supporting industry-standards such as
Ethernet;” with compiled cells to let you reduce
components and board size.

For ASIC art with industrial strength, take
the Industrial Collection™ to work with you. It
offers everything you need to make your indus-
trial application a memorable one. Whether
you e designing controllers, instrumentation,
process control or robotic systems.

At the heart of the collection is Fujitsu’s
family of DSP core controllers, which support
fixed and floating-point operations and a variety
of finite word lengths.

So you get controllers and vision
systems that are inexpensive, fast and easily
programmable.

o8
FUJITSU

Every step of the way.™

Industrial Collection

A

Graphics Collection

Telecommunications
Collection

Now that the industry is implementing
the ISDN standard, what you need most is an
ASIC that supports it. Which brings us to the
Telecommunications Collection”

The collection meets telecom design
needs. Offering standardized building blocks
such as DSP cores and other functions to imple-
ment standard protocols and enhanced features.

Ifyou're a graphics designer, you know
that 3-D graphics have turned into 3-D art. And
the best way to create it is with the Graphics
Collection”

The Graphics Collection integrates func-
tions onto a single device which are unavailable
as standard products. Cutting your design time
and honing your competitive edge.

In addition to getting SuperMacros for
most of the 2900 family, the collection also pro-
vides you with RAM and ROM compilers and
specialized graphics algorithms.

Allin all, there’s no better way to begin
your next ASIC design than with a visit to the
ASIC Gallery:

Stop by and tour the collections.

Call 1-800-642-7616. We'll be happy to show
you around.

FUJITSU MICROELECTRONICS, INC.

Integrated Circuits Division
3545 North First Street, San Jose, CA 95134-1804. 1-800/642-7616.

© 1990, Fujitsu Microelectronics, Inc.

“Every step of the way " is a service mark of Fujitsu Microelectronics, Inc.
The ASIC Gallery and the six collections, SuperMacro and ASIC Open

are trademarks of Fujitsu Microelectronics, Inc. Ethernet is a trademark
of Xerox Corporation.
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Welcome
to the

ASIC Gallery.

Six priceless collections let you create your
own design masterpiece.

Ais for art. And also for ASIC. We put
them together to bring you the ASIC Gallery. Six
masterful collections of applications-oriented
products and services let you create your own
design masterpiece.

Works of art, like applications, are unique.
So is the ASIC Gallery. We've made silicon itself
application-specific. So that instead of a blank
canvas, you get specific collections of priceless
“objets d"art” that make it easier to compose
your own design masterpiece.

Each collection contains building blocks
that let you design more compact, higher per-
formance systems in far less time.

All in a CMOS environment using
Fujitsu's high-speed .8u channeled and channel

less gate-array technologies as your foundation.

Just choose the collection that's right for you.

The PC Collection™ lets you paint a PC
portrait you'll be proud of. Using SuperMacros”™
and compiled cells for 8086/8088/80186 and
80286-based PCs and laptops.

The PC Collection’s SuperMacros cover
the entire 8200 macro family. And integrate
greater functionality onto a single device. So you
can increase speed and reliability while you lower
board space, power consumption and cost.

Ifyour taste in ASIC art runs to periph-
erals, check out the Peripheral Collection.” Its
high level of integration incorporates greater
functionality in a smaller footprint.

Plus you get support of industry
standards like SCSI. As well as 8200 SuperMacros
and RAM compilers in both high-speed and



You're invited
to an exhibit
of modern

ASI(
masterpieces.




EXAR Fax/Data Combo Breaks the Barrier

Break away from the competition

Break through the limitations of yesterday’s Fax only, Send only Fax,
and Data only modem products. With the XR-2900 Fax/Data combo
you can offer 9600 BPS send/receive fax with 2400 BPS data modem at
avery competitive price. Exar has broken the cost barrier of adding
fax capability to 2400 BPS modems. Now, why would anyone want a
modem without fax capability?

More features...

For a feature driven market the XR-2900 Fax/Data combo is supported
with V42bis, V42 and MNP5 protocols, making it simply the most versatile
and cost-effective solution on the market today. It is also fully supported
with TR29 and T.30 firmware. With a flexible architecture and the
“Extended AT” command set provided by Exar, you can easily create
your own unique modem solutions.

Less power and space

XR-2900 is the perfect answer for the growing Laptop and Notebook
PC markets that have critical space and power requirements. Ever
increasing communication needs of these products can only be met by
combining fax and data functions.

XR-2900 Fax/Data combo features

V.29,V27ter, V.21 (Ch 2) for Fax

V.22 bis, V.22, 212A & 103 for Data

Low power CMOS for Laptop & Notebook PCs
CCITT V.42bis/ V.42 support

MNP5 for data compression in alternate mode
DTMF generation and CPM (Call Progress Monitor)
V23 & V.21

PLCC/QFP/DIP package options

Call EXAR today at (408) 434-6400 and discuss your new generation
modem products with us. We have the most flexible range of modem
products, the system knowledge and the application support to assist
you in bringing your products to the market.

Put some muscle in your modems

m R .the analog pluscompany

Analog Plus is a trademark of EXAR Corporation

EXAR Corporation

2222 Qume Dr., P.0. Box 49007, San Jose, CA 95161-9007

Tel. (408)434-6400 FAX (408)943-8245
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Don’t miss the

most valuable
A/D Converter Seminar
of 1990

8 to 24 bits dc to 4 MHz

Delta Sigma ADCs Board Layout Weigh Scales Image Processing
Self-Calibrating ADCs Debugging Medical Military
Error Budgeting Test Techniques Digital Audio Instrumentation
Anti-Aliasing Live Demonstrations Industrial Control Space
Grounding Latest Data Sheets Seismic Modems
AL Huntsville Nov 28 CO Colorado Springs Aug 21 MI  Grand Rapids  Jul 30 OK Tulsa Dec 13
ALB Calgary Aug 23 Denver Aug 22 MN Minneapolis Sep 13 ONT Ottawa Aug 2
Edmonton Aug 24 CT Waterbury Oct 2 MO Kansas City Dec 5 Toronto Aug 1
AZ Phoenix Sep 11 FL  Clearwater Oct 11 St. Louis Dec 4 OR Portland Sep 7
Tucson Sep 12 Ft. Lauderdale  Oct 8 NC Charlotte Jul 25 PA Ft. Washington Aug 16
BC Vancouver Sep 5 Melbourne Oct 9 Raleigh Jul 24 Pittsburgh Aug 30
CA Los Angeles Jul 11 Orlando Oct 10 NH Nashua Oct 4 QBC Montreal Aug 3
Sacramento Jul 20 GA Atlanta Nov 29 NJ  Cherry Hill Aug 15 TN Knoxville Nov 30
San Diego Oct 16 IA  Cedar Rapids Dec 6 Edison Aug 14 TX Austin Dec 10
San Fernando  Jul 9 IL  Arlington Hts. Nov 15 Saddlebrook Aug 13 Dallas Dec 12
San Fernando ~ Oct 18 Oakbrook Nov 16 NM Albuquerque Sep 10 Houston Dec 11
San Gabriel Jul 12 IN  Fort Wayne Oct 26 NY Buffalo Aug 7 UT Salt Lake City Dec 7
San Jose Jul 18 Indianapolis Oct 24 Long Island Aug 10 VA Falls Church Jul 26
San Jose Oct 19 Kokomo Oct 25 Rochester Aug 8 WA Seattle Sep 6
Santa Barbara  Jul 9 MA Andover Oct 4 Syracuse Aug 9 WI  Madison Nov 14
Oakland Jul 19 Boxborough Oct 3 OH Cincinnati Oct 23 Milwaukee Nov 13
Orange County Jul 10 Newton Oct 3 Cleveland Aug 29
Orange County Oct 17 MD Baltimore Jul 27 Columbus Aug 28
Palo Alto Jul 17 MI  Detroit Jul 31 Dayton Aug 27
r 4 YI7r J4 4 7

1-800-888-5016 wisave 5 anm  512-445-7222
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BELL
2000 pts 50 kHz
Samplie Rate

’ WHISTLE
2000 pts 50 kHz
Sample Rate

Our new functian generator
has all the hells and whistles.

In fact, it has any kind of the power to output 15 Vp-p modes help you produce even
waveform you can imagine. into 50€2, and includes sweep, the most complicated wave
Because the Model 95 pulse and modulation modes shapes quickly and accurately,
combines a high performance plus four user-selectable while analog and digital filters
function generator with a output impedances. There’s allow you to create the purest
powerful arbitrary generator. even an internal trigger output possible.

As a function generator, generator for trigger, gate and For information about all
Model 95 produces remarkably burst. the other bells and whistles
pure square waves, triangles If you'd rather be arbitrary, you’ll find on the Model 95, call
and sines, from 1 mHz to Model 95 gives you up to 128k Wavetek San Diego, Toll Free at
20 MHz with synthesized of waveform memory to work 1-800-874-4835 today.
accuracy up to 0.001%. It has with, and a sample rate of

20 MHz. Four different editing

© 1990 Wavetek Corporation

Circle 35 for Literature Circle 36 for Demonstration WAVETE KD



Getahandleon
power supply design.

Universal-Input

PWM Controller

from Siliconix.

The easy, affordable

way to create

# more efficient

%] designs for low
J' power systems.

The Si9120 PWM controller handles inputs
from 50V to 450V. That's why it's the first IC ideally
suited for 85- to 265- Vac input power supplies found in
laptops, modems, battery chargers, and other products
requiring maximum efficiency.

The easy-to-design-with Si9120 provides internal start-
up circuitry to allow direct connection to a rectified ac line.
And it lowers part count, raises reliability, and improves
noise immunity.

All for 93¢ *

Design more efficiency into your low power systems!
Ask for our Si9120 Design Kit. Call our toll-free hotline
now! 1-800-554-5565, ext. 954.

#F Siliconix

2201 Laurelwood Road, Santa Clara, CA 95054 ©1990 Siliconix inc.
*100,000-piece price.

EDN October 1, 1990



Magazine
Edition

Volume 35, Number 20 ® October 1, 1990
ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS

SPECIAL REPORT
Futurebus + 86

For some time now Futurebus +

touters have said that the architecture W/

will lead us into the computing promised /4 "
land. Though there is still work to be echmolugy nio The
done, the journey may finally be ready bl

to begin.—John A Gallant, Associate Editor

DESIGN FEATURES
Designers’ guide to real-time Ada—Part 3 101

On the cover: Bridging the gap betwefm
Futurebus+ and other architectures is This article, the last in a series, describes the requirements that

one way to get the new open-bus : . » iy
architecture o sendate. Se tha Spasinl Ada runtime environments must meet and provides criteria for

Report on pg 86. (Photo courtesy Force evaluating Ada vendors’ runtime implementations.—Benjamin M
Computers Inc) Brosgol, Alsys Inc

Real-time programming—Part 2 115

Part 2 delves further into the nature of real-time programming.
It addresses concerns that are unique to real time and describes
how the programmer and the operating system handle these
concerns.—David L Ripps, Industrial Programming Inc

TECHNOLOGY UPDATES

RISC hardware debug tools:
Instruments spur RISC into the real-time race 43

RISC wPs’ speed makes them

candidates for the fastest embedded W/
real-time systems. But designers may Vi
have to look to unfamiliar tools for Lo Do
debugging time-critical hardware/ e

software interactions.—Dan Strassberg, Associate Editor

PC chip sets reduce chip count b7

IBM PC-compatible chip sets range from one to six chips and
can give you caching facilities, a choice of buses, and power
control.—Chris Terry, Associate Editor

Continued on page 7
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PROM

gl 3
New Ultra-Fast [}

There’s a much faster s

f & mil parts are so fast
y you can run code
¢ way around all this. ==t

eliminating SRAM
and logic expense.
You cut space and
For applications such as They are available in a wide cost requirements

embedded control, where variety of packaging, including significantly.
spaceis atapremium, these plastic DIP, CERDIP, and PLCC.
new high density, high They are erasable. That lets

performance us test every part 100% before b PR i m
256K PROMsletyou  shipping, and lets you specify P, e,

PROM. builda smalleti( windowed, reprogrammable CMOS PROM. 301s. CMOS PROM. 35 7.
system, or pac versions. . T ——
more functions into your So if you need more memory f;ﬁ'g:fgme::’ ‘L"’ arcars
existing space. in less space with less power, full info on all our PRqOMs. %
You save on more than go direct with our ultra-fast 1-800-952-6300." e s e
space and SRAM part costs. 256K PROM:s. Ask for Dept. (4H " CMOS EPROM. 35 1s.
You save on power, be-
cause all these PROMs are in 5; :
our proven, high performance, . ] 956K Power Switched
low power CMOS. 5k CMOS PROM. 35 ns.
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for lower NRE?
ake it Tiny.

Here's How To Develop Analog/Digital ASICs In As you might expect from the only
Less Time, For Less Money. foundry to guarantee quick turnaround, Tiny
Chips are available in a mere 20-25 working

days from CMOS runs supporting:
Now, for an absolutely tiny price, you
can partition complex mixed mode ASICs
and separately design and verify the critical
segments through fabricati(‘)n.. Cost of fab will 240 pin Tiny Chip pad frame supplied by
no longer stop you from a divide and conquer

Orbit
methodology. Use Tiny Chips and go a step at a ik
time. Tiny Chips, available on Foresight multi- .@ the DoD 2/1.2 micron CMOSN standard

1.2, 1.5 and 2.0 micron feature sizes

2.0 micron buried channel CCDs

project wafer runs, reduce NRE costs and help cell library with RAM and ROM generators

you move confidently from prototypes into Getting started is easy as getting design
production. rules and process information in our newly
Twelve packaged parts are available at published Foresight User Manual.
a cost of just $1,500. And Foresight runs are
regularly scheduled, so development can be
pipelined; some segments can be in design,
some in fab, while others in test and debug ...
all at the same time.

If you are trying to build complex ASICs,
without building up time and cost, Orbit's new
Tiny Chip service may be the biggest news yet.
To get more information in a hurry, contact
Technical Marketing, Orbit Semiconductor,

Foresight runs support larger die sizes for 1230 Bordeaux Drive, Sunnyvale, CA. Or call
characterization of completed designs prior to (408) 744-1800 or (800) 331-4617. In CA
production. (800) 647-0222. FAX (408) 747-1263.

»
‘ »
SEMICONDUCTOR, INC.
A subsidiary of Orbit Instrument Corporation.

What others promise, we guarantee.
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It hit the ground running.

“Roger, Falcon 20, you're cleared for
landing. Braking action advisory.
Ice on the runway.” The veteran
pilot of the cargo plane had landed
at Link Field before, but the tower’s
report was a cold reminder that the
airstrip ended in a 75-foot cliff.

On touchdown, the jet skidded out
of control. Within seconds, it shot
off the cliff like a ski jumper and
tumbled down the steep embank-
ment, cargo flying in all directions.

Minutes later, rescue teams were
helping the pilot and co-pilot from
the wreckage. The pungent smell
of jet fuel filled the air, so crews
sprayed fire-retardant foam on
everything. Including an HP optical
attenuator which was on its way

to a customer.

Two days later, our customer
received the instrument. Fostering
little hope, their engineers ran rou-
tine tests anyway. The optical atten-
uator not only survived, it passed
all specifications.

Stories like this underscore why
engineering managers give HP the
highest rating for reliability. And
we're always improving. Our Total
Quality Control program has
increased the quality of our prod-
ucts ten-fold over the last 10 years.

So, when design and manufacturing
productivity are at stake, rely on HP.
Because you never know when

you'll have to hit the ground running,

There is a better way.

(ﬁp HEWLETT

PACKARD

CIRCLE NO. 38




10BASE-T.
Turnkey.

You've Got Better

To Do With Your Design

Time (And Money) Than

Learning The Mysteries

Of Twisted Pair Ethernet.
Let Us Help.
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No other chip supplier knows its way around
networks like Advanced Micro Devices: Back-
bones, LANs, WANSs, you name it.

Just ask our chipset development partners
at HP® and SynOptics™

AMD is a major, major maker of 10BASET
transceivers. We sell the most cost-effective
solution. Our silicon is CMOS, so we'll save
you energy as well as time. And you can trust
that were compliant. (We helped write the
standard.)

Are you starting development soon? How

about now? Call (800) 222-9323.

Advanced Micro Devices .1

901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088.

HP is a registered trademark of Hewlett Packard. Inc. SynOptics is a trademark of SynOptics Communications, Inc.
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If your CAE tools are telling
you too little too late, consider this
news from Teradyne. Now you can
capture and analyze complex ASIC and
VLSI board designs with unprecedented
accuracy and ease, using our Vanguard™
schematic entry software and LASAR
simulator in Teradyne’s
MultiSim™

environment.
Here are CAE

tools that work the

LASAR’s accurate way you like to work.
orst-case timin 3
o Y They’ll help you move
analysis means you
won't be held up by qu10kly between
JSaulty prototypes. ) )
schematic and simu-

lation, and let you control simulation
interactively. You'll get immediate feed-
back at every step.

Click on nodes you want to monitor
and watch signal activity “live” on the
schematicor in the logic analyzer win-
dow. By setting break-

Lap

points, you can freeze  nie

the action when results
Imin %

aren’t what you expect.

In no time, you'll know s«

where your design is

SetvEramine

working and where it’s not.

Make cuts or jumps on schematic inter-

connections. Add or delete components.

Create
Breakpoint

CAE for people
to see how thelr

You'll see the effects of design changes
Got a glitch? Need to invert asignal?  instantly because we shortcut compila-
tion for the modifications you make most
frequently. This means you can try out

Ufyou find a problem, what-ifs” with record speed, reducing
Jizitandseetheresults  degjon-loop time from tens of minutes
in seconds, because we

to tens of seconds.
Best of all, with CAE tools from

Teradyne you can be sure that what

eliminate compilation
Jor most common

design changes.

Cut/ Add/Modify
Jump Component

MultiSim and Vanguard are trademarks of Teradyne, Inc. VAX is a trademark of Digital Equipment Corporation. Sun is a registered trademark of Sun Microsystems, Inc
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VINDOVS »
CQ#AND LINE >?'

VANGUARD DEBUG »>

Interactive hurry for results,

commands execute
instantlysoit’seasy yOU'll appreciate
to try out new ideas.

how easily Teradyne
tools integrate into your current design
process. EDIF, VHDL and commercial-
tool interfaces let you build on existing
databases. Then tie all your design and

analysis tools running on PCs, Suns’

or VAXs™ into one multiwindow

design environment using Vanguard’s

VV 9 °
h() Call t @ V alt graphical framework.
So don’t wait. For more information
[ ]
d( : ‘ N 7 k about how our CAE
Slgrls Or [} tools can |

work for you,

you see in design is what you'll get in ~ micros and time-multiplexed buses, call Daryl Layzer §
manufacturing. How so? Becauseour  including the effects of process varia- ~ at (617) 482-2700, -'

LASAR system is more accurate than ~ tions. You can zero-in on troublespots  ext. 2808. Or write

LASAR lets you

other event-based simulators. LASAR’s efficiently, and be confident that Teradyne, 5155 0ld o pine structural,
WOrSt-case e |10 Some user interface | ASAR-verified Ironsides Drive, Sentiog
] _ and file format on : f hardware models for
algorithms Pes, sunsand vaxs  designs will work—  Santa Clara, CA simulation efficiency
: ; simplifies training : ‘ with exceptional
[)I'GCISCI_V and communications reliably and 95054. accuracy.
simulate the whenyou'remizing  repeatably.

) platforms. . b ® A . » \
operation of gate arrays, high-speed Ifyou'reina ‘
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The recently introduced
Samsung l-meg SRAMs
have a transistor count of
6.6 million.

In a day and age when
makers of advanced micro-
processors take understand-
able pride in the 1 million
transistors on their chips,
we think it’s forgivable
for us to be proud of
the vastly greater number
on these SRAMs.

They're among the most
difficult of all semiconduc-
tors to produce, and only
a few manufacturers can
make them.

We offer the 1-meg slow
SRAM in several speeds,
several power ratings, and

types.
We're currently developing

several package

the part in the revolutionary
TSOP packaging.

All those things—plus
forthcoming high-density
fast and ultra-fast SRAMs,
plus additional slow parts
for main store and buffer

applications—give you an

MICROPROCESSOR IS IMPRESSIVE,
SRAM WITH SIX TIMES AS MANY.

idea of Samsung’s commit-
ment to this demanding
technology.

Besides the l-meg slow
SRAM, in the main-store
and buffer areas we’ll sample
next year a l-meg fast
static RAM family, and go
into production with a 1-meg

pseudo-SRAM.
THE SAMSUNG I-MEG SRAM

Speeds: 70°, 85, 100, 120 ns.
Pth‘kl{t]t’ types: TSOP*, DIP, SOIC.
Power ratings: Low-low®, low, standard.

Organization: 128K x 8.

For information on the
I-meg SRAM or our 1-meg
pseudo-static, write today
to SRAM Marketing,
Samsung Semiconductor,
3725 No. First St., San Jose,
CA 95134. Or call 1-800-
669-5400, or 408-954-7229.

After all, the best way to
contemplate the 6.6 million
transistors on the part, is to

get your hands on one.

A
aye SAMSUNG

W¥ Semiconductor

° Available 1991. © Samsung Semiconductor, Inc., 1990.
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MAKING THESWITCH
TOHIGH
PERFORMANCE?
OUR 68331 PUTS YOU ON
THE RIGHT TRACK.

Considering a move up in power?
Now you can switch to the 32-bit per- &
formance track that's parallel with &
all your future needs. Thanks to
Motorola’s new, surprisingly
affordable 68331 microcontroller.

OURNEW 68331 IS MORE
THAN A MICROCONTROLLER.
IT'S A MILESTONE.

The 68331 features the same powerful 32-bit
CPU, System Integration Module, and Queued
Serial Module used in our unsurpassed 68332.

Not to mention a powerful General Purpose
Timer. Modular design. The support of
Motorola’s huge 68000 Family software base.
And access to the most sophisticated develop-
ment systems in the industry.

All at a price that’s considerably less than
you’d expect to pay for 32-bit power.

IF YOU'RE HEADED FOR HIGH
PERFORMANCE, YOU'RE ON THE
RIGHT PATH.

With Motorola, your path to power is virtu-
ally a straight shot, thanks to the families of

microcontrollers we’ve mapped out to
take you from here to high perfor-
mance. Without unnecessary
changes in software and archi-
tectures along the way.
The newest point on this revolu-
tionary route is Motorola’s 68331.
There will be many others in the
months to come, all of which demonstrate
one thing.
For well-planned migration to high perfor-
mance, travel with the leader. Motorola.

To receive a Technical Product Preview for the 68331, plus
more news to come on our high performance migration
path, please complete and return this coupon to:

Motorola, Inc.
PO. Box 1466

Austin, Texas 78767 EDN10/1/90

Company
Title
Address
City
State Zip

c
]
]
1
1
]
]
]
1
I
)
1
1
1
1
1
| Name
1
1
1
I
)
1
1
[}
I
]
]
]
)
I
|5

THE PATHWAY TO PERFORMANCE.
@ MOTOROLA

© 1990 Motorola, Inc.
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Control Tower

When it comes to motion control

products, Hewlett-Packard

towers over the rest with a more
diversified and innovative line of
solutions. Giving you one source

to meet all your design needs.

Just look at our award-winning
HEDS 9000 series of encoder

modules. Using HP’s unique opti-

cal technology, these modules

are the ideal building blocks for

creating precision high-speed
linear or rotary applications.

Your choices include everything

from a 3-channel module for
industrial applications to the
small footprint of our 9700 col-
lection for business equipment.

20
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Control panel:
the HRPG series.

For front panel applications,
turn to our RPG series of potenti-
ometers. Offering you full con-
figuration flexibility, improved
rotational feel, and small foot-
print, HP delivers the perfect line
of data entry devices for your
test, medical, analytical, and
computer equipment.

Controlled performance:
the HCTL series.

Our new line of high-speed HCTL
ICs give you high performance
servo control in low-power CMOS.
The result: superior perform-
ance and more microprocessing

CIRCLE NO. 42

power left over for your labora-
tory, medical, and industrial
automation designs.

And because these motion con-
trol solutions come from HP,
you're assured of our on-going
commitment to excellence in
service, support, and reliability.

So why take a chance, when you
can take control. With motion
control products from HP. Call
for our free brochure:
1-800-752-0900, ext. 1497.

There is a better way.

/A Eackaro




NEWS BREAKS

EDITED BY SUSAN BUREAU

TRUE-COLOR DAC BOOSTS WINDOWING PERFORMANCE

Providing separate color maps to mix multiple graphics modes on a single display,
the 170-MHz Bt463 TrueVu RAMDAC from Brooktree Corp (San Diego, CA, (619)
452-7580) lets you vary the pixel depth of each display window on a screen. The
$317 (100) monolithic IC has a reconfigurable pixel port with all the logic necessary
to manage arbitrary plane depths on a pixel-by-pixel basis. The device uses its multi-
plexed inputs to offer double and triple buffering for animation applications. You
can vary the size of each color map from 16 to 512 addresses. To identify the
individual characteristics of each window, a 4-bit word accompanying each set of
pixel and overlay data specifies 4-plane true color, 8-bit pseudocolor, or 8-bit gray
scale. Using this word to determine the conversion type, the IC converts every pixel
from a virtual color-map index to a physical color-map index before sending the
pixel to the chip’s variable-sized look-up table.

The first 3-D graphics processing board to incorporate the Bt463 is the $8000
EG3-1280 from Matrox Electronic Systems (Dorval, Quebec, Canada, (614) 685-2630).
This board plugs into EISA-bus computers and creates 1.3M transformed 3-D vectors/
sec and 20,000 shaded polygons/sec in true color.—dJ D Mosley

INSTRUMENT PERFORMS 100-MHz STATE AND TIMING ANALYSIS

Tektronix (Portland, OR, (800) 245-2036) deplores using clock speed, channel count,
and memory depth to sum up a logic analyzer’s capabilities. The company claims
that users who focus on just those specs inevitably wind up short-changing them-
selves. But width, depth, and speed are what the market is familiar with, and the
Centurion 92A96, a card for Tektronix’s DAS9R00 logic-analysis system, can compete
on those terms. The $17,950 board supports 100 channels (including four clock
channels) and performs timing or state analysis at 100 MHz. Versions are available
with 8k and 32k frames of memory. Fully synchronized operation of four cards
yields the same specs on 288 channels—more than enough for the fastest RISC chip
currently envisioned. Systems with 1536 channels are workable. Multiplexed opera-
tion supports 400-MHz timing analysis on 24 channels/card. You can switch between
state and timing analysis without repositioning probes. The system will simultane-
ously display timing diagrams and disassembled code.—Dan Strassberg

CREATE UNIQUE GUIs FOR PC-BASED VIRTUAL INSTRUMENTS

Using the Virtual Instrument Developer Toolkit from National Instruments (Aus-
tin, TX, (612) 794-0100), you can customize a graphical user interface (GUI) for
PC-based instruments that have no front panel of their own, such as VXIbus devices
and remotely controlled IEEE-488-bus or RS-R32C instruments. It lets a computer
screen imitate the look-and-feel of physical instrument panels; it also lets you con-
trol the instruments from DOS. This $995 kit is an extension of the C programming
language, using objects and verbs to create and define your GUI in an object-oriented
format. It includes an instrument panel library, an object-definition compiler, and
a library of images and fonts. Compatible with the manufacturer’s existing LabWin-
dows libraries, the toolkit lets you use digital readouts, waveforms, and simulated
LEDs to display data. In addition, you can create a GUI that customizes one or more
instruments for a particular application. For example, your GUI could perform like
a spectrum analyzer by combining the capabilities of a function generator, a univer-
sal counter, and a digital multimeter.—dJ D Mosley
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NEWS BREAKS

PROCESSOR INCLUDES CPU AND IBM PC/AT SUPPORT CIRCUITRY
Mother-board chip-set vendors have hinted at integrating an Intel-compatible CPU
into a chip set. Now pP vendor AMD (Austin, TX, (61%) 385-854R%) has implemented
a typical AT-compatible mother board on one chip. The Am86ZX/LX IC includes a
12- or 16-MHz 80286, dynamic-RAM control logic, two interrupt controllers, three
counter/timers, a real-time clock with CMOS RAM, a bus controller, and EMS 4.0
(expanded memory specification) support circuitry. You need add only BIOS ROMs,
dynamic RAM, a keyboard controller, and (optionally) a math coprocessor to have a
complete mother board. The 12- and 16-MHz Am286ZX chips cost $69 and $85.50
(1000), respectively. The AmR86LX ICs, which add power-saving features for laptop
computer applications, cost $76.50 (12 MHz) and $89 (1000) (16 MHz).—Maury Wright

32-BIT pP TARGETS EMBEDDED SYSTEMS

The El1, a R5-MHz pP from Hyperstone (Konstanz, Germany, (7531) 67789), has
separate 32-bit data and address buses and 18 global and 64 local registers. You can
reconfigure the registers to a stack of variable frame length from 2 to 16. The
majority of instructions are single cycle and operate on 16-bit data. Multiply and
divide instructions require multiple cycles. Used with dynamic RAMs having a
40-nsec page-mode cycle time, the pP can achieve a 5-MIPS burst rate without
external memory caches. Benchmarks yield 38,000 Dhrystones. The throughput re-
sults from a combination of pipelined load instructions, an internal 2-stage decode/
execute pipeline, and a look-ahead instruction cache. Software tools include a cross-
assembler and a debugger that run under MS-DOS; an emulator links to your PC
through an RS-232C port. The E1 costs $150 (1000).—Brian Kerridge

VME, IBM PC BOARDS EMULATE NTDS HOST AND PERIPHERALS

Two NTDS (Navy Tactical Data Systems) interface boards allow you to emulate
expensive host computers and peripherals with personal computers and worksta-
tions. The Hawke (VMEbus) and Eagle II (IBM PC/AT bus) from Sabtech Industries
(Anaheim, CA, (714) 970-5311) suit applications in hardware and software develop-
ment, test, debug, and maintenance of NTDS products. Separate versions comply
with Types A, B, and C NTDS communications standards specified in MIL-STD-1397B.
The boards come with software for interactive emulation and for interfacing with
high-level languages such as C. The IBM PC-compatible boards cost $4000 to $4500;
the VMEbus offerings sell for $5000.—Maury Wright

SIMULATOR GOES TO THE SOURCE OF THE PROBLEM

The 90.1 release of the Silos II simulator from Simucad (Union City, CA, (415)
487-9700) provides two enhancements to help you find sources of design errors. The
first is what the company calls a 2-D, interactive-debug feature. When you discover
a node transition to an incorrect state, you can interactively trace the transition
backward in time to see which device input caused the transition. You can continue
to trace backward, both in time and in signal path, until you find the initial cause
of the problem. The second Silos II enhancement lets you observe short-duration
spikes and the events they cause. Short-duration spikes can occur when two or
more edge transitions happen at nearly the same time. When these spikes are shorter
than the propagation delay of a device being simulated, some simulators fail to show
their effect on the device’s output. The new release is free to Silos II users with a
current maintenance agreement. Silos II ranges from $5000 for personal-computer
versions to $80,000 for mainframe versions.—Doug Conner
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Dale®can give you more utility —
and value — from thick film resistor
networks. We offer the industry's
widest choice of through-hole
mounted styles — including
commercial and MIL-R-83401.
And, we're well-qualified to guide
you into efficient use of surface
mounting with gull wing and
“J"-lead small outline styles proven
in high-volume applications.

This wide choice lets us help your
project teams much earlier in the
planning process. . . providing
faster access to nonstandard
resistor and resistor/capacitor

EDN October 1, 1990

Ceramic and thick film alone -
can't make a great
network partnership.

Daler Can

schemaﬂcs when required.
What's more, our extensive

experience with Just-In-Time

and Statistical Process Control

programs can provide a much

higher comfort level with quality and

delivery. Call today. Let's discuss a

CIRCLE NO. 43

partnership that offers maximum
leverage for efficient network use.
Contact your Dale Representative
or phone (915) 592-3253.

Dale Electronics, Inc., Box 26728,
El Paso, Texas 79926-6728.

A COMPANY OF

: DALE, :
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dcfo 3GHz .. $T145

lowpass, highpass,
bandpass, narrowband IF

less than 1dB insertion loss e greater than 40dB stopband rejection

5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) e meets MIL-STD-202 tests
rugged hermetically-sealed pin models ¢ BNC, Type N; SMA available

surface-mount e over 100 off-the-shelf models e immediate delivery

low pass dc to 1200MHz

PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss™>40dB) pass- stop- $
MODEL band band
NO. Min. Nom. Max. Max. Min. typ. typ. (1-9)
PLP-10.7 DC-11 14 19 24 200 17 18 | 11.45
PLP-21.4 DC-22 245 32 4 200 (s 18 | 11.45
PLP-30 DC-32 I 35 47 61 200 1.1 18 11.45
PLP-50 DC-48 55 70 90 200 1.7 18 | 11.45
PLP-70 DC-60 67 90 A 300 1.7 18 11.45
LOW PASS PLP-100 DC-98 108 146 189 400 1.7 18 | 1145
PLP-150 DC-140 155 210 300 600 974 18 | 11.45
PLP-200 DC-190 210 290 390 800 17 18 11.45
@ PLP-250 DC-225 250 320 400 1200 1.7 18 | 11.45
e PLP-300 DC-270 297 410 550 1200 1.7 18 | 11.45
2 PLP-450 DC-400 440 580 750 1800 1.7 18 11.45
S PLP-550 DC-520 570 750 920 2000 1.7 18 11.45
g PLP-600 DC-580 640 840 1120 2000 0.7 18 | 11.45
= PLP-750 DC-700 770 1000 1300 2000 1.7 18 11.45
2 PLP-800 DC-720 800 1080 1400 2000 1.7 18 | 11.45
. PLP-850 DC-780 850 1100 1400 2000 1.7 18 | 11.45
oe PLP-1000 DC-900 990 1340 1750 2000 g 18 | 11.45
PLP-1200 DC-1000 1200 1620 2100 2500 1.7 18 | 11.45
high pass dc to 2500MHz
PASSBAND, MHz| fco, MHz STOP BAND, MHz VSWR PRICE
(loss <1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop- $
MODEL band band :
NO. Min. Min. Nom. Min. Min. typ. typ. (1-9)
PHP-50 41 200 37 26 20 15 17 14.95
PHP-100 90 400 82 55 40 15 17 1495
HIGH PASS PHP-150 133 600 120 95 70 18 17 | 1495
PHP-175 160 800 140 105 70 15 i 1495
PHP-200 185 800 164 116 90 16 17 14.95
@ PHP-250 225 1200 205 150 100 1.3 17 | 1495
< PHP-300 290 1200 245 190 145 1.7 17 | 1495
= PHP-400 395 1600 360 290 210 a1 17 1495
§ PHP-500 500 1600 454 365 280 19 17 1495
2 PHP-600 600 1600 545 440 350 20 : 4 1495
° PHP-700 700 1800 640 520 400 1.6 i 14.95
s PHP-800 780 2000 710 570 445 21 LI 1495
PHP-900 910 2100 820 660 520 1.8 17 14.95
frequency PHP-1000| 1000 2200 900 720 550 19 1§ 4 1495
bandpass 20 to 70MHz
CENTER | PASS BAND, MHz STOP BAND, MHz VSWR | PRICE
BANDPASS FREQ. (loss <1dB) (loss>10dB) (loss > 20 dB) 1.3:1 typ. $
MODEL MHz Max. Min. Min. Max. Min. Max. total band Qty.
8 NO. FO F1 F2 F3 Fa4 F5 F6 MHz (1-9)
g PIF-21.4 214 18 25 49 85 1 150 DC-220 | 14.95
g PIF-30 30 25 35 7 120 1.9 210 DC-330 | 14.95
= PIF-40 42 35 49 10 168 26 300 DC-400 | 14.95
o4 PIF-50 50 41 58 115 200 31 350 DC-440 | 14.95
PIF-60 60 50 70 14 240 38 400 DC-500 | 14.95
frequency PIF-70 70 58 82 16 280 44 490 DC-550 | 14.95
narrowband IF
NARROWBAND IF CENTER | PASS BAND, MHz| STOP BAND, MHz | STOP BAND, MHz | PASS- | PRICE
FREQ. I.L. 1.5dB max. L.L.> 20dB LL. > 35dB BAND $
MODEL MHz VSWR | aty.
- NO. FO F1-F2 F5 F6 F7 F8-F9 Max. | (1-9)
a PBP-10.7 10.7 95-11.5 75 15 06 50-1000 17 18.95
= PBP-21.4 214 19.2-236 155 29 3.0 -10 T 18.95
PBP-30 30.0 27.0-33.0 22 40 32 99-1000 g 18.95
PBP-60 60.0 55.0-67.0 44 79 46 190-1000 ) g 18.95
FREQUENCY PBP-70 700 63.0-77.0 51 94 6 193-1000 1.7 18.95

L JMini-Circuits

P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS
F132-2 REV. ORIG.




WHAT GOOD IS A BRAIN
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World Headquarters: 3081 Zanker Road, San Jose, CA 95134 Telephone: (408) 456-4500 FAX: (408) 456-4501 Sales Offices: U.S. — Boston: (508) 660-1088 = Dallas: (214) 680-2913 » Los Angeles: (714) 455-2777
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WITHOUT A MEMORY?

To hear most
people in the com-
puter business talk, -
you'd think the
only valuable part
of a system is its
MIiCroprocessor.

Maybe they
haven’t lost their minds. But they’ve
certainly fo}‘gotten about the hard drive.
And the critical data it stores. Data
which can’t be easily replaced like a
MiCroprocessor.

So it’s no surprise that many OEMs
are reducing their risk of system failure
with disk drives from Conner. Using
proven technologies, our high perfor-
mance drives consistently set the stan-
dards for form factor, reliability, and
innovation.

That’s because at Conner, we work
closely with our customers to identify
their needs sooner, and fill them faster.
Providing them the quickest time to
market; with exactly the right product.
Plus, we're expanding our worldwide
manufacturing facilities to meet growing
customer demand around the globe.

All of which makes choosing
Conner disk drives a low risk decision.

So call Conner today. The results
should be quite memorable.

2o Y V] V] =f
L\~ <A /A [ =7

¥ H E T Hi1I R D W A V E

* San Jose: (408) 456-4500 Europe —Ivrea: (39)125-631715 « London: (44) 249-444-049 « Munich: (49) 89-129-8061 * Paris: (33) 1-47-474108 Asia- Singapore: (65) 2845366 * Taipei: (886) 2 -718-9193 * Tokyo: (81) 3-485-8901
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Asia Series

Anyone contemplating doing business in Asia
should first receive a little wisdom.

In business, knowledge is power.
And anyone who does business in
the Pacific Rim without knowing the
culture is working at a disadvantage.
Which is why Northwest is proud to
underwrite the four-part public tele-
vision series “Yue-Sai Kan's Doing
Business in Asia.” It's an insider’s
guide to success in Japan, Taiwan,
Hong Kong, and South Korea. You'll
profit from the Asian experience of
companies like Coca-Cola, Citibank,
Estee Lauder, [BM and Ford. And of
course, you'll benefit from the insight
Northwest can offer after more than
40 years of helping people do business

, in Asia. Check local listings for date

l and time of broadcast. In just a short

\ while, you'll be infinitely wiser.

© 1990 Northwest Airlines, Inc.

NORTHWEST AIRLINES (%
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Reader has minor quibble
The article by J D Mosley, “Mini
disk drives strive for acceptance”
(EDN, May 24, 1990, pg 95), is a
very good overview of the new
miniature disk drives. I have a very
minor quibble, however, about the
way the article compares power
consumption between the 2-in.
floppy-disk drive used in the Zenith
MinisPort and the standard 3%-in.
drive. On pg 97, J D states that “A
comparable 3%-in. drive consumes
150% more power than the 2-in.
drive . . . ” That makes sense, and
the numbers that follow confirm my
understanding of just what “150%
more” means.

The photo caption on pg 98, how-
ever, tries to reverse the formula,
which doesn’t work. What does
“. .. consumes 150% less power than
a comparable 3%-in. drive” mean?
Negative power consumption?
Brooks Lymamn, Designer
JRTD Inc
Concord, MA

(Ed Note: Sorry, I goofed.)

Violating laws of
immigration and morality

In his letter (EDN, May 24, 1990,
pg 39), William Geary seems to
have missed the point of my re-
sponse in support of Jon Titus’s edi-
torial, “Send alien graduates home”
(EDN, October 27, 1988, pg 57).

If Bill wishes to label patriotism,
moral fealty, and a responsibility to
return at least what one takes as
“thuggery,” then so be it; this is
(still) a free country. He attempts
to make a political battleground
where none exists. The issue in
question is a moral one.

If a third-world country exports
all of its talent, it will forever re-
main a third-world country, de-
pendent on the rest of the world for
its very existence. Compare this
concept with Bill's references to
freedom and human dignity. When
a citizen of that country signs an
agreement to acquire a skill else-
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where and return (presumably to
the benefit of said country) but in-
stead decides to “take the money
and run,” that individual is violating
not only the immigration and emi-
gration laws of both lands, but is
also prostituting his/her moral obli-
gation.

It is indeed a privilege to live in
the US, a privilege many people
gave their lives to secure and main-
tain. We have an overabundance of
technologists. Third-world coun-
tries, on the other hand, need all
the help they can get.

We are also a country of laws.
These laws very liberally govern
the flow of immigration into the US.
These are the same laws that the
“selfish opportunists,” as Bill refers
to Tesla, Einstein, et al, obeyed
when they entered the US. They
didn’t come here under the guise
of a temporary student visa. Nor
were their native countries techno-
logically depressed; quite the con-
trary. These people fled oppression.
I did not attempt to make this point
in my letter.

N Silber
ITT Aerospace Communications
Nutley, NJ

IT’S EASY TO
HAVE YOUR SAY

EDN’s Signals & Noise column pro-
vides a forum for readers to express
their opinions on issues raised in the
magazine's articles or on any topic
that affects the engineering industry.
You can use one of several easy
ways to reach us. First, there’s al-
ways the mail. Send your letters to
Signals & Noise Editor, EDN Maga-
zine, 275 Washington St, Newton,
MA 02158. Or, send us a message
via MCI mail at EDNBOS. Finally,
EDN’s bulletin-board system is ready
for use—and it's free (except for the
phone call). You can reach us at (617)
558-4241 and leave a letter in the
EDITORS Special Interest Group.
You'll need a 1200-bps modem and
a communications program that is set
for eight data bits, no parity, and one
stop bit, or 1200, 8N1 in shorthand.

LCD Proto Kit

Everything you need to
start your LCD application
.... create complex screens
in just a few hours!

240 x 64 Kit provides
pixel serial inter-
Supertwist face to IBM
LCD PC for quick
mounts prototyping.
directly Boa% al;so
onto supports
CYB003 displays up
proto- 1o 240 x 128
typin: pixels.
board.
Interface to
8 soft keys or

4 x 4 key matrix.
Dial 0-25k

ohms for LCD
contrast.

Controller

area for provides
custom parallel or
circuitry serial high-
or back- level control
light. of Instrument-

size LCDs. Up

to 256 built-in

windows support
window-relative
text, bargraphs,
waveforms, and
plots. Text and
graphics are main-
tained in separate
planes, facilitating

-
G

special effects.
Complete User
serial jack for Manual included.
RxD, TxD,
CTS, and 5Pin  Alternate  Add your own 8051

CPU for stand
alone operation.

Kit also includes:

Power supply provides +5v and Gnd for
board, -12v for LCD,
and + 12v spare.

GND, plus Power Power

2 spares. DIN. Connector.

Sample routines in
8051 Assembler
and QuickBasic.

LCD Paint™ for
creating your own
graphics
{  Images.

cable with
DB25F

connector
for your IBM PC.

$495 - Kit Demo rou(in:;
Popular LCD Starter Kit. P e o
immediate

gratification.

(8595 pre-assembled & tested)

*The CY325 40-pin CMOS LCD Controller
IC is available from stock @ $75/singles,
$20/1000s (Surface mount also avail in qty.)

CyberneticMicroSystems

Box 3000 e San Gregorio CA 94074
Tel: 415-726-3000 @ Fax: 415-726-3003
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MEGA MEMORY.

SONY HIGH-DENSITY SRAMS

MODEL CONFIG. SPEED (ns) PACKAGING  RETENTION

DATA

CXK581000P* | 128K x 8 | 100/120
CXK581000M* | 128K x 8 | 100/120
CXK581100TM* | 128K x 8 [ 100/120
CXK581100YM* | 128K x 8 | 100/120

DIP 600 mil L, LL
SOP 525 mil | L, LL

CXK581001P 128K x 8 | 70/85
CXK581001M 128K x 8 | 70/85

TSOP CE
TSOP (reverse) | L, LL
DIP 600 mil Ik
SOP 525 mil | L

CXK581020SP | 128K x 8 [ 35/45/55 | SDIP 400 mil
CXK581020J 128K x 8 | 35/45/65 | SOJ 400 mil

*Extended temperature range available. L = Low power.

LL = Low, low power.

MEGA COMMITMENT.

A As you can see, Sony's more
¥ committed than ever to meeting your
high-density SRAM needs.
Just consider the enhancements we've
made in a few short months: TSOP and
TSOP-reverse packaging. Low data retention
current. And extended temperature range.
All based on our unique 0.8-micron
CMOS technology, and available in 32-pin
DIP and surface-mount plastic packages.
Then consider our ever-increasing production
capabilities. We've just added yet another SRAM
facility in Japan. And acquired a large AMD facility
in San Antonio, Texas.

So you can really count on us in a crunch.

Need more proof we're serious about your each
and every SRAM need?

Call us. We've got more breakthroughs on the way.
Well over 100 SRAM products spanning the perfor-
mance spectrum. And the desire to meet—or exceed
—your toughest performance spec.

Sony high-density SRAMS are shipping now, com-
plete with competitive pricing. So call (714) 229-4190
today. Or write Sony Corporation Of America,
Component Products Company, 10833 Valley View
St., Cypress, CA 90630,

Attention: Semiconductor S O NY
sales. FAX (714) 229-4285. ®
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ASK EDN

Have you been stumped by a
design problem so long that
you don’t know who to turn
to? Are you having trouble lo-
cating parts? Finding compa-
nies? Can’t interpret a spec
sheet? Ask EDN.

This department will serve
as a forum to solve nagging
problems and answer difficult
questions. EDN’s editors will
provide the solutions. If we
can’t solve a problem, we’ll
find an expert who can, or
we’ll print your letter and ask
your peers for help. We can’t
answer every question, but
we’ll try to publish the ones
that will help you most in
your job.

Address your letters to Ask
EDN, 275 Washington St,
Newton, MA 02158. FAX (617)
558-4470; MCI: EDNBOS.
Or, send us a letter on EDN’s
bulletin-board system. You
can reach us at (617) 558-4241
and leave a letter in the
/ask_edn Special Interest
Group. You'll need a 1200-bps
modem and a communications
program that is set for eight
data bits, no parity, and one
stop bit, or 1200, 8N1 in
shorthand. Turn to the Feed-
back and Amplification sec-
tion of this issue’s Design
Ideas to learn how to use the
bulletin-board system.
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Reader seeks macro assembler

Where can I find a macro assem-
bler for the 6805 pP family that
runs on an Apple Macintosh?
Thanks.

Antoine Elinik

Apelem

Nimes, France

Associate Editor Mike Markowitz
took this question on and found a

company that sells such a part for
$149.95:

Microdialects

Box 30014
Cincinnati, OH 45230
(513) 271-9100.

Help the Navy
AR RS

I recall that sometime in the last
year, a company announced an
IRIG-B (Inter-Range Instrumen-
tation Group format B) time-code
receiver completely contained on
a single chip. (An IRIG-B con-
verter receives a 1V p-p analog or
RF signal and converts it to time
of day in digital format based on
Greenwich mean time.) I now
have an application that requires
such an IC and can’t locate a
source. Please help in any way
you can.

David Fors

Electronics Engineer

Naval Weapons Center

China Lake, CA

Associate Editor John Gallant
posed this question to three engi-
neers who work for companies that

produce time-code readers. They
said that they had heard rumors
that such a device existed but didn’t
know what company made it. If you
do, please let us know.

Elusive software found

In the August 2, 1990, issue of
EDN, a reader—Jon Sanserino—
asked if anyone could help him lo-
cate a piece of software called
Partlister. I have a copy of that
software that I would be willing

‘to let go for $25, including ship-

ping costs and all documentation.
I obtained that software to do part
listings, but before I could even
finish reading the documentation,
my company went on another sys-
tem. My software has sat on a
shelf since that time.

James V Joyce

Bendix Avionics Div

Fort Lauderdale, FL

A need for RF transceiver

I need sources for RF transmitter/
receiver building blocks and/or
modules. The devices will be used
for digital data transfer over 100
ft under the control of Motorola’s
146805E2 microcontroller.

Joe Thomas

Weber Costello

Troy, MO

If any reader knows of such source,
please drop Ask EDN a line.

31




We've drastically
reduced the time
it takes to produce

POBSON-TULLY L

If you've been laboring under the assumption

that Video RAMs have gotten about as fast as possible,
Toshiba would like to introduce you to their new

1 Megabit creations.

With faster read/write features, they have a bright
future in all kinds of applications.

Ultrasound monitors, for instance.

Or personal computers. Magnetic Resonance Imaging
equipment. Video games. If it can benefit from getting
an image out of the gate and onto the screen faster,

(*Authorized Locations)
AL Huntsville (205) 881-9235*
AZ Phoenix (602) 496-0290"

Tucson (602) 790-5687"
CA Irvine (714) 458-5301"

Los Angeles (818) 407-4100"

Sacramento (916) 635-9700
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San Diego (619) 578-9600"
San Francisco (408) 942-4600"
CO Denver (303) 451-8383°
CT Connecticut (203) 265-3822"
FL R. Lauderdale (305) 977-4880°
Orlando (407) 767-8585"
Tampa (813) 573-1399*

GA Atlanta (404) 923-5750*
IL Chicago (708) 4900155
IN  Indianapolis (317) 297-0483*
KS Kansas City (913) 492-3121"
MA Boston (508) 658-0810"

MD Maryland (301) 622-1118°

MI Michigan (313) 525-5850°

aba

LMP 310

Fas

it can use a healthy dose of Toshiba 1 Megabit
high density VRAM.

For the best delivery of these babies, just call
Toshiba’s only national distributor. Marshall Industries.

As Toshiba’s number one distributor nationwide,

we always have plenty of product on hand, so you
can start designing whole new families right away.

MN Minneapolis (612) 559-2211*
MO St. Louis (314) 291-4650°
NC Raleigh (919) 878-9882"

NJ N. New Jersey (201) 882-0320°

NY Binghamton (607) 798-1611"
Long Island (516) 273-2424'
Rochester (716) 235-7620"

CIRCLE NO. 47

In fact, the whole concept is, well, pregnant

with possibilities. m N sh Nl

In Canada: G.S. Marshall Co.
Montreal (514) 694-8142°
Ottawa (613) 564-0166"
Toronto (416) 458-8046"

El Paso (915) 5330706
Houston (713) 895-9200*
San Antonio (512) 734-5100°
UT Salt Lake City (801) 485-1551*
WA Seattle (206) 4865747
W1 Milwaukee (414) 797-8400°

OH Cleveland (216) 248-1788"
Dayton (513) 896-4480°

OR Portiand (503) 644-5050°

PA Philadelphia (609) 234-9100"
Pittsburgh (412) 788-0441°

TX Austin (512) 837-1991°
Dallas (214) 2335200
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EDITORIAL

Jesse H Neal

Editorial Achievement Awards
1987, 1981 (2), 1978 (2),

1977, 1976, 1975

American Society of

Business Press Editors Award
1988, 1983, 1981

A BBS for readers only

EDN now offers a computer bulletin-board system (BBS) that lets you
communicate with your fellow engineers and with EDN’s technical
editors. Access to EDN’s BBS is free, except that you pay for the
telephone call. You can reach the BBS at (617) 558-4241. You'll need
a 1200-bps modem and a communication program that is set for 8 data
bits, no parity, and 1 stop bit, or 1200, 8N1 in shorthand. The BBS
offers many services, but we think you’ll be most interested in the
Special Interest Groups, or SIGs, that we have set up. In fact, the
purpose of the SIGs is to enhance 2-way communication.

You'll find a SIG dedicated to our popular Design Ideas section.
The DI_SIG provides a way to download complete software listings,
executable code, pe-board layout files, and simulation data when con-
tributors supply them. You'll also have the opportunity to read through
other engineers’ suggestions, circuit improvements, and modifications.
We'll assign each Design Idea its own identification code, so you'll be
able to scan through the DI_SIG bulletins and find what you want.
If you make a modification that enhances a circuit or if you produce a
software listing, your addition to the Design Idea bulletins helps all
other DI_SIG users. Each SIG also lets you respond to bulletins and
leave messages for the SIG’s operator.

Some of the bulletins may have attached files of information or
program code that don’t fit in a short bulletin. The BBS lets you
download such attachments so you can read, run, test, or examine
them on your own computer. When you download files, you can select
either ASCII, XMODEM, XMODEM-CRC, or YMODEM-CRC proto-
cols. The ASCII selection lets you look at text files one screen at a
time or transfer an entire ASCII file to your computer. (To do the
latter, type 1C at the transfer prompt to select the continuous-transfer
mode.) When you leave a DI_SIG bulletin, you can also leave an
attachment file for our SIG operators to approve and add to the
DI_SIG for other readers to access.

There are other SIGs worth scanning. The FREEWARE SIG con-
tains utility, scientific, and engineering shareware programs and infor-
mation. The EDITORS SIG lets you leave messages for EDN’s edito-
rial staff. If you have a technical question, you can also leave a message
on the ASK_EDN SIG. In addition, when long software or other
listings accompany feature articles, we’ll tell you how to find them on
the BBS. And, if you'd like to have a SIG set up just for microproces-
sors, digital signal processing (DSP), analog design, or another topic,
let us know.

After you sign up, don’t forget to register yourself in the BBS
Registry, which is open—except for your password—to other users.
The Registry can help you find a specific person, and it can help other
users find you. Once you're logged into the BBS, you can see what’s
happening in the Information Center, the Classified Ads, and the Polls
and Questionnaires. The EDN BBS also provides EMAIL for commu-
nications between users. Sorry, no quizzes or games; this is a profes-
sional bulletin board, of, by, and for engineers. The editors own it—the
editors run it. As such, we won’t share your name with advertisers
and we'll keep the BBS free of promotional materials.

If you'd like a short instruction manual, please Circle No. 801 on
the bingo card and I'll send you a copy. We're also open to suggestions
for improving and expanding the BBS. Enjoy.

Jon Titus
Editor
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RF TRANS

Over 50 off-the-shelf models...

Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specific frequency
range?...Mini-Circuits offers a solution.
Choose impedance ratios from 1:1 to 36:1,

connector or pin versions (plastic or metal case
built to meet MIL-T-21038 and MIL-T-55831 re-
quirements*). Ultra-wideband response achieves low

droop and fast risetime for pulse applications. Ratings LTHTT 3
up to 1000M ohms insulation resistance and up to 1000V TTHTT Styie KKeT

dielectric voltage. For wide dynamic range applications involving
up to 100 mA DC primary current, use the T-H series.
Coaxial connector models are offered with 50 and 75 ohm TTHTT
impedance; BNC standard; request other types. e o
Available for immediate delivery with one-year guarantee.

Call or write for 68-page catalog or see our catalog in
EEM, or Microwaves Product Data Directory.

*units are not QPL listed case styles
T, TH, case W 38, X 65 bent lead version, KK81 bent lead version
TMO, case A 11, 1 case B 13 FT,FTB, case H 16
NEW TC SURFACE MOUNT MODELS from 1MHz to 1500 MHz
finding new ways NSN GUIDE
g Tq h J\/ y MCL NO. NSN MCL NO. NSN
setting higher standards FTB1-1-75 5950-01-132-8034 TMO2-1  5950-01-183-6414
FTB1-6 5950-01-225-8773 TMO25-6 5950-01-215-4038
T1-1 5950-10-128-3745 TMO25-6T 5950-01-215-8697
I nl I rcul S T1-1T 5950-01-153-0668 TMO3-1T 5950-01-168-7512
T2-1 5950-01-106-1218 TMO4-1 5950-01-067-1012
A Division of Scientific Components Corporation T3-1T 5950-01-153-0298 TMO4-2 5950-01-091-3553
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01-024-7626 TMO4-6  5950-01-132-8102
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01-105-8153 TMOS5-1T  5950-01-183-0779
T16-1 5950-01-094-7439 TMO9-1 5950-01-141-0174
TMO1-1 5950-01-178-2612 TMO16-1 5950-01-138-4593
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FORMERS

KHz-800MHz from S325

Q FREQUENCY INSERTION LOSS PRICE $
RATIO MHz
case style number MODEL 3dB 2dB 1dB Oté‘
see opposite page NO MHz MHz MHz (1-9)
A ) [ B ) 1 05-200 05-200 08-150 2-80 445
T1-6T 1 003-300 003-300 01-150 02-50 6.95
T2-1T 2 07-200 07-200 1-100 5-50 495
T2.5-6T 25 01-100 01-100 02-50 50-20 495
2 & T3-1T 3 05-250 05-200 1-200 5-70 495
PRI SEC T4-1 4 2-350 2-350 35-300 2-100 325
T4-6T 4 02-250 02-250 05-150 0.1-100 445
T5-17 5 3-300 3-300 6-200 5-100 495
T8-17 8 03-140 03-140 10-90 1-60 7.95
T13-1T 13 3-120 3-120 7-80 5-20 495
T16-6T 16 03-75 03-75 06-30 1-20 5.65
TH  T14-1H 4 10-350 10-350 15-300 25-200 595
TMO  TMO1-1T 1 05-200 05-200 08-150 2-80 7.95
TMO2-1T 2 07-200 07-200 1-100 5-50 8.45
+TMO2.5-6T 25 01-100 01-100 02-50 05-20 8.45
+TMO3-1T 3 05-250 05-250 1-200 5-70 7.95
TMO4-1 4 2-350 2-350 35-300 2-100 6.25
TMOS5-1T 5 3-300 3-300 6-200 5-100 8.45
TMO13-1T 13 3-120 3-120 7-80 5-20 8.45
B* 5 L B 1 004-500 004-500 02-200 1-50 6.95
TT1.5-1 15 075-500 075-500 2-100 1-50 595
. . T725-6 25 01-50 01-50 025-25 05-10 6.45
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 595
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95
TT25-1 25 02-30 02-30 05-20 1-10 9.95
TTMO25-1 25 02-30 02-30 05-20 1-10 11.95
TTMO TTMO1-1 1 005-100 005-100 01-75 05-40 11.45
TTMO4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 1395
@ T T 1 15-400 15-400 35-200 2-50 325
< T1.18-3 118 0.01-250 0.01-250 0.02-200 0.03-50 565
T1-6 1 01-150 01-150 02-100 05-50 565
T1.5-1 1.5 1-300 1-300 2-150 5-80 445
T15-6 15 02-100 02-100 05-50 0.1-25 565
2 ° T25-6 25 01-100 01-100 02-50 05-20 445
PRI SEC T4-6 4 02-200 02-200 05-150 1-100 445
T9-1 9 15-200 15-200 3-150 2-40 395
T16-1 16 3-120 3-120 7-80 5-20 445
T36-1 36 03-20 03-20 05-10 1-5 6.95
TO T10-75 1 10-500 = 10-500 40-250 6.95
TH T1-1H 1 8-300 8-300 10-200 25-100 595
T9-1H 9 2-90 2-90 3-75 6-50 6.45
T16-H 16 7-85 7-85 10-65 15-40 6.45
TMO  TMO1-02 1 1-800 1-800 2-500 - 9.45
TMO1-1 1 15-400 15-400 35-200 2-50 6.25
TMO1.5-1 15 1-300 1-300 2-150 5-8 8.45
+TM02 5-6 25 01-100 01-100 02-50 05-20 795
+TMO4-6 4 02-200 02-200 05-150 1-100 795
TMOB-1 6 3-200 3-200 5-150 5-50 795
TMO9-1 9 15-200 15-200 3-150 2-40 7.95
TMO16-1 16 3-120 3-120 7-80 5-20 7.95
D T T2-1 2 050-600 050-600 1-400 5-200 395
T3-1 3 5-800 5-800 2-400 - 445
— = T4-2 4 2-600 2-600 5-500 2-250 3.95
18-1 8 15-250 15-250 25-200 2-100 395
PRI SEC T14-1 14 2-150 2-150 5-100 2-50 495
T™O T™MO2-1 2 050-600 050-600 1-400 5-200 7.95
TMO3-1 3 5-800 5-800 2-400 — 845
- TMO4-2 4 2-600 2-600 5-500 2-250 7.95
° TMO8-1 8 15-250 15-250 25-200 2-100 7.95
TMO14-1 14 2-150 2-150 5-100 2-50 8.45
FT FT1.22-1 1.22 005-100 005-100 01-50 05-25 3595
FT1.5-1 15 1-400 1-400 5-200 1-100 3595
L] .
FTB-1 1 2-500 2-500 5-300 1-100 36.95
E PRI SEC F1B FTB1-6 1 01-125 01-125 05-50 1-25 36.95
sFTB-1-75 1 5-500 5-500 5-300 10-100 36.95
X T 71-622 1 0.1-200 0.1-200 05-100 5-80 325
1626 1 0.01-10 0.01-10 02-5 04-2 395
® Denotes 75 ohm models
* FOR A AND E N R/ i
Maximum Amplitude Unbalance Maximum Phase Unbalance
0.1 dB over 1 dB frequency range 1.0° over 1 dB frequency range
0.5 dB over entire frequency range 5.0° over entire frequency range
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Signetics. Because we offer y

Philips Com;;onents
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wa the most 80C51 derivatives.

’LL FIND THE SAME STRATEGY AT THE CORE

i i

?\ To demﬂ the perfect features into your application, You'll always have complete development support,
choose the industry’s most complete and too. Because you can choose from a growing list of
feature-rich family of 8-bit 80C51 and 84CXX emulators, programmers and software tools from
mictoéantrollcrs \ Philips and third-party vendors including Ashling,

Ceibo, Data I/O, Logical Systems, MetaLink,

Avaibable in, OTP and\EPROM geaians, You ed Needham'’s, Nohau, Tasking and many more.

~ assured of fastcr time to market and cost-efficient

ow-volume runs. And for designs demanding Today our microcontrollers are the driving force
mdﬁldual pr(;gram code, our OTP devices offer behmd thousands of products. For apphcatxons
te flexibility. by rang; Om cons

Tu the ultim

center of our family is a umque A : =l
cell mCﬂIOdOIOSY Thfough it yo A Samplmu 0f Our More Than 40 I.oadmg 80C51

Product oTP  IC ROM RAM

8XC751 v v 2K 64 24-pin skinny DIP
8XCL410 Vv 4K 128 Operation at down to 1 5 volts
i 8XC851 K 12 ‘

8XC552 v
8XC528

8K

. eachdevi is v
{ \denvahveczzg , e
ized ASIC design

embedded memory, rangi C
‘of program memory (ROM EPROM
up to 512 bytes of embedded data memory (RAM)

ﬂ‘ 9
For more information, contact your local Philips

Components-Signetics sales office. Or call today for
th speeds of up to 30 MH . '
Wf p b up 4 i your Microcontroller Derivative Brochure and Data
Plus we'te applymg the same strategy to 16-bit Book: (800) 227-1817, ext. 716D.
i 6800G'b3$€d and 32-bit SPARC®-based microcon- SPARC is a registered trademark of SPARC International, Inc., based on
- " tl'O“Cl‘S So as needs change yOU ’1l have th buddmg technology developed t?y Sun Microsystems, Inc.
_bIocks to tailor designs.

5\ \ i
v A

hi

N Signetics
 EXTENDING THE DIMENSIONS OF PERFORMANCE

\

% PHILIPS

EDN October 1, 1990 37




d trademark of Western Digital Corporation

EDN October 1, 1990




Would you rather have

what’s in Box Number One or

Box Number Two?

The Western Digital Designer Kit gives you everything you
need to start and complete your next design. All in one handy box.

A box that lets you avoid a lot of headaches and hassles. Such
as all the begging, pleading, and conniving necessary to get the
parts that are necessary.

The designer kit gives you a Western Digital 286 Motherboard,
the WD286-LPM16. You also get a 4-chip FE3600 AT Core
Logic Set. The WD16C452 Serial/Parallel Controller.

The WD37C65 Floppy Disk Controller. The WDPVGA1A VGA
Controller. The WD93044-A 40Mb IDE Drive. 512K RAM. All
the cables you'll need for the drive and the keyboard. An expan-
sion slot riser card. LPM Utilities Diskettes. ORCAD Schematic
Diskettes and Designer’s Manual. Complete data sheets for all
the Western Digital chips. And a Western Digital User’s Manual.

The entire Western Digital Designer Kit costs just $999.
Obviously, rounding up all the parts by yourself would take far
more money. And far more time.

All you need to supply is a little brain power. And before you
know it, your next great idea will be off the drawing board and
into production.

The Western Digital Designer Kit is available for a limited
time. And in limited quantities. So call your favorite Western
Digital distributor now.

And let's make a deal.

Almac Electronics at 206-643-9992. Pioneer-Standard Electronics at 800-874-6633.
Anthem Electronics at 408-453-1200. Pioneer Technologies Group at 800-227-1693.
Hall-Mark Electronics at 214-553-2171.  Wyle EMG at 408-727-2500.

Matched sets, unmatched performance.

2 WESTERN DIGITAL

EDN October 1, 1990
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Be Brilliant At
In Productio

40

7:05 am: Breakfast
Suddenly, between bites,
the answer to that new system
design jumps right into your
brain. But how to make it work
in silicon? Use an Actel field
programmable gate array!

8:50 am: Design
You warm up the design
program on your 386 and put
in the final touches. Then a quick
rule check and 25 MHz system
simulation with the Action
Logic System software.

Actel Field Programmable
Gate Array Systems.

They're a feast for your
imagination.

Actels ACT™1 arrays bring
you a completely new approach to
logic integration. Not just another
brand of EPLD, PAL" or LCA™
chips. But true, high density,
desktop configurable, channeled
gate arrays.

11:00 am : Place & Route
You watch the system place
and route all 1700 gates (out
of 2000 available) in under 40
minutes. 100% automatically!
A final timing check.Then think
of something to do until lunch.

Actel FPGA
Product Family

Equivalent

They're the core of the Gates

12:00pm: Lunch

Remember lunch? Normal
people actually stop working
and have a nice meal—right in
the middle of the day! With
Actel’s logic solution, this
could become a habit.

your own ASICs. Right at your desk.
On a 386 PC or workstation. With
familiar design tools like Viewlogic;"
OrCAD]" and Mentor”

And do it in hours instead of
weeks. Even between meals.

How? With features like
85% gate utilization. Guaranteed. Plus

100% automatic

w10A 10200 placement and
routing. Guar-
anteed. So you

Gate Array 1200 2000
PLD/LCA 3000 6000

Action Logic System, Actel’s Aser 0 B89 finish fast, and
; . System Clock (MHz) ~ 20-40  20-40

comprehensive design and Availabilty wow wnow  hever get stuck

production solution for creating ' Technology (micron) 2. 12 doing the most
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1:15pm: Program
You load the Activator™
programming module with a
2000-gate ACT 1020 chip and
hit “configure!’ Take a very
quick coffee break while your
design becomes a reality.

tedious part of the job by hand.

Design verification is quick
and easy with our Actionprobe”
diagnostic tools, for 100% observa-
bility of internal logic signals.
Guaranteed. So you don't have to give
up testability for convenience.

In fact, the only thing you'll
give up 1s the NRE you pay with full
masked arrays. You can get started
with an entry level Action Logic
System for under $5000. Guaranteed.

And Actel FPGAs are even
883 mil-spec compliant.

You can be brilliant right now

EDN October 1, 1990

1:25 pm : Test
You do a complete,
real-time performance check,
with built-in test circuits that
provide 100% observability of
all on-chip functions. Without
generating any test vectors.

4:00pm: Production
Your pride and joy is
designed, created, tested, and
off to the boys in Production.
And you're finished way ahead
of schedule! Better think of
something to do until 5:00.

6:00 pm: Dinner
Remember dinner? Normal
people actually go home and
eat with their families. On your
way, start thinking about how
Actel’s logic solution can help
you be brilliant tomorrow.

with 1200- and 2000-gate devices,
and a whole new family of 8000-,
4000- and 2500-gate parts are on the
way. Call 1-800-227-1817, ext 60
today for a free demo disk and full
details about the Action Logic System.
It could make your whole day.

==l

Risk-Free Logic Integration

© 1990 Actel Corporation, 955 E. Arques Ave., Sunn(vule, CA 94086. ACT, Action Logic, Activator, and
Acti be are trads ks of Actel C ion. All other preducts or brand names mentioned are trade-
marks or registered trademarks of their respective holders.

CIRCLE NO. 50
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REMEMBER WHEN
SQUARE WAVES WERE SQUARE?

% Running

Channel

Chl_ Atten Factor = 5.008

500.8 aV/div

Display

Typical Digital
Waveform, circa 1990
Clock rate > 100 MHz
Rise/Fall Time < 0.5 nsec.
Equivalent microwave
signal > 1GHz

A

THAT WAS THEN. THIS IS Now,

If you're designing today’s high speed digital ICs, cir-
cuits or systems, you're probably looking at clocks of
100 MHz or faster, with signal components exceeding
1GHz. At these speeds, digital signals assume the
characteristics and problems of microwaves.

Welcome to the future.

At Cascade Microtech we offer high speed T&M
solutions based on measurement technologies bred
and proven in microwaves, and now available for
today’s digital world.

Our high frequency microprobing equipment and
computer-aided test software will let you accurately
characterize circuits, devices, packages, and even
boards. At their full operating speeds. So you can
quickly eliminate timing skew, degraded signal edges,
ground bounce, and other high speed problems.

Circle 32 for Information Only

© 1990 Cascade Microtech, Inc.
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Free Booklet
To introduce you to high fre-
quency microprobing, and help
you create products that per-
form better and more reliably,
we've prepared a comprehen-
sive booklet, “High Speed
Digital Microprobing: Prin-
ciples and Applications.”
For your free copy,
use the reader service
card, write, or call Jerry
Schappacher at (503) 626-8245.

M. cnscADE MICROTECH®

Circle 33, Have a sales engineer contact me now

14255 SW Brigadoon Ct.
Beaverton, Oregon 97005
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TECHNOLOGY UPDATE

RISC wPs’ speed
makes them candi-
dates for the fastest

embedded real-
time systems. But
designers may have
to look to unfamil-
1ar tools for debug-
ging time-critical
hardware /software
interactions.

Dan Strassberg,
Associate Editor

EDN October 1, 1990

RISC HARDWARE DEBUG TOOLS

Instruments spur RISC
into the real-time race

ost applications for RISC

(reduced-instruction-set

computer) nPs have been

in computers and work-

stations, but embedded
real-time systems based on RISC proc-
essors are starting to proliferate. De-
bugging embedded systems—in particu-
lar, exorcising the time-critical hard-
ware/software interactions that cause
them to misbehave—is distinctly differ-
ent from debugging a workstation.
Often, the software-based debugging
tools useful for debugging a computer
won’t work in real time, so they can’t
handle the whole task of debugging an
embedded system. Designers of RISC-
based systems no longer need to depend
solely on software debugging tools,
however.

Hardware debugging
tools—ICEs, logic ana-
lyzers, and ROM emula-
tors—are becoming avail-
able for RISC-based sys-
tems. But these tools
aren’t necessarily what
designers of earlier gen-
erations of embedded
systems relied on. In a
sense, many of these new
hardware debugging tools
are less sophisticated
than those for systems
based on CISCs (com-
plex-instruction-set com-
puters). One reason for
the apparent backward
step is that designing
hardware debugging tools
for RISC-based systems

is anything but simple (see box, “RISC
debug: perils, pitfalls, and pointers”).
For designers of in-circuit emulators, for
example, the extremely high clock rates
and pipelined instructions of RISC proc-
essors are but two of the major chal-
lenges the ICs present.

Indeed, some tool vendors assert that
without close cooperation between de-
signers of RISC chips and designers of
ICEs, in-circuit emulators won’t exist
for RISC pPs. These critics of ICE tech-
nology claim that without help from the
chip designers, the complexity of de-
signing an ICE for a RISC chip will pre-
clude bringing the instrument to market
until late in the chip’s life cycle. But
late in its life cycle, a chip forms the
basis for few new designs and hence re-

If you don’t yet have a prototype of your target board, you can often
obtain an evaluation board, such as this one for Motorola’s 88000
family. The board plugs into the ISA bus, which lets you use a
single PC for code development and debugging. Here, a Hewlett-
Packard 16500 logic-analysis system puts the board through its
paces.
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TECHNOLOGY UPDATE

RISC hardware debug tools

quires few debugging tools. So, ac-
cording to these pessimists, without
support from chip vendors, ICE
vendors won’t be able to make a
profit from RISC tools and thus
won’t offer them.

Cooperation yields tools

Thanks to cooperation between a
few chip vendors and ICE vendors,
some RISC chips are getting ICE
support early in their life cycles.
Notable among these chips are Ad-
vanced Micro Devices’ AM29000
and Intel’s i960CA. AMD developed
an active program of supporting
tool vendors even before the avail-

forts have paid off with 29000 ICEs
from such vendors as Hewlett-
Packard, Step Engineering, and
Embedded Performance (Table 1).

Intel, in a turnabout from its
stance on its CISC chips, has also
actively solicited tool vendors’ sup-
port for its RISC chips. The firm
is one of the few wP vendors with
an in-house development-tool op-
eration. That operation will com-
pete with third parties in the 1960
market. (Although Intel has seen
third parties introduce many tools
for its CISC chips, the company ac-
tively markets its own CISC tools
and is a major supplier of such

To date, Intel’s liaisons with
hardware-tool vendors have pro-
duced just one offspring, Step’s Ex-
press 960. The ICE connects to an
IBM PC/AT computer via a parallel
link and embodies an architecture
that makes possible nonintrusive
real-time emulation at frequencies
as great as 25 MHz. The instru-
ment’s emulation processor doesn’t
replace the target processor; in-
stead, the two wPs work in concert,
executing the same code. The ICE’s
introductory price of $13,500 is less
than half the cost of some ICEs for
32-bit CISC wPs. Delivery is 60
days ARO. Another major supplier

ability of 29000 silicon. AMD’s ef-

tools.)

of ICEs,

RISC debugging: perils, pitfalls, and pointers

In the design of hardware debugging tools for sys-
tems based on RISC wPs, the chips’ high clock rates
are just the beginning of the tool designers’ prob-
lems. These problems also affect the users of such
tools.

Although each processor presents its own chal-
lenges, certain features are generic. RISCs tend to
perform several operations in parallel. This parallel-
ism has encouraged many chip designers to use mul-
tiple external buses, which require IC packages with
large numbers of pins. Pin-grid-array (PGA) pack-
ages are common; they are through-hole mounted
and probing their leads is well understood—if not
always easy. However, the high cost of PGAs has
motivated designers to replace them with less ex-
pensive packages, such as plastic quad flatpacks.
Unfortunately, these packages are surface mounted
and have fine-pitch leads for which probing tech-
niques are not as well developed.

The large number of pins requires that hardware
debug tools have many channels. For example, com-
pare the channel requirements for logic analysis of
a popular CISC pP, Motorola’s 68030, with those
of a RISC. The 68030 requires probing 96 pins. A
similarly thorough job of probing a RISC processor
can require making contact with more than 200
pins—perhaps as many as 250. Obviously, adding
channels raises an instrument’s price, although not
all RISC tools cost more than their CISC counter-

parts. For example, Step’s Express 960 ICE costs
less than half what you’d have to pay for some full-
featured ICEs for 32-bit CISC wPs. From Tables 1
and 2, you can get an idea of the cost of RISC ICEs
and of logic analyzers equipped for RISC debugging.

Where RISC designers have chosen to multiplex
addresses and data onto a single external bus, the
bus speed can make your head spin. Unlike CISC
processors, whose bus cycles usually span several
clock cycles, RISC bus cycles normally correspond
to a single clock cycle. But where the bus is multi-
plexed, you can have addresses valid on, say, the
rising edge of a square-wave clock and memory data
valid on the falling edge. IC manufacturers have
already announced RISC chips that use such
schemes. The MIPS R3000 is one of them. Its maxi-
mum clock rate is 33 MHz, but its bus, in effect,
operates at twice that speed. When debugging a
system based on this chip, you must capture data
going to or from memory just 15 nsec after you
capture the address. Your debug hardware must
sort out what is an address and what is memory
data.

Passive probing can be precarious

Designers of RISC debugging tools must also be
sure that the debug hardware doesn’t alter the data
by, for example, capacitive loading. When the chip’s
package geometry severely limits the space between
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Corp (AMC), intends to introduce :
i LANG, Table 1—Representative RISC ICEs
an 1960 ICE in early 1991.
Earlier this year, AMC an- Supported

nounced a new type of hardware de- Vendor Model processor | Price! Comments
velopment tool called the Code- Embedded | SYS29K Am29000 | $15,000 | Other supported products include R3000,

4 . Performance Am29005 R3000A, and R3001. Host can be IBM
TAP. This instrument per‘forms PCIAT or workstation from Sun, DEC or HP.
many, but not all, ICE functions. Hewlett- 647748 Am29000 | $38,000 | Has 512k bytes of emulation memory;
The first CodeTAP is for an Intel Packard Co $33,000 without memory. Use HP9000

P h Series 300 as host.
CISC P, the 80386, and costs intel ICE960KB | i960KA/KB | $16,495 | Requires IBM PC or compatible computer
$5000—a fraction of the price of a with 640k bytes of RAM, 1M byte of ex-
. panded RAM, 20M-byte hard disk, and
full-featured ICE for a high-per- MS.DOS V33,
formance pP. AMC will not com- Step Adapt Il Am29000 | $13500 | Step offers an extensive set of integrated
ment on whether it has RISC Code- Engineering Am29027 hardware and software development
TAPs under development, but ac- Expresso60 (196004 [ staso0 | T2 X10cS (Ce. Use POorASClter:
kno“_ll?dges that it began LRCCIVING Notes: 1. Approximate US list price of the minumum usable configuration. Vendor-supplied software
mquiries about such products soon !-equired for ICE operation is included; cost of the host program-development system is not
after announcing the CodeTAP 386. inguges
Like AMC’s CodeTAP, Intel’s

pins, the debug tool—whether it’s a logic analyzer
or an ICE—must use passive probing to save space.
But miniature passive probes that do not excessively
load or distort 66-MHz signals are decidedly at the
cutting edge of technology.

In addition to high-speed buses, a component cen-
tral to RISC designs is cache memory. When the
cache is on the CPU chip, as it is with many RISCs
(Motorola’s 88000 family is one exception), you can’t
get at points you will probably need to see during
debugging. What you really need is a special “bond-
out” version of the processor—one in which the chip
vendor brings certain internal nodes to pins. Bond-
out versions of CISC processors aren’t as readily
available as tool vendors would like (Ref 1), and
RISC bond-out chips are even harder to come by.

For designers of RISC debug tools as well as for
designers of RISC-based systems, pipelined instrue-
tions are another vexing wP feature. (The problem
is not unique to RISCs—some CISC processors also
use pipelines.) If the processor doesn’t execute
every instruction in the queue—for example, if it
skips a sequence of instructions at a program’s
branch point—determining what the CPU is doing
can challenge even an experienced troubleshooter.
A related problem is understanding exactly what
happens when the processor flushes the pipeline.

Underlying most of the RISC debugging process
is the intimate relationship between the high-level-

language compiler you use, the code it generates,
and your system hardware—especially the CPU.
There are very few instances where you'll use as-
sembly language to code RISC software, so you’ll
be writing nearly all of your code in a high-level
language. Although the output of any compiler is
CPU specific, the efficiency with which a RISC per-
forms a task depends critically on how efficiently
the compiler uses the chip’s resources. This compiler
dependence is far greater with RISCs than with
CISCs. Therefore, your selection of a compiler is
extremely important. Equally important is the selec-
tion of software and hardware debugging tools that
work well with the compiler and with each other.
As far as optimizing code is concerned, using a
RISC can be a double-edged sword. The good news
is that a RISC processor may very well give you
8o much computing power that you don’t need to
devote a lot of effort to software performance analy-
sis and code optimization. The bad news is that these
tasks are usually more complex with a RISC than
with a CISC, especially if you have no experience
in optimizing RISC code. Both chip and tool veridors
point out that if your application demands that you
optimize code, your entire tool set—not just your
performance-analysis tools—will be a major factor
in determining how smoothly you can accomplish
the job.
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$4000 DB960CADIC in-circuit de-
bugger is aimed at letting members
of large development teams debug
code modules prior to system inte-
gration. The small board—which
has a stock i960CA chip, a ROM
containing a retargetable debug
monitor, and an RS-232C/RS-422
port—plugs into the target system
in place of the pP. Connect the se-
rial port to an IBM PC running the
MS DOS version of Intel’s C960 C
compiler ($700), and you can do a
great deal of source-level debug-
ging.

Of course, if you have a 12-person
development team, you may balk at
building 12 prototypes of your tar-
get CPU board so that each team
member can use an in-circuit debug-
ger. Intel’s solution to that problem

§
i
g
&

State-analysis at 100 MHz; capacitive loading of 8 pF max; custom disassemblers for
RISCs, including Intel’s 1960CA; and an integral IBM PC/AT-compatible computer make
the PM 3655 logic analyzer from Philips/Fluke an excellent choice for RISC debugging.

For more information . . .

For more information on the hardware debugging tools discussed in this article and related products for RISC-based
systems, circle the appropriate numbers on the Information Retrieval Service card or use EDN’s Express Request
service. When you contact any of the following manufacturers directly, please let them know you read about their

products in EDN.

Applied Microsystems Corp
Box 97002

Redmond, WA 98073

(800) 426-3925;

in WA, (206) 882-2000

FAX (206) 883-3049

Circle No. 700

Arium Corp

1931 Wright Circle

Anaheim, CA 92806
(714) 978-9531

FAX (714) 978-3341
Circle No. 701

Biomation Corp
19050 Pruneridge Ave
Cupertino, CA 95014
(800) 538-9320;

in CA, (408) 988-6800
FAX (408) 988-1647
Circle No. 702

Embedded Performance Inc

28040 San Tomas Expressway #100
Santa Clara, CA 95051

(408) 980-8833

FAX (408) 980-9686

Circle No. 703

Fujitsu Microelectronics Inc
50 Rio Robles

San Jose, CA 95134

(800) 523-0034

FAX (408) 943-9293

Circle No. 704

Hewlett-Packard Co

19310 Pruneridge Ave
Cupertino, CA 95014

(800) 752-0900

Circle No. 705

Intel Corp

3065 Bowers Ave
Santa Clara, CA 95051
(800) 548-4725

Circle No. 706

Motorola Inc

6501 William Cannon Dr W
Austin, TX 78735

(512) 891-2138

FAX (512) 891-2943

Circle No. 707

VOTE. ..

Please also use the Information Retrieval Service card to rate this article (circle one):
Low Interest 517

High Interest 515

Philips Test and Measurement
Bldg TQ3-1, 5600 MD
Eindoven, The Netherlands
Phone local office

Circle No. 708

In the US:

John Fluke Mfg Co Inc
Box C9090, MS 213A
Everett, WA 98206
(800) 443-5853;

in WA, (206) 347-6100
Circle No. 709

Step Engineering
Box 3166

Sunnyvale, CA 94088
(800) 538-1750;

in CA, (408) 733-7837
FAX (408) 773-1073
Circle No. 710

Tektronix Inc

Box 12132
Portland, OR 97212
(800) 245-2036
Circle No. 711

Medium Interest 516

VLSI Technology Inc
8375 S River Pkwy
Tempe, AZ 85284
(602) 752-6227

FAX (602) 752-6000
Circle No. 712

VMEtro A/S
Sognsvelen 75

N-0855 Oslo 8, Norway
472 39 46 90

FAX 472 18 39 38
Circle No. 713

VMEtro Inc

2500 Wilcrest, Suite 550
Houston, TX 77042
(713) 266-6430

FAX (713) 266-6919
Circle No. 714
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The solderless switch

with the
right connections.

Our QUIK-CONNECT™ module is physically sep-
arate from the switch. It can be pre-wired without
solder and pre-checked for correct continuity. The
QUIK-CONNECT™ module
- > can then simply be pressed
P ﬂ s into place in the Vivisun
' Series 95 switch.

It’s also compatible with
NVIS night vision goggles per
MIL-L-85762A. A unique
optics system eliminates the
glare. When voltages are

Vivisun Series 95,
the advanced QUIK- CONNECT ™
solderless pushbutton switch.

trimmed, the switch is easily readable with the
unaided eye. It's also readable in direct sunlight and
deadface when not energized.

Compact and light. No other Mil-Spec switch can
match it. Options: High-Impact Shock * Dustproof/
Dripproof/Watertight/Splashproof ¢ Split Ground ¢
Standard Solder Terminations ¢ EMI

Contact us today.

AEROSPACE OPTICS INC.

3201 Sandy Lane, Fort Worth, Texas 76112
(817) 451-1141 * Telex 75-84061 * Fax (817) 654-3405

CIRCLE NO. 51

IL-S-22885/108



TECHNOLOGY UPDATE

RISC hardware debug tools

is to have you use its $3500 EV
80960CA CPU evaluation boards in
place of the additional prototypes.
Both chip vendors and tool vendors
offer such evaluation boards for a
variety of RISC processors. Some
of these boards plug into the ISA
bus of IBM PC-compatible comput-
ers, thus letting you do code devel-
opment and at least partial testing
on one machine.

Something you can’t do with an
in-circuit debugger is real-time
tracing. For that operation you
need an ICE, and at the moment,
RISC ICEs are scarce.

But just because a particular
RISC has no ICE, don’t assume
that there are no hardware debug-
ging tools for it. In many cases, you
can obtain a logic analyzer with
hardware and software that some
vendors sell together under names
such as “disassembler pod” or
“analysis package.” Many of these
packages include disassemblers
that feature user-definable mne-
monics. (Some vendors refer to the
processor-specific hardware units
as preprocessors and the software
as inverse assemblers.) Compared
with ICEs, logic-analyzer-based
RISC debug tools are rather plenti-
ful (Table 2).

At least one vendor, Arium, of-
fers a ROM emulator that works
with its RISC-compatible logic ana-
lyzers. The emulator plugs into the
ROM sockets of your target system,
replacing the chips you would nor-
mally plug in. With the emulator,
you can easily modify the code that
will ultimately reside in ROM be-
cause that code temporarily resides
in RAM. Arium’s product uses high-
speed static RAMs and connects to
the firm’s ML-4400 logic analyzer.
All communication between the
emulator and the target system oc-
curs through the ROM sockets. The
analyzer’s serial port lets you down-
load code from your host system,

48

To support the 88100, Tektronix’s DAS 9200 uses the 92DM35 support package. A single
connector probes the 181-pin PGA. The analyzer monitors all cached and noncached program
activity in real time at speeds as fast as 33 MHz.

Table 2—Representative logic analyzers that

support RISCs
Max state-
analysis | Supported
Vendor Model! speed processor | Price? Comments
Arium ML4400S | 50 MHz 88100 $16,000 | 256k-byte ROM emulator
25MHz | R3000 $9600 | $1995 extra.
Biomation | CLAS 4000 | 50 MHz CY7C601 $47,000 | Packages support R3000,
(SPARC) Am29000, 88100, 88200, i860,
960, and CY7C611.
Fluke PM 3655/R | 100 MHz 1960CA $13,200 | 400-MHz timing analysis
R2000 $5500 extra.
PM3585/90 | 50 MHz See note 3. | $10,800 | 200-MHz timing analysis
standard.
Hewlett- 165084 35 MHz 88200 $9000 Preprocessors for i860 (PGA),
Packard Co 88100, 88200, and R30005.
Bus interfaces for Am29000,
88100, 88200, and i960CA.
Tektronix DAS 9200 | >33MHz | 88100 $40,000 | Monitors M and P buses.
1860
VMEtro PMA-030 25 MHz 88100 and | $9000 Monitors M or P bus; for
88200 $18,000, monitors both.
Require terminal or PC.

Notes: 1. In general, to specify a functioning logic-analysis system, your purchase order must list
model numbers for a mainframe and a group of system components. This column shows
only the mainframe model number.

2. These are approximate US list prices of complete systems equipped to work with the listed
processor.

3. Introduction date of this product is October 1, 1990. Analyzer currently provides general-
purpose RISC support.

4. In general, H-P’s RISC accessories also work with the 1652B logic analyzer/scope and
16500A modular logic-analysis system.

5. Preprocessor for R3000 is offered by a third party. With R3000, analyzers support pro-
cessor operation to 17.5 MHz.
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A picture is worth a thousand points
in a time interval measurement.

SR620 Output

________________ -
I I
I I
I I
I [
I I
I I
| ( 100.038 ns ) ;
I I
I I
I I
I [
I I
; I I
. MR eI . oo e s e e =
rhe SR620 brings graphic statistical analysis Of course, the SR620 does everything else you'd
to time interval and frequency measurements. expect from a high resolution universal counter,
The SR620 shows you more than just the mean such as frequency, period, time interval, pulse
and standard deviation - multimode frequency width, rise / falltime, and phase measurements.
distributions or systematic drift for example. The SR620 offers 25 ps single-shot time and 11
Histograms or time variation plots are displayed digit frequency resolution and complete statistical
on any X-Y oscilloscope, complete with analysis, all for a fraction of the cost of comparable
Autoscale, Zoom, and Cursor functions. instruments.
Hardcopy to plotters or printers is as easy as
pushing a button. For the whole picture, call SRS and ask about the
SR620.
SR620 $4500

* 4 ps single shot least significant digit

* 25 ps rms single shot resolution

* 1.3 GHz maximum frequency

« 10° Hz frequency resolution

 Sample size from 1 to 1 million

» Frequency, period, time interval, phase,
pulse width, rise and fall time

« Statistics - mean, standard deviation,
min max, and Allan variance

* Analyzer display on any X-Y oscilloscope

 Hardcopy to printer or plotter

» GPIB and RS232 interfaces

* Optional oven timebase

STANFORD RESEARCH SYSTEMS

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD
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and you can also use the instru-
ment’s built-in editing functions to
modify the code.

According to some logic-analyzer
vendors, you don’t need an ICE and
you never did: Aside from a logic
analyzer and its accessories, the
only other debug tool you might
need is a software debugger. ICE
vendors vehemently refute this al-
legation, and they have a point:
Proponents of the competitive de-
bug technologies don’t claim that
their tools provide the degree of
control and visibility of the proces-
sor’s internal workings that an ICE
does. Nevertheless, a logic analyzer
can be an invaluable debugging
tool, with or without an ICE.

Pick pP and tools together

There are few endeavors in elec-
tronics that evoke a unanimous re-
sponse from dozens of engineers. In
most respects, such diversity char-
acterized the responses of the sup-
pliers of hardware debug tools for
RISC-based systems that EDN
contacted for this article. But in one
area, the respondents were unani-
mous. All agree that you should se-
lect the debugging tools you plan
to use—that is, both the hardware
and software tools—at the same

e

-
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RISCs have high pin counts and high speeds. Because of its modular architecture, Bioma-
tion’s CLAS 4000 logic analyzer can have 38, channels. It performs state analysis at 50
MHz max and timing analysis at 200 MHz max. You can get the analyzer with analysis
packages for the Motorola 88100 and the CY7C601 SPARC.

time you select the wP and the high-
level-language compiler. Before
making any of your selections final,
satisfy yourself that each element
you select works well with all of the
others.

Above all, if you are tempted to
base an embedded-system design
on a RISC pP, satisfy yourself that
the potential for payoff justifies the

Billed as a real-time program analyzer, VMEtro’s PMA-030 is, in fact, a specialized logic
analyzer. You can use it with an ASCII terminal or a PC acting as a terminal emulator,
or you can use several units with a workstation running windowing software. The analyzer
offers trace memory of 2k 92-bit samples. Among RISCs, it explicitly supports the 88100

and 88200.

risks. (Yes ... the pun is inten-
tional.) At this stage of RISC tech-
nology, you must still call any em-
bedded-system design based on a
RISC processor a pioneering effort,
and pioneering usually entails some
pain. Often, though, the rewards
make the hardships worthwhile.
Such was the case for a customer
of one of the tool vendors EDN con-
tacted. Using the RISC chip let him
reduce a lighting-control system
with eight CISC-based boards to a
single PC card costing only a quar-
ter as much as the originals.

Reference

1. Strassberg, D, “In-circuit emula-
tion: ICs and tools tame tough technol-
ogy,” EDN, October 26, 1989, pg 73.
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NEEDS ANOTHER

YOU DO.

No DRAM user wants to be caught
again in the price/availability crunch that
the industry recently experienced. Every
user had his hand out trying to snag his
share of a limited supply of products that
were all coming from one direction.

The good news is that there’s a new

star shining in the East. It’s Goldstar—a
major new player in the IM DRAM market
who opens up your choices and helps level
the playing field.

Goldstar now offers IM DRAMSs
guaranteed to be as good as the leading
Japanese designs. They are produced in
the industry’s newest and most advanced
wafer fab facilities and meet the industry’s
highest quality standards. Throw in com-




IM DRAM SUPPLIER?

petitive pricing and you have a significant
new alternate source—a powerful force
helping to bring security of supply and
price stability to your marketplace.
Goldstar’s new generation of 1M
DRAM products are offered in both x1
and x4 organizations. These low-power
CMOS devices have fast access and cycle
times and operate off a + 5V single power
supply. They are available now, coast-to-

coast, from Goldstar’s North American
Field Sales network of representatives and
distributors.

Read more about these exciting new
products and Goldstar’s state-of-the-art
Chung Ju semiconductor production
facility on the following page.

@ GoldStar

GOLDSTAR TECHNOLOGY INC.




THE NEW 1M DRAMs

The GM71C1000 (IM x 1) and the GM71C4256A (254K x 4)

Goldstar’s IM density DRAM’s are processed
in the new state-of-the-art Chung Ju Wafer Fab
which has significant 6-inch capacity to meet the
demands of its worldwide customer base. Fabri-
cated on 1pu design rules, the new IM DRAMs will
be produced in CMOS technology, featuring an
advanced triple -poly, double-metal process which
results in a reliable and cost-effective product with
excellent speed/power characteristics.

The flagship Chung Ju Fab is dedicated to
DRAM production. The 1M DRAM, built to Hitachi’s
design and process, is offered in both x1 and x4
organizations with 80ns access times. Multiple
package options—DIP, SOJ, ZIP, and modules—
are offered to serve in a wide range of applications.
Upgradable to submicron technologies, Chung Ju
will spearhead Goldstar’s entry into the 4M and
higher density DRAMs in the near future.

IM DYNAMIC RAMs

e ACCESS POWER

PROCESS TOTAL g PART TIME SUPPLY CURRENT FEATURE PACKAGE

BITs NUMBER  (vAX ns) ACTIVE S/B (MIL)

i GM7 ;Eli)()() 80 h‘(j i 70mA 2:1:\ FAST 18 DIP

IM x 1 210 100 60 PAGE 20 50]

12120 50 MODE 20 ZIP

CMOS M —— — - — =

GM71C4256A - 80 80 66mMA 2mA FAST 20 DIP

256K x 4 - 10 100 55 PAGE 20 SOJ

12120 47 MODE 20 ZIP

CHUNG JU—A NEW WORLD-CLASS FACILITY

THE GOLDSTAR
HITACHI CONNECTION
Here are a few significant
excerpts from a 1989
Wall Street Journal article
entitled 44JAPAN’s

THE CHUNG JU
REALITY
And here are a few more
excerpts from another

1989 Wall Street Journal
article headlined—

HITACHI, KOREA’s
GOLDSTAR UNVEIL
CHIP PACTYY:

£6TOKYO—]Japan’s
Hitachi Ltd. said it will

££GOLDSTAR BEGINS
BIG NEW PLANT TO
MAKE CHIPS?Y:

£6SEOUL—Goldstar Co.
said it began construction

of a mammoth semi-
conductor manufacturing complex in Chung Ju in
central Korea...?9y

help South Korea’s
Goldstar Co. build a high-volume semiconductor
factory in Korea, in what is believed to be the first
major pact between semiconductor makers from
the two nations... ¥y ££The semiconductor plant is scheduled to be com-
pleted by 1996. Goldstar said it was building it to

£ Hitachi said it will help Goldstar begin mass meet soaring demand for memory products. .. 93

production of dynamic random access memories
that store about one million pieces of information,
known as one megabit DRAMs. The Japanese
partner will provide technical consultation on
equipment and layout and provide manufacturing
technology ...y

&4South Korea’s Ministry of Trade and Industry put
semiconductors at the top of a list of seven high
technology industries that it has targeted for rapid
development over the next five years...?9

£&The benefits are clear for Goldstar. .. Analysts said
the agreement makes sense for Hitachi as well...¥9

Since these 1989 announcements, the first phase of Goldstar’s new Chung Ju facility has become a reality.
And the world’s newest and most advanced wafer fab facility is already in production and on target toward
its ultimate goal of turning out millions of high density, high-quality memory chips per month.

@ GoldStar
GOLDSTAR TECHNOLOGY INC.

Goldstar Technology, Inc., 3003 North First Street, San Jose, California 95134-2004.
Phone: (408) 432-1331. FAX: (408) 432-6067 .



0.99 Power Factor Corrected
Switcher With Universal Input

1000 watt single and multiple output switch-
mode power supplies operate from 120 VAC
15 Amp service, or as Universal Input from
90 to 264 VAC line without strapping. Units
meet IEC 555-2 harmonic distortion and
UL, CSA, VDE, EN, and FCC safety and
EMI specifications. Other models operate
from 48 VDC or 120/230 VAC.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 641

Compact, Modular Switchmode
Supply Meets Class B EMI

Compact power supplies can provide up
to 400 watts with hundreds of volt/amp
combinations of from 1 to 7 DC outputs.
Units are available with in-line or side-
mount I/O terminals and operate from
120/230 VAC. Options include Auto
Current-Sharing with a isolated Power
Supply Fail signal, ideal for N+1 use.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 642

Low Profile/Low Cost Supplies
Are Only 2” to 3” High

Compact switchers feature robust, high-
current main and auxiliary outputs to suit
OEM needs. Single and multiple output
models provide from 250 to 1000 watts.
Wide user-adjustment ranges, auto AC
line select, integral fan-cooling, margin-
ing, and inhibit are among the features
and available options.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 643
EDN October 1, 1990

ADVERTISEMENT

Modular 5” x5” & 5” x 8” AC-DC
Switchers & DC-DC Converters

Hundreds of models with up to 9 indepen-
dent outputs can be easily configured to
meet custom requirements without delays.
Providing 800 to 3000 watts, units operate
from 48 VDC or 120/230 VAC. All meet
EMI and safety specs from UL, CSA, EN,
FCC and VDE. Wide adjustable and cur-
rent sharing outputs available.

Contact: Qualidyne (619) 575-1100

Qualidyne p CIRCLE 644

1990-91 CATALOG

SWITCHMODE POWER SUPPLIES

EAC-DC EDC-DC CONVERTERS M 0.99 POWER FACTOR

® Low Cost
= Low Profile Case
= 250 to 600 Watts
= 1to 4 Outputs

m User-Configurable
m 1to 9 Outputs
® Quick Customized Supplies
m Modular Construction

m Feature-Intensive
= Low Profile Cases
m 1to 9 Outputs
= 500 to 1000 Watts

m Wide Adjustment Ranges
= 600 to 1000 Watts
m 2V to 56VDC Outputs
® 1to 7 Outputs

= 1KWto 3KW
» 1to 9 Outputs
= N +1Redundancy

A G B sasr

Rualidyne

Lambda Group of Unitech plc

FREE NEW 66-PAGE CATALOG/BINDER
CALL OR WRITE: QUALIDYNE
3055 DEL SOL BLVD.

SAN DIEGO, CA 92154
PHONE: (619) 575-1100
FAX: (619) 429-1011

p CIRCLE 645
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Speed Leadership
Design tomorrow's fastest systems

BiC

a1

92

offers registered inputs, latched out-
puts, and self-timed write for easier

today. Our IDT10484 (4K X 4)will  system design.

be the fastest high-density BICMOS Each of our ECL SRAMs is availa-
memory to run primary caches in ble today in 10K, 100K, and 101K
ECL systems. At 7ns, the IDT10494  configurations in 300 mil SOJ and
(16K X 4)is the fastest BICEMOS 400mil Sidebraze DIP packages.
64K ECL SRAM available in volume

production today. Technology for the '90s

In addition, we offer the densest
BiCEMOS ECL RAM, the IDT10504
(64K X 4), at 12ns. And our new
12ns IDT10496RL (16K X 4) syn-
chronous self-timed SRAM (STRAM)

We engineered BiCEMOS technol-
ogy to offer the best of both worlds:
the low power consumption of
CMOS with the high speed of bipolar
technology.

Break

EMOS” ECL

Count on our BiCEMOS ECL to
take you through the 7ns speed bar-
rier for 64 K densities. We believe our
BiCEMOS ECL will achieve speed
increases of 20% a year every year for
the next five years, making BICEMOS
the technology for the '90s.

Samples Available

Call or FAX us today for samples
and a copy of the new BiCEMOS
ECL Product Information booklet
with information on designing with
BiCEMOS ECL for ultra-high-speed
systems.

BiCEMOS ECL SRAM Family o A
rporate Marketing
PartN Desert R 152 kool PO. Box 58015
= P £ = 3236 Scott Blvd
IDT10484 16K (4K x 4) 10K ECL 7 700 g
IDT100484 16K (4K x 4) 100K ECL 7 500 Santa Clara, CA 95052-8015
IDT101484 16K (4K x 4] 101K ECL 7 700
IDT10490 64K (64K X 1) 10K ECL 8 420 (800) 345-7015
IDT100490 64K (64K x 1) 100K ECL 8 320 FAX: 408-492-8454
IDT101490 64K (64K x 1) 101K ECL 8 420
IDT10494 64K (16K x 4) 10K ECL 7 700 pr ®
IDT100494 64K (16K X 4) 100K ECL 7 500 ey
IDT101494 64K (16K x 4) 101K ECL 7 700 ' p%’:;lﬁ;f’;e‘fﬂg
IDT10496RL 64K (16K X 4) 10K STRAM 12 1000 dt
IDTI00496RL 64K (16K X 4) 100K STRAM 2 800 i
IDT101496RL 64K (16K X 4) 101K STRAM 2 1000 .
IDTI0504 256K (64K X 4) 0KECL — 2 w | Integrated
 IDT100504 256K (64K x 4)100KECL | = 12 Uieoa. "
| imotsos 256K[4Kx 4IOIKECL | 1@ = | DeviceTechnology

BiCEMOS is a trad k of Integrated Device Technology, Inc.
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/
IBM PC-compat-
ible chip sets range
from one to six
chips and can give
you caching facili-
ties, a choice of
buses, and power
control.

Chris Terry,
Associate Editor

EDN October 1, 1990

PC chip sets
reduce chip count

n the six years since Chips &

Technologies Ine first produced a

VLSI chip set that incorporated

all the mother-board logic of an

IBM PC/XT, many competitors
have added their contributions to the
market. If you want to build an IBM
PC-compatible computer, you have an
almost embarrassingly wide choice of
chip sets. You should consider three PC
trends when choosing a chip set: one is
reducing the price of an average, single-
user, 80286-based system; another is the
drastic reduction of board size, weight,
and power consumption—for example,
in notebook-sized and laptop computers;
and the third is delivering more and
more computing power with 80386- and
80486-based systems. Your chip-set
choice thus depends on the application
you have in mind.

At the low end, some OEMs are still
finding a market for PC/XT clones. This
market is diminishing, largely because
the IBM PC/AT bus is more convenient
and more flexible than the PC/XT bus

and has become a de facto industry stan-
dard for medium-performance systems
running at 12 MHz or less. Neverthe-
less, PC/XT clones still have a place in
situations where low price is the prime
consideration. VLSI Technology contin-
ues to offer its 2-chip Super-XT chip set
at $25 (1000). The chip set lets users set
the clock speed to 8 or 10 MHz and pro-
vides extended-memory management.

286 still has the lion’s share

Intel regards the 80286 as obsolete
and is trying hard to create more de-
mand for the high-end 80386 and 80486.
However, Charles Parr, marketing di-
rector for logic products at VLSI Tech-
nology Ine, points out that 12-MHz
80286-based machines still form the
largest part of the PC-clone market. He
believes that the 80286 will retain its
supremacy in the home and office mar-
kets for some years to come. He says
that 286-based machines have by far the
best price/performance ratio in the un-
der-16-MHz category and that their per-
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This 3-chip set from VLSI Technology supports the 80386DX processor at clock speeds of 12 to 33
MHz. The Topcat 386DX chip set can manage as many as 64M bytes of 32-bit memory (4M-byte DRAMs
arranged in four banks) and can operate in both caching and noncaching modes.
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TOUCH
THAT
DIAL...

Unlike mechanical potentiometers, our DS1267 Dual
Digital Potentiometer Chip doesn’t have to leave the
circuit board surface and come up to adial. Our potis
software-controlled, so you can make calibration set-
tings to pots on the board without ever opening the
enclosure. Dials become obsolete; you change set-
tings from the keyboard.

No more tearing apart the system to get at the pots. No

more getting in there with a teeny tiny little screwdriver
to make minute adjustments.

yzosn.b?

Digitally calibrate

gain and offset

of an op amp VJin
for tight, closed- oV

loop control.
o Vo, DSB?
SV

Nov™

zwiee CNTROL

EXACTITUDE

Ever try to repeat the setting of a 10 turn pot? For all
the trouble you put into those excruciating adjust-
ments, you can’t read the wiper position directly. So
maybe you make the same change again. And again.
Until you get it right.

Ifit has to be right the first time, try setting our pot. You
write two 8-bit words through a serial port to an on-chip
register. That number is stored in a read/write memory

QUICK
AND QUIET

Just how quiet is the Digital Pot? We spec’d it quieter
than -120 dB. Our customers have measured it at less
than -137 dB -- about the thermal noise of a transistor.

How did we do this? First, the Digital Pot doesn’t have
to stop at every setting along the way -- it can hop
directly to the desired resistance. Once the setting has
been made, there is no activity in the chip to cause
noise.

Second, because all electronics remain on the card,
you don’t have to run wires out to dials on the surface
of the equipment, which eliminates that source of
noise.

And as if all this isn’t enough, our pot withstands the
high temperatures and cleaning fluids required for
surface mount assembly. Subject your mechanical pot
to those temperatures and see what happens.

The Digital Pot
is available

in 10K, 50K, and
100K ohms.

If you're ready

to throw away
your screwdriver,

e J ; ive us a call.
and the setting is read electronically. Which means the g
setting is what you want it to be. Exactly. DAI I AS
In fact, we are so exact we have 512 settings. Or you SEMICONDUCTOR
can dwndg those in half gn_d create two |ndepepdent 4401 SOUTH BELTWOOD PARKWAY
256-position pots. An unlimited number of potentiome- DALLAS, TEXAS 75244-3292
ters can be controlled by daisy-chaining using only TELEPHONE: 214-450-0448
three signal wires. FAX: 214-450-0470

CIRCLE NO. 54
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PC chip sets

formance is quite adequate for most
home and office applications.

Mark Griffin, a development ana-
lyst for Texas Instruments’ PC Sys-
tems, concurs. He cites reports,
both from the US and from Taiwan,
which indicate that despite predic-
tions that the 80386 would take a
big bite out of the 80286 market,
the 80286 is still the most-used
processor, with 6.5 million units
shipped in 1988, possibly declining
to 4.5 million per year by 1994.

Just how long 80286-based ma-
chines will hold their own against
competition from the more powerful
16-bit 80386SX and 32-bit 80386DX
machines is still a matter for specu-
lation. Corporate users, who are ac-
customed to wusing increasingly
powerful computers as tools, are re-
luctant to tolerate average perform-
ance when superior performance is
available. If they all shout loud
enough and forcefully enough to
bring 80386-based machines to their
desks, the increased sales volume
may quickly bring prices down to
the point where 80286-based ma-
chines are no longer attractive even
to those with tight budgets.

VLSI Technologies covers all the
bases by offering a wide range of
chip sets. For simple, 12-MHz
PC/AT-compatibles, it offers the
VL82CPCAT-12QC, a 5-chip set
that costs $30 (1000). The
VL82CPCAT-16QC version for 16-
MHz systems costs $33 (1000). If
you need still better performance,
the company offers a 6-chip set, the
VL82CPCPM-16/20QC, which pro-
vides page-mode memory manage-
ment and other improvements over
the 5-chip set. The 16-MHz version
costs $38; the 20-MHz version costs
$41 (1000).

Chips & Technologies also offers
chip sets for 12- to 16-MHz PC/ATs.
Its Neat 4-chip set allows zero-wait-
state operation at 12 MHz and can
operate at 16 MHz with 0.7 wait
states if you're using inexpensive

EDN October 1, 1990

100-nsec dynamic RAMs (DRAMs).
The chip set’s memory-manage-
ment system allows single-bank
page mode or 2-way and 4-way
page-interleaved modes, as well as
LIM EMS 4.0 (Lotus-Intel-Micro-

page-interleaved modes. The chip
costs $28 to $32, depending on
quantity.

ACC Microelectronics Corp also
offers a single 208-pin PC/AT sup-
port chip. The ACC-2036 can work
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Most vendors supply evaluation boards for their chip sets. The HT21 board lets you evaluate

Headland Technology’s 80286 chip sets.

soft Expanded Memory Standard).
The set costs $49 (1000).

The advent of laptop and note-
book-sized computers has created a
need to reduce the size and power
consumption of the mother board.
Several companies succeeded in
cramming all the functions of the
PC/AT mother board into a single
VLSI chip. Texas Instruments, for
example, recently released its
Tact82411 208-pin chip, which is
fabricated in 1-pm CMOS and can
operate at clock speeds as high as
20 MHz. The chip’s features include
software configuration for wait
states, command delays, and mem-
ory organization. It can operate in
single-bank page mode, which lets
you make use of less expensive
DRAMs, or you can use 2- or 4-way
with both 80286 and 80386SX proc-

essors at clock speeds as high as
25 MHz. Its memory-management
features support 2- or 4-way page-
interleaved mode, extended or ex-
panded memory, and shadow RAM
for BIOS and video use. This chip
includes a number of power-saving
features that suit it for laptop com-
puters. These features include an
interface to a power-management
chip, a selectable clock that in
standby mode can let the system
run at only 1 MHz, and optional
slow DRAM refresh. The single-
unit price is $100.

Another single PC/AT support
chip for both 80286 and 80386 proc-
essors is available from Headland
Technology Inc. The Hit Single
386SX/286 is a 208-pin chip that re-
quires only three external TTL
chips and can operate at speeds as
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high as 16 MHz in 80386 mode and
20 MHz in 80286 mode. Like the
ACC Microelectronics chip, this
chip supports shadow RAM, a hard-
ware implementation of LIM EMS
4.0, page mode, 2- or 4-way page-
interleaved mode, and power-man-
agement functions. It costs $100
(1000).

One of the chief advantages of
both the ACC-2036 and the Hit Sin-
gle 386SX/286, as well as other
dual-mode chip sets, is that they
provide an easy upgrade path to
higher performance at a minimal
cost.

The 208-pin single support chip
appears to be the limit of economi-
cally feasible size reduction of
PC/AT mother-board logic. Chip-
on-board technology let Intel pro-
duce the WildCard, a 4 X 2-in. card
containing an 8088 CPU, an 8087
math coprocessor, and all PC/XT
support logic. Many people hoped
that this technology would be
widely adopted and result in drastic
board-size reductions in a wide
range of applications. In fact, the
technology has turned out to be
very expensive and is cost effective
only for special-purpose computers.
As a result, Intel is no longer offer-
ing the WildCard. Randy Bachman,
a regional sales manager for Via
Technologies Inc (Sunnyvale, CA),
concedes that a market for boards
that use this technology may exist,
but says that no ASIC vendors are
now selling dice for chip-on-board
mounting.

Onward and upward

All of the chip-set vendors previ-
ously mentioned are offering chip
sets for the 80386SX and 80386DX;
many are offering or developing
comparable chip sets for the next
step—the 80486. One factor that
may accelerate growth in the 386/
486 market is the release of Micro-
soft’s Windows 3.0. This operating
system, which is DOS-based and
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supports a large proportion of the
software already available for PCs,
may kill any chance that OS/2 ever
had of superseding PC-DOS. People
who have tried Windows 3.0, either
in beta test or after its release, say
that it is fast, easy to use, and very
flexible. However, for maximum
performance, it does require the
speed and bus width of 80386- and
80486-based computers.

Plenty of chip sets support either
the 16-bit 80386SX or the 32-bit
80386DX. Headland Technology,
for example, offers the GCK131, a
set of three 160-pin chips that lets
you use an 80387 math coprocessor
and as much as 24M bytes of mem-
ory. The configuration and perform-
ance options are stored in
EEPROM; this feature eliminates
the need for switches or jumpers.
The chip set costs $100 (1000).

VLSI Technology offers the
Topcat series; the VL82C286 is a
dual-mode 2-chip set that works
with either the 80286 or the
80386SX, and supports LIM EMS
4.0 up to the maximum 32M bytes
of memory. It costs $50 (1000). The
386DX is a 3-chip set that supports
Weitek’s (South Bend, IN) 3167
math coprocessor as well as Intel’s
80387, and runs at clock speeds of

12 to 33 MHz. This chip set also
stores the configuration and per-
formance options in EEPROM, and
has many features that reduce
power consumption in laptop sys-
tems. The memory-management
system lets you use as much as 64M
bytes of onboard RAM and allows
for timing compatibility with older
software. You can also use slower
add-in expansion cards because a
proprietary feature prevents the
false decoding of bus addresses. The
chip set costs $75 (1000).

Texas Instruments offers the
Tact83000, a 3-chip, cache-based set
that works with the 80386SX at
speeds as high as 33 MHz. The
three chips are the PC/AT bus in-
terface unit, the memory-control
unit, and the data-path unit. The
chip set and four other logic chips
are all you need for a 16-bit PC.
The 3-chip set costs $50 to $60, de-
pending on quantity. By adding an-
other data-path unit, you can ex-
pand the bus width to 32 bits for a
system based on the 80386DX. The
cost of the four chips ranges be-
tween $60 and $75.
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ACC Microelectronics Corp
3295 Scott Blvd, Suite 400
Santa Clara, CA 95054

(408) 980-0622
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For more information . . .

For more information on the IBM PC chip sets discussed in this article,
circle the appropriate numbers on the Information Retrieval Service card
or use EDN’s Express Request service. When you contact any of the follow-
ing manufacturers directly, please let them know you saw their products

Headland Technology Inc
46221 Landing Pkwy
Fremont, CA 94538

Circle No. 717

Texas Instruments

Chips & Technologies Inc Semiconductor Group (SC-9044)
3050 Zanker Rd Box 809066 -

San Jose, CA 95134 Dallas, TX 75380

(408) 434-0600 (214) 995-6611, ext 700

TLX 272929 Circle No. 718

VLSI Technology Inc
8375 South River Pkwy
Tempe, AZ 85284

(602) 752-8574

FAX (602) 752-6000
Circle No. 719
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Their Newest




Take Advantage Of
Board-l evel Partner

© 1990 Motorola, Inc. Motorola Computer Group is a member of Motorola’s General Systems Sector. VMEexec is a trademark of Motorola, Inc. All other product or brand names mentioned are trademarks or registered
trademarks of their respective holders.
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ship Has 1o Ofer.

nce you've seen what
Motorola brings to the table,
we think you'll agree it's
everything you need. Like
the most complete line of VME
products, services and engineering
support available anywhere. Award-
winning quality. Competitive
pricing. All from the company that
pioneered VME technology, and
whose product line ranges from
ICs to boards to full systems. And
includes everything in between.

You decide exactly what you
need from our more than 100 VME
products at every level of price and
performance. From CPU boards, like
our new’040-based MVMEI65, to
memory boards, to communications
boards. And the industry’s widest
assortment of development tools, soft-
ware resources, and technical support.

A partnership with Motorola
not only helps you control costs,
but even more impor-

tantly,

speeds

your time

to market.
s Our pro-
ducts include more functionality
with a higher level of integration to
accelerate your development efforts.
And because of Six Sigma quality
control you can be assured that our
products will work right out of the
box. It all adds up to the fact that get-
ting you to market sooner is a promise
only a company with the resources
of Motorola can make good on.

Every Motorola product
includes a built-in migration path, so
your future product cycles are
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assured. Such as
providing a way to up-
grade from the 68020
to the 68030 to the
68040, or from a
68000 CISC board

to an 88000 RISC
board with a simple
re-compile. Wherever
you're headed,

Motorola is going to be there.

And well support you during
the entire development process.
Every board in our product line
includes a full suite of board diagnos-
tics available in both a run-time
and a source package. This degree of
flexibility also extends to our nation-
wide customer service programs,
which run the gamut from total on-

company.

site maintenance to self-maintenance
support packages.

For more information, call us
today at 1-800-624-8999 , ext. 230.

Once you discover the
advantages of a partnership with
Motorola, you'll see that it'’s no
ordinary board-level decision. It
could ensure the future of your

At Motorola, Openness Is Standard Procedure

hese days,
T openness has
become some-
thing of a buzz word,
and everybody seems to
have a different idea
on what is and isn't
“open’ To us, it’s no big
mystery. Openness
means open architec-
tures, open software,
open networking. And
open standards like
UNIX? as indicated by
our role in founding
88open. It means we're
open to helping solve
problems with your
point of view in mind,
not just ours. And it’s

CIRCLE NO. 55

been that way ever since
we helped introduce
VME back in 1982.
That's why
Motorola is committed
to supporting
official and de
facto industry
standards,
interoperable
computing
between multi-
ple vendors,
and non-proprie-
tary open
system archi-
tectures. It’s
why we created §
VMEexec:" to
facilitate the

interoperability of
different real-time soft-
ware modules within

a common UNIX
environment. And it’s
why we support virtu-

o ally every networking

protocol, including
XNS, TCP/IP, DECnet;’
MAP/TOP/OSI, SNA,
BSC,X400,and X.25.
This philosophy
of openness is the same
reason we offer as

i many VME boards, pro-

ducts and services as
we do. It’s to our mutual
benefit, and after all,
isn't that what partner-
ships are for?

@ MOTOROLA

Computer Group
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Bourns Surface Mount
Trimmer Design Kit
Available From These Distributors

COPYRIGHT © 1990, BOURNS, INC. 7/90

“IT'S YOUR

N

Which surface mount trimmer is right for your job?

To be sure, you need working samples. Complete specifications. Appli-
cation details. So Bourns Trimpot makes it easy with its new Surface
Mount Trimmer Design Kit.

Everything you need to prototype and test is in one place. Pick from
over 200 surface mount trimmers in the most popular sizes, styles and
resistance values. Check the specs. Verify the soldering process. All with
one convenient kit . . . the industry's first.

Order your kit today from your Bourns distributor. It's the right choice.

[P e e = Send Me My Fre¢e-— — — — — — — — —
Surface Mount Design Kit Brochure

Name:
Title:
Company:
Address:
City: State: Zip:

Send to: Bourns, Inc., M/S ADV,
1200 Columbia Ave., Riverside, CA 92507

Bourns, Inc., 1200 Columbia Avenue, Riverside, CA 92507; (714) 781-5500; BOURNS TRIMPOT
European Headquarters: Zugerstrasse 74, 6340 Baar, Switzerland: 042-333333;

Benelux: 070-3874400; France: 01-40033604; Germany: 0711-22930; Ireland: 021-357001; United Kingdom: 0276-692392;

Asia Pacific Headquarters: 510 Thomson Road, Unit 09-01A SLF Building, Singapore 1130; (65) 353 4118; Hong Kong: (852) 5702171;
Korea: (82) 2-556-3619; Japan Headquarters: Nichibei Time 24 Building, 35 Tansu-Cho, Shinjuku-Ku, Tokyo, 162, Japan: (81) 3-260-1411

Call Me Circle 30 Send Literature Circle 31
EDN100190
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250-MHz digital storage oscilloscope
provides 1G samples /sec for $10,950

he HP54510A simultane-
ously samples two 250-
MHz-bandwidth channels

at 1G samples/sec. Although not the
first DSO (digital storage oscillo-
scope) to offer this impressive, sin-
gle-shot, real-time performance, at
$10,950 the device is almost one-
third the price of its competition.
Despite its low price, this instru-
ment does not compromise on sin-
gle-shot performance or measure-
ment accuracy.

The heart of this DSO is a hybrid
consisting of two custom chips de-
veloped by the scope manufacturer.
One chip is an 8-bit 1G-sample/sec
flash A/D converter, and the other
is an 8-bit x8k-deep memory for
storing the converter’s output. The
DSO uses two of these hybrids, one
for each channel.

The manufacturer claims that the
hybrid reduces memory space re-
quirements by 98% and A/D and
memory cost by more than 50%
compared to its previous model, the
HP54111D. These hybrids, com-
bined with other custom chips for
timebase and triggering, allow the
manufacturer to put essentially the
entire instrument on a single board.

Keeping instrument manufactur-
ing costs down means little if per-
formance has been compromised.
This DSO offers single-shot meas-
urement specifications such as volt-
age accuracy of 1.25% of full scale
and timing accuracy on automatic
measurements of 150 psec plus
0.005%.

You may be surprised to find that
the scope manufacturer claims bet-
ter timing accuracy than the 1-nsec
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With a rate of 1G samples/sec, the HP5,510A DSO makes accurate measurements of single-

shot events using waveform reconstruction.

time between samples. The DSO
improves timing accuracy by limit-
ing incoming bandwidth to 250
MHz, one-fourth the sample rate,
before digitizing the signal. After
digitizing the signal, the DSO is
able to accurately reconstruct the
bandwidth-limited signal and make
measurements on the reconstructed
signal. What matters on a DSO
measuring single-shot events is not
average values but variations be-
tween minimum and maximum val-
ues. In real-world single-shot appli-
cations, you don’t get a chance to
average—you only get one wave-
form to measure.

To demonstrate the capability of
the filter-and-reconstruction meth-
od, the manufacturer made 1000
single-shot automatic measure-
ments on a pulse from an accurately
characterized pulse generator. The

pulse had a width of 15.000 nsec, a
period of 40.000 nsec, and a chan-
nel-to-channel delay of 9.000 nsec.
Of these 1000 measurements, the
minimum period value was 39.873
nsec, the maximum was 40.144
nsec, and the average was 40.001
nsec. Measurements of pulse width
and delay exhibit similar accuracy.
You might want to try the same
single-shot measurements on com-
petitive DSOs.

The DSO can also acquire succes-
sive single-shot waveforms at a rate
of 400/sec. The instrument can store
290 single-shot acquisitions of 512
points each or use longer records
and store fewer acquisitions. This
capability is useful for pulse-and-
response applications, such as so-
nar, where high resolution of the
transmitted and received wave-
forms is needed despite relatively
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AUDIO PRO

Introducing...CD quality, stereo high fidelity, digital
audio you record and playback on your PC-AT/286/
386/Model 30 or compatible.

Featuring...real time direct to disk data transfer. ..
16-bit resolution...20Hz to 20kHz audio response...
0.005% THD...6.25 to 50kHz programmable sample
rate...92dB dynamic range...90db s/n...digital input
...4 to 1 ADPCM compression.

Use for digital audio recording, editing, mastering
and transmission in broadcasting, entertainment sys-
tems, film production, audio/visual presentations and
interactive CDI/DVI systems.

If you're an audiophile with microcomputer resources
call 1-800-338-4231 (ex. CA.) for details on our Audio

EDN EDITORS CHOICE

long time periods between events.

Although the DSO is designed for
single-shot or real-time applications,
it does operate in a repetitive-signal
mode. In this mode, timing accu-
racy increases to 100 psec and band-
width remains fixed at 250 MHz.

Like other members of the 54500
DSO family, this 22-1b portable
scope performs 17 automatic pulse-
parameter measurements, has an
autoscale key for single keystroke
setup, and features full IEEE-488
operation. Trigger control includes
time-qualified pattern triggering,
which can be used to find and trig-
ger from glitches that are more
than 1.75 nsec wide.

—Doug Conner

Pro...the Series 2/Model SX-10.

ANTEX
ELECTRONICS

16100 S. Figueroa St. » Gardena, CA 90248 * Tel (213) 532-3092 » FAX (213) 532-8509

CIRCLE NO. 2

Hewlett-Packard, 19310 Prune-
ridge Ave, Cupertino, CA 9501}.
Phone (800) 752-0900.

Circle No. 730

The KEL 8900 Series
Lower Profile-Higher

KEY 8900 SPECIFICATIONS ‘

stacked heights

* 8 Sizes per profile - 20, 30, 40, 50,
60, 80, 100 & 120 positions

* “Snap-in” mating
* Sufficient Normal Forces -150 grams

* Guide pins for self-alignment

* Insulator protects contact from damage
* Temperature resistant (PPS insulator)

12mm KEL Connectors, Inc. is a subsidiary of KEL Corporation.
Wide Choice of CONNECT WITH KEL CONNECTORS, INC.

7mm 8mm
Mated Heights 1250 Oakmead Parkway, Suite 105
& Pin Counts . Iﬂ Sunnyvale, CA 94086
. : : : 408-720-9044; Fax 408-720-1989
A/I elght i Count.s of the 8900 Series are available KEL Corporation (Japan): Telephone 0423-74-5802; Fax 0423-74-5888
in five mated profiles.

European Office (W. Germany): Telephone 0211-359960; Fax 0211-359810

10mm

gmm
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Demanding Designers
Need the Best

OrCAD/SDT III

Schematic Design Tools for the PC

Ease-of-use + Power =
Productivity

In today’s tough design
environment, good engi-
neering tools aren’t good
enough. You need the best
to get the job done.

OrCAD/SDT III offers
the power

SDT III comes with the op-
tions you’d expect to pay
extra for

* Completeness: A library
of over 6100 parts that
you can browse through
in a breeze. Utilities to
generate Bill-of-Materi-
als, Electrical rules
check, create custom li-
brary parts.

» Compatibility: Over
thirty netlist
formats, over 50 sup-
ported display adapters,
over 50 printer drivers, a
dozen plotter drivers.
We conform to your
system better than any-
one.

* Complexity: 4000 + sheet
design capacity for
single designs. 200 + lev-
els of hierarchy. Great
support for small, sim-
ple designs to large, com-
plex hierarchical sys-
tems.

Control: SDT III gives
you the ability to cus-
tomize the work environ-
ment to make you more
productive. This in-
cludes user definable
macros, text/object sizes,
sheet sizes, graphical
object editor, even the
coﬂors on the screen.

OrCAD/SDT III makes it
easy

The lightning fast opera-
tion saves time. The intui-
tive, pop-up menu dis-
plays your most likely
next action. This means a
short learning curve and
immediate productivity.

Only $

495

Get our No-risk, Demo
Disk

Try before you buy. Get
our free demonstration
disk and see for yourself
the solid performance SDT
IIT has to offer.

Once you've given our
demo disk a spin, you'll
know one of the reasons
why OrCAD is the world’s
leading supplier of PC
based CAE tools.

All OrCAD products come
complete with one full year
of technical telephone sup-
port, free product updates
and access to our 24 hour

B

OrCADN

1111
3175 NW Aloclek Drive

Hillsboro, Oregon 97124
(503) 690-9881

Call today for your FREE Demo Disk!
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If you would like more informa-

tion about this or any other Or-
CAD product, contact your local
OrCAD representative.

. WA, OR, MT, 9.

ID, AK
Seltech, Inc.
(206)746-7970

N. CA, Reno NV 10
Elcor Associates Inc.

(408)980-8868

So. CA

ADG I

(714)897-0319

. Las Vegas, UT, AZ,
NM, CO 12.

Tusar Corporation
(602)998-3688

ND, SD, MN, W. WI 13.

Comstrand, Inc
(612)788-9234

NE, KS, 1A, MO

Walker Engineering 14.

(913)888-0089

TX, OK, AR, LA
Abcor, Inc

(713)486-9251 15,

ML E. WL 11
MacKellar Associates
(313)335-4440

16.

IN, OH, KY, WV,
W. PA

Frank ]. Campisano
(513)574-7111

VA, TN, NC, SC
Tingen Technical
Sales
(919)870-6670

FL
High Tech Support
(813) 855-5254

MS, AL, GA
Electro-Cadd
(404) 552-8613

DE, MD, DC, E. PA,
NJ, NY

Beta Lambda, Inc.
(201)446-1100

CT, RI, MA, VT,
NH, ME

DGA Associates
(617)935-3001

BC, AB, SK, MB
Interworld
Electronics, Ltd.
(604) 984-4171

ON, PQ & Maritimes
Electralert, LTD.
(416)475-6730
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PRODUCT UPDATE

Logic analyzers let you use one probe set
for timing and 50-MHz state analysis

Although there is probably no truly
objective way to measure ease of
use, Philips and Fluke are trying
to establish one for logic analyzers.
They use a stopwatch to clock the
time you take to set up a few fairly
standard tests using the pop-up
menus of the PM3580 or PM3585
logic analyzer. Then they substitute
a top-selling, comparably priced,
competitive instrument and time
the equivalent procedure. As you
might expect, the Philips/Fluke
products win handily. The reason
for the dramatic difference lies both
in the technology of the PM3580 and
PM3585 and in the care the prod-
ucts’ designers took to understand
how engineers use logic analyzers.

You don’t have to be a rocket sci-
entist (or a logic designer) to realize
that the analyzers’ ability to do si-
multaneous state and timing analy-
sis through a single set of probes
saves the time you would need to
connect a second probe set. More-
over, not having to put two probes
on the pins of an IC in a high-den-
sity package (for example a quad
flatpack) can save lots of frustra-
tion. Aside from that, using one set
of probes spares the ICs from hav-
ing to drive the capacitance of an
extra set of probes. Especially in
high-speed circuits, avoiding the
extra capacitance eliminates a
source of measurement errors. The
capacitance of the analyzers’ probes
is 8 pF max.

It is highly likely that designers
will use the new analyzers with ICs
in high-density packages. The in-
struments’ state-analysis speed is
50 MHz—fast enough for most re-
duced-instruction-set-computer pro-
cessors, a class of high-speed de-
vices with high pin counts. More-
over, the analyzers incorporate
transitional timing, a feature that,

68

One set of probes handles simultaneous 50-MHz state- and 100- or 200-MHz timing analysis
with Philips/Fluke’s PM3580 and PM3585 logic analyzers.

in most applications, significantly
extends the instruments’ memory
depth, and in this implementation,
guarantees that memory depth is
never sacrificed. You can equip
either model with 32, 64, or 96 chan-
nels. The PM3585 performs timing
analysis at 200 MHz and has 2k bits
of memory per channel. The
PM3580’s timing-analysis speed is
100 MHz; it has 1k bits of memory
per channel.

The analyzers feature both alpha-
betic and numeric keypads. There-
fore, you can type in information
such as signal-name labels more
easily than you can enter it on in-
struments that lack an alphabetic
pad. (Designers of those instru-
ments have invented some rather
creative schemes to avoid the alpha-
betic pad. One such scheme was
adapted from the user interface of
a handheld label maker. On other
units, you type on a Qwerty “key-

board” displayed on a touch-sensi-
tive screen.)

As circuit speeds increase, digital
designers are increasingly using
logic analyzers and scopes together.
These units don’t overlook that re-
quirement. The analyzers generate
a TTL scope-trigger pulse on a
BNC connector at any level of the
trigger-sequence state machine. In
addition, you can program any level
to wait for an external trigger.

The PM3580/30 (32 channels) is
$4250; the PM3585/90 (96 channels)
is $10,950.—Dan Strassberg

John Fluke Mfg Co Inc, Box
9090, Ewverett, WA 98206. Phone
(800) 443-5853, ext 77. FAX (206)
356-5116.

Circle No. 731

Philips Test and Measurement,
Bldg TQIII-, 5600 MD, Einden-
hoven, The Netherlands. Phone lo-
cal office.

Circle No. 732
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Introducing Zilog's Smart Access Controller...
7180 intelligence and SCC communications together

in one package.

The Z80181™ SAC™ Controller is the Smart Access
Controller™ that combines two powerful standards. You get Zilog's industry
- standard SCC™ controller for datacom connectivity together with the popular
7180 CMOS controller. And all that utility comes with the user-friendly
Z80® code CPU compatible software.

High integration. High performance. Smart communicator.

The Superintegration™ SAC Controller packs the popular high per-
formance Z180 architecture into a new cell suitable for many datacom and
. peripheral control applications. You get the SCC single-channel commu-
. nication cell with two additional UARTS, a 4 x 8-bit counter timer (CTC)
~and onboard 16-bit 1/0. The SAC Controller runs at 10 MHz and drives
fast serial communications at 2.5 Mbits/sec. With the reduced 3 cycles per
instruction, the SAC Controller gives you Z80 code performance 25%
 faster. That makes the SAC Controller the highest performance, low
. power embedded controller around.

- The best cost/performance of any embedded controller out there.
Whatever your application — data communications, modems,
FAXs, printers, terminals, industrial controls — the SAC Controller
combination gives you the best cost/performance ratio. Everything
you need for your system is on the chip. The SAC Controller brings you
all the advantages of Zilog's Superintegration technology. Off-the-
shelf and backed by our solid reputation for quality and reliability.

To find out more about the SAC Controller, or any of Zilog's rapidly
growing family of Superintegration products, contact your local
Zilog sales office or your authorized distributor today. Zilog, Inc.,

210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000.

ght product. Right price. Right away. A ZII_QG

b .
ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303 ) 494-2905, FL (813 ) 585-2533, GA (404) 448-9370, IL (312) 517-8080, NH (603 ) 888-8590, MN (612) 831-7611,
NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, WA (206) 523-3591, CANADA Toronto (416) 673-0634, UNITED KINGDOM Maidenhead (44) (628) 39200, W. GERMANY
Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886) (2) 741-3125, SINGAPORE 65-235 7155,
DISTRIBUTORS: U.S. Anthem Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN
AMERICA Argentina — Yel.-(1) 46- 2211, Brazil — Digibyte (011) 581-1945, Semiconductores Profesionales (5) 536-1312.
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PRODUCT UPDATE

Rewritable 133 M-byte optical drive
features 30-msec average seek time

A low-mass read-write head on the
Model RMD-5100-S rewritable opti-
cal drive results in an average seek
time of 30 msec—competitive with
medium-performance magnetic disk
drives. The unit stores 133M bytes
of data on 3'%-in. disks and features
a 30,000-hr MTBF. The drive in-
cludes a SCSI (Small Computer
System Interface) controller and is
compatible with the SCSI common
command set.

The drive uses ANSI-standard
3'%-in. rewritable optical disk car-
tridges. Furthermore, the unit fits
in the industry-standard half-height
5%-in. peripheral mounting slot
commonly found on personal com-
puters and workstations. The drive
includes a 1-year warranty and fea-
tures data reliability of less than
one hard error in 10" bits read, one
soft error in 10"? bits read, and one
seek error in 10° seeks. A combina-

tion of CRC and a long-distance
ECC ensures data reliability.

The optical drive produces a sus-
tained transfer rate of 512k bytes/
sec. An onboard buffer, however,
allows the SCSI controller to per-
form burst transfers at 1.5M bytes/
sec in asynchronous mode and 3M
bytes/sec in synchronous mode. The
SCSI controller also includes a
jumper block that you can use to
set the SCSI ID.

The 30-msec average seek time
makes the device competitive with
magnetic drives. Furthermore, the
drive includes a scanning/short seek
ability that makes data anywhere
within a 128-track band available
within 7 msee. A 128k-byte read-
ahead cache reduces seek time to
the 1-msec range on cache hits.
Track-to-track seek time is 1 msec
and maximum seek time is 60 msec.
The drive spins disks at 2400 rpm,

and therefore features an average
rotational latency of 12.5 msec.
Compatibility with the 512-byte
sector format proposed by ANSI as
an interchange standard results in
a cartridge capacity of 128M bytes.
The drive also supports the 1024-
byte sector format, proposed as an
option by ANSI, to achieve maxi-
mum capacity of 133M bytes on a
cartridge. The drive stores data on
10000 tracks at a density of 1.6 pm.
The RMD-5100-S weighs 4.41 lbs
and dissipates 17TW of power typ.
It can operate over a temperature
range of 10 to 45°C and a humidity
range of 10 to 80%. It costs $2425
and samples are available.
—Maury Wright
Mass Optical Storage Techmnolo-
gies, a Nakamichi Co, 11205 Knott
Ave, Cypress, CA 90630. Phone
714) 898-9400.
Circle No. 734

The 30-msec average seek time of the RMD-5100-S optical drive makes the unit competitive with magnetic drives. Furthermore, the
133M-byte unit employs ANSI-standard 3'/>-in. media and fits in a standard half-height 5%.-in. drive slot.
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A PERSPECTIVE ON ANALOG SYSTEM DESIGN

Advanced Linear can help you
raise system performance levels.

A leadership family of analog circuits from Texas Instruments is
helping designers meet difficult design challenges.

he evidence is strong.
Throughout the design community,
systems using the new breed of
Advanced Linear functions from
Texas Instruments are achieving the
keener performance edges that can
spell marketplace success.

TI’s new analog devices are
enabling design engineers to link
digital brains to analog worlds more
effectively and efficiently than ever
before. Some offer new standards of
accuracy or speed while others are
highly integrated devices combin-
ing analog and digital functions on
a single chip. The result is superior
system performance and design
flexibility.

These Advanced Linear func-
tions are the result of leadership
process technologies that we at T1
firmly believe are the key to the
advanced analog devices your
future applications will
demand.

Intelligent power for
automobiles
Designers in the automotive
industry face a tough challenge:
Handle high reverse voltages and
achieve rapid load turnoff while
providing fault protection, detec-
tion, and reporting and efficient
load management. To provide the
needed intelligent power devices,
we developed one of our newest
process technologies, Multi-EPI
Bipolar. It is unique because it can
combine rugged power transistors
with intelligent control functions.
The resulting circuits are now
providing reliable, cost-efficient
control of solenoids and valves in
such automotive applications as
antiskid braking systems, electronic
transmission controls, and active
suspension systems.

Other industry segments are also
benefiting from TI’s Advanced
Linear process technologies. Here
are a few of the winning designs to

which we have helped add an

analog edge:

Toledo Scale

Challenge: Improve the accuracy
of point-of-purchase scales by
eliminating drift over time and
temperature.

Solution: The TI TLC2654
Chopper op amp. Our Advanced
LinCMOS™ process makes possible
chopping frequencies as high as

10 kHz, reducing noise to the
lowest in the industry.




IN THE ERA OF MEGACHIP™ TECHNOLOGIES

Pulsecom

Challenge: Develop a linecard
capable of driving low-impedance
loads with greater precision.
Solution: Our TLE206X family of
JFET-input, low-power, precision
operational amplifiers. These
devices offer outstanding output
drive capability, low power con-
sumption, excellent dc precision,
and wide bandwidth. Fabricated in
our Excalibur process, they remain
stable over time and temperature.

Leitch Video

Challenge: Design a compact, cost-
efficient direct broadcast satellite
TV descrambler for consumer use.
Solution: TI's TLC5602 8-bit
Video DAC. Our LinEPIC™
process combines one-micron
CMOS with precision analog to
satisfy the demands of the applica-
tion for video speeds and low-
power operation.

U.S. Robotics

Challenge: Build a modem for high-
speed data transmission between
computers; allow flexible operation
and minimize data errors.

Solution: Our TLC32040 Analog
Interface Circuit (AIC). A product
of our Advanced LinCMOS
process, the AIC combines
programmable filtering, equaliza-
tion, and 14-bit A/D and D/A
converters with such digital func-
tions as control circuitry, program
registers, and a DSP interface.

Xerox
Challenge: Cut component count
and cost of copier systems while
boosting reliability.

Solution: Our TPIC2406, a top-
performance peripheral driver in a
standard DIP package that is
capable of driving heavy loads. It is
fabricated using our Power
BIDFET™ process which permits
greater circuit density and incor-_
porates CMOS technology for
low total power dissipation.

Mr. Coffee

Challenge: Design an intelligent
coffee maker that brews faster,
maintains optimum temperature,
shuts off automatically, and has a
built-in cleaning cycle.

Solution: Our LinASIC™/
LinBiCMOS™ capability permits us
to combine both analog and digital
library cells with custom analog
cells. This results in cost-efficient
integration of temperature monitor-
ing, timing, and high-current out-
puts on a single control chip.

All of these examples point to
one conclusion: TI's Advanced
Linear functions are adding an
analog edge to many system
designs. They are contributing
significantly to the enhanced
system performance that marks
a market winner.
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Helping you implement your designs
in a changing world.

An increasing share of the total
analog market is being captured by
mixed-signal devices. As they gain
more widespread acceptance, they
are driving the expansion of the
overall analog market (see above).

Changes such as this are the
order of the day in the IC
marketplace. Texas Instruments
continues to provide not only the
high-performance circuits you need
but also the depth of experience,
support, and service fundamental
to successful completion of your
designs.

Experience:

Building on three

decades in ICs

We at TI can successfully meet
your requirements for mixed-signal
devices because we have acquired
the necessary knowledge from 30
years of experience in developing
both analog and digital functions.
We have also drawn upon our digi-
tal ASIC strengths in developing
our LinASIC capabilities.

Support:

Speeding our chips to you
The faster we move new products
through our design cycles, the
faster you can get through yours.

We employ a wide variety of design-
automation tools and sophisticated
software to speed our development
process.

Service:

Providing a surety of supply
However advanced our circuits
may be, they are of little value if
they are inaccessible to you. T1
operates on the principle of global
coverage, local service. We
manufacture semiconductors in 13
countries and operate support
centers in 22. We have product and
applications specialists, designers,
and technicians around the world.
They are linked by one of the
world’s largest privately owned com-
munications networks so that we
can bring you our best — circuits
and support — from wherever they
may be to wherever you are.

Keeping our
communications open

The relationship between you as
customer and us as vendor is vital:
You are our chief source for
firsthand information that can help
guide us in developing the circuits
you will need for your future
designs. We at TI welcome your
comments and your suggestions.

ANALOG ICs

A PERSPECTIVE ON ANALOG SYSTEM DESIGN

TI’s Leadership Analog

Processing Technologies

LinBiCMOS — Combines
Advanced LinCMOS, digital
ASIC CMOS, and up to 30-V
bipolar technologies to allow the
integration of digital and analog
standard cells and handcrafted
analog components on a
monolithic chip.

LinEPIC — One-micron
CMOS double-level metal, double-
level polysilicon technology, which
adds highly integrated, high-speed
analog devices to the high-perfor-
mance digital EPIC process.

Advanced LinCMOS — An
N-well, silicon-gate, double-level
polysilicon process featuring ‘
improved resistor and capacitor
structures and having three-micron
minimum feature sizes.

Power BIDFET — Merges stan-
dard linear bipolar, CMOS, and
DMOS processes and allows inte-
gration of digital control circuitry
and high-power outputs on one
chip. Primarily used for circuits
handling more than 100 V at cur-
rents up to 10 A.

Multi-EPI Bipolar — A very
cost-effective technology that util-
izes multiple epitaxial layers instead
of multiple diffusion steps to reduce |
mask steps by more than 40%.

Used to produce intelligent power
devices that can handle loads as \
high as 20 A and voltages in excess

of 100 V.

Excalibur — A true, single-level
poly, single-level metal, junction-
isolated, complementary bipolar
process developed for high-speed,
high-precision analog circuits
providing the most stable op amp
performance available today.

If you would like a more detailed
explanation of our Advanced Linear
process technologies, please call 1-800-
336-5236, ext. 3423. Ask fora copy of

our Advanced Linear Circuits brochure.

™ Trademark of Texas Instruments Incorporated
©1990 TI1 08-0082
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End the connector
compromise...

1. 1-700 LOW INSERTION FORCE CONTACTS

2. QUALIFIED TO D55302

3. SIGNAL TO 500 AMP POWER CONTACT RATINGS

eee in PC'bOCIrd
connections.

Only Hypertronics ends the
compromise in printed circuit
board connectors for electronic
equipment. . . by replacing
unreliable connections, and
their field service problems,
with Low Insertion Force (LIF)
high-cycle reliability. Discrete
Hypertac® contacts and multi-
pin connectors eliminate the
need for expensive and space-
consuming jacking and cam-
ming mechanisms.

The unique wiping action of
each Hypertronics connector
maintains electrical continuity
under extremes of shock and
vibration (tested to 2 nanosec-
onds) with insertion forces as
low as 2 oz.

Now you can have it all.. .in
signal/power connections re-
quiring up to 700 contacts. End
the connector compromise by

calling 1-800-225-9228, toll free.

EDN October 1, 1990

KA Series: 17-490 Contacts with
D55302-Listed Qualified Models.

KG Series: 22-90 Position Board Stacking for
.240 or .480 Heights Between Boards.

N Series: 70-700 Position Connectors with
Ratings to 9 Amps.

Y Series: 3-500 Amp Discrete Pins and Mating
Sockets.

HYPERTAC?®: Inserting pin into hyperboloid sleeve.

— & =

HYPERTRONICS CORPORATION

“New Horizons in Connectors”’

16 Brent Drive, Hudson, MA 01749  (508) 568-0451 FAX (508) 568-0680

CIRCLE NO. 58
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PRODUCT UPDATE

Controller combines multiprotocol
serial communications with pP

The Z80181 Smart Access Control-
ler (SAC) combines the features of
three ICs with additional I/O ports.
The resulting collage is an intelli-
gent peripheral controller suitable
for stand-alone operation or as an
auxiliary communications processor.
. The core elements of the device

are a 10-MHz Z180 pP, a Z84C30.

quad counter/timer, and one chan-
nel of a Z85C30 serial communica-
tions controller. The combination
retains software compatibility with
all three. In addition to the core,
the device has two general-purpose
8-bit parallel ports, two software-
controlled chip-select signals, and a
clock oscillator.

The Z180 wP, a derivative of the
780, augments the Z80 instruction
set by seven, including a multiply
instruction. Built into the pwP are
two asynchronous receiver/trans-
mitters (UARTS), a clocked serial
I/0 port, two 16-bit timers, two
DMA channels, and a programma-
ble dynamic-RAM refresh circuit.
The UARTS include baud-rate gen-
erators and modem control signals.
An on-chip memory-management
unit extends the Z180’s address
space to 1M byte, and a program-
mable wait-state generator simpli-
fies your use of slow memory.

The Z84C30 counter/timer sec-
tion offers four 8-bit timers. Each
has an 8-bit prescaler to extend the
timer’s count resolution as well as
its own clock input and timeout out-
put lines. The timers share I/0 pins
with one of the parallel ports. Se-
lecting the timer’s 1/0 overrides the
parallel port.

The Z85C30 serial communica-
tions controller channel handles
both synchronous and asynchronous
communications protocols. Sup-
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communications tasks.

Combining the equivalent of several LSI devices, the Z80181 handles a van]et of s-

ported protocols include bit- and
byte-oriented synchronous and
HDLC (high-level data link con-
trol). The device can handle data
rates to 2.5M bps.

The parallel ports are bidirec-
tional, and each I/O pin’s direction
is individually programmable. Port
1, which shares I/0 pins with the
timers, offers Schmitt-trigger input
lines.

Two chip-select signals are avail-
able to simplify connection to exter-
nal memory, one for RAM and one
for ROM. Each signal asserts when
the wP’s address falls within a pro-
grammable range of 4k-byte blocks.
You specify an upper and a lower
boundary for RAM and an upper
boundary for ROM; the lower
boundary for ROM is fixed at
00000x. The ROM chip-select takes
priority over the RAM chip-select
if the ranges overlap, preventing
the RAM chip-select signal from as-
serting.

With so many peripheral funec-

tions internal to a device, software
debugging could be a real challenge.
To assist your debugging efforts,
the device offers a ROM-emulation
mode. You can program the device
to drive its data lines when reading
from the on-chip peripheral regis-
ters, allowing a ROM emulator or
logic analyzer to monitor internal
transactions. In normal operation,
the device’s data lines would exhibit
high impedance during internal ac-
tivity.

The device operates at 10 MHz
using either an external clock signal
or a 20-MHz crystal. Both the serial
communications controller and the
clock/timer section connect inter-
nally to the system clock. The de-
vice comes in a 100-pin quad
flatpack and costs $22.00 (1000).

—Richard A Quinnell

Zilog Inc, 210 Hacienda Ave,
Campbell, CA 95008. Phone (408)
370-8000. FAX (408) 370-8027.

Circle No. 733
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Analog and digital waveforms
with common time axis

MicroSim is
the leader in
Mixed
Analog/Digital
Simulation
Technology

CIRCLE NO. 59

_@ MicroSim Corporation

Two years ago, MicroSim introduced the tech-
nology for simulating mixed analog/digital cir-
cuits. Now, this capability is available in the
Digital Simulation extension for PSpice. It does
true mixed-mode simulation of circuits — in-
cluding feedback loops between analog and
digital sections.

PSpice's Digital Simulation option performs mixed
analog and digital simulations. There are no perform-
ance compromises—digital components are processed
at logic simulation speeds and analog waveforms are
calculated with PSpice's usual precision. Analog and
digital waveforms may be displayed together, with a
common time axis (see photograph for an example).

Digital Simulation removes one of the greatest con-
straints on circuit simulation: the dichotomy between
analog and digital.

PSpice with the Digital Simulation option:

» Is Easy to Use — In the circuit description, digital
devices follow the same syntax as other PSpice de-
vices. Simulating amixed circuit is no different from
running a transient analysis on an analog circuit.

» HasEfficient Algorithms—To getreasonable speed—and
toallow reasonably large sections of digital circuitry—the
core of theDigital Simulation option is an event-
driven logic processing algorithm. It computes logic
states and propagation delays very quickly.

* Includes an Extensive Library — The Digital Simula-
tion option includes libraries for most TTL compo-
nents. These include gates, flip-flops, latches, regis-
ters, and counters. Each component, in turn, in-
cludes models for many logic families including
TTL, LS, ALS,H, F, L, S, AS, HC, HCT, and 4000
series CMOS. The component models describe not
only the functionality of the device but also all its
propagation delays.

Each copy of PSpice comes with our extensive product
support. Our technical staff has over 100 years of
experience of CAD/CAE, and our software is sup-
ported by the engineers who wrote it.

For further information about the Digital Simulation
option or any other PSpice product, please call us toll
free at (800) 826-8603 or, in California, (714) 770-
3022. Find out for yourself why PSpice has sold more
programs than all other SPICE-type programs com-
bined and has become the de facto standard for circuit
simulation.

20 Fairbanks ¢ Irvine, CA 92718 USA « Telex 265154 SPICE UR

PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or
registered trademarks of their respective holders.




PRODUCT UPDATE

Four-channel arbitrary waveform generator
samples at 2 MHz with 16-bit precision

The 4-channel Model 2201A arbi-
trary waveform generator includes
three phase-coherent channels and
a channel for a built-in noise genera-
tor. The unit can generate standard
waveforms such as sine, triangular,
and square waves and samples at
2 MHz; it features 16-bit precision.
You can create waveforms with a
mouse or from front-panel controls
for the three phase-coherent chan-
nels.

The generator has 64k words of
battery-backed static RAM for each
of the three main output channels.
You can program the phase differ-
ence between the three outputs
with a resolution of 0.0055°. To cre-
ate complex waveforms, you can set
up the instrument to sum the out-
put of channel 1 with channels 2 and
3. You can also concatenate the
three outputs to produce wave-
forms with as many as 196,608
points.

The pseudorandom noise channel
generates a signal with 150-kHz
maximum bandwidth, and provides
a noise sequence length of greater
than one billion counts. The noise
source features a maximum ampli-
tude of 2.58V rms and a dynamic
range of > —80 dB. You can set the
instrument to output the noise sig-
nal or to superimpose it in the chan-
nel 1 output.

The unit supports waveform edit-
ing and creation in three ways. You
can use front-panel controls to mod-
ify amplitudes of signal vertexes,
and place and move vertexes. You
can use a mouse, included with the
instrument, to create and edit
waveforms. The instrument sup-
ports editing functions such as
move, normalize, truncate, resize,
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Mouse- and front-panel-based waveform editing capabilities allow you to create complex
waveforms for the Model 2201A without the help of an external computer. You can store the
waveforms in removable credit-card-size memory modules that include 32k bytes of battery-

backed static RAM.

extend, shrink, zoom, and pin with
the mouse. You need an external
monitor or oscilloscope to perform
waveform editing from the front
panel or with the mouse. Finally,
you can use software to create
waveforms on an IBM-compatible
personal computer and download
the waveforms to the 2201A.

You can store waveforms in the
staticcRAM arrays dedicated to
each channel. The unit includes an
interface to credit-card-size, remov-
able static-RAM memory modules.
The modules feature 32k bytes of
memory and a battery that makes
them nonvolatile. You can use the
cards to store libraries of wave-
forms. If you have sufficient volume
requirements to support the pro-
gramming process, you can also buy
the modules with ROM.

Specs for channels 1, 2, and 3 in-
clude a horizontal and vertical reso-
lution of 65,536 points. The unit fea-
tures 10V p-p, square-wave rise
and fall times of <150 nsec tested
with 50Q) termination. You can also
selectively apply a built-in analog
700-kHz, ninth-order Butterworth
lowpass filter to the output.

The Model 2201A provides both
IEEE-488 and RS-232C interfaces
as standard features. The tabletop
unit weighs 32 lbs and measures
17x5%x16 in.; it can also be
rackmounted. The unit, including
the mouse and one memory card,
costs $9985.—Maury Wright

Pragmatic Instruments Inc, 7313
Carroll Rd, San Diego, CA 92121.
Phomne (619) 271-6770. FAX (619)
271-9567.
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ADSP-2101-Talk about
fast —this DSP microcom-
puter executes a 1024-
point FFT in only 2.26 ms.
That’s faster than other
DSPs that operate at
almost twice the clock
rate. And since our entire
ADSP-2100 family is code
compatible, your code will
run fast on all of our DSPs.

AD9617 - The fastest slew-
ing and settling op amp
around slews at 1400
V/p.s and settles to 0.02%
in just 14 ns. And with a
closed loop bandwidth of
200 MHz and harmonic
distortion at 20 MHz of
—59 dBc (max), it makes
driving A/D converters
easier than ever.

AD9712-The only 12-bit,
100 MHz D/A converter on
the market. Ideal for high-
speed video and direct
digital synthesis, its low
glitch and low harmon-
ics combine to deliver
a spectrally pure output
waveform.

AD9060 & AD671~-The
fastest 10-bit and 12-bit
monolithic A/D convert-
ers, respectively. The
AD9060 guarantees
encode rates up to 75
MSPS for unparalleled
dynamic performance.
The AD671 is twice as fast
as any other 12-bit mono-
lithic, converting in under
0.5 ps, thanks to our
high-speed mixed-signal
ABCMOS process.
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Our Spectrum
CAD Tool is 100
times faster
than traditional
SPICE programs,
so it makes quick
work of mixed-
signal ASIC de-
sign cycle time.

Perfect on-time delivery—it's
our goal and at 97% we're
getting close, thanks to our
continuous improvement process
based on Total Quality Management. Over
150 TQM teams make the customer and quality
improvement the focus of our entire organization. A focus
that gets translated into not just catchy slogans, but real
action.

EAETRERR !

Tap into 25 years of
experience at our high-
speed and mixed-signal
design seminars. You’ll learn
w techniques that'll get your
i applications to work more quickly,
and you'll get design manuals that put
all this information right at your fingertips.

In the disk drive market,
you’ve got to be fast
—in both performance
and time-to-market.
That’s why seven of the
top 10 disk manufac-
turers rely on Analog
Devices for mixed-
signal components.

Our high-speed D/A converters
will have eavesdroppers hopping
mad. In direct digital synthesis

applications, they allow communi-
cations receivers to hop frequencies
100 times faster than traditional

Faster development analog techniques.

time means faster
X time-to-market. And

e that’s what you get
with our EZ-KIT, a complete design tool with a demonstration/evaluation
board, DSP textbooks, and powerful, yet easy-to-use software.

Today, Analog Devices offers more high-performance mixed-signal components than anyone else.
And we get them to you fast. So if you want mixed-signal 1Cs that'll help you
design faster performing products, from a company thatlll help you get your ANALOG

product to market faster, call us at 1-800-262-5643. DEVICES
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AD820/AD840 Series — If
you're looking for the best
in high-speed op amps,
here they are—a whole
family of components with
the right combination of
features to deliver high
speed, precision, low
noise, low input bias cur-
rents, low offset voltage
and low drift performance.
Our Complementary Bi-
polar process delivers
gain-bandwidth products
in excess of 750 MHz
and slew rates in excess
of 2000 V/ps.

ADV7141 - Our new Con-
tinuous Edge Graphics
RAM-DAC gives users of
standard low-end color
monitors better graphics
on their PCs. Graphics
that are virtually the same
as those produced on ex-
pensive engineering and
scientific workstations.
It does this by eliminating
jagged edges, providing
photo-realistic colors and
shading, and displaying
text comparable to a
300-dpi laser printer.

ADSP-2111 - Better inte-
gration on the best archi-
tecture in the industry.
Adds an 8/16-bit host port
to the two serial ports,
timer, hardware compand-
ing and memory already
on the ADSP-2101. And
like all our DSPs, it’s got
fast, flexible arithmetic,
wide dynamic range and a
single cycle fetch of two
operands (on- or off-chip).
Plus it’s code-compatible
with the rest of our DSP
family, so what’s writ-
ten today will be useful
tomorrow.

AD75028 - This custom
ASIC passes the test for a
top automatic test equip-
ment manufacturer. Serv-
ing the function of 21
separate 12- and 8-bit D/A
converters and providing
on-chip static RAM, it also
has seven channels of
level setting (other mono-
lithics only have four), and
can automatically remove
gain and offset errors.
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We’re your best source for linear, digital and mixed-
,,,,, i _ signal information. Annually, we publish over 20 books
e B and newsletters, and scores of applications notes. And
our Analog Dialogue enjoys a worldwide readership
of over 100,000 design engineers.

2l

After analyzing semiconductor suppliers, many of the leading
oscilloscope and spectrum analyzer manufacturers chose
Analog Devices for their mixed-signal components. One reason
is our ability to deliver high performance at high levels of inte-
gration —for example, our AD640, which replaces a chain of
discrete log-amps for higher accuracy.

“Try, try again’ is a costly way
for manufacturers to find
the best design solution.
So to help our customers
find answers to tricky
problems the

firsttime o

around, technical application

engineers are just a phone call away. In some instances,
they’re even located right on the customer’s premises.

Picture this—a PC
monitor that offers
the same color and
clarity as a high-end
engineering worksta-
tion costing as much
as 20 times more.
Our pin-compatible
RAM-DAC is literally
redefining the low
end of the PC monitor
market.

With our motion control ICs, several major aircraft companies are staying right on course. High reliability and
accuracy are hallmarks of our 2580, AD598 and the rest of our nearly 400 defense-qualified products.

People are hearing a lot better, thanks to our
fully integrated baseband processing subsys-
tem, which controls, conditions and converts
I and Q ckannels in both the data transmit
and receive paths.

Today, Analog Devices offers a better line of high-performance mixed-signal components than anyone

else. And no one has a better record for reliability or more experience in analog,
DSP and mixed-signal ICs. If you want mixed-signal components thatll help you
design better products, the best thing to do is to call us at 1-800-262-5643.

ANALOG
DEVICES
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ADSP-2105 - High perfor-
mance DSP at an incredi-
bly low price. So low, in
fact, you can now consider
DSP in a host of new appli-
cations. And since it’s
pin-compatible with the
ADSP-2101, and code-
compatible with all of our
other DSP processors,
upgrading is easy and
inexpensive.

AD712 - If you’re working
in professional audio and
compact disc applica-
tions, you’ll like the sound
of this—an IC that com-
bines two high-perfor-
mance op amps in one
compact package. You get
low offset voltage and low
input bias currents cou-
pled with superb transient
response, ambience, clar-
ity and dynamic range.

SOUNDPORT DACs-
We’ve made these DACs
cost-efficient by making
them complete with out-
put amplifier, reference
and digital logic interface.
Perfect for high-fidelity
digital audio and multi-
media applications, these
mixed-signal ICs achieve
SNRs as high as 108 dB
and THDs as low as
0.0025%.

AD22001-0One way to
make a car less expensive
is to make it with less
parts. This component
replaces a whole board of
discrete analog and digital
circuitry. It continuously
monitors up to five auto-
motive bulbs or indica-
tors, along with the
associated in-line fuse,
and provides a digital
status output.
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More gadgets for
less money, and make
it work better—that’s the
only way to survive in consumer
electronics, the most competitive market "
there is. That’s why three of the top five Japanese

electronics firms rely on us to meet their mixed- - -
signal needs in applications ranging from CD players to

video cameras.

Automakers certainly understand that manufacturing efficiency is
a critical key to lowering production costs. That’s why we’ve devel-
oped high-performance ICs for several car companies around the
world, as well as companies making DAT equipment, disk drives,

digital mobile phones, modems, and HDTV.

We’re far from your local
component bhoutique.
Over half of our $540
million in revenues
comes from interna-
tional sales. And with
manufacturing and
stocking facilities on
just about every conti-
nent, getting products
to you quickly is a snap.
Plus multiple manufactur-
ing facilities allow us to take
advantage of the right talent

and processes for the job at hand.

We've got the phone lines
buzzing. Via our CMOS and
Bipolar processes, we're
helping modem makers
turn out products that
cost less yet perform
better. We got the call
because we have the
broadest portfolio of
process technology for
signal processing. A
portfolio that includes
not only CMOS and
Bipolar, but BiCMOS,
Complementary Bipolar,
Flash and many others.

RULES

No CAASHING
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IF YOU WiN, FUTURE
CHALLENGERS RACE YOI

1

With billions of dollars in annual sales at stake, the video game
market is anything but child’s play. One leader in this market
found that with our DSP they could create more realistic and
interactive games. As a result, they’re driving away with a bigger
share of the market.

Today, Analog Devices offers more cost-effective solutions to your high-performance mixed-signal
needs than anyone else. Solutions that are surprisingly affordable, whether theyre available off the shelf or
developed for a specific application. To find out more about how we can help AN ALO G
you develop products more efficiently; or for a free copy of our recent Mixed-

Signal Technology white paper, call us at 1-800-262-5643.

Analog Devices, Inc., One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices and applications support available worldwide.
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Futurebus + is moving closer and closer
to reality. When the bus’s specifications
are finalized, expect manufacturers to
support the open-bus architecture im-
mediately. (Photo courtesy Motorola
Computer Group)




ommercial implementa-

tions of the Futurebus +

are still probably a year

away, yet the release of

draft copies of the Fu-
turebus+ documents has created
considerable interest in this ad-
vanced, open-bus architecture. At
last February’s Buscon/90-West
Conference in Long Beach, CA, the
IEEE P896 committee, better
known as the Futurebus commit-
tee, rolled out a series of documents
for IEEE membership approval.
The most notable of these docu-
ments are P896.1 and P896.2.
PR96.1 defines Futurebus+’s logi-
cal-layer specifications, bus-line
definitions, bus-arbitration meth-
ods, the parallel protocol for data
transactions, control and status reg-
isters for bus management, cache
coherency, and message passing.
Document P896.2 defines Future-
bus +’s hardware physical layer and
profile specifications.

The documents reflect the com-
mittee’s multiyear effort to arrive
at an open-bus standard that will
support multiple generations of uPs
and technologies without becoming
obsolete (see box, “The long history
of Futurebus+”). The bus has al-
ready been endorsed by the US
Navy for mission-critical comput-
ers, and a large number of compa-
nies, including DEC, Sun Microsys-
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tems, Unisys, Motorola, and Force
Computers, are developing Future-
bus + products pending the finaliza-
tion of the specifications.

Futurebus+ is an evolved ver-
sion of many earlier buses that has
added features that supposedly
make it independent of changing
technologies. For example, the
specification allows modules with
big endian or little endian data rep-
resentations to communicate with
each other. These representations
reflect the different byte-ordering
conventions for wPs from different
vendors. The specification forces
bytes to be swapped before a trans-
action is possible.

A little endian representation re-
serves the least significant address
byte of a register for the least sig-
nificant data byte of a word; the big
endian representation reserves the
most significant address byte of a
register for the least significant
data byte of a word. For the module
to automatically swap or order the
bytes during a transaction, each
module on the Futurebus+ must
contain a bit in a status register
that indicates whether the module
uses a big or little endian represen-
tation.

Another feature of the bus is
global addressing. Each logical bus
module on the Futurebus + gets as-
signed a unique geographical ad-

John A Gallant,
Associate Editor

For some time now Fu-
turebus + touters have
said that the architecture
will lead us into the com-
puting promised

land.
Though there is still work
to be done, the journey
may finally be ready to
begin.
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Each module on the Futurebus + gets as-
signed a unmigque geographical address, which
is havd-wived into each slot on the

backplane.

dress, which is hard-wired into each slot of the
backplane. When a board plugs into a slot it senses
the 5-bit number on lines GA[4..0]* to determine which
slot it resides in.

The Futurebus + arbitration process operates in par-
allel with data transfers on the bus. Each module in
the system has a unique arbitration number that is
used in a parallel-contention algorithm during competi-
tion to become the bus master. When two or more
modules compete for the bus, the module with the

largest arbitration number wins. The process has two
modes of arbitration: unrestricted mode, which has 14-
bit arbitration numbers; and restricted mode, which
has 8-bit arbitration numbers. Because the arbitration
cycle uses an 8-bit competition number, the unre-
stricted mode requires two arbitration cycles. The un-
restricted mode provides eight priority bits, whereas
the restricted mode is limited to two bits.

The module with the highest arbitration number at
the end of arbitration competition becomes the master-

The long history of Futurebus +

The history of Futurebus+’s de-
velopment follows a meandering
course. It started with the
IEEE’s recognition of the P896
committee in 1979. The commit-
tee was set up to arrive at a bus
standard that would accommo-
date new 32-bit processors such
as Motorola’s 68000 wP, which
has a 16-bit data path and a 32-bit
register set that requires a 32-bit
backplane. The committee’s ef-
forts produced the Versabus,
which became the basis for the
VMEDbus. After a few years of
evaluation, the committee set a
new goal—to develop a “proces-
sor-independent 32-bit bus” to
handle all future pP systems. In
1982, the group became known as
the Futurebus committee.

The Futurebus required arbi-
tration for multiple masters and
fast data-transfer speeds to han-
dle faster wPs. In addition, the
committee realized that a Future-
bus backplane was going to re-
quire cache-coherency protocols
that would allow multiple proces-
sors access to global data on the
bus. It also considered how to use
bus repeaters between multiple
buses. Although the committee
didn’t complete the work in these
areas, it published a partial speci-

fication in 1986 known as the
IEEE STD 896.1 document,

which defined hardware and

timing.

RISC pPs influence directions

Subsequently, Motorola devel-
oped the 88000 RISC pP, which
has a cache architecture and co-
herency protocols similar to the
IEEE P896 committee’s propos-
als. In 1988 an internal debate oc-
curred within the VMEDbus Trade
Association (VITA) as to whether
Futurebus could become
VMEbus II to accommodate the
new RISC processor. Instead of
endorsing Futurebus, VITA es-
tablished the Next Generation
Architecture (NGA) subcommit-
tee to investigate the future for
VMEDbus.

Meanwhile, the US Navy
evaluated six 32-bit buses for mis-
sion-critical computers, and Fu-
turebus came out the winner.
However, because there was no
industry support for Futurebus,
the Navy was considering using
Multibus II as an interim
backplane standard until the mid
1990s. In December 1988, how-
ever, the IEEE Rugged Bus
committee voted to merge with
the Futurebus committee to de-

fine a highly reliable bus. This se-
quence of events was enough for
VITA’s NGA committee to adopt
Futurebus as its new backplane
architecture that month. The
Navy then announced that it was
indeed going to use Futurebus,
and in February of 1989, the Mul-
tibus Manufacturers Group joined
the IEEE P896 committee.

Because some members of the
IEEE P896 committee are un-
likely bedfellows, it’s not surpris-
ing that the Futurebus generated
concern over its impact on cur-
rent products for the VMEbus
and Multibus II. Even so, the
committee members were able to
define data-transfer protocols,
bus widths, bus speeds, and a
physical connection system. It be-
came clear, however, that the
new proposals were not consis-
tent with the original IEEE STD
896.1 published in 1986. A com-
plete rewriting of the specifica-
tion was necessary. That new
specification is known as Future-
bus +. Currently, the 896.1 logi-
cal-layer specification and the
896.2 physical-layer and profile
specification for Futurebus+ are
in draft form awaiting IEEE
members’ approval.
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elect and must wait until the current master is finished
before becoming master and performing bus transac-
tions. If a module with a higher priority number than
the master-elect wants the bus while the master-elect
is waiting to become master, it can initiate a new com-
petition to establish a new master-elect.

The arbitration number also provides a round-robin
bit and a 5-bit unique field for each module. Round-
robin arbitration ensures a fair and equitable allocation
of bus tenure between competing modules. Each mod-
ule must record the priority level of the current bus
master and set a round-robin bit when the module
detects that the priority number is greater than its
own. Each module clears a round-robin bit if it detects
the priority number less than its own. If the priority
number is the same, the bus is granted in a round-robin
fashion according to the 5-bit unique number before
the round-robin bit is cleared. In this manner, a module
is inhibited from further arbitration competition as long
as the round-robin bit is cleared.

When a master completes a transaction and no mod-
ules are requesting the bus, the master changes its
status to parked, placing the bus in an idle state. To
decrease the latency of arbitration when the bus is idle,
a single competitor for the bus can immediately gain
tenure of the bus by using the idle bus-arbitration
mode.

Data paths come in many flavors

Futurebus+ is an architecture that is scalable in
many dimensions. One such dimension is the data-path
width. Futurebus+ is basically a 64-bit data and ad-
dress bus that employs a standard 64-bit multiplexed
address/data pathway. However, it also provides for
a 32-bit address/data subset pathway and a 128-bit or
256-bit data pathway. Futurebus+ is also scalable to
accommodate dual or multiple parallel Futurebuses.
Futurebus+ provides for locking mechanisms and
cache-coherency mechanisms that allow several Fu-
turebus + chassis to be linked through cache repeaters.

Futurebus+ uses a compelled parallel protocol to
transfer data between devices. The protocol requires
a compelled reaction (an acknowledgment) either from
the receiving device on each data transfer or at the
end of a packet of data transfers between two modules.
In a split-transaction mode, a module on the bus sends
an address to another module, indicating that it wishes
to transfer data. The module then relinquishes the bus
until data transfer is possible.

The data transfer is completely asynchronous, which
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Backplanes that don’t conform to hard metric dimensions may
become obsolete.) However, this prototype from Bicc-Vero, which
conforms to P896.2, is available for developing products for experi-
mentation and test.

means that, as opposed to synchronous buses, the bus
data-transfer rate is not locked into a specific clock
frequency. Instead of issuing some initial control sig-
nals indicating that a master wishes to place informa-
tion on the bus, the master places the information on
the bus first. The bus transaction then takes place in
three phases: a connection phase, which establishes
the type of transaction with the desired slave; an op-
tional data-transfer phase for transferring data; and a
disconnection phase, which terminates the transaction
and disconnects the slave.

Modules dance to the same tune

The participants in a packet-transfer transaction
must all operate at the same rate. Before a transaction
can occur, each module reads the transfer rates that
each module in the system can support. The modules
then set a transmit speed equal to the slowest speed
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The data transfer is completely asynchro-
nous, which means the bus data-transfer
rate is not locked into a specific clock

[frequency.

a module on the bus can operate at and still accept a
packet. The modules also set the fastest transmit speed
that allows a module on the bus to accept a packet.
The modules then negotiate a speed for a transaction
during the connection phase. The master also sets the
packet length, which can be as many as 64 data trans-
fers.

Each transaction phase uses a succession of bus beats
to synchronize the master with the slave. A typical
bus beat for a single slave transaction that requires a
compelled response begins when a master issues ad-
dress and control information to a slave. To assure
that the lines are valid before asserting a high-to-low
transition on a master synchronization signal, the mas-
ter waits for the skew time of its own information lines
to settle. The slave detects the synchronization signal
and waits for the skew of its own receivers. The slave
captures the information and activates the appropriate
information lines back to the transmitter. After the
slave waits for its information lines to settle, it asserts
a low-to-high transition on a slave-synchronization line,
which the transmitter acknowledges by issuing a third
line handshake back to the slave.

This bus-beat handshake ensures the technological
independence of each module on the Futurebus+ be-
cause each module need only account for its own skew
on the information lines and its own timing require-
ments. When the packet mode is invoked, the data
from the master to the slave occurs in packets of data
before the slave is required to activate the slave-syn-
chronization signal.

Many slaves have unique address ranges, but some
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The first step in getting a new bus architecture off the specification
sheet is silicon support. Philips/Signetics plans to develop complete
Futurebus+ chip sets. The transceivers are currently available.
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Many Futurebus+ products are still under development. This
wire-wrapped backplane from Augat will not be released until there
18 final IEEE approval of the standard.

may share areas of the same physical space. When a
master accesses an address in one of these spaces, all
of the slaves must activate a high-to-low transition on
the slave-synchronization line because the line is wire-
ORed. The slowest slave controls the release time for
the broadcast transaction. A participating slave may
induce the master to use this broadcast handshake,
which can be used frequently in cache-coherent,
shared-memory systems. When a cache detects that
data is being transferred on the bus, the cache induces
a broadcast handshake and reads the data, an operation
known as snarfing.

Another mode of data transfer on Futurebus+ is
split transactions, which allow modules with long data
latencies to use the bus efficiently. For example, if a
requester module wishes to retrieve data from slow
memory, it enters the connection phase, informing a
responder module of its wish. The requester then gen-
erates a disconnection phase and sends a 16-bit global
identifier to the slave. When the responder’s latency
time expires, the slave negotiates for the bus to become
a master and sends the data to the requester using the
identifier. In this manner, the bus is free for other
transactions while a responding module is gathering
the data.

The Futurebus cache-coherency protocol permits as
many as 32 processors to share memory on the bus.
To reduce bus traffic, the Futurebus+ committee has
adopted a copyback cache system instead of a write-
through system. Some earlier bus architectures, such
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as the VMEDbus, support a write-through cache system
that writes a cache line to main memory on each write
to the cache. Although this cache scheme is simple to
implement, in large processor systems it can swamp
the backplane with cache write commands. A copyback
cache scheme permits a pP to modify only its cache
on a write command and not the main memory, thereby
reducing traffic on the backplane. The Futurebus+
copyback scheme reads a 64-byte cache line from con-
tiguous memory only when there is a read miss in the
cache.
The copyback caching method requires an elaborate

Futurebus +

cache-coherency protocol to assure that multiple caches
contain the same modifications to a specific portion of
shared memory. The Futurebus+ cache-coherency
protocol assumes that each module on the bus can read
the tags associated with each cache line for all of the
onboard caches on the bus. The protocol then assigns
attributes to each cache line within a cache.

Futurebus+ uses these attributes in a MESI cache
mode. MESI stands for the attributes of a cache line:
Modified, Exclusive, Shared, and Invalid. To ensure

cache coherency, the model requires that a pP first

get permission to modify a cache line from all of the

Chip sets can make it real

If any bus is going to see the light
of day, there must be silicon to
support it. Currently, three ven-
dors offer or are developing
backplane drivers and logical-
layer chip sets for the Future-
bus+: National Semiconductor,
Philips/Signetics, and Texas In-
struments.

All of the vendors use
Backplane Transceiver Logic
(BTL) to maintain the projected
transfer rates of the Future-
bus+. The Futurebus committee
expects Futurebus+ systems to
perform a data transfer within 20
nsec in 1991 and within 10 nsec
in 1995—independent of the
width of the data pathway. Using
these figures as a projection,
modules using the compelled
transfer mode, which requires a
compelled response from a slave,
will transfer 32-bit data at an ap-
proximate transfer rate of 100M
bytes/sec in 1991; 256-bit systems
will peak at 3.2G bytes/sec in
1995. The BTL driver was first
designed by National Semicon-
ductor to drive the low-imped-
ance transmission paths needed
to support these fast data-trans-
mission rates.

The BTL driver reduces the ca-
pacitance of the driver by placing
a Schottky diode in series with
the open collector driver output.
The diode resistance is typically
less than 2 pF, and, allowing for
2 pF at the receiver end, the total
loading can be kept under 5 pF.
The BTL also uses a differential
receiver, which detects 1V sig-
nals that swing about a 1.55V
threshold and has resistors for
impedance-matching the trans-
mission line.

National Semiconductor is de-
veloping a number of second-gen-
eration BTL devices for the
backplane. The Futurebus+ chip
set includes 9-bit data transceiv-
ers that are latched and non-
latched handshake receivers with
glitch filtering for eliminating
wire-ORed glitches on the bus.
The chip set also includes arbitra-
tion receivers for supporting the
arbitration protocol and an arbi-
tration controller, which imple-
ments Futurebus +’s round-robin
protocol.

Philips/Signetics has already
released a family of chip sets for
implementing the Futurebus+
backplane. The first chips avail-

able are the FB2040 8-bit BTL
transceiver, the FB20417 7-bit
BTL transceiver, and the FB2030
address/data transceiver. The de-
vices are fabricated in BiCMOS
and feature propagation delays of
2 to 3 nsec and an output current
of I, =100 mA. The company
plans to release a logical-level
chip set in the fourth quarter.
The set will include the FB2000
protocol controller, the FB21010
arbitration controller, and the
FB2020 packet data FIFO.

Texas Instruments will intro-
duce an octal latched transceiver
with parity sometime during this
quarter. The BCT979 is a
BiCMOS device with BTL out-
puts with current capability of
Io.= 100 mA. The company is
also planning to offer an arbitra-
tion controller, protocol control-
ler, and cache-coherency control-
ler in 1991. Rumors abound that
other companies are also working
on chip designs. If there is a wide
variety of chip sets available
when the Futurebus+ specifica-
tion settles, it’s bound to reduce
the cost of developing Future-
bus+ products.
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Some transactions vequive cooperative ac-
tions between the caches during a transac-
tion in ovder to maintain coberence.

other caches that have copies of the same line. The
cache does this by generating a cache transaction that
indicates the global memory address of the cached
value.

Futurebus+ specifies a variety of possible cache
transactions that can occur on the bus, such as copy-
back, invalid read, shared read, modified read, invalid
write, and invalidate—all of which define specific op-
erations for the cache model. All caches are required
to snoop the bus; that is, monitor each type of transac-
tion on the bus. Some transactions require cooperative
actions between the caches to maintain coherence, a
process called intervention. For example, if one cache
requests a cache line from shared memory and a second
cache detects that it (the second cache) contains a modi-
fied version of the line, then that second cache must
intervene and transfer the modified line in place of the
line in shared memory.

In addition, all transactions on the bus that can be
shared can also be snarfed. To snarf data, the cache

converts the current transaction to a broadcast opera-
tion and captures the data on the bus. The broadcast
operation allows the cache to obtain a shared copy of
a cache line without an additional transaction. With
many processors on the bus issuing transactions to
both caches that have different cache-line attributes
and to the shared memory, the permutation of possible
bus events necessary to maintain cache coherency is
large. Each cache controller requires service routines
that will handle all possible combinations of events.
Document P896.1 describes a number of the possible
combinations.

To further complicate matters, Futurebus+ has an
expansion provision that allows multiple Futurebus +
backplanes to be connected in a system. Multiple
backplanes can be used in fault-tolerant applications.
The backplanes connect through cache agents and
memory agents that operate on a hierarchical cache-
coherence protocol. The protocol allows the cache agent
to snoop one of the buses and act as an observer for

Giving older buses a new lift

Whenever a new bus architecture
arrives, there is talk about build-
ing bridges from it to existing ar-
chitectures. The reason is simple:
vendors want to preserve invest-
ments in existing product lines
but still want to make use of the
capabilities of the new bus. A
bridge is little more than a com-
munication scheme that allows
the two buses to communicate
with each other. Ideally, a bridge
between the two buses should op-
erate as if the boards for both
buses are in the same backplane.
Ever since Futurebus +
started to grow in popularity, the
VMEDbus Trade Association
(VITA) and the Multibus Manu-
facturers Group (MMG) have
been trying to finalize specifica-
tions for bridges between Fu-
turebus+ and either the
VMEDbus or Multibus. Both the
VMEDbus and Multibus have

maximum data-transfer rates of
40M bytes/sec for 32-bit data
transfers. Bus vendors would like
to take advantage of the 100M-
byte/sec, 32-bit data-transfer rate
of Futurebus+. At wider data
paths, Futurebus+ runs even
faster.

Bridge translates bus cycles

Although VITA and MMG are
trying to solve the same problem,
their approaches are different.
The VMEbus-to-Futurebus +
bridge consists of adapter boards
for each bridge. The adapter
boards are connected by a ribbon
cable. The adapter boards have
circuitry that translates the two
buses’ data-transfer protocols and
bus cycles. Control and data
paths between the buses and a
set of protocols specify the rout-
ing of data between the buses.
Each path is called a channel, and

four channels are required—two
data-access channels and two
event channels.

A transaction example would
be a write to memory across the
bridge. If a module on the Fu-
turebus + wishes to write to
memory on the VMEbus, the
processor first becomes master
by arbitrating for the Future-
bus +. It communicates with a
slave that resides on the Future-
bus +’s adapter board. The slave
interprets the transaction’s ad-
dress and passes the transaction
through a bridge master to an in-
terconnect master that communi-
cates through the ribbon cable.

The interconnect master on the
Futurebus + adapter initiates a
write cycle between the two
adapter boards and passes the ad-
dress, command, and data to an
interconnect slave on the
VMEDbus adapter. The intercon-

92

EDN Oectober 1, 1990



FUTUREBUS+
VME SLAVE MASTER
VMEbus FUTUREBUS
- > - - =
VME FUTUREBUS+
ADAPTER ADAPTER
FUTUREBUS+
VME MASTER SLAVE
1
! 1
VME BRIDGE FUTUREBUS+
SLAVE BRIDGE MASTER
1 §
| |
INTERCONNECT INTERCONNECT
SLAVE MASTER
i
The VMEbus to Futurebus+ bridge has - * ~
adapter boards for each bus, which inter-
: Sty INTERCONNECT
connect through a ribbon cable. The circuitry (RIBBON CABLE)
i each adapter translates commands to be
comprehensible for the bus cycles in each ar-
chitecture.

the other caches on the bus; the memory agent acts
as a slave for global memory. The agents maintain a
hierarchy of all the cache transactions that occur be-
tween caches and memory on the connected buses.
The cache agent can split the transactions between a
bus and a memory agent to eliminate latency and free
the bus for other transactions. The memory agent

keeps track of all the cache lines it is responsible for
in the hierarchy.

The Futurebus+ specification allows for modules to
be inserted and withdrawn while the system is in op-
eration. During live insertion, newly inserted modules
must align their logic-state machines with the other
modules in the system before beginning operation. A

nect slave passes the information
to the bridge slave, which trans-
forms the write command so that
a VMEbus master on the
VMEDbus adapter board can initi-
ate a VMEbus write cycle. The
VMEDbus slave writes the data
into memory and passes an ac-
~ knowledge line back through the
adapter boards to inform the Fu-
turebus + processor that the
transaction is complete.
Although the VMEbus is lim-
ited to 32-bit data transfers, the
existence of separate data and ad-
dress buses in the VME back-
plane makes it possible to extend
the width of the address and
data path to 64 bits. The 64-bit
VME extension, which has been
adopted by the VMEbus bridge
committee, is based on the work
of Performance Technology Corp
(Rochester, NY). The extension
takes advantage of the fact that

the VMEDbus can transfer 256
bytes of data in block mode after
specifying a single address on the
first bus cycle.

The assumption is that all the
subsequent addresses are se-
quential and can be determined
by a counter. Because the ad-
dress lines aren’t used in the
block-transfer mode, the 64-bit
extension multiplexes 32 bits of
data onto the address bus to pro-
duce a 64-bit data bus in block-
transfer mode. The VMEbus
bridge intends to use this feature
to transfer 64-bit data between
the two buses in block mode.
DY-4 is teaming with Perform-
ance Technologies and New-
bridge Microsystems to develop
a chip set, called the Darf64, to
implement the 64-bit extension.

Whereas the bridge between
VMEDbus and the Futurebus + at-
tempts to translate the data-

transfer protocols for both buses
practically on a eycle-by-cycle ba-
sis, the Multibus II bridge uses
a more loosely coupled approach.
The MMG feels that Multibus II
already has many of the features
of Futurebus +, such as message
passing, geographical addressing,
and automatic identification.
Therefore, the MMG is primarily
interested in gaining access data
on Futurebus +’s high-speed
cache-coherent memory bus.

The data-transport system
uses the ISO 7-layered communi-
cations model and treats the Mul-
tibus II backplane as a local-area
network. The network layer is
implemented in software. The
transport layer uses file-oriented
services, such as streams and
pipes, between different operat-
ing systems. The transport layer
allows different operating sys-
tems to exchange data.
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newly inserted module monitors the reset line to see
if the system is live. If it is, the module sets the reset
line, indicating that the module needs time to align.
All other modules must finish their transactions within
128 psec and end the current arbitration sequence.
This procedure causes the bus to go to an idle state.
After the newly inserted model detects the idle condi-
tion for 1 psec, it issues commands for the bus to
resume operations.

Modules being withdrawn must release any signal
they are asserting in such a way that other modules
do not mistake the release for normal operation. There-
fore, each board requires live-withdrawal circuitry,
which the operator informs via a switch that he is
about to remove the board. The live-withdrawal cir-
cuitry performs the necessary housekeeping needed
to perform a clean module withdrawal, such as copying
and storing information.

A Futurebus+ module must also provide three types
of control-and-status registers: module-capability reg-
isters, module-control registers, and module-status
registers. Module-capability registers contain informa-
tion on the module’s capabilities for packet length,
data-path width, bus mastering, split transactions, and

locking commands. Other module-capability registers
can select an arbitration time delay and the maximum
frame size for a module that supports message passing.
Module-control registers enable data in the capability
registers and change control parameters that affect
bus operation. Module-status registers indicate current
status and error information.

Futurebus+ also provides a message-passing
scheme that allows modules to send or receive mes-
sages from tasks running on other modules. Modules
use predefined addresses within the control-and-status
register as mailboxes to which a module can transfer
a message frame. Because modules only write message
frames to a mailbox, they are distinguishable from
other Futurebus+ transactions. The message frame
consists of a 2-byte header and a body that contains
64 bytes of frame data.

Each module has a mailbox structure that, to avoid
deadlocks due to queues, contains three mailboxes. The
specification defines a request mailbox and its associ-
ated queue for message frames that require an ac-
knowledgment message to be returned to the request-
ing module. The module sends all acknowledgment
message frames to the requesting module’s response
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Multiple processors on multiple bus segments communicate with global memory using split transactions and cache and memory agents
that implement the hierarchical cache-coherency protocols.
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insertion contains circuitry that does the
housekeeping chores to assure smooth board

insertion and withdrawal without interfering
with bus operations.

mailbox. The modules also use the response mailbox
and its associated queue for message frames that don’t
require an acknowledgment.

The modules are not allowed to induce a broadcast
mode on messages received in either the request or
the response mailbox, so the specification defines a
third mailbox for this purpose—the broadcast mailbox.
The broadcast mailbox has an address that is common
to more than one module.

In conformance to the Futurebus+ philosophy of
developing a backplane that is both processor and tech-
nology independent, the specification separates the
logical-layer specification from the hardware specifica-
tion. Currently, the committee, in document P896.2
has identified four different hardware configurations,
called profiles. However, only two of them, A and B,
have been defined for mechanical form factors, power-
supply and signal-pin assignments, and environmental
specifications. The other two, C and D, define cable
interconnections between systems and an EISA-style
hardware model, respectively. The purpose of the pro-
files is to give users different implementations to suit
their needs. Boards plugged into a common backplane
are guaranteed to be electrically and mechanically in-
teroperable.

The specifications for Profile A and Profile B are

96

similar: both support 32 and 64 bits of addressing. The
major difference is the data-path widths. Profile A
states that all backplanes must be wired to support a
64-bit data path with a default to 32 bits; Profile B
defines a standard 128-bit data path, with defaults to
64 and 32 bits.

Profile B contains a subset of the logical-layer specifi-
cations of Profile A. Profile B calls for an I/O bus that
is independent of the memory bus so that the Future-
bus + cache-coherency model doesn’t extend to the I/0
modules. Digital Equipment Corp intends to employ
Profile B for I/O subsystems, which attach to a work-
station through a bus bridge. The host’s cache cycles
do not pass through the bus bridge. Digital’s intent is
to have an I/O bus that, because it doesn’t have to
wait for cache latency times that occur on the host’s
memory bus, has a high throughput.

When will the standard settle?

When the specification was released in February,
the consensus was to use 6U-wide (233.35-mm) Euro-
cards with a depth of 280 mm for Profiles A and B.
However, since the draft was published there has been
a strong drive within the Futurebus+ committee in
favor of an all metric standard. The Eurocard is based
on the hole patterns for a standard 19-in. rack, in which
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Futurebus +

a hole is made every 1.75 in. Therefore, the mechanical
specifications for a Eurocard have a strange mixture
of English and metric units, known as “soft metric”
dimensions.

When the Futurebus + committee met in Stockholm,
Sweden, in May, it standardized on full metric dimen-
sions, calling them “hard metric.” This was done with
an eye toward 1992, when Europe will become one
market. The committee discarded the 96-pin Eurocard
and its connector, which has 0.1-in. pin centers, in
favor of a connector with 2-mm pin centers. The com-
mittee chose a panel height for Profile A and B of 300
mm. After leaving room for card guides, the new board
is 2656 mm wide and 300 mm deep. The committee also
changed the board spacing of the card rack from 1 in.
to 30 mm.

It’s been this waffling on the specifications that has
prevented proliferation of hardware for Futurebus+.
In fact, Futurebus+ backplanes that Mupac and Bice-
Vero introduced a year ago are essentially obsolete
because they conform to the soft metric dimensions in
the P896.2 specification. However these companies still
offer the products as prototype development tools for
developers to learn and experiment with the complexi-
ties of Futurebus+.

Both companies are currently developing hard metric
backplanes, which they will probably announce when
the specification is finalized. In addition, Mupac is de-
veloping hard metric enclosures and prototype wire-

wrapped boards. Augat is also developing hard metric
backplanes, chassis, extender boards, and prototype
boards, but will not offer them for sale until there is
IEEE approval of the specification.
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real-time Ada
Part 3

Ada runtime
environments demand
close scrutiny

The first two parts of this series on Ada presented an
overview of the language and discussed concurrent and
low-level programming. This article, the last in the
series, describes the requirements that Ada runtime
environments must meet and provides criteria for
evaluating Ada vendors’ runtime implementations.

Benjamin M Brosgol, Alsys Inc

Ada isn’t just a pure and rarefied theory. Sooner or
later, an Ada program must run in the real world on
a real computer. Various methods exist for performing
any one Ada function, and every Ada vendor has its
own body of ideas on how to implement Ada.

The runtime model is the compiler vendor’s mapping
of the runtime data and processing of your program
to an efficient implementation on your target hard-
ware. Every Ada implementation must address such
issues as memory-storage organization, data access,
subprogram linkage, code-space minimization, and dy-
namic memory management, among other concerns.
Ada vendors make decisions on how to deal with these
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issues, and real-time programmers must assess each
vendor’s implementation for use in their applications.

How a runtime model organizes memory storage is
an important consideration when choosing an im-
plementation because Ada offers a flexible memory
model. The compiler can store runtime data in three
different ways based on allocation and reclamation
characteristics.

The simplest storage method, static storage, is pre-
allocated at program-load time and only deallocated
upon the program’s termination. Because data objects
declared within library packages are alive throughout
program execution, they can reside in static storage.

A more advanced method is stack storage, which is
allocated and deallocated in a last-in first-out fashion,
so that the portion of memory in use at any moment
is logically contiguous. Local-data objects declared in
a subprogram or block are alive only during that par-
ticular subprogram’s or block’s execution and, thus,
can reside on the stack.

Heap storage, the most flexible but hardest to imple-
ment storage method, is allocated and deallocated dy-
namically, either explicitly by the programmer or im-
plicitly by the runtime executive. The memory portions
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The size of the executing program is criti-
cally important in veal-time envivonments.

in use are not necessarily contiguous. An object that
an Ada “allocator” creates (using the mew construct)
must in general reside on the heap, because it is alive
as long as some pointer or access value contains its
address.

Room for maneuver

Within these general storage guidelines, an Ada ven-
dor can make many implementation decisions that will
affect the efficiency of a program as well as its ability
to declare large data items.

To understand the basis for such decisions, first con-
sider that a characteristic of general-purpose, block-
structured languages like Ada is hierarchical program
structures. These structures let you declare a subpro-
gram locally within another subprogram. Hierarchical
structuring organizes a program to reduce complexity.

A side effect of such a structure is that a subprogram

might refer to data items not declared locally but
rather in some outer, containing subprogram that is
higher in the hierarchy. (In Ada, “program” is not a
general term. The defined Ada term “program” refers
specifically to the entire body of code running—hence
the term subprogram in this context.) A subprogram
may also refer to data items declared “globally,” that
is, in previously compiled library packages. A critical
factor in determining the runtime efficiency of an Ada
program is how the compiler sets up data accesses for
global data, local data, and intermediate (“up-level”)
data declared in outer subprograms.

A main concern for an application programmer re-
garding an Ada vendor’s implementation of static stor-
age is if the upper bound on the size of the storage
area is sufficient for handling programs with large
amounts of global data.

This question arises because most processors have

Building and executing Ada programs

Constructing an executable Ada
program is basically similar to the
steps you would take with other
languages. But Ada has a few
unique requirements that en-
hance interface checking across
separate-compilation boundaries.

When you compile an Ada pro-
gram, you must identify not only
a source file but also a “program
library.” As the term suggests,
a program library is a database
of information about compiled
program units. The compiler and
other tools in the Ada environ-
ment access and update this data-
base. In a cross-compilation envi-
ronment, the program library re-
sides strictly on the host.

Three types of information cor-
respond to each unit in the pro-
gram library. The first is the “ob-
ject code,” which the linker will
combine with other object mod-
ules to form the executable pro-
gram. The second is the “inter-
face information,” which the com-

piler will use when subsequently
translating other units. It guar-
antees that the Ada-language
rules are enforced across sepa-
rate-compilation boundaries. The
third is the “dependence relation-
ship” of the unit with previously
complied units, such as through
an Ada with clause.

Invoking the binder

Ada’s unique binder is a prelink
tool that determines which units
will compose the executable pro-
gram. When you invoke the
binder, you identify the main sub-
program (that is, the subprogram
where program execution will be-
gin) and the program library.
Based on the relationships be-
tween units, the binder deter-
mines which object modules from
the library are needed. Although
binding and linking are conceptu-
ally different steps, in practice
you would likely have the binder
automatically invoke the system

linker to produce the resulting
executable program.

An important optimization for
the binder is to eliminate from
the executable program those
subprograms that are not called.
This elimination is likely to yield
a significant reduction in code
space, because even though an
Ada package can contain a large
number of subprograms, only a
fraction of them may be required.

The binder also ensures that
compilation for an executable
program’s constituent units is up
to date, thus avoiding interface
mismatches. For example, sup-
pose that after compiling a proce-
dure, ALPHA, that takes a pa-
rameter value of type FLOAT,
you successfully compile another
unit, BETA, that calls ALPHA
with a floating-point value. Bind-
ing BETA will be allowed (Fig A).

However, if you subsequently
modify ALPHA to take an INTE-
GER value instead, and recom-
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instructions for fast accesses to data at an offset from
a storage base—but are limited on the size of the offset.
Thus, there is a tradeoff between execution speed and
static-data capacity. Moreover, because the total static-
storage requirements become known only at program-
bind time (see box, “Building and executing Ada pro-
grams” for a description of Ada’s unique binder), the
compiler does not have the necessary information to
choose optimally.

An effective way for an Ada vendor’s implementation
to solve this problem is to provide different strategies
for dealing with “small” and “large” global data. Small
data items can reside in the static-storage area and
be accessed efficiently via a fixed offset from the base
of this region. Large data, on the other hand, can
reside in a different logical-data region. Accesses to
large data use a reference to the actual object’s location
(Fig 1). This reference resides with the small data

items at a fixed offset from the base of the static-
storage region. Thus, an access to a large-data object
may pay the price of one level of indirection, but it
reduces the risk of the global-data requirements ex-
ceeding the processor’s innate size limit on the static-
data area. In some cases, compiler optimizations can

eliminate the indirection overhead altogether.

Another concern for implementing static storage has
to do with a real-time program that runs on a ROM-
based target system: Can constant data and initial val-
ues reside in ROM, and can the program restart with-
out requiring any downloading? Placing read-only data
in ROM requires the compiler to separate statically
known constants from other data. In Ada, you can
declare a constant with a dynamically computed value;
thus, not all Ada constants will necessarily be ROM-

able.

When restarting programs, one has to decide how

pile it, the dependent unit BETA

SOURC[_E e N becomes obsolete. Linking AL-
procedurs BETA I PHA and BETA would be an er-
;‘;;ho”‘ ror, because the interfaces no
SR longer match. In fact, the binder

: PROGRAM LIBRARY will reject any attempt to bind
\ 4 INTERFACE FOR ALPHA OES%C/ILgagE BETA' A blnd Wlll Only Succeed
0 Y after you have corrected BETA
COMPILER )= procedure ALPHA (Y: FLOAT); T (tO pass an INTEGER) and re-

/
!
|

\
\ INTERFACE FOR BETA

compiled it into the program li-
brary.

Program execution

> procedure BETA;

OBJECT CODE
FOR BETA

Executing an Ada program

proceeds in two steps. The first

IDENTITY OF MAIN SUBPROGRAM BETA

step, sometimes known as pack-
age elaboration, comprises the
runtime processing associated
with packages bound into the
executable program (such as in-

Goroe):
BINDER Y
L

A
EXECUTABLE PROGRAM FOR BETA

itializing global data and activat-
ing global tasks). The second step
actually invokes the main subpro-

gram.

Fig A—Ada’s unique binder links compiled program units and checks all the inter-

faces between them.
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Because Ada’s designers wanted to encour-
age good programming practices, Ada offers
the benefits of private types without causing
needless overhead. '

to reinitialize statically allocated data. Ada lets the
programmer specify initial values for variables. The
language also provides default initialization for objects
of certain data types. An example of a declaration with
an explicit initialization is

package P is
ALPHA : array (1..3) of INTEGER :=
end P;

(10, 20, 30);

The example raises the question of how ALPHA
acquires its initial values. The binder could arrange for
initialization during program load. However, this tactic
would make restarting the program on the target hard-
ware without a download to the initialized static-data
area impossible because, during program execution,
the value contained in the variable ALPHA may
change. Instead, the Ada implementation should in-
itialize variables at runtime during the “package-elabo-
ration” process, which precedes the invocation of the
main procedure. The implementation should optimize
this initialization by reserving the values for aggregate
array (10, 20, 30) in the constant area. Program restart
would then simply repeat the elaboration with an effi-
cient block move, rather than with component-by-com-
ponent assignment, before invoking the main proce-
dure.

Capacity for local-data storage

Large locally defined data items present a problem
similar to that of large global data items. The standard
way to implement local-data storage for a block-struc-
tured language is a runtime stack. When a subprogram
calls another subprogram, the act of calling executes
code to claim space at the top of the stack for the called
subprogram’s local data—this space is a “stackframe”
or an “activation record.” Note that the code for this
operation is invisible to the programmer; although it
exists in the runtime image, it never appears in the
high-level-language source.

Typically, a dedicated machine register points to the
base of the stackframe and the subprogram accesses
its local data via offsets from this register. Machine-
architecture limitations on the size of these offsets im-
ply, however, that direct addressing of all locally de-
clared items might not be achievable. Therefore, poten-
tial users should check that an Ada implementation
doesn’t restrict local data to offsets from the
stackframe’s base. Instead, an Ada implementation
should provide a strategy for indirect references to
large data.
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As it does with large data in static storage, the Ada
implementation can reserve space at a fixed offset from
the stackframe base to hold a reference to the large
object. This reference may be either a full-sized offset
(with respect to a particular storage base), a machine
address, or some other form. An example of a large
data item that an Ada implementation might have to
handle is

procedure PROC is

ALPHA : array (1 .. 40_000) of CHARACTER;
. -- Other declared data
begin

end PROC;

ALPHA requires 40,000 bytes of storage, but Intel
8088/80186/80286 wPs, for example, have a size limit
of 64k bytes for procedure PROC’s stack segment.
Thus, ALPHA should not reside on the stack; if it
does, a distinct danger of storage overflow exists. The
Ada compiler can instead reserve a 32-bit pointer in
the stack segment to allow addressing of ALPHA. And
the runtime executive can allocate ALPHA in a sepa-
rate area—the heap.

On the other hand, a Motorola 68000 has a limit of
32k bytes for an offset from a storage base, but this
limit does not constrain the stackframe. A 68000’s run-
time model can partition PROC’s stackframe into two
pieces. The first, a directly addressable part less than
32k bytes in size, contains “small” data objects; its
elements are directly accessible via a fixed offset from
the stackframe base. The second, an indirectly address-
able part bounded only by the addressing space of the
hardware, contains “large” data objects; its elements
are accessed via a full-length offset that resides in the
directly addressable part of the stackframe. Because
ALPHA is a large object, an offset to ALPHA goes
in the directly addressable part, and ALPHA itself
goes in the indirectly addressable part.

An advantage of storing ALPHA in the indirectly
addressable part of the stack versus on the heap is
that returning from the subprogram automatically re-
claims ALPHA’s storage. If ALPHA is instead allo-
cated on the heap, reclaiming its space requires addi-
tional support from the runtime executive. A program-
mer acquiring a compiler that uses the heap implicitly
for storage of large, locally declared data objects should
check that the heap space reserved for each object
gets reclaimed on return from the subprogram in which
the data item is declared. Such reclaiming is essential
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for reducing the risk of “storage exhaustion.”

For some machine architectures, the issue of where
to allocate small or large data objects does not arise.
An Intel 80386 in 32-bit mode, for example, can directly
address even large objects from its stackframe base.
So the 80386 has no need for either indirection on data
accesses or special reclamation support.

One issue that all implementations of block-struc-
tured languages such as Ada must face is how to main-
tain data addressability when invoking a subprogram.
For references to global data this addressability is not
a problem, because a dedicated register typically points
to the base of the global-data area. Similarly, maintain-
ing addressability for local data is not a problem be-
cause a dedicated register generally references the
base of the current stackframe.

For an up-level reference to a data item declared in
an enclosing subprogram higher in the hierarchy, how-
ever, the situation is not quite so straightforward. For
example, a recursive subprogram can have several
stackframes alive at the same time, each with a sepa-
rate copy of the subprogram’s local data. If a lower-
level subprogram, defined locally to the recursive sub-
program, accesses the recursive subprogram’s local
data, the Ada implementation must ensure that the
lower-level subprogram uses the correct stackframe.

package GLOBALS is
I, Jd, K : INTEGER;
VEC 1, VEC 2 & array (1 ..
end GLOBALS;

(@)

40_000) of FLOAT;

STATIC DATA:

J

K HEAP DATA:

REFTOVEC_ 1 |— VEC_1(1)

HEAP DATA:

VEC_2 (1) REF TO VEC_2

VEC_1 (40_000)

VEC_2 (40_000)

(b)

Fig 1—To guard against stack overflow, an Ada implementation
should be able to store large, local-data objects (a) in the heap. A
pointer on the stack accesses such large objects indirectly (b).
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(Note that Ada’s scoping rules are more general than
C’s. In standard C, functions cannot be nested, and
so up-level references do not arise.)

Compiler vendors can use one of two principal tech-
niques to ensure the correct stackframe is used. One
is a so-called “display vector,” which is an array of
addresses for the bases of the stackframes containing
the referenceable data objects. This vector can reside
in a set of dedicated registers or at an accessible area
in RAM.

The alternative technique is to keep, at a known
location in each stackframe, a static link to the
stackframe of the immediately enclosing subprogram,
which is the subprogram that is just one level higher.

Up-level references are likely to occur more fre-
quently in Ada programs than in programs written in
other languages, because of Ada’s package facility.
Typically, a programmer writes a package containing
at least one subprogram that refers to data declared
inside the package. If the package declaration occurs
inside a subprogram, the data objects declared by the
package have the same lifetime as the local data of the
enclosing program. Thus, the package’s subprograms
may have to make up-level references to nonglobal,
dynamically defined data.

These techniques for dealing with up-level refer-
ences are not unique to Ada; they were developed
more than 30 years ago for the first Algol compilers.
On the other hand, Ada does allow important optimiza-
tions of subprogram linkage, and programmers should
check whether a prospective compiler carries these out.

Two factors affect the efficiency of solutions to the
up-level-reference problem. One is the cost of perform-
ing the up-level reference. The other is the cost of
creating the environment (ie, the set of stackframe
addresses for statically enclosing subprograms) when
a subprogram gets called, and restoring the caller’s
environment when the subprogram returns. With both
factors taken into account, the display-vector mecha-
nism tends to be the more efficient mechanism on most
machines.

In some high-order languages, the cost of subpro-
gram calls is so high that programmers avoid using
subprograms and instead construct large, monolithic
units. This practice results in unmaintainable code with
poor modularity. One of the principal design objectives
of Ada was to make subprogram linkages extremely
efficient by providing fast calls and returns and speedy
parameter passing. This efficiency encourages pro-
grammers to write modular code, with subprograms
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In some high-ovder languages, the cost of
subprogram calls is so high that program-
mers avoid using subprograms and, instead,
construct lavge, monolithic units.

corresponding to logically coherent processing steps
and with explicit parameter passing (versus sharing
global data) to reduce coupling between modules.

A compiler designer’s decisions affect the efficiency
of subprogram linkages, and an application program-
mer should check how Ada vendors implement them.
The choices for calling-sequence and parameter-passing
implementations are important, as is minimizing the
time spent maintaining up-level addressability. A good
Ada implementation can yield faster subprogram link-
ages than other languages, such as Pascal, because
Ada doesn’t use subprograms as runtime parameters
and, thus, facilitates certain optimizations.

Ada’s pragma INLINE also helps the language ob-
tain fast subprogram linkages. This pragma eliminates
the cost of calls and returns for short subprograms by
expanding the subprogram, somewhat like a macro,
at the point of call.

The first two articles in this series (EDN, September
3, 1990, pg 153, and EDN, September 17, 1990, pg
151) emphasized the important principle of data ab-
straction, which localizes the effect of maintenance
modifications to data-structure definitions. To obtain
this benefit in Ada, the programmer declares a private
type in a package. Ada’s rules guarantee that only
subprograms explicitly defined along with the type can
manipulate objects of that type. In many real instances,
however, subprograms are short pieces of code that
simply access an element of a data structure. Here,
the cost of the subprogram’s call and return may be
greater than that of executing the actual subprogram
body.

Because Ada’s designers wanted to encourage pro-
grammers to use good programming practices without
sacrificing efficiency, you should not be surprised to
find that Ada does allow the benefits of private types
without causing needless overhead. The pragma IN-
LINE is the way to do this.

Keep program size to a minimum

The size of the executing program is eritically impor-
tant in real-time environments; understanding the
kinds of implementation decisions that affect program
size are, therefore, important too. Because an execut-
ing program consists of both compiled code and run-
time-executive routines, a user should look at both
components when judging the space efficiency of a com-
piler system. A compiler implementor can artificially
reduce the size of the runtime executive by expanding
various runtime services in line. For very small pro-
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grams, this scheme may save space, but for more realis-
tically sized applications, the expansions are likely to
outweigh any savings from a small runtime executive.

At the other extreme, a compiler vendor attempting
to minimize the size of compiled code can use out-of-line
calls instead of in-line instructions. But this tack will,
of course, result in a substantial time penalty. Thus,
assessing code-space efficiency requires inspecting the
sizes of both the compiled code and the runtime execu-
tive, preferably for real applications and not artificial
benchmarks.

An important—in fact, essential—optimization for an
Ada compiler is to eliminate from the executable image
those subprograms for which no calls appear in the
program. This elimination is especially useful in Ada,
because a package used in an application may contain
a large number of subprograms with only a small frac-
tion actually getting invoked. The prelink (binder) tool
in some Ada compiler systems performs this optimiza-
tion.

If the compiler vendor’s runtime executive is itself
written in Ada, then eliminating unused subprograms
in the runtime executive itself will reduce the size of
the executive—a potentially useful side effect.

In addition to eliminating unused subprograms, a
compiler vendor may also supply reduced-size versions
of the runtime executive comprising different sets of
Ada features for different Ada programs. As an exam-
ple, one version of Alsys’s SMall Ada Run-Time
(Smart-Exec) for a Motorola 680x0 target processor
occupies 1.5k bytes without resorting to extra inlining
in the compiled code.

Ada requires dynamic memory management, but its
implementation—particularly the method for storage
deallocation—varies between vendors. Memory man-
agement tends to depend on the application; an im-
plementation appropriate for an artificial-intelligence
program will probably be unsuitable for real-time appli-
cations. For real-time applications, the Ada implemen-
tation must provide several dynamic memory-manage-
ment characteristies.

One such characteristic is immediate unchecked de-
allocation. Using Ada, an application programmer can
reclaim, explicitly, the storage space that an allocated
object occupies. Deferring a deallocation is of little use
because storage overflow may occur in the application
program.

The Ada implementation must also provide support
for the pragma CONTROLLED and for the 'STOR-
AGE_SIZE representation clause. Ada programmers
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should be able to ensure that they can reclaim the
memory space occupied by an entire set of objects
allocated for a particular “access type”—also known
as the access type’s collection—when their program’s
control leaves the scope of the access type. The Ada
implementation can arrange this reclaiming through
the pragma CONTROLLED, which is either explicitly
provided by the programmer or automatically supplied
by the Ada implementation for nonglobal access types.
An alternative technique for reclaiming memory space
is through a “representation clause,” which associates
a collection size (STORAGE_SIZE) with an access
type.

Although the Ada language allows an implementa-
tion to provide automatic “garbage collection” when
storage is exhausted, such an approach is not appropri-
ate in real-time applications. Automatic-reclamation
schemes suffer from unbounded execution times, which
could cause your program to miss a critical deadline.
Similarly, “on-the-fly” incremental-reclamation tech-
niques also incur too much overhead for real-time sys-
tems. Furthermore, the execution time for an alloca-
tion and for a deallocation must be predictable, so that
the programmer can ensure that his or her program
meets its real-time deadlines.

A potentially lethal bug for the kinds of long-running

programs that are typical in real-time applications is
the phenomenon known as storage leakage—gradually
exhausting dynamic storage by failing to reclaim stor-
age that is no longer used. If, in a program comprising
a loop, even a small amount of storage is used but not
reclaimed at each loop iteration, the program will even-
tually terminate with a STORAGE_ERROR excep-
tion. Part of the responsibility of preventing this error
rests with the programmer, but the Ada implementa-
tion of the runtime executive must also be designed
properly. In particular, when control passes out of any
scope, whether normally or through a “propagated”
exception, the runtime executive must completely de-
allocate any storage that it implicitly allocated during
the execution of the scope (as well as storage from
access types that are local to the exited scope). Simi-
larly, storage for a terminated task must be completely
reclaimed.

The Ada implementation should avoid fragmentation
that can cause STORAGE_ERROR. In some cases,
depending on the execution order of subprograms that
allocate and deallocate memory, the heap can get frag-
mented. If it does, the total available space might sat-
isfy a request from an allocator, but the largest contigu-
ous free area could still be too small. Because automatic
compacting would violate the requirement for predict-

Glossary of Ada terms

Allocator (new)—An Ada feature
that dynamically creates an ob-
ject and delivers an “access
value”—or pointer—to designate
the object.

Binder—The tool in an Ada com-
pilation system that, when given
the name of the main subprogram
and the identity of a program li-
brary, determines the compila-
tion units needed to compose the
program and (as a user option)
links them to form an executable
program.

Heap—A storage area containing
data objects whose allocation and
reclamation is not necessarily
last-in first-out. The heap, there-
fore, requires explicit reclama-

tion support from the program-
mer or the runtime environment.
Package elaboration—The in-
itializing step at program execu-
tion before the main subprogram
is invoked.

Pragma—A directive to the com-
piler, typically for optimization.
Runtime model—The set of deci-
sions made by the compiler ven-
dor that governs the compiled
code’s and runtime environ-
ment’s usage of target-machine
resources.

Runtime stack—The data stor-
age area for each task, managed
in last-in first-out fashion, that is
used at runtime for subprograms’
parameters and local variables.

At any point in program execu-
tion, a task’s stack consists of a
sequence of stackframes for sub-
programs whose execution is in
progress.

Scalar—A data item having a nu-
meric or enumeration type.
Scope—A region of program text
in which a declared name has
meaning.

Stackframe—The segment of a
runtime stack containing the pa-
rameters and local data of a sub-
program.

Subprogram linkage—The
conventions for calling and re-
turning from a subprogram, es-
tablishing data addressability,
and passing parameters.

EDN October 1, 1990

107



One issue that all implementations of block-
structured languages such as Ada must
face is how to maintain data addressability
when invoking a subprogram.

able execution times, this issue is more in the domain
of the application programmer. Nevertheless, some
heap-management methods are less prone than others
to storage fragmentation, so the application program-
mer should check the characteristics of an Ada im-
plementation to see if fragmentation will be an issue.
Note that some Ada implementations allow applica-
tions programmers to tailor storage-management algo-
rithms or to monitor heap usage as the program runs.

Choosing an exception-handling approach

An Ada implementation’s exception-handling facility
should detect and respond to synchronous runtime
events that occur infrequently (which are most often
errors) and that do not require control to return to the
point of occurrence. Examples include arithmetic and
buffer overflows, and data-format errors. The runtime-
system designer’s main implementation decisions are
how to detect where an exception is raised, and how
to find an associated handler.

The choice depends on the tradeoffs that the runtime
system makes. If the goal is to minimize the time spent
in raising and handling exceptions (at the possible ex-
pense of subprogram linkages), then at each subpro-
gram call, the runtime system passes an implicit pa-
rameter identifying the location of the handlers for
exceptions that the called subprogram might raise.

On the other hand, if the goal is to optimize subpro-
gram calls, the runtime system passes no exception-
related information at subprogram invocation. Instead,
the compiler and binder generate scope and handler
tables. The exception manager code in the runtime
executive interrogates these tables only when an ex-
ception is raised or propagated.

Because Ada’s designers intended exceptions only
for infrequent events, the table approach is preferable.
Its efficiency in dealing with normal subprogram calls
more than offsets its extra cost when raising or han-
dling exceptions. Subprograms are such an important
program-structuring technique that users should view
them as essentially zero-overhead features. Thus,
there should be no exception-related costs to subpro-
gram calls.

The tasking features in Ada for real-time applica-
tions place demands on the design and implementation
of the runtime system. The principal issues are time
efficiency, space efficiency, and real-time functionality.

Certainly an important consideration is the speed
of the Ada “rendezvous.” The compiler can and should
detect special cases and handle them in the most effi-
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cient way. One example of a rendezvous that needs
special handling is the so-called synchronization rendez-
vous (Fig 2). The call DEVICE_1.READY is for syn-
chronization, not data communication. If DEVICE_1
is suspended at its accept and then the higher-or equal-
priority task DEVICE_CONTROLLER executes the
entry call, no real need exists to switch contexts to the
DEVICE_1 task. Instead, the runtime system can
simply mark DEVICE_1 as eligible for execution, and
DEVICE_CONTROLLER can continue immediately;
no context swaps are involved.

There are several space-related issues associated
with implementing tasking in an Ada runtime system.
One is the size of the task control block—the repository
of state information for a task during its execution.
To support large numbers of tasks, the task-control
block should be compact. Another issue is the size of
each task’s stack. The programmer should be able to
specify stack sizes (through the 'STORAGE_SIZE rep-
resentation clause), because a task will often not need
much stack space. Moreover, once a task terminates,
the runtime system should immediately reclaim all the
task’s resources.

A final tasking consideration is load insensitivity.
The number of tasks in the program should not affect
the speed of tasking operations.

Runtime functions

Real-time applications demand that the Ada runtime
system support certain functions. For example, when
a delay for a high-priority task expires, the runtime
executive must immediately pre-empt any executing
lower-priority task so that the awakening task can run.
As another example, executing an abort statement
must immediately place the aborted task in an abnor-

task DEVICE_1 is
entry READY;

end DEVICE_1;
task DEVICE_CONTROLLER;
task body DEVICE_1 is
begin
ees -- Initialization
accept READY;
end'l.Jl.!VICB_l:
task body DEVICE_CONTROLLER is
begin’
I'Ji;ucn_x.mml;

... == Continue, knowing that DEVICE_1 initialization has occurred
end DEVICE_CONTROLLER;

Fig 2—The DEVICE_CONTROLLER task executes a rendezvous
for synchronization, not communication, purposes.
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A critical factor in determining the run-
time efficiency of an Ada program is how
the compiler sets up data accesses.

mal state. Deferring these operations could lead to
missed deadlines, so an implementation that uses a
polling scheme-—waiting until synchronization points
to identify the highest priority task eligible to run—is
not appropriate for real-time applications. Users should
also be able to control certain aspects of scheduling
behavior, such as whether equal-priority tasks are
time-sliced or run until blocked.

Recently, some developments have occurred in real-
time scheduling theory that apply to Ada. The main
developments are based on the rate-monotonic schedul-
ing algorithm, which assigns priorities to periodic tasks
so that the tasks with the shortest periods get the
highest priorities. If rate-monotonic scheduling is used,
then an application programmer can guarantee that
the deadlines of all the periodic tasks will be met,
provided that the total processor utilization is less than
a bound given by a simple arithmetic formula. A real-
time programmer can thus express an application using
Ada tasks, with the runtime executive automatically
multiplexing the tasks, rather than take the error-
prone approach of developing a cyclic executive and
performing explicit task switching.

One potential problem whenever tasks are not inde-
pendent is priority inversion—the blocking of a higher-
priority task by an executing lower-priority task. Cer-
tain kinds of priority inversion may be unavoidable,
for example, in instances when tasks of different priori-
ties are using a shared resource. Suppose that a low-
priority task is accessing such a resource (for example,
sending output to a display). If a high-priority task
awakens, it will pre-empt the low-priority task and
begin executing. However, if the high-priority task
then tries to access the same shared resource, it will
be blocked, the low-priority task will resume, and the
high-priority task will only be able to continue when
the low-priority task has finished with the resource.
Although this is a form of priority inversion, it is
needed to prevent uncontrolled accesses to shared re-
sources. :

Other forms of priority inversion may arise under
certain scheduling algorithms. Several approaches are
available for dealing with priority inversion, such as
alternative scheduling mechanisms provided as a sup-
plement to the vendor’s Ada runtime executive, or
stylistic guidelines for application programmers in com-
posing tasks and assigning priorities. The stylistic ap-
proach has the benefit of portability; it does not require
specific support from an Ada vendor’s runtime execu-
tive.
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The second part of this series described how you
could program interrupt handling in Ada. In short, the
challenge is to use Ada for interrupts but to avoid
task-scheduling overhead. One approach is to differen-
tiate between the immediate processing and the de-
ferred processing associated with an interrupt. The
CPU carries out immediate processing at hardware-
interrupt-priority level where it performs hardware-
specific actions. Deferred processing begins by invok-
ing a “task entry” to an interrupt-handler task with
the hardware-level interrupt’s data.

An application programmer would want interrupt
handling to be expressive and efficient, and have low
interrupt latency. The programmer should be able to
write interrupt handlers either in Ada or in assembly
code; the time between the interrupt and the invoca-
tion of the user-supplied routine should be minimal;
and the runtime system should also minimize the
amount of time during which it disables interrupts.

Configurability and kernel interfaces

Configurability is the user’s control over the target-
system configuration; in particular, the matching of
the runtime executive’s software to the target board.
Any facility for adapting the runtime executive should
assume that the application programmer is familiar
with the target board but not necessarily an expert
on how the vendor’'s Ada runtime executive works.
The programmer certainly should not have to modify
the executive’s source code. The availability of sample-
board support packages illustrating how to configure
the runtime system is essential. The user should be
able to specify such configuration parameters as the
amount of target RAM and such routines as simple
(serial) host/target-communication routines, program-
startup routines, console input-output routines, timer-
management routines, and file and device input-output
routines.

The configuration routines and the application code
require access to a variety of low-level services, so a
bare machine kernel should be available to perform
functions such as installing interrupt handlers, obtain-
ing absolute time, servicing an alarm expiration, read-
ing a character from console input, and writing a char-
acter to console output.

Supplementing the bare machine kernel, a real-time
kernel is also useful for low-level control over runtime
behavior. An Ada package can provide the appropriate
interface, including subprograms that enable and dis-
able task scheduling, obtain or modify a task’s priority,
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Fluke Beckman Industrial
Feature Model 77 RMS225
Digits 3-12 Digits 4 Digits
gl e Resolution 3,200 Counts 10,000 Counts
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Automatic Reading Hold Touch Hold" Probe Hold™
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Beckman Industrial” 3 Year Warranty v v
- -, = True RMS v
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Relative Mode v
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any meter in its class. And like all the will be obvious.
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PADS is a Personal Computer based Printed Circuit

2””” board design system with many advanced

features capable of outperforming most Work-
station-based CAD systems—at a fraction of the cost.

As the most productive PC based board CAD system available today,
PADS-2000 can handle complex designs including: double sided
surface mount boards, mixed technology boards, high speed designs
and layouts exceeding 2000 IC's.

PADS-2000 design functionality includes:

® Over 11,000 parts/32,000 connections @ 1 micron Resolution
® True T-Routing capability @ Intelligent Copper Pour feature leaving
isolated tracks and pads @ 0.1° parts/pads rotation ® Extensive
Macro capability @ Digital, Analog and Critical Circuit autorouters
® On-line and Batch Design Rule Checking ® Instant track/segment
length measurement ® Complete Forward/Backward ECO capability
® Uses 32 bit/386 native code for increased speed and functionality
® Easy-to-learn and Easy-to-use

Call today for a demonstration at your local authorized CAD Software
Dealer.

Ask about our affordable Leasing Plan.

inside Ma: (508) 486-8929 outsice wa: (800) 255-7814 Q'lp
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\‘9 HERE'S YOUR SOLUTION
‘\‘@ TO COMPUTER CONTROLLED
AC POWER—15kVA TO 100kVA

Finally, the first low cost, computer
controllable AC Source for large
power applications. With Behiman's
PA Series you have complete control
of output frequency and voltage
wave form characteristics. Plus
measurements of all output
parameters are reported over the
front panel display and the computer
interface. A small footprint, high
reliability and modular expansion,
make the PA Series the most
attractive and cost effective solution
for manual or computer controlled
power applications.

® Burn-in

: o ATE Systems
e Quality Control e aboratories
o Facility Power e Avionics Testing

® Flightline/Marine e Motor Generator Replacement

When you need AC Power, think Behlman. 7
Call or write today for more information. [ Call (800) 456 20061

BEHLMAN

An Astrosystems Company

2021 Sperry Avenue, #18
Ventura, California 93003
Phone (805) 642-0660
FAX (805) 642-0790
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enable and disable interrupts, and read or write a byte
from or to a port.

Ada provides a natural-language tool for real-time
programmers, with features to express parallelism, in-
terrupts, and low-level control. Its high degree of com-
pile-time checking detects errors early. Language con-
structs alone, however, are not sufficient. To realize
the potential benefits of Ada, users should check that
compiler implementors meet hard runtime require-
ments in the areas of speed, compactness, capacity,
predictability, and configurability.
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EDN'’s October 11, 1990, issue will feature a staff-
written Special Report on video A/D converters. Part
3 of the real-time software programming series will
discuss verbal and graphical requirements models for
formulating operating-system behavior. EDN’s DSP-
chip directory will provide detailed descriptions of
many DSP products. And we will preview the 1990
Electronica show.

In EDN’s October 25, 1990, issue, a special test
and measurement issue, look for coverage of low-cost
digital oscilloscopes and portable PCs as instrument
controllers.
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Neural technology for everyday
applications! Micro Devices
combines the latest in artificial
intelligence ICs with a hardware
neural network in its MD1210 Fuzzy
Set Comparator.

Capable of comparing eight un-
knowns to one known or one
unknown to eight knowns, the
FSC delivers a decision in as little
as 250 ns! And the device’s ex-
pandable architecture allows
simultaneous examination of up
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to 256 fuzzy sets — with no loss
of speed!

The FSC is ideal for recognition
systems (object, voice, currency,
fingerprint, etc.), security and
surveillance, target acquisition
and tracking, CAM, robot control
and a myriad of other applica-
tions. The device is appropriate
wherever noisy, fragmentary, in-
accurate or real-time data must
be relied on.

Using off-the-shelf memory
devices and a standard

|
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microprocessor interface, the
unit is versatile, economical
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and easy to implement in
design.
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MD1210-2 (40-pin DIP)

MD1210-1 (68-pin PLCC)
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For detailed specifications
and application aid, contact
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Micro
Devices

30 Skyline Drive

Lake Mary, FL 32746-6201 USA
Telephone 407/333-4379;

FAX 407/333-4479.
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A few words of advice from
high-performance uPLDs.

Chill out, PAL.

7 designers have hot, high-performance system heat by 35 percent and help reduce
designs. Literally. board-level failures, too. So they’re certain to
Fortunately, Intel has a simple way to reduce  give your high-performance system a boost. And
system heat and still get incredible performance.  send chills up the spine of your motherboard.
The pPLD Family of programmable logic devices. Learn more about Intel puPLDs and receive a
Take, for example, the 85C220 and 85C224. UPLD/PAL heat comparison. Call (800) 548-4725
They operate at 80MHz (100 MHz internally) with and ask for Literature Packet #1A28.
only a 10ns total propagation delay. Otherwise, you could take some heat over
And since pPLDs are manufactured using your system design.
Intel’'s CHMOS* technology, they require just

[ ] ®
1/4 the power of their pin-compatible bipolar In
PAL* alternatives. Which means they can lower

© 1990 Intel Corporation. *CHMOS is a patented process of Intel Corporation
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The multitasking mindset
meets the
operating system

Part 2 of this series delves further into the nature of real-
time programming. It addresses some of the concerns that
are unique to veal time and describes how the programmer
and the operating system handle these concerns.

David L Ripps, Industrial Programming Inc

One of the most difficult aspects of real-time work is
getting into the right mindset. You must become accus-
tomed to multitasking: to thinking in terms of multiple
threads of execution running in parallel.

OS service is perfectly predictable. Random variations
in performance are inherent in the nature of real-time
programs.

Furthermore, under certain conditions, the small
variations due to random interrupts can magnify into
chaotic behavior. Suppose ordinarily there is barely
enough time to perform some sections of a cyclic or
repetitive application. Suppose, further, that the pro-
gram takes a different path when one of these precari-
ous sections is unable to finish in time. On most cycles,
there is sufficient time and the program follows its
normal path. Occasionally, an unfortunate combination
of interrupts causes a time out and then the program

An interrupt can occur between any two
instructions within a task. This may re-
quire the operating system (OS) to sus-
pend the currently executing task and
start another. The suspension and later
resumption are handled completely by
the OS; they are “invisible” to the task.
Nevertheless, this discontinuity can
have several important side effects.

diverges onto an alternate path. This
variation, in turn, can affect the timing
on the next cycle. The result can be a
radically different pattern of behavior
generated by a very small variation in
the arrival time of an interrupt. For a
discussion of chaotic phenomena in real
time systems, see “Inner Rhythms” in
James Gleick’s book on chaos (Ref 1).
A second side effect of a multitasking

In a real-time application, the arrival

organization concerns any alterable data

of an interrupt is normally random with REAL-TIME that is shared at the task level. Consider
respect to the portion of code that hap- PROGRAMMING a concrete example. Task U is perform-
pens to be executing. The interrupt PART 2 ing some calculations with a set of

must be serviced. This delays the inter-

shared, alterable data. Without any

rupted code. As a result, the execution

time for any portion of task code may be unpredictable.
This is true even if the time to perform a given line
of (uninterrupted) application code or to supply a given

From the book, An Implementation Guide to Real-time Programming, by
David L Ripps, ©1989. Excerpted by permission of Prentice-Hall Inc, Engle-
wood Cliffs, NJ.
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warning, U is preempted by task P,
which happens to be another user of the same data.
If P were permitted to change the data, the results
of the calculations performed by U would become unre-
liable.

The solution to such problems cannot be to disable
interrupts. That technique can lead to the loss of any
short-lived data whose arrival is signaled by an inter-
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rupt. Nor can the general solution be to raise a task
to the highest level of urgency so that no other task
can pre-empt it. In a single-processor system, only one
task can protect itself by being most urgent. In a multi-
processor system (that is, a system with two or more
processors executing task code), even the most urgent

task may find itself sharing data with a less urgent
task that is executing on another processor.

Luckily, there are facilities within a real-time operat-
ing system that enable a task to block temporarily
other users of the same data (see the discussion of
semaphores and controlled shared variables later in
this article). But this is where mindset comes into play.
The OS cannot automatically set up this type of protec-
tion. The designer of the task code must remember
to ask for the protection before the first access of the
data and must remember to release the protection after
the last access.

Coordination and communication

Part 1 of this series defined a task as a complete
program that is capable of independent execution. This
is true, but it needs further refinement. While a task
is physically complete and executable, it is not logi-
cally independent of the other tasks.

Each task performs a small part of the overall appli-
cation, working in parallel with other tasks. At various
points, the tasks must coordinate their activities. For
example, a task that does an initial analysis of raw
data must wait for the task that captures the data to
build a complete set of values. The task that performs
a deeper analysis, in turn, must wait for the results
of the preanalysis. Similarly, when several tasks output
reports on a shared terminal, each must wait until it
can have exclusive access to the device. Otherwise,
the intermixed display might be unintelligible.

Thus, tasks are not independent; they share common
goals, common data, and common hardware. As a re-
sult, they must rely heavily on the OS to coordinate
their individual executions. Planning the way tasks
will coordinate and communicate is a major part of the
design of a real-time application. These two concepts,
coordination and communication, are common threads
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that are woven throughout the services provided by a
real-time operating system.

Coordination and synchronization

Coordination is the blocking of a task until some
specified condition is met. With this broad a definition
of coordination, a task can coordinate with physical
events as well as with itself and other tasks. For exam-
ple, when a task pauses, it is blocked until the specified
time elapses. The task is therefore coordinating with
the physical clock.

Often a task coordinates with another task; the con-
dition that task W is waiting for is set by another task,
C. As you will see later, it is even possible for a task
to become unblocked by a set of conditions that are
supplied jointly by one or more tasks and by a physical
device (the clock). Thus, coordination is a very general
term for any self-imposed (that is, requested) suspen-
sion of the execution of a task. In every case, it is the
OS that performs the requested suspension and even-
tual resumption of task activity.

The term “synchronization” is often applied to what
this article is calling coordination. Some authors limit
synchronization to task-to-task interactions and so
would not apply the term to a pause.

Self-coordination

A few services provided by an OS are guaranteed
to return immediately with the desired result; they
never block the task. Examples are the services that
just return information held by the OS, such as the
caller’s priority or the current time of day.

In contrast, any service that requires the allocation
of a resource (such as memory) or that needs a task-
level object to be free may be delayed until the re-
source or object becomes available. Such services in-
volve coordination. In this case, the task is coordinat-
ing with itself, or more precisely, with the completion
of a service it itself requested.

The simplest way to coordinate is merely to block
the task until the service is finished. And in many
cases, the simplest is best, especially if the task cannot
perform further work until the service is done. Most
real-time operating systems provide this coordination
mode.

The problem with waiting until a service is com-
pleted is that there is no guarantee that the service
will ever be completed or that the waiting time will
not compromise other more urgent aspects of the task’s
work. Many critical real-time applications cannot risk
any uncontrolled waits. Thus, the operating system,
MTOS-UX, permits the basic coordination mode to be
augmented by a maximum wait time. If the request

EDN October 1, 1990



cannot be processed within that time, the request is
timed out and the task continues. If this occurs, the
OS informs the task of the failure. The interval can
be zero to provide “fail unless immediately available.”

“No coordination” is another mode that is available
for many services. In this mode, the OS permits a task
to send a message with no coordination if the sender
does not care when the message is received.

Finally, there are times when a task needs a service
performed but would like to defer coordination until
later. Suppose task R wants to have three other tasks
started now, but would also like to continue to do other
work. Upon the completion of that other work, R is
willing to wait for the termination of the three tasks
it started. Such deferred coordination is permitted un-
der MTOS-UX through the event flag machinery. As
you will see later in this article, each start request
would specify a different local event flag, an internal
bit that can be set when the service is completed.
Later, task R would ask the OS to block it until all
three bits have been set.

Communication

Communication is the transfer of information be-
tween tasks. I/0 covers the transfer of information
between the external world and a task. Communication
can proceed directly from one task to another. For
example, when task S starts task T, S can transmit
an argument to T (just as the caller can pass an argu-
ment to a procedure). Often, however, communication
is best mitigated by a separate object, called a message
exchange. This is a public queue to which any task can
send a message and from which any task can receive
a message.

Commonly, communication involves coordination. It
is unusual to seek a message and not wait for it to
arrive. However, the sender of a message may not
need to wait for it to be received.

OS objects and their functions

A real-time operating system is an object-oriented
program. The primary objects it deals with are execut-
able objects (tasks), communication/coordination ob-
jects (message exchanges, event flag groups, sema-
phores, and controlled shared variables), and I/0 ob-
jects (peripheral units). Objects can be created and
destroyed. Each object has a set of functions that apply
only to that class of objects. You can start a task
executing; it is erroneous to request a message ex-
change to start executing.

One measure of the richness of a real-time operating
system is the number of distinct types of objects it
provides and the number of manipulations on those
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Fig 1—Task control is a basic function of the operating system.

objects that it permits. By that measure, the illustra-
tive OS chosen for this series of articles (MTOS-UX)
is a very rich system. The objects and service functions
supported by MTOS-UX are summarized very briefly
in the next eight sections of this article. Each synopsis
is greatly expanded in a later part of this series.

Task control services

One task can create another task. The creator speci-
fies the basic attributes of the new object: its entry
point, stack size, default priority, and so on. A newly
created task is not yet executing; it is Dormant.

Any task (R) can request that any task (T) start
executing. R can select the priority with which T will
begin to run. R can pass an argument on to T. R can
indicate what should happen if T is already executing,
and thus cannot be restarted immediately. The choices
are: (1) to queue the restart request or (2) to abort it.
Finally, R can specify if it will: (1) continue to execute
in parallel with T, (2) wait until T starts because of
this request (in case T is not immediately available for
restart), or (3) wait until T both starts and terminates
because of the current request. As Part 4 will explain,
there are cases in which all three types of coordination
are required.

A task can dynamically change its own priority. It
can also change the priority of another task. When a
task finishes executing, it can simply terminate. This
makes the task available for restart by another task.
Alternately, a task can terminate now and be automati-
cally restarted at a specified future time. This latter
option is needed for cyclic tasks that perform some
action periodically. In many real-time applications,
tasks persist for the entire life of the system. Never-
theless, a task can request to be both terminated and
then deleted. Fig 1 provides a complete list of task
services; the primary discussion will appear in Part 4
of this series.

Event Flags

Event flags broadcast information that can be em-
ployed in intertask coordination. Any task can create
a public-event flag group. Each group contains 16 bits
that can be independently set or reset by any task.
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The individual bits represent information that is mean-
ingful to the application. For example, setting bit 2 in
group 'PNTS’ might mean that the printer has been
installed. (Any such logical significance of the bits is
unknown to the OS, which just views the event flag
group as 16 alterable bits.)

Any task can wait for an AND or OR combination
of the bits within a given group. If an AND combina-
tion is specified, all of the selected bits must be set
before the task continues; if an OR combination is speci-
fied, the task continues when any of the selected bits
is set.

When a bit is set, all tasks whose AND or OR condi-
tions are now satisfied become unblocked simultane-
ously. The task that sets a bit need not know the
specific identities of the tasks that will use the informa-
tion. Correspondingly, the task that uses the informa-
tion does not have to know which task or tasks supply
it. Thus, event flags are a mechanism for disseminating
information to any or all tasks that may wish to know it.

Event flag bits remain at the last value supplied by
a set or reset service call. The act of continuing a task
that has been waiting for an event flag to be set does
not automatically reset the bit. In other words, event
flag bits are not “consumed” by being used for coordi-
nation. Fig 2 lists event flag services; the primary
discussion will appear in Part 7 of this series.

Semaphores and controlled shared variables

Tasks often share groups of alterable data, such as
a set of variables that is maintained jointly by two
tasks, A and B. While A is working on the data, B
must not be allowed to alter any of the variables, and
vice versa.

Semaphores are a traditional means to protect
shared, alterable data. A task creates a semaphore for
a given set of data. Thereafter, every task that needs
access to the data first requests the OS to block it
until the semaphore is free. If the semaphore is already
free, the task continues; otherwise the task waits.
Waiting for the semaphore is equivalent to waiting
until no other task has access to the same data. When
the task that has the semaphore is finished with the
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variables, it asks the OS to release the semaphore. If
any tasks are waiting at that point, the most urgent
one is then permitted to continue. If there are no tasks
waiting, the semaphore is kept free until the next re-
quest for it.

Controlled shared variables (CSVs) are an extension
of the simple semaphore concept. With a semaphore,
a task can request only unconditional access to a given
set of variables. All the OS requires is that the sema-
phore be free; the variables themselves do not have
to satisfy any particular condition. With CSVs, a task
can request that the exclusive access not occur until a
specified relation between the variables is true. Thus,
a task could stipulate that it needs exclusive access to
the windows data for the system console, but only
when a window of a given size is available. This exten-
sion avoids the inefficient task-level polling of the vari-
ables that would otherwise be required. Fig 3 lists
semaphore and CSV services; the primary discussion
will appear in Part 9 of this series.

Message exchanges

Message exchanges facilitate communication among
tasks. Any task can create a message exchange. There-
after, any task can send a message to the exchange,
and any task can receive a message from it. A message
is queued at the exchange if no receiver is immediately
available to take it. Directing messages to a separate

crefg Create group of (global) event flags.

srsefg Immediately set or reset event flags.

srslef Immediately set or reset local event flags of given task.
sgiefg Set event flags after given interval of time.

waiefg Wait until event flags are set.

dlefg Delete a group of (global) event flags.

Fig 2—Event flags broadcast information that is useful for task coordination.

crsem Create (counting) semaphore.

‘waisem Wait for given (counting) semaphore to be free.
rissem Release semaphore

Cantmlled Sllued Variables

cresv Create group of controlled shared variables.

usecsv Wait for exclusive control over group of controlled
shared variables.

waicsv Vaitfor function of controlled shared variables to be

rlscsv Re!ease group of controlled shared variables.

dicsv Delete group of controlled shared variables.

Fig 3—Semaphores and controlled shared variables keep tasks from improperly
altering shared data.
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communication object (the exchange) makes it possible
for multiple tasks to respond to messages held in a
common queue. This design was inspired by the single
line at a bank with several tellers.

MTOS-UX provides two different implementations
of a message exchange. The first is called a mailbox.
For this class of exchanges, there is no limit to the
size of a message and no limit to the number of mes-
sages that can be queued awaiting a receiver. Both
sender and receiver have full coordination capability,
so that the sender can wait for the receiver and vice
versa.

The second implementation is called a message
buffer. It restricts messages to the size of an address
(since the message is typically a pointer to a block of
parameters or text). Each buffer has a finite capacity
that is specified when the buffer is created. There are
only two levels of urgency, equivalent to first-in, first-
out and last-in, first-out queuing. The sender always
deposits a message without coordination. If there is
no message available, the receiver has only two coordi-
nation options: to return immediately without a mes-
sage or to wait without limit for a message. Building
in these fixed options—which are the ones most com-
monly selected when full coordination is available—
makes the exchange services extremely fast. Fig 4 lists
message exchange services; the primary discussion will
appear in Part 8 of this series.

Input/output

Input, output, and related functions provide a
mechanism for communication between a task and the
external world. This communication may be performed
at the physical or logical level.

At the physical level, a task selects a particular de-
vice—a certain console, printer, disk drive, and so on—
and performs a fully specified operation on that device.
A typical function is to write a given block of text to
a console or to read a given sector from a disk into a
given input buffer. Once a task requests such a service,
the OS performs all the details of the physical transfer,
including handling any interrupts generated by the
device.

Input and output can also be performed at the logical
level via a file system. In this case, the task specifies
a file, a function, and the associated input buffer or
output data. The file system (not the task) determines
the placement of the data on the disk. Fig 5 lists physi-
cal 1/0 services.

Signals
A signal is a software interrupt that may be handled
at the task level. Since a task can send a signal to
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Mailboxes

opnmbx Open mailbox, creating it if it does not alrcady cxist.

sndmbx Send message to mailbox.

rcvinbx Receive first available message from mailbox.

clsmbx Close mailbox.

dimbx Delete mailbox.

Message Buffers

crmsb Create message buffer.

getmsb Get identifier of message buffer.

putmsb Post message to the beginning of buffer.

putmse Post message to the end of buffer.

getmsn Get message from buffer. Return if message is
not available.

getmsw Get message from buffer. Wait if message is not
available.

dimsb Delete message buffer.

Fig 4—Mailboxes and message buffers facilitate communications among tasks.

another task, or to a group of tasks, signals are a
means of intertask coordination or communication. A
task may also elect to have a signal sent to itself upon
completion of a requested service. Thus, signals are
also a means of deferred coordination, an alternative
to event flags. MTOS-UX defines 32 signals of which
17 are available for coordination or communication. The
remaining 15 are dedicated to error recovery.

Each task selects its own response to the arrival of
a signal. A common response is to execute a given
task-level procedure and then return to the point of
interruption. Other possibilities are: (1) to ignore the
signal, (2) to terminate the receiving task, or (3) to
halt the task and invoke the debugger to restart it. A
task can determine its current responses and can alter
them dynamically.

A task can pause until a signal arrives. It can also
ask the OS to send a signal to itself or to another task
after a given interval. Signal-handling capability is an
inherent property of a task and need not be created.
Fig 6 lists signal services; the primary discussion will
appear in Part 10 of this series.

Time and time of day

A task can pause for a given interval of time. During
that time, the task is blocked from executing. The

Peripheral 1/0
crpun Create peripheral unit to run under given driver.
getstc Get identifier of standard console for requesting task.
setstc Install given unit as standard console of requesting task.
getuid Get identifier of unit with given key.
pio Perform 1/0 and related functions on given

peripheral unit.
System
getidn Get system identification data.

Fig 5—I/0 functions provide communication between tasks and the extcrnal
world.
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pause can be canceled by another task that wants the
task to resume immediately. To strengthen the use of
pause/cancel-pause as a means of coordination, the
original pause can be “forever.”

Any task can submit an ASCII clock/calendar string
to the OS. Thereafter, the OS will update the string

every second. Any task can receive the current value
of the string. A task can also pause until a given time
of day. This can be a definite time, such as 12 noon,
or an indefinite time, such as 30 minutes after the hour.

Various services have time-dependent options. For
example, if requested to do so, the OS will set a given
event flag after a specified interval or will send a given
signal to a particular task after a specified interval.
The option of limiting the wait for a service to a maxi-
mum interval has already been mentioned. So has the
service that automatically restarts a periodic task. Fig
7 lists time and time-of-day services; the primary dis-
cussion will appear in Part 6 of this series.

Shared-memory management

It is quite common for the sum of the maximum
memory requirements of each individual task to far
exceed the instantaneous needs of all the tasks taken
together. For example, each of 20 tasks might need
10k bytes of work space at some time during their
execution (for a theoretical worst-case total of 200k
bytes). Yet, because of the way the memory needs are
phased among the tasks, only 50k bytes are needed
at any given time. These observations have led to the
concept of memory sharing via pools.

A pool is a contiguous chunk of memory that is
turned over to the OS to be allocated to individual
tasks upon demand. The memory within each pool is
divided into blocks of fixed size. MTOS-UX provides
two types of pools. In one, a fixed-block pool, each
allocation delivers exactly one block. In the other, a
common memory pool, a task can receive a contiguous
area of any desired size even if it spans several blocks.

With either type of pool, a task that seeks an alloca-
tion of memory that is currently not available is given
the opportunity to wait until the request can be satis-
fied. All coordination options are available, including
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limiting the wait and deferring the coordination. Fig
8 lists memory-pool services.

Invoking task services

In a traditional programming environment, OS serv-
ices are requested via a procedure call. Consider the
following C program, which outputs a message to the
system console via a built-in service function.

inient ()

{
printf ("Application started\n\r");
}

This program could be run under Unix, MS-DOS,
or VMS. It also runs under MTOS-UX. In each case,
the task need not be concerned with the details of how
a given string is physically output. Physical I/0 is the
operating system’s job.

MTOS-UX provides an implementation of the C for-
matted output function (printf), the character-oriented
I/0 functions (getchar and putchar), and some memory-
allocation services (such as malloc and free). In these
cases, the functions are completely specified in Ker-
nighan and Ritchie (see Part 1 of this series, Ref 2).

Following this model, all OS services are requested

Fig 6—Signal-handling functions allow task-level handling of software inter-
rupts.

Fig 7—Time and time-of-day functions help with scheduling program actions.
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by calling a corresponding service function, with op-
tions selected via call arguments. For example, func-
tion pause blocks a task for a specified interval. A
10-msec pause is requested by pause (MS+ 10), while
pause (SEC +9) blocks for 9 sec. (A header file, MTO-
SUX.H, supplies the numeric value of literals such as
MS and SEC.) The following program demonstrates
the natural way in which standard C and proprietary
OS functions are intermixed in a typical task.

#include "MTOSUX.H" /* file of basic OS definitions */

inient ()

{

register long int time;
do

printf ("n\rEnter 1-9. Bell sounds after that many seconds: ");
time = getchar (); /* get users response */
putchar (time); /* echo back */
time -= '0'; /* convert to binary */
}
while ((time < 1) || (time > 9));
pause (SEC +time);
printf ("\07\n\rPause over.\n\r");
}

/* pause for given interval */

Typical OS services: manipulating task priority

Looking at task priority will further illustrate how
a task invokes OS services. The OS employs the task
attribute current priority to allocate any shared re-
source for which demand exceeds supply. The range
of the current priority is 0 to 255, with 255 being the
most urgent and 0 being the least urgent. The alloca-
tion algorithm is simply that the highest-priority task
gets the resource. First-come, first-served applies in
case of equality. The resources include access to proces-
sors, peripheral units, allocated memory, messages,
semaphores, and controlled shared variables.

There is no limit to the number of tasks at each
level. At one extreme, all tasks may have the same
priority; at the other extreme, all have different priori-
ties.

The current priority is dynamic. A task may ask to
have its priority changed to a given value, say, 125, via

#define mine OL
setpty (mine, USEVAL, 125L);

A value of 0 (mine) within the first argument speci-
fies that the priority of the caller is to be changed. (By
supplying the identifier of a task in place of the 0,
setpty can be used to change the priority of another
task, but that is getting ahead of the story.) The prior-
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Common Memory Pools

cremp Create common memory pool.

getcmp Get identifier of common memory pool.

alloc Allocate contiguous area from common memory pool.
dalloc Deallocate area taken from common memory pool
dlcmp Delete common memory pool.

Fixed Block Memory Pools .

_crfbp Create fixed block memory pool.

getfbp Get identifier of fixed block memory pool.

alofbp Allocate one block from fixed block memory pool.
dalfbp Deallocate block taken from fixed block memory pool.
difbp Delete ﬁxed block memory pool.

Fig 8—Memory-allocation functions allow tasks to share a common memory
pool.

ity may also be increased by a given amount (with a
clamp at 255),

setpty (mine, ADDVAL, 10L);

or decreased by a given amount (with a clamp at 0).

setpty (mine, ADDVAL, —10L);

Almost all service procedures return a value to the
requesting task. If one of the parameters is inappropri-
ate, the function returns the value BADPRM (which
is defined in MTOSUX.H as —1). If the parameters
are correct, setpty returns the new value of the task
priority, as an unsigned short integer. Thus, a task
can determine its current priority by adding a 0 to its
priority.

mypty = setpty (mine, ADDVAL, OL);

Changing priority in alternate OSs

To be concrete, all of the preceding examples were
drawn from the same OS. Nevertheless, they illustrate
the almost universal techniques for obtaining services
from a real-time OS. Note the similarity with the serv-
ice to set priority within the proposed Microprocessor
Operating System Interface (MOSI) standard
(MOSIS87, Sections 7.3 and E.7.2 (C binding)),

void oschpri (process_id, new_priority, &error);

where process_id selects the target task (process) and
new_priority is the new priority value. A value of
—1 for the latter indicates the default priority, and a
value of 0 provides the largest allowable priority for
that task. The meaning of other values is implementa-
tion dependent. The function does not return a value
(is “void”).

A corresponding function appears in the standard
proposed by the IEEE (Realtime Extension for Port-
able Operating Systems (POS88, Unapproved Draft
2, Section 4.2.1)).

int rt_setpriority (pid, prio);
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Here pid selects the target task, with 0 designating
the caller, and prio is the new priority value. The new
priority value is bound to a range associated with the
current scheduling policy for the system. Negative val-
ues are specifically forbidden. The exact semantics of
rt_setpriority are implementation dependent, includ-

ing questions of appropriate privilege to change the
priority of another task. Upon success, the function
returns the former priority of the selected task.

There are even more OS “standards” that have been
proposed or are still being developed. In addition to
the efforts mentioned above, the VMEDbus Interna-
tional Trade Association (VITA) is standardizing on
the Open Real-Time Kernel Interface Definition
(ORKID), Motorola is offering to make its Real-Time
Executive Interface Definition (RTEID) a universal
standard, and the Japanese are promoting The Real-
Time Operating System Nucleus (TRON) as a world
standard.

While the main point of this discussion is to show
how services are obtained from an OS, the painful lack
of agreement on even a simple service becomes appar-
ent. There are so many conflicting universal standards
that there is no universal standard. Furthermore, in
many cases vital semantic details of the standard serv-
ice functions are “implementation dependent.” Thus,
these standards are not even fulfilling their goal of
promoting portability of real-time applications. An ap-
plication behaves differently with different implemen-
tations of even the same standard.

The next program provides further examples of how
OS services are invoked and shows how two tasks may
cooperate to attain a single goal. That goal is the meas-
urement of the idle time within an application.

#include "MTOSUX.H"

#define MAXTLY 2189460; /* maximum value of tally for no tasks

running */
static long tally; /* number of loops performed in
sample period */
smpent () /* sampling task: */
{ /* this must be the only task at
priority 0 */
while (1)
++tally; /* increment tally, which is reset by
reporting task */
}
prtent () /* reporting task */
{ /* this must be the only task at
priority 255 */
register long pcidle; /* percent idle */
while (1)
{
tally = /* clear tally, which is incremented

by sampling task */
pause (1+SEC); /* pause during sampling period */
peidle = 100*tally/ MAXTLY; /* compute percent idle */
printf ("Percent idle = %Ild\n\r", pcidle);
}
}

The OS attempts to keep the processor busy all the
time. Some processor time must be spent performing
requested services, handling clock and peripheral inter-
rupts, and doing similar housekeeping chores. All re-
maining time is potentially available for task work.

Companion disk offer

You can run all of the C examples execute the program in real time. mcluded with the MTOS-UX

in this series, plus apphcatmns of At any time, you can enter an ; ~

your own, on yuter with  alt/dlt command to return cm

a set of demon on disks to MS-DOS. ‘

available from Industrial Pro- The demonstrator requires an 'of standard MTOS—UX. H@W- '

gramnunglnc.'i‘hediskseontmn AT with a least 512k bytes of ever, there is a limit of six of each

a version of MTOS-UX for an RAM and a hard disk with 2M type (six tasks, six mailboxes, six

IBM PC/AT or compatlble. An byte’s available for MTOS librar-  semaphores, and so forth). The

application program is edited, ies and scratch storage. Program disk set costs $25; unlimited ver-

compiled, linked, and loaded un-  preparation requires the Micro-  sions are also available. For more

der MS-DOS. The MTOS-UX soft C compiler/linker, version 5.0 ~ details, call the IPT sales depm

then takes over the hardware to  or later. Microsoft tools are not ‘,;ment at (800) 365»6867 o
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As long as there is any Ready task, the OS will let it
execute. The processor falls idle only if all tasks are
Blocked or Dormant.

We know that tasks always run in priority order.
As a result, we can use a pair of tasks to measure the
fraction of the potential task time that is unused during
a sample period of, say, 1 sec. The sampling task
(smpent) runs at the lowest priority and must be the
only task at priority 0. It is always Ready. Because
of its low priority, it runs only when there is no other
Ready task. The sampling task just sits in a loop,
incrementing a static variable, tally.

A second task (prtent) calculates and reports the
results. This task runs at the highest priority level,
255. First it clears tally to 0, and then it pauses for
the sampling period of 1 sec. At the end of the pause,
it computes the percentage idle time as 100 times the
actual value of tally divided by the maximum possible
value, MAXTLY. MAXTLY is previously determined
by noting the value of tally when no other tasks are
permitted to be Ready during the sampling period.
In this example, the percent idle time is reported di-
rectly; in practice, the values could be smoothed by
numerical averaging before being reported.

To sum up, a real-time program consists of a set of
parallel threads of execution (tasks) that are subject
to random interruptions and preemptions. The conse-

quences of such an organization must be constantly in
the mind of the application programmer.

At times, the individual threads of execution must
also be connected so they can cooperate to accomplish
a common goal using common data, resources, and
equipment. The OS provides the required coordination
and communication services. The OS also permits the
tasks to exercise control over their own execution and
that of their fellow tasks. A task requests an OS service
via a set of predefined functions. These are modeled
after standard functions, such as C’s printf. All high-
level languages have equivalent function-calling facili-
ties.

The major thrust of this series of articles is how to
write a real-time program. But, before you can write
a program, you must know what that program is sup-
posed to do. Part 3 will discuss the development of
real-time requirements as a first step toward program
development.

Reference
1. Gleick, J, Chaos, Penguin Books, New York, 1987.
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EDITED BY CHARLES H SMALL

Scrambler disguises voice signals

Francesco Ruggiero
Consultant, Dallas, TX

The simple digital circuit in Fig 1 incarnates a well-
known audio-scrambling algorithm. Briefly, the scram-
bling begins with digitizing a bandlimited audio signal.
Next, every other digital sample’s sign bit gets comple-
mented. When reconstructed, this scrambled signal
contains the original signal’s spectrum flipped around

2 kHz, effectively interchanging the high and low por-
tion of the audio spectrum. But, passing the scrambled
signal back through the scrambler again restores the
signal to its original form. In other words, the process
is its own inverse.

The circuit’s XOR gate complements every other
sign bit while the TP3054 codec/filter combo handles
the digitizing and reconstruction chores. To curtail dis-
tortion, limit the input level to 2.5V.

one-fourth of the sampling frequency. The resulting (EDN BBS DI #891)
signal will be unintelligible.
Thus, for a 31gnal. bandlimited t0.4 kHz-and sampled To Vote For This Design, Circle No. 746
at 8 kHz, the resulting spectrum will be flipped around
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Fig 1—This circuit can both scramble and unscramble an audio signal.
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S /H circuit multiplexes op amp

Tarlton Fleming
Maxim Integrated Products, Sunnyvale, CA

The sample-and-hold (S/H) circuit in Fig 1 costs only
$3.50 (1000) because it switches its single op amp be-
tween two functions. The op amp buffers the input
(Vin) while the circuit is in sample mode and buffers
the hold capacitor, Cy, while the circuit is in hold mode.

The two digital inputs are compatible with TTL and
CMOS logic levels. Input S/H controls the circuit’s op-
erating mode (low is sample), and DISCH is an optional
control input whose low state commands a rapid and
complete discharge of Cy.

You can use a general-purpose op amp for IC,, pro-
vided its input bias current is acceptable. Bias current
usually dominates the hold-mode droop rate. Cy can
range from 100 pF to 0.1 pwF. When driving such a
capacitive load, most op amps will oscillate without
an isolating resistor, such as R, of 100 to 2002 in their
feedback loops.

Typical performance with a 0.01-pF hold capacitor
includes a droop rate of =100 mV/sec, aperture time
of =100 nsec, an offset voltage of =5 mV, output
charge injection of =5 pC, and an acquisition time of
=<1 psec (for +10% accuracy) or <5 psec (*=0.1% accu-
racy).

Performance is about the same for +15 or +12V
supplies, and the system also works well on a unipolar

——0Van

Fig 1—Elements of a quad analog switch hardware-multiplex an
op amp between input and hold-capacitor buffering functions in this
economical S/H circuit.

supply of 10 to 30V. Whatever the supply’s configura-
tion, the op amp’s common-mode range restricts Vi
to about 2V less than the supply rails. The control
inputs’ switching thresholds remain the same regard-
less of supply levels.

(EDN BBS DI #888)

To Vote For This Design, Circle No. 747

8051 routine divides quickly

Ron Mowrer
Rocky Mountain Instrument, Thermopolis, WY

The program in Listing 1 speeds some division opera-
tions by taking advantage of the 8051 single-chip pP’s
byte-divide instruction. This program embodies a nib-
ble-mode algorithm and handles operations such as di-
vision by a constant. The routine in the listing will
work with any number of bytes in the dividend but
restricts the divisor’s range to 4 bits or less.

128

First, the nibble divisor divides into the dividend’s
most-significant byte. Next, the remainder from that
division (which is never greater than a nibble) combines
with the next-most-significant nibble of the dividend
for the next division. The algorithm repeats until the
dividend is completely “nibbled” up.

The routine in the listing handles 3-byte dividends.
To accommodate different-length dividends, simply
change the loop counter’s initial value from 2, in line
165, to one less than the total number of bytes in your
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dividend. You can alter the routine to either load the
MathPtr (line 157) and byte count directly, or have the
calling routine pass these parameters to this routine.
Although ideal for such tasks as dividing by 10, the
routine’s speed, compared to normal division algo-
rithms, makes it attractive for dividing by larger divi-
sors that break down into nibble divisors. For example,

calling the routine with 5 and then 7 will equal a divi-
sion by 35 (5x7) and three calls with a divisor of 5 is
the same as dividing by 125 (5 x5 x 5).

(EDN BBS DI #890)

To Vote For This Design, Circle No. 748

MathPtr = PTR TO MS BYTE OF 3 BYTE DIVIDEND/RESULT
ACC = NIBBLE DIVISIOR ( 1H <= DIVISOR <= OFH )

Listing 1—Fast nibble-mode division routine
001 $ INCLUDE (REG451.PDF)
- =1 002 +1 $ NOLIST
136
137 PUBLIC DivNib
138 EXTRN  DATA (MathPtr)
139
0010 140 MathBank EQU 000100008
141
142 USING 2
143
144 ;-ccmmcmccccccmccmec e ———a———
145 ; DIVIDE 3 BYTE BINARY NUMBER BY NIBBLE
146 ; INPUT:
147 o
148 ; QUTPUT: RESULT IN SAME LOCATION AT MathPtr
149 ; ACC = REMAINDER
150 SirEe s Seen s enE e dMEEConde Sy Rt s
151
152 DivNib:
0000 COFO 155 PUSH B
0002 c0po 154 PUSH PSW
0004 75p010 155 MOV PSW, #MathBank
0007 FB 156 MOV R3,A
0008 A800 F 157 MOV RO,MathPtr
000A 7912 158 MoV R1,#12H
000C E6 159 MOV A,aRO
000D 8BFO 160 MoV B,R3
OO0OF 84 161 DIV AB
0010 85F012 162 MOV 12H,B
0013 Fé 163 MOV a@RO, A
0014 08 164 INC RO
0015 7F02 165 MoV R7,#2
166 DN1:
0017 E6 167 MoV A,aRO
0018 07 168 XCHD A,aR1
0019 c4 169 SWAP A
001A 8BFO 170 MOV B,R3
001C 84 171 DIV AB
001D 85F012 172 MoV 12H,B
0020 c4 173 SWAP A
0021 Cé 174 XCH A, RO
; NIBBLE)
0022 c4 175 SWAP A
0023 b7 176 XCHD A,aR1
0024 c4 177 SWAP A
0025 8BFO 178 MoV B,R3
0027 84 179 DIV AB
0028 85F012 180 MoV 12H,B
002B D6 181 XCHD  A,aRO
002c 08 182 INC RO
002D DFE8 183 DJINZ R7,DN1
184
002F 85FOEO 185 MoV ACC,B
0032 pODO 186 POP PSW
0034 DOFO 187 POP B
0036 22 188 RET
189
190 END

;PSW VALUE FOR REGISTER BANK 2

;SAVE B & PSW REGISTERS ON STACK

;SWITCH TO REGISTER BANK .2

;STORE NIBBLE DIVISOR

;RO NOW PTR TO MS BYTE OF DIVIDEND (& EVENTUAL RESULT)

;R1 NOW PTR TO R2 THIS BANK SO CAN USE NIBBLE XCHD INSTRUCTION
;GET MS BYTE OF DIVIDEND

;PUT NIBBLE DIVISIOR IN B

;MOVE REMAINDER TO R2 SO CAN USE NIBBLE EXCHANGE IN LOOP
;MS BYTE NOW DONE, STORE IN DIVIDEND/RESULT

;BUMP PTR TO NEXT MS BYTE OF DIVIDEND

;LOOP COUNTER FOR REMAINING BYTES OF DIVIDEND

;GET NEXT BYTE OF DIVIDEND IN ACC (WE ONLY NEED MS NIBBLE)
;PUT REMAINDER STORED AT R2 IN LO NIBBLE OF ACC

;NOW REMAINDER IS IN HI NIBBLE OF ACC & NEXT MS NIBBLE OF
; DIVIDEND IS IN LO NIBBLE

;DIVIDE AGAIN BY DIVISOR NIBBLE

7AGAIN SAVE REMAINDER TO R2 THIS BANK FOR LO NIBBLE EXCHANGE
7PUT NIBBLE RESULT IN HI NIBBLE AND STORE IN DIVIDEND/RESULT
; WHILE RETRIEVING ORIGINAL DIVIDEND BYTE (WE ONLY NEED LS

;LS NIBBLE OF DIVIDEND BYTE TO HI NIBBLE OF ACC FOR XCHD
;REMAINDER TO LO NIBBLE OF ACC

7 SWAP REMAINDER TO HI NIBBLE FOR NEXT DIVIDE

;DIVIDE AGAIN BY DIVISOR NIBBLE

;AGAIN REMAINDER TO R2 THIS BANK FOR NIBBLE SWAP
;STORE LO NIBBLE RESULT THIS BYTE IN DIVIDEND/RESULT
;BUMP PTR FOR NEXT DIVIDEND BYTE

;FINAL TWO BYTES DONE?

;PUT NIBBLE REMAINDER FROM LAST DIVIDE IN ACC FOR CALLER
;RESTORE REGISTERS AND SWITCH BACK TO CALLERS REGISTER BANK
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THISIS A
BlG TIME

Time is finally on your side. Our new GAL20RA10-15, with ten individually programmable
clocks and a 15ns propagation delay, offers the world’s fastest performance. A combination that
delivers the ultimate in design flexibility and speed, all in a 24-pin ECMOS™ GAL device.

For example, design engineers can independently clock, reset and preset each of ten output
logic macrocells. These individually programmable clocks enable asynchronous designs, taking your

system performance fo even higher levels.

If your design is ready for the big time, call 1-800-FASTGAL,
and ask for dept. 203. We'll send you free samples and a dato- /
book describing our entire line of high speed E2CMOS GAL
devices. Fast.

Lattice

Semiconductor
Corporation ™
5555 Northeast Moore Court = Hillsboro, Oregon 97124

Leader in E2CMOS PLDs."

Circle 34 for Literature.

Copyright © 1990, Lattice Semiconductor Corporation. GAL and EXCMOS are registered trademarks of Lattice Semiconductor Corporation. 131



DESIGN IDEAS

Inverters mimic interlocked switches

Tian Jin Qin
Shanxi Electronic Industry Research Institute,
Taiynan, China

The switching circuit in Fig 1 acts like a bank of inter-
locked mechanical switches; pushing one of the buttons
latches its corresponding output and unlatches any pre-
viously selected output. A pair of inverters forms a
latch for each output.

Pressing button B,, for example, applies a positive
pulse, via resistor diode D;g, to the input of the first
output’s, OUT,, latch. This positive pulse will set OUT,

high. Feedback locks OUT,’s pair of inverters in this
high state. Meanwhile, the pulse will also pass through
diode D;, to the differentiator formed by C and R,.
The differentiator will shorten the pulse.

This shortened pulse goes to all the latches, resetting
all of them except the latch that sees the longer setting
pulse. Obviously, if you press more than one button
at once, more than one output will latch at once.

(EDN BBS DI #889)

To Vote For This Design, Circle No. 749

OuT 1 ouT2 ouTn
(o] (0} (o]
D|C D2C DnC
) 9) eoe )
DiB DZB DnB
LN N ]
D D D c
1A 2A nA 0.01 uF
3\
& \ 2 3
1
B, B, |0 el B, | O 2R, 2R
? ? T S <r1o k ka
@ - vAvAvA—o \:hl:_
RS
100

Fig 1—This pushbutton array mimics the action of an array of interlocked mechanical switches.

Micropower clock quashes spurious modes

Norm Looper
Action Instruments, San Diego, CA

Although ceramic resonators are a good choice for low-
power, low-frequency clock sources (if you can stand
their 30-ppm temperature coefficient), they have troub-
lesome, spurious-resonance modes. The circuit in Fig
1 rejects all but the resonator’s fundamental mode.
This clock circuit works from —40 to +80°C and con-
sumes only 2.8 mW.

132

The rising edge of resonator Y, toggles 1C,, low.
AC-coupled positive feedback from IC,; via C; and R,
immediately confirms this state change at IC,3, so that
Miller loading, harmonic components, or below-mini-
mum rise times at IC;, cannot force a relapse of IC,¢
to its previous state. This tactic also applies to resona-
tor Y,’s falling edge because IC,., via C, and R,, holds
IC,g high.

Choose time constants R,C; and R,C, to be equal
and ranging from 60 to 75% of one-half of the clock’s

EDN October 1, 1990



“part”

your end-to-end transmission
solutions with our full line
of fiber optic, copper cable

and connecting components.

If your regular route just isn't getting you
there, make a right turn. AT&T has the
connections you need.

Like data cable, composite fiber/copper

« _, A\ . cable and optical cable and fiber.

H Ban N -} - Connecting components like ST®
Nor"|$5 @ £y connectors and FDDI jumpers. 110
connecting blocks. Splicing and test
equipment. Plus, tactical fiber assemblies
for harsh environments.

Everything you need in copper and
fiber optics for the transmission of voice,
data, image and remote sensing. In both
network and component solutions. For
present and future needs.

But when you

one T The
ool COMMpPONENts
more than just a Of SUCCCSS.

You're getting
over 100 years of AT&T cable and
apparatus manufacturing and
development experience. Plus the design
expertise of AT&T Bell Laboratories.

So take the route you know will make
all your connections. AT&T. Just give us a
call at 1800 344-0223, ext. 020.

AIXT provides all

’,“
—— Network Syste™
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DESIGN IDEAS

period. Ceramic capacitors (10% tolerance) with X7TRK

from external loads and, more importantly, from C.,.

dielectric work well. With these time constants, the logic (EDN BBS DI #887)
will be locked and unavailable to the ceramic resonator
until just before 1§ executes a lggltlmate transition. To Vote For This Design, Circle No. 750
IC,p and IC,¢ are in parallel to isolate the resonator
CZ
A ﬂ
= 1 <22k 25V
§
@"ﬁ iC1g )0 12
2 18 ic 11
= 1 ——O CLOCK OUT
S22k MC140018 13 200 kHz
:
Cy
L 68V
a0 47 ’\JIF
3Ry 25 0.1 MF
_] 33k T Sy
VA'AVA —l:_-
M 5
Y, :: 4.7k
fil
200 kHz
e 20 pE MURATA ERIE nap
CSB 200D

_Izsv

Tzsv

Fig 1—This clock circuit uses a ceramic resonator, Y,, to generate low-frequency clock signals. The circuit’s logic eliminates the ceramic

resonator’s pesky spurious-resonance modes.

FEEDBACK AND AMPLIFICATION

EDN’s bulletin board is on line—and free

EDN’s computer bulletin board system (BBS), (617)
558-4241 (1200,8,N,1), has a Design Idea Special Inter-
est Group. Where applicable, you’ll find computerized
material that you can download, such as program list-
ings, circuit diagrams, and pe-board layouts posted on
the bulletin board. We also want to hear from you.
Please use our bulletin board to ask questions, make
comments, and propose alternative solutions.

To use the BBS, first call up and log onto the system.
To get to the Design Idea Special Interest Group, first
select “s,” the SIGs option. Next select the “s” new-
SIG option and ask for a list of SIGs by entering a “?”.
Enter the “/DI_SIG” name. Then select the “r” read-

134

bulletin and “s” scan-bulletin options. You should now
be able to scan the titles of available Design Ideas
(DIs), optionally read an attached explanatory mes-
sage, and optionally download an attached file. Note
that the BBS assigns its own number to each message.
You will find our DI number, along with a portion of
the DI's headline, when you scan the list of bulletins.
You can optionally use our DI number, or any portion
of a DI's headline, to search for a particular Idea. To
leave the DI editors a message, first get to the
/DI_SIG, and then select the “w” write-message option.
Charles H Small and Anne Watson Swager

Design Ideas Editors

EDN October 1, 1990



Our 680’s

TICK

makes Motorola’s 040

TOCK.

buffers a

tol

AVX/Kyocera clock oscillators “tick”’
To talk about our 680,

contact AVX/Kyocera today

by calling (803) 448-94l1, fax us

at (803) 448-1943, or write to

AVX/Kyocera, 17th Avenue South,

P.O. 867, Myrtle Beach, SC 29577.

* Also available in single S0MHz frequency, K680S.

AVX/Kyocera’s 680 clock oscillator is specifically
designed to meet all of Motorola’s strict timing requirements
for their MC68040: the tight symmetry (47.5%/52.5%)
for delivering 20MIPs at 25SMHz, the dual outputs*

of 50MHz and 25MHz to eliminate external adjustments,

nd dividers. These plus controlled skew

to + 7.0 nsec between clocks and the ability to

erate supply voltage variations up to + 10%

keeps Motorola’s 040 right on time.

Uncompromising precision, that’s what makes

[] Please send me more information on what makes the 680 tick.
NAME
TITLE
COMPANY
ADDRESS

CITY STATE ZIP

TELEPHONE

Send to: AVX/Kyocera, Literature Department, P.O. 867,
Myrtle Beach, SC 29577. EDN100190

/AL KYDOCERD

EDN October 1, 1990
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KEPCO
ac-dc

dc-dc
SWITCHING
POWER
SUPPLIES

Field-proven in a broad spectrum of
applications and certified by the
world’s safety agencies, here are
versatile, rugged power tools for your
design needs. Choose voltages up to
48V dc; power up to 1500W; ac or

dc input. Features include active
soft-start, remote voltage control,
overvoltage protection, current limiting
and built-in EMI filtering. The 600W
and 1500W models provide for
current-share paralleling. Kepco'’s
switchers are also available in

low- cost open frame
and pc-card styles
for OEM applications. .

Please request @

our catalog.

Power
tools

For your free copy of Kepco’s new 56-page catalog,

“Kepco Switching Power Supplies for the '90s” (#146-1692),

call/fax/write Dept. LWT-12, Kepco, Inc., 131-38 Sanford Avenue, Flushing, NY 11352 USA
Tel: (718) 461-7000 « Fax: (718) 767-1102 « Easylink (TWX): 710-582-2631

EDN October 1, 1990 SEE US AT WESCON/90, KEPCO BOOTH 1784, 1786

ac to dc power
single output
50W, 100W, 175W,
300W, 1500W

[ 3V-48V dc output

[J jumper selectable inputs:
85-132 or 170-264V ac,
240-370V dc

O fully enclosed

00 UL/CSA/TUV

[J Tested to MIL STD 810D
0 FCC Class A EMI filtering

Kepco Group RAX Power Supplies

ac to dc power
single output 600W
[12V-48V dc output

[0 jumper selectable inputs:
85-132 or 170-264V ac, 240-370V dc

[ fully enclosed
O UL/CSA
[ Tested to MIL STD 810D

Kepco Group RBX Power Supplies

dc to dc power
single output
30W, 60W, 150W

[15V-48V dc output

[0 24 and 48V input
(60V available on some models)

[ fully enclosed

O UL/CSA

OO MIL STD 461B EM I filtering
O Tested to MIL STD 810D

Kepco Group ERD Power Supplies

ac to dc power
single output
30W, 60W, 120W, 240W

[0 5V-24V dc output

O jumper selectable inputs:
85-132 or 170-264V ac, 240-370V dc

O P-C card, L-chassis, optional enclosure
00 UL/CSA/TUV
[0 FCC Class B EMI filtering

Kepco Group ERX Power Supplies

e

KEPCO.

AR R e AN R

—— THE POWER SUPPLIER"

CIRCLE NO. 77 137



ADVERTISEMENT

Gold Terminals Extend TO-5 Switch Life. Gold-plated
terminals, handling resistive loads of 500 mA/125 VAC,
extend the life of Standard Grigsby’s TO-5 rotary switch
to an 5000 cycles (typ.). These compact switches mount
easily into standard TO-5 transistor sockets or PC boards
for wave soldering. Screwdriver or knob actuation avail-
able. 45° throw with 8: positions max. Positive detent
switching action is standard. Contact pin surface is sealed
and an optional boot is available to seal the shaft. Price:
$1.39 in 10,000-piece lots. Delivery: 4 weeks. Contact
Standard Grigsby, Inc., 88 N. Dugan Rd., Sugar Grove,
IL 60554-0890. 708/556-4200 FAX 708/556-4216.
CIRCLE NO. 78

UHCHASE ORbER

Bt Me. 6

Torma
e Sk

Series
SG-0E1 opyigy o
ers

Specify THE Standard In Optical Switching...
Standard Grigsby!

Quality Is Standard At Standard Grigsby...

e Reliable LED optical
switching source

e Low power consumption

e Vibration-resistant
interlock design

e Long life

Customer Satisfaction Is Standard, Too!
e 16, 24, 32, 64 positions

e Binary, gray, or
custom codes

¢ High res, 128-152
position option

e P.C. lugs and right angle
mounts available

¢ Ribbon cable or ¢ Priced at under $20 in
connectors lots of 100

Raise your switching standards! Call us today for our complete
Optical Encoder product catalog. 708/556-4200

88 N. Dugan Road/P.O. Box 890, Sugar Grove, IL 60554-0890

138 CIRCLE NO. 102

Choose Binary Or Gray Coded. Sugar
Grove, IL—Binary and Gray coded optical
encoders are available from Standard
Grigsby, Inc. Ideal for use in robotics, medical
instrumentation, communications, computer
peripherals and avionics, the 16-position
encoder is available with integral cable or
connector. Users may specify custom shaft
lengths and diameters.

Priced at $29.10 each in 100-piece lots, the
encoders are available in 6 weeks. Standard
Grigsby, Inc., 88 N. Dugan Road, Sugar
Grove, lllinois 60554-0890. 708/556-4200
FAX 708/556-4216.

CIRCLE NO. 99

Multi-deck, Multi-options. Sugar Grove,
IL—Standard Grigsby’s multi-deck rotary
switches offer reliability and long life, and
retrofit other manufacturers. Measuring ap-
proximately 2" in diameter, the switches are
available with PC or solder lug terminations,
fixed or adjustable stops; 30° or 36° index-
ing angles; commercial or military finishes.
Priced at $4.50 each in lots of 500, the swit-
ches are available in 6 to 8 weeks. For more
information, contact Standard Grigsby, Inc.,
88 N. Dugan Road, Sugar Grove, IL 60554-
0890. 708/556-4200 FAX 708/556-4216.

CIRCLE NO. 103
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NEW PRODUCTS

COMPONENTS & POWER SUPPLIES

Monolithic Pressure Sensor

® Totally conditioned

® Has a 4.5V output

The MPX5100D pressure sensor in-
tegrates a sensing element, offset
calibration circuitry, temperature
compensation circuitry, and signal
amplification on a monolithic silicon
chip. The unit has a 0 to 85°C com-
pensated operating range and fea-
tures a full-scale output that is cali-
brated from 0.5 to 4.5V. The device
uses a patented silicon shear stress
strain gauge, which measures 0- to
15-psi differential pressures. Zero
pressure offset measures 0.5V and
sensitivity equals 40 mV/kPa.
Linearity over the full 0- to 15-psi
range equals +0.2% full scale. Tem-
perature hysteresis and tempera-
ture effect on zero offset equal
+0.05% of full scale and =25 mV,
respectively. The sensor is avail-
able in the basic element package,
as well as in single- and dual-ported
versions. Sensors with customized
outputs are also available. $45
(100). Delivery, stock to eight
weeks ARO.

Motorola Inc, 5005 E McDowell
Rd, Mail Drop Z201, Phoenix, AZ
85008. Phone (800) 752-3621; in AZ,
(602) 244-4556. Circle No. 363

Temperature Transmitters

® Feature +0.1% accuracy

® Provide input/output isolation
Models in the 84500 series of 2-wire
temperature transmitters provide a
1500V I/0 isolation and accept
Pt100 RTD, Type K thermocouple,
and Type J thermocouple inputs.

EDN October 1, 1990

The devices have +0.1% span accu-
racy and zero and range selection
via rotary switches with 20-turn po-
tentiometers for fine adjustment.
The transmitters operate with sup-
ply voltages of 10 to 36V dec. The
units feature less than *=0.01%/°C
zero and span drift and provide
automatic upscale indication for
sensor burnout. Pt100 RTD units
are completely linearized and ther-
mocouple models are voltage linear.
The transmitters meet the EMI im-
munity standards outlined in
SAMA PM(C33. $198.50.
S-Products Inc, 35 Kings Hwy
E, Fairfield, CT 06430. Phone (203)
331-9546. FAX (203) 335-2723.
Circle No. 364

D-Size Backplane

® Designed for VXIbus

® Will handle 350A at 5V

This 100-MHz, D-size backplane is
a 12-layer board designed to meet
or exceed VXIbus Specifications
Rev 1.3. All critical signal lines are
matched to eliminate signal propa-
gation skew. The design equalizes
currents between all connector
rows. Optional power and ground
bus bars accommodate even high-
current distribution, allowing the
backplane to handle 350A at 5V.
The unit features onboard termina-
tion and BUSGRANT and IACK
jumpers between each J1 slot. ECL
signals terminate at the end of the
bus to minimize signal reflections.
A set of onboard module-status
LED indicators, controlled by slot
0, signals if a board is not plugged
in or if a slot is empty. The
backplane design provides a
grounded area around each connec-
tor to ensure shielding integrity.
$2099 for a 13-slot unit.

Dawn VME Products, 47073
Warm Springs Blvd, Fremont, CA
94539. Phone (415) 657-4444. FAX
(415) 657-3274. Circle No. 365

Universal-Input Supplies
® Feature power-factor correction
® Provide 1000W output
F Series power supplies feature cor-
rection circuitry that delivers a
typical power factor of 0.98.
Autoranging circuitry allows the
supplies to operate in any country
without the need for jumpers or
switches. The supplies are available
in 800 and 1000W versions and pro-
vide outputs of 2, 5, 12, 15, 24, and
48V. Additional features and op-
tions include current sharing, soft
start, overload and overvoltage
protection, electronic inrush cur-
rent limiting, remote sense, remote
inhibit, remote margin, no-load op-
eration, EMI input filter, and full
safety-agency approvals. A forced
current-share option provides the
paralleling capability essential for
redundant power systems. $808
(100). Delivery, 10 weeks ARO.
Unipower Corp, 2981 Gateway
Dr, Pompano Beach, FL 33069.
Phone (305) 974-2442. FAX (305)
971-1837. Circle No. 366

Low-Profile Connector

® Measures only 0.283 in. high

® Has surface-mount contacts

The FCN228 can connect two pe
boards end to end. Measuring only
0.283 in. high, the connector fea-
tures two rows of surface-mount-
able contacts that are located on one
side of the connector and are spaced
on 0.050-in. centers. Contacts sol-
der mount to the top and bottom
edges of a daughter card, allowing
it to be plugged into the mother
board in the same plane. The con-
nector insulator employs polyphen-
ylene sulfide plastic, which handles
the 220°C temperatures encoun-
tered in infrared reflow soldering
processes. The connectors are avail-
able in 26- and 60-pin versions. Con-
tacts are rated for 24A at 250V ac.
Contact resistance equals 35 mQ),
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COMPONENTS & POWER SUPPLIES

and insulation resistance and dielec-
tric withstanding voltage ratings
equal 10°Q and 500V ac, respec-
tively. Operating range spans —55
to +105°C. $5.21 for 26-pin version;
$9 (1000) for 60-pin version.
Fujitsu Component of America
Inc, 3330 Scott Blvd, Santa Clara,
CA 95054. Phone (408) 562-1000.
FAX (408) 727-0355.
Circle No. 367

Shielded Inductors

® Have inductance values ranging
to 100,000 nH
® Comply with MIL-C-39010
Series M39010 fixed shielded induc-
tors comply with the moisture,
shock, and vibration-resistance re-
quirements of MIL-C-39010. You
can place the units side by side on
a pc board without any crosstalk
problems. The units are available
in three styles (M39010/1, /2, /3) and
have inductance values ranging
from 0.1 to 100,000 wH. The devices
are available with iron, ferrite, and
phenolic cores. They operate over
a —55 to +105°C range and comply
with failure rate S (0.001%/1000
hour) of MIL-C-39010. The units
weigh 1g max and pass a 5-1b termi-
nal pull test. $1.95 to $4.10.
Nytronics Components Group
Inc, 700 Orange St, Darlington, SC
29532. Phone (803) 393-5421. FAX
(803) 393-4123. Circle No. 368

EMI Filter

® Attenuates 40 dB in the 100-kHz
to 50-MHz band

® Has a 30W throughput

AF461 Series EMI filters comple-
ment high-frequency de/de convert-
ers. The units will attenuate 40 dB
in the 100-kHz to 50-MHz band, and
they will bring standard converters
into accordance with MIL-STD-
4611B CE03 noise limitations.
Units are rated for either 1.75 or
3.8A max input current with as
much as 30W throughput with 16
to 40V dec. The units are available
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with an optional —55 to +125°C
feature with full military screening.
The filters are packaged in a her-
metically sealed standard printed
circuit or a flange-mount-type metal
case that is less than 0.5 in. high
and needs only 2.5 in.? of board
space. $101 (100); $149 (100) for
commercial and military-grade de-
vices. Delivery, stock to 20 weeks
ARO.

Advanced Analog, 2270 Martin
Ave, Santa Clara, CA 95050. Phone
(408) 988-4930. FAX (408) 988-2702.

Circle No. 369

Liquid-Crystal Display
® Requires no controller chip
® Features an 8-line X 16-character
format
The F1016 LCD graphics module
provides a simple interface at low
cost. The module’s driver has a
built-in memory, which supports a
direct 8-bit parallel interface with a
wP. The device features a 4 X 2.7-in.
viewing area, and it has an 8-line X
16-character viewing format. The
display’s 0.85 % 0.85-mm dots have
0.05-mm spacing. The module em-
ploys supertwist technology in a re-
flective  mode. It measures
5.5x4.3x0.56 in., has power-sup-
ply requirements of +5V at 3.5
mA, weighs 150g, and operates
over a 0 to 50°C range. $75 (100).
Seiko Instruments USA Inc,
Liquid Crystal Display Dept, 2990
Lomita Blvd, Torrance, CA 90505.
Phone (213) 517-7837. FAX (213)
517-7T792. Circle No. 370

DIP Sockets

® Withstand wave soldering
® Help prevent damage from
oversized leads

The series 200C devices are closed-
bottom, stamped, single-beam-con-
tact DIP sockets that allow you to
insert ICs prior to wave soldering.
A patented contact design protects
against flux and solder contamina-
tion while allowing for proper drain-

age during cleaning. The units fea-
ture an open-entry design to facili-
tate manual and automatic IC inser-
tion. An antioverstress feature pro-
tects the contacts and helps elimi-
nate damage from oversized leads.
The sockets are available with 8 to
48 pins and are designed to military
standards. Contacts are either be-
ryllium copper or phosphor bronze
with selective gold or tin-lead plat-
ing. Socket tails are available in
three lengths. $0.0026 to $0.004 per
pin.

Augat Inc, Interconnection Prod-
ucts Div, Box 779, Attleboro, MA
02703. Phone (508) 222-2202. FAX
(508) 222-0693. Circle No. 371

Epoxy Evaluation Kit
® Epoxy comes in easy-to-mix
packages
® [ncludes applications guide
The 600-4EPO-1000 evaluation kit
features seven of the most popular
Epotek epoxies. An applications
pocket guide helps you determine
which epoxies are best suited for
particular applications. The kit in-
cludes five packages of each of the
following epoxies—Epotek 301,
302, 302-3, 320, 353ND, 354, and
377. With the exception of the 354
type, all epoxies come in easy-to-
mix 4g packages; the 354 epoxy
comes in an 8¢ package. All charac-
teristics and features are presented
in a table contained within the
pocket guide. $129.85.

OFTI, 5 Fortune Dr, Billerica,
MA 01821. Phone (508) 663-6629.
FAX (508) 663-9351.

Circle No. 372

EDN October 1, 1990



\ A\ "“‘.“\

. \ | RS st
\ \\"\\““‘ ' 5 5
7"'““":\ P \

A

sal

SO MUCH FROM SO LITTLE

High Level Of Integration. The TEK-AT1 features an 80C286 at up to 20 Mhz with system memory from 512 Kbytes
up to 4 MBytes, two serial ports, one parallel port, a watchdog timer, a power failure detector, solid state
disks with support for FLASH EPROMS, floppy and hard disk controllers.

Versatility. The TEK-AT1 can be used in a PC/AT passive backplane or as a stand alone computer for embedded
applications.

Reliability. Teknor's products are built to operate in harsh environments. The TEK-AT1 can operate in extented
temperature ranges and require very little power (sleep mode supported), typically less than 4 watts.
The TEK-AT1 is backed by a two year warranty.

The solution: CALL 1 (514) 437-5682

T TEKNOR

MICROSYSTEMS INC.

CIRCLE NO. 79

The right connection
P.O. Box 455, Sainte-Thérése (Québec) Canada J7E 4J8 « Fax: (514) 437-8053




NEW PRODUCTS

CAE & SOFTWARE DEVELOPMENT TOOLS

ROM Operating System
® Provides functionality of
MS-DOS version 3.2
® Can run ROM-resident
application programs
Version 1.28 of ROM-DOS now pro-
vides all of the functionality of MS-
DOS version 3.2. This operating
system can run directly from ROM
(you don’t have to download it to
RAM); it occupies approximately
34k bytes of ROM and uses only
14k bytes of RAM. Enhancements
include the ability to run, directly
from ROM, any .COM or .EXE ap-
plication programs that have been
assembled so that the code is ROM-
resident and only work space re-
quires RAM. You can use a stan-
dard BIOS with ROM-DOS or, for
embedded systems that do not need
a full BIOS, the vendor supplies a

mini-BIOS that supports a remote
console (via a serial port), a hard-
ware timer, and serial communica-
tion ports. Firmware, $6/copy
(5000); developer’s kit, $495;
source-code license, $10,000.
Datalight, 17505 68th Ave NE,
Suite 304, Bothell, WA 98011.
Phone (206) 486-8086. FAX (206)
486-0253. Circle No. 351

CASE Tool For

Program Structures

® Lets you create and modify
program structures

® Provides a window-oriented
user interface

Diamond X-Tools (developed by

AID GmbH, Nuremberg, Germany)

is a set of CASE tools that work

with  Nassi-Schneiderman  block

charts, called Structograms. The
structogram editor provides multi-
window operations, pop-up menus,
dialog boxes and selection lists, and
context-sensitive, on-line help. You
can write your programs in C, Ada,
PL/M, Pascal, Fortran, Cobol, or
Modula-2; the program automati-
cally places your statements in pre-
set areas of the various block types.
The sourcetexters (supplied sepa-
rately for each language) convert
structograms into clear source code
for compilation. You can call a syn-
tax checker from within the structo-
gram editor. It generates the
source code via the sourcetexter; in-
vokes the target compiler; reroutes
the error listing and links it to the
appropriate portion of the structo-
gram currently on the screen; and
highlights the statements that

1991

. BUYERS
. GUIDE

100,000 wz‘ heaviest coverage in Fortune 500 compames!

contacts for you year-round!

Reed International  Cahners Publications

'AdVerUse in US.LD. and you automatically extend your reach
‘with the new, extra volume—U.S. INDUSTRIAL BUYERS GUIDE.
50,000 additional circulation—over 100,000 in all. At no addi-
tional cost your efficiency is better than ever!

Call or write for more information on your many advertising
options. The DIRECTORY and the BUYERS GUIDE make sales

U.S. INDUSTRIAL DIRECTORY & BUYERS GUIDE

8 Stamford Forum, P.O. Box 10277, Stamford, CT 06904 (203)328-2500 FAX (203) 357-7864
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Ramng The Standard In Solder Mask Technology
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No Matter What Kind Of
Solder Mask Technology
You Need, Du Pont
Has You Covered.

No one offers a wider range of proven, quality photo-
imageable solder mask products than DuPont. More importantly,
no one knows more about how solder mask technology can
affect your design, fabrication or assembly process.

Our knowledge and experience in solder mask technology
is reflected in three different solder masks. That means we
can help you match the right technology to your application—
whether it’s conventional through-hole or high-density fine
pitch surface mount.

For dry film, count on VACREL® to encapsulate dense
circuitry, tent via holes, and permit more electrical functions
in less PWB real estate.

In liquid solder mask, VAQS™ photoimageable liquid
provides a thin coating that conforms to PWB topography to

EDN October 1, 1990

give you excellent encapsulation of circuitry.

Finally, the DuPont VALU™ system—the newest tech-
nology in the industry—combines the cost-efficiencies and
thinness of liquids with the design freedom and quality of dry
film in one unique liquid/dry film combination.

And of course, all DuPont solder mask products are
available worldwide.

So, if you want to work with an objective partner who
can offer you a variety of solutions to meet your solder mask
needs, remember, no one has you covered like Du Pont.

For more information, call 1-800-237-4357. Or write:
DuPont Electronics, Room G-51875, P.0. Box 80029, Wilmington,
DE 19880-0029.

DuPont Electronics

Share the power of our resources.
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Contract Assemblies With
Uniqueness In Mind.

-y -
— .

Circuit assembly
users — like fin-
gerprints—are all
unique. Applica-
tions vary. Perfor- ,
mance expectations
span the spectrum. Bud-
gets and time-to-market

differ greatly. ; / fo o
One contract assembly ’.:":n - 3 ’/’r

manufacturer is capable of address- '—-".’.'—"f""'f

ing your individual needs. We're Philips
Circuit Assemblies.

With extensive design and engineering know-
how, a dedicated staff and the latest equipment, we're
in a special position to help move your product to
market faster. And help you reduce costs and increase
profits.

We can start the process with computer-aided
design to proven manufacturing design guidelines or
build to customer specs. You benefit from our exper-
tise in surface mount technology, and our invest-
ment in the latest high-volume fine-pitch placement
systems.

Our SPC pro-
gram along with
Philips’ Quality Im-
A4 ¢ provement System

" represents a continuing

commitment to product

,,/tf " quality. Our position as a
v~ global electronic manufacturer
and purchaser is still another ad-
vantage of dealing with Philips Circuit
Assemblies.

The process is completed with test-
ing: in-circuit, functional, burn-in. Your assurance of
the highest product reliability. We offer you one of the
most comprehensive turnkey manufacturing
packages available.

Avoid a costly investment. Discover how Philips
Circuit Assemblies contract manufacturing — focused
on your special needs —can boost your productivity
and profits. Call for our capabilities brochure.

A\

Philips Circuit Assemblies
2001 W. Blue Heron Boulevard
PO. Box 10330

Riviera Beach, FL 33404

1-800-522-7752
In Wisconsin: 414/785-6359

Philips Circuit Assemblies

PHILIPS;
1
/

=

<
e
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CAE & SOFTWARE DEVELOPMENT TOOLS

caused errors. A transformer mod-
ule provides reverse-engineering
facilities; it converts existing source
code into a set of structogram files
that the structogram editor can
load, modify, and save. To run the
tools, you’ll need an IBM PC or
compatible with 640k bytes of mem-
ory and a color or monochrome
graphics adapter. From $895.
Software Design Tools In¢, Sun-
set/Vine Tower, Suite 1126, 6290
Sunset Blvd, Los Angeles, CA
90028. Phone (213) 463-5090. FAX
(213) 463-4319. Circle No. 352

Bernoulli Driver

® Takes advantage of Windows’
removable-storage features

® Available as an upgrade

The Bernoulli Driver 4.72 fully sup-

ports the removable-storage-device

features of Microsoft’s Windows

version 3.0. This driver is included

as part of the software package sup-
plied to new purchasers of the ven-
dor’s Bernoulli Box drives. Users
who have earlier versions of the de-
vice driver can upgrade it to version
4.72 for $15.

Iomega Corp, 1821 W 4000 St,
Roy, UT 84067. Phone (801) 778-
1000. Circle No. 353

Prolog Development System
Interfaces With C Programs

® [ets you link inference-based
modules to C code
® Provides an X-Window-based
user interface
Quintus Prolog 3.0 is a Prolog soft-
ware-development system that
runs on Sun-3 and -4 workstations.
It allows you to write, edit, run,
and debug inference-based func-
tions, which you can then embed
in an application program written
in C. You can use the product’s

Nobody does ferrites like DEXTER. We
offer the industry’s broadest selection of
quality ferrites and associated hardware
from world-class manufacturers.
SIEMENS, MAGNETICS, FAIR-RITE,
HITACHI, MMG/KRYSTINEL. From
prototype quantities to production runs.
From off-the-shelf to a wide range of
value-added services — precision
fabrication, E-core and pot-core gapping
and testing, sorting and selecting by
electrical specs.

Call Toll Free 1-800-345-4082 for Free
Catalog and Nearest DEXTER Location

FERRITE CORES:

THE DEXTER DIFFERENCE —
One-Stop-Shopping for all your
ferrite needs.

DEXTER

2 NE|
'V-l'li: JALS

THE DEXTER CORPORATION

ATLANTA ® BOSTON ® CHICAGO ® DALLAS ®

LOS ANGELES ® MINNEAPOLIS/ST. PAUL ®

NEW YORK ® SAN FRANCISCO ® TOLEDO/DETROIT @
ENGLAND® WEST GERMANY
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OUR FIELD OF EXPERTISE

CIRCLE NO. 10

Raising The Standard
In Solder Mask Technology

VALU:
The Economy
Of Liquid
With The

Design Freedom
Of Dry Film.,

VALU, the next generation solder
masking system, gives you the best

of both liquid and dry film solder mask
technologies: economical fabrication
and assembly, and greater circuit
density. The result is a uniform,
defect-free mask. If you want optimum
solder mask performance for today’s
and tomorrow’s PWBs, don’t settle
for anything less than VALU.

Call 1-800-237-43517.

DuPont Electronics

Share the power of our resources.

145




The
Encapsulant

Problem Solvers.

With over 2,700 products, we've
got one for you.

A case in point:

When an OEM manufacturer of power distribution
systems needed a specialized encapsulant for torroidal
coils, they called Emerson & Cuming. Their requirements
specified an epoxy-based, single-component product
which could eliminate meter/mix/dispense equipment, yet
cure at a low temperature and possess exceptional
thermal shock characteristics. The solution—one of our
STYCAST" series encapsulants.

Emerson & Cuming offers thousands of standard
products and the ability to customize for your specific
application. We have the encapsulant, adhesive or coating
you need to write your own success story.

To get a free selector guide or product sample for
evaluation, give us a call.

1-800-832-4929.

Encapsulants * Adhesives * Coatings

EMERSON
& CUMING.

a GRACE company
© 1990, Emerson & Cuming, Inc You'll like our chemistry.
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CAE & SOFTWARE DEVELOPMENT TOOLS

backward-chaining inference engine
directly in expert systems, or as a
tool for developing new expert sys-
tems. Prolog’s virtual-memory da-
tabase for both facts and rules, and
the dynamic data structures that
are created and accessed through
pattern matching, suit applications
in which programs manipulate
other programs and data represents
information about other data. Such
applications include computer-aided
tools, non-numeric simulations, and
intelligent user interfaces. The sys-
tem provides a user interface that
is based on the X-Window standard;
this user interface supports the
OSF/Motif look-and-feel. The pack-
age includes a window-based
source-level debugger and makes
use of the X resource manager to
allow you to customize your win-
dows. $10,000.

Quintus Computer Systems Inc,
1310 Villa St, Mountain View, CA
94041. Phone (415) 965-7700. FAX
(415) 965-0551. Circle No. 354

3-D Imaging Software
® Runs on Alliant FX/2828
supercomputer

® [ses ray-tracing algorithms
Mental Ray is a 3-D ray-tracing
software package that runs on Alli-
ant’s FX/2800 Series parallel super-
computers. The software uses 3-D
ray-tracing algorithms to generate
images that are almost indistin-
guishable from photographs. It ac-
curately renders extensive detail
seen in shadows, the effects of tex-
tures such as glass and chrome, and
the influence of multiple light
sources. The principle applications
for the software are automobile and
aerospace design, computational
chemistry, scientific visualization,
television and movie animation, and
military simulation. The software
was developed by Mental Images
GmbH (Berlin, Germany) and is
compatible with the Advanced
Visualizer software from Wavefront
Technologies (Santa Barbara, CA).

EDN October 1, 1990

You can create models using the
Advanced Visualizer on a worksta-
tion, and then send them for en-
hancement to an Alliant supercom-
puter that acts as a high-perform-
ance rendering server. The vendors
are developing interfaces to CAD
standards such as IGES to allow the
system to import images directly
from engineering CAD systems.
From $15,000, depending on host
configuration.

Alliant Computer Systems
Corp, 1 Monarch Dr, Littleton, MA
01460. Phone (508) 486-4950.

Circle No. 355

Graphics System Debugger

® Supports IEEE floating-point
format

® Provides redirection of output to
log files

Gspot (Graphics System Processor

Operating Tool) 1.0 is a symbolic

debugger for TI's 34010 graphics
system processor (GSP). The de-
bugger runs on IBM PCs and com-
patibles, and you can configure it
to work with any GSP-based hard-
ware including TI’'s SDB board.
You can install the debugger as a
resident program while using an-
other debugger for the host proces-
sor. You can return to Gspot either
by pressing a hot key or by the ac-
tion of breakpoints in the GSP pro-
gram. Other features include sym-
bolic debugging, C source-level de-
bugging, a user interface similar to
that of Microsoft’s CodeView, on-
line assembly, and a memory dis-
play/edit mode. The program also
provides full TIGA support. $995.
Pixelab Inc, 4513 Lincoln Ave,
Suite 105, Lisle, IL 60532. Phone
(708) 960-9339. FAX (708) 960-
9396. Circle No. 356

DEXTER Location.

World Class Ferrite Core
Manufacturers.
At Your Fingertips.

To get the best in ferrite quality and service, you have to know the
right buttons to push. 1-800-345-4082. That's your direct line to
DEXTER, your One Stop Shopping Center for your every ferrite need.
From world class manufacturers such as SIEMENS, MAGNETICS,
FAIR-RITE, HITACHI, MMG/KRYSTINEL. From standard stock items,
ready for 24-hour delivery, to the most intricate custom designs
utilizing DEXTER's extensive value-added services, like precision
fabrication, E-core and pot-core gapping and testing, and more.

Call Toll Free 1-800-345-4082 for Free Catalog and Nearest 'r‘“ 1?

ATLANTA ® BOSTON ® CHICAGO ® DALLAS ® LOS ANGELES ® MINNEAPOLIS/ST. PAUL @
NEW YORK ® SAN FRANCISCO ® TOLEDO/DETROIT ® ENGLAND ® WEST GERMANY

DEXTER

T
7

THE DEXTER CORPORATION
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" \V/FDDI 4211 Peregrine
V/FDDI 3211 Falcon

V/Token-Ring 4212 Owl

V/Ethernet 4207 Eagle
V/Ethernet 3207 Hawk

NETWORKING
SOLUTIONIS

FDDI, TOKEN-RING AND ETHERNET
COMMUNICATIONS

The need to network has never been greater. Diverse processing
platforms, distributed architectures, client-server, departmental and
workgroup environments all contribute to increased demands on the
network. System and network designers need a proven source of
technology solutions for the wide range of networking and
communication application problems they face.

Interphase delivers those solutions.

FDDI, TOKEN-RING AND ETHERNET SOLUTIONS

Interphase has long led the industry in high-performance VMEbus
peripheral controllers, and that same leadership is now evident in
networking node controllers. Interphase has FDDI, Token-Ring and
Ethernet solutions for virtually any VMEDbus system application
challenge.

PROVEN FDDI SPEED AND INTELLIGENCE

Interphase’s FDDI 100 Mb/s offerings are a logical choice for the
industry. The V/FDDI 3211 Falcon received UnixWorld magazine’s
Product of the Year designation and was the industry’s first 6U
VMEbus FDDI solution. Interphase’s newest FDDI product is the
V/FDDI 4211 Peregrine, a RISC-based high-performance node con-
troller capable of link level operation or on-board protocol processing.
The Peregrine provides single or dual attach configurations, with

SMT (Station Management Software) running on-board, all in one 6U
VME slot.

TOKEN-RING RESULTS

The V/Token-Ring 4212 Owl is an ultrafast Token-Ring node controller
based on the partitioned architecture of Interphase’s proven Eagle
class of controllers. The Owl facilitates connectivity of UNIX® systems,
workstations, supercomputers or any other VMEDbus system into

an IBM® environment using IEEE 802.5 Token-Ring. This multiple
processor design provides an elegant queued interface to the system
supporting IEEE 802.2 LLC, and a flexible 4 or 16 Mbit interface to the
Token-Ring network.

ETHERNET CHOICES

Interphase also offers two Ethernet design options. The V/Ethernet
4207 Eagle 32-bit protocol platform is the high-performance stan-
dard for the industry, and offers on-board TCP/IP support. The
V/Ethernet 3207 Hawk is designed specifically for cost-sensitive
VMEDbus applications.

GET YOUR NET WORKING NOW
No matter what your networking need —FDDI, Token-Ring or Ethernet
—Interphase is ready to provide the solution. For more information

call today:
(214) 919-9000 //q \
P\\

;:¢ INTERPHASE 3>~

— ]
CORPORAT |<)N/‘//;€(“:~a\

i \7»0\\\\

OPEN SYSTEMS CONTROLLERS ™ \ |
Disk « Tape « Networking

13800 Senlac * Dallas, Texas 75234 « (214) 919-9000 * FAX: (214) 919-9200 « NASDAQ-NMS:INPH

Interphase International

Astral House, Granville Way « Bicester, Oxon 0X6 0JT « (01144) 869-321222 « FAX: (01144) 869-247720

© 1990 Interphase Corporation. Interphase is a registered trademark of Interphase Corporation. Open Systems Controllers is a trademark of
Interphase Corporation. Specifications subject to change without notice. UNIX is a registered trademark of AT&T in the United States and other
countries. IBM is a registered trademark of International Business Machines
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NEW PRODUCTS

TEST & MEASUREMENT INSTRUMENTS

Portable, Wideband,
Polyphase Power Analyzer

® Offers 0.1% accuracy
® Works from 500 p.A to 204, 15
mV to 600V, and dc to 100 kHz

The model 2500 wideband power
analyzer captures instantaneous ac
line voltage and current and com-
putes virtually any related quantity
with 0.1% accuracy. Examples of
the computed values are watts, volt
amperes, reactive volt amperes,
power factor, phase angle, watt-
hours, and volt-ampere hours. By
connecting several analyzers, you
can make measurements on poly-
phase power systems. The input
frequency range is dec to 100 kHz.
The voltage range is 15 mV to
600V, and the current range is 500
A to 20A. The power range is 75
to 9999 wW. The unit contains low-

pass, highpass, and bandpass fil-
ters. An optional 8-channel analog
output drives a chart recorder.
$1595; with polyphase capabilities,
$1795; RS-232C, $275; IEEE-488,
$295.

Xitron Technologies Corp,
10225 Barnes Canyon Rd, Suite
A102, San Diego, CA 92121. Phone
(619) 458-9582. FAX (619) 458-9213.

Circle No. 357

In-Circuit Emulator
For 33-MHz 486

® Has 8k-byte trace buffer and
2M-byte expansion memory
® Fully supports pP’s
protected mode
The ICE-486 performs real-time in-
circuit emulation of the i486 32-bit
pP at speeds to 33 MHz. The emula-

tor fully supports the chip’s real and
protected modes and provides visi-
bility of the on-chip cache. Its 2M
bytes of expansion memory allow
debugging of large programs. Use
of symbolic references and auto-
matic translation of virtual ad-
dresses to linear and physical ad-
dresses speed debugging. An 8k-
byte trace buffer selectively cap-

{0 scopes, some compames

One company really has it.

(B VTVEE

-
| o
-

When it comes
talk a good line.

Designing a few scopes for "average" users leads to a line of average scopes. That’s
why Tek builds some 20 analog scopes and 24 DSO’s. From 10 MHz to 40 GHz.
B From handhelds to lab scopes. From dependable basics to the advanced signal analysis of the DSA.

| Want a line with real substance? Call your Tek rep or 1-800-426-2200 for less talk and more Tek.

One company measures up.

Copyright © 1990 Tektronix, Inc. All rights reserved. 186-172-A
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INTERNATIONAL
ELECTRONICS &

ELECTRICAL SHOW
March 11-15, 1991

Come join the brightest
stars that shine in the East.

Featuring

¥

Electronic components
*

Electronic parts

Meters & instruments
®

Electrical apparatus & machinery
L 2
Computers & peripherals
L 2

Manufacturing equipment
L

Organizer:

@%@ CHINA EXTERNAL TRADE
e DEVELOPMENT COUNCIL

Sponsor:

&, &\ TPEl WORLD
TRADE CENTER

Venue: TWTC EXHIBITION HALL

5 Hsinyi Road, Section 5, Taipei, Taiwan
Republic of China

Tel: (02)725-1111  Fax: 886-2-725-1314
Telex: 28094 TPEWTC

Branch Offices:

® New York-CETDC, Inc.

Tel: (212)532-7055  Fax: (212)213-4189
® San Francisco-Far East Trade Service, Inc.
Tel: (415)788-4304  Fax: (415)788-0468
® Chicago-Far East Trade Service, Inc.
Tel: (312)819-7373  Fax: (312)8197377
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TEST & MEASUREMENT INSTRUMENTS

tures bus activity or execution in-
formation. You can use the unit’s
event-recognition capabilities to set
breakpoints on execution and bus
events. The vendor offers a full set
of tools for the 1486 including a soft-
ware debugger, a macro assembler,
and compilers for C, Fortran, and
PL/M. $49,500.

Intel Corp, Box 58130, Santa
Clara, CA 95052. Phone (800) 548-
4725. Circle No. 358

Miniature RS-232C-
To-IEEE-488 Converter

® /s the size of a DB-25 connector
shell
® Supports data transfers to
19.2k bps
The 500-Serial is about the size of
the shell of a DB-25 connector—the
industry standard for RS-232C. The
tiny unit allows you to control from
one to eight IEEE-488-interfaced

instruments from the RS-232C port
of a computer that lacks an IEEE-
488 port. The 5-mA operating cur-
rent comes from the serial port’s
handshaking lines. Data transmis-
sion occurs at speeds as high as
19.2k bps. The unit supports the fol-
lowing IEEE-488 functions: SRQ,
SPE, LLO, DCL, and GET. With
the converter, the vendor supplies
a 15-ft RS-232C cable and a 9- to
25-pin adapter that lets you use the
converter with the serial ports of

IBM PC/AT-compatible computers.
An MS-DOS diskette contains pro-
gramming examples. $299.
Keithley Instruments Inc, 28775
Aurora Rd, Cleveland, OH 44139.
Phone (800) 552-1115; in OH, (216)
248-0400. FAX (216) 248-6168.
Circle No. 359

BNC Attenuator Kit

® Operates from dc to 1 GHz
® [ncludes 3-, 6-, 10-, and 20-dB
units

The TPI-100 BNC attenuator kit
contains four 50() attenuators, a
50() feedthrough, and a 50Q) termi-
nation. The insertion loss of the at-
tenuators is 3, 6, 10, and 20 dB.
Because they use thick-film resistor
networks, the attenuators work
from de to 1 GHz. The rectangular
shape of the enclosures prevents
the units from rolling off a work-
bench. The units are reportedly

When 1t comes

to DSOs, some companies
aim towards banner specs.

One company begins with them.

It’s the difference between face value and real value: do you build
for appearances? Or for solid fidelity, effective analysis, and
long-lived adaptability? Tek doesn’t take shortcuts that
shortchange you later. Want a scope that does the optimum,
not the minimum? Call your Tek sales engineer or 1-800-426-2200:
the deeper you probe, the more you'll appreciate Tek.

One company measures up.

Copyright © 1990 Tektronix, Inc. All rights reserved. 186-172-B
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Tektronix:
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FOR EMI SHIELDING COMPLIANCE:
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Faced with designing or testing a prod-
uct which must comply with one of
the many commercial or military EMI
specifications? You have two choices:

You can dig through the mountain of
published material. . .and still not be
much further ahead.

Or, you can make one easy phone

call to Chomerics. Because whatever
standards you’'re dealing with, our
people know them inside and out. No
other supplier delivers the combination
of knowledge, products, and services
to make your EMI problems disappear.

BEFORE CONSULTING THE SPECS,
CONSULT THE SPECIALISTS.

© Chomerics, Inc. 1988

152

HARD WORK...

Design Help

Call us early on in the design phase of your product and
take advantage of our no-charge EMI design review.
We'll help you get it right the first time.

Applications Assistance

With your design criteria in mind, we’ll look across

the full range of EMI shielding possibilities, and provide
detailed drawings and prototypes on short notice.

EMI Testing

Our depth of experience becomes very important when
it’s time to test your system. The fact that we operate
comprehensive military and commercial testing facilities,
with on-site design, applications support, and materials
manufacturing, is a real advantage to our customers.

CHOMERICSK

a GRACE company

77 Dragon Court « Woburn, MA 01888
TEL: 800-225-1936 (In MA: 617-935-4850) « TWX: 710-393-0173

Chomerics (UK) Ltd.

Unit 8, First Avenue ¢ Globe Park Industrial Estate
Marlow, Bucks., SL7 1YA « ENGLAND

TEL: (06284) 6030 « TELEX: 849817 CHOMER G

CIRCLE NO. 83
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TEST & MEASUREMENT INSTRUMENTS

more rugged than more expensive
units. An easily carried transit case
houses the six pieces in the Kkit.
$110.

Test Probes Inc, 9178 Brown
Deer Rd, San Diego, CA 92121.
Phone (800) 368-5719.

Circle No. 360

Source-Level C
Interface For 80186 ICE

® Supports an unlimited number of
symbols
® Lets you view source, assembly,
and mixed-mode code
HyperSource is a windowed, C-lan-
guage, source-level interface for the
vendor’s Mice-I11-80186 in-circuit
emulator. The interface displays
source code, assembly code or
source and assembly code inter-
leaved. The software works with
code files in Intel OMF (object-mod-
ule format) or Easy OMF. The num-

ber of symbols is unlimited, and you
can access all symbolic information,
including the names of symbols of
local and global scope. The register
contents and a watch-variable win-
dow are updated after every break-
point or single step. You can di-
rectly alter these quantities or use
C operations to modify them after
they increment. The interface soft-
ware provides quick access to the
stack trace, which contains informa-
tion on all currently active modules
and the exact sequence of routines
whose execution caused the operat-
ing program to reach the current
memory location. Versions of the
software run on IBM PC/ATs and
80386-based PCs. Both versions
need 2M bytes of RAM and cost
$1750.

Microtek International, 3300
NW 211th Terrace, Hillsboro, OR
97124. Phone (503) 645-7333. FAX
(503) 629-8460. Circle No. 361

Dielectric Constant
Characterization Kit

® Works with network analyzer

and computer
® [ncludes probe and software
The HP 85070A kit works with a
network analyzer and a computer
to measure the dielectric properties
of materials used in electronics as
well as of materials used in the food
and chemical industries. The sys-
tem measures the material proper-
ties as a function of frequency to
20 GHz. Measured quantities in-
clude the sample’s complex permit-
tivity and dielectric-loss factor. The
IBM PC-compatible software runs
under Microsoft Windows. $3950;
complete systems including net-
work analyzer and computer, from
$36,000. Delivery, 12 weeks ARO.

Hewlett-Packard, 19310 Prune-
ridge Ave, Cupertino, CA 95014.
Phone (800) 752-0900.

Circle No. 362

When 1t comes

to DSOs, some companies

duck the tough questions.

One company spells them ou.

12 Tough Questions looks beyond banner specs to critical issues most DSO vendors
don’t want you to ask. Acquisition, glitch detection, update rate, triggering — Tek’s

sales engineers welcome the kind of questions that get to the facts of performance. Want
a scope that has nothing to hide? Contact your Tek sales engineer, or call 1-800-426-2200
for a copy of 12 Tough Questions, free.

One company measures up.

Tekktronix

Copyright © 1990 Tektronix, Inc. All rights reserved. 186-172-C
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Stereo Digital Audio Board

® Simultaneously records and
plays back two audio channels
® Utilizes TI's 320C10 DSP chip
and has 80-dB dynamic range
The Series 2/SX-8 is a stereo digital
audio board for the 16-bit ISA bus.
It lets the user perform high-fidel-
ity, direct-to-disk recording. The
board can simultaneously record
and play back two separate audio
channels with 16-bit resolution. It
utilizes TI’s 320C10 DSP chip, and
it has a dynamic range of 80 dB. It
has a frequency response of 20 Hz
to 20 kHz. It achieves a S/N ratio
of 75 dB, and its total-harmonic-
distortion specification is 0.1%. You
can control sampling rates, volume,
bit resolution, antialiasing filtering,
and data-file formats using the sup-
plied software. The board can re-
cord data in either 16-bit PCM for-
mat or 4-bit ADPCM format for 4:1
data compression. You can operate
two or more boards in tandem for
multichannel recording. $1395.
Antex Electronics Corp, 16100 S
Figueroa St, Gardena, CA 90248.
Phone (213) 532-3092. FAX (213)
532-8509. Circle No. 381

File Server

® Contains from one to four
MC(C88100 RISC CPUs

® Delivers 100-MIPS performance
The Triton 88 file server contains
from one to four MC88100 RISC
CPUs. A fully loaded system deliv-
ers 100-MIPS performance. In addi-
tion, the CPU board contains from
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two to eight MC88200 cache and
memory units providing 32k to 128k
bytes of cache memory for the
CPUs. Each of the CPUs has access
to as much as 128M bytes of shared
memory on the CPU board. The
system uses dedicated MC68020
pnPs as I/0 processors. The basic
system can be expanded to accom-
modate as many as 14 I/O proces-
sors. Disk mirroring runs solely on
the processors. The system also
contains a link to a VMEbus for
adding standard VMEbus boards.
An uninterruptible power supply al-
lows 3 minutes of soft shutdown
when power disappears for more
than 5 sec. 3-board system with 20-
MHz CPU, $54,000.

Dolphin Server Technology AS,
Olav Helsets vei 6, Box 52, Bo-
gerud, N-0621 Oslo 6, Norway.
Phone +47 262 7000. FAX +47 262
7313. Circle No. 382

X-Windows Display Station
® Has a 15-in. grayscale display
with 1152 X 900 pixels
® [Jtilizes a 20-MHz 68020 nP and
2M bytes of DRAM

The X-15 Turbo is an X-Windows
display station in a small footprint.
It has a 15-in. landscape display
with grayscale. The display has
1152 x 900-pixel resolution and a re-
fresh rate of 70 Hz. The station util-
izes a 20-MHz MC68020 pP, and it
has 2M bytes of RAM, which is ex-
pandable to 8M bytes in 1M-byte
increments. Because the station
doesn’t have fans or disk drives, it
runs silently. The unit comes with
an optical mouse and a choice of in-
dustry-standard keyboards. The
unit can operate on thick and thin
Ethernet networks as well as on
RS-232C or RS-422 serial communi-
cations links. The unit can support
TCP/IP and DECnet protocols as
an option. The company’s X server
software is either resident in firm-

ware or downloadable from the
host. $2975 with 2M bytes of RAM
and grayscale.

Visual Technology Inc, 120
Flanders Rd, Westboro, MA 01581.
Phone (508) 836-4400. FAX (508)
366-43317. Circle No. 383

X-Window Terminal

® Contains a 19-in. screen with
1024 X 800 pixels
® Simultaneously accesses hosts
running Unix, VMS, UL-TRIX

The NCD19b X-Window terminal
can simultaneously access host com-
puters running Unix, VMS, or UL-
TRIX operating systems. A 16-
MHz MC68000 wP drives the text,
windowing, and 2-D graphics dis-
plays. The unit contains a single
gate array that performs more than
40 discrete functions such as graph-
ics control, memory control, and
display control. It comes with 2M
bytes of dynamic RAM, which is up-
gradable to 5M bytes using single
in-line memory modules (SIMMs).
The unit comes with a 19-in. screen
that has a resolution of 1280 x 1024
pixels. The terminal supports a va-
riety of communications protocols
including TCP/IP, SLIP, DECnet,
and the company’s XRemote for lo-
cal and remote serial communica-
tions. It works with any graphics
user interface including OSF/Motif,
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Openlook, or Xview. $2295 with 2M
bytes of RAM.

Network Computing Devices
Inc, 350 N Bernardo Ave, Moun-
tain View, CA 94043. Phone (415)
694-0650. FAX (415) 961-7711.

Circle No. 384

Expansion Units

® Connect to the expansion port on
T3100SX laptop
® Let user add PC expansion cards
to the computer
The WonUnder and WonUnder II
are expansion units for Toshiba’s
T3100SX laptop computer. The
WonUnder consists of a metal card
carrier, which accommodates a PC
expansion card that is 11 in. or less
in length. An interface card plugs
into the laptop’s expansion port. Its
small size lets the card fit in a
Toshiba carrying case with the com-
puter. The WonUnder II consists

of an expansion chassis that can ac-
commodate full-size PC expansion
cards. An interface card attaches to
the expansion port of the computer.
The card comes with an interface
cable and an external power supply.
Both units permit the laptop com-
puter to utilize PC expansion cards
such as network cards, VGA cards,
or additional memory cards.
WonUnder, $379; WonUnder II,
$479.

Connect Computer, 9855 W 78th
St, Suite 270, Eden Prairie, MN
55344. Phone (612) 944-0181. FAX
(612) 944-9298. Circle No. 385

Master Or Slave CPU Board

® Uses V25 wP in an all-CMOS
design for STD Bus

® Works as embedded controller or
1/0 board from —40 to +85°C

The 8825 all-CMOS CPU board for

the STD Bus uses an NEC V35 uP.

Programmable gate arrays from
Xilinx allow the board to function
as either a master or slave on the
bus. The board has the following
embedded-controller features: an
interrupt controller; two serial
ports; 16 parallel ports; two 16-bit
timer/counters; a real-time clock; a
watchdog timer; and a Dbattery-
backed static RAM (SRAM). Four
JEDEC sockets provide 512k bytes
of EPROM and 256k bytes of
SRAM. The board also has an SBX
expansion connector for expanding
the slave board’s peripheral func-
tions and an option for an analog I/0
channel. You can digitize eight ana-
log input channels with 12-bit accu-
racy. You can set the analog output
at 4 voltage ranges with 8-bit accu-
racy. Communication with the host
is either via interrupts or by a mes-
sage. The host can transfer a mes-
sage through the board’s dual-port

Text continued on pg 161

When it comes

to DSOs, some companies

let you stare at a video.

One company lets you compare for yourself.

Sitting through a video demo is like sightseeing with blinders on. So 18,000 engineers have
already asked for Tek’s free Scope Evaluation Kit, with test board and manual to help you
compare scopes and draw your own conclusions. Ready to blow the lid off canned demos?
Get face-to-face with your Tek sales engineer, or call 1-800-426-2200 to qualify for the Scope
Evaluation Kit.

One company measures up.

Tekktronix:

’ : CIRCLE NO. 15
Copyright © 1990 Tektronix, Inc. All rights reserved. 186-172-D
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Mixed-

Face it, a lot of designers have mixed feelings about mixed-signal
ASICs.

They know they need a higher level of integration on their silicon.

But they also know that mixed-signal ASICs can be a challenge. A
big one.

For these designers, NCR meets the challenge.

NCR has digital and analog libraries — characterized over
commercial and military temperature ranges with functions
ranging to 12-bit A/Ds and CMOS processes from 15 to sub-
micron. With user friendly software tools to put them together.

And, with NCR DesignSim A & D, a comprehensive
Analog/Digital System Simulation Package, you may simulate the
individual ASIC or the entire system, at speed!

NCR also provides off-the-shelf kit parts for in-depth system
evaluation, and custom designed cells for special requirements.

NCR can deliver a few prototypes or a few hundred thousand
parts all manufactured with the same controls and processes that
assure you the most reliable products available.

And in addition, NCR has a mixed-signal test environment
created specifically to test Analog/Digital ASICs without
compromising either domain.

All this has resulted in NCR being ranked #1 in worldwide cell-
based mixed-signal ASIC suppliers*.

And that’s why designers who know NCR, don’t have mixed
feelings about mixed-signal ASICs.

Call 1-800-334-5454 for complete information.

*Integrated Circuit Engineering, 1988/1989

WW

Worldwide Sales Headquarters

3130 De La Cruz Boulevard, Suite 209
Santa Clara, California 95054
1-800-334-5454
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without mixed feelings

European Sales Headquarters
Gustav-Heinemann-Ring 133

8000 Munchen 83

West Germany

49 89 632202

ZIN

EDN October 1, 1990
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CIRCLE NO. 86

Asia/Pacific Sales Headquarters
2501 Vicwood Plaza

199 Des Voeux Road

Central Hong Kong

852 859 6044
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PSS

Even though they're
Power Factor Corrected,
the power supplies you're
now using could ban your
products from Europe after
1992. They might keep
you from doing business
domestically, too.

Your PFC supplies
might not meet IEC 555-2
because they have too
much current circulating in
third and fifth order line
current harmonics.

Pioneer supplies have less
than 5% total harmonic
current content. They
feature built-in >.99 active
Power Factor Correction,
meet proposed IEC 555-2,

all applicable international
safety and EMC standards,
and are available from 250
to 2000 watts, in single or
multiple outputs. Delivery
for most models in OEM
quantities is 60-90 days.
P.S. — We apologize for
not having brought you
this information earlier.
But the word is out. We've
been shipping our PFC
supplies worldwide for
more than two years. So
call us now at 800-233-
1745, or 800-848-1745
in California.

Jnerr Hfapnetics .

CIRCLE NO. 87

See Us at Wescon Booth #3069-3071

EDN October 1, 1990



3M Introduces
Heat Shrinkable

Cable Shield
Terminators

Meet MIL-S-83519 for
one-step soldering of
ground wires to cable
shielding

AUSTIN, Tex. — New 3M brand MIL-
S-83519 shield terminators provide an
insulated, environmentally protected
strain relieved solder termination.

A red thermo-
chromic indicator
is included in the
solder flux. When
sufficient heat has
been provided for
complete melting
it becomes color-
less, thus helping
the technician
know the sol-

COMPUTERS &
PERIPHERALS

RAM. The board operates from
—40 to +85°C. Basie configuration,
$395; maximum configuration, $605.

Systek, 415 N Quay St, Suite 6,
Kennewick, WA 99336. Phone (509)
735-1200. Circle No. 386

3M shield terminators
are available in five di-
ameters with and with-
out pre-installed ground
leads per MIL-S-83519.

dered joint is
complete.

Six alpha nu-
meric characters

in contrasting ink
provide MIL spec markings that are
clearly visible before and after application
to assist quality control inspections.

Environmentally and mechanically
protected solder connections are the
result of a three part process:

1. The outer sleeve shrinks

2. The solder preform melts and flows,
completing the connection

3. The thermo plastic insert melts to
provide a seal

To aid in the correct application of
these heat shrinkable shield terminators,
3M offers heating devices, MP-700 for
hot air, ST-3000 for infrared.

The completed assembly provides
thermal and electrical insulation,
identification, strain relief, moisture
sealing and chemical protection.

For more information contact a 3M
Electrical Specialties Division represent-
ative or authorized distributor or call
1-800-322-7711.

3M Electrical Specialties Division
PO Box 2963 m
Austin, Texas 78769-2963
CIRCLE NO. 16
EDN October 1, 1990

Handheld Grayscale Scanner
® Renders 256 different shades of
gray
® Scans images with 400-dpi
resolution
The NuScan PC Grayscale Scanner
is a handheld grayscale scanner for
IBM PCs and compatible comput-
ers. It can interpret 256 continuous
tones of a photograph using a hard-
ware method instead of a software
method. It scans an image with 400-
dpi resolution. The scanner comes
with OCR software, which supports
most common fonts, typefaces, and
character sizes ranging from 8 to
36 points. A unique feature of the
software is that it can append and
merge functions, allowing the user
to sew together text from multiple
vertical or horizontal scanner
passes. The software can read at
20 to 80 sec/page on 80286 or 80386
computers with a minimum of 2M
bytes of memory. The scanner has
a scan width of 4.1 in., and it can
scan a page as long as 14 in. A win-
dow on the scanner permits visual
scan alignment. The scanner meas-
ures 5.4 X 1.3 X 5.6 in., and it weighs
0.7 Ibs. $399.

Asuka Technologies Ine, Von
Karman Commerce Center, Suite
110, 17145 Von Karman Ave, Irv-
ine, CA 92714. Phone (714) 757-
1212 Circle No. 387

To get a good idea
of what a great
idea we have in
Image Watches. . .
paste

your color

logo here.

OR EVEN BETTER

Send us
your color logo

(Any size letterhead, photo, brochure, artwork)

along with " $16.50 ea. "%
and we’ll rush you a
personalized working
quartz watch sample as
our convincer!

Your company logo in full color
is the dial of a handsome
wristwatch. Gold plated case,
genuine leather band, battery
powered quartz movement with
1 year limited warranty. Men’s
and women’s sizes. Remarkably
inexpensive even in small
quantities.

A timely idea for -

® Incentive

® Premium

® Dealer/Loader

* Business Gift

¢ Convention or
Meeting Giveaway

Catalog sheet and details on request.
Limit: 2 samples per company @ $16.50 each

IMAGE™ WATCHES, INC.
Suite 302, 400 Atlantic Blvd.
Monterey Park, CA 91754
Attn: Mr. Newberry
(213) 726-8050

9am-5pm Mon. - Fri., Pacific Coast Time

Logo Watch
Leader for over
10 Years ©Image ™ Watches, Inc.
all rights reserved

Unconditional Money Back Guarantee
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Smart-Power Chip

® Rated at 750 mA/driver
® [ncludes diagnostic functions
Featuring eight low-side drivers in
a single 15-lead multiwatt package,
the 1.9822 smart-power chip can de-
liver 750 mA continuously from
each driver. All eight drivers can
operate simultaneously. The device
is controlled through a 4-wire serial
bus, which is used both to load a
control byte and read a status byte.
This diagnostic feature allows a mi-
crocontroller to detect fault condi-
tions due to overloads or open-cir-
cuit outputs. When an overload is
detected, the device turns off the
faulty driver to prevent damage.
The chip’s outputs are also pro-
tected by internal 34V zeners that
suppress overvoltages caused by in-
ductive loads. $3.50 (1000).
SGS-Thomson Microelectron-
ics, 1000 E Bell Rd, Phoenix, AZ
85022. Phone (602) 867-6100. FAX
(602) 867-6290. Circle No. 373

1M-Bit Flash Memory

® Features small die size

® Has 90-nsec speed

Fabricated in 1.0-pm CMOS, the
Am28F010 1M-bit flash memory has
a die size of about 45k mil®>. The
next smallest competitive offering
has a die size of about 60k milz, ac-
cording to the company. The device
also features an access time of 90
nsec; its nearest competitor has an
access time of 120 nsec. The device
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is rated at 12V and organized as
128k X 8 bits. It is available in three
temperature ranges. Package op-
tions include 32-pin DIPs, plastic
leaded chip carriers, and LCCs.
From $18.20 (100).

Advanced Micro Devices, 901
Thompson Pl, Sunnyvale, CA
94088. Phone (800) 222-9323; in CA,
(408) 732-2400. Circle No. 374

Color LCD Interface
Controller

® Provides as many as 256 colors
® Has 6/ shades of gray

Used as an interface controller be-
tween a VGA controller and an
LCD panel, the CL-GD6340 pro-
vides digital signals for a color or
monochrome LCD and analog sig-
nals for CRT presentation. In accor-
dance with the VGA standard speci-
fications, the chip allows the simul-
taneous display of as many as 256
colors. The chip can also produce
64 shades of gray on monochrome
panels. Although its primary appli-
cation is expected to be in active-
matrix thin-film-transistor LCDs,
the interface controller supports
other LCD panels such as multi-
plexed supertwist types. In addi-
tion to its ability to drive both an
LCD panel and a CRT screen at
the same time, the chip is also us-
able with other display technolo-
gies, including gas plasma and elec-
troluminescent panels. Included in
the CL-GD6340 is a complete RAM
D/A converter with a color look-up

table. 100-pin quad flatpack, $68
(100).

Cirrus Logic Inc, 1463 Centre
Pointe Dr, Milpitas, CA 95035.
Phone (408) 945-8300. FAX (408)
263-5682. Circle No. 375

Dual-Channel 18-Bit ADC

® Conversion speed is 10 psec
® [nput bandwidth is 50 kHz
Operating from a single 5V supply,
the AT76C120 A/D converter fea-
tures 18-bit resolution, a conversion
speed of 10 wsec, and an input band-
width of 50 kHz. The device has a
guaranteed linearity accuracy of 15
bits and can resolve input signals
of <10 wV. The ADC provides sys-
tem designers with 96,000 18-bit
conversion samples/sec on each of
its two channels. Other features in-
clude a minimum S/N ratio of 86
dB and a 2’s-complement format for
the device’s digital-output code. In
a 24-pin plastic DIP, $25 (1000).
Atmel, 2125 O’Nel Dr, San Jose,
CA 95131. Phone (408) 441-0311.
Circle No. 376

h °

“Kickstarter’” Chip

® Moves control to the keyboard

® Jsolates ac power line

The DS1239 MicroManager -chip
contains special circuitry that cold-
starts a computer from the key-
board. In addition to convenience,
the chip enhances safety by keeping
110/220V ac power cabling distant
from the person activating the on/
off switch. When equipment power

EDN October 1, 1990



Our Competitor’s
Manufacturing
Plant.

PCchip sets from sets—and we can do it all
UMC cost up to 30% less on short notice.
than you're probably pay- If you'd like to get the
ingright now. kind of price breaks that
Thereason? Our major come when the designer
competitor merely designs and manufacturer are
chip sets. We design and manufacture them — under oneroof, call us today: 408-727-9589.
in the most advanced semiconductor manufac- UMC Full Line Of Chip Sets
turing facility in the world. So when you buy ::Sii Spee]i[MHZ] i Ilmet TOIZI =
from us, there’s no third-party markup. AT - s 5
386SX/AT ‘ 16/20 2 12
We can make consistent, reliable, high- i vk % ik

Notincluding CPU, DRAM, EPROM, and keyboard decoder.

volume deliveries of very high quality PC chip

&

UNITED MICROELECTRONICS CORPORATION

©1990 United Microelectronics Corporation.
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/ULTRA-MINIATURE \

SURFACE

Actual
Size

DC-DC Converter
Transformers
and Power
Inductors

These units have gull wing construc-
tion which is compatible with tube
fed automatic placement equipment
or pick and place manufacturing
techniques. Transformers can be
used for self-saturating or linear
switching applications. The Induc-
tors are ideal for noise, spike and
power filtering applications in Power
Supplies, DC-DC Converters and
Switching Regulators.

e Operation over ambient
temperature range from
—-55°C to +105°C

e All units are magnetically
shielded

e All units exceed the require -
ments of MIL-T-27 (+130°C)

e Transformers have input
voltages of 5V, 12V, 24V and
48V. Output voltages to 300V.

e Transformers can be used for
self-saturating or linear
switching applications

e Schematics and parts list
provided with transformers

¢ Inductors to 20mH with DC
currents to 23 amps

® Inductors have split windings

Delivery—
stock to
one week

o;;r"’%ss & &g

FRe END RE, G
& P’C D’Q
4

PICO

Electronics. Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064

\ INNEW YORK CALL 914-699-5514 /
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is off, a pushbutton closure is de-
tected by the chip, which then
sources a small amount of energy
from a 3V lithium battery. This en-
ergy lights an optoisolator to kick
on a triac, which powers up the sys-
tem. The chip also monitors a sec-
ond pushbutton to reset a processor
when the operator wants to inter-
vene. The DS1239 also has provi-
sions to monitor power. If the 5V
power supply dips out of tolerance,
a warning signal interrupts the
processor, allowing for storage of
information in nonvolatile RAM.
$3.50 (1000).

Dallas Semiconductor, 4350 S
Beltwood Pkwy, Dallas, TX 75244.
Phone (214) 450-0448. FAX (214)
450-0470. Circle No. 377

16k-Bit Quad-Port RAM

® Has four 256 X 16-bit
segments

® Handles clock rates to 20 MHz
The PDSP16520 quad-port RAM
contains a total of 16k bits of dual-
port static RAM arranged in four
256 X 16-bit segments. These seg-
ments are supported by two 16-bit
input buses and two 16-bit output
buses, with each memory quadrant
accessible from any of the input and
output ports. In order to synchro-
nize all events to a common system
clock, the chip’s address, data, and
control inputs together with its data
outputs are fully registered. The
system clock initiates the memory
cycles; data rates to 20 MHz are
possible. Within this 20-MHz clock
period, the circuit can read data
from any two of the memory blocks
as well as write new data to any
two blocks. Separate inputs for
both read and write addresses are
available and, when both addresses
specify the same location, the cir-
cuit reads the old data before writ-
ing new data. As a further aid to
system integration, the user can
program a delay between 0 and 15
clock cycles before the write opera-
tion specified on the input pin actu-

Technical
calculations
made easy!

March 14,
1989 issuc.

Perform engineering
and scientific
calculations faster...

and with fewer errors.

* MathCAD 2.5 does your numerical
analyses quickly, easily . .. an
inexpensively! The live document
interface™ lets you integrate equations, text,
and graphics on your computer screen. You
can see what you solve . .. and update your
equations and graphs with a single keystroke.

* You do the thinking while MathCAD
does the work. MathCAD picks up where
calculators and spreadsheets leave off. With
over 120 commonly-used functions built-in,
MathCAD can handle your formulas, expo-
nentials, differentials, cubic splines, FFTs,
and matrices.

. N{Jpllcatnons Packs customize
thCAD to your work. Seven different
packs are available for electrical, mechanical,
and chemical engineering and other technical
applications.

* MathCAD works on your PC,
Macintosh, or UNIX workstation. More
than 100,000 engineers and scientists are
already using MathCAD to turn their comput-
ers into powerful workstations that can handle
virtually any technical application.

Call 800-MathCAD, ext. 335
to request a free demo disk!

In Massachusetts, call
617-577-1017, ext. 335.

For a free MathCAD
Introductory Kit, clip
this coupon and mail
itback to us. Or
circle your reader
service card.

[ Yes! Tell me more about MathCAD!

Name, |

Title,
Company.
Address,
City. State, Zip.
Phone.! )
Math Soft MathSoft, Inc.
R « 1 - » 201Broadway
Cambridge, MA 02139
L #13 EDN10/92J
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ally occurs. The PDSP16520 comes
in a 144-pin pin-grid-array package.
£150 (100).

Plessey Semiconductors Ltd,
Cheney Manor, Swindon, Wiltshire
SN2 2QW UK. Phone (793) 518000.

Circle No. 378

QSFCT2244 DEVICE

INPUT FCT244 OUTPUT
PIN PIN

v 250

%

brid SDC-14570 Synchro/Resolver-
to-Digital Converter comes in a
space-saving 1x0.8-in. package. The
device also features a 4V velocity-
output signal with-a linearity of 1%
that you can use to replace a
tachometer. The converter is avail-
able with operating temperature
ranges of 0 to 70°C and —55 to

+125°C. You can also order the de-
vice with MIL-STD-883 screening.
The converter comes in a hermetic
26-pin double DIP. From $330. De-
livery, stock to 60 days ARO.

ILC Data Device Corp, 105
Wilbur Pl, Bohemia, NY 11716.
Phone (516) 567-5600. FAX (516)
563-5699. Circle No. 380

Logic Family With

Built-In Resistors

® Saves board space

® Reduces ground bounce

A family of FCT2000A logic devices
comes with built-in 25} series resis-
tors to save board space and reduce
ground bounce, undershoot, and
ringing. Ground-bounce noise is lim-
ited to 0.8V, with similar reductions
in the other parameters. The de-
vices are particularly useful in high-
speed, high-capacitance load appli-
cations such as static-RAM and dy-
namic-RAM arrays in RISC and
CISC systems. Worst-case delays
are 4.8 nsec for the FCT2244A
buffer, 5.2 nsec for the FCT2373A
latch, and 6.5 mnsec for the
FCT2374A register. Available in
plastic DIPs, ZIPs, and SOIC pack-
ages. $3.38 to $5.96 (100).

Quality Semiconductor Inc,
2946 Scott Blvd, Santa Clara, CA
95054. Phone (408) 986-8326. FAX
(408) 496-0591. Circle No. 379

14-Bit S/D Converter

® Comes in a small-size
package
® Has a velocity-output pin
Based on a proprietary single-chip
monolithic R/D converter, the hy-

EDN October 1, 1990

* VMEbus Anomaly Trigger
* VSB State Analysis
* VME Cycle Generator

VMEbus Anomaly Trigger reveals
incompatibilities and spec. violations.

The Ultimate
VMEDbus Tool Set

Based on the VBT-321 Advanced VMEbus Analyzer, VMETRO's Modular VMEbus Analyzer System
offers piggyback modules for all kinds of VMEbus development, verification and tuning purposes.

VMETRO's Modular VMEbus Analyzer System gives you unrivalled
measurement capability in a single VMEDbus slot. Pick the right piggyback
module to the VBT-321 VMEbus Analyzer and obtain:

Combined VMEbus State trace
and 100MHz Timing Waveform.

* 100MHz VME Timing Analysis
* P2 General Purpose Analysis
* 256K Trace w/SCSI dump

Real-time VMEbus histograms
shows bus usage, event counts, etc.

00,81 s o e s b e
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VMETRO AS
Sognsveien 75, N-0855 Oslo 8, Norway
Tel.: +47 2 39 46 90. Fax.: +47 2 18 39 38

UMETRO

The Bus Analyzer Specialist

VMETRO, INC
2500 Wilcrest #550, Houston, TX 77042
Tel.: (713) 266 6430. Fax.: (713) 266 6919

CIRCLE NO. 8
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LITERATURE

Test-Instrument Brochure,
App Note For Test Setup

These two publications provide
complementary information on how
to solve the problem of characteriz-
ing ICs with a stimulus-response
setup. The 4-pg brochure How are
You Going to Test This? describes
the HP 8131A programmable pulse
generator and the HP 54120 family
of high-frequency digitizing oscillo-
scopes. Application Note 381, A
Test Setup for Characterizing High-
Speed Logic Devices, explains a
characterization of a GaAs flip-flop
using the instruments discussed in
the brochure.
Hewlett-Packard, 19310 Prune-
ridge Ave, Cupertino, CA 95014.
Circle No. 388

your throughput
with the MEGA |
flexible

light assembly
system

Anticollision Software
Presented

The 6-pg foldout brochure World
Class Assembly, World Class Per-
formance covers the Mega 1 robotic
multiple-head system for complex
assemblies in manufacturing appli-
cations, including electronics and
automotive production. The publi-
cation explains how the software
uses bidirectional linear motors,
frictionless air bearings, and anti-
collision technology to operate as
many as four robotic heads simulta-

166

neously. It also describes an op-
tional vision system that allows sin-
gle-move parts positioning. The
brochure’s 4-color photos illustrate
the unit’s programming, which uses
the industry-standard C language.
Megamation Inc, Box 2328,

Princeton, NJ 08543.
Circle No. 389

Publication Presents
Gauging System
This 14-pg brochure features the
Metro Program of incremental-
length gauges for checking the ac-
curacy of other gauges and inspec-
tion equipment. The 4-color publica-
tion provides specifications, de-
scriptions, and illustrations.
Heidenhain Corp, 115 Com-
merce Dr, Schaumburg, 1L 60173.
Circle No. 390

Charting Your Way
To Data-Bus Products

This data-bus product-selection
chart provides an at-a-glance guide
to more than 30 characteristics of
data-bus products for MIL-STD-
1553 applications. Color-coded
tabulations highlight the 2-sided
chart, which lists single and dual
transceivers, bit processors, remote
terminal units, interfaces, card as-
semblies, and testers.
ILC Data Device Corp,
Wilbur Pl, Bohemia, NY 11716.
Circle No. 391

105

Reprint Explains
Stability Testing
Stability Testing of Type K, N, J,
and E Thermocouples at 538°C is
a reprint of a paper presented at
the American Society of Mechanical
Engineers Cogen-Turbo III Sympo-
sium. The paper’s tables, graphs,
and references illustrate the discus-
sion in the text.

Thermo Electric, 109 N Fifth St,
Saddle Brook, NJ 07662.

Circle No. 392

Foldout Guides You To Bus
Testers For MIL-STD-1553

The Engineer’s Guide To MIL-
STD-1553 Modular Bus Testers
tells you how to use the 1553 Bus
Tester, which tests and evaluates
1553A/B terminals and systems.
The 6-pg foldout brochure describes
the Tester’s capabilities and shows
you how to economically match test-
ing requirements with the proper
Bus Tester model.
Test Systems Inc, 217 W Pal-
maire, Phoenix, AZ 85021.
Circle No. 393

Military/Aerospace
Relays Listed

The 32-pg catalog spotlights a range
of relay lines for military and aero-
space applications. The catalog cov-
ers time-delay, dry-reed, mercury-
wetted, magnetic-polarized, and
general-purpose relays. It also pre-
sents a line of relays that includes
minigrid, TO-5 ecase, crystal-can,
solid-state, RF and time-delay de-
vices, power monitors, and voltage
sensors. An index arranged accord-
ing to military specifications and a
cross reference to military part

numbers help you select parts.
Struthers-Dunn Ince/Hi-G Co,

Lambs Rd, Pitman, NJ 08071.
Circle No. 394
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This advertising is for new and current products.

Please circle Reader Service number
for additional information from manufacturers.

8051 IN-CIRCUIT EMULATOR

« Real-time and transparent Development System

« Serially linked to PC's and compatibles

+ 64 Kbyte Internal Data and 64 Kbyte Internal Code
Memory

« Symbolic Debugger, On-line Assembler and
Disassembler

« C and PLM support with source and code windows

AVAILABLE: 32K-DEEP TRACE $800, EPROM PROGRAMMER $250

DEALERS INQUIRIES WELCOME
CE' Bo 105 GLEASON RD. LEXINGTON MA 02173
TEL: 617-863-9927 FAX: 617-863-9649

CIRCLE NO 325

% ¥¢ 7% Y

‘‘The Best 8051 Emulator”

_NEW
30 MHz

REALTIME

5 ft. cable

8051 SEE EEM 89/90

Pages D 1324-1326
PC based emulators for the 8051 family

8031, 8032, 8051, 8052, 80C152/154/3;
80532, 83C: , 8344, 87C
752, 8751, 8752, DS5000 + CMOS ... more.
B PC plug-in boards or RS-232 box.
B Up to 30 MHz real-time emulation
W Full Source-level Debugger wicomplete C-variable support
B 48 bit wide, 16K deep trace, with “‘source line trace.”
W “'Bond-out’ pods for 8051, 83C552, 83C451, 83C652,
83C751, 80C515/80C517, 83C752.

Prices: 32K Emulator 8031 $1790; 4K Trace $1495"

CALL OR WRITE FOR FREE DEMO DISK!
Ask about our demo VIDEO

51 E. Campbell Avenue
Campbell, CA 95008
FAX (408) 378-7869

CORPORATION (408) 866-1820

7/535/537/

*US only

CIRCLE NO 326

HIGH DENSITY - LOW INSERTION FORCE
70-350 POSITION BLIND MATABLE CONNECTORS

N Series rack & panel connectors are available in 70,
110, 150, 190, 230, 270, 310 and 350 position models.
The use of the Hypertac® LIF (Low Insertion Force)
contact provides reliable operation without space
consuming, expensive caming or jacking devices.
HYPERTRONICS CORPORATION
16 BRENT DRIVE, HUDSON, MA 01749
(508) 568-0451

CIRCLE NO 327

(6809

Single Board Computer

MPY, 2 serlal poris, # paraiiel parts) RAM, |
EPROM, reai-time clock, watchdog timer, '44-pin’
45" x 65" PCB
EXPANSION MODULES: RAM, EPROM, CMOS RAM/
battery, analog 1/0, serial /O, parallel 1/O, counter/
timer, |EEE-488, EPROM programmer, floppy disks,
cassefte, breadboard, keyboard/display.

Wintek Corp
vv m cloyee. 475

CIRCLE NO 328

Small But Mighty

High Level Language and Math Library
On a Tiny /0-Rich Microcontroller

+ 44 1/0O Lines

« Floating Point Math

+ Multitasking 68HC11
+ 64K ROM, 128K RAM
« Resident Debugger

All the software you need for data acquisition,
control, and instrumentation: high level FORTH
language, assembler, debugging tools, multitasker,
and extensive matrix math library including FFT
and equation solution — all on the board.

Low power |/O-rich hardware: 8 AD, 24 digital
and 8 timer-controlled /O lines, 2 serial links, 128K
battery-backed RAM, only 300 mW, 3"X4".

The QED Board: OEM versions from $495 (100s).

Mosaic Industries Inc.415/790-1255
5437 Central Ave. Suite 1, Newark, CA 94560

CIRCLE NO 329

r EUROPEAN-STYLE
TERMINAL BLOCK (STRIPS)

Curtis Industries announces a complete cata-
log describing its new line of low cost Europe-
an-Style electronic
terminal blocks @
(strips). These PA .
Series terminals are
available on typical
5mm, 5.08mm,
10mm, 10.16mm
and other centers.
Variations include
P.C. mount, discon- §
nect P.C. mount,
vertical, horizontal
and 45° wire connections. Tapered openings
for quick connection, captivated screw to pre-
vent loss, and nickel or tin plated brass termi-
nals for highly corrosive applications. Interlock
and single piece moldings in lengths up to 24
positions.

Curtis Industries
‘ P.O. Box 19910, Milwaukee, WI 53219-0910
‘ (414) 649-4200 Fax: (414) 649-4279

TWX: 610-262-3035

CIRCLE NO 330

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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PC Communications
Coprocessors

Ourcommunications coprocessors offload serial and
parallel communications tasks from PC's used in
dedicated applications. RS232 and RS485 style
communications. Easily programmed using C. A
memory mapped interface to the host PC allows high
speed data transfer and simple buffer schemes.
From 64k to 512k of memory local to the coprocessor
but accessible from the host PC. Used in many in-
dustrial and business systems to dramatically im-
prove performance compared to standard PC serial
port implementations.

Z-World Engineering
1340 Covell Blvd., Davis, CA 95616
(916) 753-3722
Fax: (916) 753-5141

CIRCLE NO 332

IE§E-488_

CABLES

IEEE-488, (GP-IB, HP-IB) CABLES

M Reliable gold plated contacts.

[ Durable metal connectors.

M High strength strain reliefs.

B Two shields for high noise immunity.

M Custom lengths at low prices.
Capital Equipment Corp.

Burlington, MA. 01803

Informative catalog 800-234-4232
Applications help (617) 273-1818
CIRCLE NO 333

T
AR TR A SRS | S T

100 MHz Waveform

Digitizer

STR*832

STR*825

=

The fastest A/D boards for
your data acquisition needs.
m transient rates of 25, 32, and 100 MHz at 8 bits
® time equivalent sampling rates up to 800 MHz

® bus interface allows 1.5 MHz throughput rates
® many trigger modes; 64K memory per channel

triggering M Extensive MACRO capabilities B Program

How To Get More

Emulation for Less
0R|0620 ANI.YZER—EMULATOR

W High-Level language/Symbolic debug support ® Over
170 processors supported with the same base hardware
and software environment W Easy-to-use, powerful

Performance Analyzer B Built-ln EPROM programmer
Go ahead and compare. The 8620 Analyzer-Emulator

Take One — Pass FCC
Now in the USA the patented Filmac® EMI
filters from Japan. Find out why
they are used by most big Japanese '
makers to pass FCC class B.

EMI?

Low cost

Capacitor like construction
Distributed low pass filter
Sales over 1 million pcs /month
Better results than built up filters

Free! 26 piece sample kit. Call today.

m XT, AT & 386 compatible; prices from $1750 gets your product to market faster and costs less. Base 800-899-7888
u free dri d digital oscilloscope software 5080. Send f f ti d
e bios sat at 5080 St ot e etionan Zyrel, Inc.
SONOTEK Toll Free 800/729/7700 1900 McCarthy Blvd.
8700 Morrissette Drive, Springfield, Virginia 22152 or 415/327/8800 0 Suite 201
703-440-0222 m Telex 910-250-5257 ® Fax 703-440-9512 S P
180 Independence Dr., Menlo Park, CA 94025 Mllpl[as, CA 95035
CIRCLE NO 334 CIRCLE NO 335 CIRCLE NO 336
ES -BOX-SYSTEM
EUROCARD  THE RELIABLE AND
SMP BUS POWERFUL WAY TO USE A
WITH 2ND PERSONAL COMPUTER IN
CPU OPTION INDUSTRIAL ENVIRONEMENT

Over 150 Prototyping Adapters

e Adapt-A-Boards™ make it easy to adapt standard or
high-density prototyping boards to a variety of packages.
@ For all package types: LCC, PLCC, PGA, PQFP, SDIP
(shrink DIP devices), SOIC and more!

e Bottom configurations adapt to wire wraps or solder tail
pins. Boards conform to Mil-C-45204.

@ Quick turnaround on custom engineering services, if
needed. For a free catalog, contact:

Emulation Technology, Inc.
2368-B Walsh Ave. Santa Clara, CA 95051
Phone: 408-982-0660 FAX:408-982-0664

CIRCLE NO 337

*16 THERMOCOUPLE CONTROLLER
* DIGITAL AND ANALOGIC I/O *FLOPPY MODULE
* HARD DISK MODULE *EPROM-RAM DISK CARD

* RS232 CARD, REAL TIME CLOCK....

BUFFERED OR

DUAL PORT port connection
- L st CONNECTION * Complete software support
I erdcans aeas ) L Yeseet ELETTRONICA SILLARO S.R.L.
COMPUTER PERIPHERALS AND
AVAILABLE PERIPHERALS e, il
*6 ENCODER CONTROLLER  *3 AXES CONTROLLER VIA MEUCCI,11

* NETWORK CARDS (NOVELL, 10 NET) *MEMORY CARD

* word, byte and BIT digital /O
for easy and fast software

* Diagnostic signature on every
1/O card

* Multiprocessor with dual

40024 CASTEL S. PIETRO T.
(BO) ITALY

TEL. 0039 51 940609

FAX 0039 51 941737

TLX 510160 ELSIL |

WE ARE LOOKING FOR DISTRIBUTORS

CIRCLE NO. 338

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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Cover Your Design Bases

1-800-553-9119

SCHEMA 111
schematic capture

PC board layout  logic compiler |

995/ ‘

$
SUSIE logic simulator ‘
FREE DEMO DISKS ‘

2 OMATION

EXPRO-40 PC-Based
Universal Device Programmer

& Tester

PC-ADAPTER DTYPE
CARD 37 PINS CABLE
8 SOFTWARES AVAILABLE FOR
POPULAR DEVICE PROGRAMMING

EPROM:NMOS or CMOS EEPROM:2816, 17A, 64A, 256A...
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS,
Signetics, TI, AMD, Motorola, Harris, Cypress MPU 8748:
8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH
MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH, C51, €252
PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypress,
Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8.

IC Tester: 74xx, 40xx, 45xx, DRAM

SoNgt@e/ international, Inc.

44061 So. Grimmer Blvd., Fremont, CA 94538
Tel: (415) 770-9051 Fax: (415) 770-9060

CIRCLE NO 340

CIRCLE NO 341

—CHIPSAFE

For Safely Storing, Organizing, Archiving and Transporting Your Components

Our handsome, Crushproof, Dust-Tight, Snap-fastened IC Storage albums
with ESD protection are the perfect solution for physically and electrically
protecting your library of MASTERS, MODS, REVS and samples.

Procuct  Model| Size | 1P Capecily (DIP) [y g {Prices (1-4)
8pn 15pm 28pn pn | {
et gt L e =t
'Chlp%alu“ 100 7°x10"|528 264 76 56 Maximum IC storage 5771595
|ChipStore™ | 200 [7°x10"| 264 12 38 28 [Combination IC & $16.95
5 54" diskettes |diskette storage
ChipCarry™| 300 |5 x6° 120 70 19 12 |Brelcase size IC storage| § 12.95

ChigPocket™ 400 3" x4°| 55 26 7 5 |Shifl pocket size s 695

i TOI

ENTERPRISES P.O Box 59. Newfon Highlands. Massachuselts 02161 (617) 332-1010

CIRCLE NO 342

PROTOCOL ANALYZER
UNDER $200

* Baud Rate Analysis

* Data Monitoring in
Hex or ASCII

* Generate Test Data
Strings

* Displays on Oscilloscope

« Battery Powered

 Automatic/Manual Modes

* Diagnose Serial
Communications

* Optional Display and
Break-Out Box

Call 1-800-572-1028 for complete information
and the name of your local distributor

* GLOBAL SPECIALTIES
@ 70 FULTON TERRACE
NEW HAVEN, CT 06512

CIRCLE NO 343

EXTRUDED ALUMINUM
PANEL MOUNT ENCLOSURES

© Depths 6" & 8”
© Any depths, 10 or more
 Satin, clear anodize
finish
© Lock-in panel-mount
* Modifications and
DIN STANDARDS screen printing available
Bezel Case FREE CATALOG
48x% mm 44 x91 mm
12x 144 mm 67 x 136 mm
96 x 192 mm 91 x184 mm

555 Marion Road
Bx¥mn HATW C olumbis, OH 43207

614/445-8433
CIRCLE NO 344

Tango-PLD. The New
Price/Performance Leader.

Tango-PLD, a universal PLD design tool with sophisti-
cated features at an affordable price, creates
complex designs with multiple PALs
and GALs. Our top-down approach,
emphasizing logic description first
and part selection second, along
with a “C-like” design language,
makes Tango-PLD easy to use.

lango

Describe designs with Boolean equa-
tions, truth tables, state machines,
high-level C expressions, or existing JEDEC
files. Simulation with test-vector coverage checking
guarantees no surprises. Rich functionality, one year's
updates, free tech support and BBS, plus our 30-day guaran-
tee. All this for just $495. Call today.

- FREE EVALUATION PACKAGE
800 433-7801 619554-1000 619 554-1019 Fax

ACCEL™ Technologies ® 6825 Flanders Drive ® San Diego, CA 92121 USA
International prices may vary. Contact us for the distributor nearest you.

CIRCLE NO 345

8051 Emulator - $1250

d?ICE is a low cost, Full Speed, real time 8051
Emulator.. Powerful user interface for Hi-level
multi-window source code debugging. Uses
IBM-PC COM1/2. No Slots! Portable, fits in
shirt pocket. Assembler and test bed included.

Cybernetic Micro Systems

PO Box 3000 e San Gregorio CA 94074
Ph: (415) 726-3000 @ Fax: (415) 726-3003

CIRCLE NO 346

Elegant, concise, fast & standardized

AOATING POINT
libraries for embedded applications

Based on the IEEE 754 standard, FPAC (32 bit)
and DPAC (64 bit) libraries are mature, well
documented, and fully tested. The libraries are
fully ROMable and include the following:

® Basic Operations ® ASCII Conversion

* Square Root ® |nteger Conversion

® Trigonometric ® |ogarithmic

U § Software supports most Intel, Motorola,
Zilog and Hitachi micros, including 80X86,
80386, 680X0, 80960, 8051, 8096, 68HC11, Z80,
6809 and 6301.

For additional information, please contact:

L S

United States Software Corporation
14215 NW Science Park Drive
Portland, Oregon 97229
800-356-7097
503-641-8446
503-644-2413 (FAXO

CIRCLE NO 347

PC BASED
EMULATORS

@ Source Level Debug for
PUMand'C'

probe
® Up to 128K emulation
memory
©® 20 MHz real-ime
emulation

® Up to 4K trace buffer
MetaLink™...Originators of the o e s razer

PC Based 8051 Emulator

We have more 8051 emulatorsthan anyone ~ WatchDog timers at NO
inthe world: 8031, 8051, 8032, 8052, 8344, 8044,  addiional cost
80C152JA/JB/JC/ID, B3C152JA/IC, 80C452, ® Breaks set symbolically
80C51FA, 80515, 80535, 80512, 80532, 80513, @ Fully documented
80C517,80C521, 80C541, 80C321, 8053, BXC154, @ Serially linked to PC
8XC451, 8XC552, BXC562, BXCE52, BXC751, @ OEM supplier to 8051 IC
BXC752, 80C537, CMOS, EPROMs, OTPs manufacturers

Call or wite for ree demo diskefte ® Uninied FEE i
1-800-METAICE® eFmsies
®

" M
4 4 = Corporan
MetaLink Corporation P.0. Box 1329, Chandier, AZ 85244-1329

(602)326-0797 FAX: (602)926-1198 TELEX:4998050 MTLNK
*Priceis US. st

CIRCLE NO 348
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TLX01A
inserts a telex
in your PC

Telex interface with double or simple
current (V11,V24/28) « Processor Z180
« Battery backup RAM memory «

2 auxiliary serial ports « PC-AT-XT,
PS/2 30 or compatibles « Complete
with communication software «
Manufacturing license available.
EXOR, P.O. Box 548, West Chester, OH
45069, USA. Fax: 513-874-3684
Phone: 513-874-4665

XOR

Electronic R&D
CIRCLE NO 349

NEW FOR 1990-91

NANOSECOND
PULSE GENERATORS

OUR FREE 16-PAGE “NEW BSOS TSSNNN

FOR 1990-91" CATALOG | |
DESCRIBES 38 NEW | . 2 é
MODELS FOR LASER | Jii¢ |

DIODE DRIVING, HIGH- |
VOLTAGE GATING, SEMI- |
CONDUCTOR DEVICE
TESTING, ULTRASONICS,
AND OTHER APPLICA- |
TIONS. WE NOW OFFER
OVER 180 PULSE, IM-
PULSE, MONOCYCLE, y
DELAY GENERATORS, AND SAMPLERS,
AMPLIFIERS, TRANSFORMERS, BIAS INSERTION
UNITS, AND RELATED ACCESSORIES.

G

P.O. Box 265, Ogdensburg
New York 13669

(315) 472-5270

P.O. Box 5120, Station F
Ottawa, Canada K2C 3H4

AVTECH

BLECTROG e (613) 226-5772

Fax: (613) 226-2802
CIRCLE NO 350

® i owm owm
, B4R §th ordee  1RB: Chelushou Low Pass Filtar,
Advanced Ell!gineering Software
Call for Free Demo Disk

L v

eFilter designs active, passive, and digital filters
uF to order 30. Draws Bode and transient
plot

R R Moo i S from $650
*Micro-CSMP models any system. Support for
non-linear behavior........ ... ... .. .. $900

*BrainMaker neural network solves control
& image processing problems. Menu-drive,
TRIOMSE .. & s o & § i S o e e 1 $195

California Scientific Software
10141 Evening Star Dr. #6
Grass Valley, CA 95945

FREE Catalog: (916) 477-7481

CIRCLE NO 751

20 MHz 286 CPU CARD — $595

® 2 Serial/1 Parallel Ports

e Up to 4 Meg DRAM: 0/1 WS

* Low Power 6-layer PCB

® Award BIOS — Norton SI 21.1

e Optional 287 Co-Processor

® Small Size (XT-Form Factor)

® User Replaceable Battery

* Made in USA -~

® $595 gty 10 w/OK ’,

295 Airp(m RO&d TEMPUSTECH, INC.

Naples, FL 33942 1-800-634-0701
CIRCLE NO 752

Industry-standard
language for PLDs

With new ABEL-PLD
at just $895%

Call for your FREE
ABEL-PLD demon-
stration diskette.

1-800-247-5700

® 150 PLD architec
tures supported
(over 4000 devices).

® Uses ABEL™ Hard
ware Description
Language (AIDL).

® [ntelligent synthesis
and optimization.

m Upgradable to full Dm I/o

featured ABEL Corporation

*U.S. list price only

1618, 20V8, 22V10, féﬁ /
27C020, and 450
other CMOS devices

PLDs and memories
with the low-cost 212.

Call for your FREE
15-day trial AND
ABEL-PLD demon-
stration diskette.

1-800-247-5700

® Memory cards for
easy updates.

® Extensive editing
capabilities.

® Compatible with
JEDEC standard
programming files.

DATA 1/0

Corporation

CIRCLE NO 753

CIRCLE NO 754

$249.TERMINAL

CLEAR

DELETE

ENTER

Featuring « Standard RS-232 Serial Asynchronous ASCII Communications
« 48 Character LCD Display (2 Lines of 24 Each)
» 24 Key Membrane Keyboard with embossed graphics
« Ten key numeric ar:ay plus 8 programmable function keys
« Optional RS-422 multidrop protocol mode
« Keyboard selectable SET-UP features —baud rates, parity, etc
+Size (5.625"W x 6.9”D x 1.75"H), Weight 1.25 Ibs
«5 x 7 Dot Matrix font with underline cursor
« Displays 96 Character ASCII Set (upper and lower case)
« Optional Bar Code Wand (shown)

OMPUTERTISE, inc

302 N. Winchester « Olathe, KS 66062  800-255-3739 = FAX (913) 829-0810

CIRCLE NO 755

IMPROVE BOARD
PERFORMANCE

MICRO/Q 1000 capacitors can be
retrofitted to solve noise problems on
existing boards. Because MICRO/Q 1000
caps share mounting holes with existing IC
pins, no board redesign is required.
Effective decoupling becomes a matter of
adding one insertion step.

Rogers Corp., 2400 S. Roosevelt St.,
Tempe, AZ 85282. 602/967-0624

TYPE RMR +105°C SUBMINIATURE
ALUMINUM ELECTROLYTIC CAPACITORS

+ 100% Bum-In Tested

« 0.47 Mfd. to 15,000 Mfd.

* 6.3 WVDC to 450 WVDC

* -40°C to +105°C Min.

« Tolerance: +20% Std. (£10% Opt.)

« <0.002CV or 2 pA Min.

» Solvent Tolerant End Seal (€250 WVDC)

« Tape & Reel/Ammo Pack Avail.

[ | ILLINOIS CAPACITOR, INC.

3757 West Touhy Avenue,
Lincolnwood, IL 60645
(708) 675-1760 FAX (708) 673-2850

CIRCLE NO 756

CIRCLE NO 757

170

To advertise in Product Mart, call Joanne Dorian, 212/463-6415

EDN October 1, 1990




FREE SAMPLE

SPDT “BYTE WIDE” SWITCH
HIGH DENSITY .050" PINOUT
SNAP ACTION GOLD CONTACTS
Circle reader service number for free

sample and complete information about
Annulus High Density Switches.

ANNULUS

HIGH DENSITY SWITCHES

Annulus Technical Industries, Inc.
1296 Osprey Drive P.0. Box 7407
Ancaster, Ontario, Canada L9G 4G4
Tel (416) 648-8100 FAX 648-8102

CIRCLE NO 758

R $695/895

‘« Programs EE/EPROMs, PALs, GALs, EPLDs, MICROs, BIPOLARs, PEELs.

® Software driven pin drivers. /A generated programming voltages 8 bit DACs
used to generate voltages from_S-25V witl resolution for all 40 pins)

« Upgradeable for virtually any future B up to 40 pins

« Self subsistent operation, No additional modules or ply -in adapters required

o Includes user friendly MEMORY BUFFER FULL SCREEN EDITOR.

‘ommands include: Fll, Move, Insert, Delete, Search. ASCIE musxﬂm

o Friendly Menu-Driven interface. Device selection by P/N and manufacturer.

@ Supports 8/16/32 bit data word formats

¢ Programming aigorth Normal, Inteligent 1411, Quick Pulse Programming.

o Verify operation performed at normal & worst case operating voltage

o Functional test: JEDEC u.muud  fusctional (csun! for logic devices.
TTL Logic functional test for 74xySéxx series

o File formats accepted: JEDEC (full), JEDEC(kemnI) Straight Hex, MOS
Technology, Motarola Hex, Intel Hex, Tektronix H

o Customer sipport via voicsline fux & dedicated BBS. Full 1 year warranty.

© Base price $695 includes Inerface card, cable, Memory/Micro/Bipolar lbrary
and 1 year free updates. $895 with additional Logic Device Libra

o Library updates ean be received via floppy or Customer Support BBS.

MC/ VISA/ AMEX Call today for datasheets!

B&C MICROSYSTEMS INC. |
Pastoria Ave., Sunnyvale, CA 94086 USA |
TFl :(408)730-5511 FAX: (408)730-5521

CIRCLE NO 759

Analog Designers. o

COMTRAN
Now On
The 386"

'} * COMTRAN®is

|14 .} fast. Each plot here

s} was generated on

=} screen in 6 seconds.

“1 Optimized in under

~4 3 min. with 25 MHz
386/ 387 (or HP 310).

* Interactive, intuitive AC circuit analysis with

component entry, editing, analysis, optimization, and user

scaled Linear/Log graphics in one program.

* (an create, capture and analyze time domain data, then

use it to stimulate your circuit and plot the result in either

time or frequency domain.

¢ Modular-Ready-to-use packages start at under $1000.

(6(0)Vyy:.Wh Integrated Software]

A Division of Jensen Transformers, Inc.
10735 BURBANK BLVD, N. HOLLYWQOD, CA 91601
FAX (818) 763-4574 PHONE (213) 876-0059

COMTRAN ® Jensen Transformers, Inc. ® 386 ™ Intel Corporation

ToLTRGE AT TR a0
|
T

CIRCLE NO 760

Combine Your
Product Mart Ads

In EDN's Magazine
and
News Editions for
higher impact and a
lower rate.

CIRCLE NO 761

Our custom transformers
offer you quality and reliability at
a competitive price.

These quality custom transformers are designed to
your specifications on E and | laminations. They are
available in large and small production quantities and

are competitively priced.

* Power Size - 5VA to 2,000VA

* Lamination Sizes - E + |, Ul, EE, 3 Phase

* Lamination Material - Non-Oriented,
Grain Oriented,! Nickel

For technical information and free catalog call:
Gettysburg Transformer Corp., 1380 Old Harrisburg
Road, P.O. Box 4356, Gettysburg, PA 17325, Phone
(717) 334-2191, FAX (717) 334-4961

GETTYSBURG TRANSFORMER CORP.
(Since 1966)

CIRCLE NO 762

LEMO’ S NEW CIRCULAR |
CONNECTOR CATALOG |

LEMO'’s new cir-
cular connector
catalog high-
lights expanded
shell and insert
designs. Insert

| configurations
are available in
single, multi or
mixed designs
including signal, coaxial, triaxial, high volt-
age, fiber optic and fluidic/pneumatic. i
Shell styles are available in standard ‘
chrome plated brass, anodized aluminum
or stainless steel.

L) LEMDV=TG |

P.O. Box 11488, Santa Rosa, CA 95406
\ Phon!s (800) 444-LEMO, Fax 707/578-0869

CIRCLE NO 763

Thereis a Difference.
Lifetime Free Updat&
PLD-1100 T

$798

A programmer is not just another programmer. That is
why BP Microsystems is commited to bringing our
customers the highest quality programmers at an
affordable price. The PLD-1100 Logic Programmer
supports virtually every 20- and 24-pin logic device
currently available. And, all of our programmers include
free updates to support future chips as they become
available and an unconditional money back guarantee.

ECELEE ]
BPMICROSYSTEMS
1-800-225-2102

(713) 461-8430

CIRCLE NO 764

SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for SEPT. 2, 1990

ICS PROMPT DELIVERY!!!

OUTSIDE OKLAHOMA: NO SALES TAX

DYNAMIC RAM
4M Board for hp LJ's w2mB $175.00
SIMM 2M IBM PS/2 Model 70 195.00
SIMM 1M AST Prem386/33Mhz 140.00
SIMM 1Mx9 6
SIMM 256Kx9
1Mx1
1Mx1
256Kx1
256Kx1
256Kx1
4464 64Kx4
41264*  64Kx4
EPRO

27C1000 128kx8 200 ns
27512 64Kkx8 200 ns
27256 32kx8 200 ns
27128 16Kx8 250 ns

STATIC RAM
62256pP-10 32kx8 100 ns
6264P-12 8Kx8 120 ns

IIT 3C87-20
$320.00

IIT 2C87-12.5

$260.00
80287-8 80387-16 80387-25

$120.00 $210.00 80387-20 80387-33

IIT 2C87-20

CYRIX $340.00 $295.00
8087-2

«
Y

80387-20

SAT DEL ON MaslelCaid VISA or UPS CASH COD
FeD-£x oRDERs | MICROPROCESSORS UNLIMITED, INC
d ‘eoria Ave
“ BEGGS, OK. 74421 (918) 67 4961

No minimum order. Please note' prices subject to change!
COD AVAILABLE | Shipping. insurance extra, up to $1 for packing materials

NEW NEW NEW NEW NEW

INTEGRATED CMOS
DTMF RECEIVER

L&
M-8870 is 2 il DTMF receiver that

integrates bandsplit filter and digital decoder
on one 18-pin CMOS DIP.

B Low power consumption (35 mW max.)

B On-chip differential amplifier, clock
generator, and latched 3-state bus

B 5 volt power, 3.58 MHz TV crystal
M Low cost

For more info call: 1-800-426-3926

LCELTONE’

10801-120th Avenue NE, Kirkland, WA 98033 e
Phone: 206-827-9626 Fax: 206-827-6050

CIRCLE NO 765

CIRCLE NO 766

To advertise in Product Mart, call Joanne Dorian, 212/463-6415

EDN October 1, 1990

171




YOUI’ reliable & economic source -for

printed circuit boards.
We offer a wide range of double-sided &
multilayer PCBS with high reliability fast
service, top quality and competitive price.
We can help you become more effective @
& profitable through the next decade
Don't hesitate! Contact us now!
SALES AGENTS WANTED.

s LOBAL PMX CO., LTD.

2TH FL. NO.689, CHUNG SHAN N. RD
SEC. 5, TAIPEI, TAIWAN, R.O0.C
TEL: 886-2-8356244 FAX: 886-2-8356254

CIRCLE NO 767

SOURCE
CODE

BIO

We'll include a free copy of the pe
od XT-AT Handbook by ( Inn“

PRF

e

e 800-462-1042 &
— In California 619-271-9526 .
Annabooks
12145 Alta Carmel Ct., Suite 250
San Diego, CA 92128 Money-back guarantee

CIRCLE NO 768

OO 0O

Multi-Tasking
EXECS

U S Software offers hi-performance

software tools for embedded

applications.

Get the full details by calling:
800-356-7097
503-641-8446

0 503-644-2413 (FAX)

U S SOFTWARE

United States Software Corporation
14215 NW Science Park Drive
Portland, Oregon 97229

CIRCLE NO 769
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RS-422/RS-485

Boards for AT,
Micro Channel

RS-422/RS-485 asynchronous
serial communication boards from
Quatechlavailable in 1 to 4 ports |
for PC-AT and compatibles and 1
to 4 ports for PS/2 Micro Channel.
Call for our free
PC Interface Handbook:

1-800-553-1170

662 Wolf Ledges Parkway
Akron, OH 44311

PC-AT, Micro Channel, and PS/2 are trade-

Wave Form
20MHz- 32K
$1290

Synchronous
Communication
Boards for AT

The WSB-100 Wave Form Synthe-
sizer Board from Quatech hasthe
best set of numbers in the market.
With speed to 20MHz and a 32K
memory at $1290, it's making
waves in more ways than one. The
WSB-100 is also a star performer
as a digital pulse/word generator
with the optional digital module.

Call for our free
PC Interface Handbook

1-800-553-1170

662 Wolf Ledges Parkway

Quatech synchronous/
asynchronous serial boards for
PC-AT and compatibles support
RS-232, RS-422, and RS-485
communication.
Call for our free
PC Interface Handbook:
1-800-553-1170

662 Wolf Ledges Parkway
Akron, OH 44311

PC-AT and PC are registered

marks or registered trademarks of IBM Corp. Akron, OH 44311 trademarks of IBM Corp.
CIRCLE NO 770 CIRCLE NO 771 CIRCLE NO 772
Create a DISKLESS PC P
IT's EASY..IT's SIMPLE........ UNIPRO,

THERE’s Nothing to ijt!!!

PROMDISKtm 111

IBM PC DISK EMULATOR CARD

* On-Board BIOS ROM

* IBM PC/XT/AT Compatible

* Mix EPROMs, EEROMs, SRAMs

* Emulates up to 1.024Mbyte Drive

* Occupies 32K PC address space
o Supports opular B%re Wide chips
* Includes ROMD/S tm Ill Software

For Information Call or Write:
MICRO COMPUTER SPECIALISTS, INC.
810-208 Los Vallecitos
San Marcos, CA 92069
(619) 744-8087
CIRCLE NO 773

the PC/XT/AT/386 based universal programmer/
tester programs PROMs, EPROMs, EEPROMSs, up to
4MB and 32-bit wide, PALs, PLDs, GALs, EPLDs,
PEELs, and Micro Controllers. JEDEC file compatibil-
ity and Test Vector verification allow the use of most
popular PLD compilers. The unit also tests TTL/
CMOS Logic ICs and Dynamic/Static RAMs. 40-pin
Gold ZIF socket, built-in protection for short circuit
and over current, high speed parallel interface to the
PC, and menu-driven software are included at $585.

XELTEK ... chsuose

TEL (408) 727-6995

FAX (408) 727-6996

#

P

500,000

ICs and Semlconductors
at Your Fingertips

Cahners CAPS is the newest component
search and selection tool for electronic
design engineers:

e PC-driven, CD-ROM-based

* Includes unabridged
manufacturers’ datasheets

¢ Represents more than 450
manufacturers worldwide

Call toll-free: 1-800-245-6696

C AHNERS

275 Washington Street
Newton, MA 02158-1630
Telephone: 617-558-4960
Facsimile: 617-630-2168
Telex: 940573

Computer Aided
Product Selection

CIRCLE NO 774

CIRCLE NO 775
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WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS

BEND/FLEX™, the bendable board
material flexible enough to bend into

any multi-plane shape. Eliminates
stiffeners, flex-hardboard connectors.
May reduce cost of two- and three-plane
interconnect systems by as much as 30%!

Rogers Corporation Composite Materials Div.
Rogers, CT 06263. (203) 774-9605.

CIRCLE NO 776

Schematic
Capture
for the
Macintosh

DESIGNWORKS

Schematic features Menu-driven, mouse-controlled opera-
tions e cut/copy/paste between circuits ® right-angle rubber-
banding. Digital simulation 13-state, event-driven simulation
« |ogic analyzer-style timing window e PLD support. Libraries
Fully-simulated 7400, 4000, 10K series, PLDs, PROMs and
RAMs, non-simulated analog and discrete components
 User-definable, simulated custom symbols. Interfaces
Formats for Douglas CAD/CAM, Cadnetix, Calay, Orcad,
Tango, Racal Redac, Spice. ® user-definable printers, qot-
matrix printers, HP, Houston, Roland pen plotters. Require-
ments Macintosh Plus, SE, I, I, licx, or lici.

CALL (604) 669-6343 FOR YOUR
FREE DEMO DISK TODAY.

CAPILANO COMPUTING SYSTEMS LTD.
CIRCLE NO 777

Communicate
Weekly

to the electronics
OEM through
EDN's Magazine
and News Editions
Product Mart

CIRCLE NO 779

JouN BELL
ENGINEERING, INC.

CATALOG # 11
INTERFACES
rox

ENGINEERS | SCIENTISTS . EXPRRIMENTERS

Free Catalog of DIGITAL 1/0
and ANALOG Input Interfaces for the
IBM-PC,XT,AT and compatibles.

Control relays, motors, lights, measure
temperature and voltage. Sample
programs and I/O circuits are included
in catalog. John Bell Engineering, Inc.
400 Oxford Way, Belmont, CA 94002

(415) 592-8411

CIRCLE NO 782

IEEE 488

Easiest to use,
GUARANTEED!

« IBM PC, PS/2, Macintosh, HP, Sun, DEC
« IEEE device drivers for DOS, UNIX,
Lotus 1-2-3, VMS, XENIX & Macintosh
+ Menu or icon-driven acquisition software
« IEEE analyzers, expanders, extenders, buffers
* Analog I/0, digital I/O,RS-232,RS-422, SCSI,
modem & Centronics converters to IEEE 488

Free Catalog & Demo Disks
. (216) 439-4091

Otech

|Otech « 25871 Cannon Rd. = Cleveland, OH 44146

B

&

+ 200 or 100MHz samplin
+ 24 Channels

+ Expansion to 72 channels
+ 16 Levels of triggering

+ 16K samples/channel

* Variable threshold levels
« 3 External Clocks

+ 12 Clock Qualify lines

$799-12100 (100 MHz)
$1299-27100 (100 MHz)
$1899-27200 (200 MHz)

PAL
GAL
EPROM

PROM

87C51...

874x
5ns PALs 4 Meg EPROMs

26V12 & 22V10 Gals
FREE software updates on BBS

/

' LOW COST

CIRCLE NO 778
Data Aquisition
Cards for

oo

U2 BitA/D & D/A [PCL711S]  $295

® A/D converter: 8 single-ended channels; Uses AD574 device; Conversion time
is less than 25ysec; Input range: =5V; Software Trigger Mode only.

® D/A converter: 1 channel; 12 bit resolution; 0 to +§¥mv Output gange.

® Digital I/O: 16 In/Out(TTLcompatible); External Wiring Terminal Board incl.

o Utility Routines and Demo/Sample Programs for BASIC and Quick-BASIC.

’ =
(12 Bit A/D & D/A [PCL812] $395
© A/D converter: 16 single ended inguls; Uses AD574; Conversion time less
than 25ysec; Built-in programmable pacer; Input Ranges: + 10V, =5V, =1V,
© D/A converter: 2 channels; 12 bit resolution; Output Range 0-5V.
 Digital 1/0:16In/Out(TTLcompatible); Programmable Counter/Timer (8254).
© DMA and interrupt capahilily.{'li\uy software and sample program in BASIC.

Fast 12 Bit A/D/A[PCL7IS]  $795)

® A/D converter: 16 single ended or 8 ifferential channels; 12 bits resolution;
Programmable scan rate; Built-in Interrupt and DMA control circuitry.
Conversion speed 60,000 smpls/sec (standard), 100,000 smpls/see (optional).

o Input Ranges:Bipolar : =10V, =5V, 2.5V, +1V, +0.5V; Unipolar:10,5,2,1V

 D/A converter: 2 channels; Resolution: 12 bits; Settling time: Susec; =5V

« Digital 1/0:16In/Out(TTLcompatible); Programmable Counter/Timer (8254).

o Software: Utility software for BASIC & QuickBASIC included. Sample prgm.
Supported by LabDAS, ASSYST, LABTECH, UnkeScope.

.6 Channel 12 bit D/A [PCL726] _ $495

* Output Ranges: 0to +5V,0to + 10V, =5V, =10V, or sink 4-20mA.

o Settling time: 70,S. Linearity: = 1/2bit.Voltage output drive capacity: «5mA.

® Digital I/O: 16 digital input and 16 digital outputs (
MC/VISA/AMEX

compatible).
Call today for datasheets!

% B&C MICROSYSTEMS INC.
750 N. Pastoria Ave, Sunnyvale, CA 94086 USA
TEL: (408)730-5511 FAX: (408)730-5521

CIRCLE NO 781

GANG PROGRAMMER

* 4 32pin Sockets (8 Socket option)
+ 2716-27010 EPROMs $21 5

Call - (201) 994-6669
/‘ " Link Computer Graphics, Inc.

4 Sparrow Dr., Livingston, NJ 07039 FAX:994-0730

CIRCLE NO 783

48 CHANNEL 25 MHz LOGIC ANALYZER

PA480 $1595.00 + POD PRICE
*New windows 3.0 compatible software.

W 48 Chnnls @25MHz x 4K word deep

W 16 Trigger words/16 level Trigger Sequence

W Storage and recall of traces/setups to disk

B Disassemblers available for: 68000, 8088, 8086,
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031

NCI O 6438 UNIVERSITY DRIVE,
HUNTSVILLE, AL 35806
(205) 837-6667

CIRCLE NO 784

To advertise in Product Mart, call Joanne Dorian, 212/463-6415
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“We've come here today to warn
the public of the terrible harm Lo-
tus and other companies are doing
to the software industry,” shouted

the intense man with the long, tan-
gled, black hair.

The crowd of about 300 people
cheered and applauded.

“We can win. We'’re going to have
to work hard and get lots of other
people to join with us, but we can
do it,” he went on.

Again the crowd cheered and
waved signs reading “Stop Soft-
ware Monopolies,” “Lotus Inter-
ruptus,” and “A Real Company
Competes. Wimps Sue!”

This protest rally took
place on August 2 in Cam-
bridge, MA at the head-
quarters of Lotus Devel-
opment Corp. Lotus was
targeted because two
months earlier it had won
a lawsuit against Paper-
back Software Interna-
tional of Berkeley, CA for copyright
infringement. Lotus claimed Paper-
back’s VP Planner illegally imitated
the commands and user interface of
its popular 1-2-3 spreadsheet. The
people at the rally viewed Lotus’s
suit as an attack on programmers’
traditional freedom to write pro-
grams that are compatible with ex-
isting software.

“There are people here from New
Hampshire and Maryland and from
R e ol around the Boston

area. It makes me think of the Min-
. utemen,” the man shouted. “So let
Rlchard sta"man is Iead_ this be the shot heard round the
world!”
ing a crusade to preserve The crowd cheered once more.
“Now let’s spend the rest of the
¥ afternoon marching around the Lo-
v 0 u r p r o g ra m m I “ g tus building chanting our hex
f re e d 0 m chant,” he said, finishing his speech.
5 A picket line formed on the side-
walk and began a chant based on
the hexadecimal counting system.

"’ay Fraser ’ Associate Editor “1-2-3-4 Kick the lawsuits out the
door!
Photography by Kevin Bryan 5-6-7-8  Innovate don’t litigate!
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9-A-B-C Interfaces should be free!
D-E-F-0 Look and feel has got
to go!”

The speaker at the rally was
Richard Stallman, 37, a gifted pro-
grammer and tireless crusader for
the freedom of anyone who writes
or uses software. He is the founder
of the Free Software Foundation
(FSF) and cofounder and president
of the League for Programming
Freedom.

Stallman spends most of his time
in a cluster of cramped offices near
MIT (Cambridge, MA). The floors
and furniture are strewn with last
week’s newspapers, empty Chinese
food take-out cartons, and paper-
back science fiction novels. Stall-
man himself looks like he never left
the late 1960s. For an interview
he’s barefoot. His unruly hair falls
halfway down his back. And he
wears a loose, unbleached cotton
shirt with a button pinned on it that
reads “Keep Your Lawyers Off My
Computer!”

Stallman clears a space on a
couch, sits down, and folds his legs
under him. As he talks about pro-
gramming freedom he speaks
calmly, but with the same intensity
he displayed at the rally.

“Any kind of monopoly on any ac-
tivity is automatically an affront to
individual freedom,” he says, “and
those things can only be justified
when there’s a public gain that’s
worth the price. I totally reject the
idea that people are entitled to be
paid whenever anyone benefits
from something they have done.
And, by the way, the American le-
gal system also rejects that idea.
There is no basis for it except in
right-wing ideology.

“The Constitution, when it estab-
lishes the basis for patents and
copyrights, says very clearly that
they are not an entitlement,” he
adds. “They are something that can
be established to promote progress.
In other words, they are a means
of altering the behavior of the pub-

EDN October 1, 1990

lic for the public good. They are not
a matter of fairness. No one is enti-
tled to a patent, independent of
whether the government sees fit to

establish them.”

Stallman discovered the world of
programming when he was 12 years
old. At summer camp he came
across a computer manual that be-
longed to one of the counselors.
There were no computers at the
camp, but that didn’t deter him.
Stallman devoured the book and be-
gan creating programs in his mind.
He has been hooked ever since.

While he was in high school Stall-
man wrote programs for IBM. He
went to Harvard University (Cam-
bridge, MA) and graduated with a
BS in physics in 1974. By then
he was already working at the
Artificial Intelligence Laboratory
at MIT.

The 1970s were the glory years

PROFESSIONAL
[S3UES

of the AI Lab. A group of program-
mers who would become legendary
gathered there under the extremely
loose supervision of Professor
Marvin Minsky, known as
the father of artificial
intelligence. These hack-
ers, as they proudly
called themselves, ex-
plored the outer limits of
what computers could do.
Steven Levy wrote of
them in his book Hackers:
Heroes of the Computer
Revolution: ‘“Beneath
their often unimposing
exteriors, they were ad-
venturers, visionaries,
risk-takers, artists . . .

and the ones who most
clearly saw why the com-
puter was a truly revolu-
tionary tool.”

The hackers in the Al
Lab produced everything
from elegantly written
languages to sophisti-
cated computer games to
the powerful LISP (List
Processing) machine, the
Al programmer’s dream
computer.  Something
else came out of the Al
Lab, too—the hacker
ethic. The hacker ethic was never
codified or published or even writ-
ten down. It evolved naturally from
the temperaments and convictions
of the people in the Lab, and it per-
meated the way they worked.

The hacker ethic is based on un-
limited freedom of information and
unhindered cooperation. If someone
writes a program, the hackers be-
lieved, anyone else should be free
to modify or expand it. In that way,
programs will be refined and im-
proved until the best possible ver-
sion is created, and that program
should also circulate freely. Work-
ing this way will prevent duplica-
tion of effort, promote creativity,
and raise the level of programming
for everyone.
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Richard Stallman is a true be-
liever in the hacker ethic. While he
was working at the AI Lab, he
wrote a text-editing program called
EMACS. He deliberately created it
with an open architecture to en-
courage changes and additions, and
he gave it away free as long as the
people who received it promised to
send him any improvements they
made.

The development of the LISP
machine eventually destroyed the
original AI Lab. When a prototype
of the computer was completed in
1979, the hackers who had worked
on it agreed that they should start
a company to manufacture and sell
it. But they disagreed on what form
the company should take. One fac-
tion wanted a small, loose-knit or-
ganization that operated in the
same communal way as the Al Lab.
The other faction wanted a larger,
more conventionally structured
firm with a professional manage-
ment team brought in to take care
of business matters. The two sides
couldn’t reach a compromise. They
started different companies, LISP
Machine Inc and Symbolics, and
each came out with its own version
of the LISP machine in the early
1980s.

The deep wound in the AI Lab
never healed. What had once been
a family eventually became two ri-
val camps. The free flow of informa-
tion stopped. Many of the hackers
who remained were hired away by
one company or the other. Work in
the Lab practically ceased. The
golden era was over.

Richard Stallman was the last of
the original hackers to remain in the
Al Lab. He was depressed and an-
gered by its disintegration. He
wasn’t interested in going to work
for someone else and he still held
firmly to the hacker ethic, so there
was only one thing for him to do.

“I decided that it wasn’t worth
continuing in the software field
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without being able to cooperate
with people and to write and im-
prove whatever program you want
to improve,” he says. “I decided
that I would make a new software-
sharing community even if I had to
write all the software myself.”
Early in 1984 Stallman resigned

from MIT and founded the FSF.
The goal of the organization is to
develop a complete, Unix-compat-
ible software system (called GNU
for Gnu’s not Unix) and give it
away. The reason Stallman severed
his ties with MIT was to make sure
it would have no legal right to the
software he intended to write.

The FSF has no members, just
volunteers. It exists mainly on do-
nations of money and equipment.
Most of the money goes to hire pro-
grammers and technical writers.
Stallman says the FSF has consid-
erable support on campuses across
the country and within the com-
puter industry. For example, Hew-
lett-Packard  recently donated
$100,000 and six of its 68030 work-
stations to the FSF.

Approximately two-thirds of
GNU has been written and parts
of it have already been distributed.
In order to make sure that GNU
programs circulate freely, Stallman
has protected them with what he
calls a “copyleft.” A copyleft is a
legal instrument that gives people
the freedom to change and distrib-
ute GNU programs at will, but pre-
vents anyone from trying to copy-
right and sell or license a modified
version.
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AT’s Multichip Module: Onebig
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©1990 AT&T

The right choice.
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“People have the opportunity to
join into cooperation,” says Stall-
man, “but once they’ve decided to
join into cooperation they can’t turn
around and start being uncoopera-
tive with somebody else. So all the
improvements people make sort of
add together and add together,
making a constantly growing and
constantly improving body of soft-
ware.”

Stallman’s skills as a programmer
could have made him wealthy a long
time ago. Instead he has chosen to
earn just enough money from con-
sulting work to get by on and to
live an almost ascetic lifestyle. Re-
cently, however, he was given
$240,000 to use in any way he
wants.

On July 17 the MacArthur Foun-
dation in Chicago, IL announced
that Stallman had been awarded a
“genius fellowship” of $240,000.
These grants are given to, in the
words of the Foundation, “excep-
tionally gifted individuals” to free
them from economic constraints so
they can devote themselves full-
time to their pursuits.

Stallman is pleased with the
grant and a little amused by it. “The
money by itself doesn’t really
change anything for me,” he says.
“I'm not materialistic in the way a
lot of Americans are, wanting as
many possessions as possible. What
I want is to be as far away from
any worries about a shortage of
money as possible.”

Stallman hasn’t decided what he’s
going to do with the money yet.
He may use some of it to support
programmers he knows. He may
use some to learn how to play Indo-
nesian gamelan music. The only
thing he has definitely decided on
is to travel to the Soviet Union to
accept an invitation to speak about
free software.

Recently, much of Stallman’s
time and effort have gone into fight-
ing the attempts of some companies
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to monopolize common user inter-
faces through copyrights. The dem-
onstration in front of Lotus’s head-
quarters was a protest against this
new and controversial practice.
The case of Lotus vs Paperback
Software was very important be-
cause although Paperback’s pro-
gram used a different code than
that in Lotus 1-2-3, many of its com-
mands and keystrokes were the
same. Because of this similarity of
“look and feel” the judge ruled that

Lotus’s copyright had been vio-
lated. After its victory in court, Lo-
tus immediately filed suit against
two more small software compa-
nies. Also, Apple Computer is now

suing Microsoft and Hewlett-
Packard, alleging that those compa-
nies violated its copyright on the
Macintosh  computer interface.
Stallman and others believe that
a very dangerous precedent has
been set.

“Restrictions like these can easily
wipe out meaningful competition,”
says Stallman. “User interface
copyrights can make it nearly im-
possible to compete with an estab-
lished, standard product, because
the users all know a certain set of
commands. If you can’t implement
those commands, they won’t want
to relearn to switch brands.

“Imagine what it would be like
for someone to try to make a type-
writer with the keys arranged in a
funny layout,” he explains. “You
can see what that would be like—
utter havoe. The point is that peo-
ple probably wouldn’t even bother
trying because it’s so obviously not
feasible.”

In Stallman’s eyes, another
equally serious threat to software
developers’ freedom is software
patents. The US Patent Office be-
gan granting patents on software
in 1981. Thousands of them have
been issued so far, and they cover
many common and widely used
functions.

“Natural-order recale” is just one
example. This feature recalculates
all of the entries in a spreadsheet
when a user changes one. It’'s now
covered by a patent. If someone
wishes to incorporate it into a pro-
gram, he either has to pay a licens-
ing fee or risk a lawsuit. Most pro-
grammers don’t realize how many
common techniques are now re-
stricted by patents, and being un-
aware that a patent exists is no ex-
cuse before the law. You can still
be sued.

The proliferation of patents could
make writing software ruinously
expensive. Software developers
would have to license patents from
dozens or even hundreds of holders.
That alone would be costly. But to
find out which patents might be in-
fringed, developers also would have
to conduct patent searches.

“If you wanted to write a pro-
gram, say 50,000 lines long, you
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Could your system use
a live-in supercomputer?

Complex applications can run at

supercomputer speed on your
AT —ifyoubuild in ASPI's Banshee®

co-processor motherboard!

EDN October 1, 1990

Banshee will pull your AT up to
33 MFLOP performance for such
critical activities as image proces-
sing, speech recognition, robotics
and other computation-intensive
applications. DSP technology
makes Banshee the ideal solution
whenever high-speed high-volume
calculations are required.

Plug Banshee into one of the
expansion slots on your AT. Use
the ASPI-provided development
package (hardware, software, manu-
als, SPOX*® C30 operating system
and DOS shell program) to refine
your application and go to work.
With a variety of daughter-board
options, you can also add such

CIRCLE NO. 90

enhancements as memory expan-
sion, A/D-D/A and microprocessor
capabilities. Enjoy supercomputer
performance at only a fraction of
supercomputer investment!

For detailed specs, prices and/or
immediate shipment, contact Atlanta
Signal Processors, Inc., 770 Spring
Street, Atlanta, GA 30308. "Ielephone
404/892-7265. FAX 404/892-2512.
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Power
Supplies

® Input Voltage 90 to 130 VAC
(47/440Hz)

® Single, Dual, Triple Outputs

® 1200V Rms Isolation

e Low Isolation Capacity
Available

e Continuous Short Circuit
Protection

e High Efficiency

® Fully Regulated Voltage
Outputs

® Operating Temperature
—25°C. to +70°C. with No
Heat Sink or Electrical
Derating Required

® Expanded Operating
Temperature Available
(—55°C. to +85°C. ambient)

e Optional Environmental
Screening Available

PICO manufactures complete lines of
Transformers, Inductors, DC-DC Converters
and AC-DC Power Supplies

Delivery—
stock to
one week

PICO

Electronics, Inc.

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552

Call Toll Free 800-431-1064
wnsw vork caLL 914-699-5514 //
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might have in that program 100,000
basic components,” says Stallman.
“You'll have hundreds of tech-
niques. You can have thousands of
combinations of techniques that ac-
tually are meaningful associations.
If you wanted to do a patent search
for those it would cost you two or
three thousand dollars each. Now
you're talking about millions of dol-
lars.

“And this would only enable you
to find out what was patented, so
you wouldn’t use it,” he adds. “That
doesn’t mean there’d be any other
way to do things, and it doesn’t
mean that you can be sure. When-
ever anybody’s wrong there’s a law-
suit that costs maybe half a mil-
lion.”

Beyond the issue of the sharply
increased costs they would create,
software patents and user-interface
copyrights also strike right at the
heart of everything Stallman cher-
ishes most—the hacker ethic of co-
operation, sharing, and a free flow
of information.

To combat these threats, Stall-
man and two friends founded the
League for Programming Freedom
in October of 1989. In less than a
year and with limited publicity the
League has grown to 150 dues-pay-
ing members. Stallman receives
about 20 letters each day seeking
information about it.

“The League is an organization
of programmers and users of com-
puters who want to reverse the new
monopolies that have recently been
instituted—the user-interface copy-
rights and software patents,” says
Stallman. The League is growing
rapidly “because people who didn’t
take the threat seriously now know
that we can't expect the courts to
understand the software field or re-
spect the traditions of the field.
People know it’s up to them to solve
the problem.”

Stallman is guardedly optimistic
about the future. “There’s a good
chance but not a great chance that
the Supreme Court will overturn
the lower court’s decision,” he says.
The trend toward more software
patents could also be reversed by
other means. “It would be easy to
reverse it. Congress could pass a
law that patents don’t apply to soft-
ware,” he explains. “The problem
is that the few people who have
something to gain from software
patenting may be better organized
and more aware of it than the many
who have something to lose.”

Is Richard Stallman making a fu-
tile attempt to recapture a lost uto-
pia, or is he fighting a very impor-
tant battle that he just might win?
Time will answer those questions.
Meanwhile he can usually be found
in his cluttered office, writing pro-
grams for his free software system,
answering inquiries about the FSF,
and planning ways to mobilize pub-
lic opinion in favor of programming
freedom, still keeping the faith.

Article Interest Quotient
(Circle One)
High 512 Medium 513 Low 514

WHAT’S COMING
IN EDN

EDN'’s October 11, 1990, issue will
feature a staff-written Special Re-
port on video A/D converters. Part
3 of the real-time software pro-
gramming series will discuss re-
quirements models for formulating
operating-system behavior. And
EDN’s DSP-chip directory will pro-
vide detailed descriptions of many
DSP products.
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Where can you
find specs on
ICs from every
semiconductor
advertiser in
this magazine?

in CAPS!

a year ago, we mtroduced CAPS™ - the PC-
based system that revolutxomzed the mteglated circuit search Look for ads from these IC and

in this issue:

Today, CAPS gives you vital information on more than

500,000 parts from over 425 manufacturers worldwide. Plus, Advertiser ........... Page
you get hundreds of thousands of digitally-stored images of AT&T Technologies . . .133, 177
complete manufacturers’ datasheets. All delivered on CD-ROM y
discs and updated every month! Crystal Semiconductor. . . . .. 2
57 N ) e 1
To make it easy, CAPS includes everything you need Fujitsu Microelectronics . . . .C2
and runs on standard hardware like IBM® PC/AT™-style PCs, :
PC networks, and Sun-3™ workstations. Integrated Device
Technologies. .......... 56
So, if you're looking for ICs and semiconductors, take a BT e e I e TR 114
look at CAPS. We've got the best names in the business. . i
International Rectifier ... .. C3
Find out more! For a free brochure, Lattice Semiconductor . . . . 131
call 800-245-6696 today! Motorola Semiconductor . 18-19
CoyAIHENINTEE SRS Cahners Technical Information Service Performance
™ 275 Washington Street Semiconductor .. ... .. .. 97
Newton, MA 02158-1630
T:‘Z‘;?‘g“egélgss“g’g‘) Samsung ... 8 e 16-17
Facsimile: 617-630-21
Computer Aided T:;‘:::KH%ZOS-/S SOny ................... 30
Product Selection  800-245-6696 United Microelectronics . . . 163

CAPS is a trademark of Reed Publishing (USA) Inc . IBM is a registered trademark and AT is a trademark of
International Business Machines Corporation. Sun-3 is a trademark of Sun Microsystems, Inc.
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CAREER OPPORTUNITIES

1990 Recruitment Editorial Calendar

Issue Ad
Issue Date Deadline Editorial Emphasis
Magazine Nov. 8 Oct. 18 Signal Processing, Computer-Aided Engineering, Computers & Peripherals, Software,
Edition Wescon Show Issue
News Nov. 15 Oct. 26 Displays, Defense, Special Supplement: Interconnect
Edition
Magazine Nov. 22 Nov. 1 17th Annual Microprocessor Directory, ICs & Semiconductors, Test & Measurement,
Edition Workstations
News Nov. 29 Nov. 8 ICs/Communication Controllers/Microprocessors, DSP, Regional Profile: Illinois,
Edition Minnesota & Michigan
Magazine Dec. 6 Nov. 15 Product Showcase—Volume I: Software, ICs & Semiconductors, Packaging & Interconnect,
Edition Power Sources
News Dec. 13 Nov. 21 Power Supplies, Computers, Special Supplement: Salary Survey, Regional Profile: Florida
Edition
Magazine Dec. 20 Nov. 29 Product Showcase—Volume II: “Test & Measurement, CAE Systems, Computers &
Edition Peripherals, Components

Call today for information on Recruitment Advertising:
East Coast: Janet O. Penn (201) 228-8610
West Coast: Nancy Olbers (603) 436-7565
National: Roberta Renard (201) 228-8602

Magazine
Edmon

ED Databank Professional Profile

Announcing a new placement service for professional engineers!

Ed tion

To help you advance your career. Placement Services, Lid. has lormed the EDN
Career News Databank. What is the Databank? Ilis a ized system ol
matching qualified candidates with positions thal meet the applicant’s professional
needs and desires. Whal are the advantages ol this new service?
o |'s absolutely free. There are no fees or charges.
« The computer never forgets. When your lype of job comes up, it remembers
you're qualified.

IDENTITY l

[PRESENT OR MOST RECENT EMPLOYER|

« Service is nationwide. You'll be considered for openings across the U.S. by
PSL and it's affiliated offices.
« Your idenlity is prolected. Your resume is carefully screened to be sure it will
not be sent to your company or parent organization.
« Your background and career objective will periodically be reviewed with you
by a PSL professional placement person.
We hope you're happy in your current position. Al the same lime, chances are there
is an ideal job you'd prefer if you knew about it. Thal's why it makes sense for you
1o register with the EDN Career News Databank. To do so, just mall the completed
form below. along with a copy of your resume, lo: Placement Services, Ltd., Inc.

e kil [POSITION DESIRED] g
oo o = R [PREVIOUS POSITION: |
[EDUCATION | [ wowrms | om | “uome Cotogn Uy ol L I R s
Degrees (List) Owision. Y — Salary.
Outies ang
[COMPENSATION/PERSONAL INFORMATION |
[EXPERIENCE | pmmzi ® = Banas =1 [ e =
> P Lo Oitign (")":':__ Biisey l £) 1 own my home. How long? — 1re my home/apt. ()
e L& FRp=niamaiy i SR 5 U Employed () Seif-Empioyed () Unempioyed l ) Maried () Single Heght__ Weight_

Lovel of Security Clearance |nus c-mlnno»os a-mI My identty may be released to: O Any

smpiopec
) AN but prosent smployer

Magazme
Edmon

O otHer

A DIVISION OF

(] wiLL RELOCATE ] WiLL NOT RELOCATE

Databank PLACEMENT SERVIGES LTD., INC.

265 S. Main Street, Akron, OH 44308 216/762-0279
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% INTERPHASE

SEEKING SENIOR
DESIGN ENGINEERS

INTERPHASE CORPORATION is seeking individuals to participate in the development
of RISC—based FDDI \VMEbus products. Position leads to project-level management of board-
level and standalone FDDI products as well as opportunities in an existing well-established
Ethernet product development organization. Familiarity with UNIX as a target environment
(system level) with five years design experience required.

FIRMWARE/HARDWARE DESIGN

® [ ogic design using state-of-the-art CAD/CAE equipment.

® High-speed memory system design using VRAM.

® RISC microprocessor design experience desired.

* \/MEbus architecture desired.

* C language programming experience required.

® BSEE or equivalent required. Emphasis on high-speed microprocessor development.

SOFTWARE DESIGN

* UNIX, Kernal I/O, TCP/IP or other protocol experience on super-microcomputer or mini-
computer required.

* Minimum one year writing UNIX device drivers.

¢ C language programming experience required.

® RISC microprocessor desired; (M68000 required).

® BSCS or equivalent required. Emphasis on design of high-performance software interface.

Interphase Corporation offers competitive compensation and complete benefits, including a
tax-deferred savings plan (401K), educational assistance, employee paid group insurance and
much more.

Forimmediate consideration, use the coupon below and/or send your resume to:

INTERPHASE CORPORATION

HUMAN RESOURCES DEPT.

13800 Senlac

Dallas, Texas 75234

FAX # 214/919-9200—ATTN: HUMAN RESOURCES DEPT.

Interphase Corporation is an equal opportunity employer

Name

Address

City State Zip
Telephone (Home) (Business)

Position/s of Interest

Previous Design Experience
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Many call. Only
the best are chosen.

This ad is for managerial talent seeking high-tech opportunities

that only start-ups can offer. (Start-ups that also happen to be

located where the climate is kind, greenways are great and ocean
beaches and mountain resorts are just a short drive away.)

Find your calling at Ericsson GE Mobile
Communications in North Carolina. A joint ven-
ture between L.M. Ericsson of Sweden and GE,
Ericsson GE is providing unlimited challenging
opportunities at our Research and Development
Center for digital cellular technology—a new state-
of-the-art facility in Research Triangle Park, N.C.

At Ericsson GE, you can put your exceptional
creative talents to work—you’re at the hub of high
tech-knowledgeable®™ breakthroughs. And you
can also enjoy the advantages of living in one of
the country’s most beautiful, exciting and afford-
able areas.

Challenge yourself. Call on your experience for
these immediately available opportunities:

Director/Manager—Applied Research
For Cellular Phone Systems
Applicants should have 10 or more years of
advanced research and development experience in
communications and signal processing with an
established reputation as an outstanding researcher
in the field of Cellular Phone Technology. A doc-
torate (or equivalent experience) in EE, physics or

related field is desirable. The successful candidate
will direct the applied research effort of
Ericsson GE’s new North Carolina
facility with initial key
responsibility to staff the
organization with out-
standing applied
researchers.

Manager— Cellular Phone Specifications

Applicants should have 8 or more years of expe-
rience in defining specifications for cellular phone
systems and related products. A B.S. in EE with an
advanced degree is highly desirable. The successful
candidate will supervise, inspire and direct the effort
in coordinating and integrating the appropriate
specifications into the efforts of the design and
development teams. The candidate must be articu-
late with excellent writing and negotiating skills,
capable of providing technological insight both
externally and internally.

We offer competitive salaries with an exceptional
benefits package. If you’re interested in any of
these opportunities, send your resume, with salary
history, to:

Ernie Leskovec, Ericsson GE Mobile Communications, Inc.
PO. Box 13969, One Triangle Drive, Mail Drop NDE,
Research Triangle Park, NC 27709.

Discrete phone calls can be made directly to Ernie Leskovec at
(919) 549-7529 or 7530.

Principals only—please, no agency referrals.

ERICSSON 2

FOR THE HIGH TECH-KNOWLEDGERBLE™

184

An Equal Opportunity Employer
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ADVANCED MICRO DEVICES IS
COMIN’ THROUGH IN TEXAS!

AMD is a billion dollar high technology company with a solid business plan in place to
take us through the 90s and beyond. EPROMs, microprocessors and PLDs will provide
the volume. And we’re focused on the leading edge technologies driving the fourth

wave of computing—networked computers.

PRODUCT LINE OPENINGS:

Senior Technical Marketing

Engineer

ires laser printer system

lfor firmware develop-
ound. BS/MSEE

Product Engineers

BSEE minimum; 3+ years
microprocessor or digital IC
experience. Analog positions
also available.

Design Engineer

3-5 years CMOS chip design
experience, including design
with logic chips of 100,000 or
more transistors. BS/MSEE.

experience,
\ entor Worksta-

Technical Marketing Engineer
Will develop introduction and
maintenance plans for personal

marketing.

Process
Engineers -
3+ years expe
development of
nitride, silicide, mﬁt&iﬁ

Senior Facilities Engineer
5-8 years related semiconductor
experience. BSEE/ME.

Equipment Maintenance
Technician

Associates degree with 2+ years
experience in diffusion, thin
films, plasma etch or photoli-

thography. related discipline preferred.
Parametric Test Engineers Process Engineer
(Ke“hleY) 2-3 years experience in photoli-

Parametric Test, Device Physics
background. BSEE/BS in
Physics.

thography with ASM steppers
preferred; BS/MSEE.

Qualified applicants should send a resume to: Advanced Micro Devices,
MS-556, 5204 E. Ben White Blvd., Austin, Texas 78741. For product line
openings, attn: Paul Maack or Scott Saunders and for manufacturing line
openings, attn: Ed Moore. You may also call 1-(800) 531-5202 or FAX
your resume to (512) 462-5108.

We are an equal opportunity employer.
Trademarks are registered to their respective companies.

Safety Engineer

1-3 years experience. BS/MS in
Safety Engineering. Some
familiarity with fire and
building codes.

Environmental Engineer

1-2 years experience; BS degree
minimum. Experience in
semiconductor environment
strongly preferred Must have

ith ethernet,

pment Engineer

s wafer fab experience
required with specialty in wafer
processing equipment; BS/
MSEE.

Process Engineers

2-3 years experience in implant,
thin films, diffusion, or etch in
wafer fab area. BSEE/CE or
Physics.

Advanced
Micro
Devices

EDN October 1, 1990
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Engineers

Technology moves fast at Ford

It takes a savvy engineer to keep up with the rapid
technological advances happening at Ford Motor
Company'’s Electronics Division. Our world class team
of engineers is involved in projects that will reshape
automotive transportation now and in the 21st century.

Ford engineers are refining and enhancing
technological advancements such as multipoint
electronic fuel injection, distributorless ignition
systems and the electronic engine control unit (EEC-
IV). Futuristic instrumentation displays will provide
drivers with extended diagnostic capabilities and
holographic heads-up information readouts. The
performing arts are also taking on new shape through
Ford engineering innovation. For example, Digital
Audio Tape players (DAT) bring a touch of tomorrow
to today’s driver.

If you would like to take an active role in the way the
world will drive in the 21st century, we invite you to
join us. We prefer a BSEE, BSME, a minimum of 3
years related product design experience with an
advanced degree preferred, and a background in one of
these technological areas:

Air-Core Magnetic Gage Design

AM/FM RF and Audio Analog Circuit Design

Analog/Digital and Custom Integrated
Circuit Design

Automated Controls System Engineering

' Automated Software Assembly

Cellular Telephone Vehicle Applications
Computer Software Architecture Design
Electronics Components Packaging
Electronics Systems

EMC/Vibration Testing

Hardware and Software Development
Powertrain Controls System Engineering
SMT/PWB Manufacturing Process Development
Thick Film Circuits

Vehicle Controls Development

Vehicle Navigation/Remote Entry Systems
VLSI and Memory Component Testing

Our Southeastern Michigan location offers an excellent
lifestyle with four beautiful seasons, a reasonable cost
of living, several major universities, and a variety of
social and cultural activities. The proximity of Detroit
puts the sophisticated advantages of a major
metropolitan area within easy reach. For more
information on careers with the Electronics Division,
send your resume in confidence to:

Ford Motor Company
Electronics Division
Product Engineering Office
Room E-130, EDN1001

Post Office Box 6010
Dearborn, Michigan 48121

By choice, we are an Equal Opportunity Employer. ’r .

Electronics Division
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Presentin
the fastes

most reliable,
Most

werfu
hybrid
tectinolog
you've

ever seen.

Want to see it again?

Just call 1-800-622-5574 and we'll
demonstrate how we can now deliver
multi-chip modules and multi-layer hybrids
with 4 to 5 times greater density
than standard hybrids, plus faster speed.
And unbeatable reliability. All with
our new super-compact hybrid technology.
The fastest one in the West.

And everywhere else.

10575 SW Cascade Blvd. Portland, OR 97223
(503) 684-5657 FAX (503) 620-8051

L PACIFIC HYBRID

MICROELECTRONICS

We do small miracles.

1990 Pacific Hybrid Microelectronics
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SPECIFICATIONS

Freq. Range(MHz)

Insert. Loss (dB)

10-100MHz
100-1500MHz
1500-3000MHz

Isolation(dB)
10-100MHz
100-1500MHz
1500-3000MHz

1dB Compression(dBm)

10-100MHz
100-1500MHz
1500-3000MHz

VSWR(ON)

Switching Time (usec)
(from 50% TTL to 90% RF)
Oper. Temp.(°C)

Stor. Temp.(°C)

Price (10-24)
(1-9)

TOSW-230
ZSDR-230
10-3000

typ max
1.3 19
1.1 19
18 27
typ min
60 40
40 28
35 22
typ min
I 6
27 19
30 28
typ max
1.3 16
typ max
20 4.0
-55 to +100
-55to +100
$39.95
$89.95

TOSW-425
ZSDR-425
10-2500

typ max
13 1.7
1.1 5
18 25
typ min
60 40
40 30
35 22
typ min
17 6
21 19
30 28
typ max
1.3 1.6
typ max
20 4.0
-56 to +100
-551t0 +100
$59.95
$109.95

Now, high-speed, high-isolation switches with
built-in drivers, tough enough to pass stringent

MIL-STD-202 tests. There's no longer any need to hassle

with the complexities of designing a TTL driver interface and
then adding yet another component to your subsystem...it's
already included in a rugged, low-cost, compact assembly.
Available in the popular hermetically-sealed

TO-8 package or a small EMI-shielded metal connectorized
case, these tiny PIN-diode reflective switches, complete

with driver, can operate over a 10 to 3000MHz span with a fast
2usec switching speed.

Despite their small size, these units offer

isolation as high as 40dB(typ), insertion loss of only 1.10B(typ),
and a 1dB compression point of +27dBm over most of the
frequency range. All models are TTL-compatible and operate from
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current.
Switch to Mini-Circuits for highest quality

innovative products...and leave the driving to us.

[JMini-Circuits

A Dwvision of Screntific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

WE ACCEPT AMERICAN EXPRESS
F126 REV.A
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HEXFET

@ Deszgners Manual

80 |—= 200

60 i |50

40 = | ‘ 100
HEXFET® ‘
Electrical Defects
204 (PPM)- -

. BEW
]

1986 1987 1988 198

The Most Demanding AOQLs. The Most Part Numbers. The Most Parts Shipped.

The MOSTFEE.

[fyou're looking forthemost  n-channel 60to 1000v HEXFET.
from the power MOSFETsyou ~ Wealso offer p-channel, current-
design in, get R HEXFETs. The  sense and logic level F ETsina
power MOSFETs withmore of  variety of industry-standard and
everything. custom packages.

Performance. Nobody has Volume. Year after year,
the outgoing quality levels IR almost twice as many IR HEX-
has. Nobody has the electrical ~ FETs are designed in, specified,
specs. The avalancheratings. i ordered, and shipped

The reliability. Nobody. as any other brand.

Part Numbers. 4 Q\ Making them
Nobody hasa . the most wanted
broader line than's¢ « " power MOSFETs in
[R. And not just in . the world.

ISR Internatlonal Rectifier

WORLD HEADQUARTERS: 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 (0883) 713215, TELEX 95219
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Out-of-this-world performance
at a down-to-earth price.

e

The new 2900 Programming device on the

System brings the cost of market—
high-performance pro- even
gramming down to surface-
earth. Buy only the mount
device libraries you B packages.
need today and o Its innovative
expand capability ; technology makes
when you need it with programming faster,

easier, and more affordable

than ever before. And with
Data I/0®’s industry-standard design
and testing software, you can create a

simple software
updates.

The 2900 supports virtually every
programmable logic and memory

Data 1/0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/1-800-247-5700
Data 1/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 {416) 678-0761
Data /0 Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL
Data 1/0 Instrumatic Electronic Systems Vertriebs GmbH Lochhamer Schlag 5A, 8032 Graefelfing, W. Germany, 089-85-85-80
Data 1/0 Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan
(03) 432-6991/Telex 2522685 DATAIO J

©1990 Data |/0 Corporation
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complete PLLID development solution.
For more than 15 years, Data [/0
has set the standard in device pro-
gramming. Call today to learn how
the 2900 is setting a
new standard for
both price and
performance.

Call today for a
FREE tutorial.

1-800-247-5700

DATA 1/0

Corporation
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