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A breakthrough in op amps:
golden opportunities for
precision system upgrades!

Higher speed and precision, plus ultra-low noise!

Our op amps have broken out of the old per-
formance limits shell — so you can hatch new
designs that upgrade system performance. In
your process control, test and medical equip-
ment. In military systems like avionics and
sonar.

Use our HA-5147 op amp for closed-loop
gains of 10 or greater. It delivers 35 V/pus slew
rate, only 3 nV/~/Hz noise, and these outstand-
ing specs:
¢ 10 xV offset voltage
¢ (0.2 uV/°C offset drift
¢ 120 MHz gain bandwidth
¢ 126 dB CMRR/PSRR

There's more: voltage gain of 1.8 million, and
temperature ranges for military, industrial and
commercial applications. Packaging: TO-99
cans, 8-pin cerdips, plus leadless chip carriers
(LCCs) for space-saving surface mounting.

For system upgrades by the dozen, use our
HA-5147. Or choose our HA-5127 or HA-5137
as plug-in replacements for 0P27 and 0P37.

Call for details: 1-800-4-HARRIS, Ext. 1500
(in Canada, 1-800-344-2444, Ext. 1500).
Or write: Harris Semiconductor Products
Division, PO. Box 883, MS 53-035, Melbourne,
Florida 32902-0883.

“Look: this one's got
speed, precision, and
ultra-low noise!”

FOR YOUR INFORMATION,  [ESSsteiim
OUR NAME lS \ the secret of the HA-5147"

HARRIS F

Harris Semiconductor: Analog - CMOS Digital
Gallium Arsenide - Semicustom - Custom

For free on-line in-
formation on the
Harris HA-5147, call
1-800-345-7335 with
any ASCII terminal
or PC and 300 or
1200-baud modem
(even parity, 7 data
bits, 1 stop bit).

Enter response code
HA5147 (CR). In
Connecticut, dial
(203) 852-9201.

& HARRIS

©1986, Harris Corporation
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Chosen for
high wsxbxhty

and versatility.
Dale Displays.

When you need exceptional viewing
characteristics and compact size, Dale
plasma panel displays offer extra value
and reliability. Our versatile display
module family includes bar graphs, alpha-
numeric displays and graphics displays.
All offer high brightness (up to 100 ft.

lamberts) and a wide (150°) viewing angle.

In addition, most models accept serial or
parallel inputs and can be provided with
STD Bus interface. For fast, personal
attention to your display needs, contact
Dale Electronics, Inc., 2064 12th Avenue,
Columbus, NE 68601.

derars, o 402-564-3131

Circle No. 1

Youean

seethe

advantagés.

Bright. Legible. Versatile. We're ready
to help you use the advantages of plasma
panel displays wherever you need to con-
vey information. Our new bar graph models
handle a wide range of control and indi-
cation needs. Each has dual linear graphs
with 201 or 101 elements, resolution down
to 1/2% and requires a minimum of drive
circuits. In addition, standard segmented
and dot matrix styles with up to 256
characters are available with complete
drive electronics. To get more details
contact: Dale Electronics, Inc.,

2064 12th Ave., Columbus, NE 68601

“niomaton. 402-064-3131
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G’day Mate!

Announcing Prem
latest series of telephone/
modem interconnect trans-
formers has been approved
by Telecom Australia (ap-
proval file number
RA-87/117).

Available from stock, this new
series compliments the almost FREE Catalog
100 other Prem interconnects

that have been designed for use -
in FCC, DOC, BSI, and other

worldwide applications. Custom

designs are also available. mAcGONRE."cRi’TED
Whatever your marketplace,

Prem’s FREE CATALOG con- -2 North Chapel Hill Road
tains i McHenry, IL 60050

8 foll Te of Intercomect  p, . o15 356 3900
products (with detailed

lucts t TWX 910-642-3763
mlﬁrt;h?ns) g:fs@ed tomeet  pAX 815-385-8578

See our Telecommunication

Magnetics and Power Transformer
Catalog in 1987-88 EEM. Standard
Inductor Catalog and our custom

power spec sheet available upon request.

Circle No. 3
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The opportunity for automated, low-cost assembly is a key
benefit of surface-mount technology, but is often wiped out by
the high price of surface-mount components. Now, Mini-Circuits offers a new series of
mixers to meet the pricing demands of SMT ... only $2.49 in 1,000 quantity ($3.75 ea. in
quantity of 10)... at a cost even lower than most conventionally-packaged mixers.

The SCM-1 spans 1 to 500MHz with only 6.0dB conversion loss, 45dB LO-RF isolation,
and 40dB LO-IF isolation. Housed in a rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high
(maximum dimensions) plastic/ceramic package. Spacing between connections is 0.2
in. The mixer is offered with leads (SCM-IL) or without leads (SCM-INL) to meet a wide
range of pc board mounting configurations.

Each SCM-1 is built to meet severe environmental stresses including mechanical shock/
vibration as well as temperature shock. The operating and temperature storage range is
55°C to +100°C. Each SCM-1, designed and built to meet today's demanding reliability
requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every
order shipped (up to 1,000 pieces).
finding new ways

When you think SMT for low-cost production, setting higher standards

SPECIFICATIONS SCM-1L SCM-1NL

(typical) (with leads) (no leads)

FREQ. RANGE (MHz)

LO, RF 1-5600

IF DC-500
CONVERSION LOSS (dB)

Mid-Band (10-250MHz) 6.3

Total Range (1-500) 7.5
ISOLATION (dB) (L-R) (L)

Low-Band (1-10MHz) 60 45

Mid-Band (10-250MHz) 45 40

High-Band (250-500MHz) 40 35
PRICE  $2.49(1,000 aty)

$3.75 (10-49)

Units are shipped in anti-static plastic
tubes” or “sticks" for automatic insertion

CIRCLE NO 83

think of Mini-Circuits’ low-cost SCM mixers.
[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 C115 REV. ORIG.
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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SPECIFICATIONS
MODEL FREQ. GAIN, dB *MAX. NF PRICE $
MHz 100 1000 2000 Min. PWR. dB Ea Qty.
MHz MHz MHz (note) dBm
MAR-1 DC-1000 185 155 — 130 0 50 099 (100)

MAR-2  DC-2000 13 125 11 85 +3 65 150 (25)
MAR-3  DC-2000 13 125 105 80 +80 60 170 (25)

MAR-4 DC-1000 82 80 — 70 +11 70 180 (25)
MAR-6  DC-2000 20 16 " 9 0 28 1.29 (25)
MAR-7 DC-2000 135 126 105 856 +3 50 180 (25)
MAR-8  DC-1000 3 23 — 19 +10 85 220 (25)
NOTE: Minimum gain at highest frequency point and over full temperature range

® 1dB Gain Compression

O +4dBm 110 2 GHz

designers amplifier kit, DAK-2

5 of each model, total 35 amplifiers

only $59.95

finding new ways
setting higher standards

"~ dc to 2000 MHz
_amplifier series

Unbelievable, until now...tiny monolithic wide-

band amplifiers for as low as 99 cents. These rugged
0.085 in.diam.,plastic-packaged units are 500hm*
input/output impedance, unconditionally stable
regardless of load”, and easily cascadable. Models

in the MAR-series offer up to 33 dB gain, 0 to
+11dBm output, noise figure as low as 2.8dB,

and up to DC-2000MHz bandwidth.

*MAR-8, Input/Output Impedance is not 50ohms, see data sheet

Stable for source/load impedance VSWR less than 3:1

Aiso, for your design convenience, Mini-Circuits
offers chip coupling capacitors at 12 cents each.t

Size Tolerance Temperature Value

(mils) Characteristic

80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf
120 x 60 10% X7R 022, .047..068, 1uf

T Minimum Order 50 per Value

= - - -
A DiviSion of Scientific 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
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On the cover: Digital-ASIC simulation
packages keep chip designs on course. See
g 118. (Photo courtesy Tkos Systems)

VBPA ABP

DESIGN FEATURES
ASIC simulators 118

Sophisticated digital simulators can help you develop your application-
specific IC (ASIC) designs. Simulators can prevent chip-level design
problems and can often come up with good test-vector sets, but they
can’t correct failures resulting from the old engineering bugaboo—
inadequate design specifications.—Mazgery S Conner, Regional Editor

Consider the tradeoffs when evaluating 135
linear-semicustom ICs

System designers face special problems when creating analog circuits
for semicustom IC fabrication. Unlike digital circuits, which you can
readily subdivide into simple gates, analog circuits are highly irregular,
require different design methods, and frequently need nonintegrable
external components.—Bruce Moore, Raytheon Semiconductor, and Will
Ritmanich, Consultant

S/H amp-ADC matrimony provides 153
accurate sampling

When using an A/D converter to capture samples of moving signals,
you usually need a sample-and-hold amplifier to hold the voltage
steady at the converter’s input. If you don’t choose the right S/H
amplifier for the application, signal degradation in the form of distor-
tion and reduced dynamic range invariably results.—A/ Little and Bob
Burnett, Harris Corp

Heed local norms when designing 175
telecomm interfaces

In designing customer-premises telecomm equipment for foreign
markets, you must account for the respective countries’ national
telecommunications standards. These norms often differ in significant
ways from the FCC Rules Part 68, which governs telecomm equip-
ment in the US.—Glen Dash, Dash, Straus & Goodhue Inc

Continued on page 7
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A NEW WORLD OF
HIGH POWER FLEXIBILITY

Westcor’s PowerCage™ and PowerCards™ comprise a
modular power supply system of galactic power (7200 watts
max.), flexibility (36 outputs max.) and efficiency (80%
typ.). More like an expandable computer mainframe in de-
sign and concept than a standard high power supply, the
PowerCage offers space-age alternatives to users of outdated
5x8x11 inch box switchers.

Measuring 19x10.5x11.25 inches deep the PowerCage fits
into a standard NEMA rack and powers 18 slots for single or
dual output PowerCards or dummy cards. PowerCage
backplanes provide connections for easy configuration by
the user.

Low profile (.8”) PowerCards supply single outputs from
2 to 75 VDC at up to 400 watts (outputs from 2 to 5 VDC
limited to 60 amperes). Dual output cards source two

isolated outputs each at half of the above ratings. Single out-

put cards can be paralleled with current sharing to provide
kilowatts via simple backplane configuration.

The nucleus of each PowerCage system is Westcor’s pat-
ented 1 MHz, high power density, high reliability converter.
Consider these benefits and features: 208 VAC 3 phase input;
remote/local sense on all outputs; TTL power good signal
and status LED’s; designed to meet UL, CSA and VDE safety
requirements; TTL inhibit; over-temperature, over-current,
over-voltage protection; “hot” card insertion; full power at
50°C.

Future options include: DC input; IEEE-488 programmabil-
ity; fault tolerant operation and battery backup. To discover
a new world of high power flexibility, please contact us.

P\/Y| WESTCOR CORPORATION - 485-100 Alberto Way « Los Gatos, CA 95032 * (408) 395-7050 + FAX (408) 395-1518 » TWX 910-240-2108.
CIRCLE NO 142



Continued from page 5 N

TECHNOLOGY UPDATE

High-performance DMMs and calibrators 57
bring standards-lab specs to the benchtop

To satisfy their customers” demands for improved performance,
engineers who design and test products such as data converters and
automatic test equipment (ATE) must make increasingly accurate basic
measurements in their labs, in production, and in systems.—Dan
Strassbery, Associate Editor

February 4, 1988

With today’s new genevation of
calibvators and digital multimeters,

you can attain accuracy previously impos- | Innovations in monolithic display drivers 75
sible to achieve outside of a standards lab | improve ﬂat-panel cost/performance ratios
(9 57). Generally it’s hard to beat the cost/performance ratio of complete

flat-panel display systems, but you may have an application in which it
makes sense to build, rather than buy, the displays.—/Jim Wiggand,
Associate Editor

in boards let your Personal computer 89
‘;ﬁn’m parallel-processing tasks
(ou can now select from a number of IBM PC-compatible expan-
sion cards that give your desktop computer computational power
approaching that of a Cray supercomputer.—J D Mosley, Regional Editor

PRODUCT UPDATE
PLD design software 101
Digital precision motion controller 104

DESIGN IDEAS

Soft-start and delay protects power supply 189
EDN magazine Pulse-burst generator is programmable 190
Y -2 Power circuit has constant full scale 192
now ofters ; : _
e Switched signal powers analog switch 196
Express Request,
: Zero-current sensor protects relay contacts 196

a convenient way
to retrieve product
information by
phone. See the
Reader Service
Card 1n the front
for details on how
to use this free

Continued on page 9

SCrvice.
Cahners Publishing Company, A Division of Reed Publishing USA ] Specialized Business
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[ American Baby ['| and Modern Bride.
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14%60 PROGRAMMABLE REASONS
TO MOVE UP TO THE 298B.

With support for an additional 200
devices, the 29B Universal Program-
ming System continues to program
virtually every device on the market,
including the latest one megabit
EPROMSs and PLDs in PLCC pack-
ages. And the 29B continues to sup-
port more devices than any other
programmer, because no one is more
committed to keeping pace with the
semiconductor manufacturers than
Data I/0®.

THE 29B GIVES YOU A PROGRAM-
MING FUTURE. \While the 29B sup-
ports more than 1600 devices, you
don't have to buy support for every
device all at once. Its modular system
of paks gives you the flexibility to
build a universal programming sys-
tem at your own pace—whether

©1987 Data I/0 Corporation

gradually or all at once. For example,
you can start with gang and set pro-
gramming for EPROMSs and
EEPROMSs. Later, expand your sys-
tem by adding logic or bipolar PROM
programming.

MANUFACTURER-APPROVED
ALGORITHMS FOR RELIABILITY. The
29B provides manufacturer-approved
algorithms for superior programming.
So, whether you operate the system
in the stand-alone mode, from a ter-
minal, or from a personal computer
using PROMIink™ programmer inter-
face software, you're guaranteed reli-
able, trouble-free programming and
maximum yields. It's this dedication
to superior performance and com-
plete device support that's made the
29B the leader, year after year.

44/ Telex 15-21¢

lex 16616 DATIO NL

TRADE IN

Ortrade in

any other progra
m-
Yy manufacturegr)
acredi :
emory, | edit towards the

gramming Systgr%',C' or Gang Pro-

Call to find oyt
ex
ch your programacuy i

But hurry! Th; mer is worth,
March 31, 198'2,0%r

ends

1-800-247.57¢0
Dept. 452
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DOUBLE PRECISION WHETSTONE LEAGUE

INTEL.
386/387 16 MHz

TRANSP S
1.8 MEGAWHETSTONES. N e R OE

2.5 DOUBLE PRECISION
MEGAWHETSTONES...
T SO WHEN IT COMES TO
INMOS. MOTOROLA. { PROCESSING POWER SEVEN
IMS T800 TRANSPUTER. ™ 68020/68881 20 MHz o < INMOS T800 CHIPS COULD
4.6 MEGAWHETSTONES. @ 1.5 MEGAWHETSTONES. i) 2 TR GIVE THE MIGHTY CRAY 15, @
N . RATED AT 161 MEGAWHETSTONES
A REAL RUN FOR ITS MONEY!




MORE
MULTIPROCESSOR

MUSCLE.
MORE RAW
PERFORMANCE.

When you're out in the trenches fighting it out with ordinary
microprocessors, running out of muscle is all too easy. That's why you
should look to the new T800 Transputer from INMOS.

The T800 is the fastest 32-bit, single chip, floating-point
microprocessor available today. Aquick glance atits statistics will show
why nothing else is in its league...

32-bit enhanced RISC processor...64-bit on-chip |EEE floating-
point processor...4K Bytes on-chip 50ns static RAM...Four 20 MBits/sec
interprocessor communication links...Eight independent DMA
engines. All on a single chip capable of sustained 1.5 MFLOPS...and
4.6M Whetstones!

And, if that's not enough raw power, the T800’s links allow
multiprocessor systems to be constructed quickly and easily — giving
you 6 MFLOPS with four T800s...30 MFLOPS with 20..150 MFLOPS with
100...In fact, there’s no limit to the number of Transputers you can use!

Programming Transputers couldn’t be easier, with compilers for
C, Fortran and Pascal, and the world’s first concurrent programming
language OCCAM.

Want to turbocharge your current system? No problem. Our
exclusive Link Adaptor IC's allow Transputers to be connected to other

microprocessors or peripherals.

Other team members include the pin compatible T414 Transputer,
offering lower cost, 10 MIP performance and 0.75M Whetstones.
Lined-up to provide all the I/O processing you need, the T212 16-bit
Transputer is the ideal high performance controller and the M212 Disk
Processor combines disk controller hardware and a Transputer on a
single chip, supporting both Winchester and floppy disks. And the C004
Link Switch makes the design of software reconfigurable multiprocessor
systems as easy as kicking an extra point.

Whatever field you're in—from real-time distributed systems to
high-performance graphics, from fault-tolerant systems to robotics,
Transputer technology can give you scalable performance at a cost
you can afford.

Transputers are manufactured using an advanced 1.5 micron
CMOS process which keeps the power consumption under one watt.
So your system stays cool while under fire.

Transputers to MIL-STD 883C will be available in the first half
of 1988.

Ifthis all sounds like your kind of game, put the ball in play by
contacting your local INMOS sales office today. And get ready to score.

DESCRIPTION PERFORMANCE AVAILABILITY PACKAGE
Word Clock Integer Floating Point
PartNo. Length MHz Drystones Whetstones Commercial Military
IMST800-20 | 32-Bit 20 9500 4.6 Million Now Q288 84 PGA
IMS T414-20 32-Bit 20 9500 0.75 Million Now Q288 84 PGA
IMST212-17 16-Bit 17 8000 - Now Q288 68 PGA
IMST212-20 16-Bit 20 9500 - Now Q288 68PGA
IMS M212-17 16-Bit 17 8000 — Now - 68 PGA
NETWORK SUPPORT PRODUCTS AVAILABILITY PACKAGE
Part No. Descripfion Communication Speed Commercial Military
IMS C004 Software configurable 10 +20 MBits/sec Now Q288 84 PGA
32 way link switch :
IMS COT Link to system bus 10 + 20 MBits/sec Now - 24 Pin DIP
IMS C012 Link to system bus 10 + 20 MBits/Sec Now Q288 24 Pin DIP
i ” D
: ) U[:mmos®
| § ! |
! Jy
b’

INMOS, Colorado Springs, Colorado 80935. Tel. (303) 630-4000.

Denver —303-252-4100

Orange County —714-957-6018
Minneapolis —612-932-7121

Santa Clara—408-727-7771

Baltimore —301-995-6952
Atlanta—404-242-7444

Dallas - 214-490-9522
Boston —617-366-4020

I_D Send me information on the Transputer Team. [_1Send me the Transputer White Pages, a listing i

I of third-party manufacturers’ transputer-based products and services.
[JPlease have a Field Applications Engineer call. []Please have a salesman call.

: m |
| Name ___Title _ g =
S S
| Company =t Address S =z
@ =L

Zip___ Tel 5
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“ASICs CREATE /
SET OF TEST PROBLEMS.
WE NEED A WHOLE NEV




WHOLE NEW
DOESN’T THAT MEAN
[EST STRATEGY?”

IT SURE DOES.

[t’s easy to see that the tremendous potential of ASICs has
only just begun to be tapped. What's not so evident is the fact that
developing these unique ASIC devices carries with it some unprec-
edented test problems. Problems that traditional test approaches
and traditional ATE simply are not equipped to handle.

At ASIX Systems our focus has always been exclusively on
ASICs. From the start we recognized the unique ASIC test problems.
That'’s why we took an entirely different approach to solving
these problems. For instance, we saw that adapting existing ATE
to fit the needs of ASICs didn’t make sense. Designing a totally
new, focused ASIC test system did. Test programs needed to be
automated, developed from the design data base, and simple to
change. The test system itself needed to be easy to use, designed
for its particular environment, and a cost-effective alternative to
the huge, expensive, complicated ATE.

TEST SOLUTIONS FOR THE WHOLE ASIC COMMUNITY.

Our unique perspective allowed us to understand that the
ASIC world is not Design Engineers, Test Engineers and Quality
Engineers performing separate functions. It's actually a
“community” of specialists whose tasks are intrinsically linked.
So we made sure that we could provide another crucial element.
Communication. In order to capture the vital time-to-market edge,
what ASIC designers and vendors really need is the opportunity
to use the same test programs and the same tester. Because when
both environments are working from a common frame of reference
there can be some real communication about test results. That's
awhole new way of looking at ASIC testing. That's the ASIX-1
family of test systems.

ASIX-1: ASIC TEST SYSTEMS THAT MAKE SENSE.

This isn't the place to tell you everything the ASIX-1 family
has to offer. But here are a few things to think about: automatic,
menu-guided programming; data base management; ATE archi-
tecture and flexibility at an affordable cost; 256 true I/0 pins;
“zero footprint™; fully integrated PMU; automatic
calibration; simple fixturing; no cabling;
high MTBF. Enough. You get the point. J
You really ought to see the ASIX-1 for
yourself. And the sooner the better.
ASIX Systems Corporation - 47338
Fremont Blvd « Fremont, CA 94538.

CALL: 1-800-FOR-ASIX

£ZHX

REAL ASIC TEST SOLUTIONS.
FROM THE REAL ASIC TEST COMPANY.

CIRCLE NO 101
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When you put a Fujitsu ASIC to
work, you can rest assured it will

T"E Po," T work the way it should. And keep on
doing its job for a very long time
or "o RET”R" to come. In fact, when you look at
- our performance record over the

years,you'll be hard pressed to find
any field failures at all.

This is no empty promise.
Product reliability has been a way
of life for us for more than 15
years.
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That’s why we always take a and final test, including 100% AC (Call our Hot Line today at
conservative approach to the testing at frequency. So nothing (800) 556-1234, Ext. 82; in California
design process. Giving you realistic  is left to chance. (800) 441-2345. Look into ASICs
worst case specs that no produc- To us, reliability in the fieldis ~ you can send out the door. Never to
tion device will exceed. everything. And when you remem-  refurn again.

Guaranteeing a minimum 90%  ber weve taken over 8,000 ASIC
utilization of all gates.And giving  devices from design through mass
you a simulation-to-production production, you can see that well
correlation of 99%. give you a level of confidence no one

It's also why we control every else can offer.
step of the production process. From So count on parts that have

design to wafer fab to assembly longer life expectancies. Technology That Works.
CIRCLE NO 139
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Shows <+ 0.7 LSB code width vanation from ideal (definitely no missed codes)
CS5016 16-BIT DIFFERENTIAL NONLINEARITY AT 16uSEC CONVERSION TIME |
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nyone can promise the

world's best performance
from monolithic CMOS A/D
converters. Only Crystal can
prove it.

Get your hands on the
evaluation board of a Crystal
SMARTAnalog™ device and
you'll believe the breakthrough
performance the plots on the
opposite page promise.

“% Dynamic performance
really is 92 dB SNR over a
25 kHz bandwidth, or 70 dB
over 500 kHz.

Differential Non-Linearity
of 16 bits with no missing codes
is so outstanding we've published
a DNL plot no one else dares to.

Stability over temperature
is dramatically better than the
competition across the entire
military range.

Our reliability far sur-
passes the alternatives, with
less than 52 failures per billion
operating hours (FITs).

What the plots don't show,
you already know: monolithic
A/D converters using CMOS
technology mean lower design
and assembly costs, higher relia-

STATIC-TESTED ADCs DYNAMIC FFT-TESTED ADCs

DEVICE (S5016 ~ (CS5014  (S5012  (CS7820 | CSZ5412 CSZ5316 CSZ5116 (CSZ5114 (CSZ5112
Resolution 16 14 12 12 16 16 14 12
Conversion Time (usec) 16 14 7 13 1.25 16 14
Throughput Speed (kHz) 50 56 100 1000 20 50 56 100
Static Specifications:

Lineartty Error (% FS, max) +/-.0015 +/-003 + 01

No Missing Codes (Bits) 16 14 12 1 16 £ 1
Dynamic Specifications

THD (%) 001

S/(N+D) (dB) 92
Power Dissipation (mW) 120 120 120 40 00 220 120 120 120
On-Chip Sample and Hold YES YES YES YES YES YE E E

The proof behind the promise: monolithic CMOS performance that beats even hybrids.

bility, lower power consumption,
easier manufacturing and faster
deliveries than hybrid or discrete
designs can manage.

And our SMARTAnalog
devices are the first with
self-calibration at any time/
temperature. Which ensures
accuracy throughout their
operating lives, correcting for
gain, offset and even linearity
errors. Automatically.

If that weren't enough,
Crystal's SMARTAnalog line is
the first line of 12- to 16-bit A/D
converters with the converter,
track/hold, digital interface,
calibration circuitry and timing
all on a single chip. So you
can forget designing, building
and characterizing discrete

CIRCLE NO 48

devices while trying to correlate
component specifications with
system requirements.

Prove to yourself how our
revolutionary SMARTAnalog
technology makes hybrids a very
expensive proposition, indeed.
Call 512-445-7222 today for
your very own 12-, 14- or 16-bit
evaluation board. Or ask for a
demonstration at your facility.

Either way, you'll know
why seeing a SMARTAnalog
converter in action makes our
promises on the opposite page
seem flat by comparison.

Y 4 Y17 JZ J 1/
& 4 A VN /4
NN S a5 N NEsw

SEMICONDUCTOR CORPORATION

P.O. Box 17847, Austin, TX 78760

512-445.7222- CALL TODAY




18

How To Wring Workstation-Leve

P-CAD’s new Master Designer turns an ordinary PC into a full-fledged PCB workstation.

When you need to wring every drop of perform- ~ With Master Designer you can tackle the really
ance out of your next PCB design, you need big jobs. Board designs with 500 EICs, 32,000
Master Designer ™ software. pins and 2,500 nets are just the beginning.

P-CAD’s Master Designer routes multiple

layers simultaneously cutting the number of
vias and subnets in half. So you'll wring out

% cleaner designs and higher completion

\ rates (up to 100%).

For forward annotation of logic
changes and “history independent”

Master Designer provides all the horsepower,
features and bells and whistles you'd expect
only from workstations priced from $50K; to 7
as much as $200K.

P-CAD®’ price? A tiny fraction of the
cost of a workstation tor the same
performance. All on a PC!

WORK
STATION:

MASTER

&
£y
&
L DESIGNER
&

\ TYPICAL PG SOFTWARE /

<———NUMBER OF USERS ——=
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’CB Designs Out Of Your PC.

back annotation, Master Designer also has an P-CAD —
ECO processing option. 1290 Parkmoor Avenue WL
San Jose, California 95126 USA .

And Master Designer supports all PCB design Telex: 3717199
technologies. Including SMT, with a library of FAX: 408-279-3752
over 3,300 symbols and 4,600 parts.

g : 800-523-5207 U.S.
Still not convinced? 800-628-8748 CA
Iftyou’re interested in wringing every fpenny out 408-971-1300 Hdqtrs. :
of your PCB design station instead of wringing
Kour hands, ring P-CAD. Let P-CAD show you P-CAD s egistered trademark of e v———
ow to turn a PC into a high-powered work- i o i - cad
station ovemight. Personal CAD Systems, Inc. PERSONAL CAD SYSTEMS INC.

CIRCLE NO 61
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[ntroducing
perfect 32-bit balance

The Philips PM 3570 Logic Analyzer.
A no-compromise solution for frue 32-
bit systems integration. At a price that
won’t weigh you down.

HEAVYWEIGHT PERFORMANCE

= 32-bit channel width: No other logic ana-
lyzer in its class offers 83 state pius 32
transitional timing channels for simul-
taneous, time-correlated display of software
flow and high-speed hardware signals.

- Unmatched acquisition speed: Up to 400
MHz with 2.5 ns resolution for data capture
four times faster than similarly-priced
instruments.

= Transitional Timing: A Philips’ innovation,
this feature provides the equivalent of 132
GBytes of conventional RAM.

= Plus broad support: Get dedicated person-
ality modules for quick connection to most
8, 16- and 32-bit micros.

EASY MEASUREMENTS

= Softkey simplicity: Eight menu-driven soft-
keys give you direct access to over 300
different functions.

« Labeled timing channels: Lets you identify
each channel with your own code names.

« Time-tagged events: Logs time between
events for stored signals in synchronous
and asynchronous acquisition modes.

= Non-volatile memory: Stores four complete
user settings, measurement data and your
last set-up—even at power-down.

UPSCALE SUPPORT

Count on a one-year warranty and all the
application and service assistance you'll
ever need. From Fluke—the people who
believe that extraordinary technology
deserves extraordinary support.

CIRCLE NO 89

FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

PHILIPS

i

L\
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A

WEIGH THE DIFFERENCE

Call Fluke today at 800-44-FLUKE ext.77.
And discover how easy it is to achieve per-
fect 32-hit balance.

John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C,
Everett, WA. 98206

U.S.: 206-356-5400 CANADA: 416-890-7600

OTHER COUNTRIES: 206-356-5500

© Copyright 1987 John Fluke Mfg. Co., Inc
All rights reserved. Ad No. 1171-P3570

PM 3570 « LOGIC ANALYZER

FLUKE
®
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NEWS BREAKS

EDITED BY JOANNE CLAY

PLUG FOUR SMD DRIVES INTO YOUR SUN WORKSTATION

You can use the V/SMD 4400 Phoenix disk-controller board from Interphase (Dallas,
TX, (214) 350-9000) to plug as many as four SMD or SMD/E disk drives into a Sun
workstation. The board’s BusPacket interface preformats packets of data in its high-
speed bank of FIFO memory before acquiring control of the workstation’s VME Bus.
Then, once the BusPacket has control of the bus, the FIFO bank transfers the data as
quickly as the bus and memory allow. This approach produces data-transfer rates over
the VME Bus in excess of 30M bytes/sec. The board comes with installation software,
boot ROMs, a queuing driver, a run-time formatter, and other utilities. You can pur-
chase the board in single quantities for $3350.—J D Mosley

SCHEMATIC-ENTRY PC-BOARD CAD SOFTWARE SELLS FOR $395

The Capfast CF1000 software package for IBM PC/AT, PS/2, and compatible computers
allows you to create pc-board schematics with an unlimited number of hierarchy
levels. The package, from Phase Three Logic (Hillsboro, OR, (803) 640-2422), includes
schematic and symbol editors, a symbol library containing more than 2000 components,
a net-list extractor, a program for generating parts lists, and a plotting utility. The
company claims that the software offers workstation-type features, such as on-line check-
ing of electrical rules, dynamic panning, and split-screen capability.—Steven H Leibson

CMOS, MONOLITHIC 12-BIT A/D CONVERTER OFFERS 1-MHz SPEED

If you’ve been waiting for someone to develop a monolithic 12-bit A/D converter with
the speed and accuracy of a hybrid device, you’ll be pleased to learn that Crystal
Semiconductor (Austin, TX, (812) 445-72R2) now offers the CSZ5412-JCl—a CMOS
device that operates at speeds as high as 1 MHz while consuming only 700 mW. Using
a R-step flash A/D conversion to achieve its high speed and accuracy, the CSZ5412 incor-
porates self-calibrating circuitry, pipelined acquisition and settling times, and over-
lapped conversion cycles. The chip also includes a track-and-hold amplifier, a 6-bit
flash A/D converter, a 6-bit D/A converter, and a differential amplifier.

You can connect the CSZ5412 directly to a uP’s data and control buses because it
comes with an overrange output, 3-state output buffers, and a flexible control inter-
face. Alternatively, the device can operate in stand-alone mode, independently of
microprocessor control. The CSZ5412-JC1 costs $180 (100), and it includes the sample-
and-hold circuitry that you must add to many competing hybrid devices. You can also
order a similar device, the CSZ5412-JCR, which has a 500-kHz conversion rate and
costs $115 (100).—J D Mosley

E- AND D-SIZE ELECTROSTATIC PLOTTERS PRODUCE PRINTS AT 1 IN./SEC

The 8500 Series monochrome plotters from Versatec (Santa Clara, CA, (408)
988-2800) employ electrostatic raster-printing technology that results in a 1-in./sec
plotting speed. You can use the R4- and 36-in.-wide plotters as a department or network
resource because of the fast output speed. The Model 8524 plots on 24-in.-wide (D-size)
paper and costs $19,900; the Model 8536 uses 36-in.-wide (E-size) paper and sells for
$24,900. The 8500 Series includes a controller that performs a vector-to-raster conver-
sion. The controller accepts input in the Hewlett-Packard Graphics Language (HPGL)
and Calcomp 906/907 vector data formats. You can choose among various types of
media, including opaque, translucent, and vellum paper and clear and matte polyester
films. The plotters are available now.—Maury Wright
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NEWS BREAKS

AC/DC CLAMP-ON PROBE EXTENDS YOUR DMM’S CAPABILITIES

To measure current in awkwardly located cables, you can use the Model 159 ac/dc
clamp-on current probe from Simpson Electric Co (Elgin, IL, (312) 697-2260). Specify-
ing a dc to 400-Hz frequency band for current ranging from 0.1 to 5004, this
autoranging probe lets you gain access to cables mounted in almost any position
without breaking the circuit you’re measuring. The maximum jaw opening of the
clamp is 1.3 in. You can use the Model 159 with digital or analog meters. Its maximum
operating voltage is 660V rms, and it sells for $169.—J D Mosley

$995 INK-JET PRINTER PRODUCES 2 PAGES/MINUTE AT 300 DOTS/IN.

Offering the look of laser printing without the high cost, the Deskjet printer from
Hewlett-Packard Co (Palo Alto, CA, phone local office) emulates the company’s Laserjet
laser printer but costs $995. The Deskjet incorporates a drop-on-demand ink jet, and it
can print text with graphics on plain paper at a rate of 2 pages/minute and with a
resolution of 300 dots/in. It can print high-resolution or draft-quality text at 120 and
240 cps, respectively.

The printer’s integral, front-loading sheet feeder accepts 100 sheets of paper and ac-
commodates US letter, legal, and European A4 paper sizes. You can feed the printer #10
envelopes manually. The printer incorporates three built-in fonts—Courier, Courier
Bold, and Courier Compressed—and accepts additional font cartridges through two
accessory-cartridge ports. Each cartridge contains four or more fonts and costs $75 to
$125. The printer’s ink cartridge costs $18.95 and lasts for 200 to 400 pages, depending
on the amount of graphics printed. —Steven H Leibson

SOCKET SUITS TEST AND BURN-IN OF VLSI LCC DEVICES

Suitable for use during the test and burn-in of VLSI devices packaged in ceramic
leadless chip carriers (LCCs), the 132-contact Textool socket from 3M (Austin, TX, (51R)
834-6792) has leads on 0.025-in. centers. The socket is made of glass-fortified polyphen-
ylene sulfide, and the contacts are of beryllium copper plated with 30 pin. of gold over
50 pin. of nickel. A thruster spring in the body of the socket applies a constant pressure
to the chamfered corner of the device, so that the device is properly and securely
seated during use. A specially designed latching cover and two stainless-steel posts in
the socket’s body help reduce socket wear. The socket costs $38.94 (1000).—dJ D Mosley

80386-BASED WORKSTATIONS WILL RUN UNIX-BASED OPERATING SYSTEM

To create a common operating system for its line of 80386-based workstations, Daisy
Systems Corp (Mountain View, CA, (415) 960-6591) has signed an agreement with Sun
Microsystems whereby Sun will provide its Unix-based SunOS for Daisy’s 80386-based
workstations and Sun 4-based file servers. Daisy plans to release the SunOS-based
workstations in the second half of 1988. The operating system will also incorporate
the TCP/IP communications protocol (pioneered by the US Department of Defense) and
Sun’s Open Network Computing/Network File System (ONC/NFS).

The standard Unix-based environment will allow the workstation users to take advan-
tage of the wide variety of available software-development tools and standard commun-
ications packages for integrating CAE networks with existing computer environments.
The initial terms of the agreement between Daisy and Sun cover a 5-year period, during
which Daisy will receive all enhancements made to the operating system, including
any enhancements resulting from the joint development efforts of Sun and AT&T.

Daisy doesn’t plan to port SunOS to any of its 80286-based workstations.—Joanne Clay
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Speed Reading.

A big book, packed full of record breaking, highest performance,
lowest power parts.

Required reading for designers who are building faster systems
that run cooler, and use less power.
Read all about:

CMOS high speed SRAM. From our 7ns 1K to our family
of 25ns 64K SRAMs, with 30 + parts in
between.

CMOS high speed PROM. Reprogram-
. mable, if you wish. Ina family with
~ speeds as fast as 25ns and in sizes to 128K.

" CMOS high speed PLD. Including the fast-

~ est, coolest CMOS 22V10 with 25ns quarter
" power performance, and optional repro-
 grammable versions.

" CMOS high speed Logic. Highlighted by our
" 30ns 16-bit slice, and our 35MHz FIFO family in
cool, cool CMOS.

" And read about: Our expanding military product
* line. Our QuickPro™ for easy programming and

- diagnostics using any PC-compatible. Our newest
products. And our applications notes.

' 624 pages of parts and ideas you can use to design
" faster, cooler systems.

" Yours fast, for a toll-free phone call.
~ 1-800-952-6300, ask for Dept. C48
" 1-800-423-4440 (In CA), ask for Dept.C48
(32) 2-672-2220 (In Europe). (416) 475-3922 (In Canada).
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& CYPRESS
== £ SEMICONDUCTOR

Cypress Semiconductor 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2666. Telex
821032 CYPRESS SNJ UD, TWX 910-997-0753. QuickPro is a trad k of Cypress Semiconductor.
©1987 Cypress Semiconductor.
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NEWS BREAKS: INTERNATIONAL

wP PERIPHERAL CHIPS SUIT MILITARY AND SPACE APPLICATIONS

Marconi Electronic Devices Ltd (Lincoln, UK, TLX 56380; in the US, phone (516)
231-7710) has introduced several uP peripheral chips fabricated in the company’s
radiation-hard SOS (silicon-on-sapphire) technology, which makes the chips suitable for
use in military and space applications. The MAS8237A 4-channel DMA controller,
MAS8255A peripheral interface adapter, and MAS8251A universal synchronous/
asynchronous receiver transmitter (USART) are pin and function compatible with the
equivalent Intel parts. Military-grade versions of the chips sell for £280, £220, and £250
(100), respectively. For the same prices, you can obtain similar parts (the MAS28137,
MAS28155, and MASR8151, respectively) that have the drive and timing requirements
necessary for use with the McDonnell Douglas MDC-281 MIL-STD-1750A processor. You
can also obtain the 54HST630, a radiation-hardened 16-bit parallel error-detection and
error-correction IC. A military-grade version of this part costs £170 (100).—Peter Harold

VME BUS MODULE EASES SYSTEM INTEGRATION

By using the $2000 CVMEBS1 VME Bus stimulator module from Concise Technology
(Aylesbury, UK, TLX 975646), you can exercise your operating-system and device-
driver software before all your system’s hardware is installed. The module allows you
to generate VME Bus interrupts on any interrupt level and bus requests on any bus-
request level. For interrupts, you can select the eight least significant bits (LSBs) of the
8-, 16-, or 32-bit Status/ID word, which the module places on the VME Bus during the
interrupt-acknowledge cycle.

In addition to generating legal VME Bus conditions, the module can also generate
spurious interrupts or bus requests, allowing you to test the system’s response to
ghost conditions. A special mode allows you to slow down the response of the module’s
interrupter and bus requester. The module also allows you to generate VME Bus
SYSFAIL* SYSRESET?* and ACFAIL* signals. Although it normally occupies two VME
Bus slots, the CVMEBSL has a detachable control panel that allows you to operate the
module in a single VME Bus slot.—Peter Harold

MITI ASKS JAPANESE ELECTRONICS FIRMS TOBUY MORE US SEMICONDUCTORS

In the wake of renewed complaints from the US government, the Japanese Ministry
of International Trade and Industry (MITI) has asked 10 of Japan’s major electronics
companies to purchase more US semiconductor products. MITI reportedly expects to see
an increase of at least 10% in the procurement of US semiconductors by the major
Japanese electronics companies, which include NEC, Toshiba, Hitachi, Fujitsu, Matsu-
shita, and Mitsubishi. The Japanese government has apparently promised that US semi-
conductor firms will have a R0% share in the Japanese semiconductor market by the
year 1991. MITI claims that the American share in the Japanese market has already
grown to 12.7%.—dJoanne Clay

FUNCTIONAL TRANSISTOR ACHIEVES 5.5 PSEC AT ROOM TEMPERATURE

Fujitsu Ltd has developed a resonant tunneling bipolar transistor that can operate at
5.5 psec at room temperature. Resonant tunneling bipolar transistors can replace six
or seven conventional transistors. Previous versions of this type of transistor could
operate only at very low temperatures, however. To create this room-temperature ver-
sion, Fujitsu replaced the traditional materials—gallium arsenide and aluminum
gallium arsenide—with indium gallium arsenide and indium aluminum arsenide.

—dJoanne Clay
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The World’s Best Op Amp Just Earned Its Stripes!

OPA111/883B combines
unmatched performance and
radiation hardness. Our
customers tell us it could be the
best military op amp available. It's
based on our industry-leading
monolithic L#fes ® design, and
we make it fully compliant to
MIL-STD-883C, Class B, on our
DESC-certified lines. We hope
you'll consider it for your
precision military instrumentation,
data acquisition, optoelectronics,
est equipment applications.

Key OPA111/883B Features

® Fully compliant MIL-STD-883C
processing

® Dielectrically isolated FET
design provides superior
radiation hardness

® | ow noise: 100% tested,
8nV/v/Hz max (10kHz)

® | ow bias current: 2pA max

® | ow offset: 500uV max

® [ ow drift: 10uV/°C max

® High open-loop gain: 114dB min

® Hermetic metal TO-99 package,
full =55/+125°C MIL temp range

] v
Opa 11Vl

Contact your
Burr-Brown technical
rep for full details and
evaluation samples, or
call Applications
Engineering, (602)
746-1111. Burr-Brown,
P.O. Box 11400, Tucson,
AZ 85734.

BURR-BROWN®

Difer® Burr-Brown Corp.
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dc to 3GHz

« less than 1dB insertion loss over entire passband

« greater than 40dB stopband rejection i e o8

« 5 section, 30dB per octave roll-off e

- VSWR less than 1.7 (typ) m MInI-CIrCUItS
SR s Tete dolveny
« rugged hermetically sealed package (0.4x0.8x0.41n.)

« BNC, Type N, SMA available

LOWPASS  Model  *LP-|10.7|21.4| 30 | 50 | 7o 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000
Min. Pass Band (MHz) DC to 107[ 22 32 48 ‘ 1 ’ 140 ‘ 190 ‘ 270 ‘ 400 ‘ 520 ‘ 580 ’ 700’ 80‘ 900
Max, 20dB Stop Frequency (MHz) 70 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340
Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49),S $26.95 (1-49)
HIGHPASS  Model  *HP-| 50| 100 | 150 | 200 | 250| 300| 400| 500| 600| 700| 800| 900 | 1000
Pass Band (MHz) start,max. | 41| 90 [ 133 [ 185 | 225 29? 395 | 500 | 600 | 700 | 780 | 910 | 1000

end, min. | 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 26| 55| 951 116 | 150 | 190 | 290! 365! 460 | 5201 570 | €60 | 720
Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)
* prefix P for pins, B for BNC, N for Type N, S for SMA example: PLP-10.7 Ci0s REVD

1
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transformers

3 KHz-800 MHz
over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,
connector or pin versions (plastic or metal case built
to meet MIL-T-21038 and MIL-T-55631 requirements*).
Fast risetime and low droop for pulse applications;

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

immediate delivery with one-year guarantee.

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

*units are not QPL listed

finding new ways
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Domestic and International Telexes: 6852844 or 620156

C71 Rev. A
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where best-sellers begin.

With one of the largest standard cell and gate array libraries,
and a first-time success rate of virtually 100%, GE Solid State
has all the tools you need to design leading-edge products.

Our library of hundreds of verified cells and
functions is one of the broadest in the industry.

We have cells with effective gate length as
small as Loy (.9u coming soon). And double-level
metal for higher-density chips that handle higher
clock speeds.

You can choose from a wide range of Super-
cells, including core micros, RAMs, analog func-
tions and bit-slice processors. Right now, we're
working on new editions, including Advanced
CMOS Logic, EPROMs and high-voltage cells.
Additionally, we can generate custom cells to meet
your requirements.

So you can easily reduce an entire system onto
a single ASIC chip, and get the ASIC benefits of
smaller power supplies, lower system cost and
higher reliability.

Plus a full library of gate arrays.

If your design calls for gate arrays, you can
select from a broad line with up to 13,000 gates.
With alternate sourcing on the LSI/ Toshiba
series.

Our gate arrays have effective gate lengths as
small as 1.2u. And they're compatible with the
industry standard.

Writing made easy.

We've made it easy for you to write your best-
selling design.

Our designer-friendly software gets you up to
speed in as little as the three days it takes to com-
plete our training course.

And our software supports the major worksta-
tions in the industry, including Daisy™ Mentor

Graphics™ Valid™ P-CAD® and FutureNet®
Through the use of Twins, our transparent
workstation interface system, you can complete or

revise your design at practically any workstation.

We're also in the forefront of silicon compiler
technology. So we can offer you the ability to
create designs that are heavily BUS-structured,
with your ROMs, RAMs, PLAs and ALUs com-
piled rightinto the design.

The best editors in the business.

We know how important accurate perfor-
mance modelingis to you. That's why we’ve devel-
oped the industry’s most advanced simulation and
parasitic extraction programs, which make it easy
to create designs that work. In fact, our first-time
success rate is virtually 100%.

And you can count on our ASICs specialists
for technical support from design through pro-
duction. One other thing you can count on with
GE Solid State: there are no hidden charges in
addition to your NRE.

On the best-seller list for years.

We've been the CMOS company since the day
we invented the technology. We've produced one
best-selling CMOS circuit after another. And built
the industry’s broadest line of High-Rel CMOS
parts, including super radiation-hardened
Silicon-on-Sapphire.

With all this behind you, think how easy it
could be to design a best-seller.

For more information, call toll-free
800-443-7364, ext. 14. Or contact your local
GE Solid State sales office or distributor.

In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0.

Daisy™ is a trademark of Daisy Systems Corp.

Mentor Graphics™ is a trademark of Mentor Graphics Corp.

Valid™ is a trademark of Valid Logic Systems Inc.

FutureNet® is a registered trademark of FutureNet, a Data [/O Company.
P-CAD® is a registered trademark of Personal CAD Systems, Inc.

GE/RCA/Intersil Semiconductors

These three leading brands are now one leading-edge company.
Together, we have the resources —and the commitment —
to help you conquer new worlds.
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To really understand your perform-
ance problem, just turn traditional
thinking around.

You see, your CPU is really more
like a peripheral—it’s usually your
storage subsystem that sets the pace.

When you look at the problem
that way, it's a horse of a different
color. The solution, of course, isn't
a CPU upgrade. It's better manage-
ment of the data.

At System Industries, that’s an

ow To Keep All Your
orsepower From |
unning Around In Gircles.

¥ 8

/

’

idea we've championed all along.
And the same one behind our new
CLUSTOR™family of shared data
storage systems.

CLUSTOR allows you to integrate
MicroVAXs and other small VAX CPUs,
with or without DEC's bigger, high
ticket iron. And it takes over most
of the 1/0 functions that normally
bog down those CPUs.

CLUSTOR is built around a true
multitasking controller, capable of

CLUSTOR is a registered trademark of System Industries. VAX is a registered trademark of Digital Equipment Corporation.
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overlapped seeks and simultaneous
data transfers. Between up to 8 CPUs
and 16 high performance mass stor-
age devices.

As for what it costs, let’s put it
this way. When was the last time you
saved six figures getting more per-
formance? Up to 90% more, in 1/0
intensive environments.

And you can saddle it with complex
multi-host configurations with no
drop in performance.

=

CLUSTOR is just one example
of how our systems can improve the
performance of yours.We have a
whole company full of people dedi-
cated to doing nothing but that.
Including the largest, best-
equipped, best-trained service and
support organization this side
of Route 128.
Give us a ring at 800-333-2220.
WEe'll have all your horses pulling
together in no time.

© Copyright 1988 by System Industries, 560 Cottonwood Drive, Milpitas, CA 95035,

EDN February 4, 1988
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SIGNALS & NOISE

A transimpedance amp

by any other name . . .

In his article, “Use of trans-
impedance amplifiers minimizes de-
sign tradeoffs” (EDN, November
26, 1987, pg 205), Alan Hansford of
Analog Devices uses the term
“transimpedance amplifier” in a mis-
leading way.

According to longstanding usage,
that term refers to the function
being performed, namely, actively
converting a current to a voltage,
not to the type of amplifier used as
the active element. Any electronic
negative-feedback amplifier having
inverting and noninverting inputs
will perform as a transimpedance
amplifier if it’s connected in the cor-
rect manner. The amplifier that the
article describes has a —3-dB band-
width that’s nearly independent of
closed-loop voltage gain—a nice fea-
ture, but transimpedance amplifiers
have neither voltage-gain nor gain-

“IT'S GETTING SO YOU CAN'T EVEN
TAKE TIME FOR ONE LOUSY CUP OF
COFFEE AROUND HERE WITHOUT

HIM BLOWING UP!”

bandwidth independence.

So, if the amplifier isn’t a conven-
tional voltage-feedback op amp, (as
Mr Hansford states in his article),
and if transimpedance amplifier is
an improper name, then what is the
correct description? The accepted

term is “current-feedback op amp.”
Comlinear introduced the term in
1982 to describe the first op amp
with gain-bandwidth independence,
a —3-dB bandwidth, and an ex-
tremely fast settling time. Current
feedback is the key to this perfor-
mance, but it’s not an inherent prop-
erty of a transimpedance amplifier,
contrary to what Mr Hansford says.
Comlinear has described the opera-
tion of its current-feedback op amps
in numerous magazines and applica-
tion notes since 1982.

The author’s conceptual model of
operation (pg 210) bears little re-
semblance to the op amp design that
he describes. Rather, the described
op amp is designed in accordance
with the design that Comlinear in-
vented, patented, and has used in op
amps such as the CLC231. I'm flat-
tered by Analog Devices’ imitation
of our products, but by failing to
reference our pioneering work, it

Paths of insulation
around copper traces are
created by the precision
router. The LPKF unit
also performs drilling and
contour milling to com- .
plete the circuit board
production.

See us at NEPCON, Booth #7135

« Mechanically plots double- and
single-sided boards

» Boards can take surface-
mounted components

« Single-sided boards in 10-15

minutes; complex, dense

boards in 2 hours or less

Compatible with any CAD

system Gerber output

» No more waiting for prototypes
or small runs

(=YX chocam

From Layout to Finished Board
... In Minutes

Now you can use the LPKF circuit board plotter with any
Gerber CAD files to create a ready-to-stuff circuit board.
This unique plotter is excellent for prototypes, film

production, and even front-plate engraving.

LPKF CAD/CAM Systems, Inc.
18935 Monte Vista Drive
Saratoga, CA 95070

FAX: 408-395-5153

TEL: 408-354-1102

Distributor Inquiries Invited
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Finally . . . PRECISION IN
SURFACE MOUNT DEVICES

ORANGE COUNTY: (714) 637-9602, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 942-8060,

DALLAS: (214) 341-1742, CHICAGO: (312) 250-0808, ATLANTA: (404) 263-7995,

PHILADELPHIA: (215) 675-7600, BOSTON: (617) 794-0026

CIRCLE NO 118

Yes, finally! Precision in a small
package.

PMI's precision bipolar analog
and CMOS converter product
line is now offered in SMD.
Write for our SMD brochure
which lists the availability of 65
devices in various surface
mount packages.

PMI's precision SMDs are
available in commercial and
industrial temperature ranges.
The surface mount offerings
include SO, SOL, LCC, and PLCC
Versions.

To get your SMD brochure,
circle the reader service number
or call ... 1-800-843-1515.

You'll also receive a free copy of
our new 1988 Data Book!

Precision Monolithics Inc.

A Bourns Company
Santa Clara, California, USA
408-727-9222



Faster than a speeding
bullet. .. well, almost.

Citizen’s New DP-600 Series
Dot Matrix Printer Mechanism

Citizen's new high speed DP-600 series
printers are twice as fast as Citizen's DP-500
series (and you know how fast they are).
Just think of how well a DP-600 series print
mechanism will work in your point-of-sale, medi-
cal testing, pay telephone or scientific equipment.
Imagine a fast, reliable DP-600 in your cash register system,
banking equipment, time clock or*youname the application’ Citizen's
new DP-600 series dot matrix
CIT I Z E N printers can do the job faster
CBM America Corp. 2999 Overland Ave. Suite 203 and better without sacrificing
Tl e (500 42165 Fax (19 ssoio - Citizen's dedication to quality

Call or write for complete information and pricing

CIRCLE NO 5

Introducing MiniZap;' the New
ESD Simulator for Company

Pulses correlate with
ams. all other Series 2000
simulators.

LED display measures actual
discharge voltage at the tip, even
in high rep rate operation.

Two models

Realistic, repeatable
pulsesto + 15 KV.

Single shot and
repetitive pulses.

TRUE-ESD™
air discharge and FR/CI™
current injection modes
meet existing and

proposed IEC specs.

One piece, rugged,
portable, battery or
AC operated for
routine field use.

For literature on MiniZap and
the growing 2000 family of ESD
simulators, call (617) 658-0880.

G2 KeyTek

KeyTek Instrument Corporation
260 Fordham Road
Wilmington, MA 01887

Phone (617) 658-0880

TELEX 951389

*USA

price list

starting at $2,850*

SIGNALS & NOISE

makes one wonder if the company is
trying to take credit for this new
and useful class of op amp.

David Nelson

President

Comlinear Corp

Ft Collins, CO

Analog Devices responds:

Mr Nelson’s comments are insight-
ful and interesting. Two statements
are slightly misleading, however,
and require clarification.

The implication is that Analog
Devices violated a Comlinear patent
by bringing the AD9610 to market;
a second implication is that Com-
linear did the “pioneering work” in
the field of “current-feedback op
amps.” Analog Devices is aware of
the patents in question, and the
ADY9610 does not infringe on any
Comlinear patent. As for the issue
of pioneering work, current-feed-
back amplifiers have a long and well-
documented history in the electron-
ics industry. Innumerable textbooks
contain references to and examples
of current-feedback amplifiers.
Many of these books were printed
and copyrighted long before 1982.

Analog Devices identified a seg-
ment of users that was not totally
satisfied with existing high-speed
amplifiers, and subsequently intro-
duced the AD9610. We stand by our
products, our technology, and our
reputation as leaders in this indus-
try. Competition is the cornerstone
of the American free-enterprise
system.

Thomas Gratzek

Linear Products Marketing
Manager

Analog Devices, Computer
Labs Div

Greensboro, NC

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and

clarity.

CIRCLE NO 6
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MULTIBUS I
TAKES YOU
BACKTO
THE BASICS




...AND INTO THE FUTI

MurriBus II OPENS Up
ADVANCED
APPLICATIONS IN WAYS
NO OTHER Bus CAN.

When the architects of Multi-
bus II set out to create an
advanced bus, they set their
sights far beyond just another
souped-up tradi-
tional bus.

They went back to
the basics and cre-
ated a truly advanced
bus.

A bus capable of
supporting vast new levels of
microcomputer performance.
To make possible low cost
microcomputer systems that
outperform minis, and rival
mainframes.

An inherently more reliable
bus, suitable for applications
that process huge volumes of

data at unprecedented speeds.

BASIC #2: HARDWARE-ASSISTED

MESSAGE PASSING.

This advanced technique gives Multibus I
a true sustained bandwidth of 32 mega-
bytes per second. Standardized in a single
silicon ch ip, message passing simplifies
sytem d7n, and makes it possible to mix

totally different microprocessor architec-
tures and operating systems in the same
application.

A more maintainable bus,
to reduce the cost and com-
plexity of configuration,
trouble-shooting and repair.

A bus solid enough to gain
the support of a broad base
of hardware and software

vendors, and ensure that all

products would work

together efficiently

| and dependably.

It would be the

| ideal advanced bus
—the perfect higher
performance alterna-
tive to Multibus I,
VME and other traditional

architectures.

Mutcrisus II Is
CHANGING THE
WORLD!

The advanced bus of the
future is here today, to the
delight of designers needing
to transcend the limitations
of today’s other bus

alternatives.

BASIC #3:
AUTO
CONFIGURATION.
Like a chameleon, Multibus Il boards
automatically configure themselves when
system power is turned on, eliminatin
DIP switch hassles during configuration
and maintenance.

\

Multibus I1's parity error detection pro-
vides the basic protection needed by
advanced applications that process large
volumes O[Pata at high speeds.

For example, NCR and
Prime based their newest
Tower™ and EXL™ systems on
Multibus II. Both provide
several times the power of a

VAX™ 11/780 minicomputer,
TRADITIONAL VS. AL

*Implemented outside IEEE 1014 using several
proprietary schemes.

at a fraction of the price.
A major U.S. department

store chain has put into oper-

ation a revolutionary home

shopping network,
based on Multibus II.

In Europe, Multibus II
was chosen by a leading

automation company as its




JRE.

architecture rm—
100
for the 5 VMEBus
future for 5
MuLTIBUS |
advanced
1 ? 3 4
factory YEARS FROM INTRO
X MULTIBUS II:
automation The world’s fastest
S growing open system
apphcatlons. architecture!

And two leading aerospace
companies are using
Multibus II to build the

world’s most advanced

VANCED ARCHITECTURES

or are now
developing TSI LS e
Multibus II
applications that
set new standards
of performance,

price and reliability.

BUILD YOUR
OwN Mutrisus 11
LIBRARY.

The broad base of Multi-

bus II hardware, software,

; pr— BASIC #5:
WMECHANICAL INTEGRITY.
laturally, Multibus II uses DIN connec-
tors, for the most reliable mechanical
connections. But, it also incorporates built-
in front panels for EMI shielding. And, its
standard Eurocard form factor provides
enough board space (a full 80 sq. in.) to
accommodate complex designs.

accessories and systems is

growing almost daily. Yet
it's easy for you to keep
up to date.
Just circle the reader service

number, and each of the com- So don't delay. Get the

panies on the back of this ad
will send you in-depth tech-

nical data on their complete

whole story on Multibus II
and discover the new levels

of performance and reliability

aircraft flight simulators.

Throughout the world,
these and scores of other

companies have introduced

BASIC #4: MULTI-VENDOR
COMPATIBILITY.

A host of unique features ensure
that Multibus 11 boards will work
together efficiently and depend-

ably. The IEEE 1296 specifica-
tion is complete and concise.
And, the Multibus 11 Message
Passing Coprocessor (MPC),
now universally available,
ensures compatibility even between
boards using different processor architec-
tures and operating system software.

Multibus II prod- that are possible

uct lines. Plus ek with a truly
timely updates o advanced bus.
and new product Multibus II.
announcements. The bus of your

And, to keep future is here

your Multibus II today.

library organized, the Multi-

CIRCLE NO. 99
bus Manufacturers Group
will send you this convenient
indexed bookshelf binder. MULTIBUS muurm"nins GROUP

P.O. Box 6208 Aloha, OR 97007 (503) 629-8497

Absolutely free!

Multibus® is a trademark of Intel Corp.

EXL™ is a trademark of Prime Computer Inc.
Tower™ is a trademark of NCR Corp.

VAX™ is a trademark of Digital Equipment Corp.




The companies listed below would like you to
know that Multibus II is now in full swing. These
industry leaders offer a complete selection of

Multibus Il boards, software, systems and acces-

sories—everything you need to develop advanced,

high performance applications today.

For your free Multibus II Data Book

P.O. Box 1037
Attleboro, MA 02703
Contact: Dept. X2403
(617) 222-2202

FAX (617) 226-5257

1602 Newton Drive
Champaign, IL 61821
Contact: André Felix
(800) 482-0315

FAX (217) 359-6904

2955 Xenium Lane
Plymouth, MN 55441
Contact: Don Peterson
(612) 559-2034

FAX (612) 559-8799

25401 Cabot Road, Suite 206
Laguna Hills, CA 92653
Contact: Robert McAuley
(714) 768-3332

FAX (714) 951-8902

60 Garden Court, Box DRI
Monterey, CA 93942
Contact: Customer Service
(800) 443-4200

Telex 910-360-5001

DIGITAL
RESEARCH

6790 Flanders Drive
San Diego, CA 92121
Contact: Frank Hom
(800) 854-7086

In CA: (800)772-7086

Electronic
30lutions

The Multibus Manufacturers Group, or MMG, is dedi-
cated to the proposition that everyone benefits from
strong, open standards. Membership is open to hard-
ware and software manufacturers, application integra-
tors, end users and even students.

To learn more about what the MMG can do for you,

contact Dan Fink, MMG executive director.

)Copyright 1988 Multibus Manufacturers Group

h Cont

Peri

Graphics

E'RE HERE FOR YOU!

plus future new product announcements, just
return the reader service card. Or, for faster
response, call the MMG or one of the participating
companies listed below.
Discover what the world’s most advanced OEM
microcomputer bus can do for your next

generation applications.

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051
(800) 548-4725

2925 Merrell Road
Dallas, TX 75229
Contact: Sales Admin.
(214) 350-9000

FAX (214) 350-1433

* INTERPHASE
corporation

785 Lucerne Drive
Sunnyvale, CA 94086
Contact: Bill Burton
Telephone (408) 720-9300
FAX (408) 773-9475

| m—
= MICROBAR
,4 SYSTEMS.INC.

10 Mupac Drive
Brockton, MA 02401
Contact: Steve Cobb
(617) 588-6110

FAX (617) 588-0498

3445 Fletcher Avenue
El Monte, CA 91731
Contact: Mike Burton
(800) 227-0557

FAX (818) 444-3953

UNIT OF ZERO CORPORATION

6465 Nancy Ridge Drive
San Diego, CA 92121
Contact: Trevor Constable
(619) 453-8970

SYSTECH

Use this convenient product reference guide to quickly
locate the companies that offer the types of Multibus Il
products you need.

CIRCLE NO. 99

MULTIBUS MANUFACTURERS GROUP

P.O. Box 6208 Aloha, OR 97007 (503) 629-8497




Uncover solder defects with
Augats VisinPak sockets and this
amazing mspection mstrument.

Wouldn't it be more etti-
cient if you could spot solder
defects before the
boards went to
testing? Well,
Augat has intro-
duced a remov-
able carrier for
DIP, SIP, ZIP,
QUAD, pin grid
and custom
footprints that
makes it possible.
Visual Inspection
Package (VisInPak) Sockets.
They work without an insulator.
So you can tell by visual inspec-
tion—or, just by looking for
soldering voids where the con-
tacts join the plated through
holes. During manufacturing.
Before testing.

Also, without an insulator,

U.S. and International Patents Issued.

EDN February 4, 1988

After the VisInPak sockel is wave soldered
into place, the carrier is removed to permit
visual inspection of the terminals.

the air flow that keeps your

device cool is improved. And
. repairs are easier

because each con-

sheets and a demonstrator.

The VisInPak family of sock-
ets. More sockets. More innova-
tion that works from the people

tact can be repaired who listen to what you need.
individually. Augat. A company worth
Plus, the VisInPak  keeping an eye on.

family of sockets c —_——— - ———— ——
ba1 YdO tb OCKets can rSeemg is believing. Send me your VisInPak

€ made O,any Cu.S' socket family design guide and demonstrator
tom footprint easily showing how to help me cut down on defects.
and quickly to elim- B
inate loose loading | Title
terminals. | e

2 ompany

Find out how

else they can
improve
your designs
and increase
your success
rate. Send in
the coupon
for some eye-
opening data

;  Street Address
R City State
Zip

Telephone

EDN 020488
Mail to: Augat, Inc. Interconnection
Components Division, 33 Perry
Avenue, Attleboro, MA 02703
(617) 222-2202.
FAX: 617 222 0693

INTERCONNECTION
(OMPONENTS

Quality and Innovation

111 xl““

r"?fk o,
L0 (o

s
i
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THE NEW GRAPHICS

RKSTATIONS THAT RAISE

OUR SIGHTS WITHOUT
CHANGING YOUR STANDARDS.

Tektronix, Inc. Al rig
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V25: the most powerful 16-bit single-chi

Yukio Maehashi
Manager
Microcomputer Division.

m Computers and Communications

44 EDN February 4, 1988
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SEMICUSTOM ON TIME —
OR YOU DON’T PAY*

‘|| i Lb

1L

To remain competitive in the world of electronics, you have to get your
product to market without delay.

To help keep you competitive, Gennum offers the following unique
guarantee:

WE WILL DELIVER YOUR LINEAR SEMICUSTOM IC ON TIME AND

ON BUDGET, OR YOUR NEXT PROTOTYPING JOB WITH US IS

FREE!*

It's that simple.

We offer this unique guarantee because we take the time to find the
best possible solution to your problem, before we start designing.

That means fewer trips ‘back to the drawing board’.

That’'s why companies in 18 countries rely on Gennum IC’s. Call or
write for our free brochure and ask about our SEMICUSTOM DESIGN
PACKAGE.

*Details of Gennum’s unique Delivery Warranty are included with our Design Package.

P.O. Box 284 tﬂ‘,? i P.O. Box 489, Stn. “A”
Buffalo, N.Y. ‘1 ,315!!,%!“1' Burlington, Ontario
':'41? %0 1-800-263-9353 ir &1%?".?3'57?9:3?
oll Free: 1- e, = i
« GENNUM Fax: (416) 632-2055

CORPORATION

GENNUM CORPORATION IS AN LTI COMPANY
We developed the science of listening.

CIRCLE NO 7

DID YOU KNOW?

EDN is distributed
at every major
electronics/computer show in the
U.S., France, and Germany.

EDN

CALENDAR

American Association for the Ad-
vancement of Science Annual
Conference, Boston, MA. AAAS,
1333 H St NW, Washington, DC
20005. (202) 326-6448. February 11
to 15,

Semicustom Circuit Program
Conference, San Diego, CA. Mack-
intosh Consultants, 209 W Central
St, Natick, MA 01760. (617) 655-
0001. February 17 to 19.

Software Development ’88, San
Francisco, CA. Miller Freeman
Publications, 500 Howard St, San
Francisco, CA 94105. (415) 995-
2426. February 17 to 19.

Digital Signal Microprocessor and
Microcomputer Chips and Devel-
opment Systems (seminar), Palo
Alto, CA. Amnon Aliphas, DSP As-
sociates, 18 Peregrine Rd, Newton,
MA 02159. (617) 964-3817. February
22 to 24.

Compcon Spring ’88 (33rd IEEE
Computer Society International
Conference), San Francisco, CA.
Hasan AlKhatib, Dept of EECS,
Santa Clara University, Santa
Clara, CA 95053. (408) 927-1818.
February 29 to March 4.

Microwave IC Technology (semi-
nar), Fullerton, CA. California
State University, Office of Ex-
tended Education, Fullerton, CA
92634. (714) 773-3080. March 4.

Personal Computer Interfacing
for Scientific Instrumentation Au-
tomation (short course), Blacks-
burg, VA. Linda Leffel, CEC, Vir-
ginia Tech, Blacksburg, VA 24061.
(703) 961-4848. March 10 to 12.

Modern Electronic Packaging
(seminar), San Diego, CA. Technol-
ogy Seminars, Box 487, Lutherville,
MD 21093. (301) 269-4102. March 15
to 17.

EDN February 4, 1988



MICRO-C
he CAE tool with fully interactive
analog simulation for your PC.

Spectrum Software’s MICRO-CAP 11® is

fast, powerful, and feature rich. This fully

interactive, advanced electronic circuit
analysis program helps engineers speed
through analog problems right at their
own PCs.

MICRO-CAP 11, which is based on our origi-
nal MICRO-CAP software, is a field-proven,
second-generation program. But it's dra-
matically improved.

Schematic Editor

MICRO-CAP I has faster analysis routines.
Better resolution and color. Larger librar-
ies. All add up to a powerful, cost-effective
CAE tool for your PC.

The program has a sophisticated inte-
grated schematic editor with a pan capa-
bility. Just sketch and analyze. You can step

EDN February 4, 1988

.
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.0
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Transient Analysis

component values, and run worst-case
scenarios—all interactively. And a 500-type*
library of standard parts is at your finger-
tips for added flexiblity.

MICRO-CAP 11 is available for IBM® PCs
and Macintosh.™ The IBM version is CGA,
EGA, and Hercules® compatible and costs
only $895 complete. An evaluation version
is available for $100. Call or write today for
our free brochure and demo disk. We'd like
to tell you more about analog solutions in
the fast lane.

W Integrated schematic editor

B Fast analysis routines

W High-resolution graphic output

W Standard parts library of 500* types
*IBM versions only.

CIRCLE NO 85

M Transient, AC, DC, and FFT routines
W Op-amp and switch models

B Spec-sheet-to model converter*

W Printer and plotter* hard copy

111,362 9

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087
(408) 738-4387

MICRO-CAP I1 is a registered trademark

of Spectrum Software

Macintosh is a trademark of McIntosh Laboratory, Inc
and is being used with express permission of its owner.
Hercules is a registered trademark

of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc

47



CY525 3rd generation
STEPPER MOTORCONTROLLER

most intelligent controller offers
linear ramping, 10,000 steps/sec,
unlimited stepping, change

rate on the fly, read

position on the

fly, and

much

more.

i W,

CY512

compatible,

40 pin, +5 volt i

TTL, 8 bit I/O interface A A
to ncomputer. $195 ea ($80/100)
Prototyping board available.

A “M
i
5 . !
Cybernetic Micro Systems "
P.O. Box 3000, San Gregorio, CA 94074
(415) 726-3000 Telex: 171-135 attn: Cybernetic

CIRCLE NO 8

48

STANFORD RESEARCH SYSTEMS, INC —— MODEL S

My m N

out .

T S

B 4 independent channels

® Gain of 5/channel (cascaded gain: 625)
® 10 uV/°C dc stability

m 25 uV input noise

You can use the SR440 as a general purpose
amplifier to improve the sensitivity of oscilloscopes,
digitizers and spectrum analyzers. Power the SR440
with 120 or 240V ac. NIM module format for dc
operation also available: $850 (model SR240).

Stanford Research Systems

1290 D Reamwood Avenue, Sunnyvale, CA 94089
TLX 706891 SRS UD, FAX 4087449049, TEL (408) 744-9040

CIRCLE NO 9

CALENDAR

Microelectronic Packaging and
Surface Mounting (seminar), Ful-
lerton, CA. California State Univer-
sity, Office of Extended Education,
Fullerton, CA 92634. (714) 773-3080.
March 18.

10th Annual Conference for Inven-
tors and Entrepreneurs, Denver,
CO. Rocky Mountain Inventors
Congress, Box 4365, Denver, CO
80204. (303) 443-3818. March 18
to 19.

Neural Networks for Artificial In-
telligence, Arlington, VA. Technol-
ogy Transfer Institute, 741 10th St,
Santa Monica, CA 90402. (213) 394-
8305. March 21 to 23.

Digital Signal Microprocessor and
Microcomputer Chips and Devel-
opment Systems (seminar), Cam-
bridge, MA. Amnon Aliphas, DSP
Associates, 18 Peregrine Rd, New-
ton, MA 02159. (617) 964-3817.
April 4 to 6.

Microcircuit Interconnections and
Assembly Methods (seminar), Ful-
lerton, CA. California State Univer-
sity, Office of Extended Education,
Fullerton, CA 92634. (714) 773-3080.
April 7.

Electrostatic Discharge (ESD):
Concern or Over-concern? (semi-
nar), Fullerton, CA. California
State University, Office of Ex-
tended Education, Fullerton, CA
92634. (714) 773-3080. April 12.

Hybrid Microcircuit Technology
(seminar), Fullerton, CA. California
State University, Office of Ex-
tended Education, Fullerton, CA
92634. (714) 773-3080. April 18.

American Power Conference, Chi-
cago, IL. Robert Porter, Chicago
Institute of Technology, Chicago,
IL 60618. (312) 567-3202. April 18
to 20.
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WATCH WHAT YOURE DOING.

Introducing UniLab 8620 analyzer-emulator with InSight.

B There’s nothing like InSight™ A feature ®  Computer integrated instruments from
of the new 8620 that lets you actually watch e el I oller Orion prove debugging needn’t be costly or
your program go through its paces. So you Dapiay 1 wpdotad s e tedious. For more than 150 processors. Like all
can debug faster. And speed up microprocessor . ihe s B our analyzer-emulators, the 8620 debugs by
development. For demanding applications like Pl | B W e || e symptom. Via nced truth table triggering.
the automotive controller shown. 3 ; e Always included is enough breakpointing

(o Wy and single stepping (now faster than ever)

to assure optimum efficiency. We even provide
a stimulus generator and built-in EPROM
programmer to help finish the job.

B Anexciting industry first, InSight blends
analyzer/emulator techniques to give you
continuous, real time monitoring of key pro-
cessor functions. See changing register contents,
[/0 lines, ports, user-defined memory win-
dows. With your own labels. And all at once.
Interactively

Without stopping

®  Getserious about price/performance.
®  [nSight is made possible by the 8620’ Save hig on design, test, and support cos
advanced bus state analyzer, its 2730-bus-cycle UniLab 8620 analyzer-emulator.

trace buffer, and a new high-speed parallel T
interface that eliminates RS-232 bottlenecks. = Lookintoit.

Toll free: 800/245-8500. In CA: 415/361-8883.

your program.
B The fast interface also speeds data
throughput. From your hard drive, you can
load a 64K program into emulation memory
in five seconds.

<
m
z
—
ol

S

Computer Integrated Instrumentation
702 Marshall Street, Redwood City, CA 94063
Telex: 530942

®  On top of that, you get a new, crystal-
controlled 1 psec clock for super pre

wWe 1 i [\ N
event iming. *InSight is a trademark of Orion Instruments, Inc
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You wouldn' do this with your Analog VLSI devices.

You'll have to if you go to most ATE companies for
a solution to today’s sophisticated “‘system silicon”
testing problems. Because all you'll get is a make-
shift tester. And that means resigning yourself to
man-months of custom hardware work integrating
analog and digital instrumentation. And putting up
with the long hours of low-level software develop-
ment that go with custom solutions. Worse, you can
expect these delays to cut your chances of getting
your product to market on time.

Teradyne now has a simple answer to this com-
plex testing problem. The A500 Analog VLSI Test
System. It’s the first of a new generation of systems
specifically for AVLSI “system silicon” devices.

A test system that can help you cut critical product
development time by months or even years.

One Test System, Once and for All
With AVLSI devices you won'’t get fast design feed-
back, unless you test individual components—the

50

“building blocks” of system silicon. And you won’t
comply with customer and industry requirements if
you don’t do complete “system” functional testing.
With conventional test systems it means two of every-
thing. Two testers, two test programs, two insertions,
two data bases. And more than twice the time to

get to market.

The A500 allows you to do it all with one system.
So there’s only one system to program. One insertion
to make for both component and functional testing.
And only one data base to work with. Which means
significantly less time to market.

Vector Bus II": the Great Integrator

The heart of the A500 is Teradyne’s unique Vector
Bus II architecture. It integrates analog and digital
VLSI test capability at the system level. Which
means you won't have to build special applications
hardware for every new device you design. Vector
Bus II eliminates that costly custom-work bottleneck
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Why accept it in an Analog VLSI Test System?

with such features as TimeMaster™ Synchronization,
Mixed-Signal Event Control, and MultiSource Data
Mixing.
A Picture’s Worth a Thousand Keystrokes
The A500 also revolutionizes program development.
Our IMAGE™ (Interactive Menu-Assisted Graphics
Environment) software gives you graphics program-
ming as powerful as device designers’ CAD/CAE
tools. Using a mouse to control multiple windows,
pop-up menus and software “power tools,” you
move ideas rapidly from mind to screen. And much
faster to market.

Teradyne’s new A500 is the only test system
with the features you need to win the race
for Analog VLSI market opportunities. To find out
more, call Beth Sulak at (617) 482-2700, ext. 2746.
Or call your nearest Teradyne sales office or write:
Teradyne, Inc., 321 Harrison Avenue,
Boston, MA 02118.

EDN February 4, 1988 CIRCLE NO 86

We measure quality.




You do.

We do.

On one hand, there’s your
drive to find new applications
and new markets. On the other,
there’s our drive to meet your
needs.

PP And as partners, we both end
; - up in the lead.

You give us the impetus to
stay a generation or more ahead
of the competition. And we give
you the products to do the same.

Like our high-performance,
high-capacity Winchester drive
families, from 85MB to 760MB.
And our first high-capacity opti-
cal product, a 5%-inch, 800MB
WORM drive.

So keep pushing us.

Because the further you drive
Maxtor, the further we’ll drive
you.

Maxtor Corporation, 211
River Oaks Parkway, San Jose,
CA 95134, (408) 432-1700,
TELEX 171074.

Ma;gor

Sales offices: Atlanta (404) 455-4226, Austin (512) 345-2742, Boston (617) 872-8556, New Jersey (201) 747-7337,
Orange County (714] 472-2344, San Jose (408) 435-7884, Woking, England (44)/4862-29814, Tokyo, Japan 81-3-431-8940.

Distributed by Anthem Electronics, (714) 768-4444, (408) 295-4200, (617) 657-5170, Future Electronics, (514) 694-7710, Pioneer Standard Electronics, Inc., (216) 587-3600,
(301) 921-0660, Quality Components, Inc., (214) 733-4300, Storex Corporation, (617) 769-3400.
© 1987 Maxtor Corporation
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EDITORIAL

The IEEE faces extinction

Since Irwin Feerst gathered a respectable number of votes in the IEEE’s
1986 annual election, the organization has renewed its determination to
prevent dissidents from participating in IEEE affairs. Now, instead of
facing up to the need for internal reform and external action on behalf of its
members, the IEEE’s board of directors is dabbling in election-policy
changes. Those changes are driving the organization closer to extinetion.

Because Feerst split—and almost won—the 3-way contest for presi-
dent-elect in 1986, the IEEE decided to nominate only one IEEE-
sanctioned candidate for the president-elect position in future elections. No
more split elections, if you please. However, the hue and cry against having
a single candidate was so great that the IEEE’s board of directors has
reconsidered. You'll now choose from two IEEE-backed candidates for
president-elect.

But to ensure that no petition candidate splits an election with the two
sanctioned candidates, the IEEE has adopted “approval” voting. In such a
scheme, IEEE members get the chance to cast an “approval” vote for each
candidate on a ballot. Thus, by not casting a vote, they withhold approval
from a candidate. It’s worth noting that the board of directors modified the
election procedure by changing the organization’s bylaws, not by asking
members to amend the organization’s constitution. The IEEE’s board of
directors has a case of siege mentality. Once an organization is infected
with that disease, it’s headed for extinction.

So, instead of real reforms or calls for action by the IEEE’s “leaders,”
you'll see more of the same plodding and self-preserving moves that now
characterize the IEEE. Working engineers will observe no action on tax or
pension reforms, no action on age discrimination, and no action on other
professional concerns. In short, no action at all.

The besieged IEEE will continue publishing journals and periodicals, but
that hardly forms the heart of a vital professional organization—one that
should be improving its members’ profession and working environment. So,
when it’s time to renew your IEEE membership, consider the cost
carefully. Are those journals and group life-insurance policies really worth
it? If you still think the IEEE has a chance of surviving as a professional
organization and you renew your membership, send Irwin Feerst’s Commit-
tee of Concerned EEs a check for an equal amount. You may not agree with
everything Feerst says and does, but he has probably done more to change
the IEEE than anyone else who has won one of its lopsided elections.

ﬂ '
Jon Titus
Editor
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G) ahead. Indulge yourself. And say hello to BUSTER. The
first user-configurable MPU peripheral. And the fastest and easiest
way yet to get your proprietary design from concept to silicon.

Finally there's a way to get the off-the-shelf convenience
of TTL. Without dealing with acres of board space.

In fact, with BUSTER you'll get the performance and single
chip advantages of ASICs. While avoiding the painful NRE, long
development cycles and inventory burdens.

You can program BUSTER for almost any peripheral
function you can name. Counter/timers, data converters,
configurable 1/0 ports, data communication transceivers and
lots more.

And it'll work perfectly with just about any MPU. Including
8,16 and 32 bit parts from Intel, Motorola, National, Zilog and
others. Even when they re running at 25 MHz with no wait states.

BUSTER's amazingly flexible. It combines a fast, bus
organized architecture with a powerful 20 macrocell CMOS EPLD.
Giving you 52 register bits, an 8 bit 1/0, cascadable to greater
widths, 2 24 mA bus port and a long list of other features. More than
enough, in fact, to give you plenty of performance and functions
for almost any application. Including those using the IBM Micro
Channel bus or MIL-STD-1750A processors.

Best of all, you make it happen — concept to silicon — in
hours. Not days or weeks. All you need is your PC and our powerful
A+PLUS software and development system. You'll enter your
design using macrofunctions based on over 100 TTL devices. And
you'll program your parts in minutes. It's about as close as you
can get to instant gratification.

So find out how BUSTER can help make short work of
your peripheral designs. Call us today for data sheets or more
information.

You'll be gratified you did.

Call (408) 984-2800.

fA! e . %Q

3525 Monroe Street
Santa Clara, CA 95051

© 1987 ALTERA CORPORATION.
BUSTER and A+PLUS are trademarks of Altera Corp

ion. IBM and Micro Channel
ines G, .

Mach

are registered trad ks of Inter orp
Distributed in U.S. by Alliance, Pioneer, Quality Components, Schweber, Wyle and
Hall-Mark. In Canada, distributed by Future and Semad.
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WHO YA GONNA CALL TO ICE
68020 BUGS? ATRON BUGBUSTERS!

We recently received a competitive
analysis written by a billion-dollar
competitor of ours. In it, they rank in-
circuit emulation companies in order
of importance. We were number one.

tedious mental translations and displays what the
processor really did. The technology, called pipeline
dequeueing, is only available from
Atron. Because the Atron bugbusters
are the only ones anywhere who’ve

figured out how to do it. And it took us
100,000 lines of code. Consider it our
contribution to your sanity. (It was a
dirty job, but somebody had to do it.)

68020 PROBE
SPECIFICATIONS

25 mhz

SO WHO’S ATRON?
Today, Atron is the
number-one supplier of
hardware-assisted soft-
ware debuggers for
8088/80286/80386-
based PCs. Nine of the
top ten software pack-
ages were written by
Atron customers. Every-
body from AST to

LET THE SOURCE
BE WITH YOU.

Why spend all day
doing mental transla-
tions between your C
source code and the
machine code in your tar-

Clock speed
E :
| Trace

Transp

2048 cycles by 96 bits
Qualified trace region
Dequeued trace data

Pre and center triggered
Includes symbols and source
Dynamic cache control

Breakpoints 8 hardware on execute g
Borland to Oracle to Read, write, fetch, logic get? These tedious oper-
. Single or range addresses . . .
Zenith. Now, we can 16 software breakpoiits ations are eliminated
3 3 Sequential triggers - 4 terms 3 ’ »
make the same claim in i o5 with Atron’s source-level
the 68020 marketplace. Guarded access on memory debugging capabilities.
Output lines for cross trigger A
Everybody from Input lines for external logic Since PROBE uses a
Mapped RAM 512K

Apple (MAC IIs) to
Wellfleet (datacom) will

PC AT as its instrumen-
tation chassis, you can

Yes for C, Pascal, Assembler
S, Tek, Coff, 4.2 BSD, SUN and
IEEE formats

i | Source debug
| Symbolic debug

attest to the superiority | Symbol table  Limited only by AT disk size get compiled code to its
) | User interface Multiple windows and menus .
of Atron’s 68020 debug_ | Macros Yes, and conditional execution targ et via Ethernet Y
: 1 Download To target system at 375k baud

ging technology. One
Atron customer even
said, “We sent our non-
Atron ICE unit out sev-
eral months ago for
repairs; nobody around
here seems to know or
care if it’s back yet. The
Atron unit is the tool of
choice’’

25-MHZ, REAL-TIME, EMULATION:
SOONER OR LATER, YOU KNOW YOU’LL NEED IT.

Why invest in a slower emulator (especially one that
costs more)? Some bugs only occur in real time, and you
know your next design will be 25 mhz. Before Atron’s
state-of-the-art design, there was no such thing as a 25-
mhz emulator. There still isn’t another one anywhere near
our price.

PROBE CAN TRACE IT THROUGH THE PIPELINE,
SO YOU WON'T LOSE YOUR MIND.

The 68020 has an on-board pre-fetch pipeline. Without
Atron’s 68020 PROBE, your best software engineer will
spend a lot of time figuring out which instructions actu-
ally execute, and then, which bus cycles go with those
instructions. The 68020 PROBE eliminates all these

© 1988 by Atron. 68020 PROBE is a trademark of Atron. The other companies mentioned own numerous trademarks. Call 44-2-855-888 in the UK and 49-8-985-8020 in West Germany.
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| Coprocessor

VAXNet, SUNNet,
SCSI or RS-232. And
whether you are compil-
ing on a PC, a worksta-
tion or a VAX, Atron
supports more object-
module formats than
anybody else (see speci-
fication box).

68881,68851

YOU’LL BE A BELIEVER

AFTER A SHORT DEMONSTRATION.

So who ya gonna call? Bugbusters! Today. At
408/741-5900. Or send in the attached coupon.

o e ———————— —— e ——

My business card or company letterhead is attached:

[ I’ve got to see this for myself. Please have a represen-
tative call me to schedule a demonstration.

|
|
|
|
|
| Please send me your 36-page 68020 PROBE user’s |
guide, with its command summary and examples of use. :
|
|
I
|
|
|

A division of Northwest Instrument Systems, Inc.

Saratoga Office Center ® 12950 Saratoga Avenue
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TECHNOLOGY UPDATE

High-performance DMMs and calibrators
bring standards-lab specs to the benchtop

Dan Strassberg,
Associate Editor

To satisfy their customers’ continu-
ing demands for improved perfor-
mance, engineers who design and
test products such as data convert-
ers and automatic test equipment
(ATE) must make increasingly accu-
rate basic measurements in their
labs, in production, and in systems.
Manufacturers of digital multime-
ters (DMMs) and voltage/current/
resistance calibrators are providing
tools to meet these tightened meas-
urement requirements. This new
generation of rugged, affordable,
and easy-to-use instruments offers
accuracy that, until recently, was
possible only in the cloistered and
sacrosanct standards-laboratory en-
vironment. To realize the accuracy
these instruments promise, howev-
er, you must apply them with con-
summate care.

DMMs measure ac and dc voltage
and current, resistance, and voltage
and resistance ratios. Not all the
meters discussed here can make
every one of these measurements.
Table 1 lists some representative
high-precision DMMs. All of these
DMMs offer resolution of 6% digits
or more; some provide resolution as
high as 8% digits. Depending on
how the vendor defines a half digit
and how it defines full-scale range
(FSR), an 8%-digit meter may be
able to resolve an input change as
small as 2.5 parts per billion of
FSR.

A question frequently posed
about such high-resolution meters
is, “Who needs so many digits?” In
many cases, the ability to resolve six
digits or more doesn’t make previ-
ously impossible measurements pos-
sible—it just makes possible meas-
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You don’t have to take these meters out of service to calibrate them. In Racal-Dana’s Series
6000 DMMs, all components that affect calibration are in a module—removable from the rear
of the instrument—that you can exchange when the unit needs calibration.

urements much easier. For
example, if you're measuring the
temperature coefficient (TC) of a
low-TC resistor, you might find it
easier to read resistance directly
from a DMM than to rebalance a
bridge each time you want a read-
ing.

If you're determining the accura-
cy of an attenuator, you could use a
precision voltage divider (for exam-
ple, a Kelvin-Varley divider) and a
null meter. Alternatively, you could
use an 8%-digit DMM and read the
divider ratio with resolution as fine
as 1 ppm, even when the output of
the divider you're testing is only 1%
of its input. To measure the divider
ratio as accurately with a DMM that
has lower resolution, you'd need to
change DMM ranges. Range chang-
ing introduces the possibility of in-
curring additional errors. In both of
these examples, the built-in compu-
tational capabilities of many avail-
able meters could make the job even
easier—for instance, by computing
the TC after you enter the tempera-
ture change, or by calculating and

displaying the percent error in the
attenuator.

If you're designing a process to
test measuring equipment (A/D con-
verters, for example), you could
supply a signal to the unit under
test (UUT) from a relatively inac-
curate source having a low-noise,
short-term-stable output that you
monitor with a very accurate meter.
Instead of using the meter and low-
accuracy source, you can use a cali-
brator—a low-noise, stable, and
highly accurate source of voltage,
current, or resistance. Although the
meter and low-accuracy source are
more general-purpose instruments
than the calibrator and might ap-
pear to offer a better value, you
might achieve higher test through-
put, and possibly even improved
test accuracy, by using the calibra-
tor directly. Table 2 gives an over-
view of the capabilities of several
representative calibrators.

The almost universal application
of wPs and related components in
high-performance DMMs and cali-
brators accounts for many recent
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200 MS/s., 10-bit
resolution, +.4%
, and 64K record
best balance in

ma‘ﬂm 710

RTD 710 lets you
with fast transients,
DC to 100 MHz, in

A STRIKING NEW
COMBINATION OF SPEH
- RESOLUTION

" AND RECORD

Add a TV triggering option
for video applications. And
choose from a variety of
computer-based measure-
ment packages.

Call 1-800-835-9433
for more information or
to arrange a personal
demonstration.

AGCURACY
LENGTHE

Copyright © 1987, Tektronix, Inc. All rights reserved. WDA-BK. CIRCLE NO 87
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TECHNOLOGY UPDATE

advancements in the instruments’
stability and ease of use. Remem-
ber, though, that a very large por-
tion of each of these instruments
consists of circuits that are inher-
ently analog, and computer technol-
ogy can’t solve all the analog meas-
urement problems. For example, it’s
difficult to imagine (and probably
impossible to construct) a de-
voltage-measuring digital meter
that doesn’t include a stable voltage
reference and some type of voltage
divider (or its functional equiva-
lent).

The reference and divider, as well
as the meter’s A/D converter, are
analog circuits. Note that although
the reference must be stable over
time, it really needn’t be accurate.
As long as you, or a standards lab,
can compare the reference voltage
against the accurately known out-
put of another reference source, and
store the amount by which the me-
ter’s reference differs from the
ideal, you can correct your meter’s
readings so that they’re more accu-
rate than the internal reference is.

Basically, to calibrate is to deter-
mine how meter readings (or source
outputs) differ from the ideal, and to
insert corrections. The use of digital
technology has significantly im-

Incorporating an easy-to-use self-calibrator, the 8%-digit Model 1281 DMM from Datron
also has a separate voltage reference, as well as dividers based on transformer turns
ratios.

proved the ease and speed of instru-
ment calibration, and has made it
possible to eliminate major sources
of calibration drift (that is, changes
in calibration over time). Calibration
used to require removing the covers
from an instrument and adjusting
potentiometers inside, an operation
a prudent person would entrust
only to a standards lab. Many newer
instrument designs eliminate cali-
bration potentiometers entirely, re-
placing them with nonvolatile mem-
ory that stores corrections, and p.Ps
that apply the corrections to the

A/D converter’s output before driv-
ing the display.

Calibration under pwP control of-
fers several advantages. In some
cases, you can perform it yourself,
and thereby eliminate the need to
take the instrument out of service
for a trip to the standards lab. If an
instrument receives heavy use, the
ability to calibrate it on location can
save the cost of a backup unit. The
covers can stay on, so critical analog
components will remain at the tem-
peratures they experience in actual
operation. And unlike potentiome-

TABLE 1—REPRESENTATIVE HIGH-PERFORMANCE DMMs

SPECIFICATIONS SHOWN ARE ABBREVIATED. CONSULT MANUFACTURERS' DATA SHEETS FOR FULL SPECS.
1. SPEED SELECTED TO MINIMIZE UNCERTAINTY.
2. HIGHEST SPEED AT WHICH VENDOR CLAIMS 6"2-DIGIT RESOLUTION.
3. £(PPM OF READING + &), 10V RANGE, 1 YEAR, 18 TO 28°C

4. US LIST. EQUIPPED FOR DC/AC VOLTS AND RESISTANCE. IEEE-488 IS INCLUDED, EVEN IF OPTIONAL.
5. AVERAGE FROM 20 TO 2'7 READINGS. WITH 60-Hz LINE AND 217 SAMPLES AVERAGED, READING TIME IS 546 SEC.
6. AC UNCERTAINTY GIVEN IS FOR SIX MONTHS. DATA SHEET DOES NOT INDICATE 1-YEAR SPEC.
7. UNCERTAINTY GIVEN IS FOR 90 DAYS. DATA SHEET DOES NOT INDICATE 1-YEAR SPEC.

SPEED (READINGS/SEC) UNCERTAINTY3 | coeqUENCY RANGE
ATMAX | AT6% FOR BEST AC

MANUFACTURER MODEL | DIGITS | MAX |RESOLUTION' | DIGITS? | DC AC ACCURACY PRICE*
DATRON 1061A 612 35 15 15 | 30+80 | 1000+3000 | 45 HzTO 2 kHz $4140
1281 8% | 150 004 35 | 75+4 | 90+200 40HzTO 10 kHz | §7950

FLUKE 8506A 7% | 500 5 500 [ 15+70 | 250+0 40HzTO20kHz | $6265
HEWLETT-PACKARD |  3457A 72 | 1350 0.25 53 | 35+190 | 2300+2800 | 100HzTO20kHz | $2800
3458A 8% | 100000 6 8000 | 8+1 80+200 45HzTO 1kHz | $6000

KEITHLEY 193A 612 25 25 25 | 80+300 | 2500+10,000( 50HzTO 10kHz | $2395
196A 6% | 1000 03 9 | B0+300 | 1500+10,000| 200HzTO 10kHz | $1395

RACAL-DANA SERIES 6000 | 6% | 34000 10 35 | 304100 | 800+7000° | 100HzTO20kHz | $5960
SCHLUMBERGER 7061 7% | 1500 05 5 | 25+20 [ 45041500 | 40HzTO10kHz | $2995
7081 8% | 100 0019 25 7+4 | 2204700 40HzTO10kHz | $7595

YOKOGAWA 2501A 6% | 167 1 1 [ 504507 | 700+36007 50 TO500 Hz | $6000+

NOTES:
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ter settings, which could shift be-
cause of vibration or temperature
changes, the digital correction val-
ues remain constant.

Although it may be simple to
store corrections in a pP-based in-
strument, you will still need a cali-
bration reference source. If your
facility uses several high-perfor-
mance meters, you might find it
worth the investment to have a cali-
brator on the premises. Datron In-
struments, now a subsidiary of
Wavetek, provides an independent
self-calibrator in the recently intro-

duced Model 1281 8%-digit DMM.
This calibrator uses an internal volt-
age reference that’s separate from
the meter’s reference, and a voltage
divider based on inherently stable
transformer turns ratios.
Racal-Dana houses all compo-
nents that can affect the calibration
of its Series 6000 DMMs in a small
module that a user can replace from
the rear of the instrument. If you
can’t afford to relinquish the meter
periodically for calibration, you sim-
ply stock a spare module. When it’s
time to calibrate, you don’t send the

meter to the standards lab—you
swap modules. Schlumberger In-
struments (formerly Solartron) pro-
vides lifetime calibration specifica-
tions for its 7000 Series DMMs.
Schlumberger also publishes tighter
specs for situations in which you
calibrate the instruments on a peri-
odic basis. Currently, few—if any—
other instruments offer lifetime
specs, independent internal calibra-
tors, or interchangeable calibration
modules.

If you maintain an on-premises
calibrator, you must decide whether

TABLE 2—SPECIFICATION ABSTRACTS FOR REPRESENTATIVE CALIBRATORS
BASIC ACCURACY!
[+ (% SETTING+% RANGE)
MANUFACTURER | MODEL | STIMULI PROVIDED | AMPLITUDE RANGE | FREQUENCY RANGE | EXCEPT WHERE OTHERWISE NOTED]
BALLANTINE? 1620A- DC CURRENT 20 4A TO 100A DC +(0.02% +0.02%)
OPT20? AC CURRENT 20 ;A TO 100A DC TO 10 kHz +(0.15%+0.1%)
6400A- AC VOLTS 10 2V TO 1100V 10 Hz TO 1 MHz +00375% ABSOLUTE
OPT84 AC CURRENT 9 4A TO 2A 10 Hz TO 5 kHz +(0.035%+0.01%)
DATRON? 4000A DC VOLTS 100 .V TO 1000V DC + (0.0007% +0.000025%)
DC CURRENT 100 4A TO 1A DC +(0.005%+0.0005%)
RESISTANCE 10 TO 10 MQ o +0,001% SETTING
4700A DC VOLTS 1 nV TO 1100V DC +(0.0015% +1 uV)
AC VOLTS 90 V' TO 1100V 10 Hz TO 1 MHz +(0.018% +0.004%)
DC CURRENT 9 A TO 2A DC +(0.01%+0.001%)
AC CURRENT 9 4A TO 2A 10 Hz TO 5 kHz +(0.035% +0.01%)
RESISTANCE 100 TO 100 mQ +0002%
DOWTY RFL 829M AC VOLTS 20 nV TO 1100V 10 Hz TO 20 kHz +(0.02%+0.03%+70 pV)
DC VOLTS 20 nV TO 1100V DC +(0.002%+0.003%+5 V)
AC CURRENT 200 pA TO 2A 10 Hz TO 1 kHz +(0.03%+003%+1 yA)
DC CURRENT 200 pA TO 2A DC +(0.01%+001%+0.01 yA)
RESISTANCE 100 TO 10 M2 +0.005%
ELECTRONIC 520A DC VOLTS 0.1 TO 1000V DC +0002% SETTING
DEVELOPMENT 4503 AC VOLTS 10 nV TO 111111V 10 Hz TO 100 kHz +(0.04% +0.004%)
FLUKE3 5200A-05 AC VOLTS 1 mV TO 100V 10 TO 100 kHz +(0.02% SETTING+10 pV)
5205A AC VOLTS TO 1100V 10 TO 100 kHz +005% GAIN UNCERTAINTY
DC VOLTS TO 1500V DC +005% GAIN UNCERTAINTY
5215A AC VOLTS TO 1100V 10 TO 100 kHz +(0.04% +0.002%) GAIN UNCERTAINTY
54408/
5442A DC VOLTS 0 TO 1100V DC +(0.00035% +5 uV)
5450A RESISTANCE 10 TO 100 MQ B +0.0012%
KEITHLEY 263 DC AMPS 50 aA TO 20 mA DC +(0.025% +0.005%)
DC VOLTS 5 4V TO 20V DC +(0.0125% +0.0025%)
CHARGE 05 C TO 20 4C i +(05+0.005%)
ROTEK? 6108 DC VOLTS 1 4V TO 1000V DC +(0.002%+0.001%)
AC VOLTS 10 mV TO 1000V 40 Hz TO 20 kHz +(0.025% +0.0025%+10 V)
DC CURRENT 1 nA TO 10A +(0.02%+0.002%+50 nA)
AC CURRENT 100 4A TO 1A 40 Hz TO 20 kHz +(0.05%+0,005%)
RESISTANCE 10 TO 10 MQ +0.005%
710A DC VOLTS 1 4V TO 1000V DC +(0.002% +0.0002%)
AC VOLTS 1 mV TO 1000V 10 Hz TO 100 kHz +(0.025% +0.0025%)
DC CURRENT 1nATO 1A DC +(0.02% +0.002%+50 nA)
AC CURRENT 10 4A TO 1A 40 Hz TO 20 kHz +(0.05% +0.005%)
RESISTANCE 10 TO 10 MQ +0.02%
VALHALLA? 2701C DC VOLTS 1.2 TO 1200V DC +(0.0008% +0.0001%)
2724A RESISTANCE 100 42 TO 11 GO — +0.0007% +2 mQ
NOTES:
1. BASIC ACCURACIES MAY APPLY TO LIMITED VALUES, RANGES, OR STABILITY PERIODS. CONSULT VENDORS’ CATALOGS FOR DETAILS.
2. TRANSCONDUCTANCE AMPLIFIER CURRENT SOURCE DRIVEN BY ANY DC/AC VOLTAGE STIMULUS (MAX DRIVE 2V).
3. VENDOR ALSO SUPPLIES COMPUTER-BASED CALIBRATION SYSTEMS.
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The One Week Analog ASIC.

The leading technology . . . the best support . . . go!

The leading analog ASIC family:
RLAS80, RLA120, and RLA160 user-
configurable macrocell arrays. On-
chip thin film SiCr resistors and dual-
layer metal for ease of interconnect
routing and maximum array utiliza-
tion and performance. Wide supply
voltage range — *1V to =16V. And
simplified design procedures that take
days, not weeks.

[0 Configurable macrocells: 8, 12, or
15 gain blocks in any combination as
general purpose op amps, open collec-
tor output comparators, or as input
amplifiers with ground sensing func-
tion for single-supply systems.
RLA160 has a preconfigured on-
board adjustable +30 ppm voltage
reference.

EDN February 4, 1988

[ Thin-film resistors: on-chip SiCr
resistors exhibit 19 matching and
temperature drift characteristics com-
parable to discrete film resistors. High
performance and high values (1.25 k()
to 150 k(1) handle a wide variety of
applications.

O Design support: The RLA Bread-
boarding Kit contains complete
design and applications documenta-
tion, 200x plots, a pre-drilled printed
circuit board, and 23 ICs. Friendly
RLAModel software includes menu-
driven user interface program for
PSPICE!, SPICE? model library for
RLA series, documentation files, and
full screen editor. Not to mention the
attention you get from applications
engineers who have 15 years experi-

CIRCLE NO 102

ence meeting custom and semi-custom
requirements.

Call Raytheon for access to RLA
program information and details on
the RLA Macrocell Array Bread-
boarding Kit. We promise you a week
that will go down in history.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

'PSPICE is a trademark of MicroSim Corporation.
2SPICE developed by University of California.

Access to the right technology

Raytheon
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you will bring it to the instruments
you're calibrating or bring the in-
struments to it. In any case, you
must either keep both the calibrator
and the instruments continuously
under power, or wait three to 24
hours after restoring power so that
they’ll be at thermal equilibrium
during calibration. You can keep
most DMMs and many calibrators
running during a 5- to 15-minute
trip with a small uninterruptible
power supply (UPS) of the type
often used to provide backup power
for personal computers. Unless
you're prepared to wait for the in-
strument to reach thermal equilibri-
um at its destination, be sure to
keep it at its normal ambient temp-
erature while you're moving it.

Calibration labs never forget

When you send a high-accuracy
instrument to a standards lab for
calibration, the lab does more than
verify instrument accuracy and
make the necessary adjustments.
Standards labs keep meticulous re-
cords of changes in calibration cor-
rections over time. These records
form a part of the mechanism that
establishes a link to nationally ac-
cepted reference standards. For ex-
ample, the records serve to substan-
tiate a claim that the accuracy of the
product you're testing is traceable
to the National Bureau of Standards
(NBS).

If you perform on-site equipment
calibration and fail to keep good
records, you may be unable to pro-
vide satisfactory evidence of tracea-
bility, even though the accuracy of
your measurements might be ac-
ceptable. Several calibrator manu-
facturers offer personal-computer-
based software packages to
facilitate the maintenance of calibra-
tion records. If traceability is impor-
tant to you, you should consider
adding a personal computer and cal-
ibration record-keeping software to
your on-site calibration system.

Schlumberger Instruments has
studied how calibration corrections
change over time in its Series 7000

62

Called a “system multimeter” by its manufacturer, Hewlett-Packard, the Model 3,58A
performs 100,000 conversions/sec at 16-bit resolution. For a year after calibration, on its 10V
dc range it delivers 8%-digit readings accurate to 8 ppm of reading plus 1 pV at 6

conversions/sec.

DMMs. A very good fit exists be-
tween calibration drift and a square-
root curve. This relationship may
also hold for other manufacturers’
instruments. For example, suppose
you have a large number of DMMs
and, under constant ambient condi-
tions, you use them to monitor the
output of some reference source
(such as a standard cell) for four
months. If you compute the average
of the change in readings from all
the meters after one month and
again after four months, you can
expect that the 4-month-average

This computer-controlled, mobile, config-
urable calibration station is Fluke’s Model
A123. You can bring the station to the instru-
ments you need to calibrate.

change will be double the 1-month
figure. Schlumberger specifies the
long-term drift of its DMMs accord-
ing to the formula

(ppm of reading)/\/T,

where T is the time in years. From
the formula, you can infer that an
old instrument will drift much less
than a new one will. However, it’s
doubtful that anybody was building
instruments 10 years ago whose sta-
bility was as good as that of units
manufactured today.

If you need all the accuracy your
instrument’s vendor specifies, and
you rely on an off-site standards lab
for calibration services, you’d be
well advised to determine how close-
ly the operating environment in
which you use the instrument ap-
proaches the standards-lab environ-
ment. In a well-run standards lab,
temperature and humidity are
under much tighter control than
they are in a typical R&D lab or
production-test area. Furthermore,
when high-accuracy instruments
are in actual use, it’s quite common
to see other instruments stacked on
top of them, or to find them tilted at
an angle that makes it easier to view
the display.

Stacking instruments that dissi-
pate a significant amount of power
on top of a high-accuracy meter, or
operating a meter or calibrator in a
position different from that which
its designers intended, can upset
the meter’s calibration. If these re-
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CHOOSE YOUR CERAMIC.

452-123
SPRA l l E MONOLY THIC® Multilayer Ceramic Capacitors from Sprague: a complete line of
] ceramic caps featuring economy, high-performance and reliability in a variety of
R ' popular ratings and EIA
MONOLYTHIC CAPS... Boansii,
i ; = ® ® @ Get fast delivery on multilayer
HIGH RELIABILITY, gusgEesr=
: _@ high-voltage, high-temperature and
‘ high-frequency applications. Sprague ceramic chips are available in bulk
LOW" COST. pack or may be supplied on tape and reel to EIA 481A. Also available:

molded-case DIPs and SIPs supplied in plastic carriers. Conformally-coated
radial-lead capacitors are also available in quantity, supplied in bulk pack or on tape and reel. For technical data, write for

the new Sprague Catalog WF-100 to Technical Literature Service, Sprague Electric Company, 7 ®
P.O. Box 9102, Mansfield, MA 02048-9102. «(‘ m SpRnGUE

THE MARK OF RELIABILITY
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strictions appear to place unreason-
able constraints on your use of high-
accuracy instruments, consider
obtaining instruments that you can
calibrate right where you use them,
and calibrators that you can bring to
them.

Transfer mode enhances accuracy

An alternative to performing a
full on-premises DMM calibration is
to use the meter in “transfer mode.”
You can obtain extremely accurate
readings if you first determine a
correction by using the DMM to
measure a quantity whose value is
accurately known. Then, under con-
stant conditions and after a minimal
delay, you apply the correction to
the measurement of an unknown
quantity whose value is very close
to that of the accurately known
quantity. Some vendors publish sep-
arate specs covering the use of
DMMs in transfer mode; as you
might expect, transfer accuracy is
even better than absolute accuracy
24 hours after calibration if the me-
ter’s temperature is held within
+1°C of the calibration tempera-
ture.

To measure ac voltages, DMMs
convert ac voltage to de and then

A rarity in the DMM marketplace, lifetime calibration specs are the hallmark of Schlum-
berger’s Series 7000 DMMs. After nine years of use, measurement uncertainty is specified at
three times the 1-year figure.

measure the de voltage. As with de
current, when a DMM measures ac
current it first converts the current
to a proportional voltage. Today,
nearly all high-accuracy DMMs hav-
ing ac ranges either use or offer the
option of true rms-to-de conversion,
as opposed, for example, to sine-
wave-calibrated, half-cycle average-
to-de or peak ac-to-de conversion.
However, it really isn’t sufficient to
characterize the ac-to-de conversion
technique as true rms-to-de conver-
sion. The latter process embraces
several circuit approaches.

With the exception of a single

specification, crest factor, vendors
specify DMMs’ ac-measurement ac-
curacy for sine-wave inputs only.
Crest factor is the ratio of the repet-
itive peak value of an ac waveform
to the rms value. The crest factor of
a sine wave is 1.41. Many possible
waveforms exist for a given crest
factor. Therefore, attempts to char-
acterize crest-factor error might
yield only an estimate of the inac-
curacy in measuring your non-
sinusoidal waveform. (Crest-factor
error is the difference between
readings for a nonsinusoidal signal
having a given fundamental fre-

handle the workload.

NBS goes into the standard-volts business

Most engineers don’t think of the National Bu-
reau of Standards as being in the business of
selling hardware, but in a very limited sense,
NBS is in the hardware business. To maintain
NBS traceability, standards laboratories have, for
decades, transported their de-voltage references
(unsaturated standard cells) to NBS facilities for
periodic calibration. Because the cells are very
fragile, labs can’t entrust them to a common car-
rier, such as a package-delivery service. The
usual practice is for someone from the lab to
carry the cells by hand. If a flight is involved, the
cells travel as passengers, not baggage. The pro-
cess is obviously time consuming and expensive,
and as the number of standards labs grows, exist-
ing NBS facilities might find themselves unable to

NBS’s.

After 10 years of working on the problem, NBS

in Boulder, CO, has developed a practical voltage
standard that requires no calibration. Based on
Josephson-junction technology, the standard uses
an NBS-developed chip that operates at cryogenic
temperatures. Clark Hamilton of NBS believes
that organizations wishing to replicate NBS’s
setup can do so for about $100,000. If your com-
pany would like to own an inherently accurate
voltage calibrator, write to Clark Hamilton at the
National Bureau of Standards, Electromagnetic
Technology Div MS 724.03, Boulder, CO 80303, or
phone him at (303) 497-3740. If you can allocate
funds to support a calibrator project, NBS will
arrange for you to visit its facility. You can come
away with the critical hardware items and the
know-how you need to construet a standard like
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Because you're
thinking fast...

you need responsive
suppliers as well as fast
parts. Comlinear is tuned
in. With high quality, high
speed products. Assist-
ance from R&D-level

applications engineers to
help develop your ideas
quicker. Sales and distri-
bution that get you what
you need fast. Quality
product documentation

with guaranteed specs e
so you don’t waste time. O ucm
In your business, time is

everything. Count on us

e monolithic op amps
with 10ns settling times and
150-200MHz bandwidths.

Now, only from Comlinear, °

monolithic op amps with in-

credible high-speed, fast-settling That S faSt'
performance. .

Our new 200MHz CLC400
is designed for low-gain appli-
cations (+1 to +8) and settles in
a mere 10ns to 0.1%. For gains
greater than 7, choose our
150MHz CLC401, with the
same 10ns settling time. Both
feature low power (150mW),
low distortion, stability without
compensation, plus overload
and short circuit protection.
They’re ideal as flash A/D
drivers and D/A current-to-
voltage converters, or in video
distribution and line driving
applications.

Our experience in high speed
amplifiers now brings you
monolithic op amps with
numbers like you’ve never had
before. A new dimension in
performance is now available
for your analog designs.

Try one. Fast.

Comlinear
Corporation

Solutions with speed

4800 Wheaton Drive

Fort Collins, Colorado 80525

(303)226'0500 © 1987 Comlinear Corporation
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quency and crest factor, and a sinus-
oidal signal having the same fre-
quency and rms value.)
Consequently, many DMM vendors
merely specify the highest crest-
factor signal their meters can accept
without malfunctioning.

True rms is tough to measure

In theory, if you know all the
frequency components and their re-
spective amplitudes in a non-
sinusoidal ac waveform, and you
know the waveform’s crest factor,
you can predict how accurately a
meter will measure the waveform’s
rms value. Don’t count on making
this prediction in practice, however.
One reason why DMMs have diffi-
culty in matching their sine-wave
accuracy specs when measuring
nonsinusoidal waveforms is that al-
most all of them, even those having
thermal rms-to-de converters, have
active circuits in the signal path.
These circuits have finite bandwidth
and slew-rate capability, a limita-
tion that can cause distortion and
errors in measuring nonsinusoidal
waveforms.

Bear in mind also that DMM accu-
racy is usually specified in terms of
digits plus ppm of reading. For ac
ranges, the vendor provides a table
of specs covering different frequen-
cy bands. As the frequency rises,
you’'ll find that both components of
the error expression increase. The
frequency dependence of the “dig-
its” term implies that if you insist on
making measurements at a small
percentage of full scale, you'll expe-
rience degraded accuracy, particu-
larly at higher frequencies.

Most high-accuracy meters pro-
vide a 4-wire ohms-measurement
capability. The 4-wire, or Kelvin,
configuration allows you to exclude
the resistance of the current-carry-
ing leads from the measurement.
Another useful feature of some
DMMs is a low-current ohms-meas-
urement mode. At the expense of
reduced accuracy, the low-current
mode lets you limit the voltage
across the resistor you're measur-
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Translator software confers chameleon-like qualities on Keithley's Model 193 DMM. By
storing new command definitions in its nonvolatile memory, you can make the DMM'’s
IEEE-}88 vocabulary mimic that of competitive meters.

ing. This ability might let you make
a reasonably accurate measurement
of the value of a resistor shunted by
a diode, or it might minimize the
self-heating of a temperature-sensi-
tive resistor.

Getting rid of noise

One of the prices you pay for high
resolution in most DMMs is in-
creased measurement time. Most of

the high-accuracy meters will make
faster measurements if you reduce
the number of digits displayed. In a
given instrument, increasing meas-
urement time improves the repeata-
bility of readings and allows a high-
er-resolution display. Truly random
noise has a zero average value.
Line-frequency-related “noise” (aka
hum), averaged over an integral
number of line cycles, also has a

turers directly.

Ballantine Laboratories Inc

Electronic Development Corp

For more information . . .

For more information on the DMMs, calibrators, and computer-controlled
calibration systems described in this article, circle the appropriate numbers
on the Information Retrieval Service card or contact the following manufac-

Hewlett-Packard Co

Box 97 1820 Embarcadero Rd 20 North Ave
Boonton, NJ 07005 Palo Alto, CA 94093 Burlington, MA 01803
(201) 335-0900 Phone local sales office (617) 229-4825
Circle No 718 Circle No 723 Circle No 728
Datron Instruments John Fluke Mfg Co Ine¢ Solartron/Schlumberger
c/o Wavetek Corp Box C9090 Instruments
9191 Town Center Dr, Suite 450 Everett, WA 98206 Victoria Rd, Farnborough
San Diego, CA 92122 (206) 347-6100 Hampshire GU147PW, UK
TLX 756953 Circle No 724 (0252) 544433
Circle No 719 TLX 858245

Keithley Instruments Inc Circle No 729
Datron Instruments Ltd 28775 Aurora Rd
Hurricane Way, Norwich Airport Cleveland, OH 44139 Valhalla Scientific Inc

Norwich NR6 6JB England (216) 248-0400 9955 Mesa Rim Rd
(0603) 404824 TLX 985469 San Diego, CA 92121
TLX 975173 Circle No 725 (619) 457-5576
Circle No 720 TLX 181750
Racal-Dana Circle No 730
Dowty RFL Industries Inc Instruments Inc
Powerville Rd Box C-19541 Yokogawa Corp of America
Boonton, NJ 07005 Irvine, CA 92713 Box 2719
(201) 334-3100 (714) 859-8999 Peachtree City, GA 32069
Circle No 721 TLX 678341 (404) 487-1471

Circle No 726

11 Hamlin St Rotek Instrument Corp
Boston, MA 02127 Box 504

(617) 268-9696 Waltham, MA 02254
TLX 951596 (617) 899-4611

Circle No 722 Circle No 727

Schlumberger Instruments

Circle No 731
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It’s

a trap.

Trap tricky hardware and software bugs, precisely.

Powerful debug commands aren’t
worth much if they’re too difficult to
use. We've designed the SA98 to
trap bugs based on simple, well
defined, and detailed commands.
Quick Change Artistry
No more running up and down com-
mand trees to change or modify an
emulator condition. Change com-
mands without stopping the emulator.
Define in-depth breakpoints. Call up
help menus and files as you need
them. And you can go from 8- to
32-bit microprocessors quickly.
You Set the Rules
Define your own soft keys and
macro commands. With the PC/AT

or XT function keys configured for
emulation functions, you can type in
and modify commands directly.
Powerful Commands
The SA98 command structure is so
powerful and precise, comparing it
to other systems is tough on them.
Let the power of the SA98 trap your
toughest problems and break out of
conventional traps.
More Than Expected
Call for a demonstration, and see
how good a trap it really is. You'll
see fast, well defined solutions.
Call Toll-Free Today
1-800-824-9294 (US)
1-800-724-6706 (CA)

sy
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US. & European Headquarters:
Sophia Computer Systems, Inc.

3337 Kifer Road

Santa Clara, CA 95051 (408) 733-1571

Corporate Headquarters:
Sophia Systems Co., Ltd.
NS Bldg. 8F
2-4-1 Nishishinjuku, Shinjuku-ku
Tokyo 160 03-348-7000

1988 Sophia Computer Systems, Inc.
Sophia Systems is a registered trademark of
Sophia Computer Systems, Inc.
ICE is a registered trademark of Intel Corporation.
MDS is a registered trademark of
Mohawk Data Science Corporation.
IBM PC/AT and XT are registered trademarks
of International Business Machines Corporation.
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value of zero. The longer the period
over which you compute the aver-
age, the more closely it will ap-
proach zero.

Most DMMs obtain noise rejec-
tion by using inherently slow inte-
gration, but some DMMs, such as
Fluke’s 8505A and 8506A, use a
high-speed conversion technique
and reject noise by averaging meas-
urements. Although averaging
large numbers of measurements can
make such instruments very slow,
Fluke’s design lets you separately
select the number of digits dis-
played and the number of samples
averaged. Therefore, if noise
doesn’t invalidate the data repre-
sented by the digits of low signifi-
cance, the instruments can make
high-precision measurements at
high speed.

Many meters allow you to switch
in a normal-mode filter on dc ranges
to improve the rejection of noise
superimposed on the signal. If you

opt to use the filter and attempt to
make measurements at the meter’s
maximum rate, you’ll probably find
that after you change the input volt-
age, you must wait for several meas-
urement periods to obtain a stable
reading. The settling time of most
such filters is greater than the
DMM'’s measurement time.

All the DMMs and most of the
calibrators discussed here offer an
IEEE-488 interface, either as a
standard feature or as an option.
The commands you use to invoke
specific functions vary from product
to product—sometimes even within
a single company’s line. If you plan
to control one of these instruments
via the IEEE-488 bus, before you
purchase the instrument be sure to
ask the vendor for a manual that
explains the programming lan-
guage. Although you’re unlikely to
find that you can’t program a partic-
ular instrument to do what you
want, before you spend your compa-

ny’s money you should understand
approximately what you’ll have to
do to write control programs for the
unit of your choice.

To alleviate the problem of incom-
patibility among the command sets
of different instruments, Keithley’s
Model 193, a 6%-digit DMM, in-
cludes a software package called
Translator. This software lets you
define a new command set for the
193—for example, to emulate a com-
petitive instrument—and then store
the command library in nonvolatile
memory. If you're replicating an ex-
isting test system (for example, to
increase capacity), the 193’s user-
definable command set enables you
to substitute Keithley’s meter for a
competitive unit without rewriting
the control software. EDN
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bus symbols...expandable library.

sheet management, B.O.M., netlist

" ing/numbering...rubberbanded connections...edge-of-sheet and

Component data base: Defines/manages data flow between
schematic and PC Board. Automatic features - file naming, multi-
optimization,

Avoid Shocking Disconnects!

Protect your CRTs from unexpected disconnects.

' Specify our CRT SOCKETS with exclusive

back-

®

Tube Neck Retaining Clamps.

Quality features make Quality CRT Sockets . . .

* Non-conductive, 94V-O Tube Neck
Retaining Clamps.

* Rugged and resilient assembly.

* Protective Spark Gaps.

¢ In-line Components available.

b!'
~

* Tapered lead-ins for easy
insertion.

* Wrap-around Contacts for
low resistance.

* Quaiity sockets your way,
prototype to production.

-

positive connection in
~ extreme environmental
__tonditions.

Write or call
for Catalog 206 |

today.

annotation, layer mangement, project archiving.

PCB Layout: Components dynamically positioned with rotate
or mirror (for SMD)...auto-ratsnest...pin/gate/component swapp-
ing...component dragging with connections...ground planes with
hatching...user-defined pads, vias, trace widths...output to major
pen plotters...optional Gerber and Excellon.

CADdy Autorouter: Standard and High-performance.

Full-Featured Drafting: Mechanical auto-dimensioning with
tolerancing, construction aids, calculators, savable parameters,
and more.

For additional information call:
Toll-free 1-800-CADDY11 (in lllinois 1-312-394-7755).

CADdy Corporation
3 Crossroads of Commerce
Rolling Meadows, IL 60008

CONNECTOR CORPORATI

6025 N. Keystone Ave. » Chicago, IL 60646-5290  312/539-3108 » TWX 910-221-6059
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on a rough application concept?
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Whether you're building a
visionary home—or a
breakthrough product or
system—getting from con-
cept to completion demands
more than bricks and
mortar, or metal and silicon.
There are other compo-
nents that can make a
critical difference in meet-
ing your market window
on time, and on budget.
We call them the
components of success—
ready for immediate
delivery from AT&T.
The component of

commitment: here today,
here tomorrow.

AT&T is in the components
business to stay. We have
formed a separate unit,
AT&T Microelectronics,

to bring our more than 100
years of electronic compo-
nents experience to the
marketplace. And, we have
the capital, people, and
technical savvy to meet our
commitment to the future.

The component of

innovation: AT&T Bell Labs.

Count on Bell Laboratories

to help make your ‘blue-sky’

designs a reality. With
everything from DSPs and
optical data links, to custom
designed products such as
ASICs, multilayer boards,
and power supplies. And
throughout planning and
manufacturing, count on
AT&T to keep your product
up to the minute with the
latest Bell Labs advances.

The component of quality.
Through our Integrated
Quality System, Bell Labs
engineers work with our
quality professionals to
meet customer-defined
criteria. At AT&T quality is
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onents of success.

our history—and our future.
The component of
management involvement.
AT&T Microelectronics gives
you total support, right

up to its president, Bill
Warwick. If our solutions
aren't on the money,

call him at 1201 771-2900.

The component
of quick response.
With 12 plants and an exten-
sive network of design
centers and sales offices
worldwide, AT&T is ready to
meet your volume demand
for components. Ready with
everything you need to get
ideas off the ground and in
the market—successfully
To learn why AT&T is
more than ever the right
choice, just give us a call.
DIAL1800 372-2447

AT&T Microelectronics
Major Product Lines:
ASICs
Digital Signal Processors
Communication ICs
32-bit Microprocessors

and Peripherals
Solid State Relays
Multilayer Circuit Boards
HICs
Optical Data Links
Fiber Optic Components
Power Products
Transformers and Inductors

Wound Film Capacitors

© 1987 AT&T

l

ATal
The right choice.
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Life’s a game, or so we are told. And
yet, when you’re in a critical develop-
ment mode and you encounter a buried
“bug” it can seem like you're the
victim. Now, ZAX challenges you to
strike back by experiencing the ultj-
mate in investigative tactics with Ground
Zero! Ground Zero is an intriguing
computer game that solicits shrewd
thinking, lightning reflexes and sturdy
nerves—plus the ability to face the
sometimes unfavorable conse-
quences of your actions.

Armed with your trusty ZAX in-circuit
emulator, you’ll parachute into the camp
of the dreaded Cramoisy Brigade, a
terrorist group plotting to assemble
and then deploy a small, nuclear bomb.
Your mission: Infiltrate the camp, dis-
cover the location of the bomb, dis-
mantle it, and then retreat to safety.

With the map shown here you can
begin playing Ground Zero, right now!
Simply use your computer and modem
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and call the number below (8 bits/no
parity/1 stop bit). Not only will you
enjoy the challenge of matching wits
against a cagey adversary, you'll
learn how ZAX emulators can help
you track down and destroy those
hideous bugs that threaten to
sabotage your development projects.
Because after all, in the game of life
the stakes are for real.

To play Ground Zero, call:

1-800-PLA GRD .#

(in CA 1-714-474-1177).

No modem? Call 1-800-421-0982
(in CA 1-800-233-9817) for the
Ground Zero game diskette or write

ZAX Corporation, 2572 White Road,
Irvine, CA 92714.

ZNX

Zax Corporation




ROHM

Optoelectronics

Brilliant ideas with
lasting appeal.

Light Bars

Brighter colors, colors that
match, uniform intensity, wider
viewing angles and long, trouble-
free life. That’s what sets ROHM
opto products apart. It takes rigid
control of raw materials, auto-
mated production lines of our
own design, adherence to proven
statistical process control meth-
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ods and dedicated people. Ask
for our new catalog. It’s a full
array of standard lamps, displays,
light bars, IR emitters and detec-
tors, plus many special configu-
rations, including new surface
mounts. Contact ROHM
Corporation, 8 Whatney, Box
19515, Irvine, CA 92713; (714)
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855-2131. Outside California,
dial 1-800-854-3386, Ext. 29.
T'WX: 910-595-1721.
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Innovations in monolithic display drivers
improve flat-panel cost/performance ratios

Jim Wiegand, Associate Editor

Generally it’s hard to beat the cost/
performance ratio of complete flat-
panel display systems, but you may
have an application in which it
makes sense to build, rather than
buy, the displavs. There are driver
ICs available that make it economi-
cal to configure flat-panel displays
that meet your specific needs.

Consider an example of a build-
vs-buy situation: If your produect
must operate in a harsh environ-
ment, then you must purchase and
integrate the display’s glass module
and MIL-spec versions of the driver
ICs. Also, the display configuration
you need might not be available
from high-volume manufacturers.

In such a case you must develop
your own display. In this and similar
applications, then, the best ap-
proach (although it might be count-
er-intuitive) is for you to purchase
the glass panels and driver chips
separately, then integrate them
yourself. If you must build your own
displays, it’s useful to become ac-
quainted with the various display-
driver ICs and how you can use
them. '

Row and column drivers

Display drivers are generally con-
figured to let you build displays in
multiples of 20, 32, or 34 pixels.
Drivers are of two types: row driv-
ers and column drivers. The row
drivers supply the negative high-
voltage output (—200V or greater)
necessary for driving thin-film elec-
troluminescent (TFEL) displays;
the column drivers provide the posi-
tive output (approximately 60V) re-
quired to bring the voltage on the
designated pixel to the lumines-
cence threshold level. (Most of the
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Fig 1—The basic similarities of TFEL (thin-film electroluminescent) row (a) and column
(b) drivers are obvious in these block diagrams. The row drivers must, however, drive
voltages as great as —225V, whereas the column drivers need to sustain only 60V at their

outputs.

driver chips also operate with ac-
plasma display panels, but that’s
beyond this article’s scope.)

A row driver typically consists of
a 20-, 32-, or 34-bit shift register
having output-enable and strobe
lines that you can use to turn all 20
(or 32 or 34) output lines on or off.
You feed data into the shift register
on a high-to-low clock transition,
and a logical one put into a register
causes its corresponding output to
pull low.

In a typical application, you clock
a single logical one through the shift
register and pull each of the rows
low one at a time by using the chip’s
output-enable signal. After a com-
plete scan, you then pull the sub-
strate’s common pin high, thereby
pulling all the outputs high. The
block diagram of Fig la illustrates
the structure of atypical row driver.

Like a row driver, a column driver
(Fig 1b) contains a 32-bit shift reg-
ister having a serial output that you
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Touch Terminal, CGA Monitor, RS232 Terminal and 26" Plasma Monitor (rear)

EMERALD saves you time and money
with complete systems, interfaces and
controllers that let you connect your
system to a flat panel display without
altering or customizing existing circuits.

As great as flat panel displays are, they
have one major drawback. They don’t
easily connect to any existing CRT-based
system. Until now you've had only two
options: spend a lot of time and money
engineering a product yourself, or buy a
potentially overpriced or inadequate
product.

Emerald offers a better solution. You can
purchase a high-performance unit from us,
ready to connect. Emerald manufactures
an array of products: terminals and
monitors (some with touch input), sub-
assemblies, and board level interfaces and
controllers. Emerald supports all technolo-
gies: EL, Plasma, VF and LCD. For spe-
cialized, high-volume applications, we
custom design anything from board level
products to complete systems.

|
L
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L /EMERALD

LCD, Plasma, EL Touch and EL Modules
So, to make your connection easily and
economically, talk to Emerald. We are the
most experienced and diversified flat panel
display people in the industry.

Here's a sample of what you can get,
at prices you can afford

e Terminals $1,595
e Touch Terminals 1,995
e Monitors 1,550
¢ [CD VT100 Terminals 1,095
e Subsystems 1,295
e Text and Graphics RS232 220
* RGB-EGA to 640x400 180
* RGB-CGA to 640x200 110

*Based on the purchase of 1,000 units.

7324 S.W. Durham Rd.
Portland, OR 97224
(503) 620-6094

FAX (503) 639-7932
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Interface and Controller Boards
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use to cascade column data into ad-
ditional driver ICs. In the column
driver, however, data enters the
shift register on a low-to-high clock
transition. A logical one turns on
the corresponding output. In the on
state, the driver’s output sources
current from its high-voltage Dar-
lington stage, thereby producing an
“on” pixel.

Column drivers also contain a
32-bit latch that lets you store cur-
rently displayed information while
you clock a new set of data through
the shift register. You transfer the
data from the shift register to the
latch by using the chip’s latch-en-
able signal.

The configurations commonly
available in these driver ICs let you
readily build displays that have an
overall configuration of 512x512
pixels, a popular display format.
But suppose your application re-
quires a 96x96-pixel display area.
Such a configuration is uncommon,
so it’s not available in volume; there-
fore, you can probably produce such
a display as inexpensively as the
display manufacturers can. Fur-
thermore, you’ll need to use only
three row drivers and three column
drivers in your circuit.

Home-brewed boards cut costs

One of the most compelling rea-
sons to integrate your own display
panels, however, is not to obtain an
odd-sized display; rather, it is to
combine your own peripheral-con-
trol circuitry with the circuits that
drive the display. If your system is
relatively simple (a pnP, RAM,
ROM, and minimal 1/0, for exam-
ple), chances are that you can in-
clude these chips on the display’s pc
board. Such an inclusion might seem
to be an insignificant factor, but
take a close look at your system’s
costs. You'll discover that this ap-
proach can reduce production costs
significantly.

For example, suppose your sys-
tem consists of interconnected con-
trol units, each of which requires a
flat-panel display. You might imple-
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Fig 2—Packaging density is high in flat-panel displays, as is evident in this photo of a board
in one of Cherry Electric’s de TFEL displays. If you want to include your own peripheral
circuitry along with a display-driver circuit like the one you see here, you should maintain
high density to obtain the full economic benefit of the design integration.

ment the control circuits by using
the previously mentioned pP,
RAM, ROM, and a few ICs for I/0
operations. Therefore, you could in-
tegrate this circuitry with the dis-
play-driving ICs on a practical-size
pe board.

If you use two separate pc boards
—one for the display and one for the
control circuits—you’ll be in for an
unpleasant surprise at design-re-
view time. Although the cost of the
ICs (nP, ROM, etc) for your design
may be as low as $30, don’t forget
the cost of the connectors, cables,
standoffs, nuts, bolts, and assembly
labor needed to construct a 2-board
design. You'll quickly find that your
product’s cost is double or possibly
triple the $30 cost of the ICs. So,
combining the control and display-
driver circuits on one board often
makes economic sense. Now it’s
worth looking at several specific ICs
that can help answer your display-
driving needs.

A variety of driver ICs for TFEL-
display panels is available from
Texas Instruments. TFEL drivers
include row (SN65563 and -4;
SN75563 and -4) and column
(SN65567 and -8; SN75567 and -8)
drivers. The row drivers control 34
high-voltage outputs; the column
drivers control 32 outputs. The
chips employ BIDFET technology,

which puts bipolar, double-diffused,
n- and p-channel MOS transistors on
one chip.

All inputs to TI's TFEL drivers
are CMOS compatible. The se-
quence of the -4 devices’ output lines
is the reverse of that on the -3
devices. Similarly, the -8 devices’
output-line sequence is the reverse
of that on the -7 devices. The re-
versed-sequence availability greatly
facilitates your board-layout task if
you want to install these devices on
both sides of your pc board or along
all edges of a display module.

The row drivers are available
with either open-drain or open-
source outputs, which have ratings
of 225V and 70 mA. The column
drivers’ totem-pole outputs are
rated at 60V and 15 mA. Both the
column and the row drivers feature
serial inputs and outputs, so you can
cascade the drivers easily for large-
area displays. The 75563 and 75564
drivers, the most recently available
of these ICs, cost $5.89 (1000).

Thin-film electroluminescent dis-
plays hold a great deal of promise
for the future. A scrutiny of the ICs
in Cherry Electric Corp’s (Wauke-
gan, IL) TFEL display (Fig 2)
shows that Siliconix plans to help
develop that market. In fact, Sili-
conix developed the Si9559 in con-
junction with Cherry specifically for
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driving de TFEL displays. The
Si9559 constant-current column
driver features 32 outputs, each
rated at 90V and 15 mA. The chip
costs $8.93 in quantities of 1000.

The company also offers the 34-
output Si9560 electroluminescent
symmetric row driver. Each output
has a 235V push-pull structure that
can source or sink 70 mA. Now
available in prototype quantities,
the Si9560 carries a price of $20.55
in 1000-piece quantities. In addition
to the chips’ intended application of
driving flat-panel displays, Siliconix
finds that they are being used in
nonimpact printers, facsimile ma-
chines, and high-voltage line driv-
ers. Those applications take advan-
tage of the chips’ high-voltage
push-pull outputs.

Another source of TFEL display-
driver ICs is the Semiconductor
Group of Sprague Electric Co.
Sprague manufactures the
UCN5851 and UCN5852 BiMOS 11
TFEL row drivers and the
UCN5853 and UCN5854 TFEL col-
umn drivers. The row drivers, rated
at 225V and 120 mA, feature DMOS
outputs. The column drivers offer
totem-pole outputs that can source
or sink 25 mA and can withstand
60V. The row driver and the column
driver are both 32-bit devices that
include clock, serial-input, serial-
output, and output-enable lines.
The 5851 and 5852 row-driver chips
each cost $4.80 (1000).

To take full advantage of the
TFEL drivers’ features, be sure to
consider your system’s overall re-
quirements. For instance, when a
flat-panel display replaces a tradi-
tional CRT, the EL display’s cir-
cuits usually use a raster-scanning
refresh approach that is compatible
with existing CRT systems. The re-
fresh rates vary from 60 to 500 Hz.
As you increase the refresh rate,
you also increase the panel’s power
consumption and its brightness. At
refresh rates lower than 500 Hz, the
panel’s brightness varies linearly
with the refresh rate.

The scanning sequence for a
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FIRST QDD OUTPUT

FIRST EVEN OUTPUT—/_—\

ILLUMINATE PULSE

SECOND 0oDD OUTPUT

REFRESH
PULSE

SECOND EVEN QUTPUT =

Fig 3—The output sequence that TFEL displays require is illustrated here. Traditionally,
the refresh pulses supplied to the displays have not been symmetrical, but if you design your
circuit in such a way that the refresh pulses are symmetrical, youw'll minimize the latent-

image problem common with TFEL displays.

TFEL panel begins with all columns
grounded. All the rows then receive
a positive refresh pulse from the
row drivers. This refresh pulse may
be as high as 225V in some systems
(Fig 3). Next, the refresh signal
turns on the row-driver IC; the row
driver’s outputs then follow the
composite signal back to ground and
allow the cell capacitances to dis-
charge. The rows are left floating
until each row is in turn selected by
the row driver, which then drives
the row to a negative potential.

You achieve the threshold voltage
for light emission, approximately
210V, by driving the rows to —160V
and then driving the columns to
50V. The difference between these
outputs, 210V, is the voltage that
appears across the cells you want to
emit light.

Before you select a row, you must
have the column data ready. First,
you transfer the column bits into the
column-driver chip’s shift register
and then latch the data for the out-
put drivers. You can clock data for
subsequent display lines into the
shift register as soon as the current
data enters the output latches.
After the column and row bits are
available, you enable the column
drivers and force the row driver’s
output to a negative voltage.

Because the row-driver sub-
strates are connected to the compos-
ite-row drive, you have to shift the
logic levels of all the clock, data,
strobe, and enable signals that con-
nect to the row drivers. You can use
optical isolators (logic levels on the
inputs, high voltage on the outputs)
to shift these signals. The column
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And the first thing your
customer sees.
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LCD display and Planar EL display
photographed under identical
ambient lighting conditions.

From a customer’s viewpoint, there's only |t adds up to superior performance.

one real window into your product. So contact us today. Choose the flat panel
The display. display that surpasses all others from every-
If it's inferior, your product is judged one’s point of view.

inferior. No matter how good it really is. For a brochure, please phone either

For flat panel displays, there's a simple, yet ~ 503-6901100 or 503-6304102, or write to
elegant solution. Planar’s electroluminescent

(EL) display. Why is EL the preferred display PLANAR SYSTEMS, INC.
technology? Better viewing angle. Better 1400 N.W. Compton Drive

brightness. Better contrast. Beaverton, Oregon 97006. r~ L L\N L\ﬂ
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SAH Hermetic
Bi-Metal Switch

MTS Reed Switch

SAS Bi-Metal Switch

*Operated by 2" dia. bimetal
disc
*Good for 100,000 cycles
«5°C to 175°C in 6° increments
elarge or small quantities available
*Many non-standard terminal
configurations offered at no extra
cost
UL, CSA. Approved
*Competitively priced

SAH Hermetic Bi-Metal Switch

eHermetically sealed T-05 case allows
wave soldering

*Good for 10,000 cycles

*PC board mountable

*30°C to 120°C in 10° increments

slarge or small quantities available

*UL., CSA. Approved

*Competitively priced

MTS Reed Switch

*Hermetically sealed in glass

*low contact resistance (100 Milliohms
or less)

«3,000,000 operations at a full rated
load

«Smaller size for faster response

*-5°to0 115°C in 5° increments

*Tight reset tolerances

*U.L. Approved

*Competitively priced

All three switches available in
normally open and normally
closed configurations.

Call or write for your free
temperature control
manual and engineering
sample.

IDWEST
MPONENTS
NC.

Midwest Components, Inc.

PO. Box 787

1981 Port City Boulevard
Muskegon, Ml 49443

(616) 777-2602 FAX 616-773-4307
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drivers use ground as their refer-
ence; therefore, they don’t require
logic-level shifting.

Trouble in paradise

Beyond the architectural consid-
erations previously discussed, you
should be aware that TFEL dis-
plays have a tendency to display
latent images. This latent-image
problem—a differential-aging effect
—results from using asymmetrical
waveforms to drive the displays.

When TFEL-display panels are
driven by an asymmetrical wave-
form, the pixels are driven by pulses
of alternating polarity. Because the
pulses, labeled illuminate and re-
fresh, vary in amplitude and dura-
tion, as well as in polarity, a charge
is left on the pixels. The charge can,
in turn, “burn” pixels in the display.
These burned pixels remain partial-
ly on, even when they aren’t se-
lected, causing latent images to ap-
pear on the display.

The key to solving the latent-
image problem lies in eliminating—
or at least compensating for—the
asymmetric display-driving wave-
forms. Adding a compensation pulse
both before and after the refresh
pulse is one way to compensate for
the asymmetry. The amplitude of
these compensation pulses should
be lower than the illumination-
threshold voltage of the display, but
their duration must be long enough
to compensate for the charge build-
up in the display.

Another compensation technique
involves periodically moving the re-
fresh pulse with respect to the pan-
el’s scan timing. This technique

lengthens the time between the re-
fresh pulse and the illuminating
pulse, but it does so without de-
grading the displayed information.
The extra time between pulses is
long enough for the charge to bleed
off each row, thereby eliminating
charge buildup.

Although the described compen-
sation methods reduce the differen-
tial-aging effect, such aging still
takes place. By using a symmetri-
cal-drive method—that is, if you
drive each pixel with pulses of equal
amplitude and duration but of alter-
nating polarity—you eliminate the
net de charging of the pixels and,
consequently, you eliminate burned
pixels.

In addition, when you eliminate
the refresh pulses, you improve the
display’s contrast ratio and reduce
its power consumption. Until re-
cently, however, you couldn’t devel-
op the symmetrical-drive waveform
using integrated drivers, and using
discrete-component drivers is an im-
practical approach.

To drive TFEL displays symmet-
rically, the row driver must combine
logic-level input circuitry with
225V, 3-state output capabilities.
Driver-IC manufacturers have just
recently satisfied such output capa-
bilities. The devices from Siliconix,
Texas Instruments, and Sprague
described here all fulfill these re-
quirements. EDN

Article Interest Quotient
(Circle One)
High 515 Medium 516 Low 517

Siliconix Inc

2201 Laurelwood Rd
Santa Clara, CA 95054
(408) 988-8000

Circle No 715

For more information . . .

For more information on the display-driver ICs described in this article,
circle the appropriate numbers on the Information Retrieval Service card or
contact the following manufacturers directly.

Sprague Electric Co
115 Northeast Cutoff
Worcester, MA 01606
(617) 853-5000
Circle No 716

Texas Instruments
Box 655474

Dallas, TX 75265
(214) 995-2011
Circle No 717

CIRCLE NO 10

EDN February 4, 1988



Make it friendly.
Touch it.

Design a system that gives you a
competitive edge. Make it simple to
use. Easy to learn. Make it friendly.

With a touch input system from
Carroll Touch, the world'’s leading OEM
supplier of touch products.

Discover the full line of solutions
Carroll Touch offers. From infrared to
overlay touch products. Select from a
wide range of standard add-on units in a
variety of sizes. Or from a line of fully
integrated computer displays equipped
with touch. Or specify your own unique
requirements.

Once you've chosen the Carroll Touch
product that's right for your system, you'll
discover even more. Exceptional quality
and ruggedness. High reliability. Low
maintenance. Making touch more affordable
and cost-effective than ever.

Whether it's sophisticated test equipment
for automotive technicians. Or a medical
diagnostic system for patient care. Make
your next system friendly. Touch it. Begin
by calling 512/244-3500.

Carroll Touch

a subsidiary of AMP Incorporated

xas 78680
Telex 881906
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FOR THOSE
WHO DON’T
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Yamaha® is known for its
motorcycles. Its musical i
instruments. Sporting ]
goods. And audio
equipment.

But when it comes
to LSI chips, board-
level products and
computers,
Yamaha may
be the best
kept secret in the world.

OUR CHIPS ARE YOUR
CHIPS.

For more than 15 years,
Yamaha has done some of its
best work for companies you
probably know.

If you've heard a CD
player lately, you've probably
heard our signal processing
chip in action.

nd if you've gazed into
the popular laptop computers,
you've seen the handiwork of
our graphics controller chips.

Yamaha manufactures
sound chips. Graphics chips.
Communications chips. And
signal processing chips.

Chips that synthesize
voices. Go into audio equip-
ment. Home computers. Video
games. Graphics terminals
and a whole lot more.

So whatever

you design, it’s

highly likely

W\  Yamaha

J can bring
your ideas
to life.

You can
order our
chips as is or
we can always
tailor them.
And if you
need full- custom, we do
that too.

OUR BOARDS ARE YOUR
BOARDS.

Yamaha can make your
next product sound like a
cow. Or its graphics display

Many popular CD
players use Yamaha
DSP chips and
surface-mount,
flexible circuits.
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Yamaha CRT and flat
panel display controllers
are in many popular lap-
top computers.

¥ But, if all you

¥ want to do is take

advantage of our

% highly automated
manufacturing

facilities, that's fine

& with us, too.

Just bring Yamaha the
schematic and we'll build it
in quantity. On time and on
budget.

No problem.

Yamaha has the facility to
build the latest in surface-
mount boards.

We'd like nothing better
than to show you how well
it works.

OUR TERMINALS ARE
YOUR TERMINALS.

Yamaha can
probably put your <
name on a great-
looking terminal
for a lot less than
you'd expect.

Our color
graphics terminals
are known for high
quality, high
performance and low price.

That’s why some of the
best-selling terminals in the
U.S. and Japan are made by
you-know-who.

OUR QUALITY IS
YOUR QUALITY.

Reliability.

It’s an attribute that
generally takes years
to acquire. But if you
do business with
Yamabha, it’s a totally
different story.

Whether we're
making parts for you
or ourselves, Yamaha
enforces the same
stringent quality controls
every step of the way.

Yamaha
can design
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N 100k like a million.

and manufac-
ture boards with g
the latest surface-mount
technology or less sophis-
ticated assembly techniques.

Yamaha has no double
standards. It’s the only way
we work.

AND YOU CAN BORROW
OUR BEST PEOPLE IF YOU
PROMISE TO RETURN
THEM.

When Yamaha
enters into an
OEM agree-
ment, we put
our best people
on the job. :

People ready,
willing and able
to stretch your
imagination to
the limit and
help solve your
design and manufacturing
problems, as well.

To put this multi-billion
dollar international company
to work for you, call
800-521-9074.

In California,
800-544-99309.
»  Or write
to our
National

Yamaha engineers
use the latest CAD/

CAM techniques
to customize the
functions of a chip.

¥ Manager,
Yamaha Systems
Technology
Division, PO. Box
6600, Buena Park, California
90622-6600.
With your brains and our
guts, there’s no telling how
far we can go.

Enter into a partnership with Yamaha and you have the
resources and stability of a multi-billion dollar partner
working on your behalf.

©YAMAHA

Systems Technology

© 1987, Yamaha Corporation of America, USA
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It’s really quite simple: others offer you a Compare that with the infuriating alterna-
product, we offer a company. And a Wh tives: transoceanic phone calls and
commitment. cables, garbled facts and data, and

unfulfilled next-day promises.

It's also simple to prove. Next time y -

the rep who fills your miniature lamp ou II 'Ind VCH looks at commitment as much
needs is in, ask him for performance more than a management buzz-
data, too. Or a competitive analysis, or word. We’re putting a new plant,
quarterly product auditand reliability test “s lo he an eager staff, and considerable re-
data. Or a legacy of excellence like sources where our mouth is. All this
we began with Chicago Miniature. shows our dedication to the propo-

You get the idea. VCH not only has the heacon sition that...nobody is going to
these capabilities and credentials, out-service us. Nobody.

but we can provide them to you — VCH...Three letters that stand
in this country. If you need help, o mlnlature for a whole new level in mini-
VCH will send a specialist who ature lamp performance. We've
talks your language and can be avail- rewritten the industry standards
able in a few hours for design engineer- Iam s before, with Chicago Miniature. Now
ing assistance or applications advice. - we're ready to do it again.

We're

out to he
the heacon
of miniature
lamps.
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INTERNATIONAL

CHICAGO MINIATURE BRAND

Buffalo Grove, IL + 312-459-3400
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pertexinc.

Leadership in CMOS/DMOS Technologies

Pushing the leading edge of display technologies, the Supertex family of HYCMOS* drivers
permit major breakthroughs in electroluminescent, gas plasma, LCD & vacuum fluorescent
displays. This advanced smart power technology also opens up a wide range of applications in
medical ultrasound imaging, robotics, telecommunications, test systems, high performance
printers, power supplies, motor controls and solid-state relays.

The Supertex high density HVCMOS drivers, listed below, feature high speed with low
power consumption to produce bright, high-resolution images. Investigate HVCMOS . . . a most
attractive alternative to cumbersome boards or hybrids.

For more information or custom designs, write or call: Supertex, Inc., 1225 Bordeaux Drive,
Sunnyvale, CA 94088; Tel. (408) 744-0100; Telex 6839143 SUPTX and FAX (408) 734-5247.

HV03 & 05

HV04 & 06

HV08**

HV10 - 18

HV30

HV41 & 42, HV45 & 46
HV51 & 52, HV55 & 56
HV53 & 54, HV57 & 58
HV500 & 501
HV6810**

ANO1, APO1, HTO1

220 & 300V

64 Channel, Serial to Parallel Converters with N-Channel Open Drain Qutputs
60 & 80V 64 Channel, Serial to Parallel Converters with Push-Pull Outputs
60V 24 Channel, 16 Gray Shade Level Driver with Source Follower Outputs
140 & 160V 4 & 8 Channel Bilateral Analog Switches
180V 7 Segment Decoder with Open Drain Outputs
-220 & -300V 32 Channel, Serial to Parallel Converters with P-Channel Open Drain Outputs
220 & 300V 32 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs
60 & 80V 32 Channel, Serial to Parallel Converters with Push-Pull Outputs
100V 32 Channel, AC Plasma Driver with Push-Pull Outputs
80V 10 Channel, Vacuum-Fluorescent Driver with Push-Pull Outputs
160 to 400V 3 Chip Set for 8 Channel Level Translation with Low Leakage Push-Pull Outputs

*HVCMOS is a registered trademark of Supertex, Inc.
**Available 2nd Quarter, 1988

CIRCLE NO 65



DEECO SEALTOUCH DISPLAY SYSTEM.
SEALS IN PERFORMANCE.
SEALS OUT DIRT AND MOISTURE.

If there’s one thing you don't need, it’s dirt and moisfure
seeping into your display system and disrupting its perfor-
mance. The DeeCO SealTouch display system is the best
solution for your most demanding industrial applications.

Designed especially for harsh environments, SealTouch
delivers consistently reliable performance under the most
threafening conditions.

The SealTouch display system is a 3-part module
consisting of flat-panel display and sealed I-R Touch panel,
mounted on a controller card with VT100 text emulation
and extensive drawing graphics. All within an absolute
minimum footprint.

Easy-to-use fouch software, pop-up menus and
convenient button draw routines make SealTouch easy
to design-in and simple to use. The system’s program-
mable touch sensitivity allows you to easily implement
protection against annoying false triggers. What's more,
the SealTouch infra-red beam diagnostics confinuously
monitor system performance, assuring you of consistent
reliability.

Don't take chances with-any other display system. Call
or write for full product information, Let SeoITouch sealin
performance for your design.
And seal out dirt and moisture.

Digital Electronics Corporation, 31047 Genstar Road, Hayward, CA94544-7831 (415) 471-4700
SealTouch and DeeCO are registered frademarks of Digital Electronics Corporation
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et our entire company’s future

on our partnership with Hitachi.

—Jim Balkcom

President and Chief Executive Officer
Humminbird® Depth Sounders
Techsonic Industries, Inc.

‘As the second largest manufacturer
of depth-sounding equipment, we were
determined to become the leader. We
knew it would take a breakthrough in
meeting the fisherman’s needs.

“In strategic partnership with

hi, we developed the LCD tecl
ogy that redefined the depth-sounder
market and ultimately quadrupled its size.
Our share went from 20 to over 50%.

We laid the whole future of our comg
in Hitachi’s hands, and it paid off.”

“Whether between two people,
or two companies, trust is what
makes partnerships work.”

“We've shared techr

ies, design con-
cepts, marketing plans and other critically
confidential information across both sides
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of the table. That’s partnership. Trust
makes it work. . .and continue to grow.”

“Hitachi defines quality

the same way we do—

meeting customers’ needs.”
“Hitachi gives Techsonic the technologi-
cal edge, and more. We've learned its a
waste of time to do incoming testing on
Hitachi LCDs. And when we sold over
three times our forecast, they were flexi-
ble enough to come through for us.
Whatever support we need, we get.

CIRCLE NO 122

¢

And the best part is, we never have to
R
ask for it.

“Hitachi makes it clear that
their most important product
is our product.”
“We needed to team up with an LCD
supplier who had the expertise, the capa-
bilities, and the desire to work with us to
develop the right solutions. Partnering
with Hitachi made Humminbird No. 1,
and we're sure it’s going to keep us there.”
To learn about how partnering
with Hitachi can benefit your company,
call Tom Klopcic or David Ross at (312)
843-1144. Or write to Hitachi America,
Ltd., Electron Tube Division, 300 N.
Martingale Road, Suite 600,
Schaumburg, IL 60173.

@ HITACHI

Hitachi America, Ltd.
Electron Tube Division
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Plug-in boards let your personal computer
perform parallel-processing tasks

J D Mosley, Regional Editor

You can now select from a number of
IBM PC-compatible expansion
cards that give your desktop com-
puter computational power ap-
proaching that of a Cray super-
computer. These cards each contain
a wP that works in conjunction with
the host CPU to execute software
faster than a single wP could.

When you plug multiple pro-
cessing cards into your PC or com-
patible computer, you increase the
number of CPUs available for num-
ber crunching and problem solving.
However, using such boards entails
considerations that don’t apply to
the use of the typical Von Neumann
serial-processing architecture found
in most computers. The efficient use
of multiple processors requires in-
telligent task parsing (process allo-
cation) among the available proces-
sors as well as provisions for
interprocessor communication.

The PC-based parallel-processing
market is currently divided into
three segments: boards based on
Intel’s 80386, ones based on Inmos’s
Transputer, and ones based on
RISC (reduced-instruction-set com-
puter) CPUs. Each has benefits and
drawbacks, and your choice will de-
pend on your application, on your
programming skill, and on how re-
ceptive you are to learning new
techniques.

If, besides writing multiprocessor
applications, you also want to run
several MS-DOS programs concur-
rently at the fastest possible speed,
then you should consider the 80386-
based cards. If you want to concen-
trate on parallel-processing develop-
ment and prefer using a
programming language designed
specifically for that task, take a look
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Housing a maximum of four Transputers in a steel enclosure, the Transputer Evaluation
System (TES) from Sension Ltd lets you build a large Transputer network while monopoliz-
ing only one expansion slot in your PC.

at the Transputer boards and In-
mos’s Occam language. But, if your
need for processing speed is greater
than your need for programming
flexibility, the RISC boards may be
your best choice.

Although several expansion cards
with an 80386 CPU are available,
few are designed to work with the
host CPU in your desktop comput-
er. Expansion boards that require
the removal of the host CPU are
generally known as accelerator
boards. The Inboard 386/PC from
Intel Corp, for example, requires
that you remove the host CPU from
your PC/XT-compatible mother
board, leaving the Inboard’s 80386
pP as the sole processor—and obvi-
ously negating any chance for devel-
oping multiprocessing applications.
You cannot link boards such as these
together, either physically or with
software, to provide a multiproces-
sing environment.

Conversely, coprocessor boards
work in concert with the host CPU:
The coprocessor performs CPU-in-
tensive tasks, leaving the host CPU
to perform housekeeping duties like
I/0 and task parsing. As a result, a

coprocessor board doesn’t acceler-
ate such I/0 tasks as display output,
disk access, or printer control. For
example, an 8088-based PC with a
coprocessor board installed will exe-
cute a program slower than would a
PC/AT-compatible or 80386-based
host with the same board installed
—the more I/0 activity, the greater
the difference.

In addition, though the coproces-
sor board can readily perform 32-
bit-wide operations, to transport
the results to you, the board must
translate its 32-bit output into the
8-bit data patterns required for
propagation along the host’s bus. As
aresult, I/0-intensive MS-DOS soft-
ware may actually run slower on a
computer with a coprocessor board
than it would on an unmodified PC.

To deal with this problem, Ap-
plied Reasoning Corp includes utili-
ty software with its PC-Elevator
386 coprocessor board that lets you
decide whether to run an applica-
tion on the coprocessor board or on
the host CPU. So, even with the 386
board installed, you can run all of
your MS-DOS application programs
—even the ones with timing or
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ing from $4,695*

Watch the DMP-60 series double
as a scanner with HI's unique
SCAN-CAD™ option. Quickly pro-
duce multicolored drawings when
you use the Multi-Pen adaptor. Plot
several originals—without tying up
your PC when you add HI's buffer
expansion board.

Select media as small as 8%"x11"
or as large as 36"x48". Load either
DM/PL™ or HP-GL 758X-compatible
software. Then watch as your plot-
ter quickly produces a drawing
polished to a precise resolution of 5
ten-thousandths of an inch. Smile
when you see smoothly formed circles,

d letteri A DivisioN oF AMIETEK
curves, an e; erlng' Houston Instrument, SCAN-CAD, and DM/PL are
Explore HI'’s host of support trademarks of AMETEK, Inc.
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hardware sensitivity. A simple Up
or Down command enables or disa-
bles coprocessor control.

In addition, you can plug as many
as six PC-Elevator 386 boards into
one PC-compatible computer. Thus,
if you use an 80386-based PC for the
host, you can tap the processing
power of seven 80386 CPUs, which
yields the potential computing
power of 3.4 MIPS per processor.
Each board sports a 16-MHz 80386
and 1M bytes of 100-nsec RAM with
4-way interleaving for zero-wait-
state operation. The Norton index
for this board is 18.7, which the
manufacturer claims is 10 to 20
times the speed of an IBM PC/XT, 3
to 4 times that of an IBM PC/AT,
and 10% faster than a Compaq 386.

You can add an extra 12M bytes of
RAM by using as many as three
daughter boards. Devoid of onboard
ROM, the PC-Elevator 386 is con-
trolled by disk-based software,
which Applied Reasoning supplies.
The manufacturer will provide
PLAs to circumvent I/O-address
limitations that ordinarily arise
when you attempt to add more than
four coprocessor boards to a PC
host.

You can pack six PC-Elevator 386 boards into a single PC-compatible computer and still
maintain MS-DOS compatibility. Applied Reasowing Corp provides PLAs that overcome the
1/0 address limitations likely to occur if you install more than four boards in your

computer.

The host computer uses eight con-
secutive I/0 locations for coproces-
sor control, and it uses a 64k-byte
window to read from and write to
the onboard memory. An 8259 con-
trols interrupt requests on board,
but the host emulates all I/O and
interrupt-acknowledge cycles.
Therefore, the host’s control pro-
gram can detect error conditions in
the coprocessor board and simulate
any configuration of interrupt con-
trollers. For $500, you can buy a
software developer’s kit that in-
cludes code and examples for pro-
grams that use more than one board

32-BIT

APPLICATION PROGRAM

EXTENDED——»
DOS INTERFACE

0S/386 SERVICES

HUMMINGBOARD
HOST COMPUTER

PROCESS | MEMORY FILE /O DEVICE- BIOS
MANAGE- | MANAGE- SYSTEM DRIVER [EMULATION
MENT MENT INTERFACE
INTERPROCESSOR

COMMUNICATIONS BLOCK

SHARED HUMMINGBOARD MEMORY

STANDARD MS-DOS INTERFACE \

HOST KERNEL
MS-DOS 3.X
PROCESS | MEMORY FILE Vo BIOS
MANAGE- | MANAGE- SYSTEM DEVICE
MENT MENT DRIVERS

The 386 Hummingboard includes a board-resident operating system called 0S/386, which
provides extended, protected-mode 32-bit DOS services to applications running on the board.
Developed by A I Architects, the 0OS/386 runs in conjunction with DOS, so you can run real-

and protected-mode software simultaneously

on the host and Hummingboard CPUs.
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for parallel-processing applications.

One program that the developer’s
kit includes and which illustrates
the PC-Elevator 386’s prowess in a
multiprocessing application is based
on the Mandelbrot set of complex
numbers. Your computer displays
this set as a 2-dimensional plane
with an infinitely intricate border—
a figure commonly referred to as a
fractal and which is discussed at
length in Ref 1.

Because the Mandelbrot set can
offer an unending stream of compu-
tations, it’s particularly well suited
to illustrate the time savings attain-
able by applying more and more
processors to the generation of the
fractal pattern. This computation-
ally intensive task presents an al-
most linear improvement in execu-
tion speed as you apply one to six
boards to the problem.

The PC-Elevator 386 costs $1995;
an 80387 arithmetic coprocessor
adds $795; and each 4M-byte RAM
daughter board costs $2000. For
programming, you can use any lan-
guage available for use with
MS-DOS computers.

Another 80386-based coprocessor
for PCs is the 386 Hummingboard
from A I Architects. Using a 32-bit
C language Dhrystone benchmark
as a basis for comparison, the manu-
facturer claims that a 386 Hum-
mingboard with a 20-MHz CPU
runs 10.7 times faster than a 6-MHz
IBM PC/AT running Microsoft C.

Best known as the hardware foun-
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dation for Gold Hill Computers’
(Cambridge, MA) line of Lisp-based
expert-system software packages
for artificial-intelligence develop-
ment on PCs, the Hummingboard
also runs in parallel with your PC’s
CPU. Software support includes 16-
and 32-bit versions of C, Pascal,
Fortran, and Ada, as well as an
assembler and a software develop-
er’s kit for the company’s DOS ex-
tenders for 80286 and 80386 wPs.

Because the Hummingboard ap-
pears to the host CPU as a dual-port
EMS-compatible memory card, the
design simplifies interprocessor
communication through a shared
memory scheme that provides the
host wP with a 64k-byte window
into the 24M bytes of 120-nsec phys-
ical memory that you can pack onto
a single Hummingboard. The host
pwP controls I/0 while the Hum-
mingboard assumes central-process-
ing control via its resident 0S/386
DOS-extending operating system.
As a result, certain MS-DOS pro-
grams that are sensitive to timing
and hardware configurations may
not run properly on a Hum-
mingboard.

Although there is currently no
software that specifically lets you
use multiple Hummingboards in a
PC for parallel operation, the com-
pany claims to have successfully in-
stalled four Hummingboards in a
personal computer to execute a cus-
tom-designed application.

A 16-MHz 386 Hummingboard
with 2M bytes of RAM sells for
$2895; a 20-MHz version costs
$3395. Pricing for a fully populated
24M-byte, 20-MHz 386 Hum-
mingboard is $18,950. You can add a
$695 16-MHz or a $1195 20-MHz
80387 numeric coprocessor to the
board, and you can select from sev-
eral software options ranging in
price from a $495 software develop-
er’s kit to a $895 32-bit C, Pascal, or
Fortran compiler.

If you're looking for a board that’s
specifically designed to execute mul-
tiprocessing applications in a PC,
you can select from a variety of
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Sporting four Transputers on one board, the
Quadputer from MicroWay provides as much
as 10 MIPS per wP and suits parallel-proc-
essing applications. The board comes with an
Occam-2 compiler for optimized program de-
velopment.

plug-in cards based on Inmos’s T414
or T800 Transputer pPs. These
32-bit processors can crank out 10
MIPS, and the T800—which is a
T414 with dedicated high-speed
graphics functions and on-chip float-
ing-point numeric processing—
clocks in at 4 million Whetstones.
Technically, these figures indicate
that the T800 should perform about
12 times faster than an 80386 with
an 80387 coprocessor, and six times
faster than a 68020 with a 68881
coprocessor. A network of 64 T800s
theoretically offers the throughput
of a Cray supercomputer.

A Transputer has four bidirec-
tional lines that let it directly com-
municate with as many as four other
Transputers. Accordingly, you can
build a network of Transputers in
either a hypercube or a ring configu-
ration to maximize efficiency in your
multiprocessing application. Fur-
thermore, these processors have 2k
bytes of 50-nsec static RAM on chip,
so each Transputer can execute a
task independent of the other wPs
and simultaneously share data
stored in its on-chip RAM with the
other processors in the network.

Converting your present pro-
grams for execution by a Trans-
puter will require that you change
compilers, because the Transputer’s
instruction set is completely differ-
ent from the one that Intel uses.
Accordingly, Inmos has developed
the Occam assembly language for
use with its Transputers. Specifical-
ly suited to the development of par-
allel-processing applications, Occam
exploits the Transputer’s inter-
processor communication facilities,
lets you specify which sections of
code should run serially or in paral-
lel, and supports time slicing for
concurrent processing.

One company that gives you an
Occam-2 compiler when you buy a
Transputer board is MicroWay. Its
single-Transputer board—the $1495
Monoputer—comes populated with
2M bytes of 100-nsec RAM and a
20-MHz T414 Transputer. The T800
version costs $1995. The company
also offers Transputer-compatible
compilers for C, Fortran, Pascal,
and Prolog, however, which sell for
$750 each. In addition, MicroWay
sells boards with either two or four
Transputers at prices varying from
$3495 to $8000. Memory upgrades
range from $1400 to $5600 for 1M to
16M bytes of RAM.

MicroWay’s line of Transputer
boards uses a link adapter to inter-
face to your host PC. Besides pro-
viding I/0 for host-to-Transputer
communication, the link adapter
also generates control signals in the
event of a wP error. On board, the
Transputers function via a Von
Neumann architecture.

Unfortunately, much of the speed
advantage of the Transputer is con-
sumed in the host-to-Transputer
communication process. Using a file-
server program that runs on your
host PC under DOS, an Occam-2
program can only implement I/0
functions such as reading the key-
board or writing to the CRT by
passing messages to the Occam file
server, which in turn passes them to
the PC, which executes the task and
relays the result via the file server
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The first good reason in 5 years
to buy new 8-bit development tools.

SPECIFICATIONS

= Emulation at fully rated clock
speeds of CPUs.

m Less than 5 ns signal skew at
probe tip.

= Full use of all interrupts and
memory.

= Advanced real time events quali-
fied by address/range, data, status,
delay/pass counts.

= Control of state transitions from
event to event.

# Two complex input and two
complex output triggers.

= 64K to 1 M of real time address
breakpoints qualified as read, write,
or either read/write.

= Full symbolic debug,

= EL-800 supports 64180, Z80H.
EC-7000 supports 8051 and 68HCI11
families. EM supports 8080, 8085,
8048 family, 6800/2/8, 6809/E,
780, MK3880 and NSC-800.

We asked design engineers to
describe the ideal 8-bit development
system. Then we designed it.

Introducing the EL-800: real-time
transparent emulation, the most power-
ful event system available plus lots of
trace memory...all for under $5000.

The second good reason.

The EL-800’s triggers and break-
points let you quickly identify complex
bugs. Our powerful Advanced Event
System controls emulation with a com-
bination of address, data, status,
counters and logic fields. And you can
specify up to 1 Megabyte of overlay
memory.

But we didn’t stop there.

The EL-800 also comes with
symbolic debug as well as a quick and
easy way to define up to 1 million
breakpoints. And it provides closely
coupled interfaces to high level debug-
gers...all for much less than you'd
expect to pay for an Applied Micro-
systems emulator.

What’s more, the new modular
design makes it easy to add additional
capabilities and new processors without
switching to a new operating environ-
ment or discarding your emulator.

Ask us about our plans to develop
a library of options for the EL-800, per-
formance analysis, post processing of
real-time trace, and software develop-
ment tools. And let us show how we can
extend support to your particular 8-bit
microprocessor or microcontroller.

To find out more, call 1-800-426-
3925 (in WA, 206-882-2000). Or mail us
the coupon below.

Applied Microsystems Corporation, P.O.Box 97002, Redmond, WA 98073-9702
To learn more about the new EL-800 emulator, I'd like to receive: H(I""H

[ Free literature ~ [J A free demonstration O A free demo disk

O Free application note on cross-triggering with 8- and 16-bit emulators A Iled
[ Free 10 day evaluation EDN 020488

Name Microsystems
o Corporation

Company
Address

City State Zip
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back to the Occam program. Micro-
Way reports that an IBM AT with a
Monoputer performs benchmark
tests 50% faster than an 80386-
based PC—not quite the speed ad-
vantage one would expect from its
10-MIPS CPU, but clearly a signifi-
cant figure when you realize that
you can theoretically network an
infinite number of Transputers.

MicroWay prides itself on the
software support it offers its cus-
tomers. A $1500 Transputer Devel-
opment System (TDS) provides an
extra software layer that helps you
link multiple boards by configuring
a map of the system and determin-
ing what piece of code should go to
which Transputer. The Occam lan-
guage includes calls to access the
TDS.

The Fastl7 from Quintek Ltd
sports seventeen Transputers on a
single board to provide as much as
25M-flops processing power for your
application. One Transputer, desig-

Convertible for use either with PC- or VME-based systems, the Megaframe line of
Transputer boards from Parsytec provides a bus-free, communications-oriented architecture

for industrial computer systems.

nated the master, has 4M bytes of
local RAM for program code and
data. The master controls a set of 16
slave Transputers coupled in a ma-

trix-switched reconfigurable net-
work. A link interface channels com-
munications to the host CPU, and
three 8-link connectors let you net-

SAMSUNES
Advanced CMOS

Logic Famil
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work the board to others. The
Fast17 ranges in price from £12,050
to £16,450, depending on the Trans-
puter you specify. The company also
_sells 4-Transputer boards; prices for
these start at £3995.

Another company that offers mul-
tiple Transputers on a plug-in PC
board is Definicon Systems. The
$4990 DSI-T4 board has four Trans-
puters and 1M bytes of RAM per
computing section, and it comes
with program development tools
and a Parallel-C compiler with an
assembler and linker. The package
includes host server software, a
macro assembler, a disassembler,
and a debugging tool that lets you
probe the memory of a specific
Transputer. You can network these
boards, but linking more than four
boards requires the extensive use of
jumper cables from an array of pins
that line one long edge of the board.

Sension Ltd sells a Transputer
Evaluation System (TES) that ex-

ternally houses one to four T414s
and 1M bytes of RAM and whose
cost ranges from £1365 to £4750. A
link-adapter board plugs into your
PC to connect the TES cabinet to
the host CPU. You have to purchase
the software separately: A single-
Transputer version of Occam-2 costs
£300, and an Occam-to-IBM editor/
compiler/configurer costs £1500 for
a single-user license or £3000 for a
multiuser system.

If you're considering parallel
processing for an industrial applica-
tion, you may want to consider the
Megaframe/IBM board, which Par-
sytec has for sale. The basis of this
company’s line of Transputer boards
is a set of Transputer modules that
you can alter from VME Bus to PC
bus compatibility by swapping in-
terchangeable adapters, called bus
bridges, which connect to the mod-
ules via a linking cable. The cable
facilitates bidirectional signal trans-
mission at a speed of 20M bps over a

distance as great as 10m. The mod-
ules include boards with one to four
Transputers, 1280x1024Xx8-dot
graphics-display modules, a frame
grabber, mass-storage controllers,
and a 50M-byte/sec I/0 interface.
The Megaframe/PC adapter costs
$595, and the Transputer modules
sell for $1050 to $5650.

You can even purchase, from
Levco, Transputer processor mod-
ules for your Macintosh II or SE
computer. Priced at $2499 for the
Mac II and $1899 for the Mac SE,
starter kits include a Translink
plug-in card, a 15-MHz Transputer
module with 256k bytes of RAM,
and a software tool kit. You can
select from various other Trans-
puter modules ranging in price from
$1299 to $3499.

Finally, you also have the alterna-
tive of choosing a coprocessing
board that uses a RISC processor
instead of a full-featured pP. Acorn
Computers’ Springboard is mar-

How to stay current
on glue logic.

Samsungs Advanced AHCT CMOS Logic Family
meets the demands of your new 16- and 32-bit designs
for high speed, high drive and low power

Available now.

Our Advanced AHCT CMOS Logic Family has a
selection of 109 part types available in production
quantities now; increasing to 157 parts by 20 '88.This
means you can design AHCT into your product now

and move immediately
into production.

If you need to
reduce power in your
existing designs,
Samsungs AHCT
gives you pin-for-pin,
part-for-part replace-
ment for ALS and
FAST™ It fits right in
and reduces power
ten-fold. Yet Samsung

FAST is a trademark of Fairchild Semiconductor, Ine.
© 1988 Samsung Seminconductor, Inc.
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keted in the US for $2500 through
VLSI Technology, and is built
around a 32-bit Acorn RISC Ma-
chine (ARM) processor, which
VLSI Technology manufactures.
Because of the reduced number and
simplified nature of the processor
instructions available to RISC
chips, such chips can execute code
faster than standard pwPs can. In
addition, the ARM processor uses
pipelined operation and hard-wired
instruction decoding to further en-
hance the chip’s performance.

The result is a plug-in board that
performs twice as fast as the fastest
Symbolics workstation, according to
the manufacturer. Although the
company primarily markets the
Springboard for artificial-intelli-
gence development, languages
available for the board include ARM
versions of C, Fortran, Lisp, Pro-
log, Basic, and Pascal—each priced
at $500.

Another RISC coprocessor board

for PC-compatible computers is the
PC4000, which features a 16-bit
Novix NC4016 RISC processor. Sili-
con Composers, the manufacturer of
the PC4000, specifies the board’s
performance in the 4- to 8-MIPS
range, or approximately twice the
speed of a VAX 11/780. You can plug
as many as six PC4000s into your
PC, or more with an expansion
chassis.

The PC acts as an I/0 server, and
the PC4000 has direct memory ac-
cess to PC disks, I/0, and memory-
to-memory transfers. Each board
shares the PC bus and a minimum of
16k bytes of RAM with the host
CPU to facilitate communications
and data transmission. A 5-MIPS
single-processor board costs $1295;
a 6-processor 40-MIPS board sells
for $9150.

The coprocessor boards that Opus
Systems manufactures feature
Intergraph’s 32-bit, 33-MHz Clipper
RISC chip and run Unix System V

Release 3. The Personal Mainframe
Series coprocessor boards provide
processing speeds as fast as 5 MIPS
(300PM models). Pricing for these
models ranges from $3070 with 4M
bytes of RAM to $6700 with 16M
bytes. The price tag includes a C
compiler and a Fortran-77 compiler,
a device-driver library, and a real-
time I/0 executive that has provi-
sions for scheduling, data manage-
ment, and interprocessor commun-
ications. EDN
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Levco Corp

6160 Lusk Blvd, Suite C-203
San Diego, CA 92121

(619) 457-2011

Circle No 705

MicroWay Inc

Box 79

Kingston, MA 02364
(617) 746-7341

TLX 503014

Circle No 706

MicroWay (Europe) Ltd
32 High St
Kingston-Upon-Thames
Surrey, KT1 1HL, UK
(01) 541-5466

TLX 9413790 MCRWAY G
Circle No 707

Opus Systems

20863 Stevens Creek, Bldg 400
Cupertino, CA 95014

(408) 446-2110

TLX 823114

Circle No 708

Parsytec Sension Ltd
c/o C&C Marketing Denton Dr
708 Mandrake Dr Northwich
Box 280 Cheshire CW9 7LU, UK
Batavia, IL 60510 (0606) 44321
(312) 879-7003 TLX 666468
TLX 4974811 Circle No 712
Circle No 709
Silicon Composers
Parsytec GmbH 210 California Ave, Suite K
Jiilicher Strasse 338 Palo Alto, CA 94306

(415) 322-8763
Circle No 713

D-5100 Aachen, West Germany
(241) 182-2275

Circle No 710

VLSI Technology Inc
Quintek Ltd 8375 S River Parkway
Southfield House Tempe, AZ 85284
2 Southfield Rd (602) 752-8574
Westbury-on-Trym Circle No 714
Bristol BS9 3BH, UK
(0272) 628196
TLX 449683

Circle No 711

How to get A/D-D/A in one.

The pacesetting technology of our single-chip
KSV3110 A/D-D/A flash converter provides independent
8-bit A/D converter functions and 10-bit R-2R D/A con-

verter functions over an operating range of DG to 20MHz.

High performance at low cost.

Not only does the new KSV3110 operate from DC to
20MHz. it also gives TTIL-compatible input/output, has

19 absolute non-linearity, and selectable input peak
level orkeyed clamping—all for less than half the cost.

Introducing a low-cost
20 MHz KSV3208 8-bit A/D converter.
The impressive linear characteristics of the KSV3110

©1988 Samsung Semiconductor. Inc.
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FLASH CONVERTER PARTS LIST

Part

KSV3HON-10
KSV3HON-9
KSVBHON-8 ‘
KSV3110N-7 | 8bil

KSV3100AN-8 | 8b
KSV3100AN-7 | 8bi

KSV3208N

are shared by our new KSV3208. It provides the same
features for those applications that dont require
D/A conversion.

Samsung also offers the support chips needed to
ease the integration of our flash converters into video
applications: the KA2606 Sync Separate IC, the KA2153
Chrominance Signal Processor for NTSC systems, and
the KA2154 Video Chroma Deflection System for NTSC
and PAL systems.

Write or call Samsung Flash Converter Marketing
today at 408-434-5400 for samples, data books, and a

full listing of our data S Btung [/he pace.

converter [)I‘OdUCtS.

e
5% SAMSUNG
W Semiconductor
3725 North First Street
San Jose, CA 95134-1708

CIRCLE NO 12
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FOR REAL-TIME
DESIGNERS
THAT DEMAND
THE MOST
THE CONTROI'LER
THAT DEMANDS
THE LEAST

Our new 80C196 delivers the microcontroller available.
highest performance andthe ~ While demanding the least
highest integration of any 16-bit  power, the least design time, the

98 EDN February 4, 1988



least hassle.Which means you
can spend more time perfecting
the rest of your application.

The 12 MHz 80C196 is the
latest member of our proven
MCS-96 family of embedded
controllers. It offers the low-
power requirements of CMOS
technology while doubling the
performance of the 16-bit 8096.
Which means that it can perform
16 x 16 multiply in 2.3 micro-
seconds. That's faster than any
other microcontroller.

Yet you still get all the features
of the 8096. And more. Resident
on the highly-integrated 80C196
are a 16-bit cpu with an 8/16-bit
bus (reconfigurable), 256 bytes
of RAM, PWM, 10-bit A/D, two 16-
bit timer/counters, 40 I/O pins,
full duplex serial port, and a
high-speed I/O subsystem.
And speaking of getting more
features in less space, we're
working on an EPROM version
of the 80C196 for an even easier
design path (available Q2 1988).

Our low cost ICE*196 PC
development tool gives you more
for less, too.Together with high-
level languages like PL/M and C,

it delivers the easiest, lowest-
cost design support you can get.

Further support is available
from the world’s largest network
of field applications engineers.
Plus customer workshops to get
you up to speed fast.

8096 FAMILY OF 16-BIT EMBEDDED CONTROLLERS

10
87C196

ﬁg /

S 80C196

=

B ‘

£ 8796

§ > ‘

2

S 8095

S

S
8096

0 T g . T T T
1984 1985 1986 1987 1988

*Includes proprietary products based on 8096 architecture

So you see, there’s really
no easier or more powerful
answer to embedded real-time
control than Intel’s 80C196.
For complete technical
information,call toll-free (800)
548-4725 and ask for Literature

Department W398.

Do it now And relax.
Because were ready to meet
your demands.

intal

ICE is a trademark of Intel Corporation. ©1987 Intel Corporation
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Turn to the Masters
of RF Amplifier Design

RF Devices has the talent and the ex-
perience it takes. We are RF amplifier
performance artists. With our palette of
products and capabilities, we can meet
your needs - from RF and microwave
power transistors and hi-rel hybrids to
complete UHF high-power modules
and systems - from 100KHz to 4GHz,
from under IW to 1IKW.

And not just with standard products.
We team up with you to create special
and original solutions - and every
design bears our industry-leading figure
of merit - power at frequency with
low distortion.

We've developed RF linear hybrids
featuring high gain, very high dynamic
range and very low distortion. Our feed-
forward techniques in these hybrids
are meeting demands for faster speeds
in CATV systems and wideband LAN:s.

We're delivering the gain needed in

100

high-power cellular base stations with
our power-combining and feed-forward
technology. And, our high-voltage
drivers with sub-three nanosecond rise
time are reducing the cost of high-
resolution monitors and VLSI test
equipment.

Your solution will have quality, reli-
ability and manufacturability built-in
right from the beginning, starting with

CIRCLE NO 131

our own die design and wafer fab. And,
with our high-volume production fac-
ility, you'll get a total capability that
can handle your largest requirement.

Your challenge will bring out the best
in us - and the RF amplifier that’s
just right for your design. Call us about
your application at 213.536.0888 and
ask for RF Amplifier Solutions. Or
write for our free brochure to

TRW RF Devices, 14520 Aviation Blvd.,
Lawndale, CA 90260. Attn: RF
Amplifier Solutions.

Let us paint you a masterpiece.

OrRW Inc. 1987 — 713A00887

‘N A 44
TRW RF Devices Division
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PRODUCT UPDATE

PLD design software accepts designs
as schematics, waveforms, or tables

Featuring an interactive, graphics
user interface, the Model 74150A
PLD Design System software al-
lows you to design PLD-based cir-
cuits by using any combination of
Boolean equations, schematics,
waveforms, or tabular data. The
software runs on the company’s
Model 9000 Series 300 workstations.
It takes your design, simulates the
circuit’s operation, checks for
glitches, partitions the design to fit
in one or more PLDs, and generates
a fuse map and test vectors. You can
select the target devices or use the
software to automatically fit your
design into appropriate PLDs.

The PLD Design System accepts
circuit designs as schematics, state-
transition diagrams, waveforms,
Boolean equations, or truth tables.
You can also take advantage of the
software’s hierarchical structure to
break your design into modules and
then use different design-entry
methods to describe each module.
In effect, the software allows you to
match the design-entry method to
the circuit or subsystem that you're
developing.

The software’s schematic editor
provides an entry method similar to
most CAD schematic-capture pack-
ages and allows you to attach simu-
lated switches, oscillators, and logic
probes to circuit nodes to aid debug-
ging and verification efforts. A
batch-mode debugger coupled with
the schematic editor allows you to
simulate your design’s operation
with input waveforms defined
graphically in a separate stimulus
file.

For synchronous circuit design,
you can create state-transition dia-
grams (STDs) with a special STD
editor that shows individual states
as boxes linked with transition ar-
rows. Pop-up transition tables allow

EDN February 4, 1988

HP PLD Design System [V3.02]1
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With the PLD Design System, you can design PLD-based circuits by using either wave-
forms, schematics, or state-transition diagrams.

you to enter state-transition condi-
tions in tabular form. An interactive
debugger coupled to the STD editor
enables you to step through state
transitions or to advance multiple
states one at a time.

The software’s waveform editor
allows you to define a PLD, using
timing diagrams that are especially
useful for developing asynchronous
circuits. The waveform display rep-
resents cause-and-effect relation-
ships—causalities—using curved ar-
rows that link the related wave-
forms.

The waveform editor and its de-
bugger support six types of causali-
ties: input edge to output edge,
input value to output edge, input
edge to output value, input value to
output value, input edge and value
to output value, and input edge and
value to output edge. You can also
define a PLD’s structure with Bool-
ean equations and truth tables, for-

mats established by early PLD de-
sign tools. The PLD Design System
minimizes equations automatically.

The software accepts designs
without regard to a target PLD,;
this device independence allows you
to try out various PLDs and find the
most appropriate device for your
design. You can also ask the PLD
Design System to select the most
appropriate device automatically
from its PLD library, and you can
narrow its choices by specifying pa-
rameters that pertain to your appli-
cation—vendor type, inventory, or
power consumption, for example.
The PLD library currently contains
device information about PLDs
available from Altera, AMD, Intel,
Lattice, Monolithic Memories,
NEC, Ricoh/Panatech, Signetics,
and VTI.

If your design won’t fit into one
PLD, the software allows you to
partition the circuitry manually, or
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WORLD-
CLASS

IC
PRODUCTS

Il' 4/

J.H DI I DA

IN A SERIES

At Silicon Systems, here are the
product lines we have developed in
response fo your marketf needs.

MICROPERIPHERAL IC’s: We offer
more than 50 ASIC chips serving the
mass storage market. It includes the
industry’s most comprehensive line of
read / write amplifier IC’s for disk drives
as well as complete chip sets covering
such other disk drive electronic func-
tions as pulse detfection; data recovery;
head positioning; spindle motor con-
trol; and buffer, storage, and interface
control. We also offer circuifs for optical,
floppy, and tape drives; and we are
continuously expanding the line.

TELECOMMUNICATIONS IC’s: For

US. or world-wide felecom systems
operating at 300 fo 2400 BPS data
transfer speeds, Silicon Systems can
provide the industry’s most advanced
family of software /hardware compat-
ible, single-chip modem IC’s available.
These pin-out and register-compatible
K-Series chips allow for easy product
upgrading over the entire Bell and
CCITT ranges, and Silicon Systems
also offers more than a score of other
telecom IC’s for a variety of applica-
tions in fone signaling, telephony, and
digital communications.

CUSTOM / SEMICUSTOM IC's: And be-
yond ifs lines of standard ASIC's, Silicon
Systems continues fo offer—as it has
since its inception—ifs innovative bipolar
and CMOS design and manufacturing
capabilities as a unique resource for

complex custom /semicustom products.

For more information, contact: Silicon
Systems, 14351 Myford Road, Tustin, CA
92680. Phone: (714) 731-7110, Ext. 575.

JiﬁwﬂJ
INNOVATORS INJINTEGRATION
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UPDATE

you can ask the software to perform
the partitioning automatically. If
your design has speed-sensitive sig-
nal paths, you can assign the critical
signals manually and have the soft-
ware to finish the job.

Once you've defined and compiled
your design for a particular PLD or
set of devices, the PLD Design Sys-
tem creates the appropriate fuse
maps. The software supplies these
maps to a PLD programmer as
JEDEC fuse-map files via the host
workstation’s RS-232C or IEEE-
488 interface ports. It can also read
JEDEC fuse maps back from the
programmer, including maps for ex-
isting PLDs designed with other
design tools; thus you can more easi-
ly incorporate existing PLDs into
new designs. Currently, the soft-
ware supports PLD programmers
from Data I/0 and Stag, but any
PLD programmer that accepts
JEDEC fuse maps is compatible
with the PLD Design System.

The company is marketing the
software as part of its Electronic
Design System, a collection of CAE
software tools for electronics engi-
neers. The PLD Design System ex-
changes circuit and simulation data
with the other software tools in the
Electronic Design System, using a
proprietary representation format
for schematic information and
GenRad-compatible HILO-3 data
files for simulation data. This data
interchange allows the PLD Design
System to convert circuits (or por-
tions of circuits) designed with the
Electronic Design System into PL.D
designs; it also allows more com-
plete simulation of PLD designs by
the Electronic Design System pack-
age’s HILO simulator.

The PLD Design System costs
$8000 to $14,500, depending on op-
tions. You can expect delivery ap-
proximately 12 weeks ARO.

—Steven H Leibson

Hewlett-Packard Co, 1820 Em-
barcadero Rd, Palo Alto, CA 94303.
Phomne local office.
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SERVING WORLD-WIDE NICHES
WITH WORLD-CLASS IC PRODUCTS

What is a niche?

To many companies, a niche is a market segment targeted
by the sales department. At Silicon Systems, a niche is a
segment of the market in need of specialized products and
services, a segment not well served by the large general-
purpose companies. We target such niches at the highest
level of our company—well in advance of the actual market
needs. In this way, we have brought forth some of the
industry’s most innovative products.

The Microperipheral Niche.

While pioneering the development of single-chip read/write
amplifiers for disk drives, we very early recognized the need
for a family of highly integrated disk drive IC's. Today, as
the leading supplier of read/write amplifiers, we also offer
the industry’s most complete line of integrated circuits for
every other major function in disk drive electronics.

The Telecommunications Niche.

In 1979, when we were first to fully integrate a complete
dual tone multiple frequency (DTMF) circuit on a chip, we
also selected telecommunications as yet another important
niche in need of special products and services. Today,
Silicon Systems leads the industry with its highly-integrated,
pin-out and register-compatible, K-Series family of modem
IC’s to serve operating modes world-wide.

The Custom/Semicustom Niche.

And because we started life as a custom design house,
superior design and engineering shall always remain
paramount at Silicon Systems. It's a superiority that allows
us to create and produce complex analog and digital
designs on the same chip, fo create special bipolar and
CMOS monolithic circuits that other companies are unable
to produce. It is a capability key fo our success—a capability
available to you for your most demanding custom and
semicustom designs.

Call Now!
(714) 731-7110, Ext. 575

For more information on our company, our products or our
capabilities, contact: Silicon Systems, 14351 Myford Road,
Tustin, CA 92680.

s g

INNOVATORS IN JINTEGRATION

“Where we design to your applications.”

Circle 116 for Product Information Circle 155 for Career Information See us at Interface ‘88 Booth 2634



PRODUCT UPDATE

Digital precision motion controller
simplifies control of dc motors

The LM628 motion-control pro-
cessor simplifies the control of dc
and brushless de motors by per-
forming real-time computational
tasks. Using this motion-control
processor, you can build a servo
system that requires only a dc
motor, an optical incremental encod-
er, a DAC, and a power amplifier. A
host processor controls the system
via an 8-bit I/0 port that uses a byte
serial format wherein the data
words follow the command word.

The host processor programs a
trapezoidal velocity profile and a
digital compensation filter. The
trapezoidal velocity profile defines
the operation of the motor in terms
of maximum acceleration, maximum
velocity, maximum deceleration,
and final position.

The digital compensation filter is
aproportional-integral-derivative
(PID) filter. It modifies the output
of the controller to keep the servo
system stable, and it compensates
for the control loop. The LM628
subtracts the actual position, which
is determined by feedback from the
optical encoder, from the desired, or
profile-generator, position. The
PID filter processes the resulting
position error to drive the motor to
the desired position. The LM628
holds the motor at the desired posi-
tion by subjecting it to a restoring
force proportional to the position
error, the integral of the error, and
the derivative of the error.

An optical incremental encoder
linked to the motor sends a 2-phase
quadrature signal back to the
LM628 to detect the direction of the
motor’s rotation and position. The
motion-control processor uses this
signal to control an up/down counter
that keeps track of the actual posi-
tion of the motor.

When the LM628 is in the position

104

LM628

HOST-PORT 1/0
TO HOST PROCESSOR

POWER
AMPLIFIER

DAC PORT

DC MOTOR

OPTICAL
INCREMENTAL
ENCODER

The LM628 provides precision motion control of dc and brushless dc motors and minimizes

the parts count of a dc servo system.

mode, you specify the motor’s accel-
eration, maximum velocity, and
final position. The unit then controls
the motor to meet these parame-
ters. At any time during a move,
you can change the maximum veloci-
ty, the target position, or both, and
the motor will accelerate or deceler-
ate accordingly—which permits the
unit to change profile or filter pa-
rameters on the fly.

When the unit is in the velocity
mode, the motor accelerates to the
specified velocity at the specified
acceleration rate and maintains this
velocity until it receives a command
to stop.

The analog control signal from
the LM628 can feed either an 8- or
12-bit DAC. The 12-bit output is
multiplexed on the eight parallel
digital outputs. The amplified out-
put of the DAC controls the motor.

Traditionally, the servo-system
host must poll the controller; with
the LLM628, you have the option of
using interrupts. The unit provides

index-pulse, absolute, or relative-
position breakpoint interrupts, as
well as wraparound, command-er-
ror, and end-of-profile interrupts. It
also features an alarm register that
you can set to cause an interrupt
should the difference between the
desired position and the actual posi-
tion become greater than the pro-
grammable limit. This feature aids
in the detection of rotor lock.

The LM629 is identical to the
LM628 except that it provides a
pulse-width-modulated output in-
stead of a DAC-compatible output.
Both motion-control processors
come in 28-pin DIPs; operate over
the —40 to +85°C range, and cost
$50 (100).—David Shear

National Semiconductor, 2900
Semiconductor Dr, Santa Clara,
CA 95052. Phone (408) 721-449).
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READERS’ CHOICE

Of all the new products covered in EDN’s November 26, 1987, issue, the ones reprinted here generated the most
reader requests for additional information. If you missed them the first time, find out what makes them special:
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in

our November 26, 1987, issue.

Motorola’'s .
MOC70 and MOC71 Series Package Styles

FILTER-DESIGN
PROGRAM

The LCFIL stand-alone, menu-
driven filter-design program runs
on IBM PCs and compatibles or on
the Apple Macintosh. You can de-
sign highpass, lowpass, and band-
pass filters that have as many as
21 poles (pg 272).

BV Engineering.

Circle No 604

A OPTICAL SWITCHES
Slotted optical switches are available with transistor
(Series MOC70) and Darlington-type (Series MOCT1)
outputs (pg 267).

Motorola Inc.

Circle No 603

A VOICE MODULE

The low-bit-rate voice digitizer
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A DC/DC CONVERTER

The IR2100 dc/de converter needs only three external
components to form a complete 15V de, 500-mA dc/de
converter power supply that works directly from 115/
230V ac lines (pg 257).

International Rectifier.

Circle No 601

LBRYV Codec Module produces
voice-quality communications at
9600 bps. The pe board contains a
p-law codec that digitizes an ana-
log voice input (pg 262).
Advanced Compression
Technology.

Circle No 602

4 SOLDERABILITY
TESTERS

Mustmate-100 and -200 software

packages provide PC-based solder-

ability testing of electronic compo-

nents (pg 288).

Multicore Solders Ltd.

Circle No 605

Multicore Solders Inc.

EDN February 4, 1988
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/ It’s the brightest thing going in optical drives. The
Toshiba XM-3100. The fastest half-height 5.25"” CD-ROM
drive available on the market today. And it’s lighting the
way to a whole new realm of optical opportunities.

Because the XM-3100 is perfect for all sorts of applica-
tions. Like archives, catalogues and libraries. Any
application that calls for a refer-
ence database with infinite
capacity, complete
portability, dura-
bility and high
reliability.

Of course
what makes
the XM-3100

particularly

well suited to the
task is Toshiba engi-
neering. With features

| like both digital and

audio output to let your

database speak its

| mind. 400ms average

time-to-data to do the
job fast. And a SCSI

interface to make system integration painless.

But then, taking pains to do it right is nothing new at
Toshiba. After all, we shipped the first optical drive way
back in 1981 and we've been in front ever since. With the
products, the engineering and the support it takes to be
the leader.

To see how the Toshiba XM-3100 can help put you in
front, call us at 714-583-3150.

And before long you'll be light years ahead of the
competition.

In Touch with Tomorrow

TOSHIBA

TOSHIBA AMERICA, INC.
Disk Products Division, 9740 Irvine Boulevard, Irvine, CA 92718

1987 Toshiba America, Inc.
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LEADTESETINITYEX

ITEM

TRANSFORMERS

Toroidal

Percentage of respondents

ITEM

Pot-Core

RELAYS
Dry reed

Laminate (power)

Mercury

CONNECTORS
Military panel

Solid state

Flat/Cable

DISCRETE SEMICONDUCTORS
Diode

Multi-pin circular

Zener

PC (2-piece)

Thyristor

RF/Coaxial

Small signal transistor

Socket
Terminal blocks

MOSFET

Power, bipolar

Edge card

D-Subminiature

Advanced CMOS

Rack & panel

CMOS

Power

L

PRINTED CIRCUIT BOARDS
Single-sided
Double-sided

LS

INTEGRATED CIRCUITS, LINEAR

Communication/Circuit 42

Multi-layer

OP amplifier

Prototype

R

Voltage regulator

RESISTORS
Carbon film

MEMORY CIRCUITS
RAM 16k

Carbon composition

RAM 64k

Metal film

RAM 256k

Metal oxide

RAM 1M-bit

Wirewound

ROM/PROM

Potentiometers

EPROM 64k

Networks

EPROM 256k

FUSES

SWITCHES
Pushbutton

EPROM 1M-bit

EEPROM 16k

Rotary

EEPROM 64k

DISPLAYS
Panel meters

Rocker

Fluorescent

Thumbwheel

Incandescent

Snap action
Momentary
Dual in-line

WIRE AND CABLE
Coaxial

LED

Liquid crystal

MICROPROCESSOR ICs
8-bit

16-bit

Flat ribbon

32-bit

Multiconductor

Hookup

FUNCTION PACKAGES
Amplifier

Wire wrap

Converter, analog to digital

Power cords

Converter, digital to analog

POWER SUPPLIES
Switcher

LINE FILTERS

i

Linear

CIRCUIT BREAKERS

HEAT SINKS

CAPACITORS

Ceramic monolithic

Ceramic disc

Film

Aluminum electrolytic

RELAYS
General purpose

Tantalum

PC board

INDUCTORS

o B o B
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Unclutter your1553 data bus.

Now you can have a more reliable
MIL-STD 1553 data bus system that uses
less real estate. All on our monolithic,
dual-redundant UT1553B RTI.

Fully proven in military and
aerospace products of United
Technologies Corporation, UTMC’s
RTI is ready for your system.

It features the low power
consumption of CMOS technology and
is the standard LAN used for military
systems requiring a serial bus with low

EMI/RFI susceptibility and high data

integrity. Of course, the UT1553B
RTI is screened to selected tests in
MIL-STD 883C.

This RTI reduces host overhead
with an automatic DMA and address
generation and can be used in a

transparent dual-port RAM configuration.

It interfaces with data bus transceivers,

system memories, and 8- or 16-bit CPUs.
Various 84-pin package options available.

If your 1553 data bus needs are
getting lost in a maze of hybrids, call
UTMC. We'll unclutter things.

Product Marketing

United Technologies
Microelectronics Center

1575 Garden of the Gods Road
Colorado Springs, Colorado 80907
1-800-MIL-UTMC

VPR UNITED

2 TECHNOLOGIES

% MICROELE
CENTER
CIRCLE NO 72
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imulating and testing

large, multi-technology
systems utilizing ASIC's
always involved lots of guess-
work. And a little magic.

No more.

Now there’s the AIDA
Design System.

A comprehensive set of
software design tools for cap-
ture, simulation and automatic
generation of test patterns
for systems of 5000 to 1 million
gates. At all levels— chip,
board, system.

Faster and more cost
effective than ever before.
Giving each designer 20 to 30
simulation turns a day. At
one-tenth the cost of hard-
ware accelerators.

The AIDA tool set is so
powerful, it lets you do com-
plete and automatic timing
analysis of your design to
identify all critical paths. And
simulate its operation by run-
ning actual application pro-

grams and diagnostic software.

System, syste
howwi
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Even better, it guarantees
100% test coverage for scan-
nable designs by automati-
cally generating all possible
test vectors.

Installation and training
are easy, too. Because the
AIDA Design System runs on
industry-standard work-
stations. And we have trans-
lators that let you use your
existing databases with the
AIDA design tools.

Skeptical? Call 408-
980-5200 now to get a video
tape® of what our customers
are saying.

And see how we're help-
ing them get systems off the
wall and into production. Fast.

For more information,
contact AIDA Corporation,
5155 Old Ironsides Drive,
Santa Clara, CA 95054,
408-980-5200.

A

*We reserve the right to qualify recipients.

AIDA is the trademark of AIDA Corporation. © 1987.
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You can reduce simulation time by adding a hardware accelerator, which implements simulation algorithms in hardware. The Cats
accelerator from HHB Systems performs logic, timing, and fault simulation at around 300 times the speed of a VAX 11/780. The Cats
accelerator starts at $200,000; for a VAXstation 11, the basic Cadat simulation package cost
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Sophisticated digital simulators can help you develop your
application-specific IC (ASIC) designs. Simulators can prevent
chip-level design problems and can often come up with good
test-vector sets, but they can’t corvect failures vesulting from
the old engineering bugaboo—inadegquate design specifications.

Margery S Conner, Regional Editor

Design flaws in application-specific ICs (ASICs) can be
costly: Most ASIC foundries report prototype chip
yields of 95%, but many of their customers regularly
throw away 40 to 60% of those chips because of flaws in
the original designs. Digital-ASIC simulation packages
can help you identify and correct some of those flaws
before your design goes into production.

Manufacturers of these new logic and timing simula-
tors boast, with some justification, that their products
can solve your thorniest ASIC-design problems. (Fault
simulation packages are also available; see box, “Fault
simulators verify testabili-
ty.”) But no simulator in ex-
istence now, or likely to
exist in the near future—
barring a massive break-
through in artificial
intelligence—can make up
for the failure to specify
your designs rigorously at
the chip level.

You can obtain an ASIC-
simulation package from one
of three sources: You can use
your foundry’s in-house
package, you can develop
and support your own cus-
tom simulation package, or
you can purchase a simula-

Capable of performing logic, timing, and fault simulation, the
Lasar simulator from Teradyne ranges in price from $15,000
for the VAXstation 2000 version to $280,000 for the VAX 8800
version.

tor from a third-party supplier. Each of these ap-
proaches has its advantages and disadvantages. The
major advantage of using a foundry’s in-house simula-
tor, for example, is that the simulator is developed
specifically for the foundry’s processes and devices.
When you use such a proprietary simulator, you are
using a package that the foundry knows intimately and
that is fine-tuned to model the foundry’s proprietary
process. What’s more, if you encounter problems with
your ASIC, you can get them solved promptly; you
don’t risk waiting around while the foundry and the
simulation vendor argue about whose fault the prob-
lems are.

The second option—that
of developing and support-
ing your own simulator—is
impractical for most compa-
nies because it requires a
large software effort. Devel-
oping a simulator is practi-
cal only for companies that
already do a great deal of
custom-IC work.

The big advantage of the
third option, the third-party
simulation package, is that
it’s portable: You can start
with one foundry and later
shift to another, as long as
the simulator you choose
supports both foundries’ li-
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braries of models. However, because of the huge num-
ber of foundries to choose from and the rapid advance-
ments in model design, vendors of third-party
simulators have not been quick enough to support new
models.

Foundry supports third-party simulators

Until recently, many of the larger ASIC foundries
have often refused to guarantee chips fabricated from
designs simulated with third-party simulators. Now,
however, some of the foundries show signs of bowing to
their customers’ demands for third-party-simulator
support. VLSI Technology (San Jose, CA), for exam-
ple, deals with many a potential customer that has
already invested in a workstation package and doesn’t
want to purchase another one from a foundry. The
company offers its Portable Library for the Daisy and
Mentor workstations. The basic Portable Library inter-
face is $10,000; the timing-module libraries cost $5000

each. (Each timing module is for a particular line width;
ASICs with 1.2-um line widths, for example, have
different timing characteristics than do those with
1.5-pm line widths.) Because of the competition among
foundries, third-party-simulator support will probably
become the rule rather than the exception.

VLSI Technology chose Daisy’s and Mentor’s simula-
tors because those two companies have large installed
bases. That decision illustrates the Catch-22 situation
that some of the younger simulator companies find
themselves in: Designers are reluctant to commit to the
newer simulator vendors, regardless of the quality or
cleverness of their products, because newer companies’
simulator libraries lack extensive foundry models.
However, it’s difficult for a younger company to develop
a library of foundry models, because foundries usually
choose only third-party simulators that are already in
wide use.

When you're choosing a third-party simulator, it’s

Fault simulators verify testability

The design engineer has tradi-
tionally been responsible for
troubleshooting any logic and
timing problems in an ASIC de-
sign. Now, however, the produc-
tion problems associated with
higher degrees of circuit inte-
gration—problems such as in-

ble by inserting faults into a
network model and running a
network simulation for both the
correct conditions (as an experi-
mental control group) and the
error conditions. For example,
the most commonly used fault
model, the “stuck-at” fault

Test vectors are the stimulus

and response patterns that the
ASIC foundry uses to verify that
its chip meets your design criter-
ia and that the manufacturing
process has not varied. Once the
chip is in volume production, the
foundry monitors the manufae-

creasing circuit complexity and
the lack of test points—are fore-
ing design engineers to shoulder
testability concerns as well. The
reason that design engineers

must consider testability is clear:

The best point at which to de-
termine whether a design is
testable, and thus manufactura-
ble, is the earliest one—the de-
sign stage.

To meet those needs, most
vendors of ASIC-simulation
packages currently offer fault-
simulation packages in addition
to their logic and timing simula-
tors. Fault simulators help en-
sure that designs will be testa-

model, assumes that inputs and
outputs of network primitives
fail at either a high or a low
state. The fault simulator looks
for changes in the output for a
stuck-at condition; if that output
is different from the output ex-
hibited in the fault-free state,
then the input vector has de-
tected a fault. The ultimate pur-
pose of the fault simulator is to
find out whether your fault-sim-
ulation vectors provide adequate
fault coverage.

Note that these fault-simula-
tion vectors are not test vectors.
Rather, you use fault-simulation
vectors to generate test vectors.

turing process by running the
test vectors through each ASIC.
Because of production-time
and cost restraints, an ASIC
house can usually run about 4000
to 10,000 test vectors through
the ASIC—for more vectors, you
must pay a premium. Although
10,000 test vectors are usually
enough to verify that a chip has
been produced correctly and
that the manufacturing process
is not varying, they are not suf-
ficient to verify that the design
is good. Fault-simulation vec-
tors, however, can verify that a
design meets its specifications.
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useful to consider the experiences of companies that
have developed their own simulators. Such companies
understand how simulators work and have practical
experience in applying them. Further, because they
don’t sell their simulators, these companies are relative-
ly unbiased about what a simulator’s capabilities should
be, and they’re under few illusions about what you can
expect from a simulator.

One company’s experience

For example, Zymos Corp (Sunnyvale, CA), which
designs and manufactures customizable IBM PC- and
PS/2-compatible chip sets, wrote its own logic and
timing simulator. Initially, the company let customers
use the simulator to simulate chips that varied from
Zymos’s basic ASIC design. The company then took
those designs and turned them into silicon.

Zymos discovered, however, that the chips developed
from those simulations often did not work in the cus-
tomers’ systems. The problem was not that the simula-
tions were wrong, but that the specifications the cus-
tomer used in the simulations were incorrect. Because
Zymos had incurred unnecessary nonrecurring engi-
neering costs to develop prototype chips that it never
produced, the company elected to require that all new
designs be proven first in its hardware emulator. In
essence, the company required a breadboard of the new
design. The lesson to be learned from Zymos’s experi-
ences is not that simulation doesn’t work, but that
ASIC design still requires a great degree of engineer-
ing-design skill.

Look for a complete library of models

The three most important features to consider when
choosing a simulator are the simulator’s library of
models, its modeling capabilities, and its timing-verifi-
cation capability. The library is the most important of
these features. It should have enough of the models you
need and should be compatible with your foundry’s
processes. Be sure to find out exactly what models the
simulator supports before purchasing it; don’t assume
that the simulator will have the models you need just
because it has a large number of models.

For example, a 7400, 74S00, and a 7T4ALS00 are all
implementations of a NAND gate, yet the simulator
manufacturer may count them as three separate mod-
els. Although it’s true that the different families have
different timing characteristics, the timing differences
don’t affect the device model; timing parameters are
loaded in at simulator run-time.

EDN February 4, 1988

With the 192M-byte expanded-memory option, the Compute Engine
Model M can simulate designs having as many as 325,000 gates. The
Model M typically allows Apollo workstations to perform logic
stmulations 24 times faster than they could without the accelerator.
This acceleration allows you to perform mixed-mode ASIC simula-
tion at the system level.

If, like most companies, your company designs prod-
ucts in one general field, it’s more important for you to
choose a simulator library that has most of the devices
you design with than it is for the library to have a broad
selection of models you won’t use. Even so, your compa-
ny will probably need to develop proprietary models for
devices; using these proprietary models is one way to
give your ASIC designs a competitive edge over prod-
ucts from companies that use all plain-vanilla parts. All
digital-ASIC simulators let you define proprietary de-
vice models.

Paradise Systems (South San Francisco), for exam-
ple, designs products and ASICs for the video-display
market. Paradise has found that no simulator library
covers all of the video-related devices that it designs
with. Paradise chose the Mentor simulator package and
added to it by writing many simulator models in house.
An alternative to writing extra models yourself is to
arrange for another company, such as Logic Automa-
tion (Beaverton, OR) or Quadtree (Bridgewater, NJ),
to develop the library models for you under contract.

Next in importance to the simulator’s library is its
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Simulation can help solve some desygn prob-
lems, but no simulator can make up for
poor chip-level specifications.

To perform behavioral modeling from the gate level through the
system level, the Verilog simulator from Gateway Design Automa-
tion uses the Verilog-XL hardware-description language (HDL).

modeling capability. Simulators that offer a behavioral
language make it easy for you to model complex de-
vices. Further, because behavioral languages can
model devices at various levels, they’re well suited for
use in hierarchical system design.

When you model a device, you face two challenges—
you must describe how the device works, and you must
be able to specify stimulus and response patterns. To
make this process as painless as possible, you should
use a simulator that supports a hardware description
language (HDL) that is a behavioral language. Behav-
ioral languages are C-like languages with control struc-
tures (constructs), such as If-Then-Else statements,
that are tailored for defining the behavior of a device
and its response to a stimulus.

Theoretically, the best way to design ASICs for a
complex system is to start by specifying the system
requirements. Next, you divide the system into subsys-
tems and define each subsystem’s requirements,
repeating this process through the board level to the
individual-ASIC level until the system is completely
defined. This complete set of requirements for each
building block allows you to simulate ASICs completely
in their environment.

That’s the theory, anyway. In reality, according to
Pete Johnson, a product marketing manager at Gate-
way Design Automation Corp, it’s very rare for a
company to do a complete hierarchical system design.
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Although more design engineers are seeing the benefits
of specifying designs thoroughly from the system level
to the chip level, Johnson notes, their managers don’t
always agree. The problem, he says, is that most
engineering managers operating under a tight schedule
feel more comfortable with hardware—even when it
doesn’t work and has to be rebuilt—than they do with
the intangible results of a software simulation. They’re
not always willing to wait for a designer to completely
specify and simulate a design before producing the
actual part.

Cirrus Logic (Milpitas, CA), a designer of custom ICs
for the peripheral-controller market, makes a good case
for drawing up detailed design requirements. Because
Cirrus’s ASIC designs are specialized, the company can
make the large software effort necessary to develop and
support a custom simulator. However, George Alexy,
the company’s vice president of marketing, is quick to
point out that no simulator is a panacea. More impor-
tant than software tools are engineers who thoroughly
understand what they’re trying to design and can
translate that understanding to good design specifica-
tions.

Cirrus, for example, committed itself to developing a
fully custom IBM VGA-compatible chip for IBM PC-
and PS/2-compatible machines in six months. Instead of
jumping immediately into chip design, the company
first developed a complete specification for the chip.
After performing the design, Cirrus used a simulator
that forced the designers to compare the simulated
results with the initial requirements. This practice
ensured two things: first, that the designers thoroughly
understood how it expected the chip to perform in the
system, and second, that the design would be complete-
ly documented.

No guarantee it’s a duck

This detailed approach has obvious advantages over
the traditional design technique that assumes, as the
saying goes, that if it looks like a duck, walks like a
duck, and quacks like a duck, it probably is a duck.
Cirrus’s results were impressive; it had delivered over
20,000 of the VGA-compatible chips before its competi-
tors even started shipping. The project’s success was
largely due to the effort the company put into the initial
design specifications.

Although they can emulate Cirrus by placing more
emphasis on their designs’ initial specifications, most
small companies don’t have the resources to develop
their own simulators. Instead, they must rely on third-
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module gate__adder(carry__out, sum, a, b, carry__in);
input[3:0] a,b;
input carry__in;
output [3:0] sum;
output carry__out;
addbit add3(carry__out, sum([3], a[3], b[3], c2);
addbit add2(c2 , sum[2], a[2], b[2], c1);
addbit add1(c1 , sum(1], a[1], b[1], c0);
addbit add0(c0 , sum[0], a[0], b[0], carry__in);
endmodule
module addbit(cout, sum, x, y, cin);

input x,y,cin;
output sum,cout;

xor gi(half_sum,x,y),
g2(sum,half__sum,cin);

and g3(ov,half__sum,cin),
g4(half__carry,x.y);

or g5(cout,ov,half__carry);

endmodule

(c)
module func__adder(carry__out, sum, a, b, carry__in);

input([3:0] a,b;

input carry__in;
output [3:0] sum;
output carry__out;
wire [4:0] full__sum;

assign full_sum = a + b + carry__in;
assign sum = full__sum[3:0];
assign carry__out = full_sum[4];

endmodule

(d)
module alg__adder(carry__out, sum, a, b, carry__in);

input[3:0] a,b;
input carry__in;
output [3:0] sum;
output carry__out;

reg temp__carry,carry__out;
reg [3:0] sum;
integer i;

always @(a or b or carry__in)
begin
temp__carry = carry__in;
for (i=0)ic 28 i=141)
begin
sum[i] = a[i] * b[i] * temp__carry;
if(ali] + bli] + temp__carry > 1)
temp__carry = 1;
else temp__carry = 0;
end
carry__out = temp__carry;
end

endmodule

Fig 1—To compare and contrast gate-level, functional, and algorithmic behavioral models, consider the 1-bit full adder shown in a. The
gate-level behavioral model (b) of the adder demonstrates the detail needed at this level of modeling, even when you use a hardware description
language (HDL). A functional model (¢) of the same adder device is much less complex and requires a less-detailed knowledge of the device’s
gate composition—the code is basically just the Boolean equation for an adder. The algorithmic model (d) is the most abstract level of
modeling. In this example it requires more lines of code than ¢ does, but for more abstract devices it’s the simpler of the two methods. Note that
the first five lines of each model are the same; they are necessary to make the module appear to the simulator as a black box. These five lines
describe the inputs and outputs and define an order in which the module can be accessed from another module. The language used in this

example is Verilog-XL from Gateway Design Automation.
/4 : ) !

party simulators to support the design effort from the
system level down to the chip level. If you choose a
third-party simulator, be sure to choose one that uses
an HDL, which is invaluable in supporting this range of
simulation levels.

Behavioral-language models

Most HDLs being developed now are behavioral
languages. You can use most behavioral languages to
model devices from the transistor level up through the
algorithmic level. Although early simulators could use
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only transistor-level (or switch-level) device models,
most currently available simulators can use a range of
models, from the gate level to the algorithmic level.
Devices are becoming so complex that even gate-level
modeling is becoming impractical, however.
Developing a gate-level model of the 80386 could take
a relatively long time—perhaps even a few years. In
other words, it can take as long to model a device at the
hardware level as it does to design it in the first place.
At present, it’s common to make behavioral-language
models of complex chips at the more abstract bus level.
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Some of the larger foundries now show
signs of bowing to their customers’ de-
mands for thivd-party-simulator support.

Logic Automation developed such a model for the 80386
(which it offers for $1850) over several months.

Behavioral-language modeling models a chip by de-
seribing, in a behavioral language, how the chip acts
(“behaves”) in the system. Although it takes about as
long to create a behavioral-language model of a simple
device—a flip-flop, for example—as it does to construct
a Boolean model of the device, you can model complex
devices much more rapidly by using behavioral-lan-
guage modeling rather than hardware-level modeling.
Hardware-level modeling describes the specific physical
structure of a device. Because a behavioral-language
model describes the behavior of a device independently
of its physical structure, foundries can make extensive
changes in the physical structure—as long as they don’t
change the device’s behavior—without invalidating the
simulation results obtained with the behavioral-lan-
guage model.

Strictly speaking, you can make a behavioral model
of a design at any level. Practically speaking, however,
youll probably use a behavioral-language model only
when your ASIC’s gate count exceeds about 25 gates.
The programming overhead associated with behavioral-
language modeling (setting up variables, for example)
is too great to be worthwhile for less-complex devices.

ASIC simulators that offer behavioral languages let
you model devices at any of three levels: the gate,
functional, and algorithmic levels. A gate-level model
defines a device in terms of its gate interconnections. A
functional model defines a device’s behavior as a set of
Boolean equations. An algorithmic model defines the
device’s behavior in terms of algorithms by making full
use of a behavioral language’s constructs and higher-
level capabilities. Fig 1 gives examples of gate-level,
functional, and algorithmic models written in an HDL
that is also a behavioral language.

Hardware modelers

If your design includes a commercially available
component for which no software model exists, you can
still use that part in your simulation by plugging a
hardware model of the part into a hardware modeler. A
hardware modeler is a unit that interfaces with (or is
built into) the simulator’s workstation. A hardware
model is usually a board that contains the commercially
available device and any required support circuitry.
Companies such as HHB Systems, Ikos, and Mentor
offer hardware modelers and hardware models of vari-
ous parts for use with their simulators. HHB Systems,
for example, offers its hardware modeler for $65,000
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and sells hardware models for around $5400 each.

A big advantage of hardware modeling is that, unlike
a software model, a hardware model of a device always
performs exactly as the commercially available part
does. A disadvantage of the hardware model, however,
is that although it always matches the commercially
available part, it may not match the device the foundry
eventually produces, because of design revisions. Soft-
ware models can be changed more easily to accommo-
date any revisions. Further, you can’t use a hardware
model to run timing simulation, because you can’t
change the timing parameters of the hardware model.

Consider performing a timing simulation

To draw up a detailed specification for your ASIC,
you need to specify timing parameters. It’s one thing to
write an ASIC specification that baldly states the
relationship among the logic levels; it’s much more
difficult to write a spec that explains the minimum and
maximum timing for each signal. These timing ex-
tremes are important because they verify that the
ASIC will work over the range of timing conditions the
manufacturing process allows.

Although min/max timing verification is time con-
suming because of the number of variables the simula-
tor must consider, consider running a timing simulation
anyway: Timing-simulation information is critical be-
cause it is information that a breadboard can’t give. If
your design has more than 5000 gates, your timing
simulation will probably run very slowly. To speed the
simulation of large designs, consider using a hardware
accelerator.

Hardware accelerators are optional units that imple-
ment the simulation algorithms in hardware. Mentor’s
Compute Engine Model M accelerator, for example,
lets aworkstation perform a logic simulation of a 23,000-
gate circuit 24 times faster than it could without the
accelerator. The accelerator interfaces with the Apollo
Model DN400, -500, -600, and -3000 workstations.
Prices for the Compute Engine start at $59,900.

However, accelerator prices cover a wide range.
Zycad’s line, for example, starts with the $38,000
Magnum and ends with the $2.5 million System Devel-
opment Engine. Accelerators are also available for
smaller budgets. One of the least expensive hardware
accelerators is Aida’s Persim, which performs 5 million
evaluations/sec. The Persim Model 1 can model 64,000
gates; the Model II can model a maximum of 128,000
gates. The prices are $7500 and $20,000, respectively.

The reason the prices and simulation times quoted for
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‘REAL-TIME’ SOLUTION
TO ASIC VERIFICATION

Tests Full Speed
At Up to 50 MHz
Across Entire Cycle.

or the first time, you can test
your VLS| prototype design at
real world operating speeds.
Thoroughly and easily. Across the

entire cycle. Without compromise.

Topaz is a totally-integrated ASIC
verification system that reduces
prototype characterization and fault
analysis time, while offering these
exclusive advantages:

e Full Data Formatting to 50 MHz
—for quick measurement of set-
up times and propagation delays.

¢ 256 1/0 Channels at Speed,

Without Multiplexing—for max-

imum performance and flexibility.

e Programmable Pattern Gener-
ation to 50 MHz—for initiation
of loops, branching and data
control.

ASIC design requires painstaking
accuracy. Verifying that design has
been neither fast nor easy. The time
available to get today’s increasingly-
complex ASICs to market continues
to contract, and the price of an
undetected error can be incredibly
costly.

With Topaz, you'll know your
design is right, and you'll know it
faster. CAE-LINK™ software permits
easy translation of simulator vectors
into ready-to-use test vectors. And,
our exclusive Meta-Shmoo™ soft-
ware allows you to quickly sweep
voltages and times at 500ps incre-
ments across an entire cycle, with-
out programming.

It acquires data with a minimum
of effort; and its ability to do graphic
error-bit mapping and multi-level
triggering gives it unequalled per-
formance in failure analysis.

Topaz is a cost-effective solution
to today’s high speed ASIC verifica-
tion needs, and the even higher
speeds you'll require tomorrow. Call
for complete details or your per-
sonal demonstration.

18902 Bardeen, Irvine, CA 92715
Phone: (714) 752-5215

DIAL TOLL FREE 1-800-HILEVEL
(In California 1-800-752-5215)

Circle 112 for Demonstration
Circle 151 for Literature Only




Thivd-party simulators ave porvtable: You
can start with one foundry and later
switch to another, as long as your simulator
supports both foundries’ libyaries.

the Persim models seem very low is that these simula-
tors operate differently from the others. The Aida
simulators perform levelized-compile-code simulation,
which evaluates the output state of all logic gates in a
design, in accordance with each change in the input
pattern, and ignores timing delays. This type of simula-
tion takes place much more quickly than do simulations
that take gate delays into account. By ignoring any
gate delays, the simulator can simply evaluate a Boole-
an equation. After you’ve performed the logic simula-
tion and caught any obvious logic-design problems, you
can then run the design through the timing-analyzer
software, which determines the timing associated with
all of the circuit’s delay paths.

Because the Aida simulator doesn’t take the gates’
timing characteristics into account, this timing analysis
only works for synchronous circuits; the simulator
merely flags any asynchronous circuits. This scheme is
generally adequate for most designs, however, because
most large gate designs are synchronous.

Not all simulator manufacturers are fans of hardware
accelerators. Prabhu Goel, president of Gateway De-
sign Automation, claims that as engineering work-
stations gain more processing power, they’ll no longer
need separately accelerated simulation algorithms. For
now, however, keep in mind that accelerators can
commonly execute 500 MIPS, which is still far beyond
the capability of a general-purpose workstation at pres-

Manufacturers of ASIC simulators

For more information on digital-ASIC simulation packages, contact the following manufacturers directly or circle the

Aida Corp

5155 Old Ironsides Dr
Santa Clara, CA 95054
(408) 748-8571

Circle No 650

Aptos Systems Corp
4113 Scotts Valley Dr
Scotts Valley, CA 95066
(408) 438-2199

Circle No 651

The CAD Group Inc
3911 Portola Dr
Santa Cruz, CA 95062
(408) 475-5800

Circle No 652

Cadnetix Corp
5757 Central Ave
Boulder, CO 80301
(303) 444-8075
Circle No 653

Calma Co

501 Sycamore Dr
Milpitas, CA 95035
(408) 434-4000
Circle No 654

Control Data Corp
8100 34th Ave S
Minneapolis, MN 55440

Data General Corp
6300 S Syracuse Way
Englewood, CO 80111
(303) 694-2900

Circle No 657

Endot Inc

11001 Cedar Ave
Cleveland, OH 44106
(216) 229-8900
Circle No 658

Gateway Design Automation
Box 573

Westford, MA 01886

(617) 692-9400

Circle No 659

GenRad Inc

510 Cottonwood Dr
Milpitas, CA 95035
(408) 946-6960
Circle No 660

HHB Systems
1000 Wyckoff Ave
Mahwah, NJ 07430
(201) 848-8000
Circle No 661

Ikos Systems Inc
145 N Wolfe Rd
Sunnyvale, CA 94086

appropriate numbers on the Information Retrieval Service card.

Personal CAD Systems In¢
1290 Parkmoor Ave

San Jose, CA 95126

(408) 971-1300

Circle No 664

Silicon Design Labs

645 Martinsville Rd
Liberty Corner, NJ 07938
(201) 580-0102

Circle No 665

Silvar-Lisco

1080 Marsh Rd

Menlo Park, CA 94025
(415) 324-0700

Circle No 666

SimuCad

1040 Marsh Rd

Suite 200

Menlo Park, CA 94025
(415) 321-2350

Circle No 667

Simulog In¢

2336H Walsh Ave
Bldg G

Santa Clara, CA 95051
(408) 727-8272

Circle No 668

Spectrum Software

Valid Logic Systems Inc
2820 Orchard Parkway
San Jose, CA 95134

(408) 945-9400

Circle No 671

Vamp Ine

6753 Selma Ave

Los Angeles, CA 90028
(213) 466-55633

Circle No 672

Viewlogic Systems Ine
275 Boston Post Rd W
Marlborough, MA 07152
(617) 480-0881

Circle No 673

XCAT

2855 Anthony Lane S
Minneapolis, MN 55418
(612) 789-2050

Circle No 674

Zycad Corp

3500 Zycad Dr

St Paul, MN 55109
(612) 631-5555
Circle No 675

(612) 853-7460 (408) 245-1900 1021 S Wolfe Rd

Circle No 655 Circle No 662 Sunnyvale, CA 94086
(408) 738-4387

Daisy Systems Corp Mentor Graphics Corp Circle No 669

700 Middlefield Rd 8500 SW Creekside Pl

Mountain View, CA 94039 Beaverton, OR 97005 Teradyne Inc

(415) 960-6593 (503) 626-7000 321 Harrison Ave

Circle No 656 Circle No 663 Boston, MA 02118
(617) 482-2700
Circle No 670
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ent. It’s likely that accelerators will continue to in-
crease in popularity for high-gate-count designs and for
accelerating PC-based workstations, while unaided
workstations will provide acceptable performance for
medium-gate-count designs.

Unlike the manufacturers that offer hardware accel-
erators, Ikos has taken a different approach. The com-
pany designed its simulators to implement all of their
simulation algorithms in hardware. The Ikos 1900, for
example, is a deskside tower that interfaces to an IBM
PC/AT, Apollo DN3000, or Sun 3. The 1900, which
starts at $46,500, simulates designs of as many as
16,000 gates. You can increase that number—to 245,000
gates—by adding as many as fourteen 16,000-gate
evaluation boards at $11,000 each. EDN
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Low Cost EL Lamps. Fast.

I \With the fastest turnaround in the industry.

BKL's new soft touch EL lamps are made with
KARD-O-LITE,™ a revolutionary material that is
quickly and easily die-cut to any configuration.

BKL's patented automated manufacturing
process produces extremely thin (.012""to .018"),
superior quality EL lamps at a drastically reduced
cost. Ideal for LCDs, membrane switches, flat
Il panel displays, emergency and safety lighting.

' Call Dean Smith at (215) 277-2910.

1 R

i
‘ Bonar KARD-O-LITE,™ Inc.

421 Feheley Drive, King of Prussia, PA 19406
(215) 277-2910

___CIRCLE NO 14

THE SOURCE FOR
INDICATOR LIGHTS

O o

HOWTO
MAKE
THE
LIGHT
DECISION.

FREEZ:

IDI offers you the largest selection. LED's, Neon Glow
Lamps, Relampable and Non-relampable indicator lights.
They re all listed in our free catalog. Along with standard
variations, money-saving packages, our customizing services
and much, much more.

It's the industry’s source. .. make it your source.

oy

It’s yours FREE!! For more information,
circle _15__ on the reader’s card.

Industrial Devices, Inc., Hackensack, NJ 07601
Telephone: (201) 489-8989
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" Aleader’s work is never

Xilinxe Programmable Gate Arrays have densities up to and including 9000 honest gates.

dOne, How dense can you get? We aim. to keep finding out.
thelﬁﬁsgr‘;rrffni%fg eI with moregates than THE PROGRAMMABLE
Array and with it a whole anybody ever thought a pro- GATE ARRAY, IMPROVED.
new category of logic grammable logic device The 3000 series has a
devices, than were already ~ "Ould ever have. second generation Logic
outdoin’g oilielves And, are you ready? Cell”Array architecture that

By adding a brahd 7 Cheaper to use than con- turns a 40 MHz system
more powerful family of ’ ventional gate arrays. clock rate.
Programmable Gate Arrays ~ Which makes them more That's enough speed to
the 3000 series ’ ideal than ever. run with the highest per-

Whatkewtand | formance microprocessors
different? 2 }?7 you can name.

They're faster 4 Of course, our patented
and denser,

\
LI

Are the zebra stripes white-on-black or black-on-white? Should you buy the Programmable Gate Array for its cost-cffectiveness,
short development cycle, off- the-shelf availability, or its 100% testability? Yes to both questions.
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LOGIC DEVICE. AGAIN.

architecture is also respon- With their new architec- So much less it isn't even
sible for gate counts that ture, you'll have the speed funny. At least, not to them.
range from 1200 in the you need, plus the density to We can prove it, too.
XC 2064 to 9000 in the get all your logic on one Weve prepared a study
XC 3090. device. that lays out the cost com-

Enough density for just Adevice with advantages ~ parison data in detail and,
about any logic application no other technology can needless to say, wed love
you can name. match. to send you a copy. (There’s

Plus more flexibility also a nice thick data
in routing and gate util- :
ization than you'll know Y ——————
what to do with. PR

THE ONLY
LOGIC DEVICE YOU MAY
EVER NEED.

Like all Xilinx Pro-
grammable Gate
Arrays, our 3000 series
offers the same advantages
you’Ve come to know and Want to see how fast our new 3000 series is? Wand to see it again?
love: , Now stop and ask your- book for those of you who

Gate array density. self, “Why should I use are already true believers.)

_ User-programmability anything else?” Just call us toll-free at

with unlimited reprogram- Good question, isn't it? (800) 255-7778.
mability. In California, (408)

No NRE or inventory THE PRICE 559-7778.Or contact your
risk. IS RIGHT, TOO. local Xilinx sales repre-

100% tested parts. We've told you about our  gentative or distributor.

Low cost gate array type ~ improved speed. The Programmable Gate
design tools. And our increased Array from Xilinx. It's

And a development cycle  density. everything you've ever
that fits between paychecks. But weve saved thebest  wanted. Again.

Our Programmable Gate ~ news for last.
Arrays also make it simple Using a Xilinx Program- i’ XI I_I NX
to choose a logic device. mable Gate Array costs o

They simply make every  /less than using a conven- The Programmable
other logic device obsolete. tional gate array. Gate Array Company ™

Xilinz; Logic Cell Array, XACT and Programmable Gate are trademarks and The Programmable Gate Array Company is a service mark of Xilinz, Inc.
© 1987 Xilinx, Inc, 2069 Hamilton Ave, San Jose, CA 95125, (408 ) 559-7778.
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Easy ASIC




Most complete ASIC building blocks.
Most versatile design/package options.
Most experienced ASIC technology.

Nobody but nobody puts ASIC technology
together like OKI Semiconductor can.

Ease into ASIC with OKI as your close
working partner—and you instantly
support your VLSI application with the
most comprehensive ASIC capabilities on
the world market today. Bar none.

From gate array, standard cell and full
custom chips to standard components
to integration to advanced board level
products, OKI alone puts you on the
leading edge of ASIC technology and its
complete implementation.

OKI:

Opt for OKI ASIC, and you open up your
options across the board. Only OKI now
offers the system designer the unique
security and entry ease that only a
proven track record in CMOS ASIC
problem-solving can provide. This his-
tory of performance built up since 1977
has produced the widest range of solid
building blocks yet: advanced ASIC prod-
ucts and packaging including surface-
mount, backed up with the most flexible
cell libraries, CAD/CAE design tools and
development aids.

As your working partner, OKI ASIC ex-
pertise is available to you at any stage of
the development process. We’ll help you

volume fabrication, assembly and testing
completed in one of the world’s most
highly robotized manufacturing
facilities.

Compare ACIE
Total ASIC S
Capabilities o|& |8
Gate Arrays to 10K Gates L
Standard Cells to 30K Gates L
Full Customs - Lowest Cost L
1.5 Micron Cell Library e o o
Macro Cells e| o
Bi CMOS o
High Density ®
Surface Mount Packages
Board Level Products ®
Supporting Standard Products e
COB Technology ®
(Chip on Board)
CAD/CAE Design Support e o o
Customer-Friendly e o o
Design Interface
Regional Design Centers ® o o
Robotic Manufacturing ®

ASIC Solutions from OKI:
You can’t beat the logic!

define system requirements, determine
the most cost-effective product solutions
and supply complete design software— i

accessible at your own workstation or I rieaserush complete technical data/specs
through our regional design centers. And [ on OKIcapabilities in:

then we take it from there: with high | () Gate Arrays
( ) Standard Cells

( ) Full Customs

) Please call: we have immediate requirements:

r--------------------
EDN 020488

Name/Title

Company

Attach coupon to business card or ietterhead and return

to: ASIC Customer Service, OKI Semiconductor, 650 North

Mary Avenue, Sunnyvale, CA 94086. Tel: (408) 720-1900.
CIRCLE NO 100




' Gould K450B Logic Analyzer
80Ch. @ 100 MHz/40Ch @ 200MHz
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Start solving your design
problems today!

Gould offers two powerful
tools to help the digital design
engineer track down and elimi-
nate intermittent failures. Used
separately or teamed together
with sophisticated triggering,
they provide the power to
resolve design problems.

The K450B Logic Analyzer,
with 80 channels at 100MHz or
40 channels at 200MHz, gives
you an overview of the whole
system so that individual
glitches or timing errors can
be located.

For Info on the 4070 Circle 109

Using the 4070 Digital Storage
Oscilloscope, with 2 or 4 chan-
nels at 400 Megasamples per
second, you can capture the
analog details of the waveform
and find noise transients or
race conditions which can be
the source of the failure.

Put Gould on your design team
with our special combination
offer on scopes and analyzers.
Call 1-800-GOULD-10 or write
to Gould Inc., Test & Measure-
ment Group, 19050 Pruneridge
Ave., Cupertino, CA 95014.

4070 DSO K450B LA
2 or 4 channels @ 400MS/s

80 channels all @ 100MHz/
(400 Megasamples/sec.) 40 channels @ 200MHz
2.5ns resolution on 5ns glitch capture on
transient signals all channels
Auto Setup™ Auto Setup™

Trigger delay by time/events 16 levels of Trace ControlT™M

Built-in 4 color screen plotter Built-in disk drive

== GOULD

Electronics
For Info on the K450B Circle 148
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You shouldn't buy
more board tester
than you need.

T

Now, you don't have to settle for too little
or too much in a board tester. You can get
one that's just right for you. From HP.

The HP 3065 family of board testers
offers you flexibility. So you can get a
system that fits your board mix, process,
volume, and budget. Right now. And you
can add capability or upgrade at any time
to keep pace with your needs.

Qur family begins with the HP 3065ST,
our standard digital in-circuit tester
starting under $100,000. And goes all the
way to the HP 3065AT, one of the most
advanced combinational testers on the
market. You can combine controllers, test
stations, and options for the exact system
you need.

And no matter which you choose,
you get software and fixture compatibility
up and down the line. Networking with
CAE/CAD workstations and simulators.
Built-in analog functional instruments.

HP 3065ST - Low cost test HP 3065L - In-circuit test

A digital test library for 4,500 devices.

You get something else, too: HP
experience in ATE dating back to 1975,
with more than 85 service offices and
2,000 in-circuit testers installed world-
wide. Plus, product reliability backed by
our exclusive 99 % Guaranteed Uptime
Program *

It all means better value for you.
And, because our board test family offers
systems at each level of price/per-
formance, you buy just what you need. . .
no more and no less.

Call HP today for a free videotape!

For a free videotape on the HP board
test family, or more information, call
1-800-634-TEST (in Colorado, call collect:
303-669-9325.)

“ﬂ HEWLETT

PACKARD
CIRCLE NO 52

HP 3065AT - Combinational HP 3065AT - HP Telecomtest
|

*Some restrictions apply.
©1987 Hewlett-Packard Company 0901702




Consider the tradeofts
when evaluating
linear-semicustom ICs

System designers face special problems
when creating analog civcuits for semi-
custom IC fabrication. Unlike digital cir-
cuats, which you can veadily subdivide into
simple gates, analog civcuits ave highly ir-
regular, require diffevent design methods,
and frequently need nonintegvable external
components.

Bruce Moore, Raytheon Semiconductor, and
Will Ritmanich, Consultant

The problem of designing analog (linear) circuits suit-
able for semicustom fabrication is complicated by the
nature of the active and passive devices available for IC
fabrication. Because the fabrication process imposes
constraints, transistors, resistors, and capacitors in IC
form display performance characteristics different from
those of their discrete counterparts. To help minimize
the cycle time, cost, and risk involved in your design
effort, it is important to understand these performance
characteristics and the design approaches necessary to
implement a successful linear-semicustom circuit.

Start with a list

The first step in preparing your design for integra-
tion is to rank the circuit’s key requirements and
features in order of their relative importance. This
ranking is essential because the process of creating a

EDN February 4, 1988

semicustom-linear IC requires compromises involving a
number of factors, including the following:

® available power-supply voltages
desired power consumption
required circuit speed
desired accuracy
operating environment
I/0 considerations
time-to-market urgency
volume vs device-cost tradeoffs.

To the extent that it is possible, you should assign
objective specifications to each major functional block in
your circuit. Successful monolithic designs are easy to
manufacture and achieve good yields in volume produc-
tion. If you impose parameter specifications tighter
than those normally obtainable, you will limit produc-
tion yields and substantially increase device costs.
Don’t make any specifications tighter than needed, even
if you don’t think that there’s a chance of compromising
manufacturability.

In reviewing your circuit for feasibility of integra-
tion, you should be aware of four generalized aspects of
monolithic-IC circuit designs that distinguish them
from discrete or hybrid designs:

1. Matching. Semicustom IC designs generally rely
on the matching and tracking of component ratios
rather than on absolute values. If possible, you should
avoid circuits that depend on tight-tolerance absolute
values, or change the circuits to rely on component
matching. If the circuit needs precision components—
timing resistors, for example—you’ll usually have to
leave them off chip.

2. Component choice. You can best accomplish semi-
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Transistors, vesistors, and capacitors in in-
tegrated-circust form do not display charac-
teristics identical to those of their discrete
counterparts.

custom designs through proper partitioning, which
entails leaving the difficult-to-integrate components
outside the package. For instance, you must handle
large-value capacitors in this manner because it is
difficult and expensive to integrate more than 50 pico-
farads of capacitance on chip. Power transistors create
similar problems; they commonly require special pro-
cessing to achieve their rated performance, and the
large die sizes and high power dissipation of high-
current (>200 mA) power transistors usually preclude
their use on chip. Medium-power transistors, however,
are generally available on chip.

3. I/O limitations. Successful semicustom designs
generally minimize the number of bonding-pad (I/0)
connections and maximize the interconnection of inter-
nal elements. The number of I/O and power-supply
connections is a major determinant of an IC’s chip size,
packaging yields, test costs, and reliability. Try to keep
the IC pin count lower than 44 to take advantage of
low-cost packaging, though any work to minimize the
bonding-pad count will prove rewarding. In particular,
for circuits that use many capacitors, you can often
reconfigure the circuit to reduce the device pin count
while providing performance equal to or better than
that of the original design. If your circuit contains both
analog and digital elements, you'll sometimes find it
cost effective to split the design into two chips. Large
semicustom chips using analog elements to provide
digital functions are generally more difficult to design,
manufacture, and test—and are much more expensive
—than purely digital circuits with comparable logic
performance.

4. Infinite redesign. Although a discrete design that

N+ p N+

COLLECTOR EMITTER

P-TYPE SUBSTRATE

BURIED LAYER

Fig 1—The workhorse of the linear bipolar IC, this small-signal
npn transistor is similar to the 2N390) discrete type in construction
and basic performance. Its saturation voltage, stray capacitance,
and current-handling capability are inferior to those of the discrete
device.
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P-COLLECTOR P-COLLECTOR

EMITTER

P-TYPE SUBSTRATE

Fig 2—Having no practical discrete equivalent, lateral pnp transis-
tors operate laterally in the plane of the die surface. Their gain and

frequency characteristics are poor in comparison with those of

vertical devices.

is already in production can be modified, tweaks and
fixes in an IC are expensive and difficult, and thus you
should give some thought to the lifetime of the end
product. Consider including options or adjustability
features in your design before committing it to produc-
tion. (For more information on this subject, see box,
“Achieving first-pass design success.”) If there’s a
great likelihood that your initial design may change
before attaining substantial volume, then an array-
based approach is probably your best choice. If circuit
accuracy or volume requirements are a high priority,
you may want to choose a standard-cell design or a
full-custom design. An approach that many engineers
have adopted is to use arrays for prototyping and
low-volume production, and then to phase in full-custom
designs later. This approach offers the best of both
worlds—low initial design costs, low risk, a reduced
time factor, and the provision for producing low-cost
devices in large volume when you need them.

Bipolar workhorse is like the 2N3904

Fig 1 shows the structure of a small-signal npn
transistor, the workhorse of the linear bipolar IC.
Similar to the discrete 2N3904 in construction and basic
performance, it has one outstanding difference. In a
discrete transistor, ohmic contact is made directly
underneath the base-emitter junction to minimize bulk
collector resistance and V¢ge.. Because this intercon-
nection technique isn’t possible in a junction-isolated
IC, manufacturers add a heavily doped, buried layer
instead. This buried layer causes higher saturation
voltages, a higher collector capacitance (about 3 pF),
and a lower current-handling capacity (about 10 mA).

Frequency response of the integrated transistor is
very good—the small npn transistors in Raytheon’s
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Achieving first-pass design success

A general problem that most
system designers face is that
they don’t have the time to rede-
sign malfunctioning circuits. Be-
cause most linear ICs start with
a paper design followed by a dis-
crete breadboard, you should
avoid the possibility of a rede-
sign by selecting the most suit-

40k

able technology and methodolo-
gy early in your design cycle.

§

NPNS
Reducing the risks by eliminat-

ing the unknowns is always a NPNS

NPNS
NPNS

|
NPNS

good idea.

The approach that Raytheon
(Mountain View, CA) takes is to
eliminate most of the design dif-
ficulties posed by semiconductor
variables, by making the active
and passive components behave

Vear
OUTPUT Ra
100k
i Kt 16
Vgy = (7 )In o

R4
2.5k

R
Vour = 1,23v(1 + ﬁf)

q

more like familiar, off-the-shelf
devices. To ease the design task,
Raytheon has a kit available

currents to 20 mA.

Fig A—This 1.23V bandgap regulator rivals discrete designs. It has an initial circuit
accuracy of +2%, a typical TC of £20 ppm/°C, and a load regulation of =2 mV at

that includes sample devices,
software, and design documenta-
tion.

Raytheon’s RLA series of tile-
based, linear macrocell arrays
includes a variety of thin-film re-
sistors ranging in value from

As an example of the perform-
ance attainable with this ap-
proach, Fig A shows a bandgap
voltage reference that can also
function as an electronic ther-
mometer. The reference takes

block is a single macrocell loca-
tion connected as an operational
amplifier. The circuit generates
the reference voltage by adding
the Vpgg of the single NPNS to
the voltage across R,.

1.25 kQ to 150 k(). Further, the
configurable, tile-based differen-
tial gain blocks have high gain
and provide performance ap-
proaching that of many off-the-
shelf op amps and comparators.
In addition, a proprietary 2-lay-
er-metal process allows ease of
routing and provides maximum
array utilization and low NRE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>