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SPECIAL REPORT: SWITCHER CHIPS SERVE A FEAST FOR DESIGNERS 
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Electrical defects (PPM) 

As IR HEXFETs® hold their lead in power in the industry. lnAOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation III HEXFET process 

They're using our part numbers. And in some that's optimizing cell density and providing 
cases, they've even put "IR" in front of them. unparalleled performance per square inch. ~ 
They've thought of everything. Except performance, The bottom line: If you're buying 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the charts tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just might get a signed and 
quarterly reliability reports, the most comprehensive numbered copy. 

I IC~R llNTERNATIONAL RECTIFIER 
WORWH£ADQUART£RS:233KANSASST. EL SEGUNDO, CA9024S. USA. (213) 172-2000. TWX9/0-348-6l9/, TELEX41l-0403 
EUROPEAN HEADQUARTERS· HURST GREEN. OXTED. SURREYRH89BB. ENGLAND TELEPHONE (0883) 1132/S. TELEX9S2/9 
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We've put CMOS 
ondIBplay. 

If you're looking for the right LED 
display solution, take a look at HP. 
We've got a full line of low-power, 
easy-to-use alphanumeric CMOS 
displays. 

All featuring an integrated on-board 
CMOS IC. And all designed to pro­
vide you with a better way to meet 
your display requirements. 

Take our eight-character 5 x 7 smart 
alphanumeric display, for example. 
Its the industry's only customizable 
display. With up to 16 user-defin-

able characters and the capability 
to generate foreign characters, 
special symbols and logos. 

Or choose from four-character 5 x 7 
CMOS displays in all four LED colors. 

Smart 16-segment displays with 
built-in RAM, ASCII decoder and 
LED drive circuitry. Which also 
come in a drop-in 5 x 7 dot-matrix 
upgrade. 

And single-character red hexadeci­
mal displays with a4 x 7 dot-matrix 
display. 

CIRCLE34 

Best of all, they're from HP. So you're 
always assured ofHP's commit­
ment to excellence in service, sup­
port and reliability. 

For a free brochure describing our 
full line of CMOS display solutions, 
call 1-800-752-0900 ext. 233H. 
And see how easy it is to shine. 

There is a better way. 

F//'09 HEWLETT 
~~ PACKARD 
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You didn't get into this 



The only self-respecting place to be is first. 
And AMO can help you stay there with 

the World Network~ system level solutions in 
networking and communications. 

Everything from silicon to software to 
responsive support. 

The World Network offers solutions that 
work together Right out of the box. From 
the company that sells more communications 
devices than anyone~ 

AMO has the worlds most complete family 
of ISON hardware and softw?re. And two fiber 
optic products: The first and only FODI solu­
tion around; and our breathtakingTAXI™forvery 
high speed point-to-point communications. 

We have conventional communications 
solutions on line. too: SLIC/SLAC™ for switching 
equipment. and complete hardware and 
software for Ethernet. All designed to get you 
to market first. 

Because. no matter where you stand. 
the only way to look at second place is from 
over your shoulder 

Advanced Micro Devices l1 
901 Thompson Place, PO. Box 3453. Sunnyvale. CA 94088. 

For more information about the World Network. call (800) 222-9323. 
© 1989 Advanced Micro Devices. Inc. World Network. TAXI and SLAC are trademarks of Advanced Micro Devices. Inc. 

•According to a Dataquest Report.October 1988 for the year 1987. Stated in dollars. 
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TECHNOLOGY ANALYSIS 

37 COMDEX SPOTLIGHTS SEMICONDUCTORS 
At this year's show, the big news is I Cs, not PCs. 

COVER FEATURE 

51 GAAS CHIP SET SHUTTLES SERIAL DATA 
Accepting and delivering parallel data at 25 MHz, these 
GaAs chips eliminate wide, fast buses by transferring 
data serially at 1 Gbit/s. 

ELECTRONIC DESIGN REPORT 

59 SWITCHER CONTROLLERS ABOUND 
These I Cs simplify the design of a wide range of switch­
ing power supplies. 

DESIGN APPLICATIONS 

75 A VOID FAST-LOGIC PITFALLS 
Make sure that your turbo-charged logic system works 
by paying as much attention to pc-board layout techiques 
as to logic design considerations. 
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DESIGN 

89 ADD COLOR IMAGING To GRAPHICS 
Two dedicated CMOS ASICs, running at real-time video 
rates, anchor a color-value-conversion circuit that en­
hances imaging capabilities. 

103 PEAK IMAGE-DATA FLOW 
By controlling throughput between processing stages, 
microsequencers offload the signal processor. 

PRODUCT INNOVATIONS 

131 PLD FITS MANY MICROCONTROLLERS 
IC has EPROM, RAM, and logic for 45 configurations; in­
terfaces 8- and 16-bit microcontrollers. 

1418-BIT CONTROLLERS BOOST THROUGHPUT 
RISC-like architecture improves instruction efficiency 
with just two cycles. 



14 EDITORIAL 

18 TECHNOLOGY BRIEFING 
Computer makers can now go 
head-to-head 

23 TECHNOLOGY NEWSLETTER 
•Image processor puts 20 CPUs in 
parallel 
• Nonstop processor clocks two 
instructions/ cycle 
• Board adds zip to Mac II's graphics 
• New year will also ring in new volt 
and ohm 
• Designers get help building tele­
com VLSI 
• 68000 CPU supercell powers laser 
controller 
• Scanned-laser system speeds mask 
making 
• ASICs combine fast, low-power 
circuits 

29 TECHNOLOGY ADVANCES 
• Tiny displacement boosts resolu­
tion of charge-coupled device 
• Flash EEPROM takes changes in 
place by cutting programming sig­
nal to 5V 
• To ensure testable circuits, soft­
ware embeds scan-path logic 
• Tight head tracking, DSP analysis 
helps 8-in. drive pack 2.5 Gbytes 

111 IDEAS FOR DESIGN 
• Divide-by-N counter runs above 
lGHz 
• Get a precision -10-V reference 
• Bootstrapping reduces power 

Certificate of Merit 
Winner, 1988 
Jesse H. Neal Editorial 
Achievement Awards 

Cover illustration by Bob Moyer. 
Chips courtesy of Gazelle Microcircuits Inc. 

117 WESCON PREVIEW 
Wescon centers on component and 
system technologies 

127 PRODUCTS NEWSLETTER 
• PC software automates bandpass­
filter design 
• Design and analyze filters on a 
Macintosh computer 
• Configurable analyzer adds 80386 
capability 
• Generator puts out pulses at 
300-MHz rate 
• Sealed rotary switches suit SCSI 
control 
• Output modules offer dry contacts 
• Enhanced IBM PS/2 zips along at 
33MHz 
• Electrostatic color printer cuts cost 
• Ensure testable I Cs with test 
express 
• Late-breaking Wescon products 

NEW PRODUCTS 
145 Digital I Cs 
ECL array boasts speed; embedded 
array flaunts density, fast turn­
around 
153 Analog 
161 Instruments 
169 Computer Boards 
17 4 Components 
176 Computers & Peripherals 
181 Packaging & Production 
182 Computer-Aided Engineering 
184 Power 
186 Communications 
188 Software 

191 PRODUCT NEWS 

194 APPLICATION NOTES 

198 MAILBOX 

200 UPCOMING MEETINGS 

215 INDEX OF ADVERTISERS 

217 READER SERVICE CARD 

COMING NEXT ISSUE 
• First details on a bevy of data-ac­
quisition beauties: four new linear 
ICs that offer unprecedented speed 
and precision. 
• A preview of VLSI innovations to 
be discussed at the 1989 Internation­
al Electron Devices Meeting. 
• Special Report on RISC-based 
systems. 
• Designing software for parallel­
processing systems. 
• Design details on two impressive 
new microcontrollers. 
• How VRAMs deliver faster memo­
ries with less critical timing. 

ELECTRONI C Df;SIGN (USPS 172-080; ISSN 0013-4872) 
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Title registered in U.S. Patent Office. Coiiyright e> 
1989 by Penton Publishing, Inc. All rights re­
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of the copyright owner. . . 
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Toyocom standard or 
custom-made hybrid !Cs are yours to choose from. 

Either way, quality and reliability are assured. 

THS-50 Current Sensors 
Designed to automatically detect loop current 
generated in network control unit (NCU) of facsimile, 
modem, or other OA equipment connected to public 
telephone lines. They feature high detection sensi-

THS-50 
8-4 

TOYOCOM 

tivity and current detection capability. They also provide small 
series resistance (60 or less) and high isolation voltage. 

THP..50 Regulated Power Supply Hybrid ICs 
for Low Input Voltage 
The THP-50 maintains a constant output voltage 
in circuits and equipment to protect against 
variations in line voltage, output load or ambient 

temperature. 'I\vo stabilizing output circuits and one voltage detection 
circuit are featured. Compact size makes this item ideal for equip­
ment powered by a 1.5V dry cell battery. 

Active Filters 
Capable of meeting such transmission characteristics as LPF, HPF, 
BPF, BEF, Amp EQL, Phase EQL, Delay EQL, and NET in the 
frequency band up to 200kHz. Employing a sophisticated hybrid IC 
structure and using thick-film resistors, 
mini-flat I Cs and chip capacitors, .' ' ' · ~ 

den,ity moun6ng; .in«ea&d celiability .I I R Toyocom Active Filters permit high · • • • 

and qmck mstallation. 1 1 

TO YOCOM 
TOYO COMMUNICATION EQUIPMENT CO., LTD. 
20-4 , Nishi-Shimbashi 3-chome, Minato-ku, Tokyo 105, Japan 
Phone : 03-459-7310 Telex : 02423115 TOYOCO J Facsimile : 03-436-1434 

TOYOCOM U.S.A., INC. 
Chicago Office: 617E. Golf Road , Suite 112 Arlington Heights, Illinois 60005 
Phone : 312-593-8780 Telex : 4330274 (TOYOCM) Facsimile : 312-593-5678 

Los Angeles Office: Downey Saving Bldg ., 3200 Bristol Street , Suite 720, 
Costa Mesa , California 92626 
Phone : 714-668-9081 Telex : 4720819 TOYOCOM LA Facsimile : 714-668-9158 
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Your 
perceptions 

of 
powerlCs 

are about to 
be shattered ••• 



The times, they are a' changi.n '-Power Integrations 

Simple to use, Adds more value. More versatile. 

Analog sensor application LED can indicate current thru load Simple pulse width modulation 

v.10CJ 

.. 
Rf.StsTOR ,........,. 

.01µF 

• Operates from rectified AC or DC power source 
• Controlled by analog sensors, mechanical 

switches and digital logic (TTL or CMOS) 
• On-board low voltage power for control circuitry 

.01µ F 

V.,.(DC) 

LOAD 

ON(Set) 

OFF (Reset) Delay 

COMP IN 

Vee 

ZENER 

The PWR-DRVI Universal Power Driver 
is an easy-to-implement, cost-e!!ective 
interface between control electronics 
and high voltage loads such as displays, 
relays and solenoids. 

• 200V, 300V, 400V versions 
• 350mA 
• RoscoN) sn 

....... 

DRAIN 

SENSE 

COMP 
OUT 

• Variable output (operates low voltage loads from 
high voltage, reduces power consumed by a load) 

• Controls an AC load from a DC power source 
• Measures current without external voltage drops 



bridges the gap between high and low voltage. 

Remember the first time you heard 
Elvis, Dylan, the Stones or the Beatles? 
You were experiencing something differ­
ent. And you knew your life would never 
be the same. Well, Power Integrations is 
about to do it to you again! 

Not musically. But professionally. And 
profoundly. With a brand new 
CMOS Power IC technology 10

A 

that's easy to implement in ~ 
both electronic and electro- R 

mechanical designs. R 

Isolated Relay/Solenoid Driver (PWR-ISOl) 
that alleviates potential system failure by 
isolating control logic up to lSOOV. 
Ora ... 
Dual Level Power Driver (PWR-DRV3) that 
allows quick actuation and then reduced 
power. Or ... 

POWER 
INTEGRATIONS 

MARKET 
POSmON 

High-Voltage Peripheral 
Drivers (PWR-DRV451/2/3/4), 
that interconnect digital 
logic to the AC line. And are 
pin-compatible with 75451s 
and 361 ls. Or an ... Our new family of 200V, ~ 

300V and 400V enabling ICs r 
will have you "rocking around o.1A 

the clock" developing new 
products. And rolling over 
the competition with your 

100V V 0 L T A G E 400V 

8-Channel MOSFET Array 
(PWR-NCH801) a single chip 
that provides more power 
in less space. Eight high 

new-found ability to interface directly with 
solid state. 

Now you can control almost anything! 
From automatic pumps to the fully elec­
tronic home. Upgrade or customize your 
current system. Or innovate- demonstrat­
ing your engineering genius and creativity. 

The enabling functions of our ICs gen­
erate added system value far beyond the 
price of the parts they replace. And they 
interface with SV logic. Easily. Reducing 
the risk of product failure and enhancing 
your reputation as an innovative, yet reli­
able designer. 

Imagine what you can do with a ... 
Universal Power Driver (PWR-DRVl) that 
provides all necessary interface between 
electro-mechanical loads and electronic 
circuits. And produces variable output. 
Ora ... 
Dual Relay/ Solenoid Driver (PWR-DRV2) 
that saves board space and prevents simul­
taneous "on" states. Or an ... 

CIRCLE 175 

© Copyright 1989, Power Integrations, Inc. 

voltage channels controlled directly from 
digital logic signals. 

We've provided the intro with our 
enabling lCs. And created the bridge 
between low and high voltage. Now it's 
time to rock 'n roll! 

We're Power Integrations- bringing 
you the power to control. Our lines are 
open and we're taking requests. So pick up 
the phone and call for samples and more 
information. Or lay down some hot appli­
cation licks on your PC and FAX them to 
our application support team. 

Phone: 1-800-552-3155 
FAX: 1-800-468-0809 (Outside California) 

1-415-940-1541 On California) 

.Z!!!1W.f!! 
The Power to Control 

411 Clyde Avenue 
Mountain View, CA 94043 



And the beat goes on ... 

W'man 
Epson portable Computer! 
Or a Casio Digital Diary! 
Or a Sony Watchman TV! 

Now that you've read about the Power Driver 1. (See the previous 
three pages.) How about showing what you can do with it? 
Power Integrations, in cooperation with Electronic Design, is sponsoring 

lst Prize: 

2nd Prize: 

3rd thru 
5th Prizes: 

Design Contest Prizes 

Epson Equity portable 
computer with 20MB hard 
drive and 3.5" floppy. 

A Casio 32K Digital Diary 
that stores up to 1500 names 
and phone numbers. 

A Sony Watch Man 1V 

a Power Driver 1 Design Contest. 
. This is your chance to be innova­

tive. We're looking for the most clever 
application of the PWR-DRV 1 
Universal Driver. 

Judging. Power Integrations will 
pick the ten best PWR-DRV 1 design 
applications and submit them to 
the editorial staff of Electronic Design 

6th thru Autographed copies of f f · 1 · d · Th f · · 
10th Prizes: Marketing High Techno logy, Or ma JU gmg. e top lVe entnes 

An Insider's View by Bill Davidow will be announced in one of the March 
issues of this publication. 

How to enter: Just call Power Integrations at 1-800-552-3155 for an 
entry form and free PWR-DRV 1 samples. Or write to us at 
411 Clyde Avenue, Mountain View, CA 94043. 

Ee!JY!£B 
The Power to Control 

© Copyright 1989, Power Integrations, Inc. 



IBM PC Data Acquisition Highlights. 

MODEL DESCRIPTION Chlinnek 

LOW COST Ofl81f.PGH Low Cost AID, DIA, 165V601 

lnterrupl 

omn-PGL low Cost, low-Level 165El601 

AfO, DIA; Interrupt 

OT2814 low Cost AJO, Int. 165[ 

Ofl815 low Cost DIA 

OT281 7 Low Cost 010 

OT2819 Am2915A Counter/ 
Timer,010 

GENERAL 0Tl808 low Cost, OMA 165[ 

PURPOSE OT2801 General Purpo!tt>, OMA 16SV801 

OT2801·A Higher Throughput, 165El601 
OMA 

OT280115716A High Resolu11on, OMA 601 

OT2805 low level, OMA 

OT280515716A Low level.OMA 

OT2809 l6-b11 SS& H, OMA 

OT2818 SS&H,OMA 

HIGH SPUD OT2824-PGH High Throughput, Low 

OT2824-PGL Cost AID; OMA, 1nts. 

OT2821 High Throughput , OMA, 165V801 

Ofl821·f· l6SE, Very High Throughput , 16S£or 

OT2821.f.8DI OMA, Interrupts 601 

OT2821 ·G·l6SE, Uhra High Throughput, 

OT2821 ·G·IDI OMA, ln1errup1s 

OT2823 H1ghRfi.,DMA,lnts. 

OT2825 Low Level, OMA, lnts. 

OT2827 High Resolu!lon, OMA 

OT2828 High Throughput, 
SS&H, OMA, Interrupts 

012829 lb-b11 SS& H, OMA, Int. 

OT-Connect ' • OT2841 40kHz, OT-ConnK I .. 

OT284H·l6SE, 150kHz, OT -Con M el " 

OT2841.f.8DI 

OT2841·G· 165E, 250kHz. OT-Conntt:I '' 
OT2841 ·G·IDI 

OT2841 ·L 750kHz, OT·Connn f '" 

OT2847 l&-b11 , DT·Connrct '• 

OT2841 SS&H, OT·Connrcf ., 

FLEXIBLE Ii 0 012806 1SBXND 

The DT2801 general purpose data 
acquisition board. 

Most informed people would t.ell you that this 
is the board that actually launched the data 
acquisition industry, particularly for scientific, 
medical, and industrial applications. 

Why? 
Because it was ahead of its time then and even 

better today. And at just $995, it's no wonder this 
high-performance analog board is the industry 
standard. 

The DT2801 is the essence of high quality 
analog design, featuring AID, DI A, DIO, and a 
clock on a single plug-in board. It delivers up to 
13. 7kHz AID throughput Virtually every 
third-party software vendor supports it, and it's 
easy to program in IBM® BASIC, too. 

The DT2801. Anything else is either too 
costly or simply substandard. 

Call (508) 481-3700 
In Canada, call (800) 268-0427 

No. 1 in a series. 

12,995 

11 ,545 

12,595 

12,195 

12,995 

11,450 

12,095 

12,695 

\J~ 12,995 

12,495 

12,095 . ,/ ,()(.T\ s 375 10 
S2,14U 

FREE 1989 Data Acquisition 
Handbook. 

DAR TRANSLATION® 
World Headquarters: Data TranslatKio Inc., 100 Locke Drive, Marlboro MA 01752·1192 USA, (508) 481·3700 Tix 951646 
United Kin1dom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berksllire RG112QJ, U.K. (0734) 793838 Tix 94011914 
West Gennany Headquarters: Data Translation GrrbH, Stuttgarter Strasse 66, 7120 8~tigf\ejm ·Bissingen , West Germany 01742·54025 
lntemational Sales Offices: Australo (2) 662·4255; Belgium (2) 466·8199; Canada (416) 625·1907; China(!) 868·721 x4017, (408) 727·8222; Denmark (2) 274511; Finland (0) 372144; France(!) 69077802; Greece(!) 951·4944, (31) 527.039 (!) 361·4300; 
Hong Kong (5) 448963; lndo (22) 23-1040; Israel (3) 5401524; lta~ (2) 82470.1; Japan) (3) 502·5550, (3) 348-8301, (3) 355-llll; Korea 121 756·9954; Netherlands (70) 99 6360; New Zealand (64) 9·545313; Norway 121 53 12 50; Portugal (l I 545313; 
Singapore (65) 7797621; South Afr~a (12) 8037680/93; Spain(!) 455-8112; Sweden (8) 761·7820; Switzerland (1) 723·1410; Tar.an (2) 7020405 

Data TranslatKKl 1s a registered trademark of Data Trans latlOfl, Inc All other trademarks are the property of then respectrve holders 
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Do 3 simple tests you'd 
expect any digitizing scope to pass. 

And see why some don't. 
Beware of bargain digitiz­
ing oscilloscopes that look 
good on paper but fall 
apart on the job. 

Now, put any 100-500 
MHz DSO to a true test of 
ability with Tek's free Scope 
Evaluation Kit. 

All you need is a scope, 
ten minutes of your time, 
and this free kit. 

You'll discover how well 
the scope you 're test­
ing stands up to the 
three challenges 
facing a digitizing 
scope buyer: 
•Wi ll the scope 

miss important 
events? 

•Will it trigger on 
your signals? 

Offer expires 
March 31, 1990. 

• Will it accurately capture 
and measure your signals? 

You can 't safely assume 
that all scopes will meet 
these simple challenges. 

See for yourself: The kit 
includes a compact, sur­
face-mount circuit board 
with specially-designed sig­
nals that represent typical 
real-world measurements. 

You'll be guided by an easy­
to-follow, fully illustrated 
instruction manual. Even the 
battery is included. 

Before you buy a DSO, 
you owe it to yourself to put 
any scope you're consider­
ing to the test. When you 
put Tek digitizing scopes 
alongside any other DSO. 
we're confident you'll see 
the difference. 

To prove the point. 
".~.~41 ..... ... •11111 ... ;; .. Tek will give you the 

Scope Evaluation Kit 
-a $20 value. Free. 

- - . 
.• ~ .. 1,,,.,~ 11111~.'.~ .. 1 ..... 

* • I t ., "" 
OIOllllMllfU ~~lflf~ 

'f+-''"'° ,,.,,.,..., 1'H1'if 

' ... ,. . "" .. ~ ... 
• ... .. I... 

Order your scope 
Evaluation Kit 
today. Return the 

reply card or call 
Tektronix toll-free: 

1-800-426-2200 

Tektron~ 
YOUR YISIC31..E EIXiE 



What's Missing 
on this LCD? 

(answers below) 

Windows~ .. 
5v. CMOS 

C<J325 

_25 
CY325 

. 

~. 
_____r---i_ B"""LJ"""L.J"""L 

::j;g f3· ..... - T--r •. •-J • • ~ ·.:.· . --· 
If you peeked at the answers, then you 
know it's Motion. In the actual LCD 
every one of the windows is in motion. 
Think for a minute how you would 
make six or seven unique motions 
simultaneously with the low level 
LCD controllers that you have seen. 
No way! Now think what your instru­
ment or new systems could do with 
dynamic text and graphics. Tests show 
that programmers can achieve anima­
ted presentations in only hours using 
the CY325. 

The CY325 LCD 
Windows 

Controller Chip 
lets you: specify any of 

250 built-in windows, or cre­
ate your own with a single 

command; manage text and graphics 
with automatic cursor control; wrap 
or scroll text with window relative 
pixel plotting and clipping; read an 
ND and write the waveform into the 
window; drive up to 6 I/O pins with 
logic waves, or use the 'soft-key' fea­
ture of the CY325 for menu manage­
ment. Only $75 each ($20/1000) 

Answer: 
Motion is missing in each of the win­
dows. Text actually scrolls up in the 
top left window above, and ... 

Logic waves 1~ 11~ I flow right '-- __J 

to left. }== ==:J 
Boy and 
girl wink, 
smile, and 
flirt. 

Counter 
counts and 
sine wave 
advances. 

Pseudo 
random 
patterns 
change. 

::j~ I-JI .. :I , ' -JI 
-- I I I •JI: 

The next move is yours . . . 

Call today for information on the 
CY325 LCD Windows Controller Chip 
or Fax your address to (415) 726-3003. 

Cybernetic Micro Systems 
Box 3000 • San Gregorio, CA 94074 
(415) 726-3000 • Telex: 910-350-5842 
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EDITORIAL 

SURVIVAL-AND THEN GROWTH 

S
emiconductor manufacturers in the U.S. have good reason to put the 
1980s behind them, and look forward to the 1990s-the past decade 
has not been particularly kind. The 1980s witnessed the Japanese 
takeover of the DRAM market; two mini-crashes on Wall Street; and 

now, with just 10 weeks left in the decade, a 6.9 Richter-scale earthquake has 
come along to further shake up Silicon Valley. 

We realize that it's all too easy to write about a west coast earthquake from 
the east coast, and we are shocked and saddened by the loss of lives in the Bay 
area. The "health" of machines is nothing compared with human concerns. 
However, in some ways, the earthquake does seem consistent with this diffi­
cult decade. 

Nevertheless, barring any serious aftershocks that may occur in the inter­
val between the writing of this editorial and its appearance on readers' desks, 
it appears that semiconductor production facilities in the valley have come 
through the quake basically unscathed. 

The 1990s can be an excellent decade for the U.S. semiconductor industry. 
The DRAM war was composed of a series of battles waged for each genera­
tion of memory density. The 1-Mbit battle is clearly over, and the 4-Mbit 
skirmish is probably finished, too. But, for the foreseeable future, memory­
chip densities will continue to quadruple in each generation, opening new op­
portunities at each level. Furthermore, there are many markets to be satis­
fied beyond DRAMs. The 1990s will see digital, analog, and mixed-signal 
ASICs pervade equipment designs. The semiconductor processing technolo­
gy is available, the computer-based design tools are at hand, and the applica­
tions are ready and waiting for this technique, which allows designers to es­
sentially customize equipment for a broad spectrum of users . 

Let's hope that Silicon Valley's survival of the '89 earthquake will be fol­
lowed by a new era of growth. 

DESIGN 

~~ 
Stephen E. Scrupski 
Editor-in-Chief 



2.5KHz to 500MHz 250mWonty $199 
POWERFUL up to +23dBm undistorted output 

FLAT within 1dB over the entire band. 2.5KHz to 500MHz 

UNCONDITIONALLY STABLE regardless of load 

DAMAGE-RESISTANT built-in voltage regulator; supply 
voltage 24V, 0.35A 

RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 

COMPACT only 3.75 by 1.8 by 2.6 in. 

finding new ways .. 

Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 

Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all. .. at an attractive price of only $199. 

For a super price/performance amplifier, order a ZHL-6A, 
available for immediate delivery with a one-year guarantee. 

setting higher standards 

r;;;1 Mini-Circuits 
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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The high degree of sensitivity of the 
NTC Thermistor makes Keystone 
surface mount temperature 
sensors ideal for low cost temper­
ature measurement and control. 
These sensors, available in the 
styles illustrated, can be accurate to 
better than ± 0.5° C. 

Get more information; write for data. 

\Keft!!'?!!! 
Thermistor Division • St. Marys, PA 15857 

Phone 814-781-1591 • Telex No. 91-4517 
CIRCLE86 

Keystone Thermistors are distributed by 
Allied Electronics 1-600-226-6705 Newark Electronics 312-636-4411 
Oigi-Key Corp_ 1-600-344-4539 SIN-TEC Electronics 1-600-526-5960 
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TECHNOLOGY BRIEFING 

COMPUTER MAKERS CAN Go HEAD-TO-HEAD 

C
omputer manufacturers have always used a set 
of specifications to rate their products, but for no 
apparent reason, these specs aren't necessarily 
the same from manufacturer to manufacturer. 

Is this because manufacturers only publish specs that 
rate their machines highly? 

Fortunately, thanks to a group that calls itself SPEC 
(Systems Performance Evaluation Cooperative), this sit­
uation is changing. SPEC developed a suite of bench­
mark programs that are effective and fair in comparing 
the performance of high-performance computing sys-
tems. The group also ensures that the benchmarks are RICHARD NASS 
readily available to users and manufacturers of these COMPUTER SYSTEMS EDITOR 

types of systems. 
Recently, the group announced the availability of Release 1.0 of the SPEC 

Benchmark Suite, which consist of ten engineering and scientific bench­
marks. Picked on the basis of their ability to demonstrate overall processor 
and system performance running real-world applications, the benchmarks 
were chosen from more than 50 originally proposed. 

The initial benchmarks-additional ones are in the works-cover text pro­
cessing, hardware and software simulation, scientific applications, multi­
user applications, CAD, ECAD, and CASE. Benchmarks being considered 
for possible inclusion in a later release include multiprocessing, parallel pro­
cessing, graphics, and communications (including networked systems). 

The benchmarks weren't chosen on a whim-the benchmark development 
process is long and detailed. A proposal must go through many hands and be 
accepted by many industry experts before it's approved as a standard. 

The SPEC guidelines are fully endorsed by the 12 current members: 
AT&T, Control Data Corp., Data General, Digital Equipment Corp., Hewlett­
Packard Co., IBM, Intergraph Corp., MIPS Computer Systems Inc., Motor­
ola Microcomputer Div., Multiflow Computer, Stardent, and Sun Microsys­
tems Inc. Any company or organization can join SPEC by paying a $10,000 ini­
tiation fee and the annual dues. 

The benchmarks are: gee, which measures the time for a Gnu Compiler to 
convert 19 preprocessed source files into optimized Sun-3 assembly output; 
Espresso, which performs heuristic Boolean-function minimization; spice 
2g6, the Fortran version of Berkeley Spice, for analyzing a typical analog 
circuit; doduc, a nonvectorizable scaler floating-point Fortran benchmark; 
nasa7, a set of floating-point-intensive kernels that perform an operation and 
judge the solution against the expected result; Li, a Lisp interpreter that 
measures the time needed to solve a problem; eqntott, which produces a 
sorted truth table; matrix300, which uses double-precision floating-point 
math to measure the time between two internally-defined points; fpppp, a 
quantum-chemistry benchmark that measures a style of computation occur­
ring on the GaussianXX series of programs; and tomcatv, a highly vectoriza­
ble double-precision floating-point benchmark that is a vectorized mesh-gen­
eration program. 

Running the complete series of benchmarks on a high-end technical work­
station or minicomputer takes about three hours. To accommodate as many 
machines as possible, SPEC members decided to base the benchmarks on 
Unix. All of the benchmarks in Release 1.0. were run successfully on VMS 
machines. SPEC also encourages makers of other operating systems to port 
the benchmarks onto their platforms. 

To further facilitate fair play, all SPEC members must agree to follow 
common guidelines when reporting the results of the tests . These guidelines 
require full and complete documentation of all significant resources and 
configurations as well as any changes made to the benchmark tape. 
E S I G N 



SPECI FI CATI ONS 
TOSW-230 
ZFSW-230DR 

Freq. Range(MHz) 10-3000 

Insert. Loss (dB) lyp. max. 

10-100MHz 1.3 1.9 
100-1500MHz 11 1.9 
1500-3000MHz 18 2.7 

lsolalion(dB) lyp. min. 
tO-IOOMHz 60 40 
1 00-1500MHz 40 28 
1500-3000MHz 35 22 

I dB Compression( dBm) typ. mm. 
10-100MHz t7 6 
I 00-1500MHz 27 19 
I 500-3000MHz 30 28 

VSWR(ON) typ. max. 
1.3 16 

Switching Time (µsec) typ. max. 
(from 50% TTL to 90% RF) 2.0 4.0 

Oper. Temp.(°C) -55 to + I 00 

Stor. Temp.(°C) -55 to + I 00 

Price ( 10-24) $39.95 
(1-9) $89.95 

TOSW-425 
Z FSW-425DR 

I 0-2500 

lyp. max. 
1.3 1.7 
11 1.7 
1.8 2.5 

typ. min. 

60 40 
40 30 
35 22 

typ. min. 
17 6 
27 19 
30 28 

typ. max. 
13 16 

typ . max. 
2.0 4.0 -

-55 to + I 00 

-55 to + I 00 

$59.95 
$109.95 

Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 

MIL-STD-202 tests. There 's no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem ... it's 

alre3dy included in a rugged , low-cost, compact assembly. 
Available in the popular hermetically-sealed 

T0-8 package or a small EMl -shielded metal connectorized 
case, these tiny PIN -diode reflecti ve switches, complete 

with driver, can operate over a 10 to 3000M Hz span with a fast 
2µ sec switching speed. 

Despite their small size, these units offer 
isolation as high as 40dB(typ) , insertion loss of only 1.1dB(typ) , 

and a 1 dB compression point of +27dBm over most of the 
frequency range. All models are TIL-compatible and operate from 
a de supply vo ltage of 4.5 to 5.5 V with 1 .8mA quiescent current. 
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Switch to Mini-Circuits for highest quality 
innovative products .. and leave the driving to us. 

f1nd1ng new ways 
setting higher standards 
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PO. Box 350 166. Brooklyn. New York 11235-0003 (7 18) 934-4500 
Fax (7 18) 332-466 1 Domestic and International Telexes 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 
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-

the world's largest selection 
500Hz to 5GHz from $249 
Over 200 models, from low-cost rugged industrial to Hi-Rel military /space approved types, 
with LO power level requirements from +?dBm to +27dBm. We offer this wide variety 
of models, up to 5GHz, to allow you to select exactly what you need ... 
pin, surface-mount, T0-8, flatpack, and connector package type~. the specific frequency 
range your design involves, the optimum LO drive level, and a host of special types. 

In addition to load-insensitive 
mixers, quadrature mixer I 
modulators, and our 
new ULTRA-REL™ 
mixers with a five-year 
guarantee, we offer a 
large number of MIL­
mixer types tested to 
MIL-M-28837/A, TX and 
TXV screened. All units 
carry our exclusive 0.1 % AOL 
guarantee ... not a single 
reject in a shipment of 1,000 units. 

For the most comprehensive 
computer characterization of mixers 
(isolation, conversion loss, intermod, 
and VSWR vs frequency), call or write 
your closest Mini-Circuits' rep or 
distributor or our office 
for a free copy of our 
RF /IF Signal Processing 
Handbook, Vol. 1 . 
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finding new ways ... 
setting higher standards 

Mini-Circuits 
A Division of Scientific Components Corporation 

P. 0 . Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
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TEK'S NEW PRISM 3000 
FAMILY BREAKS THE LOGIC 

ANALYSIS BARRIER. 

The new Prism 3000 
Series is nothing less 
than a breakthrough in 
the evolution of logic 
analysis: once you see 
what it can do, you 
may scarcely imagine 
doing without it. 

Now digital designers 
and integrators can start 
with all the speed, chan­
nels and memory depth 
they need-without tradeoffs. They 
can mix-and-match tools for their 
specific needs, including 8, 16 and 
32-bit microprocessor debug mod­
ules brimming with features never 
before possible in a logic analyzer. 
They can add other modules, such 
as for high-speed timing and wave­
form analysis, later. 

The new dimension of 
hardware/software integration. 
Microprocessor control 

Real-time performance analysis 

200 MHz timing 

BK deep state analysis 

Multiple microprocessor support 

Copyright @ 1989 Tektronix. Inc. AiT rlghhl-.OO. LAA-830 

You can view 200 MHz 
timing and SK of state data 
per channel, all time­
correlated and integrated 
on the same display. 

Q bserve data from multiple 
microprocessors or time­
bases simultaneously. Set up 

(Above, left) Real­
time performance 
analysis as displayed 
on the Prism color 
monitor. (Lett) The 
Prototype Debug Tool 
provides easy access 
to microprocessor 
control and debug 
functions, including 
the ability to set hard­
ware and software 
breakpoints, and to 
patch registers and 
memory. 



The Prism 3002P 
configuration features 
a slide-away key­
board and a 640x400 
flat panel display that 
folds against the 
mainframe when not 
in use. 

state and timing sections 
to cross-trigger, syn­

chronize and arm each 
other, so you know 
exactly when and in 
what time relationship 
events occur. 
Push beyond 

microprocessor 
observation into 
emulator-like micro­
processor control. 

With its unprece­
dented Prototype 
Debug Tool , Prism is 
the first logic analyzer 
to let you set break­
points, patch registers 
and memory, restart 

the system, and more 
- without an emu­
lator's intrusiveness (or 
the long wait for new 
emulator availability). 

Use real-time perfor­
mance analysis to get 
a true, non-statistical 
view of system 
performance. 

Designers 
of embed-

ded control systems 
will especially benefit 
from histograms of 
uncompromising 
accuracy. 
Choose from a 
stand-alone version, 
expandable main­
frame-and-monitor, 
even a portable 
model with fold-up 
flat panel screen. 

Features like auto­
load, split-screen dis­
plays, smooth 
scrolling , automatic 

timestamping and 
on-line help notes 

make Prism 
refreshingly simple 
to learn and use. 
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Complete front panel 
controls are included 
on the Prism key­
board, enabling users 
to move easily from 
one Prism mainframe 
to another. 

The clincher? You can 
step into this new gen­
eration of logic ana­
lyzers at prices starting 
at $8600. 
Call 1-800-426-2200 
for our free video 
demo and literature 
packet. Prism breaks 
so much new ground 
and offers so much to 
build on, you owe your­
self a look. For a 
hands-on introduction, 
call your Tek sales 
engineer soon. 

COMMITTED TO EXCELLENCE 



Actual output 
20WATTS 

Actually meets 
MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461 C 
MIL-STD-7040 
NAVMAT GUIDELINES 

Mil/Pac™ high-density military power supplies. 
Introducing NDI DC-to-DC converters that meet an unprec­
edented combination of military design demands. Plus 
having the highest power-to-volume ratios of any full-mil 
qualified products. 

Mil/Pacs come in 20W, 35W and 50W configurations, 
with single (5, 12, 15,24,28V) and dual (±12V; ± 15V) outputs. 

They handle a wide 14V to 31V range of input. And 

SEE US AT WESCON BOOTH # 5427-29 

operate at temperature extremes from -55°C to +100°C. 
Mil/Pacs are designed with a field-proven topology that's 

been verified by rigorous environmental stress screening. 
They're available with MIL-STD-2000, or without. Either way, 
the specs are worth reading. 

Just write us at 2727 S. ta Cienega Bl., Los Angeles, CA 
90034. Or call (213) 936-8185. 

~ 
WHEN RELIABILITY IS IMPERATIVE!" 
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TECHNOLOGY NEWSLETIER 

IMAGE PROCESSOR PUTS A highl~ parallel syst~m ~rchi~ecture that contains 20 Clipper microproces-

20 CPU I P 
sors for image processmg is bemg evaluated by the Systems and Sondertech­

S N ARALLEL nik division of Philips, Bremen, W. Germany. The system can detect and 
symbolically describe objects in near real time. Rather than evaluate images from clusters of 
pixels, the symbolic approach analyzes the objects, which are represented as geometric 
shapes or luminance features. In contrast to a VAX 750, which requires about 15 minutes to 
process an image, the 20-processor Samba needs just 200 ms. 

To recognize objects, the system takes data through three processing stages: object genera­
tion, object selection, and result reporting. In the first stage, gray-scale video images are digi­
tized and split into 20 related binary images. From each image, a set of seed parameters is ex­
tracted and sent to each of the 20 Clipper CPUs (made by Intergraph Inc., Palo Alto, Calif.), 
which then process the data in a loosely coupled structure. Next, the processors analyze the 
object data to see which data sets meet a predetermined set of characteristics. In this phase the 
processors operate in a tightly coupled mode as a chain of 10 master-slave pairs. Information is 
shared by passing it up and down the chain of master-slave pairs. The last phase continually 
monitors objects and highlights the ones that meet the specified criteria. DB 

NONSTOP PROCESSOR CLOCKS By executi~g _two instruct!ons per clo~k cycle, a ~ultipr~cessor compu~er 

C 
system optimized for on-lme transaction processmg delivers almost five 

TWO INSTRUCTIONS/ YCLE times the throughput of its predecessor. Just out from Tandem Computers 
Inc., Cupertino, Calif., the nonstop scalar computer combines 4 to 16 CPUs, each containing 
dual two-stage prefetch queues and dual six-stage pipelines. To maximize throughput, each 
processor has from two to four direct-memory-access 1/0 channels and controls up to 128 
Mbytes of RAM. At any time, the dual pipelines keep up to 16 instructions in various stages of 
execution, far more than in most other systems. In addition, the system optimizes the use of its 
deep pipeline by employing dynamic branch prediction to deal with conditional branches. 

The system draws from all technologies to optimize performance and packing density: TTL 
circuits serve as the communication buses; ECL circuits serve as the arithmetic and cache 
logic, which demands high speed; and CMOS circuits form the storage arrays, where maxi­
mum density is needed. For the most efficient cooling, a high-speed impingement system fun­
nels cool air directly onto each high-power component. The Non-Stop Cyclone system, which 
supersedes the VLX series computers, is software compatible with the VLX series and can be 
tied to them over the Tandem's Dynalink fiber-optic serial network. DB 

BOARD ADDS ZIP A Nubus board that accelerates Macintosh II graphics processing by as 
, much as thirty-fold gets its computational muscle from a RISC chip running 

TO MAC II S GRAPHICS proprietary display-list software. Radius Inc., San Jose, Calif., held down the 
cost of its graphics engine by using VLSI Technology Inc.'s Acorn RISC processor, which 
delivers about 6 MIPS of throughput. With the board, users get nearly instantaneous redraw­
ings, pans, and zooms. This reduces the overall waiting time and improves productivity. When 
a graphics command is entered, the engine quickly traverses the vector-based display list 
stored in system memory. Clips and transforms are performed by the Acorn processor, which 
relieves the Macintosh and application software of all graphics processing tasks. The Quick­
CAD card was first exhibited at last month's Autofact Conference in Detroit. DB 

NEW YEAR To RING IN Changing technology is bringing about changes in two of the most basic of 
electrical units: volts and ohms. As of January 1, the National Institute of 

NEW VOLT AND OHM, TOO Standards and Technology will establish new values for the volt and ohm 
based on state-of-the-art standards that use the Josephson effect and the quantum Hall effect, 
respectively. Also the changes will hold both units to the same worldwide standards. In the 
U.S., the standard volt will increase by about 9.26 ppm (parts per million), and the standard 
ohm by about 1.69 ppm. The institute recommends that instruments with a required accuracy 
of less than five times the magnitude of the change be recalibrated as soon as possible after 
January 1. If accuracy is more than 10 times the magnitude of the change, no adjustment is 
needed. Instruments falling between these limits should be evaluated case by case. John 
Fluke Mfg. Co., Everett, Wash., is offering an explanatory application note, designated 
B0193, "Changing to the 1990 Volt and Ohm." Starting December 1, Fluke will use the new 
values for all manufacturing and calibration operations. For information on the application 
note or calibration services, contact the nearest Fluke office or call (800) 443-5853, ext. 554. JN 
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TECHNOLOGY NEWSLETIER 

DESIGNERS GET HELP Give? th~ many telecommunications standards and interfaces; it takes a com­
mumcat10ns-system expert to develop telecomm custom chips and ensure 

BUILDING TELECOM VLSI their compatibility with existing systems and standards. Fortunately, a li­
censing arrangement between Microtel Pacific Research Ltd., Vancouver, Canada, and VLSI 
Technology Inc., San Jose, Calif., can help. The agreement gives VLSI access to Microtel's 
telecommunication standard-cell building blocks (Telecom System Blocks) along with the sys­
tems expertise of Microtel and its Pacific Microelectronics Center (PMC) division. Included in 
the library are clock- and data-recovery circuits, framers, signalling extractors, an HDLC 
data-link receiver or transmitter, and an inband loopback code detector, as well as many other 
blocks. On top of letting VLSI Technology offer system-level solutions for telecommunication 
applications, the deal gives PMC a manufacturing and marketing arm for standard parts, as 
well as custom design services through VLSI Technology. 

The system blocks will be available in two forms: as a netlist that can be built into a gate ar­
ray or standard cell, and as individually packaged I Cs for physical breadboards. The individual 
I Cs, called silicon verification chips, will ensure that designs meet critical performance specifi­
cations and standards before the custom circuit is built. Designers that sign up with VLSI 
Technology to develop a circuit also gain access to a complete set of test vectors for each block, 
which should help reduce the time needed to test the final circuit. DB 

68000 CPU SUPERCELL One of the first fruits following Toshiba Ltd.'s (Tokyo) licensing of the Mo­
torola Corp. 68000 microprocessor is a laser-printer controller chip that em-

POWERS LASER CONTROLLER ploys the CPU as a large standard-cell building block. The forthcoming con­
troller combines the CPU with control and 110 functions, including three serial ports and a 
baud-rate generator that can operate at up to 1 Mbit/s, three 16-bit counter-timer channels, a 
byte-wide parallel I/ 0 port, an interrupt controller, and an address decoder. With the ability to 
operate at 16 MHz, the core processor can perform all of the routine control operations that 
most laser printers require, from responding to front-panel controls to controlling the me­
chanics along the paper path. What's more, standard development tools for the 68000 proces­
sor will help develop software and system hardware for TMP68301-based systems. DB 

SCANNED-LASER SYSTEM Building custom chips can cause bottlenecks-not only in the design and test 
cycles, but also in producing the masks for the photolithographic steps of the 

SPEEDS MASK MAKING chip fabrication. Cutting that time in half over its predecessor system, an ad-
vanced scanned-laser lithography system from Ateq Corp., Beaverton, Ore., can create reti­
cles for lX, 5X and lOX optical stepper systems, with feature sizes as small as l f.Lm drawn on 
the reticles. The system employs an enhanced rasterizing engine that moves the laser beam 
much faster than the previous system and, in some cases, four times faster than competing 
electron-beam lithography systems. An improved steering-mirror control and response sys­
tem also enhances the beam movement by more quickly handling the fine positioning. Fur­
thermore, the system's disk-storage capacity for the reticle data was boosted to over 675 
Mbytes-almost double that of its predecessor. The laser system also avoids the problems and 
overhead imposed by electron-beam lithography systems, which require a vacuum to operate 
the electron gun, and are very sensitive to electrical and magnetic fields. That sensitivity 
means that electron-beam systems require compensation during pattern writing or if they are 
physically relocated. The company expects to have the Core-2100 scanned-laser system ready 
in the second quarter of next year. DB 

ASICS COMBINE FAST ASICs built with biCMOS technology combine the high speed and high-out-

L P C ' put drive of bipolar circuits with the low power and high density of CMOS cir­
OW· OWER IRCUITS cuits. S-MOS Systems Inc., San Jose, Calif., offers a pure CMOS gate-array 

core cell surrounded by a ring of bipolar buffer drivers. The bipolar drivers give a 48-mA 

241E L E C T R 
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output current with two parallel I/O cells. Yet, at 15 µ W /MHz, the internal power dissipation 
is similar to CMOS devices. The new biCMOS series, called the SLA800B, uses a sea-of-gates 
architecture. All of the internal logic cells are implemented in 1.2-µm CMOS technology, while 
the peripheral macrocells are built in bipolar technology. The array has 1721/0 pads and a 
maximum gate count of 20,064 usable gates. BiCMOS is most effectively used in applications 
that require heavy loads, such as interface peripherals, telecommunications, and imaging 
systems. LG 
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Face it, flash really was a great idea. They billed it as an easy­

to-use, in-system programmable memory. And, it would be 

priced right. 

Great idea, but they came up short. Real short. 

Announcing the no-hassle, single-voltage flash that gives 

you the stuff they promised and more. 

We call our flash a programmable read-only memory 

(PEROM). It 's easier to use because there is no pre-write 

erase cycle. Erase is automatic; all you do is write. Atmel's 

PEROM (AT29C256) executes a complete, full-chip erase/ 

write cycle in 10 seconds and only uses less than 40 bytes 

of code. Theirs takes two minutes because it uses a trial and 

Reprogram algorithm. 
(No erase required.) 

OURS 

error algorithm that needs over 200 bytes of code (want to 

guess who has to write and debug the code?). Just look atthe 

number of steps to run each write routine-remember theirs 

also requires a trial and error full erase routine. 

NOW FOR THE GOOD NEWS! The Atmel PEROM 

fits snugly into your 5-volt system. No extras. Theirs requires 

a 12-volt power source. Not only is a second power source a 

pain , it requires up to $8 more in circuitry per system, which 

in itself increases the potential for system failure. 

So if you want in-system programmable memory 

without the hassle remember that the real flash is 

called PEROM . 

Reprogram algorithm. 
(Requires pre-write erase.) 

Increment 
Address 

THEIRS 
Start 

ATMEL CORPORATION 
2125 O'Nel Drive Aiml!L 

Remove 
High Voltage 

Program 
Error San Jose, CA 95131 ® 

Tel. (408)441-03ll 
FAX ( 408) 436-4200 The people who make the difference. 
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A FEW WORDS ON 
FAST SRAMs FROM 

Performance. Speed. 
Manufacturing expertise. 
An unstopping drive for 
technological advance. 

These are some of the 
words for the things that 
have made Samsung the 
leader in FIFOs, and the 
maker of the fastest FIFOs 

SAMSUNG'S HIGH·DENSITY 
FAST SRAMs IN CMOS. 

Capacity Pan Number Org. Speed Package 

64K KM6165 64Kx I 25135145ns SDIP/SOJ 

KM6165L 64Kx I 25135145ns SDIP/SOJ 

KM6465 16K x 4 25135/45ns SDI P 

KM6465L 16K x 4 25135145ns SDIP 

KM6865 8Kx8 35145155"' SDJP 

KM6865L 8Kx8 35145155ns SDIP 

256K KM61257 256Kx I 25135145ns SDIP/SOJ 

KM6 1257L 256Kx I 25135145ns SDIP/SOJ 

KM64257 64K x 4 25135145ns SDIP/SOJ 

KM64257L 64Kx4 25135/45ns SDIP/SOJ 

KM68257P 32Kx8 35145155ns DIP 

KM68257LP 32K x 8 35145155ns DIP 

IMb Now in devclopmenl 

They also represent ad- : 
vantages we bring to high- : 
density fast SRAMs. Which 
we build using the same 
expertise with double-layer 
metal technology that drives 
our FIFO development. 

In the highly sought- : 
after 256K density, our · 
SRAMs are available m 



WHY YOU SHOULD BUY 
THE LEADER IN FIFOs. 

speeds as high as 25 ns - : 
speeds unsurpassed by any : 
parts in volume produc- : 
tion anywhere. 

Our 64K parts are even 
faster, with speeds available 
up to 20 ns. 

Today, Samsung is not 
just a leader in FIFOs, but 
in the whole spectrum of 

performance specialty 
memories. Our SRAMs 
prove it, and the benefits 
are yours to enjoy. 

For data and availability 
information on high-den- : 
sity SRAMs in the fastest · 
speeds made, and why you 
should buy them from the 
leader in FIFOs, call 1-800- : 

669-5400, or 408-954-7000 
now. Or write to SRAM 
Marketing, Samsung 
Semiconductor, 3725 
North First St., San Jose, 
California 95134. 
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ILC DATA DEVICE 
CORPORATION 

ABOUT SYNCHRO-CONVERSION • AID & D/A CONVERSION • 1553 BUS DEVICES • POWER & CUSTOM HYBRIDS 

1750A MICROPROCESSOR 

AND 1553 

SEM ECARD 

DDC's newest Microcomputer 
SEM E card, the BUS-67007, pro­
vides a general purpose, single 
chip, 16 bit CMOS microprocessor 
designed for high performance 
floating point and integer arith­
metic, with extensive real time en­
vironment support conforming to 
the MIL-STD-l 750A instruction 
set architecture. The Performance 
(Pace l 750A) CMOS microproces­
sor and onboard 32K words of 
EPROM offers an embedded sys­
tem controller that can be used as a 
generic l 750A processor with a 
BUS-61555, full intelligent dual re­
dundant MIL-STD-1553B Remote 
Terminal (RTU), Bus Controller 
(BC), and Monitor (MT). Its RS-
422 port facilitates software devel­
opment and system integration . 

The BUS-67007 is packaged on a 
standard SEM E card with a 150 

mmm 
ILC DATA DEVICE 
CORPORATION 
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BUS-67007 

pin connector. Its on-board 8K x 16 
SRAM supports the 1750A CPU. 
The separate internal 8K x 16 dual 
access shared RAM of the BUS-
61555 AIM-HY supports the 1553B 
messages, preventing partially up­
dated data from being read by the 
CPU or transmitted to the 1553 
Data Bus. The AIM-HY off-loads 
the microprocessor from the 1553 
communication protocol tasks and 
offers the host additional RAM for 
program or data. 

Equipped with 8 L.E.D. 's, the 
card gives visual BIT feedback as to 
the CPU self-test (green), unrecov­
erable errors (red), software errors 
(red), RS-422 status (green), 
EPROM status (green), SRAM 
status (green), 1553 terminal self­
test status (green), and the CPU 
watch-dog timer status (green); 
which can be changed by software 

for other future meanings. The 
BUS-67007, requires only 5 volt 
DC power, with a total power 
dissipation under 5 watts. 

The Microcircuit, Digital, 
CMOS, 16-BIT MIL-STD-1750A 
MICROPROCESSOR, is on 
DESC drawing #5962-87665-
0lXC. The PACE 1750A CPU are 
also available in CMOS/ SOS tech­
nology for radiation environment 
applications, in production by 
1990. DDC's AIM-HY, BUS-61555 
Terminal is on DESC drawing 
#5962-88692-0lXC. The BI­
POLAR & CMOS-SOS technology 
used is available to support tactical 
and strategic environments. 

For additional information on 
the BUS-67007, contact Steve 
Friedman at toll-free 1-800-DDC-
1772 (outside New York) or call the 
DDC office nearest you. D 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation , 105 Wilbur Place, Bohemia, N.Y. 11716, 
(516) 567-5600, TLX-310-685-2203, FAX: (516) 567-7358 
WEST COAST (CA.): WOODLAND HILLS, (818) 992-1772, FAX: (818) 887-1372; 
SAN JOSE, (408) 236-3260, FAX: (408) 244-9767; GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988 
WASHINGTON, D.C. AREA: (703) 893-7989, FAX: (703) 893-7954 
NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201) 785-4132 
MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (03) 814-7688, FAX: (03) 814-7689 
UNITED KINGDOM: 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 8-920-635, TLX: 854-10952 
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TECHNOLOGY ADVANCES 

TINY DISPLACEMENT BOOSTS 
RESOLUTION OF CHARGE-COUPLED DEVICE 

By using a simple and 
ingenious trick, a re­
searcher at the Uni­

versity of Munich, West 
Germany, has raised 
charge-coup led-device 
(CCD) camera technology 
to a new plateau. The gim­
mick increases the resolu­
tion well beyond present 
limits, advancing it to a lev­
el that rivals a high-quality 
35-mm-format color nega­
tive or slide. 

Reimar Lenz, a profes­
sor at the Institute for 
Communications Technol­
ogy, developed the color 
camera whose CCD sensor 
chip offers a maximum res­
olution of 2994-by-2320 pic­
ture elements, or pixels, in 
an 8.5-mm-by-6.4-mm im­
age field. That comes to 
about 7 million pixels per 
color channel, or nearly 21 
million pixels for the cam­
era's red, green, and blue 
channels. 

This sets the record for a 
2D array sensor. Accord­
ing to Lenz, the maximum 
resolution until now stood 
at 2048 by 2048 pixels. That 
was for an 18.4-mm-by-
18.4-mm monochrome sen­
sor, which Kodak, Roches­
ter, N.Y., showed at this 
spring's Hanover Fair in 
West Germany. 

The tactic employed by 
Lenz to crank up the reso­
lution is indeed simple: In­
stead of increasing the 
number of light detectors 
on the CCD sensor chip, the 
resolution is stepped up by 
mechanically moving the 
chip in the image plane hor­
izontally and vertically in 
tiny increments. 

This motion continually 
puts the detectors in new 
positions relative to the ob­
ject. Consequently, inter-

mediate images are taken, 
which are then interleaved 
to raise the overall resolu­
tion. 

Typically, a CCD sen­
sor's resolution is in­
creased by raising the 
chip's level of integration, 
but this has become more 
expensive as the limits of 
semiconductor technology 
are approached. 

The CCD sensor chip in 
the Lenz camera has a ba­
sic resolution of 499 by 580, 
or nearly 300,000 pixels. In 
contrast to other sensor 
chips, the sensor is laid out 
so that the light-sensitive 
areas (the detector aper­
tures) take relatively little 
space (see the figure). 

0 0 0 

ments cause them to ex­
pand and contract, which in 
turn displaces the sensor in 
a procedure called piezo­
con trolled aperture dis­
placement. The sensor can 
move over a maximum dis­
tance of 50 µm. The dis­
placement accuracy is 
±0.2 µm, and the displace­
ment speed is one second 
for 12 different sensor po­
sitions. 

In principle, the number 
of intermediate images­
and thus the obtainable 
resolution-can be raised 
beyond 7 million pixels per 
color channel. However, a 
practical limit is reached 
when the pixels start over­
lapping each other by more 

0 0 0 

0 5 0 0 0 Section 

Light· 
of the 

sensor chip 
sensitive 0 0 0 

area 

0 0 0 

According to the chip­
displacement principle, the 
sensor moves two-dimen­
s ion a 11 y in incremental 
steps after the first image 
is taken. 

Each step amounts to a 
fraction of the spacing be­
tween detectors. As a re­
sult the sensor produces a 
new image at each step. 
These intermediate im­
ages are interleaved to 
bring up the resolution. 

The sensor movement is 
produced by small piezo­
positioning elements at­
tached to the sensor. Volt­
ages applied to these ele-

0 0 0 

0 0 0 

20 displacement 

than 50% because they no 
longer yield any useful in­
formation. 

Some information gain 
can be achieved by decreas­
ing the detector aperture 
size, but that would have to 
done at the cost of lower 
the sensitivity. 

The images are read out 
individually in 40 ms, then 
digitized to 8-bit resolution 
per color channel at a 10-
MHz scan rate, and finally 
stored in a host computer 
that can be connected to 
the camera. 

Because of the large 
amount of data involved, 

E L E C T R 0 N 

this process takes time: 8 
seconds for 28 Mbytes of 
data at maximum resolu­
tion. Consequently, with 
such a long processing 
time, the camera is unsuit­
able for taking moving pic­
tures. Instead, the cam­
era's applications are limit­
ed to still photography, 
particularly for taking 
high-quality pictures such 
as those for color ads or 
documentation. 

A convenient feature of 
the sensor is its program­
mable resolution, which 
can be set from 499 by 580 
pixels in steps up to the 
maximum of 2994 by 2320 
pixels. A reproduction 
from a color laser printer 
on letter-sized paper yields 
10 pixels/mm, which 
makes the camera compa­
rable to the resolution for 
high-quality photographic 
prints. 

Because the images can 
be stored as digital signals, 
large electronic tape-based 
archives can be built up. As 
a result, access times are 
much shorter than for pic­
tures stored in their physi­
cal form. 

Another advantage of 
digital storage is that, in 
contrast to photos that are 
printed on paper, digitized 
pictures don't deteriorate 
with time. The almost limit­
less quality is beneficial in 
archiving the images of 
works of art. 

It's also useful in medi­
cal applications for long­
term storage of, for exam­
ple, images of bodily de­
tails. Because of the 2D-ar­
ray sensor's inherently 
high geometrical accura­
cy, applications in photo­
grammetry (using photo­
graphs to make accurate 
measurements) and quali­
ty control in machine vision 
are also possible. 

I C 
JOHN GOSCH 
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TECHNOLOGY ADVANCES 

FLASH EEPROM TAKES CHANGES IN PLACE 
BY CUTTING PROGRAMMING SIGNAL To 5 V 

T
he highest density in 
flash nonvolatile 
memories is achieved 

with cell structures that 
need only one transistor 
per cell. Programming 
such chips typically takes 
about 12 V-considerably 
higher than the 5-V logic 
signals coursing around 
the surrounding circuitry. 
But by shifting to a two­
transistor per cell struc­
ture, designers at Atmel 
Corp., San Jose, Calif., 
have created a circuit 
structure programs at 5-V 
levels. Consequently, it be­
comes easier to reprogram 
the memory in situ. The 
company plans to incorpo­
rate the double transistor 
cells in a family of pro­
grammable and erasable 
memories starting with 
256-kbit and 1-Mbit ver­
sions. 

chip can rewrite data a 64-
byte page at a time. 

Only 10 ms is needed to 
write a page of data, 
thanks in part to an on-chip 
64-byte page register that 
captures the data from the 
host system at a rate of 150 
ns/byte, and then trans­
fers it in parallel to the non­
volatile storage elements. 
This control sequence also 
simplifies the algorithm 
that the host system must 
execute to store data in the 
memory. Further, the chip 
doesn't have to be erased 
before new data is written. 
Instead, all of the house­
keeping is taken care of by 
internal circuits. 

Because common TTL or 
CMOS control signals can 
trigger the rewriting of 
data, the company includ­
ed a security scheme that 
requires a three-byte key 
sequence before data can 

be written, and a six-byte 
software code must be 
loaded into the chip to "un­
lock" it before erasing all 
its data. 

For added protection, 

X address 

Y address 

Write 
controller 

X decoder 

the chip has a 5-ms Write­
Inhibit control, which locks 
out all write signals until 
the power-supply voltage 
has stabilized. It also has 
glitch filters on the Write 
Enable and Chip Enable 
lines that block signals 
shorter than 15 ns. 

Temporary storage 
64 bytes 

Y decoder 

DAVEBURSKY 

.._•Datal/0 
Though the double-tran­

sistor cell occupies more 
area, it also eliminates the 
need for trial-and-error 
high-voltage program­
ming. One of the two tran­
sistors isolates the particu­
lar cell being programmed 
from all the other cells, so 
on-chip circuits can gener­
ate the necessary signals 
and voltages from an ex­
ternal 5-V supply (see the 
figure). 

To ENSURE TESTABLE CIRCUITS, 
SOFTWARE EMBEDS SCAN-PATH LOGIC 

With the ability to with­
stand 1000 erase cycles, 
the cells can also retain 
data for a minimum of 10 
years, as do standard EE­
PROMs. However, by re­
quiring just one 5-V power 
supply, the chip can be re­
programmed in the sys­
tem. And, unlike other 
flash EEPROMs, which 
must be rewritten entirely 
to change any data, the 
dual-transistor memory 

30 I E L E C T R 0 N 
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A new software pack­
age automatically 
generates test vec­

tors for a circuit by first in­
serting scan-path logic into 
the design. Developed by 
Gould AMI, Pocotello, Ida­
ho, the N etScan program 
ensures that designs can 
be thoroughly tested. 
What's more, as gate count 
goes up, N etScan's run 
time increases more or less 
linearly with the gate 
count, rather than expo­
nentially as with other test 
generators. The result is 
less design overhead. 

The tool's maker claims 
that it's the first fully auto­
mated ASIC test-pattern 
generator to work with cir-

1 C DESIGN 

cuit data from any CAE 
software package. As a 
batch-run program, Net­
Scan would typically be 
used with the company's 
N etTrans universal net­
list translator. 

N etScan takes about 30 
minutes for every 1000 log­
ic gates to produce enough 
test patterns to reveal 95% 
of all possible faults, ac­
cording to Robert Kirk, 
Gould's CAE research 
manager. Based on scan­
path techniques, the soft­
ware automatically inserts 
scan cells at every node 
that needs them, or con­
verts existing registers or 
latches into scan cells. 

To develop test patterns, 

the software combines 
scan-path design tech­
niques with an older algo­
rithm called the D-algo­
rithm, a model-based test­
generation program. 

The D-algorithm applies 
the single-stuck-line (SSL) 
fault model, which makes 
the following assump­
tions: there is at most one 
fault, and any physical 
fault causes a stuck-at be­
havior at the fault site (in 
other words, it's behavior 
doesn't change during the 
test). 

Using the algorithm, the 
program generates a test 
vector for each potential 
SSL fault in a combinatori­
al circuit. This is done by 





repeatedly inserting 
faults, and then generat­
ing a vector that distin­
guishes between faulty 
and fault-free behavior in 
the circuit. 

When testing a chip, 
faulty gates are found by 
applying the generated 
vectors to the chip's inputs 
and comparing its outputs 
to the expected result. 
Though the vectors don't 
guarantee a correct de­
sign, they do determine if 
the chip has manufactur­
ing defects. 

The D-algorithm works 
for sequential circuits too, 
but N etScan doesn't use it 
that way because analysis 
time increases in propor­
tion to the cube of the num­
ber of logic gates. Instead, 
by modifying the D-algo­
rithm and imposing a time 
limit (set by the user), with­
in which it must generate 
tests for sequential cir­
cuits, the software's exe­
cution time can be roughly 
controlled. If the program 
exhausts its time limit, 
then the user can modify 
the circuit to help the test 
program generate a test. 

To avoid long analysis 
times and complex user in­
teraction , Gould limited 
the D-algorithm portion of 
N etScan to only generate 
tests for combinatorial log­
ic. Once the program ana­
lyzes the combinatorial 
logic it inserts a scan path 
into the circuitry. 

Thus, sections of the 
combinatorial logic can be 
isolated and surrounded by 
scan elements. Vectors are 
shifted into the subdivi­
sions through a scan-path 
input. Similarly output vec­
tors are shifted out from 
each block to a scan-path 
output pin. 

In most cases, N etScan 
doesn't have to insert new 
memory elements into the 
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circuit to create a scan 
path. Rather, the software 
converts the existing latch­
es and flip-flops into scan­
nable elements. Then 
N etScan computes the or­
dering of the elements in 
the scan path to avoid cre­
ating any reconvergent 
fanout in the scan path, 
which might make the path 

untestable. A modified net­
list is then generated. Af­
ter inserting the scan-path 
logic, N etScan has the D­
a lgo ri th m generate the 
test vectors. 

To minimize circuit com­
plexity, Gould's designers 
incorporated another trick: 
Special latch and flip-flop 
models were created for 

the D-algorithm so that 
they can be treated as com­
binatorial elements rather 
than sequential ones. Con­
sequently , the D-algo­
rithm can treat the entire 
circuit as combinatorial 
logic and generate the 
tests in a matter of hours, 
rather than days. 

DAVEBURSKY 

TIGHT HEAD TRACKING, DSP ANALYSIS 
HELPS 8·1N. DRIVE PACK 2.5 GBYTES 

T
o improve the stor­
age capacity of 8-in. 
disk drives and 

achieve a capacity of 2.5 
Gbytes (unformatted)­
the highest to date for a 
drive this size- engineers 
at Seagate Corp.'s Impri­
mis subsidiary, Minneton­
ka, Minn. have developed 
improved schemes for con­
trolling and positioning the 
heads. For starters they 
designed a disk-control 
scheme that combines an 
intelligent, continuously­
self-calibrating servo sys­
tem to maximize seek per­
formance. Furthermore, a 
closed-loop microposition­
ing system was devised to 
continuously correct for 
long-term changes in the 
head position. 

According to Rady Thi­
bodeau, engineering man­
ager for the Saber 2500 
drive, such control tech­
niques are required to pack 
tracks at nearly 1900/in. 
across 19 of the drive's 22 
platter surfaces. 

Though 10 disks could do 
the job, Thibodeau's team 
decided to use 11 and sacri­
fice the outer surfaces, in 
other words the top and 
bottom of the platters tack. 
Sacrificing the outer sur­
faces simplified the head 
assembly design, explains 
Thibodeau, because the 
aerodynamics of the two 

IC DESIGN 

outer surfaces are trickier 
to design for than on the in­
ner platter regions. To help 
squeeze 11 platters into the 
8-in. format, the design 
team came up with thin­
film read-write heads that 
are small and light. 

Furthermore, the re­
duced mass and improved 
aerodynamic design of the 
heads makes it possible for 
them to track the disk sur­
face better. They can also 
seek data faster than 
heavier heads because of 
their low inertia. In fact, 
the drive boasts one of the 
shortest seek times for an 
8-in. format unit: just 13 ms 
on average and no more 
than 26 ms. A balanced ac­
tuator abets the fast seek 
time. Moreover, the drive 
can operate in any position 
because the actuator 
doesn't require a particu­
lar mounting orientation. 

In the continuously self­
calibrating servo system, 
an embedded digital-signal 
processor continually mon­
itors the servo system and 
corrects it if there are any 
changes. The intelligence 
of the servo system ex­
tends to a servo-encoding 
technique that reads the bi­
nary (absolute) address of 
each track as the servo 
head passes over it. As a re­
sult, the head gives the sys­
tem absolute position feed-

back, and the drive can cor­
rect itself if the destination 
track were somehow 
missed during a seek. 

The other circuit that's 
central to the drive's data 
integrity is the microposi­
tioning control scheme. 
This closed-loop subsys­
tem corrects any long-term 
changes in the position of 
the data head with respect 
to previously written data. 
To ensure proper position­
ing, a small heater mount­
ed on the arm of the read­
write heads is activated 
during startup by a posi­
tion-control signal. As the 
metal arm warms slightly, 
the arm's position changes 
a tiny amount until the de­
tected signal's strength is 
highest. The small position 
change keeps the heads 
centered on the data 
tracks, ensuring peak sig­
nal strength. 

Lastly, a test verifies the 
heads' flying integrity 
when assembly is complete 
to ensure that the drive's 
many assembly steps don't 
produce surface flaws on 
the platters. The propri­
etary scheme performs 
electrical tests using the 
assembled drive's own 
data heads to search for 
and detect any distur­
bances in the head-disk in­
terface. 

DAVEBURSKY 
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Programming is quick and easy using 
readily available, third-party design 
software and programming hardware. For 
your high-volume production 
requirements, programming and testing 
services are available both from T I and 
authorized distributors. 

When low power and reprogram­
mability are important, an erasable 
PLO (EPLD) gives you the freedom to 
make design changes quickly and easi­
ly. For high-volume production requ ire­
ments, EPLDs are also available in one­
time-programmable plastic packages. 

To move your EPLD design rapidly 
from concept to silicon, the Tl EPLD 
Development System accepts a variety of 
entry formats. These include schematic 
capture, Boolean equations, state­
machine diagrams, and truth tables. T l's 
desktop CAE tool runs on an lBMC!l:­
compatible PC-Ar". 

FPGAs: Best of two worlds 
Like PLDs, FPGAs are user program­
mable, provide rapid design and debug, 
are simple to use, and are virtually risk­
free. Like masked gate arrays, FPGAs 
feature high gate densities, high perfor­
mance, a large number of user­
definable I/Os, and a gate array-like 
design environment. 

Currently available are Tl's 
TPClOlOA (1200 gates) and the 
TPC1020A (2000), with higher den­
sities to follow. Unlike PLDs and gate ar­
rays, FPGAs have a unique architecture 
that allows 100% observabi lity of the 

TSPECTRUM 

internal circuitry. This provides 
flexibility of design verification, either 
"in-circuit" or "in the programming 
box." 

The TI Action Logic System 
(Tl-ALS) is a powerful development 
tool for implementing your FPGA 
designs while avoiding NRE fees. The 
TI-ALS accepts designs from popular 
CAE software packages including 
Viewlogic"', OrCAD"', Mentor 
Graphics"', and Val id™ - resident on 
PC386, Apollo" ', and Sun-3'" platfonns. 

Gate arrays 
for greater differentiation 
For applications requiring higher-den­
sity, high-performance ASICs with fast 
prototype delivery, Tl's TGClOO Series 
1-micron gate arrays are an exce llent 
choice. Offering gate-array com­
plexities up to 26K gates and 256 l/Os, 
the TGCl 00 Series ut il izes familiar 
general-purpose logic libraries. You can 
define macros and pinouts, as well as 
specify packages with pin counts up to 
256 pins. 

A comprehensive design kit provides 
the information you need to easily 
implement your gate-array design. 

ASIC design centers, located at Tl's 
Regional Technology Centers, are 
staffed with design specia lists who are 
ready to help you. 

Standard cells: As specific, 
as complex as you need 
For ultimate performance and system 
integration, Tl's TSCSOO Series is 
your choice. The extensive cell 
library contains high-performance 
memory, register files, FIFOs, and 
MegaModule ™ building blocks. Realiz­
ing the need to incorporate design-for­
test into today's high-density ASICs, 
Tl also includes JT AG-compatible 
SCOPE"' testability cells in its library. 

T hus, you can tailor a standard-cell 
des ign to meet your exact system re­
quirements. As with our gate arrays, a 
design kit is available, as well as techni­
cal design assistance through Tl 's 
ASIC design centers. 

For derails about the support and service TI 
offers, please tum the page. 

I I I need a high .. speed 
part with unique 
functionality. Standard 
architecture is a big 
priority, too. Plus, I'm 
going into production 
and need volume 
delivery now. I I 
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At Tl, we cover your ASIC 
needs from silicon to software 
to service and support. 

100K 

Few ASIC suppliers match Tl's 
breadth of choice and depth of 

support in helping you develop the 
most efficient round peg for a round 
hole. As you see below, our ASIC 
family spans the architectural spectrum 
from PLDs to standard cells. 

PLDs: High performance, 
low risk 
PLDs are a low-risk, affordable design 
solution for high-speed-logic consolida­
tion. Stocked on TI distributors' 
shelves, they allow a quick ramp to 
volume production. 

TI offers more than 40 PLD func­
tions in industry-standard architec­
tures, including the high-speed, 7.5-ns 
TIBPAL16XX-7 and TIBPAL20XX-7. 
For high-performance applications, TI 
also offers unique functions such as the 
programmable sequence generator, 
TIBPSG507, and one of industry's 
fastest programmable address decoders, 
the 6-ns TIBPAL18N8-6. 

Tl's ASIC PRODUC 
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''At Texas Instruments, 
you have the choices 
you need to get the 
ASIC you need. That's 
the difference between 
an ASIC device and an 
ASIC solution.'' 

n ASIC solution is more than a choice of silicon. To keep '!\_ 
you from compromising on a square peg for a round hole, an 

ASIC solution involves many considerations: Your performance 
needs. How much control you want to exercise. The amount of sup­
port you require. What you can spend. How narrow your market 
window is. It's the result of you and your supplier weighing all the 
choices and reaching a balanced decision. At Texas Instruments, 
that's the way we like to work. 

"A solution should not limit you to 'classic' ASICs - gate arrays 
and standard cells. That's why TI includes user programmables in its 
ASIC lineup. We manufacture high-performance, programmable 
logic devices (PLDs) and high-density, field-programmable gate 
arrays (FPGAs). 

"Such a broad choice allows you to make better value judgments 
about control, NRE investment, and cycle times. 

"TI advocates open-system CAD architectures instead of confin­
ing you to proprietary CAD systems. We support both PC- and 
workstation-based design systems. 

"We provide as much advice and counsel as you need or want just 
about anywhere in the world. Our documentation is so comprehen­
sive it can fill your bookcase as it fills your needs. 

"We are looking to future solutions. For example, we are develop­
ing submicron CMOS and BiCMOS gate arrays and standard cells 
with densities over lOOK gates. We are extending our support by 
developing software that migrates FPGA designs to mask­
programmed gate arrays. 

"An ASIC solution also brings with it assurances of the supplier's 
dependability, stability, and capability to produce and deliver. 

"At Tl, we invite you to experience the difference between com­
promise and choice - the difference between an ASIC device and 

•nASICrnlution." ~ ~ 

Walden C. Rhines, Ph.D. 
Executive Vice President, Semiconductor Group 
Texas Instruments Incorporated 



IN THE ERA OF MEGACHIP TECHNOLOGIES 

' ' On my schedule, 
delivery delays and 
unnecessary risks are 
out. Our design 
requires the density of 
a gate array, but we 
need to handle all the 
programmation 
ourselves. I I 

' ' The system my 
team is designing calls 
for a high .. density, high .. 
performance ASIC. I 
want to call the shots 
on pin count, pinout 
definition, and the 
package itself. Fast 
prototype cycle time, 
JIT delivery, and low 
cost are mandatory. I I 

' ' We are developing 
a unique product that 
requires high .. speed 
memory and other 
complex functions 
integrated on the same 
chip. Surface .. mount, 
high .. pin .. count 
packaging is a major 
requirement. I I 



A PERSPECTIVE ON ASIC DESIGN 

The sun never sets on 
Tl's service and support. 
That's literally true. We have 
facilities and sites around the 
world. From early in your design 
cycle until you have the ASIC 
solution you envision, TI support 
and service are available 
wherever you are. 

This around-the-world service 
and support include that which you 
have come to expect from Tl: Com­
prehensive documentation and tech­
nical literature. Workshop training at 
our Regional Technology Centers. 
ASIC design and applications 
specialists to provide one-on-one 
advice and counsel. Development 
hardware and software. 

Our design flow is straightfor­
ward and minimizes the possibility 
of surprises. 

Our worldwide wafer-fabrication 
capability is unmatched and moving 
into the submicron era. We have dis­
closed a 106K gate array fabricated 
with our EPIC" -II, 0.8-micron 
BiCMOS process technology. 

Such extensive service and sup­
port satisfy the majority of our 
customers' requirements, result­
ing in round pegs for round holes. 
But what if you are one of those 
whose ASIC solution must be a 
peg of unusual shape? 

Tailoring the "fit" 
In these special instances, we will 
tailor our procedures to your 
needs, striving to be as "applica­
tion specific" as the term implies. 

For example, certain business 
issues become very important 
when a programmable ASIC is 
best for you. Here, rapidly chang­
ing market conditions require ab­
solute supplier dependability. 

We can work with you to main­
tain your inventory levels. We 
can adapt our production to sup­
port your ship-to-stock or just-in­
time programs. And if you'd like, 
we can deliver programmed or 
unprogrammed PLDs and other 
ASICs symbolized to your 

specifications to reduce your in­
ternal handling. 

We are well aware that an ASIC 
solution is more than silicon, more 
than standard service and support. 

You may want us to analyze your 
evolving ASIC designs and needs 
with you in relation to our evolv­
ing technologies. We can "tweak" 
our design flow to suit your require­
ments and integrate our design 
tools within your proprietary CAD 
systems when required. If your 
design calls for a proprietary func­
tion, we can also create a custom 
cell to suit your needs. 

We at TI are willing to go the 
extra mile in service and support 

Tl's MegaChipT" Technologies are the 
means by which we can help you and your 
company get to market faster with better, 
more competitive products. Our emphasis 
on volume manufacruring of high-densiry 
circuirs i the catalyst for ongoing advances 
in how we design, process, and manufac­
ture semiconductors and in how we serve 
our customers. 

in order to achieve the ASIC 
solution best for you. 

Four free ASIC DataFiles: 
Your choices start 
here and now 
We've put together an ASIC 
Datafile - an informative pack­
age of data sheets, product bul­
letins, and other pertinent 
literature - on each type of 
ASIC we offer: Programmable 
logic devices (PLDs and EPLDs), 
field-programmable gate arrays 
(FPGAs), gate arrays, and standard 
cells. Choose the ASIC Datafile of 
greatest interest to you, or refuse to 
compromise and get all four. Call 
1-800-336-5236, ext. 3706, and tell 
us what to send and where. 
Or write Texas Instruments 
Incorporated, P.O. Box 809066, 
Dallas, Texas 75380-9066. 
'" MegaModule, SCOPE, EPIC, and McgaChip 

are trademarks ofT exas Instruments Incorporated. 
PC-AT is a trademark of lmernattona l Business 
Machines Corporation. 
Viewlog1c is a trademark of V1cwlogic Systems, Inc. 
OrCA Dis a trademark of O rC A D Syslcms Corporation . 
Mentor Graphics is a trademark uf Mt!ntor G raphics 
Corporation . 
Va lid is a trademark of Valid Logic Corporation. 
Apo llo is a trademark of A pollo Computer Inc. 
Sun-J is a trademark of Sun Micrrn.ystems, Inc. 

® IBM is a registered trademark of Internationa l 
Business Machines Corporation. 

© 1989 Tl SR YR09il 08-9338 
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TECHNOLOGY ANALYSIS 

COMDEX/FALL '89: A 
SHOWPLACE FOR 

SEMICONDUCTORS? 
AT THIS YEAR'S SHOW, THE BIG NEWS Is ICs, NOT PCs. 

RICHARD NASS 

istorically, semiconduc­
tor companies haven't 
made much of a show­
ing at Comdex. The 
show has traditionally 
been a place for com­
puter and peripheral 
manufacturers to strut 

their stuff. But this year's Comdex will 
show a trend toward semiconductor an­
nouncements, due in part to systems­
oriented semiconductor companies do­
ing a large percentage of the overall 
computer design in IC integration. 
Hence, rather than do designs them­
selves from scratch, customers are get­
ting a more complete solution. Fall 
Comdex, to be held in Las Vegas, No­
vember 13-17, will set the table for an­
nouncements of PC chip sets, video 
chips, disk and cache controllers, pow­
er-management units, and math co­
processors. 

It's easy to see the catalysts that are 
turning a show like Comdex into a 
showcase for semiconductors: Because 
the people that design with the chips 
will attend, it's wise for semiconductor 
makers to show them what's available. 
Furthermore, no single show hosts as 
many semiconductor manufacturers. 
But for the most part, attendees at 
Comdex won't be at the true semicon­
ductor shows. More over, as one mar­
keting manager put it, "if just one of 
our competitors is there, we have to be 
there." 

In addition to the semiconductor an-

nouncements and the many seminars, 
presentations, and discussions, over 
1700 domestic and international exhibi­
tors will be on hand to display their 
products. These products include hard­
ware, software, CAD/CAM products, 
peripherals, communications devices, 
desktop-publishing and graphics soft­
ware, computer furniture, and more. 
The show will be attended by value-add­
ed resellers, retailers, and both hard­
ware and software developers. 

Technical sessions will focus on com­
puter industry trends. For instance, 
where will the next generation of de-
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r. ... 
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1
1. THE OAKHORIZON pc chip set 
supplies all of the necessary system-support 
circuitry for a 286- or 386-based laptop. The 
chip set's low power consumption makes it 
compatible for laptops. 

OTl-053 
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I 2. TRIDENT'S BEAT CHIP SET supports a 286-based system and maintains 
complete compatibility with the original IBM PC AT bus specification. 

signers take us? Many business-ori­
ented sessions will deal with buyer 
and seller demographics, and how to 
get the most out of your computer 
system. 

But there's no question that the 
semiconductor companies are trying 
their best to make an impact at Com­
dex. For instance, VLSI Technology 
Inc. has introduced 80286- and 80386-
compatible chip sets. The two-chip 
VL82C286 is intended for 286 and 
386SX systems at clock speeds of 25 
MHz and below, and with peripheral 
bus speeds up to 12 MHz. The three­
chip VL82C386 is for 386-based sys­
tems running at clock speeds 33 MHz 
and below, and with peripheral bus 
speeds up to 16 MHz. 

The 286 set cons is ts of a VL82C320 
system controller data buffer, and a 
VL82C331 ISA (industry-standard 
architecture) bus controller. The 
VL82C386 is made up of a system 
controller, an ISA bus controller, 
and a data buffer. Both sets support 
256-kbit, and 1- and 4-Mbit DRAMs. 
A built-in sleep mode and power­
down control are both useful in lap­
top computers and other low-power 
applications, and three-state control 
pins are added to simplify board-lev­
el testing. 

All of the devices are packaged in 
plastic quad flatpacks. Samples of 

the VL82C386 are available now for 
$185. Volume quantities (of 1000) will 
be available in March, 1990 for $95. 
The VL82C286 will be available in 
sample quantities in December for 
$160 and volume quantities in May, 
1990 for $80. 

Oak Technologies will introduce a 
low-power CMOS chip set aimed at 
286-and 386-based laptop computers. 
The OakHorizon set consists of five 
I Cs that control system control logic, 
clock circuits, serial and parallel pe­
ripheral controllers, DMA and mem­
ory controllers, and address and data 
buffers (Fig. 1). By adding a 286 or 
386SX CPU chip, memory, and just 
two TTL devices, a complete system 
can be up and running at clock rates 
upto20 MHz. 

Because of their low power con­
sumption, the chip set suits diskless 
PCs, which need to minimize heat 
generation. Logic is included to mon­
itor the activity of the system and 
turn it on or off at appropriate times. 
The set is available now for $90 in 
quantities of 1000. 

PC AT 386 and 386SX chip sets are 
also available from Headland Tech­
nology. The 386SX is a three-chip set 
that requires only three external 
TTL devices, a real-time clock, a key­
board controller, a CPU, and memo­
ry. The bottom line is that little needs 
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to be added to this chip set to com­
plete the system. The set features bi­
modal operation and supports clock 
speeds up to 16 MHz. 

The 386 set from Headland is also 
comprised of three chips, but runs at 
speeds up to 33 MHz and supports 
80287 and 80387 numeric coproces­
sors. The set's best feature is its flex­
ibility: Some manufacturers force 
users to manipulate hardware 
switches to alter their system's con­
figuration, but Headland implement­
ed a different configuration and 
makes it possible for manufacturers 
to program an EEPROM chip, or for 
software to alter or optimize a sys­
tem configuration of memory chips 
and peripheral devices. Both the 386 
and 386SX sets are available now. 

A four-chip set from Trident Mi­
crosystems Inc. , designated the 
BEAT (best enhanced AT), supports 
a 286 system while the BEATsx is a 
similar set for 386 systems (Fig. 2). 
Both chip sets maintain complete 
compatibility with the original IBM 
PC AT bus specification. In addition, 
both are optimized for OS/2 opera­
tion. The two sets are pin-for-pin 
compatible with Chips & Technolo­
gies' NEAT and NEATsx chip sets 
and can be used as direct replace­
ments for those sets on an existing 
motherboard. 

The BEAT sets have a marked im­
provement in memory speed over 
similar chip sets. Trident's design in­
cludes an enhanced data-bus struc­
ture that supplies a direct link from 
dynamic RAM to the CPU. With pro­
grammable command delays and 
wait states, OEMs can select timing 
and system speeds of 12, 16, or 20 
MHz. Other features include a two­
or four-way page-interleaved memo­
ry control, and software-configura­
ble memory organization. 

Also from Trident is a graphics 
chip that combines the functions of 
the IBM 8514/ A with the VGA stan­
dards, using the specifications from 
Trident's TVGA 8800 graphics con­
troller. The TAVA 9000 is a single­
chip solution that's compatible with 
the 8514/ A specifications as well as 
with all previous graphics stan­
dards, including EGA, CGA, MDA, 
and Hercules. The TAVA 9000 will be 



Platinum Barrier Schottky Rectifiers 

Universal Terminal Block Connectors 
Include Both Locking Wtifer Style 
Connectors&: 6-32 Wire Clamps 

High Power Density, Up to 
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Outstanding Application Flexibility 

100% Test, Inspection & Burn-In 
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SOME COMDEX SEMICONDUCTOR VENDORS 
Austek Microsystems Inc. 
Santa Clara, Calif. 
(408) 988-8556 
CIRCLE451 

Oak Technology Inc. 
Sunnyavle, Calif. 
(408) 737-0888 
CIRCLE454 

VLSI Technology Inc. 
Tempe, Ariz. 
(602) 752-8574 
CIRCLE457 

Cirrus Logic Inc. 
Milpitas, Calif. 
(408) 945-8300 
CIRCLE452 

Trident Microsystems Inc. 
Sunnyvale, Calif. 

Weltek Corp. 
Sunnyvale, Cali f. 
(408) 738-8400 
CIRCLE458 

(408) 738-3 194 
CIRCLE455 

Headland Technology Inc. 
Fremont, Calif. 

VIA Technologies Inc. 
Fremont, Calif. 

ZymosCorp. 
Sunnyvale, Calif. 
(408) 730-5400 
CIRCLE459 

(41 5) 656-7800 
CIRCLE453 

(415) 651-2796 
CIRCLE456 

available in the second quarter of 
1990, either as a single chip or config­
ured on a board. 

Another VGA graphics chip, the 
Poach 52 from Zymos Corp., offers 
complete compatibility with VGA, 
EGA, CGA, and Hercules standards. 
It's housed in one chip and requires 
little support logic. Two logic devices 
that are typically required were in­
corporated into the single package. 
Because of the low component count, 
the Poach 52 becomes a cost-effec­
tive alternative to VGA systems. 

Designed for IBM PC XT, PC AT, 
PS/ 2, and compatible computers, the 
chip supports many super-VGA 
modes, including 1024 by 768 pixels 
with 16 colors, or 800 by 600 pixels 
with 256 colors-both from a palette 
of 256,000 colors. It contains an inter­
nal 512-kbit memory decoder, an au­
tomonitor detector, and a 50-MHz 
pixel clock. The chip supports either 
1-Mbit (256-kbit by 4) or 256-kbit (64-
kbit by 4) DRAMs. To maintain com­
patibility with future high-end work­
stations, it includes an interface to 
Texas Instruments' 34010 and 34020 
graphics processors. 

stations and file servers. 
The low-power device incorpo­

rates extensive hardware support 
for the SCSI bus, a high-speed micro­
controller interface, a powerful buff­
er manager, and a high-performance 
sector formatter. The speed-match­
ing capabilities of the SCSI bus inter­
face make possible up to 15-byte syn­
chronous-transfer offsets and 12 
programmable-transfer periods. 
Also integrated on-chip are 48-mA 
SCSI bus drivers. Control signals for 
external differential drivers are sup­
plied. The disk controller can inter­
face directly with high-speed micro­
controllers. Samples are available 
now for$42. 

Used with any Intel microproces-

PCD 
W/R 
M/IO 

A31-2s 
A1s..2 

BE-2--0 
ADS 

e." 
031--01 03-0 

Intel 

sor-based design (286, 386SX, 
386DX, and 486), the SL9095 power­
management unit (PMU) minimizes 
power consumption and maximizes 
battery life in laptop computers. This 
single CMOS chip from VIA Technol­
ogies Inc. is compatible with all CPU 
clock rates from 8 to 33 MHz. The 
PMU supports three modes of opera­
tion: sleep, auto power-off, and sus­
pend-resume. As an option, slow-re­
fresh DRAMs can further reduce 
power during power-down modes. 

ASLEEP ON THE JOB 
The chip enters the sleep mode if 

an interrupt doesn't occur within the 
user-selectable time frame. In this 
mode, the real-time clock interrupt is 
blocked, the CPU is halted, and the 
microprocessor and system-control­
ler clock are stopped. Power is also 
turned off for the address, memory, 
and data controllers, the EEPROM, 
display, and SCSI hard-disk control­
ler. Following a keyboard entry, 
power is turned back on and the 
PMU refreshes the memory. 

The PMU supplies a programma­
ble time-out counter that monitors 
the activity of a high-powered de­
vice. Its auto-power-off mode will 

TCR-
W/R-
M/IO-
A31-2s 
A1s..2 
BE-2--0 
ADS-
e-.tt 1 031--0, DP3--0 

I e-." Packaged in a 100-pin Jedec quad 
flatpack, Poach 52 sells for $47 in 100-
piece quantities. Samples are avail­
able immediately and production 
quantities will be available in the 
first quarter of 1990. 

80486 KEN H Logic 
}----KEN from other logic 

MCS- Weitek 
4167 

A single-chip disk controller, from 
Cirrus Logic Inc. , combines a flexi­
ble architecture with synchronous/ 
asynchronous SCSI protocols. The 
CL-SH350 integrated SCSI disk con­
troller lets a 3.5-in. drive incorporate 
the performance and functionality of 
a 5.25-in. drive. These capabilities are 
required in intelligent disk drives for 
smaller, next-generation Unix work-
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I 3. A FEW SIMPLE CONNECTIONS to the 142-pin grid array connect the 
Abacus 4167 math coprocessor to the 80486 microprocessor. 
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.050 centerline shielded 1/0. 

The D in~rface may look familiar, 
but our latest 1/0 connectors have 
some special temptations all their own. 

Density, for instance. Mating 
contacts in a .050" by .100" pattern 
shrink 110 real estate dramatically, 

with sizes to 120 positions. Our 

AMP and AMPLIMITE are trademarks of AMP Incorporated. 

staggered .075" by .100" pcb 

AMPLIMITE .050 Series 50 and 68 
position connectors were 

,.. recently selected as the 
. ,, Small Computer Systems 
"· Interface (SCSI). The 

X3T9.2 Standards Com­
mittee anticipates approval 

as an ANSI standard in 1989. 

layout frees up more board, too, but 
still leaves trace routing uncomplicated. 

And shielding, for another 
instance. All the effectiveness you 
expect from steel front shells and 
AMP engineering-plus our make­
first/break-last design to handle electro­
static discharge concerns as well. Add 
superior strain relief, consider our 
squeeze-to-release option, and you 
have a compelling package. 



Very tempting. 

Maximum flexibility with right-angle, 
stacking, and edge-to-edge con­

figurations. Fork-and-tab contacts 
minimize insertion/extraction force. 
Strict polarization, simple interface. 

All part of our flexible 
AMPLIMITE .050 Series Connector 
line. Board-to-board styles feature the 
same .050 centerline, gold-over-nickel 
plated phosphor-bronze contacts. 
Thennoplastics are 94V-O rated, and 
everything is compatible in design 
and material with robotic applications. 

And our board-to-board config­
urations allow parallel stacking with 

minimal .472" spacing, plus edge-to­
edge, plus right angle configurations 
with pin or sockets. 

let us tempt you. Call the 
AMP Product Information Center 
at 1-800-522-6752 and ask about 
AMPLIMIIE .050 Series 
Connectors. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

ANI P Interconnecting ideas 
CIRCLE 12 



• 400 to 3000 w.na In 
8-....rdPIM:bge 

• 155,000 Hrs. Demonstrated 
MTBF 

c Hot Plug-In 
rAULT TOLERANT 

(N+1) POWER SYSTEMS 

• Two to Six Supplies 
• Expandable, 300 to 1800 Watts 
• Internal Isolation Diodes (Option) 

POWERTEC 
The Power in Power Supplies 

20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 •FAX (818) 998-4225 
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1 4. THE A28285 CACHE CONTROLLER from AustekMicrosystemslinksthe 
80286 microprocessor and a 32- or 64-kbyte static RAM. 

shut off the device if no activity is 
detected within a preprogrammed 
time interval. With the suspend-re­
sume mode, users can shut the sys­
tem down (suspend) and return to 
the same point they left (resume). 

The latest version of Weitek 
Corp.'s Abacus 4167 math coproces­
sor is designed to work with Intel's 
80486 microprocessor and is upward­
ly compatible with the Abacus 3167. 
It runs numerically-intensive scien­
tific and engineering application pro­
grams two to three times faster than 
systems running the 486 alone. A 
486-based PC running at 25 MHz will 
deliver 17 MWhetstones of single­
precision numerics performance, 
compared with 7 MWhetstones deliv­
ered by the lone 486. 

Delivering RISC-level perfor­
mance, the chip plugs into a socket 
on the system board of a 486-based 
computer and installs with just a few 
simple connections (Fig. 3). A 142-pin 
grid array designed onto the system 
board supplies all of the signals 
needed to interface the processor. 
Because the chip is memory mapped, 
it appears to the CPU as a block of 
system memory. For this reason, 
most of the signals from the copro­
cessor are connected to the 486's ad­
dress and data buses. 

All existing applications that sup­
port the Abacus 3167 for 386-based 
PCs automatically support the new 
chip. In quantities of 1000, the Aba­
cus 4167 will sell for $565. It is avail-

able now in sample quantities. Limit­
ed production quantities will be 
available in December. 

Austek Microsystems has re­
leased two high-performance cache 
controllers: the A28285 for 286-based 
systems and the A38202 for 386-
based systems. Both feature 32- or 
64-kbyte caches, while the A38202 
extends to 128 kbytes. The A28285 
supplies a direct interface to either 
an 80286 microprocessor or to a PC 
AT 286 chip set, as well as to by-4, by-
8, and by-16 SRAMs (Fig. 4). Run­
ning at 25 MHz, the cost-effective 
chip offers performance comparable 
to a 386 25-MHz system. The 20- and 
25-MHz versions sell for $51 and $57, 
respectively, in quantities of 10,000. 
They're housed in plastic 132-pin Je­
dec packages. 

The A38202, a second-generation 
part, incorporates all of the external 
support usually required, reducing 
component count, board space, and 
cost. It can operate at either 25 or 33 
MHz in multiple configurations, and 
features an on-chip declaration of 
noncacheable regions. The 25-MHz 
A38202 is priced at $84, while the 33-
MHz version costs $98, both in quan­
tities of 10,000. Production quanti­
ties are available now. 

How v ALUABLE? 
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MODERATELY 
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Fast facts 
about faster 
debugging. 

Find out how a logic 
analyzer with a built-in 
100 MHz, 2-channel 
oscilloscope helps you 
capture elusive hardware 
bugs in less time. 

Send for our FREE 
videotape and discover 
the debugging power 
of the new 80-channel 
HP 1652B and 32-channel 

1653B Logic Analyzers. 
Priced at just $11,300* and 
$7,400~ both have built-in 
scopes. So they combine 
state, timing and scope 
measurements in a single 
instrument. And deliver 
benefits such as powerful 
triggering, faster setup, 
automatic time correlation 
and lower cost. 
*U.S. list prices. 

Call HP now: 
1-800-752-0900. 
Ask for Ext. 246F and we'll 
send the FREE videotape that 
gives you the facts on faster 
debugging. Fast. 

There is a better way. 
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With EtherStar;™ 
your LAN cards do things that 

the competition's can't. 
Gerry Gollub doesn't make magic. 
He manufactures LAN cards for 
SMC. 

"Our new Ethernet'" controller 
board represents a true data 
throughput breakthrough. Over 
1000 KBytes/sec. But we couldn't 
have done it without Fujitsu 
EtherStar's dual-ported arbitration 
circuitry that allows the host CPU 
and the network to access RAM 
simultaneously." 

Rich Watson, Vice President of 
Engineering and Development for 
Tiara Computer Systems, is also 
high on EtherStar. 

"The Tiara LanCards are 
the first products based on the 
Fujitsu EtherStar controller. They 
scored the highest compliancy 
rating in Novell's full suite of tests. 
I'm impressed with EtherStar's 
fantastic performance and ease of 
implementation." 

Better system performance, 
easier product development and 
shorter design cycles. That's what a 
highly integrated controller with 
intelligent buffer management can 
do for you. 

Another satisfied customer, 
Vice President of Engineering 

cO 

YC. Wang of Network Applica­
tion Technology, states that 
EtherStar's value-added is essential 
to his Ethernet bridge products. 
"EtherStar helps us deliver a prod­
uct with superior price/performance 
because it provides a high level of 
integration, increased functionality 
and ease of programming." 

Added value that results in 
substantial competitive advantage. 
That's what EtherStar, the industry's 
leading LAN controller, can pro­
vide for you. 

EtherStar MB86950. Another 
example of Fujitsu's commihnent to 
technology excellence. From world 
leadership in gate arrays and mem­
ories to Silicon Valley-designed 
LAN controllers and SPARC" -
based RISC processors-Fujitsu 
helps you put your competitors in 
a spin. 

As we said before, it's not 
magic. Or is it? 

To find out, call us at I (800) 
866-8608. 

We're the Advanced Products 
Division of Fujitsu Microelectronics, 
Inc. Or write us at 50 Rio Robles, 
San Jose, CA 95134-1806. 

FUJITSU 

EtherStar is a trademark of Fujitsu Microelectronics, Inc. Ethernet is a registered trademark of Xerox Corporation. 
SPARC is a trademark of Sun Microsystems, Inc. 0 Copyright1989 Fujitsu Microelectronics, Inc. 
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he New 
Harns Semiconductor. 
~ommined to 
designers who 
control the power. 

Power semiconductors. They're the foundation upon which virtu­
ally every electronic system-analog or digital-is built. And as your 
designs demand higher performance from electronic systems, greater 
power, control and protection will also be demanded from the power 
products they employ. • At The New Harris Semiconductor, our recent 
integration of the semiconductor operations of GE, RCA, and lntersi I gives 
us an exceptionally strong position in this growing market. We now are 
the second largest North American supplier of discrete power devices. 
And we're committed to supplying you with the same rugged, high quality 
power products and services you've come to expect. In fact, we're invest­
ing aggressively in new products and technologies to further strengthen 
this important facet of your business-and ours. We believe that 
semiconductor technology will soon yield exciting breakthroughs in power 
products. And as a world leader in MOS, MOV, and composite structures, 
The New Harris Semiconductor will be in the forefront of developing new, 
smart power products and applying high-density CMOS technology to 
power. We invented logic level power and have the broadest 
product line in the field. Our experience in ruggedized and rad-hard appli­
cations has made us the only OPL supplier of MOV to the U.S. 
military. We're leaders in automotive, pioneers in high-density MEGAFETs, 
and innovators in packaging technology and simulation tools. And our 
new manufacturing technologies will reduce costs and improve quality. To 
better meet your design needs. Today and in the future. The New 
Harris Semiconductor. In power, we're what your vision of the future 
demands. Today. For more information call, toll-free, 1-800-4-HARRIS, 
Ext. 1450. (In Canada, 1-800-344-2444, Ext. 1450). 

m ~o~lr!?. 
HARRIS RCA GE INTERSIL 

Wnat your vision of tne future demands. Today. 
CIRCLE 79 



Type MS Precision 
Power Film Resistors 

Power Rating up to 15 Watts 
• Non-Inductive Design with power 

ratings from 2 Watts to 15 Watts 
• Select from 1 7 Models 
• Voltage ratings from 200 V to 6 KV 
• Resistance Range 20 Q to 30 Meg 
• Tolerance of 1 % (available to 0.1 %) 
• Max. Operating Temperature of 275°C 

For Type MS data, circle number 101 

Type MV Low Resistance 
Power Film Resistors 

Resistance Range of 0.1 Q to 50 Q 

• Non-Inductive Design with power 
ratings from 1.5 Watts to 1 O Watts 

• Select from 5 Models 
• Tolerance of 1 %, 2%, 5% or 10% 
• Max. Operating Temperature of 275°C 

For Type MV data, circle number 102 

Type MP Kool-Tab®. 
Power Film Resistors 

20 Watts in the T0-220 Package 
• Non-Inductive Design 
• Resistance Range 1 n to 1 0 K 
• 20 Watts at 25°C Case Temperature 
• Tolerance of 1 %, 2%, 5% or 10% 

For Type MP data, circle number 103 

® • tor Technology 
ReSIS . h Voltage Resistors 

High Performance ~~:~~rR;;.~!,°~sp~~~,~~s across the boa~d! 
with a 25 year rec Type MX Lab Grade• 

Type MG Precision 
High Voltage Resistors 

Voltage Ratings from 600V to48KV 
• 80 ppm/°C, -15°C to 105°C, ref. 25°C 
• Resistance Range up to 10,000 Meg 
• Select from 23 Models 
• Tolerance of 1 % (available to 0.1 %) 
• Stability of 0.5% per 1,000 hours 

For Type MG data, circle number 104 

Type TG Low TC Precision High Voltage Resistors 
High Voltage Resistors 

TC of 25 ppm/°C, -55°C to + 125°C 
• Resistance Range 1 Meg to 1,000 Meg 
• 7 Models with Voltage Ratings 

from 4 KV to 48 KV 
• Voltage Divider Match Sets with 

Ratio TC to as tight as 10 ppm/°C 
• Tolerance of 1 % (available to 0.1 %) 
• Stability of 0.25% per 1,000 hours 

For Type TG data, circle number 105 

New Cost Efficient Design 
• 80 ppm/°C, 0°C to 70°C, ref. 25°C 
• Resistance Range 1 Meg to 2,000 Meg 
• 7 Models with Voltage Ratings 

from 7.5 KV to 48 KV 
• Tolerance of 1 %, 2%, 5% or 10% 

(available to 0.1 %) 
• Stability of 0.5% per 1,000 hours 

For Type MX data, circle number 106 

More high 
performance 
resistor products 
from 

These products are manufactured with Caddock's exclusive Micronox® or 
Tetrinox® Resistance Film Technologies. For your copy of the Caddock 

CADDOCK 
ELECTRONICS, INCORPORATED 

General Catalog call or write : 
Applications Engineering 
Caddock Electronics, Inc. 
1717 Chicago Avenue 
Riverside, California 92507 
(714) 788-1700 

The Caddock General Catalog includes specifications on over 200 models of 
high performance resistor products. 

© 1989 Caddock Electronics, Inc. 
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COVER FEATURE 

ACCEPTING AND DELIVERING PARALLEL DATA AT 
25 MHz, THESE GAAs CHIPS ELIMINATE WIDE, 

FAST BUSES BY TRANSFERRING DATA SERIALLY. 

GAAS CHIP SET SHUTILES 
SERIAL DATA AT 1 GBIT/S 

DAVE BURSKY 

s system backplanes 
and local buses increase 
their operating fre­
quencies to keep pace 
with the higher operat­
ing speeds of the micro­
processors, costlier de­
sign approaches must 
be applied to reduce the 

noise, ringing, and crosstalk-all of 
which degrade signals as they traverse 
the bus. One solution is to limit the 
length of the bus. But that's impractical 
because tomorrow's systems will be 
more complex and distributed process­
ing will require more data to be shared 
than ever before. Another solution is to 
use point-to-point serial buses to trans­
fer key information if the full bus isn't 
needed. A new gallium-arsenide trans­
mitter and receiver chip set known as 
the Hot Rod, makes this practical. 

The chip set can transfer data at rates 
as high as 1 Gbit/s. Developed by Ga­
zelle Microcircuits, the chips offer a so-
1 u tion for high-speed point-to-point 
communications in systems where data 
communications is the bottleneck in 
system performance. With the chips, 
entire parallel buses or data paths can 
be serialized, transmitted over a coaxial 
cable or fiber-optic link, and reparalle­
lized on the receiving end with minimal 
overhead. 

Operating with TTL interfaces to 
their respective host systems, the GaAs 
chips run from a standard 5-V power 
supply, each consuming a maximum of 
2 W. To deliver an optimum high-speed 
serial data stream, the transmitter out-

-----+ 

put and the receiver input employ posi­
tive-referenced differential ECL signal 
swings. Those signal swings are com­
patible with both coaxial-cable and fi­
ber-optic links. 

The Hot Rod transmitter chip-the 
GA9011-accepts up to 40 parallel bits 
of TTL data at clock rates of up to 25 
MHz with a simple asynchronous 
strobe/acknowledge handshake proto-

E L E C T R 0 N I C D E S I G Nl 51 
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SPEEDY SERIAL 
DATA LINK 

401 - - - - - - - - - - - - -, 
[D11-3,) ------------ ---. 

In addition, noise and 
jitter on the serial link 
can cause the data trans­
mission to be corrupted. 
Such changes could alter 
the 5B symbol transmis­
sion. As a result, the re­
ceiver could detect that 
one or more invalid 4-bit 
nibbles were received. 
When an invalid 5B sym­
bol is received, the receiv­
er chip brings its Error 
line high and the invalid 
symbol is decoded as 
1111. 

Strobe -....,----+! 

Acknewledge --+------1 
Input 

control 

I 
'---~-' 

Crystal { ~ ===dXTAil 
inputs DSC~ 

I 

Reference 
clock 

PLL 

Div1,Div0 ___ 2_1 ___ __ 

Slave --r----+i 
1XCLJ( ------< 
2XCIJ --------< 

Clocking 
and 

control 
'----.---' 

Parallel 
to serial 

converter 

NRZI 
converter 

Positive 
referenced 

ECL 
output 

S +, S- (Differential 
serial outputs) 

L+ ,L­
(Loopback outputs) 

L..., ____________ _J Loopback enable 

Consequently, entire 
32-bit microprocessor 
data or address buses can 
be loaded into one Hot 
Rod transmitter, or mul­
tiple transmitter-receiv­
er chip sets and serial 
links can be employed to 
transfer 64-bit and wider 
buses. The need to move 
these large amounts of 
data and related control 

11. p ACKING ALL OF THE CIRCUITRY needed to convert 40 parallel bits of data into a 1· 
Gbit/s NRZI data stream, the Gazelle GA9011 transmitter generates the 1.25-GHz internal timing signal 
from a 25-MHz crystal. 

col (Fig. 1). Each 40-bit input gets en­
coded into a 50-baud word (frame) us­
ing the non-return-to-zero-invert-on­
ones (NRZI) 4B/5B coding scheme 
from the fiber-distributed data inter­
face (FDDI) standard. The 4B/5B 
scheme translates 4-bit nibbles into 
5-baud code symbols (40 data bits be­
come a 50-baud frame). Lastly, the 
encoded word is shifted out serially 
through a positive-EGL differential 
interface. 

Two benefits arise from the com­
bined 4B/5B and NRZI encoding: 
First, the encoding guarantees fre­
quent transitions on the transmit­
ter's serial output. No more than 
three consecutive non-transitions 
(Os) can occur. These frequent transi­
tions on the incoming differential 
data port of the receiver aid the re­
ceiver's phase-locked loop in main­
taining synchronization with the 
transmitter. Second, the format en­
sures a worst-case 60%/ 40% duty cy­
cle, important for fiber-optic media, 
because it limits the de offset voltage 
of the transmitter's serial outputs. 

On the receiving end, the GA9011 
receiver collects the serial data and 
recovers both the clock and data in­

521 E L E C T R 0 N I C 
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D 

formation from the differential sig­
nal (Fig. 2). The data is decoded and a 
40-bit word is reconstructed for de­
livery to a TTL bus. New data on the 
bus is indicated by the rising edge of 
the Receiver Strobe signal. 

s +Out, S-Out 

St In, S-ln -----~ 
L+ln,L-ln _...,...,........_.~ 

L +Out, L-Out 

Positive 
referenced 

ECL 
input 

Loopback ---~ 
enable 

Reference dock PLL 

Div1, Div0--..,1'+---- --o-i 
1XCLK--------1 
2XCLK-~------1 

I 

I 

L ___ _ 

signals stems from the increasing 
use of parallel and distributed pro­
cessing, remote sharing of massive 
files, the movement toward high-res­
olution graphics, and high-definition 
television. For instance, a high-reso-

NRZI 
decoding 

Clocking 
and 

control 

.------.1 
Serial to 
parallel 

converter 

'--+--40-+-- [D11-39) 
Strobe and 1--------- Strobe 

status 1-------+-- Synchronization 
~ne: 1-------J-- Error 

12. DECODING THE SERIAL DATA STREAM and recovering the clock and 
data, the receiver chip delivers a 4~bit output along with three system control and flag 
signals: Strobe, Synchronization, and Error. 

E S I G N 



When a 500 MHz 
digitizing scope 
costs less than a 
400 MHz analog ... 

. .. it's time to 
crossover 
to digital. 

Call for the HP cross-over kit 
and see why now is the time to 
switch to digital. Compare the 
new 4-channel HP 54503A Digi­
tizing Scope to Tek's 2465B. 
You'll find 500 MHz instead of 400 
MHz. Plus all the benefits of digi­
tizing. For just $4950'!' .. nearly 
$1000* less than the Tek 2465B. 

We'll include a FREE videotape 
on the advantages of digitizing 

scopes. It shows how features such 
as direct printer output, infinite 
persistence, and automatic meas­
urements can benefit you. 

Call 1-800-752-0900 today 
for your FREE videotape. 
Ask for Ext. 232Q to get details 
on the HP 54503A. Don't delay. 
It's time to cross over to higher 
performance at lower cost. 
*U.S. list prices. 

There is a better way. 

F//;. HEWLETT 
9.:~ PACKARD 



lution 1280-by-1024-pixel display 
with just 10 bits/pixel for color that's 
refreshed at 70 Hz requires a serial 
video-data stream of over 800 Mbits/ 
s. And, still higher data-content dis­
plays are expected in the next few 
years. 

Both transmitter and receiver 
chips are housed in 68-contact lead­
less chip carriers or ceramic J-leaded 
chip carriers to minimize board area 
and lead lengths. Each IC contains 
all of the circuitry needed to perform 
the data encoding, transmission, re­
ception, and decoding. All of the in­
ternal clocking and control functions 
required to accomplish the task are 
transparent to designers. An inter­
nal clock oscillator and phase-locked 
loop are used along with a 20-to-25-
MHz external crystal or timing 
source to generate the internal refer­
ence clock (50 times the input fre­
quency). As a result, a 25-MHz input 
clock becomes a 1.25-GHz internal 
clock and the problem of routing 
high-speed clock signals on a circuit 
card is eliminated. 

To the host system, each half of 
the chip set appears to be a 40-bit par­
allel register and each of the 40 bits is 
totally user definable. Input control 
circuits on the transmitter chip deal 
with the incoming data and its clock­
ing through the front end of the chip. 
The transmitter has four selectable 
speed ranges, which are determined 
from the frequency of the reference 
clock input and the value set up on 
the DivO and Divl control pins. Con­
trol circuits insert a synchronization 
frame into the data path whenever 
there aren't any data words to send, 
and that frame is resent un-
til new data is loaded into 

SPEEDY SERIAL 
DATA LINK 

PRICE AND AVAILABILITY 
The GA9011 and GA9012 Hot Rod 
transmitter and receiver chips are 
available in 68-lead ceramic J-lead 
chip carriers and sell for $157 and 
$213, respectively, in 100-unit 
quantities. Small quantities are 
available from stock. 

Gazelle Microcircuits Inc., 
2300 Owen St., Santa Clara, CA 
95054; Jon Zierk, (408) 982-
0900. CIRCLE 511 

Synchronous to the 2X clock signal (a 
double-frequency version of the in­
put reference clock), or with a free­
running strobe. The lX and 2X clock 
signals can also supply timing sig­
nals for the host system logic. 

With the free-running strobe, 
however, data words are loaded at 9/ 
10 or less the rate at which they're 
serially transmitted. This is because 
a synchronization frame will be in­
serted approximately as every tenth 
frame. Consequently, though the 
free-running scheme has a low over­
head, it limits the system to 90% or 
less of the maximum possible data 
rate of the chip. 

Once the 40-bit data word is in the 
chip, all operations in the GA9011 be­
come autonomous and the serial data 
stream appears on differential posi­
tive-referenced ECL output lines S+ 
and S-. The circuit also has two loop­
back output test pins, L+ and L-, 
which can be used for system diag­
nostics. A separate control pin, Loop 
Enable, switches the output data 
flow from the S to the L pins. If the 
loop-back diagnostic mode isn't 

needed, the L pins could actually be 
used as a second serial data path and 
the Loop Enable pin could serve as a 
multiplexer control pin, thus en­
abling one transmitter to alternately 
send data to two receiver chips. 

The positive-referenced ECL in­
terface delivers ECL signals refer­
enced to 5 V. As a result, a logic high 
is 4.2 V and a logic low is nominally 
3.2 V. The output stage consists of an 
active pull-up resistor. However, a 
passive pull-down resistor-50 n 
tied to +3 V, or a Thevenin equiva­
lent circuit to +5-V and ground­
must be used. 

Performing the opposite task of 
the transmitter, the GA9012 receiver 
accepts the serial differential signal 
and recovers the clock and data. It 
then performs the NRZI to 4-bit nib­
ble conversion, assembles the 40-bit 
word, and delivers that word to the 
40 output lines. The receiver circuit 
also has two Loop-Input lines (L+ In 
and L-In) for system diagnostics. 
Those lines are also controlled by a 
Loop-Enable input pin. 

To make the receiver easier to ter­
minate, which in turn ensures mini­
mal signal reflections, Andy Gra­
ham, Gazelle's vice president of engi­
neering, and his design team came 
up with a scheme they call Fly-By 
termination (Fig. 3). In a system, ter­
mination would typically be done 
right next to the chip package, yet 
that approach often causes consider­
able restrictions for the circuit-board 
layout. But with Fly-By, Graham ex­
plains that the input signal, after be­
ing sampled by the chip, is routed out 
of the chip package over two addi­

Hot Rod Termination l Hot Rod 
the transmitter chip. 

There are actually five 
distinct ways of clocking 

transmitter l 1-----1- -, receiver network J S+Out 

tional pins: S+Out and S­
Out. The continuations of 
the input signal may then be 
routed to a convenient loca­
tion for termination . The 
Hot Rod receiver chip data into the transmitter, 

which gives designers a 
range of choices to best fit 
the system. The options 
include: Asynchronous 

7T 

I 
St ,__ ___ ___..,__ ___ ___. _ ...J s+ln 

•/ 

[ Termination l_ S--Out 

network J 

is designed for use with 
50-n traces. Termination 
schemes similar to those for 
the transmitter chip can be 

Strobe/ Acknowledge hand­
shake with edge-driven or 
level-driven signals, Syn­
chronous to the lX clock sig­
nal (a buffered version of 
the input reference clock), 1

3. TO AVOID THE LAYOUT RESTRAINT 
imposed by standard termination schemes, Gazelle developed an 
approach it calls Fly-By termination. With this technique, input 
signals can be routed back out of the chip and terminated in a 
convenient location on the circuit board. 

employed. 
On the receiver chip, the 

phase-locked loop multiplies 
the incoming reference 
clock signal by 50 to gener­
ate the timing references 
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When you can get 
a400MSa/s 
digitizing scope 
for just $6450: .. 
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... it's time to 
crossover 
to HP. 
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direct printer output, infinite 
persistence, and automatic mea­
surements can benefit you. 

8eTUP 

r;;;;;:i 
I.;:/ 

8 
El 
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Call for our cross-over kit and 
see why it pays to switch to HP. 
Compare the new HP 54502A to 
other digitizing scopes and you'll 
find unbelievable performance 
for the price. It gives you 400 
MSa/s and 400 MHz for just 
$6450:+' About half what you'd 
expect to pay. 

Call 1-800-752-0900 today 
for your FREE videotape. 
Ask for Ext. 246C to get details 
on the HP 54502A. Don't delay. 
It's time to cross over to big 
savings in digitizing scopes. 

There is a bet ter way. 

We'll include a FREE videotape 
that shows how the HP 54502A's *U.S. list price. 

F//89 HEWLETT 
.:/!ii PACKARD 



SPEEDY SERIAL 
DATA LINK 

r- - - ---- - - - ------------1 
Host 

system 

r----------------~----~ l Host 

Traamit 
data 

buffer 

Traamit 
logic 

Tx 

I system 

I 
Fiber I 

orcoax I 
s+ s+ln S- t---+-.----.1....---t---.---+1 S-ln 

L+ 
L-

L+ln 
L-ln 

Rx Strobe 
Acknowledge 
1XCLK 
2XCLK lleference l.aopback l.aopback 

enable 

Emir 

Strobe 

Synchruniution 
1XCLK 

Reference 2XCLK 
clock X1 X2 DSC clock enable 

System 
logic 

Receive 
logic 

0 

2ClK 
1XCLK 
Synchruniution 
Strobe 
Emir 

o_ 

Reference l.aopback 
clock enable 

L+ln 

Rx 
L-ln 

s+ln 
S-ln 

2 2 

L+ 
Fiber L-

or coax s+ 
S-

l.aopback 
enable 

T1 

X1 

System 
logic 

Trammit 
logic 

Tl'lllllllit 
data 

blfler I 
System A 

L-------------------------l 
System B I 
L------------ - ----- - ___ _J 

I 4. A FULL BIDIRECTIONAL SYSTEM requires both a transmitter and a receiver chip on each side of the system, and twin 
coaxial or fiber cables to carry the data streams. 

that recover the incoming data. Un­
like the transmitter chip, though, the 
receiver doesn't have an on-chip os­
cillator-the host system must sup­
ply the chip with the 20- to 25-MHz 
reference clock signal. In bidirec­
tional systems that use both trans­
mitter and receiver chips, the oscilla­
tor output from the transmitter cir­
cuit can also be used by the receiver. 

Before any data can be recovered, 
the receiver must be synchronized to 
the incoming data stream so that the 
reception rate matches the transmis­
sion rate of the sending unit. Once 
synchronization is achieved, data 
can be recovered without any host 
system intervention. As new data ar­
rives on the serial inputs, the receiv­
er chip writes the just decoded paral­
lel words to the host system bus. The 
host system must capture this data 
before the next word is written. The 
Strobe output from the receiver can 
be used to control a latch, register, or 
other storage element (such as a 
FIFO memory) that should capture 
the 40 data bits in addition to the Er­
ror Flag bit. 

An incoming 50-baud frame can be 
either a data frame or a synchroniza-

561 E L E C T R 0 N I C D 
NOVEMBER 9, 1989 

tion frame . If it's a synchronization 
frame, it's discarded and the Syn­
chronization signal on the chip as­
serted. The Synch signal can be sam­
pled synchronously on the rising 
edge of the lX clock signal. The last 
data word received (previous to one 
or more synchronization frames) re­
mains on the output bus. If the in­
coming frame contains data, the de­
coding circuits reconstruct the 40-bit 
word and place the data on the out­
put bus, while raising the Strobe sig­
nal line at the same time. 

The transmitter and receiver chips 
can typically be used in four modes­
bidirectional, unidirectional, paral­
lel, and loopback. In the bidirectional 
mode, two sets of chips and two seri­
al channels are needed so that each 
end of the line is a full transceiver 
(Fig. 4). Unidirectional systems re­
quire just one transmitter on one 
side and a receiver on the other. Par­
allel systems would be used when 
large buses or wide data words must 
be transferred. Multiple transmitter 
chips, all synchronized to the same 
clock, can send data over multiple se­
rial channels to multiple receivers, 
which are also off a common clock. 
E S I G N 

Moreover, the loopback mode, as 
mentioned earlier, is handy for sys­
tem diagnostics: It makes sure that 
the chips are functioning as they 
should be. 

To ensure synchronization in the 
parallel mode, one transmitter chip is 
selected as the master device and the 
rest are set up as slaves to that mas­
ter. To do that, the Slave control pin 
on the master device is grounded and 
the lX clock pin from that chip drives 
the Slave pins on the other transmit­
ter chips. Because the l X clock sig­
nal is aligned to the frame transmis­
sion, it will enable each slave trans­
mitter to align its frame boundaries 
to those of the master transmitter. 
There aren't any Slave pins on the re­
ceiver chips, and incoming data is re­
constructed as received. To deskew 
the multiple words to create an 80, 
120, or larger bus signal set, a des­
kewing buffer can be created in the 
host system. 0 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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When you find 
a 100.l\1Hz, 
4-channel 
digitizing scope 
for only $3465: .. 

. .. it's time to 
crossover 
to digital. 

°' ~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-' ~ 

Call for the HP cross-over kit and 
discover the best price/perform­
ance available in a portable 
digitizing oscilloscope. It's the 
HP 54501A. With 100 MHz band­
width. Four channels. And 
8-bit vertical resolution. All 
for just $3465;l' 

We'll include a FREE videotape 
on the advantages of digitizing 
scopes. It shows how features such 

as direct printer output, infinite 
persistence, and automatic meas­
urements can benefit you. 

Call 1-800-752-0900 today 
for your FREE videotape. 
Ask for Ext. 246B to get details 
on the HP 54501A. Don't delay. 
It's time to cross over to an afford­
able digitizing scope. 
*U.S. list price. 

There is a bet ter way. 

F//09 HEWLETT 
~/!.a PACKARD 



Based on its fully integrated 
capabilities and new substrate 

teclinology, AT&T offers hybrid I Cs 
with record-breaking density. 

By controlling hybrid production from 
end-to-end-development right on 
through manufacturing-AT8if gives sys­
tems and circuit designers a high- density, 
high-performance hybrid alternative. 

In thick film, we offer todays most 
advanced Ceramic Multilayer Boards. In 
thin film, our new POLYHIC package, 
developed by AT8if Bell Laboratories, 
accommodates far more circuitry than 
conventional hybrids, within the confines 
of standard-size packaging. 

Inside the package, fine-line 
conductor geometries maximize routing 
and interconnection density, help reduce 
design complexity, and enhance quality 
and reliability. 

1Xf8if relia­
bility extends to 
service and deliv­
ery. We currently 
produce half-a­
million devices 
a week, with 
capabilities to meet urgent production 
schedules. We'll provide on-site support 
from AT8if field application and Bell 
Laboratories engineers. And we'll 
deliver full operational samples within 
eight weeks. Whatever it takes to help 
ensure your success. 

For more on how 1Xf8if can meet 
your thin film and thick film multilayer 
hybrid needs, just call 1800 372-2447. 



ELECTRONIC DESIGN REPORT 

POWER-SUPPLY IC CONTROLLERS 

POWER-SUPPLY IC 
CONTROLLERS 
PROLIFERATE 

esigners of switch-mode pow­
er supplies (SMPSs) or 
switchers-off-line types or 
de-to-de converters-have at 
their disposal a wide selection 
of ICs that satisfy a broad 
range of power-supply appli­
cations. These I Cs, which sim­
plify previously discrete-com­

ponent designs and cut switcher size 
and cost, include controllers with or 
sans an on-board power switch (reg­
ulators) and switch drivers. 

Currently available as well as up­
coming ICs range from very basic, 
general-purpose controllers to spe­
cial-purpose complete regulators 
that only need inductors, capacitors, 
and diodes . They help designers 

FRANK GOODENOUGH 

THESEICs 
SIMPLIFY THE 
DESIGN OF A 
WIDE RANGE OF 
SWITCHING 
POWER SUPPLIES. 
choose from various converter topol­
ogies and employ a vast array of 
deign techniques and features. No 
longer are you stuck with constant­
frequency, voltage-mode, pulse 
width modulation (PWM) as your ba­
sic control technique. Current-mode 
and resonant-mode control are also 
available. The choice of control mode 
depends on trade-offs in switcher 
price, performance, and size. To cut 
switcher size, consider current-mode 
control and switching frequencies 
above 100 kHz. Above 500 kHz, use 
resonant-mode control. 

Switchers make it possible for 
shoe-box-sized 500-W off-line sup­
plies, as well as 25-W de-de convert­
ers that you can hide in your hand. 
But as system designers call for 
more speed and computational pow­
er (and million-pixel CRT graphics), 
the demand is on for another round 
of size slashing. And the only way to 
up power density is to raise switch­
ing frequency, to cut the size of the 
magnetics along with the capacitive, 
storage, and fi lter components . 
While most controllers and switch­
ing transistors easily run at freq uen­
cies between 300 kHz and 1 MHz, 
many supplies still operate well be­
low 100 kHz. This is because it's diffi­
cult to design and make circuits for 
fast power pulses . Furthermore, 
higher power-supply switching fre­
quencies mean increased switching 
losses and more rfi/ emi. 

But switching frequencies are still 
rising, and as they do and the costs of 
power FETs drop, you must choose 
between bipolar or DMOSFET pow-
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er switches. In addition, each chip of­
fers a mix of operational, output 
drive, and protection features, which 
often distinguish these I Cs from one 
another. Finally, the last six months 
has seen the emergence of power­
factor correction. Whether or not to 
incorporate power-factor correction 
into any off-line switcher that con­
trols more than 600 W has become a 
critical decision. Power-factor cor­
rection will affect the design of any 
off-line supply controlling much 
more than one-tenth of that power in 
the near future (see ELECTRONIC DE­

SIGN, Oct. 12, p. 16). 
In contrast, less than 15 years ago, 

designing an SMPS meant "rolling 
your own." You used available op 
amp and comparator ICs, discrete 
transistors, or perhaps did it all with 
just a 555 timer. No controller ICs 
were available. 

The first controller ICs, Silicon 
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General's SG1524/2524/3524 family, 
arrived in 1976. At that point, unless 
you had plenty of money and were 
willing to gamble on the just emerg­
ing MOSFET, your power switches 
were bipolar transistors. Switching 
frequencies ran from just above au­
dio to 40 or 50 kHz. 

Although things are different to­
day, your task isn't any easier. The 
wide range of available ICs also 
means more interrelated and critical 
design decisions: 

•The choice of supply topology. 

• The choice of a discrete or an IC 
controller. 

• The choice of control mode-volt­
age, current, or resonant. 

• For resonant-mode control, at a 
minimum, the choice between zero­
current and zero-voltage switching. 

• The choice between a multiple-

sourced controller that's been 
around a while, or one of the unique, 
advanced devices arriving every day. 
• The mix of operational, output 
drive, and protection features. 

• The choice of whether or not to add 
power-factor correction. 

Practical switching rates for cur­
rent-mode controllers will climb 
above 1 MHz, and to above 3 MHz for 
resonant-mode controllers. Choices 
of current- and resonant-mode and 
power-factor controller architec­
tures and features will also rise. We 
may see all of the parts needed for a 
5-to-10-MHz resonant supply within 
18 months. In fact, circuits working 
well above that frequency have al­
ready been built. Most of the newer 
(and some earlier) controllers are 
available in one or more surface­
mount packages. 

The first PWM controller I Cs, the 

TABLE 1: VOLTAGE-MODE SMPS CONTROLLER ICs 

Control 
circuits 

E .. ., _ 
u c O> .. 

!'! en .... .. --c ·~ s 0 .. 
>- c:::J u 

Originating 
Model company (V) (mA) 

SG1524 Silicon General 8-40 7 
UC1524A Unitrode 1(}..40 10 
SG1524B Silicon General 7-40 12 
NE1524C Signetics 7-40 10 

SG1525/27 Silicon General 8-35 20 
TSC35C25/27 Teledyne Semi-

conductor 8-18 2.2 
SG1526 Silicon General 8-35 30 
UC1526A Unitrode 7- 35 20 
SG1526B Silicon General 8-35 30 

SG1529 Silicon General 7-40 12 
UC1840 Unitrode 8-30 15 

TL433/494 Tl 7-40 15 
TL495 Tl 7-40 15 
TL594 Tl 7-40 18 
TL595 Tl 7-40 18 

TDA4714 Siemens 11-30 16 
TDA4716 Siemens 11-30 16 
TDA4718 Siemens 11-30 20 
TDA4700 Siemens 11-30 20 

NE5560 Signetics 10-20 15 
NE5561 Signetics 10-20 13 
NE5562 Signetics 10-16 15 

MC34060 Motorola 7-40 15 
MC34060A Motorola 7-40 15 
LAS3800 Lambda 12-40 13 
LAS3840 Lambda 10-40 30 
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Output 
device 
rating 

.. 
" E ... ~ 0 .. ,, _ 

"0 c 
en cc -~~ ~ !'! ~~ Ci ~~~ 0" > '-' u 

(V) (mA) (kHz) 

40 100 300 
60 200 500 
60 200 400 
60 200 500 

35 400 400 

35 100 500 
35 100 350 
40 100 550 
35 100 500 

60 200 400 
40 200 1,000 

40 200 300 
40 200 300 
40 200 300 
40 200 300 

30 20 250 
30 20 250 
30 20 250 
30 20 250 

20 40 100 
20 40 100 
16 100 600 

40 200 200 
40 200 500 
40 500 500 
40 200 400 

DESIGN 

Features 

Operational Output drive 

e ..!! :;; .,,. 
~ 

.,,. .. "u l! c ;; e l;' E c .. .. 
E -

.. " CL ·;c l:" ;; ~ ! ~ ~ Ci ..!! e CL - e .s Ci ;; - CL CL CL en .. " ·= .. .e il" e .!! u 0 :IE "CI :i:i :c E :;; u .,,. • "C 9 
0 .. 

l! a: c 
c 

= 
.. ~~ 

u c !. • ('%.) ~ .. c c .. 0 a: 0 
::::> ... 0 ::::> ..= .... :z 0 0 ... 

2 50 * * * 2 50 * * * 2 50 * * * 2 50 * * * 
2 50 * * * * '* 
2 50 * * * * * '* 2 50 * * * 2 50 * * * 2 50 * * * 
2 50 * * * * 1 100 * * * * * 
2 100 * * * 2 100 * * * * 2 100 * * * * 2 100 * * * * * 
2 100 * * * 2 100 * * 2 100 * * * 2 100 * * * 
1 100 * * * * 1 100 * * 1 100 * * * * 
1 100 * * * 1 100 * * * 2 100 * * * 1 50 * * * 



SG1524/2524/ 3524 family , arrived 
from designer Bob Mammano, then 
at Silicon General, sometime in 1976. 
(Since then, the vast majority of the 
available controller ICs have kept 
the model numbering standard set 
by Silicon General. The first digit of 
the model number is either 1, 2, or 3, 
indicating operation over military, 
industrial, and commercial tempera­
ture ranges, respectively. The initial 
letters indicate the supplier.) 

The SG1524 is a basic device that 
supplies voltage-mode control with 
few features. However, it now has at 
least 10 different sources. Moreover, 
at least four improved versions have 
appeared from four sources, includ­
ing Silicon General's own SG1524B. 

All 1542 versions are pin-for-pin 
compatible, but the A, B, C, and D 
versions add both increased perfor­
mance and features (Table 1). For ex­
ample, the SG1524B ups output drive 

* * * * 
* * * * 

5! c: 
"5 .5! 
c;a. = .!! !! 
.a CL 
:0 CL 
0" c .. 

* * * 

Protection 

.. .. 
"5~ 

~~ 
.a -• c: .. .. 
~~ 
.... u 

* * * 
* * * 

Features 

* * * * * 
* * * * * * * * * * * * 
* * * * * * 
* * * * * * * * 
* * * * * * * * * * 
* * * 

* * * * 

* * * * 

* * * * * * * * * * * 
* * * * 

* * * * * * * * 
* * * 
* * * * * 

* * * * 

* 

* 
* * 
* 

* * * * 

* 

* * 
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transistor rating from 40 to 60 V and 
100 to 200 mA, reference accuracy 
error from 5% to 1%, and oscillator 
frequency from 300 to 500 kHz. Add­
ed features include double-pulse 
suppression, programmable cycle­
by-cycle current limiting, a PWM 
latch, a shutdown pin, and under­
voltage lock-out (UVLO). 

Most of those specifications and 
features have become starting 
points for the families of voltage­
mode devices spawned by the 1524. 
These families, Silicon General's 
SG 1525, SG 1526 and SG 1527, replace 
the 1524's transistor outputs with to­
tem poles and offer features, such as 
soft-start and high-speed shut-down 
paths. The 1525 and 1527 are virtual­
ly identical except that the output to­
tem pole goes low when off in the for­
mer; high in the latter (NOR vs. OR). 
The SG 1529 is identical with the 
SG 1524B but it adds feed forward to 

.. 
"' .. 
13 i ;:: . ..... 
> u 

0 .2 

* 

UVLO 

* 
* 

.. 
c: ·a .... 
i5 

16 
16 
16 
16 

Other sources, 
from company table 

13,14,16,19,21 

* 16 10,11 ,13,14,19,20,21 

* 16 * 18 10,16,20 

* 18 
18 

* 16 * * 18 18 

* * * * 

16 
18 
16 
18 

* * 14 * * 16 * * 18 * * 24 

* * 16 8 

* * 20 

* 
* 

14 
14 
16 
16 

11 ,14,19,21 

19 

improve line regulation. 
One of the last voltage-mode con­

trollers to appear (in 1981), Uni­
trode's UC1840 not only moved oscil­
lator frequency to 1 MHz but also of­
fered 1-A totem pole outputs. It also 
added feed forward plus an on-chip 
40-V zener to simplify off-line opera­
tion. Its UVLO circuits keep quies­
cent currents below 5.5 mA while op­
erating current is 15 mA. The fast 
switching and high peak-current ca­
pability of the chip lent it to driving 
the on-coming surge of power FETs. 
The 1840 is also available from SGS 
and Silicon General. 

Though it didn't reach the popular­
ity of the 1424, Texas Instrument's 
TL493/ 494/ 495 family-another 
very basic set of controllers-was 
also widely sourced. Designed by 
Barney Holland (now of U nitrode), it 
arrived less than a year after the 
1424. The TL495 has an on-chip ze­
ner, one of the few simple controllers 
so equipped. The TI594/595 added 
UVLO, with the 595 also sporting a 
zener. The TL598 is similar but has 
totem-pole outputs . Motorola's 
MC34060 is another simple control­
ler in volume production, and it's also 
available from Tl. 

Additional controllers, both sim­
ple and sophisticated, are available 
from Signetics, Siemens, and Lamb­
da. The Signetics units all have on­
chip zeners. An additional voltage­
mode device, Tl's TL497, was also 
announced in 1976. Rather than em­
ploy PWM, it uses constant on-time, 
variable frequency modulation 
(fm)-a forerunner of resonant­
mode supplies. 

SWIM WITH THE CURRENT 
The first current-mode controller 

burst on the scene in 1983, Unitrode's 
UC1846. It started an explosion of 
new devices and improved clones 
that still continue (Table 2). In cur­
rent-mode control, an inner or sec­
ondary loop is used to directly con­
trol peak inductor current with the 
error signal, while the outer loop is 
used to control output voltage. In­
stead, voltage-mode converters con­
trol the duty cycle of the pulse-width 
modulator with just the output volt­
age (see the figure). The technique 
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r-------- - - - -----, I Portion of IC controller 1 
I I 
I Reference Clock I 
I I 
I ~M I 

I s : 
Regulated 

v ••• Filter 
I PWM 
I 

R Q 
latch Power 

switch "J I 
I 

v .. n .. 

L _________ __ __ __ _ J Current-sense 
resistor 

Outer, voltage-control feedback loop 

I IN CURRENT-MODE PWM CONTROL, each pulse is terminated when the 
inductor current reaches a certain value. That value is determined by the output of the error 
amplifier and the voltage across a current-sensing resistor. 

offers numerous performance ad­
vantages over voltage-mode con­
trol-particularly as switching fre­
quencies climb above 500 kHz. To 
quote Barney Holland, the designer 
of the UC1846, "The advantages 
read like a frustrated power-supply 
designer's wish list." 

Most current-mode controllers are 
designed to charge the 1000 pF, seen 
at the gates of the HEX-3-size power 
FETs, with 12-V pulses, in under 300 
ns; advanced devices do it in under 
100 ns. Current-mode control gives 
you inherent feed forward, cycle-by­
cycle current limiting, and symme­
try correction (flux balancing) in 
push-pull designs. In addition, one of 
the two poles is eliminated from the 
control loop, theoretically resulting 
in inherent closed-loop stability. 
Overall loop compensation becomes 
simpler, and both the small- and 
large-signal response of the loop to 
load changes speeds up. At the same 
time, input-voltage feed-forward 
supplies instantaneous correction 
for any changes in the supply volt­
age, while using none of the error 
amplifier's dynamic range. Line reg­
ulation is excellent, and the error am­
plifier need only work on load 
changes. Current-mode controllers 
also lend themselves to power-factor 
correction and voltage-mode control. 

The UC1846 and UC1847 (outputs 
off in high and low states, respective­
ly) caught on and are also available 
from Silicon General and TI. They 
can also be expected sometime in the 
near future from Teledyne Semicon-
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ductor. These chips, which are large, 
complex, and pack plenty of fea­
tures, are expensive. They were fol­
lowed quickly in 1984 by Larry Wo­
ford's UC1842/ 43/ 44/ 45. If imitation 
is the highest form of flattery , then 
the UC1842/ 43/ 44/ 45 family is a suc­
cess. In just over five years, Uni­
trode's chips were cloned by at least 
six companies. Unitrode has an­
nounced improved A versions. The 
biCMOS TLC38C42-45 are available 
from Teledyne Semiconductor. 

The UC1842/ 43/ 44/ 45 are low­
cost 8-pin DIP and S0-14 devices. 
They off er the major features of the 
1840 and 1841, including the on-chip 
zener and low start-up currents, and 
are specified for peak drive currents 
of 1 A-just the output you need to 
drive MOSFETs fast. 

The 1842 and 1843 are for 100%­
duty-cycle topologies; their siblings 
for 50%-duty-cycle circuits. The 1842 
and 1844 are optimized for off-line 
operation with UVLO on/ off thresh­
olds of 16 and 10 V. Their cohorts are 
optimized for de-to-de converter ap­
plications, so the UVLO thresholds 
are set at 8.5 and 7.9 V. In addition, 
start-up currents were dropped to 
just 1 mA from the 1840's 5 mA. That 
is, when power is applied to the con­
troller's supply pin, the output is low 
and only start-up current is drawn, 
as long as the voltage pin is below the 
upper UVLO threshold. Once on, the 
supply must drop below the lower 
level to go into UVLO. 

Unitrode's recent A version of 
these controllers has start-up cur­
E S I G N 

rent of just 0.5 mA. During UVLO, 
the output can sink at least 10 mA at 
1.2 V when the supply voltage is over 
5 V. And the oscillator discharge cur­
rent is trimmed between 7.8 and 8.8 
mA, further adding to precision and 
reliable performance. 

SPEED DEMONS 
Woford didn't rest on his laurels 

after the 1842/ 45. With the demand 
for higher switching speeds and low­
er-cost power FETs becoming avail­
able, U nitrode announced his 
UC1823/ 1825 in 1985 (ELECTRONIC 

DESIGN, May 30, 1985, p. 97). The 
1842/ 45 can switch at over 1 MHz 
and also put out peak pulses of 1 A. 
Consequently,they can charge the 
1000-pF gate of a MOSFET to 12 Vin 
under 150 ns. The 1823 suits 100%­
duty-cycle operation and has one out­
put; its sibling is for 50%-duty-cycle 
work. The latter doesn't have an on­
chip zener, but its UVLO circP;t 
keeps start-up current below 2.5 mA, 
although run current is 33 mA. One 
of the secrets of the chips' speed is in­
ternal propagation delays, in critical 
control-loop paths, of under 60 ns. 

Returning to the UC1823/ 1825, 
the fact that it took over three years 
to come up with a controller to drop 
into its socket is indicative of the sig­
nificance of Woford's controller. The 
solution came from a new player, Mi­
cro Linear, which did it on an array in 
less than a year (ELECTRONIC DE­

SIGN, Nov. 30, 1988, p. 135). The re­
sult is actually a family of control­
lers: The ML4823/25 are moderately 
improved versions of the UC1823/ 25, 
while the ML4809 and new ML4810/ 
11 offer additional mixes of features 
and performance. On the other hand, 
you can have it built "your way" on 
the ML3480 array and specify an ex­
act mix of features. Turn-around 
time from the design to prototypes 
can be as short as six weeks. 

The output stage, common to all 
controllers built with the Microlinear 
array, drives a 1000-pF FET gate 13 
V positive in 60 ns. That's about one­
third of the time it takes the U nitrode 
chip. Moreover, the propagation de­
lay in Micro Linear's current-limit 
shutdown path is just 70 ns. In addi­
tion, the outputs are low during 
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UVLO, and the soft-start latch in­
sures a full soft-start cycle. The dual­
output MIA809, released not long af­
ter the 1823/25, adds or alters multi­
ple features, including UVLO 
thresholds similar to those of the 
UC1842/ 44 (16 V to start, with 7 V of 
hysteresis), a voltage-controlled os­
cillator input for synchronization or 
frequency control, a PWM compara­
tor blanker for noise immunity, pro­
grammable soft-start delay, and pro­
grammable ramp compensation. 

Until now, the need for ramp com­
pensation in current-mode regula­
tors operating with duty cycles 
above 50% has meant the use of 
about half-a-dozen external passive 
devices plus a transistor. The 4809 
needs just one programming resis-
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tor. The comparator blanker elimi­
nates the effect of noise spikes dur­
ing the first few nanoseconds that 
the FET switch is on. Such spikes, po­
tentially caused by inductance in the 
current-sensing resistor, inter-wind­
ing capacitance in the transformer, 
or reverse recovery in the rectifiers 
or FETs, can quickly terminate the 
FET on-time and cause instability. 

Micro Linear's just now available 
MIA810/11 controllers (also built on 
the array) offer additional mixes of 
features and performance. Like the 
4809, they're dual-output units. 
However, the 4811 abandons the 16-
pin DIP for 20 pins. Both devices pick 
up all of the features of the ML1823/ 
25, as well as the UVLO of the 4809. 
The 4811 also offers a soft-start, re-

set delay, and a sync input. 
A true innovation offered by both 

devices is called integrating soft­
start. The circuit "counts" (inte­
grates) the number of times that the 
cycle-by-cycle current limiter termi­
nates a PWM cycle. After a preset 
number, programmed with an RC 
network, the circuit activates a soft­
start cycle. The scheme is needed be­
cause at high switching speeds and 
short propagation and turn-off de­
lays in the controller, a true load 
fault may never be detected. 

Rather than design a drop-in for 
the Unitrode 1523 controller, Silicon 
General chose a slightly different ar­
chitecture for its SG1528/30 and 
moved to an 18-pin DIP. The compa­
ny's single-totem-pole output has a 

TABLE 2: CURRENT-MODE SMPS CONTROLLER ICs 
Output 

Control device 
circuits rating 

.. 
E& 

Originating 
i~ 

Model company (V) 

UC1840 Unitrode Pr-30 
UC1841 Unitrode Pr-30 
UC1851 Unitrode Pr-30 

UC1842 Unitrode 11-30 
UC1843 Unitrode 8-30 
UC1844 Unitrode 11-30 
UC1845 Unit rode 8-30 
UC1842/45A Unitrode 

TSC38C42 Teledyne Semiconductor 8-28 
TSC38C43 Teledyne Semiconductor 8-28 
TSC38C44 Teledyne Semiconductor 8-28 
TSC38C45 Teledyne Semiconductor 8-28 

UC1846 Unitrode 8-40 
UC1847 Unit rode 8-40 
TSC38C46/47 Teledyne Semiconductor 8-16 

UC1823 Unitrode 10-30 
UC1825 Unitrode 10-30 
ML4823 Micro Linear 10-30 
ML4825 Micro Linear 10-30 

ML4809 Micro Linear 10-30 
ML4810 Micro Linear 10-30 
ML4811 Micro Linear 10-30 

SG1528 Silicon General 1~17 

SG1530 Silicon General 1~17 

TDA4918 Siemens 10-30 
TDA4919 Siemens 10-30 

CS-322 Cherry Semiconductor 1~17 
CS-324 Cherry Semiconductor 1~17 

NS = not specified NA = not available 
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Current 

.. 
'E "' 0 .. _ .. "' " c "' :S .... .l! """ .. - c .. ·s s 0 0 .. 
Ou > u ... 
(mA) (V) (mA) (A) 

15 40 200 1.5 
12 40 200 1.5 
21 40 200 1.5 

17 30 200 1 
17 30 200 1 
17 30 200 1 
17 30 200 1 

Equal or superior to 1842/1845. 
See text for improvements. 

1.5 28 200 0.7 
1.5 28 200 0.7 
1.5 28 200 0.7 
1.5 28 200 0.7 

21 40 100 0.4 
21 40 100 0.4 
2 NA 100 0.3 

33 30 500 1.5 
33 30 500 1.5 
33 30 500 1.5 
33 30 500 1.5 

38 36 500 1.5 
39 30 500 1.5 
39 30 500 1.5 

30 20 200 2 
30 20 200 2 

20 30 500 NS 
20 30 500 NS 

20 20 200 1 
20 20 200 1 
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NS 5.5 
NS 5 
NS 6 

16-10 1 
8.4-7.6 1 
16-10 1 
8.4-7.6 1 

0.5 

16-10 0.2 
8.4-7.6 0.2 
16-10 0.2 
8.4-7.6 0.2 

8-7 2.5 
8-7 2.5 
8-7 0.2 

~ 2.5 
~ 2.5 
~ 2.5 
~ 2.5 

16-9 2.5 
16-9 3 
16-9 3 

NA 0.6 
NA 0.6 

7-6 3.5 
7-6 3.5 

14-10 1.5 
6-9 1.5 
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Operational 
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100 0.5 1 * * * 100 0.5 1 * * * 50 0.5 1 * * * 
100 0.5 1 * * * * * 100 0.5 1 * * * * * 50 0.5 1 * * * * * 50 0.5 1 * * * * * Equal or superior to 1842/1845. 

See text for improvements. 

100 0.5 1 T T T T T T T 
100 0.5 1 Low-power BiCMOS versions of 1842/1845. 
100 0.5 1 All features. See text for additional improvements. 
100 0.5 1 l ll l l l l 
50 0.5 2 :I : I I: I I: I I 50 0.5 2 
50 0.5 2 Low-power BiCMOS version of 

1846/1847, has all features. 

100 2 1 * * * * 50 2 2 * * * * 100 1 1 * * * * 50 1 2 * * * * 
50 1 2 * * * * * 50 1 2 * * * * * 50 1 2 * * * * * 
50 0.44 1 * * * * 100 0.44 1 * * * * 
50 0.3 2 * * 100 0.3 1 * * 
100 1 1 * * * 100 1 1 * * * 
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continuous current of 500 mA with 
peaks of 2 A. The 1528 is for 50%­
duty-cycle applications; its sibling 
for 100% tasks. On-chip over- and un­
der-voltage comparators are pro­
grammed externally with resistive 
dividers. Like many of these fast 
controllers, it lacks an on-chip zener. 
However, it supplies low-current 
start-up circuitry with on/ off thresh­
olds of 17 and 13 V. Start-up current 
is a low 600 mA, while operating cur­
rent is 36 mA. 

Another feature of the 1528/30, its 
"Hiccup" comparator, triggers the 
soft-start circuit (as do the under­
and over-voltage comparators) when 
the output of the current (error) am­
plifier exceeds a programmable lim­
it. In addition, _ like many of the ad-
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vanced controllers, the soft-start cir­
cuit goes through a complete cycle 
every time it's triggered. 

40-V FAST BICMOS 
Controllers are the domain of a 

small cadre of chip designers who, 
working closely with top power-sup­
ply designers and application engi­
neers, stretch their analog circuit ex­
pertise to its limits. Controlling 100-
ns, 15-V, 3-A pulses with precision 
isn't a trivial task. 

Most controllers are built on 36- to 
40-V processes. And all of them are 
versions of as tandard analog bipolar 
process (except those from Teledyne 
Semiconductor). As noted, Teledyne 
is entering the fray with biCMOS 
controllers that have features and 

Features 

* 

Output 
drive 

* * * * * * * * 

* * 

* * * * * * 
* * * * * * 
* * * * 
* * * * 
* * 

* * 

.. .. c 
:i .2 a. .. . .. 
.!! ~ 
.t::I a. 
::I a. 
0 ::I c .. 

* * * 
* * * * 

Protection 

* * * * * * 
* * * 

* * * * 

* * * * * * 
* * * * 
* * * * * * * * Equal or superior to 1842/1845. 

See text for improvements. 

Low-power BiCMOS versions of 1842/1845. 
All features. See text for additional improvements. 

* * * * * * * * * * * * Low-power BiCMOS version of 
1846/1847, has all features. 

UVLO 

* * * * 

* * 

* * * **** * * * * **** * Improved UC1823/25 (as shown) has all features plus 
additional features and improvements (See text) . 

Improved ML 1825, extra pins. See text for details. 
Improved ML 1825, some features of ML4809 and others. (See text) 

Improved ML 1825. All features of ML4810 and others. (See text) 

* * 
* * * 
* * * 

* * * * 
NotPWM 
(See text) 

* * * * 
* * 

* * * * * * 
* * 
* * 

* * * * 

Other sources, 
from company 
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24 
16 
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* 20 * 20 

8 
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performance equal or superior to 
available devices. Thanks to the pro­
cess and circuit tricks, controllers 
from the 3-µm (and greater) metal­
ga te process, dubbed "Tough 
CMOS,' ' successfully handle the re­
quired voltages. It should also be 
noted that resonant-mode control­
lers for switching rates beyond 1 
MHz have moved to 20-V bipolar pro­
cesses that build ECL logic. 

Teledyne is now bringing its biC­
MOS process to two families of con­
trollers: the current-mode 1842/ 45 
and 1846/47, and the older voltage­
mode 1525/27. Three versions of the 
1842/ 45 will join the party: the 
TSC38C42/ 43/ 44/ 45, the TSCl 72/3/ 
4/5, and the TSC18HC42/43/44/45. 
Quiescent current for all of these 
controllers is no more than 2 mA, 
which is at least an order-of-magni­
tude less than that of bipolar units. 
Start-up current is under 250 µA, 
greatly simplifying off-line opera­
tion. And even while driving FETs 
fast and hard, operating current is 
lower than earlier units. While most 
of these chips will go into line­
powered systems, the low current of­
fers advantages in battery or other 
applications with limited sources of 
power. 

Basic specifications and features 
for the TSC38C42/ 43/ 44/ 45 control­
lers are similar to those of the bipolar 
units. Improvements include a tight­
ly specified clock-ramp reset current 
(1 mA +10%) for accurate dead-time 
control. The 172 through 174 offer 
more. To start with, they're faster, 
with an oscillator frequency of 1 
MHz. Typical propagation delays 
from current amplifier to output 
drop from 250 to 140 ns; delays be­
tween shutdown and output drop 
from 200 to 90 ns. Instead of an 8-pin 
DIP, the 172 and 174 come in 16-pin 
DIPs; the 173 and 175 in 14-pin DIPs. 
On all four, the extra pins supply a 
power ground, user-programmable 
UVLO levels, and hysteresis. They 
also make it possible to replace the 
exponential timing ramp with a lin­
ear one. 

Cherry Semiconductor's CS-320/ 
21 and CS-323/24 controllers employ 
what's called Hysteretic-eurrent­
mode control. The general-purpose 

R 0 N I C D E S I G Nl65 
NOVEMBER 9, 1989 



ELECTRONIC DESIGN REPORT 

POWER-SUPPLY IC CONTROLLERS 

Cherry Semiconductor Maxim Integrated Products Siemens 
East Greenwich, A.I. Sunnyvale, Calif. Santa Clara, Calif. 
(401) 885-3600 (408) 737-7600 (408) 980-4500 
(2,3,4) (5,6) (1,2,4) 
CIRCLE461 CIRCLE468 CIRCLE475 

Gennum Micro Linear Signetics 
Burlington, Ontario, Canada San Jose, Calif. Sunnyvale, Calif. 
(416) 632-2996 (408) 433-5200 (408) 991-2000 
(3) (2,4) (1,2,3) 

CIRCLE469 CIRCLE476 
Harris Semiconductorr 
Melbourne, Fla. Mototola Siliconix 
(402) 724-3739 Phoenix, Ariz. Santa Clara, Calif. 
(7) (602) 897-3840 (408) 970-5692 
CIRCLE463 (1,2,3) (2,5) 

Cl~CLE470 CIRCLE477 
International Rectifier 
El Segundo, Calif. National Semiconductor Silicon General 
(213) 607-8899 Santa Clara, Calif. Garden Grove, Calif. 
(5) (408) 721 -5856 (714) 898-8121 
CIRCLE464 (1 ,5) (1,2,4) 

CIRCLE471 CIRCLE478 
IXYS 
San Jose, Calif. Raytheon Semiconductor Texas Instruments 
(408) 435-1900 Mountain View, Calif. Dallas, Texas 
(5) (415) 966-7757 (214) 995-2011 
CIRCLE465 (5) (1,2) 

CIRCLE472 CIRCLE479 
Lambda Semiconductors 
Corpus Christi, Texas SGS-Thomson Microelectronics Teledyne Semiconductor 
(512) 289-0403 Phoenix, Ariz. Mountain View, Calif. 
(1,5) (602) 867-6100 (415) 968-9241 
CIRCLE466 (1,2,5) (1,2,6) 

CIRCLE473 CIRCLE480 
Linear Technology 
Milpitas, Calif. Samsung Semiconductor Unitrode Integrated Circuits 
(408)432-1900 San Jose, Calif. Merrimack, N.H. 
(5,6) (408) 434-5400 (603) 424-2410 
CIRCLE467 (1 ,2) (1,2,3,4) 

CIRCLE474 CIRCLE481 

Code: 1 = voltage mode; 2 = current mode; 3 = resonant mode; 4 = power-factor correction; 5 = 
complete regulator; 6 = charge pump; 7 = miscellaneous 

CS-320/21 can also operate in a con­
stant-frequency current mode as 
well as in a constant off-time mode. 

In a hysteretic controller, a win­
dow comparator compares the induc­
tor current with the output of the er­
ror amplifier and turns off the FET 
when a maximum, programmed val­
ue is reached. The comparator turns 
the FET back on when the inductor 
current drops by a preset amount 
(the hysteresis). The frequency of 
the resulting free-running "oscilla­
tor" is a function of the input and 
output voltage of the supply, and of 
the circuit's inductance. It can reach 
1 MHz with these I Cs. This technique 
offers the fastest response time to 
changes in inductor current, and 
thus changes in-line voltage or load 
current. Feed forward applies easily 
and ramp compensation is never 
needed. 

In a typical SMPS, during the few 
hundred or less nanoseconds it takes 
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the FET switch to turn on or off, volt­
age appears across the switch while 
current flows through it. In a typical 
example, peak powers of 1000 or 
more W (10 A at 100 V) could result. 
However, even switching at 100 kHz, 
this power is less than 1 % of the total 
duty cycle, and the average switch­
ing loss is less than 10 W, or less than 
the on-time conduction losses. 

At 1 MHz, however, the switching 
time can approach 10% of the duty 
cycle and average switching losses 
could approach 100 W. Consequent­
ly, as you raise switching frequen­
cies to cut component size, your heat 
sink will have to get bigger to get rid 
of the heat from higher switching 
losses. You can use a larger FET 
than you need with a lower on resis­
tqnce to significantly cut conduction 
losses (and thus heat-sink size), but 
switching losses won't be cut at all. 
In fact they may rise. The larger 
FET will have a larger input capaci­
E S I G N 

tance, and if not driven harder may 
take longer to turn on. 

At 1 MHz, significant switching 
losses also arise due to parasitic cir­
cuit and component inductance and 
capacitance. These parasitics also 
create voltage and/ or current 
stresses on the semiconductor com­
ponents, as well as unwanted oscilla­
tions. And of course there's rfi/emi. 
The edges of the fast power pulses 
contain lots of energy between 10 
and 100 MHz-energy that must be 
contained (filtered and shielded). 

RAISE SMPS FREQUENCY 
One way to raise SMPS switching 

frequency without suffering the 
consequences is to switch from 
PWM voltage or current-mode con­
trol to resonant-mode control. In res­
onant converters, the power switch 
applies pulses of current or voltage 
to an LC circuit causing it to reso­
nate. The energy circulating in the 
resonant circuit is in turn passed on 
to the load. This control technique 
has exploded on the scene in the past 
15 months because it gives you zero­
current switching (ZCS) or zero-volt­
age switching (ZVS), virtually elimi­
nating switching losses, and reduc­
ing component stress and rfi/ emi. 

With resonant-mode control, you 
turn the FET switch on and off when 
there's no current flowing through it 
(zero-current switching), or alterna­
tively when there's no voltage across 
it (zero-voltage switching) . Until 
now, IC controllers were only avail­
able for the former method. While 
there are over 40 ways to implement 
resonant-mode control, the two most 
common methods are quasi-reso­
nant, variable-frequency, constant 
on-time control, and quasi-resonant, 
variable-frequency, constant off­
time control. The former lends itself 
to off-line supplies with high-voltage 
inputs; the latter to lower-voltage-in­
put de-to-de converters. 

Both species of switchers use simi­
lar control loops. The variable-fre­
quency oscillator turns the switch on 
via a one-shot at a repetition rate de­
termined by the output of the error 
amplifier. Pulse width from the one­
shot can be fixed. Or it can be a func­
tion of the time constant of the reso-
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You want faster FIFOs. We're 
responding by building them. 

FIFO/DSP 

MAX 300mil 600mil 
!)IN CON FIG SPEEDS DIP DIP PLCC 

LH5481 64X 8 35MHz x 
LH5491 64X9 35MHz x x 
LH5485 256 X8 35MHz x 
LH5495 256X 9 35MHz x x 
LH5496 512X9 20nS x x x 
LH5497 IKX9 20nS x x x 
LH5498 2KX9 20nS x x x 
LH5499 4KX9 20nS x x 
LH9131 32X 32 23MHz 169PGA 

integer 
multiplier 
accumulator 

It's no accident. Sharp is constantly 
developing technologies that meet 
industry's needs today-and well 
into tomorrow. Our \ancouver, 
Washington development facility is 
dedicated to state-of-the-art prod­
ucts especially for the FIFO/DSP 
marketplace. 

As a result, we are proud to offer 
the fastest CMOS FIFOs and the 
broadest selection of products. 

That means more capabilities and 
configurations for you to consider­
and depend on. You can select from 
speeds of20nS for 512 x 9, lKx 9, 
2K x 9, and 4K x 9. Standard pack­
aging is available in 300 and 600 
mil DIPS and 32 pin PLCCs. Clock 
speed of 35MHz for 64 x 9 and 256 
x 9 FIFOs are available. And our pin­
outs conform to industry standards. 

When it comes to state-of-the-
art technologies, Sharp is responsive. 
Our most recent product intro­
duction is the new IMAC (Integer 
Multiplier Accumulator) chip. This 
32-bit by 32-bit parallel integer 
multiplier-with a 68-bit accumula­
tor to prevent overflow-is designed 
for real-time digital signal process­
ing arrays and other high speed 
number crunching. Each register 
features independent clock enable 
signals and can be made transparent 
via flow-through control signals. 
The IMAC chip is available in a 169 
pi~ grid package and is compatible t, 
with AM29C323. ~-

You wanted a full line of SRA.Ms. 
We made them. 

SRAMs 

MAX 300mil 600mil 
!)IN CON FIG. SPEEDS DI P DIP SOJ SOP 

FULL CMOS 

LH5116 2KX 8 JOOnS x x x 
LH5160 8KX8 IOOnS x x x 
LH51 256 32KX8 IOOnS x x 
MIXED MOS 

LH5261 64KX I 25nS x x 
LJ-152251 256K X I 25nS x x 
LJ-152252 64KX4 25nS x x 
LJ-152254 32KX 8 25nS x x 
CS TYPE 

LJ-152256 32K X8 70nS x x 
LJ-152258 32K X8 25nS x x x 



The extensive line of Sharp 
SRAMs has all the products you'll 
need ... whatever the demand. It 
includes a full selection of CMOS 
and mixed MOS products. They 
feature low power consumption 
and industry-compatible pinouts, 
and are available in both DIP and 
surface mounted packages. 

At 8 Meg, Sharp's ROMs are the 
world's densest. 

When it comes to Mask ROMs, 
no one outproduces ... offers higher 
densities ... or has a broader product 
line than Sharp. And our turn­
around times are among the fastest 

in the business. Quite simply, our 
ability to service your needs is 
virtually without parallel. 

MASK ROMS 

ORGANI· PACKAGE 
IYN DE.l'<SITY ZATION SPEED (J EDEC OR STD) 

LH531XXX IMt'g X8 150,200,250 DIP,QFP.SOP 

LH532XXX 2Mcg XRorXl6 150,200,250 Dl l~QFP.SOP 

LH534XXX 4Meg X8orX 16 •100.1so.200 Dl l~QfP.SOI' 

LH538XXX 8Mcg X8 or Xl6 200,250 DIP.QFP 

LH5316XXX' 16Mcg X8orX l6 200 QFI' 

•Available IQ90 

You demand support. We supply it. 
Sharp product application engineers, 
design engineers and technical 
support personnel are ready to 
meet your needs. Their years of 
expertise are hard at work in the 
major markets across the country 
every day. When you make your call 
to Sharp, the guidance, advice and 
knowledge you expect will always be 
readily available. 

Fast turnaround. Product selec-

~~~~~~-llllltion, availability and delivery. Total service and support. All 
key to the Sharp philosophy 
of forming a more solid 
partnership with you. 
Call us and make your 

demands today. 

•••••••••• 

SHARP. 
By Design. 

Sharp Microelectronics Division.• Integrated Circuits• Displays• Optoelectronics• RF Products 
© 1989 Sharp Electronics Corporation, 

Microelectronics Division• Sharp Plaza, Mahwah, NJ 07430 • l-201-529-8757 • FAX: 1-201-512-2020 
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One company offers 
1,2,5, & lOMHz 12-bit sampling 

AID converters. DATEL. 
Superiordynainicperfonnance 
brings both harmonic distortion 
and signal-to-noise ratios to 
new lows. 

We're working hard at DATEL to bring 
you new lows - to create new highs in 
performance. The lowest harmonic distortion. 
The lowest non-linearity. The lowest absolute 
accuracy errors. The lowest power consump­
tion. The lowest physical size. And the lowest 
price. All to produce the highest dynamic and 
static performance in sampling AID converters 
available anywhere. 

Features unavailable anywhere 
else in all models include an inter­
nal sample hold with full power input 
bandwidth higher than Nyquist frequency, 
together with a functionally complete 
architecture. DATEL has truly produced 
the First complete Family of 12-bit AOCs. 

With DATEL, you now have four new 
reasons guaranteed to shorten your AOC 
selection cycle. Bottom-line, compare these 
converters with our competition and you11 
see that there is no reason to look anywhere 
else. Call us at (508) 339-300:J. 

Sampling Effective Bits at rno • at Power Price Model Nyquist Nyquist Package Rate Frequency Frequency Dissipation {1-9) 

ADS-112 lMHz 11.0 -73 dB 1.3 watts 24-pin DDIP $259 

ADS-132 2MHz 11.0 -73dB 2.9watts 32-pin TDIP $346 

ADS-131 SMHz 10.6 -69 dB 4.2 watts 40-pin TDIP $549 

ADS-130 lOMHz 10.6 -69dB 4.5 watts 40-pin TDIP $775 

•mo (Total Harmonic Distortion) 

DC 0.5 

FIT Magnitude Spectrum 

DC 

Effective Bits Curve 

INNOVATION AND EXCELLENCE IN PREOSION DATA ACQUISffiON. 
DateL Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-300) 

CIRCLE71 

1 
Frequency (MHz) 

500 
Frequency (KHz) 



shot can be fixed . Or it can be a func­
tion of the time constant of the reso­
nant circuit, and/ or the switch can be 
turned off when zero voltage or cur­
rent is detected. 

When the controller turns on the 
switch in a ZCS circuit, the voltage 
across the switch drops to zero and a 
half-sinuso idal pulse of current 
flows through it and into the load. 
The input voltage and resonant tank 
parameters determine the current 
pulse's peak value and width. Any 
time after the value of the current 
drops to zero, the switch can be 
turned off with zero loss. There is a 
small switching loss at turn-on, dur­
ing the rapid rise of the current pulse 
as the switch voltage drops. Each 
time the switch closes, a packet of en­
ergy is transferred to the load. If the 
output voltage drops, the frequency 
goes up and vice versa. 

The sinusoidal pulse contains little 
energy above the fundamental 
switching frequency, greatly reduc­
ing rfi /emi. A more subtle advan­
tage is that some or all of the parasi­
tics can be incorporated in the reso­
nant circuit, aiding rather than abus­
ing components and performance. 
However, the energy carried by the 
sinusoidal current puls8 averages 
about half that of a square pulse of 
equivalent width and height. There­
fore, the switch and diodes must be 
chosen to carry peak currents about 
twice that found in a conventional 
switcher. But their voltage ratings 
can be similar. 

The ZVS converter can be consid­
ered the dual of the ZCS. When the 
switch is closed, the current through 
it rises instantly to a value based on 
the resistance in the circuit. The tank 
capacitor is shorted by the switch. 
When the switch is opened, the tank 
resonates, a half-sinusoidal voltage 
appears across the switch (and ca­
pacitor), and a packet of energy is 
transferred to the load. As the load 
demands more power, the switching 
frequency drops. When the voltage 
pulse drops to zero, the switch is 
closed. We have a square wave of 
current, but a sinusoidal voltage. 
However, with the ZVS circuit, the 
switch will see twice the voltage 
rather than, like the ZCS circuit, 

ELECTRONIC DESIGN REPORT . 
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twice the current of a conventional 
converter. Thus, the ZCS circuit will 
be used in off-line converters where 
the voltages will tend to be high and 
the currents low; the ZVS circuit in 
de-to-de converters where the oppo­
site voltage and current require-

men ts are needed in the switch.O 

How VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
556 
557 
558 

"The boards are made 
in the U.S.A." 

- Shipping Now -

Ii Diversified 
Technology 
An EAGON Co. 

For more Information 

1-800-443-2667 
In MS (601) 856-4121 

/XT/AT are tradenames of the IBM Corp. 
BMW Courtesy ol Bavarian Motor Works 

Thanks to the DTI 20MHz 286/386 /AT 
computer series, the ultimate performance 
machines aren't found exc lusively on land, air or 
water. 

The CAT980 /AT with a 80386 engine 
runs at 16 or 20MHz with 25MHz available soon. 
Also includes: 

• Up to 8Mb SIMM memory (optional) 
• 20Mb SIMM w/daughter card 
• Onboard 32K CACHE memory (optional) 
• 80387 Math co-processor (optional) 
• BIOS Shadowing 
• Keyboard and Mouse ports 

The CAT940 /AT with a 80286 engine 
runs at 16 or 20MHz with 25MHz available soon. 
Also includes: 

• Up to 8Mb RAM memory 
• 32K or 64K CACHE memory 
• LIM 4.0 EMS 
• BIOS Shadowing 
• (XT/AT and PS2 keyboard connectors 

Ask about DTI's full line of /AT boards, 
backplanes and other system components. 

CIRCLE67 
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Now the familyS growing. 
Introducing the 32GX32. 

NATIONALS EMBEDDED 
SYSTEM PROCESSORS™ ARE 

OPTIMIZED FOR LASER 
BEAM PRINTERS. 

That's the reason Canon chose 
National's 32CG16 to power its 
LBP-8 Mark III Series, the latest 
advance in desktop laser printing. 
And it's also the reason you should 
consider the newest member of 
our Embedded System Processor 
family, the 32GX32. Born of the 
same architectural lineage, it offers 
a new price/ performance solution 
to suit your needs. 

COST-EFFECTIVE 
SYSTEM PERFORMANCE. 

Based on a powerful four­
stage pipeline architecture, the 
32GX32 provides peak performance 
of 15 MIPS for printers. This allows 
designers to handle the most 
demanding PostScript® environ­
ment "With performance to spare. 
What's more, National's optimized 
solution can help achieve the 
lowest system cost, a key to success 
in the highly competitive printer 
market. 

Thanks to its advanced bus 
interface and its on-chip caches, the 
32GX32 is able to sustain most of 
its performance while using slower, 
inexpensive DRAMs. This fact 
alone has a tremendous impact on 

IO 1989 Nalional Semiconductor Corporalion 

Fmbedded S)Slem Proreoor is a trademark olNalional Semiconductor Corporalion. 
PostScript is a registered trademark ol hlobe S)Slems. Inc 

the system cost of today's printers, 
which typically require large 
amounts of memory. 

The 32GX32 performs single ­
cycle operations on information 
contained in on-chip instruction 
and data caches. The data cache 
organization can accommodate 
both a stack and a scratch pad for 
high-speed font generation. These 
factors minimize the effect oflow­
cost, slow external memory on 

PPM=f>ages 
Per Minute 

PRINTER 
PERFORMANCE 

> 250PPM 

32532 

system performance. 4PPM 

COMPACT SYSTEM DESIGN. 

With the 32GX32, designers 
can generate extremely compact 
code, which leads to fewer EPROMs. 
This is due to National's state-of­
the -art optimizing compilers, and 
to the 32GX32's tuned instruction 
set that resembles high -level page 
description languages. 

And, even though the 32GX32 
is a full 32-bit processor, its 
dynamic bus sizing feature allows 
you to use lower-cost 8- and 16-bit 
peripherals "Without need for 
additional logic. 

CIRCLE 172 

National ojf ers a spectrum of system -optimized 
solutions for printer control 

Of all the available processors 
"targeted" at laser printers, only 
National's Embedded System 
Processors are truly optimized for 
printer designs. Competitors may 
claim performance that rivals 
the 32GX32, but nothing else can 
match the system cost savings that 
National provides. 

WE'D LIKE YOU 
TO MEET OUR FAMILY 

Leading manufacturers world­
-wide are discovering that National's 
familyofEmbedded System 
Processors comprises the only 
optimized solution for laser 
printers. Call us today at 
(800) 825 -5805,ext.105,and we'll 
arrange an introduction at your 
earliest convenience. 

~National 
~ Semiconductor 
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DESIGN APPLICATIONS 

MAKE SURE THAT YOUR TURBO-CHARGED LOGIC 
SYSTEM WORKS BY PAYING As MUCH ATTENTION 

To PRINTED-CIRCUIT BOARD LAYOUT TECHNIQUES 
As To LOGIC DESIGN CONSIDERATIONS. 

A VOID THE PITFALLS OF 
HIGH-SPEED LOGIC DESIGN 

odern high-speed systems demand modern high­
speed logic families. Consequently, semiconduc­
tor houses have developed such product lines as 
ACT, FACT, and AS. But these systems also de­
mand that the Jay-out of their boards conform 
with the results of distributed-element theory, 

otherwise ringing, crosstalk, and other transmission-line phenomena render 
th9se sys~ems inoperative. Meeting this second requirement necessitates some­
thing more than a new product introduction-it insists on a change in the way 
logic boards are engineered. The logic-systems designer and the board-layout 
designer must work hand-in-hand if a viable high-speed board or system is to be 
produced. 

In the past, logic design and board layout were usually regarded as separate 
parts of the design proces~. First the system designer configured the logic, then 
the board engineer laid it out. That approach worked because slew rates were so 
low (0.3 to 0.5 V / ns) that crosstalk wasn't much of a problem; rise times were so 
long (4 to 6 ns) that ringing 
could settle down before a logic 
element could change state; 
and in general, the assump­
tions of lumped-element circuit 
theory usually worked out 
pretty well. 

For systems designed with 
today's high-speed logic cir­
cuitry, those underlying as­
sumptions no longer hold true. 
Today's slew rates are on the 
order of 2 to 3 V / ns, rise times 
are below 2 ns (frequently, be­
low 1 ns), and transmission-line 
phenomena, such as ringing, 
can be a problem for trace 

JOCK TOMLINSON 

High.current 
switching device 

ground plane 

Logic circuit 
ground plane 

Gap ::: 1/8 in. 

1. TO MINIMIZE NOISE, THE ground 
plane should be fragmented into separate areas for 
noisy high-current devices and for sensitive logic 
circuits. For best results, the number of signal lines 
that cross the gap between the fragments should be 
minimized. 

Lattice Semiconductor Corp., P.O. Box 2500, Portland, OR 97208; (503) 681-0118. 
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lengths as short as 7 in. As a result, 
logic designers must take certain 
steps: 

• Use ground and power planes. 
• Control conductor spacings to elim­
inate crosstalk. 
• Make extensive use of decoupling 
capacitors. 
• Pay attention to ac loading. 
• Terminate lines properly to mini­
mize reflections. 

PLANE ADVICE 
For high-speed logic, ground 

planes aren't simply suggested for 
reliable board performance-they 
are absolutely necessary. It's essen­
tial that one layer of the board be as­
signed for a ground plane and that it 
cover as large an area as possible. A 
solid ground plane lowers the 
ground-return-path impedance as 
well as the device-to-device ground 
pin impedance. 

But a common ground plane for all 
of the circuitry in a system can cause 
problems by coupling noise from 
high-current switching devices into 
sensitive logic inputs. Therefore, the 
ground plane for such high-current 

DESIGNING WITH 
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Central system ground 

Hardware ground 

Noisy ground 

Hard drives, 
relays, 

lamps, etc. 

Chassis 

2. SEPARATE DEDICATED 
grounds should be supplied for the logic 
circuitry, noisy high-current devices, and 
the chassis. The three should come 
together at one point, the central system 
ground, which is usually located near the 
power supply. 

devices as relays, lamps, motors, and 
hard drives should be separated 
from the logic ground. This can be 
accomplished by fragmenting the 
ground plane into discrete areas 
(Fig. I). 

But fragmentation causes prob­
lems of its own-it creates discontin­
uities in the characteristic imped-

ance of any transmission line that 
crosses the separation between frag­
ments. Therefore, for best results, 
boards should be laid out so that only 
two fragments are needed. The gap 
between those fragments should be 
kept as narrow as possible (an eighth 
of an inch works well in most applica­
tions), and the number of signal lines 
that cross the gap should be mini­
mized. Designers should also bear in 
mind that through-holes and vias 
subtract from the effective area of 
the plane, increasing its effective im­
pedance. 

As with grounding, an entire layer 
of the board should be designated as 
a power plane. Even though it is at a 
different potential, the power plane 
should be implemented in accor­
dance with the same concepts as the 
ground plane. Therefore, it should be 
fragmented when necessary to iso­
late noisy components from delicate 
logic circuits. 

A WELL-GROUNDED SYSTEM 
In addition to properly designed 

power and ground planes, high­
speed logic systems require the es­
tablishment of a good, clean (low-

SIGNAL LINES BECOME TRANSMISSION LINES 

For the transmission line 
model illustrated in the di­
agram, the rise time (tR) is 
less than the line propaga­

tion delay (T 0 ). In other words, a 
complete TTL level transition will 
occur before the pulse is received 
at the receiving end of the line and 
reflections (ringing) will result. 
The voltage change at point A on 
the line is expressed in Eq. 1: 

11 VA= /1 Vint (Z0 I (R0 + Z0 )) 

Where: Vint = internal voltage on 
the output of the driver; 

R0 = output impedance of the 
driving gate; 

RL = load impedance; 

Z0 =the characteristic line 
impedance; 

and VA= the source voltage at the 
sending end of the line. 

Because R0 is so small when 
compared to the line impedance, 
the change in voltage at point A 
(11 VA) will approximately equal 
the change in internal voltage 
(11 Vint). This voltage transition 
propagates down the line and is 
seen at point B after the line prop­
agation delay, T0 . 

At point B, a portion of the 
wave will be reflected back to­
wards point A in accordance with 
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the formula (Eq. 2): 

Eq. 2 

PL = (RL - Zo) I (RL + Zo) 
where PL• called the voltage re­
flection coefficient (rho), is the ra­
tio of the reflected voltage to the 
incident voltage. 

After examining Eq. 2, it should 
be evident that -1 ~ p ~ + 1. It 
should also be evident that there 
will be no reflected wave if RL = 
Z0-if the line is terminated in its 
characteristic impedance. Note 
that the reflected wave can, in 
principle, be as large as the inci­
dent voltage and of either positive 
or negative polarity. 

This analysis holds true for the 
sending end of the line, as well as 
the receiving end. That is, 

Eq. 3 

Ps = (R0 -Z0) I (R0 + Z0) 



noise) system ground for reliable 
performance. A clean system 
ground ensures less noise within the 
system, and thus ensures good, 
strong transistor margins. At least 
10% of the ground connections on the 
pc card should be connected to the 
system ground to reduce card-to­
ground impedance. 

Like the ground and power planes 
of the individual boards, the overall 
grounding scheme should 
be fragmented with sepa-
rate conductors provided 
for the various sections of 
the system. For example, 
all relays, lamps, hard (a) 
drives, and other noise­
generating devices should 
have their own separate 
ground path. The system's 
mechanical package (chas- (b) 
sis, panels, and cabinet 
doors) should have a dedi­
cated ground. And, of 
course, the logic circuitry (c) 
should have a ground of its 
own. 

Those three grounds 
should then come together 
at the central system 
ground point, which will 
usually be located near the 
power supply (Fig. 2). This 
common-point grounding 
technique can also be very 
effective in reducing radi-

(d) 

(e) 

A 

+2 

DESIGN APPLICATIONS 

DESIGNING WITH 
HIGH-SPEED LOGIC 

data line cross-couples or superim­
poses its signal onto the clock line, 
the device that the clock is driving 
may detect an illegal level transition. 

Methods to reduce crosstalk are 
straightforward, though not partic­
ularly elegant. The coupling can be 
attenuated by separating the adja­
cent traces as much as possible. The 
trouble with this approach is that 
available board real estate often lim-

creating a stub or a high-frequency 
antenna. 

Another step that can be taken to 
reduce crosstalk is to lower the im­
pedance of those traces into which 
crosstalk is especially to be avoided. 
The lower the impedance that a trace 
presents, the harder it will be to 
cross-couple a signal into it. 

Even with the use of power and 
ground planes on a pc board, decou­

B 
pling capacitors must be 
used on the V cc pins of ev­
ery high-speed device. 
Those devices demand a 
nearly instantaneous 
change in current whenev­
er they switch states. Be­
cause the power plane 
can't meet that demand, a 
high-quality decoupling 
capacitor is required, oth­
erwise the switching will 
cause noise on the V cc 
plane. 

A 0.1-µF multilayer ce­
ramic (MLC) or other RF 
quality (low-inductance) 
capacitor should be placed 
on every fast-slew-rate de­
vice as close to the V cc pin 
as possible. The commer­
cially available DIP sock­
ets with built-in decou­
pling capacitors also work 
well in this application. 

Most designers, when 
they think of loading at all, ated interference (EMI 

and RFI) . 3. WA VE PROPAGATION along a transmission line 
think in terms of de load­
ing-traditionally re­
ferred to as fan-out and 
fan-in. But that type of 
loading rarely presents a 
problem with today 's 
state-of-the-art logic de­
vices. Much more signifi­

TAMING CROSSTALK 
Crosstalk-the undesir­

able coupling of a signal on 
one conductor to one on a 
nearby conductor-be­
comes an increasingly seri­

occurs as follows: Prior to time zero, there is a steady-state voltage 
of 2.5 V de on the line {a). At t = 0, the voltage at point A drops to 
0.5 V, sending a negative pulse of -2 V toward point B {b). At t = 
T 0 , that negative pulse is reflected from point B. It adds 
algebraically to the 0.5 Von the line and sends a -1.5-V pulse back 
toward point A {c). The reflections then continue as in {d) and {e). 

ous problem as slew rates go up. This 
signal coupling is made worse if the 
second trace has a high impedance or 
if the traces run parallel to one an­
other for more than a few inches and 
are spaced less than 100 to 150 mils 
apart. 

Crosstalk can be catastrophic to a 
logic board, sabotaging a conceptu­
ally flawless piece of logic design. 
For example, if a clock line and a data 
line run parallel to each other for 
more than several inches, and if the 

its the possible separation to an inad­
equate amount. 

Ground striping, or shielding, is an 
effective way to reduce crosstalk 
and it makes better use of available 
board area. With ground striping, a 
ground trace (the stripe) is run be­
tween the two parallel traces to act 
as a shield. If ground striping is 
used, through holes to the ground 
plane should be placed every 1 to 1.5 
inches along the ground strip to elim­
inate the possibility of inadvertently 

E L E C T 

cant when designing with high­
speed logic are input and output ac 
loading. 

INPUT CAPACITANCE 
Because the input capacitance of a 

device impacts the overall perfor­
mance of the logic circuit, it should 
be examined before a particular de­
vice is selected for a design. To en­
sure specified performance, the total 
load capacitance that a device 
drives-including the distributed ca-
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+2.5 

0.5 -+----+----+----+---+ 

-1.5 

(a) 
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(b) 

1 4. IDEALLY, THE VOLTAGE at point Boscillatesforever between +2.5 Vand -
1.5 V (a). In reality, it will be a damped ringing (b). 

pacitance of the trace-shouldn't ex­
ceed the device's specified capacitive 
load. Most high-speed logic devices 
have a maximum loading of 50 pF. As 
a rule of thumb, the maximum load 
on any logic element should be no 
more than four to six devices for best 
speed/load performance. However, 
there are some high-slew-rate de­
vices on the market that have higher 
output drive capabilities. 

BEWARE OF AUTOROUTER 
The most common reason for not 

following the board-layout princi­
ples mentioned so far is having an 
autorouter do the layout. Autor­
outers do what they were designed 
to do very well: They place traces so 
as to make the most efficient use of 
the pc-board real estate. But most 
autorouters don't have the capability 
to determine which devices are high­
speed and which are not. This is 
where the logic designer must step in 

T
he following ten rules 
summarize everything 
the logic designer needs 
to know when designing 

with high-speed CMOS. 

1) Keep signal interconnections as 
short as possible. 

2) Use a multilayer PCB. 

3) Provide ground and power 
planes. Discontinuities in the 
planes should be avoided because 
reflections can occur from abrupt 
changes in the characteristic im­
pedance. 

and lay out sections, or islands, of 
high-speed logic by hand in order to 
avoid the pitfalls of designing with 
high-speed logic. 

TRANSMISSION LINES 
In addition to the common-sense 

layout considerations discussed so 
far, designers of high-speed systems 
must have at least a basic under­
standing of transmission lines and 
proper termination techniques (see 
"Signal Lines Become Transmis­
sion Lines, "p. 76). The reason: As 
frequencies go up, wavelengths 
come down to the point where they 
are of the same order as circuit­
board dimensions. Once that hap­
pens, any connection between de­
vices should be considered a trans­
mission line. The lumped-element as­
sumption is simply invalid above that 
point. 

The most common consequence of 
failing to consider the distributed na-

RULES TO REMEMBER 

4) Fragment the ground and pow­
er planes to supply separate sec­
tions for high-current switching 
devices. 

5) Use decoupling capacitors on 
every high-speed logic device (0.1 
µF MLC type) located as close to 
the V cc pin as possible. 

6) Provide the maximum possible 
spacing among all high-speed par­
allel signal leads. 

7) Terminate high-speed signal 
lines where tR < 2T D· 
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ture of a high-speed logic board is 
ringing, which is caused by multiple 
reflections from the ends of unter­
minated transmission lines. An un­
terminated line has no load imped­
ance (RL = oo ) and is therefore an im­
pedance-mismatched line. The be­
havior of this line when connected to 
a device with a fast slew rate can be 
understood from the following ex­
ample: Prior to time zero, there's a 
steady-state voltage of 2.5 V de at all 
points on the line (Fig. 3a). At t = 0, 
an initial TTL voltage transition 
from 2.5 V to 0.5 V occurs at point A 
(Fig. 3b). Time TD later, the signal 
reaches point B and is reflected by 
the load reflection coefficient, PL· 

The input impedance of the device 
at point Bis very high with respect to 
Z0 ; RL can be approximated by infin­
ity. By plugging into Eq. 2 from the 
box (p. 76), the reflection coefficient 
approximately equals + 1. In other 
words, the voltage reflected by the 
load is equal to the incident voltage 
(Fig. 3c) . The reflected wave passes 
back along the signal path toward 
point A (Fig. 3d). 

Repeating the calculations for the 
sending end of the line (point A), 
where R0 :::::: 0, you get a value for the 
source reflection coefficient, p8, of 
-1. In other words, there are reflec­
tions from the source as well as the 
load, but the source reflects the in­
version of the wave that is incident 
upon it (Fig. 3e). 

Looking just at the behavior of the 
signal at point B, the single-step volt-

8) Beware of ac loading conditions 
within the design. Exceeding the 
manufacturer's recommended op­
erating conditions, especially for 
capacitance, can cause problems. 

9) When using parallel termina­
tion, put bends in all high-speed 
signal runs that go to more than 
one load. Use a termination load 
at the absolute end of the line. 

10) Create islands of high-speed 
devices on the pc board. This sim­
plifies board layout and ropes-off 
the high-speed areas. 





Zo RL = Zo 
+3.0 Vdc 

+5.0 Vdc 

Zo 5/3 Z0 

+5.0Vdcf 5/2 Z0 

0.1 µF 

Zo RL = Zo 

5. THE BASIC PARALLEL 
termination scheme works well but 
requires a separate 3-V supply (a). The 
Thevenin equivalent eliminates the need 
for a separate supply, but dissipates 
extra power from the regular 5-V supply 
(b). The use of a capacitor cuts de 
dissipation altogether while supplying ac 
termination (c). 

age transition at t = 0 leads to an end­
lessly oscillating signal with a total 
voltage swing of 4.0 V-twice the 
original level transition. The voltage 
doubling comes about because the 
voltage at point Bis the sum of the in­
cident and reflected waves at that 
point (Fig. 4a). Actually, because of 
the non-ideal nature of a real circuit 
board (finite input and output imped­
ances, losses in the transmission 
lines, and so forth) , PL will be less 
than+ 1, and Ps will be greater than -
1. As a result, the reflections will be­
come successively smaller, causing 
the familiar damped ringing condi­
tion (Fig. 4b). 

If the ringing amplitude is large 
enough, it can cause the receiving de­
vice to see an illegal level transition 
and possibly result in spurious logic 
states occupying the logic design. In 
some cases, the amplitude of the 
ringing can actually be large enough 
to damage the input of the receiving 
device. 

TERMINATE YOUR TROUBLES 
The way to eliminate ringing on a 

transmission line is to terminate the 
line in its characteristic impedance at 
either the sending or receiving end. 
The most common way to terminate 
a line is with a parallel termination at 
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the receiving end (Fig. S). 
In the configuration (Fig. Sa), RL 

= Z0 and RL is pulled up to 3 V de. In 
principle, RL could be tied to ground, 
but TIL-compatible devices could 
not then supply the necessary drive. 

Solving for PL (Eq. 2), it can be seen 
that PL = 0. Terminating a line in its 
characteristic impedance results in a 
reflection coefficient of zero, which 
means that there will be no reflec­
tions or distortions on the line. Other 
than the time delay, T0 , the line will 
act as if it were a de circuit. It's im­
portant to note that even though de­
vices or gates may be placed at any 
location on the line, the terminating 
resistor should be placed at the end 
of the line. In no case should the line 
be split like a Tee to feed several de­
vices in parallel (Fig. 6a). Instead, it 
should be serpentined to feed them 
sequentially (Fig. 6b). 

The 3-V power source shown (Fig. 
5a) appears at first to be a major 
drawback, but RL and the power sup­
ply can be expressed as a Thevenin 
equivalent running off the system 
power supply of 5 V de (Fig. 5b). This 
variant works well, but the designer 
should bear in mind that it dissipates 
additional power. 

REDUCING DISSIPATION 
A solution that dissipates less 

power than either of the others uses 
a capacitor to cut the de dissipation 
to zero (Fig. Sc). The recommended 
capacitor is a 0.1-µF MLC type. Sev­
eral manufacturers produce both ca­
pacitor-resistor and pull-up / pull­
down termination packs. The pull­
up/ pull-down packs usually come in 
a single in-line package (SIP) with 
pins on 0.1-in. centers, while the ca­
pacitor-resistor combination comes 
in a standard 16-pin DIP. The most 
common SIP pull-up/pull-down re­
sistor values are 220D./330D., 330D./ 
470D. combinations. 

An alternative to a parallel termi­
nation at the receiving end is a series 
termination at the sending end (Fig. 
7). The idea behind serial termination 
is to make Ps = 0 and PL = + 1. To do 
so, RL is made equal to infinity (left 
unterminated) and a series resistor is 
added at the source to make the over­
all source impedance equal to the 
E S I G N 

characteristic impedance of the 
line-that is, Rs + R0 = ZoL· 

Making Rs + R0 equal to Zou of 
course, creates a voltage divider, 
which puts half of the signal ampli­
tude across the line and half across 
the series combination of Rs and R0 . 

Therefore, with the series termina­
tion, the amplitude of the transmit­
ted wave is half of what it would be 
without the termination. 

Interestingly enough, the unter­
minated receiving end of the line pre­
cisely compensates for this halving 
of the amplitude. The reason is as fol­
lows: At the receiving end, the half­
amplitude wave is received and a 
half-amplitude wave is reflected. 
But bear in mind that those are two 
separate waves whose amplitudes 
add at the point of reflection. As a 
result of this addition, the only thing 
seen at the receiving end of the line is 
a full-size pulse. 

The main disadvantage of a series 
termination is that the receiving 
gate or gates must be at the end of 
the line-no distributed loading is 
possible. The obvious advantage of a 
series termination over a parallel one 
is that a series termination doesn't 

(a) 

(b) 

1
6. SERPENTINING IS essential 
when terminating a line. Never split the 
line to feed parallel devices (a). Rather, 
feed them sequentially with a serpentined 
line (b). 
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require any connection to a power 
supply. 

Transmission-line effects must be 
taken into consideration whenever 
line propagation delays get up to the 
point where a signal transition can 
be completed before that signal can 
travel down a line, be reflected, and 
travel back to its starting point. In 
other words, lines must be terminat-

17. THE SERIES termination needs 
no pull-up supply. Its main disadvantage 
is that it can't handle distributed loads. 

ed when, 

2TD=TR. 

CALCULATING DELAY 
Taking 2 ns as a typical rise time for a 
state-of-the-art high-speed logic de­
vice, how long can a board trace get 
before its propagation delay gets to 
be 1-ns long? For a pc board with a 
continuous ground plane and a sig­
nal trace on the adjacent layer, the 
propagation delay depends on only 
one variable, the dielectric constant 
of the board material. That delay 
time is given by: 

tp0 = 1.017 (0.475 eR + 0.67)112 ns/ft 

For a typical board constructed of 
FR4 material, eR (the dielectric con­
stant) is 4.7 to 4.9. If an average eR of 
4.8 is used in the equation, then tp0 
turns out to be 1.75 ns /ft, which 
works out to 6.86 in.Ins. As a rule of 
thumb, then, any line that is over 7 in. 
long should be considered a trans­
mission line and approached accord­
ingly. D 

Jock Tomlinson, senior applica­
tions engineer at Lattice, holds a 
BSEE from Colorado State Uni­
versity. 
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7 packages 
up to 600 Watts 
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supplies for 
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worldwide 
operation. 

LAMBD~S NEW EWS SERIES 

51 New DC power supplies up to 120 AMPS. 
Guaranteed operation from 85 to 265VAC. 
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NEW 
EWS SERIES: 

INDUSTRIAL SWITCHERS TO MEET 
INTERNATIONAL SAFETY STANDARDS 
AND FCC 20780 CLASS A {EMI) 

MAX CURRENT AT 
OPERATING TEMPERATURE PRICE 

OF DIMENSIONS QTY. QTY. QTY. QTY. QTY. QTY. 
4o·c so·c 60°C (inches) 1 10 25 100 250 1000 MODEL 

..... 60.0 60.0 42 .0 4.72 x 3.62 x 7.48 $475 $455 $439 $360 $325 $313 EW5-300-2 > 20 N +1C 120.0 120.0 84.0 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-2 

3.0 3.0 1.5 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-5 

a 5.0 5.0 2.5 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-5 
c 
.... 10.0 100 5.0 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-5 

> :;! 24.0 19.9 9 .6 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-5 
"' +I 

36.0 29.9 14.4 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-5 

~a 60.0 60.0 42 .0 4.72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-5 

+1C 120.0 120.0 84.0 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-5 

2.5 2.5 1.25 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-6 

a 4.2 4 .2 2.1 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-6 
c 
.... 8.4 8.4 4.2 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-6 

> :;! 20 .0 16.6 8.0 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-6 
'° +1 

30.0 24.9 12 .0 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-6 

..... 50.0 50.0 35 .0 4.72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-6 
20 
+IC 100.0 100.0 70.0 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-6 

1.4 1.4 0.7 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-12 

a 2.2 2.2 1.1 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-12 
c 4.4 4.4 2.2 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-12 .... 

> :;! 10.0 8.3 4.0 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-12 N +I - 15.0 12.4 6.0 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-12 

~a 270 270 18.9 4 .72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-12 
+1C 53 .0 53 .0 37.1 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-12 

1.1 1.1 0.55 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-15 

a 1.8 1.8 0.9 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-15 
c 

3.6 3.6 1.8 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-15 .... 
> :;! 8.0 6.6 3.2 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-15 
"' +I - 12.0 9.9 4.8 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-15 

~a 220 22.0 15.4 4.72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-15 
+IC 43 .0 43.0 30.1 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-15 

0 .7 0.7 0.35 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-24 
a 1.2 1.2 0.6 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-24 c .... 2.4 2.4 1.2 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-24 

> ~ 5.0 4 .1 2.0 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-24 
~ +1 
N 7.5 6.2 3.0 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-24 

.... . 14.0 14 .0 9.8 4 .72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-24 2a 
+IC 27 .0 270 18.9 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-24 

0.6 0.6 0.3 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-28 
a c 1.0 1.0 0.5 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-28 

.... 2.0 2.0 1.0 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-28 
> :;! 

4 .3 3.5 1.7 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-28 ... +I 
N 6.5 5.4 2.6 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-28 

~a 12 .0 12 .0 8.4 4 .72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-28 
+IC 23.0 23.0 16.1 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-28 

0.35 0.35 0. 175 1.38 x 3.82 x 3.54 90 86 83 70 61 55 EW5-15-48 
a 0.6 0.6 0.3 1.38 x 3.82 x 4.53 120 113 109 94 79 73 EW5-25-48 c 
.... 1.2 1.2 0.6 1.38 x 3.82 x 6.02 175 168 162 132 113 108 EW5-50-48 

> :;! 
2.5 2.0 1.0 2.13 x 3.82 x 7.87 290 280 270 215 185 175 EW5-120-48 

~ +I 

3.8 3.1 1.5 2.56 x 3.82 x 7.87 350 340 328 265 228 218 EW5-180-48 

~a 7.0 7.0 4 .9 4 .72 x 3.62 x 7.48 475 455 439 360 325 313 EW5-300-48 
+IC 13.0 13 .0 9 .1 7.48 x 3.62 x 7.87 760 735 710 535 518 503 EW5-600-48 



EWS SERIES 

DC OUTPUT 
Voltage range shown in tables. 

REGULATED VOLTAGE 
regulation, line ...... 0.4% 
regulation, load ...... 0.8% for load changes from zero to full 

load and from full load to zero . . 6% for 
EWS-300 and EWS-600. 

ripple and noise ...... EWS-15, 25, 50 : 120mV pk-pk on 5V 
and 6V models; 150mV pk-pk on 12V 
and 15V models ; 200mV pk-pk on 24V 
and 28V models; 250mV pk-pk on 48V 
models. 

temperature 

EWS-120, 180: 150mV pk-pk on 5V 
and 6V models; 200mV pk-pk on 12V 
and 15V models; 250mV pk-pk on 24V, 
28V and 48V models. 
EWS-300, 600 : 100mV pk-pk on 2V 
and 5V models; 200mV pk-pk on 6V 
through 28V models ; 300mV pk-pk on 
48V models. 

coefficient ......... ·0.02%1°C 
remote programming 

resistance .. 10oon;v on EWS-120, 180, 300, 600. 
remote programming 

voltage ............ volt per volt on EWS-120, 180, 300, 600 

AC INPUT 
line . . . . . . . .. ... 85-265VAC, 47-440Hz. 

RMS current 

EFFICIENCY 

85-132VAC/170-265VAC, 47-440Hz 
(auto selectable) for EWS-300, 600. 

.. EWS-1 5: 0.4A RMS max. 
EWS-25 : 0.6A RMS max. 
EWS-50 : 1.2A RMS max. 
EWS-120 : 2.5A RMS max. 
EWS-180 : 3.9A RMS max. 
EWS-300: 3.5A RMS max on 2V 

models. 
7.0A RMS max on all other 
models. 

EWS-600 : 7.0A RMS max on 2V 
models. 
14.0A RMS max on all other 
models. 

Typical. 60% on 2V model of EWS-300. 61% on 2V model of 
EWS-600. 70% on 5V, 6V models of EWS-15. 74% on 5 V, 6V, 
of EWS-25 ; 12V, 15V models of EWS-15 and 5V model of 
EWS-300. 75% on 5V, 6V models of EWS-50, 120, 180, 600 ; 6V 
model of EWS-300; 12V, 15V models of EWS-25. 76% on 12V 
models of EWS-50, 120, 180; 24V and 28V models of EWS-15. 
77% on 15V model of EWS-50; 24V model of EWS-25. 78% on 
15V models of EWS-120, 180; 24V model of EWS-50; 28V 
model of EWS-25 ; 48V model of EWS-15. 80% on 12V and 15V 
models of EWS-300, 600; 24V and 28V models of EWS-120, 
180; 28V, 48V of EWS-50. 82% on 24V, 28V, 48V models of 
EWS-300; 48V models of EWS-120, 180. 83% on 24V, 28V, 
48V models of EWS-600. 

DC INPUT 
110 to 330 VDC on EWS-15, 25, 50, 120, 180. 

OVERSHOOT 
No overshoot at turn-on, turn-off or power failure . 

OPERATING TEMPERATURE RANGE 
Continuous duty from 0° to 60°C with suitable derating (see 
table) . Guaranteed turn-on at - 10°C with reduced 
specifications. 

Specifications 

OVERLOAD PROTECTION 
External overload protection . Automatic electronic current 
limiting circuit limits the output current to a preset value, thereby 
providing protection for the load as well as the power supply. 

HOLD UP TIME 
16 msec minimum at 1 OOVAC/200VAC when operating at full 
load (20 msec on EWS-300, 600 models) 

IN-RUSH CURRENT LIMITING 
The turn-on in-rush current will not exceed 14 amps peak 
(25 amps peak on EWS-300, 30 amps peak on EWS-600). 

OVERVOLTAGE PROTECTION 
Non-crowbar, inverter shutdown type overvoltage protection is 
standard on all models. 

COOLING 
The EWS-15, 25, 50, 120, 180 are convection cooled . The 
EWS-300, 600 are fan cooled. 

DC OUTPUT CONTROLS 
Simple screwdriver adjustment over the entire voltage range. 

INPUT AND OUTPUT CONNECTIONS 
All connections are made via terminal blocks. DC output 
connections are made via studs on EWS-600. 

MOUNTING 
One mounting surface and one mounting position on EWS-15, 
25, 50, 120, 180. Two mounting surfaces and two mounting 
positions on EWS-300, 600. 

REMOTE TURN-ON/TURN-OFF 
TIL compatible signal enables remote turn-on / turn-off of the 
power supply. A voltage of 2.8V to 5.0V applied to remote on/off 
terminals will initiate turn-off. Open circuit or short circuit 
condition, or a zero to 2.8V signal will cause turn-on on 
EWS-300, 600 only. 

REMOTE SENSING 
Provision is made for remote sensing to eliminate the effects of 
power output lead resistance on DC regulation for EWS-120, 
180, 300, 600. 

ISOLATION RATING 
3750V RMS input to output (8mm spacing). 2500V RM S input to 
ground. 500V RMS output to ground. 

MONITORING SIGNAL 
D.C. Power fail (open collector output) signal available on 
EWS-300, 600. 

EMI 
Conducted EMI conforms to FCC Docket 20780 Class A. 

PHYSICAL DATA 

Package 
Model 

EWS-15 
EWS-25 
EWS-50 
EWS-120 
EWS-180 
EWS-300 
EWS-600 

FINISH 

Weight 
Lbs. Lbs. 
Net Ship 

0.66 1.00 
0.87 1.25 
1.10 1.60 
2.50 3.00 
2.95 3.50 
6.20 7.20 

1000 11 .00 

Gray, Fed . Std. 595, No. 26081 

ACCESSORIES 

Size 
Inches 

1.38 x 3.82 x 3.54 
1.38 x 3.82 x 4.53 
1.38 x 3.82 x 6 02 
2.13 x 3.82 x 7.87 
2.56 x 3.82 x 7.87 
4 .72 x 3.62 x 7.48 
7.48 x 3.62 x 7.87 

LRA-15, LRA-17 , and LRA-18 Rack Adapters available. 

GUARANTEED FOR 3 YEARS 
Three year guarantee includes labor as well as parts . Guarantee 
applies to operation at full published specifications at end of 
three years. 

• tCSA/TUV/IEC 
Most units have received formal agency approval or have passed 
all tests and are waiting for formal notification . 



Powerful switchers rneet UL. CSA. and \EC international 
safety standards and fCC ooc.ket 20780 Class A. (EN\I). 

TO ORDER CA 

IN WESTERN 
UNITED STATES 
1-800-LAM 
(orcall SlG 694 BDA-5 - -4200) 

L-100 10/89 

ADDRESS AL CORRESPO~~EUSTOMER 
LAMBD NCE TO· 

515 BROA~ ~~CTRONICS 
MELVILLE ~YL01W1 ROAD 
FAX· ' 747 . 516-293-0519 



DESIGN APPLICATIONS 

Two DEDICATED CMOS ASICs, RUNNING AT 
REAL-TIME VIDEO RATES, ANCHOR 

A COLOR-VALUE-CONVERSION CIRCUIT 
THAT ENHANCES IMAGING CAPABILITIES. 

DESIGN COLOR IMAGING 
INTO ANY GRAPHICS SYSTEM 

RGB 
camera 

espite the ease with which digital technology gen­
erates clear, sharp color pictures on display 
·screens, high-quality color imaging remains an 
elusive goal for many computer-graphics sys­
tems. Technique, rather than cost, is a major rea­
son. In fact, most of today's color-image process­

ing is mired in 50-year-old methods developed for the first color-TV cameras and 
monitors. Those methods depend on the well-known RGB color values. U nfortu­
nately, the RGB color-value method fares poorly because of the extensive data 
processing needed to analyze color data and generate graphics images. 

RGB's successor is a little-known but well-developed color-value system 
called hue, saturation, and intensity (HSI). HSI offers two significant advan­
tages over RGB: perception and processing. Human perception isn't adapted to 
understanding color in terms of relative proportions of red, green, and blue 
light. Rather, people perceive color in terms of its hue or actual color (red, 
orange, brown, and so forth); its saturation or vividness (the more vivid, the less 

R 

B 

Flash 
ADC 

Timing 

Flash 
ADC 

Timing 

Flash 
ADC 

Timing 

DT7910 
RGB·to·HSI 
converter 

To 
flash 
ADCs 

Frame 
buffer 

Frame 
buffer 

Frame 
buffer 

DT7911 

HSl·to·RGB 
converter 

r--e---r---r--r-- To video DACs 

Host computer 

R 

B 

1 1. AD VAN CED COLOR-IMAGE PROCESSING requires the conversion of the 
RGB color space to the HSI color space by the system shown here. 

BERNADETTE MORRISSEHOLAS 
Data Translation Inc., 100 Locke Dr., Marlboro, MA 01752-1192; (508) 481-3700, ext. 556. 

DAC 

DAC 

DAC 

RGB 
monitor 
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white in the color); and its intensity, 
or relative brightness or darkness 
(no color attributes at all). 

From a data-processing stand­
point, it's simpler and faster to ma­
nipulate and operate on HSI data. 
For example, almost all RGB opera­
tions require the values of all three 
colors to be processed simultaneous­
ly. With HSI, most operations in­
volve a simple alteration of one val­
ue, because they are independent of 
each other. 

By changing one HSI value, a col­
or image can be altered significantly. 
For example, to change an object's 
color from orange to purple requires 
adjustment of only the hue value, not 
three values as in RGB. Likewise, 
the intensity or softness of a color 
can be increased or decreased by ad­
justing only the saturation value. Be­
cause only one value is changed, HSI 
takes far less processing time than 
RGB. 

With HSI color-data processing, 
sophisticated graphics subsystems 
can be designed to interface with 
moderately priced (under $10,000) 
personal computers and worksta­
tions. Under the constraints of RGB 
processing, it takes powerful, expen­
sive computers to produce results of 
similar quality. As it migrates to low­
er-end computer platforms, image-

+5V 

0.1 µF 

~AGND 
Av= 4.777 

0.1 µF 
1k 

A~ 
-2.5V 

If-'' 
AGND 

267 
De restore e>-1 

AGND 

AGND 

DESIGN APPLICATIONS 

REAL·TIME 
COLOR IMAGING 

processing technology is seeping 
into diverse application areas ("Im­
age processing is finding niches, " 
opposite). 

To implement an HSI color-pro­
cessing system, there are two pre­
requisites: The color information 
must be translated from the RGB 
format into HSI parameters, and its 
processing must be performed 
through specialized hardware and 
not software. Working in RGB eats 
up time and computations because a 
computer must manipulate three 
separate color values. Moreover, if 
RGB and HSI conversions are made 
through software algorithms exe­
cuted by a PC, the system can't possi­
bly produce real-time images on a 
display. 

Memory considerations dictate 
many of a real-time frame grabber's 
architectural features. At least one 
frame's worth of memory should be 
located on or very near the image­
processing board. Depending on sys­
tem requirements, a second frame 
buffer can process image data while 
the first buffer displays its contents 
on the monitor. 

Production of real-time color im­
ages calls for a CPU with much high­
er performance than those found in 
PCs. But even if the CPU were fast 
enough, PC buses don't have enough 

+3.605 v 
100 

De restorer 

0.1µF1" 

AGNO 

0.1 µF 

37.4k +5V 

+2.5V 100 

+12V 

·~ I 20k 
Red zero 0 

AD·VCLK 
-12V = AGND AGND = 

data-transfer bandwidth to accept 
frame-buffer data at the rate neces­
sary for real-time operation. The 
PC/ AT bus, for example, has a maxi­
mum transfer rate of 200 kbytes / s. 
Displaying images at 30 frames / s re­
quires a 10-Mbyte/s transfer rate. 

Low-cost, real-time color imaging 
is possible only if performed in the 
HSI domain using dedicated hard­
ware. But the lack of sufficiently 
fast hardware to convert from RGB 
to HSI and back has been the bane of 
real-time color-image processing. A 
pair of specialized CMOS ASICs 
from Data Translation handles RGB­
to-HSI and HSI-to-RGB conversion 
at the video rates required for real­
time imaging. 

The DT7910 (RGB-to-HSI) and 
DT7911 (HSI-to-RGB) converter 
chips form the core of a color-image 
subsystem that accepts color data 
from an RGB camera, VCR, or other 
input device and delivers color data 
to a standard RGB monitor (Fig. 1). 
The system is essentially the image­
processing portion of a frame grab­
ber that captures color images and 
converts them into a complete frame 
of video information in real time (1/ 
30-second or 30 frames / s). 

A frame grabber can be purchased 
as a complete turnkey, board-level 
system that contains all the image 

3.605 v 
Red Flash ADC 

full scale 

3.072V 
+ REF Overflow 
3/4 REF 
1/2 REF 
1/4 REF 
-REF 
DYDO 
AVDO 

MSB AVDO 
AVDO 00--7 Red·ad 

LSB 
AVDO 
DGND 
AGND 
AGND +5V 

AGND 
AGND 
Vin 22k 

Clock 
us CE1 CE2 

I 2. THE INPUT PORTION of the system digitizes RGB analog signals in flash a11 converters after first performing the de-restoration 
function through the input op amps. Each camera input (R, G, B) goes through a circuit identical to the one shown. 
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grabbing, processing, and display 
circuitry, as well as computer com­
munications on a pair of boards. It 
can also be designed for a specific ap­
plication in a new system or to en­
hance an existing system. An exam­
ple of the former is Data Transla­
tion's DT2871 (HSI)Color frame 
grabber, which plugs into IBM PC/ 
AT computers and compatibles to 
perform color processing (ELEC­

TRONIC DESIGN, Jan. 12, p. 147). 
Designers can build the less-cost­

ly, application-specific version with 
the two converter chips. Moreover, 
this version operates with simpler 
software for PCs or scientific work­
stations. The resulting subsystem is 
compatible with any computer bus. 
Not only that, it's far more capable 
than boards that simply capture 
RGB signals for color databases. In 
addition to picture enhancement, the 
HSI format's digitization makes it 
possible for color data to be manipu­
lated by arithmetic and logic opera­
tions, filtering, histogram genera­
tion, and other functions. 

DESIGNING A GRABBER 
Red, green, and blue analog video­

input signals from an RGB camera 
are fed into three op amps that per­
form the de-restoration function 
(Fig. 2). De restoration reestablishes 
the de and low-frequency compo­
nents of the display signals, which 
are suppressed by ac coupling of the 
signals into the op amps. 

RGB-input signals must conform 
to the widely used EIA RS-170 stan­
dard for monochrome-display sig­
nals. Even though RS-170 defines 
standards for monochrome signal<;, 
it's equally valid for RGB color sig­
nals. RS-170 signals contain lines of 
monochrome video information and 
synchronization (vertical and hori­
zontal) timing data. The RS-170 sig­
nals produce a TV frame consisting 
of two fields of horizontal image 
lines. The odd field comprises all odd­
numbered lines and the even field all 
even-numbered lines. Horizontal 
sync pulses synchronize the start of 
each line while vertical sync pulses 
synchronize each field. Displaying 
alternate odd and even fields at a 
rate of 60 fields / s yields a complete, 

DESIGN APPLICATIONS 

REAL·TIME 
COLOR IMAGING 

interlaced image at the real-time 
viewing rate of 30 frames/s. 

The RGB analog outputs of the dc­
restoration amplifiers are sent to 
three identical 8-bit flash analog-to­
digital converters (Fig. 2, again). 
These devices establish the range of 
values that represent the range of in­
tensities, or gray or brightness lev­
els, for each picture element (pixel). 
An 8-bit converter, for example, pro­
duces 28 (256) gray-level values. The 
brightness ranges from shades of 
gray to pure black and pure white. 

In digitizing the RG B signal, each 
video frame is divided into a fixed 

number of rows, each of which con­
tains a fixed number of pixels. The a­
d converter divides the input image 
into a grid (usually 512 by 512) and 
assigns each pixel a brightness level 
as it is digitized. A frame grabber's 
spatial resolution and brightness­
level resolution are often described 
in one specification, such as 512 by 
512by8. 

A video-speed a-d converter is 
mandatory for a frame-grabber ap­
plication. An RS-170 signal gives the 
converter just 59.52 µs to sample 
each line. During this time, a 512-by-
512-pixel grabber must be able to 

IMAGE PROCESSING IS FINDING NICHES 

What are some of the 
applications that im­
age processing ad­
dresses? First, the 

quality of an image can be en­
hanced aesthetically and objec­
tively. Aesthetic enhancement 
makes the image more pleasing, 
while objective enhancement 
yields more information through 
spatial or contrast adjustment. 
For example, spatial enhance­
ment alters the image's detail us­
ing edge enhancement. Contrast 
enhancement alters the image 
through changes in brightness. 

A more important end product 
of image processing is the analy­
sis of graphic or numeric data ob­
tained from an image. One of the 
more common image­
analysis tools is the 
histogram, which 
graphically repre­
sents an image's dy­
namic range with re­
spect to contrast and 
brightness. An advan­
tage of hue analysis 
by histogram process­
ing is high immunity 
to intensity variations 
caused by changes in 
lighting. An applica­
tion of this histogram 
is in color-quality in­
spection, such as the 
grading of fruits and 
vegetables, or paint 

and color-print control. 
Another application made easi­

er by HSI parameters is image fil­
tering to improve picture quality. 
High-pass filtering, for example, 
can make it easier to see small 
variations in an image while low­
pass filtering can diminish fea­
tures to make the overall shape of 
objects more apparent. Laplacian 
edge enhancement, which ampli­
fies high frequencies while re­
moving low frequencies, is a par­
ticularly good method for locating 
boundaries between objects. 

Color-image processing is just 
now reaching a wide variety of ap­
plications in factories, labora­
tories, publishing, and other 
areas. 
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Any designer who settles for great chips instead of great 
chipsets simply isn't keeping on his toes. 

For you see, there are some big differences between Western 
Digital XT, AT, and Micro Channel-compatible chipsets and mere 
chips. Differences that add up to the performance, compatibility and 
value we've earned a bit of a reputation for. 

So stop poring over those spec sheets for a minute or two and 
consider this: 

We design our chips with all the right hooks, so you get the kind 
of design flexibility you've always dreamed of 

-n Digital is a regislered trademark of \.Wstem Digital (OfPO'iltlOll. Ail other marks mentioned herein belong to other companies. 

We spent years developing our sets and software drivers, so you 
don't have to spend time doing it yourself 

We give you the ability to buy virtually all your chips from one 
vendor, so you eliminate incompatibility between chips. Not to 
mention incompatibility between chip vendors. 

We offer unmatched EM/ system expertise, so your designs can 
be close to noise-free. And so can your quality control people. 

We manufacture chips by the millions and sell them to just about 
every big name PC company in the world, so compatibility is one less 
thing you have to worry about. 



The point is, what you need is what we have. 
Storage, Imaging, Communications, and Core Logic. 
Systems expertise, high volume/cost-€ffective LSI production, 

turnkey manufacturing packages, and design support. 
It's all designed to work together. It's all from one source. From 

the IC company that understands systems. 
So call Western Digital now And get a leg up on the 

competition. 
Call 1-800-847-6181. In Canada, call 1-800-448-8470. Ask for 

more information. And ask for a free Matched Sets poster. 

Matched sets to match your needs. 

llVESTERN DIGITAL 
Semiconductors-Storage-Imaging-Communications 

CIRCLE 19 
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13. TWO DEDICATED CMOS ASICs (the DT7910 and DT7911) and three PROMs programmed as look·up tables (LUTs) perform all 
of the real·time RGB·to-HSI and HSHo-RGB conversion functions in the frame grabber. Pixel data from the outputs of the DT7910 and LUTs 
Ul3 and U15 are stored in a frame buffer for further processing. 

convert 512 analog values to digital 
pixels. To do so, the a-d converter 
must have a throughput of at least 10 
MHz. Clock signals feeding the con­
verter (AD-VCLK) must be 10-MHz 
signals. The clock-generation circuit 
usually includes a phase-locked loop 
(PLL) to align the timing of the grab­
ber board with that of the incoming 
video signal. A PLL can lock onto the 
video signal's stable horizontal and 
vertical sync pulses to generate tim­
ing pulses for the grabber. 

Eight-bit digitized RGB outputs 
from the flash converters go directly 
to a DT7910 RGB-to-HSI converter 
chip (UlO), as illustrated in the frame 
grabber's second stage (Fig. 3). 
Eight bits each of red, green, and 
blue pixel values are converted in the 
DT7910 into 8 bits each of hue, satu­
ration, and intensity data values for 
storage or further processing. 

The DT7910's sister chip, the 
DT7911 (Ull), converts the values 
from HSI back to RGB. The RGB 
outputs from the DT7911 go to three 
video-speed digital-to-analog con­
verters, where they are changed 
back into analog values suitable for 
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driving an RGB monitor. 
Both the DT7910 and DT7911 are 

high-speed, low-power CMOS ASICs 
that implement trigonometric algo­
rithms. These algorithms are execut­
ed at the 15-MHz pixel-throughput 
rate required to deliver real-time (30 
frames/s) video operation. Thanks 
to a pipelined architecture, several 
arithmetic operations take place si­
multaneously, which accelerates the 
throughput rate. The most difficult 
function in the conversion process is 
dividing one variable by another. To 
achieve real-time conversion, Data 
Translation developed a proprietary 
floating-point-division algorithm for 
the DT7910, which executes at the 
15-MHz rate. 

Note that three devices-U9, U13, 
and UIS-interface to the convert­
ers. These are lk-by-8 look-up-table 
(LUT) memory devices that complete 
the conversion process. Two LUTs 
(U13, U15) are required by the 
DT7910 to convert intermediate in­
tensity and hue values into their final 
form. The DT7911 uses a hue-value 
LUT (U9) at its input to convert the 
DT7910's hue-LUT data into an inter­
E S I G N 

mediate form before conversion. The 
LUTs are available from Data Trans­
lation preprogrammed with the con­
version information, or they can be 
supplied by the user. Each device is a 
Cypress Semiconductor 8-kbit 
PROM packaged in a 24-pin DIP. The 
Data Translation LUTs are the 
DT7970 (U15), the DT7971 (U13), and 
the DT7972 (U9) 8-kbit PRO Ms. 

LUTs allow for pixel-point pro­
cessing, a procedure that alters the 
value of individual pixels in an im­
age. A LUT can add, subtract, multi­
ply, or divide pixel values to produce 
an output for further processing. 
LUT outputs can represent results, 
mathematical functions, or arbitrary 
data values. 

After power is applied to UlO, the 
device must be initialized to reset all 
internal registers in the pipeline. Ini­
tialization is accomplished by pulling 
the INIT line low for at least 1.5 clock 
cycles and returning it to a high lev­
el. The device can operate as an RG B­
to-HSI converter or it can be by­
passed. In bypass mode, RGB data 
passes through without conversion. 
A high level on the RGB input selects 



Improve your vision 
·gh-performance PC-based image processing 

from Imaging Technology 
PCVISIONplus 
The PCVISION name has stood for quality in low-cost image pro­
cessing since 1983. Providing RS-170 video digitization, on-board 
image storage, look-up tables, and pseudocolor display , the 
PCVISIONplus Frame Grabber is supported by more third-party 
software packages than any other frame grabber available today. 

Series 100 
Two versions - one for RS-170 input, the other for variable­
scan input - make the Series 100 one of the most popular 
single-board image processors. In addition to high resolution 
and digital video input capabilities, the Series 100 adds a 
1024 x 1024 x 12-bit image memory for nondestructive over­
lays, and a feedback processing path for averaging, subtraction, 
and other real-time operations. 

Series 151 
The§e~ 151 is the most powerful PC-based image processor 
~ today. Housed in a separate chassis with an interface 
to the PC AT bus or PS/2 Mic(o Channel Architecture, the 
Series 151 is a modular, llllllti-board subsystem for performing 
real-time noise reduction, convolutions, histograms, feature 
extraction, and many more ~el funcdoos. A program­
mable 32-bit o~ ~r ensures accuracy and 
adaptability W1 B;ill!---::;r~ 

Extensive Software Tools 
Our leading-edge software development library, called ITEX, 
contains hundreds of high-level image processing subroutines. 
A built-in interactive command-line interpreter accelerates 
application development. Our programmable processors have 
"C" language compilers for quick development of new or pro­
prietary image processing techniques. Also , dozens of third­
party software packages are available through the Vantage 
Compatible Products Program. We even support MS-DOS­
based applications running on the VMEbus! 

Imaging Technology is your best choice 
in PC image processing! 
If you' re serious about performance PC-based image processing, 
contact the company that leads the industry with hardware, soft­
ware, service, and support. Imaging Technology Incorporated. 
Contact our. technical sales team today. 

Eastern United States Cemral , Mountain, and Pacific United States 

800-532-3500 800-356-4216 
(714-960·7676 in California) 

Imaging Technology Incorporated 
600 West Cummings Park, Woburn, Massachusetts 01801-6343 
FAX: 617-938-1757 TELEX: 948263 
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I 4:. CONVERTING RGB TO HSI VALUES occurs at a 10-MHz clock rate to supply a real-time (30-frame/s) display image. After an 
initial delay of 15 clock cycles, the HSI data outputs are continuous in time. 

the conversion mode, while a low lev­
el selects bypass. 

Following initialization, all ~9 (in­
tensity) and Z(}-9 data (hue) lines are 
cleared (logic 0), while the satura­
tion-output lines, Y (}-9, are set to logic 
1. Once a signal is applied to the clock 
input, the output data will begin to 
change state. The DT7010's through­
put rate equals the clock rate; the 
minimum clock-pulse width (high or 
low) is 15 ns and the maximum fre­
quency is 15 MHz. 

It takes 14 clock cycles for output­
pixel data to appear on the X(}-9 and 
Z(}-9 lines (Fig. 4). The delay from 
RGB inputs to output data on the Y (}-
9 lines is 15 clock cycles. Besides per­
forming conversion operations, the 
LUTs introduce a delay of one clock 
cycle to align the H, S, and I values 
after a conversion. This can be seen 
in the Q(}-7 outputs from U13 and U15 
(Fig. 4, again). Once the initial 15-
clock-cycle delay has occurred for 
the first group of RGB inputs, new 
HSI data values emerge from the 
RGB-to-HSI conversion process at 
the clock rate. 

Operations in the DT7911 HSI-to­
RGB converter (Ull) are very simi­
lar to those in the DT7910. The initial­
ization procedure is the same and the 
device can be run in either an HSI-to­
RG B conversion mode or a bypass 
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mode. Following initialization, all 
Output-Data lines (Red(}-7, Green(}-7, 

and Blue(}-7) are reset. When a clock 
is applied, output data begins to 
change state. 

In total, nine clock cycles are need­
ed to convert HSI data back into 
RGB form suitable for output to 
high-speed d-a converters. Intensity 
(X(}-9), saturation (Y (}-9), and an inter­
mediate value of hue data that come 
through a LUT (U9) into the Z(}-9 in­
puts are converted by the 7911 into 
RGB format. After the initial nine­
clock-cycle delay, new data values 
emerge at the clock rate. 

Three 8-bit video d-a converters 
take the red, green, and blue digital 
outputs from the DT7911 and con­
vert them into analog values suitable 
for driving an RGB monitor. The con­
verters' relative output levels deter­
mine the color and intensity of each 
pixel. Embedded within the d-a con­
verter's outputs are vertical and hor­
izontal sync signals that conform to 
the RS-170 standard. Images appear 
on the display screen in real time. 

The color-imaging system de­
scribed takes RS-170 RGB data from 
a color camera and delivers RGB 
data enhanced by HSI processing to 
a color monitor. To take full advan­
tage of the digitized HSI informa­
tion, however, it must be manipulat­
E S I G N 

ed by a high-performance processor. 
For a computer to operate on HSI 

data, the information must be stored 
in a memory. HSI outputs from the 
DT7910 converter and its two LUTs 
are fed to a large memory array. This 
array is called a frame buffer, be­
cause it stores pixel data for a com­
plete display frame. 

A frame buffer for a 512-by-512-
by-8 image-processing system re­
quires 256 kbytes to store the infor­
mation for each of the three data 
variables. If each 256-kbyte array is 
implemented with 256k-by-1 dynam­
ic RAMs, it takes eight dynamic 
RAMs to store the data for one vari­
able and 24 dynamic RAMs to store 
the data for all three variables.D 

Bernadette Morrisey-Golas is a 
product-marketing manager for 
Data Translation's scientific-im­
aging and array-processing prod­
ucts on the PC/ AT, Qbus, VME, 
and PS/2 platforms. She holds de­
grees in computer science and mar­
keting from Bridgewater State Col­
lege, Bridgewater, Mass. 
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The Analog ASIC Solution 

All the pieces-from Raytheon, your development partner: 

Raytheon's RLA Linear Array Fam­
ily of user-configurable macrocell 
arrays-and full design support. 
(RLA 40, 80, 120, and 160) 

D Configurable macrocells: 4, 8, 12 
or 15 gain blocks that can be config­
ured into a variety of analog func­
tions to achieve your system's needs. 

D Design support: Raytheon offers 
a comprehensive design kit contain­
ing applications and design docu­
mentation , 200X plots, a printed 
circuit board , and 23 macrocell 
kit parts . 

1 SPICE developed by Universily o f Ca lifornia 

Software includes SPICE 1 model 
data files that can run on PCs and 
various workstations. 

Application engineers provide per­
sonalized service and full support 
from design conception through 
product delivery. Take advantage 
of Raytheon 's extensive experience 
in custom and semicustom products. 

D And more: Choose from a wide 
variety of packages including plastic 
and ceramic DIPs, SOICs, PLCCs , 
and LCCs in commercial, industrial 
and military temperature ranges . 
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Analog ASICs need not be a puzzle . 
Not with Raytheon 's RLA Family. 
And the support we provide with 
more than 15 years' experience as a 
supplier of high-volume commercial 
custom and semicustom devices. 

Call us for complete RLA program 
information and details on the RLA 
Macrocell Array Design Kit. 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7716 

Raytheon 
Where quality starts withfu11damentals. 
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lDokwhds 
. g to IBM now-

with a single chip. 
THE DP8344 BCP 

OPENS UP THE IBM WORLD. 

Because of this one little 
device, a lot of players have found 
effective new ways of getting into 
the Big Blue game.Among them are 
Apple, Digital Equipment Corpo­
ration , and many others emerging 
as winners in IBM protocol design 
and development. 

The DP8344 Biphase 
Communications Processor 
(BCP) is the key component in 
Apple's new adapter card for 
the Macintosh II -a landmark 
beginning in Apple's strategy of 
integration into the IBM mainframe 
environment. 

The BCP is also a key compo­
nent in Digital 's new 3270 Terminal 
Option Card for the DECserver 550, 
which gives IBM 3270 displays full­
screen Vf220 access to VAX appli­
cations. Users can simply "hot-key" 
from their IBM system to Digital 's 
program development environment, 
industry-leading ALL-I -1, and 
world-class UNIX. 

Besides putting new players 
in the game, the BCP gives existing 
plug-compatible players- like 
Memorex Telex-big competitive 
advantages. 

© 1989 National Sem1conductor Corporation 
Apple and Macintosh are registered trademarks of Apple Computer. Inc. L"~ IX is 
a registered trademark of AT&T Bell I.abs. AU.-1~·1. DEC. DECsen" 550. ~IJR IX. 
\1\'\ and \'MS are trademarks of Digital Equipment Corp ASl-tOO. CICS. C\IS. 
I B~ I and TSO are registered trademarks of lntemmional Busines.s ~lachines Corp 
~lemorex Telex is a registered trademark of ~ lemorex Telex Corp BCP is a registered 
trademark and BCP Pocketl.ink is a trademark of National Semiconductor Corp 
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IN A VERY SMALL SPACE. 

An intelligent transceiver 
and high-performance CPU are 
integrated on the same low-power 
CMOS chip. So a full system sup­
porting all three IBM protocols-
3270, 3299 and 5250 - can be 
implemented in an area the size of 
a credit card. 

Yet the DP8344 BCP's RISC 
architecture is so powerful that it 's 
the only processor needed in the 
new Memorex Telex 1192 Enhanced 
Function Display Terminal Series. 
Memorex Telex was able to cut both 
power consumption and board 
space -while adding a lot of new 
features, like an on-screen cal­
culator and adjustable cursor­
movement rates. 
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The BCP also enables Digital 
to maintain both its own and IBM 
sessions for four terminals with a 
single chip. And Apple can imple­
ment IBM coax and twinax protocols 
with the same hardware platform 
and two-line interfaces. 

WE'LL GIVE YOU ALL 
THE SUPPORT YOU NEED. 

Our system solution includes 
a Multi-Protocol Adapter Demon­
stration System for 3270/3299/5250 
connectivity. It supports all popu­
lar terminal-emulation and file ­
transfer software. 

We also offer the BCP 
PocketLink, a credit-card-size ter­
minal emulator ; a demonstration/ 
development system with monitor 
debugger; and the DP8344 assem­
bler/linker/librarian system. 

LET'S TALK. 

If you want your system to 
talk to IBM, you should fi rst talk to 
National. Give us a call today at 
(800) 825-5805 , ext. 103. 

~National 
~ Semiconductor 



For more than 
a little light 

on the subject ... 

Data Display Products leads the way with traditional and 
customized packaged L.E.D.s. DD P's wide selection of designs 
include integrated resistors, low power, high brightness, 
multi-chips, clusters and discrete sizes that range from .08" 
to .8". DDP offers solutions to application requirements: 
0 Incandescent Replacement: Direct L.E.D. replacement 

for incandescent lamps. Bases: wedge, bi-pin, bayonet, 
screw, flange ... 2-220V AC/DC. 

0 PCB Status Indicators: Horizontal, vertical and angled 
housings meet UL94VO. Individual and variable arrays. 

0 Custom & Military: DDP specializes in designs and 
prototypes for nonstandard specifications. Mil-Spec and 
quality compliance. 

0 Panel Mount LEDs: Snap-in, speed-mount and front 
panel replaceable. Mounting diameters: .125" to 1.20". 
Numerous lens configurations ... 2-220V AC/DC. 

DDP is known for quality, personal service, "on-time" delivery, 
and short lead times. For more information, call us at 
(800) 421-6815. From California and Canada, please call 
(213) 640-0442. For a list of our International or Domestic 
Representatives and Distributors, FAX us at (213) 640-7639. 
445 South Douglas Street, El Segundo, CA 90245. 
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DESIGN APPLICATIONS 

OPTIMIZE DATA FLOW 
IN DSP IMAGING 
APPLICATIONS 

BY CONTROLLING 
THROUGHPUT BETWEEN 
PROCESSING STAGES, 
MICROSEQUENCERS 
OFFLOAD THE SIGNAL 
PROCESSOR. 

igital image processing encompasses many applications, rang­
ing from satellite image processing and medical imaging to such 
traditional areas as radar and sonar. These applications trans­

form a two-dimensional representation of an image into a more desirable form 
with digital-signal processing. But DSP imaging speed is often limited by the 
data throughput of the system. 

Data throughput can be improved with intelligent microsequencers, which 
supply a fast, compact, low-power control element in the data path to offload 
data-housekeeping tasks from the digital-signal processors. In addition to con­
trolling data flow, the microsequencers relieve the DSP processors of synchro­
nization and FIFO-buffer error-condition checking. 

A typical imaging application 
needs four operations (Fig. 1). 
The first is image formation. An 
image is represented by a quanti­
ty given to each picture-element 
or pixel. This image can be repre­
sented by the absorption charac­
teristic of body tissue (for x-ray 
imaging), a temperature profile of 
a region (infrared imaging), or the 

1. A TYPICAL DSP imaging 
system has four distinct stages: image 
formation, image restoration and 
enhancement, feature extraction, and 
classification. This example shows 
the four stages of a text reader. 

DAVID CREAMER AND MICHAEL K. WEBB 

1. Image formation 

2. Restoration and 
enhancement 

3. Feature extraction 

4. Classification 

A 
A 

Median filtering, binarization, 
contrast stretching, and so forth 

A rose by any other ... 
Shakespeare 

Altera Corp., 3525 Monroe St., Santa Clara, CA 95051; (408) 984-2800. 
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as a matrix. A microsequencer controls 
the parallel and pipelined data flow of the 
system array, and the parallel data flow 
within a particular cell. 
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MICROSEQUENCER·BASED 
DATA CONTROL 

brightness of objects in a particular 
cross-section (a picture taken by a 
camera). 

The image under analysis is sam­
pled and quantized. The sampling 
rate, which is determined by the im­
age 's bandwidth, must be high 
enough to capture the useful infor­
mation in an image. The sampled im­
age is quantized into a finite number 
of gray levels by an analog-to-digital 
conversion. Each pixel is assigned a 
value based on the average level of 
gray contained within its area. 

After the conversion, the image is 
enhanced and restored. In image en­
hancement, particular features of an 
image are emphasized. A quantita­
tive model performs special tasks, 
such as contrast stretching (where 
gray levels in a small region are 
stretched to occupy a larger region) 
and median filtering (where each 
pixel is replaced by the median pixel 
value in its immediate area). These 

Processor stage 1 r--------- , 
I I 

01 , RDY1, DC1 I 
1 

PE1RD, PE1WR I 
I I L _ _ _______ J 

Processor stage 2 

techniques don't generate new infor­
mation on an image but instead em­
phasize particular image character­
istics. 

Image restoration is the process of 
approximating an image with known 
problems, such as blurring and bad 
focusing. Unlike image enhance­
ment, image restoration is more sub­
jective and doesn't depend on specif­
ic quantitative analysis. 

Other processing involves feature 
extraction and object classification. 
During these stages, pixels are 
grouped with their local neighbors to 
create small subwindows, varying in 
size from 3-by-3 to 64-by-64 pixels. 
Real-time calculations are required 
to measure such features as edge 
density and variance, and they're 
also required to create histograms. 

Real time refers to the ability to 
digitize, process, and display signals 
at standard video rates without any 
perceivable delay due to the DSP 

,------------------- ---------
I 
I [Program data memory J 
I 
I 
I 

lPE2WR l 
G !IC Output PE2RD 1 l To enhanced I 

74AS378 FIFO buffer 
~G 74AS373 Decode video buffer 

~ A J_ t B 
0 0--1 

-P Do.-7 _ 0 0--1 
R/W Addr. 

1---+1 PE#2 D0--1 
I DC 
I t ROY FF w 
I J I 
I 

L--------------------------~ 
Processor stage 3 .----------, 

I I 
To SAM I I 

03, RDY3, OC3 I 
I : From SAM 

1 
PE3RO, PE3WR 

I L __ ________ J 

Processor stage 4 r- ------ ---
J 04, ROY 4, OC4 

I 
I 

I 

~ PE4RD, PE4WR I 
I 

I I 

L--------- ...J 

I 3. THIS MODULE CONSISTS of four processing elements. The microsequencer controls the writing and reading into the 74AS373 
latches to properly distribute data to the elements, and performs error checking for the system. 
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processing overhead. To do this, fea­
ture-based image classification re­
quires large amounts of throughput, 
which are related to the subwindow 
size. A typical television quality im­
age-512-by-512 pixels-and a 
frame rate of 30 frames/s results in 
a sampling rate of about 10 MHz. 
This means that during the feature 
extraction stage for a subwindow of 
only 3-by-3 pixels, a memory access 
rate of 108/ s is required. 

THE SYSTOLIC APPROACH 
An important ingredient in real­

time image analysis is data through­
put, and fast throughput can be ac­
quired through many methods. One 
approach is using the systolic sys­
tem, in which a set of regularly inter­
connected cells is formed, and each 
processing element (PE) is dedicated 
to perform a particular task. Data 
flows between cells in a pipelined 
manner, and communication with 
the outside world occurs only at the 
boundary elements. Each stage of 
the pipeline has its own data storage 
instead of using global memory. The 
goal is to make it possible for the cas­
caded processors to store data be­
tween processor stages so that new 
data can enter the pipeline as previ­
ous data is processed. The speed of 
the individual processors plus the 
number of stages in the pipeline is 
the critical performance factor. 

In addition to pipelining the data, 
other techniques are also used to in­
crease system throughput. The pipe­
lined processors are often expanded 
into a processor matrix by adding 
parallel processors (Fig. 2). In this 
way, similar data elements, such as 
blocks of pixels, are processed syn­
chronously in parallel to increase 
system throughput. Processor ma­
trices, however, increase system per­
formance but complicate the data­
management task. 

The need for speed has resulted in 
dedicated DSP processors, such as 
Texas Instruments' TMS320 family. 
System data-flow design is critical to 
system performance, particularly in 
a heavily pipelined system. Ideally, 
the system's data flow should contin­
ue automatically without involve­
ment from the PEs. This minimizes 

MICROSEQUENCER·BASED 
DATA CONTROL 

the housekeeping overhead on the 
processor elements, and maximizes 
useful imaging cycles. 

Data flow between processing 
stages can be handled by software or 
hardware. Software is used if data 
rates are slow enough. Software 
polls the status of the processors to 
determine when they're ready to ac­
cept or generate data. But this se­
verely hampers system performance 
and is fading from use in favor of in­
terrupt driven approaches. 

Hardware interrupts are another 
approach that's often used by gener­
al-purpose systems. However, this 
approach also requires significant 
software overhead to call and service 
interrupt routines, and then to re­
store the processor to it's original 
task. This overhead is multiplied in a 
multiprocessor DSP system and be­
comes unacceptable. 

An ideal system would use the pro­
cessors exclusively to perform the 
necessary algorithms with no time 

wasted on handshaking. But until 
the advent of fast microsequencers, 
this approach was costly because it 
required significant amounts of 
hardware to synchronize the proces­
sors. Microsequencers implement 
this approach with significantly less 
hardware. 

To supply a transparent interface 
between processors, data buffers 
(RAMs, FIFO buffers, register files) 
absorb the data output by one pro­
cessor when the following proces­
sors in the chain aren't ready to ac­
cept incoming data. For example, a 
parallel engine element can consist 
of four processors in parallel, shar­
ing common input and output FIFO 
buffers (Fig. 2, again). This struc­
ture can be expanded in both the m 
and n directions to tailor it to individ­
ual applications. 

A processor module contains an in­
put FIFO buffer, four PEs, an out­
put FIFO buffer, and an Altera 
EPS448 microsequencer to control 

SAM: A STANDALONE MICROSEQUENCER 

A
ltera's EPS448 Stand­
Alone Microsequencer 
(SAM) has a generic mi­
crocoded architecture to 

implement a broad range of con­
trollers. These controllers range 
from basic state machines to com­
plex microcoded controllers. 

The architecture includes a 448-
by-36-bit EPROM that stores 448 
unique states. Among the 36 bits, 
16 are dedicated to define that 
state's outputs and the other 20 
are internal control signals. Also 
contained within the EPS448 mi­
croseq uencer are 768 product 
terms that determine next-state 
information. 

An 8-bit down counter, a 15-bit 
deep stack, and a 36-bit pipeline 
register are also contained within 
SAM's 28-pin package. Built in a 
1.0-µm CMOS EPROM technolo­
gy, SAM operates at a 30-MHz 
clock frequency while enjoying 
the benefits of low power con­
sumption. 

The standalone microse­
quencer's counter is a down 

counter used for timing loops. The 
counter value can be loaded from 
various internal locations and can 
be accessed by the stack. A zero 
flag indicates when the down 
counter has reached zero, and is 
used with the LOOPNZ command 
to control program flow. 

The stack is a last-in-first-out 
arrangement used to perform 
subroutines, nested loops, and 
other iterative structures. In addi­
tion, inputs can be pushed onto 
the stack to perform dispatch rou­
tines. The 36-bit pipeline register 
synchronizes the internal signals 
and allows SAM's outputs to be 
tri-stated. 

Ten of the microsequencer's 28 
pins are inputs and 16 are dedicat­
ed outputs. If more than eight in­
puts are required, external logic 
can be used to reduce the number 
of signals. If an application re­
quires deeper microcode EPROM 
(more states) or more outputs, 
multiple SAM devices can be cas­
caded vertically and horizontally, 
respectively. 
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the data flow (see "SAM: a standa­
lone microsequencer"). Each PE in 
this example handles a portion of im­
age enhancement. The PEs share in­
put and output FIFO buffers to ab­
sorb incoming and outgoing data 
(Fig. 3). The buffers each have a 
7 4AS373 latch on the input and out­
put processing-element buses to 
latch incoming and outgoing data. 

Altera's EPS448, Standalone Mi­
crosequencer (SAM), controls the 
writing and reading into and out of 
the latches to properly distribute the 
data to the PEs, and performs error 
checking for the system. The micro­
sequencer handles all of the data 
transfers between the four proces­
sor elements-including full error 
checking-to offload the task from 
the DSP engines. 

The first step in handling the data 

P11maor 
CIJOUT1 

CIJOUT2 

me 

f--100 ns---j 
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MICROSEQUENCER·BASED 
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flow is to manage the FIFO read and 
write cycles (Fig. 4). A TMS32020 
digital-signal processor is used here, 
though any processor is acceptable. 
This processor has two output 
clocks: CLKOUTl and CLKOUT2. 
Both output clocks have 200-ns peri­
ods, with CLKOUT2 lagging by 50 
ns. Another output from the proces­
sor is STRB, which is in sync with 
CLKOUT2. Its rising edge deter­
mines when a read or write is com­
plete. 

Other relevant processor outputs 
are the address and R/W signals. 
These signals are issued 20 ns prior 
to STRB going low. The R/W signals 
are decoded to generate PE2RD and 
PE2WR. These are input signals to 
the microsequencer that indicate 
when a read or write was requested. 

To get the second processor to 

DD~, ~/Wft ----<< Valid (Read) >----< ..... __ va_lid_(_W_rit_e)_~)r-----
f-&o--j 1--95--+-• i+-1 • 55-435+-I 

Data ---------<~>--------<-< Dataout )>------

-j16.5I--
l'E2RD -----~ 

l'E2WR ----------------' 
E"448 

IAlllCU 

G2 ------------' 
OC2 -------------------~ 

FIF01fler -J 1&.51--
mFO ---------~L_J 

-j 25 l--
Data written 

to FIFO buffer 

Data -----------0--<~_ln_va_lid_~)>----

14. THE FIRST STEP IN HAND LING the module's data flow is managing the 
FIFO buffers' read and write cycles. The diagram shows how the processing element, 
microsequencer, and latch work together to efficiently move data. 
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read data, a two-phase read cycle oc­
curs. First, the processor reads the 
data on its input latch. Then the A­
latch's output is enabled, the proces­
sor reads this data, and the outputs 
are disabled. During the second 
phase, data is read from the FIFO 
buffer to the A latch. The entire cycle 
begins on the falling edge of STRB. 
OCA, which is a decode of the proces­
sor's STRB, R/W, and address sig­
nals, will activate at this time and en­
able the latch's outputs. The latch re­
mains enabled until STRB goes high. 
On this edge, the processor reads the 
latch's data before OC is deasserted 
and the latch is disabled. 

Once the processor has read the 
data, the microsequencer must refill 
the latch. The microsequencer initi­
ates the read from the FIFO buffer 
into the latch when it detects 
PE2RD. This occurs on the rising 
edge of SAMCLK 50 ns after STRB 
goes low. The microsequencer waits 
one clock until it drives RFIFO low. 
RFIFO then requests the FIFO buff­
er to output a word. 

The input enable to the A latch (G) 
is also activated by the microse­
quencer at this time. RFIFO and G 
are actually asserted on the microse­
q uencer' s pins 16.5 ns after 
SAMCLK (clock-to-output delay). If 
the FIFO buffer has an access time 
of 25 ns, the output data of the FIFO 
buffer appears at A latch's inputs 
41.5 ns (16.5 ns + 25 ns) after PE2RD 
is detected. The RFIFO pulse re­
mains low for 50 ns. Data is valid at 
the A latch for 25 ns (RFIFO low for 
50 ns and a 25-ns FIFO access time), 
easily meeting the setup time of the 
latch. On the rising edge of RFIFO, 
the data is latched in. 

This process requires two 
SAMCLKs-one to detect PE2RD 
and one to assert RFIFO to the FIFO 
buffer-half the 200-ns processor 
cycle time. If the FIFO buffer is emp­
ty (EFl high) at the time of the read 
request, the microsequencer will de­
activate the RDY signal to the pro­
cessor and inform the system proces­
sor of the error status. The microse­
quencer might have a special set of 
routines so the PE can recover from 
the error dynamically. 

PE2WR goes active when the pro-



Call it a problem that could have lead to 
considerable expense. The customer thought he'd 
have to add several steps to his assembly process. 
Instead he called Dialight. 

As the leader with over half a century of 
experience in every type of indicator light, for 
Dialight solving problems is standard operating 
procedure. Applying our engineering expertise in 
optoelectronics and utilizing state of the art 
CAD equipment, we rapidly proceeded to custom 
design the ideal solution - a totally integrated, 
remote LED indicator: Not only did it fit the unit 
perfectly, but it also saved the expense and effort 
of cumbersome wiring, soldering, and testing. 
Plus it added the reliability of a push-on connector 
for easy assembly. All while being low cost. And, 
thanks to our extensive in-house tool fabrication 
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and molding facilities, we delivered it virtually 
overnight. 

Saving costs while solving problems is 
something we've long done with our panel mount 
and circuit board LEDs. Over the years customers 
have asked us to pair, gang, piggyback, right angle 
mount, recess, bicolor, tricolor, slant, standoff, 
snap-mount, bin, do whatever you can imagine to 
them and we haven't been stumped yet! 

So, the next time you think there's a remote 
chance of finding the right solution to an indicator 
design issue, remember that no one has more 
solutions than Dialight. 

DIA LIGHT CORPORATION 
A Cambridge Electronic Industries Co. --------
1913 Atlantic Avenue, Manasquan , NJ 08736 201-223-9400 



MICROSEQUENCER·BASED 
DATA CONTROL 

cessor issues a write 
cycle. After PE2WR 
goes high, t he B 
latch's inputs are en­
abled because G is tied 
to PE2WR. The latch 
is then ready to accept 
a new data word. 

OUTPUTS: RFIFO, WFIFO, G1 , RDY1 ,0C1 , G2, RDY2. OC2,. . . . , ERR SAMCLK causes a 
transition to the only 
state at the WRPE2 la­
bel. With this state's 

MACROS: IDLE ="011 " 
PE1SRVC: %SIMILAR TO PE2SRVC% 

• 
• 

PE2SRVC: IF EF1 + FF2 THEN [ 11 001 001 ... 1] GOTO SYSERR %PROC. NOTREADY% outputs, which force 
ELSEIF PE2RD THEN [ 11 IDLE IDLE ... O] GOTO RDPE2; %READY TO READ% WFIFO and OC low, 

the processor can 
write data to the out­
put FIFO. On the fol-

ELSEIF PE2WR THEN [ 11 IDLE IDLE . .. O] GOTO WRPE2; %READY TO WRITE% 
ELSE [ 11 001 001 ... O] GOTO SYNCH; %ERR, NEED TO SYNC% 

RDPE2: [01 IDLE 111 .. . O] GOTO PE3SRVC; %READ FROM INP FIFO% 

To write data into 
the output FIFO buff­
er, OCB and WFIFO 
appear 16.5 ns (clock­
outputdelay) after the 
clock cycle following 
the detection of 
PE2WR. This gives 
the second stage con­
trol of the FIFO buff­
er's data bus and be­
gins the FIFO read. 

WRPE2: [10 IDLE 010 .. . O] GOTO PE3SRVC; %WRITE TO OUTFIF0% 

PE3SRVC: 

PE4SRVC: 

SYSERR: 
SYNCH: 

• 
%SIMILAR TO PE2SRVC% 

• 
• 

%SIMILAR TO PE2SRVC% 

• 
• 

RECOVERY, WAIT FOR ERROR CONDITIONS TO CLEAR 
STOP PROCESSORS, SYNCH SUBSYSTEM 

lowing SAMCLK, 
there is a transition to 
PE3SRVC. At 
PE3SRVC, the third 
processor is serviced 
and all outputs relat-

15. CODE CONTROLS how the microsequencer checks the processors 
for read and write requests, services those requests, and checks the FIFO 
buffers for error conditions. 

ing to the second pro­
cessor stage are deac­
tivated. 

In the fourth state, 

The OC and WFIFO pulse deassert 
(go high) 50 ns later, and the B latch's 
data is written into the FIFO buffer. 

The write process also requires 
two SAMCLKs, one to detect 
PE2WR and one to assert to the 
FIFO buffer. If the buffer is full (in­
dicated by FF2 high) at the time of 
the write request, the microse­
quencer deactivates RDY to the pro­
cessor and informs the system pro­
cessor of the error status. 

The microsequencer-subsystem 
control tasks include checking the 
processors for read and write re­
quests, servicing these requests, and 
checking for FIFO-buffer error con­
dition. The state machine language 
is the code used to enter EPS448 mi­
crosequencer designs that perform 
these tasks (Fig. 5). This language 
consists of simple "if-then" con­
structs. Output specifications for 
any particular state are designated 
in brackets and appear in the same 
order in which they are placed in the 
outputs section. For example, the 
first output in brackets represents 
RFIFO. Macros are used to substi­
tute text for commonly used output 
strings. For instance, idle substi­
tutes for G=O (inactive), RDY=l (ac­
tive), and OC=l (inactive). Control 
flow starts at the label PElSRVC. 

PElSRVC is the starting point for 
data-flow control in this example, 
but it's identical to the PE2SRVC 
subroutine that's shown in detail. 
PE2SRVC is reached when the first 
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processor is serviced. One of four dif­
ferent states becomes active when 
PE2SRVC is called (after processor 
one has been serviced). The first 
state at PE2SRVC becomes active if 
the input FIFO buffer is empty or 
the output FIFO buffer is full (EFl 
and FF2). When either error condi­
tion takes place, the processors' 
RDY signals are forced low and a 
transition to SYSERR occurs. This 
system error shouldn't happen be­
cause the FIFO-buffer depths are 
chosen according to worst case data 
build-up. But if either error condition 
does take place, users can customize 
the SYSERR subroutine to a particu­
lar system. SYSERR should inform 
the main CPU of the subsystem er­
ror and have the microsequencer. 
clear the error status. 

If PE2RD is true, the second state 
takes place. All outputs are static to 
prepare to perform the required read 
cycle, assuming no errors occurred 
at the label PE2SRVC. The label 
RD PE2 becomes active on the next 
SAMCLK, when RFIFO and G2 be­
come active. This state causes a read 
from the FIFO buffer to the A latch. 
On the next SAM CLK, a transition to 
PE3SRVC occurs. The third proces­
sor is then serviced and all outputs 
relating to the second processor 
stage are deactivated. 

The third state at the PE2SRVC la­
bel develops when PE2WR is true, 
which prompts a write cycle to begin. 
All outputs remain static until 

DESIGN 

neither error condition 
is true and both PE2RD and PE2WR 
are inactive. This error condition in­
forms users that the processors 
aren't synchronized. The subsystem 
was designed so that the second pro­
cessor stage lags the first stage by 
100 ns, which is the same time it 
takes to read or write from the first 
processor. 

Furthermore in this simplified ex­
ample, it's assumed that all of the 
processors in this system are execut­
ing instructions requiring the same 
amount of time. If the first processor 
has just read data, the second proces­
sor should also be ready to read data 
as PE2SRVC is reached. If it's not 
ready, a synchronization error en­
sues and all of the processor's RDY 
signals are pulled low. A transition 
to SYNCH takes place, which re­
synchronizes the subsystem proces­
sors through a user-created subrou­
tine.O 

David Creamer, an applications 
group leader at Altera, has a 
BSEEICS from the University of 
California at Berkeley. 

Michael K. Webb, director of 
product planning and applica­
tions at Altera, has a BSEE from 
the University of Texas. 
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1500V 
alog Isolation 

Mass 
Isolation 

Our new IS0122P is a 
complete, unity-gain 
isolation amp packaged 
in a space-saving plastic 
DIP. Its very low price 
opens up masses of new 
isolation applications that 
couldn't be cost-justified 
before. And irs going to 
obsolete a lot of "in-house 
builds" that can no longer 
match the IS0122P's 
performance/price values. 

< 10* 

--

Patented 
Barrier 
Technology 

through 100% partial dis­
charge testing to detect 

incipient failure 

IS0122P uses 
Burr-Brown's -·~~mill 
proprietary j /"' ' .... 
capacitive V / /' 
isolation barrier and / ,~ 
pulse-width modulation / ,,,. 
techniques to slash costs 
without sacrificing 
performance. The barrier's 
integrity is guaranteed 

CIRCLE40 

mechanisms. 

Key 
Specifications 
• 1 SOOVrms rated 

Isolation voltage 
• ±0.02% FSR max 

nonlinearity 
• 0.5µA max barrier 

leakage 
• 50kHz small-signal 

bandwidth 
• ±4.5V to ±18.0V supply 

range 
• ±10V Input/output 

range 
• 6.5mA max quiescent 

current 
• single-wide plastic DIP 
• $9.50* 

Free 
Evaluation 
Samples 
This is a great part to use 
for industrial control. 
ground loop elimination, 
motor and SCR control. 
PC-based data acquisition 
systems, even vending 
machines. It lets you put 
cost effective protection 
wherever you need it. Just 
send us a drawing of your 
application, and we'll 
send you an evaluation 
sample and comprehen­
sive data sheet so you can 

see for yourself. Or call 
1-800-548-6132 toll-free 

for additional 
information. 

Burr-Brown Corp., 
P.O. Box 11400, 
Tucson, Al. 85734. 

"U.S. prices only. In 100s. 



30 
(1,000 qty) 

The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 

SCM-1 L SCM-2L 
SPECIFICATIONS SCM-1NL SCM-2NL 

the high price of surface-mount components. Now, Mini-Circuits offers a new series of 
mixers to meet the pricing demands of SMT .. . only $3.30 in 1,000 quantity ($3.95 ea. in 
quantity of 10) ... at a cost even lower than most conventionally-packaged mixers. 

The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. 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-L) or without leads (SCM-NL) to meet a wide range of pc board mounting 
configurations. 

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

When you think SMT for low-cost production, 
think of Mini-Circuits' low-cost SCM mixers. 

(typical) (l =with leads) 

FREQ. RANGE (MHz) 
LO.RF 1-500 
IF DC-500 

CONVERSION LOSS (dB) 
Midband 6.3 dB 
Total Range 7.5 dB 

ISOLATION (dB) (L-R)(L-1) 
Low-Band 60 45 
Mid-Band 45 40 
High-Band 40 35 

PRICE $3.30 (1000 qty) 
$4.25 (1-9) 

Units are shipped 1n anll·stat1c plastic 
··tubes· or ··sticks·· for automatic 1nsert1on. 

•NOTE: L & NL suffix for ordering only 
Not marked on units. 

0 Mini-Circuits 
A 0 1v1s1on of Sc1ent1!1c Components Corpora tion 

CIRCLE 145 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

(NL=no leads) 

10-1000 
DC-500 

6.5 dB 
8.0 dB 

(L-R)(L-1) 
45 35 
35 30 
25 20 

$4.15 (1000 qty) 
$545 (1-9) 
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IDEAS FOR DESIGN 

CIHClE 

521 DIVIDE-BY-N COUNTER 
RUNS ABOVE 1 GHz 

IFD WINNERS 
IFD Winner for 
August 10, 1989 

Israel Yuval, ADA (Israel), P.O. 
Box 2250, Haifa, Israel. His idea: JOHN HATCHETT 

Motorola Inc., 3102 North 56st St., Phoenix, Ariz. 85018; (602) 952-3416. "Sync Detec tor's Failures 
Cut." 

Counter speeds for CMOS and 
TTL programmable 
counters are limited to under 
100 MHz. ECL-type devices 

can approach a few hundred MHz, 
but with significant current require­
ments. However, coupling the dual­
modulus-prescaling technique with 
the available phase-locked loop syn­
thesizer chips that control the pre­
scaler circumvents these frequency 
and power-drain constraints. 

With this approach, designers can 
also choose various counter-pro­
gramming schemes (serial, parallel, 
or data bus) in addition to achieving 
higher frequency capabilities. Low­
power drain (less than 75 mW) and 
low-cost devices can also be selected. 

V00 = Pin4 
V55 = Pin6 

oscin --------! 
osc •• , ----------

Moreover, only two ICs are neces­
sary to achieve divide values above 
131,000. 

Maximum input frequency and di­
viding range for the counter are con­
trolled by choosing an appropriate S­
pin dual-modulus prescaler. The 
counter's output appears at synthe­
sizer pin F v (see the figure). The total 
input-to-output divide value is gov­
erned by the equation: 

Ntota1 = N X P +A. 

N and A represent the value pro­
grammed through the serial port 
into the divide-by-N and divide-by-A 
counters. P is the lower dual-modu­
lus value established by the synthe­
sizer's modulus-control signal. 

VOTE! 

Read all the Ideas for Design in 
this issue, select your favorite, 
and circle the appropriate number 
on the Reader Service Card. The 
winner receives a $150 Best-of-Is­
sue award and becomes eligible 
for a $1 ,500 Idea-of-the-Year 
award. 

Typically, A varies from zero to P­
l to achieve unit steps within the sys­
tem's divide range. And N must be 
equal to or greater than A. N ~ A 
then sets a lower limit on Ntotali which 
is dictated by AM AX = P-1. D 

14-bit shift 
register 

Dual modulus prescaler Counter 
maximum Counter 

Device Divide values frequency input-to-output 
number (P/P+ 1) (MHz) divide range 

MC12015 32/33 225 992 to 32,863 

14-bit latch MC12016 40/41 225 1,560 to 41 ,047 

MC12017 64/65 225 4,032 to 65,599 

REF
0

•
1
-------o< 

14-bit + R 
1---1---+----..i counter 

MC12019 

MC12018 

20/21 

128/ 129 

225' 380 to 20 ,587 

520 16,256 to 131 ,071 

, - ---- MC12022 128/ 129 1100 16,256 to 131,071 
64/65 1100· 4,032 to 65,599 

"Typical va lues determined by synthesizer and prescaler propagation times. All 
other frequencies are worst case. 

0.001 µF f;n 
~----4 

fR Modulus 
10-bit + N control 

counter counter Lock 
Oto 127 3 to 1023 detect LO 

Counter 
Enable input 

PDA PD0• 1 1 
Program Data 0.001µF 

input 1-bit 
control 7-bit shift <f> R Control In 

shift register register 
PD8 <f>v input P/P + 1 

Clock fv Counter output Dual-modulus 
L - - - - - - - - - - - Out prescaler 

•THIS TWO-CHIP COUNTER SCHEME can operate at more than 1 GHz and consume less than 15 mA from a 5-V supply. 

D E s I G NI 111 
NOVEMBER 9, 1989 

E L E C T R 0 N I C 



IDEAS FOR DESIGN 

CIRCLE 

5 2 2 GET A PRECISION 
-10-V REFERENCE 

R. MARK STITT 
Burr-Brown Corp., P.O. Box 11400, Tuscon, AZ 85734; (602) 746-7445. 

M
ost popular CMOS multi­
plying digital-to-analog 
converters (MDACs) re­
quire an external op amp 

and a reference for a -10-V voltage 
output. But by using the correct cir­
cuitry, any + 10-V reference can be 
accurately converted to a-10-V ref­
erence (see the figure). Precision re­
sistors aren't required, and the error 
contributed by the op amp is negligi­
ble (the 0.6µ V /°C Vos drift of an 
OPA27 adds only 0.06 ppm/°C volt­
age-reference drift) . 

This same circuit also incorporates 
reference noise filtering. When a 
monolithic buried zener reference is 

used, such as a Burr-Brown FEF102, 
drift with temperature is just 
2.5ppm/°C maximum, and noise and 
stability are significantly better 
than for bandgap references. 

The reference signal is in the op 
amp's feedback loop. The amp out­
put forces the reference-common 
connection to -10-V so that the in­
verting-input voltage is the same as 
its noninverting input (ground). Be­
cause current doesn't flow into the 
op-amp input, the reference output 
current stays at zero. 

The 2-kn x 1000-pF network en­
sures loop stability and adds noise 
filtering. With these values, the ref-

CIRCLE 

5 2 3 BOOTSTRAPPING 
REDUCES POWER 

PATRICK H. CONWAY 
28361 Plainfield Dr., Rancho Palos Verdes, CA 90274. 

Bootstrapping an amplifier 
reduces a circuit's power 
consumption and also the 
need for high-voltage com­

ponents. In a typical circuit, the boot-

+15V 

Isolation 
amplifier 

Discretionary 
circuitry 

strapped circuitry is powered by the 
floating power supply whose ground 
may float throughout the range of V 
(see the figure) . A range of ±1 kV is 
easily achieved. It's limited primari-

+15V 

Floating --...-+1 power 
supply 

High·impedance 
load 

OdB~ 
_20 dB 

1 1 
Low.impedance 

load 
1/211R1C1 1/211R2C2 '----.------' 

I THE INPUT from an isolation amplifier, is sent through some discretionary circuitry, 
an op amp, and an RC network before it goes through the transistors. 
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R 
+vs 

2k REF102 
Out 

Common 
-10V 

I A-10-V PRECISION reference 
can be designed with a + l~V reference 
and an external op amp. Precision 
resistors aren't needed. 

erence noise is filtered by one pole 
where LadB = 1/(27TRC). For a lower 
pole, R should stay at 2 kn and C 
should be increased. Keeping R 
small reduces bias-current errors 
and noise from the op amp that's re­
acting with it. For reference output 
adjustment, put a potentiometer be­
tween the reference output and ref­
erence-common pin (-10-Voutput).D 

ly by the breakdown ratings of Q3 
and Q4, which can be cascoded. The 
floating circuitry requires only low­
vo l tage devices. The power con­
sumption of the floating circuitry is 
considerably less than it would be if 
powered by V. 

The input is applied through an 
isolation amplifier. Discretionary 
circuitry is needed to attain the de­
sired results. For example, in a ramp 
generator, the discretionary circuit­
ry might be a current source. The 
waveform developed across the 
high-impedance load (a capacitor in a 
ramp generator) is reproduced 
across the low-impedance load. 

A wide-notch filter is required to 
stabilize the loop. The depth of the 
notch is approximately 20 dB (R2 = 
9R1). The high-frequency lead break 
is near the op amp's open-loop unity­
gain frequency. The low-frequency 
lead break is chosen to be one to two 
decades below the high-frequency 
lead break. The power stage com­
prises transistors Ql-4. A crossover 
circuit may be needed at the bases of 
Q1 and Q2 to get a linear output. In 
some cases, the pull-up or -down por­
tion of this circuit may be replaced 
with a current source.0 



In the past, you bought our passive component<; from 
Mepco/Centralab. Our discrete semiconductors and profes­
sional components from Amperex. And our ferrite materials 
from Ferroxcube. 

What you received were superior component<;. Profes­
sional service. Prompt delivery Competitive prices. From com­
panies whose products and relationships you value. 

What you didn't get was a single source able to fulfill 
your discrete product neecb. And now, you do. 

SOW\ 

Now we're Philips Components Discrete Products Division. 
One company representing millions of 1xL-;sive compo­

nents, discrete sem iconductors and component materials. A 
newly consol idared sales organization providing better service 
and stronger technical suppon. Backed br one of the largest 
electronic component manufacturers in the world: Philips. 

For our customers, that means qualit>' product~ . Leade1c 
sh ip in surface-mount technolos'Y All from a single vendor 
dedicated to the Nonh American marketplace. And the benefit 
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of hundreds of millions of dollars spent annually in electronic 
component research. Research that keeps Philips - and you­
ahead of the competition. 

The new Philips Components Discrete Produrn; Division. 
For a look at our product groups, just turn the page. Or call us 
for a line card and product literature. We think you 'II be quite 
impressed with how much we can offer. Even if it took drop­
ping a few names. 

Philips Components 
Discrete Products Division 

2001W1:3lue I leron Blvd. 
PO. Box !0330 
Riviera Beach, FL 33404 

Tel: 1-800-447-3762 
407-881-3200 (locally) 

Fax: 407-881-3300 

PHILIPS 



Philips Componen~ Discrete Products Division 
PASSIVE COMPONENTS 
GROUP (Capacitors) 
4561 Colorado Blvd. 
Los Angeles, CA 90039 
Tel: 818/240-4880 
fax: 818/500-9174 

• Monolithic Ceramic Chip Capacitors 

7158 Merchant Ave. 
El Paso, TX 79915 
Tel: 915-775-4242 
Fax: 915m5-4249 

• DiscCeramicCapacitors 
• Leaded Monolithic Ceramic 

Capacitors 

5900 Ausu-alian Ave. 
West Palm Beach, Fl 33407 
Tel: 407/863-2000 
Fax: 407/863-1811 

• Tantalum Capacitors 
(SMD,' Solid, Wet Slug) 

6071 St. Andrews Rd. 
Columbia, SC 29212 
Tel: 803ITT2-2500 
Fax: 803m2-2445 

• Film Capacitors 
• AC Dty Metalized Film Capacitors 
• FilmTrimmerCapacitors 
• TantalumCapacitors(Foil) 
• AC Mot0r Stan Capacitors 
• DC Aluminum Elecu-olytic Capacitors 

PASSIVE COMPONENTS 
GROUP (Resistors) 
Airpon Road, P.O. Box 760 
Mineral Wells, TX 76067 
Tel: 817/325-7871 
fax: 817-326-2215 

• Metal Film Resistors 
• Carbon Film Resistors 
• Precision MELFSMD' Resistors 
• Thick Film SMD' Resistors 
• High-Voltage Resistors 
• Power Film Resistors 
• Non-Linear Resistors 
• Relative Humidity Sensors 
• Standard Resistor Nerworks 

Mepcopal Company 
11468 Sorrento Valley Road 
San Diego, CA 92121 
Tel: 6191453-0332 
Fax: 619/481-1123 

• Variable Resistors/Trimming 
Potentiometers 

• Rota1ySwitches 
• Hi Rel Fuses 

DISCRETE 
SEMICONDUCTOR GROUP 
George Washington Highway 
Smithfield, Rl 02917 
Tel: 4011232-0500 
Fax 401/232-1047 

• Discrete Semiconductors: 
Power Devices 
Surface Mount Devices 
Small Signal Produas 
Microwave Tran~istors 
CATVand RF Power Modules 

• Optoelecu-onics: 
LCD's 
Infrared Detectors 
Sensors 

1-800-447-3762 

Semiconductor Lasers 
Optocouplers 
!Rand Visible LED's 

MATERIAL5 GROUP 
5083 Kings Highway 
Saugenies, NY 12477 
Tel: 914/246-2811 
fax: 914/246-2811 ext. 427 

• Linear Ferrites 
• Advanced Ceramic Technologies 
• Permanent Magnets 

PROFESSIONAL 
COMPONENTS GROUP 
George Washington Highway 
Smithfield, RJ 02917 
Tel: 4011232-0500 
Fax: 401/232-1047 

• Klystrons 
• Circulators 
• Rectifier Stacks 
• PhotomultiplierTubes 
• Geiger Mueller Tubes 
• Microchannel Plates 
• Elecu-onMultipliers 
• Reed Switches 
• CHTs 

100 Providence Pike 
Slatersville, RI 02876 
Tel 4011762-3800 
Fax: 4011762-3805 El.a. 324 

• Sol id State Image Sensors 
• Intensified CCD 
• Image Intensifiers 
• Vici icon & Newvicon'Camera Tubes 
• Plumbicon'CameraTubes 
• Milita1yCameraTubes 

PHILIPS 
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aturing and emerging ASIC 
technologies are giving today's 
CAE and CAD tools a run for 
their money. Concurrently, 
ECL is settling . in as a main­
stream technology for the 
1990s. These and many other 

technical trends will be examined during the professional-advancement pro­
gram sessions at Wescon/ 89. Component and system technologies and manu­
facturing issues are the three broad areas that the sessions will concentrate on. 
The sessions, which run from November 14to16 in San Francisco, will cover top­
ics ranging from memory issues, video technology, and specialized processors 
to neural networks and software tools. 

In the component-technology sessions, recent advances in ECL that have 
keyed faster, lower-power systems will be explored. As ECL becomes a main­
stream technology, it leaves its niche applications behind for acceptance by 
system designers as a means to boost performance. In a paper by Joseph Vith­
ayathil, marketing manager at Synergy Semiconductor Corp., Santa Clara, 
Calif., three recent trends are considered stepping stones for ECL to emerge as 
a bread-and-butter technology. 

The first trend is increased system-clock speeds. As clock frequencies sur­
pass 50 MHz, the limitations of the TTL-interface standard present a technical 
obstacle for system designers. Thanks to its superiority in such a transmission­
line environment, ECL is becoming the technology of choice. A second trend 
pushing ECL to the forefront is the wave of ECL implementations of popular 
microprocessors, including RISC processors. These first implementations are 
expected to run in the 70-to-100-MHz range. Finally, innovative techniques are 
being applied to ECL circuits and bipolar technology. These techniques elimi­
nate the traditional disadvantages of such technologies to bring them to the 

DAVID MALINIAK 
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nologies appear, they 
must support higher 
levels of system inte­
gration. This carries im­
plications for designers 
in terms of chip specifi­
cations as well as de­
sign tools. According to 
Virgil P. LaBuda and 
Clarence S. N ataka of 
Motorola's ASIC Divi­
sion , Chandler, Ariz. , 
established ECL and 
CMOS technologies are 
evolving to support 
higher integration. 
Smaller device geome­
tries in ECL ASI Cs are 
curbing their high pow­
er consumption. Three­
level series gating, in 
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11. POWER DISSIPATION continues to drop 
as gate counts rise in ECL ASICs. Smaller device 
geometries and three-level series gating are keys. 

forefront in terms of performance, 
power, integration, and manufactur­
ability. 

ASIC technologies are also matur­
ing. As new architectures and tech-

turn, means denser logic (Fig. 1). As 
for CMOS ASICs, increasing gate 
densities calls for more I/ 0 . The 
mounting power dissipation eclipses 
the 2-to-3-W threshold that had dis-

tinguished CMOS packaging needs 
from those of bipolar. 

Gallium-arsenide ASICs continue 
to challenge ECL for performance 
leadership at a fraction of ECL's 
power consumption. Cost-effective, 
reliable fabrication techniques must 
be developed for GaAs, however, be­
fore its challenge can be taken seri­
ously, LaBuda and Nataka contend. 
BiCMOS technologies overcome the 
performance limitations of CMOS 
not only through enhanced internal 
logic drive, but also by greatly ex­
panding the variety of I/ 0 charac­
teristics. 

These expanding technology 
choices for ASICs are testing the lim­
its of the CAD tools used in their de­
sign. LaBuda and N ataka confirm 
that CAD tools must continually 
evolve to give users automation and 
flexibility within the design process. 
A common problem-incompatibil­
ity between tools-is being ad­
dressed by framework-based CAD 

(]}) Wescon/~® 
PRODUCTS 

Molecular-beam-epitaxy laser diode 
is mass-produced. The RLD 78 Se­
ries molecular-beam-epitaxy 
(MBE) laser diode is the first to be 
mass-produced. The fabrication 
process results in a laser that is 
more planar and uniform than 
those produced by liquid-phase epi­
taxial techniques. The diodes fea­
ture a 770-to 800-nm wavelength 
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range and operate from 1.9 V with a 
threshold current of 45 mA. Signal­
to-noise ratio varies from 60 to 85 
dB with device type. In quantities 
of 1000, prices range from $20 to 
$30. Delivery is in eight to 10 weeks. 

Rohm Corp. 
Irvine, Calif.; (714) 855-2131. 
Booth 351 Circle 482 

Lithium batteries can now be sur­
face-mounted. The TL-5186/SM 
lithium thionyl chloride battery is 
believed to be the first lithium cell 
able to withstand the stresses of 
surface mounting and wave solder­
ing without degradation. The her­
metically sealed battery can be fed 
into an automatic placement sys­
tem for higher throughput. It can 
handle infrared or vapor-phase sol-

DESIGN 

dering. Rated at 3.6 V, the battery 
measures 7 /8-in. square and 9/32-
in. thick. Maximum capacity at 100 
µA to 3 V is 0.37 Ah. In quantities 
up to 1000, the batteries go for 
about $4. Delivery is from 6 to 8 
weeks. 

Tadiran Electronic Industries 
Port Washington, N.Y.; (516) 621-4980. 
Booth 2303 Circle 483 

• 
• 

TADIRAN 
. LITHIUM BATTERY 

TL-5186/SM 
,-3.6 VOLTS+ I 

SU WARNING : 
DO NOT DISPOSE 

\ OF IN FIRE. 
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Unleash the infinite memory power 
of Hitachi's digital oscilloscopes 

Slide a pocket-size IC card with a three-year memory 
into the front-panel slot and store up to 15 waveforms 
(4K each). Retrieve historical data on prototype designs, 
reconfigure test workstations quickly and at low cost, 
and create comparison waveforms to speed equipment 
maintenance. 

Memory is unlimited. Use as many cards as you wish 
to store as much information as you wish, to distribute to 
as many associates as you desire. Using an optional 
card reader/writer, waveforms on the PC card can be 
transferred to/from an IBM PC or compatible ; with an 

Your key to open architecture 
in waveform analysis. 

optional high-speed interface, signals can be 
transferred to the PC for data analysis. 

An external clock permits sampling in units 
other than time base (angle, rotation speed, 
displacement, etc.). Or sampling synchronization 
with the operational clock of the device being 
measured. Other usual functions include: four 
sampling modes, three interpolation modes, and 
GPIB, as well as plotter outputs. Also, any model 
can be used as a 100MHz bandwidth two-channel 
real-time oscilloscope. 

This new, cost-effective way to communicate 
data quickly and error-free is only possible with 
Hitachi's Card Series DSOs available in three 
sampling speeds: the VC-6275 at 200MS/s, the 
VC-6175 at 100MS/s, and the VC-6075 at 
50MS/s. Units are available on GSA contract 
GSOOF03461 . 

For an informative 20-minute VHS video tape, 
send a business card or company letterhead to 
Dept. MTF at the address below. 

CARD SERIES DSO 
VC-6275· 200MS1s 
VC-6175: 100MSts 
VC-6075· SOMSts 

Transfer, display and 
calculate error-free 

Off hne 

Software 

• Standard software 
Data transfer and display 

• Apphcation software 
High-speed FFT 
processing 

Card ded1Cated J..===:o====-1 
pk>lte' 

. . . 

. . ./A .. ~ ·· ... .· . ·· ............ ·· .... .. 
··. .· ··············· 

interlace ~====~~~ 
reader wnter 

High-speed direct­
connection interface 

• fatens1on of the 
storage capacity of 
card series {4K word -
BK word · For VC-6275. 
16K word )( 1 channel 
is also available.) 

• Super high-speed 
transfer of 0.2s BK word 

On line 

@HITACHI Hitachi Denshi, America, Ltd.• 175 Crossways Park West, Woodbury, NY 11797 
516-921-7200 •LA area 213-328-6116 •Dallas area 214-233-7623. 

CIRCLE31 SEE US AT WESCON BOOTH #1044 



systems that integrate third-party 
and internally developed tools into 
one system. 

Accuracy advancements in CAE 
and CAD tools have resulted in im­
pressive ASIC first-pass success 
rates when the criterion was the 
ASIC's specifications. For success­
ful products, however, the ASIC 
must work properly in the system. 
This is the central assertion made by 
Earl 0 . Reinkensmeyer, director of 
software products at NCR Corp., Ft. 
Collins, Colo., in his paper, "CAE Ap­
plied to ASIC and System Design." 
Reinkensmeyer describes how 
NCR's Product Design Series (PDS) 
of CAE/CAD tools help assure that 
the product-definition phase of the 
design cycle will be successful. 

The tools included in the PDS en­
compass architectural simulation 
and design synthesis. These func­
tions use behavioral-level descrip­
tions with selected structural consid­
erations . The resulting "what-if" 

<Jr) Wesconi'C93~ 
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Advanced surface-mount technolo­
gy yields ultra-small relay. Very 
high sensitivity marks the TF po­
larized relay, which consumes just 
80 mW. The device comes in a sur­
face-mountable configuration that 
withstands either infrared or va­
por-phase reflow soldering pro­
cesses. Contacts are 2 Form C with 
available coil voltages of 3, 4.5, 5, 6, 
9, 12, 24, and 48 V. A gold-clad, 
crossbar bifurcated contact en-
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System 
requirements 

System 
architecture 

Hardware and 
~-..i software design 

and verification 

System integration 

NCR Product Design Series tools 

Resident on CAE workstation 
Common development environment Prqduction delivery 

12. BY MIXING behavioral and structural analysis, NCR's Product Design Series of 
design tools can shorten the product-definition phase of the design cycle. ASICs can be 
designed to work better in the system. 

analysis helps product-marketing 
staffs develop product require­
ments. This blend of behavioral and 
fast structural analysis yields a bet­
ter product definition (Fig. 2). 

The design cycle of digital systems 
can be problematic when various in­
compatible CAD, CAE, and CAT 
tools each require a special language 
and specific interface. Sharing of 
data among different organizations 

sures high reliability. In quantities · 
of 500, prices range from $3.31 to 
$4.38. 

Aromat Corp. 
New Providence, N.J.; (201) 464-3550. 
Booth 2337 Circle 493 

In-circuit emulator is first for 80486 
processor. Microcosm customers 
using the company's hyper ICE em­
ulators for 80286, 80386, 80386SX, 
or 80376 development work now 
have a direct upgrade path to the 
80486. The hyperICE-486 in-circuit 
emulator is the first for that Intel 
processor. The system emulates 
the 80486 at its full 25-MHz speed. 
It is rated to support a 33-MHz 
clock when that silicon becomes 
available. The emulator can run 
with its native interface from a PC, 
mainframe, workstation, or termi­
nal. High-level-language debug­
ging is provided by the company's 
hyperSOURCE software. The sys­
tem starts at $24,990. Delivery is in 
45days. 

Microcosm Inc. 
Beaverton, Ore.; (503) 626-6100. 
Booth 1144 Circle 485 

DESIGN 

or across levels of design becomes 
very difficult. In his paper, "VHSIC 
Hardware Description Language 
(VHDL) for CAD/CAE/CAT," H. 
Edward Tsou, senior staff engineer 
at TRW Electronic Systems Group, 
Redondo Beach, Calif., brings 
Wescon attendees up to date on the 
progress of VHDL-related tech 
nologies. Tsou describes how VHDL 
has indeed fulfilled its specified 

100-MHz, four-channel scope 
weighs in at just 15.4 lbs. Light­
weight and compact, the V-1085 
four-channel oscilloscope is packed 
with popular features. Among 
them are autoranging sweep, trig­
ger lock for complex patterns, and 
cursor measurements. All four 
channels have independent position 
control, 100-MHz bandwidths, and 
+3% accuracy. A built-in counter 
operates from the triggering signal 
of any channel or external source. 
There is also a triggerable delayed 
sweep for sophisticated analysis of 
transient signals. The scope is 
available immediately and goes for 
$2295. 

Hitachi Denshi America Ltd. 
Woodbury, N.Y.; (800) 645-7288. 
Booth 1044 Circle 486 
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ISYOURFDDI 
SYSTEM SAFELY 
LOCKED UP? 
It is if you're using Hirose Connectors. 

The FDDI interface is standard according to ANSI. .. but the only fool-proof 
locking system was designed by Hirose. 

The new SCL (Slide Cover Locking) mechanism positively locks the 
housings together, thereby preventing accidental uncoupling; yet the 
housing can be easily disconnected when needed. The security and 
integrity of your data system is assured. 

Examine the design closely; if your data is worth protecting, there 
is only one choice. 

But it 's not just the protection offered by the locking mechanism that 
makes Hirose the obvious choice. Hirose's HFDI's precision Zirconia 
ferrule and unique floating design work in conjunction to guarantee 
high performance and reliability by keeping insertion loss below 
0. 7dB with flat polishing or 0 .3dB with convex polishing. 

For maximum design flexibility all HFDI connectors are offered 
with a choice of four different standard keying positions. 

Also new from Hirose are the HSC single or multi-mode fiber 
optic connectors. Conforming to NTT SC 
standards, these connectors incorporate 
Zirconia ferrules and offer insertion 
loss of less than 0. 5dB with a 
minimum reflection loss of 
22dB on assemblies using 
SM-10/125 cable. 

Fiber optic connectors with built-in security protection; 
everything you 'd expect from the world's finest 
connector company. For additional information, 
specifications and samples, call the experts at 
Hirose Electric (USA) Inc. 

y.s to Worfct 
...:><" ~/& 

·~"' (\~ 
i %. 

cJ ~ SEE US AT WESCON '89, 
BOOTHS #421&4218, 
CIVIC CENTER, SAN FRANCISCO 

HIROSE ELECTRIC (USA) INC. 
2685-C Park Center Drive 
Simi Valley, CA 93065 
Phone (805) 522-7958 
FAX (805) 522-3217 

© 1989 Hirose 
CIRCLE30 



requirements. 
A paper by Richard M. Braid, de­

velopment engineer manager, and 
Mark A. Johnson, staff engineer, 
both at IBM Application Business 
Systems, Rochester, Minn., demon­
strates how the VHDL design meth­
odology can speed products to mar­
ket. An IBM hardware-design team 
used VHDL to quickly define, imple­
ment, verify, and physically design a 
tape controller in less than nine 
months . The 20K CMOS design, 
which was to be a 370-tape attach­
ment for the 9406 models of the IBM 
Application System/ 400, was seg­
mented into four phases. In the first 
phase, the design was defined, the 
design strategy laid out, and the de­
sign team was staffed. VHDL chose 
the design tool at this point because 
it would enable the design to be used 
as a basis for future efforts. 

The second phase involved divid­
ing the controller chip's functions 
and assigning them to individual de­
signers. These team members each 

(D Wesconl~® 
PRODUCTS 

Sub-compact sealed lead-acid batter­
ies pack high energy. Substantial 
reductions in size and weight with­
out performance loss are features 
of the My-Act lead-acid batteries. 
The thin, rectangular batteries are 
made up of individual 2-V cells that 
can form custom battery packs 
with a wide range of capacities, 
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PREVIEW 

VHDL 

Model build 

Software simulation 

3. IN AN ITERATIVE process for 
verifying VHDL designs, a VHDL 
description is translated into a model, 
which in turn is simulated in software. 
Design problems are rectified at the 
VHD L level; then the process restarts 
until all bugs are out. 

learned VHDL in three classes over 
a one-month period. As the hardware 
design progressed, the project en­
tered its third phase, which was to 
verify the design. Simulation was 
performed with a software simula-

voltages, and terminations. A typi­
cal 0.65-Ah My-Act cell (model 
UP2V0-6P) delivers 65 mA for 10 
hours to a cutoff of 1.8 V. Standard­
cell deliveries are from stock to 12 
weeks. Prices vary with battery 
configuration. 

Panasonic Industrial Co. 
Secaucus, N .J .; (201) 348-5266. 
Booth 456 Circle 487 

Pc-board-layout package is upgrad­
ed in new version. Increased capaci­
ty and via and track optimization 
are among many new features in 
the completely updated PCB II lay­
out package. The product now sup­
ports more than 270 14-pin-IC 
equivalent designs, over 6000 pads, 
and over 16,000 equivalent track 
segments. Powerful analysis and 
rip-up rerouting capability opti­
mizes and improves track place­
ment and minimizes vias in a de­
sign. Over 50 printers are support­
ed. The package costs $1495. 

OrCAD Systems Corp. 
Hillsboro, Ore.; (503) 640-9488. 
Booth 1454 Circle 488 

DESIGN 

tion tool. An iterative process fixed 
problems with the design at the 
VHDL level. A model of the hard­
ware was then created and test cases 
were run using the simulation tool. 
As design problems were found dur­
ing simulation, the process started 
over with fixes applied at the VHDL 
level (Fig. 3) . 

In the final physical-design phase, 
preliminary runs allowed changes to 
be made with regard to testability 
and timing before the design was 
frozen. At this point, the decision 
was made to change the technology 
design point. The cell count was rap­
idly approaching the lOk capacity of 
the CMOS family that was chosen, 
which necessitated a switch to a tech­
nology with a higher circuit capacity. 
Fortunately, VHDL is technology­
independent, so the change had no 
impact to the design schedule. Ac­
cording to the authors, this repre­
sents one of the strengths of VHDL. 

As the design and its verification 
neared completion, the design was 

1-in.-thick de fan cools enclosures 
in minimal space. Very quiet opera­
tion and high performance for 
package size are features of the 1-
in.-thick de Multifans. The fan is 
available in three sizes with three 
different speeds. As part of the 600, 
8400, and 3400 series, they all will 
be offered in 12-or 24-V de versions. 
The 8400 and 3400 series will also be 
offered with sleeve bearings. Made 
of fiberglass-reinforced plastic, the 
fans mean significant cost savings 
toOEMs. 

Pabst Mechatronic Corp. 
Newport, R.I. ; (401) 849-8810. 
Booth 2255 Circle 489 



C&C Computers and Communications 

The 4-bit microcomputer 
that makes more cents for you. 

Tiny Controller is a price! 
performance breakthrough. 

Our new 4-bit CMOS microcom ­
puters are so inexpensive you can 
install them where microcomputers 
have never been used before. 
Put them in fans, food processors, 
bathroom scales, etc. For a truly 
nominal cost, you 'll boost sales by 
enhancing consumer appeal. 
If you're making games or toys, 
replace your more expensive 4-bit 
device with our chip and achieve 
significant savings on every unit. 

And we're making OTP ver­
sions available soon for fast, 
small-lot production . 

Why should you specify our 
Tiny Controllers? Because their low 
price will cut your manufacturing 
expenses and their high perform­
ance will expand your market 
opportunities. If unbeatable price/ 
performance makes sense to you, 

µ PD17103 l 
ROM 

RAM 

1/0 ports 11 

Instruction cycle time 

Oscillation voltage 

Standby mode 

Oscillation Ceramic I 

call NEC today and ask about 
our new 4-bit singlechip CMOS 
microcomputers. 

17107* 17104 l 17108* 

512 x 16-bit 

16 x 4-bit 

16 

2µ s min. 

2.7 - 6.0V 

STOP/ HALT 

RC Ceramic I RC 

NECs Tiny Controllers provide 
high speed (2µsec cycle time) and 
ample memory (512 x 16-bit ROM; 
16 x 4-bit RAM). With 11 or 16 1/0 
ports, they permit direct LED drive. 
They operate on a wide range of 
voltages : 2.7 to 6.0V. We offer a 
full set of development tools. 

Package 16-pin shrink DIP / 16-pin SOP 22-pin shrink DIP/24-pin SOP 

Onetime PROM 40 '89 

For fast answers, call us at: 
USA Tel:t·80 0·632·353t. TWX:910·379·6985. W Germany Tel :0211·650302. Telex 8589960. The Netherlands Tel :040·445·845. 
Telex 51923. Sweden Tel:08·753·6020. Telex:13839. France Tel1·3946·9617. Telex 699499. Italy Tel :02·6709108. Telex 315355. 
UK Tel:0908·691133. Telex:82679t. Hong Kong Tel:3·755·9008. Telex:5456t. Ta1w1 n Tel :02·719·2377. Telex 22372. 
Korea Tel02·551·0450. Fax :02·551-045t. Singapore Tel :481988t. Telex39726. ~t 1 stral1 Tel :03·267·6355. Telex:38343. 

CIRCLE22 
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14. REAL-TIME NTSC CO LOR VIDEO can be transmitted over a fiber-optic link at distances of up to 2 km with Advanced Micro 
Devices' TAXIchip set. By combining fiber optics with standard encoding and decoding ICs, the link eases serial transmission of high-bandwidth 
signals. The fiber-optic components eliminate media constraints. 

frozen and the VHDL was synthe­
sized to a technology-dependent rep­
resentation. The chip was then 
placed and wired. But a static timing­
analysis tool didn't work as well as 
expected, making it difficult to sort 
out valid timing problems from inva-

(J{) Wescon/@~1 
PRODUCTS 

1000-W switcher reaches new 
heights in power density. Packag­
ing and design techniques applied 
in the 9A, 9B, and 9C SuperS­
witcher II series of single-output 
switchers have yielded a 5-by-5-by-
10-in. size for a 5-V, 200-A supply. 
This permits three such units to be 
placed side-by-side in a 19-in. rack. 
Featured is a control card only 7.5 
in. square, compared with 20 in. 
square for an earlier version. The 
control card uses custom hybrid cir­
cuits and surface-mounted compo-
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lid problems. Several valid problems 
were nearly overlooked. This pointed 
out the need for better static timing­
analysis tools for use with VHDL­
based designs. 

On the systems-communication 
front, fast fiber-optic links are being 

nents. Features include overvolt­
age protection, remote sense, auto­
matic thermal shutdown, and more. 
An integral de fan cools the supply. 
In single quantities, a 5-V, 200-A 
supply goes for $7 45. Samples are 
available now with delivery in eight 
to 10 weeks. 

Powertec 
Chatsworth, Calif. ; (818) 882-0004. 
Booth 2359 Circle 490 

DES IG N 

used in applications ranging from lo­
cal-area networks and computer-to­
peripheral links to process control, 
robotics, and automotive communi­
cations. A paper by Eugen Gershon, 
Neil Mammen, and Steven Sidman of 
Advanced Micro Devices, Sunny-

Schematic-capture tool presents 
seamless user interface. Full com­
patibility with Accel's pc-board lay­
out andautoroutertools is featured 
in its Tango-Schematic Series II 
schematic-capture tool. All the 
tool's capabilities are contained 
within one menu-driven program. 
As a result, designers can draw 
schematics on the screen, create 
new library components, perform 
design-rule checks, generate net 
lists, and produce hard-copy out-



vale, Calif ., describes how AMD's 
TAXIchip set transmitted real-time 
NTSC color video over 2 km of opti­
cal fiber (Fig. 4). The authors ad­
dress the problems of transmitting 
both video-signal-amplitude infor­
mation and video-timing information 
for link synchronization. 

Serial transmission of higher­
bandwidth signals, such as NTSC 
video, isn't common yet. This stems 
from a combination of media con­
straints and a lack of standard I Cs to 
serialize, encode, recover, and deser­
ialize the data. According to the au­
thors, media constraints can be elimi­
nated by choosing fiber-optic compo­
nents, and the standard-IC void can 
be filled with AMD's chip set. 

The dispersion effects of optical fi­
ber are minimal compared to metallic 
media, which lends the fiber to very 
high data rates. Similarly, optical fi­
ber's attenuation is much less than 
that of metallic media, meaning that 
long links can be established without 
repeaters. As a result, for many ap­
plications, the maximum usable dis­
tance and data rate for a fiber-optic 
link is established primarily by the 
characteristics of the drivers and re­
ceivers, not the medium itself. 

put. The tool, which runs on IBM 
PC, PC/XT, PC/ AT, and PS/2 com­
pute rs, includes comprehensive 
component libraries with over 5000 
parts spanning various technolo­
gies. Each component is guaran­
teed for its accuracy The schemat­
ic-capture tool goes for $495. 

Accel Technologies Inc. 
San Diego, Calif.; (619) 554-1000. 
Booth 1343 Circle 491 

Pc-board autorouter joins design­
tool family. Features found only in 
mainframe or supermini-class rout­
ers are packed into the Z-Route au­
torouter, an addition to the Au­
toPCB family. The tool routes di­
rectly to off-grid components and 
offers t rue 45° routing. A warp-grid 
featu r e permits traces to warp 
around a pin without losing real es­
tate. Design-rule checking and a 
user-definable routing st rategy 

Gershon, Mammen, and Sidman 
describe how the video signal, with 
its relatively large 3-to-5-MHz band­
width, is digitized at twice the maxi­
mum frequency expected in the sig­
nal. In this case, 14.31818 MHz is the 
digitizing rate, which is four times 
the frequency of the color burst. 
Therefore, the TAXIchip set is run at 
a 143-MHz serial baud rate. For 
transmission along the link, the vid­
eo signal is processed in three differ­
ent sections: video sync, video blank, 
and data. 

The video digital-to-analog con­
verter's output is a composite video 
signal that can drive a monitor. The 
digitized and transmitted picture 
doesn't have any visible loss of quali­
ty compared to the original taken di­
rectly from the camera to the moni­
tor. The total dynamic range of the 
digitized video signal is about 10% 
larger than the video gray scale, 
which enables the color burst to be 
included accurately.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
559 
560 
561 

round out the package. The router 
is 100% compatible with AutoCAD. 
A display-list processor permits 
split-second zooms and pans. The 
complete AutoPCB product, which 
includes the router as well as sche­
matic capture and complete par ts li­
braries, goes for $4295. 

Cadisys Corp. 
Sunnyvale, Calif.; (408) 732-1832. 
Booth 1342 Circle 492 

SUSIE/PGJ( 
AN INTEGRATED 

TOOLKIT FOR 
INSTANT DESIGN 

OF 

XILINX™ 
PARTS 

PC/AT 
VERSATILITY 

~~~~~ * ~~~~~ 
WORKSTATION 

POWER 

0 COMPLEMENTS 
XILINX TOOLS 

0 EASY EDITING OF: 
CLB, 108, LAYOUT 
EFFECTS & TEST VECTORS 

0 COMPLETE LIBRARY 
OF CHIP MODELS 

D REAL-TIME 
OPERATION 

0 INSTANT DESIGN 
FIXING 

• EASY TO LEARN 

•DISPLAYS BUS 
CONFLICTS 

•SHOWS TIMING 
VIOLATIONS 

•CONCURRENT DESIGN 
PATCHING & SIMULATION 

•FULLY INTERACTIVE 

CALL 
(805) 499-6867 

FOR FREE SAMPLE 

AL DEC 
3525 OLD CONEJO ROAD, # 111 

NEWBURY PARK, CA 91320 

XILINX, LCA and XACT are trademart<s of XILINX, Inc. 

CIRCLE 101 
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Next time they boast 
about adding more 

features to a real-time 
clock, ask to see one first. 

The Harris Way: 
More On-Chip 
Functions And 
Affordable. 

First, we thought about 

life two centuries from 

now. Then we built a clock 

to last that long . 
A 128-year caJendar 

with automatic leap year 
coffections 1s JUSt one im­
pressive feature of our 
patented ICM7170 real­
time processor-compatible 
clock . T here are many 
more. 

Our CMOS-fa bricated 

clock offers more on-chip 

functions than commodity­

quali ty clocks, including a 

battery backup circuit, 

regulated power supply 
(assuring stable oscillator 

frequency), on-chip power 
down detector and on-chip 

a larm comparator and 

RAM . It generates ala rm 

© 1989, Harris Corporat ion 

program­
mable pe1i­

odic inteffUpts. 
Eight separate 

internal addressable 

and programmable 

counters keep time from 

hundredths of seconds to 
years. The ICM7170 is easy 

to use, too: no exotic soft­

ware is needed. Latches 

prevent clock roll-over dur­

ing read cycle. And you 
read it like a RAM . 

T he 7170's 300 ns ac-

cesstime 

and high com-

patibility make it a 

perfect peripheral for a 

whole range of applica­

tions, from data logging 

and portable and personal 

computers to indust1ial 
process control and point 

of sale systems. 

With its military 

temperature rating and 
883C screening, the 

ICM7170 is already per-

CIRCLE78 

I 
forming where perfor­

mance counts most - 111 

demanding strategic and 
tactical systems. Pack­

ages include 24-pin 

plastic and ceramic 
DIPs an d 24-pin 

SOIC. 

So if you ' re look­
ing fo r a high-perfor­

mance power-savmg 
clock fo r your system, 
look to Harris' 7170. 

Call fo r our bro­
chure and data sheet: 
1-800-4-HARHIS, 

Ext. 1998. 

What your vision of the 
future demands. lbday. 

® HARRIS '.&I S EM ICO ND UC T OR 

HARR IS RCA GE I NIE RSIL 
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PC SOFTWARE AUTOMATES Wi~h a bandpass-filter desig~ packag~ ~ron:i Phil Geffe's Filterwar~, Cincin-

B F D 
natl, users need only enter filter spec1fications and the program will do the 

AND PASS· ILTER ESIGN rest. Called Band, the software runs on IBM PCs and compatibles and gives 
practical designs for the frequency range of 10 Hz to 2 GHz. Inductor-capacitor (LC) filters 
can be designed with up to 20 coils. The program also handles Butterworth, Chebyshev, 
Bessel, and constant-K bandpass filters that have all coils equal to a specified inductance val­
ue. The lossy bandwidth is automatically adjusted to an accuracy of better than 0.1% using 
components with specified Q values, and band-edge attenuation error is typically less than 
0.02 dB. Narrow-band and Norton transformations are performed automatically. The Band 
software costs $99. Call Phil Geffe, (513) 948-1599. LG CIRCLE 301 

DESIGN AND ANALYZE MacFilter software from Momentum Data Systems Inc., Costa Mesa, Calif., 
combines a simple user interface with complex digital-filter design. The sys-

FILTERS ON A MACINTOSH tern also features extensive error checking and detailed help screens. Mac­
Filter supports the design of three different filters: finite-impulse response, infinite-impulse 
response, and Parks McClellan. In addition, it performs system analysis by determining mag­
nitude, phase, group delay, impulse response, pole and zero locations, and step response of a 
given transfer function. Once designers have completed their filter specification, they can in­
voke a separate code generator that automatically outputs assembly code for the Motorola 
56001 digital-signal processor. Results are output graphically with zoom capability for both 
axes. MacFilter runs on the Macintosh SE and Macintosh II. A math coprocessor is strongly 
recommended. The system is available now for $995. The Motorola 56001 code generator is 
sold separately for $200. Call Jerry Purcell, (714) 557-6884. LG CIRCLE 302 

CONFIGURABLE ANALYZER Gould lnc.'s Design & Test Systems Div., Cupertino, Calif., has added 80386 

A C 
support to the CLAS 4000 Configurable Logic Analysis System. The 80386 

DDS 80386 AP ABILITY Microprocessor Analysis Package (MAP) offers disassembly with symbolic 
address replacement in Intel-standard mnemonics at clock and data capture rates to 50 MHz. 
The analyzer-to-chip connection is through an interface module that accepts standard CLAS 
4000 high-impedance probes. The MAP slows edge rates by less than 1.5 ns. The header that 
connects to the target board is 2.2 by 2.8 by 0.2 in., so it fits on high-density boards with a 
minimum spacing of 0.4 in. on three sides. The disassembler, which operates in 16- or 32-bit 
modes, can start at the beginning of the captured data or at any point within the recording. The 
80386 MAP costs $3000 and is available from stock. Call (800) 538-9320. JN CIRCLE 303 

GENERATOR PUTS OUT With a 300-MHz repetition rate, the HP 8130A programmable pulse genera­
tor can test the fastest semiconductor devices at their rated speeds. The 

PULSES AT 30~MHZ RATE instrument features variable transitions from 1 ns to 100 µsand 10-ps resolu­
tion for all timing parameters. Amplitudes from 100 m V to 5 V are possible in a ±5-V window. 
Full programmability over the HP-IB (IEEE-488) bus increases the unit's flexibility, especial­
ly in production ATE. The generator can also be used to analyze timing and level parameters. 
The HP 8130A sells for $12,100, with an estimated delivery date of six weeks. For $6300, an 
optional second channel has a synchronous period, but all other pulse parameters are indepen­
dently programmable. Contact Hewlett-Packard at (800) 752-0900. JN CIRCLE 304 

SEALED ROTARY SWITCHES SCSI control and ~ther 3-bit digital settings a~e among applications targeted 
for the S-8000 series of sealed DIP rotary switches from Mepcopal Co., San 

SUIT SCSI CONTROL Diego, Calif. The binary-coded, octal eight-position devices measure 0.283 by 
0.283 by 0.156 in. They are sealed with an 0-ring for trouble-free soldering and washing 
processes. Mechanical life is a minimum of 10,000 steps. The switches' gold-plated contacts are 
rated for 5 V de at 100 mA (resistive) when switching, and 50 V de (open) at 100 mA (closed) 
when not switching. In quantities of 1000, the switches cost $1.59 each and are delivered in 
eight weeks after receipt of order. Call Leona Anderson, (619) 453-0332. DM CIRCLE 305 

OUTPUT MODULES True dry-contact switching of small or large ac and de signals is accom­
plished by the DRYS series of output modules from Brentek International 

OFFER DRY CONTACTS Inc., Reading, Pa. The modules offer designers direct plug-in packaging for 
standard 110 racks, such as those from Gordos and Opto 22. 1/0-system power-down defaults 
can be easily configured by selecting Form lA or 1B types for predetermined 1/0 points. 
Switching current is rated at 1 A, 200 V ac or de for Form lA types; and 0.5 A, 200 V ac or de for 
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Form lB units. Operate and release times are less than 1 ms. Modules are available for 5-, 15-, 
and 24-V 1/0 systems. In quantities of 100 or more, the modules cost $18.90. Small quantities 
are available from stock. Call Brian Breneman, (215) 375-7200. DM CIRCLE 306 

ENHANCED IBM PS/2 The MicroMaster 386 Series of CPU enhancement boards has a new addition: 
a 33-MHz version for IBM PS/2 Models 50, 60, and 50Z. By exploiting the 

ZIPS ALONG AT 33 MHz Micro Channel architecture, the board, from Aox Inc. , Waltham, Mass., mul­
tiplies the computer's power by five. It achieves this by becoming the primary source of 
instructions for the computer. The board simply slips into a standard 16-bit PS/2 slot and 
doesn't require the user to remove the existing 80286 CPU board. The PS/2 will recognize the 
MicroMaster 386 as the host processor. It can access system peripherals and memory and also 
direct the 286 processor to low-level tasks for more efficient computing. The board costs $2495 
and is available immediately. Lower-speed configurations are available at lower cost. RN 

CIRCLE307 

ELECTROSTATIC COLOR With the ability to ~rint D-siz~ engineering drawin~s (~2-by-34-in.) in full 
color, the Color Station D, a wide-format electrostatic prmter developed by 

PRINTER CUTS COST Raster Graphics Inc., Sunnyvale, Calif., slashes the cost of printing. As a re­
sult, a system can compete with slower, more expensive color pen plotters. The standard ver­
sion of the electrostatic printer, which delivers a resolution of 200 dpi and prints at 2 ips, costs 
$18,500. An optional package doubles the number of passes that the paper makes through the 
printer, pushing resolution to 400 dpi. The system can deliver 256-color plots for line drawings, 
and rendered images can done from a palette of 16 million colors. The system has a proprietary 
write-head, which improves speed and accuracy while eliminating flare and striations in areas 
of solid fills. The system is compatible with HP-GL data and performs vector-to-raster conver­
sion with data files from such packages as ADI, AT&T Truevision, Autodesk, Autosolid, and 
Targa. Weighing about 240 lbs., the system is about one-third the size and weight of other col­
or electrostatic printers. Call Jack Androvich, (408) 738-7800. DB CIRCLE 308 

ENSURE TESTABLE JCS Enhancing its suite of ASIC software design tools, VLSI Technology Inc., 
San Jose, Calif., has added Test Express, a program that integrates and 

WITH TEST EXPRESS optimizes various test techniques into a circuit's design-file description. The 
software encompasses multiple test methodologies-functional block isolation, built-in self­
test, automatic test vector generation (ATVG), and scan cell-which are part of the company's 
Testable Design environment. Test Express includes several sub-programs: Test Assistant, 
BISTRAM and LFSR for BIST applications, ProFault for probabalistic fault simulation, and 
many automatic test vector generators. When optimizing a design for testability, the Test 
Express software offers ATVG as part of the RAM, ROM, PLA and multiplier compilers, and 
as part of the logic synthesis process. Vectors produced by the compilers can often eliminate 
weeks or months of the design time typically needed to generate the test vectors. The Test 
Express bundle of programs sells for $70,000 and will be available this quarter. Call Bill 
Murray, (408) 434-7660. DB CIRCLE 309 

LATE·BREAKING A line of surface-mounted connectors from Hirose Electric, Simi Valley, 
Calif., includes five memory-card connectors with 0.050-in. centers. Contacts 

WESCON PRODUCTS range from 38 to 90. Booth 4216. CIRCLE 310 ... Modular packaging that pro­
tects against dust and moisture to NEMA 12 standards is available from Optima Enclosures, 
Tucker, Ga. The 19-in. units also protect against interference as per FCC rules. Booth 
1855. CIRCLE 311 ... European-styled switches and indicators from Eaton Corp., Milwaukee, suit 
ac and low-voltage de applications. The switches handle up to 20 A. Booth 1738. CIRCLE 312 ... Au­
dio cables from American Insulated Wire, Pawtucket, R.I., meet the noise-free demands posed 
by today's digital audio. The cables conform to UL ratings and can be made with thermoset or 
thermoplastic insulation. Booth 4200. CIRCLE 313 ... The ADS-928, a 14-bit sampling a-d convert­
er from Datel, Mansfield, Mass., digitizes sinusoidal input signals at a minimum rate of 
500,000 samples/s. The device sports +112-LSB linearity. Booth 1730. DM CIRCLE 314 
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AT&T DSPs, packed with 
powerful telecom capabilities, 

give you the design flexibility you 
need to tum product 

dreams into market realities. 

ClRCLE55 

Whatever your application-PBX, 
modem, central office equipment-we 
can help you make it work. With the 
fastest fixed point chip on the market­
our 25ns DSP16A. With the multi­
functional architecture of our floating 
point DSP32/32C. And with application 
notes to help complete your solution. 

Our DSPs let you implement up to 
32 Dual Tone Multi-Frequency receivers 
(DTMFs) on a single chip. Build in echo 
cancellation for superior long-distance 
transmission. Or implement a full 
duplex CCITI-standard AD PCM trans­
coder, to double the data on a Tl line. 
Plus, AT&T DSPs permit a glue-free 
interface with all AT&T codecs. 

Design time? Our application notes 
will get you by every snag. We offer 
simulators, 
assemblers, and 
linkers for our 
full DSP line. A 
C-compiler for 
our floating 
point devices. 
An application 
library with math, FFT and filter func­
tions. And Hewlett Packard is developing 
an emulator for our DSP32C. 

You 'll also have the full support of 
AT&T's Field Application Engineers, 
Technical Support Group, and AT&T 
Bell Laboratories' DSP designers. 

For more on the DSPs designed for 
design-in success, just call AT&T 
Microelectronics at 1800 372-2447. 



PRODUCT INNOVATION 

PROGRAMMABLE LOGIC 
CHIP FITS MULTIPLE 
MICROCONTROLLERS 

IC HAS EPROM, RAM, 
AND LOGIC FOR 
45 CONFIGURATIONS; 
INTERFACES 
8-AND 16-BIT 
MICROCONTROLLERS. 

MILT LEONARD 

he embedded-controller market embraces a myriad of 8- and 16-
bit microcontroller architectures that can satisfy just about any 
conceivable application requirement. However, each different 

controller requires its own unique combination of discrete devices to link the 
part to other system elements. Furthermore, changing application require­
ments usually call for restructuring 1/0 ports. Consequently, the application 
may eventually outgrow system memory and shared resources may demand 
multiple chip solutions. This means that in addition to comparing controllers on 
the merits of price and performance, prospective users must also consider the 
external circuitry that the controller needs to interface to the rest of the system. 

A new chip from WaferScale Integration Inc., Fremont, Calif., simplifies sys­
tem integration by combining RAM, EPROM, programmable decoding, and 
configurable I / O ports that expand 8- or 16-bit microcontrollers when they run 
out of on-chip resources. WaferScale's MAP301 is the first single-chip solution 
to offer a microcontroller with port expansion, latched address lines, a program­
mable address decoder (PAD), an expansion interface to shared resources, a 
256-kbit EPROM, and a 16-kbit static RAM. In addition, the chip links directly to 
popular 8- and 16-bit microcontrollers without using glue logic. 

The MAP301 architecture is a major enhancement of WaferScale's MAP168 
mappable memory chip introduced last year (see ELECTRONIC DESIGN, July 28, 
1988, p. 91). In addition to the memory, decoding, and multiplexer functions of 
the 168, the 301 includes three software-configurable 8-bit I/O ports (A, B, and 
C), configuration registers, latched inputs, more chip-select lines, and more 
control on the strobe lines (Fig. 1). Like the 168, a programmable security bit is 
given to protect against reverse engineering. 

Most controllers can't be reprogrammed once they're configured. Moreover, 
their controller's 1/0 ports are designed to perform one of two mutually exclu-

E L E c T R 0 N I c D E s I G NI 131 
NOVEMBER 9, 1989 



USER-CONFIGURABLE 
MICROCONTROLLERINTERFACE 

sive functions: convey control sig­
nals to peripheral devices or address 
and data signals to shared resources. 
Supplying both of these functions re­
quires a multiple chip solution. 

Microcontrollers also differ in 
boot-up locations and address map­
ping in memory. The 8051 and 8096 
microcontrollers, for example, locate 
boot-up sequences in the lower half 
of their memory maps, while the 
80186/88 and 68HCXXX use a high 
memory boot-up address. Another 
factor is the differences in control­
signal polarities. 

The MAP301 is designed to adapt 
the characteristics of different mi­
crocontrollers to an embedded-con­
trol design. The PAD plays a major 
role in this function. It performs sim­
ilarly to a small programmable array 
logic (PAL) device. The PAD has up 
to 13 inputs and 11 outputs in a NOR­
gate array, and it can implement up 
to four sum-of-product expressions 

Vee 
GND 
RD/E 
WR/VpporR/W 
BHE/PSEN 
Reset 
A19/CSI 

Aa-15/ADa-15 Aa-15 .L .... Latch B 
" .. A11.15 

G ~ ALE l 
AS I 

.I 
.L ~7/AD11-7 G A11-1 ..... Latch A ~ 

"' .. 

based on address inputs, control sig­
nals , and chip-select inputs. The PAD 
selects all of the chip's internal parts. 
and generates external chip selects 
with a 35-ns delay. 

Address inputs from the host mi­
crocontroller are first fed to the 30l's 
input latches, which stabilize the in­
puts when the device accesses mem­
ory in the multiplexed mode. The 
latches are made transparent in the 
nonmultiplexed mode. Five low-or­
der address inputs and five program­
mable control lines are fixed func­
tions; the Address-Latch-Enable and 
Reset lines have programmable po­
larity. The high-order address lines 
can be either address or general-pur­
pose inputs for logic functions. 

For more efficient use of memory 
space, internal and external PAD-Se­
lect signals can override EPROM 
memory with overlapping address­
es. Therefore, if all of the EPROM 
isn't used for program storage, the 

unused space can be allocated to I/O 
ports, static RAM, or other PAD-se­
lect signals. 

The EPROM is configurable as 32 
kwords by 8 bits, or 16 kwords by 16 
bits, and it's partitioned into eight 
equal mappable blocks with a resolu­
tion of 4 kbytes or 2 kwords. Access 
time, including PAD decoding time, 
is 120 ns. The configuration registers 
also consist of EPROM cells. The 
registers store the programmed con­
figuration bits that make it possible 
for users to set the device, I/O, and 
control functions according to the re­
quired operating mode. The 16-kbit 
120-ns static RAM is configurable as 
2 kwords by 8 bits, or 1 kword by 16 
bits. The memory blocks can be non- . 
contiguously mapped ove' the ad­
dressable range of 1 Mbyte or 0.5 
Mwords. Consequently, program­
mers can scramble the code to pre­
vent direct copying. 

110 ports A and Bin the 8- and 16-

Configuration 256-Kbit EPROM 
~11 rt B blocks 

registers (4k X Bor2k X 16) 
of EPROM .. 

'" Al 

'" Control AO 8 or 16 select 
(CData~I 

<J _l ES11-7 .. ~ u [> DB-15 ..... .. 
.L 

~ 
Programmable - PB11-7 

address CS11-1 
~ ..... - Ports 

decoder , .. 
(PAD) D11-7/ AD11-7 .... 

..L 

RSO ..,.. 'If" - PA11-7 

Al '" DB-15 16·kbit SAAM ..... 
Port A .... 

11.. ~~ ~~ 

~ 
.... .L ,. - - (2k X Bor1k X 16) ~ .. 

" 
~ -8or16 

select J Multplexed or 
(CData) non multiplexed 

select 

Key: 
ALE = Address Latch Enable B or 16 select = Data Bus · 
AS = Address Strobe Width Select 

D11-7/AD11-7 --
RSO = RAM Select 
ES11-7 = EPROM Block Select 

Address bus A11-15 _l_ A1-10 

A1s..1e 

PC11-2 = PAD input or out­
pu~ 

cs8-10 

~2 ...... 
Porte _... :or ,. 

11. A HIGHLY RECONFIGURABLE MAP301 microcontroller peripheral from WaferScale Integration has multiplexed or 
nonmultiplexed data and address buses with selectable 8· or l&bit bus widths. The programmable address decoder (PAD) helps supply up to 45 
configuration options for supporting a range of 8- and l&bit microcontrollers. 
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Who manages the power in this 
FFV Test Systems 

high speed digital ATE tester? 
KEPCO POWER MANAGERS'M 

The high speed digital tester shOwn aoove tor 
the new Swedish JAS-39 multi role combat aircraft 

FFV Test Systems AB Sweden makes ATE Sys­
tems tor industrial production testing and 
maintenance support !or Military and Aviation Sys-

tems . 

uses up to six Kepco Power Supplies: 

Two ATE 6-50M 0-6 Volts 
One ATE 6-25M 0-6 Volts 
TWO ATE 25-4M 0-25 Volts 
one ATE 36-3M 0-36 Volts 

Kepco Series ATE ... Unipolar, linear program­
mable power supplies stabilize voltage to 0.001 %, 
current to 0.005% with automatic crossover. 

LET US MANAGE THE POWER IN YOUR SYSTEM 

0-50 Amps 
0-25 Amps 
0-4 Amps 
0-3 Amps 

Call lWrile Dept LGF-01 Kepco, Inc., 131 -38 Sanlord Ave Flushing NY 11352 USA 
(718) 461 7000 • FAX (718) 767 -1102 • Easyilnk (TWX) 710-582-2631 

KEPCO-
~ THE POWER SUPPLIER '~ 

INFLUENCE QUANTITY 

Kepco 
unipolar 

146-1679 

linear 
programmable 
power 
supplies 
Kepco ATE Power 
~anagers are unipolar 
linear_ programmable power 
supphes; offering full 
external control over both 
voltage and current, with 
automatic crossover 
Pan~l-mounted met~rs 
monitor both channels 
Fro_nt panel LEDs (and 
optically isolated flags 
accessible through the 
user port) show which 
channel is in charge. 
Local control is by panel­
mounted 10-turn rheostats. 

OFFSETS"' 
i>E, 

SOURCE VOLTAGE (min .-max )· < 0.0005% E max. 
< 0.001 'lo E max . 

0.001 'lo E max . < 0.002% I max. 0.005% I 
0.002% E max. < 0.5 mA" ' 1 mA" ' max. < 1 ,,.v < 1 nA 

<20 p.V <1 nA TIME (8-hour drift) : < 0.005% E max . 0.01 'lo E max . 0 0.01 'lo E max . < .01 'lo I max. 0.02% I max . 
TEMPERATURE, per •c: < 0.005% E max . 0.3 mV < O.Olo/o 1 max. 0.02% I max . < 20 p.V < 2 nA 

RIPPLE and NOISE"' rms : 30 mv < O . O~o/o 1 max. 0.03% I max . 

RIPPLE and NOISE'" rms: < 0.1 mV 3 mV < 0.01% I max. 0.03% I max . 

< 0.1Vo I max . 03% 1 

(Slow Mode) p-p : ,,, < 1 mv 3 mV < 0.1% I max . 0.3% I max. 
< 1 mv 

(Fasl Mode) p-p: "' < 10 mV 

INPUT: User Selectable 104 115 . max . 

111 For models with out ul cur . , ' 208, 250V a-c 47-65Hz single phase 

leakage current thr:U rent rating of 50A and higher lh . "' ~';:',~~~":;, ~h~~"'::~;!~~:• ~=~;,':;'~~::~·:;'~~:,: :'~~: ,; ~: ~i::, '::!.~ ;:~dm:i;:~,"m '" •>ow mod' '"' 
131 ~ad or, in current mode through t~urrent does not flow through lhe 
I eak-to-peak ripple is ~easur e current-sensing resistor 
•>Uncommitted amplifier offsetsed over a 20 Hz lo 10 MHz ba~dwidlh . D KE p C 0 ® 

THE POWER SUPPLIER '" 



ATE MODELS• QUARTER• HALF• THREE-QUARTER• FULL RACK 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 

~ 
MODEL RANGE SERIES SERIES INOUCTANCE (JJ SHUNT(21 SHUNT CAPACITANCE (4) 

VOLTS AMPS RESISTANCE SLOW FAST RES ISTAN CE SLOW FAST 

ATE 6-5M 0-6 0-5 24 µn 0.5 µH 5 µH 12 kn 1,000 µF 1 µF 

~[1~~ ATE 15-3M 0-15 0-3 100 µn 0.5 µH 5 µH 30 kn 450 µF 0.4 µF 

0-55°C No Derating ATE 25-2 M 0-25 0-2 250 µn 1 µH 10 µH 50 kn 250 µF 0.25 µF 

ATE 36-1.5M 0-36 0-1 .5 480 µn 1 µH 10 µH 72 kn 200 µF 0.2 µF . li!:.llf.::~ ATE 55-1M 0-55 0-1 1.1 mn 2 µH 20 µH 110 kn 150 µF 0.15 µF ··1· ATE 75-0 .7M 0-75 0-0.7 2.15 mn 2 µH 20 µH 150 kn 110 µF 0.1 µF 

ATE 100-0.5M 0-100 0-0 .5 4 mn 4 µH 40 µH 200 kn 50 µF 0.05 µF 

ATE 150-0.3M 0-150 0-0.3 10 mn 4 µH 40 µH 300 kn 55 µF 0.02 µF 

Size: 57132" H x 45/32" W x 171/e'' 0 (132.6mm H x 105.6mm W x 435.0mm 0 )111 Net Weight: 14 lbs. (6.4 kg.) 

D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MODE w MODEL RANGE SERIES SERIES INDUCTANCE SHUNT(21 SHUNT CAPACITANCE 
VOLTS AMPS RESI STANCE SLOW FAST RESISTANCE SLOW FAST 

1,800 µF 2 µF 

~ "0 ATE 6-10M 0-6 0-10 12 µn 0.5 µH 5 µH 12 kn 

ATE 15-6M 0-15 0-6 50 µn 0.5 µH 5 µH 30 kn 1000 µF 0.8 µF 

0-55°C No Derating ATE 25-4M 0-25 0-4 125 µn 1 µH 10 µH 50 kn 500 µF 0.5 µF 

ATE 36-3M 0-36 0-3 240 µn 1 µH 10 µH 12 kn 350 µF 0.4 µF . 
ATE 55-2M 0-55 0-2 0.55 mn 2 µH 20 µH 110 kn 200 µF 0.3 µF 

: ATE 75-1.S M 0-75 0-1.5 1 mn 2 µH 20 µH 150 kn 110 µF 0.2 µF 

ATE 100-1M 0-100 0-1 2 mn 4 µH 40 µH 200 kn 80 µF 0.1 µF 

ATE 150-0.7M 0- 150 0-0.7 4 mn 4 µH 40 µH 300 kn 55 µF 0.04 µF 

Size: 57132" H x 45/32" W x 171/s" 0 (132.6mmHx105.6mm W x 435.0mm 0 )111 Net Weight : 17 lbs. (7.7 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MODE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT(2) SH UNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE &-25M ()-6 ()-25 4.8 µ.!1 0. 5µH 5 µH 12 kfl 11 ,000 µF 5 µF 

ATE 15-15M ()-15 ()-15 20 µ.!1 0.5 µH 5µH 30 kfl 5,800 µF 2 µF 

ATE 25-10M ()-25 ()-10 50 µ.!1 1 µH 10µH 50 kfl 2, 900 µF 1.25 µF 

ATE 3&-8M ()-36 ()-8 90 µ.!1 1 µH 10µH 72 kfl 2,400 µF 1 µF 

AlE 55-5M ()-55 ()-5 0.22 mn 2 µH 20µH 110 kfl 1,400 µF 0.75 µF 

ATE 75-3M ()-75 ()-3 o.5 mn 2 µH 20µH 150 kfl 850 µF 0.5 µF 

ATE 10()-2.5M ()-100 ()-2 .5 o.8 mn 4 µH 40µH 200 kfl 375 µF 0.25 µF 

ATE 15()-1.SM ()-150 ()-1.5 2mn 4 µH 40µH 300 kfl 275 µF 0.1 µF 

ATE 325-0.8M ()-325 ()-0.8 8.1 mn 100µH 1 mH 650 kfl 180µF 0.01 µF 

Size: 57/32" H x 9111:J2" W x 179/64'' 0 (132.6mm H x 211.9mm W x 435.4mm 0)111 Net Weight : 35 lbs. (15.9 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OU TPUT OUTPUT IMPEOANCE VOLTAGE MOOE OUTPU T IMPEOANCE CU RRENT MODE 
MOO EL RANGE SERIES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6-50M 0-6 0-50 2.4 µn 0.5 µH 5 µH 12 kn 12 ,000 µF 10 µF 

ATE 15-25M 0-15 0-25 12 µn 0.5 µH 5 µH 30 kn 8,000 µF 4 µF 

ATE 25-20M 0-25 0-20 25 µn 1 µH 10 µH 50 kn 5,800 µF 2.5 µF 

ATE 36-15M 0-36 0-15 48 µn 1 µH 10 µH 72 kn 4,900 µF 2 µF 
ATE 55-10M 0-55 0-10 0.11 mn 2 µH 20 µH 110 kn 2,900 µF 1.5 µF 
ATE 75-8M 0-75 0-8 0.19 mn 2 µH 20 µH 150 kn 1,200 µF 1 µF 

ATE 100-5M 0-100 0-5 0.4 mn 4 µH 40 µH 200 kn 600 µF 0.5 µF 

ATE 150-3 .5M 0-150 0-3 .5 0.86 mn 4 µH 40 µH 300 kn 440 µF 0.2 µF 

Size: 57132" H x 1217132" W x 179164'' 0 (132.6mm H x 318.3mm W x 435.4mm 0)111 Net Weight : 43 lbs. (19.5 kg.) 

The full rack model is supplied with brackets for direct mounting in a standard 19-inch rack. 

0-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MOOE OUTPUT IMPEDANCE CURRENT MOOE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6-100M 0-6 0-100 1.2 µn 0.5 µH 5 µH 12 kn 22 ,000 µF 15 µF 

ATE 15-50M 0-15 0-50 6 µn 0.5 µH 5 µH 30 kn 12,000 µF 6 µF 

ATE 25-40 M 0-25 0-40 12.5 µn 1 µH 10 µH 50 kn 11 ,000 µF 4 µF 

ATE 36-30M 0-36 0-30 24 µn 1 µH 10 µH 12 kn 9,500 µF 3 µF 

ATE 55-20M 0-55 0-20 55 µn 2 µH 20 µH 110 kn 5,200 µF 2.25 µF 

ATE 75-15 M 0-75 0-15 0.1 mn 2 µH 20 µH 150 kn 3, 400 µF 1.5 µF 

ATE 100-10M 0-100 0-10 0.2 mn 4 µH 40 µH 200 kn 1,200 µF 0.75 µF 

ATE 150-7M 0-150 0-7 0.42 mn 4 µH 40 µH 300 kn 1,050 µF 0.3 µF 

Size: 631/32" H x 161/2" W x 201/64'' O (177.0mm H x 419.1mm W x 508.4mm 0)111 Net Weight : 87 lbs. (39.5 kg.) 

PJAdd 2•/2'' (63.5mm) for connector protrusion. f2J8ased on 0.5 mA load effect in FAST mode. 
(3J For determining dynamic impedance in voltage mode. (4) For determining dynamic impedance in current mode. 

For complete specifications send for Power Manager Catalog 146-1570 Data subject to change without notice . ©1989 KEPCO, INC. Litho in U.S.A. 

KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING , NY 11352 USA• (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX): 710-582-2631 
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• announces 
power MOSFETs with 
ESD protection at a 

price that~ ~hock the 
competLtLon. 

Harris' new logic level 

3055 series power 

MOSFETs resist electro­

static charges. And the 
price will shock the com­

petition. Because Harris 

3055s with ESD protection 

cost no more than competi­

tive devices without it. 

A shocking 

breakthrough. 

Our new logic level 3055 

series power MOSFETs 

are protected to a mini­

mum of 2 KV of electrosta­

tic discharge. But that's not 

all. They're ruggedized to 

withstand circuit-induced 

UPI/Bettmann newsphotos 

electrical stress in the 

breakdown avalanche 

mode of operation. Plus 

their reduced gate-drive 

requirement permits ON/ 

OFF switching directly at 

the 5V logic level. 

All of which makes 

them perfect for such 

applications as motor con­

trols, power supplies, 

automotive cruise controls, 

solenoid drivers, regula­

tors and more. 

CIRCLE 159 

Only the price stays 
static. As low as 25¢. 

Yet, for all their advantages, 
the new Harris logic level 

3055 series power 
MOSFETs cost no more than 

competitive devices. As low 

as 25 cents in quantity. 

And they're available 

today in both D-pak and 

T0-220 packages. For 

more information and sam­

ples, just give us a call at 

1-800-4-HARRIS, ext. 

1001 (in Canada, 1-800-

344-2444, ext. 1001). 

Or call your local 

Harris sales office 

or distributor. 

Committed to power. 

Our new 3055 MOSFETs 

are just one of 24 new 
chips we've introduced 

this year alone. And with 

nearly $10 million in R&D, 

and a new 6-inch wafer fab, 

look to us to put more 

power in your future. 

What your vision of the 
future demands. Today. 

m ~o~I,!?. 
HARRIS RCI GE INrERSIL 



USER-CONFIGURABLE 
MICROCONTROLLERINTERFACE 

AD11--1s ALE = Address latch Enable 
Port A 1/0 or Ao.-7 AD11--7 

BHE/PSEN = Byte High Enable or Program Store Enable AD11--7 

ALE R/W or WR/Vpp = Read/Write or Write/Programming Voltage 
BHE/PSEN 

PortB 1/0 or Chip Selec!o.-7 RD/E = Read/Enable R/W orWR/Vpp 

RD/E A19/CSI = High Address Bit or Chip Select Input (power down) 

A19/CSI 
Porte A16--18 or Chip Selecla.-10 1/0 or Ao.-7 AD11--7 = 1/0, non- multiplexed low.order address 

Reset input byte, or muttiplexed low-order address/data byte. 

12. I/O PORT CONFIGURATION FOR THE MAP301 IS PROGRAMMED by signals from the PAD, which are derived 
partly from programmed bits in the configuration registers. The three ports configured for multiplexed address and data with a 16-bit wide data 
bus are shown. 

bit configurations are data ports in 
the nonmultiplexed mode, and both 
ports can be configured as either 
data or address ports in the multi­
plexed mode (Fig. 2). Port C is inde­
pendent of any configuration-it can 
supply multiple chip-select outputs 
or serve as address inputs. 

The default configuration of port 
A in the nonmultiplexed address/ 
data mode sets the port to deliver I/ 
0 lines. In this mode, each pin can be 
set as an input or output and can 
have a CMOS or open-drain output. 
Alternatively, each bit of port A can 
be configured as a low-order latched­
address-bus bit to access external 
peripherals or memory that requires 
several low-order lines. Another op­
tion in this mode sets the entire port 
to track the low-order address/ data 
multiplexed bus. This feature links 
the host microcontroller to shared 
resources without the use of exter­
nal buffers and decoders. 

In the nonmultiplexed mode, port 

PRICE AND AVAILABILITY 
The commercial version of the 
MAP301, packaged in a 44-pin 
plastic leaded chip carrier, is 
priced at $15 each in quantities of 
1000. Military parts are also avail­
able. Other package options are 
ceramic leaded chip carriers and 
pin grid array packages with win­
dows. The MAP301 is being sam­
pled now, with production quanti­
ties available in January, 1990. 

WaferScale Integration Inc., 
47280 Kato Rd., Fremont, CA 
94538; (415) 656-5400. CIRCLE 5U 
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A becomes the chip's low-order data­
bus byte. When a read operation is 
executed from an internal 301 loca­
tion, data is directed out on port A 
pins. When a write cycle is executed 
into an internal 301 location, data is 
driven into port A. 

The operation of port Bin the mul­
tiplexed address/ data and 8-bit non­
multiplexed modes is the same as 
port A. However, as an alternative, 
each bit can be configured to supply 
a Chip-Select Output signal from the 
PAD. In the 16-bit nonmultiplexed 
mode, port B is the high-order data­
bus byte of the chip. When a read op­
eration is executed from an internal 
high-order data-bus byte location, 
the data appears on port B pins. 
When a write operation is executed 
into an internal high-order data-bus 
byte location, data and write opera­
tion signals are present at port B. 

Each pin of port C in all modes can 
be configured as an input or output 
from the PAD. Although designated 
as high-order address bus pins, they 
can be used for any logic inputs to 
the PAD or for external chip-select 
outputs from the PAD. 

With this degree of operational 
flexibility, the 301 can team up with 
all popular 8- and 16-bit microcon­
trollers from such companies as Ad­
vanced Micro Devices, Intel, Motor­
ola, National Semiconductor, Texas 
Instruments, and Zilog. For exam­
ple, the polarity of the 301's control 
signals can be programmed for di­
rect connection of the read-write and 
output enable pins of the 68HCXX 
microcontroller family. The 16-bit 
configuration can boost the perfor-

D ES I G N 

mance of 16-bit controllers, such as 
the 80186, 8096, 80196, 16000, and 
others, without adding external de­
vices. And the 8051 microcontroller 
family can extend its memory space 
by using the separate address and 
program memory space of the 301. 
The 301 is cascadable for increased 
width or depth for multiplexed byte­
or word-wide embedded-control de­
signs. 

In the standby mode, commercial 
versions of the 301 draw 150 µA and 
1.5 mA for CMOS and TTL inter­
faces, respectively. Active current 
for CMOS interfaces with or without 
selected memory blocks, or with the 
EPROM blocks selected, is 55 mA. 
That level increases to 80 mA for 
TTL interfaces. Selecting the static 
RAM block increases active current 
to 105 mA and 130 mA for CMOS and 
TTL, respectively. 

WaferScale Integration houses 
the device in a 44-pin surface-mount­
ed package to meet the form-factor 
requirements of such products as 
5.25-, 3.5-, and 2.5-in. disk drives, cel­
lular phones, and modems. System 
development tools include an IBM­
PC plug-in programmer board and 
remote socket adaptor. They also 
contain a software development 
package that runs on an IBM PC/ 
XT I AT or compatible computer with 
a MS-DOS version 3.1 or higher, 640 
kbytes of RAM, and a hard disk. D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
565 
566 
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CHANGE 
YOUR 
MIND 

To access our On-Line Career Network from your PC, 
dial (508) 263-3857, press return twice, and key in 
password LEGACY. 





YOU ALREADY HAVE 
32 GOOD REASOllS TO ADVERTISE 

Ill PEllTOll PUBLICATIOllS. 

llOW YOU HAVE 6 MORE. 
These electronics magazines are now 

Penton Publications. We give them strength, 
stability, and quality. They give you a 
great way to reach your customers. 

Penton Publications 
1100 Superior Avenue, Cleveland, OH 44114 



A Revolutionary Concept 
You're familiar with IDT's dual­

port memories. Tuday IDT intro­
duces the world's first true four­
port memories for faster, more 
efficient multi-processing. Now 
you can do something never be­
fore possible-you can communi­
cate between CPUs, DSPs, and 
controllers with no wait states at 
maximum clock speeds! 

It Can Be Done 
The IDT7050 jlK x 8) and 

IDT7052 (2K x 8) FourPort™ 
memories use a standard static 
RAM interface to provide true 
simultaneous access of any mem­
ory location from all four ports­
in as little as 25ns! 

Now you can easily solve 
complex bus bandwidth and 
multiprocessor connectivity 
problems in shared memory 
applications -with no wait states! 

FourPort is a trademark of Integrated Device Technology. 

The Fastest Solution 
Tuday your 32-bit processors 

can communicate at blinding 
speeds. Interfacing four 32-bit 
processors or DMA devices via 4 
FourPorts results in an effective 
bus bandwidth of 640 MBytes per 
second. 

FourPort memories are the opti­
mal solution for high-performance 
multi-processing and DSP applica­
tions, including radar systems, 
LANs, and graphics processors. 
And they' re easy to design in! 

We think the IDT FourPort 
offers so many design options that 
we're sponsoring a FourPort 
Design Contest. Submit your 
Four Port-based design and win a 
free Zenith Turbosport 386 Laptop 
Computer! 

CIRCLE87 

Enter Now 
Call our Marketing Hotline at 

1800) 544-SRAM to get your 
Design Starter Kit which contains 
official entry forms and a FourPort 
data sheet, application notes, and 
our Multi-processing Systems 
brochure. 
Integrated Device Tuchnology 
P.O. Box 58015 
3236 Scott Blvd. 
Santa Clara, CA 95052-8015 
FAX: 408-492-8674. 

When cost-effective -performance counts 

Integrated 
Device lechnology 



PRODUCT INNOVATION 

8-B IT CPU FAMILY BOOSTS THROUGHPUT. 

STREAMLINED CONTROLLERS 
UP INSTRUCTION RATES 

s embedded con­
trol applications 
that rely on 8-bit 
microcontrollers 
get more chal­
lenging, current 

generation single-chip mi­
crocontrollers are starting 
to bog down as applica­
tions demand more pro­
cessing in less time. And, 
due to system cost con­
straints, most applications 
can't afford to move to the 
more powerful and costlier 
16-bit all-in-one proces­
sors. To solve that process­
ing dilemma, a forthcom­
ing family of 8-bit control­
lers from NEC manages to 
boost the throughput by 
moving to an architecture 
that resembles the latest 
reduced-instruction-set 
computers. 

The NEC family proces­
sors have more efficient in­
structions that require 
just two clock cycles to ex­
ecute, rather than the typi­
cal 8 to 16 cycles needed by 
such popular chips as the 
Intel 8051 and the Motor­
ola 68HC11. However, 
rather than use its existing 
8-bit microcontroller archi­
tecture, NEC decided to 
create a new, more stream­
lined family-the 78K2 se­
ries-which can execute 
its 65 commands at a rate 
of one instruction every 
two clock cycles. Conse­
quently, with a 12-MHz 

D AVE BURSKY 

clock, NEC's controllers 
have a minimum instruc­
tion execution time of 333 
ns. That time will shrink to 
250 ns when the clock fre­
quency goes up to 16 MHz 
in an upgraded version al­
ready slated for early 1990. 

There will initially be 
three members in the 78K2 
series that will be offered 
in the U.S., the µPD78224 , 
78220, and 78P224. All of 
them have the same re­
sources, except for the 
nonvolatile storage. The 
78224 comes with 16 
kbytes of ROM, 640 bytes 
of RAM and 63 1/0 lines. 
The 78220 contains no 
ROM and can address ex­
ternal memory. And the 
78P224 substitutes on-chip 
EPROM for the ROM in­
struction storage area. Be­
yond those chips , NEC 
plans to release the 78233 
and 78234, which are ROM­
less and ROM-based ver­
sions of the 7822x series 
that include dual-channel 
8-bit digital-to-analog con­
verters and the ability to 
build an 8-channel, 8-bit a-d 
converter (see the figure) . 

Common resources be­
yond the memory include a 
clocked serial channel, a 
full serial UART port, 
three counter-timers (one 
16-bit and a pair of 8-bit 
units), and an on-chip inter­
rupt controller capable of 
two programmable levels 

E L E C 

of priority and two pro­
cessing modes. Also in­
cluded is an instruction set 
suited for control that con­
tains fast hardware-assist­
ed multiplication and divi­
sion operations and bit­
handling commands. 

Tackling complex appli­
cations, the NEC micro­
controller family includes 
special features for real­
time I/ 0 operations, in­
cluding an unusual micro­
service capability. The on­
chip RAM can also be di­
vided into four register 
banks to ease the task­
switching applications. 
Moreover, to access large 
arrays of data, the control­
lers can address as much 
as 1 Mbyte of RAM. On­
chip comparators enable 
designers to configure up 
to eight-channel 8-bit a-d 
converters, two-channel d­
a converters, and 8-chan­
nel analog comparators. 

The macroservice rou­
tine aspect of the I/ 0 chan­
nels makes it possible for 
bit, nibble, or byte-wide 
data to be transferred 
automatically from memo­
ry to a real-time output 
port. This ability frees de­
signers to come up with 
such applications as eight­
variable frequency-duty­
cycle pulse-width modulat­
ed controllers to stepper­
motor acceleration-decel­
era tion patterns. The 
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P20/NMI 

P21-P27/ 
INTPO-INTP& 

P30/R1D 
P31/T1D 

P32/SCK 
P33/S0/SBO 

P27 /INTP6/SI 

INTP3 
P34/TOO 
P35/T01 

INTP1 
INTP2 

P36/TD2 
P37/T03 

INTPO 

POO-P03 

fl04.P07 

PTO-PT7 

Programmable 
interrupt ..... 
control 

UART 

Baud -rate 
generator 

Clocked 
serial 

interface 

Timer/ 
counter 
(16 bit) 

Timer/ 
counter 

channel-2 
(PS + 8 bit) 

Timer/counter 
channel-1 

(PS + 8 bit) 

Real-lime 
output port 
(4bit x 2) 

Comparator 

Internal 
data memory 1911•111 

(384 byte) 

SFR address/data bus ______ .. 
(SFRAD) 

ENHANCED B·BIT 
CPU FAMILY 

Peripheral 
bus 1/F 

Address bus (PAB) 

Local data 
bus (LOB) 

....... ~------. 

Temperature 
register 

PSW 

SP 

Boolean 
processor 

*RAM 

*GR 

*Macroservice 
channel 

(256 byte) 

Internal data bus (IDB) 

PO P1 P2 P3 P4 PS P6 P7 

Internal program 
memory 

(16 kbyte) 

Micro ROM 
microsequencer 

Data bus (PDB) 

Bus 
control 

System 
control 

*uPD78220 has no on-chip 
ROM 

PSO.PS7/ 
A8-A15 

P41J.P47/ 
ADO-AD7 

P6().P63/ 
A16-A19 

P64/Rii 

P65/WR 

P66/Wait 

P67/REFRQ 

ASTB 

X1 

X2 

• 
PACKING MORE FEATURES than the Microchip controllers, the NEC 78K2 series offers serial ports, a virtual 1/ 0 processor, and 
analog-interface circuits that implement a-cl converters, pulse-width modulated controllers, and d·a converters. 

PRICE AND AVAILABILITY 
The PIC 16C54 and C55 will come 
in 18- or 28-lead one-time pro­
grammable plastic or windowed 
reprogrammable ceramic pack­
ages. The 16C54 sells for $2.40 
(2500); the 16C55 costs $2.95. Pro­
duction quantities are immediate­
ly available. The NEC 78K2 comes 
in plastic leadless packages and 
costs $6.70 in lots of 10,000. 

NEC Electronics Inc., 401 El­
lis St., P. O. Box 7241, Mountain 
View, CA 94039; Ian Olsen, (415) 
960-6000. CIRCLE 512 

1A21E L E C T R 
~ NOVEMBER 9, 1989 

0 N I C 

macroservice capability can be com­
pared to a virtual II 0 processor be­
cause the service feature operates 
somewhat behind the scenes to 
transfer either individual bytes or 
blocks of data, which can be trans­
ferred between any combination of 
memory and peripherals. 

Macroservice ports can handle the 
rapid output of tabular information, 
such as information for nonlinear 
PWM systems. Associated with the 
110 lines, the processors have 256 
kbytes of special function registers. 
Those registers aid the implementa­
tion of logic operations associated 
with an 110 line. The tabular trans-

D ES I G N 

fers can calculate the D.F (change in 
force) and D.T (change in time), as re­
quired by a stepper motor. Future 
family members will include ver­
sions with more EPROM and 110 
lines, as well as some advanced ana­
log features. The newly released de­
vices, though, can implement 8-bit 8-
channel a-d converters, eight 4-bit 
analog comparators, or dual 8-bit d-a 
converters. D 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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"USER-FRIENDLY" IS THE WATCHWORD 
FOR TODAY'S OSCILLOSCOP~. 

Recent advances in oscilloscope tech­
nology have proceeded at a very rapid 
pace. Almost across the board these 
advances have been beneficial. In these 
"high-tech" units , manufacturers have 
held out the promise of a scope loaded 
with every feature under the sun . And 
from auto setup to menu select capabili ­
ties, every function is shown to be ac-

cessible at the touch of a button. But a 
true reading of a scope's user-friendly 
potential cannot be obtained until the 
scope is applied to an actual project. 
Only at that point can it be determined 
how much time it will take to gain full 
use of the oscilloscope. 

A new unit may allow work to pro­
ceed without a hitch . But where th ings 
haven't gone smoothly, situations simi­
lar to this have been reported . Turn on 
the new unit and a menu immediately 
appears. Should horizontal display, trig­
gering, channel coupling , or another of 
the many alternatives listed be chosen? 
Triggering is chosen , but then a sub­
menu is displayed. Now a decision has 
to be made among trigger source , trig­
ger coupling , trigger slope, etc. Okay, 
trigger source is opted for and set. Now, 
if information from another menu is 
needed, trigger source must be exited 
and the needed menu brought up. With 
all this going on , the engineer may be­
come distracted from the task at hand -
the close observation of waveforms on 
the screen. 

This potential for confusion points 
up exactly why carefu l examination has 
to be made when equipment is adver­
tised as user-friendly. A closer look may 
reveal that sophisticated , menu-driven 
scopes are not always the easiest to 
operate . A new scope that builds and 
improves on controls that are already 
being used efficiently may turn out to be 
the most user-friendly. Toward this end, 
a number of features have been devel ­
oped that improve the efficiency 
and precision of conventional oscillo­
scopes. Among these features are cur­
sors with digital readouts, auto ranging , 
and relative hold-off, to name a few. 

CIRCLE 32 FOR PRODUCT INFORMATION 

CURSORS WITH 
DIGITAL READOUTS 
- A QUANTUM LEAP 

IN EFACIENCY 
One user-friendly breakthrough , in 

terms of both speed and accuracy, has 
been the development of cursors . 

Whereas older 
scopes required 
counting graticule di­
visions , cursors now 
allow measurements 
to be displayed digi­
tally. Cursors supply 
readouts such as 
time, voltage , fre­
quency, and phase, 
plus time and volt­
age difference ra­
tios . Time difference 
ratio is ideal for per­
forming phase shift 
measurement. With 

voltage difference ratio , the measure­
ments of waveform overshoot can be 
made. The cursors make measurement 
of waveform parameters more consis­
tently accurate. 

On-screen read­
outs provide a constant 
reminder of operating 
conditions and keep a 
record of these settings 
in waveform photo­
graphs. Many impor­
tant settings are dis­
played, including TV 
field/line sett ing .which 
expands the oscillo­
scope to video-related 
applications. 

AUTO RANGING AIDS 
TIME BASE SELECTION 

Of great help is a scope that offers 
both auto ranging and alternate time 
base. Auto ranging selects from 22 pos­
sible time base settings to display an 
optimum number of cycles. This is an­
other feature that makes an oscillo­
scope a bit more user-friendly. Alternate 

100 MHz CRT readout Model 21 OOR 
from Leader Instruments Corporation. 

CIRCLE 33 FOR PRODUCT DEMO 

time base allows observation of both the 
main and the delay time base, so that 
the expanded portion of the waveform 
can be simultaneously compared with 
the original. 

ANOTHER FEATURE TO 
CONSIDER CAREFULLY -

DOES THE WARRANTY 
HAVE TEETH? 

Another factor that needs to be ex­
amined just as closely as those men­
tioned previously is the warranty. In 
competing for market share, longer and 
more extensive warranties are offered 
every year. Before basing a decision on­
ly on warranty, though , consider its true 
value if the equipment is not reliable. 
Remember, no warranty can make up 
the cost of a scope that's out for repairs 
for 4 to 6 weeks , or more . That's why 
even more important than the actual 
wording of a warranty is the reliability 
that's built into every oscilloscope. Ideal­
ly, of course, no piece of equipment 
should ever break down. But if a unit 
needs repair, it's important to know who 
provides the fastest turnaround time in 
the industry. 

Now there is an oscilloscope whose 
user-friendly format includes all the fea­
tures discussed earlier, plus many more. 
This unit, introduced by Leader Instru­
ments Corporation, is the 100 MHz CRT 
readout with cursors, Model 21 OOR. 
The unit is easy to use and also incor­
porates these additional features: TV 
full-line selection , alternate triggering , 
and relative hold-off. This and every 
other Leader product come with an iron­
clad 2-year warranty, which is backed 
by a return rate of less than 1 % during 
the warranty period and a very rapid 
turnaround time. In other words, the 
21 OOR offers a complete oscilloscope 
package. 

For more information or Leader's 
full-line catalog, call toll free : 1 800 
645 -5104 . In NY call 516 231-6900. 
Or write Mike Hoyer at Leader Instru­
ments Corporation, 380 Oser Avenue, 
Hauppauge, NY 11788. 

SEE US AT WESCON BOOTH #1051 



Low Power CMOS. Less Than 1 Watt of Power 
Dissipation at Maximum Operating Frequency. 

At Micron, we're improving the performance of 
today's fastest processors with cold, hard cache 
memories. 

Designed to provide rock solid memory 
performance and reliability for 80386 and 80486 
microprocessors, Micron's fast cache SRAMs feature 
CMOS process technology for low power consump­
tion and cool system operation. In fact, at less than 
750mW of typical operating power, they're the coolest 
running cache SRAMs available. 

Only two devices provide a complete 32-kilobyte 
memory solution. Plus they feature built-in address 
latches and directly interface with 80386 cache 
controllers, eliminating the need for off-chip logic 
and further reducing chip count. This means you 
save valuable board space and cost while increasing 
performance and reliability. 

Micron cache SRAMs are also user configurable as 
an 8K x 16 or a dual 4K x 16 device to support direct 
mapped or 2-way set associative cache schemes. And 
like all Micron memory products, they're backed by 
the type of strong sales, customer service and 
technical support that keeps you on the leading edge. 

So call us today at 1-208-386-3900, and start 
boosting your processor speed and efficiency with 
cold, hard cache. 

Micron. Working to improve your memory. 

Intel• 386- Microprocessor 

Clock Speed 

33MHz 
25MHz 

Micron MT56C0816 Cache Data SRAM' 

Access Time 

25ns 
35ns 

Max Output Enable Time 

lOns 
13ns 

•All t iming rated at 100 pf loads. The MT56C0816 is available in a 52-pin plastic 
leaded chip carrier (PLCC). 

All registered and unregistered trademarks are the sole property of their respective 
companies. 

2805 E. Columbia Rd., Boise, ID 83706 (208) 386-3900 
CIRCLE36 
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ECL ARRAY BOASTS SPEED; EMBEDDED ARRAY 
FLAUNTS DENSITY, FAST TURNAROUND LISA GUNN 

G
ate arrays introduced by Fu­
jitsu Microelectronics Inc. 
and LSI Logic Corp. present 
very different offerings to 

ASIC designers. With 80-ps peak 
gate speeds, Fujitsu's 30,000-gate 
ECL array is one of the fastest to 
date. The LSI Logic array, on the oth­
er hand, combines the best of the 
standard-cell and gate-array worlds. 
It incorporates embedded megacells 
in its structure to obtain the density 
and performance of cell-based de­
signs and the fast prototype turn­
around of gate arrays. 

The 30,000-gate ECL array from 
Fujitsu is the first device in a new 
family of ECL arrays. The 
E30000VH chip boasts typical indi­
vidual gate speeds of 80 ps unloaded, 
and 240 ps when loaded with a fanout 
of three and a line length of 3 mm. A 
fixed-clock distribution scheme 
guarantees less than 150 ps of clock 
skew to internal gates. To save pow­
er, high speed is used on the circuit 
only where needed. Total chip power 
dissipation is typically 15 to 30 W. 

Gate counts range from 29,568 to 
38,948 gates, depending upon the ap­
plication. The E30000VH has 300110 
pins, with over 200 of the pins accept­
able for use as outputs. The 110 pins 
can be compatible with either lOKH 
(-5.2-V) or lOOK (-4.5-V) systems. In 
addition, the chip needs a -3.3-V sup­
ply. 

The LEAlOOK EmbeddedArray 
Series from LSI Logic takes an inno­
vative "systems on a chip" approach 
to ASIC design. The new arrays are 
0.7-µm channel length, channel-free, 
HCMOS devices into which user-de­
fined, cell-based structures-mega­
cells or memory-can be embedded. 
With this technology, the designer 
can create a device of up to 150,000 
equivalent gates using a combina­
tion of cell- and array-based method­
ologies (see the photo). Yet complete 
prototype metalization, assembly, 
and test is completed in as little as 14 
days, the same as for a gate array. 

Designers select the cell-based 

blocks to be embedded on a base ar­
ray. These blocks can consist of 
memories, megacells, or user-de­
fined cores in a standard-cell format. 
The blocks can be positioned in any 
location on the base array. The de­
signer then implements random log­
ic and soft-coded megafunctions in 
the channel-free array, using the re­
maining area of the LEAlOOK de­
sign. 

Memory blocks that can be embed­
ded into LEAlOOK designs include 
high-speed static RAMs of up to 144 
kbits, multiport RAMs with up to 
five ports, and a variety of special­
ized memories. Megafunctions in­
clude RISC microprocessors, float­
ing-point controllers, communica­
tions controllers, adders, multipli­
ers, and barrel shifters. 

The Fujitsu E30000VH gate array 
comes in a 441-pin ceramic, surface-

mount PGA with 50-mil spacing and 
a choice of preattached heat sinks. 
Design input is being accepted now, 
with engineering samples and pro­
duction quantities available in the 
first and second quarters of 1990, re­
spectively. The E30000VH gate ar­
ray costs $1600 each in quantities of 
10,000. 

The LSI Logic LEAlOOK Embed­
dedArray Series is available now. 
Packaging includes the full range of 
plastic and ceramic dual in-line pack­
ages, leadless and leaded chip carri­
ers, pin-grid arrays, and quad flat­
packs. 

Fujitsu Microelectronics Inc., 
Integrated Circuits Division, 3545 
N First St., San Jose, CA 95134-
1804; (800) 642-7616. CIRCLE 392 

LSI Logic Corp., 1551 McCarthy 
Blvd., Milpitas, CA 95035; (408) 433-
8000. CIRCLE 393 
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FAST PUBLIC-KEY DATA· 
ENCRYPTION SYSTEM SECURES 
NETWORKED INFORMATION 

With throughput of 150 kbits/ 
s, the CA34C168 data-en­
cryption processor from 

Newbridge Microsystems secures 
the information circulating in com­
puter networks without degrading 
system performance. The burgeon­
ing need for network security can be 
seen from the increase in computer 
viruses and electronic theft. 

The processor's public-key archi­
tecture uses pairs of reciprocal keys, 
which enables users to send data to 
other users using a public key. Only 
the recipient, however, has the pri­
vate key that unlocks the data. 

The public-key architecture solves 
the problems associated with distri­
bution of keys, digital signatures, 
transaction verification, and key ex­
changes. Solving these problems 
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with conventional private-key 
schemes is either more cumbersome 
or impossible. 

The general-purpose architecture 
of the processor is oriented to the 
needs of communication systems. 
Forty high-level instructions let us­
ers implement their own crypto­
graphic protocols for key manage­
ment, authentication, and data en­
cryption in either block or stream-ci­
pher modes. The device contains two 
256-bit write-only registers for se­
cure key storage, a mask-program­
mable key for user and equipment 
verification, and a level of error de­
tection for catastrophic crypto­
graphic errors. 

A range of development products 
are available to support the proces­
sor. These include the EDS-001 D 
evaluation and development system 
for use on the IBM PC/XT. With the 
system, users have a powerful, user­
friendly environment in which to ere-

ate CA34C168-based cryptosystems. 
The CA34C168 processor costs 

$175 in quantities of 100 and is avail­
able now in small lots. The EDS-001 
D development system goes for 
$1950. The two-node EDS-002 sys­
tem costs $2950. Both are available in 
sample quantities. 

Newbridge Microsystems, 20 
Edgewater St., Kanata, Ontario, 
Canada, K2L 1V8; (613) 836-1014. 

CIRCLE337 
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100-V, 8-CHANNEL LATCHED 
SINK-DRIVER DROPS INTO 
50-V DEVICE SOCKETS 

Built on a high voltage bipolar­
CM OS-D MOS process , Mi­
crel ' s MIC4807 latched-sink 

driver converts TIL-compatible mi­
croprocessor-bus signals into eight 
latched current-sinking outputs rat­
ed at 80 Veach. Applications include 
computer control of lamps, sole­
noids, relays, print heads, and driv­
ing large power MOSFETs connect­
ed as high-side switches. It can also 
drive high-voltage displays. 

The Micrel device is a pin-for-pin 
replacement for the 50-V UCN4807, 
but offers advantages compared 
with that part. While the MIC4807 
operates from one 5-to-15-V logic 
supply and draws just 10 mA, the 
UCN4807 needs 50 mA and an addi­
tional 5-V base-drive source for its bi­
polar output transistors. With the 
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MIC4807, all eight outputs internally 
limit their current at 200 mA in the 
event of a short to the positive sup­
ply. In addition, if the chip's tempera­
ture rises above 145°C because of re­
peated or continuous faults, the on­
board overtemperature sensor shuts 
it down. The chip's built-in 100° of 
hysteresis permit it to start again 
when it reaches 45°C. 

At 25°C and with a 10-V logic sup­
ply, the DMOS output transistors 
have an on-resistance of 7 n maxi­
mum. With a similar supply voltage, 
saturation voltage is 0.35 V while 
sinking 50 mA and 0.70 V while sink­
ing 100 mA. 

In quantities of 100, the MIC4807 
latched-sink driver costs $3.95 in an 
18-pin plastic DIP. Small quantites 
are available from stock. 

Micrel Inc., 560 Oakmead Pkwy. , 
Sunnyvale, CA 94086; Robert John­
son, (408) 245-2500. CIRCLE 315 

FRANK GOODENOUGH 

HYBRID MULTIPLEXER 
SERVES MllrSTD-1553 
Operating over the full military tem­
perature range of-55°to+125°C, the 
BUS-61555 provides a flexible solu­
tion for MIL-STD-1553 interface ap­
plications. The Advanced Integrated 
Mux hybrid requires only a +5-V 
power supply and consists of a com­
plete bus controller, remote terminal 
unit, bus monitor terminal protocol, 
memory-management and host in­
terface IC, and 8by16 bits of CMOS 
SRAM. Using an industry-standard 
dual transceiver and standard status 
and control signals, the BUS-61555 
simplifies system integration at both 
the MIL-STD-1553 and host-proces­
sor interface levels. It is packaged in 
a 78-pin DIP and sells for $1475. De­
livery takes 30 to 90 days. 

/LC Data Device Corp., 105 Wil­
bur Pl., Bohemia, NY 11716; (516) 
563-5678. CIRCLE 316 
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80387-COMPATIBLE MATH 
CHIP COMPUTES UP TO TEN 
TIMES FASTER 

A
combination of more efficient 
algorithms and architectures 
lets Cyrix's CX-83D87 Fast­

Math chip perform floating-point op­
erations from five to ten times faster 
than Intel's 80387 numerics copro­
cessor. On top of that, the new chip 
consumes only about half the power 
of the 80387 when active and just 1/ 
20th on standby. Not only is the chip 
faster, but it drops into the 80387 
socket and uses the same software. 
Systems are easily upgraded. 

Because it operates at system 
clock frequencies of 20, 25, or 33 
MHz, the 83D87 can keep pace with 
the integer operations of the 80386. 
But because the 80386 coprocessor 
interface assumes a slower numerics 
chip, the Cyrix chip includes a memo­
ry-mapped operating mode. In that 
mode, the 83D87 can rip through 
floating-point operations at twice 
the speed of even Weitek Corp.'s nu­
merics accelerator for the 80386. 
Furthermore, in the memory­
mapped mode, instruction setup, in­
cluding operand transfers, can usu­
ally be performed by the 80386 in par­
allel with the previous instruction ex­
ecuting in the 83D87. 

To distinguish the chip's perfor­
mance, the company specifies two in­
struction-execution times for each 
command. One defines the number 
of clock cycles for the instruction, 
while the other includes the time re­
quired by the 83D87 and 80386 com­
bination and all the 80386 setup over­
head. By using this information and 
crafting a smart interface, systems 
could deliver sustained execution 
rates equal to the basic number of 
clock cycles for each command. 

Housed in a 68-lead pin-grid array 
package, the CX-83D87 costs $471 
for the 20-MHz version, $585 for the 
25-MHz unit, and $773 for the 33-
MHz chip. All prices are for quanti­
ties of 100. Samples are available 
from stock. 

Cyrix Corp., 1761 International 
Pkwy., Suite 135, Richardson, TX 
75081; (214) 234-8388. CIRCLE 338 
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SINGLE CHIP PACKS ALL 
MOTHERBOARD LOGIC FOR 
BASIC AT-CLASS COMPUTERS 

Only 14 components plus memo­
ry is now all that is needed to 
build a basic desktop PC/ AT­

class system (minus display and disk 
controller). The 82C235 single-chip 
AT-system controller from Chips 
and Ttchnologies reduces the cost 
and size of both embedded AT-class 
systems and price-sensitive PC/ AT 
clones. The controller operates with 
8-, 10-, and 12.5-MHz clock rates and 
zero wait states for the main memo­
ry, or at 16 MHz with one wait state. 

Included on the chip are equiva­
lents to dual 8237 DMA controllers, 
two 8259 interrupt controllers, and 
an 8254 programmable interval tim­
er. Also included are an 8255 pro­
grammable peripheral interface and 
a 68818 real-time clock. 

In addition, an 80287 math-copro­
cessor interface is built in, as is sup­
port for fast CPU reset and fast gate 
A20, which ease switching the 80286 
in and out of protected mode. Dy­
namic-RAM refresh control is also 
on the chip. Memory control for up to 
16 Mbytes of RAM also comes with 
the chip. 

The circuit also packs 32 extended­
memory-standard registers for en­
hanced LIM 4.0 compatibility. Shad­
ow-RAM operation, as well as 8or16-
bit BIOS memories, are also support­
ed. To round out a system, designers 
need only add the 80286, a keyboard 
controller, the BIOS EPROM, 10 
TTL chips, and the desired amount of 
RAM. Further enhancements can be 
added- a separate EGA or VGA vid­
eo controller; floppy- and hard-disk 
controllers; and the 82C601, which in­
cludes serial and parallel ports. 

Samples of the 82C235 system con­
troller, which comes in a 160-lead 
plastic quad-sided flat package, are 
available this month. In quantities of 
1000, the chip costs $46. Production 
quantities will be ready in the first 
quarter of 1990. 

Chips and Technologies Inc., 
3050 Zanker Rd., San Jose, CA 
95134; Chris Maskiell, (408) 434-
0600. CIRCLE 339 
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D ESIGN 

• I OU11D1t'119 
•400Weltl 

• HI-REL All...,,... 
switcher 

OUTPUTS 

No. 1: SY@ SOA 
No. 2: +12Y @ 8A 
No. 3: -12V @ 8A 
No. 4: +24Y @ 4A - 6A pk. 
No. S: SY @ 10A 

OUTPUTS 1 and S 
±0.4% total regulation 

OUTPUTS 2, 3, and 4 
±2.S% total regulation 

DIMENSIONS 
MODEL CV405B 

15.45" x 5.10" x 3.15" 

Call Toll Free 1-800-523-2332; 
In PA 215-699-9261 . 

FAX: 215-699-2310 TWX: 510-661-8061 
P.O. Box 1369, Wlssahlckon Avenue, 

North Wales, PA 19454 

CIRCLE 120 
VISIT US AT WESCON/ 89, BOOTHS 2452 AND 2454 
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LVDT CONDITIONING CARD, 
MEASUREMENT PODS SPELL 
HIGH-ACCURACY READINGS 

A
16-channel conditioning card 
and an isolated measurement 
pod (IMP) from Schlumberger 

yield extremely high-accuracy linear 
variable differential transformer 
(LVDT) measurements. 

The conditioning card fits into ex­
pansion slots in any IBM PC/ AT or 
compatible and is designed to inter­
face with the internal bus for data 
management. The card contains a 
dual 14-bit analog-to-digital convert-

er and accepts either ac or de inputs. 
Provision is made for four digital in­
puts to monitor external switches or 
relays. 

A sinewave oscillator, which is fac­
tory-set for either 2.5, 5, or 10 kHz, 
constantly energizes the 16 trans­
ducers in groups of four. The associ­
ated conditioning circuitry is in four 
blocks, each of which has software­
controlled gain and offset. 

The IMP provides continuous en­
ergizing of up to 20 LVDT-type 
transducers, and is designed for end 
users who need to take linear mea­
surements with a high degree of ac­
curacy. The front-end units with­
stand the harshest industrial envi­
ronments and accommodate all stan­
dard transducers without need for 
external signal conditioning. 

The unit is dust- and water-proof 
and is resistant to shock and vibra­
tion to IP55 standards. It will operate 
in ambient temperatures from zero 
to +55°C without added protection. 

The 16-channel conditioning card 
goes for $1500, and the IMP costs 
$3200. Both are available from stock 
in small quantities. 

Schlumberger Industries, San­
gamo Transducer Division, 5586 
Main St., Suite G-1, Williamsville, 
NY 14221; (716) 634-4452. CIRCLE 340 
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80-MHZ PALETTE DACS MIX 
VGA COLOR WITH LAPTOP· 
SPECIFIC FEATURES 

L ike their predecessors, the 
Bt471, 476, and 478, Brook­
tree's Bt475 and Bt477 80-MHz 

triple 8-bit color palette digital-to-an­
alog converters aim at desktop pub­
lishing, CAE-CAD-CAM, image pro­
cessing, and other high-resolution 
color-graphics applications. Howev­
er, the 475 and 477, with 256-by-18 
and 256-by-24 palettes, respectively, 
pack extra features that lend them to 
laptop computers that can drive 
VGA monitors. For example, a pow­
er-down mode drops the typical 180 
mA of current drawn from the 5-V 
supply rail to 10 mA, and to just 1 mA 
if the clock is inhibited. The convert­
ers are also compatible with PS/ 2 
systems. 

To further ease designers' task 
and save board space, a reference 
has been added that permits setting, 
with one external resistor, of full­
scale output currents of up to 20 mA 
from each of the three (RG B) on-chip 
converters. For the first time, both 
devices also offer on-chip compara­
tors that verify and indicate proper 
connection to the CRT. In addition, 
an anti-sparkle circuit eliminates the 
scattered white dots that sometimes 
occur when writing to a palette d-a 
converter during active video opera-
tion. 

To reduce noticeable sparkle, in­
ternal logic maintains the previous 
output color on the RGB analog out­
puts while data is transferred be­
tween the lookup table RAMs and 
the RGB registers. The new features 
enhance the converters' flexibility 
and price-performance ratio while 
maintaining pin compatibility with 
earlier siblings. 

In quantities of 100, 35-MHz Bt475 
converters in 40-pin PLCCs cost $8. 
The Bt477 goes for $11. Small quanti­
ties are available from stock. The 
higher speed grades (50, 66 and 80 
MHz) will be available early in 1990. 

Brooktree Corp., 9950 Barnes 
Canyon Rd., San Diego, CA 92121; 
Dale Roark, (619) 452-7850. 

CIRCLE341 
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POWER 
Specialists 
AC LINE FILTERS 

EMISSION LEVELS 
FCC A & B 
VOE A & B 

*POWER ENTRY MODULES .. . . ... . . . 3·10 Amp 
*THREE·PHASE .. .... . .. . . .. . . . . . . . . 3·70 Amp 
*MEDICAL/PATIENT CARE . . . .. .. . . . . 3·20 Amp 
*SINGLE·PHASE, HIGH CURRENT .. 15-45 Amp 
*CUSTOM DESIGN ..... .. . . . . . . .. . . 3·1 00 Amp 

SWITCHING 
POWER SUPPLIES 

UNIVERSAL INPUT SWITCHABLE INPUT 
95-260 Volt 115-220 Volt 

UV330 Series/30W M F330 Series/30W 
UV340 Series/40W M F339 Series/40W 
UV365 Series/65W BM Series/150,220W 
UV385 Series/85W TABLETOP 30W,40W 

·cusTOM DESIGN 

DC/DC 
CONVERTERS 

*200Z Series 

LOW COST 
CUSTOM DESIGN 

-DISPLAY APPLICATIONS 
*949Z,950Z Serles 

-TELECOMMUNICATIONS 
*TDA,TDB Serles 

-LOCAL NETWORK 

~TRl·MAG. Inc. / '@ CIRCLE 121 
8210 W. DOE AVE. 
VISALIA. CA 93291 
(209) 651 ·2222 

ITI TELEX NUMBER:4994462 
CABLE ADDRESS:'TRIMAG' 
FAX 209-651 ·0188 
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VOLTAGE· TO· FREQUENCY· 
CONVERTER IC RUNS OFF 
SINGLE 4.5-T0-36-V SUPPLY 

Until now, available precision 
voltage-to-frequency (VFC) 
ICs required split power sup­

plies. However, Burr-Brown's 
VFC121 changes that condition. Not 
only does it work from a supply rail 
anywhere between 4.5 and 36 V, but 
its specifications are given operating 
from a +5-V supply. Thus, if it is run 
off a 5-V logic supply, the expected 
performance is available. 

At a full-scale frequency of 100 
kHz, nonlinearity runs a maximum 
of 0.03% for the premium-grade 
VFC121B and 0.05% for the 
VFC121A. If the external-compo­
nent values are changed to provide a 
full-scale frequency of 1 MHz, non­
linearity for the VFC121B is still a 
maximum of just 0.1% and is 0.1% 
typical for the VFC121A. Gain error 
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at 100 kHz, full scale, is a maximum 
of 10%, and gain drift is no more than 
40 ppm/°C. Initial offset voltage for 
the 121B is a maximum of 400 µ V for 
the 121B and 800 µ V for the 121A. 

The input-signal range for the con­
verter's 10-Mn input impedance is 
from zero to 2.5 V less than the sup­
ply voltage . An on-chip 2.9-V 
(± 0.3%) reference can provide up to 
10 mA for external circuits. The out­
put, like that of most voltage-to-fre­
quency converters, consists of an 
open-collector npn transistor rated 
at 10 mA and 36 V. Saturation volt­
age at 10 mA is a maximum of 0.4 V. 

The VFC121 comes in a 14-pin plas­
tic DIP and is rated for industrial 
temperatures. In quantities of 100, 
the VFC121A costs $7.35 while the 
VFC121B goes for $9.95. 

Burr-Brown Corp. , P 0 . Box 
11400, Tucson, AZ 85734; Mark Gor­
don, (800) 548-6132.. CIRCLE 342 

FRANK GOODENOUGH 

Control instruments, plotters, and printers. 
Supports BASIC, C, FORTRAN, and Pascal. 
Fast and easy to use. High-speed DMA. 
Software library included so you spend 
less time programming. 
Thousands sold. Risk free guarantee. 
Hardware and software - $395. 

Product literature 1-800-234-4CEC 
Technical assistance 617-273-1818 

Capital Equipment Corp. 
Burlington, MA. 01803 

CIRCLE 122 
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DUAL SPST IC SWITCH FOR 
STUDIO AUDIO MAKES NO 
CLICKS TO MAR SOUND 

T
ypical CMOS analog switches 
do their job at high speeds. All 
well and good, except in high­

end consumer and recording- or 
broadcast-studio applications­
where speed kills. It inserts clicks in 
the high-quality audio. To replace 
less reliable relays with smaller I Cs, 
PMI has come up with a slow pair of 
dual single-pole, single-throw audio 
switches. Moreover, they are truly 
bilateral. The SSM-2402 typically 
turns on in 10 ms and off in 4 ms. Its 
sibling, the SSM2412, turns on in 3.4 
ms and off in 1.5 ms. 

These T-type analog switches use 
a JFET-bipolar process that builds 
thin-film resistors. A ramp generat­
ed on the chip is applied to the three 
FETs, which forms the T. The two 
FETs forming the bar of the T are 
driven by op amps. Break-before­
make switching is guaranteed, with 
a typical delay time (break-before­
make) of 6 ms for the 2402 and 2 ms 
for the 2412. 

These switches can handle cur­
rent, too. On-resistance is just 85 n 
maximum while passing currents be­
tween minus and plus 10 mA with 
±14 Von the I/O pins. The on-resis­
tance of the chip's two switches 
match within 5% minimum. Off-isola­
tion typically runs better than 120 dB 
at 20 kHz and approaches 180 dB at 
20 Hz-while handling an analog 
voltage of 10 V rms. Total harmonic 
distortion over a similar frequency 
range for 0-to-10-V-rms signals is a 
maximum of 0.01%. The low distor­
tion permits switching the signals in 
low-impedance loads without buffer 
amplifiers. The chip uses a maximum 
of 7 .5 mA from ± 18-V rails. 

The dual switches come in 14-pin 
DIPs and 16-pin small-outline pack­
ages. In quantities of 100, the SSM-
2402 and SSM-2412 go for $3.53 each 
in either package. Small quantities 
are available from stock. 
Precision Monolithics Inc., 1500 
Space Park Dr., P.O. Box 58020, 
Santa Clara, CA 95052-8020; Dan 
Parks, (408) 562-7513. CIRCLE 343 
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HIGH-SPEED, WIDEBAND OP 
AMP SPORTS PRECISION 
SPECIFICATIONS 

Designed to provide a mix of su­
perior ac and de specifications, 
the HA-2548 op amp from Har­

ris combines a minimum open-loop 
gain of 120 dB while putting +10 V 
across 1000 n. Not only that, the 
maximum offset voltage over tem­
perature is 1200 µ V and typical full­
power bandwidth approaches 2 
MHz. That's based on a typical slew 
rate of 120 VI µs, but minimum slew 
rate over temperature is still 70 VI 
µs , which translates to a full-power 
bandwidth of over 1 MHz. 

Although the op amp is optimized 
for a minimum stable gain of 5, it still 
maintains a typical open-loop gain of 
108 dB while putting ±3Vacross 100 
n. An output current of 30 mA is 
available for charging capacitive 
loads. Small-signal gain-bandwidth 
(GBW) product, at an inverting gain 
of 100 and from 100 kHz to 10 MHz, is 
a minimum of 110 MHz over temper­
ature. Such a detailed GBW specifi­
cation is a pleasant surprise. In most 
cases, it is given for a single frequen­
cy and at low gain. 

Not only does the chip offer a wide 
bandwidth, but it settles fast, too, 
thanks to its single gain stage. Set­
tling time to 0.01%, for a 10-V output 
step at a closed-loop gain of 5, is a 
mere 260 ns. When handling small, 
fast pulses, 100-m V rise and fall 
times are 20 ns maximum. 

Broadband input-voltage noise 
from 0.1 to 10 Hz is typically 0.2 µ V 
rms and 0.8 µ V to 1 MHz. At 100 nA 
maximum over temperature, bias 
current is not high considering the 
low impedances required to handle 
the speedy signals the HA-2548 will 
see. 

The HA-2548 comes in commer­
cial, extended-industrial, and mili­
tary temperature grades; and in ce­
ramic DIPs and T0-99 cans. Unit 
prices start at $10.46 each in lots of 
100. Small quantities are available 
from stock. 

Harris Semiconductor, P 0. Box 
883, Melbourne, FL 32901; Gloria 
Simpson, (407) 729-3739. CIRCLE 344 

FRANK GOODENOUGH 
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FASTEST FET IC OP AMP 
SETTLES A 10-V OUTPUT STEP 
TO 0.1% IN 95 NS 

A
imed at building fast, accurate 
sampling amplifiers and inte­
grators , Analog Devices' 

AD843 is the widest-bandwidth and 
fastest FET-input op amp. In fact, 
with a typical settling time of 130 ns 
to 0.01% for a 10-V step, it beats all 
the $10-to-$75 hybrids it can replace. 
Settling to 0.1% takes 95 ns. 

The 843 is the 10th and last of the 
first generation of op amps to come 
off the company's complementary 
process, which is responsible for its 
speed (ELECTRONIC DESIGN, March 3, 
1988, p. 29). Other applications in­
clude fast peak detectors, active fil­
ters, and current-to-voltage convert­
ers. For example, the op amp can ac­
curately handle high-speed linear (or 
digital) signals from fast photodi­
odes. Maximum "warmed-up" bias 

current is 2.5 nA at 25°C, which rises 
over temperature to a maximum of 
60 nA at 70°, 160 at 85°, and 2600 nA at 
125°C. Devices rated at all three tem­
perature are available. 

Other dynamic specifications in­
clude a minimum slew rate of 160 VI 
µs. That translates to a minimum 
full-power (20 V p-p) bandwidth of 
2.5 MHz while driving 500 n. Mini­
mum open-loop gain, over tempera­
ture, is 80 dB while putting ± 10 V 
across 500 n. Unity-gain bandwidth 
for a 90-m V p-p output signal is typi­
cally 34 MHz. 

In quantities of 100, the commer­
cial-grade AD843JN in a plastic mini­
D IP costs $8.80. The premium 
AD843KN, with a maximum bias 
current of 9 nA at 70°C, costs $13.75. 
Small quantities are in stock. 

Analog Devices Inc., 181 Ballard­
ville St., Wilmington, MA 01887; 
(508) 658-9400. CIRCLE 345 

FRANK GOODENOUGH 

Control instruments, plotters, and printers. 
Supports BASIC C, FORTRAN, and Pascal. 
High-speed DMA, 

Product literature 1-800-234-4CEC 
Technical assistance 617-273-1818 

~ ==--
Mic.ro Cha nne.l i&-a trademark of IBl\I 

CIRCLE 123 
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SPEEDY BIPOLAR D·A 
CONVERTERS TACKLE 
VIDEO DISPLAYS 

T
aking advantage of the speed 
gains from its advanced ECL 
process, Sony has introduced a 

NEW PRODUCTS 

trio of high-speed 8-bit video digital­
to-analog converters. The fastest of 
the three, the CXA1236Q, contains 
one converter but operates at 500 
MHz, which is the highest update 
rate of any monolithic silicon d-a con­
verter. The other two chips, the 

Low-Cost 
Signal 

Conditioning 

Now you can have low-cost 
signal conditioning. and a 
reliable Second Source for both 
the popular SB Analog 1/0 
Modules and the industry 
standard Digital 1/0 Modules. 
Whatever your application, 
these 1/0 modules can bring 
down the cost of your designs 
and provide signal isolation for 
your equipment. Just right for 
those tough dirty industrial 
applications. these rugged. 
single-channel modules can 
reduce electrical noise. cut 
wiring costs. and protect your 
equipment from high voltage 
transients. Select from our 
broad new line of reliable high 
performance 1/0 modules and 
accessories. 

SCMSB Analog Modules 
• Functions Include: Voltage 

Input/Current Input/Current 
Output/RTD and 
Thermocouple Inputs 

• 1 SOOV Transformer Isolation 
• 160dB CMR/74dB NMR 
• Backpanels for Mounting 

Up to 16 Mixed or Matched 
Modules 

SCM Digital Modules 
• Functions Include: AC Input/ 

AC Output/DC Input/DC 
Output 

• 4000V Optical Isolation 
• UL CSA Approved 
• Fast Turn-On/Turn-Off Times 
• SV Logic/Control Voltage 
• Backpanel for Mounting 8. 16. 

and 24 Mixed or Matched 
Modules 

For complete details. write Burr-Brown Corp .. P.O. Box 11400. Tucson. Al. 
85734. Or. Call Toll Free 1-800-548-6132. 
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CXA1156Q and CXA1146Q, pack 
three converters each and operate at 
update rates of 300 and 160 MHz, re­
spectively. 

To load data fast enough to keep 
the 500-MHz converter running at 
top speed, dual byte-wide data-bus 
inputs to the chip allow 2 bytes to be 
loaded into the CXA1236Q's internal 
memory registers. An internal multi­
plexer switches between the regis­
ters. Also on the chip are Synchroni­
zation, Blanking, Reference White, 
and Bright control inputs. The con­
verter can deliver its differential RS-
343A-compatible output to either 25-
or 37.5-!l loads. Inputs are both ECL 
lOOK- or !OK-compatible and the chip 
runs from a-5.5-to-4.2-V supply. 

Both triple converters are avail­
able in production quantities. The 
500-MHz unit will reach production 
late in the second quarter of 1990. 
Prices in quantities of 100 start at 
$45 for the 160-MHz unit and in­
crease to $55 for the 300-MHz chip. 
Prices for the 500-MHz single d-a 
converter have not been set. 

Sony Corp. of America, 10833 
Valley View St., Cypress, CA 90630; 
(714) 229-4197. CIRCLE 317 

DAVEBURSKY 

90-MHZ OP AMP 
SLEWS 250 VI µS 
With the EL2041 operational amplifi­
er, designers can find a combination 
of wide bandwidth, high slew rate, 
high open-loop gain, and unity-gain 
stability in a single device. The mono­
lithic 90-MHz device can be used for 
high-speed analog-signal process­
ing, as well as digital-to-analog-con­
version applications. It offers a slew 
rate of 250 VI µsand settles to within 
0.05% in 90 ns. The EL2041 draws 
only 13 mA of supply current and 
drives + 50 mA to the load. When 
used as a video amplifier, the device 
amplifies and transmits NTSC and 
PAL signals with low distortion. It is 
available in 14-pin ceramic DIPs, 8-
pin plastic DIPs, and 12-pin T0-8 
packages. Pricing starts at $5 in lots 
of 100. 

Elantec Inc. , 1996 Tarob Ct., Mil­
pitas, CA 95035; (408) 945-1323. 

CIRCLE 318 



seet 
morecear 

If you've been singing for higher contrast 
Liquid Crystal Displays, Seiko Instruments has 
some happy news for you. Thanks to the unique 

you were using Seiko's parallel interface, TN 
type modules. Making a visible improvement in 
your products easy. Quick. And free of 

retooling costs. 
0123456789:;<=>? 

blue characters on their LCD 
modules, seeing what's on the 
screen is easier than ever. @RBCDEFGHIJKLMNO 

And, with a variety of 
these easy-to-read modules 
ranging from lxl6 to 4x40, 
Seiko's bound to have what 
you need. 

Another big advantage 
of getting the blues from 
Seiko is their extremely wide 
viewing angle. The widest 
available for small LCDs. So your 
customers can read the screen 
from positions that are com­
fortable to them. And with our 
new EL and LED backlighting 

'-

options, you can view 
your message in all 
types of lighting. Little 
extras that mean a lot 
when it comes to 
making a design 
decision. 

DD RRM RERD = GOOD 
CG RRM RERD = GOOD 
DD RRN RERD = GOOD 
CG RRN RERD = GOOD 

If all this sounds 
good, there's one more feature that'll be music to 
your ears. Plug-in compatibility. 

Simply drop in the new modules wherever 

------·~ 
Call Seiko Instruments 

today at (213) 517-7770 and 
ask about their LCDs with 
the blue characters. It'll give 
you, and your customers, a 
whole new outlook on 

your products. 

BUSY READ = GOOD 

BUSY READ = GOOD 

Seiko Instruments, USA, Inc. 
Electronic Components 
Division 
2990 West Lomita Blvd. 
Torrance, CA 90505 
(213) 517-7770 
FAX (213) 517-7792 

Seiko Instruments 
CIRCLE28 SEE US AT WESCON, BOOTH #2619 



PHASE·DETECTOR IC 
ELIMINATES DEAD ZONE 
Unlike similar ICs, the AD9901 
phase-frequency detector exhibits 
no dead zone in the middle of its 
phase detection range, thus eliminat-

NEW PRODUCTS 
Emiiil 

ing excessive phase noise. The de­
vice, which is capable of comparing 
signals up to 200 MHz, can be used in 
a wide range of phase-locked loop ap­
plications. It has a linear phase-de­
tection range of 360°, 320°, and 270° at 
40 kHz, 30 MHz, and 70 MHz, respec-

Programmable 
Anti-Alias Filters for 
Critical A/D Pref iltering 
848P8E Series 
are Elliptic 
lowpass filters 
providing 
extremely sharp 
roll-off for 
A/D prefiltering. 

Features: 
• 8 pole, 6 zero elliptic 

lowpass filters 
• Digitally 

programmable 
corner frequency 

• Shape factor of 1. 77 at 80db 
• 8 bit (256:1) tuning ratio 
• Internally latched control 

lines to store frequency 
selection data 

• Ideal for single or 
multi-channel applications 

• Plug in, ready to use, 
fully finished filter modules 

• Five frequency ranges to 51 .2kHz 

Other Filter Products Available: 
• Linear phase • Programmable 
• Fixed frequency • Instrumentation 
• Custom designs 

For more information about 
how Frequency Devices can 
meet your most critical 
filtering requirements, call 
our applications engineers at 
(508) 374-0761 . 

CIRCLE 125 

FREOUEnCY 
DEVICES '" 

25 Locust Street 
Haverhill, MA 01830 
(508) 37 4-0761 
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tively. 
The AD9901's output current is 

from 1 to 10 mA with a programma­
ble voltage swing of up to 1.8 V pk­
pk. The AD9901 operates with 'ITL, 
CMOS, or ECL logic levels over oper­
ating temperature ranges of 0° to 
70°C and -55° to + 125'C. Packaging 
options include 14-pin ceramic DIPs 
and 20-terminal LCCs. Prices start at 
$8 in lots of 100 units. Delivery of all 
grades is from stock. 

Analog Devices Inc., 7910 Triad 
Center Dr., Greensboro, NC 27409; 
(919) 668-9511. CIRCLE 346 

RTD CONDITIONER IS 
FULLY ISOLATED 

Unlike RTD (resistance-tempera­
ture detector) interfaces that require 
separate isolated power for each 
channel, the 1B41 RTD conditioner 
generates its own floating current 
excitation for the RTD sensor, pro­
viding true channel-to-channel isola­
tion from a common supply. 

The compact l.OO-by-2.1-by-0.35-
in. device includes.amplification with 
resistor-programmed gain and zero 
suppression, lead-resistance com­
pensation, and filtering. It supports 
RTDs with resistance ranges from 
20 D. to 5 kD.. Isolation is specified at 
1500 V rms with transient protection 
meeting the IEEE-STD 472 (SWC) 
specification. Its ±10-V output is di­
rectly connected as a high-level input 
to multichannel temperature-mea­
surement systems, data acquisition 
systems, and precision temperature 
instrumentation. The device re­
quires a +13.5-to +18-V dual supply 
delivering 12 mA of current. Prices 
start at $58 in quantities of 100. De­
livery is from stock. 

Analog Devices Inc., 1 Technolo­
gy Way, P.O. Box 9106, Norwood, 
MA 02062; (617) 461-3055. CIRCLE 347 



Industry's First 
Sealed, SMD Slide Switch 

• Auto-insertable and surface 
mount compatible 

• 2, 4 or 6 pole versions with top 
or side actuation 

• Sealed immersion cleanable 
versions available 

• High reliability bifurcated gold 
or silver contacts 

AUGAT/ALCOSWITCH offers a 
full product line including ... Key locks 

For your free catalog, product samples, applications help, or a 
quotation , call or write AUGAT/ ALCOSWITCH, 1551 Osgood Street, 

No. Andover, MA 01845 USA, 
Tel : (508) 685-4371 , TLX: 275423, FAX: (508) 686-9545 

Quality and Innovation 

CIRCLE48 

Slides Pushwheel 

AUGAT INTERNATIONAL SALES OFFICES 

AUGAT LIMITED - ENGLAND 
AUGAT SA - FRANCE 
AUGAT GMBH - WEST GERMANY 
AUGAT AB - SWEDEN 
AUGAT SAL - ITALY 
AUGAT ISRAEL 
AUGAT ELECTRONICS INC. - CANADA 
AUGAT ATV LTD. - AUSTRALIA 
AUGAT KK - JAPAN 

(011) 4490676655 
(011) 33146683090 
(011) 49896129090 
(011) 468960270 
(011) 3939654100 
(011) 9723492173 
(1) 4166771500 
(011) 6129050533 
(011) 810550897911 



A Universally 
Compatible EMI Gasket 

Was Only 

More than 20 standard profiles or 
custom capability. Attachment is 
easy and secure. 

Introducing the new 
SCHLEGEL® -C2 

shielding gasket. 
Galvanically compatible with 
virtually any metal or metaJJic coating, 
under almost any operating condition. 

Specifying an EMI gasket is now simple. Because 
the patented SCHLEGEL- C2 shielding gasket spans the 
spectrum of galvanic compatibility, from noble to active 
metals. No worry about corrosion, even under severe 
operating conditions. No loss of shielding efficiency. 

The reason is an ultra-smooth, non-metallic coating 
over conductively clad urethane foam. The soft, spongy 
gasket fills big gaps, while the revolutionary coating con­
forms to even the smallest irregularities in metal sur­
faces. The result is a highly efficient shielding gasket and 
a superb environmental seal. For the design life of your 
equipment. 

SCHLEGEL-C2 gasketing is available in more than 
20 profiles and in a variety of attachment methods. For a 
free sample or applications assistance, call or write now. 

Schlegel Corporation 
Industrial Products 

• 

Proprietary coating is galvanically com­
patible across a broad spectrum of 

metals. Exceptional abrasion 
resistance, too. 

coating over silver-metallized 
nylon ripstop is bonded to resilient 

urethane foam. Seals mating surfaces 
and blocks electrolytic action. 

Sandwich construction at 
700x magnification shows 
urethane foam at bottom 
of photo, clad with con­
ductive silver-metallized 
ripstop (circular fiber ends). 
The entire assembly is 
encapsulated in a conduc­
tive, galvanically compat­
ible coating. 

At 250x magnification 
and after 100,000 wear 
cycles, the equivalent of 
being shipped three times 
cross-country, the.outer 
coating of the gasket 
shows only minimal abra­
sion. Shielding efficiency 
is unaffected 

PO. Box 23197, Rochester; New York 14692 
.... _ .. ® 800-828-6237 • 800-462- 1727 (in New York State) 

CIRCLE 143 



INTERFACE BOARDS CONTROL 
IEEE-488 INSTRUMENTS 
FROM APPLE COMPUTERS 

Two plug-in interface boards 
supply fast IEEE-488 (GPIB) 
instrument control for the Ap­

ple Macintosh family of computers. 
The boards come with control soft­
ware suitable for both novice and ex­
perienced instrument programmers. 

The MacADIOS 488s connects to 
the SCSI port of the Macintosh Plus, 
SE, or II. The board permits data 
transfers of up to 150 kbytes/s on 
the Mac Plus, 600 kbytes/s on the 
Macintosh SE, and 800 kbytes/s on 
the Macintosh II. Because the MacA­
DIOS 488n is Nubus-compatible, it 
can fill any of the N ubus slots in the 
Macintosh II. 

The interfaces come with the 
MacDA488 desk accessory, which is 
accessible from any Macintosh appli­
cations software. The software lets 
users create command sequences by 
referring to devices mnemonically. 
Device-specific characteristics such 
as addresses, terminators, and re­
sponse filtering are invoked auto­
matically. 

More experienced programmers 
can use the MacDriver488 software, 
a comprehensive set of over 30 high­
level Hewlett-Packard-style bus 
commands for instrument control. 
All popular programming languages 
can access MacDriver488. 

MacADIOS 488s costs $795, and 
MacADIOS 488n goes for $595. Both 
boards are available in 2 weeks after 
receipt of order. 

GW Instruments Inc., 35 Med­
ford St., Somerville, MA; (617) 625-
4096. CIRCLE 319 

JOHN NOVELLINO 

EMULATOR EASES 
TMS370 DESIGNS 
In addition to lowering the price of 
existing TMS370 development sup­
port tools by 25%, Texas Instru­
ments has introduced a low-cost in­
circuit emulator for its TMS370 fam­
ily of configurable 8-bit microcon­
trollers. The TMS370 XDS/11 
supports real-time in-circuit emula­
tion of the 15 standard configura-

NEW PRODUCTS 
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tions and 16 modules of the TMS370 
family. The accompanying debug­
ging software provides interactive 
control of the emulator in the XDS/ 
11 from an IBM PC or compatible 
computer. Two models of the system 
are available: one with a 68-pin tar-

get connector and the other with a 
28-pin target connector. Either ver­
sion costs $2850. 

Texas Instruments Inc., Semi­
conductor Group, SC-935, P 0. Box 
809066, Dallas, TX 75380; (800) 232-
3200. CIRCLE 320 

Canon. Your one reliable source ... 
BRUSH LESS GEARMOTORS 

• Inner and outer 
rotor types 

• Over 100 different combinations 
• Ratios from 5:1 to 3000: 1 

• Axial and radial gap 
types 

• 25 to 20,000 g-cm rated torque 
• 1.3 to 830 rpm 
• 6 to 24 voe • 30mm to 90mm 

diameter • Concentric or offset shaft 
• 25 to 700 g-cm 

starting torque 

STEPPERS 
•Low in cost, high in performance. 
•Step angle 0.9, 1.8, 7.5 and 

15 degrees 
• 35mm to 60mm diameters 
•Non grain-oriented, radial grain­

oriented, and multi-pole grain-oriented 
magnets 

CORELESS 
• 12mm to 40mm 

dia. 
• 28 to 45 g-cm 

starting torque 
• Ball bearings 

available on 
some models 

Ask about 
enhancement 

options available in 
OEM quantities 

Canon 

IRON CORE 
• Over 70 models 
• 12mm to 52mm dia. 
• 12 g-cm to 9000 g-cm starting 

torque 
• Integral AC tach, optical encoder 
• Ball or sleeve bearings on some 

models 

BRUSH LESS 
DC BOX FANS 

• Low cost• High air flow 
• Long life • Brushless 
• Low mechanical noise 
• 12 and 24V models 
• 40mm to 120mm size 
• Ball bearing smoothness and 

3-wire systems available. 

CANON U.S.A. INC. Components Division 
New York Office/Headquarters: One Canon Plaza, Lake Success, NY 11042 • (516) 488-6700 •FAX: (516) 354-1114 

Santa Clara Office: 4000 Burton Drive, Santa Clara, CA 95054 • (408) 986-8780 •FAX: (408) 986-1557 

CIRCLE59 
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BUS ANALYZER SIMPLIFIES 
TROUBLESHOOTING OF IEEE· 
488 TEST SYSTEMS 

T
rouble shooting IEEE-488-
based test systems is easier 
with the Analyzer488 from IO­

tech. The instrument operates in 
three modes: as a bus monitor-ana­
lyzer, as a bus controller, and as an 
instrument simulator. 

With its own keypad and display, 
the Analyzer488 can work as a stand­
alone benchtop unit. An RS-232 port 
also lets users control the analyzer 
from any computer or terminal with 
a serial port. A companion software 
package for IBM PC and PS/2 com­
puters and compatibles supplies pull­
down menus and multiple windows 
for easy interaction. 

The Analyzer488 displays bus op­
erations in several formats , includ­
ing a message format that translates 
bus commands into understandable 

NEW PRODUCTS 
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mnemonic messages . A 32-kbyte 
nonvolatile memory records bus 
transactions at 1 Mbyte/ s. Complex 
triggering sequences and pre- and 
post-trigger options let users cap­
ture only the data they need. The an­
alyzer can also measure the average 
transaction speed to verify device or 
system performance. Comprehen­
sive search and compare features 
quickly maneuver through large 
blocks of captured data. 

As a controller, the Analyzer488 
accepts high-level commands to op­
erate instruments on the bus. The 
unit can then exercise instruments 
while simultaneously recording bus 
transactions. 

The Analyzer488 costs $1495, in­
cluding the Analyst488 software and 
is available from stock. 

IOtech Inc., 25971 Canyon Rd., 
Cleveland, OH 44146; (216) 439-
4091. CIRCLE 321 
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386 EMULATOR WORKS WITH 
ETHERNET WORKSTATIONS 
Designed to be easily integrated 
with Ethernet-based engineering 
workstations, the 386 SmartProbe 
in-circuit emulator lets software en­
gineers download and debug 80386 
code in the target system without 
leaving the software devlopment en­
vironment. The instrument offers 
transparent emulation to 25 MHz. 
Comprehensive hardware and soft­
ware breakpoints permit sequential 
breakpoint construction that helps 
locate trouble spots in complex code. 
Integrated source-level debug facili­
ties support C and Ada, so designers 
can use high-level code statements 
and symbols during debug. The 386 
SmartProbe is priced at $13,000 and 
delivery takes 30 days. 

Cadre Technologies, Atron Div., 
12950 Saratoga Ave., Saratoga, CA 
95070; (408) 253-5933. CIRCLE 322 

RAF hands you a 
choice llna of 

handles and ferrules ••• 
Just In time. 

(f 
Give your cabinets a distinctive high-

1,239,580 
Filters 

tech look with our handsome 
assortment of round, oval and 
round-offset handles and match­

h Ing ferrules. Precision-made and 
w dimensionally accurate, they 

are available In a wide variety 
of sizes, materials and finishes. 

With more than 35,000 Items In 
stock, all orders get prompt attention. 
Your order can be filled and shipped 
the same day - just In time delivery 
arranged to suit your future 
requirements. 

For the high quality you need, 
when you need It, you can depend on 
RAF's more than 50 years of manu­
facturing experience 
and reliable service. 

Call or write today 
for our fuHy illustrated 
catalog, or additional 

information on specific 
products. 

RAF 
Electronic Hardwar~ Inc. 

95 Silvermine Road • Seymour, CT 08483 
(203) 888-2133 •FAX (203) 888-9860 

CIRCLE 127 
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Lowest prices in America 
on small quantities 

0.1 Hz to 500 MHz 
1,239,580 standard filter 
types o Miniature and 
subminiature sizes o 
Passive and active 
types o Telemetry 
filters o Gaussian, 
Butterworth, Cheby­
shev designs o Call 
or write for free 
catalog today. 

TIE, Inc. 
11652 W. Olympic Blvd. 
Los Angeles, CA 90064 
(213) 478-8224 

l,239 
STJ4NrMRD 

F'ILTER 
D£s1GNS 



FOR PRECISE EVALUATION OF 
HIGH-QUALITY COMPONENTS 

/I •t ANRITSU CORPORATION 10·27, M1namiazabu 5-chome. M1nato-ku, Tokyo 106. Japan Tel. 03·446-1111 
U.S.A. ANRITSU AMERICA, INC. 15 Thornton Road, Oakland, N.J. 07436 Tel. 201-337-1111 Sales & Service 1·800·255·7234 
U.K. ANRITSU EUROPE LIMITED Capability Green, Luton, Bedfordshire LU1 3LU Tel. (STD0582) 418853 
F.R. Germany ANRITSU ELEKTRONIK GmbH Grafenberger Allee 54-56, 4000 Dusseldort 1 Tel . 0211 -679760 n r I s u Brazil ANRITSU ELETRONICA S.A. Av. Passes, 91 ·Sobrelo1as 2031205-Centro, 20.051 ·Aio de Janeiro·AJ Tel. 021 ·221 ·6086 

•Argentin• IOTA SA Tel 431 ·0911 •Austr111le STANDARD TELEPHONES AND CABLES PTY LTD Tel 03-615-6671 •Auatrl1 WIEN SCHALL GmbH Tel 0222-832224 •Belg ium CN ROOD SA Tel 02-7352135 •Bulgaria 
ELSINCO GmbH Tel. 0222-871751 •C.nede ATELCO INC. Tel 416·479-8590 •Chlle PARKER Y CIA Tel 231 -9976 •Colombia RADIOCOM SA Tel 218-20541218-4606 •Costa Rica ELECTRONIC ENGINEERING SA 
Tel 250394, 258793 •Cyprus CHRIS RADIOVISION LTD. Tel 02-466121 Czechoelovakl1 ELSINCO GmbH Tel. 0222-871751 •Denm1rk INSTRUTEK AIS Tel. 05-611100 •Egypt ALKAN Tel 3490140 •Finland INTO CY 
Tel 0-755 7n1 •Fr11nc1 SAUES SA Tel 1-6920.40.10 •Greece KOSTAS KARAYANNIS Tel 3230303, 3237731 •Guatemala ELECTAONICA OSRO Tel 314966. 61552 •Hong Kong SCHMIDT & CO , (HK .) LTD Tel 5-8330222 
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512-PIN TESTER OFFERS 
100-MHZ DATA RATE IN· 
SMALLER FOOTPRINT 

Designed to take up to 40% less 
floor space than systems with 
similar capabilities, the T3382 

NEW PRODUCTS 
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VLSI logic tester from Advantest 
America offers a 100-MHz test rate 
(200 MHz in multiplex mode) on up to 
5121/0 pins. 

The system comes with either gen­
eral-purpose pin electronics that de­
liver a ±500-ps accuracy or with 

AN EFFICIENT 
C-COMPILER 
FOR YOUR 
805 I PROJECT 
• Optimizing compiler for tight, fast code. 
• Configurable for all 8051 derivatives. 
• For PC/XT/AT, PS/2 and compatibles. 
• Produces objectfile containing full symbolic information for use 

with all popular emulators. 
• Complies with the proposed ANSI standard.* 
• Parameter passing identical to that of PL/M-51. 
• SFR 's and BIT's directly accessible from C. 
• Variables can be placed in DATA, XDATA, IDATA, CODE and 

PDATA memory. 
• Interrupt routines with register bank switching can be written 

directly in C. 
• Comes complete with a macro assembler, linker, and librarian with 

SMALL, COMPACT and LARGE library models, with and without 
floating point. 

• Datatypes: (signed I unsigned) char, int, long, float (32 bit IEEE) 
and bit. 

• Can be linked with existing PL/M-51 and ASM-51 object modules.** 
• Many library functions, including configurable input, output, and 

startup routines. 
• Completely integrates with our simulator/debugger and target 

monitor into your development environment. 

Call for more information and your FREE demo disk! 

FRANKLIN 
• Except where 1nconS1stent with maximum 

8051 ett1c1ency 
.. PU M·51 and ASM-51 are trademarks 

of Intel Corp 

SOFTWARE, INC. 
888 Saratoga Ave. #2 
San Jose, CA 95129 
(408) 296-8051 
FAX (408) 296-8061 
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ECL pin electronics that improve ac­
curacy to + 400 ps. Pin-to-pin skew is 
less than +100 ps. On-the-fly switch­
ing of up to 256 timing sets is possi­
ble, with a resolution of 62.5 ps. With 
one timing set, edge resolution is 5 
ps. 

Behind each pin is a 256-kword-by-
3-bit stimulate and expected-vector 
buffer. In addition to the 1and0 logic 
levels, therefore, users can charac­
terize test vectors by generating 
stimulate and expected values like 
positive, negative, high-level, low­
level, and don't care. For flexibility , 
the T3382 includes an algorithmic 
pattern generator that creates triple 
address (12X, 12Y, 8Z) vectors with 
dummy cycles. 

The system's test processor runs 
Advansite, a multiwindow, menu­
driven software environment. The 
package is optimized for test applica­
tions, which speeds up throughput. 
In addition, a general purpose oper­
ating system (VMS or UNIX) accom­
modates tools such as simulators, 
compilers, and debuggers. 

The T3382 VLSI logic tester costs 
from $1.5 to $3 million, depending on 
configuration. 

Advantest America Inc., 300 
Knightsbridge Pkwy., Lincoln­
shire, IL 60069; (312) 634-2552. 

CIRCLE323 
JOHN NOVELLINO 

POCKET INSTRUMENTS 
MEASURE HIGH RESISTANCE 
Ideal for testing transformers, mo­
tors, generators, and the like, a line 
of hand-held, microprocessor-con­
trolled testers provides analog and 
digital readouts of insulation resis­
tance. The Pocket Meggers are com­
pact-just 7-5/8 by 3-7 / 8by1-1 / 2 in. 
- and measure insulation resistance 
from 0 to 1000 Mn. Additionally, 
they measure resistance to 1000 kn 
and continuity to 50 n, with an audi­
ble indicator to 1 kn. Two versions 
are available: the Model 210200 has 
selectable test voltages of 500 and 
1000 V de; the Model 210201 mea­
sures to 500 V de. 

Biddle Instruments, 510 Town­
ship Line Rd., Blue Bell, PA 19422; 
(215) 646-9200. CIRCLE 324 
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,....,.,, ... ~ .... "Itching ~egulators. 

---a..;;:inSertes. Lambda's LSH family of 
«>mplete switching regulators makes DC-to-DC 
converter design simple, compact and reliable. 
With input values up to 40 Volts max and output 
current from 2 to 8 Amps, this microconverter is 
still the simplest switching regulator to design. Just 
add 3 external components and your design is 
complete. You've minimized assembly, trouble­
shooting, and design time. 

The LSH Series-the smallest regulator 
on the market today-now comes in your 
choice ofT0-220 style packages or the 
soon-to-be-available hermetically sealed 
T0-3 metal packages. 

Versatile-LAS Series. The versatile 
LAS family of switching regulators now 
features extended input voltage 
capabilities up to 40 VDC. These flexi­
ble regulators are easily adaptable 
to step-up, step-down, flyback, .~ 
forward, Cuk, and voltage ~ 
inverting designs. And they 're 
available in your choice of either 
T0-3 metal or SIP plastic 
packages. The complete LAS 
family offers solutions that 
maximize on-card regulator 
design with high efficiency. 

Both the LSH and LAS 
Series are available with 
extended input voltages of up to 40V, 
in your choice of plastic or metal packages, with 2, 3, 5, or 
8 Amp output currents. To order call toll free: 1-800-255-9606. 
In Texas, or for application assistance call 512-289-0403. 



VLSI TESTERS INCLUDE 
ADVANCED PATTERN· 
GENERATION CAP ABILITY 

T
wo VLSI testers from Semi­
conductor Test Systems ex­
pand the company's digital-

NEW PRODUCTS 

test-system lines with high-perfor­
mance CPUs and enhanced pattern­
generation capabilities, including an 
algorithmic pattern generator. The 
STS 8500 can be configured for 256-
pin devices, and the STS 6500 can 
handle up to 120 pins. 

68020-Based 
Supercomputer 

.. . in a 180-pin Flatpack 
Twice as fast as an AT, our new 
C32-P020 hybrid module is a fully 
self-contained microcomputer 
system crammed into a single, 
hermetically-sealed, 180-pin 2.4" x 
2.4" x 0.190" metal flatpack. But, 
just because it weighs only 76 
grams, it certainly can't be called a 
lightweight. Based on the Motorola 
MC68020 microprocessor, it packs 
in 32K x 32 bits each of zero-wait 
state EEPROM and SAAM, memory 
and 1/0 decodes, address and data 
buffers, general 1/0, and a 68681-
type DUART with full RS-232 levels. 
There is also a counter timer, 
interrupt controller and a 32.768kHz 
real-time clock with provisions for 
external battery back-up. It's a lot 
of system in a very small space. 

Standard operating speed is 15MHz 
with zero-wait state. Options 
include 20MHz and zero-wait state, 
or 25MHz and one wait state. 
Temperature ranges include: 0° C to 
+ 70°C; -40°C to +85°C; and -55°C 
to + 125°C, and screening and burn 
in to Mil itary standards are options. 
White is certified to MIL-STD-1772. 

It operates from a single 5V supply, 
and because of its 100% CMOS 
construction, typical current drain 
is a very low 600mA. The C32-P020 
can also be supplied with an 
on board MC68881/68882 floating­
point co-processor. 
There's more. Much more! We have 
larger memory options, larger 
systems capabilities, and very 
friendly applications assistance. 
Give us a ca ll for complete details. 

W White Technology, Inc. 
A wholly owned 1ub1ldlary of Bowmar Instrument Corporation 

4246 E. Wood St . • Phoenix, Arizona 85040 • (602) 437-1 520 
FAX 602-437-9120 • TWX 910-951-4203 
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C DESIGN 

Both testers feature STS Scan, 
which supports all scan test methods 
with up to 64 million vectors. STS 
Scan is software reconfigurable with 
1, 2, 4, or 8 data pins and works with 
any tester pin. Also, their multistate 
vector programming capability al­
lows flexible pin definitions and im­
proves compatibility with CAD vec­
tor output and test program transla­
tors. 

A 1-Mvector memory (standard on 
the STS 8500 and optional on the STS 
6500) and a 64-kbit/ channel optional 
subroutine memory eliminate the 
need to reload test routines. The sys­
tems come with STS' Testertools, an 
interactive user interface that runs 
on Sun workstations. 

The testers have 1-ns period reso­
lution and 50-ps timing generator 
resolution. Accuracy is 500 ps for the 
STS8500 and 750ps forthe STS 6500. 
To improve throughput, the STS 
6500 includes two parametric mea­
surement units for parallel testing. 

The STS 8500 costs from $500,000 
to $750,000, depending on configura­
tion. The STS 6500 ranges from 
$200,000 to $350,000. 

Semiconductor Test Solutions, 
VLSI Test Division, 4101 Burton 
Dr. , Santa Clara, CA 95054; (408) 
727-9488. CIRCLE 325 

JOHN NOVELLINO 

FOURIER ANALYZER HAS 
20-KHZ BANDWIDTH 
Using a personal computer as a 
smart terminal, the 2622 Personal 
Fourier Analyzer can be used for ex­
tensive analysis of signals up to 20 
kHz. It offers many of the advanced 
analysis features of the 2630 Person­
al Fourier Analyzer in a compact, af­
fordable package. The two-channel 
instrument provides turnkey spec­
trum, frequency response (network), 
and waveform analysis of analog 
signals, with 28-ms FFTs and fre­
quency spectra measurements with 
up to 6 MHz resolution anywhere 
within the unit's 20-kHz input band­
width. Priced from $7950, the instru­
ment has a four-week delivery time. 

Tektronix Inc., 1350 Dell Ave., 
Suite 104, Campbell, CA 95008; 
(800) 234-1256. CIRCLE 326 



HAMILTON/AVNET HAS 
THE LOCK ON 

INTEL 80C196KB/87C257 
EMBEDDED 

MICROCONTROLLER 
KITS 

INTEL from 
HAMILTON/AVNET 

Fasten your seat belts for the only 
highly integrated component kit tai­
lored for motor control applications -
Intel's 80C196KB embedded microcon­
troller and 87C257 latched EPROM kit 
from Hamilton/Avnet. 

Featuring 256 bytes of RAM, a 10-bit 
A/D converter and high-speed 1/0 
modules, Intel 's 80C196KB microcon­
troller supports fast math instructions 
and short interrupt latencies. And with 
no additional "glue" logic required, the 
32K x8 (or 256K), 8 7C25 7 latched 
EPROM directly interfaces wi th the 
80C196KB microcontroller. providing a 
simple and reliable design. 

Available in PLCC packages, the 
compact size of the microcontroller 
and latched EPROM saves board space 
which allows for cost-effective, motor 
control solutions. And Hamilton/Avnet 
has inventory to support your produc­
tion requirements. 

Hamilton/Avnet also stocks Intel hard­
ware and software development tools, 
and provides technica l literature, de­
sign application notes and technical 
specialists to assist you with your design. 

Let Hamilton/Avnet hook you up with 
components that meet your em­
bedded application requirements. For 
the location nearest you, call toll free, 
1 (800) 442-6458. 

If you're interested in sampling a free 
80C196KB/8 7C257 kit. please fill out the 
coupon below·. The kit includes the 
80C196KBand 87C257 components, as 
well as technical documentation. Hurryl 
This offer is for a limited time only. 
"Free 80C196KB/ 87C257 kit limited to first 500 responses: one per 

customer CIRCLE 160 

~ro!lt<?~~ 
r--------------1 
I Please check the following: 

I 0 Please send me one 80C1 96KB/ 87C257 

I sample kit. 
0 Please send me techn ica l information on 

I the 80C196KB/ 87C257 kit. i NAME _ _ _ _______ _ 

I TITLE ___________ _ 

l COMPANY _________ _ 

I MSTOP __________ _ 

i ADDRESS-----------

! CITY ___________ _ 

l STATE ZIP ____ _ 

PHONE _________ _ 

APPLICATION -----­

Moil To: Hamilton/ Avnet 
Advertising Services 
10950 Washington Blvd. 
Culver City, CA 90230 



Super Powers Attend Sorensen's Summit Meeting 
Reuters 

Chicago - World Super Powers 
gathered at a special Summit to meet 
with Sorensen, the new leader in 
single and multiple output switching 
power supplies. They discussed the 
strengths of Sorensen's new S Series 
which offers thousands of models 
with 1-5 outputs and power levels 
ranging from 500-2000 W. 

Each delivers outstanding dependa­
bility and flexibility, assuring greater 
efficiency and performance for your 
applications. 

The key to leadership lies in these 
four areas: 
•Power MOSFET design to assure 
high switching frequency for cleaner 
output 

• Current Mode Control to provide 
instantaneous current limit protection 
• Absolute current sharing to distrib­
ute the power load equally and assure 
product longevity and performance 
•Advanced forward convertor topol­
ogy which permits use of lower volt­
age MOSFETS with higher efficiency 

Sorensen Announces 
Super Power Demo Program 
To truly understand the ramifications 
of this new Super Power, we invite 
you to try it in your own environment. 
We're confident you'll agree that the S 
Series is the best source of power for 
your application. Call Sorensen at 
1-800-525-2024 or your local 
Sorensen representative and put the 
powerful S Series to work for you! 

Call for your Sorensen Classified 
Material Dossier! 
Sorensen has prepared a complete specifi­
cations dossier for your eyes only. To 
receive this "Top Secret" information, call 

1-800-525-2024. 
When it comes to Super Power, Sorensen 
"out performs" them all! 

Sorensen 
A Raytheon Company 
5555 N. Elston Avenue 
Chicago, Illinois 60630 
(312) 775-0843 
FAX(312) 775-7432 
Toll-Free: 1-800-525-2024 

The Balance of Power is Shifting to Sorensen! 
CIRCLE 149 



VME 1/0 CARD GRABS 
ANALOG SIGNALS AT 300 
KHZ TO 12·BIT ACCURACY 

D
esigned for DSP applications 
such as array processing and 
fast-Fourier transforms, Da­

tel's versatile DVME-601E performs 
intelligent acquisition and copro­
cessing of analog voltages on a 6U 
VME board. Applications include 
high-speed process control, fast 
ATE, communication signal analyz­
ers, and spectrum analysis. The 
board packs a multichannel fast­
Fourier-transform front end for a 
host digital-signal processor or any 
high-speed analog-to-digital-con­
verter application. 

The board combines a 16-channel 
analog multiplexer that drives a 12-
bit, 2-µs a-d converter with a local 
68010 CPU. Control and data inter­
faces are made by means of a 64-
kbyte dual-ported RAM window that 

NEW PRODUCTS 
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is shared with the VMEbus. Also 
available are 64-kbytes of local non­
VME RAM and EPROM, although 
there is socket space for 128 kbytes. 

Other peripherals include an inter­
rupt controller, a full-duplex RS-232 
port, five TIL 110 channels, three 
general-purpose timer outputs, and 
a pair of timer-counter inputs. The 
TTL lines may be individually 
mapped to the local CPU. 

Executive-monitor firmware sup­
plied in EPROM can control of the 
board from either the RAM or the 
RS-232 port. It may be run in a no­
programming mode with internal a­
d-converter subroutines and a local 
command language, or user-written 
code may be downloaded from the 
host. Bidirectional interrupts offer 
fully arbitrated control, which is ide­
al for real-time multitasking host op­
erating systems. 

In addition to its a-d converter, the 
board's analog section includes the 

multiplexer with 16 single-ended or 
eight differential inputs and a gain­
programmable instrumentation am­
plifier. Up to 256 channels may be 
added on VME-compatible boards. 
Another option is the DVME-645 
board, which can simultaneously 
sample 16 analog inputs. The 601E's 
a-d converter can be started by exter­
nal events, by a timer, or by the local 
CPU. Using a local fast-throughput 
mode, single-channel signals can be 
fed to RAM at 300 kHz. 

The DVME-601E is a 6U double­
height VME board. It needs 3.1 A of 
+5 V and 10 mA of ±12 V. An on­
board de-to-de converter supplies 
low-noise analog power. The board 
goes for $2195 each with volume dis­
counts available. Delivery is from 
stock to four weeks. 

Datel Inc., 11 Cabot Blvd., Mans­
field, MA 02048; Larry Copeland, 
(508) 339-3000, ext. 123. CIRCLE 34.8 

FRANK GOODENOUGH 

PRB HAS THE WORLD'S 
LARGEST INVENTORY OF 
UNREINFORCED RUBBER 
COMPOUND BEL TS ••• 

BYTEK 135H 
• Square Cut • Flat • Round "O" Rings 
. . with tolerances held to +/ - .005" on cut and wall . 

PRB offers OEMS ... 
Just-In-Time-Delivery on over 500 in­
stock belts. 

CUSTOM BEL TS & 
CONSUL TING SERVICE! 

For over 30 
years PRB 
has been 
producing high 
quality custom 
belts at reason­
able costs for 
OEMS in .. 

Aerospace • "' 

~ 

Computer Peripherals • Defense 
Electronics • Medical-Surgical 

• Telecommunications • 

See us in Booth #5037 at WESCON/89 

II 
PROJECTOR-RECORDER 

BELT CORPORATION 
Custom Belt Service Department, 

18A7-255 Highway 59, (P.O. Box 176) 
Whitewater, Wisconsin 53190 

Tel. 414/473-2151 

CIRCLE 131 

Universal MultiProgrammer™ 

DATA 1/0 288* Performance 
PLUS PLO Support ! ! 

I 00% USA Made. 

* Model 135H is a GANG & SET (E)EPROMProgrammer . * Programs virtually all EPROMs & EEPROMs up to 2048K. 

Model Shown: 
135H-U 

with optional 
LOGICel. 

* Universal support includes Bipolar PROMs & EPROM Emulation. * GANG Options for 40-pin MICROs & 40-pin EPROMs !! * Stand-alone or Computer Remote Control operation. * 12 Month WARRANTY & 12 Month FREE Field Device Updates. * Supports OrCAD™'s new PLO Tools Software. 

PlllltP.U!HIJ 1-800-523-1565 llllllmlli In Florida: (407) 994-3520 
BYTEK Corporation• 508 N.W. ?7th St, Boca Raton , FL 33487 

FAX: (407) 994-3615 •Telex: 4998369 BYTEK 
•DATA 1/0 is a registered trademark of DATA VO Corporation. 

CIRCLE 132 
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G RAPHICS·CONTROLLER 
CARDS SHATTER PRICE· 
PERFORMANCE BARRIERS 

T
wo PC graphics cards have 
been added to Hewlett-Pack­
ard Co.'s high-resolution faro-

NEW PRODUCTS 
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ily. These cards give a healthy boost 
to the price-performance ratio: The 
TMS34010-based HP Intelligent 
Graphics Controller 10 is priced at 
$995 while the 34020-based card sell 
for$2495. 

The Model 20 is the first to incorpo-

8051 68HC11 

Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858- 161 33, Denmark (02) 65 81 11 , Finl and 
90-452 1255, France (01 )-69 4 i 2 801, Great Britai n 0962-73 31 40, Israel (03) 48 48 32, Italy (011) 771 00 10, 
Korea (021 784 784 1, New Zea land (09) 392-464, Portugal (01 I 83 56 70, Sweden, Norway (040) 92 24 25, 
Singapore 065 743-2086, Spain (93) 217 2340, Switzerland (01) 740 4 1 05 , Taiwan (02) 76402 15, 
West Germany 01831-1687, USA FAX (4081 378-7869. 
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rate Texas Instruments' 10-MIPS, 
30-MHz TMS34020 graphics proces­
sor. It delivers up to 15 times the per­
formance of conventional VGA 
cards, supplying 1024-by-768- and 
1280-by-1024-pixel resolutions. It can 
display 16 to 256 colors from a pal­
ette of 16.7 million. 

Using the 50-MHz TMS34010 pro­
cessor, the Model 10 can display reso­
lutions of 640 by 480, 800 by 600, or 
1024 by 768 pixels in 16 or 256 colors 
from a palette of256,000. It offers up 
to five times the performance of con­
ventional VGA cards. 

The boards are designed for both 
ISA- (Industry-Standard Architec­
ture) and EISA-based (Extended In­
dustry-Standard Architecture) PCs 
and are targeted at users of CAD 
and graphical user interfaces. Both 
boards rely on optimized versions of 
the TIGA-340 (Texas Instruments 
Graphics Architecture) and DGIS 
(Direct Graphics Interface Stan­
dard) to supply the high-resolution 
graphics. They offer noninterlaced 
display refresh, and analog VGA 
pass-through to ensure compatibil­
ity with existing VGA graphics cards 
for single monitor configurations. In 
addition, the memory on either board 
can be upgraded. Model 10 is avail­
able immediately, and HP says Mod­
el 20 will be available by February of 
next year. 

Hewlett-Packard Co., 3404 East 
Harmony Rd., Fort Collins, CO 
80525; (303) 229-3800. CIRCLE 349 
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Why 8,000 of the 
world's leading companies 
design PCBs with P-CAD: 
A Supercharged 

Product 
If you're like most PCB 

designers and engineering 
managers , you want PCB 
CAD software that'll help 

1-Vith Master Designer you have it 
all: full analog support. including 

filled polygons. curved traces. trace 
hugging and trace plowing. 

you do your job, not dictate 
how you're going to do it. 
That's why nearly half the 
world's PC-based PCB 
design is done with P-CAD'.® 
No other software can get 
your product to market faster 
with more reliable, more 
manufacturable boards. And 
it's incredibly flexible , too. 

The P-CAD Master 
Designer™ lets you design 
huge boards of up to 2,500 
components, 4,000 nets, 
and 800 component defini­
tions. Zip through our 
library of over 6,000 parts, 
point and click- no need to 
type in part numbers. Layout 
information is incorporated 
right into the schematic , 
improving your design speed 
and accuracy. Managing 
ECOs is a snap, with com­
plete forward and back 
annotation. 

Powerful add-on modules 
like Digital Design Lab;" 

Analog and Digital Simu­
lators help you perfect your 
design before you build it. 

For flexibility, nothing 
matches P-CAD's Master 
Router'" automatic routing 
system. It's fully re-entrant 
with features like unlimited 
net classes plus route-by­
window to give you the con­
trol you need to select the 
best routing strategy for your 
design. Routing priorities 
can be specified up-front to 
ensure that critical signals 
are routed efficiently. Clean 
routing with fewer vias 

Use all the current technologies: 
SMT. high-speed circuits, fine-line. 

ultrafine -line and more. 

reduces your manufacturing 
costs. For the really tough 
designs , our 100%-comple­
tion Rip-n-Route™ option 
lets you fine-tune routing 
on-the-fly and create manu­
facturable boards without 
manual clean-up. 

Everything about P-CAD 
is fully integrated . You go 
from schematic capture to 
simulation, verification , and 
routing, right up to manufac­
ture, from a single database 
with a single user interface. 
Programmable function 
keys and macros allow you 
to customize your system 
for the way you work best. 

Virtually all popular hard­
ware configurations are 
supported, including hard­
ware pan and zoom for 
lightning-fast redraws. An 
open architecture combined 
with the famous P-CAD 

With the f lexible P-CADautorowing 
system, you 're never locked into 

preset design strategies. 

Database Interchange 
Format (PDIF) database 
translator makes it easy 
to integrate with MICRO 
CADAM™ mechanical 
design , drafting systems like 
AutoCAD® and documenta­
tion software like Ventura® 
and Interlea , complete 
with PostScript® support. 

From A Dedicated 
Company 

P-CAD Master Designer 
comes with a lot more than 
terrific software and superb 
documentation. P-CAD 

users enjoy the comfort of 
knowing they're never alone. 
They also get outstanding 
support from technical field 
representatives in over 100 
locations with over 19 train­
ing centers. But that's not 
all. P-CAD maintains a tech­
nical support center and 
hot line, user groups and a 
24-hour electronic bulletin 
board. All from the company 
that is the acknowledged 
leader in PCB design and 
analysis software. That's why 
over 14,000 P-CAD installa­
tions are slashing PCB design 

Let Digital Design Lab run, lest, 
and debug your circuit before you 

even build a prototype. 

times and boosting profits 
around the world. 

When you combine a 
powerful product with a 
dedicated successful com­
pany it all adds up to the 
highest-performance PCB 
design system available on 
any platform. 

Call P-CAD today, toll-free: 
800-523-5207 
(in CA 800-628-8748) 

Find out how to put Master Designer to work for you now! 

P-CAD, 1290 Parkmoor Avenue 

San Jose, California 95126 USA 
(408) 971-1300 Fax (408) 279-3752 

P-CAD is a registered trade mark and Maste r Designer. Master Route r. Digital Design Lab. Rip-n-Route are trademarks of Personal CA D Systems. MICRO CA DAM is a trademark of CA DAM 
Inc. Ventura is a registered trademark of Xerox Corporation. lnterleaf is a registered trademark of Eastman Kodak Co. AutoCAD is a registered trademark of Autodesk. Inc. PostScript is a 
registered trademark of Adobe . All product specifications are hardware and design dependent and are subject to change without notice. tl Copyright P-CAD 1989 
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This shouldn't 
be the way 
you buy 
transformers 
Not when it's so simple and economical to have 
guaranteed transformers built to your specs ­
by the people who build more transformers 
than anyone else. 

Give us you r specs - anything from 10kva to 
2000kva- for any appl ication . 

We'll come back fast with an exact match - at 
prices you can't match. 

Each of your Basler transformers is: 
• produced domestically 
• in state-of-the-art SPC factories 
•from selected, qual ity-tested materials 
• delivered to your schedule 
• backed by a zero defects guarantee. 

It's easy to get all the facts to make your own 
decision. 

Circle the inquiry number below 
for your own personal copy of 
our fact-filled Design Ideas 
Portfolio. 

And start hitting the target 
every time with Basler. 

§ .Basler Electric 
Box 269, Route 143, Highland IL 62249 USA 

Phone: 618-654-2341 , Fax: 618-654-2351 

sMP-41s2R The state of the art in transformers 
CIRCLE 134 
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NEW PRODUCTS 
COMPUTER BOARDS 

ACCELERATOR BOARD 
REACHES 40 MIPS, 80 
MFLOPS WITH i860, i960 

The Skybolt accelerator board 
from Sky Computers achieves 
40 MIPS and 80 MFLOPS on 

Sun workstations and other VME­
based systems. This burst of speed is 
the result of combining the Intel i860 
and i960 RISC-based microproces­
sors. By using the two processors 
and enhanced Meta Ware software 
compilers, near-supercomputer per­
formance can be achieved. 

The i860 is a 64-bit processor that 
fully integrates integer, floating­
point, and graphics computations. 
The i960 is a 66-MIPS general-pur­
pose microprocessor. On the acceler­
ator board, the i960 handles the 110 
and boot operations and system diag­
nostics. This takes care of all house­
keeping functions so that the i860 
can focus all its computational power 
on accelerating the task at hand. 

The Meta Ware C and Fortran com­
pilers are specifically designed to 
complement the i860 computational 
capabilities. In addition to the com­
pilers, the Sky bolt contains a second­
generation vectorizing module that 
automatically produces vectorized 
code during compilation rather than 
before. This is the same approach 
taken by supercomputers. The accel­
erator board is available immediate­
ly for $12,450. 

Sky Computers Inc., 27 Industri­
al Ave., Chelmsford, MA 01824; 
(508) 250-1920. CIRCLE 350 
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MICE® 
FORETELLS YOUR DEVELOPMENT NEEDS ... 

~ . -
""' == 
:~{~::~;:~ "..,:; 
- ·· _ _._ -··-- .. 

M ICROTEK offers a complete 
line of MICE (Micro-In-Circuit­
Emulator) for most popular 8, 

16 and 32-bit microprocessors. These 
series of MICE are capable of 
debugging high speed targets without 
accumulating wait state, e.g. 25 MHz for 
68020, 16 MHz for 68000/80C186. 
Protected Mode in 80386, coprocessor 
emulation in 16/32 bit series and 
bus/execution breakpoints in all series, are 
few examples of MICE powerful emulation 
features designed to meet advanced 
development needs. 

All MICE series could work well with IBM 
P0XT/AT 0

, IBM PS/2°, VAX 0
, µVAX 0

, 

Apollo•, Sun• and NEC" 98 series. Cross 
assembler/compiler, symbolic debugger and 
high level language debugger are also 
available to offer optimized software tool 
supports to an advanced development 
environment. 
MICE SERIES AV AI LAB LE MODELS 

µC 8048 Fam ily, 8052 Family, Z8, 7.58, 68 11CI I, 8051;;SJS, V25 

8-BIT 8085, 6809/E, Z80, NSCSOO, 650ZF, 64 180 

16-BIT SOC86Aj8, 80C186/188, 80286, 68000,QIO, 68008, 1'20/.lO 

J2-BIT 80386, 68020 (25 Mill) 

MICROTEK 
MICROTEK INTERNATIONAL INC. 

......_ 

HEADQUARTERS 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 

U.S.A . OFFICE 
Tel : (213)321 -2121 Fax: (213)538-1193 
Telex: 797880 MICRO 

EUROPE OFFICE 
Tel: 49(211)556181 Fax: 49-211 -572362 
Telex: 8584020 

• AUSTRIA ALLMOS ELECTRONIC (222)6271954 • BELGIUM SIMAC ELEClRONICS B.V. (2)2523690 • DENMARK SC METRIC A/S (2)804200 • ENGLAND AAS 
MICROSYSTEMS (276)685005 •FINLAND OY COMDAX AB (0)670277 •FRANCE M.T.E. (1)39618228 •ITALY PRATICA SAL (11)503427 •NETHERLANDS SIMAC 
ELECTRONICS B.V. (40)582911 •NORWAY MORGENSTJERNE & CO A/S (2)358110 •SPAIN NOVATRONIC, SA (4)4520811 •SWEDEN NORDISK ARRAYTEKNIK 
AB (8)7349935 •SWITZERLAND TRACO ELECTRONIC AG (1)2010711 • W. GERMANY ALLMOS ELECTRONIC (89)8570000 •AUSTRALIA MACRO DYNAMICS (3)7202399 
• HONG KONG IDEALAND ELEC. (3)7443516 • INDONESIA PT. ASCII (21)6002305 • ISRAEL ARITMOR (3)5447475 • JAPAN CORE DIGITAL CORP. (3)7955171 
•KOREA DAESANG INC. (2)7196438 •NEW ZEALAND NORTHROP INSTRUMENTS (4)856658 •PAKISTAN EAST WEST SYSTEMS (21)529827 •SINGAPORE EPE 
COMPUTRONICS 7468182 • THAILAND ANA-DIGIT COMPANY (2)2217040 • THAILAND SANYA PHANICH (2)2225223 •ARGENTINA MICROTEC INGENIERIA 
S.R.L. (1)469518 • BRAZIL DIGIBYTE SISTEMAS DJGJTAIS (11)2413611 • CHILE EQUIPOS INDUSTRIALES SAC.I. (2)716882 • SOUTH AFRICA PROTEA TEST & 

MEASUREMENT (011)7883710 

'Registered Trademarks: POXT/AT, PS!2: International Business Machines: VAX, ~\'AX: Digital Equipment Corporation: Apollo: Apollo Computer Inc: Sun: Sun Microsystem~ Inc: NEC: NEC Corporation. 
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MINIATURE HERMETIC· 
PACKAGED LASER COMES IN 
14· PIN PLASTIC PACKAGE 

photodiode for monitoring the laser 
output. 

The device is available with a sin­
gle-mode fiber pigtail and has a 
MTTF of 450,000 hours at 25°C. It op­
erates in the 1280-to-1330-nm wave­
length with typical output of 200 µ W 
and a modulation capability of up to 1 
Gbit/s. A longhorn-type heat sink 
mounting flange is incorporated in 
the industry-standard 14-pin pack­
age. 

In quantities of 100, the LSC3300 
costs $390. Delivery is from stock to 
6weeks. 

BT&D Technologies, Delaware 
Corporate Center II, Suite 200, Two 
Righter Pkwy. , Wilmington, DE 
19803; (800) 545-4306. CIRCLE 327 

DAVID MALIN/AK 

1741 E L E C T R 0 N I C 
NOVEMBER 9, 1989 

NEW PRODUCTS 

ENVIRONMENTAL CONNECTOR 
WITHSTANDS HARSH 
AUTOMOTIVE APPLICATIONS 

Total environmental sealing 
when exposed to automotive 
fluids is featured in the Snap 

Lock connector from ITT Cannon. 
The connector is well suited for un­
der-the-hood applications involving 
automotive sensors where safety 
and high reliability within the sys­
tem's electrical circuitry are re­
quired. The connector, whose operat­
ing temperature range is from -40 to 
+ 135°C, is an addition to ITT Can­
non's broadening line of Snap Lock 
connectors. 

With its snap-lock mating feature, 
the connector provides audible and 
tactile feedback to confirm proper 
mating. A pull-to-test feature also 
gives confirmation of contact seat­
ing. Special mechanical features 
guard against mismating. Superior 
sealing by an 0 ring at the interface 
and a multilabyrinth at the rear of 
the connector means that there is no 
need for protective greases or 
sprays. An accessory shoe on the 
side of the receptacle is included for 
snap-in automotive accessories. The 
connector fits through a 1.25-in. hole. 

The connector comes in three-, 
four-, or five-contact densities which 
can be automatically or hand insert­
ed. The stamped, low-cost contacts 
are rated for 6 A. A 10-contact ver­
sion is now under development. The 
connectors are designed to specifica­
tion CS-206 and are tested to specifi­
cation C-73-88. 

Pricing for the Snap Lock environ­
mental connector is $.24 per line. Ini­
tial deliveries are in 10 to 12 weeks 
after receipt of order. 

ITT Cannon, Santa Ana Divi­
sion, 666 E. Dyer Ave., Santa Ana, 
CA 92705; (714) 754-2150. CIRCLE 328 

DAVID MALIN/AK 
DESIGN 

ACCELEROMETER CAN BE 
SURFACE MOUNTED 
The Model 3031 accelerometer is one 
of the first devices of its type to be 
available in a surface-mounted pack­
age. Using a sensor chip that is just 
0.135 by 0.135 in, the solid-state pie­
zoresistive device fits in a package 
with a 0.3-by-0.3-in outline. It is par­
ticularly suited for high-volume pro­
duction where small size, light 
weight, low cost, and compatiblity 
with other surface-mounted compo­
nents are required. Full-scale accel­
eration ranges from ±2 to ±500 g. 
Operation is from a 5-V supply. Per­
formance characteristics and pack­
aging can be easily tailored to meet 
specific applications. Pricing for the 
Model 3031 starts at $77 in sample 
quantities. Delivery is from stock to 
four weeks. 

IC Sensors Inc., 1701 McCarthy 
Blvd., Milpitas, CA 95035; (408)432-
1800. CIRCLE 351 

MECHANICAL SWITCH IS 
ACCURATE TO 1 ,_.,M 

With tolerances of 1 µm (40 mil­
lionths of an inch), My-Com mechani­
cal switches provide extremely pre­
cise gauging control and unequivo­
cal on-off status. They are offered in 
a variety of basic configurations, in­
cluding a choice of sapphire, ruby, or 
hardened-steel activation pins. Op­
tional design features include water­
proof housings, two-step switches, 
and tubular or rectangular hous­
ings. Devices can be specified with 
either 15-V de or 24-Vac ratings with 
contact or transistor output. LED in­
dicators are available on transistor 
versions. 

Baumer Electric Ltd., 122Spring 
St. , Southington, CT 06489; (203) 
621-2121. CIRCLE 352 



Guess whos first 
in CAD/CAM/CAE 

and fastest growing 
in workstation sales? 

Guess again. 
The first name you probably thought of is not the first. 
Intergraph is # 1 in CAD/CAM/CAE in North America. Also, 
we're the world's 4th largest and the fastest growing 
workstation company. 

And it should be no surprise. Intergraph offers the broadest 
range of integrated solutions - more than 500 Intergraph and 
third-party applications. Intergraph introduced the first 
workstation based on a commercial RISC microprocessor -
CLIPPER. Today, we 're the world 's largest supplier of UNIX 
RISC-based workstations and servers. Over 25,000 units 
shipped. 

With Intergraph, you get open, industry-standard 
workstations, servers, peripherals - and integrated solutions. 
Plus the connectivity to tie everything together. 
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And, at Intergraph we take service and support very 
seriously. Our people are available over the long-term - where 
and when you need them. We're committed to maintaining our 
ranking as #1 in customer loyalty and satisfaction . 

So, avoid the guessing game in choosing workstations and 
applications. Call Intergraph - a Fortune 500 company- first. 
In the U.S. 800-826-3515, Canada 416-625-2081 , Europe 
31-2503-66333, Asia 852-5-8661966. CIRCLE80 
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TWO-, THREE-BUTTON LOW· 
COST OPTICAL MOUSE 
DEVICES RAISE RESOLUTION 

T
wo models have been added to 
the already extensive mouse­
product line from Mouse Sys-

NEW PRODUCTS 
COMPUTERS & PERIPHERAlS 

terns Corp. The White Mouse is a 
high-end optomechanical mouse 
with three input buttons. It offers a 
base resolution of 350 characters/in. 

Using the bundled Ultra-Res soft­
ware package, users can select a res­
olution value ranging from 35 to 

CIRCLE 135 
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C DESIGN 

11,200 characters/in. (cpi). The user 
also has control over the White 
Mouse's compatibility using its built­
in microprocessor. It is fully Micro­
soft-compatible and can be used as 
either a Microsoft, Logitech, or 
Mouse Systems mouse by throwing 
a control switch on the bottom the de­
vice. The White Mouse sells for $119. 

Designed to reach first-time buy­
ers, the OmniMouse II is a low-end, 
two-button mouse that costs just 
$79.95. As with the White Mouse, it is 
100% Microsoft-compatible. It has a 
base resolution of 250 cpi and is user­
selectable from 20 to 6400 cpi. 

The minimum requirements for ei­
ther device are an IBM PC/XT, PC/ 
AT, PS/2, or compatible; DOS ver­
sion 2.1 or higher (3.3 or higher for 
the PS/2); and an RS-232-C port. 

Mouse Systems Corp., 47505 Sea­
bridge Dr., Fremont, CA 94538; 
(415) 656-1117. CIRCLE 329 
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8 (0MM~7Fall '89 
PC BOASTS 71-MBYTE 
HARD DRIVE, 4-MBYTE RAM 
The 386/16 PC is the latest addition 
to an existing PC line. Peripherals in­
cluded with the system include a 
monochrome monitor and a 71-
Mbyte 5-1/ 4-in. hard drive. The com­
puter can handle all IBM-compatible 
software with its 4 Mbytes of RAM. 

The computer can run at either 8 or 
16 MHz. Its features include a 1.2-
Mbyte 5-1/ 4-in. floppy disk drive, 
two 32-bit expansion slots, four IBM 
PC AT slots, two XT slots, and a 101-
key AT-style keyboard. A high-reso­
lution color monitor is optional. The 
system sells for $3460 and is avail­
able immediately. 

Maxar PCs, 710 Lakeway, Suite 
285, Sunnyvale, CA 94086; (408) 733-
0810. CIRCLE 330 



NKK'S new 400-page Big Cat. 
makes your job easier. 

A lot easier. 
NKK's new Big cat. - biggest catalog in 
the switch jungle - has the power to help 
you tame the toughest tasks. The Big cat. 
quickly tracks down over 873,000 different 
switches and 38 distinct switch families, 
including the industry's largest selection 
of washables. 

Page after page of precision dimensional 
drawings make design-in simpler than ever. 

Plus finding and ordering the exact switch 
you need has never been easier. 

Put the power of NKK's new Big cat. to 
work for you. FAX 602/998-1435 now for fast 
shipment of your free copy. You can also call 
602/991-0942 or write 
NKK Switches, 14415 
N. Scottsdale Road, 
Scottsdale, AZ 85260. 

CIRCLES 
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Available on Popular Computers, Including the New DECstation 3100 
Whether your installation uses computers from 
Apollo, Apple, DEC, IBM, or Sun, PSpice can help 
your circuit designs. By maintaining consistent file 
formats across different platforms, PSpice insures 
that circuit designs, both old and new, can be 
simulated on all your computers. 

In addition, we customize our graphics to get the best 
performance on each platform. Our drivers span the 
range from direct writing into refresh memory to 
higher level interfaces such as X-Windows. Since we 
use consistent file formats, that means that, for instance, 
a simulation done on a VAX 8800 can have its results 
viewed graphically on a Macintosh. Or, if you prefer, 
you can simulate on the Mac and do the viewing on 
the 8800. 

Since its introduction over five years ago, MicroSim 's 
PSpice has more copies sold than all other commer­
cial SPICE programs combined. Here are some of the 
features which have made PSpice so popular: 

• Standard parts libraries ofover2200 analog models: 
diodes, bipolar transistors, small-signal JFET's, 
power MOSFET' s, opamps, voltage comparators, 
transformer cores, and opto-couplers. 

• GaAs MESFET devices, BSIM MOS model. 

• Non-linear transformers modeling saturation, 
hysteresis, and eddy current losses. 

• Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 

These PSpice options are also available: 

• Digital Simulation, which allows you to simulate 
mixed analog/digital circuits with feedback be­
tween the analog and digital sections. A library of 
690 TTL devices is included. 

• Analog Behavioral Modeling, which allows you 
to specify arbitrary transfer functions for devices, 
either by formula or look-up table. This can be 
done in both the time and frequency domains. In 
time domain the devices may be non-linear as well 
as linear. 

• Monte Carlo analysis to calculate the effect of 
parameter tolerances on circuit performance. This 
includes statistical, sensitivity, and worst case 
analyses. 

• The Probe "software oscilloscope" provides an 
interactive viewing environment for simulation 
results (see photo above). 

• The Parts parameter extraction program, allow­
ing you to extract a device ' s model parameters 
from data sheet information. 

PSpice is available on these computers: 

• The PC family (including the PS/2) running DOS, 
DOS with extended memory, or OS/2. 

• The Macintosh II and SE30. 
•The Sun 3, Sun 4, and SPARCstation families. 
• The Apollo DN3000 and DN4000 workstations. 
• The VAX/VMS family, including the MicroVAX. 
•The DECstation family, running Ultrix. 

Each copy of PSpice comes with our extensive product 
support. Our technical staff has over 100 years of 
experience in CAD/CAE and our software is sup­
ported by the engineers who wrote it. With PSpice, 
expert assistance is only a phone call away. 

For our free information packet, including a PSpice 
demo diskette, call us toll free at (800) 826-8603 or, 
in California, (714) 770-3022. Find out for yourself 
why PSpice is the standard for circuit simulation. 



Now by special formulation and in the interest 
of a better environment. Miller-Stephenson presents 

SAFEZONE CFC-Free Solvent & Flux Remover offering a 
"new solution" no rinse. quick cleaning action; so expedient for field 
service. so pertecttor prototype and production work. For sample 
fill out coupon below or call (203) 7 43-4447. For technical service 
call 1-800-992-2424 (8-4 Eastern Time) . In Canada call 
1-800-323-4621 (8-4 Eastern Time). 

r - - - - - - COMPLETE COUPON BELOW- - - - - - - I 
PLEASE D AEROSOL D BULK I 
SEND FREE SAMPLE SAMPLE I 

MS-195C02 MS-197 I 

Mail to: 
mlller-stephenson chemical co., Inc. 
George Washington Highway 
Danbury. Connecticut 06810 U.S.A. 

DEPT. /TITLE ____________ _ 

miller-stephenson chemical co., inc. COMPANY ____________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CALIFORNIA ILLINOIS CONNECTICUT CANADA 
12261 Foothill Blvd. 6348 Oakton SI. George Washington Hwy. 514 Carlingview Dr. ADDRESS 

I 
Sylmar. Cal. 91342 Morton Grove. Ill. 60053 Danbury, Conn. 06810 Rexdale. Ontario M9W 5R3 
818 896-4714 312 966-2022 203 743-4447 416 675-3204 
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PS/2-COMP ATIBLE 
TRACKBALL PLUGS DIRECTLY 
INTO MOUSE PORT 

T
he PC-TRAC trackball, pack­
aged in a rugged plastic hous­
ing, can be used with IBM PS/2 

computers . The pointing device, 
from MicroSpeed is hardware-com­
patible with IBM's PS/2 mouse and 
plugs directly into the PS/2 mouse 
port. Consequently, it doesn't unnec­
essarily tie up a serial port or bus 
slot. 

As with similar trackballs, the sta­
tionary PC-TRAC takes up much 
less space than a mouse and does the 
same job with some added stability. 
Its ball, which is about the same size 
as a cue ball, doesn't need to be 
cleaned nearly as often as a mouse. 
The low-power, CMOS-design track­
ball has a footprint less than 4-1/ 4 in. 
wide. For input, it contains two but­
tons and a cursor drag-lock button 
for pointer control. 

The trackball includes an ad­
vanced multi-axis-pointer device 

NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

driver that is software-compatible 
with standard mouse drivers and 
supports user-selectable ballistic 
gain. This adjustable gain, which 
continuously monitors the rate at 
which the pointing device is moving, 
yields effective pointing resolutions 
from 50 pulses/in. to more than 2000 
pulses/in. Operation can be on either 
two or three axes. 

PC-TRAC sells for $119 and in­
cludes a one-year limited warranty. 
It is available immediately. 

MicroSpeed Inc., 44000 Old 
Warm Springs Blvd., Fremont, CA 
94538; (800) 232-7888. CIRCLE 331 
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LOW-COST ELECTROSTATIC 
PLOTTER IS ALTERNATINE 
TO PEN PLOTTER 
A high-performance monochrome 
electrostatic plotter can be a low-cost 
replacement for pen plotters in me­
chanical and architectural applica­
tions. With a price tag under $14,000, 
the CADmate offers higher perfor-

mance at a lower price. CADmate 
provides near-laser quality, 300-
point-per-in. (ppi) drawings in a 36-in. 
wide format. And its high resolution 
and definition don't demand the high 
data-transfer rates required by plot­
ters with 400-ppi resolution. 

Paper is plotted at a rate of 0.65 
ips, producing E-size (34 by 44 in.) 
drawings in under 30 s, up to six 
times faster than pen plotters. Long 
plots or drawings are limited only by 
the length of CADmate's media roll. 
Drawings can also be batched and 
produced at a later time, a feature 
useful in high-volume applications. 
Special features include variable line 
widths and mirror imaging. Avail­
able immediately, the system is 
priced at $13,900. Quantity discounts 
are available. That price includes the 
plotter, an interface board, a driver, 
and the software to run the plotter. 

Versatec, a Xerox Co., 2710 Walsh 
Ave., Santa Clara, CA 95051; (800) 
538-64 77 ot (800) 341-6060. 

CIRCLE353 
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Your latest brain child can't be just another 
PC or peripheral. 

You've got to have the edge in performance. 

But you can't let costs run wild. 

You've got to get to market ASAP. 

But you can't compromise quality. 

At NCR, we understand your problems. 
And we've got solutions: SCSI chips with 
the lowest overhead in the business. The 
first third generation intelligent SCSI host 
adapter. A single-chip VGA that's fully 
compatible with IBM and offers greater 
performance. 

Single-chip CMOS solutions for interfacing 
peripheral chips to NU Bus, EISA, AT and 
Micro Channel. 

The first 32-bit Ethernet controller. 
CIRCLE97 

PC systems 
~· chips. 

The first Ethernet twisted pair transceiver. 
Plus the fastest ARCnet controller/ 
transceiver. 

And an ASIC capability with PC building 
blocks to give your design a competitive 
edge. 

No wonder NCR customers enjoy some of 
the shortest development cycle times in 
the industry. And they'll attest to NCR's 
enviable reputation for first-pass success, 
responsive support, competitive pricing 
and on-time delivery. 

If you're building extraordinary PCs, or 
plugging products into them, shouldn't 
you be talking to an extraordinary semi­
conductor manufacturer? For data sheets 
and complete information, call the NCR 
Hotline: 1-800-334-5454. 

~~ 
Cl l989 NCR Corpor.it ton. KE: 1sa 1radcmark ofNCR CurporJl)l)fl 
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IC MODIFIER CAN MAKE 
CHANGES TO COMPLEX PARTS 
IN HOURS, NOT WEEKS 

I nstead of taking days or even 
weeks to modify complex IC or 
wafer prototypes, the DMOD 900 

Series from Micrion Corp. can make 
those same changes in a matter of 
hours. Moreover, the changes are 
made without having to wait for new 
silicon. 

The automated system not only 
disconnects existing wire and gener­
ates new contact areas, but also se­
lectively deposits new metal be­
tween existing conductors. This task 
is performed by a finely focused 
beam of gallium ions as small as 0.2 
µm in diameter and a local decompo­
sition of tungsten carbonyl gas. Sub­
micron holes or chip cross sections 
can be milled with an accuracy of 
±0.75 µm. This affords access to 
buried layers and test points that had 
been unaccessible. Until now, this 
technology had been available to 
mask makers but not circuit design­
ers, test engineers, or wafer-fabrica­
tion lines. 

Because of its inherent process 
control and accuracy, the DMOD 

systems can be used on the most ad­
vanced I Cs including 4-Mbit dynamic 
RAMs, 32-bit microprocessors, and 
ASICs. 

The DMOD 900 Series consists of 
three models: the 905, 907, and 909. 
Prices start at $700,000, depending 
on model type, configuration, and de­
gree of automation. Options include 
an RS-232 interface, a CAD inter­
face, and an Ethernet link. 

Micrion Corp., One Corporation 
Way, Centennial Pk., Peabody, MA 
01960; (508) 531-6464. CIRCLE 354 

RICHARD NASS 

A TRIO OF UNBUSSED 
BACKPLANES MAKES CUSTOM 
INTERCONNECTIONS FOR PCS 

A
completely unbussed plat­
form for custom interconnec­
tions in systems with 0.8-in. 

board spacing is provided by three 
backplanes from BICC-VERO. De­
signed to be used on their own or 
with standard Eurocard systems 
such as VME and Multibus II, the 
J3V backplanes come in modular, 
five-slot sizes for versatility. 

Each model comes fully loaded 
with DIN connectors that feature a 
compliant, press-fit design. Three­
level, gold-flashed wire-wrap tails on 
the models J3Vl and J3V2 offer a 
means of linking signal lines to cus­
tomer specifications with regard to 
I/ 0 or power committments. 

The J3Vl and J3V2 models feature 
two-layer construction with a 2-oz. 
power and ground plane. Model J3Vl 
is an on-board backplane with 96 
plated-through holes at each end for 
use in building custom signal termi­
nations. Model J3V2 is similar, but 
does not include the on-board termi­
nation holes. Model J3V3 is simply a 
connector holder, with no copper 
power or ground planes. It is sup­
plied with tin-plate, three-level DIN 
connectors. 

The J3Vl, J3V2, and J3V3 back­
planes cost $123.79, $111.45, and 
$75.65, respectively, in single quanti­
ties. Delivery is from stock to 2 
weeks from receipt of order. 

BIGG- VERO Electronics Inc., 
1000 Sherman Ave., Hamden, CT 
06514; (800) 242-2863. CIRCLE 355 

DAVID MALIN/AK 

0 standard 
over &O .. iniature co u11ra-11• 
Pl DC conve~~~EEK DC- rocK ro 
0ELIVERy-S 

• Input Voltages of 5, 12, 24, 
28 and 48V DC Std. 

• 129 New Wide Input Range 
Units (5 to 60V DC) 

• Single and Dual Output 
• 1 to 30 Watts Output Power 
• Isolation, 500V DC input/output 
• New High Voltage Models 

100-250 Volt Output 
• Over 100 Models with 28 

Volt Inputs and Outputs 
• 180 Regulated Models 
• Ultra-Miniaturized Encapsu­

lated Package (.3" height) 
• Ambient Temp. Range 

- 25°C to + 70°C with 
No Heat Sink or 
Electrical Derating 

• Optional Environmental 
Screening per MIL-STD-883 

• Expanded Operating Tempera­
ture Range Available 
(-55°C to + 85°C ambient) 

453 N. MacOuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699•5514 

CIRCLE 137 
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FAULT-SIMULATION TOOLS 
EVALUATE 100,000-GATE 
DIGITAL ASICS 

T
o date, fault simulation has 
been available only to those 
who had the money for expen­

sive hardware simulators, or enough 
time to run software-only tools. The 
FasFault family of fault-simulation 
tools from Intrinsix Corp. combines 
a hardware-based core with an effi­
cient suite of software to perform 
analysis at a rate of two million eval­
uations /s. The first two FasFault 
versions can simulate 10,000 and 
25,000 digital gates, and a 100,000-
gate version will be available by the 
end of the year. 

The accelerator-based FasFault 
products achieve fast, deterministic, 
serial fault simulation by setting up 
a virtual tester in custom hardware. 
Users can perform a unit-delay logic 
simulation at the same speed. For in­
stance , Intrinsix benchmarked a 
10,000-gate logic simulation with 
9500 vectors at 7 s. 

FasFault consists of C-based soft­
ware programs and one PC/ AT add­
in board for 80286- and 80386-based 
computers. The system can also be 
configured as a resource for all other 
Unix and non-PC/ AT machines con­
nected on a network. 

A layer of Intrinsix primitives be­
low each simulator primitive ensures 
compatibility with existing software 
simulators. As a result of this tech­
nique, instant support is provided for 
all libraries for those software simu­
lators. Users begin fault simulation 
by compiling the design database 
through an additional hierarchical 
layer to the Intrinsix primitives. 

Base prices for the FasFault-8 (8k 
primitives and 10,000 gates) and Fas­
Fault-16 (16k primitives and 25,000 
gates) are $4500 and $7500, respec­
tively. The interface for the Viewlo­
gic Workview system costs $1500. 
N etware software for accessing the 
FasFault system from a non-AT 
CAE workstation is $3000. All prod­
ucts are available now. 

Intrinsix Corp., 33 Lyman St., 
Westboro, MA 01581; (508) 836-
4100. CIRCLE 332 
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ENVIRONMENT LINKS 
DESIGN AND TEST 
The TESYS integration system pro­
vides a bidirectional link between 
CAD and CAE systems, logic simula­
tors , and automatic test equipment. 
With the system, users convert and 
cross netlists among the most popu­
lar CAD and CAE systems, intercon­
necting tools for logical design, de­
sign validation, and physical design. 
Simulation can be executed either by 
the TESYS logic simulator or by an 
external simulator. In addition to de­
sign verification, the system extends 
post-processing capabilities for de­
vice-level diagnostics in functional 
performance-level testing. 

Firstec SA, 35, route du Velo­
drome, CH-1228 Plan-les-Ouatesl 
Geneve, Switzerland; (41) 0221794 
39 35. CIRCLE 356 

SOFTWARE GENERATES 
TEST VECTORS 

An automatic test-vector generation 
(ATVG) program for programmable 
logic devices provides fault cover­
age, design for testability, and 
ATVG capabilities for non-preloaded 
and preloaded registered and combi­
natorial devices. Called PLDtest 
Plus , the software produces the 
highest fault coverage with a mini­
m um number of test vectors to 
greatly reduce testing time. The vec­
tors can be used with in-circuit tes­
ters and component testers or pro­
grammers . Additionally, PLDtest 
Plus allows users to determine if the 
circuit can be initialized. 

The program runs under DOS 3.1 
or higher on the IBM PS/ 2, PC, XT, 
AT, and compatibles, as well as OS 
3.4 or higher on the Sun-3 worksta-

D ES I G N 

tion platform. DOS versions cost 
$5995, while the Sun program is 
prices at $9600. Delivery takes four 
to six weeks. 

Data II O Corp. , 10525 Willows 
Rd. NE., Redmond, WA 98073; (206) 
881-6444. CIRCLE 357 

PCB PROGRAM INCLUDES 
SURFACE MOUNTING 
Full support of surface-mounted 
technology has been added to the Au­
toPCB printed circuit-board design 
system. New functions of Release 
5.3 include component placement on 
both sides of the board, the ability to 
interactively switch any surface­
mounted component to the opposite 
side of the board, an SMT autorouter 
that routes to surface-only pads for 
components on both sides of the 
board, support for blind and buried 
vias, and a parts library of surface­
mounted devices. Parts or any other 
board features can be defined in met­
ric dimensions and used with parts 
and board features having English 
dimensions. In order to ensure de­
sign correctness after interactive 
editing, a fast mechanical and elec­
trical design rule checker has been 
added. 

Cadisys Corp., 624 E. Evelyn 
Ave., Sunnyvale, CA 94086; (408) 
732-1832. CIRCLE 358 

INTERFACE LINKS 
PCB DESIGN SYSTEMS 
P-CAD has linked its Master Design­
er II and Associate Designer PCB 
Design packages with Cadam's Pro­
fessional Cadam Prance and Interac­
tive Prance Cadam PCB design sys­
tems. In applications involving un­
usually complex designs or designs 
with extensive high-speed ECL tech­
nology, P-CAD users now have the 
option to invoke the power of the 
high-end Prance software. The inter­
face between P-CAD and Cadam 
Prance is priced and configured ac­
cording to each specific user's appli­
cations. 

Personal CAD Systems Inc., 1290 
Parkmoor Ave. , San Jose, CA 
95126; (800) 523-5207 or (408) 971-
1300. CIRCLE 359 



Introducing_ Drawing_Master"From CalComJl 
At last a plotter that sets you free to do what you do 
best: plan , design and manage. 

The superior reliability of DrawingMaster's advanced 
direct imaging technology gives you the power to 
output clean , sharp A to D size plots within minutes. 
And with a lot less effort. 

How? DrawingMaster uses direct thermal imaging. 
So there are no chemicals , toners, ribbons or pens 
to slow you down. Which makes it convenient and 
easy to use. 

What 's more, DrawingMaster's automatic paper 
cutter and optional media take-up reel free you up 
to do more important things. Which translates into 
productivity beyond your imagination. 

As for output versatility, DrawingMaster's three 
printing modes give you the choice of quality or 
speed with Qualplot, Quickplot and Normal settings, 
including two-color capability on the same plot. 

In a multi-workstation environment, Drawing­
Master is the ideal shared resource solution . With 
4:1 MUX, you can link as many as four workstations 

We draw on your imagination and DrawingMaster are CalComp tradmarl<s. ©1989 CalComp Inc. 

at one time. Plus, it has a small footprint for the 
most efficient work spaces. So whether you plot at 
your own desk or in a group setting, DrawingMaster 
gives you the freedom to work where you want. 

But best of all, DrawingMaster is packed with all 
of these features at a price that 's way below 
monochrome electrostatics. Plus, it comes with 
CalComp's 90-day warranty, 30 years of experience, 
and 800 hotline for technical service and support . 

For performance and reliability, DrawingMaster lets 
you get down to the business at hand. And honestly, 
wouldn't you rather spend your time doing what 
you do best? 

Set your imagination free by calling 800-CALCOMP, 
toll free, and ask for your free information packet. 
Or write to us at CalComp, PO. Box 3250, Anaheim, 
CA 92803. In Canada, call ( 416) 635-9010. 

~drawon 
your imagination:M 

~Ca/Comp 
CIRCLE63 



BIPOLAR HIGH·SIDE 
SWITCHES CHALLENGE DMOS 
PERFORMANCE 

Built on a bipolar process that 
handles 60 V, a pair of high­
side switches from Linear 

Technology Corp. equal the perfor­
mance of switches built on multi­
mask BCD (bipolar/CMOS/ DMOS) 
processes. High-side switches are in­
serted between the positive power 
source and the load. Rated respec­
tively at 1.5 and 7.5 A at 20 V, the 
LT1188 and LT1089 come in 4-pin 
(case ground) T0-3 packages and 5-
pin (tab and center-pin ground) T0-
220 packages. They switch up to 20 V 
with an internal drop of less than 1.5 
Vat the rated current. 

Both devices are designed to en­
able 5-V logic signals to drive 
ground- or negative-voltage-refer­
enced resistive and inductive loads 
including lamps, solenoids, and mo­
tors . Because the LT1188 is aimed at 
automotive applications, it provides 
a Status-outputlogic flag. It can han­
dle a 60-V, 200-ms transient on its 
supply rail (load dump) and is rated 
for operation at junction tempera­
tures from -55 to + 175°C. The 
LT1089, sans status flag and load­
dump specification, operates at junc­
tion temperatures between -55 and 
+15o·c . 

Self protection in both devices in­
cludes current limiting as a function 
of switched voltage and over-tem­
perature shutdown. For example, if 
the LT1089 is switching 5 V, current 
is limited to 12 A. 

In quantities of 100, the commer­
cial-temperature-range LT1089 
costs $5.30 in the T0-220 package. 
Plastic-packaged devices go for 
$4.20. 

Linear Technology Corp., 1630 
McCarthy Blvd., Mi lpitas CA 
95035-7487; Bob Scott, (408) 432-
1900. CIRCLE 333 
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HYBRID BUFFERS DRIVE 
HIGH CURRENT TO 400 MHZ 
Five high-speed voltage follower 
buffers provide high current drive at 
frequencies ranging from de to over 
400 MHz. The hybrid devices are de­
signed to meet the needs of a wide 
variety of applications , including 
high-speed line drivers, video imped­
ance transformation, yoke drivers 
for high-resolution CRTs, and high­
impedance input buffers. The 
LH4008 and LH4009 deliver a drive 
current of +200 mA into a 50-D. load 
at a slew rate of 10,000 VI µs . Power 
bandwidth for the latter device is de 
to 150 MHz, while the former's is de 
to 130 MHz. The LH4010, with a 
bandwidth of de to 20 MHz, has a 
slew rate of 2500 VI µs and a drive 
current of± 100 mA. Coming in at de 
to 160 MHz, the LH4011 provides 
±200 mA of drive current at slew 
rates of 5000 VI µs. Finally, the 
LH4012 wideband buffer operates 
from de to 490 MHz, provides +200 
mA of drive current, and has a slew 
rate of 11,500 VI µs . Prices range 
from $21.60 to $35.38 in 100-unit lots. 

National Semiconductor Corp. , 
2900 Semiconductor Dr., Santa 
Clara, CA 95052; (408) 721-6486. 

CIRCLE 360 

DC CONVERTERS HA VE 
WIDE INPUT RANGE 
In addition to offering a variety of 
output combinations, a family of dc­
dc converters has a wide input volt­
age range to accommodate applica­
tions where the input voltage may 
vary substantially. Twenty-six dif­
ferent models are available ranging 
from 15 to 30 W. All units operate at a 
switching frequency of 100 kHz and 
attain efficiencies as high as 84%. 
The operating temperature range 
can be varied between -25° and 
+71°C without derating. Input/out­
put isolation is 500 V de. Several 
packaging options are available for 
pc board mounting. The converters 
are shipped from stock with prices 
starting at $107. 

Datel Inc., 11 Cabot Blvd., Mans­
field, MA 02048; (508) 339-3000. 

CIRCLE361 

DESIGN 

POWER MOSFETS 
COME I N SOT·89 
Two new devices have been added to 
Supertex's current line of power 
MOSFETs, the TN0104N8 and 
TP0104N8, both housed in SOT-89 
(T0-243AA) surface-mount pack­
ages. The latter is a p-channel com­
plementary device, while the former 
is an n-channel, low-threshold ver­
sion. Each has a drain-to-source 
breakdown voltage equal to 40 V 
minimum. On-resistance is rated at 
2.0 n maximum for then-channel de­
vice and 4.0 n maximum for the p­
channel part at a V cs of 10 V, as well 
as 5 V, for ensured performance with 
logic-level drive voltages. Both MOS­
FETs have a gate threshold voltage 
of 1.6 and 2.4 V maximum, respec­
tively. The TN0104N8 and TP0104N8 
are priced from $0.49 to $0.56 each, 
respectively, in lots of 1000. 

Supertex Inc. , 1225 Bordeaux 
Dr., Sunnyvale, CA 94089; (408) 744-
0100. CIRCLE 362 

DC SUPPLIES KEEP A 
VERY LOW PROFILE 

Available in three sizes - 15, 25, and 
50 W - all models in the FAW series 
of de power supplies are less than 1 
in. high, allowing them to fit into 
spaces normally too small for con­
ventional power supplies. Their wide 
input range accepts ac voltages from 
85 to 264 V without selection. The fil­
tered input of the supplies reduces 
conducted emi below FCC Class B 
and VDE 0806 levels. Units are 
housed in an open-frame L-chassis. 
Prices in unit quantities are as fol­
lows: $55 for the 15-W supply; $85 for 
the 25-W model; and $110 for the 50-
W version. 

Kepco Inc., 131-38 Sanford Ave., 
Flushing, NY 11352; (718) 461-
7000. CIRCLE 363 
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Our AIDS Were 
Designed to Give 
}bu Butterflies1 

True 14-Bit 
Performance 
ata2MHz 
Sampling Rate 

* The illustrated flow graph of the 
Coofey-Tukey algorithm is known in 
the industry as a butterfly 
computation. 

For Application Assistance: Richard Lentini 
Analogic Corporation, 360 Audubon Road, 
Wakefield, MA 01880 (508) 977-3000 X2170 
Telex: 466069, Fax: (617) 245-1274 

Analogic's new, ultra stable 14-bit sampling AID con­
verters make the most of your post-processing computa­
tions. Using advanced hybrid and surface mount technol­
ogy, these sampling A/D's provide the most cost-effective 
solution to your high speed, high resolution applications. 

The ADC3110 and ADC3111, designed for low noise 
and low distortion, provide 14 bits of resolution with true 
14-bit performance. A 76 dB signal-to-noise ratio and our 
guarantee of no missing codes over an operating tempera­
ture range of O"C to 60"C make these units unique. The 
ADC3110 in the time domain and the ADC3111 in the 
frequency domain will digitize signals up to 1 MHz at a 
2 MHz rate, thus achieving unprecedented speed vs. accu­
racy performance. 

Our new sampling A/D's will perform superbly in 
your most demanding OEM applications. Digital oscillo­
scopes, waveform analysis, high speed data acquisition, 
sonar and digital signal processors. Whatever your DSP 
needs, Analogic has a sampling A ID to help you catch 
the butterflies .. Jast. 

We even pledge it in writing. Unlike other manufac­
turers, Analogic puts all our sampling A/ D's through ex­
haustive tests on our proprietary automatic test systems. 
The test data shipped with each product is our proof that 
it meets or exceeds our published specifications. What else 
would you expect from the world resource for A ID con­
verter technology? 

~LOGIC®• 
The World Resource 

CIRCLE 151 
for Precision Signal Technology 



LINE DRIVER-RECEIVER ICS 
SEND, RECEIVE DATA 
AT 400 MBITS/S 

A
series of line driver-receiver 
data-transmission ICs from 
AT&T Microelectronics offers 

data rates up to 400 Mbits /s. The M 
Series includes the 41MF, 41MR, and 
41MT quad differential line receiv­
ers and the 41MP and 41MG quad dif­
ferential line drivers. 

The communications devices are 
pin-compatible with the industry­
standard 26LS31and26LS32 TTL de­
vices. But they generate a much low­
er level of emi because of their shift­
ed ECL output levels, which reduce 
the common-mode output current. 
These same outputs have a low typi­
cal output skew of 0.2 ns, which helps 
maintain data fidelity. 

The M Series parts are produced 
using AT&T's scaled fast oxide-iso­
lated logic (SFOXIL) process tech­
nology. The series represents a rede­
sign of an existing slower line of 
data-transmission devices. 

Prices for the chips in quantities 
up to 1000 are $3.45 each in a DIP 
package and $3.95 in a small-outline 
IC (SOIC) or small-outline J-leaded 
(SOJ) package. Quantity discounts 
are available on both versions. 

AT&T, Dept. 52AL330240, 555 
Union Blvd., Allentown, PA 18103; 
(800) 553-2448. CIRCLE 334 
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9600-BPS MODEM IS 
V .42 COMPATIBLE 

A low-cost, 9600-bps V.32 modem 
complies with the CCITT's new V.42 
error- correction standard. The Fas­
Talk V.32/ 42 incorporates the stan­
dard, which uses both MNP-4 and 
LAP-M error-correcting protocols. 
The modem is compatible with the 
PC/ AT command-set and supports 
MNP 5 data compression, which can 
increase its effective throughput up 
to 19,200 bps. The modem packs all 
this functionality in a small 9-by-6-
by-2-in. case. This is comparable in 
size to other PC modems and is one of 
the smaller V.32 modems on the mar­
ket. Other features include automat­
ic adaptive equalization, tone-pulse 
dialing, audible call-progress detec­
tion, and integral diagnostics. Reli­
able full-duplex 9600-bps operation is 
achieved through the use of an echo­
cancellation technique and a com­
pact trellis-coded error-correcting 
capability. The modem is available 
now and sells for $1045 each. 

Universal Data Systems, 5000 
Bradford Dr., Huntsville, Al 35805; 
(205) 721-8926. CIRCLE 364 

WIRELESS NETWORK 
USES INFRARED LIGHT 
Designed to serve work groups in 
open or partitioned environments, 
the Photolink networking system 
uses infrared light, instead of ca­
bling, to transmit data between com­
puters within a local area network or 
between terminals and a host com­
puter. The unit, which sits atop a par­
tition or piece of furniture, is con­
nected to the computer and shines an 
infrared light at the ceiling. Addi­
tional Photolink units are pointed at 
the same common spot, while an indi­
cator light shows the user when the 
alignment is correct. The system 
automatically performs a sign-on 
procedure to ensure that neighbor-

D ES I G N 

ing units are aware of its presence, 
and the network is ready to run. Pho­
to link is currently available for Ap­
pleTalk and LocalTalk networks for 
Macintosh-to-Macintosh connectiv­
ity and RS-232-C interfaces for ter­
minal-to-host communications. Each 
unit accommodates up to four com­
puters or terminals and can be mixed 
with cabling for connection to exist­
ing systems, wide area networks, 
and through-the-wall connections 
anywhere along the network. Photo­
link is priced at $995 per unit; $250 
per node. A concentrator, required 
for RS-232-C hookups, costs an addi­
tional $995. 

Pho tonics Corp., 200 E. Hacienda 
Ave., Campbell, CA 95008; (408) 370-
3033. CIRCLE 365 

PS/2 CARD SUPPORTS 
SYNC, ASYNC TASKS 

Able to solve many OEM communi­
cation applications for the IBM PS/ 
2, a dual-channel communication 
card supports synchronous and 
asynchronous transmissions at rates 
of up to 19,200 bits/s. Each of the 
GMM Sync/2's channels can be inde­
pendently configured for either DTE 
or DCE operation. A built-in null mo­
dem option is also available. In the 
synchronous mode, the card sup­
ports such high-level protocols as 
SDLC, HDLC, and Bisync. During 
asynchronous operation, the GMM 
Sync/2 can communicate with any 
asynchronous device. The GMM 
Sync/2 is built on a standard full-slot 
Micro Channel Architecture card 
and requires 900 mA at5 V, 40 mA at 
12 V, and 40 mA at-12 V. It sells for 
$100 in lots of 500. 

GMM Research Corp., 2938 S. 
Daimler St., Suite 121, Santa Ana, 
CA 92705; (714) 752-9447. 

CIRCLE 366 



Sll1allest footprint. 
LoW"est poW'er. 

A Spanking-new Family of 5-Volt Devices for Power-stingy Disk Drives. 
If you're designing disk drives for use in 
applications where low power and small 
footprint are important, you need Silicon 
Systems' new family of low-power read­
channel devices. 

The family consists of three 5-volt­
only high performance read-channel 
devices-the SSI 32Rl200, SSI 34R4610, 
and SSI 32P548. The 32Rl200 (Ferrite/ 
MIG) and the 32R4610 (Thin Fi lm) are 
R/W amplifiers-each providing a low­
noise read amplifier, write drivers, and 
data protection circuitry. The 32P548 
(Pulse Detector/Data Synchronizer) is a 
highly integrated combination circuit con­
taining complete pulse detection, data 
synchronization, and embedded servo 

capture electronics. 
An entire data channel using this 

5-volt family is capable of operating on a 
stingy 750mW while still providing high 
performance. Alternate design solutions 
often consume as much as two to three 
times more power. In addition to low oper­
ating power, two independent power­
down states are provided. The first is a 
sleep state included in each device for 
power savings during idle conditions. The 
second state, contained in the 32P548, 
powers down circuitry not required during 
servo acquisition. 

The 32P548 comes in a 52-pin fine-

Jh ym• 

pitch quad flat pack (body 390 x 390 mils) 
and the 32Rl200, 32R4610 Read/Write 
devices are available in standard 16-pin 
and 20-pin SO packages. 

CMLNOW! 
(714) 731-7110,Ext.3575 

Don't be the last kid on your block to meet 
our new family. Send for information now 
on these new additions to Silicon Systems' 
disk drive \Cs , contact: 
Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph: (714) 731-7110, FAX: (714) 669-8814 
European Hdq. U.K. Ph : (44) 7983-2331 
European Hdq. U.K. FAX: (44) 7983-2117 

CIRCLE 21 



DEBUGGER EVALUATES 
SOURCE-LEVEL ADA CODE IN 
REAL TIME 
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Supporting the Tektronix 
MV6820 emulator, the TekDB/ 
Ada source-level debugger cre­

ates a real-time execution environ­
ment for testing and debugging Ada 
software. The tool works with a num­
ber of different compiler systems. 

The debugger incorporates a pow­
erful performance analyzer that can 
pinpoint "hot spots" in the Ada run­
time code. The analyzer summarizes 
each run with a histogram showing 
the relative amount of execution 
time for each module or memory 
range. Since the program executes in 
real time, the user can quickly evalu­
ate modifications. Also, the perfor­
mance analyzer helps monitor the ef­
fects of compiler optimizations. 

Because the debugger transfers 
the run-time software using a com­
mon object format supported by 
most Ada-compiler vendors, design­
ers can use different compilers while 
maintaininng the same interface and 
functionality. The tool works with 
Ada 68020 cross-compilers from 
Alsys, SC/SCI CON, and Telesoft. 

The interface employs an interac­
tive windowed screen to display the 
debug information and provide con­
trol. Ada source-level statements are 
always displayed simultaneously 
with other debug data. Highlighting 
points out where the current pro­
gram is executing and the location of 
active breakpoints. 

Prices for the VAX versions of 
TekDB/ Ada range from $3850 to 
$7900. The Sun 3 version costs $3850. 
Delivery is in 2 weeks. 

Tektronix Inc., Microprocessor 
Development Products, P. 0. Box 
12132, Portland, OR 97212; (800) 
245-2036. CIRCLE 335 
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NEW PRODUCTS 

DRIVER FOR MS-DOS 
WORKS OVER SCSI BUS 
A software driver is designed for 
managing disk and tape drives based 
on the Small Computer System In­
terface (SCSI) in MS-DOS environ­
ments. Designated the ASW-1110, it 
includes the MS-DOS version of Sy­
tron Corp.'s SY-TOS, the industry­
standard 5-in. cartridge tape man­
agement package. It supports more 
than 20 manufacturers' drives and is 
the only product to support 150-
Mbyte drives from Cipher, Archive, 
and Wangtek. Combined with Adap­
tec's AT and Micro Channel host 
adapters, the driver provides a one­
slot solution to peripheral control. 
With it, two or more disk drives can 
be connected to the SCSI bus, as can 
tape drives, optical drives, and print­
ers. ASW-1110 helps microcomputer 
users and integrators lower the cost 
of system development and upgrad­
ing since there is no need for new I/ 0 
boards to handle additional peripher­
als. ASW-1110 sells for $149. 

Adaptec Inc., 691 S . Milpitas 
Blvd., Milpitas, CA 95035; (408) 945-
8600. CIRCLE 367 

SOFTWARE MANAGES 
68HC11 EEPROMS 
Intended for use on IBM PC, XT, AT, 
and compatible computers, an EE­
PROM management program allows 
users to program, read, and config­
ure EEPROMs in a variety of target 
systems based on the Motorola 
68HC11 single-chip microcontroller. 
The EEPROM Manager can be used 
in software development, production 
calibration, field programming, and 
other applications where data in the 
target-system EEPROM must be 
read or changed. The only require­
ments for the target system are that 
it have an RS-232-level converter 
connected to the microcontroller's 
serial communications interface and 
that it be configured to the microcon­
troller bootstrap operating mode. 
The host PC requires a standard seri­
al adapter and a three-wire connec­
tion. The program allows baud rate 
and programming algorithm adjust­
ments to accommodate target sys-

D ES I G N 

tern clock rates from 2 to 8 MHz. A 
single-user license costs $75. 

Polyarts Co. P.O. Box 11517, Se­
attle, WA 9811 O; (206) 522-4871. 

CIRCLE 368 

SOURCE-LEVEL DEBUGGER 
IS MONITOR-BASED 
Designed for real-time embedded C 
and assembly programs, the 
RMXDB 5.0 ROM monitor-based 
source-level cross debugger com­
bines the powerful source-level de­
bugging features of XDB 5.0 with a 
low-level target monitor program. 
Designers who previously used XDB 
with in-circuit emulators now have a 
choice of debugging their prototype 
systems with a monitor-based de­
bugger. The ROM monitor version 
has the same multi-window user in­
terface and command language as 
the emulator-based XDB. It also pro­
vides the ability to display source 
code, registers, and stack informa­
tion; set software breakpoints; sin­
gle-step at the C or assembly level; 
monitor and modify data; define 
macros and aliases; record and play­
back debugging sessions; simulate 
target I/O; and access pop-up win­
dows for status information and on­
line help. Motorola 68000 and Intel 
8086 versions of RMXDB 5.0 will be 
available in the fall. Prices start at 
$3000 on the IBM PC. 

Intermetrics Inc., 733 Concord 
Ave., Cambridge, MA 02138; (617) 
661-1840. CIRCLE 369 

COMPRESSION SOFTWARE 
YIELDS 20: 1 RATIO 
To meet the demand for compression 
and decompression of high-resolu­
tion color images without noticeable 
degradation, NDC has introduced a 
highly effective software system to 
do the job. The program allows im­
ages to be captured at full resolution 
- 2000 by 3000 pixels by 24 bits of 
color - and compressed for storage 
at 1.2 to 1.5 bits of color. The result is 
a compression ratio of up to 20:1, far 
greater than what is now available. 

National Digital Corp. , 2781A 
Hartland Rd., Falls Church, VA 
22043; (703) 573-5100. CIRCLE 370 



AT&T from 
HAMILTON/AVNET 

Put your finger on the pulse of efficient 
computing with the world's smallest, 
crystal oscillator from Hamilton/Avnet -
AT&T's s-type oscillator. 

Hermetically packaged in low profile, 
ceramic, 6-pin DIPs, AT&T oscillators 
have three-state output, and feature 
surface mount or through-hole capabili­
ties which provide customers with a 
variety of design options. 

The s-type oscillator's small size ( 300 x 
335 mils) also saves board space, while 
its wide temperature range and 
TIL/CMOS compatibility provide design 
flexibility and long-term reliability. 

And with Hamilton/Avnet's services, 
you're assured stock that can be 
shipped overnight or just-in-time. 

Let Hamilton/Avnet get at the heart of 
your system. For the location nearest 
you, call toll free, 1 (800) 442-6458. 

CIRCLE 160 

YOUR SYSTEM WON'T 
SKIP A BEAT WITH 

ATlcT S·TYPE 
OSCILLATORS FROM 

HAMILTON/AVNET 
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The point of this little demonstra­
tion is that Coilcraft surface mount 
inductors are made of ceramic. A 
decidedly non-magnetic material. 

Most other chip inductors are 
made of ferrite. Which is great for 
demonstrating the principles of 
magnetism, but not so hot for high 
frequency magnetics. 

Take self resonance, for example. 
SRFs on our coils are up to 3 times 
higher than equivalent ferrite chips. 
And located a safe distance away 
from your operating frequency. 

The actual inductance you'll get 
with Coilcraft chips at higher 

frequencies is very predictable and 
consistent. Not so with ferrites . 
Beyond the test frequency, their 
inductance curves rise steeply and 
vary significantly from part to part. 

Coilcraft ceramic chips also have 
a low temperature coefficient of 
inductance: +25 to +125 ppm/ °C, 
depending on inductance. TCLs on 
ferrite chips are often two to four 
times higher! 

And if you need close tolerance 
parts, we offer even more advan­
tages. Thanks to our computer -
controlled manufacturing and 
ceramic's neutral properties, it 's 
easier for us to make 5 % or 2 % 

parts. We can even production-test 
at your operating frequency! Other 
chip makers have to cope with 
ferrite 's permeability variations, so 
their yields are lower. Which means 
delivery can be unpredictable. 

So next time you 're selecting 
surface mount inductors, forget the 
ferrite and stick with Coilcraft 
ceramic chips. 

For complete specifications and 
information on our handy 
Designer's Kits of sample parts, 
circle the reader service number. 
Or call 800/322-COIL (in Illinois 
312/639-6400). 

See our catalog in Vol. A, Sect ion 1800 

eema/illrli: 111i111rs .. 

1102 Silver Lake Road, Cary IL 60013 800/322-COIL Fax 312/639-1469 
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PRODUCT NEWS 

SCHEMATIC SOFTWARE 
GAINS NEW LIBRARIES 
OrCAD/ SDT III, a PC-based sche­
matic capture program from OrCAD 
Systems Corp. (Hillsboro, Ore.), has 
been updated with new libraries of 
programmable logic devices, raising 
the number of unique parts in the Or­
CAD libraries to well over 6200. 
These include devices from Altera 
and Intel, as well as generic parts. 
Other refinements to the software 
include a display-driver generating 
utility, which creates custom drivers 
for all VGA- and EGA-compatible 
monitors having up to 800-by-600-
pixel resolution. Additionally, three 
new video drivers have been added 
for monitors with resolutions of 1024 
by 768 pixels. ROM primitives are 
now available for use with OrCAD's 
logic simulator, and enhancements 
have also been made to the library 
editor. OrCAD/ SDT III version 3.21 
sells for $495 with free updates to all 
registered users under warranty. 

CIRCLE371 

WAVEFORM SOFTWARE: 
TRY BEFORE BUYING 

Easywave, a software package that 
supports the 9100 Series Arbitrary 
Function Generators (AFG) from Le­
Croy Corp. (Chestnut Ridge, N.Y.), is 
now being offered for a free trial. 
The software lets users create cus­
tom or standard waveforms or digi­
tal patterns, control any of the 9100 
series generators, and capture, mod­
ify, and transfer any 9400 series os­
cilloscope display to the AFG. The 
waveforms and patterns can be cre­
ated by equations, point-by-point en­
tries, waveforms captured by the 
9400 series scopes, or by selecting a 

standard element (sine and square 
waves, ramp, exponential, etc.) from 
its library. The software costs $1450. 

CIRCLE372 

INSTRUMENT-CONTROL 
SOFTWARE RUNS ON MAC 

A new version of an IEEE-488 han­
dler is run on Apple Macintosh com­
puters. This version, from National In­
struments Corp. (Austin, Texas), in­
cludes a tool called Hyper488 that 
uses HyperCard stacks and a Hyper­
Talk language interface to simplify 
the development of IEEE-488 con­
trol applications. The software will 
be furnished on a separate diskette 
as part of the standard NI-488 Macin­
tosh handler software package. It is 
sent free with the purchase of one of 
the company's GPIB interface 
boards for the MAC SE or MAC II 
computers. CurrentNI-488 Mac soft­
ware users can get free upgrades by 
calling National Instruments. 

CIRCLE 373 

SYSTEM LINKS 
BOARD-TEST EQUIPMENT 
Added capabilities and greater confi­
gurability now grace the Board­
Watch test process management 
system from Teradyne Inc. (Boston, 
Mass.). Version 2.0 now supports a 
new option, the Board Routing and 
Work-in-Progress Tracking Module, 
which gives users a flexible means of 
controlling the flow of various cir­
cuit board types through production 
test. BoardWatch is also now avail­
able under a single-tester license, 
giving first-time ATE users a pre­
configured, entry-level system that 
can be upgraded as their production 
needs grow. Price of an entry-level 
package ranges from $35,000 to 
$42,000, depending on the teste r 
model. The Board Routing/WIP 
Tracking Module starts at $20,000. 

CIRCLE374 

ULTRA-MINIATURE 

SURFACE 
MOUNT 

"Do 

Actual 
Size "' 

DC-DC Converter 
Transformers 

and Power 
Inductors 

These units have gull wing construc­
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufactur ing 
techniques . Transformers can be 
used for self-satu rati ng or linear 
switching applications. The Induc­
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 

• Operation over ambient 
temperature range from 
- 55°C to + 105°C 

• All units are magnetically 
shielded 

• All units exceed the require -
ments of MIL-T-27 ( + 130°C) 

• Transformers have input 
voltages of 5V, 12V, 24V and 
48V. Output voltages to 300V. 

• Transformers can be used for 
self-saturating or linear 
switching applications 

• Schematics and parts list 
provided with transformers 

• Inductors to 20mH with DC 
currents to 5.4 amps 

• Inductors have split windings 

Delivery­
stock to 
one week 

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699·5514 

CIRCLE 137 
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Features: 
10 Mbytes/ sec DMA memory-to-memory or memory-to-peripheral 
1 us interrupt response time, over 500,000 interrupts/ sec 
Four 20Megabit/ sec lnmos serial communication links 
32 bit integer hardware multiplier 
250 Khz 12 bit digital-to-analog converter 
100 Khz 12 bit analog-to-digital converter 
RS-232 serial port with programmable baud rate 
Programmable wait-state generator for slower external devices 
Simple fully decoded input/ output interface 
Fully ms compatible 

Call and find out about our full line of data acquisition products 

Douglas Engineering 1141 19th Street, Suite 3 
Santa Monica, CA 90403 (213) 828-5707 

CIRCLE 138 

Low-Cost 
Circuit Protection 

For consumer and industrial products from 
0.25 to 20 amp: 

HECTOR - Pushbutton can't be held 
closed against a fault. Recommended for 
high-inrush applications. 

TX - Rocker-handle protector, one or two 
poles. Use as ON/©FF switch or with optional 
lamp as power indicator. 

KD1 - Pushbutton protector fits in 
fuseholder panel cutout. Resettable over­
load capacity to 10X rated current. 

Fuse-Switch - Combination fuseholder 
and ON/OFF switch. For standard 1 /4" 
dia or 5mm dia. fuses. 

Write or call for catalogs. 

When your reputation 's on the line 

Fuse·Swttch 

HEiNEMANNe~~c~~~~ 
P. 0. Box 6800, Lawrenceville, NJ 08648-0800 

(609) 882-4800 • Easylink 62886238 •FAX (609) 882-2183 

First in Features, First in Quality 

1921 E L E C T R 0 N I 
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C DESIGN 

PRODUCT NEWS 

ENHANCED SYSTEM SPEEDS 
FAULT SIMULATION 
With the added support of distribut­
ed fault analysis in networked com­
puter environments, Teradyne Inc.'s 
(Boston, Mass.) Lasar Version 6.4 
simulator cuts fault simulation run 
times of complex VLSI devices and 
circuit boards. The new release also 
supports the use ofTeradyne's DAT­
Source VLSI modeling system as a 
network resource. In addition, the 
company is offering a postprocess­
ing software package that trans­
lates functional test and diagnostic 
programs developed on the Lasar 
system for use on Genrad's 2225/35 
benchtop board tester. Further, the 
postprocessor converts Lasar's fault 
dictionary into a format usable by 
the 2225/35 tester, which until now, 
had no fault dictionary capability. 

CIRCLE 375 

SCOPE'S SAMPLING RATE 
JUMPS TO 20 MSAMPLES/S 

An enhanced version of the 336 digi­
tal storage oscilloscope offers im­
proved performance in a compact, 
lightweight package. The sampling 
rate of the 336A has been increased 
to 20 Msamples/s, the vertical reso­
lution to 8 bits, and the expanded 
memory to 16 kbytes. Other new fea­
tures include auto setup, GPIB com­
patibility, on-screen readout, and the 
ability to save up to 16 waveforms. 
With its high sampling rate and a sin­
gle-shot bandwidth of 2.8 MHz, the 
336A from Tektronix Inc. (Beaverton, 
Ore.) is suitable for servicing digital­
equipment and a variety of power­
distribution and electromechanical 
applications. It sells for $57 45, the 
same as the original 336. 

CIRCLE 376 



THE MOMENT OF TRUTH * 
Today's tough product liability 

laws, along with tightened manu­
facturing standards , demand more 
accurate product performance 
information. 

Plastics Engineering Company, 
Sheboygan , Wisconsin, manufactur­
ers of Plenco thermoset molding 
compounds , is concerned that tem­
perature/stress ratings for engi­
neering thermoplastics may not 
reflect actual performance under load 
at high temperatures. Current test 
methods either measure strength af­
ter a heated part has cooled or mea­
sure the temperature at which a test 
sample deflects 0.010 in . 

Plastics Engineering Company 
conducted a test of twelve materials ' 
ability to perform under continued 

rn FOR POLYSULFONE-
41 HOURS AT 170°C. 

Polysulfone , under this test method , 
demonstrated a maximum temperature 
rating of 160°C compared to its published 
deflection temperature under load (ASTM 
0648) rating of 175°C. Polysulfone de­
flected go0 after 41 hours of exposure to 
170°C. 

rn FOR POLYETHERSULFONE-
100 HOURS AT 190°C. 

Polyethersulfone (30% glass), under 
this test method , demonstrated a max­
imum temperature rating of 180°C 
compared to its published deflection 
temperature under load (ASTM 0648) 
rating of 205°C. Polyethersulfone de­
flected go0 after 100 hours of exposure 
to 1go0 c. 

load at high temperature to determine 
a heat stress rating. The results of the 
heat and stress tests of nine engineer­
ing thermoplastics showed catas­
trophic failure at maximum tempera­
ture ratings significantly below their 
published deflection temperature 
under load. The engineering-grade 
phenolic was a different story. 

Plenco 06582 withstood the stress 
and more heat, far longer. And it costs 
a fraction of the engineering thermo­
plastics . 

The results of these tests should be 
reviewed by engineers , designers, 
and manufacturers-anyone who spe­
cifies plastic parts . For a detailed re­
port write or give us a call at (414) 
458-2121. You 'll be glad you did in­
stead of wish you had . 

rn FOR POLYPHENYLENE SULFIDE-
3 HOURS AT 255°C. 

Polyphenylene sulfide (40% glass) , 
under this test method , demonstrated a 
maximum temperature rating of 245°C 
compared to its published deflection 
temperature under load (ASTM 0648) rat­
ing of 260°C. Polyphenylene sulfide frac­
tured after 3 hours of exposure to 255°C. 

C POLYBUTYLENE TEREPHTHALATE-
8 HOURS AT 150°C. 

Polybutylene terephthalate (30% 
glass), under this test method , demon­
strated a maximum temperature rating of 
140°C compared to its published deflec­
tion temperature under load (ASTM 
0648) rating of 200°C. Polybutylene 
terephthalate fractured after 8 hours of 
exposure to 150°C. 

E3 FOR PLENCO 06582-
500 HOURS AT 285°C. 

Plenco 06582 was subjected to the 
highest heat possible in a standard 
laboratory test oven - 285°C - for 500 
hours . The test sample deflected on ly 4° 
under continued stress . 

rn POLYETHELENE TEREPHTHALATE-
8 HOURS AT 170°C. 

Polyethelene terephthalate (30% 
glass) , under th is test method , demons­
trated a maximum temperature rating of 
160°C compared to its publ ished deflec­
tion temperature under load (ASTM 
0648) rating of 210°c. Polyethelene 
terephthalate fractured after 8 hours of 
exposure to 170°C. 

E3 FOR POLYETHERIMIDE-
55 HOURS AT 195°C. 

Polyetherimide (10% glass), under 
this test method , demonstrated a max­
imum temperature rating of 185°C 
compared to its published deflection 
temperature under load (ASTM 0648) 
rating of 210°C. Polyetherimide deflected 
go0 after 55 hours of exposure to 1gs°C. 

~ Through Plenco research a wide range of ready 
thermoset plastic performance - made or custom-formulated phenolic melamine 

for over 50 ea S PLASTICS ENGINEERING COMPANY phenolic alkyd and polyester thermoset molding 
Y r • Sheboygan, WI 53081 compounds and industrial resins 
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HOW TO DIGITIZE 
TRANSDUCER OUTPUTS 
Advice on the di- • .L71,J'Yj,-~= 

rect digitization of --·--·-­
transducer out-
puts is given in a 
16-page applica­
tion note (AN7). 
The document de-

:::-.:.=-=-~=::. =:.==::."::== 
.~:f:.:·.=§ ~~~~ 

~'fil~ i 
- ~ I 

-: I 
tails circuit tech- • _ _ _ _ _ 
niques which di-
rectly digitize the low-level output of 
a variety of transducers and includes 
schematics of circuits used for tem­
perature-to-frequency conversion, 
thermocouple-to-frequency conver­
sion, an acoustical thermometer, a 
strain gauge digitizer, a photodiode 
digitizer, and humidity-to-frequency 
conversion. 

Linear Technology Corp. , 1630 
McCarthy Blvd., Milpitas, CA 
95035; (408)432-1900. CIRCLE 377 

SPICE MACROMODELS 
SIMULATE OP AMPS 
Available free of charge in separate 
application note forms, three Spice 
models are intended to help design­
ers accurately simulate the OP-64 
(AN-110), OP-42 (AN-117), and OP-
400 (AN-120) op amps. Each note con­
tains a macromodel schematic and a 
model net list. These models repre­
sent th.e latest in modeling tech­
niques, which produce an unprece­
dented level of accuracy in ac re­
sponse and device behavior to help 
designers accurately simulate their 
circuits. They pay strict attention to 
the frequency poles and zeros that 
determine the frequency response of 
op amps. Additionally, the macromo­
dels have overcome the requirement 
for internal grounds, which do not 
exist with real op amps. Unlike older 
Spice models, all currents are ac­
counted for in the output stage. 

Precision Monolithics Inc., 1500 
Space Park Dr., Santa Clara, CA 
95052; (408) 562-7470. CIRCLE 378 

BROCHURES ON SCR 
POWER CONTROLS 
Three product brochures offer de­
scriptions, features, mounting di-

1941 E L E C T R 0 N I C 
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APPLICATION NOTES 

mensions, weights, power require­
ments, and ordering information 
about the lP Series silicon-controlled 
rectifier (SCR) power controls. The 
units are used to control voltage, cur­
rent, or power to resistive and trans­
former-coupled loads. Current rat­
ings are from 60 to 1200 A, and all 
standard line voltages are accepted 
at 50 or 60 Hz. A special softs tart fea­
ture prevents transformer satura­
tion, blown fuses , and circuit-break­
er tripping. 

Halmar Electronics Inc., 900 
North Hague Ave., Columbus, OH 
43204; (614) 275-0530. CIRCLE 379 

PROTECTING MULTIPLEXERS 
AGAINST OVERVOLTAGE 
A two-page brochure contains a brief 
analysis on overvoltage protection 
for the ADG5XXA series of multi­
plexers from Analog Devices. Al­
though not intrinsically protected 
against overvoltage exceeding the 
rails, these multiplexers can easily 
be well protected with the addition of 
external resistors. Topics covered in 
the note discuss why overvoltage 
protection is necessary and the ad­
vantages of external protection. 

Analog Devices Li terature Cen­
ter, 70 Shawmut Rd., Canton, MA 
02021;(617)461-3043. CIRCLE 380 

FLASH TESTING 
CERAMIC CAPS 
A six-page technical article outlines 
a constant-current flash testing con­
cept for qualifying multilayer ce­
ramic capacitors in zero defect test­
ing programs. The illustrated bulle­
tin provides an overview of flash 
testing (also known as dielectric 
withstanding voltage testing) used 
to detect internal dielectric weak­
nesses in multilayer ceramic capaci­
tors. It provides a step-by-step analy­
sis of both the conventional resistor­
limited flash testing approach and 
the new constant-current method in­
corporating ESI's Model 5300 flash 
tester. 

Electro Scientific Industries 
Inc., 13900 NW Science Park Dr., 
Portland, OR 97229; (503) 641-
4141. CIRCLE 381 
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POWER REGULATION FOR 
BATTERY OPERATION 
An informative application note enti­
tled, AN8: Conditioning Tech­
niques/or Batteries, describes a va­
riety of voltage regulation circuits 
for battery-powered applications. 
Various approaches for power condi­
tioning are described for both 
switching and linear regulators, 
with attention paid to efficiency and 
low-power operation. Fourteen cir­
cuits are depicted, including sche­
matics and performance data. 

Linear Technology Corp., 1630 
McCarthy Blvd., Milp i tas, CA 
95035; (408) 432-1900. CIRCLE 382 

MICROSTEPPING TWO-PHASE 
STEPPER-MOTOR CIRCUITS 
In eight pages, a ~-~·:;~L .. _.~..E!!!?!:!~ 
short tutorial is 
presented on mi­
crostepping two­
phase stepper mo­
tors . It also con­
tains a discussion 
on the advantages ·l _ 
of using 8-bit digi- ""-='~ --·· 

tal-to-analog converters instead of 
those with 6 bits and the benefits of 
closed-loop versus open-loop con­
trols. Other sections include torque­
load effects, and microstepping ba­
sics. Two practical circuits are given 
as examples. 

Analog Devices Literature Cen­
ter, 70 Shawmut Rd., Canton, MA 
02021; (61 7) 329-4 700. CIRCLE 383 

TRANSPUTERS FOR 
PARALLEL PROCESSING 
A 50-page reference manual pro­
vides a comprehensive introduction 
to parallel processing and trans 
puter technology. The report identi­
fies the different types of parallel ar­
chitectures and describes applica­
tions that exhibit parallelism. It also 
discusses transputer operating envi­
ronments and languages designed to 
provide the microcomputer with par­
allel processing capabilities. 

Micro Way, P. 0. Box 79, Kings­
ton, MA 02364; (508) 746-7341. 

CIRCLE384 



TO - 5 RE l A Y 
The Unforgettable Maglatch T0-5 

• Non-destructive memory 

• Low power consumption 

• Inherently bi-stable pulse operation 

•CMOS compatible Centigrid' version 

The Maglatch T0-5 . It's a 
legend in its own time. The little 
magnetic latching relay that just 
won't forget. It can't. Because 
once you set it with a brief pulse 
of coil voltage, it simply stays in 
that state until reset. Even if the 
system loses power. 

In applications where power 
drain is critical, the Maglatch 
T0-5 is unbeatable. Since no 
holding power is needed , it uses 
less energy than any other type of 
relay on the market. 

The Maglatch 's inherently 
low intercontact capacitance gives 
it high isolation and low insertion 
loss up through UHF, making it 
ideal for RF switching applications. 
And its tiny footprint makes it 
ideal for high density printed 
circuit boards. 

The Maglatch T0-5 comes in 
commercial/industrial versions as 
well as military versions qualified 
to "L'; "M" and "P" levels of 

MIL-R-39016. And now it comes 

in a CMOS compatible version as 
well. This version can be driven 
directly with CMOS level signals, 
with no outside amplification. 
That cuts down on the number of 
components and connections, for 
even greater system reliability. 

The Maglatch T0-5. It's the 
world's smallest relay with inde­
structible memory. Call or write 
today for complete information. 

..- -.TELEDYNE RELAYS 
Innovations In Switching Technology 

CIRCLE 115 
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GUIDE DISCUSSES 
ELECTRICAL INSULATION 
Preventive maintenance for electri­
cal insulation of wires, cables, mo­
tors, generators, transformers, 
switches, and other electrical equip­
ment is made easier with a pocket­
size handbook from Biddle Instru­
ments. The booklet defines "good" 
insulation, then explains what 
makes insulation go bad, how insula­
tion resistance is measured, and how 
to interpret resistance readings. It 
also discusses three common test 
methods: short-time or spot reading, 
time resistance, and step or multi­
voltage tests. Photos, charts, and 
drawings serve as visual aids. The 
manual costs $5. 

Biddle Instruments, 510 Town­
ship Line Rd., Blue Bell, PA 19422; 
(215) 646-9200. CIRCLE 385 

DC· DC CONVERSION 
MADE EASY 
Containing 44 pages, AN29: Some 
Thoughts on De-De Converters con­
tains a host of information and sche­
matics on de-to-de conversion. Test­
ed circuit designs are included, com­
plete with schematics and compo­
nent values, for low-noise 
converters, micropower quiescent 
current converters, high-efficiency 
converters, wide-range-input con­
verters, high-voltage converters, 
and switched-capacitor-based con­
verters. Appendices offer advice on 
conversion from 5 to +15 V, inductor 
selection for flyback converters, op­
timizing for efficiency, and the most 
useful instruments for converter de­
sign. Descriptions of a number of 
monolithic converter I Cs are also in­
cluded. 

Linear Technology Corp., 1630 
McCarthy Blvd. , Milpitas, CA 
95035; (408) 432-1900. CIRCLE 386 

SCHEMATICS DEPICT 
POWER GAIN STAGES 
An application note provides numer­
ous voltage-gain and current-boost­
er circuit descriptions and schemat­
ics useful for those involved in the 
design of power gain stages for elec-
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tronic equipment. AN18: Power 
Gain Stages for Monolithic Ampli­
fiers also includes a primer on oscil­
lation problems and frequency com­
pensation. 

Linear Technology Corp., 1630 
McCarthy Blvd., Milpitas, CA 
95035; (408)432-1900. CIRCLE 387 

MOUNTING TECHNIQUES 
FOR POWER DEVICES 
Mounting Con- :~~...:1-
siderations For ;:;;;~~---
Power Semicon- ~~ ; ~~ 
due tors 
(AN1040/D) dis­
cusses such de­
sign aspects as 
mounting surface 
preparation, "'-=­
state-of-the-art insulators and ther­
mally conductive material perfor­
mance data, fastener and hardware 
characteristics, fastening tech­
niques, free air and socket mounting 
techniques, and thermal system 
evaluation in mounting power de­
vices. Also described are mounting 
techniques for some of the new pack­
ages available from Motorola, such 
as the surface-mounted DPAK, iso­
lated FullPak, ICePAK, and EMS 
power modules. 

Motorola Inc., Literature Distri­
bution Ctr., P. 0. Box 20924, Phoe­
nix, AZ 85063; (602) 994-6900. 

LINEAR ICS PROVIDE 
POWER MANAGEMENT 

CIRCLE388 

Covering more than 100 devices, Sili­
con General's 1989 product guide 
provides detailed specifications and 
design information on a complete 
line of linear power-management 
ICs. The 720-page publication is di­
vided into 13 chapters covering pow­
er supply circuits, motion control cir­
cuits, power driver and interface cir­
cuits, operational amplifiers and 
comparators, core memory, automo­
tive, and other circuits. Also included 
is a chapter covering topics from de­
signing with integrated regulated 
pulse-width modulators to a tutorial 
on power switch drivers for 
switched-mode power supplies. 

DESIGN 

Silicon General, 11861 Western 
Ave., Garden Grove, CA 92641; (714) 
898-8121. CIRCLE 389 

DATABASE PROVIDES 
DEVICE INFORMATION 
The recently enhanced and enlarged 
Integrated Circuit and Discrete 
Semiconductor D.A. T.A. Digest da­
tabase series provides design engi­
neers with all the information they 
need to make initial device selection. 
Supplied in magnetic tape or CD 
ROM formats, the database provides 
useful descriptive device pinout in­
formation, product identification by 
function and technical characteris­
tics, electrical parameters, generic 
part and specific manufacturer part 
numbers, packaging information, 
identification of numerous discontin­
ued devices, and alternative sources 
and replacements for all listed de­
vices. Specialty reference Digests 
are also available, including one with 
application notes and another an in­
ternational semiconductor directory. 

D.A. T.A. Business Publishing, 
9925 Carroll Canyon Rd., P. 0. Box 
26875, San Diego, CA 92126; (800) 
447-4666. CIRCLE 390 

PRINCIPLES OF 
POWER CONVERSION 
The extensive Power Supply Engi­
neering Handbook contains 174 
pages of detailed information on dc­
dc converters, linear power supplies, 
and switching power supplies. Also 
provided is a 24-page section enti­
tled, Principles of Power Conver­
sion, which gives a basic technical 
background on how power supplies 
and de-de converters work, how to 
test them, how to apply them, and 
how to manage thermal problems. A 
technical glossary defines over 100 
power supply terms. A quick selec­
tion guide lists basic specifications 
for cased, encapsulated, Mil-Spec, 
and open-frame units in order that 
users may locate a specific model se­
ries based on product type, output 
power, and output voltages. 

Computer Products Inc., 3785 
Spinnaker Ct., Fremont, CA 94538; 
(415) 657-9837. CIRCLE 391 



Square wave pulses with 1ns rise times 
for more realistic simulation 

Simulating real power line noise is the job of our I NS Series. 
There's never been a more versatile noise simulator. 
Its wide range of simulation features can introduce 
many testing capabilities into your R&D and QA/QC 
programs. 
Our INS-NA410R and INS-NA420R can superimpose 
square-wave impulses with super-quick rise times 
(under 1ns) onto AC or DC lines. The amplitude, width 
and repetition rate of these pulses are easily variable. 

NoiseKen Corporation 

And with an optional coupling adaptor, application to 
uncut signal lines is not only possible but very easy. 
Testing against radiated noise and direct application 
of pulses to the metal cabinet of equipment can also 
be performed. All these features allow you to simulate 
potential noise problems and build safeguards into your 
products before shipment to your customers, which will 
give your company the competitive edge. 

Helping you find sources of EMI 
is the job of our FVC Series 
Sniff out sources of EMI before sending your product 
off for expensive testing. Simply by contacting the 
probe to the circuit to be measured, you can ascertain 
the electric and magnetic field strengths of each fre­
quency band specified in the EMI standards of FCC, VOE, 
VCCI and CISPR. Models FVC-NA1000 locates sources of 
radiated emissions, and the FVC-NA30 locates sources 
of conducted emissions. 

Contact us now for more details. 

II l•IP.IP.D Portland-Troutdale Airport 999 N.W. Frontage Road Troutdale, Oregon 97060 n Tel : (503)665-0517 Fax : (503)665-2470 . . . _________ _____, ··-·--··-·· Visit us at Wescon/89 
Nov. 14-16, Booth No. 800 

CIRCLE 170 



ADDED SPICE 
Dear Editor, 

I would like to respond to a letter 
that you published (June 22) by 
Keats Pullen, Jr. regarding the Spice 
article Gene Cavanaugh and I wrote 
(April 13). Gene and I take exception 
to Mr. Pullen's contention that tran­
sistor beta is imaginary data and 
that only the transconductance char­
acteristic should be used. 

First, use of beta in a design analy­
sis yields a good, first-order approxi­
mation of the circuit. It can tolerate 
low input impedance, emitter resis­
tance, and thermal-shift variations 
with fewer errors than using gM. In 
fact, initial calculations can be sim­
plified to ignore voltage effects and 
be reasonably accurate. 

Second, the Gummel-Poon transis­
tor model accurately reflects both 
beta and gM effects during Spice sim­
ulation. 

Third, both domestic and interna­
tional semiconductor vendors pub­
lish guaranteed de gain specs, which 
can be used for customer accep­
tance. Although gM values can be de­
termined from the data provided, the 
values are not guaranteed by the 
vendor. 

In summary, the use of beta as a 
primary design characteristic is well 
supported in terms of design practi­
cality, Spice simulation capabilities, 
and vendor guarantees. 

Olive J. Smith 
IVACCorp. 
San Diego, Calif 

WHO ARE YOU? 
Dear Editor, 

I finally got around to reading my 
Aug. 10 ELECTRONIC DESIGN. Your 
Technology Briefing (p. 16) showed 
great insight and brave candor. We 
have been presuming that the brain 
is a computer simply because one of 
its capabilities is computing. Being 
human must be something more: We 
are self-aware, unpredictable, have 
personal identity, etc. No machine, 
even if duplicating my thoughts, 
could ever say, "I am you today." 
Who would I be then? 

Boy are you going to make the 
pompous, presumptuous, and proud 
mad! But I know now I am reading an 
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honest journalistic endeavor. Keep 
up the good work. 

Bryan Glett 
Bellefontaine, Ohio 

A ROSE BY ANY OTHER ... 
Dear Editor, 

Your editorial, "The Shockley­
Rose Syndrome" (Sept. 14), Is rub­
bish. To compare William Shockley's 
sincere inquiry into a scientific issue 
that must be addressed in modern 
times to Pete Rose's allegedly sor­
did, illegal dealings with gambling is 
utterly absurd. I infer from the edito­
rial that an engineer should not step 
away from his knowledge of semi­
conductor physics and enter "anoth­
er realm." In your case this is true: 
Stick to engineering-don't try to de­
fine ethics or morality. Your editori­
al reflects your incompetence in the 
realm. William Shockley's studies 
were misunderstood, and in your 
case they were probably not under­
stood at all. 

I am an electrical engineer but I 
took many courses in biology, bio­
chemistry, and genetics and nothing 
William Shockley said was untrue, 
misleading, or unethical, unless you 
believe that important scientific 
truths should be withheld. I find 
your editorial to be uninformed, il­
logical, and an insult to the memory 
of William Shockley. 

Robert B. Rose 
Falls Church, Va. 

ANOTHER THORN 
Dear Editor, 

I read your editorial (Sept. 14) with 
some interest as you compared the 
self assuredness of Pete Rose and 
William Shockley. I do think that you 
are off base in comparing the dam­
age the two individuals have 
wrought on the world. Gambling on 
baseball only negatively impacts the 
gamblers in the world and possibly 
the athletes involved. Considering 
that baseball is a "pastime" and not a 
major contributor to the GNP points 
to the insignificance of Pete Rose. 

Mr. Shockley, on the other hand, 
by being the father of the semicon­
ductor industry, has in effect created 
an environment in his likeness. At 
first glance you will deny this, but 

DESIGN 

look at the industry. First, I have yet 
to see an African-American Vice 
President or Director in the semicon­
ductor industry and I have worked at 
two of the largest companies in the 
world (Motorola and Intel). Are you 
aware of any? 

It is a well known business prac­
tice that it is important to socialize 
with superiors, peers, and subordi­
nates. I am sure that in the develop­
ment stages of the industry, there 
was a certain homogeneity of the 
participants in order to facilitate re­
search and development. Conse­
quently, there is, I believe, a consis­
tency to the first-generation indus­
try greats, which in turn, sets the 
company cultures for those to fol­
low. 

I think you have grossly trivialized 
the impact of Shockley on the minor­
ity community. Unfortunately your 
opinion and thought process is con­
sistent with the mind-set of the in­
dustry he fathered. 

Name withheld by request 

Although it is not our policy to 
publish anonymous letters, we 
found the following letter regard­
ing "The Rose-Shockley Syn­
drome" editorial interesting. 

Over-40 engineers are being frus­
trated and demoralized by manage­
ment. All of the state-of-the-art as­
signments are given to young engi­
neers. You got the point? Young en­
gineers are less expensive! 

REAL WORLD 
Dear Editor, 

Your editorial, "The Real World," 
(Sept. 28) was both refreshing and 
"Right on the mark." Being respon­
sible for mixed analog-digital IC de­
sign, I also found the DSP article in­
formative. However, the section on 
analog integration left me baffled. 

In my opinion, the biggest problem 
facing "mixed" designers is prevent­
ing digital coupling from degrading 
the analog signals. I have yet to en­
counter a design where the analog 
section harms digital performance 
given that the analog signal is what 
is "real." 

Kevin J . McCall 
Sudbury, Mass. 



You 're flying overseas to go 
head to head with Thomas Gerhard Clarke. 
You need all the help you can get. H 

e's brilliant. He's 
quick. And he isn 't 
nice. If you 're going 
into a meeting with 
someone like this , 

you had better arrive there 
well-rested, well-nourished, 
and well-prepared. That's 
what our First and Executive 
Class service is designed to 
help you do . The way we see 
it, our on-ground and in­
flight staff has only one job: 
to help you do your job. 
For international First or 
Executive Class reservations , 
contact your travel agent or 
Northwest at 1-800-447-4747. 



Piezoelectric 
Ceramics 

Design engineers have 
relied upon Vernitron 
electronic components and 
shapes for more than 45 
years. Specify Vernitron for 
your commercial, industrial 
or military applications. 

• lead zirconate titanate 
• lead titanate 
• lead metaniobate 
• special compositions 

Ceramic Shapes 
• disks, cylinders 
• rings, tubes 
• blocks, plates 
• special shapes, sizes 

Typical Applications 
• ultrasonic 
• audio transducer 
•sonar 
• hydrophonic 
• accelerometer 
• high-voltage generator 

Capabilities 
• design/consultation 
•MIL spec 
• prompt delivery 

(218) 232-8800 

Vernitron 
Piezoelectric 
Division 
232 Forbes Road 
Bedford, OH 44146 
TWX: 810-427-2274 
FAX: 216-232-8731 
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UPCOMING MEETINGS 

NOVEMBER 
COMDEX/Fall '89, November 13-
17. Las Vegas, NV. Cheryl Delgreco, 
The Interface Group Inc. , 300 First 
Ave., Needham, MA 02194; (617) 449-
6600. 

NEPCON Souteast '89 (National 
Electronic Packaging and Produc­
tion Conference), November 14-16. 
Orange County Convention Center, 
Orlando, FL. Market Communica­
tion Associates, 230 E. Ohio St., Chi­
cago, IL 60611; (312) 944-7610. 

Wescon '89, November 14-16. Mos­
cone Convention Center, San Fran­
cisco, CA. Alexes Razevich, IEEE, 
8110 Airport Blvd., Los Angeles, CA 
90045; (213) 772-2965. 

Electronic Services Expo, Novem­
ber 28-29. Santa Clara Convention 
Center, Santa Clara, CA. SHO Inc. , 
167 S. San Antonio Rd., Ste. 4, Los 
Altos, CA 94022; (415) 949-2050. 

I 

Lasers in Electronics Manufactur­
ing, November 29-30. Hyatt Palo 
Alto, Palo Alto, CA. Diane Korona, 
Society of Manufacturing Engi­
neers, One SME Dr. , P.O. Box 930, 
Dearborn, MI 48121; (313) 271-1500. 

DECEMBER 
International Conference on De­
sign for Manufacturability and 
Concurrent Engineering '89, De­
cember 3-6. Fontainebleau Hilton, 
Miami Beach, FL. Kim Takita, Man­
agement Roundtable Inc., 1050 Com­
monwealth Ave. , Boston, MA 02215; 
(617) 232-8080. 

1989 Winter Simulation Confer­
ence, December 4-6. The Capital Hil­
ton Hotel, Washington, DC. Barry 
Nelson, Ohio State University, Dept. 
of IS YEE, 1971 Neil Ave., Columbus, 
OH 43210; (614) 292-0610. 

UNICOM '89, December 5-7. Info­
mart, Dallas, TX. Jozy Schlosser, 
North American Telecommunica­
tions Association, 2000 M St., N.W., 
Washington, DC 20036; (202) 296-
9800, ext. 229. 

American Society of Mechnical 
DESIGN 

Engineers' (ASME) Winter Annual 
Meeting, December 10-15. San Fran­
cisco Hilton, San Fransisco, CA. Jeff 
Lenard, ASME, 345 E. 47th St. , New 
York, NY 10017; (212) 705-7740. 

1989 AEC Expo, December 12-14. 
Javits Convention Center, New 
York, NY. Expoconsul International 
Inc., 3 Independence Way, Princeton, 
NJ 08540; (201) 987-9400. 

Technology '89 (Advanced Manu­
facturing & Technology Exposi­
tion), December 13-14. Mesa Con­
vention Center, Mesa, AZ. C/ S Com­
munications Inc., P.O. Box 23899, 
Tempe, AZ 85285; (602) 967-7444. 

JANUARY 
International Winter Consumer 
Electronics Show (CES), January 
6-9, 1990. Mirage Hotel, Las Vegas, 
NV. Cynthia Saraniti, Electronic In­
d us tries Association I Cons um er 
Electronics Group, 1722 Eye St., N. 
W., Ste. 200, Washington, DC 20006; 
(202) 457-8700. 

ATE & Instrumentation West, Jan­
uary 9-11, 1990. Disneyland Hotel, 
Anaheim, CA. MG Expositions 
Group, 1050 Commonwealth Ave., 
Boston, MA 02215; (617) 232-3976 or 
(800) 223-7126. 

SMART VI (Surface Mount and 
Advanced Related Technologies) 
Conference and Exhibition, Janu­
ary 15-18, 1990. Buena Vista Palace, 
Orlando-Lake Buena Vista, FL. EIA 
Components Group, 1722 Eye St., N. 
W., Ste. 300, Washington, DC 20006; 
(202)457 -4930. 

Fifth Annual Battery Conference 
'90, January 16-18, 1990. California 
State University, Long Beach, CA. 
Julie Allison, Dept. of Electrical En­
gineering, California State Universi­
ty, Long Beach, 1250 Bellflower 
Blvd., Long Beach, CA 90840; (213) 
985-4605. 

Network Management Conference, 
January 24-26, 1990. Innisbrook Re­
sort, Tarpon Springs, FL. Frost & 
Sullivan Inc., 106 Fulton St., New 
York, NY 10038-2786; (212) 233-1080. 



RELIABILITY YOU CAN DEPEND ON! 

HIGH PERFORMANCE • MIL SPEC 

POWER SUPPLIES 
COMPLETE AC-DC/DC-DC MULTI OUTPUT SYSTEMS 
Rugged, high density power supplies to 8 watts per cubic inch 
(including off line front end) ... up to 8 outputs and 500 watts per 
package ... efficiencies to 80% plus. 

AC INPUT (typical) 

UP TO 8 DC OUTPUTS 

CONFIGURE-YOUR-OWN DESIGNS 
Choose inputs and outputs from pre-designed standard modules. 
Non-recurring engineering and qualification expenses are avoided. 
Deliveries are in weeks not months. 

PROVEN PERFORMANCE & RELIABILITY 
The no risk alternative to customs ... standardized modular designs 
ensure reliability and reduce the chance of failure inherent in custom 
circuits and packages. Arnold 's 33 years 
experience in high rel power supplies 
assures designs field proven in 
hundreds of tough , high reliability 
Defense , Aerospace and 
Industrial Electronics 
applications. 

CALL TOLL FREE FOR OUR EL2000 CATALOG 

1-800-421-8181 (in California 805/484-4221) 

ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador, Camarillo, California 93010-5049 

Phone: (805) 484-4221 •TWX 910-343-6468 •FAX: (805) 484-4113 

CIRCLE47 



Introducing the 
Great Boardware 
Protection Co.™ 
you may already 
knowasthe 
Great Software 
Protection Co.™ 

SentinelChip protects 
the Peer-4000 SCSI 
Test System board for 
Peer Protocols, Inc. 

D t didn't take long for people to start calling us 
The Great Software Protection Company. And 
we don't think it will take very much time for 

some more people to start calling us The Great 
Boardware Protection Co. 

That's because of our new security device for 
printed circuit boards- the SentinelChip.™ It's the 
perfect finishing touch for your nothing-like-it, finally­
on-the-market PCB that stops anyone from copying 
your one-of-a-kind electronic design or firmware. 

The SentinelChip from Rainbow Technologies is a 
custom-designed, board-mounted ASIC security 
device that's built from the heart of our proven, best­

selling, virtually unbreak­
able SentinelPro™ 
software protection key. 

Without the "correct" 
dialog between your 
board's firmware and the 
SentinelChip's impen­

etrable algorithmic code, the board won't work and its 
design can't be copied. It's that simple. 

The "never-say-copy" SentinelChip from the Great 
Boardware Protection Co. The simple, sure-fire 
protection you and your PCBs can stop looking for. For 
more information, call Rainbow Technologies today. 

SentinelChip'" •Protects electronic design and 
board software against copying •Protects revenues for designers/ 
developers • For any pc board, including those used in computers, 
peripherals, test equipment, and arcade games 
Teelm1cal featmes include: • High-security algorithm technique, 
never a fixed response• SentinelChlp must be In-place at all times 
for board operation • Simple clocked inierfaoe •CMOS design tbr 
low power consumption •Single 3.5 to 6.5 VDC supply 'VOlta(ft 
•Surface mount (SOIC-20) or thru-Mle IP-20) paekaplg 
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How many more reasons 
do you need to add IEC 
~h?.£~H~~f ~ protection? 
possibility of electrical shock. But you can 
eliminate the possibility of electrical 
shock as defined in IEC Standards 65 and 
257, when you ask for Littelfuse 
Shock-safe Fuseholders. 

They meet the widest range of inter­
national standards to help bring your 
designs to market across the country 
and around the world. 

With a choice of styles that meet your 
assembly needs and reduce fuseholder 
body inventories. 

Just select the terminal style you want­
including W' Q.C. Then add your choice of 
color-coded, interchangeable fingergrip or 
screwdriver slot knob to match the 
standard 3AG, European 5 x 20 mm or 
miniature 2AG fuse you've selected. 

To put your hands on some free 
samples, call your Littelfuse representa­
tive today. And remember, it's better to 

be shock-safe than sorry. 

Littelluse® 
a subsidiary of Tracor 
800 E. Northwest Highway 
Des Plaines, IL 60016 
FAX(312)824-3024 
(312) 824-0400 

Ask for Litte 
Call for your free copy of the Littelfuse Shock-safe 

Fuseholder Product Bulletin #1031. 
CIRCLE89 
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HELP 
AS MUCH 

AS YOU CAN 
SEND 

MONEY 
A disaster isn't over when the emergency teams 

leave for the night . Families struck by disaster need 
food , clothing, and shelter. Tomorrow they'll start 

rebuilding their lives. And that takes months. 
The good news is that the Red Cross will help 
these families every step of the way. No matter 

how long it takes. If you ever need the Red Cross, 
you can bet we'll be there. 

Please send a check and the attached coupon to 
your local Red Cross Disaster Relief Fund. Do it today. 

r: --------.American Red Cross l 
I You can count on me. I've enclosed my disaster relief gift of- I 

D SIO D S25 D S35 D S50 D SIOO Other I NAME _ ___ _________________ _ 

I 
ADDRESS 

CITY ________ _ STATE ___ _ ZIP ___ _ 

I 
I 
I 

Make check out to: 
American Red Cross Disaster Relief Fund 

Send your contribution to: 
American Red Cross 
Disaster Relief Fund 
Box 37243 
Washington, DC 20013 

or to your local chapter. Thank you! 

Or call toll free 
1-800-453-9000. 

I 
I 
I 
I 
I 

I This ad was donated as a public service. 

~-----
___ J 



And that's why we put the IC/Discrete 
Parailleter Database on CD-ROM! 

We're Information Handling Services- the 
VSMF® people-and D.A.T.A. Business Publishing­
D.A.T.A. DIGESTS. And we've been helping you 
solve your product research problems for years. 

Now we can help you do your component 
research a new way. With software for your 
IBM® AT® compatible and a database on CD-ROM. 

• Get fingertip access to over 800,000 integrated 
circuits and discrete semiconductors. 

• Search for active and discontinued devices, 
commercial and mil/ hi-rel. 

• Link to manufacturers data sheets with one 
keystroke. 

And, every sixty days we send out updates to keep 
your data current. 

The results? Time saving searching- and time is 
money. 

See us live at WESCON. 
BOOTH#217 

For more information write, phone, or Fax: 

) Information Handling Services® 
15 Inverness Way East • Englewood , Colorado 80150 

Phone: 800-525-7052 in the U.S.A. 
(303) 790-0600 ext. 59 
in Colorado and outside the U.S.A. 

Telex: 4322083 IHS UI 
Fax: 303-799-4085 in the U.S.A. 

(303) 799-4097 outside the U.S.A. 
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YOU ALREADY HAVE 
32 GOOD REASONS TO ADVERTISE 

II PENTON PUBLICATIONS. 

NOW YOU HAVE 6 MORE. 
These electronics magazines are now 

Penton Publications. We give them strength, 
stability, and quality. They give you a 
great way to reach your customers. 

Penton Publications 
1100 Superior Avenue, Cleveland, OH 44114 
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, & development engineers in this ...,. 
, highly visible section for a very """' 
tfll' low cost! ' 
tfll' Call : """-
~ Jeanie Griffin at (201) 393·6382 ~ 

~ ' ~///11111111\\'''''~ 

WEBER W22 CIRCUIT BREAKER 
FOR EQUIPMENT 
Swiss precision, double pole on/off switch, thermal 
circuit breaker with thermal protection in one or both 
poles. Compact snap-in . Illuminated rocker. UUCSN 
VDE approved up to 60 Vdc and 240 Vac and current 
ratings from 0.05 to 20 amps. Options include low 
voltage release coil , relay trip coil , and mechanical 
safety release. Contact 
IN MARK CORPORATION, 4 Byington Place, Norwalk, 
CT 06850. Tel. 203-866-8474 or Fax. 203--866-0918 

INMARK CIRCLE 248 

EL BACKLIGHT INSTRUMENTS. 

The simple, inexpensive and fast way to 
backlight your instrument clusters. BKL's 
extremely thin (.012" to .024") quality EL lamps 
are made from Kard-0-Lite®, a patented 
electroluminescent material that makes them 
fit instrument & panel maker needs. For the fastest 
turnaround in the industry, at affordable costs, 
call Eric Light, 215-277-2910 or Fax us your 
specs: 215-277-2956. 

BKL, Inc. 
421 Feheley Drive 

King of Prussia, PA 19406 

BKL, INC. CIRC~ 
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100 
MHz 

Single Board 
Data 

Acquisition 
& 

Signal 
Processing 

PERFORMANCE 
WORTH 

DISCOVERING 

%~ 
357 SHERIDAN ST, #119 
CORONA, CA 91720 
(714) 734-3001 

I 
I 

SIGNATEC CIRCLE 246 

" The Best 8051 Emulator " 

" :r..l,i' . 
• • ... . ~4· 

. : __ · ;; 1 · ~~ 

5 ft cable 

8051 • See EEM 88189 
Page D-1304 

PC based emulators for the 8051 family 
(8051/51FA/52/31/321441152/01/452/ 5351552/8XC751 + CMOS • more . 

• PC plu.g m bOlirds Of AS-232 box • Program Pl'lr»rmance amllyier 
• Pull.oown me!'lus combmecl w+lh • Pcrwertut Macros vu1h IF-ELSE . AEPEAT-

Co'Tlmand·[)'1ve!'I User ln1arfaca WHILE structures 
Corrtexl sen51t1ve help al'ld • Source level debug tor PUM-51 al'ld C-51 
On-Sc1ee!'I Ed1t•ng o! data • SymbollC debugging w>!h 1n·hna assembler 

• 20 MH1 real lime emul111>0n a!'ld d+sassemblar 
• 128K emulat>an memory • Execut>0n uma coun1er 
• 48 1)1! wide. 16K deep trace butter • T!aca can bf! view.cl during amulat>anl 

with loop counter 

PRICES: 32K Emuletor tor 8031 $1790; 4K Trace $1495° 

CALL OR WRITE FOR FREE DEMO DISK! 
·u s only Ask about our demo VIDEO! 

noHau 
CORPORATION 

ALSO SEE PAGE 170 

51 E Campbell Avenue 
Campbell , CA 95008 
FAX (408) 378-7869 

(408) 866-1820 

CIRCLE 249 

Quick, Fast Socket Conversion 
• Convert-A-Socket '" makes it a snap to convert a pro­
duction socket to a test socket and vice-versa. 
• Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 
• A must if you're inserting circuits repeatedly in low 
insertion force sockets. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Br 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

HIGH DENSITY - LOW INSERTION FORCE 
48-490 POSITION HIGH REL PC CONNECTORS 

KA/254 Printed Circuit Board Connectors are available with 4 
row models with from 48 to 392 positions and 5 row models with 
from 230 to 490 positions. These connectors meel D55302 
pertormance requirements. Crimp, flow solder, winhvrap®, and 
solder cup terminations are available on .100" x 100" grid 
spacing. 

HYPERTRONICS CORPORATION 
16 Brent Drive 

Hudson, Massachusetts 01749 
800-225-9228 

(In Mass. & Canada (508) 568-0451 ) 
FAX: 508-568-0680 

HYPERTRONICS CIRCLE 247 

Lifetime FREE 
Software Updates 

$798 

• Supports over 970 20- & 24-pin PLDs 
• Approved by major manufacturers 
• FREE ofter sole support: updates via 24-hr 

BBS and toll-free technical support 
• 30-doy money-bock guarantee 

The Engineer's Programmer™ 

CALL 'Ir 800·225·21 02 
713/461 -9430 FAX 71 3/461-741 3 BBS 7 13/461 -4958 

BP~ 
BP MICROSYSTEMS CIRCLE 250 

3000V P-P i/o ISOLATED, 2-3W HIGH DENSITY 
DC/DC CONVERTERS, 200/300HI SERIES 

Available from Conversion Devices, Inc., 15 Jonathan Drive, Stoughton. 
Massachusens, 02401 , U.S.A., 1s the new model HI Series of high power 
density DC/DC converters 1n a 0.4 cubic inch 24·pin DIP compatible 
package with single and dual 2-3 wan outputs. 
With high voltage isolation of 3000V P-P60Hz between input and outputs, 
these converters are designed for local voltage distribution applications 
where very high isolation and quality regulation are essential at point ol 
load for signal conditioning, process control and local area network (LAN) 
subsystems. 
The Series pricing 1s from $37.00 (2W- single ou1put) to $44.00 (3W·dual 
ou'.put) in single quantities. Availability ~ from 2·3 weeks ARO. 

CONVERSION DEVICES, INC., 15Jonathan Drive, Stoughton, 
MA 02401 . TEL: (508)559-0880 FAX: (508) 559-9288 

l EMULATION TECHNOLOGY 

E S I G N 
CIRCLE 252_J [ CONVERSION DEVICES CIRCLE 253 

To advertise call : Jeanie Grittin at (201 ) 393-6382 



Direct Connection Ads • New and current products for the electronic designer presented by their manufacturers. 

New AFDPLUS 
Advanced Active Design Software 

• Fully Interactive 
• On Screen Design 

& Evaluation 
• On Screen Editing 

• Menu Driven 
• Automated 

lnstalltion 
• Schematic Display 

and Print 
• Integrated AFDSIM 

Introductory price $850.00 (price effective through 1/31/90) 
Call for your FREE DEMO DISC (303) 499-7566 or to order 
AFDPLUS send check or purchase order to: 
RLM Research 
P.O.Box 3630 
Boulder CO 80307-3630 
RLM RESEARCH CIRCLE 254 

COMPLETE WITH HYPERSIGNAL 

TURNS YOUR PC INTO A VERY 

POWERFUL DSP WORKSTATION" 

Description 
DSP32C System Board 
Hypersignal Workstation 

Regular Price 

Price<US$) 
$2995.00 

~ 
$3984.00 

SPECIAL PRICE BEFORE 
DECEMBER 1189: $3484.00 

USA East: 800-323-1842 
USA West : 800-663-8986 

In Mass: (617) 890-3400 
Canada: (604) 438-7266 

SPECTRUM SIGNAL PROCESSING CIRCLE 257 

DATA 110: GREAT, H/W FLEXIBLE 
SAILOR : GREAT, S/W FLEXIBLE 

Sailor-PAL is SN/ driven by PC/XT/AT/PS2 or laptops; 
powerful, reliable and SN/ upgradable. 
Certified by IC manufacturers. Supports: 
• 7ns PALs • PLSs • Test Vectors 
• 12ns GALs • PEELs • 2-MEG EPROMs 
• EP900 • ECLs • Bipolar PROMs 
• EP1800 • 8751s •New high speed 
• PLAs • EEPROMs • CMOS PROMs 
Please call for a free demo disk. ADVIN SYSTEMS 
INC., 1050 East Duane Ave, Sunnyvale, CA 94086. 
(800) 627-2456 FAX (408) 736-2503 

ADVIN SYSTEMS CIRCLE 260 

To advertise call: Jeanie Griffin at (201) 393-6382 

IOTECH 

~ ............... "'~~ ..... 

lEEE 488 
Sl)luti<Jns. 

• Hardware & software mlcrfaccs for PC. AT . 
. lX6. PS/2. Macmto\ h,Sll N. HP & DEC 

• IEEE converter' 10 SCS I. RS-2 _'2, RS -422. 
modem, Ccntronu .. ·..,, d1!!1lal 1/0 & analog 1/0 

• IEEE ex tender ... expander" & huffcrs 
• IEEE drivers for OOS. l!N IX.•,_ Lotus 1-2-J. 

Symphony & Quallro 

Call or send for your 
FREE Technical Guide 

Demo disks ana appl!ca t1on notes avaliable 

lOtech 
(216) 439-4091 

J 1·ln ti'11>:~111<n.J • ~J\ , ~ I n 1 .l <>J -.lCN::. 

101,·, h. In, • ~<;,>J~ I CJnnPn !<1,Jd 
Clt'\t'land. Oh111.Wl-lh 

CIRCLE 255 

THE FIRST 
LOW-COST, All-CMOS 

PROGRAMMER. 
For under $2000 you get: 
• Popular CMOS 

logic devices 
• Popular mem­

ory devices 
• High-speed 

data transfer 
• Easy memory card updates 

Call today for a 
15-DAY FREE TRIAL. 

1-800-247-5700 
Ext. 820 

DATAl/O 
Corporation 

DATAl/O CIRCLE 258 

Logic Synthesizer 
Now available on IBM PC and SUN 

lot your next design of programmable logic, 
random logic or gate arrays. 

• BOOL'" converts a behavioral description of 
combinatorial logic or state machines into 
boolean equations. 

• Extracts the don't care set from the input 
description for use in minimizing the hardware -
a feature unique to BOOL which guarantees the 
most optimal implementation. 

• Accepts as input: Behavioral descriptions, state 
machine specifications and boolean equations. 
Supports bus arithmetic, function calls, flow 
control statements, indexed variables and more. 

• State of the art minimization algorithms, 
including absolute minimization and Espresso -
can handle complex designs with thousands of 
product terms. 

• Built in simulator. 

30 day money back guarantee. 
BOOL is $390 for the IBM PC, $990 for SUN/3 

For more information, write or call: 

£!i\ Cornell Design Tools , 
~ 761 Cornell Drive, Santa Clara, CA 95051 

Phone: (408) 984-0777 Fax: (408) 748-1826 

CORNELL DESIGN TOOLS CIRCLE 261 

E L E C T 

Neural 
Network 

Chip 
•Learns reflex actions like Pavlovian Conditioning 

•Trains in real time 

• Adaptive feedforward servo-controller 

•Anticipates response required 

•Use for motors, temperature control , 
consumer appliances 

• Both PWM and 8-bit parallel out 

•Samples $75 each 

1
1126 Apple Valley Road 

AccoTech Accokeek, MD 20607 
(301) 292-4124 

ACCOTECH CIRCLE 256 

• 
LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT I 

• l ncl~~es INSTALLABLE DOS DEVI CE DRIVERS and supj:;m for HASIC. 

: t~81 ( 11~6).1 iut~;~~~~~~~!~~~1U~ ~ ~·~~~ld~n~~~o~~~er · s so. 
• Compa1ible with most IEEE-488 Sonwart pack.ages for 1\JM-PC (e.g. ASYS-
TANT~ Lotus Mnsurta Com~ with Ni's GPIB-PCllA 

~EE.I!,- 488 Car [l'l.:488B] I 
With Built-In Bus Analyzer $345 
: ~~iif~~a~~F~~:~~fo~~~ 1~~~~~~~~~~~~~:~:~~~if:~:~~;(~1l> 
• :~;~~~~ ~~~~~;~~s ~~5ex~~JZ~=a~r':s i~:~:r~~~~~~~&. w~~::S 

po1nls, real ume bus d:ua capturt (4 K buffer}, instant scrten 1ogling. 
• Complete Controller I Talker 1. Li sltl_ltr capability. Based on TI 's TM S-9914. 
• NEC-72 10 based c:ird com auble with National Instruments PCll . $445, 

ND+ D/ A+ DIO +Counter 295-995 
• ~~~ ~irr:~e~~r~~~:C~~1~g~~k~~~~~"o.5~; t~;~0b~'. ~~so:~~~~~~"~~~r. 
• D/A: in channels, 12-14 bi! Resoluuon; DIO: J60ut/161n,~1.. comp::nfble. 
• Programmable lntcrval Coun1er(fimer; Uses Intel 8253/8254. 

MC/ VISA / AMEX Calltodayfordatasheets! 

B&C MICROSYSTEMS INC. 
3SS Wrst Olh·e AYt, Sunnyva le, CA 94086 
n:L: (408)730-SSJ I ~·.u: (408)730-5521 

B&C MICROSYSTEMS CIRCLE 259 

I RS232 EFJEPROM,_ MICRO & $345_595 I . MEMORY CARD rROGRAMMER . 
• Programs EE/EProms, Flash Eproms, ZPRams, lntt.I Micros, Memory Cards. 
• Scand·Alone Mode for EF./EProms and Memory Card Duplication I Verify. 

• ~/c;~~V1:1.~~~~8~~~-~~.~1~~51<F~B.~5~~~j.~5s~~J~~~~~5/:9161 . 
• Modular design; Acctpts dtdicaltd modulu: Memory Card programming 

• c:i~e J~~~~~~~~ S:~~u~e~n~~:~F~~~~~nit;~u~~ri~s;:~_modulcs . 
Optional built-in E1'11str{l'imer modult ($50). Top cover conductive foam pad. 

• User friendly Menu-Driven Interface Prasram for IBM·PC and Macintosh. 
• Fu ll I ytar warranty. Customer support v1a voice line, fax or dtdicattd BBS. 

f INTELLIGENT ROM EMULATOR $395 I 
• Emulates 2716 throu~h 27512 EProms with a sinile unit. Acceu timt 120ns. 

: 5~~fri~n~;h~f~:re~cio::'~~ !'e~~~~ru:~ ~a~(~a~~).r~~!~~~t~a)~le . 
Disp lay(memory),Ty~ofEProm),Edlt(memory),Fill(memory),Cakul ator, 
Rtst t(larget system),Activatt(debugging feature),Monltor(selected feature). 

: ~~jft~"Fo~ili~u~~ai~l~a1i~1 ~~~~~5 ~~:Ct:~'b~~~:~s:,~s":::~~~ !~f'r. 
• Cucadablt up lo 8 unit5.lnctudes interface cable with Trigger and Reset clips. 
• CMOS (stand-alone) model with rechargeable NiCad bauery backup: $495 

1\-1C f VISAfAMEX CaJltodayfordalasMel.I'! 

B&C MICROSYSTEMS INC. 
355 Wut Olivt Avt, Sunn)"'·alt, CA 94086 USA 
TE'-'(408)730-5511 FAJC (408)730-5521 

B&C MICROSYSTEMS CIRCLE 262 
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Direct Connection Ads • New and C' rrent products for the electronic designer presented by their manufacturers. 

Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 

AC/DC Circuit Analysis • Active and Passive 
Filter Design • Screen/Printer & Pen Plotter 
Graphics for Engineers • LaPlace Transfer 
Function/FFT Analysis • Logic Simulation • 
Root Locus Analysis • CAD/CAE • Digital 
and Analog Signal Processing • Curve 
Fitting • Statistics • Thermal Analysis • 
Math • Microstrip Design and Analysis • 
Data Acquisition • VISA & MIC Accepted 

~Engineering 
~ Professional Software 
2023 Chicago Ave., Stuite B-13 • Riverside, CA 92507 
Tel : (714) 781-0252 e U.S.A. e TELEX: 6503089864 
BV ENGINEERING CIRCLE 263 

6800/6809 MICRO MODULES. 

OEM 6800/6809 MICRO COMPUTER MODULES for 
dedicated control and monitoring. Interfaces for sen­
sors, transducers, analog signals, solenoids, relays 
lamps, pumps, motors, keyboards, displays, IEEE-
488, Serial 1/0 , floppy disks. 

WINTEK CORPORATION, 
1801 South Street. Lafayette, IN 47904-2993. 
(317) 742-8428 or (800) 742-6809 

MICRO MODULES CIRCLE 267 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Sottware Package predicts the reliability ol your 
system using the part stress procedure of MIL-HDBK-21 ?E, and 
runs on the IBM PC and full compatibles. Say goodbye to 
tedious, time consuming, and error prone manual methods! 
RelCalc 2 is very easy to use, and features menu windows, 
library functions, global edi ting for what-if? trials, and clear 
report formats. Try our Demo Package for $25 plus postage. 

T-CUBED SYSTEMS, 31220 La Baya Drive# 110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991-1281 

LOGIC 
OUTPUT 

IR1000 DIGIT AL INFRARED SIGNAL 
• Printed circuit board components 
• Responds to thermal radiation 
• TIL or CMOS compatible logic output 
• Accurate 90-60 Db gain low noise signal conditioner 
• Threshold voltage reference input 
• Current drain 200 uA available, ?ma standard 
• Optical components for infrared systems available 
• Complete infrared systems design available 
INFRARED, INC. PO Box 47, PARLIN, NJ 08859 
(201 ) 536-4455 

INFRARED SENSOR CIRCLE 264 

FREE! 
120 

Page 
Catalog 

"Optics 
for 

Industry" 
ROLYN OPTICS supplies all types of "Off-the­
Shelf" optical components. Lenses, prisms, mir­
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro­
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO. , 
706 Arrowgrand Circle, Covina , CA 91722, 
(818) 915-5707 & (818) 915-5717 . TELEX: 67-
0380. FAX: (818) 915-1379. 

FREE CATALOG CIRCLE 268 

8051 Emulator - $1250 
d2ICE is a low cost, Full Speed, real time 8051 
Emulator .. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COMl/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 

Cybernetic Micro Systems 
Box 3000 • San Gregorio , CA 94074 
[415) 726-3000 • Telex: 910-350-5842 

I AUTOMATE MIL-HDBK-217E CIRCLE 270 CYBERNETIC MICRO SYSTEMS CIRCLE 271 

2101 E L E C T R 0 N I C D E S I G N 
NOVEMBER 9, 1989 

87C51 PROGRAMMER $125. 
Loaical Systems brings you suppon for the Intel 87C51 . The 
UPA87C51 programs this popular mlcrocontroller on ~eneral 

U~~8jcg;i~~~:~~~~~uftfe°~1~f ~~~~~c~1~~ir1ty bits 
and the 87C51 encryption array. Logical systems , helping you 

8i~!~g r::· g,u,ig!~~~~ -poo~~a~~~~re~:1~:i~ . with our 

ADAPTER PROGRAMS PRICE 
UPA8751 C6751 , 8751H , AM06753H, 8744 $95.00 
UPA87C51 125.00 

UPA63701V Hitachi HD63701VO 65.00 
UPA451N Signetlcs SC87C451 (64 pin DIP) 125.00 

UPA63701 Y Hitachi HD63701YO (64 pin shrink dip) 
·L Low insertion force .socket 95.00 
-Z TextOOI ZIF socket 149.00 

UPA63705V Hitachi HD63705V0 65.00 

CALL (315) 47B-On2 or FAX (315) 475-8460 

LOGICAL SYSTEMS CORPORATION 
P.O. Box 6164, Syracuse NY 13217-6184 USA. TLX 6715617 LOGS 

NEW, GRIDLESS, 100% AUTOROUTING 
HiWIRE-Plus"' lets you quickly create and revise sche­
matics and PCBs on your IBM PC. With the new, 
gridless, multilayer autorouter (AR) for HiWIRE-Plus, 
creating printed-circuit layouts is even faster. AR and 
HiWIRE-Plus are each $895 and come with thirty-day 
money-back guarantees. Credit cards are welcome. 
WINTEK CORPORATION 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 

HiWIRE-PLUS· 

COLOR GRAPHIC TERMINAL CARD 
• 16 Colors 
• 640 X 200 or 640 X 240 Resolution 
• Compatible with CGA Monitors 
• PC Keyboard and 2 Serial Ports 
• 5V only 
• $295 quantity one 
• Monochrome version available 

HERITAGE SYSTEMS CORPORATION 
P.0.Box 10588, Greensboro, NC 27404 
(919) 547-0777 •Telex via WUI 6503057397 

L HSC-9360 COLOR GRAPHIC TERMINAL CIRCLE 272 

To advertise call : Jeanie Griffin at (201) 393-6382 



The ULTimate PCB layout package fcaturhl&: 
I RuJ-romc ~RulcChcck I CUMdandangularnacts 
I TractShovtand Reroute-Wlule·l"\ove I fulSMTsupp:in: 
I Autoroute by window, component or net I Powcrlul placement tools 
I J2layerSUpjXXt:bliOO&OOnedvias I Backanncxaoon:pin/gateswap 

btm:itdmmicwyl'm.IOllJWltht.nlirltNcb,9JSll't.niJ1tw~Mtmli/Jt 

US.A/Canada: Ulllma1eT~Ccrp. • Td.:(405) 43 96944 • fax: 4JQ.a9(() 
Ul/lrdand: ULTimatcTed'robgy(UK)Lld • Td.:(07J4)& !2030 • fadl5323 
Germany: ULTimateTtdn:llcgy • Td.:07031870026 • Fax:&S9l5 
lnt.Hcadq1Wtm: ULTima1cT~B.V. • Td.:(+Jl)2i59·44424 • fax:4J345 

llLTlrt:'.il J.\'ifrn: ASK FOR YOUR FREE Dr.KO DISK 
TECH~l_F-l 

ULTIMATE TECHNOLOGY CIRCLE 273 

Don't Get Zapped! 
High inrush current can destroy -your sensitive VAX 
CPUs and peripherals In less time than It takes to 
flip a switch. 

THE SOWTION? 
Power up with Z·LINE TPC 115·10 MTD ™ _L 
the smallest power distribut ion irM . 
and control system available. Z-f!fNE 
POWER UP WITH - - - ,?' 

Our proprietary Multiple Time Delay ™ circuitry 
sequences your power-up to protect your systems 
from the spikes and surges, EMI & RFI, that destroy 
your hardware and erase your data. And our 
remote on I olf and emergency shutdown gives the 
power control back to you. 

All Pulizzi Engineering MTD TM controllers are 
compatible with DEC and UPS systems. 
PRICES FROM $436 TO $305 

DON'T WAIT UNTIL IT HAPPENS, CALL TODAY! 
Pl 'LIZZI 1::.\IGINt:ERING INC. 

3260 S. Susan Street, Santa Ana, CA 92704-6865 
(714) 540-4229 FAX (714) 641-9062 

PULIZZI ENGINEERING CIRCLE 276 

Tango-Schematic Series I l:M 
It simply works better. 
We listened to )'OUr suggestions and built the best in PC-based 
schematic capture. More versatile than OrCAD .™ More 
features than Schema.'M Easier to use than 
DASH.'" Thanks to our streamlined 
interface and integrated approach, 
Tango-Schematic makes creating 
complex schematics simple. 
Compare for yourself. 

Tango-Schematic features SEDCO •• 
li braries, with over 5,000 parts guaranteed 
for accuracy; integrated component creation; true 
ANSI/ IEEE support; fo rward- and back-annotation; 
PostScripl and DXF output; free tech support; and much more. 
It 's all there for just $495- guaranteed. 

• 

FREE EVALUATION PACKAGE 
800 433-7801 619 ;;4-1000 619 554- to t9 Fax 

ACCEL ,,. Technologies • 6sz; Flanders Dri\·e • San Diego, CA 9l ll l USA 
lnlcrn ational prices may vary. Contact us for the di stributor nearest you. 

ACCEL TECHNOLOGIES CIRCLE 279 

To advertise call : Jeanie Griffin at (201) 393-6382 

WEBER - AS168 CIRCUIT BREAKER 

Overload and Short Circuit Protection with high per­
formance energy limiting capabilities. Available in 
single, double, triple and four pole versions with 
optional relay trip, auxiliary and signal contacts. 0.5 
to 50 A, 480 VACI 277VAC. Din rail mounting. Easy 
to install. UUCSA/VDE. 
For more information, contact: 
INMARK CORPORATION, 4 Byington Place, 
Norwalk, CT 06854 • (203) 866-84 7 4 

INMARK 

SAVE SPACE WITH MINl/BUS®BARS 
• Improve power distribution 
• Reduce required board layers 
• Eliminate up to half the decoupling capacitors 
• Fit between or beneath !C's 
• Also available in surface mount 
Send for Rogers Mini/Bus® Bars 
Application Bulletin. 

ROGERS CORP., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 

MINI/BUS® BARS CIRCLE 277 

Tango-PLD. The New 
Price/Performance Leader. 
Tango- PLO, a un i\'ersal PLO design tool wil h sophi s1i­
ca1ed feat ures at an affo rdable price, creates 
complex designs wi1h multi ple PA Ls 
and GA Ls. Our top-down approach, 
emphasizing logic description fi rst 
and part selection second , along 
with a ··c- like" design language, 
makes Tango- PLO easy to use. 

Descr ibe designs with Boolean equa­
tions, truth tables, state machines, 
high-level C express ions, or ex iSl ing jEOEC 
files. Simu lation with test-veclOr coverage checking 
guarantees no surprises. Rich fu nctionality, one year's 
updates, free tech support and BBS, plus our 30-day guaran­
tee. All 1hi s fo r ju st $495 . Call 1oday. 

• 

FREE EVALUATION PACKAGE 
800 433-7801 619 5;4-IOOO 619 554- 1019 Fa> 

ACCEL 'M Technologies • 68.?5 Fl anders Drive • San Diego. CA 92 ll 1 USA 
lntcrn:llional prices ma~· vary Co n1ac1 us fo r the di st ribulor neares1 you. 

ACCEL TECHNOLOGIES CIRCLE 280 

E L E C T 

FINE-TUNE 
that 

TIMING 
CIRCUIT!! 

Our NEW ADJUST ABLE SQUARE 
WAVE GENERATOR MODULE is frequen­
cy trimmable ± 1 %. Available in 25 
models with output frequencies from 5 to 
80 Mhz. 

14-Pin DIP package (.260 high). 

te2 engineered components co. 
P.O. Box 8121 , San Luis Obispo, CA 93403-8121 

CALL TOLL FREE (800) 235-4144 
Circle Reader Card No. for FREE Technical Sheets 

ENGINEERED COMPONENTS CIRCLE 275 

r- relecom Design! 
CALL PROGRESS 

TONE DETECTORS 

Tone detector ICs for all te lecommunica­
tions products . 5V, 3.58 MHz time base, tri­
statable outputs. 
• M-980 band pass detector from 340 Hz 

to 620 Hz. Ideal for detecting non­
precise call progress tones. 8 pin . 

• M-981 provides precise detection of 
350,400,440 and 480 Hz. 22 pin. 

• M-982 provides precise detection of 
350,440,480 and 620 Hz. 22 pin. 

For more info call : 11!: IeI f I FlJCViJ;J 
(In Washington State: 206-827-9626) 

U:EL"'CCNE® 
10801-120th Avenue NE, Kirkland , WA 98033 

TEL TONE CIRCLE 278 

"Best Value" in PCB Design 
Tango "·' sets the pace in PC- based circuit board des ign 
with an easy- to-use. pop-up menu interface and 
powerful features includ ing I mil resolution . 
full SMT support , DRC. Gerber and 
Pos1Sc r ip1 '" ou tput . fast high­
comple1ion autorou ter, and pho­
toplot previewi ng. Configure 
your personal PCB design station 
from our selection of entrv-level 
and expert tools. starting at 
just S59 5 

See for ,·ourself wh1 engineers rated 
Tango the .. Best Va lue' in PCB design al CAD 
Showdown ·s9. Rich func1ionalil\, one vear"s 
updates. free tech support and B·Bs. plus our .lO-da1 
guarantee. Call w da1. 

• 

FREE EVALUATION PACKAGE 
800 433-7801 619 ii+lOOO 619 55•·11119 FO\ 

.\CCEL , .. Technulo~it'!<> • b8l) Fl:mdt•r, nme • S:tn D1t·~11. C\ 91111 LS.\ 
ln11•rn;lliun:tl prict·~ m:t~ \:tr~ Cun1:1n u:-. for tht• d1:'>lrihutor neart''' \OU 

ACCEL TECHNOLOGIES CIRCLE 281 
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Direct Connection Ads • New and current products for the electronic designer presented by their manufacturers. 

960 DIGITAL I/ O LINES 
ON A SINGLE VME SLOT 

NEW! IOEX™ BUS CONTROLLER 
• 1/0 expansion bus highly immune to EMl/RFI noise. 
• Extends up to 50 feet on unshielded ribbon cable. 
• 20 card slots witti geographic addressing. 
• Efficient slot vectored interrupts. 
• Compatible with most Eurocard card cages. 
• Components are available for complete sub-systems. 

INDUSTRIAL DIGITAL SYSTEMS 
2108 W. Freeway - Fort Worth, TX 76102 

Phone (817) 332-2241 

IOEX"' BUS CONTROLLER CIRCLE 282 

FORALLYOURPLD/PROM 
DEVEWPMENTNEEDS! 
Pr{OM~® Engineering/Production 

Programmers 

SPRXNT® PC-Based, PLO/PROM 
Develo mem S sterns 

FREE 9 ~~a!fl~ ·OmRa~dpp~I~ 
DISKETTE SOOAnron:Rood Fax(4<ll)3H-36Zl 

EVALUATION Montm-,,CA.93940 Trit-x882141 
T~ Tcl(4C8)37J-3607 800-777-1202 

ADAMS • MACDONALD CIRCLE 285 

VERN ITRON 
C 0 R' P 0 R A T I 0 ;-.. 

TRANSFORMERS 
POWER INDUCTORS 
DC·DC CONVERTERS 

AIE MAGNETICS DIVISION 
2801 72nd Street North 
St. Petersburg, FL 33710 
TEL: (813) 347-2181 
FAX: (813) 347-7520 

I VERNITRON 

212 /E L E C T R 
NOVEMBER9, 1989 
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CIRCLE 288 I 
I C D 

FLOW CHARTING II+ 
Flow Charting II+ will amaze you with its speed, power and 
simplicity. 
• Update and print charts as fast as the situation changes 
• See your revisions right away-no long wait for charts to 

be hand drawn 
• Select 26 standard shapes; 10 text fonts 
• Tutorial manual makes learning easy 
• Runs on IBM or compatibles 
• Produces excellent organizational charts! 
• Only $2291 

PA1l1JN & PA1l1JN 
So t tware Corpora11on 

Excellence in charting the now of ideas 
For more tnlormation, see your local retailer or call 

1-100-525·0082, ezt. '3 (outside Call!.) 408·629·5376 {Callf.l lnl'I. ) 
81 Great Oaks Blvd., San Jose, CA 95119 

PATION & PATION CIRCLE 283 

SEALEVEL SYSTEM S INC 

5f~LEVEL EA~~E~~c1 g~~41 
(803) 855-1581 

SEALEVEL SYSTEMS CIRCLE 286 

VERN ITRON 
CO R PORATION 

TRIMMER POTENTIOMETERS 
PRECISION POTENTIOMETERS 
CUSTOM RESISTIVE DEVICES 

VRN INTERNATIONAL DIVISION 
2801 72nd Street North 
St. Petersburg, FL 3371 O 
TEL: (813) 347-2181 
FAX: (813) 347-7520 

VERNITRON CIRCLE 289 

E S I G N 

Development Tools 
PseudoSam Cross-assemblers $50.00 
PseudoMax Cross-simulators $100.00 

PseudoSld Cross-disassemblers $100.00 
PseudoPack Developer's Package $200.()()($50.00 Savings) 

POWERFUL 
• Psc udoCorp supports an extensive lin .: of professional cross-Oevelopmen1 

tools. Tools that speed development or microprocessor based products. 
Fast, sophisticated macro assemblcn to genente your program code 
Ve natile simulators that allow testing and debugging or the prognm even 
before the hardware exists. ~ 10 use disassemblers 10 help recove r lost 
source prognms. 

AFFORDABLE 
• Until now, powerful tools like these have been priced rro m 5 10 10 ti mes 

our price. No more waiting ror system lime, at these prices eve ry Engineer 
can have a personal development system on an IBM PC or compatible. 

BROAD RANGE OF SUPPORT 
• PscudoCorp currently has products for the following microprocessor 

ramilies (with more in development): 
lntet 8048 RCA 1802,05 lntel 8051 
Motorola 6800 Motorola 6801 Motorola 68HC 11 
1-iitachi 6301 Motorola 6809 MOS Te<:h 6502 
Rockwell 65C02 Intel 80B0,85 Zilog ZBO 

Intel 8096 
Motorola 6805 
WOC65C02 
NSCBOO 

1-iitachi H064180 Motorola 68000,8 Motorola 68010 

• For more informal ion call, write or use the reader service number below. 

• To place an order, call or write : 

PseudoCorp 
Professional Development Products Group 

716 Thimble Shoals Blvd, Suite E 
Newport News, VA 23606 

(804) 873-1947 

PSEUDOCORP 

1 
INTERFACE 

• Dual-Redundant 
• Commercial & Militarized Versions 
• IBM PC/YJ/AT/386 Half Card 
• Powerful Software With 

Interactive Command Processor 

p 
QQCJ~Qr' 

7965 Dunbrook Rood . Suite G 
Son Diego. California 921 26 

(619) 271-6309 • Fox (619) 271-6341 

PONSOR ENTERPRISES CIRCLE 287 

ANALOG CIRCUIT SIMULATION 
::::-- ::-~ - ··rllta·I J • .: , :. '1- - ':.....c;:-•u- 11_:--

" o . ODJ 

Er.A-2: For design enginem ;.,h;i~ = e !heir ijme and money, -ECA-2 
Electromc Circuit Analysis 1s a high perlormance. io..t cost. interactive analOQ 
c1rcu11 s1mutator II reduces eqt.ipmem exPtnses by e~minatmg the need !or 
iemperature chambers. signal generaiors. etc. Cuts week.S ou1 d the de51gn 
~le time by s1muta11no instead ol prolotypmg. Atailable tor a wide range 
ofcompYters and operating systems. 

• AC. DC. Transient 
Founer . Temperature 

• WOJst-case . Monte 
Carlo 

• Sme. Pulse. PWL. 
SFFM. and hPo­
nen!lal generators 

ECA-2 Offen • frequently upd;ited 
• 8u1lt-m real hme • <Ner 500 nodes 

graphics •Money back 
•MulbpteplOts guarantee 
• lnteractrve or batch • SPICE compatible 
• Online help models 
• Full nonlinear • 2 to 50 times lilSter 

simulator lh1n SPICE 
ECA·2 2 40 IBM PC 1775 

Turn -llty Srst1m1 Av1l11blt C1ll lor mort Info 1nll FREE DEMO 111111 

~ Cl,!!u!",~!! ·.!~111•1• 1JSA 
J1MU•ll 

--- -

I TATUM LABS CIRCLE 290 I 
To advertise call : Jeanie Griffin at (201) 393-6382 



OSCILLATORS CIRCLE 291 

MULTIBUS™ AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT™ compatible with MAT286' "· our newest 
single board solution. MAT286 includes all of the functions of a 1 O MHz AT 
motherboard, plus 2 serial ports, a parallel port, two sax expansion­
module in1ertaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M of 
parity-checked, dual-ported DRAM. A pwy-back card, MATxSYSIO' ". 
adds EGA, floppy, and SCSI intertaces. Embed all the guts of an AT, two 
SBX modules, and more, into Multibus slots! 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 

~~~~~ ~~ r~~~S~s~O~~~Z:!~E· le Board SoluOOns, Inc. 
IBM and PC/AT are trademarks ol lnternatooaJ°8usiness Machines Corp. 

SINGLE BOARD SOLUTIONS CIRCLE 294 

THE 
SILENT 

MONEY SAVER 
Test software for PLDs 

The industry' s fastest yet lowest cost 
Automatic Test Vector Generation 

and Fault Grading Software. 

LOGICAL 
DEVICES, INC. 

1201 NW 6Sth Place, Fort Lauderdale, FL 33309 
305-491-7404. 1-800-331 -7766 
visit u1 at W•con Booth 1528 Ii 1530 

LOGICAL DEVICES CIRCLE 297 

To advertise call : Jeanie Griffin at (201 ) 393-6382 

STOP NOISE IN PGA. LCC PACKAGES 

MICRO/Q 3000 capacitors decouple 
low-inductance, high-frequency noise for 
PGA, LCC packages on complex board layouts. 
They fit under PGA or LCC sockets, take no 
extra board space. Choose from many pinout 
configurations. 

Rogers Corp. 2400 South Roosevelt St., 
Temple, AZ 85282. 602/967-0624. 

ROGERS CORP. CIRCLE 292 

Clorthe8051 
Compare: 
Benchmark Results -Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling. 

An:hlmedes 

ICC51 MCC51 FRANKLIN 

Y2.20A Y1 .2 C51 Y2.1 

Compilation time 12 sec " 18 sec 17 sec 
Linkage time 29 sec 9 sec 6 sec ./ 
Execution time 11.45 sec 9.00 sec 0.88 sec./ 
Total code size 5318 bytes 3798 1726 ./ 
Sieve module 736 1021 541 ./ 

size 

Call now for your free DEMO disk. 

FRANKLIN 
SOFTWARE, INC. 

888 Saratoga Ave. #2 • San Jose, CA 95129 

(408) 296-8051 • FAX (408) 296-8061 

FRANKLIN SOFTWARE CIRCLE 295 

No Waiting for Zero-wait Access 

The WACOM DMTC'" (W4006F-16/20/25) dedicaled i80386 
DRAM controller combines dynamic memory peripherals con­
lroller circuits for mulliplexer, counler. and comparator. all on 
a single chip. Supports DRAM address control and refresh 
liming, loo. The DMTC'" recognizes lhe slate of lhe i80386 
via the control signal , that's why it can achieve zero wait 
access. Of course . putting all these circui ts on a single 
chip means high speed performance. low power consump­
tion, more compacl memory boards. and lower cost. loo. 

• For the 16MHz, 20MHz, and 25MHz 

~~~~1·2~in~g 1 5(!~;~i~~~ ~T1~01i 
Mb per b1t).• Controls 256K X 1, 256K 
X4, 1M X1, IM X4, 4M X1, 4M X4, 
16M X 1, or 16M x 4bit DRAM. e Auto ­
matically controls CPU access and -
refresh timing. using the CAS before _ 
RAS refresh method • Ensures 2 bank 
interleaved cycle timing synchron 1zed 
to the i80386 CPU clock. to achieve 
zero wait access 

WACOM CO., LTD. CIRCLE 298 

E L E C T 

Analog Circuit Simulation 
Completely Integrated CAE from $95 

Lt/l~i!~~i!~;::;~ From Schematic II Entry through 
5Ptce 

Slmulatlon to 
Post Processing 
lsSPICE $95, the 
complete SP1ce 
program, runs on all ...., ________ _,PC's. 

lsSPicl!/386 $386, The fastest PC based SPICE program 
available. Has virtually no circutt size limitations. 

SPiceNn $295, a schematic editor for any SPICE 
simulator. Generates a complete SPICE neUist. 

INTUScoPE $250, a graphics post processor that 
performs all the functions of a digital oscilloscope. 

P•eSPice $200, extensive model libraries, Monte Carlo 
analysis, and parameter sweeping. 

PIMM Writ• or Call 
..IJ/T" P.O. Box6607 (213) 833-0710 

lnlii'Solt San Pedro, CA 30 Day Money 
0 90734-6607 Back Guarantee 

INTUSOFT CIRCLE 293 

r- relecom Design! 

MF • 
_RE_C_El_VE_R__ . 

M-988 Tone Receiver detects R1 MF tele­
phone trunk signals for many applications. 
A high quality, cost-competitive module. 
•Meets AT&T, Bellcore, and CCITI 

standards 
• Needs only + 5V and - 5V power 

supplies 
• Low power consumption 
• Industry standard pinout 

For more info call : ., .. e-: I"•.I"'• ,-. •f ..i"'"'if-·p"'f"l·;i· 
(In Washington State: 206-827-9626) 

iCEL"CCNE® 
10801-120th Avenue NE, Kirkland , WA 98033 

CIRCLE 296 

Custom 
Molded 
Plastic 
Parts 

• Competitive prices - long or 
short runs 

•Custom close tolerance molding 
to 3.5 ounces 

• Insert and threaded parts a specialty 
• Complete mold design and tooling 

facilities 

FAX BLUEPRINTS OR CALL 
FOR A FREE CATALOG 

J~'° 
468 Gelger Street 
Berea, OH 44017 
Ph: (216) 234-4000 
FAX: (216) 234-7007 

JACO MANUFACTURING CIRCLE 299 
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• 
more 

• 

The hardest part about having a disability is being constantly reminded ~ 
that you have one. Sometimes that happens when people stare at you. · J. 't' / . 

Or point at you. Or don't even think of including you in every day activities. 23astrr 
Maybe it's time to start treating people with disabilities like people. 8\j! 

PROFESSIONAL OPPORTUNITIES 

CONTROL STRATEGY 
ENGINEER 

The Trane Company, a world leader in air condition­
ing technology, has an employment opportunity avail­
able in Electronic Controls. 

This position is responsible for the design and develop­
ment of HVAC machine control strategies and al­
gorithms. Duties include the evaluation of machine 
control strategies and testing/verification of control al­
gorithms leading to the implementation of state-of-the­
art microcomputer based controls. Engineering tools 
such as mathematical models using ACSL or TRNSYS, 
computer-based real time simulation, and data reduc­
tion/analysis software are also developed and utilized. 

We require an MS/PhD EE or ME in controls with 2-5 
years in control algorithm development. 

We offer a very attractive salary and benefits package 
and a modern technology center. We are located in La 
Crosse, Wisconsin , a beautiful medium size city on the 
scenic Mississippi River with an abundance of recrea­
tional and cultural activities. Interested candidates 
should send resume including salary history to: The 
Trane Company, Staff Employment Dept. 422 , 3600 
Pammel Creek Road, La Crosse, WI 54601. 

- TRANE '" 
An Equal Opportunity/Affirmative Action Employer 

I f1Emlll: I - ""' -• I 

Part of the 
Penton Classifieds 

Hi-Tech Group 

To Place Your Recruitment Ad 
Call: 

216-696-7000 ext. 2520 

I 
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Bendix® Connectors -
tomorrow's technology today. 

Amphenol 
an ,2?/Y) .2? company 

CIRCLE45 

Programmable - Removable 
filter or transient protection 
for maximum flexibility in 
circuit design. 
The Bendix® transient protection system is 
the weight, space and cost saving way to 
protect sensitive circuitry from interference 
or destruction by energy transients. 

To meet these threats the Bendix® system 
can package filters, diodes or metal oxide 
varistors (MOV) individually or in 
combination within a connector that is 
intermateable and intermountable with 
MIL-SPEC connectors. Th is same 
protection is now available with 
programmable - removable EMl/EMP 
contacts. 

Programmability with rear insertable, rear 
removable contacts enhances user flexibil­
ity, allowing unique mixes of filters , ground 
contacts, {eed-thrus and power contacts. 

System maintenance is simplified using 
Bendix® front repairable connectors. The 
need to remove flex print or printed circuit 
boards for repair purposes is eliminated , 
as is the need to enter a sealed box. 

Programmable or repairable EMI connec­
tors are available with single capacitors or 
Pi filter arrangements in the MF, VHF, and 
UHF frequencies . EMP repairable 
protection is available for sensitive circuits 
ranging in voltage from 5V to 200V, and 
with unipolar or bipolar characteristics. 
Both pin and socket contacts are 
available in sizes 16, 20 and 22. 

For more information on the Bendix® 
programmable - removable transient 
protection system 

Call, (607) 563-5301 
or ( 607) 563-5309 

Bendix Connector Operations 
40-60 Delaware Avenue 

Sidney, New York 13838-1395 



val us-

de to 3GHz 
• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection 
• 5 section, 30dB per octave roll-off 
• VSWR less than 1. 7 (typ) 
• over 100 models, immediate delivery 
• meets MIL-STD-202 

$1145 
from 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A 01v1s1on ol Sc1ent1hc Componenis Corporat ion 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

• rugged hermetically sealed package (0.4 x 0.8 x 0.4 in .) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10.7 21.4 30 50 70 100 150 200 300 450 550 600 750 850 1000 
Min. Pass Band (MHz) DC to 10. 7 22 32 48 60 98 140 190 270 400 520 580 700 780 900 
Max. 20dBStopFrequency(MHz) 19 32 47 70 90 147 210 290 410 580 750 840 1000 1100 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 

HIGH PASS Model *HP- 50 100 150 200 250 300 400 500 600 700 800 900 1000 

Pass Band (MHz) 
start , max. 41 90 133 185 225 290 395 500 600 700 780 910 1000 

end, min. 200 400 600 800 1200 1200 1600 1600 1600 1800 2000 2100 2200 
Min. 20dB Sto Fre uenc MHz) p q y( 26 55 95 116 150 190 290 365 460 520 570 660 720 

Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

* Prefix P for pins, B for BNC, N for Type N. S for SMA example: PLP-10.7 C105 REV. E 
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Miimum effort. 
Maximum PLO. 

If you want the logic equivalent of up 
to fifty 7 400 series devices or twenty PLDs 
on a single chip ... 

And you want it to run at 50 MHz 
and beyond ... 

Just say no to gate arrays. 
With their big-buck NRE charges, long 

lead times, and complex development cycles. 
Find out about our 7C340 EPLD 

Family- an impressive new generation 
in programmable log\c. 

New, high density 28, 44 and 68 pin 
PLD devices whose innovative Multiple Array 
Matrix (MAX"') architecture gives you the 
speed and capacity of a gate array. 

But you program our 7C340s like PLDs. 
Only easier. Our MAX+PLUS™ development 
system turns an AT-class machine into an 
astonishing development platform. 

Input a schematic, truth table, state 
machine, Boolean description - or any 
mix - and get automatic synthesis, that 

Program your PLD right on your PC, 
using our QuickPro IfM programmer. 
Or use other industry-standard program­
ming systems. 

Reprogrammability provides you design, 
prototyping, and manufacturing flexibility. 

Maximum logic replacement gives you 
board space and component cost savings. 

Proven, one-pass design gets you to 
market before your competitors can get 
out of the gate. 

So why mess around with gate arrays 
or imitation gate arrays when PLDs can 
do the job with so much less effort? 

Free Brochure Hotline: Tire 
1 ·800-952-6300* 7C340 MAX 
Ask for Dept. C3D EPLD Family 

fits your design to the right sized device. =~~ 
Verify with a sophisticated but 

easy-to-use timing simulator and 
input waveform editor. 

*l-800-387-7599 Jn Canada. (32)2-672-2220 In Europe. <01989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone: 
(408)943-2666, Telex 821032 CYPRESS SNJUD, 1WX 910-997-0753. Trademarks: QuickPro II · Cypress Semiconductor Corporation; MAX, 
MAX+PLUS · Altera Corporation. 


