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Introducing DrawingMaster™ 

No toners, pens, ribbons, 
chemicals or hassles. 

red colors. 

Highspeed­
Up to 3.5 ips. 

Quiet 
operation. 

Mobility. 

We dmw on .vour imagination and DmwingMa-;tcr arc CalComp tmdcmarks. ©1989 CalComp Inc. 

This one-of-a-kind raster plotter from CalComp 
breaks all the rules-making it our total output 
solution for your every design requirement. 

In one word, performance. With four modes of 
operation to choose from, this dynamo will 
produce A to D size plots in no time at all. 

Sharp, clean plots and unattended operation in 
any environment increases your productivity. 
Add to that shared resource plotting with a 4 to 
1 mux and you've got complete versatility. 

Top it off with quick installation, the reliability 
of virtually no moving parts, and you'll agree­
it 's the only one-of-a-kind you'll ever need. 

With DrawingMaster also comes CalComp's 30 
years of expertise, support and service, complete 
with an 800 helpline, which, because of the solid 
performance of DrawingMaster, you'll probably 
never need. 

Like more on this no-fuss wonder? 
Call 1-800-CALCOMP or write us at CalComp, 
PO. Box 3250, Anaheim, CA 92803. 
In Canada, call (416) 635-9010. 

\\edrawon 
your imagination:· 

-i)/Ca/Comp 
CIRCLE90 



4 p ot to get you to 
buy our Data Logger. 

As if you didn't have enough 
reasons already. 

Our Series 50 Data Logger is a 
fraction the size of most other data 
Joggers. Considerably Jess expen­
sive. Completely portable. 

And now, as you can see, 
Series 50 not only gathers data, it 
explains it. 

You can plot from one to 
sixteen variables at a time. Divide 
the width of the page into one, two 
or four segments, with multiple 
variables in each. 

If conditions change, Series 50 
can be programmed to change the 
plot with them. For instance, it can 
switch to higher resolution and 
time-stamp data with messages 
during alarm conditions. And it 
does all this on its own, no 
computer needed. (On the other 

© Copyright 1989 Wavetek Corporation 
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hand, it can also be controlled by a 
computer via IEEE-488 or RS-232 .) 

Series 50 will plot bar graphs -
next to numerical data. Create 

FOR DEMO CIRCLE 58 

min/max plots. Or generate x-y 
graphs from stored data. 

Speaking of stored data, Series 
50 can keep up to 100,000 readings 
in memory. Which is a good thing, 
because with four independent 
AID converters and up to 260 
channel scanning capacity, you 
could be gathering plenty of data. 

Data such as temperatures 
(6 thermocouple types and RTD's), 
AC/DC volts and current, resis­
tance, frequency, time period, pulse 
width and more. 

If our plot is working, you 'd 
probably like to know more about 
the Series 50 Data Logger. Just 
phone (619) 279-2200. We'll be 
expecting your call. 

WAVETEK: 
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Universal CMOS PAL 
devices have s looked 

good on paper. 



I PURCHASE ORDER I 

ACE TRONICS INC. 
641 Sunny Hill Drive 
Sunnyvale, California 94088 

408 ·555·5500 

TO ADVANCED MICRO DEVICES 
901 THCJM"SON PLACE 
P.O . BOX 3453 
s uN'JYVALE, CA 94088 

SHIP ACE TRON! CS 

f-'URCt-tA~f ORf)FR NO 

0651 

TO. 641 SUN'IY HILL DRIVE 
SUNNYVALE, CA 94088 

'1-.1.( >I•{ '-''\II '"' '- > '\ f '-"l< I I Kl'1 

l1f-M JTt:MNtlMR!R Qt 1•\N11IY DfS<.....RIPll(...,N l•NIT f'I<!~ ~ f'.l~Nl'l!' f~RI<. I 

j 
PALCE16V8H-15 1000 EE 0-05 UNIVERSAL PAL DEVICE (AS N GOTIATED) 

2 PALCE22VlOQ-25 1200 EE 0-05 22Vl0 QUARTER POWER 
PAL DEVICE 

Nowthey look even better. 
Our Universal PALCE 16 V8 20-pin device runs 

at 15ns using only 90mA. It's fully pin-out. function and 
fuse map compatible. Use it anywhere you'd use a 
GAL® device. 

The PALCE22VIO is also flexible. It's just like the 
bipolar 22VIO with 25ns speed. but it requires as little 
as 55mA. 

Both chips are electrically erasable which makes 
your life easier. And because they're 100% tested parts. 
you get almost perfect programming and post­
programming functional yields. You can program and 
reprogram them until they're just the way you want 
them. And faster versions are on their way. 

We sell more PAL® devices than all our 
competitors. Combined. 

That means reliable. high volume supply, a 
huge. smart army of FA Es and all the software. pro­
gramming and testing support you'd expect from 
the leader. 

Find out more. Call us at (800) 222-9323. 
Because no matter how our universal CMOS 

PAL devices look on paper. they'll look a lot better 
in your design. 

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

PAL is a registered trademark of Advanced Micro Devices. Inc. GAL is a registered trademark of Lattice Semiconductor. © 1989 Advanced Micro Devices. Inc 
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TECHNOLOGY ANALYSIS 

39 IC TECHNIQUES SCULPT SENSORS 
Advanced sensor designs integrate movable silicon 
structures with circuit elements. 

COVER FEATURE 

51 WAFER-SCALE INTEGRATION ARRIVES 
Elusive solid-state memory concept comes to fruition in 
160-Mbyte storage module using 6-in. wafers. 

ELECTRONIC DESIGN REPORT 

57 OPTICAL DISK DRIVES TACKLE ALL NEEDS 
Optical storage complements magnetic drives and fills 
numerous niches. 

DESIGN APPLICATIONS 

79 BUILD A MULTIBUS II COMPUTER 
With the i860's high integration level, you can make a sin­
gle-board computer with 8 Mbytes of DRAM. 

92 SPEED ASYNCHRONOUS SCSI TRANSFERS 
These systems can match synchronous speeds with new 
CMOS devices and an enhanced DMA controller. 

4, E L E C T R 0 N I C 
OCTOBER26, 1989 

DESIGN 

97 THREE ICS CONTROL BRUSHLESS MOTORS 
Discrete components are out of the picture as three chips 
integrate brawn and brains for closed-loop servosystem 
design. 

PRODUCT INNOVATIONS 

118 OP AMP PUTS OUT+ 75 MA AT ±500 V 
Now you have the option of buying a super-high-voltage 
op amp. 

121 SP ARC WORKSTATIONS HIT 22 MIPS 
A 33-MHz, 3 MFLOPS Cypress central-processing 
unit is teamed up with a Weitek floating-point 
coprocessor. 

127 GET GATE-ARRAY PLIABILITY WITH PLD 
Reprogrammable PLD's novel architecture and flexible 
logic block challenge gate arrays. 

PRODUCT REPORT 

131 SIGNAL GENERATORS 
Digital synthesis techniques add capability and enhance 
performance in rf signal sources. 



14 EDITORIAL 

18 TECHNOLOGY BRIEFING 
The challenge of consumer 
electronics 

23 TECHNOLOGY NEWSLETTER 
• T0-92 case packs three-terminal 
RAM 
• Hardwiring quadruples CPU 
throughput 
• Integrated CPU tackles telecom 
anddatacom 
•Get cache performance without the 
expense 
• CAD framework lab works toward 
standards 
• Bit-mapped color gets a big perfor­
mance boost 
•HP and AMD agree on ICs for lo­
cal-area network standards 
• Genrad gets a tester that 
"reasons" 
• DEC joins Motorola in design of 
FDDI chips ... 
• ... And lets AMD in on the action 

29 TECHNOLOGY ADVANCES 
• Enhanced micro channel moves 
160 Mbytes/s 
• Packaging breakthrough could 
double computer performance and 
shrink CPU 

111 IDEAS FOR DESIGN 
• Charge batteries at any 
temperature 
• Build a regulator with few parts 
• RS-232C transmitter powers LEDs 

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

Cover photo courtesy of Anamartic Inc. 

115 PRODUCTS NEWSLETTER 
• WORM optical drive packs 
940Mbytes 
• IC op amp puts +10 V at 20 MHz 
across 200 n 
• Get analog data from bulletin 
board 
• +35-V, 10-A op amp comes in 
power SIP 
• Second source for low-bias current 
op amps 
• Brushless de-motor driver puts 
out3A 
• Get op amps with 1-pA bias for less 
than$4 · 
• Relay switches signals from low 
levels to 300 V 
• Mini photocouplers mount low on 
boards 
• Arcnet chip family adds PC/ AT 
interface 
• Emulator simplifies Z180 source­
level debugging drive 
• Simulator teams up with synthesis 
tools 

NEW PRODUCTS 
113 Ana log 
Fast monolithic 8-bit ADC encodes 
100-MHz sine waves to 6.4-bit accu­
racy 
137 Computer-Aided E ngineering 
142 Computers Boards 
148 Instruments 
149 Power 
151 Analog 
152 Digital ICs 
153 Computers & Peripherals 

E L E C 

154 Packaging & Production 
153 Communications 

157 NEW LITERATURE 

158 INDEX OF ADVERTISERS 

183 READER SERVICE CARD 

COMING NEXT ISSUE 
• Special report on switching 
regulators 
• First details on a high-speed GaAs 
chip set for high-speed serial commu­
nications 
• Design optimized data flow for 
DSPimaging 
• Avoid the pitfalls of high-speed log­
ic design 
• First details on an all-purpose log­
ic/memory chip for microcontroller 
applications 
• First details on a RISC-like 8-bit mi­
crocon troller that boosts system 
throughputs 
• Comdex preview: What the semi­
conductor manufacturers will show 
• Wescon preview: The technical pro­
gram and important new products 
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1989 by Penton Publishing, Inc. All rights re­
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the Copyright Clearance Center (CCC) to photo­
copy any article, with the exception of those for 
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the express permission of Penton Publishing, Inc. 
is prohibited. Requests for special permiss10n or 
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For subscriber change of address and subscrip­
tion inquiries, call (216) 696-7000. 
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All these ferrite beads can't equal the 
EMI suppression of a single Coilcraft 
Data Line Filter. 

Our new DLFs are the most effective, 
low-cost way to eliminate common 
mode EMI from digital signals, logic 
level power lines, and inter-equipment 
cables. 

Available in 8, 4, 3 and 2-line versions, 
Coilcraft DLFs provide> 15 dB ·2ods 1---+--t-++--+-~-h-'-r--t-t-+-~ 

attenuation from 30 to 300 MHz. Up to 
40 dB simply by adding capacitors! 

Because they use a single magnetic 
structure to filter multiple lines, you get 
differential and common mode noise 
suppression, something other filters can't do. 

1MHz 10MHz 

Attenuation 
(50 Ohm System) 

100MHz 

Coilcraft Data Line Filters are easier 
to install and usually take less board 
space than beads or baluns. And 
they're far less expensive than filtered 
connectors-around 2¢ per dB per line. 

For details on our complete line of 
Data Line Filters, circle the reader 
service number. Or call 800/322-2645 
(in IL 312/639-6400). ,..... 

Designer's Kit D101 
contains 2,3,4 and B­

line filters. $65. 
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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 apphcat1on LED can indicate current thru load Simple pulse width modulation 

v.,.(DC) 

. , 
......., ........ 
AEFUIDOC< 

.011lf 

• 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 

•..<DCJ 

. .. 

ON (Set} 

Off (Reset) Delay 

COMP IN 

Vee ·. 

ZENER 
)• 

The PWR-DRVI Universal Power Driver 
is an easy-to-implement, cost-effective 
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-ISO 1) 
that alleviates potential system failure by 
isolating control logic up to 1500V. 
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 7545ls 
and 36lls. 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 5V 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 ... 

CIRCLE76 

© Copyright 1989, Power Integrations, Inc. 

voltage channels controlled directly from 
digital logic signals. 

We've provided the intro with our 
enabling ICs. 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 (In California) 

l!Z!!!JY!§! 
The Power to Control 

411 Clyde Avenue 
Mountain View, CA 94043 



And the beat goes on ... 

Win an 
Epson portable Gomputer! 
Or a Gasio Digital Diary! 
Or a Sony Watchman TV! 

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

1st 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 I 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 · l · d · Th f" · 
10th Prizes: Marketing High Technology, Or ma JU gmg. e top lVe entries 

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. 

Eeszrt£f! 
The Power to Control 

CIRCLE78 
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Advertisement 

CAE Technology Report 
Vol. 1, No. 7 October 1989 

I 
i 
I Users embrace the CAE tools in a big way 

According toFrost and Sullivan (New York, NY), the CAE market is showing a 
strong performance in 1989 and will grow from $860 million in 1988 to $1060 
million in 1989 and $2,450 million in 1993. The key factors contributing to this 
robust growth are significant improvement in price/performance, higher quality 
of software, better user interfaces and better integration of front-to-back design 
tools. 

A new simulation standard has emerged on PCs 

After several years of duplicated efforts, CAE vendors are finally going for the 
best overall solution and are porting to each other tools in a big way. This leads 
to CAE standards which further reinforces the growth of CAE tools. A prime 
example of such standardization is SUSIE* realtime logic simulator which is now 
either resold or recommended by almost every PC-based CAE vendor in the U.S., 
Japan and Europe, including P-CAD, Omation, Racal-Redac, Accel, Protel, 
Phase Three Logic, WACOM, Ultimate, etc., Circle 101 

CAE tools • from hatred to love and affection 

"Only two years back most simulator users were people who for one reason or 
another were forced into simulation and hated it," says Stanley Hyduke from 
ALDEC Company which makes the real-time SUSIE logic simulator. However, 
since the real-time simulators appeared and made all operations instant, de­
signers are coming back to simulators and they are buying the most expensive 
versions according to Hyduke. The simulators have made a major comeback­
from hatred to love and affection. Circle 103 

XILINX CAE tools are biggest seller 

As the CAE tools are becoming more interactive and easier to use, they sell 
better. For example, SUSIE/PGA from ALDEC (805-499-6868) allows develop­
ment of programmable gate arrays from XILINX and AMD in real time. The 
designer can instantly change and simulate new CLB block configurations, equa­
tions, etc. In addition, the user can imitate cell layouts. At $1,995, SUSIE/PGA 
which is fully compatible with XILINX tools, is the biggest seller for ALDEC. 
Circle 104 

New generation of schematic capture tools may soon emerge 

Schematic capture vendors have gathered with users on October 24, 1989 at 
a forum in San Jose, California to discuss new directions in schematic capture. 
With the introduction of real time simulation, there is nothing in the way to show 
simulation data while design is being drawn. The forum has confirmed that a new 
revolution in the schematic capture is in the offing. Circle 105 

*SUSIE IS A PRODUCT OF ALDEC COMPANY (805)499-6867, FAX (805) 498-7945 



Trigger on anything the 11403 can capture, 
up to the instrument's full 1 GHz bandwidth. 
No external conditioning required. 

Co!J'iri!111 © 1009 ilklrooix, loc All rights reserwd. ~inted in U.SA 114-004 

24 automatic measurements let you use 
your time more efficiently by making fast, 
accurate, repeatable measurements at a 
touch. 

Calculate the results 
you've alwa~ wanted 
to see;. with the new 
Tek 1 clHz 11403. 

For accuracy, for throughput, 
for breadth of measurement 
and plug-in flexibility, the new 
11403 is the smartest answer 
in high-perfonnance scopes. 
• Measure more signals, with 
greater confidence in results. 
Better than 1% vertical accuracy, 
superb signal conditioning, wide 
dynamic range, excellent overdrive 
recovery, and up to 300 times the 
offset range of the nearest competi­
tor assure you unequaled accuracy 

Create calculated waveforms-such as 
energy or power-using extensive mathe­
matical manipulations. Then directly 
measure peak-to-peak, max/min, timing, 
and other required data. 

• Get instant, meaningful results 
via 24 continuously updated, 
automatic measurements­
including gain and phase, duty cycle, 
undershoot/overshoot, and skew 
Get a true picture of circuit performance 

• "' _.,......__. -- -,..~~-c-;r· ........... ~"'r"""""""",,.~ }•1'1 . .. 



Examine fast signals in greater timing 
detail than ever before: the 11403 can win­
dow to 10 ps/div sweep rate in the zoom 
and pan mode. 

with automatic min, max, mean and 
standard deviation statistics for any 
measurement 
• Perform averaging, enveloping, 
and advanced mathematical trans­
formations live, on-line, at a touch. 

Label waveforms with limitless versatility, 
to identify what each signal represents. 
Labels, plus automatic time and date 
stamps, are reproduced on all hard copy 
output. 

Make the measurements you need on 
the waveforms you want- power or 
energy, for example- with no outside 
controller required to manipulate data. 
• Ensure the kind of throughput and 
flexibility ATE needs, with acquisition 

speeds of more than 2000 waveforms 
per second, on-board processing, 
plus plug-in modularity that lets 
you react quickly to changing needs. 

All the high-performance 
features you expect, along 
with the sharpest color display 
in scopes, makes 11403 deduc­
tions not only brilliant, but 
easy to come by. To see more, 
including a free video introduction, 
contact your local Tek sales 
engineer, or call 1-800-426-2200. 

CIRCLE 74 

Continuous statistics are automatically 
provided with each measurement, giving 
design and manufacturing a clearer picture 
of actual circuit performance as adjust­
ments are made or as temperatures vary. 

lektron~ 
COf\11MITTED TO EXCELLENCE 



New 
CY545 

Only $75 each 
~'.· . ($25/lOOOs) 

Accelerate your 
Step~r Motor 

to27,000 
Steps/second! 

Travel 16 
Million Steps 

andbackf 
Is your motor earthbound by sluggish 

controllers that 
can't give you the 
performance you 

c..:..~....:::::==::::::-need? Look at 
what you get with the new CY545 
single chip stepper motor controller: 

• 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

accel/decel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar­
rier. You can't afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first stepper motor controller on a 
single chip! Order by ., .. 
Fax or phone. or call . . .. · "' 
today for free mfo. · •·. ·· 

Cybernetic Micro Systems 
Box 3000, San Gregorio, CA 94074 
Tel : 415-726-3000 Fax: 415-726-3003 
Telex: 910-350-5842 

CIRCLE 18 
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EDITORIAL 

THINKING ABOUT U.S. MEMORIES 

Unless you've spent the past several months on sabbatical in the Ama­
zon rain forest, you must have heard about U.S. Memories, the pro­
posed DRAM manufacturing consortium comprising Advanced Mi­
cro Devices, Digital Equipment, Hewlett-Packard, IBM, Intel, LSI 

Logic, and National Semiconductor. USM, which plans to bootstrap itself by 
using IBM's designs for 4- and 16-Mbit DRAMs, will raise $500 million as eq­
uity investment from its seven founders and other investors, and another 
$500 million in the form of loans. Though USM president Sanford L. Kane 
says he isn't asking the government to guarantee the $500 million in loans, 
there's no doubt that such guarantees would help the company immensely. 
However USM is looking for an exemption from antitrust laws. 

T.J. Rodgers, president of Cypress Semiconductor, a manufacturer of 
CMOS static RAMs and other digital VLSI devices, is a major opponent of 
easing antitrust rules for USM. And the present method of private, venture­
capital financing works just fine, he says. Moreover, he states that if IBM 
would license its DRAM technologies to Cypress in exchange for royalties, 
his company could be up and running and in production in short order. 

Many important issues are involved here and we will try to address them in 
the future . For now, let's look at the intriguing possibility of a $500 million 
loan guarantee: The first thing that impresses us is that-post-1970 inflation 
notwithstanding-$500 million is still a lot of money. If the federal govern­
ment guaranteed that much in loans, why not do it for any semiconductor 
company that demonstrates its production capabilities? 

Few problems can be solved by just throwing money at them, but loan 
guarantees or reduced capital gains taxes will go a long way to help boost 
U.S. semiconductor manufacturing prowess. Chrysler Corp. received help 
because it was in the national interest to preserve this major U.S. vehicle 
manufacturer. A healthy U.S. semiconductor industry will have a far greater 
impact on national well-being in the 1990s and beyond. 

DESIGN 

Stephen E. Scrupski 
Editor-in-Chief 



ralue-

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 

c::J Mini-Circuits 
A D1v1s1on ot Sc1ent1 l1c Components Corporation 

P.O. Box 350166, Brooklyn. New York 11 235-0003 (718) 934-4500 
Fax (7 18) 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. 20dB Stop Frequency (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 Stop Frequency (MHz) 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 
CIRCLE 122 

C105 REV. E 



Simple, practical, 
workable fiber optics. 

Design is fun again. 

Now AMP makes it easy to 
get your fiber optic designs 
up and running. 

AMP engineering tackles 
the critical aspects of fiber 
optics at the component 
design and manufacturing 
stages. All our components-from 

board level to network level­
take the hard work and guess­
work out of working with 
fiber optics. 

Our OPTIMATE Con­
nectors and Data Links come 
down to a by-the-numbers 
data communications set. Our 

FSMA-style connector is the first of 
its type to qualify to MIL-C-83522. 

In fact, we offer the broadest line 

AMP and OPTIMATE are trademarks of AMP Incorporated. 



OPT/MATE Data Links offer logic 
level compatibility, carrier sense, data 
quieting. In 850 and 1300 nanometer 
multimode, from 25 Mb/s to 220 Mb/s. 

of fiber-optic connectors, cable, 
and components available anywhere. 
And because we're a connector 
company, we back that line up. 

We're the only fiber optics 
supplier, for example, to provide 
you with dedicated field support. 
We play an active role in standards­
setting groups like ANSI, IEEE, and 

IEC, so we take compatibility and 
growth into consideration from the 
beginning. And we have the only 
commercial labs approved by DESC 
and IEC for qualification testing. 

Whatever your interest in fiber 
technology, we have the expertise 

and the commitment to help. In fact, 
we might even put a little fun back 
into the job. 

For more information on 
AMP OPfIMATE products, call 
1-800-522-6752. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

AIVI P Interconnecting ideas 
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GET 
TOUGH 

MIL QPL 
Rotary Switches & 
Switching Systems 

Reliability .. . in even the toughest 
environments. It's why the world's 
military, aviation and aerospace 
contractors rely extensively on Janco 
switching technology to keep their 
programs flying high and trouble 
free. To put all the reliability of rotary 
to work for you-contact Janco 
today to discuss your application and 
for your free Engineering and 
Selector Guide. 

3111 Winona Avenue, Burbank, CA 91504. 
Phone: (818) 846·1800. 
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TECHNOLOGY BRIEFING 

THE CHALLENGE OF CONSUMER ELECTRONICS 

I
t wasn't long ago that consumer electronics was 
viewed by many engineers as an unglamorous, 
"low-tech" niche. Designing a high-fidelity stereo 
amplifier was interesting, but not as challenging as, 

say, designing a hundreds-of-watts power supply that 
had to fit in a fist-size area in a space vehicle. Designing a 
TV was nowhere near as exciting as creating a tiny com­
puter that could precisely guide an ICBM to its target 
thousands of miles away. The average consumer was 
somehow never equated in importance with the govern­
ment as a customer. 

While such leading-edge high-technology challenges ROGER ALLAN 
still exist, mostly for government and military pro- EXECUTIVE EDITOR 

grams, the consumer-electronics sector is suddenly proving just as challeng­
ing-if not more so. It's one thing to design a product for military applica­
tions where dollars aren't a primary factor, but quite another thing to design 
that same product at the lowest possible costs. 

To some extent, the military and space-age heyday of the 1960s and early 
1970s fostered an atmosphere in which mediocre engineers survived. "Cost­
plus" military contracts encouraged the hiring of more engineers at inflated 
salaries than really needed. If the final product didn't work properly and 
meet the specification, an elegant (though expensive) solution could be 
tried-and Uncle Sam would foot the bill . 

But the tide is changing. More consumers are becoming the final custom­
ers, and they're proving to be a frugal bunch. 

That circuit that you're designing may well wind up under the hood of a car 
for engine pollution control. It must operate as well in the frozen tundras of 
Alaska as it does in the boiling heat of the tropics. Moreover, it has to be "dirt 
cheap" and ultra-reliable. 

To an automobile manufacturer using millions of such circuits, a cost dif­
ference of just a fraction of cent can be significant and can make the differ­
ence between a sale and no sale. It took semiconductor manufacturers of mi­
croprocessors several years to learn that hard lesson. Solid-state sensor man­
ufacturers are fond of reciting how inexpensively they can mass-produce 
their chips on silicon wafers, but when the final product is packaged for 
harsh automotive or factory applications and signal conditioning is added, 
the price suddenly skyrockets. This cost is far too high for many automotive 
applications, which rely on tried and true mechanical or electromechanical 
solutions. 

If you think that designing a computer keyboard to withstand harsh mili­
tary environments is challenging, try creating the same product for a Mc­
Donalds or Burger King fast-food chain at a fraction of the military cost. And 
remember, that same keyboard must withstand the steady abuse of spilled 
coffee and soda, food greases, and the constant all-day pounding of human 
fingers and keep on working. These are the challenges that truly separate 
the men from the boys. 

Consumer-electronics challenges are just beginning and there are many 
more to come. A few of the things to come to mind are high-definition TV, fi­
ber-optic communications to homes and offices, the integrated services digi­
tal network (ISDN), smart homes, more sophisticated automotive electron­
ics, "smart" power devices in consumer appliances, and direct-broadcast sat­
ellite TV. These applications will demand fresh thinking for advanced compo­
nents and circuit designs, and will test the limits of engineering imagination. 
It will no longer suffice to ask "can we make it?" After all, technology has 
shown that we can make just about anything if enough time and money is put 
into it. The question of the future will be, "Can we make it quickly enough 
and at the right price?" 

DESIGN 



3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

Choose impedance ratios from 1: 1 up to 36: 1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and MIL-T-55631 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to lOOOV 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog 

'units are not OPL listed 

finding new ways ... 
setting higher standards 

0 Mini7~o~c~•~m~,~~0! 
PO. 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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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 

SK deep state analysis 

Multiple microprocessor support 

Copyright© 1989 Tektronix, Inc. All rights reserved. LAA-830 

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

Observe data from multiple 
microprocessors or time­
bases simultaneously. Set up 

(Above, left) Real­
time performance 
analysis as displayed 
on the Prism color 
monitor. (Left) 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 relationsh ip 
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 Team-and use. 

CIRCLE83 

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. 

lektron~ 



When you work at the 
leading edge of technology, 
you need components that are 
production proven - not still 
in development. 

At Micron Technology, we've applied 
the same state-of-the-art design and process 
technology used for our high quality DRAMs in 
development of our Fast Static RAMs. The result -
an incredible 25ns 256K and lSns 64K and 16K, plus 
a full line of other super fast parts. And we're not 
just sampling product, we've been shipping 
production volumes for over a year. 

A wide variety of packages, densities and 
organizations are offered to meet all your application 
needs. And like all Micron memory products, our 
Fast SRAMs are backed by the type 
of strong sales, customer service 
and technical support that keeps 
you on the leading edge. 

So get the Super Fast 
SRAMs you need now by calling 
us at 1-208-386-3900. 

Micron. Working to improve your memory. 

Avm1able Now! 256K 25ns 
64K 15ns/16K 15ns 

Organization Speed• Packages 

256KX 1 25ns PDIP, CDIP, SOJ, l.CC 

MTSC2564 64KX4 25ns PDIP, CDIP, SOJ, l.CC 

MTSC2565 64KX4 OE 25ns PDIP, CDIP, SOJ, l.CC 

MT5C2568 32KX8 25ns PDIP, CDIP, SOJ, l.CC 

MTSC6401 64KX 1 15ns PDIP, CDIP, SOJ 

MTSC6404 16KX4 15ns PDIP, CDIP, SOJ 

MTSC6405 16KX4 OE 15ns PDIP, CDIP, SOJ 

MTSC6406/7 16K X 4 5.1/0 15ns PDIP, CDIP, SOJ 

MTSC6408 8KX8 15ns PDIP, CDIP, SOJ, l.CC 

MTSC1601 16KX 1 15ns PDIP, CDIP, SOJ 

MTSC1604 4KX4 15ns PDIP, CDIP, SOJ 

MTSC1605 4KX40E 15ns PDIP, CDIP, SOJ 

MTSC1606/7 4K X 4 5.1/0 15ns PDIP, CDIP, SOJ 

MTSC1608 2KX8 15ns PDIP, CDIP, SOJ 
'Sl""1!r speeds also avai lable. 

2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900 
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TECHNOLOGY NEWSLETIER 

T0·92 CASE p ACKS A novel signal-control scheme squeezes a 256-bit low-power RAM into a low-

T T RA 
cost plastic T0-92 package that has just three leads: power, ground, and 

HREE· ERMINAL M signal. Developed by Dallas Semiconductor, Dallas, Texas, the highly multi­
plexed signalling scheme combines the data, address, and control signals onto one pin. Conse-
quently, a host processor needs only one I/O line to access the RAM's 256 locations. To 
multiplex all of those signals, designers developed an internal time-measurement system that 
encodes or decodes the digital signals by comparing pulse lengths. Designed with a low-power 
CMOS process, the RAM runs from a 1.5-V supply and consumes just 50 nA in its standby 
mode; 48 nanocoulombs when accessed. Consequently, a pea-size battery will power the RAM 
for over 10 years and permit over 1 million accesses. If a nonvolatile ID code is required, the 
RAM's first 32 bits can be factory programmed by laser to store a unique signature. Further­
more, for more than 256 bits, an internal address-decoding capability makes it possible for up 
to four such RAMs to share the same signal line. And at just $0.25 each in large volume, the 
DS2222 EconoRAM becomes an attractive storage option. DB 

HARDWIRING ¥UADRUPLES By changing t~~ CPU core of a 16-~it processor fro~ a rr.iicrocod~d architec-

c ture to hardwmng, NEC Electromcs Inc., Mountam View, Cahf., boosted 
PU HROUGHPUT throughput400% to produce a successor to its V 40 and V50 processors. Avail­

able soon, the CMOS processor will execute about 3 MIPS when running at 16 MHz. Replacing 
the microcoded structure with hardwired logic cuts the time to execute each instruction by 
eliminating instruction decoding. The new processor is totally software compatible with its 
predecessors. Furthermore, some of the peripheral I/O functions were expanded. For in­
stance, the processor includes a four-channel DMA controller with a 24-bit address space, an 
interrupt controller, three timer-counters, a DRAM refresh circuit, a clock generator, a pro­
grammable wait-state generator, and a serial I/O port. What's more, to minimize power 
consumption, three low-power modes were included: variable clock, which keeps the power to 
about400 mW; standby, which cuts the power to about 200 mW; and stop, which cuts the power 
tolmW.DB 

INTEGRATED CPU On-chip digital phase-locked loops for fast data synchronization are a key 
feature of a forthcoming, highly integrated 8-bit CMOS processor that can 

TACKLES TELECOM, DATACOM tackle high-speed telecommunications and data communications. With the 
ability to lock onto signals quickly, the processor communicates at synchronous rates to 7.1 
Mbits/ s when running from a 10-MHz clock. The HD68180S integrated processor, from Hita­
chi America Ltd., Brisbane, Calif., starts with an improved version of the enhanced Z80 CPU 
core, which Hitachi put in the 64180 CPU and released over a year ago. The core is surrounded 
by a two-channel multiprotocol serial-communications subsystem that performs asynchro­
nous and bit- or byte-synchronous data transfers. Both channels are full duplex. Moreover, 
one can handle any protocol, while the other is limited to asynchronous communications. The 
asynchronous-only port has a peak data rate of 4 Mbits/s. Additional support circuits include 
two channels of DMA control with a two-channel chained-block-transfer capability, dual 8-bit 
timers, multiple-input interrupt controller, and an MMU that can address 1 Mbyte of mem­
ory. DB 

GET CACHE PERFORMANCE Can a workstation perform as if it had a large, fast cache memory when in 
fact it doesn't? One machine from Hewlett-Packard Co., Cupertino, Calif., 

WITHOUT THE EXPENSE does by combining two-way interleaving, 64-bit-wide data transfers, intelli­
gent paging algorithms, and an 80486 microprocessor exploiting its burst-mode transfer 
mode. The computer's custom DRAM control chip and private bus, which ties the memory card 
to host processor, tightly couples standard single-in-line memory modules (SIMMs) to the 
80486. Though the memory card uses standard 36-bit wide 1-, 4-, or 8-Mbyte SIMMs, the private 
bus between the memory modules and the controller chip doubles the width to 72 bits. Conse­
quently, the 160-lead controller chip can handle more data simultaneously, even though it has 
a 36-bit interface to the host processor. The tight coupling makes it possible for systems built 
with 80-ns DRAMs to execute programs as if the processor was running with an off-chip 64-
kbyte cache of fast SRAMs. The Vectra 486 is also the first of HP's computers or workstations 
to incorporate the extended industry standard architecture (EISA) expansion bus. But it won't 
be HP's only such system: The company plans to offer its Apollo family of workstations as 
well as its RISC-based platforms with an EISA-bus option. DB 
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TECHNOLOGY NEWSLETIER 

CAD FRAMEWORK LAB Many companies shun the latest CAD tools if they don't interface easily with 
their existing CAD machines. To smooth the interface, Microelectronics and 

WORKS TOWARD STANDARDS Computer Technology Corp. (MCC), Austin, Texas, has created a CAD 
Framework Laboratory (CFL) to support the standards proposed and adopted by the CAD 
Framework Initiative Inc., or CFI. CFI is an industry effort to promote standardized inter­
faces between CAD tools and support software. The CFL will be open for use by MCC share­
holders and nonshareholders on two levels. Level-one affiliates will help to test and evaluate 
candidate framework standards proposed by the CFI. In addition, they will receive multiple 
copies of the software verification and validation (V / V) systems developed by the lab. Level­
two affiliates can attend many of the meetings held by the lab, and will receive a single-ma­
chine copy of the V / V systems. For information, call Sandy Dochen at (512) 338-3545. LG 

BIT MAPPED COLOR A major problem with displaying color graphics is the enormous amount of 
• data that a system must write: Eight bits must be sent to each screen pixel in 

GETS PERFORMANCE BOOST a 256-color system. To address this problem, Tektronix has developed a pro­
prietary CMOS gate array that optimizes bit-mapped color performance. Applied in the com­
pany's XD88/ 10 graphics workstation, the chip serves as an interface between the worksta­
tion's 32-bit system bus and the 256-bit pixel data bus that leads to the system's frame buffer. 
This buffer holds the pixel-by-pixel display information. Called Color~Cache, the chip stores 
the colors being displayed-up to 32-so the processor can display them by sending just 1 bit 
of data, rather than the 8 bits originally needed. Consequently, the system transfers the colors 
eight times faster than it would without chip. RN 

HP AMD AGREE ON Chips for the emerging IEEE 802.3 lOBASE-T standard for local-area net-
' works will grow from a joint-development agreement between Advanced 

ICS FOR LAN STANDARDS Micro Devices, Sunnyvale, Calif., and Hewlett-Packard Co., Palo Alto, Calif. 
The proposed Ethernet LAN uses existing twisted-pair telephone wiring to carry information 
at 10 Mbits/s among a mix of PCs and minicomputers. The agreement's first fruit will be an in­
tegrated multiport repeater, which combines the functions of 15 analog and digital I Cs. The 
Am79C80 chip will put HP's Vectra PCs onto twisted-pair networks. DM 

GENRAD GETS A TESTER A joint marketing agreement between GenRad Inc., Concord, Mass. , and 
" ,, Cimflex Teknowledge Corp., Pittsburgh, Pa., gives GenRad the right to sell 

THAT REASONS Cimflex's Electra, a system for diagnosing faults on analog and mixed-signal 
pc boards and hybrid circuits. Electra uses model-based reasoning, a form of artificial intelli­
gence, to quickly and accurately diagnose the complex circuits. Essentially, Electra models 
the way that an experienced electrical engineer would troubleshoot the circuits, making the 
process much faster than conventional manual methods, according to Cimflex. The two com­
panies are also working to incorporate the Electra software into GenRad's Genesis software 
for use with GenRad's GR2750 tester family. LC 

DEC JOINS MOTOROLA Momentum is building for chips that serve the Fiber Distributed Data Inter-

T D FDDI C 
face (FDDI) local-area network standard. A partnership between Digital 

0 ESIGN HIPS... Equipment Corp., Maynard, Mass., and Motorola's Microproccesor Products 
Group, Austin, Texas, has the two companies designing a chip set that implements the stan-
dard. FDDI pushes data-transfer rates to 100 Mbits / s for high-performance distributed com­
puting, greatly improving on Ethernet's maximum of 10 Mbits / s. The technology exchange 
covers the design of an ANSI-compliant four-chip set, which will be manufactured and sold by 
Motorola in 1990. The affiliation puts Motorola in the FDDI component market for the first 
time. DEC is furnishing the technology for two chips. These have already been designed and 
implement the protocol portion of the standard. Motorola will supply clock recovery and 
system-interface circuits needed to complete the four-chip set. LC 

AND LETS AMD Meanwhile, DEC and Advanced Micro Devices Inc., Sunnyvale, Calif., have 
.... Q T A reached an agreement that allows AMD to manufacture and market the 
N N HE CTION same two DEC-designed FDDI devices that embody the core of the standard. 

241E L E C T R 
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AMD, which already markets its own FDDI chips, will use DEC's technology as part of a very­
low-cost Supernet-3 family aimed at high-volume desktop computer applications. LC 
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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 Part Number Org. Speed Package 

64K KM6165 64K x I 2513514Sn• SDIPISOJ 

KM6165L 64K x I 2513514Sn• SDIPISOJ 

KM6465 16Kx4 2513514Sn• SDIP 

KM6465L 16Kx4 2513514Sn• SDIP 

KM686S 8Kx8 3514515Sn• SDIP 

KM686SL 8Kx8 3514515Sn• SDIP 

256K KM61257 256Kx I 2513514Sn• SDIPISOJ 

KM61257L 256Kx I 2513514Sn• SDIPISOJ 

KM64257 64Kx4 2513514Sn• SDIPISOJ 

KM64257L 64K x 4 2513514Sn• SDI PISOJ 

KM68257P 32Kx8 3514515Sn• DIP 

KM68257LP 32Kx8 3514515Sn• DIP 

I Mb Now in development 

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 
upto20 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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finally, high resolution time 
interval measurement at an 
affordable price. The SR620 
Universal Time Interval 
Counter offers 4 ps single-shot 
LSD on time intervals, and 11 
digits of frequency resolution 
in one second. With powerful 
arming, gating, and triggering 
modes, the SR620 can mea­
sure time interval, frequency, 
period, pulse width, and phase, 
as well as rise and fall times. 

The SR620 has built-in sta­
tistical functions, including 
mean, min, max, standard 
deviation, and Allan variance 

for up to 1 million samples. 
Results may be displayed on 
the front panel, and graphed in 
histogram or strip chart form 
on an X-Y oscilloscope. Hard­
copy is directly available on a 
plotter, printer, or chart 
recorder. 

With both RS-232 and GPIB 
interfaces standard, the SR620 
is also ideal for ATE applications. 

Whatever your time or fre­
quency measurement needs 
may be, the SR620 is the 
answer. For more information, 
call us at (408) 744-9040. 

SRS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 

The SR620 provides graphic display of 
histograms and strip charts on any X-Y 
oscilloscope. With Autoscale and 
Zoom, graphics can be easily scaled. 
Attach a dot matrix printer or an 
HP-GL plotter and obtain hardcopy of 
any graph. 

Sll620 $3850 
Single-shot resolution 4 ps 
Time interval jitter 20 ps rms 
Maximum time interval 1000 s 
Maximum frequency 1.3 GHz 
Frequency resolution 10-9 Hz 

Phase resolution 0.001° 
Statistics Mean, Min, Max, 

Std. Dev, and Allan Var. 
Sample size 
Analyzer 
Graphics 

Hard copy 
Interfaces 

1to106 

Display on X-Y scope 
Histogram and 

Strip Chart 
Printer/Plotter 

GPIB and RS-232 

Oven Timebase (Sx10-10/day) $950 

TEL (408) 744-9040 FAX 4087449049 TLX 706891 SRS UD CIRCLE64 



TECHNOLOGY ADVANCES 

ENHANCED MICRO CHANNEL 
MOVES 160 MBYTES/S 

Micro Channel Data-Transfer Modes 
32-bit basic data-transfer cycle. 20 Mbytes/s (existing) 

200 ns 200 ns 200ns 

A
potential eight-fold 
increase in the data 
transfer rate of IBM 

Corp.'s Micro Channel bus 
promises to accelerate 
des ktop-system perfor­
mance to workstation lev­
els. The scheme, one of sev­
eral unveiled last month by 
the Armonk, N.Y., compa­
ny, boosts the bus transfer 
rate to 160 Mbytes/s by 
making the address bus bi­
directional and concatenat­
ing it with the data bus for 
64-bit data transfers. 

To accomplish the fast 
transfers, IBM created 
two new operating modes 
(one for 32 bits and the oth­
e r for 64 bits) ca ll ed 
streaming data procedures 
(SDP). In the SDP modes, 
whi ch do uble the bus ' 
transfer rate, the address 
and initial data transfer 
take place at the bus' nor­
mal 200-ns rate. However, 
by assuming that subse­
quen t data in the data 
block will be stored in se­
quential addresses, the 
sending device need not 
supply additional address­
es. Therefore , after the 
first transfer, subsequent 
data words are sent over 
the address bus at a rate of 
one every 100 ns. 

As a result, the 32-bit 
SDP mode transfers data 
over the 32-bit Micro Chan­
nel data bus at 40 Mbytes/ 
s, twice the normal clock 
rate. In the 64-bit SDP 
mode, a bidirectional ad­
dress bus is again linked to 
the data bus and, here too, 
only the first address need 
be sent. As a result, data is 
loaded eight bytes at a time 
on the double-width bus to 
yield an 80-Mbyte/s basic 
transfer rate. 

Future extensions to the 

bus will achieve transfers 
of 50 ns / word or faster. 
When those bus improve­
ments take place, the SDP 
modes will deliver 80 
Mbytes / s and 160 Mbytes / 
s for the 32- and 64-bit 
modes, respectively. 

Additional definitions 
and enhancements to the 
Micro Channel, such as a 
subsystem control-block 
architecture, data- and ad­
dress-parity checking, and 
synchronous-chan ne I 
checking, were also un­
veiled last month by IBM. 
Of importance to program­
mers, the subsystem con­
trol-block architecture de­
fines a consistent software 
protocol through which 
bus masters may commu­
nicate and exchange data 
with, and independently 
from, the system's main 
processor. 

With the subsystem con­
trol block, designers can 
have the Micro Channel 
bus serve as a local-area 
network within a system. 
The control block also 
gives a consistent method 
for bus masters to operate 
on a peer-to-peer basis. 

The data- and address­
parity features define ad­
ditional fault detection ca­
pabilities to improve sys­
tem reliability and data in­
tegrity. With synchronous 

Address bus l .... _ _ A_dd_re_ss _ __,_ __ Ad_dr_es_s _ _._ __ Ad_d_res_s _ _, 

Data Data Data Data bus I 
~----~----~----~ 

32-bit streaming data-transfer cycle· 40 Mbytes/s (new) 
200 ns 100 ns 100 ns 100ns 100 ns 

Address bus .... I A_d_dr_es_s _________ ____ _, 

Data bus I I Data Data Data 

64-bit streaming data-transfer cycle · 80 Mbytes/s (new) 
200 ns 100 ns 100 ns 

Address bus I Address I Data Data Data 

Data Data Data Data bus I 
~---L--~--~-~ 

64-bit streaming data-transfer cycle -160 Mbytes/s (new) 
100 ns 50 ns 50 ns 

Address bus I Address I Data Data Data 

Data bus l~--~-Da_ta~~D_at_a ~_D_at_a ~ 

channel checking, an ad­
ministrator can isolate a 
fault to a particular card or 
device on a multiuser sys­
tem and disable that device 
without interrupting the 
entire system. 

To ease the development 
of bus master cards and 
subsystems, IBM struck a 
deal where Chips and Tech­
nologies Inc., San Jose, 
Calif., will develop a family 
of bus-master circuits that 
offers differing levels of 
capability. Full bus master 
chip specifications will be 
released by Chips and 
Technologies at the up­
coming Comdex show 
from Nov. 13 to 17 in Las 

Vegas, Nev. 
In add itio n, IBM will 

sponsor a series of techni­
cal seminars on the en­
hanced Micro Channel ar­
chitecture, slated to start 
in the first quarter of 1990. 
Also, an updated version of 
IBM's Personal System/ 2 
Hardware Interface Tech­
nical Reference manual 
will be available by year's 
end, and documentation on 
the subsyste m control 
block architecture will be 
ready early next year. Con­
tact the IBM publications 
hotline (800) 327-5711 or the 
IBM Technical Directory 
(800) 426-7282. 

DAVEBURSKY 

PACKAGING BREAKTHROUGH COULD DOUBLE 
COMPUTER PERFORMANCE, SHRINK CPU 

A
newpackagingtech- ers. The resulting circuit- Multi-Chip Packaging. Its 
nology developed packagedensitiescanbeas fundamenta l differ ence 
over five years at much as 30 times greater from pc boards is reflected 

Digital Equipment Corp., than they are using con- in a copper and polyimide 
Maynard, Mass., will re- ventional printed-circuit vehicle, a me tal -w afe r 
suit in central processors boards (see ELECTRONIC based substrate with a lay­
wi th twice the perfor- DESIGN,Oct.12,p.24). er of copper interconnec­
mance of today's comput- DEC calls the concept tions and polyimide insula-
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tion. This arrangement is 
called the High_-Density 
Signal Carrier (HDSC), 
and VLSI devices are 
mounted directly to it (see 
the above.figure, left). One 
4-in.-by-4-in. HDSC holds 
as much logic as four 15-in.­
by-12-in. circuit boards. 

The resulting proximity 
of the chips shortens the 
distance s that signal s 
must travel. Consequent­
ly, the module overcomes 
one of the bottlenecks to 
greater mainframe or su­
percomputer perfor­
mance: the propagation de­
lays between packages 
that must be sufficiently 
spaced on a circuit board to 
prevent excessive heat 
from building up. 

Each HDSC can hold as 
many as 72 VLSI devices, 
ranging from high-speed 
ECL gate arrays to fast 
static RAMs to DRAMs 
and other circuitry that 
typically form a CPU and 
memory. Two other ele­
ments round out the multi-
chip packaging concept: a 
Multi-Chip Unit (MCU) , 
each of which carries one 
HDSC and supplies physi-
cal and electrical connec­
tions to the HDSC (see fig-
ure on right); and a Planar 
Module-a mounting plat­
form that interconnects 
multipleMCUs. 

DEC's engineers esti­
mate that the technique 

can double the perfor­
mance of mainframe ma­
chines and supercom­
puters. To put their idea to 
work, they're applying it 
first in an as-yet-unan­
nounced mainframe mem­
ber of the VAX family. 

The HDSC has nine lay­
ers for power and signal 
distribution, built up with 
alternating layers of a po­
lyimide synthetic insulator 
and copper conductor. Cop­
per is deposited onto the 
polyimide using sputtering 
and plating techniques and 
semiconductor-like photo­
lithography. Connections 
between lines in layers 
above or qelow a given lay­
er (vias) are made by mask­
ing the polyimide and etch­
ing a hole using a plasma 

Macro cell array 
(MCA Ill) ----

Clock· 
distribution 

chip 

Power 
connector 
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etcher. The holes are filled 
when the next copper layer 
is deposited. 

Signal and power inter­
connections are made as 
two separate cores. Then 
they're bonded together 
and connected, as needed, 
by drilling and plating 
through-holes between 
cores. Lasers cut sites for 
the semiconductor devices 
out of the HDSC, then ep­
oxy bonding mounts the 
chips, and tape-automated 
bonding gang-solders sig­
nal and power pads to the 
HDSC. 

The design yields a maxi­
mum power requirement 
of 300 W, an amount that is 
easily dissipated with air 
cooling. DEC points out 
that a competitive tech­
nique generates 900 W, 
which dictates a need for 
water cooling within a com­
puter system. 

After assembly , the 
HDSC is mounted into an 
MCU where signals are 
transferred from the 
HDSC to the underlying 
Planar Module by means of 
four flexible signal connec­
tors (called a Signal Flex), 
each of which has more 
than 200 signal paths, for a 
total of 800 plus per MCU. 

The MCU is inverted be­
fore gold bumps on the Sig­
nal Flex are mated to corre­
sponding gold pads on the 
Planar Module. Separate 
cables attached through 
connectors at two sides of 
the HDSC power the M CU. 

A copper heat spreader 
that's part of the MCU sup­
plies a thermal path to a 
pin-fin heat sink to keep de­
vice junction temperatures 
at 85°C with air cooling. 
The MCU is the basic field 
replaceable unit in the de­
sign. 

The Planar Module, as 
the platform for several 
MCUs, is DEC's counter­
part to the pc board. The 
largest Planar Module to 
date is 25 in. by 25 in. and 
has 24 layers, as many as 
18,200 component vias, and 
17 ,650 buried vias. 

The typical propagation 
delays for the MCU and 
Planar Module are 160 ps/ 
in. and 170 ps/in., respec­
tively . DEC's designers 
say that this compares 
with about 200 ps/in. for 
pc-board technology. Typi­
cal line widths on the 
HDSC are 15 µm , with 
spacing between lines typi­
cally 60 µm. 

LARRY CURRAN 

Self-timed 
RAM 

High-Density 
Signal Carrier 

(HDSC) 
........ ..____.----- interconnect 

Signal 
Flex 

Pin-fin 
heat sink 
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CORRECTION: In our September 28 issue, on p. 28, we ran a story about the portable version of the Macintosh personal computer. 
The article made reference to a figure that was inadvertently omitted. We regret the error . Here, along with our apologies, is the 
missing Macintosh block diagram. 
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A PERSPECTIVE ON GRAPH I CS INTERFA CE S TANDAR DS 

TIGA--340 from Texas 
The open graphics interface standard 
a clear path for your future. 

A ground ;w,11 of '"PPOrt i; 
ra llying behind TIGA-340"', the 
Texas Instruments Graphics 
Architecture. It and Tl's TMS340 
fami ly are poised to become the 
next standard beyond VGA as PC 
users demand higher performance 
and resolution. 

The PC graphics standard 
anyone can use 
TIGA TM is a high-performance 
software interface that optimizes 
communications between industry­
standard 340 fam ily processors and 
the PC host processor. 

With TIGA, hardware and 
software specifications for a PC 
graphics standard are open and 
available from inception - one of 
the reasons why more than I 00 
companies have already made plans 
to eva luate TI GA-compatible 
hardware and software products. 

Lowest cost, 
highest performance 
TIGA's move into the mainstream 
is being fueled by the price of 
TMS34010-based boards fa lling to 
well below $1,000. In fact, Tl's 
34010 processor is the most 
economical way to implement high­
performance 1024 x 768 resolution 
PC graphics boards. The faster 

TIGA-340: STANDARD FOR TODAY AND TOMORROW 

340~ 34020+82 

& / 
TIGA ___---

APPLICATION ~ 0 
ENVIRONMENT ~ 0 

tctb~Ms-=§~s 

Just as MS-DOS® allows app lications to run on any MS-DOS PC using 80X86 proces.'iors, 
TIGA allows graphics applications to run on any TIGA disp lay system using a 340XO 
processor. 

speed and greater throughput of the 
second~generation 34020 result in 
even higher performance boards. 

Clear migration path 
TIGA provides a common platform 
upon which graphics applications 
can take advantage of the process­
ing power of the TMS340 fam ily. 

Software developers no longer 
have to rewrite code in order to 
migrate to higher performance 
hardware. Software applications 

that run through TIGA on the 
34010 processor run on the upward­
compatib le 34020 as well as on 
future 340 family members. 

Hardware developers benefit 
from wide software support, 
reduced system development time 
and costs, and easy differentiation 
of products. 

At present, TIGA supports DOS­
based PCs, with UNIX"' and OS/2 
forthcoming. 



IN THE ERA OF MEGACHIP TECHNOLOG I E S 

Instruments: 
that defines 

Applications portability 
TIGA allows an application to be 
ported to a wide variety of 340-
based graphics systems with a single 
software driver. Applications wi ll 
run without modification regard less 
of reso lution, color content, or 
specific 340 family processor. 

For example, the Microsoft® 
Windows driver, which is part 
of the TIGA Software Porting 
Kit (see next page ), allows 
Windows to run without 
any change on boards 
having reso lutions from 
640 x 480 to 4096 x 
4096 and color 
content from 
monochrome to 
256 colors 
or more. Speeds time to market 

Now hundreds of popular 
applications can be made 

avail able for your new graphics 
product almost instantly using 
T IGA and Microsoft Windows. 
Porting TIGA to a 340-based board 
typica ll y takes less than one man­
week of effort. 

More than 150 OEMs have 
made the TMS340 graphics fami ly 
their own. That wide acceptance, 
coupled with open architecture and 
a defined migration path, makes 
the future for T IGA-340 and the 
T MS340 fam ily rich and promising. 



A PERSPECTIVE ON GRAP HICS INTERFACE STANDARDS 

Tl's leadership TMS340 
graphics family 
No other supplier comes close to TI 
in the range of cost/performance 
options for the development of 
integrated graphics solutions. The 
widely used TMS34010 processor 
and other family members are now 

being joined by a group of new­
generation products that will bring 
the higher leve ls of workstation per­
fo rmance to PCs. 

C hief among these is the 
TMS34020, a programmable, 32-
bit processor up to 20 times faster 
than the 34010. 

For use with the 34020, the 
TMS34082 will perform f1oating­
point operations up to I 00 times 
faster than current PC coproces­
sors. It is the industry's first 
graphics floating-po int coprocessor. 

The fam ily's video RAMs, 
invented by Tl , have been aug­
mented by the TMS44C25 l 
I -megabit VRAM. It was designed 
in conjunction with the 34020 
for the high system bandwidths 
demanded by today's mid- and 
high-resolution graphics 
systems. 

I 

TIGA-340 DEVELOPMENT KITS 

• 

Free user's guide 
For more information about the 
TIGA-340 standard, get your free 
copy of the TIGA-340 Interface 
User's Guide and the TIGA-340 
Interface Brochure. 

Call l-800-336-5236, ext. 3526, 
or write Texas Instruments 
Incorporated , P.O. Box 809066, 
Dallas, Texas 75380-9066. 

Tl's MegaChip™Technologies are the 
means by which we can help you and 
your company get to market faster with 
better, more competitive products. O ur 
emphasis on volume manufacturing of 
high-density ci rcu its is the catalyst for 
ongoing advances in how we design, 
process, and manufacture semiconduc­
tors and in how we serve our customers. 

TIGA -340, TIGA, and MegaChip arc 
trademarks of Texas Instruments Incorporated. 
UN IX is a trademark of AT&T Bdl Laboratories, Inc. 

® Microsoft and MS-OOS are registered trademarks 
llf Microsoft Corporntion. 

© 1989 TI 08-9254 

TEXAS ~ 
INSTRUMENTS 



IBM PC Data Acquisition Highlights. 

MODEL DESCRIPTION 

LOW COST OT2111-PGH low Cosl AID, DIA, 
1nlerrupt 

Olll11 ·PGL Low Cos1 , Low-level 16SV801 

AID, DIA; lnter1up1 

OT2114 Low Cost AID, Int. 16SE 

DT211 S Low(os10IA 

DT2117 Low(os1DIO 

DT2119 Am2935A Counter/ 
Timer,010 

GENERAL DT2I08 low Cos!, OMA 

PURPOSE OT2I01 General Purpose. OMA 

OT2I01 ·A H1gherlhroughpul, 

lbSE 

1bSV8DI 

16SV8DI 
OMA 

012801/5716A High Resolution, OMA 

OT2805 Low Level , OMA 

OT2!0515716A Low level, OMA 

OT2809 1&-b1t SS&H, OMA 

OT281& SS& H,DMA 

HIGH SPEED 012814-PGH High Throughput , low 
OTlllC-PGL Cost AID: OMA. l01s. 

ARRAY PROCESSING: IBM PC/XT/ 
1mn-1n 

FLOATING-l'OINT 

MOOfl OfSCllrTION COMPUTH AllTHMETIC 

OT7t10 

OT7111 

flo.itmg·POlntArrl( 
PrOCl'SSOr 

floating-Pom1Arr•y 
Proctssor 

OT:!lll 

OT2129 

PCAT 

OT-Connect "' 0 12841 40kHz, DT-Connttt '" 
OT284 1·f· 16SE. lSOkHz, OT-C onn~t '" 
OT2841.f.801 
012841 -G- 16SE, ZSOkHz, OT-Connf'ct ' 
DT2841·G·801 

No. 3 in a series. 

H you hunger for faster data acquisition and 
processing, here's the recipe ... in real time& 
The DT2841 and DT7020. 
750kHz throughput 32-bit floating 
point processing. Data acquisition 
has never been faster. 

If PC AT® throughput bottlenecks are 
frustrating you, Data Translation has the answer. 
Our external interface, OT-Connect:· surmounts 
the historically slow AT bus to deliver much faster 
data acquisition and array processing. 

This is the answer for high-speed DSP 

operations such as filters and FFTs. It features 
AID, DIA, DIO, and a Timer/Counter . . . plus, 
MACH'" Subroutine Libraries that support 
most programming languages. 

At last High-speed data acquisition and 
high-speed computation power. 

Together. In one tasty package. 

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

FREE 1989 Data Acquisition 
Handbook. 

DAR TRANSLATION® 
World Headquarters: Dala Translahon Inc., JOO Locke Drive, Marlboro MA 01752·1192 USA, (50B) 4BI·3700 Tl• 951646 
United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RGll 2QJ, U.K. (0734) 793B38 Tl• 94011914 
West Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim·Bissingen, West Germany 01742·54025 
International Sales Offices: Austral• (2) 662·4255; Belgium (2) 466·Bl99; Canada (416) 625·!907; China (I) B6B·721 •4017, (40B) 727·B222; Denmark (2) 27 4511; Finland (0) 3721 44; France (I) 69077B02; Greece(!) 951·4944, (3 I) 527.039 (I) 361·4300; 
Hong Kong (5) 448963; India (22) 23·!040; Israel (3) 54DI524; lta~ (2) B2470.l; Japan (3) 502·5550, (3) 34B·B30!, (31 355·llll ; Korea (21 756·9954; Netherlands (70) 99 6360; New Zealand (64) 9·545313; Norway (2) 53 12 50; Portugal (II 545313; 
Singapore (65) 7797621; Sou1h Afr.a (12) B0376B0/93; Spam(!) 455·Bll2; Sweden (B) 761-7B20; Swi1zerland (l) 723·14!0; Tar.an (2) 7020405 

DT·Connecl and MPCH are trademarks and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks are the property of then respective holders. 
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ADC603 lOMSPS 12-Bit Sampling ADC 

O~t In Fr 
Brand Z 

Brand Y 

Burr -Brown invented the 
first IC lOMSPS, 12-bit A/D 
converter. And today, the 
ADC603 is still out in front 
with the best guaranteed 
dynamic performance, 
the best price, and the 
best delivery in the 
industry. 

Out Front 
in Dynamic 
Performance 
ADC603 achieves the 
best spurious-free 
dynamic range by 
minimizing noise and 
distortion. Laser-trimming 
and an efficient design 
ensure its ability to meet 
stringent distortion, 
accuracy, and linearity 
specs. 
It's a complete, sub­
ranging ADC subsystem 
with sample/hold 
amplifier, ADC, precision 
voltage reference, digital 
error corrector and 
timing controller, all in a 
compact 46-pin DIP. 
Two temperature ranges, 
plus a military version, 
are available. 

lndu•tr • t.•t Spurioua Fr•• •ano• 7Adk 

And Burr-Brown 
offers more guar­
anteed perfor­
mance specs for 
both high and 
standard grades 
than anybody 
else. 

looel. TESTED SPECIFICATIONS 
(at lOMHz sample, 5MHz input) 

AOC603 K Grode AOC603 J Grode 
2s•c Over Temp 2s•c Over Temp 

IMO. max -7ldBc -68dBc -67dBc -64dBc 
(8MHz Sample) 

SINAD. min 62d8 61d8 60d8 57dB 

Spurious Free 
Dynamic Range. max -66dBc -65dBc -63dBc -60dBc 

THO.max ·64dBc -62d8c -6ld8c -58d8c 

SNR. min 66d8 64dB 63d8 60dB 

Price· $941.00 $590.00 

Out Front 
in Fast 
Delivery 
ADC603's delivery is also 
out in front. All grades are 
available off-the-shelf. 
Whether you need one 
or hundreds, Burr-Brown 

will meet your most 
demanding delivery 
schedules. 

Out Front 
with Lowest 
Price 
Efficient production 
allows Burr-Brown to pass 

CIRCLE67 

their manufacturing 
economies along to you 
through new lower prices. 
Burr-Brown also adds 
value with superior 
technical support and 
assistance in applying, 
testing and integrating 
advanced ADC603 
solutions. 
ADC603 can help keep 
your designs "out in front" 
of the competition, too. 
Contact your local sales 
office for comprehensive 
data sheets, samples and 
evaluation tools, or for 
immediate assistance call 
1·800·548·6132. 

Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 
"USA OEM prices in lOOs. 



TECHNOLOGY ANALYSIS 

IC FABRICATION TECHNIQUES 
SCULPT SILICON SENSORS 

ADVANCED SENSOR DESIGNS INTEGRATE 
MOVABLE SILICON STRUCTURES 

WITH CIRCUIT ELEMENTS. 

MILT LEONARD 

ver the past few decades, 
the high-volume price of 
microprocessors has 
dropped below the cost 
of sensors that can inter­
face the processor to the 
analog world of pres­
sure, temperature, accel­

eration, flow, velocity, and other physi­
cal variables. As a result, real-time con­
trol applications for microprocessors­
particularly in high-volume consumer 
applications-was stymied by the lack 
of inexpensive, digitally compatible 
sensors. However, several devices de­
scribed at the Sensors Expo Interna­
tional, held recently in Cleveland, Ohio, 
and Anaheim, Calif., indicate a growing 
trend toward fabricating microma­
chined sensors on silicon wafers to get 
the economies of high-volume produc­
tion. IC production techniques are pro­
ducing silicon sensor chips that inte­
grate moving structures with resistive 
Wheatstone bridges, laser-trimmable 
resistor networks for calibration, and 
even signal-processing circuits. 

Selling prices depend on sensor com­
plexity. The cost of a micromachined sil­
icon chip ranges from $1 to $2 as a high­
volume commodity product up to $100 
for a high-performance die in low vol­
ume. A packaged die with or without ba­
sic compensation and normalization can 
cost $2 to $4 in volume, and up to $100 
for more complex chips in low volume. 
The addition of compensation, calibra­
tion, and signal conditioning raises the 
volume selling-price range from $10 to 
several hundred dollars, and a pack-

aged sensor containing digital signal 
processing can run $30 to $1500. Such 
sensors typically include temperature 
compensation, calibration, self diagnos­
tics, and remote communication and 
control capabilities. 

Micromachined silicon has several 
advantages for use in sensors. Espe­
cially important for sensor applications, 
silicon has no mechanical hysteresis 
and is highly sensitive to mechanical 
stress. Its modulus of elasticity is the 
same as steel, and tensile yield strength 
is higher than steel. Silicon is also as 
hard as quartz and is lower in density 
than aluminum. Perhaps most impor­
tant of all, though, silicon sensors with 
tightly controlled submicron geome­
tries can be built and packaged with the 
same mature processes, equipment, 

Ground and po!ished lon·implanted 
surfaceforfinal s ~ piezoresistors 

diaphragm thicknes/ / 

Sealed 
reference cavity 

1. HIGH-TEMPERATURE fusion 
bonding creates a two-layer absolute 
pressure sensor from NovaSensor made of 
silicon. The base with a pre-etched reference 
cavity is joined through a crystal boundary 
to a pressure-sensing silicon diaphragm 
containing ion-implanted piezoresistors. 

Fused 
interface 
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and ultrapure materials 
used for high-volume pro­
duction of integrated cir­
cuits. 

Bending beam 
(1of2) 

Sensing resistor Overrange stop 
for upward.travel 
of seismic mass 

Gap 2 (overrange and 
damping) 

tions. With the top side of 
the chip completely ex­
posed, metal lines, laser­
trimmable resistor net-

The simplest microma­
chined silicon structures 
are found in pressure sen­
sors, which often require 
just a few IC processing 
steps. For example, in a 
vacuum-referenced abso­
lute pressure sensor by 
N ovaSensor, Fremont, 

Si-Si bond line 

\ 
F====:;=~==~t:=======;:i 

Seismic mass 

Gap 1 (damping and over range) 

Pyrex base 

\ works, and bonding pads 
can be added to the chip 
surface for specific appli­
cations. 

The finished chip mea­
sures about 3.3-mm square 
and is 1.5-mm thick. Criti­
cal damping and over­
damping have been dem­
onstrated with roll-off fre-Calif., a 10-µm deep cavity 

is formed in the silicon sub­
strate by an isotropic etch­
ing or by plasma or wet iso­
tropic etching (Fig. 1).. 
Then the top wafer is fu­
sion bonded to the sub­

1
2. A SINGLE CANTILEVER for a NovaSensor 
accelerometer uses two layers of fusion·bonded silicon and a glass 
base. Plasma etching and programmed etch stopping creates a 
cross section with air gaps for damping. Interdigitated tabs on 
three sides of the mass offer overrange protection. 

quencies of 500 Hz and 
higher, and the device sur­
vives shocks exceeding 
1000 G in all axes. Cross­
'axis sensitivity typically is 

strate at a temperature exceeding 
900° C. Air is evacuated from the cir­
cular chamber during this step to 
form an absolute pressure sensor. 

The next step is polishing, grind­
ing, or etching the top wafer to a 170-
µm thickness to form the pressure­
sensing diaphragm. Finally, conven­
tional IC processing is used to pat­
tern the piezoresistive sensing 
elements, contact holes, and evapo­
rated-metal interconnect lines. To 
form a gage or differential pressure 
sensor, a hole can be etched through 
the backside to provide pressure ac­
cess to the cavity. 

N ovaSensor uses this basic pro­
cess to make a variety of sensors, in­
cluding a high-pressure (5000 psi 
full-scale) sensor chip measuring 2.5-
mm square. Pressure nonlinearity 
typically is less than 0.05% of full 
scale. For pressure ranges of 50 to 
100 psi, the company applies the 
same fabrication process to a 1-mm 
square chip. With a 4-in. wafer yield-
ing over 6000 chips, the sensor is an 
economical solution for high-vol­
ume, low-cost applications. 

Another product from N ovaSen­
sor is typical of the more complex mi­
cromachined silicon structures re­
quired for making accelerometers. 
These devices are used as crash sen­
sors for air-bag deployment, motion 
sensors for active suspension sys­
tems, and in aerospace and military 
applications. The sensor is a cantile­
ver design with one end of a beam 

fixed and the other attached to a 
free-swinging seismic mass (Fig. 2). 
A series of interdigitated flexible 
tabs extending over underlying 
shelves around three sides of the 
seismic mass supply mechanical 
stops to prevent beam breakage dur­
ing overranging in all three axes of 
motion. Gaps formed between the 
two silicon layers and the glass base 
provide air damping to prevent over­
range damage from resonant oscilla-

Acceleration of device in-y direction 

Acceleration of device in-x direction 

3. DOUBLE-CANTILEVERED 
accelerometers have less sensitivity than 
single-cantilever types but are more 
rugged and less prone to error caused by 
lateral-motion components. The 3201 
from IC Sensors is a three-layer silicon IC 
with a seismic mass supported by four 
flexible silicon hinges. Each flexure has a 
piezoresistor implanted on each surface. 
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under 2% in any axis. 
These sensor chips are packaged in 
T0-5 and -8 cans and on hybrid circuit 
boards. 

For a given chip size, single-canti­
lever accelerometers have more sen­
sitivity than double-cantilever de­
signs. However, accelerometers 
with a double-cantilevered seismic 
mass are mechanically stronger. The 
model 3021 accelerometer by IC Sen­
sors, Milpitas, Calif., is an example 
of the double-cantilevered approach. 
The device consists of three layers of 
silicon, with center layer containing 
the proof mass suspended from a sili­
con frame by four silicon flexures 
(Fig. 3). Each flexure contains a dif­
fused piezoresistive element on each 
of its two surfaces. Shallow depres­
sions etched into the two outside lay­
ers allow the seismic mass to move, 
protect against over-acceleration, 
and provide viscous air damping. 

As acceleration deflects the mass 
vertically, each flexure bends, apply­
ing tension on one of its resistors and 
compression on the other. Connect­
ing the eight sensing resistors in a 
Wheatstone bridge supplies a signal 
proportional to the acceleration of 
the seismic mass. The center of mass 
of the seismic element is below the 
support plane. So when · accelera­
tions in the x- or y-plane cause the 
mass to tilt or rock, appropriate 
cross-coupling of the sensing resis­
tors cancel out undesirable off-axis 
responses to less than 1 % of the z-
axis response. 





Adding an electrode to the inside 
surface of the top layer of the sensor 
gives a field self-test capability for 
verifying that the moving structures 
are intact and functional. The test is 
performed by applying a voltage to 
this electrode, which causes electro­
static attraction to exert a force on 
the seismic mass, and monitoring the 
device output for the correct re­
sponse. This procedure can also be 
used for continuous device calibra­
tion. With a constant-deflection-volt­
age amplitude and mass-to-electrode 
spacing, the force on the mass is 
equivalent to a specific acceleration, 
regardless of changes in tempera­
ture or characteristics of the piezore­
sistors. Therefore a normalized ac­
celeration can be obtained by alter­
nately sampling the outputs from ac­
tual acceleration and acceleration 
plus the electrostatic equivalent dur­
ing device operation. The normalized 
result is practically independent of 
temperature. 

To combine shock survivability 
with optimum signal-to-noise-ratio, a 
transducer design by Endevco, San 
Juan Capistrano, Calif., combines a 
monolithic silicon sensor and signal­
conditioning circuits in a hybrid mi­
croelectronics package. Developed 
under contract for Sandia National 
Laboratory, Albuquerque, the 1-mm 
square, one-piece silicon sensor in­
cludes the entire spring, mass, and 
four-arm piezoresistive strain-gage 
assembly configured in a bridge cir-

Torsion bar 

Sense element structure 

,., 

SILICON SENSORS 

cuit. 
The structure is made of single­

crystal silicon using anisotropic etch­
ing and microelectronic fabrication 
techniques. After a pattern of dop­
ant defines the strain gages on the 
chip, two pairs of etched channels 
create a seismic mass on each side of 
the chip. The central fixed part of the 
chip is then mounted on a pedestal, 
which allows the seismic masses to 
move freely in the vertical direction. 
This assembly is epoxied to an alumi­
na substrate, which also carries a 
two-pole low-pass filter, a gain 
stage, and a line driver. The filter 
prevents saturation in the following 
stages in case of sensor resonance. A 
30X gain stage following the filter in­
creases the transducer's signal-to­
noise ratio. 

Housed in a 1/2-in. hexagonal 
stainless-steel case 0.3-in. high, un­
calibrated low-output (0.1 mV/G) 
prototypes have survived 100,000-G 
shock levels. Uncalibrated high-out­
put (1.0 m VIG) versions were tested 
for 15,000-G shocks. The transducer 
runs on +5 V de, has a de to 30 kHz 
frequency response, and exhibits an 
off-axis sensitivity of under 5%. 

A logical extension of present sili­
con sensor technology would be inte­
grating signal-conditioning circuitry 
and sensor structures on the same 
chip. This is the approach of Silicon 
Designs Inc., Issaquah, Wash. The 
company developed a capacitive ac­
celerometer that combines the sen-

...-- - - -Sense· 
I element I 

I 

sor, demodulator, sense amplifier, 
and voltage-to-frequency converter 
on a silicon die. Thin-film resistors, 
built on a separate substrate, are 
used for sensor calibration and to 
compensate for bias and scale factor 
errors of the sensing elements. 

Unlike piezoelectric designs, ca­
pacitive accelerometers are relative­
ly insensitive to temperature and can 
be used over a wide temperature 
range without the need for expen­
sive compensation and calibration 
mechanisms. However, they haven't 
been used in low-cost applications be­
cause of the requirement for com­
plex and costly measurement circuit­
ry. The Silicon Designs' device has 
sense element structures suitable 
for batch processing on the I C's sur­
face. 

SUSPENDED METAL PLATES 
The sensing element consists of a 

metal plate supported above the sub­
strate surface by two torsion bars 
mounted on a pedestal (Fig. 4a). 
Forming a common connection to 
two variable capacitors, the plate is 
free to rotate around the torsion bar 
axis. The two fixed capacitor plates 
are built on the surface of the sub­
strate to form sense-element capaci­
tances of several tenths of a picofar­
ad. Because the axis of the plate is 
offset from that of the torsion bar, 
an acceleration causes the plate to 
rotate about the torsion bar axis to 
increase capacitance on one side and 

Thin film· 
resistors 

-----. 
Integrated electronics 

Demodulator 
and 

sense 
amplifier 

Count 

Up/Down 

External 
clock 

(optional) 

Fixed capacitor plate 
'----v--' 

Single or 
separate chips lbl 

RC oscillator 
(optional) 

14. THE BASIC CAPACITIVE SENSE ELEMENT of an accelerometer from Silicon Designs, a rotatable metal bar located 
between two metal plates, is made with electroplating and chemical etching processes (a). CMOS circuitry located on the same chip convert 
capacitance changes into a pulse stream whose frequency is proportional to acceleration (b). 
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Time To Market 
Time to market ... the span between inspiration and product introduction . 
You want the shortest path to a successful product launch - but all too often the 
system power supply becomes a stumbling block . .. development delays, 
safety agency approvals, EMl/RFI testing , size problems, cooling issues, cost 
overruns, last minute changes in power requirements, manufacturing disas­
ters ... no matter how innovative your product. you know that your customer's 
satisfaction - and your market opportunity - may ultimately hinge on how well 
your "custom" power system holds up. 

FlatPAC takes the uncertainty out of power development by offering unprece­
dented flexibility along with instant availability . . . in a fraction of the space re­
quired by conventional switchers. You define your requirements . . . output 
power from 50 to 600 Watts; one to three outputs; output voltages from 2 to 95 
Volts ... we combine our high power-density converters with modular package 
and front-end assemblies to configure a FlatPAC specific to your needs. You 
benefit from the proven field performance and inherently high reliability of our 
component-level power converters, without sacrificing features: UL/CSA/TUV 
recognition , 110/220 VAC input, surge limiting , Class A EMl/RFI, OVP, over­
current protection, all outputs totally isolated and trimmable , sequenced AC 
and DC status signals ... and more. 

Vicar believes that power should be the least of your problems. Let us show you 
how FlatPAC can help you win the race to market. 

1-800-735-6200 

Component Solutions For Your Power System 
23 Frontage Road , Andover, MA 01810 I ' 

VICOR 
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WITH LOW-COST CUSTOMER 
SPECIFIED INTEGRATED 

CIRCUITS (CSICs), WHAT YOU 
NEED IS WHAT YOU GET 

Motorolas new CSIC family of 
68HC05 microcontrollers fills the bill 
for high-volume applications like 
nothing else on the market today. 

With quick development. An 
assured migration path. Without-a­
doubt dependability. And all the 
benefits youd expect from a state­
of-the-industry custom design. 
Without high cost. 

Drawing a blank on how we do it? 
It works like this. 

We start with a 'chassis" that con­
sists of a central processor, RAM, 
and ROM, all tried-and-true compo­
nents from Motorolas most popular 
8-bit microcontroller family. Then, 
according to your specific design 
requirements, we add just the right 

mix of subsystems-timer, 
EPROM, EEPROM, AJD, and 
UART, to name a few. Finally, we deliver 
your low-cost CSIC fast, usually in six 
months·or less. 

But thats not all. If your needs can 
be filled by one of the 30+ parts already 
available from our ever-expanding 
CSIC portfolio, you can move even 
faster and save even more. 

Only the global design resources 
of Motorola, the worlds number one 
supplier of 8-bit MCUs, can deliver a 
family of products this good. This fast. 

WANT US TO FILL YOU IN 
WITH MORE DETAIL~?,#:. 

Then fill out the attached ~~E~;:i 
reply card to request more •••Award 
information on how easily '~ Winner 

1
988 

a CSIC from Motorolas Microcontroller 
Division can fit into your future. 

We'll respond in the only way 
Motorola knows how. Very quickly. 

®MOTOROLA 

©1989 Motorola, Inc. 



What are we going to do with your 
extra robots, Fenton? 

Maybe a small college football team 
/ needs a new front line! 

CALL ~ IF YOUR CORPORATION HAS 
MATERIAL AVAILABLE FOR DONATION. 

~ - Will take your donated material and use it to generate 
scholarships for needy, deserving students. Donations could mean 
an above cost tax deduction - IRS Reg.170(e)(3). Scholarships are 
given in the donating corporation's name. 

~ 
~f. IEdua.tlonal Aaalatance Ltd.~ 

P.O. BOX 3021 •GLEN ELLYN, ILLINOIS 60138•FAX (312) 690-0565 

Design Engineers ... 

For More Details 
Catt 312--090--0010 

Peter Roskam 
Executive Director 

More POWER To You! 
From Power Control ICs, Triac Drivers and Optoisolators to Super­

Fast Recuvery Rectifiers, High Voltage , High Speed Switching Transis­
tors and beyond , we bring more power to you in the control loop. 

Contact: AEG Corporation , 3140 Rte. 22, PO Box 3800, Somerville , 
NJ 08876-1269 , (201) 231-8493 ; Fax: (201) 231-8353. . ~-_.\ - ' . ~ - _,-

·~-
~~ .... i 
~ 
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SILICON SENSORS 

decrease capacitance on the other. 
The 40 X 25-mil sense elements are 

made by electroplating the metal 
plates onto a conductive substrate 
through a patterned photoresist lay­
er. After the photoresist is stripped, 
the remaining metal pattern is deter­
mined by open areas of the photore­
sist. The suspended sense elements 
are built partially on top of a sacrifi­
cial spacer material, which is deposit­
ed prior to electroplating. Chemical­
ly removing this material leaves the 
sense element supported only where 
it is formed directly on the substrate 
surface. Built-in air damping gives 
an overdamped response for accel­
erations up to about 20,000 G full 
scale. 

The single-chip accelerometer con­
tains two sense elements connected 
in a fully active bridge circuit. On­
chip electronic circuits, built in 3-mm 
CMOS, convert capacitance changes 
into a digital pulse stream whose fre­
quency is proportional to accelera­
tion (Fig. 4b). Output frequency var­
ies from 0 to 250 kHz. The digital 
pulse stream output can be connect­
ed to a microprocessor with an inter­
nal digital counter, such as the Intel 
8051. Another output, derived from 
the count output, can drive an up­
down counter or be filtered for low­
to-medium frequency applications. 

Package options include standard 
DIPs, ceramic leaded and leadless 
chip carriers, and metal packages 
with glass-to-metal seals. The cir­
cuits operate over the full military 
range of -55 to + 125° C and run on 5 
V and 1 mA. Measurement circuits 
can be customized for specific appli­
cations. The company says that a 
complete subsystem with the accel­
erometer and 10,000 transistors on 
the same chip for high-volume appli­
cations would cost under $5 each, not 
including nonrecurring development 
charges. Silicon Designs can also in­
tegrate the same circuits with other 
capacitive sensors to measure pres­
sure, humidity and strain.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
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~ National 
~ Semiconductor 

EverythingS in pla fbr 
our aU-new linear seminar. 

Except you. <t(fa 



Register to attend now 
and get the latest in 

innovative linear citruits. 
DON'T MISS THE LINEAR 

EVENT OF THE YEAR. 

As a worldwide leader in linear, 
National has developed many new 
innovative products since 
our last linear applica­
tions seminar in 1987. 
And we'd like to share 
them with you. 

Like our Super-Block'" 
family-the next-gener­
ation solution for building­
block users-offering a monoli 1ic 
alternative to multi-chip solutions. 
And our self-calibrating ND and DIA 
converters, which provide more 
on-board functions, higher resolu­
tion , and higher speed.We'll also be 
unveiling the latest in easy and 
ready-to-use Simple Switchers;· 
which deliver very high efficiencies 
for common regulator applications. 

HERE'S THE AGENDA. 

Whether you're looking for 
high-performance products, new 
design tips, or trouble-shooting 
hints, National has the solution. Our 
experienced linear engineers will be 
conducting an all-day seminar that 
will cover a full range of applications. 
Session I: 
Classical Analog Applications 
•Op-Amps 
• Comparators 
• Sensors 
Session II: 
Data Acquisition and Filters 
• Switched capacitor filters 
•Techniques for analog-to-digital 

and digital-to -analog conversion 
•Application circuits 
• References 

Session III: 
Special Functions 
• Power-plus control devices 
•Linear and switching regulators 
•Audio applications 
•Video applications 

EXPAND YOUR 
DATABOOK LIBRARY 

When you attend our 
seminar, you'll receive a copy 

of our three-volume 1989 Linear 
Databook, our Linear Applications 
Handbook, as well as the Seminar 
Handbook. The $45 registration fee 
also includes breakfast and lunch. 

Space is lll-

limited,so please a"';;_ -- --
reserve a seat 

1 
~~' ra:::::::::-

today. And place · · 
yourself among 
the leaders in 
linear. Return the 
coupon below, 
or call toll-free 
1-800-548-4529. 

COMING SOON 1D A CITY NEAR YOU. 

Seattle, WA 
Portland , OR 
Union City, CA 
Santa Clara , CA 
Palo Alto , CA 
Boston/Andover, MA 
Boston/Boxborough , MA 
Trumball , CT 
Long Island , NY 
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Woodland Hills, CA 
San Diego , CA 
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MEMORY 

Pin-out and software compatibility 
between key SGS-THOMSON 
devices now enables you to develop 
datacom products in less time and at 
dramatically lower costs. In fact, your 
investment is essentially reduced 
to one hardware and software design 
effort that economically expands to 
six different datacom applications. 
WAN: X.25, High-Speed HDLC, 
ISDN LAPD and CCS#7. 

In addition to X.25 LAPB, 
SGS-THOMSON'S high-speed MK5025 
Link Level Controller delivers 
economical full duplex, fully trans­
parent HDLC/SDLC for specialized 
protocols. On-chip firmware even 
permits performance of the Link 
Access Procedure for the ISON o 
channel (LAPO) at speeds beyond 
anything available from a software­
only approach. 

The MK5027, a firmware derivative 
of the MK5025, offers complete Level 2 
implementation of CCS# 7 (Common 
Channel Signalling System #7) , saving 
you months of software development. 

Plus, the MK5027 is pin-out and soft­
ware compatible with SGS-THOMSON 
Ethernet and X.25 controllers. 
LAN: Ethernet, Cheapemet 
and StarLAN. 

The MK5032 VLANCE controller 
extends the capabilities of an IEEE 
802.3 network such as Ethernet, 
Cheapernet or Star LAN. In addition, 
SGS-THOMSON'S MK5032 and 
MK68592 Manchester encoder/ 
decoder are the only Ethernet 
devices second sourced by a major 
manufacturer. 

Combine the MK5032 with our 
CMOS MK5030 hub and a compatible 
Manchester encoder/decoder like the 
MK50351 , and you have a complete, 
low-cost StarLAN solution that 
includes automatic compensation for 
twisted pair wire reversal. 
Multiple protocol serial controllers. 

One product line covers the spectrum 
of sec requirements. For example, 
the 7 Mbps MK5025 with on-chip 
DMA offers complete HOLC, X.25 
LAPB, ISON LAPO, X.32 and X.75 

CIRCLE45 

Link Level Protocol compatibility. 
The full duplex, dual channel 

MK68564 satisfies numerous 68000 
Series datacom applications. 
Designed with your future in mind. 

With one common footprint among 
key devices, no other manufacturer 
enables you to cover so many LAN, 
WAN and sec markets as fast or as 
economically as SGS-THOMSON. We 
have the product compatibility to 
put you ahead of the competition right 
now - and keep you ahead. 

For a complete guide to today's 
and tomorrow's most advanced data 
communication solutions, contact 
SGS-THOMSON Microelectronics, 
1000 E. Bell Road, Phoenix, AZ 85022. 
Phone 602/867-6259. 
,;.:;; is a registered trademark of the SGS-THOMSON 
Microelectronics Group. © 1989 SGS-THOMSON 
Microelectronics. All rights reserved. 

~ SGS·THOMSON .. ., l rR:AJO©OO@rnlb~©uOO@[ili]O©~ 



COVER FEATURE 

ELUSIVE SOLID-STATE MEMORY CONCEPT 
COMES To FRUITION IN 160-MBYTE 

STORAGE MODULE USING 6-IN. WAFERS. 

WAFER-SCALE INTEGRATION 
ARRIVES IN "DISK" FORM 

LA WREN CE CURRAN 

dream that has tantalized 
system designers for more 
than 20 years-the use of 
full uncut wafers instead of 
diced and packaged semi­
conductor devices as logic 
or memory-has reached 
commercial reality. Hailing 
from Anamartic Ltd ., a 

British firm, Wafer Stack is a solid­
state storage subsystem that takes the 
place of conventional rotating disk 
drives in a computer system. 

Wafer Stack enables computer sys­
tem designers to realize extremely fast 
access times compared to conventional 
disk drives-an average of 200 µs with 
Anamartic's proprietary native-mode 
interface, or less than 1 ms using a SCSI 
interface. That's an improvement of 
about 200 times compared to rotating 
disk drives with their typical 20-ms 
SCSI access times. 

Such a boost makes the Wafer Stack 
attractive for use in various computers, 
especially high-speed on-line transac­
tion-processing (OLTP) systems used in , 
banking, insurance, manufacturing, 
and communications applications . 
Those systems make frequent accesses 
to short blocks in a database. In fact, 
one of the companies that invested in 
Anamartic is Tandem Computers Inc., 
the $1.3-billion Cupertino, Calif. manu­
facturer of OLTP computers. Tandem 
is evaluating the Wafer Stack, with an 
eye toward having it in the product line 
within 18 months, according to Larry 
Laurich, Tandem's vice president for 
engineering. He reports that Tandem is 

very excited about the Wafer Stack 
based on early results to date. "Our 
team is writing to and reading from de­
vices in the lab, and is knocking off 
benchmarks on schedule,'' Laurich 
says. 

The Wafer Stack fills the gap be­
tween ever-faster semiconductor main 
memory and slower disk drives, a bot­
tleneck that has existed for the last two 
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decades. It cracks that 
bottleneck because of its 
inherent zero-latency 
performance, resulting 
in extremely fast access 
times and sustained 
transfer rates ranging 
from 1.6 Mbytes/s for a 
native-mode interface to 
3 Mbytes/s for a SCSI in· 
terface. Conventional 
disk drives offer similar 
sustained transfer rates, 
but it's in the access 
times that the Wafer 
Stack shines. 

COVER: 
SOLID-STATE DISK 

ment to its four neighbor­
ing dice to the north, east, 
south, and west over sig­
nal lines that form logic 
networks on the wafer 
(Fig. 2). 

The Wafer Stack uses 
two 6-in.-diameter wa­
fers to form one module 
containing 40 Mbytes of 

11. TWO WAFERS FACE EACH OTHER in a clamshell· 
like arrangement to form a <i~Mbyte storage module in Anamartic's 
Wafer Stack. 

Using proprietary soft­
ware, an external con­
troller tests each die, 
then programs the Con­
log elements to intercon­
nect the good dice into 
one continuous bidirec­
tional data path. The path 
takes the form of a spiral, 
running counterclock­
wise from the wafer's 
edge to the center (Fig. 
3). Portions of bad dice, 
but not the entire DRAM, 

storage in 1-Mbit CMOS dynamic 
RAMs (DRAMs) (Fig. 1). As many as 
four such modules can be stacked 
atop one another to supply a maxi­
mum of 160 Mbytes of storage. Awa­
fer controller board is also required 
to manage data storage and trans­
fer, error correction, and "scrub­
bing" on the wafers. 

John Scandalios, vice president for 
marketing at Anamartic, explains 
that scrubbing assures that any 
memory cells developing random er­
rors are purged and replaced, even if 
they occur long after the system was 
working at a customer site. One con­
troller can handle from one to four 
modules, with the entire stack based 
on the form factor of an 8-in. disk 
drive-8.5-in. wide by 5-in. high 
by 15-in. deep. 

chips wired to a pc board, Anamar­
tic' s wafers are mounted to a carrier 
intact. Using the full wafer elimi­
nates several processing steps, in­
cluding as much as 90% of the costly 
wiring and soldering, which can re­
duce wafer yield. 

There are 202 dice per wafer, 
which is more than necessary to ob­
tain 20 Mbytes of data per wafer. The 
additional devices are included to al­
low for the loss of device portions 
that test out as flawed, and to supply 
spares to replace those failed ele­
ments. In addition to containing a 1-
MbitDRAM, each die also carries ad­
ditional programmable configura­
tion logic, which Anamartic calls 
Conlog, to connect each Conlog ele-

The standard Anamartic na­
tive-mode interface can be aug· 
mented by a SCSI or another 
interface added by a buyer-an 
OEM or end user. When con­
nected to a host computer 
through a SCSI interface, the 
Wafer Stack emulates a disk 
drive. Transmit and 

receive 

D Operative 
Con log 

1'\:71 Defective 
~ Conlog 

Interconnection 
(spiral) 

are routed out of the spiral by the 
software. Anamartic partitions each 
DRAM into 32 tiles of 32,000 bits 
each, so that only a failed tile is dis­
carded. In conventional practice, if 
just one bit of a 1-Mbit DRAM is 
flawed, the entire device has to be 
scrapped. 

PROM HOLDS MAP 
Each wafer-carrier board holds a 

CMOS flash PROM. The PROM 
holds the map of the Conlog spiral, 
including the locations of failed tiles 
and spare memory cells. It's called 
into play by the controller to access 
only good cells after the Conlog is es­
tablished. It also activates spare 
cells if random errors are identified 

during scrubbing, long after 
the Wafer Stack has been in 
system use. 

David Hall, chief executive 
officer of Anamartic in En­
g land, says that because of this 
ability to retain most of the 
memory tiles in a DRAM with 
some bad bits, "We can use 
about 80% of the dice on a wa­
fer. This means that the Wafer 
Stack can be priced in volume 
at 60 to 75% of the price of 
equal-capacity solid-state disk 

Although the Wafer Stack 
fits into the same footprint as a 
conventional 8-in. Winchester 
disk drive, the similarity ends 
there. Anamartic's consider· 
able contribution comes inside 
the box housing the Wafer 
Stack. Where other solid-state 
disks use individual memory 12. EACH DRAM DIEalso contains associated 

configuration logic, which is programmed to disable 
defective memory elements. 

drives based on traditional indi­
vidual chips." He adds that 
conventional semiconductor 
manufacturing techniques 
may result in as many as 75% of 
the chips being rejected. 
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No two • 

While HP's high-performance plastic 
optocouplers may all look alike, the 
similarity is only skin deep. 

Because with five complete lines of 
plastic devices, there's clearly more to 
our optocouplers than meets the eye. 

Like a wide variety of single- and 
dual-channel devices that provide you 
with an equally wide range of per­
formance options. 

Such as an innovative dual-channel 
design that combines a photon-emit­
ting diode with a high-speed photon 
detector to produce data rates up 
to40MBd. 

You also get high-output gain from 
low-input current or high-speed logic 
gates. Wide Vee from 4.5 to 20 volts. 
And a unique AC/DC interface. 

Plus they're compatible with TTL, 
STTL, LSTTL and, in many cases, 
CMOS logic families. 

All of which makes HP's optocouplers 
the ideal solution for problems caused 
by ground loops and induced com­
mon mode noise. 

Best of all, they're from HP. So 
you 're assured of our commitment 
to excellence in service, support 
and reliability. 

CIRCLE47 

Which, come to think of it, is the one 
thing that makes all our optocouplers 
exactly alike. 

To find out more about HP's opto­
couplers, call 1-800-752-0900, ext. 
644G. And see why looks aren't 
everything. 

There is a better way. 

F//'09 HEWLETT 
~~ PACKARD CG08907 



The 1-Mbit DRAMs are 
produced with a 1.3-µm n­
well CMOS process. The 
chips have dimensions of 
13.65 X 4.4 mm, which is 
about 20% larger than a 
standard device, in order 
to accommodate the spare 
cells. The DRAMs are or­
ganized as 256-kword by 
4-bit fast-page units, re-
quiring a 52-µs refresh 
time. 

The Wafer Stack is the 
result of a team effort. 

Transmit 
and 

receive 

COVER: 
SOLID·STATE DISK 

~ Defective Conlog 
The proprietary intercon­
nect software and associ­
ated Conlog logic were de­
signed in Cambridge, En­

1 3. A BIDIRECTIONAL SPIRAL SIGNAL 
network runs from the wafer periphery to the center. 

gland, at Anamartic's research and 
development labs. Wafer develop­
ment is a joint effort involving Fu­
jitsu, which is producing the wafers 
in Japan and distributing the product 
there. Besides U.S. and European 
sales and marketing, Anamartic's 
U.S. operation in San Jose, Calif. is 
also responsible for the engineering 
of customer interfaces to the Wafer 
Stack. 

LIKE A CIRCUIT BOARD 
Anamartic's Scandalios says that 

the wafer carrier is similar to a con­
ventional circuit board "that's a bit 
larger than the 6-in. wafer." A silicon 
nitride layer protects the top layer of 
the wafers, over which a silicon gel is 
applied, to protect the wire bonds 
from moisture. Two wafers are 
placed face-to-face in a hermetically 
sealed clamshell-like arrangement 
to form a 40-Mbyte module. 

Tandem's Laurich characterizes 
his company's work with its early 

PRICE AND AVAILABILITY 
A 40-Mbyte Anamartic Wafer 
Stack module sells for $11,680. 
Four modules can be stacked to 
deliver a 160-Mbyte configuration 
priced at $28,760. Prices include a 
wafer controller and SCSI inter­
face. Limited quantities are avail­
able now. 

Anamartic Inc., 1054 Sarato­
ga/ Sunnyvale Rd., San Jose, CA 
95129; (408) 973-8088. CIRCLE 514 

Wafer Stacks as prototype and alpha 
testing. "We don't have a full config­
uration yet, but we expect deliveries 
of those in the next 30 days or so." 
The early experience prompts him to 
say that he's very excited about the 
technology and happy to work with 
Anamartic. "It's been a real team ef­
fort. We started with an essentially 
undefined project, but we've been 
knocking off the benchmarks quite 
well since getting it defined," Laur­
ich says. "If things continue to go the 
way they have, 12 to 18 months 
seems to be a logical timeframe to 
have the Wafer Stack in a Tandem 
system." 

Laurich isn't ready to elaborate on 
the benchmarks, but points out that 
Tandem plans for the Wafer Stack to 
eventually replace the company's 
V80 and XL80 Storage Facilities, 
which serve Tandem's own OLTP 
systems and are sold for use with 
other computers. The V80 holds 265 
Mbytes of formatted data for each 8-
in. disk drive. Eight of these disk 
drives can be put into a system to 
supply 2.1 Gbytes of formatted data. 
The XL80 uses 9-in. disk drives to 
supply a maximum of 7.16 Gbytes of 
formatted data. This large amount 
of storage is obtained by ganging 
eight disk drives. 

A major attraction for Laurich is 
the "no-latency /fast-access" fea­
ture of the Wafer Stack applied to 
OLTP systems, which typically 
make frequent accesses to short 
blocks of data in a database. The da-
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tabase can be partitioned 
to take advantage of 
those frequent accesses 
to greatly boost system 
throughput. Finally, 
Laurich is convinced that 
although the Wafer Stack 
storage subsystem car­
ries a high initial cost com­
pared to magnetic mass 
storage, it still holds the 
promise of being at least 
50% cheaper than it would 
be to use standard 1-Mbit 
DRAMs in a conventional 
solid-state disk. 

So-called "solid-state 
disks" using dice that 
were separated from the 

wafer and mounted to substrates or 
circuit boards are currently being 
used by a few computer companies. 
But 20 years of effort to come up 
with a viable commercial approach to 
true wafer-scale integration hasn't 
succeeded until now. 

A 20-Y EAR EFFORT 
The most notable recent attempt, a 

project at Trilogy Ltd. that also in­
volved development partners, failed 
to yield a viable product despite an 
investment estimated at about $100 
million. Research and development 
into the concept goes back more than 
20years. 

Texas Instruments Inc. had a pro­
ject in the late sixties (funded by the 
then Avionics Laboratory at Wright­
Patterson Air Force Base) that ap­
plied "discretionary wiring" in an 
airborne computer. The idea was to 
leave the top metallization layer of a 
wafer uncommitted until the wafer 
probing stage at which good devices 
are identified. Then a mask was to be 
created that interconnected only 
those good dice with final metal. 
However, the effort didn't evolve 
into commercial production. That 
dream was left for Anamartic to re­
alize with the Wafer Stack storage 
subsystem.0 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
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Signetics 
Philips Components 

''Vroom!'' 
1\ubocharge your memory for zero 
wait state design with Signetics 
fast 7.Sns PAL®-type devices. 
Vroom! Now you can 
get the zero wait state 
performance that will 
allow memory to keep 
pace with the new 
ultra-fast micropro­
cessors. And you 
won't have to pay 
top price for your 
memory to do it! 

7.Sns PAL-type device improves system 
performance. 

Vroom! Boost system speed, lower memory cost. 
Signetics offers the fastest (7.Sns) PAL-type devices 
for high-speed decoding. Now you can design with 
slower, less expensive, more available memory 
devices and still enhance system speed. And all 
Signetics PLDs are easily supported by ABEL, 
CUPL or our powerful AMAZE design software. 

7.Sns 20-pin 7.Sns 24·pin 

PLUS16L8-7 PLUS16R6· 7 PLUS20L8-7 PLUS20R6· 7 

PLUS16R4·7 PLUS16R8-7 PLUS20R4-7 PLUS20R8-7 

Vroom! We've got the guts! That's right, 
we have those essential PLDs you need to improve total 
system performance. Programmable Macro Logic, Logic 
Arrays, Logic Sequencers and our PAL-type products that 
cut system cost while boosting system speed. 

Turbocharge your memory now! Call Signetics at (800) 
227-1817, ext. 985C, for a free High-Speed Decoder Hand­
book. For surface mount and military product availability, 
contact your local Signetics sales office. 

PAL is a trademark of AMD/MMI. Cl 1988 NAPC 

PHILIPS 
CIRCLE46 



NOTES FOR POWER SUPPLY DESIGNERS 

..----Now power factor correction~ 
is possible with just one chip. 

New IC Produces 0.99 Power factor 
in Off-line Power Supplies. 

Introducing the new Micro 
Linear MIA812 Power Factor 
Correction System, the first 
control IC dedicated to Power 
Factor Correction for Switch 
Mode Power Supplies. 

• AC Line Voltage 
• Line Current With Power 
• Uncorrected Line Current 

Clean Power. 
Conventional power supplies 

exhibit poor power factor (0.7) 
with a 700W limit to the amount 
of power that can be delivered 
from a conventional 15A AC line. 
With the new MIA812 Power Factor 
Correction system, the supply 
can achieve a power factor rating 
of 0.99 and deliver more than 
lOOOW from the same 15A line. 

Since the system works from 
90V AC to 265V AC, supplies using 
the MIA812 can be designed for 
Worldwide use without using 
jumpers or switches. 

The MIA812 also helps reduce 

the "pollution" created by the 
undesired harmonics generated 
by short pulses of line current 
into the storage capacitor. That 
ability is especially beneficial 
now that regulations are pending 
in Europe to limit the harmonics 
that can be put on the line. 

Easy to Use. 
The new MIA812 is the core 

of a unique current-mode boost 
regulator with a controller that 
forces current in the regulator to 
be sinusoidal. With the MIA812, 
you can achieve a power factor of 
0.99 and a load regulation of 1% 
from no-load to full-load. 

To facilitate the wide-duty cycle 
range necessary to cause sinusoidal 
current, the MIA812 has internal 
programmable ramp compensation. 
An Over-Voltage Monitor Circuit 
protects downstream circuitry by 
shuttil)g down the outputs when 
the load is suddenly interrupted. 

The ML4812 is the Core of a Power 
Factor Correctwn System 

A low-quiescent current start-up 
mode is controlled by the Under­
Voltage Lockout Circuit with 7V 
hysteresis. 

ML4812 lncludes All Control Funct'ions 
For Power Factor Correctwn. 

Better Noise Immunity. 
At the heart of the MIA812 is 

a current input multiplier which 
dramatically reduces the IC 's 
susceptibility to switching-induced 
ground noise. To further enhance 
noise rejection, the control circuit 
has a 5V dynamic range, while 
most conventional current-mode 
PWM ICs only have a lV range. 

Easily Customized. 
The new Micro Linear MIA812 

is implemented on the FB3490 
analog array, and can be easily 
modified for power supplies with 
special needs. 

For More Information. 
To learn more about the first 

integrated IC control for Power 
Factor Correction in SMPS, call 
( 408) 433-5200, extension 900. 

Or write: 
Micro Linear, Dept. FPC, 
2092 Concourse Drive, 

San Jose, CA 95131 
©I989Microl.inear 

n'LMicro Linear 
CIRCLE35 
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OPTICAL DISK 
DRIVES TACKLE 

ALL NEEDS 
hen first developed at the be­
ginning of this decade, opti­
cal-disk storage systems 
were touted by many technol­
ogists as the ultimate solu­
tion for high-density storage, 
eventually replacing magnet­
ic disk drives. However, that 
hasn't happened: Advances in 

capacity for magnetic storage de­
vices have kept the magnetic disks in 
the running, but optical storage sys­
tems are finally starting to move into 
mainstream applications. 

More intelligent control schemes, 
embedded cache memories, and 
higher spindle speeds have meant 
faster optical-disk access and data­
transfer times. The rather slow 300-
to-500-ms access times of early opti­
cal drives have improved to as fast as 
35 ms. As a result of these features, 

E L E C T 

DAVE BURSKY 

OPTICAL 
STORAGE 
COMPLEMENTS 
MAGNETIC 
DRIVES, FILLS 
MANY NICHES. 
newer optical drives can burst data 
across a small-computer system-in­
terface (SCSI) cable at rates of 4 
Mbytes/s and faster, compared to 
data transfer times of only a few 
hundred thousand kbytes/ s for older 
optical drives. 

Though the 35-ms access time is 
still slower than the newest magnet­
ic disk drives, it's closing in on some 
of the older magnetic drives. Fur­
thermore, faster and higher capacity 
optical drives will appear in the next 
decade as a culmination of additional 
advances in optics and in media and 
control circuitry. Moreover, with im­
provements in system reliability, the 
optical drives can now tackle applica­
tions in commercial, industrial, and 
military systems. 

Unlike Winchester disk drives, in 
which all drives can write and read 
data, there are three types of optical 
drives-Write-once Read Multiple 
(Worm), Compact Disk Read-Only 
Memory (CD ROM), and Erasable 
Optical (EO). Each has different 
characteristics and features (see 
"Differentiating optical drives," p. 
58). And each has found a niche that 
complements, rather than competes 
with, magnetic-disk storage sys­
tems. 

Low-cost CD ROMs are excellent 
for documentation distribution, sim­
ple data bases, technical manuals, 
encyclopedias, and other slow­
changing material with high infor­
mation-content levels for which ac­
cess time, data transfer rates , or 
last-minute updates aren't of para­
mount concern. Worm-type drives 
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are starting to cut into a small por­
tion of the CD ROM market, but 
their main function is in the storage 
of large quantities of new incoming 
data. Some typical storage applica­
tions include engineering design 
files , financial recordkeeping, image 
management, computer backup, 
data logging, and others. 

In addition, the drive manufactur­
ers are continuing research that will 
yield rewritable CD ROM subsys­
tems in 1990, and drives that use 
even smaller disks (3.5-in.) than the 
now standard 5.25-in. systems. 
Tandy Corp., for example, an­
nounced in l988 that it was develop­
ing a rewritable CD. Even larger-di-

To -select the best drive 
type for a particular set of 
applications, optical disk 
drives present a critical 

set of trade-off choices to the sys­
tem integrator. Write-once optical 
drives, as their name implies, lets 
users write new data onto a disk 
until the disk is full. To write, a 
laser can create either a pit or bub­
ble on the disk, or cause a phase 
change in the disk's material to 
represent each bit (Fig. A). 

Unlike Winchester-type disk 
drives, Worm drives don't erase 
existing data on the optical disk. 
Instead, when a file is updated 
and stored under the same name, 
the system software stores the 
new file and just deletes the name 
of the old file from the disk direc­
tory, by modifying some control 
bits. Similarly, to erase a file, the 
directory is modified to hide the 
file reference. 

Some of the major applications 
for these optical drives span large 
databases, archival record stor­
age, image files , and computer 
backup. With file management 
software, users can treat the 
drive as if it was a slow Winches­
ter, with one added benefit: Be­
cause data is never overwritten, 
work in progress can be traced 
through all revisions that were at 
various points in time stored on 
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ameter platters-8-, 12-, and 14-in.­
in Worm systems are growing in 
popularity for document storage 
systems. Their popularity is due, in 
part, to their very high data capacity 
of 750 Mbytes to 3.4 Gbytes per plat­
ter side. And with the use of the me­
chanical jukeboxes that automatical­
ly change the optical disks, hundreds 
of gigabytes of data can be within 
reach in just a few seconds. 

ERASABLE DRIVES 
The newest of the drive types, the 

EO drives, closely resemble Win­
chester disk drives. EO drive applica­
tions can mimic the magnetic stor­
age applications that require remov-

DIFFERENTIATING OPTICAL DRIVES 
the disk. Users can supply an "au­
dit trail" with this feature to trace 
the entire history of events relat­
ing to a task. 

CD ROM optical drives are cur­
rently read-only devices that re­
quire pre-recorded CDs. These 
drives are relatively low in cost 
because they share many of the 
same features as the audio CD 
players. Ideal for storing man­
uals , books, fixed data bases, and 
programs for distribution, the low 
cost of CD drives will place the 
technology in many consumer ap­
plications. However, data can't be 
altered because the disks are pre­
recorded. Consequently, CD 
ROMs would seem best suited to 
store reference material. And 
since the mechanisms are an off­
shoot of the audio CDs, data rates 
and access times are relatively 
slow-typically less than 200 
kbytes /s and about 400 ms, re­
spectively. The low data rate also 
limits the type of applications the 
drive can tackle. 

Erasable optical drives can be 
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able storage, such as secure systems 
where data must be locked up when 
not in use, portable computing envi­
ronments, and data back-up. EO 
drives are also starting to compete 
with tape subsystems for data back­
up applications because the optical 
systems can transfer data much 
faster than most tape systems. 

New tape entrants, such as helical­
scan 8-mm tape storage and 4-mm 
digital-audio-tape subsystems, offer 
gigabyte storage capacity on a palm­
sized tape cartridge. Due to the low 
cost of the storage media, these sys­
tems will compete with other tape 
subsystems, as well as with the EO 
drives, for the back-up market. 

built with several technologies, 
the most popular being magneto­
optic (MO). The other two ap­
proaches use a dye polymer or a 
phase-change material. In the MO 
scheme, the laser beam heats a 
spot on the disk. A magnetic field 
generated on the optical head 
causes the material to change its 
polarization. Of the three choices, 
MO technology has the longest 
durability-about 10 million write 
cycles. The other two technolo­
gies are at least a factor of ten 
worse. 

For most applications, the life­
time of the MO media is consid­
ered equivalent to that of a stan­
dard disk drive. However, the 
complex read-write head and the 
higher cost of the MO recording 
media are trade-offs to consider 
when selecting the right drive for 
the system (Fig. B). In contrast, 
the read-write head assemblies in 
phase-change and dye-polymer 
drives are simpler because they 
don't need the magnetic coil re­
quired by the MO disks to change 

Bubble Phase change 



The oldest of the drive-type 
choices, the large Worm drives come 
with 12- or 14-in. disk diameters­
newer versions have 5.25-in. diame­
ters. The 12-in. versions store from 1 
to more than 3 Gbytes on each side of 
a platter, while the larger 14-in. sys­
tem-a one-of-a-kind offering from 
Eastman Kodak-stores up to 3.4 
Gbytes on one side. However, ad­
vanced 12-in. Worm drives slated for 
production in 1990, such as an en­
hanced version of Sony's WDM-
3DLO, will deliver storage capacities 
of more than 6 Gbytes/platter, 
which is twice the 3.2-Gbyte capacity 
of Sony's current system. 

Similar to its predecessor, the 

the material's magnetic phase. 
Furthermore, the cost of phase­

change or dye-polymer platters is 
much lower than an MO disk. Al­
though most applications will nev­
er require data to be rewritten 
even 10,000 times, it's possible 
that the disk's directory could 
reach the material's upper limit 
because it sees the most updates 
of any disk portion. Consequent­
ly, the phase-change and dye­
polymer platters aren't the best 
choice in applications that do alot 
of revisions to the disk directory. 

To perform a write operation, a 
MO drive must erase the bit that's 
in the desired position on the first 
disk rotation. On the second disk 
rotation, the drive writes the new 
bit, and on the third rotation it ver­
ifies that the data was written 
properly. As a result, storing data 
on a disk using MO technology is 
relatively slow because three disk 
rotations are required. 

Each of the three passes may 
typically require about 25 ms 
when the disk spins at 2400 rpm. 
In contrast, a standard magnetic 
disk can be overwritten in just one 
pass. The other two erasable opti­
cal storage technologies have 
drives that can write the data on 
the first rotation and read it back 
to verify if it was written correct­
ly on the second rotation. Most 
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drive will use a formatting scheme 
called constant linear velocity (CLV), 
which employs a spiral data track 
rather than the pie-wedge-shaped 
track-and-sector structure used by 
most other companies (Fig. 1). The 
CLV format and a variable-speed 
motor keep the data speed constant 
as it moves past the read-write head, 
no matter where the head is posi­
tioned on the disk. In contrast, the 
standard pie-wedge track-and-sector 
approach-referred to as Constant 
Angular Velocity (CAV)-used on 
most magnetic drives and numerous 
optical products, runs the spindle 
motor at a constant speed. Conse­
quently, data on the outer tracks 

Writing 

~ Bit recording 
§ External 
------magnetic field 

MO drive manufacturers make it 
possible for the software to turn 
off the verify step if confidence in 
the system is high. This saves the 
time for one disk rotation from 
each storage cycle. 

To find ways to eliminate the 
magnet, thus simplifying the 
read-write head and lowering the 
cost of MO drives, research is con­
tinuing on schemes to achieve di­
rect overwrite that use a multi­
layer disk and a permanent mag­
net rather than an electromagnet 
or no magnet at all. That would 
eliminate the latency time of the 
erase cycle. 

For in-depth discussions of opti­
cal disk control software and sys­
tem integration aspects, there are 
some reference books that might 
give some insight. They include: 

(b) 

passes under the head faster than 
data on the inner tracks. 

To obtain the higher capacity, 
Sony put more sectors on the spiral 
track by using a shorter-wavelength 
laser diode to make the spot size 
smaller. The company opted not to 
make the track longer because the 
algorithm that calculates the data's 
position in the spiral is relatively 
complex. A longer track would in­
crease the computations and thus 
slow down the access. Most of the 
other large Worm drives from ATG, 
Hitachi, Laser Magnetic Storage, 
Optimem, Pioneer (the only company 
that offers an 8-in. Worm drive), and 
Toshiba use a form of the simpler 

Erasing 

Bit erasing t 
K:;;=:;:, External 
E=..._ ____ magneticfield 

Software for Optical Storage by 
Brian Berg and Judith Paris Roth; 
Systems Integration for Write­
Once Optical Disks by Sanjay 
Ranade; Optical Storage Tech­
nology: A Bibliography by Wil­
liam Saffady; and Optical Stor­
age Technology 1988: A State of 
the Art Review, also by Saffady. 
All are published by Meckler 
Corp., Westport, Conn. Also rec­
ommended are a trio of books on 
Magnetic Recording (Volumes I, 
II, and Ill) by C. Dennis Mie and 
Eric Daniel, and The CD ROM 
Handbook by Chris Sherman that 
are published by McGraw-Hill 
Book Co., New York, NY; and 
lastly, CD ROM, The New Papy­
rus by Steve Lambert and Susan 
Ropiequet from Microsoft Press, 
Redmond, Wash. 
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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 

• 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. 

the scope you 're test- , ~!f2.ni• 2440 
ing stands up to the J ~=-----­
three challenges 
facing a digitizing 
scope buyer: 

• Will the scope 
miss important 
events? 

• Will it trigger on 
your signals? 

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, 
Tek will give you the 
Scope Evaluation Kit 
-a $20 value. Free. 

Order your scope 
Evaluation Kit 
today. Return the 

reply card or call 
Tektronix toll-free: 

1-800-426-2200 

Tektronix 
CQfl..tMJTTEO TO EXCELL.ENCE 



CAV approach. Toshiba, though, di­
vides the sectors into zones, for an 
approach known as zoned CAV or 
ZCAV. Rather than keep the number 
of bits the same on the longer outer 
tracks, the bits per track are gradu­
ally increased. This results in in­
creased disk capacity. 

Offering the highest sustained 
data transfer rate at the 12-in. level 
of 600 kbytes/s, the LD1200 family 
from Laser Magnetic Storage Worm 
drive gains that speed through its 
proprietary direct-read-during-write 
scheme, eliminating one disk rota­
tion from the latency time during a 
write. The high end of Optimem's 
family, the 4000 series drives, cur­
rently store up to 3.92 Gbytes on one 
disk and have an average seek time 
of about 150 ms. Sporting a built-in 
SCSI controller, the drive can trans­
fer data over the SCSI channel at 766 
kbytes/s. Also available are the 2400 
and the 1000 series Worm drives that 
hold 2.4 Gbytes/platter. 

Toshiba's WM-S500 12-in. Worm 
drive ups the storage to 5 Gbytes/ 
disk thanks to the ZCAV formatting 
and has just a slightly slower aver­
age seek time-160 ms. Also packing 
at least 5 Gbytes/platter, Hitachi's 
forthcoming Worm drive will also up 
the data rate by increasing the disk 
rotational speed well above the 600 
rpm used in the current generation 
OD301A, which can store up to 2.6 

Constant angular velocity 

HECTRONIC DESIGN REPORT 

OPTICAL DISK STORAGE 

Gbytes on a 12-in. disk. 
Maximum seek times for the large 

drives range from about 190 ms to 
400 ms, depending on the drive, while 
most have an average seek time 
from 150 to 250 ms. When attached to 
SCSI controllers, the drives can 
transfer bursts of data from 1.1 to 
1.5 Mbytes/s, or sustained data 
transfers of 262 to 625 kbytes/ s. 

Smaller, 5.25-in. Worm drives are 
also divided among both the CLV 
and CAV types and they typically 
use disks that store from 100 to over 
300 Mbytes/side. Furthermore, 
many drive manufacturers offer a 
proprietary- enhanced storage mode 
employing a zoned-sector scheme 
that increases the capacity to about 
450 to 500 Mbytes/side. From Ber­
noulli Optical Systems comes the 
promise of a "floppy" -like optical pa­
per technology that if brought to fru­
ition will offer 1.2 Gbytes of storage 
on a 5.25-in. drive that can access in 
less than 40 ms and record data at up 
to 1.5 Mbytes/s. Currently in devel­
opment, the Bernoulli optical drive 
will be sampled some time in 1990. 

For 5.25-in. drives, there's a dual 
interchange standard emerging 
from the American National Stan­
dards Institute, which may finally 
provide some solution to the inter­
changeability problem. At least 
three different formats are current­
ly in use, making it difficult to ex-

Modified constant angular velocity 

change optical disks between differ­
ent drive types. Larger Worm drives 
don't have any standards. Each man­
ufacturer- ATG, Hitachi, Kodak, 
Laser Magnetic Storage, Optimem, 
Pioneer, Sony, and Toshiba-em­
ploys its own proprietary format­
ting, preventing disks from being in­
terchanged among different manu­
facturers' systems. 

Originally considered a negative 
aspect, the non-erasability of data in 
the Worm drives has turned into a 
positive feature in industries such as 
finance, legal, accounting, medical, 
and many others that must keep his­
torical records. Managing the files 
on the disk is probably the hardest 
aspect of the subsystem design, be­
cause each time a new file version is 
stored under the same name, the 
name of the previous version must 
be removed from the disk directory. 

Currently, there are over a dozen 
manufacturers of 5.25-in. Worm sys­
tems-less than half are U.S.-based. 
Some of the U.S. players include 
Cherokee, Information Storage, La­
serDrive, Laser Magnetic Storage, 
Maximum Storage, Mountain Op­
tech, and Shugart. Overseas, it's 
dominated by the Japanese, with 
such companies as Fujitsu, Hitachi, 
Matsushita, Mitsubishi, Pentax, Pio­
neer, Ricoh, Toshiba, and others. 
One European vendor-Philips­
owns a part of Laser Magnetic Stor-

Constant linear velocity 

1
1. THE TWO MAIN FORMATS for optical disks-constant angular velocity and constant linear velocity-store the data very 
differently on the disks. In CA V systems, a constant-speed motor spins the disk while data are stored in circular tracks. The tracks are divided 
into sectors similar to those on a magnetic disk (left) . A modified versicn of CAV divides the tracks into zones and increases the bit density in 
the track as the radius of the track increases (middle). Achieving about the same density as the modified CAV, CLV uses spiral-shaped tracks 
and a variable-speed motor to keep the data-rate constant under the read-write head (right). 
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Look who's playing second 
fiddle to Sorensen! 
Yes ... all the super powers are competing in world 
markets, but only Sorensen's new Super Series (S­
Series) multiple output switching power supplies 
can outperform them all! The new S-Series offers 
thousands of models with 1-5 outputs and power 
levels ranging from 500-2000 watts. All deliver out­
standing reliability and fast load response for greater 
efficiency and performance. 

Don't be fooled by look-a-likes. All high-power 
sources are not created equal. Sorensen's S-Series 
leads the way with : 

• Power MOSFET design to assure high switching 
frequency for cleaner output 

• Current Mode Control to provide instantaneous 
current limit protection 

• Absolute current sharing to distribute the power 
load equally and assure product longevity and 
performance 

• Advanced forward convertor 
topology which permits use of lower 
voltage MOSFETS with higher efficiency 

Sorensen Announces Super Power Demo Program 
See what super-power feels like! Try the specific 
S-Series model right for your application in your own 
environment! We're confident you'll agree that the 
S-Series is the best power source for your applica­
tion. 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 top secret Dossier! 
Sorensen has prepared a complete specifications 
dossier for your eyes only. To receive this classified 
information, call 1-800-525-2024! 

When it comes to your super power requirements, 
don't fiddle around with second best . . . call 
Sorensen. 

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! 
CIRCLE44 



age. Also, many large computer 
manufacturers and small peripheral 
vendors, such as H-P, IBM, and Mi­
cro Design International, are deliv­
ering optical drives that they OEM 
from one of the aforementioned 
manufacturers. 

Both Cherokee and Mountain Op­
tech have focused their initial efforts 
on developing rugged military 
Worm drives. Mountain's SEL-2 
Worm drive holds 200 Mbytes/side. 
Mountain is also developing the SE-
400M, a version with a 400 Mbytes/ 
cartridge capacity set for release in 
early 1990. By late 1990, it expects to 
obtain 650 Mbytes/ cartridge and an 
access time of less than 65 ms in the 
SE-650M drive. Commercial versions 
of the same drive are also available, 
as are Tempest and space-ready ver­
sions of the SEL-2. 

In addition, the control circuits in 
Mountain's drive use an adaptive 
digital-signal processor to achieve 
better repeatability and to avoid the 
component aging problems often en­
countered with analog schemes for 
the spin, focus, and tracking servo 
control. The drive also can perform a 
direct read during a write operation, 
which lets the drive sense if a partic­
ular bit was written before the laser 
leaves a spot. The ability to detect an 
error immediately gives the drive a 
speed edge over many of the other 
Worm systems, which require a sec­
ond pass to verify data. 

Cherokee's military Worm drive 
packs a capacity of 326 Mbytes and 
an embedded SCSI controller. Em­
ploying a positive-head-movement 
scheme, the drive can access data in 
just 112 ms. By next year, the compa­
ny expects to cut that time to less 
than 100 ms. The drive can also read 
data from the company's previous 
260-Mbyte/side disks. Firmware in 
the drive switches the optical drive to 
the proper operating mode. 

Today's peak capacity for 5.25-in. 
Worm platters (about 600 Mbytes) 
has already started to give way to 12 
Gbyte platters, thanks to a squeez­
ing of more tracks per inch and more 
efficient storage formats. To make 
the systems easier to use, many soft­
ware support packages let the Worm 
drives emulate Winchester-type 
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magnetic drives. Furthermore, to le­
verage the removable aspects of the 
media, multiplatter jukeboxes that 
make it possible for tens of giga­
bytes of data to be available in less 
than a minute's notice are now avail­
able from some drive suppliers and a 
few non-drive manufacturers. 

Packing the highest capacity per 
platter, Information Storage's ISi 
525GB holds a maximum of 1280 
Mbytes, thanks to a proprietary for­
mat used to store the data. Due to the 

Applications 

Redirector Maxsys 
i-------. components 

Magnetic 
disk 

l 

I.-----~ I 
I 

_J 

I 
~--.----' 

L 
optica1 o 
disk 

2. TYING INTO THE HOST 
system software just under the 
application layer, the Maxsys operating 
system from Maximum Storage takes 
over and masks the Worm drive from 
users. This makes the Worm drive appear 
to be a Winchester drive with no partition 
limitations. 

high data capacity, data transfers 
can be done at 6.5 Mbytes/s-the 
highest rate of any optical drive. The 
company also has the ISi 525WC, an 
older, 244-Mbyte drive. 

Following closely in density, the 
Model 810 from LaserDrive 
squeezes 405 Mbytes on each side of 
a disk with a zoned form of CLV for­
matting. The system uses a propri­
etary edge-detection data-encoding 
scheme that makes it possible for 
two bits of data to be stored in each 
pit created by the laser. Information 
is encoded by the time differences 
between the edges of the holes and 
E S I G N 

the gaps of different length. Aver­
age access time for the drive is 175 
ms, while the data transfer rate over 
the SCSI channel is 1.5 Mbytes /s. 

Boasting an effective access time 
of just 28 ms, an intelligent Worm 
subsystem from Maximum Stor­
age-the APX-4000-gets its speed 
from a proprietary data format and 
DOS-transparent control software. 
A similar version for Sun's Unix en­
vironment is currently in develop­
ment. The subsystem can store up to 
800 Mbytes on a two-sided optical­
disk cartridge and transfer data off 
the disk at a speed of 5 Mbits /s. 
About four seconds are needed to ac­
cess and read a 1-Mbyte file , which is 
comparable, if not faster, than most 
Winchester disk drives. The system 
is fully compatible with cartridges 
written by the company's previous 
system, the APX-3000, which stores 
244 Mbytes on a cartridge. 

The Maxsys file system software 
is available as part of the subsystem 
kit. This software sets up a hierarchi­
cal file structure that permits up to 
20 subdirectory levels with 15 simul­
taneous open files, unlimited files 
per directory or subdirectory, unlim­
ited file sizes, and unlimited partition 
sizes. By tying into the operating 
system just below the application 
layer, the software redirects system 
operations without disturbing the 
PC's native operating system (Fig. 
2). Moreover, the software can also 
manipulate files on the disk, whether 
they're active or hidden (deleted). 

A 654-Mbyte/platter Worm sys­
tem from Pioneer can be expanded to 
1.3 Gbytes by adding a second drive 
to the first drive's controller. The 
system uses organic dye-based disks 
that are estimated to have an archi­
val lifetime of greater than 15 years. 
The DD-U5001 drive has an average 
seek time of just 60 ms. The mechani­
cal design employs a magnetic 
clamping scheme that makes it possi­
ble for the drive to squeeze into a 
half-height slot (41-mm high). Pack­
ing 300 Mbytes /side, the MW-501 
drive from Mitsubishi delivers an av­
erage access time of 80 ms. It can be 
used in a jukebox system that puts 
up to 90 Gbytes of data within reach 
in about 10 seconds. 



CUPL™ was introduced in 1988:3~a=s~E~~;~~~~:t:i the world 's first universal dev~e 
independent PLO language. 
It was developed with the 
foresight that someday 
PLDs will approach 
the gate densities of 
Gate Arrays. CUPL 's™ 
superiority is evident in 
Release 3.0, which 
features the largest PLDs 
on the market, with room 
for future expansion. 
CUPL ™ provides you with 
the best device support 
program on the market. 

Available Platforms 

A Menu driven or command line 
entry software. 

IBM-PC™ 
MS-DOS™ 

UNIX™ 

LOGICAL 
DEVICES, INC. 

800·331·7766 
1201 NW 65th Place, Fort Lauderdale, Florida 33309 

VAX-VMS™ 
Apollo™ 
SUN™ 

(305) 491-7404 Toll Free 800-331-7766 Telex 383142 Fax (305) 491-6956 
VAX and VMS are trademarks of Digital Equipment Corporation 
UNIX is a trademark of AT & T Technologies, Inc. 
PALASM Is a registered trademark of Monolithic Memories, Inc. 

CIRCLE 116 

A Includes more device 
libraries than any other software 
package. 

A Supports large device models such 
as the Altera EP1800, Atmel 
ATV2500,and Xilinx LCA. 

A Includes PALASM™to CUPLTM 
converter. 

A State Machine design compiles 
over 1000 states in less than 60 
seconds. 

A Works with any device programmer. 

A Includes user definable syntax and 
logic structure macro capability. 

A Available on multiple hardware 
platforms in a single or multi-user 
environment. 

A Allows design entry with popular 
schematic capture packages from 
OrCAD, P-CAD, Wintek or Omation. 

• Includes a five level minimizer and 
powerful function simulator with 
waveform simulation output. 

A Automatic test vector generation, fault 
grading option (TESTPLATM}. 

TRADE IN any PLO compiler and receive 
a trade-in discount. (Program honored 
through all participating distributors.) 
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Approximately only 40,000 5.25-in. 
Worm drives were installed this 
year, according to Dataquest Inc. , 
San Jose, Calif. That number, howev­
er, is expected to quadruple by 1991 
and more than triple again by 1993. 
During the next few years, improve­
ments will be made in access time 
and transfer rates. Today's drives 

range in access (seek) times from an 
average time of 60 to about 200 ms; 
worst-case times range from about 
200 to almost 500 ms. Data transfer 
rates depend on the controller and 
the amount of cache used for the 
drive-from a low of about 210 
kbytes/s to over 2.5 Mbytes/s. 

A principal advantage of optical 

storage systems is transportability. 
Magnetic drives are difficult to move 
on the other hand, with the exception 
of a few low-capacity removable 
magnetic disk drives (less than 80 
Mbytes of storage). Transporting 
data from magnetic drives to anoth­
er system involves moving the entire 
drive or copying its contents onto a 

OPTICAL DRIVE MANUFACTURERS 
AmdekCorp. 
San Jose, Calif. 
(408) 922-5700 
Drive type = 3 
CIRCLE451 

Art Tech Gigadlsc (ATG) 
1270 Avenue du 

General Eisenhower 
BP 1270 
31047 Toulouse 
Cedex, France 
Drive type = 1 
CIRCLE452 

Canon America Inc. 
Lake Success, N.Y. 
(516) 488-6700 
Drive type = 2, 3, and 4 
CIRCLE453 

Cherokee Data 
Systems Inc. 

Boulder, Colo. 
(303) 449-8850 
Drive type = 2 and 4 
CIRCLE454 

Chinon America Inc. 
Information Equipment Div. 
Torrance, Calif. 
(213) 533-0274 
Drive type = 3 
CIRCLE455 

Dateclnc. 
Chicago, Ill. 
(312) 648-0684 
Drive type = 4 
CIRCLE456 

Dolphin Systems 
Technology 

Santa Ana, Calif. 
(714) 558-3220 
Drive type = 4 
CIRCLE457 

Epson America Inc. 
OEM Products Div., 

Peripherals Group 
Los Angeles, Calif. 
(714) 768-7474 
Drive type = 5 
CIRCLE458 

Hewlett-Packard 
Palo Alto, Calif. 
(619) 592-8546 
Drive type = 2, 3 
CIRCLE459 

Hitachi America Ltd. 
Computer Division 
San Bruno, Calif. 
(415)872-1902 
Drive type = 1, 4 
CIRCLE460 

IBM Corp. 
Low-end optical products 
Tucson, Ariz. 
(602) 799-1000 
Drive type = 2 
CIRCLE461 

Information Storage Inc. 
Colorado Springs, Colo. 
(719) 579-0460 
Drive type = 2 
CIRCLE462 

Iomega Corp. 
Roy, Utah 
(801) 778-1000 
Drive type = 2 
CIRCLE463 

JVC Disc America, Inc. 
Tuscaloosa, Ala. 
(205) 556-7111 
Drive type = 3 
CIRCLE464 

Kodak Mass Memory Div. 
Rochester, N.Y. 
(716) 724-5130 
Drive type = 1, 5 
CIRCLE465 

Laser Magnetic 
Storage Inc. 

Colorado Springs, Colo. 
(719) 593-7900 
Drive type = 1, 2, 3 
CIRCLE466 

Consider this a guide rather than a definitive list. 

Drive type coding: 
1 = 8-, 12· or 14-in. Worm Drive 
2 = 5.25-in. Worm Drive 
3 = 5.25-in. CD ROM Drive 
4 = 5.25-in. Erasable Optical Drive 
5 = 3.5-in. Optical Drive (any type) 

LaserDrlve 
Santa Clara, Calif. 
(408) 970-3600 
Drive type = 2, 5 
CIRCLE467 

Maximum Storage Inc. 
Colorado Springs, Colo. 
(719) 531-6888 
Drive type = 2 
CIRCLE468 

Maxtor Corp. 
San Jose, Calif. 
(408) 432-1700 
Drive type = 2, 4 
CIRCLE469 

Micro Design 
International Inc. 

Winter Park, Fla. 
(305) 677-8333 
Drive type = 2 
CIRCLE470 

Mitsubishi Electronics 
America Inc. 

Computer Peripherals Div. 
Torrance, Calif. 
(213) 515-3993 
Drive type = 2, 3, 4 
CIRCLE471 

Mountain Optech 
Boulder, Colo. 
(303) 444-2851 
Drive type = 2 
CIRCLE472 

Nakamlchl 
Torrance, Calif. 
(213)538-8150 
Drive type = 5 
CIRCLE473 

Nlssel Sangyo 
America Ltd. 

Torranc&, Calif. 
(213) 328-9700 
Drive Type = 3 
CIRCLE474 

NKKCorp. 
Electronics Div. 
Hieikudankita Bldg. 
4-1-3 Kudankita 
Chiyoda-ku, Tokyo 102 Japan 
(81) (3) 288-3839 
Drive type = 2, 4 
CIRCLE475 
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NEC Information 
Systems Inc. 

Boxborough, Mass. 
(508) 264-8000 
Drive type = 2 
CIRCLE476 

Olympus Corp. 
Torrence, Calif. 
(213) 373-0696 
Drive type = 4 
CIRCLE477 

Optlmem 
Div. of Cipher Data 
Mountain View, Calif. 
(415) 961-1800 
Drive type = 1, 2 
CIRCLE478 

Optotech Inc. 
Colorado Springs, Colo. 
(719) 570-7500 
Drive type = 2 
CIRCLE479 

Panasonic Industrial Co. 
Computer Products Div. 
Secaucus, N.J. 
(201) 392-4603 
Drivetype = 1, 2,4 
CIRCLE480 

Pentax Teknologles 
Broomfield, Colo. 
(303) 460-1600 
Drive type = 2 
CIRCLE481 

Pioneer Communications 
of America 

Optical Memory 
Products Div. 

Carson, Calif. 
(213) 513-1016 
Drive type = 1, 2 
CIRCLE482 

Ricoh Corp. 
San Jose, Calif. 
(408) 432-8800 
Drive type = 2, 4 
CIRCLE483 

Sharp Electronics 
Corp. 

Mahway, N. J. 
(201) 529-8200 
Drive type = 3, 4 
CIRCLE484 

Shugart Corp. 
Irvine, Calif. 
(714) 770-1100 
Drive type = 2 
CIRCLE485 

Sony Corp. 
of America 

Optical Storage Div. 
Park Ridge, N.J. 
(201) 930-6025 
Drive type = 1, 3, 4 
CIRCLE486 

Storage Dimensions 
San Jose, Calif. 
(408) 879-0300 
Drive type = 2 
CIRCLE487 

Storage Plus Inc. 
(Sumo Systems) 

San Jose, Calif. 
(408) 453-57 44 
Drive type = 4 
CIRCLE488 

Summus Computer 
Systems 

Houston, Texas 
(713) 492-6611 
Drive type = 2 
CIRCLE489 

Tandy Corp. 
Fort Worth, Texas 
(817) 390-3693 
Drive type = 3, 4 
CIRCLE490 

Toshiba America Inc. 
Disk Products Div. 
Irvine, Calif. 
(714) 583-3108 
Drive type = 1 , 2, 3 
CIRCLE491 

Verbatim Corp. 
An Eastman Kodak Co. 
Sunnyvale, Calif. 
(408) 773-5777 
Drive type = 5 
CIRCLE492 

Yahamalnc. 
Buena Park, Calif. 
(714) 522-9223 
Drive type = 3, 4 
CIRCLE493 
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It was a problem grounded in the laws of 
electrical energy. And it could have caused real 
havoc. But the customer took the smart step 
of calling Dialight. 

As the leader with over half a century 
of experience in every type of indicator light, for 
Dialight solying problems is standard 
operating procedure. Applying our engineering 
expertise in optoelectronics and utilizing state-of­
the-art CAD equipment, our model shop 
quickly developed and prototyped a housing and 
grounding plate for the LEDs. Upon customer 
approval, our 100% internal tool fabrication and 
molding facilities provided quick turn-around 
on production quantities. 

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, when an indication design issue has 
you ground to a halt, 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 

CIRCLE36 
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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 VA.X. appli­
cations. Users can simply "hot-key" 
from their IBM system to Digital 's 
program development environment, 
industry-leading ALL-IN-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 \'ational Semiconductor Corporation 
Apple and .\lacintosh are registered trademarks of Apple Computer. Inc l' \'IX is 
a reg1Sterro trademark of AT&T Bell I.abs Al.l.·IN·l. DEC. DECsen.r 550. LURIX. 
\'AX and n1s are trademarks of Digital Equipment Corp. AS/;00. CICS. O\S. 
IB.\! and TSO are registered trademarks of lntemational Business .\lachines Co1v 
.\!emorex Telex is a registered trademark of .\lemorex Telex Corp BCP is a registered 
trademark and BCP Pocketl.ink is a trademark of ~ational Semiconductor C:Orp 
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IN A VERY SMALL SPACE. 

An intelligent transceiver 
and high-performance CPU are 
integrated on the same low-power 
CMOS ch ip. 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. 

CIRCLE 48 

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
transfe r 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 first talk to 
National. Give us a call today at 
(800) 825-5805, eJ-..1:. 103. 

~National 
~ Semiconductor 



NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

' Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They're 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 

Why have Matrix broad-band 
relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele­
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 

The units are plug compatible 
with Matrix 6100A and 1600 
Series Logic Modules for com­
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu­
ration may be easily assembled 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 

So if you're looking for broad­
band relays, it pays to deal with 
Matrix. After all, we've been 
designing state-of-the-art reed 
relay and semiconductor switch­
ing systems for over 18 years. 

Our customers include gov­
ernment agencies, defense 
contractors, the TV industry, 

• 
MATRIX ATE and telecommunications 

Ml companies-and more. 
SYSTEMS CORPORATION Phone: 818-992-6776 

5177 NORTH DOUGLAS FIR ROAD TWX: 910-494-4975 
CALABASAS, CALIFORNIA 91302 FAX: 818-992-8521 
CIRCLE 49 See Matrix at Wescon '89 Booth 1151 
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tape. This tape, in turn, must be loaded into the other 
system. 

In contrast, all optical drives have removable disks, so 
users need only to carry the disk from system to system. 
However, unlike tape drives that have some standardiza­
tion for data formats on the tape, most company's Worm 
drives can't read data written by another company's 
Worm drive. Each drive manufacturer elected to use a 
different error-checking-and-correction scheme, as well 
as a different format for storing data on the disk tracks. 
Surprisingly, the blank media was standardized so that 
most Worm drives can use blank media from almost any 
firm. 

The CD ROM drives, an offshoot of the CD audio tech­
nology, do have a standard format, and they have found a 
home in documentation distribution, now that the mas­
tering cost for the disk was cut to less than a few thou­
sand dollars. With the hundreds of megabytes of storage 
available on the 5.25-in. disk, companies can put dozens 
of catalogs, books, service manuals, etc. on one disk, and 
send out updates at a cost much lower than the printing 
and distribution cost of paper documents. Not only has 
the expense of the mastering come down, but so has the 
cost of the drive and control electronics. 

Because the CD ROM technology shares many of the 
same mechanical components as the audio CD players, 
the cost of the mechanical portion of the CD ROM drive 
was reduced by the high-volume manufacturing of the 
audio drives. Much of the control circuitry is also simi­
lar-just a few circuit changes are required along with 
the elimination of the digital-to-analog converters. Near­
ly a dozen suppliers of CD ROM drives have emerged as a 
result of these similarities. This competition further re­
duces the price of the drives. 

OEM prices for embedded half-height drives are now 
less than $500. Because the drives use field-removable 
cartridges, they give users various software to select 
from. According to Dataquest, about 160,000 CD ROM 
drives are currently installed worldwide. By 1991, that 
number will more than triple, and by 1993, it will triple 
again. A majority of those drives will come with either an 
AT-bus interface for use in PC-hosted systems or a SCSI 
interface for more general applications. In addition to 
PC-AT and SCSI interfaces, Hewlett-Packard has elect­
ed to offer its CD-ROM drives with its HP-IB interface to 
ease its connection to minicomputer systems. 

Both Sony and Philips have announced a CD-Worm 
standard, and two other companies-Fuji Photo and Ya­
maha-have unveiled CD Worm systems. Furthermore, 
Tandy Corp. has an ongoing project for an erasable CD 
ROM that it expects to have ready for release in the sec­
ond half of 1990. A dual-purpose drive with both CD ROM 
and Worm capabilities could also impact the tape drive 
market for system backups and software transport. 
That's because the need for a separate tape drive could 
be eliminated with a slight increase in media cost. 

Many CD ROM drives included-a converters so that 
both text and sound can be retreived from the disk. Fur­
thermore, through the use of special video compression 

You've wanted 
HP quality ... 

Call HP DIRECT, 800-538-8787, Dept. A293. 

We can't make buying HP quality in a hand.held 
multimeter any easier or faster. Our toll-free line 
gives you fast access to the HP E2373A, above. It 
combines seven functions with 500 Hz AC band­
width, accuracy of 0. 7% in DCV and 2% in ACV, 
in a $99.00* package. Call today to order. 
*U.S. list price. 

E L E C T R 0 N I C D E s I G NI 71 
OCTOBER 26, 1989 



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 detai Is. 

llnl•!IP.IP.D Portland-Troutdale Airport 999 N.W. Frontage Road Troutdale, Oregon 97060 
Tel : (503)665-0517 Fax : (503)665-2470 ··-·=--=··-=··---------------J Visit us at Wescon/89 
Nov. 14-16, Booth No. 800 
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and decompression circuits, real-time video imagery can 
be stored on CD RO Ms. With the digital video interactive 
(DVI) standard (now in its early stages), digitized video, 
audio, and digital data can be stored on a single disk. The 
compression scheme used by the DVI standard allows 72 
minutes of video to be stored on a single disk. 

THE BEST OF BOTH 
Erasable optical storage drives resemble the Winches­

ter disk drives because data can be written, erased, and 
rewritten. However, a common standard hasn't evolved 
yet because the type of media to be used is still uncom­
mitted. For the erasable CD ROM disks, the most likely 
candidate is the organic-dye platter, projects Dave Herz­
berg, Editor of the Optical Memory News newsletter 
published by Rothschild Consultants, San Francisco, 
Calif. That platter type, he explains, will be lower in cost 
than other compounds and it can be used in a low-cost 
drive subsystem. 

However, commercial ED drives are already being 
shipped-at least seven companies are already sampling 
magneto-optical drives-Canon, Matsushita (Pana­
sonic), Maxtor, Olympus, Ricoh, Sharp, and Sony. Fur­
thermore, at least four other manufacturers are starting 
to beta-test 3.5-in. erasable optical drives as well: Hita­
chi, Kodak, (Verbatim subsidiary), Matsushita (Pana­
sonic), N akamichi, and Seiko Epson. Prices for the 5.25-
in. drives range from about $3500 up to $5000, but by late 
1990 the OEM price for an erasable optical drive is ex­
pected to be in the $1800 to $2100 range. Only about 
18,000 drives will be sold this year, but by 1991 that num­
ber should increase by 15-fold to about 240,000 units. And 
by 1993 over 1.5 million units should be sold. 

One visionary company, NeXT Inc., Palo Alto, Calif., 
was the first to -incorporate a 5.25-in. erasable optical 
drive as standard equipment in its computer system. Al­
though it may add a bit to the base system price, it gives 
users a huge amount of on-line storage and a means to 
transfer large amounts of data or carry an entire com­
puting environment with all necessary data bases from 
machine to machine. 

Though erasable drives will cost considerably more 
than a Winchester disk drive and not offer as fast an 
access time or write time, their main feature of remov­
able media will make them attractive as an alternative 
memory subsystem in the overall system hierarchy. 
With current spindle speeds of 2400 rpm, the erasable 
drives can achieve sub-100-ms access times, which is 
within an acceptable range for read cycles. 

In addition to the lack of standardization on the media 
type, the industry must also settle on the drive mechan­
ics and control software. Various IEEE committees are 
trying to get some measure of standardization, especial­
ly regarding the drive mechanics. One of the biggest 
questions yet to be settled is: Should the drive use a con­
tinuous-composite servo approach to position the read­
write head, or should it be a sampled-servo scheme? 

Both approaches have their pros and cons, but accord­
ing to Herzberg, the industry seems to be settling on the 

... in a handheld 
multimeter ... 

Call HP DIRECT, 800-538-8787, Dept. A293. 

For more exacting tasks, consider the 
HP E2377A. With basic accuracy of0.3% in 
DCV, 1% in ACV, 1 kHz bandwidth, plus 
temperature function and data hold. All for 
$169.00:" Call and order now. 
*U.S. li st price. 
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The hardest part about having a disability is being constantly reminded ~ 
that you have one. Sometimes that happens when people stare at you. . j_ \f1 / . 

Or point at you. Or don't even think of including you in every day activities. 1=f" 
Maybe it's time to start treating people with disabilities like people. U ® 
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continuous-composite servo scheme. Only Laser Mag­
netic Storage and Pioneer Electronics have adopted the 
sampled-servo scheme; most other erasable drive manu­
facturers have gone with the continuous-composite ap­
proach. Unfortunately, due to the way each system 
keeps track of the sectors and data, they're incompatible. 

Although companies are talking about alternative me­
dia, MO-based disks are the only type in mass production 
and in use by drive manufacturers. With dual capacities 
of 650 Mbytes or 1 Gbyte, the Tahiti I drive developed by 
Maxtor (now shifted to its subsidiary, Maxoptix) offers 
one of the fastest average access times-just 35 ms. Its 
MO disk spins at 2200 rpm and can deliver data at up to 10 
Mbits/s over an embedded SCSI channel. 

Spinning its disk at 3000 rpm-the highest speed of 
any optical drive-the Cannon MO drive can deliver data 
at a speed of 9.1 Mbits/s with an average access time of 
80 ms. The full-height drive accepts ISO-compatible car­
tridges that can store up to 512 Mbytes (two-sided). A 
companion bridge controller converts the drive's ESDI­
like interface to a 1.5-Mbyte/s SCSI channel. 

Occupying a full-height 5.25-in. drive slot, the Ricoh 
R0-5030E MO drive packs up to 652.8 Mbytes on a remov­
able cartridge (two sided). It accesses data with an aver­
age time of 66.7 ms (one-third of full stroke plus latency) 
and spins the disk at 1800 rpm. With the embedded SCSI 
controller and 256-kbyte buffer memory, the drive can 
transfer data over the SCSI channel at 1.4 Mbytes/ s. The 
drive is also available in an external standalone format 
(the RS-F), which connects to the PC-AT bus through a 
host adapter. 

A similar drive offered by Sharp packs 422 Mbytes on a 
two-sided disk and has an average access time of about 
150 ms because its disk rotates at only 900 rpm-half the 
speed of Ricoh's drive. However, comparable to the Ri­
coh drive, Sharp's unit includes an embedded SCSI con­
troller that delivers data transfers of up to 2.4 Mbytes/ s. 
Sony has a 5.25-in. drive-the SMO-D501-with a capaci­
ty of 650 Mbytes on a two-sided disk and one of the fast­
est transfer rates available-7.4 Mbytes/s. A short­
stroke seek time of just 20 ms allows the drive to rapidly 
access data and deliver bursts of up to 3 Mbytes in less 
than 40 ms. Hitachi's OD112-1, a 644-Mbyte drive, claims 
an average access time of 75 ms and a maximum sus­
tained data transfer rate of 925 kbytes/ s. 

One of the smallest EO drives is the TMO System 35/ 
60, a 3.5-in. MO drive with a capacity of just .over 60 
Mbytes/side of a platter. Developed by Eastman Ko­
dak's Verbatim subsidiary, the drive has a seek time of 30 
ms and delivers performance similar to many small Win­
chester drives with the added feature of data removabil­
ity /transportability. The drive will actually be offered by 
Laser Drive, another Kodak partner company.D 
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... here's a case 
for buying today. 

Call HP DIRECT, 800-538-8787, Dept . A293. 

By calling this line, you get a free $19.00* case 
with each meter. And you can get same-day 
shipping on all meters. Including the HP E2378A, 
which has the same specs as the HP E2377 A 
in a ruggedized case. $189.00:" Order today. 
*U.S. li st prices. Offer expires October 31, 1989. 

There is a better way. 
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The Hard& 
of Performance 

FACT: OEMs and system integrators cannot exist 
on hardware alone. 

It takes more than superior board-level hardware to successfully integrate 
a high-performance image processing or vision system. It takes 

extensive, well-documented software tools, responsive hot­
line customer support, and a generous selection of 

third-party hardware peripherals and software packages 
readily available to customers around the world. 

FACT: Hardware performance must 
match customer needs. 

From cost-effective plug-in boards, to sophisticated multi­
board subsystems, our image processors are designed to 

meet your needs, with computers you want to use. 

Compatible with PC AT, PS/2, Sun Microsystems, and 
many other AT and VMEbus-based computers 

Variable-scan and digital input to interface with 
nonstandard cameras 

Real-time pipeline processing/or speed-critical 
applications 

32-bit floating point processing when accuracy 
cannot be c~promised 

FACT: Good software tools speed development time. 
Without good software tools, you're re-inventing the wheel! Our ITEX™ sub­
routine library has hundreds of commonly used, high-level routines. A built­
in interactive line interpreter lets you quickly test and modify sequences of 
ITEX functions without recompiling. And, source code is available. 



Soft Facts' 
Image Processing 

FACT: Compatible products should be abundant, 
and easy to locate. 

Finding reliable application-specific software, cameras, monitors, 
and other compatible add-ons should be simple. So, we created 
the Vantage Compatible Products Program to put you in 
touch with third-party vendors offering products certified 
compatible with Imaging Tuchnology's image processors. 
Our free Vantage Listing & Reference Manual 
is required reading for image processing 
integrators. 

FACT: Imaging Technology 
is your best choice in 
image procesmtg! 

The fact is, we're working hard (and soft) 
to be the leading supplier of image proc­
essing boards, subsystems, software, and 
service. For more information, contact 
our technical sales support team today. 

Eastern United States 

800-532-3500 
(617-938-8444 in Massachusetts) 

Central , Mountain , and Pacific United States 

800-356-4216 
(714-960-7676 in California) 

Imaging Technology Incorporated 
600 West Cummings Park 
Woburn, Massachusetts 01801-6343 
FAX617-938-1757 
TELEX 948263 

! \ k f \!f' ::; I 

!l!' RI\!l' \ !~, 

IMAGING 
Technology Inc. 
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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. 
CIRCLE38 

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. 

~~ 
C J989 NCR Corrxiration . KE' i~a traJl·markof~CR Ct)rpNati<.m . 



DESIGN APPLICATIONS 

BUILD A MULTIBUS II 
SINGLE-BOARD COMPUTER 

MAKING USE OF 
THE i860'S HIGH 
INTEGRATION 
LEVEL, 
DESIGNERS CAN 
PUT TOGETHER 
AN SBC WITH 
8MBYTES 
OF DRAM. 

NEAL MARGULIS 
Intel Corp., 3065 Bowers Ave., Santa 
Clara, CA 95052; (408) 765-8080. 

y designing a com­
plete CPU on one 
standard Multibus II 
board, system inte­
grators can take ad­
vantage of rapidly ad­
vancing CPU technol­
ogy while preserving 
their investments in 

existing hardware. Ideally, the sin­
gle-board computer should have its 
own memory, local 1/0 circuitry, and 
a Multibus II interface. 

By basing the CPU on an i860 64-
bit microprocessor, the designer can 
bring the power of a supercomputer 
to the single-board computer. The 
board can be the main CPU running 
an operating system such as Unix, or 
it can become an application acceler­
ator in an existing system. As an al­
ternative, multiple CPU boards can 
be linked in a multiprocessor system 
with performance unavailable in an 
minicomputer. 

Multibus II is a processor-indepen­
dent bus architecture with full dis­
tribu ted-m ul tiprocessor support. 
The standard, IEEE-959, defines a 
32-bit parallel system bus (PSB) with 
a maximum throughput of 40 
Mbytes / s. The PSB, which is opti­
mized for standardized interproces­
sor communications, also handles ac­
cesses to 1/ 0 devices not dedicated 
to one CPU board. 

The CPU board contains a number 
of functions that are made possible 
by the high integration level of the 
i860 and another key component, the 
82380 integrated system peripheral. 
These features include a Multibus II 
interface using DMA and a message­
passing coprocessor (MPC), a dy­
namic RAM (DRAM) main memory 
of 8 Mbytes based on 256-kbit-by-4-
bit RAMs, a local 1/0 system, and an 
SBX connector (Fig. 1). 

Built into the i860 microprocessor 
E L E C T 

are an integer execution unit, a float­
ing-point unit, a graphics unit, a 4-
kbyte instruction and 8-kbyte data 
cache, and memory-management 
and bus-control units. The integer 
execution unit runs 85 kDhystones, 
and the floating-point unit delivers 
24 MWhetstones (DP) and 80 
MFLOPS (SP). Z-buffer check and 
shading is supplied by the graphics 
unit. The cache memory makes possi­
ble a 960-Mbyte/ s data rate. The 
units can operate in parallel, with 
high-bandwidth data rates and a 40-
MHz operating frequency. 

The 82389 MPC simplifies the task 
of interfacing the processor's local 
bus to the parallel system bus. De­
signed for the message-passing pro­
tocols of the Multibus II architec­
ture, the coprocessor participates in 
the entire PSB protocol and per­
forms bus arbitration, transfer con­
trol, error detection and reporting, 
and parity generation and checking. 
These functions occur independently 
of the host CPU. 

BUSSES ISOLATED 
The parallel system bus is isolated 

from the CPU local bus so that the 
i860 can access memory on its 64-bit 
data bus. In addition, decoupling the 
local bus activities from interproces­
sor communications over the PSB of­
fers two advantages. First, re­
sources that would be held in wait­
states while dedicated bus-access ar­
bitration is underway are instead 
free. This parallelism increases sys­
tem performance. Furthermore, the 
bandwidth of one bus doesn't limit 
the transfer rate of the other: Each 
bus can perform full-speed, synchro­
nous transfers. 

The MPC's signals can be divided 
into three functional groups: PSB in­
terface, local bus interface, and 
DMA interface (Fig. 2). The primary 
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functions of the PSB interface sig­
nals are arbitration and system con­
trol. Six arbitration signals (ARB<>--5) 

read card-slot ID and arbitration ID 
from the central services module 
(CSM) during reset. During arbitra­
tion, these signals output the arbi­
tration ID for priority resolution. 

Bus Request (BREQ) shouldn't be 
confused with the i860 microproces­
sor's BREQ signal. Each bus agent 
asserts BREQ to gain control of the 
bus and samples BREQ to determine 
if other agents are also contending 
for bus control. A bus agent sends 
Bus Error (BUSERR) to all other bus 
agents when it detects a transfer-cy­
cle parity error. The CSM sends the 
bus Timeout signal (TIMOUT) to all 
bus agents when a bus cycle fails to 
end within a prescribed time. 

Ten System-Control signals (SC<>--9) 

coordinate transfer cycles, as de­
fined by the Multibus II Architectur­
al Specification. With Directional 
Enables (SCD IR0 and SCDIR1), 

transceivers can buffer the bidirec­
tional system-control signals. The 
MPC checks byte-parity lines 
(PAR0_3) for incoming operations 
and sets the parity lines for outgoing 
operations. 

Other parallel system bus signals 
are Reset (RST), Reset-Not-Com-

Address 
buffer 

(74F374) 

i860 
microprocessor 

Data 
L_ buffer ..., 

7 32 (4 X 74F646) 

c.-i 
Address 
buffer 

Data 

SINGLE-BOARD 
COMPUTER 

plete (RSTNC), and ID Latch 
(LACHn, where n = slot number). 
These signals are only used during 
system initialization. 

The MPC also handles interrupts 
for bus agents on the parallel system 
bus by implementing them as virtual 
interrupts in the message space. To 
send an interrupt message, the pro­
cessor writes the source destination 
and message type to the MPC, which 
coordinates the interrupt message 
transfer. 

The MPC's local bus interface is 
like that of any other simple 110 de­
vice, consisting of select lines, ad­
dress signals, and read and write 
control lines. The coprocessor's reg­
isters are accessed by asserting 
REGSEL and the appropriate regis­
ter address while performing a read 
or write cycle. Among other func­
tions, the registers program data 
message transfers, receive and send 
control transfers, and handle errors. 

For DMA interfacing, the MPC 
has two channels that use the stan· 
dard DMA Request (DREQ) and 
DMA Acknowledge (DACK) hard­
ware transfer protocol. The two 
channels are dedicated to the MPC: 
one as the input and one as the out­
put. Each has its own control lines 
and operates independently. 

1/0 address bus 

.. ~ ..j j. .. '" .. 
'" Integrated 

Serial system 
port peripheral SRAM EPROM 

(82380) (82510) 

l 2 l ... ~-
/ 8 

ORAM array l 
(8 Mbytes) 

~ buffer ~ (8 X 74F646) 

The CPU board includes a static 
RAM (SRAM) message area that iso­
lates backplane data rates from the 
processor's local bus. For an outgo­
ing solicited message (data trans­
fer), the microprocessor sends mes­
sages to the SRAM at a high rate. 
The DMA channel then transfers 
messages from the SRAM to the 
MPC's outgoing message FIFO 
buffer. For an incoming solicited 
message, the DMA channel trans­
fers the message into the SRAM 
buffer, signaling the microprocessor 
when the transfer is done. The pro­
cessor can then quickly transfer the 
message from the SRAM into main 
memory. 

A DRAM MAIN MEMORY 
The i860's large on-chip caches and 

pipelined architecture make its per­
formance less dependent on a fast­
and expensive-SRAM main memo­
ry. Instead, the microprocessor's 
bus is optimized for interfacing di­
rectly with DRAMs. The 64-bit wide 
data bus accepts data on every other 
clock for read cycles, allowing a 
longer cycle time between accesses. 
To further increase the access time 
without decreasing the bandwidth, 
the bus accommodates two levels of 
pipelining, so that up to three cycles 

..j j. .. 
'" 

.. ~ 
Message 

Multibus II 
Standard bus passing 

87C51 CSM 
extension coprocessor 

(82389) 
connector buffers 

~ ~ .ii ~ ... ~ 
"16 '1 16 / '1 16 

1/0 data bus 

Expansion 
connector 

1 1. BECAUSE OF THE LARGE ON·CHIP CACHES and pipelined architecture of the i860 microprocessor, the CPU can use 
dynamic RAMs rather than the more expensive static RAMs. 
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can be outstanding. 
To fill a cache line, the processor 

performs four read cycles (Fig. 3). 
When the Next Address signal (NA) 
is returned to the microprocessor, 
the system can accept the next bus 
cycle. Two N As are returned before 
any of the cycles are completed. To 
complete a read cycle, the memory 
system puts the data on the bus and 
returns Ready to the microproces­
sor. When it's fully pipelined, the 
memory system supplies data and 
Ready on every other clock. Ordi­
nary static-column DRAMs can de­
liver this data rate. The processor 
also supplies a control signal, Next 
Near (NENE), to optimize DRAM 

IAST 
Reset control 

SINGLE-BOARD 
COMPUTER 

control. 
The CPU board's memory system 

consists of two address latches, 
eight latching data buffers, and a 64-
bit-wide static-column DRAM (Fig. 
4). The memories used are 256-kbit­
by-4-bit devices, which allow for an 
incremental system memory size of 2 
Mbytes. The use of 4-bit-wide memo­
ries reduces power and signal-drive 
needs. 

To accommodate pipelining, both 
address and data are latched. The ad­
dress latches hold the address of the 
previous cycle while the data from 
the cycle prior to that is held in the 
data buffers. 

Using TTL components on the ad-

Output control for diagnostics 

dress and data paths isolates the 
memory from the processor's pin 
timing. The memory system uses 
two address latches in order to multi­
plex the row and column addresses 
from the processor to the DRAM's 
address lines. When accesses occur 
within the DRAM page, only the col­
umn address needs to be supplied to 
the memory-address lines. 

Most systems that use a fast-ac­
cess DRAM mode need an additional 
hardware comparator, but the i860 
has a comparator built into the bus 
unit. On each bus cycle the compara­
tor supplies NENE, which the con­
troller uses to determine if a fast 
static-column mode access can occur 
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I 2. THE MESSAGE PASSING UNIT'S SIGNALS can be divided into three major groups that interface with the local bus, the 
parallel system bus, and the DMA bus. 
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t? It doesn't take a poke in the eye to figure out 
that great components don't necessarily lead to a 
great set. 

What does, is what separates Western Digital XT, 
AT and Micro Channel-compatible chipsets from the 
rest. And what gives us the performance, com­
patibility and value we're more or less legendary for. 

Consider, if you have a spare moment or two, 
these facts: 

We design our chips with all the right hooks, so 
you get the kind of design flexibility you've always 
dreamed of 

We spent years developing our sets and soft­
ware 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 incom­
patibility between chips. Not to mention incom­
patibility 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 manufacturer 
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-effective 

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. 

That's right, Einstein. From Western Digital. 
For more information or a free poster version of 

this ad, call 1-800-847-6181. In Canada, call 
1-800-448-8470 

Matched sets to match your needs. 

WESTERN DIGITAL 
Semiconductors-Storage-Imaging-Communications 

CIRCLE 72 
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I 3. THE CPU PERFORMS four read cycles to fill a cache. When fu lly pipelined, the 
memory system supplies data and Ready on every other cycle. 

or if a full DRAM cycle must occur. 
Bidirectional data buffers latch 

the data for both reads and writes. 
For reads, the data is latched and 
Ready is returned on the following 
clock. With two levels of pipelining, 
total access time is six clocks and 
data is available every two clocks. 

Write cycles don't need pipelining 
for zero-wait-state operation. When 
a write occurs, the address and data 
are latched in the buffers, making it 
possible for Ready to be returned to 
the processor. The actual write cycle 
occurs after Ready is returned to the 
processor. This delayed write opera­
tion allows the processor to continue 
executing even though the write is 
incomplete. 

With 85-ns static-column mode 
DRAMs for the main memory, the 
33-MHz i860 can run at zero wait 
states for access within the DRAM 
page. And with the two-level pipelin­
ing and two-clock-cycle transfer 
rate, the CPU board doesn't need an 
expensive external cache memory. 

The board's memory-mapped I/O 
system consists of an 82510 serial 
port, the 82380 integrated systems 
peripheral, one 8-bit boot EPROM, 
and an SBX connector. The serial 
port, which can be used in a polled or 
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an interrupt mode, is also suitable 
for use as a console monitor. A re­
duced version of the serial control­
ler's oscillator module clocks the sys­
tem's timers. A control port enables 
and disables the timers, whose out­
puts are connected as interrupts. 

PROGRAMMABLE TIMERS 
The 82380 serves both as a slave 

110 device and as a bus master DMA 
controller. The peripheral contains 
four 16-bit programmable timers 
(8254s), two interrupt controllers (an 
8259 master and slave), and eight 
DMA channels. Five internal inter­
rupts can be used with the DMA 
channels and the timers. In addition, 
the device has connections for 15 ex­
ternal interrupts. 

Because it uses a double-frequen­
cy clock, the 20-MHz 82380 can oper­
ate synchronously with a 40-MHz 
CPU. At reset, a phase clock is gener­
ated and used by the control logic for 
82380 accesses. Port addressing is 
handled by connecting pin A3 of the 
CPU to pin A2 of the 82380. 

The 110 system uses four of the 
eight DMA channels: two for the 
MPC interface and two for the SBX 
connector. These channels, which 
can transfer into or out of the SRAM 
E S I G N 

message area, are programmed with 
the 82380 in slave mode. Once pro­
grammed, the DMA channels be­
come bus masters to complete trans­
fers. To gain control of the bus, the 
82380 asserts Hold. When Holda is 
returned to the 82380, the peripheral 
initiates the DMA transfer, which 
continues until completion or until 
Holda is deasserted. 

To support the SBX connector, the 
designer uses several jumpers on the 
82380 to configure the DMA control 
interface as defined in the SBX speci­
fication. To access 8- and 16-bit SBX 
devices, the processor must address 
them on 8-byte boundaries. The 
DMA controller performs byte as­
sembly and unassembly from 8 or 16 
bits to 32 bits. 

As noted, the board uses the 
SRAM message area to handle DMA 
transfers with the SBX. DMA trans­
fers may occur in parallel with CPU 
main memory accesses. Both the 
DMA controller and the CPU can act 
as bus masters to access the SRAM 
and the 110 bus. 

The SRAM bank, which is 32 bits 
wide, connects directly to the 110 
data bus, but four data buffers are 
needed on the processor side. The 
system only uses the lower 32-bit 
processor data lines. Though the pro­
cessor can access the SRAM with 
zero wait states, it may only access 
even-word addresses. The proces­
sor's automatic-increment address­
ing mode is used, and the full cycle 
rate is maintained. The system could 
handle a 64-bit SRAM bank but the 
memory would need buffers on the 
processor side, and the I/O side of 
the bus would require four addition­
al SRAMs and data buffers. 

A programmable logic device 
(PLD) arbitrates between the two 
bus masters, granting control of the 
DMA message system to the 82380 
by asserting Hold. If the micropro­
cessor begins a bus cycle that re­
quires the DMA message system, 
the PLD forces the 82380 from the 
bus. 

Arbitration occurs as follows: 
When the 82380 asserts Hold, the ar­
bitration PLD returns Holda. The 
82380 then takes control of the bus 
and performs DMA cycles until the 



RUGGED, 105 °C HIGH.:rEMPERATURE, 
LOW ESR OUTPUT CAPACIIDRS 

MODEL SDM80A 
+5VDC@ 9A 
+ 12\/DC @ 3/5A 
-12VDC@2A 
-5VDC @0.6A 

Condor's SDS and SDM 
Series power supplies 
meet FCC/VDE Level B 
and have agency safety 
approvals! 
Want a tough, versatile, well-designed power 
supply for your next application? Try a single 
(SOS) or multiple (SOM) output model from 
Condor! 

Every Condor SOS or SOM power supply 
meets the toughest domestic and interna­
tional safety requirements, and is UL, CSA 
and TUVNDE certified. All units also meet 
FCC 20870 Level B and VOE 0871 Class B 
above 150KHz. 

SOS/SOM Series features: 
• 5 power levels - 45 to 200 watts 
• 20 single and 29 multiple-output models 

~·11r-------=---VDE/IEC SPACING IN TRANSFORMER 

INPUT FILTER MEETS 
FCCNDE LEVEL B 

(up to 5 outputs) 
• Clean, low-cost, open-frame design 
• Fully protected - adjustable current limit, 

built-in O/P and reverse \/Qltage protection 
• Full load burn-in and 2-year warranty 
• LED "on" indicator 
• Powerfail signal and logic inhibit on 140 

and 200VV levels 
• High peak current disk drive outputs plus 

closely regulated 3-terminal-type outputs 
• Extremely versatile output configurations 

for tough applications 
• Very high value for your purchasing dollar 
• Isolated outputs can be used for positive 

or negative sources or in series with other 
outputs 

• Pass vibration and shock per MIL-STD 
8100 

Call us today and find out how a Condor 
SOS or SOM world-class power supply 
can meet your most demanding design 
requirements! 
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--- COPPER HEAT SINK FOR LOW 
SEMICONDUCTOR TEMPERATURE 

Send for 
our free 
catalog! 
250 power supplies! 
Switchers and linears! 
Open frame and enclosed! 
Custom capability! 

ONDORINC. 
·---DC POWER WPPUES 

2311 Statham Parkway, Oxnard •. CA 93030 
(805) 486-4565 • TWX: 910-333-0681 
FAX: (805) 487-8911 
CALL TOLL-FREE: 1-800-235-5929 (outside CA) 



transfer is completed or Holda is 
deasserted. 

If the microprocessor requests the 
bus, the PLD deasserts Holda and 
waits for the system peripheral to re­
linquish bus control by deasserting 
Hold. This process duration includes 
the 82380 cycle time and the data bus 
recovery time of the device being ac­
cessed. 

Though Hold becomes active 
again in the next clock, Holda isn't 
returned to the 82380 until the pro­
cessor is finished with the bus. When 
the processor fin ishes its I/ 0 cycle, it 
returns Holda to the 82380. For this 
arbit ration scheme to wo rk, t he 
82380 is programmed in demand 
mode. 

Using an SRAM message area as 
an I/ 0 buffer gives the CPU design 
several advantages. For one thing, 
physical memory is paged in an i860 
microprocessor system, and block 
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Decode 
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control 
logic 
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transfers are often limited to the 
page size. But disk access times can 
be better used if the seek time is am­
ortized over a larger transfer size. 
The SRAM does this by supplying a 
continuous memory area where 
block transfers larger than 4 kbytes 
can be programmed. 

SRAM ENHANCES DMA 
Also, the SRAM area enhances 

DMA performance, which depends 
on the DMA controller's transfer 
rate and the effect that the DMA 
controller has on the processor's 
memory bandwidth. The relative in­
fluence of these factors varies with 
processor workload. If the processor 
waits for DMA data, then transfer 
rate is more important. A multitask­
ing system, however, puts a task 
waiting for the DMA to sleep and 
continues to execute other tasks. In a 
mul titasking environment, there-

,.. 
Row-address 

buffer 
(74F827) 

fore , the DMA's effect on CPU band­
width is more critical. 

I/ O system devices are slow rela­
tive to the processor's local bus. Con­
sequently, the board design sepa­
rates the DMA controller from the 
processor bus by address and data 
buffers , allowing DMA memory ac­
cesses to occur independently of pro­
cessor memory accesses. As a result, 
the processor retains full memory 
bandwidth during DMA transfers to 
the SRAM area and may continue to 
execute tasks. Transfers into the 
SRAM area, however, require the 
processor to perform a main-memo­
ry data transfer once the DMA 
transfer completes. 

Third, transfe r s between the 
SRAM and DRAM areas execute 
very quickly. In the process, they 
automatically update the caches. If 
desired, a special load instruction 
will avoid emptying the current data 

Multiplexed DRAM address 
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I 4. T~E DRAM MAIN MEMORY needs little glue logic. Power and signal-drive requirements are lowered by the use of 4-bit wide 
memories. 
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Analogic Introduces 
The WorldS Quietest 
S/H Amplifiers 

0 
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High Speed and 
Precision in 
Industry Standard 
Hybrid Pinouts 

Analogic, the world resource for precision signal 
technology, brings you the quietest, fastest precision 
sample-and-hold amplifiers available. With noise levels 
as low as 20 µ.V rms, Analogic's new family of S/ H 
amplifiers surpasses all others for high speed, high 
resolution signal processing applications. 

Just look at these features. For high performance, the 
AH20016 offers 500 ns acquisition time, low aperture jitter 
of 10 ps rms, and ± 0.0015% linearity. The SHA2200 is 
ideal for use with fast, high resolution AI D converters, 
digitizing signals up to 2 MHz with a low noise of only 
30 µ.V rms. Low cost applications are easily supported by 
the SHA2410 with excellent linearity of ± 0.0015%, ac­
quisition time of only 2.5 µ.sand the lowest noise -
20 µ.V rms. We offer standard pinouts to ease system in­
tegration, off-the-shelf delivery, and the high reliability you 
only get from hybrids! 

The speed and accuracy of Analogic's S/ H amplifiers 
will meet the most demanding OEM applications-wide­
band data acquisition systems, professional audio encoding, 
digital telecommunications, automatic test equipment, in­
dustrial process control, or nuclear research. 

And we put our promises in writing. Every Analogic 
S/ H amplifier is tested on proprietary automatic test 
systems. The test data shipped with each product guaran­
tees that it meets or exceeds the published specifications. 
Surprised? Anything less is just a lot of noise. 

ANALOG1C®• 
The World Resource 

For Applications Assistance: Richard Lentini 
Analogic Corporation, 360 Audubon Road, 
Wakefield, MA 01880 (508) 977-3000 x2170 
Telex : 466069, Fax: (617) 245-1274 

CIRCLE37 for Precision Signal Technology 



cache contents. The copy can occur 
atover40 Mbytes/s at33 MHz. 

Finally, any DMA method must 
also consider the CPU's write-back 
caching protocols. To prevent DMA 
accesses to stale data, a cache flush 
is needed before a DMA transfer into 
or out of main memory, or the trans­
fer areas need to be marked as non­
cacheable. But because the SRAM 
address area is never cached, the 
board requires no additional cache 
flushing. 

Transfers between the I/ 0 and 
SRAM systems may use a fly-by 
mode. SRAM reads and MPC writes 
will then occur together, producing 
the highest possible DMA transfer 
rate. Fly-by mode, however, can only 
be used with 32-bit DMA devices, 
such as the MPC. 

The Multibus II specification de­
fines an initialization sequence for 
the system. The 8751 microcontroller 
handles the sequence using the inter-

i 1 i fi IH :1.1 Q Q ! Id·\ i [1J:t1 
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connectspace(Fig. 2, again). Themi­
crocontroller brings the processor 
out of reset to start board-level oper­
ations. 

RESET Our OF EPROM 
Because the i860 CPU has a code 

size 8 (CS8) reset mode, it can exe­
cute out of one 8-bit wide EPROM. 
As a result, the processor can reset 
out of the EPROM, initialize the local 
system, copy a program from 
EPROM to RAM, and begin execu­
tion. But the Reset address is the 
same as the interrupt address, so 
once system execution begins, the 
EPROM must be mapped out of the 
interrupt address space and replaced 
by the 64-bit-wide DRAM containing 
the interrupt service routine. 

To enter CS8 mode, the system's 
reset PLD forces the INT I CS8 pin 
high. Once the reset routine is com­
plete and the system is ready to oper­
ate out of DRAM, the processor dis-

ables CS8 mode by clearing a bit in 
the processor status register. The 
processor sends a write to the com­
mand-port PLD setting a control sig­
nal the decode PLD uses to remap 
the EPROM. The processor can then 
enable interrupts, because they will 
trap to the service routine in the 
DRAM. Once the board exits CS8 
mode, it can only be re-entered by re­
setting the processor.D 

Neal Margulis, Intel's chief appli­
cations engineer for high-perfor­
mance processors, is currently 
writing a book on programming 
the i860. Margulis has a BSEEfrom 
the University of Vermont in Bur­
lington. 

How VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
559 
560 
561 

Filters Think you know 
1/0 bOOrds? 

DA TEL's broad line of tunable active filters offers versatile 
connectivity for a wide range of data acquisition applications. 
Signal conditioning, medical telemetry, spectrum analysis, digital 
signal processing, and speech recognition are but a few. 
These high performance components can be configured as: 

• Butterworth, Bessel, Chebychev, Elliptical 
• Low Pass, High Pass, Band Pass, Band Reject 
• Resistor, Voltage, Digitally tunable 
• Anti-aliasing, Smootfiing filters 

Call or write for DATEL's new brochure detailing more than 35 
filter products. 

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 

DA TEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508)339-3000 
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Then 
design 
one. 

The Qua Tech 
PXB-721 has all the pieces 
you need. Start with the powerful 
72 channel digital expansion 
card and connect up to three data acquisition modules­
counter-timer, DIA converters, or AID converters. 

The single-slot, modular system keeps your flexibility 
up. And it keeps your cost down because you pay for 
only as much board as you need. 

Want to add compatibility? The PXB-721 works with 
Labtech Notebook~" and we include the Labstar™ soft­
ware driver with each expansion module. 

Let us show you a few things about 1/0 "design kits:· 
For order info, call: 
1-800-553-1170 
Labtec h Notebook is a trademark of 
Laboratories Technologies Corp. 
Labstar is a trademark of Qua Tech, Inc. 

go.uATECH 
QUA TECH. INC. 

478 E. Exchange Street 
CIRCLE 24 Akron. OH 44304 



Speed Up All Your Memory-Intensive 
Graphics and Number-Crunching Applications! 

Powerful 2-D and 3-D 
applications demand 
more memory. And it's 
no secret that RISC 
machines need even 
more than CISC. 
Whatever your require· 
ment, don't short· 
change your new Sun 
system with inadequate 
memory. 

Call Clearpoint and 
upgrade your system to 
its maximum capability 
while you assure your· 
self of the ultimate in 
reliability and service. 

C learpoint is a registered trademark of 
C learpoint Research Corporat ion. Sun and 
SPARCstation are registered trademarks of Sun 
Microsystems, Inc. 

Clearpoint Announces 
Memory for Sun 
SP ARCstations 
Clearpoint provides standard 
one megabyte SIMMs and 
soon-to-be-available four 
megabyte modules, tested for 
maximum reliability in our 
unique 72-hour bum-in 
facility and backed by 
a product support engineer­
ing department on call 24-
hours-a-day. When your 
applications make increased 

••• And More for 
Sun's Expanding 
Universe 
Clearpoint also offers one 
megabyte SIMMs compatible 
with the new Sun 3/80. For 
the Sun 3/4XX, choose from 
8, 16 and 32 MB memory 
boards. 

Clearpoint is the leading 
manufacturer of workstation 
memory, providing memory 
for DEC, Apollo, IBM RT 
and PS/2, Compaq and 

memory capacity a require- Macintosh in addition to the 
ment · · · when reliability is full Sun line. Check out our 
critical and 24-hour-a-day 

· · b · cl complete memory offerings. service 1s a as1c nee . .. 
when you need SIMMse 
today, not 6 months 
from tomorrow. . . ~ 
Call Clearpoint. 

CLEARPO/NT 

Other Sun-Compatible 
Memory from Clearpoint: 

• SNX2RAM - up to 32 
MB for the Sun 3/2XX 
and Sun 4/2XX. 

• SNXRAM - up to 28 MB 
for the Sun 3/lXX family. 

• SNME-350 - 4 and 8 MB 
plug-in memory for the 
Sun 3/50. 

• SIMMs for the Sun 3/60, 
386i and Sun 4/110. 

• SNME-3E - 4 and 12 MB 
boards for the Sun 3 E 

Call or Write: 
Ask fur the Product Update on SIMM 
memory, OUT 30- minute WUO on 
memory applications and the Designer's 
Guide to Add-in Memory. 

! '-'-'··'-'· ,_, 

Clearpoint Research Corporation, 35 Parkwood Drive, Hopkinton, MA 01748-1659 
USA: 1-800-CLEARPT (1-800-253-2778) 508-435-2000 

International 
offices: 

Canada 
(416) 620..7242 

Japan 
(03) 221-9726 

United Kingdom 
(0628) 66-7823 

CIRCLE39 

Netherlands 
(023) 27-3744 

Germany 
(064) 30..2222 





Introducing System 90: 
The first 386 chip set that's more than a 

tricked-up 286 chip set. 
386SX chip sets have been 

barking up the wrong tree. 
To save money; every last one 

used the tried-and-true, but 
aging IBM PC architecture. A 
serious data bottleneck for 
the 386SX. 

We designed System 90 dif­
ferently; from scratch. The unique 
architecture interlaces directly 
with the 80386 microprocessor 
family. There's no compromise 
of system speed or IBM PC/AT 
compatibility. 

The complement of standard 
peripherals runs up to ten 
times faster on the local bus. 
The ZyMOS look-ahead memory 

coprocessor gives you cache­
like memory performance 
(0.1 wait state) with low-cost 
DRAMs (lOOns). In short, you get 

applications performance other 
chip sets claim but seldom deliver 

System 90 cuts production 
costs to the bone, as well.Just a 

ZJ!_MOS 
System 90 is a trademark of ZyMOS Corp. 

PC and AT are trademarks of International Business Machines Corp. 

CIRCLE56 

3-chip System 90/SX set, 
386SX microprocessor, keyboard 
controller, BIOS ROM and 
DRAMs do it No extra VLSI 
or TTL glue required. 

Now; you can offer true 386 
performance at entry-level 
386SX prices. And you're ready 
to profit from our soon-to-be­
released products for the full 
32-bit 80386 family members. 

Unleash your 386SX products 
today with System 90/SX chip sets. 
Call 800-227-2299 toll-free. Or 
write: ZyMOS Corp., System 90 
Marketing, 4 77 N. Mathilda Ave., 
Sunnyvale, CA 94086. 

And let sleeping dogs lay. 



DESIGN APPLICATIONS 

OPTIMIZE TRANSFER 
SPEED IN ASYNCHRONOUS 
SCSI THESE SYSTEMS CAN 

MATCH SYNCHRONOUS 
SPEEDS WITH NEW 
CMOS DEVICES AND 
AN ENHANCED DMA 
CONTROLLER. 
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synchronous SCSI systems are regarded as poor relations of 
synchronous SCSI applications and the newer SCSI-2 standard. 
In particular, the perception is that asynchronous systems can't 

approach the data transfer rates of their synchronous siblings. Nevertheless, 
many applications could benefit from increased speed, but they don't need 
SCSI-2's enhancements and are also cost-sensitive. Furthermore, 95% of the ex­
isting SCSI installations are 8-bit asynchronous systems. 

Designers can accommodate these applications by building an asynchronous 
SCSI system based on new CMOS devices that are pin-compatible with compo­
nents used in older systems. With these devices and some corresponding 
changes in circuit designs, the transfer rate for asynchronous SCSI can climb 
from 1.5 Mbytes/s to the synchronous standard of 4 Mbytes/s. 

A typical low-cost SCSI application includes a CPU, a DMA controller, a SCSI 

DRQ (SCSI to OMA) 

DACK (SCSI to OMA) 

IDR or 
IDW (OMA to SCSI) 

Ready (SCSI to OMA) 

EOP (OMA to SCSI) 

LJ LJ LJ 

1 1. THE TIMING OF A TYPICAL 3-byte transfer demonstrates the interaction 
between a SCSI controller and a OMA controller. 

ANDREW M. DAVIDSON 
National Semiconductor (UK) Ltd., Larkfield Industrial Estate, Greenock, Scotland, 
PA16 OEQ, "UK; 010 44 475 33733, ext. 5227 
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DESIGN NEWS 

Analog Design Insights from Maxim Integrated Products September '89 

ECL Comparators Respond in 1.4ns +75V Fault 
Maxim's new line of high-perfor­

mance ECL and TTL comparators are 
capable of detecting low-level signals 
(5-1 OmV) in 1.4ns. The MAX9685/9690 
(Single) and the MAX9687 (Dual) com­
parators have complementary ECL 
outputs . The MAX9686 (Single) and 
MAX9698 (Dual) have TTL compatible 
outputs . 

These high performance compa­
rators offer excellent DC input charac­
teristics and true differential outputs. 
Maxim's comparators are ideal for high 
speed applications such as digital sig­
nal processing (DSP), video, and med­
i ca 1-i magi n g . Table 1 lists key 
parameters and prices for the com­
plete family. 

Latch Function Offers mV 
Resolution 

Virtually all level detection tech­
niques utilize a comparator. In the 
past, available comparators required 
an extremely high gain (1000) to 
achieve millivolt resolution (at the ex­
pense of speed). Comparators with a 
Latch Enable option provide millivolt 
resolution without resorting to ex­
tremely high comparator gains , result­
ing in reduced propagation delays. 
When the comparator receives a low­
level (mV) signal , the input latch pulse 
acts as a positive feedback and deliv-

ers the extra gain required to latch the 
the output to the level it was "leaning" 
towards . 

Therefore , latch comparators 
such as the MAX9685/9686/9687 and 
MAX9698 can accurately discriminate 
low-level signals at very high speeds. 

1 Ons 110NE-SHOT11 

Commercially available high 
speed "one-shots" encounter prob­
lems when generating narrow pulses. 
They suffer from a delay between the 
input pulse and the output pulse of as 
much as 20ns. The output pulse is 
dependent upon internal delays that 
vary with temperature . Furthermore, 
the input pulse must be the same logic 

(Please see 1.4ns on back page) 

OUTPUT 
V1N <>------1 

Figure 1. Low-level input custom one-shot 
(MAX9685 or MAX9686) 

Table 1. Complete family of Maxim High Performance Comparators . 

DEVICE DESCRIPTION PROPAGATION PRICE 
DELAY TYP 100-UP 

MAX9685* Latched , ECL 1.4ns $4.60 

MAX9686* Latched , TTL 6.0ns $3.00 

MAX9687* Dual Latched , ECL 1.4ns $6.40 

MAX9690 ECL 1.4ns $4.00 

MAX9698 Dual Latched, TTL 6.0ns $4.20 

·industry standard pin out with improved performance 

Protected 
Multiplexers 

Most multiplexer applications in­
volve routing an analog signal while 
blocking s03veral unselected inputs. 
Fault protection , especially at the input 
terminals, is commonly required be­
cause of unusually high or unpredict­
able fault voltages occurring at the 
inputs or outputs. Maxim 's new 
MAX378/379 fault protected multiplex­
ers offer ±75V of guaranteed fault pro­
tection . 

Standard CMOS multiplexers like 
the DG508A/509A require resistors in 
series with the inputs to limit current 
when an overvoltage condition occurs 
at a multiplexer input (Figure 1 ). Fault 
conditions , such as power supplies 
turning off when analog signals are 
present on the inputs or output, require 
blocking diodes for current limiting. 

+15V -15V 

1N914 1N914 

R1 V1 
R2 

S1 

R3 S2 

"' R4 SJ .MAXIA4 
.... S4 OG508A ::> Rs c.. 

Ss ;;; 
A6 

OUT 

R1 
56 

Ra 

Figure 1. OG508A protected against analog sig-
nals which exceed± 15V supplies and analog 
voltages being present when the power supplies 
are off. 

Maxim's unique voltage limiting 
structure, first introduced in the 
MAX358/359 devices and embodied 
in the MAX378/379, limits the output 
voltage level to approximately ±1 .5V 
below the power supply rails when an 
overvoltage occurs . The MAX378/379 
and all of Maxim's "Fault Protected" 

(Please see ±75Von back page) 



+VREF 
UPPER "-'>---------< 

VOLTAGE 
RANGE son 

son 

MAX9687 

-VREF I 
LOWER <">---<>--------t--t ~~------

VOLTAGE I I RANGE son ____ ] 
-2.0V 

Figure 2. MAX9687, (Dual) as a high speed window detector 

1.4ns (cont 'd} 

level as the desired output pulse--TTL, 
ECL, CMOS, etc . Consequently, the 
circuits are incapable of responding to 
low-level , narrow pulse signals . 

The MAX9685/9686 ECL and TTL 
single comparators are an excellent 
solution to this timing dilemma in a 
custom one-shot. As shown in Figure 
1, their latch pulse-width can be ad­
justed by the RC feedback network. 
The ECL or TTL output logic signal is 
AC coupled into the Latch Enable 
input to produce an extension to the 
response of the short, overdrive signal 
present at the comparator input. 

*FREE* 
Data Sheets 

MAX9685 
MAX9686/98 
MAX9687 
MAX9690 

MAX358/59 
MAX368/69 
MAX378/79 

(Circle 11) 
(Circle 12) 
(Circle 13) 
(Circle 14) 

(Circle 15) 
(Circle 16) 
(Circle 17) 

For FREE SAMPLES or 
APPLICATIONS ASSISTANCE, 
Call: (408) 737-7600 

High Speed Window 
Detector 

The MAX9687 Dual ECLcompara­
tor may be utilized to detect high 
speed signals within a predetermined 
voltage range. This is vital in applica­
tions such as high speed zero crossing 
detectors or fast tracking A/Os . The 
circuit in Figure 2 is designed to swing 
high whenever the input signal is OUT­
SIDE the voltage range and swing 
LOW whenever the input signal is 
within the voltage range. If, for exam­
ple, reference voltages are ±1 OmV with 
respect to ground, the comparator will 
detect a voltage outside the 20mV 
(±1 OmV about ground} window within 
2.5 ns. 

Ros ON 

1 of 8 CHANNEL 
MAX358 1.2kn 
MAX368 (Latched) 1.5kn 
MAX378 3.okn 
2 of 8 CHANNEL 
MAX359 1.2kn 
MAX369 (Latched) 1.5kn 
MAX379 3.0kQ 

+15V -15V 

13 1,J 
V1 GND V2 

S1 
S2 

SJ 

"' S4 .MAXIAI 
>-- MAX318 OUT 2 Ss 
~ 

Ss 

S1 
Sa 

Ao A1 A2 EN 1 16 15 2 

Figure 2. MAX378 shown not requiring protection 
required by DGSOBA 

±75V (cont°d} 

devices offer both overvoltage protec­
tion and fault protection without the 
need for external resistors and diodes 
(Figure 2). Protection levels are ±60V 
above the 15V supplies, and ±75V with 
supplies off. This provides system de­
signs a significant amount of protection 
against voltage transients, transducer 
failures, power loss, and high common 
mode voltages on signal lines. 

Maxim protected multiplexers 
maintain a high input impedance under 
overvoltage conditions, whether they 
are powered or not. And input current 
under fault conditions is limited to just a 
few nanoamps. 

The MAX358/359 offers ±35V of 
protection with a typical on resistance 
of 1.2kn. The MAX368/369 are similar 
to the MAX358/359 but have latched 
input lines. The MAX378/379, with pro­
tection to ±75V, have a typical ON resis­
tance of 3.0kn. 

FAULT PRICE 
PROTECTION 1100-up) 

±35V $7.35 
±35V 7.95 
±75V 13.31 

±35V $7.35 
±35V 7.95 
±75V 13.31 

FAX: (408) 737-7194 

Write: Maxim Integrated Free Subscription to MAXIM ENGINEERING JOURNAL 
Products , 
120 San Gabriel Dr., 
Sunnyvale , CA 94086 

We can help you Maximize the per­
formance of your system. 

The premier issue of Maxim's new applications journal was released in May. 
It's full of in-depth apps articles, design ideas and new product information. 
If you missed it and would like to receive one please circle the Reader Service 
number in this box. A card inside the Journal will enable you to receive 
one - FREE - on a regular basis. (Circle 18) 

© 1989 Maxim Integrated Products, Inc 
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Control logic ORO 

DACK 

BRO 
Control bits 

BACK 
Ready (throttle 

control from SCSI) 

EDP 
(outputs to SCSI) 

- - -
RD IOW WR IOR 

I 2. A SIMPLE D MA CONTROLLER contains a current-address register, an end­
address register, a comparator, and some control logic. 

controller, and some memory. By 
adding application-specific devices, 
this core can be either a peripheral 
controller or host adaptor. Typically, 
the DMA controller would be an In­
tel 8257, which delivers a data trans­
fer rate of 1.67 Mbytes / s on a 5 MHz 
clock, with no wait states. The SCSI 
controller would be an NCR or AMD 
5380-type device with a maximum 
transfer rate of 1.5 Mbytes / s. 

Newer devices, such as National 
Semiconductor's 5380-compatible 
DP8490 and Logic Devices' 5380, 
greatly improve a SCSI controller's 
transfer rate, but an enhanced DMA 
controller is needed to handle these 
speeds. Because no commercially 
available DMA controller has the re­
quired performance, an application­
specific controller must be designed. 

Designers can implement the 
DMA controller using 7 4xxx-type 
logic devices, programmable logic 
arrays, or generic logic arrays. For 
prototyping, benchmarking, and 
small production runs, a Xilinx 
XC2018 Logic Cell Array (LCA) is 
ideal. It offers a quick, easily adapt­
able way of turning a paper design 
into silicon and gives designers an 
opportunity to fine tune the circuit. 

The LCA contains 100 configura­
ble logic blocks (CLBs) and 74 confi­
gurable I/O blocks (IOBs). Each 
CLB contains a flip-flop or latch (con­
figurable as either) and a program­
mable array that can generate any 
function of four inputs, or two func-

tions of three inputs. 
An example of a typical 3-byte 

block transfer illustrates the interac­
tion between a DMA controller and a 
SCSI controller (Fig. 1). A DMA Re­
quest (DRQ), acknowledged by a 
DMA Acknowledge (DACK) initi­
ates the transfer. A Ready signal 
from the SCSI device acts as a throt­
tle control, going high when the de­
vice is ready to transfer data. In a 
synchronous DMA controller, Ready 
is used to insert wait states while the 
SCSI device completes a transfer on 
the SCSI bus. During the last byte, 
the End of Process (EOP) signal is 
driven low to instruct the SCSI de­
vice that the transfer is complete. 

When it receives a DRQ, the DMA 
controller must seize the address 
and data busses from the CPU, then 
transfer data when Ready goes high. 
In a synchronous system, Ready 
isn't detected until the next active 
clock edge, causing a delay. In addi­
tion, for devices such as the 8257, 
Ready must be synchronized with 
the inactive edge of the clock to pre­
vent possible metastability prob­
lems. This further increases the la­
tency, as well as the chip count. The 
optimum design, therefore, is actual­
ly asynchronous because it transfers 
data immediately after a rising edge 
on Ready. 

A simple DMA controller consists 
of a current-address counter, an end­
address register, a comparator, and 
control logic (Fig. 2) . The counter is 
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loaded with the address of the first 
byte of the block to be transferred, 
and the register receives the last 
byte's address. The controller trans­
fers data between the I/O circuitry 
and the memory address pointed to 
by the counter. 

The counter increments after each 
transfer until the comparator sees 
the same addresses in the counter 
and the end-address register. For bi­
directional SCSI transfers, the con­
troller must handle both memory 
read-I/O write and memory write­
I/O read transfers. 

For a 16-bit address bus, a 16-bit 
counter would be ideal, but to save 
space in the gate array, a smaller 
counter can be used. The design uses 
latches in the LCA's input blocks for 
the page address bits. As a result, de­
creasing the size to a 12-bit up­
counter with a 4-bit page register 
saved a considerable number of 
gates inside the device. 

This arrangement allows for 
transfers of 4-kbyte blocks to each of 
16 pages. For maximum efficiency, 
the transfer is made to page-aligned 
memory. If gates are available and 
blocks larger than 4 kbytes must be 
sent, the counter can easily be rede­
signed to 16 bits. 

The end-address register is a 12-bit 
unit that employs the LCA's input­
stage latches. This configuration 
minimizes internal routing and the 
useofCLBs. 

The counter is clocked synchro­
nously, because a ripple counter 
would have far too great a settling 
time on the processor bus. Each bit 
of the counter receives a clock only 
when all of the bits below it are high, 
so the unit's speed is limited by the 
settling time of each stage. For the 
Xilinx device, the speed depends 
largely on routing, with the final ver­
sion of the counter working comfort­
ably in simulation at 5 MHz. 

The outputs of the counter and 
page register are enabled onto the 
bus when DACK goes active. There­
fore, the DMA controller must en­
sure that it has control of the busses 
before enabling DACK. 

The DMA controller also contains 
a 2-bit control register. The control 
register's least significant bit is the 
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Master Enable (MASEN) bit, which 
must be set high before a DMA 
transfer can commence. When a 
transfer is completed, the DMA con­
troller resets MASEN. Thus, the 
controller must be initialized before 
each transfer to prevent an unwant­
ed transfer before the address 
counter and end register have been 
set up. 

The second bit in the control regis­
ter is the Read/Write (R/W) bit. If 
R/ W is high, then the transfer is a 
memory read; if low, it's a memory 
write. 

The bus-exchange logic uses a Bus 
Request (BRQ)-Bus Acknowledge 
(BACK) cycle to get control of the 
processor bus (Fig. 3a). If the MA­
SEN bit is low, BRQ stays high and 
no transfer can occur. With MASEN 
enabled, an active DRQ will issue a 
BRQ (Fig. 3b). 

When the processor sees BRQ, it 
will probably finish its current ma­
chine cycle, deassert BACK, and 
three-state the busses and control 
signals. The exact actions and tim­
ings are processor dependent, so the 
logic retains some flexibility. 

Delay Out is normally high. If it 
goes low, Delay In will go low after a 
delay time, causing the flip-flop driv­
ing Delay Out to be set. The falling 
edge of BACK causes Delay Out to 
be pulsed low for a time specified by 
the delay line. DACK sits high, hav­
ing been set when BRQ was high, but 
the rising edge of Delay Out drives it 
active. When DACK is asserted, the 
DMA controller takes control of the 
system busses and control lines. 

MAS EN is reset on the rising edge 
of EOP, driving BRQ inactive and 
setting DACK inactive. The proces­
sor then asserts BACK and resumes 
control of the busses. The DMA con­
troller uses DACK to assert control 
of the bus, because it goes active a 
delay time after BACK relinquishes 
the processor's control of the busses. 
By changing that delay time, users 
can accommodate processors with 
different bus-exchange timings. 

Connecting the input and three­
state control of DACK's output buff­
er makes it an open collector driver 
(Fig. 3, again). With this arrange­
ment, users can implement a pseudo-
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DMA system if needed to transfer a 
small amount of data, such as the 
sense data. 

When the DMA controller takes 
control of the data and address 
busses, it must also take control of 
the mem<2.!Y and I/ 0 read and write 
strobes (RD, IOR, WR, and IOW). 
These signals, which control data 
transfers between the SCSI device 
and memory, are driven by three­
state output buffers, with the Out­
put Enable driven by DACK (Fig. 
4a). Thus, when the controller seizes 
the address bus, it also drives these 

MASEN 

transfer of the rest (Fig. 4b). 
The flip-flop is the heart of the 

strobe control logic. Its output, 
Clock, is allowed onto the data 
strobes only when Ready is high. Be­
fore a transfer is ready to begin (that 
is, with DRQ high for the first byte 
or Ready low thereafter), Reset is 
held active. That forces Clock low. 
When the DMA controller receives 
the signal to begin the transfer 
(DRQ going low for the first byte or 
Ready going high thereafter) , 
Strobe Out has a rising edge, and af­
ter the delay-line time Clock goes 

01--o---o 
BRO 

signals. The pulse 
width needed depends 
on the SCSI and mem­
ory devices used, so 
the control logic in­
cludes an external de­
lay line that deter­
mines the width of the 
data strobes. 

The design uses 
overlapped memory 
and 1/0 strobes, elimi­
nating the need to 
store data and maxi­
mizing the data trans­
fer rate. DRQ triggers 
the transfer of the 

[):i0 <} r-------- --------- ---- -----, 
1 External delay line I 
i I 
~ I 

I 
I 

D S 0 __ J 

Delay Out 
CLK 

~-+--1 D S 

first byte of data, and 
Ready triggers the 

,_c_LK _ _, Open-collector output 

ORO 
SCSI device SCSI device deasserts 
issues ORO DRO 

BRO----,~ _ _ ____ w_he_n_DA_C_Kg_oe_s_ac_liv_e ______ __,I 

BACK 

Delay 
Out 

Delay 
In 

DACK 

Address 
Bus 

EDP 

OMA controller 
Requests procesor bus 

Processor finishes machine 
cycle and releases bus 

Pulsed low by falling 
edge on BACK 

Delay-line 
time 

DMA signals that it has control 1 
of busses 

Delay-line 
lime 

Rising edge on EDP resets MASEN, 
which sets BRO 

Processor retakes 
bus control 

DACK reset by BRO 

~~> < ~----------~~ 
Bus three-state between Release control of bus when 

processor releasing 
control and DMA taking control 

DACK goes inactive 

I 3. TO GAIN CONTROL OF THE BUS, the bus-exchange logic uses a Bus 
Request-Bus Acknowledge cycle (a). The timing diagram shows the signal interaction (b). 
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IOR 
Flipflop 

CLK WR 

R IOW 

RD 
DACK 

SCSI device deasserts DRQ 
when DACK goes active 

Ready-----------~ ~----
Goes low after IOR ._I ______ _.I Returns high once SCSI 
or IOW goes high bus handshake complete 

Strobe 
Out 

Follows inverse of DRQ for first transfer 
Strobe-----......, 

In 

Follows Ready thereafter 

Delay line Strobe Out delayed by delay line 

Reset __J ~----...... ! Follows inverse of Ready 
Follows DRQ to first transfer thereafter 

Clock ---i~----~ll~-------~I 
Reset Strobe In clocks Reset Strobe In clocks 

IOR and through a high through a high 

WR or IOW I I I I I h I r 
(Data strobes) Unknown ......_ ____ _, Follows Clock when Ready is high 

High when Ready is low 
RD (for 
memory 

read) Unknown Remains low throughout a memory read transfer 

14. THE MEMORY AND 1/0 READ and Write strobes are driven by three-state 
output buffers, with the Output Enable driven by DACK (a). The overlapped memory and 1/0 
strobes maximize transfer rates by eliminating the need to store data (b). 

high. After the first data strobe, 
Ready is the only external signal 
that influences the transfer, because 
DRQ remains low until the next 
block is to be transferred. 

After passing through the delay 
line, Ready is also used to drive Clock 
low-this ends the transfer. The 
amount of time that Ready is delayed 
by the delay · line determines when 
the back edge of the data strobe oc­
curs and, therefore, the width of the 
data strobe. 

The design maximizes the control­
ler's efficiency by minimizing the 
time between Ready returning ac­
tive and the next data strobe begin­
ning. In this case, that time is only 
the delay through two I/O blocks 
and one gate. The large delay in tog­
gling the flip-flop can be included in 

the calculation of the size of delay 
line needed. 

R/W determines the direction of 
transfer. If R/ W is ~h, a memory 
read is required, so roR and WR are 
held inactive. If R/W is low, a memo­
ry write is needed, so row and RD 
are inactive. 

The RD logic is simpler than that 
for the other signals. RD can stay 
low throughout any memory read 
transfer, constantly enabling the 
contents of memory pointed to by the 
address counter onto the data bus. If 
DACK is active and R/ W is high, RD 
is active. 

Though roR and WR are shown to 
be the same signal, in practice it's 
more efficient to have the two sig­
nals logically the same, but WR de­
layed slightly. If the pulses are iden-

tical, each must be wide enough to 
include the SCSI controller's data ac­
cess time and the memory's write 
time. If the SCSI controller has a 
good enough data hold time, delay­
ing WR until the data on the bus is 
nearly valid means that IOR can be 
deasserted before the write cycle has 
been completed. This narrowing of 
roR makes it possible for the SCSI 
controller to deassert Ready and be­
gin the next transfer sooner. 

Clock can be buffered and used to 
drive the counter's clock signal. The 
design must ensure, however, that 
the address counter doesn 't start 
changing until a sufficient address 
hold time after the back edge of the 
data strobes. Also, the counter must 
settle for a sufficient set-up time be­
fore the data strobes commence. 
These timing relationships depend 
on delays within the gate array and 
on memory access times. 

The comparator checks the output 
of the address counter against the 
contents of the end-address register 
by exclusive NOR-ing the corre­
sponding bits. The result is used to 
generate EOP. Internally, EOP re­
sets MASEN, thus removing BRQ, 
deasserting DACK, and releasing 
the busses . Externa!!L._ an EOP 
pulse, overlapping an roR or row, 
signals the SCSI controller that the 
transfer is complete. The SCSI con­
troller then generates an interrupt to 
inform the processor that a transfer 
has occurred. 

The EOP timing is critical. The 
overlap required with the data 
strobe depends on the SCSI control­
ler used, but it should be optimized 
for compatibility. Because this de­
sign uses Clock to generate EOP, it 
should be very similar to the data 
strobe. Clock is only allowed onto the 
EOP pin if the comparator's output 
was high the last time Strobe Out 
went high. To eliminate glitches pro­
duced while the address counter is 
settling, the comparator output 
passes through a flip-flop. 

Because the comparator must set­
tle before the next data strobe be­
gins, Strobe Out is used to clock 
through the comparator output. As a 
result, the circuit waits until the data 
strobe is just about to start before 
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determining if it is the last byte. This 
scheme maximizes the time that the 
comparator has to settle. 

The CLB structure influences the 
comparator's design. Because one 
block can generate any function of 
four inputs, it can implement two ex­
clusive NO Rs and an AND of the re­
sult. Four of the bits, however, re­
quire an extra stage of logic. Be­
cause the counter is only pseudo-syn­
chronous, the first four bits settle 
fastest, so they received the added 
gate delay. 

In another technology, the com­
parator would have three four-input 
AND gates, each input fed by four 
exclusive NORs. But on the LCA 
that arrangement would use up too 
much logic. It also would be slower, 
because the connection between the 
exclusive NORs and the AND gates 
would be through routing, rather 
than as part of the same CLB. 

Upon power-up, the LCA drives 
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the Done/Program (DIP) line low to 
show that it's not programmed. This 
signal can hold the processor in a re­
set state. DIP remains low while the 
device reads in its configuration data 
from memory. Each read cycle takes 
4 µs, so memory timing isn't a prob­
lem. When the configuration is com­
plete, DIP is driven high, allowing 
the processor to begin its operations. 

The design takes advantages of 
the fact that the XC2018 LCA is pin 
intensive. The end-address register 
and page register are wired to the 
data bus externally, rather than 
routed internally. This saves on rout­
ing and fully uses the IOB structure. 

To evaluate the DMA controller's 
transfer speed, it was operated with 
a DP8490 Enhanced Asynchronous 
SCSI Interface (EASI), which is com­
patible with a 5380-type device. Also, 
the enhanced mode has a new inter­
rupt architecture and features, such 
as interrupt-driven arbitration, 

SWITCH 1000 Circuits 
T- Bar's new Multipole SWitch 
Module! Design engineers 
find it perfect for switching 
applications like testing and 
process control. T- Bar's 
new Multipole Switch Module 
provides a simple, low-cost 
way to create a wide variety of 
switch configurations. Each 
compact unit has four 48- pin 
DIN standard male connectors 
that can be wired indepen­
dently as four 12-wire circuits, 
two 24-wire circuits, or one 
48-wire circuit- in a matrix, 
test & monitor, or BUS config­
uration. Up to 21 switching 
modules (over 1000 circuits) 
fit in a standard 19" rack­
mount 6U x 220MM, Euro 
Cage, so you can have just the 
capacity you need for virtually 
any multi-circuit application. 
Call (203) 926-1801 for com­
plete product specifications. 

1-800-328-3279 
A DATA SWITCH COMPANY 

One Enterprise Drive. Shelton. CT 06484 
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which improve system performance. 
The interface has typical data-trans­
fer rates of over 3 Mbytes/ s. 

Tests showed the width of data 
strobes generated by connecting 
Strobe Out directly to Strobe In was 
about 40 ns, a length sufficient for 
the EASI. Consequently, using a 
memory with a 45-ns cycle time 
means no delay line is needed. Sys­
tems with faster gate arrays or slow­
er SCSI controllers would need the 
delay line. 

Two boards were built using the 
DMA controller described-one con­
figured as an initiator, the other as a 
target. The initiator constantly cy­
cled through a routine of sending 
write and read commands to the tar­
get. This test setup exercised the 
transfer of data in both directions. 

Using a standard ribbon cable con­
forming to the SCSI specification, 
the boards were connected and the 
REQ/ ACK data handshake on the 
SCSI bus was monitored to deter­
mine the transfer rates. The test 
used three cable lengths: 10 cm, to 
represent a system with a hard disk 
connected to the host adaptor inter­
nally; 3 m, for a system with several 
extra peripherals on it; and 6 m, the 
maximum length defined in the 
specification. 

Over 10 cm, the Initiator Send-Tar­
get Receive speed was 3.5 Mbytes/s. 
For Initiator Receive-Target Send, it 
was 4.9 Mbytes / s. Over 3 m, the 
rates measured were 3.1 and 3.9 
Mbytes/s, respectively. For 6 m, the 
corresponding figures were 2.5 and 
3.0 Mbytes / s. Note that a SCSI sys­
tem's transfer rate depends on the 
direction of the transfer and the 
propagation delay introduced by the 
cable.O 

Andrew M. Davidson, a logic design 
engineer with National Semicon­
ductor 's Scottish Design Centre, is 
responsible for strategic applica­
tion development for /Cs designed 
by the Centre. 
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DESIGN APPLICATIONS 

DISCRETE COMPONENTS ARE OUT As THREE CHIPS 
INTEGRATE BRAWN AND BRAINS FOR CLOSED-LOOP 

SERVOSYSTEM DESIGNS. 

CONTROL BRUSHLESS DC 
MOTORS WITH THREE ICS 

nstant response to drive signals, high torque-to­
weight ratio, and electrically and acoustically 
quiet operation are among the unique attributes 
of brushless de motors for use in closed-loop ser­
vosystems. But until recently, there were no in­
tegrated circuits designed to control this type of 

servomotor. Now, three devices-a power module and two linear !Cs-join 
forces to overcome the limitations of other approaches to controller design. 

In the past, such control functions as decoding rotor-position signals from 
Hall-effect sensors, directional control, overcurrent and undervoltage protec­
tion, and overtemperature shutdown were implemented with discrete compo­
nents. The penalty paid with this approach is excessive circuit-board area, espe­
cially if the control unit must be placed within the motor housing. 

Another problem was inadequate performance of available power transis­
tors. Bipolar power devices were ruled out because they can't be driven directly 
by a control IC, and Darlingtons have on-state voltage drops that are sometimes 
too high for delivering the required voltage amplitudes. Though power MOS­
FETs are easy to drive, efficient, and inexpensive, they sometimes can't with­
stand the electrical stresses encountered in pulse-width-modulated (PWM) mo­
tor controllers. 

Motor drive power comes from the MPM3003 3-phase bridge containing three 
0.28-D. p-channel power MOSFETs and three 0.150-D. n-channel MOSFETs. 
Housed in a 12-pin power package, the six MOSFETs have a drain-to-source 
voltage rating of 60 V. The 3003 requires about half of the mounting space need­
ed by six discrete devices housed in T0-220 packages. 

Three attributes make these devices more rugged than their predecessors: 
First, they can withstand greater electrical stress during commutation of their 
internal source-to-drain diodes. Second, they are less susceptible to failure 
caused by brief drain-to-source overvoltage transients. Finally, the MOSFETs 
in the 3003 have 40-V minimum gate-to-source rupture voltage ratings, instead 
of the standard 20 V. The higher rating improves tolerance to electrostatic 
discharge and gate-to-source voltage spikes and also extends gate-oxide life­
time at all operating voltages. 

KIM GADEN AND JADE ALBERKRACK 
Motorola Inc., 5005 McDowell Rd., Phoenix, AZ 85008; (602) 244-4410. 
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Though the 3003 drives a 1/30-hp 
motor in this application, it can drive 
motor sizes up to 1/10 hp. Larger mo­
tor sizes require the use of discrete 
power MOSFETs. 

sensors into signals for electronical­
ly commutating the motor. The com­
mutation logic is internally fed to six 
output drivers, consisting of three 
open-collector npn transistors that 
drive the upper legs of the power 
bridge and three totem-pole drivers 
that control the lower legs of the 
bridge. The open-collector outputs 
can sink 50 mA. With additional ex­
ternal circuitry, these outputs can 

control either n-channel MOSFETs 
for higher-power applications or p­
channel MOSFETs for a simple inter­
face. With a 100-mA source and sink 
capability, the three lower totem­
pole outputs can directly drive power 
MOSFETs. 

Controlling the MOSFETs that 
power the brushless de motor is the 
MC33035, a 24-pin linear IC that op­
erates as the control center (Fig. 1). 
The main function of the 33035 is to 
convert signals from the Hall-effect 

The 33035 IC can also manage sev­
eral types of faults . A commonly 
used method for detecting overcur­
rent conditions is to connect the 
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11. THE M C33035 CONTROLLER integrates all of the functions necessary for brushless de motor control, including decoding data 
from Hall-effect sensors, directional control, and a range of protective mechanisms. It can drive the three lower power-bridge MOSFETs of the 
MPM3003 directly, and its drivers for the upper three MOSFETs have substantial sink capability. 
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source terminals of the lower three 
transistors to the negative supply 
rail through a common current­
sense resistor. The sense voltage, 
which is proportional to load current, 
is fed into a comparator on the 33035. 
The comparator then feeds an RS 
flip-flop, which ensures that the out­
put drivers turn off the power tran­
sistors for the remainder of the oscil­
lator cycle upon detection of an over­
current condition. Without this safe­
guard the overcurrent protection 
loop would rapidly cycle on and off 
about the comparator's threshold, 
causing excessive power-transistor 
heating. 

The 33035 IC's undervoltage lock­
out mechanisms terminate the drive 
to the output transistors under one 
of three conditions: insufficient IC 
operating voltage, insufficient gate­
drive voltage for the power MOS­
FETs, or loss of the 6.25-V reference 
potential. An invalid set of Hall-ef­
fect signals or excessive chip tem­
perature will also cause shutdown. 

When a fault condition occurs, an 
npn transistor capable of sinking 16 
mA pulls the Fault Output (pin 14) 
low. This pin can be used to inform a 
microprocessor of a problem, to en­
ergize an LED, to implement a soft­
s tart feature for limiting motor­
starting current, or to latch the sys­
tem off at the first sign of a problem 
or after a fixed time delay. Resistor 
R11 is sized to maintain about 1 mA in 
the LED; for a 12-V system, its value 
should be 1 kn. 

To inhibit further pulsing of the 
output transistors under a fault con­
dition, the Fault Output can be con­
nected to the Enable terminal (pin 7). 
Capacitor C6 creates a fixed latch de­
lay with a time constant determined 
by the values of C6 and RlO. 

The 33035 contains most of the cir­
cuitry necessary for closed-loop 
speed control. The only missing func­
tion is a tachometer for generating a 
signal proportional to motor speed. 
Once supplied with a motor-speed 
signal, the chip's error amplifier and 
internal oscillator form the last ma­
jor links of the control loop. The oscil­
lator frequency is set by an external 
RC circuit. Each cycle capacitor, CT, 
is charged from the reference output 
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Capacitor Cr -----. /"'.'.] _./"'] 
Error amp out/ _\../1v4~VV7\///\/7 

PWM input 

Current-sense input --------------------'LJL 

Latch set inputs 

Top drive 
outputs 

Bottom drive 
outputs 

Fault output 

1 2. PULSE-WIDTH MODULATION TIMINGof the topandbottomdriver 
circuits is controlled by the outputs from the 33035's oscillator and error amplifier. 

through resistor RT and then rapidly 
discharged through an internal re­
sistor. The resultant sawtooth wave­
form combines with the error-ampli­
fier output to control the upper- and 
lower-drive outputs (Fig. 2). 

The 33035 operates with a variety 
of Hall-effect sensor spacings about 
the rotor axis and with most com­
monly used brushless motor wind­
ings. A 33035-based controller is eas­
ily altered to drive either delta- or 
wye-connected three-phase wind­
ings with 60° or 120° Hall-effect sen­
sor spacing. 

A companion circuit, the MC33039, 
is a space-saving, inexpensive alter­
native to a tachometer. This circuit 
generates a pulse with a fixed dura­
tion at each positive or negative tran­
sition of the Hall-effect sensors. Fil­
tering the pulse stream gives a volt­
age amplitude that's proportional to 
motor speed. 

ASSEMBLING THE PIECES 
Controller design begins with es­

tablishing system timing, which 
originates in the 33039 circuit. Selec­
tion of the timing components for the 
33039 is based on the required maxi­
mum motor speed (Fig. 3). Because 
the permanent magnet on the rotor 
used in this application (Pittman EL­
COM 5112) has two pairs of poles, 
each mechanical degree of rotor dis­
placemeHt is equivalent to two elec-

E L E C T 

trical degrees. For one complete ro­
tor revolution each Hall-effect sen­
sor generates two pulses, and three 
sensors generate six pulses. The 
33039 generates 12 pulses per revo­
lution, one for each rising and falling 
edge of the sensor pulses. 

For a given maximum motor 
speed, the 33039's output pulse width 
has a maximum limit. For a maxi­
mum required speed of 5000 rpm 
(about83 rev/s), the 33039 generates 
83 X 12, or about 1000 pulses/ s with a 
maximum pulse width of less than 1 
ms. The values for Rl and Cl in this 
example are selected from the 
33039's data sheet to give a maxi­
mum pulse width of 950 µs. Similar­
ly, the values for R2 and C2 are de­
termined from the 33035's data sheet 
to give a nominal PWM frequency of 
24 kHz. This frequency is above the 
audible range, so noise generated by 
mechanical resonance in the motor 
windings is not heard. 

Both inputs and the output of the 
33035's error amplifier are available 
for implementing various control 
schemes. For open-loop control, a 
reference signal proportional to the 
desired speed can be fed to the error 
amplifier's noninverting input (pin 
11). Its output is compared to the os­
cillator output with the amplifier 
configured as a unity-gain voltage 
follower by connecting its inverting 
input (pin 12) to its output (pin 13). 
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This obtains a PWM signal propor­
tional to the desired motor speed, un­
less the control loop is overridden by 
an overcurrent or fault condition. 

One approach to closed-loop con­
trol is to filter the 33039's output (pin 
5) with a low-pass filter (R4 and C3) 
to generate a voltage proportional to 
motor speed. This signal is then fed 
to the inverting input (pin 12) of the 
33035's error amplifier. A signal pro­
portional to des~red motor speed 
drives the a~plifier's noninverting 
input (pin 11), and the ratio of the in­
put and feedback resistances (R3 
and R4) control gain. In this design, 
feedback capacitor C3 allows for the 
low-pass filtering and error-genera­
tion functiqns to be combined. 

MC33039 

i 1lfi@l ,IQQ!IHilii$I 
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Ideally, the integrator circuit and 
error amplifier should produce a rip­
ple-free output, even at low motor 
speeds. However, providing maxi­
mum filtering at very low motor 
speed reduces system response time. 
In this instance, the time constant 
for R4 and C3 is 100 ms, which gives 
good dynamic response and stability. 
Ultimately, these values are selected 
to get the best compromise between 
ripple content and system response 
time for a given inertia and friction 
of the load and rotor. 

When motor speed falls below the 
setpoint value, the 33035 extends the 
output pulse width to the drive tran­
sistors. When motor speed exceeds 
the setpoint, the duty cycle de-

1M, R1 

RS= 1000 µF, 

creases. But if the input signal de­
mands an abrupt and significant 
speed decrease, the duty cycle goes 
to zero so that the motor can coast at 
the lower speed. Because the 33035 
doesn't have provisions for rapid de­
celeration with dynamic braking, the 
chip is best suited for applications 
that have a large frictional load or 
those that don't require a controlled, 
abrupt deceleration. But an emer­
gency braking scheme can be used. 

Power-supply voltage amplitude 
influences how power is delivered to 
the 33035 IC and how gate-drive sup­
ply voltage is generated for the n­
channel power MOSFETs. With a 40-
V rating, the 33035 can be powered 
directly from either a 12-V (9-V to 15-

R14 
R5 = 1k 

R15 k 50V~ 
1.1 C7 ~ CB 0.1 µF 

Speed 
= adjust 

100k, 
R3 

MC333035 

1M, R4 

0.1 µF, CJ 
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470 
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1k,0.5W 
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'------~ C4 

04 Fault 
condition 

1N5352A = 06 
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*All resistors in ohms, 1/4 W 
metal film unless noted 

* All capacitors in Farads, 50 V 
ceramic unless noted 

13. THE M C33039 replaces a tachometer by generating a fixed-duration pulse for each signal transition from the Hall-effect sensors 
mounted in the motor. Proportional to motor speed, the amplitude of the filtered pulse train is compared with the speed setpoint voltage 
connected to pin 11 of the MC33035 controller. Drive logic within the 33035 adjusts motor speed to remove the error signal. 
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I 4. TO AV 0 ID DAMAGING CURRENT LEVELS during motor start·up, the 33035 terminates power MOSFET gate drives at the 
onset of overcurrent conditions (a.). Without overcurrent protection, start·up current amplitude doubles (b). 

V) or 24-V (18-V to 30-V) system sup­
ply voltage free of large voltage 
transients. To minimize local spiking 
across the de bus, a large electrolytic 
capacitor (C7) and a small filter ca­
pacitor (CS) should be located close to 
the IC. 

For minimum power dissipation in 
the 33035, the three lower output 
transistors can be driven by an inde­
pendent power supply. This is done 
by tying pin 18 (V c) to that supply 
instead of connecting it to pin 17 
(Fig. 1, again). The only drive cur­
rent required for the MOSFETs is 
that needed to charge and discharge 
each device's gate-to-source and 
drain-to-gate capacitances. The low­
er n-channel devices require roughly 
15 nC of gate charge to reach a gate­
to-source voltage of 15 V. At a nomi­
nal PWM frequency of 24-kHz, the 
required average drive current for 
all three n-channel devices is only 
0.36 mA. Because the charging cur­
rent for the three p-channel MOS­
FETs is delivered directly from the 
de bus, this charge isn't included 
when sizing the impedance of the 
gate-drive bus voltage. 

Though the average current 
drawn by the MOSFETs is relatively 
small, charging their input capaci­
tances takes high peak currents. 
Therefore filter capacitor C4 essen­
tially supplies the entire turn-on cur­
rent and is refreshed through resis­
tor R7 (Fig. 3, again). When the sup-

ply voltage dips to the low end of its 
range (18 V for a 24-V system), R7 
has only 3 V across it. However, it 
will still supply ample current to 
keep the capacitor charged while 
supplying at least 1 mA to the zener 
diode to ensure good regulation. At 
high supply voltages, the resistor 
drops 15 V, passes 15 mA, and dissi­
pates about 0.25 W. A 0.5-W power 
rating is adequate for both the resis­
tor and the zener diode. For a 12-V 
supply, the resistor can have a 0.25-
W rating. 

Capacitor C4 should be large 
enough to deliver the entire gate 
charge for a single cycle without a 
significant voltage dip. Because a 
MOSFET essentially draws no drive 
current during the on state, the out­
put duty cycle doesn't significantly 
effect average current. Capacitor C4 
can be eliminated if resistor R7 is 
small enough to satisfy gate-drive 
requirements at any instant. The 
penalty, however, is higher losses in 
the zener diode and series resistor, 
requiring devices with greater pow­
er ratings. 

The gate drive deserves two other 
considerations. First, the IC sees the 
MOSFET as a capacitor in series 
with a parasitic inductance, most of 
which is in the current-sensing resis­
tor. Rapid switching produces tran­
sients and ringing in the gate-drive 
loop. Voltage spikes on the gate 
drives greater than 0.7 V below 

ground can forward-bias the sub­
strate of the 33035. Three Schottky 
diodes (Dl, D2, and D3), one from 
each lower-drive output to ground, 
are needed if substrate current ex­
ceeds 50mA. 

Problems may also arise if the 
gate-drive impedance of the three 
lower drives is too low. With little or 
no resistance between the 33035 and 
the MOSFET, the gate-drive loop 
may cause ringing during gate volt­
age transitions. Such ringing is am­
plified by the MOSFET and may 
cause excessive noise at the drain. 
The problem is solved by reducing 
the circuit's Q (ratio of reactance to 
resistance at a given frequency) by 
inserting a series resistor, whose 
minimum value depends on circuit 
parasitics. The resistance required 
to keep switching losses reasonably 
low is usually much larger than the 
resistance required to eliminate os­
cillations. In this circuit, gate-drive 
resistors with values less than 62 n 
cause problems. 

A second reason for avoiding very 
fast turn-on of the n-channel MOS­
FETs is the possibility of generating 
EMI. When a lower MOSFET turns 
on, the drain-source diode of the p­
channel device in the upper leg of the 
same half-bridge has been conduct­
ing current. Reverse recovery 
charge is swept out of the diode by 
the lower switch. If turn-on speed is 
high, EMI is generated by large re-
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shoot-through cur­
rents that increase 
switching losses dra­
matically. High-volt­
age brushless-motor 
systems are especially 
prone to gate-drive 
problems because the 
excursions in V ns are 
so large. 

Shoot-through cur­
rents are avoided by 
increasing n-channel 
turn-on time to limit 
dv I dt and by minimiz-

.._ __________________ ing the p-channel gate-
5. THE BRAKE PIN of the 33035 should be used with drive impedance, espe­

cially in the off-state. 
In this application, 
adding a 0.01-µF p­
channel gate-to­
source capacitance 
provides the gate 

caution because overcurrent protection isn't available in this 
mode of operation. Power MOSFETs must be sized to handle 
high surge currents, which ring between the motor windings 
until the kinetic energy in the spinning rotor is extinguished 
by power-dissipating circuit elements and frictional loading. 

verse currents and rapid drain-to­
source voltage swings. 

A 24-V system supplies ample volt­
age for driving the MOSFET gates. 
Resistors R5 and R6 are sized to en­
sure that the p-channel devices re­
ceive -10 V of gate drive even when 
the supply voltage drops to 18 V. Re­
sistors R5, R12, and R13 govern the 
charge rate of the p-channel input ca­
pacitances and thus control turn-on 
speed. Similarly, R6, R14, and R15 
determine turn-off speed.Using low­
er resistance values in the voltage di­
vider maintains the -10-V gate drive 
while decreasing gate-drive imped­
ance, but at the expense of increased 
current and power dissipation in the 
resistors. 

A common pitfall in the design of a 
p-channel drive is to assume that be­
cause the devices are switching at 
the motor's commutation frequency 
(which is much lower than the PWM 
frequency), they don't need the low­
impedance gate drive required by 
the n-channel devices. However, 
when the drain-to-source voltage 
changes (due to the 20-kHz-plus 
switching frequency of an n-channel 
MOSFET in the lower legs of the 
bridge), the upper gate drive must 
charge and discharge the p-chan­
nel' s gate-to-drain capacitance. With 
insufficient gate drive, the p-channel 
device will turn on briefly, causing 
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drive a reservoir of charge that 
keeps the gate off when the gate-to­
drain capacitance demands displace­
ment current. 

When a 12-V supply is used, the 
full supply voltage is impressed 
across the gate and source terminals 
when a MOSFET is turned on. This is 
done by shorting or eliminating pull­
down resistors R5, R12, and R13. 
With the absence of gate-current­
limiting series resistance, turn-on 
speed is much faster than turn-off 
speed. 

SENSING OVERCURRENT 
The 33035 uses a comparator cir­

cuit to detect excessive load current. 
A signal from current-sensing resis­
tor R21, which is common to all then­
channel sources, is fed to the com­
parator's current-sense input (pin 9). 
The sense voltage is attenuated by a 
divider (R8 and R9) which sets the 
current trip point at 8 A. The compar­
ator's trip threshold is internally set 
to 100 m V. For a higher trip voltage, 
an additional offset voltage can be 
connected to the comparator's cur­
rent-sense reference input (pin 15). 

Capacitor C5 connected across the 
comparator's input prevents spuri­
ous signals, such as reverse-recov­
ery spikes from free-wheeling di­
odes, from tripping the overcurrent 
comparator. The time constant of 
DESIGN 

this resistance-capacitance network 
is equal to the parallel combination 
of R8 and R9 (24 D.) times 0.1 µF, or 
2.4 µs. Because power MOSFETs 
can withstand high surge currents, 
especially with durations under 10 
ms, this time constant gives ade­
quate protection. 

The benefit of overcurrent protec­
tion is apparent in a comparison of 
motor start-up current waveforms 
(Fig. 4). With no current feedback, 
the start-up current peaks at 16 A; 
with feedback, the current is limited 
to8A. 

Another potentially stressful con­
dition occurs when the motor abrupt­
ly changes its direction of rotation. 
Without overcurrent sensing, motor 
current is limited only by the motor's 
winding resistance and the power 
MOSFETs' on voltage. The braking 
mode also generates high current. 
Applying the brake signal turns on 
all three bottom MOSFETs to short­
circuit the motor windings. Because 
braking current circulating between 
the windings through the three n­
channel devices doesn't flow 
through the sense resistor, the 33035 
can't detect high currents in the 
brake mode. Therefore, the MOS­
FETs must be sized to handle very 
large currents if the brake is used. 

Current peaks can reach 35 A dur­
ing braking and last long enough to 
stress the power transistors (Fig. 5). 
Peak current during braking is a 
function of the resistance of the pow­
er transistors and motor windings, 
and the motor's back EMF. The time 
required for the current to decay de­
pends on motor speed, motor wind­
ing resistance, frictional loading, 
and motor inertia. 0 

Kim Gauen, a senior applications 
engineer at Motorola, holds a 
BSEE from the University of Mis­
souri at Rolla. 

Jade Alberkrack, a senior staff 
engineer at Motorola, holds six pat­
ents. 
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SRAM Innovation. 
For years, we've been rewrit­

ing the benchmarks for Static 
RAM access times with our 
CMOS parts. 

Today, we provide you with 
93 different high speed SRAM 
choices. From 3ns ECL, to 15ns 
64Ks and 25ns 256Ks. SRAM in 
nibble-wide, bit-wide, byte-wide 
sizes. In every kind of packaging 
you can think of. 

So, from 64-bit to 256K, when 
you need SRAM speed, you'll find 
the answer in our data book. 

Nowwe'retakingthenext 
step in SRAM innovation. 

Intelligence, to give you 
specialized memory designs. 

Now you don't have to design 
the intelligence for cache 
memory. You can buy our 
intelligent, high performance 
7Cl83 cache RAM for 
80386and 7Cl57 

So you save on design time, 
board space, and chip count; 
while getting the highest 
performance. 

Our 1Kx8and2Kx8Dual 
Port SRAMs give you the same 
benefits in master and slave 
configurations for memory that 
serves asynchronous systems, 
such as graphics displays. 

Our Modules include the 
control logic, and all the 
package technology to integrate 
multiple SRAMs into board 
saving, time saving systems. 

It's all in our data book. 
And that's yours, fast, for 
a toll free call. 

Data Book 
Hotline 

1-800-952-6300* 
Ask for dept. 
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Amplifier Arsenal 
50KHz-2000MHz, Low Noise 250mW output Gain Controlled 1rom $69.95 

Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1 OOOH, flat from 10 to 
1000MHz, delivers +20dBm output. 

Is low noise a critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1 OOOG, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input / output impedance. The ZFL-
1000GH spans 10-1200 MHz, has 30 dB gain control, and 
+9dBm output. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $7 4.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. One week delivery .. . one year guarantee. 

SPECIFICATIONS 
MODEL FREQUENCY GAIN, dB MAX. POWER NF PRICE$ 

MHz OUTPUT Qty. (1-9) 
(min.) dBm(typ) dB(typ) Ea. 

ZFL-500 0.05-500 20 +9 5.3 69.95 
ZFL-500LN 0.1-500 24 +5 2.9 79.95 
ZFL-750 0.2-750 18 +9 6.0 74.95 
ZFL-1000 0.1-1000 17 +9 6.0 79.95 
ZFL-1000G* 10-1000 17 +3 12.0 199.00 
ZFL-1000GH' 10-1200 24 +9 15.0 219.00 
ZFL-1000H 10-1000 28 +20 5.0 219.00 
ZFL-500HLN 10-500 19 +16 3.8 99.95 
ZFL-1000LN 0.1-1 000 20 +3 2.9 89.95 
ZFL-1000VH 10-1000 20 +26 4.5 229.00 
ZFL-2000 10-2000 20 +17** 7.0 219.00 
* 30dB gain control * *+15dBm below l OOOMHz 

r;;;1 Mi~!:~!!!!~l!! 
P. O. Box 3501 66, Brooklyn , New York 11235-0003 (718) 934-4500 

Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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5 24 CHARGE BATIERIES AT 
ANY TEMPERATURE 

DAVID SHERMAN 
David Sherman Engineering Co., 727 33rd Street, Everett, WA 98201; 

(206) 258-4083. 

Input 

U1 
LP2951 

01 
1N4148 

01 MPSA18 

I THE LP2951 OFFERS MOST OF THE FUNCTIONS needed to supply a 
temperature-compensated constant voltage. In turn, this constant voltage charges the 
batteries. 

A
simple modification to a 
standard monolithic volt­
age regulator can deliver 
the temperature-compen­

sated constant voltage required to 
charge lead-acid batteries. The 
charging voltage varies linearly 
from 15.5 Vat-20°Cto14.1 Vat +50° 

IFD WINNERS 
July 13, 1989 

Harold J . Weber, P.O. Box 6161, 
Holliston, MA 017 46. His idea: 
"Parasi tic S u pply Offers DC 
Power. " 

July 27, 1989 
Len Sherman, Maxim Integrated 
Products, 120 San Gabriel Dr., 
Sunnyvale, CA 94086. His idea: 

C. The values are for a 6-cell (12.6-V) 
battery. By changing resistor val­
ues, the circuit can work for other 
battery voltages. 

National Semiconductor's LP2951 
offers various functions that include 
voltage reference, error amplifier, 
series-pass element, current limit, 
and overtemperature shutdown (see 
the figure). This device was chosen 
to regulate the voltage because of its 
low quiescent current, low dropout 
voltage, and high-impedance feed­
back input. The feedback loop acts 
with the internal bandgap reference 
to maintain a voltage of about 1.23 V 
at pin 7. Because the current into this 
pin is small, a constant 12 µA flows 
into R1, independent of temperature. 
The collector current of Ql is also 12 

µA, neglecting the small current 
(less than 1 µA) of R2• 

The temperature coefficient (TC) 
of V BE in a silicon transistor operat­
ing at constant collector current is -2 
m V /°C. To achieve the desired charg­
ing voltage compensation, an out­
put-voltage TC of (14.1-15.5)/ (50-(-
20)) = -20 m V /°C is required. An 
MPSA-18 transistor is used in a VBE 
multiplier circuit with a multiplica­
tion factor of ten to get the required 
TC. The MPSA-18 maintains a beta 
of several hundred with collector 
currents in the µA range. R4 creates 
a constant voltage drop, which is 
added to the 1.23-V rtference and 
V BE• to set the charger's final output 
voltage. 

This configuration makes it easy 
to customize the output voltage and 
temperature coefficient indepen­
dently. Once the de s ired TC is 
known, R2 and R3 can be calculated. 
Then R4 can be determined to obtain. 
the final output voltage. If precise 
control of the output voltage is re­
quired, R4 can be varied without af­
fecting the output's TC. If more pre­
cision is required, R2 should be par­
tially adjustable to set the TC. In ad­
dition, all of the resistors should be 
low TC metal-film types. 

When no input is present, Dl iso­
lates the regulator from the battery 
to prevent excessive current drain. 
In this mode, the current drain on the 
battery is determined primarily by 
R3 + R4• The circuit is also suitable 
for charging a sealed lead-acid bat­
tery from an outdoor solar panel 
where varying temperatures and ir­
regular charging conditions are ex­
pected.0 

"Efficient 5- V Supply From Bat­
teries. " 

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. 

CIRCLE 

5 2 5 BUILD A REGULATOR 
WITH FEW PARTS 

JERRY STEELE 
Thaler Corporation, 10940 North Stallard Place, Tucson, AZ 85704; 

(602) 7 42-5572. 

V
oltage references can cre­
ate accurate and tempera­
ture-stable regulated power 
supplies with little external 

componentry . This achievement 
E L E C T R 

overcomes the stability and accuracy 
limitations often seen in convention­
al voltage-regulator I Cs. Initial accu­
racies of +0.01% and temperature 
coefficients less than 1.5 ppm/°C 
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-Vo 2N2907 6 +Vo 

Optional GND Optional 
- adjustment +adjustment 

I 
THE VRE135 VOLTAGE 
reference supplies access to the feedback 
network and eliminates all of the 
unnecessary external components at the 
same time. 

over the full military temperature 
range are attainable using this ap­
proach, which means that the regula­
tor can operate at an accuracy within 
0.0833% of 15 V under any condi­
tions. 

Minimizing the amount of stability 
circuitry involves selecting the prop­
er reference. The Thaler VRE135 is a 
±15-V reference for high-current 
designs. This reference doesn't re­
quire additional circuitry for applica­
tions up to 60 mA, and it easily lends 
itself to higher-current applications 
without adding a lot of extra com­
ponentry. 

The feedback network and the 
phase margin make the VRE135 suit­
able for regulator applications. With 
access to the feedback network, us­
ers can keep the buffer within the 
reference voltage range to maintain 
high accuracy. And the VRE135's 
phase margin is high enough to en­
sure stability without the extra com­
ponents. 

A sample circuit includes a 2N3054 
pass transistor and it's complement 
for the negative half, 2N 4912 (see the 
figure). The resulting current capa­
bility is 60 mA times the transistor's 
H FEi which, in some cases, can be as 
low as 20. 

In the event of short circuits, pro­
tection should be added to the pass 
transistor. If a current-limited 
source with reasonably safe supply 
limits is used, no further protection 
is necessary. Resistance in the collec­
tor circuit can also be considered for 
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current-limiting purposes unless it 
cuts off the pass element's voltage 
supply under normal operating con­
ditions. 

The reduced base current of Dar­
lington pass transistors improves 
reference performance and raises 
output-current capability by several 
orders of magnitude. Currents as 
high as 30 A can be supplied by using 
just a single reference circuit and 
one Darlington transistor. And this 
type of circuit doesn't require any 
additional components to ensure sta­
bility up to 2 A. But if it is being used 
for higher-current applications, a 
foldover current-limiting circuit 

might come in handy. 
The VRE135 can accept higher 

output voltages by making some 
simple modifications. A divider cir­
cuit on the output of the pass device 
or buffer can obtain any value of 
voltage higher than the reference. 
This voltage originates in the regula­
tor. 

The biggest obstacle to overcome 
is constructing a divider that's stable 
enough to meet the 1.5 ppm/°C tem­
perature-coefficient requirement. A 
power op amp can also supply both 
current pull-up and pull-down capa­
bility, which improves regulator 
transient response. D 

CIRCLE 

5 2 6 Rs-232C TRANSMITIER 
POWERS LEDs 

DON SHERMAN 
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086; 

(408) 737-7600. 

R
ecently, there's been some 
light shed on the MAX232 
RS232 transceiver chip that 
can double as a bicolor light-

In A 14 13 

Lamp test EN 

Blank Shutdown 

lnB 10 

4.3k 4.3k 
R/G test 

R/Gtest Lamp test Blank 

x x 0 
x 0 1 
x 0 1 
x 0 1 
x 0 1 
0 1 1 
1 1 1 

In A 

x 
0 

0 
1 
1 
x 
x 

emitting (LED) driver. The advan­
tages of the MAX232 aren't obvious 
when used in this capacity, though. 
It can configure a circuit that uses 

Dual bicolor LED driver with LED blanking 
and lamp test (requires + and-5· V supply) 

' 1 Gn LEDA 
' / 

\ 
1 Gn LEDB 

/ 

lnB LEDA LEDB 

x Off Off 
0 Red Red 
1 Red Green 
0 Green Red 
1 Green Green 
x Green Green 
x Red Red 

11. IN THIS LED·D RIVER CIRCUIT, the chip's v + terminal connects directly 
to the + 5-V supply, and the V- terminal connects to an external -5-V supply. In this 
configuration, the chip's internal voltage inverter and doubler circuits aren't being used. 

DESIGN 
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C2 + 
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12. USING THIS METHOD of supplying an LED11.riving output voltage, the V + 
connects to the + 5-V supply with no capacitors connected to the + 5 to + 10 voltage­
doubler circuit. 

only one transmitter per bicolor 
LED. Furthermore, the circuit has 
the ability to blank the display (by 
turning off the LEDs) and supply a 
test-mode operation that forces a red 
or green color to appear on all the 
LEDs. 

The new driver IC includes a dual­
transmitter and dual-receiver cir­
cuit, plus transmitter three-state and 
separate receiver three-state con­
trols. 

Several methods of supplying the 
driving voltage to the transmitter 
outputs are available. Using one of 
the methods, V + is connected direct­
ly to the +5-V supply, and the V-ter­
minal is connected to an external - 5-
V supply. Here, the chip's internal 
voltage inverter and doubler circuits 
aren't used. 

An LED current-limiting resistor, 

R LED in this case, makes sure that the 
proper current is fed to the LEDs; 
the internal resistance of the cir­
cuit's output driver (Tx) is usually 
sufficient with the 5-V supply (Fig. 
1). 

The output voltage can also be 
supplied to the transmitter outputs 
when the V + terminal connects to 
the +5-V supply, with no capacitors 
connected to the 5 to 10 voltage-dou­
bler circuit (Fig. 2). In this case how­
ever, the + 10 to -10 V inverter does 
connect to capacitors C2 and C3. 

These capacitors invert the voltage 
signal on pin 9 (V + ). Because V + is 
merely 5 V, the V- voltage will be 
just-5 V from the inverter circuit. Of 
course, the power-supply arrange­
ments employed in the two circuits 
can be interchanged without any ill 
effects.0 
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As a member of BPA (Business Publications Audit of 
Circulation, Inc.) this magazine subscribes to the principle 
that it takes more than good faith to earn the business of 
advertisers. It takes good figures. 

BPA, an independent, not-for-profit organization, 
audits our circulation data to make sure that advertisers 
get exactly what they pay for: you. 

Once a year, BPA auditors examine our circulation list 
to make sure it's correct and up to date. 

The audit makes sure you are who we say you are. 
It verifies your name, your company, your industry and 
your job title. This information enables our advertisers to 
determine if they're saying the right thing to the right 
people in the right place. 

It also gives us a precise picture of who you are and, 
therefore, a good idea of what you want as a reader. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. Wii9nl\ 
360 Park Ave. So., New York, NY 10010. V I rl'\ 
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PRODUCTS NEWSLETIER 

WORM OPTICAL DRIVE Phase-c?ange recording packs~ to~! of 9~0 Mbytes per ca~tridge in the LF-

p 9
AO M 5012 write-once, read-many optical disk drive from Panasomc's Memory Sys­

ACKS 't BYTES terns Division, Milpitas, Calif. The WORM drive uses removable, double­
sided media with a formatted capacity of 470 Mbytes per side. Compatible with the IBM PC/ 
AT and Apple Macintosh, the drive features a SCSI interface and a 90-ms random access time. 
Data is transferred at2.5 Mbytes / s ata corrected bit-error rate of less than 10-12

• Prices are ne­
gotiable. Contact Tony Tokunaga, (408) 262-2200. DM CIRCLE 301 

IC OP AMP PUTS + 10 V AT Designed to handle ultra-wideband video signals, such as those expected for 

20 MH A 
- high-definition TV, the EL2030 IC op amp from Elantec, Milpitas, Calif., z CROSS 200 n typically slews at 2000 v I µs, and 1200 v I µsis guaranteed. That translates to 

a minimum full-power bandwidth of 20 MHz for 20 Vpk-pk sine waves across 200 n. Small sig-
nal (3-dB) bandwidth at a closed loop gain of 1is120 MHz; at a gain of 2, it's still 110 MHz. Set­
tling time to 0.25% for a 10-V step is 40 ns. Open loop gain runs a minimum of 60 dB, and differ­
ential gain and phase (TV specifications) are respectively 0.01% peak gain and 0.01°. The chip's 
performance is a function of its current-mode feedback architecture and its dielectrically 
isolated (DI) process. Output current is 65 mA maximum. With that much speed and power, 
quiescent current is just 17 mA. In a plastic miniDIP, unit prices in quantities of 100 start at 
$3.35. Devices are in stock. Contact Barry Siegel, (408) 945-1323. FG CIRCLE 302 

GET ANALOG DATA You can now dial up Burr-Brown in Tucson, Ariz., on your modem to get the 

F B 
latest information on the company's products, application tips and notes, and 

ROM ULLETIN BOARD software utilities and updates. The data pertains to all company system prod­
ucts, such as intelligent analog 1/ 0 boards and VME-bus based DSP workstations, along with 
such Burr-Brown components as IC op amps and audio data converters. Any popular commu­
nications software, such as PROCO MM, BITCOM, XTALK, or Red Ryder, can be used. Call­
ers will get a simple menu-driven interface designed for browsing. The access number is (602) 
741-3978. Communications settings are 300/ 1200/ 2400 8-N-l. The XMODEM protocol is used. 
For more information, call Ed George, (602) 7 41-4378. FG CIRCLE 303 

±35·V, 10-A OP AMP 
COMES IN POWER SIP 

Also from Burr-Brown, the OPA541 power op amp comes in an 11-pin plastic, 
single-in-line (SIP) power packages. Until now, this single chip-which can 
put a 45-kHz, 70-Vpk-pk sine wave across 8 fl-was only available in an 8-pin 

metal T0-3 type package. Other specifications include a small-signal unity-gain bandwidth of 
1.6 MHz, a slew rate of 6 VI µs, and an open-loop gain of 90 dB. The op amp will drive a 3.3-nF 
load connected for a closed-loop gain of unity. Offset voltage is just 1 m V, and offset drift is 30 
µ V /° C. The bias current of thisJFETinputdevice isjust50 pA. In quantities of 100, unit prices 
start at $9.95. Call Jason Arbanus, (800) 548-6132. FG CIRCLE 304 

SECOND SOURCE FOR If you use the OPAlll or OPA121, two of the few precision, low-bias current 

C 
op amps, you now have a second source-Sipex' SPlll and SP121. Like the 

LOW· BIAS URRENT OP AMPS Burr-Brown parts, these are built on a dielectrically isolated process. Fur-
thermore, both employ very low noise JFET input stages and their specifications are similar. 
The SP111-A includes a maximum bias current of 2 pA, a maximum offset-voltage shift of 5 
µ V /° C, and maximum voltage noise (from 10 Hz to 10 kHz) of 1.2 µ Vrms. For the premium 
SPlll-B, these specifications are respectively 1 pA, 1 µ V /° C, and 1 µ Vrms. SP121-A and -B 
bias currents run 5 and 10 pA (maximum), respectively. Unit prices in quantities of 100 for the 
SP121s start at $2.87 for commercial grade devices. Sipex is located in both San Jose, Calif., 
and Billerica, Mass. Contact Gary Hahnert, (408) 473-8817. FG CIRCLE 305 

BRUSHLESS DC-MOTOR Designed to drive three-phase brushless de motors in streaming tape and 
Winchester memories, each of the three channels of the UDN2932 from 

DRIVER PUTS OUT 3A Sprague, Worcester, Mass., handles +3.5 A peak and 2 A continuously from 
its 15-V (sustaining) totem-pole outputs. Saturation voltage, sinking 2 A, is 700 m V maximum; 
sourcing the same current, the voltage rises to only 1.3 V. The chip in its single-in-line power 
tab package translates logic-level pulse-width-modulation signals to the motor drive. The 
emitter of each sink driver is available for current sensing in a PWM loop. Protection circuitry 
includes thermal shutdown (with hysteresis) at 165° C, circuits that keep sink and source 
drivers from being on simultaneously, and high-current output clamps and flyback diodes. In 
quantities of 1000, unit prices start at $2.89. Call Mark Reisig, (508) 853-5000. FG CIRCLE 306 
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GET OP AMPS WITH l·P A For just $3.75 each (in quantities of 100), the AD546JN IC op amp from Ana­
log Devices, Wilmington, Mass., offers a bias current of less than 1 pA. In ad-

BIAS FOR UNDER $4 dition, its sibling, the 546KN specs its bias current at half that (0.05 pA) and 
costs a mere $4.50 each. Such devices, which now come in plastic for the first time, can lower 
the cost of typical electrometer applications (from pH meters to blood analyzers). Designers 
can afford to use one op amp per channel in systems that multiplex the input to one op amp. 
Offset voltage is a maximum of 2 m V and noise from 0.1 to 10 Hz is typically 4 µ Vpk-pk. 
Quiescent current is just 0.7 mA. Call application engineering, (508) 658-9400. FG CIRCLE 307 

RELAY SWITCHES SIGNALS Analog signals f7om thermocouple levels to 300-Y peak can be switched with 
an output capacitance of 3 pF, an off-state resistance of 1011 n, and 25-µs 

FROM LOW LEVELS TO 300 V response time by a photovoltaic ac relay from International Rectifier, El 
Segundo, Calif. The PVA3055 relay, which comes in an 8-pin DIP, is a single-pole, normally 
open device. It can switch analog signals in the rf range at up to 25 kHz. In operation, the relay 
uses the company's BOSFET, a bidirectional ac- or de-output power-MOSFET IC, which is 
controlled by a photovoltaic generator energized by radiation from an isolated LED. Only 3 
mW of pickup power is required with an input-current range of 2 to 25 mA de. In quantities of 
1000, the PVA3055 relay goes for $3.65. Call Stan Schneider, (213) 607-8899. DM CIRCLE 308 

MINI PHOTOCOUPLERS Significant space savings, compared with standard DIPs, are offered by a 
line of photocouplers in mini flat packages from Toshiba America Electronic 

MOUNT LOW ON BOARDS Components, Irvine, Calif. Surface-mounted in their small-outline packages, 
the devices are functionally equivalent to devices that come in a standard DIP but are 60% 
smaller. As a result, the devices suit high-density applications. Manufacturing costs are cut, 
too, because through-hole mounting requirements are eliminated. Samples are available now, 
with delivery in 12 to 16 weeks. Production is scheduled for October. DM CIRCLE 309 

ARCNET CHIP FAMILY The industry's first Arcnet chip to interface with PC/ AT systems is one of 
two chips recently added to the Arcnet family from NCR's Microelectronics 

ADDS PC/ AT INTERFACE Products Division, Ft. Collins, Colo. The 90C198 Arcnet controller and trans­
ceiver chip is targeted at 16-bit cards; the 90C126 features a PC/XT interface and is aimed at 8-
bit cards. Both use the 90C98A core and improve performance with new arbitration logic that 
reduces wait states. Buffer chaining leads to improved system throughput in file-server appli­
cations. The chips include all RAM, ROM, and I/O decoding, as well as support for multiple 
reset options. Both come in 68-pin packages. In quantities of 5000, the 90C198 goes for $20 and 
the 90C126 costs $16. Samples are available now. Call (800) 334-5454. DM CIRCLE 310 

EMULATOR SIMPLIFIES Z 180 An in-ci:cuit em1;1la~r for the Zilog Z180 microprocessor makes source-level 

S 
debuggmg possible m both C and assembly language. The Z180 IceAlyzer 

OURCE·LEVEL DEBUGGING from Softaid, Columbia, Md., works with the company's companion debug­
ger to support a number of popular C compilers, including those from Manx and Archimedes. 
Any assembler can be used. The Z180 IceAlyzer includes 64k hardware breakpoints that work 
at up to 10 MHz with no wait states. The unit handles fetch, read, and write breakpoints. A 
real-time trace buffer captures each machine cycle as it executes, and the trace can be quali­
fied by address to capture only desired routines. Available from stock, the Zl80 IceAlyzer 
costs $3090; the source-level debugger costs $750. Call (800) 433-8812. JN CIRCLE 311 

SIMULATOR TEAMS UP The ToolKit ASIC-design tool from Ikos Systems Inc., Sunnyvale, Calif., 

W S T 
couples Ikos' fast hardware simulator with the synthesis capabilities of the 

ITH YNTHESIS OOLS Design Compiler and HDL Compiler from Synopsys, Mountain View, Calif. 
Synopsys users can synthesize an HDL description into Ikos-compatible gate-level net lists. 
The resulting circuit is quickly simulated on a hardware-based Ikos simulator. The ToolKit 
contains two libraries-one for the Synopsys Design Compiler, and one for the Ikos simula­
tors. Each library contains the functional data for more than 80 basic cell types, including 
registers, latches, flip-flops, and simple Boolean gates. With this approach, the simulators can 
be used early in the design cycle for system-behavior verification, and at later stages for full­
timing logic and fault simulation. Ikos will market the ToolKit and Synopsys will supply the 
technical assistance needed for Ikos to verify and maintain the libraries. The ToolKit, with 
documentation, costs $15,000. Call Lois DeBois Carroll, (408) 245-1900. LG CIRCLE 312 
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1 1. PUTTING OUT + 500 V and ±75 mA, the Apex PA89 op amp has an open·loop gain of 108 dB. All 
of the active and passive devices forming this hybrid are mounted on an isolating beryllia substrate. 

HIGH-VOLTAGE OP AMP 
PUTS OUT+ 75 MA AT +500 V 

FRANK GOODENOUGH 

ou don't have to build your own super-high-voltage op amps any­
more. The PA89 from Apex, a multichip hybrid operating with split 
550-V supplies, can put a +500-V square-wave across 6800 D. (Fig. 
1). The load impedance may appear somewhat high until you real­
ize that +75 mA is also put through the resistor for a continuous 
power of 38 W. 

The PA89 is a true op amp: It has a minimum open-loop gain of 
108 dB and can handle any common-mode voltage up to 30 V within 
either supply rail. Moreover, the voltage between the supply pins 

can vary between 100 and 1200 V, which means that this amp can operate with 1100 
V on the positive supply pin and -50 V on the negative pin (or in an active, shut­
down mode with just ±50-V rails). 

The PA89 was developed to drive ceramic, piezoelectric transducers known as 
micropositioners-not a syou might expect for sonar applications. These transduc­
ers, which are assemblies of one or more individual pieces of piezoelectric ceramic, 
can produce precise increments of motion (for a light load) from microinches to 
tens of mils with response times on the order of microseconds (see "An update on 
piezoelectric ceramic transducers," opposite). 

The op amp's safe operating area (SOA) has no secondary breakdown limita­
tions. With an appropriate current-limiting resistor, it can drive all types of loads. 

The PA89 isn't unity-gain stable; it requires external compensation to operate at 
closed-loop gains below 20 dB. But this isn't a problem, because virtually any 
driver application will take a signal of up to +10 V and gain it up about 50 times. 
Gain-bandwidth product at 1 MHz is 2 MHz. When the op amp is externally com­
pensated for stability at unity gain, small-signal bandwidth is 200 kHz. Gain and 
bandwidth are specified while driving 10 kD.. 

The op amp isn't suited for most deflection-amplifier applications because it 
features a slew rate at a gain of 100 of a minimum of 30 VI µs, which translates into 
a full-power bandwidth of only 3 kHz (at 30 VI µs, it takes 30 µs to slew from -450 to 
+450 V). However, settling time for a 10-V step to 0.1% is typically just 2 µs, 
indicating that the response to small changes is quick and precise. That's essential-
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ly what's needed to drive a micropo­
sitioner. 

The PA89's maximum offset volt­
age is 2 mV; the PA89A's is 0.5 mV. 
The latter offset voltage is the equiv­
alent of a 1 µ V offset from a conven­
tional (±10-V-output) op amp. Off­
set drift of the two devices are either 
30 and 10 µ V / °C, respectively, or no 
greater than 5 m V for either unit 
over their -55 °C to + 125 °C case oper-

P
iezoelectric materials 
have converted electrical 
energy to mechanical en­
ergy and vice versa for as 

long as the electronics industry 
has existed. Natural materials, 
such as quartz, were originally 
employed. Over the past 30 years, 
however, a family of lead-zircon­
ate-titanate (PZT) ceramics has 
replaced natural materials for 
most applications. 

The advantage of ceramics is 
that it can be manufactured in vir­
tually any form factor desired by 
transducer designers. Acoustic 
applications of the material are 
the most familiar, ranging from 
phonograph pickups to megawatt 
sonar arrays to the "loudspeak­
er" in a PC and musical greeting 
cards (they're called unimorphs.). 

These piezoelectric materials 
also can produce small, precise 
quantities of motion-particular­
ly in a form called "bimorphs," as 
coined by their developer, Morgan 
Matroc of the Vernitron Division 
Corp. Past users of these materi­
als may be more familiar with ear-

PZT 
ceramic 

Bimorph 
transducer 

lal 

Direction 
of motion 

HIGH-VOLTAGE 
OP AMP 

ating-temperature range. A FET-in­
put stage supplies the pair with typi­
cal bias currents of 5 pA (50 and 30 
pA maximum, respectively). With 
the low bias current, you can operate 
at an inverting gain of 1000 using 
reasonably-sized input resistors 
without worrying about significant 
bias-current errors. Moreover, while 
the amplifier easily delivers 75 mA to 
the load, quiescent current is a maxi-

lier company names, such as Ver­
nitron, Gould, or Clevite. 

The bimorph consists of two 
layers of different PZT formula­
tions that are bonded together 
(see the figure, part a). The two 
materials have different displace­
ments for the same applied volt­
age. Consequently, in a manner 
similar to a bimetallic strip ther­
mostat, the application of a driv­
ing voltage produces a bending 
motion, amplifying the lateral mo­
tion of each material. In one bi­
morph application, the transduc­
ers perform precise microposi­
tioning of mirrors in optical sys­
tems for lasers. 

When very large motions (1000 
µin .) are required, individual 
transducers can be stacked (see 
the figure, part b). The total dis­
placement of the stack (vertical in 
this case) is the sum of the dis­
placements of the individual de­
vices that form it. 

Source: Morgan Matroc, Ver­
nitron Division, 232 Forbes Rd., 
Bedford, OH 44146; Don Basco, 
(216) 232-8600. 

Motion 

Stack 
of 

PZT 
ring 

transducers 

mum of just 4 mA, resulting from a 
complementary class AB output 
stage built of n-channel and p-chan­
nel power MOSFETs. The high-volt­
age FETs also make it possible for 
the amplifiers to operate near a fool­
proof SO A. 

Many FETs are multiple devices 
connected in series to aid in handling 
high voltages. The input stage, re­
sponsible for the high open-loop gain 
and the resulting accuracy is a typi­
cal cascode circuit. In addition, pro­
prietary bias circuitry throughout 
the device further assists in the han­
dling of high voltages. 

1000-V TOY 
If you've designed linear circuits, 

you know the basic circuit tricks us­
ing one or more op amps. With the 
PA89, you can do those tricks with 
signal and/ or common-mode volt­
ages that run at about 1000 or more 
volts. For example, if the PA89 is 
connected up as an inverter or cur­
rent-to-voltage converter and its in­
put is driven with a digital-to-analog 
converter, a digitally programma­
ble, high-voltage power source 
emerges. If a 12- or 16-bit d-a con­
verter is employed, it becomes an ac­
curate, dc-to-3000-Hz source. It can 
be connected as a current source 
with a compliance approaching 1200 
V. All of these circuits lend them­
selves to applications in special-pur­
pose test equipment. 

Monitoring +10 V of band-limited 
dc-to-100-kHz noise riding on a 900-V 
de, high-impedance voltage source 
requires just three connections . 
First, connect the PA89 as a buffer 
with the plus input to the voltage 
source; then connect a 12-kO., 1000:1 
voltage divider between output and 

PRICE AND AVAILABILITY 
The PA89 and PA89A are rated 
for the full military temperature 
range. In quantities of 100, they 
go for $310 and $410 each, respec­
tively. Small quantities are avail­
able from stock. 

Apex Microtechnology Corp. , 
5980 N. Shannon Rd., Tucson, 
AZ 85741; Jerry Steele, (800) 421-
1865. CIRCLE 512 
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+1000V 

900 V±10V 

+0.9V 
12k R 

R 
0.9V ±10mv-......,.,.~.....-i 

12 1000 R 

1000 R 

HIGH-VOLTAGE 
OP AMP 

with a closed-loop gain 
of 1000. The divider 
tap goes to the plus in-

their outputs tied together can sup­
ply 75-mA increments of current 
with a compliance of 1000 V. In any 
application, if the PA89's offset volt­
age is too high, it can be connected as 
a traditional composite amplifier cir­
cuit using a precision small-signal op 
amp to reduce errors. 

12. THE p A89 HIGH· VOLTAGE OP AMP can 
monitor small changes in voltage (in this case ±10 V) 
riding on top of a large voltage (900 Vin this example). 

put and +900 m V goes 
to the minus input, 
which offsets the 900 
m V de (1/1000 of 900 
V) appearing at the 
tap . The amplifier 
takes the signal at the 
tap back to its original 
amplitude at the 
PA89's output. An in­
strumentation ampli­
fier that can handle 
100 kHz could be used 
in lieu of the op amp. 

The PA89 high-volatage op amp is 
contained in a 12-pin, hermetically 
sealed steel DIP. All active and pas­
sive components are mounted on an 
insulating beryllia substrate. Conse­
quently, the case is isolated from all 
voltages and can be mounted direct­
ly to a heat sink-and you don't have 
to worry about someone getting 
zapped with 1000 V. The package 
footprint is 2.35 by 1.65 in. D 

common; and finally connect a fast, 
small-signal op amp at the tap on the 
divider (Fig. 2). 

With the PA89's power rails set at 
+ 1000 and -50 V, it's now handling 
over 900 V of common-mode poten­
tial. The small-signal op amp is con­
nected as a differential amplifier 

more 
• 
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Two PA89s used as drivers could 
supply +1000 V (2 kV) across a load 
in a bridge configuration with the 
load floating between their outputs. 
This is an ideal way to obtain maxi­
mum drive for a piezoelectric trans­
ducer. Two or more of the op amps 
connected as current sources with 

• 
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The hardest part about having a disability is being constantly reminded ~ 
that you have one. Sometimes that happens when people stare at you. . _l 't' / . 

Or point at you. Or don't even think of including you in every day activities. ~ 
Maybe it's time to start treating people with disabilities like people. u~ 

DESIGN 



PRODUCT INNOVATION 

SPARC WORKSTATIONS HIT 
22 MIPS, 3 MFLOPS!CPU 

A33-MHz 
CYPRESS CPU Is 
TEAMED UP 
WITH A 
WEITEK 
FLOATING-POINT 
COPROCESSOR 
FoRUPTo65 
MIPsOF 
PERFORMANCE. 

L AWRENCE CURRAN 

everal "firsts" are 
embodied in a new 
family of scalable­
processor-archi­
tecture (SPARC)­
based worksta­
tions and servers 
from Solbourne 
Computer Inc., 

Longmont, Colo. The Series5 is the 
first product family to use the 33-
MHz SPARC central-processing unit 
from Cypress Semiconductor Corp.; 
the first SPARC system to have a 
Weitek Corp. 3171 floating-point co­
processor; the first to incorporate a 
completely physical cache memory; 
and the first workstations to use gal­
lium arsenide (GaAs) semiconduc­
tors (Fig. 1). 

These firsts add up to impressive 
performance for the RISC systems, 
which run Solbourne's variation of 
the Unix-based SunOS operating 
system: 22 MIPS per CPU in integer 
operations and 3.0 MFLOPS per 
CPU executing a double-precision 
floating-point Linpack benchmark. 
Furthermore, when a four-CPU con­
figuration is applied to a task, the in­
teger performance zooms to 65 
MIPS and the Linpack execution to 
8.9MFLOPS. 

Solbourne was the first company 
to clone the original SPARC work­
stations from Sun Microsystems 
Inc., Mountain View, Calif. Less 
than a year later, Solbourne is at it 
again, more than doubling the per­
formance of its own Series4 plat­
forms . The CPU board is the only dif­
ference between the two genera­
tions. 

In addition, the new family can 
outperform competing RISC-based 
entries from Sun and Digital Equip­

ment Corp. For example, a Sol­
bourne Series5/Model 501 with one 
CPU, a 19-in. monochrome monitor, 
32 Mbytes of memory, and 661 
Mbytes of hard-disk storage offers 
22 MIPS of peak integer perfor­
mance and 3 MFLOPS peak in a dou­
ble-precision Linpack execution. It 
sells for $48,700 and competes with 
the Sun SPARCstation 4/ 330, which 
is priced a little lower ($45,300) but 
can't deliver the same performance. 

The Sun unit uses a 25-MHz Cy­
press SPARC chip, which enables it 
to reach 16 MIPS of peak integer per­
formance and 2.6 MFLOPS for the 
same Linpack task. The Sun work­
station also has less main memory 
and mass storage-24 Mbytes and 
654 Mbytes, respectively. 

The price and performance com­
parison is even more favorable for 
Solbourne vs. Digital's DECsystem 
5810 RISC machine, which has a 25-

1. USING A 33-MHZ Cypress 
SPARC CPU and the Weitek 3171 
floating-point coprocessor, the Series5 
workstations from Solbourne Computer 
have 65 MIPs of multiprocessing. Each 
CPU does 22 MIPs of integer operations 
and 3 MFLOPs of double-precision 
floating-point Linpack math. 
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Series5 

Series4 

·vMEbus not on SeriesS/500 
or Series 5/530 

SPARC-BASED 
WORKSTATIONS 

64-bit, 128-Mbyte/s 
Kbus 

Memory 

System board 
with input/output ASIC 

ECCvs. 
parity checking 

SCSI 

and monochrome graphics 1----­
Ethernet 

12. SOLBOURNE'S PROPIETARY KBUSoffersa64·bit datapathand a 
sustained bandwidth of 128 Mbytes/s. It serves high-speed data transfers between processors 
in a multiprocessor system and future higher-performance processors. 

MHz CPU from MIPS Computer 
Inc., Sunnyvale, Calif. An entry-level 
single-processor 5810 with 32 
Mbytes of main memory and 560 
Mbytes of disk storage offers a peak 
integer performance of 18.7 MIPS. 
The 5810, which costs $121,500, 
comes without a floating-point co­
processor. 

The 22-MIPS CPU is the Cypress 
CY7C601 chip-a 0.8-µm CMOS de­
vice that features a windowed regis­
ter file with 136 general-purpose 32-
bit registers. Cypress says that this 
large register fi le cuts the load-and­
store operations in half compared to 

PRICE AND AVAILABILITY 
Series5 workstations are avail­
able in desktop and deskside mod­
els. Series5/500 desktop versions 
are 5-slot Kbus units with one or 
two CPUs; Series5/600 deskside 
versions have as many as four 
processors and both a 7-slot Kbus 
and 7-slot VMEbus provision. 
Prices for fully configured units 
are $38,200 to $122,400. Prices in­
clude a 19-in. monochrome dis­
play, keyboard, and mouse. Serv­
ers are $33,400 to $172,600, de­
pending on configuration. 

Solbourne Computer Inc., 
2190 Miller Dr., Longmont, CO 
80501; (303) 772-3400. CIRCLE 513 
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earlier chips. This makes the CPU 
faster by freeing the bus bandwidth 
to feed it instructions. 

As for the Weitek Abacus 3171 co­
processor, it's described by its devel­
opers as the first single-chip float­
ing-point unit for the SPARC archi­
tecture. Designed specifically to sup­
port the Cypress CPU chip, the unit 
speeds execution of floating-point 
operations by integrating onto one 
chip the floating-point data path and 
floating-point controller. The chip is 
housed in a 143-pin package. Those 
two functions require two chips, 
which are housed in 209- and 299-pin 
packages, respectively, in the only 
alternative SPARC coprocessor to 
date from Texas Instruments. 

Use of a fully physical 128-kbyte 
cache memory in the Series5 instead 
of the 64-kbyte virtual cache design 
of the Series4 made it possible for 
Solbourne to eliminate the hardware 
and software overhead required to 
maintain cache consistency in a mul­
tiprocessor system. Nick Mati, Sol­
bourne's engineering manager and 
company cofounder, reports that the 
physical cache eliminates most of the 
inefficiencies of the earlier design. 

Mati also points out that with a 
completely physical cache, each CPU 
in a multiprocessor system can deal 
with identical data addresses. In con­
trast, "In a virtual-cache system, 

DESIGN 

data addresses are arbitrarily as­
signed in the virtual cache index and 
don't always map to the same data 
located in another CPU's cache in­
dex," says Mati. And while a virtual­
cache scheme can improve system 
performance, it can also complicate 
coordination between multiple 
caches (the ability to maintain cache 
coherence or consistency) in a multi­
processor system. This is because 
the design requires reverse pointers, 
which Mati says are cumbersome. 

Solbourne designers have also re­
duced data contention by using a 
physical cache. Contention occurs in 
a virtual cache because certain loca­
tions tend to be used more by the sys­
tem in creating and running the 
cache address index, according to 
Ma ti. 

The cache is also where GaAs en­
ters the picture in Solbourne's de­
sign, in the form of input/ output, 
random-access memories. Solbourne 
uses four 256-bit-by-4-word RAMs 
from Vitesse Semiconductor Corp., 
which operate at a 5-ns access time. 
The RAMs perform the logical and 
physical translations at high speed 
to preserve the CPU's inherent per­
formance. 

Solbourne took another step to 
maintain overall system perfor­
mance by using a high-speed system 
bus to move data around (Fig. 2). The 
proprietary design, called the Kbus, 
offers a 64-bit data path operating at 
a sustained bandwidth of 128 
Mbytes /s. Besides enabling high­
speed data transfers between pro­
cessors in a multiprocessor system, 
the Kbus also supplies a growth path 
to higher-performance processors 
when they come along. The Series5 
also includes a separate VMEbus in 
its deskside and larger server mod­
els, which gives support for seven 
standard VMEbus add-in boards. 

In announcing the Series5, Sol­
bourne also introduced 32-Mbyte 
main memory boards for those mod­
els and for the earlier Series4. 0 
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LAMBDA 
LT-860/870 SERIES: 

PROVIDES UP TO 500 AMPS 
IN A SMALLER, LIGHTER, 

LESS EXPENSIVE PACKAGE. 

• Up to 60V, up to 500A, 
from $3296. 

• Bu ilt-i n adjustable overvoltage 
protection . 

• Constant voltage/constant 
current operat ion . 

• 187-265VAC , 3-Phase Input; 
Power factor > 0.90. 

• Weighs 80% less and occupies 
only 35% of the volume of 
equ iva lent models. 

• Front panel supervisory control 
group provides instant ana lysis of 
system operation . 

• Compatible w ith Lambda's 
IEEE-488 Computer 
Programmable Power System. 

• Ideal for laboratory, burn-in, test 
and systems applications. 

• 5 Year Guarantee. 

• Avai lable for one day delivery 
from stock. 

LAMBDA'S LT-870 
STAND ALONE GPIB POWER 

SUPPLY 

LT-860 Power Supply 
Series. . ... $3296 

LT-870 GPIB Power Supply 
Series ..................... . ..... $463 5 

Lambda's new LT-870 Series is a 
stand alone IEEE-488 GPIB power 
supply. It is designed with three 
internal PC cards allowing for 
vo ltage and current limit 
programming over the bus . 

MAX CURRENT AT AMBIENT 
OF 

(AMPS) DIMENSIONS QTY 
40°C 50°C 60°C 71 °C (INCHES) 1 

"' .... 150.0 135.0 115.0 89.0 53/i6 x 193/,6 x 83/s 1960 g 300.0 266.0 218.0 160.0 53;,6 x 19 x 16112 3109 
11'1 500.0 450.0 400.0 325 .0 53/,6 x 19 x 17 112 3617 ..... 

500.0 450.0 400.0 325 .0 531i6 x 19 x 17 112 5086 6 

"' 70 .0 61 .0 52 .0 40.0 53/i6 x 193/,6 x 83/s 1960 .... 
g 150.0 133 .0 109.0 80 .0 53/i6 x 19 x 16112 3109 
co 225.0 205.0 180.0 145.0 53h6 x 19 x 17 112 3617 ... 

225.0 205 .0 180.0 145.0 53h6 x 19 x 17 112 5086 I 

0 

"' 34.5 30 .5 26.0 20 .0 53h6 x 193h6 X 83/s 1960 .... 
g 80.0 71 .0 58 .0 42 .0 53h6 x 19 x 16112 3109 
ID 115.0 104.0 92 .0 75.0 53h6 x 19 x 17 112 3617 m 

I 115.0 104.0 92 .0 75.0 53h6 x 19 x 17112 5086 0 

"' 21.5 19.0 16.0 12 .5 53h6 x 193h6 X 83/s .... 1960 g 50.0 43 .0 35.0 25 .0 53h6 x 19 x 16112 3109 
0 70.0 63 .0 56 .0 45 .0 53h6 x 19 x 17112 3617 ID 

I 70.0 63.0 56 .0 45.0 53h6 x 19 x 17112 5086 0 

NOTE· Maximum output current applies over entire vol tage range. 

The Interface Card handles the 
communication over the bus . The 
Programming Card provides the 
appr o priate D/ A con ver si on 
necessary for voltage and current 
limit programming over the entire 
voltage range . The third card , the 
Interconnect Card, is designed w ith 
these rear panel features: 

• 5-bit DIP switch for pr im ar y 
address selection. 

• Pushbutton reset switch -to reset 
the voltage and current limit to 
zero . 

• Auto/manual select switch sets the 
pow er supply for either local or 
computer control. 

• 9 - pin connector fac ili tating 
hookup to Lambda 's optional 
Confidence Check Card . 

The stand alone LT-870 IEEE-488 
Power Supply is backed by Lambda's 
5 year guarantee and is available for 
one day delivery from stock. 

PRICE 

QTY QTY 
10 25 MODEL 

1875 1785 LT-801 
2975 2833 LT-821 
3461 3296 LT-861 
4867 4635 LT-871 (IEEE) 

1875 1785 LT-802 
2975 2833 LT-822 
3461 3296 LT-862 
4867 4635 LT-872(1EEE) 

1875 1785 LT-803 
2975 2833 LT-823 
3461 3296 LT-863 
4867 4635 LT-873(1EEE) 

1875 1785 LT-804 
2975 2833 LT-824 
3461 3296 LT-864 
4867 4635 LT-874(1EEE) 



LT SERIES 
DC OUTPUT 
Voltage range shown in table . 

REGULATED VOLTAGE 
CONSTANT 
regulation, line 

regulation, load 

. 0.02% + 2mV for line vuriations from 187 
to 242VAC (205 to 265VAC on "Vl" option) 
for LT-800 series. 
187 to 229VAC (207 to 253VAC on 'V1" 
opt ion) for LT-820 series. 
0.05% for line variations from 187 to 
265VAC for LT-860 and LT-870 series. 

. . 0.02% + 2mV on LT-801, 802, 821, 822; 
0.02% + 4mV on LT-803, 804, 823, 824; 
0.05% on LT-860 and LT-870 series for load 
variations from 0 to fuli load. 

remote programm ing resistance 
. 2000Nolt nominal. 

remote programming voltage volt per volt. 
ripple and noise ............ 1 OmV RMS, SOmV pk-pk for LT-801, 821 . 

15mV RMS, lOOmV pk-pk for LT-802, 803, 
804, 822, 823, 824. 
20mV RMS, for LT-860 and LT-870 series. 

temperature coefficient . (0.02% + SOµV)fC. 

CONSTANT CURRENT 
(Current regulated line and load) Automatic Crossovec 
voltage range as shown in Table. 
current range ........ 5% to full load current. 
regulation, line .... 0.3% of lo(max) for line variations from 187 

to 242VAC (205 to 265VAC on "Vl" option) 
for LT-800 series. 
0.3% of lo(max) for line variations from 187 
to 229VAC (207 to 253VAC on "Vl" op­
tion) for LT-820 series. 
0.3% of lo(max) for line variations from 187 
to 265VAC on LT-860 and LT-870 series. 

regulat ion, load 0.3% of lo (max) for load variations from 
5% to rated DC voltage. 

AC INPUT 
line 

power . 

EFFICIENCY 

.... LT-800 series : 187 to 242VAC (205 to 
265VAC on "Vl" option), 47-63Hz. (Derate 
all ratings by 10% at 47-53Hz) LT-820 se­
ries : 187 to 229VAC, 3 phase ± 10% max 
phase imbalance, 4 wire, 47-63Hz (207 to 
253VAC on "Vl" option). (Derate 40°C rat­
ings by 10% at 47-53Hz) LT-860 and 
LT-870 series: 187 to 265VAC , 3 phase ± 
10% max phase imbalance, 4 wire, 
47-63Hz . 

.... LT-800 Series: 1985 watts maximum. 
LT-820 Series : 4000 watts maximum. 
LT-860, LT-870 Series : 5000 watts 
maximum . 

Minimum 65% at maximum output voltage for LT-800 series, 70% for 
LT-820 series, 78% for LT-860 and LT-870 series. 

INPUT CURRENT 
18A RMS max on LT-800 series, 17 A RMS max per phase on LT-820 series, 
LT-860 and LT-870 series. 

OPERATING TEMPERATURE RANGE 
Continuous duty from 0°C to 71 °C with appropriate deratings from 40°C to 
71 °(. 
STORAGE TEMPERATURE RANGE 
- 55°C to + 85°C. 

OVERLOAD PROTECTION 
THERMAL 
Thermostat protects unit from excessive ambient temperature as well as in­
adequate air velocity. AC power must be momentarily removed from unit 
after thermal shutdown in order to restore operation . 

ELECTRICAL 
External overload protection - adjustable, automatic electronic current-lim­
iting circuit limits output current to preset value . Current-limiting setability 
to 105% of rated current via front panel adjust. 

OVERVOLTAGE PROTECTION 
Built-in, adjustable overvoltage protection is standard on all sets. When pre­
set voltage is exceeded, the overvoltage protector crowbars the output and 
removes the inverter drive. AC power must be momentarily removed from 
unit after overvoltage shutdown in order to restore operation. 

Specifications 

OVERVOLTAGE PROTECTION ADJUSTABLE RANGES 
Model Vov(Min) Vov(Max) 

LT-8011821/861/871 3.5V 
LT-802182218621872 6V 
LT-803182318631873 9V 
LT-804182418641874 12V 

IN-RUSH LIMITING CIRCUIT 
Limits in-rush current at turn-on to 200% of fu ll load peak current . 

COOLING 

lOV 
24V 
47V 
70V 

Fan cooled. Forced air cooling utilizing all metal, shaded pole, ball bearing, 
long life fan. (No lubrication needed). Leave adequate clearance at all air in­
takes and exhausts. Exhaust is at rear of unit. 

CONTROLS 
DC OUTPUT CONTROLS 
Coarse and fine voltage adjust and single current adjust on front pane l . 

OVERVOLTAGE PROTECTION 
Overvoltage trip point set by screwdriver adjust on front panel. 

POWER 
On-off switch on front panel of LT-800 series. On-off circuit breaker on front 
panel of LT-820, LT-860 and LT-870 series. 

INPUT AND OUTPUT CONNECTIONS 
Heavy duty barrier strips for AC input, ground and sensing. DC output via 
bus bar at rear of chassis. 

METERS 
Digital panel meter standard on LT-800, 820 series. Monitors output voltage/ 
current by means of a volt/amp selector switch on LT-800 series. Separate 
digital panel meters on LT-820 series allow simultaneous monitoring of out­
put voltage and current. Separate analog meters on LT-860 and LT-870 
series provide for simultaneous monitoring of output voltage and current. 
Additional LED on front panel of LT-870 indicates auto/manual operation . 

LED STATUS INDICATORS 
An overvoltage/overtemperature indicator lamp will light to notify the user 
of the occurrence of either an overvoltage or overtemperature shutdown 
condition . AC power must be removed from the unit to reset the power 
supply and the light. A line fau lt indicator with automatic reset indicates 
power loss or loss of a phase on LT-860 and LT-870 series. 

REMOTE SENSING 
Provision is made for remote sensing to eliminate effect of power output 
lead resistance on DC regulation . 

REMOTE ON/OFF 
Isolated terminals on LT-860 and LT-870 series allows for these remote func­
tions: Turn-on-Logic zero, short circuit or open circuit; Turn -off-provide 
5mA into ± R terminals . 

EMI 
Conducted EMI conforms to FCC 20780 class A on LT-800 and LT-820 
series. 

PHYSICAL DATA 

Package 
Model 

Weight 
Lbs. Lbs. 
Net Ship 

Size 
Inches 

LT-800 series 
LT-820 series 
LT-860, LT-870 series 

30 37 
70 82 
60 72 

53/i• x 83/s x 193/i• 
53/i6 x 19 x 16 'h 
5'/i• x 19 x 17 'h 

OPTIONS 
AC INPUT 

Series 
Model 

LT-800 

LT-820 

ACCESSORIES 

Add 
Suffix 

-Vl 

-Vl 

For 
Operation 

at: 

205 to 
265VAC 
47-63Hz 
207 to 

253VAC 
47-63Hz 

Pot Covers available on LT-800, LT-860 and LT-870 series. LRA-17 Rack 
Adapter available for LT-800 series. Chassis slides available for LT-820, 
LT-860 and LT-870 series. 

GUARANTEED FOR S YEARS 

Price 

12% 

12% 

5 year guarantee includes labor as well as parts . Guarantee applies to opera­
tion at full published specifications at end of 5 years. 



TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER. 
Open 8:00 AM to 7:30 PM (East Coast Time). 

To contact the d irect-factory Lambda Sales Engineer respons ible for your account and located in your area, or to contact 
Customer Service for price, delivery or placing purchase orders, call as follows : 

IN EASTERN 
UNITED STATES 
(Shaded area) 

1-800-LAMBDA-4 
(or call 516-694-4200) 

IN WESTERN 
UNITED STATES 
1-800-LAMBDA-5 
(or call 516-694-4200) 

L-30 9/89 

ADDRESS ALL CUSTOMER 
CORRESPONDENCE TO: 
LAMBDA ELECTRONICS 

515 BROAD HOLLOW ROAD 
MELVILLE, NY 11747 
TWX: 510-224-6484 
FAX: 516-293-0519 

Canada 
Lambda Electronics 
4125 Cousens St., 
St. Laurent 
Quebec H4S 1 V6 

1-800-361-2578 
FAX: 514-337-1235 

In Metropolitan Montreal 
514-337-0311 
France, Orsay 
Lambda Electronique 
Tel : 6012-1487 

Japan, Tokyo 
NEMIC- Lambda K.K. 
Tel : 03-447-4411 

England, 
High Wycombe, Bucks 
Lambda Electronics 
Tel : 36386nt8 

Germany, Achern 
Lambda Electronics GmbH 
Tel: 07841 /5031 

Israel, Tel Aviv 
lsLAMBDA ELECTRONICS, 
Tel : (03) 49394 1-2 

Singapore 
NEMIC-Lambda(S) PTE LTC 
Tel : 251-7211 

Korea, Seoul 
Veeco-Korea K.K. 
Tel : 02-556-1171 /2 



PRODUCT INNOVATION 

GET GATE-ARRAY 
PLIABILITY WITH 
PROGRAMMABLE CHIP 

REPROGRAMMABLE 
PLD'SNOVEL 
ARCHITECTURE AND 
FLEXIBLE LOGIC BLOCK 
CHALLENGE GATE 
ARRAYS. 

DAVE BURSKY 

ver the last few years, programmable logic devices progressed 
from simple chips with limited flexibility to complex devices that 
are achieving gate-array-like malleability. To date, RAM-based 

and one-time programmable fuse and anti-fuse programming cells have been 
used inside the gate-array-like chips. However, the RAM-based chips require a 
second memory to hold the configuration data. Moreover, one-time programma­
ble fuse or anti-fuse devices must be relegated to the scrap heap if their configu­
ration isn't right. But with Plus Logic's FPGA2020 field-programmable gate ar­
ray, the first of a family of chips, designers have one UV EPROM-based gate­
array replacement that can be erased and reprogrammed numerous times. 

In addition to supplying designers with a new set of capabilities, the FPGA 
will eventually have a family that spans complexities from 1000 to about 10,000 
gates. Furthermore, the unique logic architecture will simplify designers' tasks 
by making it possible for them to concentrate on the logic implementation and 
not spending time trying to reduce interconnection delays. The combination of 
the FPGA's logic and the system software developed by Plus Logic eliminate re­
strictions on routing and prevent any extra delays from being inserted in a 
design due to wiring or fan-out. Consequently, designers can precalculate all 
delays from a logic diagram and speed chip customization, because time doesn't 
need to be spent optimizing the placement and routing of the logic elements. 

Approximately equal in logic capability to 2000 used gates in a mask-pro­
grammed gate array, the FPGA2020 can replace about 8 to 10 medium-density 
programmable logic devices (PLDs), or between 30 and 50 small- and medium­
scale logic chips. When fully programmed, the new circuit can run in systems 
with 40-MHz clock rates and no-wait-state memory subsystems. The basic chip 
architecture consists of a central, programmable, universal interconnection 
matrix surrounded by eight configurable function blocks and programmable 
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1/0 lines (see the figure). The chip 
will be created with a 1.5-µ.m CMOS 
process that uses two layers of metal 
and two layers of polysilicon. 

Packing 72 programmable I/O 
lines and 12 power and ground pins, 
the chip will be housed in either a re­
programmable ceramic quad-sided 
leadless package, or in a plastic, one­
time programmable leaded chip car­
rier. Of the 72 I/O lines, 12 are input 
only, another 24 are output only, and 
36 are bidirectional (they can be con­
figured as input or I/0). Because the 
chip has no architectural equivalent 
already on the market, Plus Logic 
has also developed PlusTran, a com­
plete suite of PC-hosted program­
ming and test-generation tools. The 
chip's architecture was designed to 
make it possible for 100% test cover­
age without the circuit being pro­
grammed. The chip can thus be test­
ed with 100% fault coverage, either 
at the factory or during inspection. 

The basic structure of the 
FPGA2020 contains eight program­
mable logic function blocks, each ap­
proximately equivalent to 125 to 400 

MCO = Macrocell output 12 inputs 

Function ~ 
.- block 

PROGRAMMABLE 
LOGIC CHIP 

gates. All eight of the blocks are tied 
into the universal interconnection 
matrix and any function block's out­
put can be tied to any function 
block's input line. According to Cecil 
Kaplinsky , vice president of re­
search and development, the ability 
to set up any interconnection path 
simplifies the task of placing and 
routing the desired logic. Further­
more, the circuit speed is indepen­
dent of the fan-out through the inter­
connection matrix and the placement 
of logic in the blocks. 

Each function block has nine out­
puts and 21 inputs, as well as clock 
and carry lines. To simplify the struc­
ture, an AND plane connected to an 
OR plane provides a range of prod­
uct terms for each output. Streamlin­
ing the planes by removing some 
terms improves the chip's speed-a 
depopulated OR array reduces the 
loading, resulting in faster array op­
eration. Rather than deliver a fixed 
number of product terms for each 
output, the OR plane combines both 
PAL-type and PLA-type architec­
tures. For example, some product 

T f f bl k o unc ion oc s 
Fast 

Preload register comparators 
(2) 

f .I 

A Function 
block t----i 

r- 4 H Universal ~ 5 I-

~ interconnection 21 
Function matrix 1---1 Function Fast 
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block FastClock 
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To function blocks To function blocks 

~ 21 
MCO I-- Function t-- Function 1----+1 MCO 12outputs 

12-outputs block H ~ 
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I 
WITH PLIABILITY comparable to that of a gate array but with a shorter 
turnaround, Plus Logic's new FPGA2020 provides more complexity than a 2000-gate mask· 
programmed gate array. A universal interconnection matrix allows for any output to be 
connected to any input without blocking any connections. For complex logic functions, the 
PlusTran software places the logic in the eight function logic blocks. 

128 IE L E C T R 0 N I C D E S I G N 
OCTOBER 26, 1989 

terms are dedicated to their outputs, 
while others can be freely shared. 

The design tools developed by Plus 
Logic make the chip seem very sim­
ple. However, the tools mask the 
complexity of the on-chip logic struc­
tures. Each configurable I/O block 
contains several multiplexers, a pro­
grammable register in the output 
path, and Exclusive-OR inputs that 
can be expanded through a function 
extender. Both shared and private 
product terms feed into the configur­
able logic section. 

In addition to the standard AND­
OR, combinatorial, and registered 
logic functions, each function block's 
output contains a configurable logic 
unit. With these logic units, any 
function block's output can be a logi­
cal operation of up to two levels or an 
arithmetic Add or Subtract opera­
tion of any two functions within the 
block. Any logic operation defined 
and implemented in the function 
block can occur in less then 25 ns, in­
cluding the set-up time for the next 
logic operation, which can be inter­
nal or external to the FPGA2020. 

The central interconnection ma­
trix not only makes it possible for 
100% routing of all signals, explains 
Kaplinsky, but it can also perform 
logical gating operations. Conse­
quently, many of the gate-level li­
brary elements selected by design­
ers can be absorbed by the architec­
ture of the programmable array 
without using the function block re­
sources and without incurring any 
additional signal delay. The compa­
ny's Plusware development system 
software performs the necessary 
mapping operations to take advan­
tage of the architecture. 

Although the inner logic elements 
aren't blazingly fast, the FPGA2020 
packs four Fast Compare circuits 
that can be put to work in two differ­
ent modes. Each compare circuit sup­
plies an "equal" flag when a match 
takes place for up to a 12-bit prepro­
grammed word matched against 12 
of the chip's input lines. A match can 
be recognized and signalled in just 15 
ns, or typically about 12 ns for sig­
nals out to the chip's I/O lines. With 
these short match times, the chip can 
perform critical operations at a clock 



PROGRAMMABLE 
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P RICE A ND AVAILABILITY 
The windowed ceramic-housed 
version of the FPGA2020 array 
will sell for $83 in 100-unit quanti­
ties, while the plastic one-time 
programmable versions will cost 
$55 in similar quantities. Samples 
will be available before the end of 
1989. 

Plus Logic Inc. , 1255 Park­
moor Ave. , San Jose, CA 95126; 
Bob Barker, (408) 293-7587. 

CIRCLE 511 

rate of 66.7 MHz-ideal for such ap­
plications as memory-address decod­
ing. When the fast comparisons 
aren't needed, the same input and 
output pins can be used for other log­
ic or decoding operations. 

Chip timing can be controlled 
through two clocking schemes that 
users can set up. Clock signals that 
are optimized for short clock-to-out­
put delays are available on two of the 
chip's 110 pins, if desired. Those 
clocks will have a skew of less then 
0.5 ns, measured at the I/ 0 pin. If the 
fast clocks aren't needed on the out­
put pins, the pins can be used for gen­
eral-purpose I/ 0 . Each of the Fast­
Clock pins can drive all of the inter­
nal resources. Clock signals can also 
come from any input or 1/0 pin, or 
they can be derived from product 
terms. Unlike most other PLDs, each 
flip-flop on the PGA2020 can be 
clocked by a different frequency sig­
nal. Or conversely, they can all be 
triggered from a common clock in a 
synchronous system without any ad­
ditional clock skew. 

To configure the chip, a bit pattern 
must be programmed into the on­
chip UV EPROM. For programming 
purposes, the chip looks identical to a 
memory chip. In fact, with a special 
adapter socket that fits a 28-pin 
EPROM site on a memory program­
mer, the FPGA2020 can be config­
ured for an application. Once pro­
grammed, the chip will automatical­
ly shift its configuration data from 
the internal EPROM to RAM-like 
control cells. Data can also be shifted 
in from an external source to reconfi­
gure the chip without reprogram­
ming the EPROM. As a result, every 

function on the chip can be tested, 
even if the EPROM is programmed 
to create a specific logic subsystem. 

The company's PlusTran 'design 
system combines familiar, existing 
tools with proprietary architecture­
specific tools. Initially, two compa­
nies' commercial packages-View­
Lo gic' s ViewDraw and ViewSim 
schematic-capture and simulation 
packages and Orcad's SDT schemat­
ic capture package-that run on a 
PC-AT or compatible system handle 
the front-end of the design process. 
The schematic packages tie into a 
logic library created by Plus Logic 
with small- and medium-scale logic 
functions and PAL device equiva­
lents. Internally developed tools , 
such as the Plus Director, Emulator, 
Integrator and Optimizer packages, 
hide much of the chip's complexity 
from the non-silicon expert. 

The Director package is a menu­
driven shell that lets users access all 
of the more complex packages. It 
also supplies all of the file manage­
ment. With the Emulator utility, us­
ers can verify the functionality of 
their design as it was captured with 
the schematic tools. At the heart of 
the proprietary toolset is the Inte­
grator, a package that reads the net 
list produced by the schematic-cap­
ture front end, translates it, and cre­
ates a model of the elements in the 
net list that can be mapped into the 
target device. The Optimizer utility 
takes unused elements, gate-level 
functions and combinable elements 
and produces optimized logic mod­
els. Additional sub-packages-Plus 
Configure, Plus ASM, and Plus Re­
port-support the chip's program­
ming, documentation , and other 
functions. 

The company plans to introduce a 
series of field-programmable sub­
system logic chips. The first of those 
parts will be the FPSL5110, an intelli­
gent data buffer that contains both 
programmable logic and a 32-word­
by-32-bit register bank.D 
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Planning on restoring a house, saving a landmark, 
reviving your neighborhood? 

No matter what your plans, gain a wealth of 
experience and help preserve our historic and 
architectural heritage. Join the National Trust for 
Historic Preservation and support preservation 
efforts in your community. 

Make preservation a blueprint for the future. 

Write: 

National Trust for Historic Preservation 
Department PA 
1785 Massachusetts Ave., N.W. 
Washington, D.C. 20036 
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PRODUCT REPORT 

SIGNAL GENERATORS 
DIGITAL SYNTHESIS TECHNIQUES ADD 

CAPABILITY AND ENHANCE PERFORMANCE 
IN RF SIGNAL SOURCES. 

JOHN NOVELLINO 

Digital techniques, which tion between high-end sig-
ha ve greatly influenced nal generators and good 
test and measurement in general-purpose instru-
recent years, have even ments has grown wider. 
had profound effects on As a result, users should 
the staid field of rf signal evaluate their applications 
generators. Most of the carefully because most 
new signal generators ere- tend to overspecify when 
ate their signals digitally. looking for a new unit. 
Using digital synthesis , The newest member of 
manufacturers can now of- Wavetek's family of rf sig-
fer very stable and clean nal generators is the 2407, 
signals at attractive ~----""'"~"'-"-~~~ a synthesized AM/FM 
prices. Digital processing also adds generator introduced earlier this year. 
flexibility to internal modulation ca pa- The instrument features a two-line, dot­
bility. matrix alphanumeric display that tells 

Along with this additional capability users how to operate the generator's 
comes an increased diversity in perfor- built-in diagnostic and calibration rou­
mance and price among the many in- tines (Fig. 1). With an extensive set of 
struments available. Rf signal genera- internal diagnostics, users can isolate 
tors with internal modulation come potential trouble spots down to the 
with price tags as low as several hun- board level without opening the case. 
dred dollars and as high as over $50,000 The autocalibration procedure can be 
(see the table). More than ever, users initiated over a standard IEEE-488 in­
must carefully examine their applica- terface. Moreover, the internal error­
tion needs before evaluating signal correction data is output over the bus so 
generators. users can track the instrument's aging 

"The price-performance ratio of sig- to schedule maintenance. The 2407 can 
nal generators is really changing with also be programmed over the GPIB us­
advances in technology, especially di- ing English-language commands that 
rect digital synthesis," says Sara Muss- include a minimum number of unique 
mann, test-and-measurement product terms. 
line manager for Wavetek RF Prod- Covering frequencies from 10 kHz to 
ucts. "Today, you can get much more 550 MHz, the 2407 has an rf output 
stable performance for a lower cost range of+ 13 to -127 dBm with a resolu­
than you could 10 years ago." tion of 0.1 dB and an accuracy within 

According to Mussman, the distinc- +1.5 dB. Users can increase the accura­
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11. A TWO-LINE DOT-MATRIX alphanumeric display on the Wavetek 2407 
includes instructions for operating the unit's extensive set of built-in diagnostic and 
calibration routines. 

cy by adding more calibration points 
as part of one of the diagnostic fea­
tures. The output is flat within 1 dB 
over the instrument's bandwidth. 

Some generators include multiple 
types of modulation that can be com­
bined for greater flexibility. Digital 
synthesis in the modulation section 
adds to that flexibility . With some in­
struments, "you can do the same 
things that you can with a program­
mable function generator," says 
Earl Olsen, marketing support man­
ager at John Fluke Mfg. Co. "Modu­
lation signals are available from sev­
eral hundred kilohertz down to sev­
eral hertz and are programmable in 
frequency and level," he says. "In 
some cases, you can bring that signal 
out on a separate connector." 

SIGNAL PURITY 

The most versatile modulation ca­
pabilities in the Fluke line belong to 
the 6062A, which offers AM, FM, and 
phase modulation alone or in combi­
nation, as well as fast-rise-time pulse 
modulation. Together with a 2.1-G Hz 
maximum frequency, those modula­
tion abilities make the synthesized 
unit suitable for various applications 
involving military and space equip­
ment and land-mobile communica­
tions. 

Gallium-arsenide switching tech­
nology gives the 6062A's pulse mod­
ulator rise and fall times of 15 ns and 
an on-off ratio of 80 dB, which makes 
it particularly useful for radar simu­
lations. Pulse durations of less than 
50 ns are possible, with pulse repeti­
tion rates up to 16 MHz and duty cy-

(\o) .. :-:.: .. • .,,.,,. • 

cles to 100%. Residual FM is guaran­
teed to be less than 6 Hz in a 0.3-to-3-
kHz bandwidth from 245 to 512 MHz, 
and 24 Hz from 1050 to 2100 MHz. 
Non-harmonic spurious products are 
below-60 dB to 1050 MHz and-54 dB 
to 2100 MHz, with a typical phase 
noise of -123 dBc/Hz at 20 kHz from 
a 500-MHz carrier. An IEEE-488 in­
terface is standard. 

One way that Hewlett-Packard 
Co. fulfills users' needs for varying 
capability is by offering several mod­
els with a modular internal architec­
ture that accommodates a number of 
options. With these models, such as 
the HP 8644, 8645, and 8665, users 
can then customize an instrument. 

"A modular platform helps us fine 
tune the product to the type of appli­
cation the customer has," says 
Rodger Tracy, marketing manager 
for HP's Spokane Div. "This lowers 
the instrument's cost because users 
aren't buying modules or features 
that they don't need." 

The HP 8644A is a good example. 
For $17,000, users get a 1030-MHz 
synthesized generator that offers 
AM, FM, and pulse modulation with 
internal modulation frequencies of 
300, 400, 1000, and 3000 Hz. At 20 
kHz from a 1000-MHz carrier, phase 
noise is -128 dBc/ Hz; residual FM in 
a 0.3-to-3-kHz bandwidth is less than 
2 Hz; and FM distortion is 3%. For an 
extra $6000, option 2 extends fre­
quency coverage to 2060 MHz. If 
state-of-the-art spectral purity is 
needed, option 4 ($4000) drops phase 
noise to -137 dBc/ Hz, residual FM to 

-~- -~ . -~----After considering the frequency 
range and type of modulation need­
ed, the most important specification 
involves signal purity. Depending on 
the application, that specification 
may be phase noise with reference to 
the carrier, residual FM, or single­
sideband (SSB) noise. Other impor­
tant factors are level accuracy and 
the levels available. "The ability to 
program the instrument down into 
the noise floor is important," says Ol­
sen. "This is useful when checking a 
receiver's sensitivity to see if you 
can bring the signal up from the 
noise." 
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12. SEVERAL FORMS of digital modulation, including 256 levels of quadrature 
amplitude modulation (QAM) and 81 levels of pseudo-random-sequence (PRS) modulation, 
are available from the HP 8782A vector signal generator. 

DESIGN 



less than 1 Hz (at 1000 MHz), and FM 
distortion to 1%. 

Another option greatly expands 
the HP 8644A's modulation capabili­
ty. Using digital synthesis, the inter­
nal source creates sine, triangle, 
sawtooth, and square waves, as well 
as white Gaussian noise, at frequen­
cies that can be adjusted from 0.1 Hz 
to 400 kHz. Users can also vary am­
plitudes and relative phase. The cir­
cuit will generate four waveforms at 
once, combining them by summation 
and modulation if desired. 

For high-cycle-count applications 
in a production environment, the HP 
8644A can be equipped with an elec­
tronic attenuator that uses solid­
state switches instead of mechanical 
relays to set levels. The electronic at­
tenuator reduces the specified out­
put by 3 dB. It can't be used with the 
frequency doubler, but it has a 3-mil­
lion-hour mean-time-between-fail­
ure (MTBF) rating and a five-year 
guarantee. 

DIGITAL MODULATION, Too 
To accommodate the increasingly 

common forms of digital modulation 
found in microwave communication 
and radar or electronic-warfare sys­
tems, HP introduced what it termed 
a vector modulation signal genera­
tor in 1987. Last August, a second­
generation version, the HP 8782A, 
added several more modulation for­
mats at half the price (Fig. 2). The 
new unit covers a smaller frequency 
range-1 to 250 MHz versus 10 kHz 
to 3 GHz. Because most tests on the 
applicable systems are made at the 
intermediate frequency rather than 
at transmission frequencies, the 
trade-off is reasonable. 

The HP 8782A's modulation for­
mats include binary phase-shift key­
ing (BPSK) through 256 levels of 
quadrature-amplitude modulation 
(QAM) and 9 to 81 levels of pseudo­
random-sequence (PRS) modulation, 
as well as amplitude and scalar mod­
ulations with rates from de to 50 
kHz. An internal pseudo-random bit­
sequence generator with a 223 - 1 se­
quence length makes it possible for 
users to create all of the standard 
digital formats without an external 
source. In addition, the instrument 

SIGNAL GENERATORS 

handles parallel-modulation inputs 
with data rates to 100 MHz and serial 
rates to 200 MHz. Data input lines 
accommodate ECL and TTL signals. 

Housed in a relatively small porta­
ble package, the Marconi 2022A and 
2022C cover from 10 kHz to 1000 
MHz with AM, FM, and phase modu­
lation supplied by a 1000-Hz internal 
source. The A version's output runs 
from -127 to +6 dBm; the C version 
goes to + 13 dBm. Users can intro­
duce their own modulation signal up 
to a 50-kHz bandwidth. The instru­
ment is only 10.25-in. wide by 6-in. 
high by 14.5-in. deep, and it weighs 
16.5 lbs. (Fig. 3). 

The 2022 signal generators can 
store 20 complete front-panel set­
tings and 80 additional frequency 
settings in a nonvolatile memory. 
Users can recall any of the settings 
or step through a series of preset 
measurements by pushing the up 
and down keys. In optional GPIB op­
eration, the memory can store up to 
32 user-defined ASCII characters. 

For levels above -10 dBm, the 
unit's output is flat to within ±0.5 
dB over its entire bandwidth. Residu­
al FM is less than 7 Hz at 499 MHz, 
dropping by 6 dB/ octave to less than 
3.5 Hz below 62.5 MHz. Harmonical­
ly related spurious signals are less 
than -35 dBc for carriers up to 62.5 
MHz, and better than -25 dBc above 
that level. 

Among the newer rf signal gener­
ators from Anritsu Corp. are the 
MG3601A (100 kHz to 1040 MHz) and 
MG3602A (2080 MHz top frequency). 
Both units include an optional video­
modulation capability in addition to 
AM, FM, and phase modulation. The 
input needed for video modulation is 
a video composite signal of 1 Vpk-pk, 
with a pedestal level of 0 Vanda posi­
tive-voltage white level. The modu­
lated wave includes a pedestal level 
of approximately 75% of the carrier 
peak and a white level of about 12.5% 
of the carrier peak. 

The generators have a wide output 
level ranging from -133 to + 13 dBm 
up to 1040 MHz-above that fre­
quency, the MG3602A's maximum 
output is +7 dBm. For convenience, 
the liquid-crystal display (LCD) level 
can be set to read in dBm, dBµ, m V, 
µ V, dBµ emf, andµ V emf. Signal pu­
rity is good, with an SSB phase noise 
of at least -123 dBc/Hz at 20 kHz 
from a 500-MHz carrier, and residual 
FM of 4 Hz at 500 MHz. 

For applications that demand very 
high signal purity or a wide dynamic 
range, the Racal-Dana 9087 meets 
the challenge. Because the unit cov­
ers its range of 10 kHz to 1300 MHz 
without a doubler, there aren't any 
subharmonics and the output of-140 
to + 19 dBm is available over the en­
tire bandwidth. Spurious signals at 
more than 3 kHz from the carrier run 

MARCONI INSTRUMENTS 101<Hz-1000MHz signal genera1:or 2022 
CARRIER FREO..UENCV 

13. THE PORTABLE MODEL 2022 from Marconi Instruments comes in two 
versions. The A model's maximum output is + 6 dBm and the C version features a + 13-dBm 
maximum signal level. 
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RF SIGNAL GENERATORS WITH INTERNAL MODULATION 
Manufacturer Model/price 

Anrillu America Inc. MG4398 
Oakland, NJ $7,875 
(201) 377-1111 

MG547A/B CIRCLE451 
$8,065/$9,075 

MG3601A/MG3602A 
$9,665/$15, 799 

MG6458/B1 
$17,305/$18, 145 

MG655A 
$34,275 

MG649A 
$42,320 

B&K Precision 2005 
Chicago, IL $195 
(312) 889-1448 

3026 CIRCLE452 
$595 

John Fluke Mfg. Co./Philips 6060B 
Everett, WA $5,225 
(800) 443.5853 

6060B/AK CIRCLE453 
$5,750 

6061A 
$5,895 

6060A/AN 
$7,500 

6062A 
$11,295 

6070A 
$18,950 

6071A 
$19,900 

Hewlett-Packard Co. 86568 
Palo Alto, CA $6,250 
(800) 752-0990 

8657A/8 CIRCLE454 
$7,900/$12,500 

86408 
$12,000 

86838/D 
$16,400/$20,500 

8684B/D 
$16,400/$20,500 

8644A 
$17,000 

86600 
$23,350 -$29,2503 

8642A/B 
$24,050/$33,050 

8782A 
$30,000 

8645A 
$32,000 

8665A 
$35,000 

8662A 
$35,1 00 

8673E 
$36,500 
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Frequency range 

50 kHz - 50 MHz 

840-940 MHz 
800-970 MHz 

100 kHz-1040/ 
2080 MHz 

50 kHz - 1040 MHz 

100 kHz-1300 Mhz 

100 kHz -2000 Mhz 

100 kHz -150 MHz 

0.5 Hz - 5 MHz 

10 kHz -1050 MHz 

10 kHz - 1050 MHz 

10 kHz -1050 MHz 

10 kHz - 520 MHz 

100 kHz - 2100 MHz 

200 kHz - 520 MHz 

200 kHz - 1040 MHz 

100 kHz - 990 MHz 

100 kHz - 1040/2060 MHz 

500 kHz - 512 MHz 

2.3 - 6.5/13 GHz 

5.4- 12.5/18 GHz 

252 kHz - 1030 MHz 

10 kHz - 2.6 GHz 

100 kHz - 1057.5/2115 MHz 

1 - 250 MHz 

252 kHz - 2060 MHz 

100 kHz - 4.2 GHz 

10 kHz - 1280 MHz 

2-18GHz 

DESIGN 

Internal modulation Residual FM• SSB phase noise (offset)' 

AM N.A. 1-130 dBc/Hz 
(1 kHz) 

FM -40dB -114dBc/Hz 
(20 kHz) 

AM, FM, <j>M, video 2- 7 Hz -129--117/-110 
dBc/Hz (20 kHz) 

AM,FM --04 dB -133/-135 dBc/Hz 
(25 kHz) 

AM, FM 1.1 Hz -133dBc 
(10kHz) 

AM, FM, PM -94dB -133 dBc 
(100 kHz) 

AM N.A. N.A. 

AM N.A. N.A. 

AM,FM 10 Hz -116dBc/Hz 
(20 KHz) 

AM, FM 12 Hz -116 dBc/Hz 
(20 kHz) 

AM, FM 6Hz -123 dBc/Hz 
(20 kHz) 

AM, FM 15 Hz -113 dBc/Hz 
(20 kHz) 

AM, FM, <j>M, PM 6 Hz -123 dBc/Hz 
(20 kHz) 

AM, FM, <j>M, PM opt. 1.7 Hz -132dBc/Hz 
(20 kHz) 

AM, FM, <j>M 1.7Hz - 132dBc/Hz 
(20 kHz) 

AM, FM 2- 7 Hz - 126 - -114 d8c/Hz 
(20 kHz) 

AM,FM 1 - 4/6 Hz -136- -124/-118 d8c/Hz 
(20 kHz) 

AM, FM, PM 5 Hz -130d8c/Hz 
(20 kHz) 

AM, FM, PM 25 kHz -72/-fi6 dBc 
(10 kHz) 

AM, FM, PM 210 kHz -f,5/-59 dBc 
(10 kHz) 

AM, FM, PM 1-4 Hz -145--121 
(20 kHz) 

AM, FM, <j>M, PM 3 3 

AM, FM, <j>M, PM 1.2- 2/5 Hz -144--134/-125 
(20 kHz) 

AM, digital 4Hz -110dBc/Hz 
(10kHz) 

AM, FM 1- 4Hz -144--120 
(20 kHz) 

AM, FM, PM opt. 15Hz -117 --105 
(20 kHz) 

AM, FM 0.5 Hz typ. -131 
(10kHz) 

AM, FM, PM 12 Hz -fiO 
(1 kHz) 

Output 

-137-+19 dBm 

-20- + 100 dBµ 

-133- + 13/+ 7dBm 

-143- +17 dBm 

-143- +17dBm 

-143- +15dBm 

100mVrms 

10Vpk - pk 

-127 - +13dBm 

-127- + 13dBm 

-127-+13dBm 

-127-+13dBm 

-127- + 13dBm 

-127-+19dBm 

-127-+19dBm 

-127- + 13d8m 

-143.5- + 13d8m 

-145- + 18.5d8m 

-130- + 10dBm 

-130- + 10/-3dBm 

-137- + 16dBm 

3-146 - + 13dBm 

-140- + 20dBm 

-100-+7dBm 

-137- + 16dBm 

-139.9- + 13dBm 

-139.9- + 13 dBm 

-120- + 8dBm 



SIGNAL GENERATORS 

RF SIGNAL GENERATORS WITH INTERNAL MODULATION (cont'd) 
Manufacturer Model/price Frequency range Internal modulation Residual FM* SSB phase noise (offset)* Output 

8672E 2-18GHz AM,FM 12 Hz -ll6 --74 -120 - + 8dBm 
$39,000 (10kHz) 

8673B/C/D 50 MHz - 26.5 GHz AM, FM, PM 12Hz -ll6 - -74 -100 - + 11 dBm 
$42,000 - $53,000 (10kHz) 

8663A 100 MHz - 2.56 GHz AM, FM, <f>M, PM 0.5Hz typ. -131 -139.9 - + 16 dBm 
$48,700 (10kHz) 

8780A 10 kHz - 3 GHz AM, FM, PM, digital 4Hz -110 -100- + 4dBm 
$60,000 (100 kHz) 

Krohn-Hite Corp. 2400 0.003 Hz - 30 MHz AM. FM N.S. N.S. 2 mV - 15 V pk - pk 
Avon, MA $1,900 
(800) 582-1660 
CIRCLE455 

Leader Instruments Corp. LSG-231 100 MHz ± 1 MHz FM stereo N.S. N.S. 0.1, 1, 10mV 
Hauppauge, NY $545 
(800) 645-5104 

3215 100 kHz - 140 MHz AM, FM 73 dB s/n N.S. -20-126dBµ CIRCLE456 
$2,450 

3216 100 kHz - 140 MHz AM, FM stereo 73 dB s/n N.S. - 20-126dBµ 
$2,995 

LSG-245 200 - 1799.9 kHz AM stereo (C-QUAM) N.A. N.A. -10-120dBµ 
$3,495 

LSG-221B 25 MHz -950 MHz AM, video N.A. N.A. -15dBm 
$4,200 

3220 100 kHz -1300 MHz AM, FM, de-FM 3.5Hz -120 - 133 - + 13dBm 
$5,995 (10kHz) 

Marconi Instruments 2022A/2022C 10 kHz -1000 MHz AM,FM, <f>M 3.5- 7Hz -135- -110 dBc/Hz -127 -+6/ + 13dBm 
Allendale, NJ $4,395/$4,989 (20kHz) 
(201) 934-9050 

2018A/2019A 80 kHz - 520/1040 MHz AM, FM, <f>M 6Hz -130 -127 - + 13 dBm CIRCLE 457 
$5,995/$6,595 (20 kHz) 

2017 10 kHz - 1024 MHz AM, FM, PM 3 Hz -136 0.2µV - 4V 
$24,950 (20 kHz) 

Panasonic Factory VP-8177A 100 kHz - 110 MHz AM.FM 180 dB N.S. -19 - + 99dBµ 
Automation Co. $2,200 
Secaucus, NJ 

VP-8174A/8175A 100 kHz - 110 MHz AM,FM 176 dB N.S. -19 - + 99dBµ (201) 392-4050 
CIRCLE458 $2,990/$2,590 

VP-8191A 100 kHz - 135 MHz AM. FM 180dB N.S. - 10 - + 132dBµ 
$4,000 

VP-8254A 200 - 1999.99 kHz AM stereo (C-OUAM) N.A. N.S. -133- + 19dBm 
$4,380 

VP-8179810 10 Hz - 240 MHz AM, FM 480dB N.S. - 133 - + 19dBm 
$6,000 

Racal..Oana Instruments Co. 9087 10 kHz - 1300 MHz AM, FM, <f>M, PM 0.25-1 Hz -142 - -130 -140- + 19dBm 
Irvine, CA $34,000 (300 kHz BW) (3 kHz - 1 MHz) 
(714) 859-8999 
CIRCLE459 

Simpson Electric Co. 423 0.005 Hz - 13 MHz AM, FM N.S. N.S. 10V pk - pk max. 
Elgin, IL $1,495 
(312) 697-2260 
CIRCLE460 

Wavetek RF Products Inc. 2407 10 kHz - 550 MHz AM,FM 1 < 30 Hz -100dBc/Hz -127- + 13dBm 
Indianapolis, IN $4,595 (10 kHz) 
(800) 851-1202 

2505/2500A 200 kHz -550/1100 MHz AM. FM < 20Hz -107 dBc/Hz - 137- + 13dBm 
CIRCLE461 

$4,595/$4,750 (20 kHz) 

2510 200 kHz - 1100 MHz AM,FM < 7Hz -123 dBc/Hz -137- + 13dBm 
$5,495 (20 kHz) 

2500C 200 kHz - 1100 MHz AM, FM, FSK < 20Hz - 115 dBc/Hz -137- + 13dBm 
$5,995 (20 kHz) 

2520 200 kHz - 2200 MHz AM,FM < 40Hz -123 dBc/Hz - 137- + 13dBm 
$7,995 (20 kHz) 

• Al a frequency or frequency range specified by manufacturer. 
4 200 Hz - 20 kHz post-detector bandwidth. Consider this a guide rather 1 Sideband am noise. 

2 50 Hz - 15 kHz post-detection bandwidth. N.A.: not applicable. than a definitive list. 
3 Depends on modules selected. N.S.: not specified. 
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EAlwms 
The Battle Over 
Corporate Excess 
lnventorg 
It's been a tough fight, but EA1 has emerged as the Champion 
Disposer of corporate excess Inventory. 

EAL-Will take your corporate excess 
Inventory and use It to generate schol­
arships for needy. deserving students. 

EAL-Guarantees that 90% of your 
donation goes for the Intended 
purpose. 

EAL-Donations could mean an 
above cost tax deductlonlIRS 
Reg . 170(e) (3). 

EAL-Scholarships are given in the 
donating corporation's name. 

EAL-Leverages your gift to help 
participating colleges. 

EAL-Contributors Include American 
Cyanamid. Ameritech. Fannie May. 
Dow. Monsanto. 011-Drl. Quaker Oats. 

' , ,,. W.W. Grainger-plus nearly 100 other 
~,..__::"'. :- corporations. 

Cal/for more details 
312-690-0010 

Peter Rosham. Executive Director 

Educational Assistance Ltd.sM 
P.O. BOX 3021 •GLEN ELLYN, ILLINOIS 60138 • (312) 690-0010 
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DESIGN 

SIGNAL GENERATORS 

from -85 dBc at 650 to 1300 MHz, to 
-97 dBc at 100 to 350 MHz. Residual 
FM in a 3-kHz bandwidth is only 1 Hz 
above 650 MHz, and it drops to 0.25 
Hz from 100 to 350 MHz. 

The SSB phase noise in AM and 
CW modes at a 3-kHz to 1-MHz off­
set from the carrier ranges from 
-130 dBc/Hz above 650 MHz to 
-142 dBc/Hz at 100 to 350 MHz. Ra-
cal-Dana achieves this low phase 
noise by placing a high-level, low­
noise 100-MHz quartz oscillator be­
tween the generator reference stan­
dard and the synthesizer drive cir­
cuits. The generator's output is 
phase-locked to this oscillator, reduc­
ing the noise multiplication factor by 
more than 20 dB. 

The 9087, which includes a stan­
dard GPIB interface, offers AM, 
FM, phase, and pulse modulation 
with an internal source of 400or1000 
Hz. The pulse rise and fall time is 40 
ns, with a 200-ns minimum pulse 
width. Users can sweep the entire 
bandwidth with 1-Hz resolution, ei­
ther manually or by preprogram­
ming the step size and width. In auto­
matic sweep, four speeds from 1 s/ 
step to 2 ms/step are available. 

The recent advent of AM broad­
cast-band stereo led two manufac­
turers to introduce signal genera­
tors aimed at that technology. The 
Panasonic VP-8254A (200 to 1999.99 
kHz) and Leader Instrument's LSG-
245 (200 to 1799.9 kHz) output an AM 
stereo signal using the Motorola C­
QUAM format. Both instruments 
have 400- and 1000-Hz internal modu­
lation signals and accept 50-Hz to 15-
kHz external signals. 

Along with a standard G PIB inter­
face, the VP-8254A includes a bat­
tery-backup memory that stores 100 
front-panel settings for instant re­
call. Users can recall any two setups 
in sequence. The LSG-245 also in­
cludes storage for 100 front-panel 
setups as well as four additional 
power levels-the bus interface is 
optional.0 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
562 
563 
564 



NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

DEVELOP HARDWARE AND SOFTWARE 
SIMULTANEOUSLY IN ONE ENVIRONMENT RICHARD NASS 

A
large void in the CASE 
area-linking of hardware 
and software development 
tools from a global perspec­

tive-has been filled by the Code­
Link Station from Mentor Graphics. 
This toolset addresses software de­
velopment from the initial design 
through maintenance and ties a 
graphical interface to the debug en­
vironment. Besides tying the hard­
ware and software tools together, it 
provides a common interface for a 
complete set of CASE tools. Thanks 
to these new features and the ability 
to perform both software and hard­
ware design at the same time, a more 
reliable part can be gotten to market 
more quickly. 

In a traditional design environ­
ment, hardware and software are de­
signed separately, by different de­
sign teams on different tools. Until 
now, there was no real integration 
between the two technologies. The 
CodeLink Station lets the software 
developers evaluate their code on the 
target hardware earlier in the design 
cycle. This helps alleviate the bottle­
neck occurring at the system debug 
and integration level. The user need 
only familiarize himself with one in­
terface rather than three to simu­
late, debug, and emulate. 

The toolset performs behavioral 
and timing analysis using Mentor's 
QuickSim logic simulator. This is 
done through a link to the instruc­
tion-set simulator (ISS). Now, both 
software and hardware engineers 
can decide how to resolve design 
tradeoffs much earlier in the devel­
opment cycle. As software executes 
on the ISS, events on the processor's 
I/O lines are translated into the ap­
propriate signals and states for in­
put into the hardware design. 

Obviously, the amount of soft­
ware in designs is growing. Accord­
ing to G.E. Aerospace, software 
makes up nearly 90% of a system's 
functions. To handle this barrage of 
software, the CodeLink Station lets 
programmers debug their code at a 

higher level of abstraction than the 
code level while maintaining line-lev­
el capabilities for analysis. The same 
debugger can also be used to evalu­
ate code with the same interface and 
capabilities in three different modes: 
native, virtual, and physical. 

Structure Map, one of the tools in 
the CodeLink Station, automatically 
generates a structure chart from 
any IEEE-695A-compliant C source 
code. This keeps a common interface 
within the different modes. With this 
structure chart, designers gains an 
intuitive, graphical high-level under­
standing of how the program works 
at a very early point in the process. 
Now, he can also gauge the complex­
ity of his task. 

In the native mode, code is execut­
ed on the development station's host 
processor. Here, the debugger gives 
the designer the full complement of 
debugging features that will be used 
later in the debugging process. 

Virtual-mode code execution is in a 
simulated hardware environment. 
Integration of hardware and soft-

ware functionality can start as soon 
as the processor is selected. The de­
bugger environment includes in­
struction-set simulators and a large 
selection of models, such as the Mo­
torola 680XO and the Intel 8086. Ex­
tensive testing of the source code 
can occur, because the ISS can inter­
pret thousands of instructions per 
second. 

In the physical mode, code is exe­
cuted on the prototype target with 
the debugger connecting to the pro­
totype target system through an em­
ulator. By doing this, proper integra­
tion of the object code and hardware 
are ensured. The CodeLink Station 
supports many popular emulators, 
including those from Hewlett-Pack­
ard. It also works with compilers 
from Alsys, HP, Tektronix, Telesoft, 
and Toshiba. 

Prices for the CodeLink Station 
startat$27,900, and it is available im­
mediately. 

Mentor Graphics Corp., 8500 
S. W. Creekside Pl., Beaverton, OR 
97005; (503) 626-7000. CIRCLE 314 
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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 
IBP-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. 
\1'-hat'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 

Cl 1989 National Semioooduaor Corporation 

Fmbedded S)"'m l'rocfSlor is a trademark ol National Semiconductor Corporation. 
~pt is a regislered trademark ol Adobe S)'tems. Inc. 

the system cost of today's printers, 
vvhich 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 com pilers, 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. 

CIRCLE42 

National ojf ers a spectrum of system -optimized 
solutions for pn·nter 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 
family ofEmbedded 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 



ANALOG, MIXED-SIGNAL IC 
DESIGN TOOLS IMPROVE 
FILTERS, PROCESS LAYOUT 

Two analog and mixed-signal 
IC-design tools, Explorer Au­
toFilter and AutoLinear, from 

Silicon Compiler Systems, create ac­
curate schematic, simulation, and 
layout views of a desired analog 
function. They do this by specifying 
desired performance levels across all 
key parameters and by accessing the 
software's embedded knowledge 
and numeric-optimization algo­
rithms. 

AutoFilter is tailored to designers 
of analog filters. It provides a single 
unified design environment that en­
compasses all of the key steps in a 
switched-capacitor filter design, 
from the initial response specifica­
tion to process-specific layout. Using 
a combination of graphic-filter per­
formance capture, flexible and com­
prehensive synthesis algorithms, 
and automated layout techniques, a 
filter can be synthesized in less than 
one hour using a workstation. 

AutoLinear, an automatic synthe­
sis and module-generation tool, 
takes an input from a high-level 
specification and creates a process­
specific layout for analog building 
blocks. This is typically required for 
analog or mixed-signal chip design. 
Its circuit-synthesis capabilities ac­
count for the process, temperature, 
and voltage variation effects of a de­
sign. In addition, the logic-synthesis 
functions address such issues as 
transistor matching and noise cou­
pling. Throughout the layout pro­
cess, the designer can see the inter­
mediate results and can manually 
override the system. The analog 
building blocks used in AutoLinear 
include op amps, comparators, volt­
age and current references, resis­
tors, capacitors, and transistors. 

The tools fit into SCS's existing 
line of IC design tools. Both will be 
available in December. Prices start 
at $40,000 for Sun-3 or Apollo 
DN4500 versions. 

Silicon Compiler Systems, 2045 
Hamilton Ave., San Jose, CA 95125; 
(408) 371-2900. CIRCLE 315 

RICHARD NASS 
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NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

PC TOOL SIMULATES 
COMMUNICATION LINKS 
A PC-based communication simula­
tion environment provides the neces­
sary tools to enable the interactive 
design and evaluation of complex 
digital communication systems. 
With the Workstation Communica-

tion Simulator (WCS), users can 
model and analyze general point-to­
point communication links for mili­
tary, commercial, and space applica­
tions. It provides high-level graphi­
cal access to a wide variety of func­
tional modules to implement the 
various functions in an end-to-end 
digital communication link. These 
modules include modulators and de­
modulators, encoders and decoders, 
filters, and a choice of realistic chan­
nel models. WCS runs on IBM PC, 
XT, AT, and compatible computers 
equipped with an enhanced graphic 
adapter (EGA) and math coproces­
sor. It sells for $4500. 

Icucom Corp., P.O. Box187, Wyn­
antskill, NY 12198; (518) 274-7711. 

CIRCLE 333 

SOFTWARE INTEGRATES 
PLD SCHEMATICS 
The PLDlinx Schematic Translator 
allows designers to describe their 
PLD designs with schematics and 
download the design to a PLD design 
package for optimization and fuse­
map generation. The software works 
between Data I/O's Future 
Net DASH schematic designer or 
DASH-PLD schematic capture pack­
ages and ABEL PLD Design soft­
ware or Gates Logic Synthesizer 
software packages. Schematics can 
be entered hierarchically using any 
collection of symbols, including ge­
neric gates and flip-flops or any off-

D ES I G N 

the-shelf part that maps into a Bool­
ean equivalent. It offers universal 
support for all of the PLD device 
manufacturers, covering more than 
200 distinct architectures. PLDlinx 
is available for 286- and 386-based 
MS-DOS machines, as well as the 
Sun-3. Respective prices are $495 
and $995. Delivery takes four to six 
weeks. 

Data II O Corp., 10525 Willows 
Rd. NE., Redmond, WA 98073; (206) 
881-6444. CIRCLE 334 

SPICE SIMULATOR HANDLES 
OVER 3000 COMPONENTS 
Circuit designers using any 80286-
based PC can take advantage of their 
extended memory to run in-circuit 
simulations involving more than 
3000 components . IsSpice/286, a 
Berkley Spice-compatible simulator, 
runs in protected mode under DOS 
3.1 and above. It requires an 80287 
coprocessor and at least 1 Mbyte of 
conventional memory. One Mbyte of 
extended memory is also required 
for 3000-plus component simula­
tions. The software sells for $200. 

Intusoft, P. 0. Box 6607, San Pe­
dro, CA 90734; (213) 833-0710. 

CAD DATA DRIVES 
TOOLING, PRODUCTION 

CIRCLE 335 

Tricam, a new service offered by pcb 
manufacturer Triangle Circuits, 
uses vendors' original computer-aid­
ed-design data to control and auto­
mate photoplotting, tooling, manu­
facturing, and testing of printed cir­
cuit boards. It is compatible with all 
CAD systems and accepts CAD files 
directly from modem, magnetic tape, 
or disk. The digital connection not 
only cuts turnaround time, but also 
ensures precision and accuracy. The 
CAD data is sent directly to a high­
speed photoplotter to produce origi­
nal photoplots and first-generation 
panelized films. Through Tricam, 
CAD data is used to generate N/C 
files for production tooling. 

Triangle Circuits of Pittsburgh 
Inc., 931 Third St., Oakmont, PA 
15139; (800) TRI-CAMM or (412) 828-
5322. CIRCLE 336 



v No cold start 
problems 

v No intermittence 
problems 

v No particle 
problems 

The totally new Unibond 
1N4148-l and 1N4150-l 
diodes are not afraid of 
mechanical damage when 
temperature cycles up and 
down. They work well in 
potted environments and 
multilayer circuit boards. 
They're impervious to in­
termittent open problems, 
particle contamination, 
and shorting. 

They're mechanically 
and electrically superior 
to any small signal diode 
you've ever seen because 
they're built with Unitrode's 
proprietary new die con­
struction. There's no 

THE SHAPE OF 
THINGS TO COME 
AT THE PRICE OF 
TIMES STILL HERE 

Glass Body 

~..,..,..,..,..,~'"'"""' / 
Terminal Pin Silicon Die 

Lead 

! 

Surface Passivation 

THE UNIBIND™ 
1N4148-1 JTX, JTXV 

AND 
1N4150· 1 JTX, JTXV 

In accordance with MIL-S-19500/116 
and MIL-S-19500/231 

more silver button and none 
of the problems commonly 
associated with conventional 
D0-35s. The only thing 
that's the same is the price. 

Tumorrow's technology 
at today's prices: 

As members of Unitrode's 
Unibond family of diodes, 
the 1N4148-l and 1N4150-l 
are built for rugged depend­
ability, with features that 
include equal anode and 
cathode bond areas, a 
superior metallurgical 
bond that won't let go, and 
a non-cavity construction 
per MIL-S-19500. 

See the future for yourself: 

You can judge the shape of 
things to come for yourself. 
Just attach the coupon to 
your letterhead, send it to us, 
and we'll send you a free 
sample. 

r--------------------------~ 
Attached is my letterhead. Please send me a Unibond diode sample. 
I would like a (check one) D 1N4148-l JTX D 1N4150-l JTX 

Name _ ___ __________ ______ Title _________ _ 

Company Mail Stop ________ _ 
Street _ ___________ _ ____ _ ___ __________ _ 

City ___________ _ ___ State _______ Zip ______ _ 

L---------------------------~ 

n n SEMICONDUCTOR 
~ PRODUCTS 

- uNITRODE 

580 Pleasant Street• Watertown, MA 02172 •Telephone (617) 926-0404 • Fax (617) 924-1235 
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NEW PRODUCTS 
COMPUTER BOARDS 

PC/ AT BOARD FLAUNTS 50-
MHZ DSP CHIP, FOUR 
MEMORY CONFIGURATIONS 

P 
Cl AT users can now have the 
power of the AT&T 50-MHz, 
floating-point digital-signal 

processor at their disposal with a set 
of add-in boards from Burr-Brown 
Corp. The ZPB34 family of DSP 
boards also includes four standard 
configurations of local RAM. Appli­
cations targeted for the ZPB34 DSP 
board include hardware develop­
ment, floating-point accelerators, 
real-time tasks, and DSP algorithm 
development. 

The AT&T WE DSP32C processor 
runs at 25 MFLOPS and executes a 
1024-point complex fast-Fourier 
transform in 3.2 ms. This speed re­
sults from the chip's hardware multi­
ply-and-accumulate architecture and 

pipelined data processing. In addi­
tion, the processor's DMA controller 
may be set up to read and write data 
from the serial-I/O ports without in­
terrupting the processor. 

A high-speed serial bus transfers 
data between the processor and I/ 0 
cards. Data can also be transferred 
on and off the DSP board through 
the PC/ AT parallel bus. Two sets of 
buffered, serial-I/ 0 connectors 
work with internal or external de­
vices. These devices may include oth­
er boards, or digital-to-analog and 
analog-to-digital converters to trans­
late data to and from the real world. 

The ZPB34 DSP board for the IBM 
PC/ AT comes fitted with 64-, 192-, 
320-, and 576-kbytes of on-board 
RAM. In single quantities, the 
boards cost $1995, $2995, $3495, and 
$4995 for the respective memory con­
figurations . 

Burr-Brown Corp., P. 0. Box 
11400, Tucson, AZ 85734; (800) 548-
6132. CIRCLE 316 

LISA GUNN 

1421 E L E C T R 0 N I C 
OCTOBER 26, 1989 

STACKABLE MULTIBUS II 
ARCHITECTURE DECOUPLES 
CPU FROM 1/0 MODULES 

A 
set of Multibus II boards from 
Intel Corp. is built with the 
new Modular Interface Exten­

sion (MIX) architecture that uses a 
32-bit asynchronous-I/O bus for on­
board I/O expansion. The products 

include a baseboard, terminal con­
troller, and wide- and local-area-net­
work controllers. 

A typical MIX I/O subsystem con­
sists of an intelligent MIX baseboard 
and one to three stackable MIX mod­
ules that are linked by a special con­
nector. The MIX bus uses a round­
robin arbitration scheme between 
the baseboard and its modules. 

The MIX 386/020 baseboard is a 
full Multibus II board containing a 
20-MHz 80386 CPU, a message-pass­
ing coprocessor, and an 82258 ad­
vanced DMA controller. 

Three MIX modules are available. 
The MIX 450 module is a 12-channel, 
asynchronous terminal controller. A 
high-performance communications 
module, the MIX 420, sports two in­
dependent wide-area-network inter­
faces that offer peak transfer rates 
of 64-kbits / s. An 82586 local-area­
network coprocessor and an 82501 
Ethernet serial interface power the 
MIX 560 Ethernet module. 

The MIX 386/ 020 baseboard with 1 
Mbyte of memory costs $2195. Addi­
tional memory, up to a total of 17 
Mbytes, goes for $700 per Mbyte. 
The MIX 420, MIX 450, and MIX 560 
cost $1200, $1100, and $1000, respec­
tively. All products will be available 
in December. 
, Intel Corp., 5200 NE Elam 

Young Pkwy., Hillsboro, OR 97124-
6497; (800) 548-4725. CIRCLE 317 
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OUTPUTS 

No. 1: 5V@ 50A 
No. 2: +12V @ 8A 
No. 3: -12V@ SA 
No. 4: +24V @ 4A - 6A pk. 
No. 5: 5V @ 10A 

OUTPUTS 1 and 5 
±0.40/o total regulation 

OUTPUTS 2, 3, and 4 
±2.50/o 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 
CIRCLE50 

VISIT US AT WESCON/ 89, BOOTHS 2452 AND 2454 



VMEBUS CPU BOARD IS THE 
FIRST TO EXPLOIT INTEL'S 
960CA RISC CHIP 

T
argeted at real-time control ap­
plications such as communica­
tions and image processing, a 

VMEbus board from Heurikon Corp. 
is the first to use Intel's new 960CA 
RISC chip. In addition to the proces­
sor, the HK80/V960E board fea­
tures on-board SCSI and Ethernet in­
terfaces, and zero-wait-state memo­
ry access. 

When operating at the peak fre­
quency of 40 MHz, the 960CA proces­
sor delivers 66 native MIPS and 30 
VAX MIPS. The chip includes 1 
kbyte of instruction cache, 1 kbyte of 
static RAM, and a four-channel 32-
bit DMA controller. 

Memory support for the HK80/ 
V960E board includes either 2- or 8-
Mbytes of 70-ns, dual-access, static­
column RAM. By using a two-way in­
terleaved architecture, accesses for 
single-write or burst transfers take 
place with no wait states. One Mbyte 
of EPROM and 128 bytes of nonvola­
tile RAM are also available. 

To maximize the board's integra­
tion capabilities, Heurikon built in 
the VMEbus Interface Consortium's 
VIC068 single-chip VMEbus inter­
face. The chip implements the full 
VME interface, including 32-bit data 
and address paths, seven bus inter­
rupts, and master and slave opera­
tion. The interface peaks at transfer 
speeds of 40 Mbytes/s. 

An assortment of networking and 
I/ 0 capabilities makes for easy sys­
tem integration. Etherne.t is support­
ed by Intel's 10-Mbytes/s, 32-bit lo­
cal-area-network processor. The 
board also includes Western Digi­
tal's SCSI processor. 

NEW PRODUCTS 
COMPUTER BOARDS 

The board works with a variety of 
Unix development hosts. The Unix 
hosts and the HK80/V960E board 
are linked with the VxWorks cross­
development environment. 

A 33-MHz version of the HK80/ 
V960E CPU board, with 2 Mbytes of 

memory, costs $2795 in quantities of 
100. The board will be available in the 
first quarter of 1990. 

Heurikon Corp., 3201 Latham 
Dr., Madison, WI 53713; (800) 356-
9602. CIRCLE 318 
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Introducing The 836.25* 
100 MHz Pin Driver. 

Pulse Instruments has just slashed Pin 
Driver prices in half.* Meet the new 
PT-403 low cost, low power, high 
speed Tri-State Pin Driver. The PT-403 
features: 
• 100 MHz @ 2.5 V into 50 Ohms, 

TTL Levels 
• 75 MHz @ 4 V into 50 Ohms, 

CMOS Levels 

It's Easy To Evaluate the Pf-403 
Pin Driver 

For a limited time you can evaluate the 
PT-403 Pin Driver with two new Evaluation 
Kits from Pulse-the EV-403A and 
EV-403B. The EV-403A comes with one Pin 
Driver and the EV-403B provides two 
pin drivers. 

Both Evaluation Kits handle digital sig-
• 0.3 to 8 V Adjust­

able Vo for l MOhm 
Load 

--- nals from DC to 

•Single Pin Tri-State 
Mode for I/O 
Applications 

• Single 5 V Supply 
Operation with 4.2 Min Output 

• 50 Ohm Output Impedance 
• 650 mW Dissipation with 5 V Supply 
•TTL/CMOS Compatible Inputs 
• 1.2" X 0.55" x 0.15", IO Pin SIP 
And PT 403 gives you the cost effective 
alternative to designing Pin Drivers 
in-house. 

Please send me the foUowing items: 
0 PT-403 Pin Driver only 
___ Qty <fv $58.50/each 

0 EV-403A Test Kil with one 
PT-403 Pin Driver 

0 EY·403B Test Kil with two 
PT-403 Pin Drivers 
Shipping and Handling 
Sales Tax (CA residents) 
Total 

$145 00 

203.50 
6.00 

above 100 MHz. They 
are driven by a TTL 
or CMOS signal 
applied to the input. 

The EV-403B 
Evaluation Kit splits 

the input signal into a pair of nearly identi­
cal 50 Ohm outputs. The high output levels 
are adjustable to greater than 4 V into 50 
Ohms, or 8 V into 1 MOhm. Input and Out-
put are made with BNC connectors. To 
evaluate the Pf-403, mail the coupon 
below today, or call 213 515-5330 
for more information. 

(• IOoo quantity price.) 

Name __________ _ 

Company __________ _ 

Address -----------
City ___ State ___ Zip __ _ 

Phone#-----------
My purchase order# _______ _ 

Charge my O Visa O MasterCard 
Card# Expiration Date __ 

Signature ------ ----
Credit card orders valid with cardholders signature 

Piil!il! ln!itrument!i 
1234 Francisco Street• Torrance, California 90502 • (213) 515-5330 

CIRCLE51 
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OPTIMIZED THROUGHPUT 
EXTENDS TESTER LINE TO 
ASIC PRODUCTION 

I n an effort to cover all the bases 
in the ASIC test field, Hilevel 
Technologies has introduced the 

Topaz-V p, a low-volume production 
tester. Unlike earlier Topaz models, 
which emphasized design debugging 
and failure analysis, the Topaz-V pis 
optimized for process verification, 
pass-fail testing, and throughput. 

The new tester comes in two ver­
sions, the Topaz-V p320 and the Topaz­
V p544, which can be configured for 
320 and 544 pins, respectively. Both 
models feature the same specifica­
tions as the Topaz-VA testers, which 
are aimed at ASIC verification, char­
acterization, and failure analysis. 
Features include a 110-MHz test 
rate, 100-ps timing resolution, +500-
ps pin-to-pin skew, up to four device­
under-test power supplies, and sup­
port for various scan-testing tech­
niques. 

To boost throughput, the new 
units have one de precision measure­
ment unit for every 16 I/ 0 pins. For a 
typical 192-pin ASIC, it would take 
less than 1 minute to perform a 

100,000-vector functional test, 25 ac 
parametric tests, and 25 de paramet­
ric tests. Also, users can program 
slew rates on a per-pin basis from 
more than 1.5 V /ns to 0.2 V / ns. As a 
result, the tester can maintain fast 
edges at CMOS signal levels without 
sacrificing overshoot characteristics 
on smaller ECL signals. 

The Topaz-V p starts at $150,000 
for a 32-pin unit and goes to $935,000 
for a 544-pin model. The system is 
available immediately. 

Hilevel Technology Inc., 31 Tech­
nology Dr., Irvine, CA 92718; Mil­
ton Ellis, (714) 727-2100.319 

JOHN NOVELLINO 
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NEW PRODUCTS 

AUTOMATED SYSTEM DOES 
MilrSTANDARD ESD 
TESTS ON SEMICONDUCTORS 

Engineers no longer need cus­
tom-built or manual systems to 
test their semiconductors for 

susceptability to electrostatic dis­
charge. The Model 335 ESD test sys­
tem from TriSys Inc. performs such 
tests up to 10 times faster than man­
ual systems. 

The Model 335 generates pulses to 
8000 V in assigned steps, using the 
human-body model waveform speci­
fied by MIL-STD-883C. The system 
applies the pulses to any pin combi­
nation on devices with up to 320 pins. 
The results of the pin-to-pin testing 
are printed out as point-test analysis 
and curve-trace analysis reports. 
With these reports, users can classi­
fy and certify devices or profile 
breakdown characteristics. 

Besides the pulse generator, the 
Model 335 includes a failure-analysis 
module for precision parametric 
measurement and characterization; 
software for test development, exe­
cution, and data logging; and an 
IBM-compatible controller. To de­
tect performance changes, the fail­
ure-analysis module makes mea­
surements before and after the de­
vice is stressed. 

The software, which is based on 
Microsoft Windows, lets users run 
built-in routines that conform to the 
military standard. Operators can 
also create custom tests with a 
menu-driven process using a mouse 
to select device-under-test, pin count 
and combination, voltage steps, tim­
ing intervals, and measurements. 

The Model 335 ESD test system 
starts at $43,500. Delivery is within 4 
to 6 weeks after receipt of order. 

TriSys Inc. , 15242 Greenbriar 
Pkwy., Beaverton, OR 97006; (503) 
645-5504. CIRCLE 320 
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ROM EMULATION SUBSYSTEM 
TESTS MICROPROCESSORS 
ON FUNCTIONAL TESTER 

ROM emulation techniques can 
now be used to test micropro­
cessors on Summation's Sig­

maSeries Functional Test System. 
The EMXlO ROM emulation subsys­
tem handles a variety of devices, in­
cluding Intel's 80486 and Motorola's 
68030. 

The subsystem is based on the 
company's patented emulation tech­
nique, but features a new architec­
ture that includes a dedicated 68000 
processor for higher performance. 
Because the module executes high­
level-language, CPU-independent 
programs at high speeds, assembly-

language routines rarely need to be 
run on the target processor. Control 
and programming is handled within 
Summation's TestCASE Functional 
Test and Development Environ­
ment. 

The EMXlO contains a reprogram­
mable Logic Cell Array (LCA) that 
performs two functions. In normal 
operation, the LCA handles the 
Cross Trigger bus signals that pro­
vide triggering and synchronization 
between the EMXlO and other Sig­
maSeries modules. In the kernel di­
agnostic mode, the array is reconfi­
gured to collect diagnostic data from 
the failed CPU kernels. This ar­
rangement eliminates the need for 
dedicated hardware. 

Fully configured to test an aver­
age high-end 32-bit microprocessor, 
the EMXlO subsystem costs about 
$7500. Delivery is scheduled for ear­
ly in the first quarter of 1990. 

Summation Inc., 11335 N.E. 
122nd Wy. , Kirkland, WA 98034; 
(206) 823-8688. CIRCLE 321 
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PUMPING CHARGE, NOT IRON, 
CMOS ICS TAKE 5 V IN, 
PROVIDE+ 10-V OUT 

MAX880 
8-pil DIP 

In Ground 

+10-Vout 

By connecting from +2 to +6 V 
between the input pins and 
grounds of Maxim's MAX680 

or MAX681 ICs, they deliver be­
tween +4 and ±12, respectively, 
from their output pins. One output 
provides the positive voltage, the 
other the negative voltage. These 
dual, voltage-doubler charge pumps 
can put out up to 10 mA from each 
output at a typical source impedance 
of 150 n. 

Like the standard 7660 +5-to-5-V 
converter which they resemble, 
these are not regulators. Use them 
with a load of a few hundred mi­
croamperes from a 10-V source, and 
they provide ±10 V at their termi­
nals. Pull 10 mA from each output 
and the the voltages drop to under 7 
V from the MAX680's positive out­
put and at least 0.5 V less than that 
from the positive output of the 
MAX681. The negative charge pump 
takes its input from the output of the 
positive pump. As a result, the 
MAX680's negative output drops to 
under 6 V, while that of the MAX681 
falls to below 5 V. The drop in output 
voltage, basically a function of the 
internal resistances of the CMOS 
switches on the chip and the output 
capacitors, is a direct linear function 
of the load current. 

The 8-pin MAX680's outputs drop 
less for a given load current because 
it needs four large external capaci­
tors, each 1 to 20 µF or more. The 
MAX681, for its part, has smaller ca­
pacitors inside its larger 14-pin DIP. 
Therefore, depending on the applica­
tion, a tradeoff is available between 

NEW PRODUCTS 
IEmlll 

the two devices: a small package 
with external capacitors and control 
over voltage versus load, or a slight­
ly larger package and no external ca­
pacitors to take up additional board 
space. In quantities of 100, the 
MAX680 starts at $2.16 and the 

MAX681 at $3.64. Delivery is from 
stock. 

Maxim Integrated Products, 120 
San Gabriel Dr., Sunnyvale, CA 
94086; Jim Dekis, (408) 737-7600. 

CIRCLE 322 
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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 VDC • 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 Olfice: 4000 Burton Drive, Santa Clara, CA 95054 • (408) 986-8780 •FAX: (408) 986-1557 
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POWER FET DRIVER TAKES 
LOGIC IN, OPTIMIZES GATE 
DRIVE AND PROTECTS FET 

Dubbed an Adaptive Power 
MOSFET Driver, Siliconix's 
Si9910 ushers in a second gen-

NEW PRODUCTS 
Dmirl 

eration of these driver I Cs. They are 
designed to convert 5-V logic into the 
fast, high-current pulses needed to 
drive the capacitive load represented 
by large power MOSFETs. They 
should, however, serve any applica­
tion calling for charging 2000 pF to 

See us at Wescon '89 Booth 902 

CIRCLE 53 

150,E L E C T R 0 N I 
OCTOBER 26, 1989 

C DESIGN 

12 V-in under 100 ns. 
The device can source and sink 

peak currents of 1 A. To this drive 
capability, Siliconix has added fault 
protection for the FET and its load. 
The fault protection senses an un­
dervoltage or output short-circuit 
condition and turns off the FET. 
Maximum di/ dt is limited, and in 
bridge circuits, shoot-through cur­
rent during diode reverse-recovery 
time can be limited. 

Many applications will be found in 
half- and full-bridge motor-control 
circuits where the device's low quies­
cent current (just 500 µA maximum 
with the output low) fits it to the 
high-side drive job while running off 
a floating bootstrap or charge-pump 
power source. A second Si9910 han-

819910 

7>---<>--~ 

51---0----
1 ..... 

dies the simpler low-side drive. When 
' the output is high, quiescent current 

is a mere 1 µA. A non-inverting 
Schmidt trigger input, with 1 V of 
hysteresis, sets the state of the out­
put drive for the MOSFET's gate. 
The voltage on pin 8 turns the FET 
on, while pin 7 turns it off. 

If the supply voltage on pin 3 is be­
low 9 V, the output will not go high. 
Pin 1 senses the voltage across the 
FET when it is on. If the voltage is 
too high, the Si9910's output is 
latched low. 

The driver comes in plastic 8-pin 
DIP (Si9910DJ) and SOIC 
(Si9910DY) packages and is rated 
from -40 to +85°C. In quantities of 
100, the Si9910DJ goes for $1.71. 
Small quantities are available from 
stock. 

Siliconix Inc., 2201 Laurelwood 
Rd., Santa Clara, CA 95054; Bill 
Numann, (800) 554-5565, ext. 
1400. CIRCLE 323 

FRANK GOODENOUGH 



NEW PRODUCTS 

ANTI-ALIASING 9-POLE LOW· 
PASS FILTERS ARRIVE IN 
STANDARD MODULES 

A
imed at anti-aliasing applica­
tions in front of high-resolu­
tion analog-to-digital convert­

ers, the 5BAF family of 9-pole low­
pass filters from Frequency Devices 
come in a standard modular pack­
age. These active RC filters plug into 
backplanes offered by Analog De­
vices, Data Translation, and Metra­
Byte, from which they take 5 V. An 
internal de-to-de converter powers 
the module's circuits. 

With an ultimate rolloff rate of 54 
dB/octave, the filters are offered 
with either Butterworth or Bessel re­
sponses. The former exhibit the max­
imally flat passband and the mono­
tonic rolloff of the classical Butter­
worth function. The Bessel types of­
fer their expected overshoot-free 
transient response, linear phase 
characteristics and monotonic rol­
loff. Both functions are available 
with factory-set standard 3-dB fre­
quencies of 1, 2, 5, 10, 20, and 50 kHz. 
Custom corner frequencies are op­
tionally available. 

Designed to condition real-world 
signals, the filters sport a differen­
tial input circuit with a common­
mode rejection ratio of at least 7 4 dB 
at 1 kHz and a typical input imped­
ance of 20 kn. Fixed differential gain 
is unity ±0.03% at de. The filters 
meet specifications with a ±10-V in­
put in the presence of +20 V of com­
mon-mode voltage. Either of the de­
vice's inputs take ±40 V, with power 
on or off. 

Typical output offset is +3 m V, 
while offset drift is 100 µ V /°C. Out­
put noise over a dc-to-50-kHz band­
width is typically just 75 µ Vrms. 
With a +10-V square-wave input, 
the output drives 1500 n in series 
with 0.002 µF. In quantities of 100, 
the standard devices go for $95 each. 
Delivery ranges from 3 weeks for 
standard to 5 weeks for custom mod­
els. 

Frequency Devices Inc., 25 Lo­
cust St., Haverhill, MA 01830; 
Frank DeGiso, (508) 374-0761. 

CIRCLE 32it 
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COMPLETE FLASH ADC 
SAMPLES AT 50 MHZ, RUNS 
ON JUST 560 MW OF POWER 

Most flash analog-to-digital 
converters need both an ex­
ternal ref ere nee and a fast 

buffer amplifier between the input 
signal and the input pin. Moreover, 
even if they sample faster than 20 
MHz without those external ICs, 
they need a watt or more of power. 
But Sipex has added both those chips 
to a low-power bipolar flash convert­
er from Philips-Signetics and came 
up with a hybrid that spits out 8-bit 
digital words at 50 MHz. Dubbed the 
SP1078, the converter draws a maxi­
mum of just 561 mW from its two 
positive and one negative 5-V rails . 
The flash converter uses what is 
called a folded architecture. Instead 
of 255 comparators, it cuts power 
drain by including just 64. 

At de, differential and integral 
nonlinearity (DNL and INL) errors 
run a maximum of 0.4 and 0.6 LSB, 
respectively, over temperature. Dy­
namic specifications are in a similar 
class. With a 5-MHz input signal, 
DNL is typically 0.6 LSB and is no 
more than 0.9 LSB with 8.89 MHz in. 
With 8.89 MHz in, signal to noise plus 
distortion (SNAD) is a minimum of 
39 dBc. That translates to 6.2 effec­
tive bits. Drop the input frequency 
by a factor of 4 and SN AD rises to 44 
dBc and effective bits to 7. There are 
no missed codes. 

Aperture uncertainty, or jitter, is 
typically 50 ps, which is reflected in 
the converter's full-power band­
width of 10 MHz. Small-signal band­
width is roughly 20 MHz. Because 
the amplifier's full-power bandwidth 
is 50 MHz, it should not degrade any 
signal the converter can handle. For 
example, the converter can directly 
down-convert a 10.7-MHz signal 
from an if amplifier. 

In quantities of 100, the commer­
cial-temperature-grade SP1078C 
goes for $183. The B-grade military­
temperature range costs $306. Small 
quantities are available from stock. 

Sipex Corp., 6 Fortune Dr., Bil­
lerica, MA 01821; Jay Cormier, 
(508) 663-7811. CIRCLE 325 
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ULTRA-MINIATURE 

SURFACE 
MOUNT 

Actual 
Size 

DC-DC Converter 
Transformers 

and Power 
Inductors 

These units have gull wing construc­
tion which is compatible with tube 
fed automatic placement equipment 
or pick and place manufacturing 
techniques. Transformers can be 
used for self-saturating or linear 
switching applications. The Induc­
tors are ideal for noise, spike and 
power filtering applications in Power 
Supplies, DC-DC Converters and 
Switching Regulators. 

• 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 
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BUS-CONTROLLER CHIP 
PROVIDES MASTER-MODE 
INTERFACE TO PC BUSES 

I n simplifying the design of add-in 
cards for either IBM PCs and 
compatibles or Nubus-based sys­

tems, NCR Corp.'s 86C05 bus-con­
troller chip packs all the control logic 
as well as 11 drivers that can handle 
up to 24 mA each. The CMOS chip 
was created as a universal solution 
for intelligent add-in cards. Data is 
transferred at sustained rates of up 
to 20 Mbytes / s thanks to a 32-word­
by-32-bit FIFO buffer on the chip. 
Block data transfers can be pro­
grammed over a 1 to 64 range. 

On the host side, the 86C05 IC's 
programmable interface can tie into 
buses such as Micro Channel, PC­
AT, EISA, and NuBus. It provides a 
24-bit address bus for the first three, 
and a 32-bit address for NuBus sys­
tems. Host-bus interrupts and arbi­
tration priority are also programma­
ble. On the bus-master-board side is 
a microprocessor interface to tie into 
the board's local intelligence. That 
local intelligence can maximize the 
efficiency of data flow. 

Also on the chip is a 32-bit data 
path that can be programmed for 8-, 
16-, or 32-bit transfers, and a DMA 
controller that performs 8- or 16-bit 
transfers with optional even or odd 
parity over each byte. Data can be 
transferred in any direction between 
the host, the DMA channel, and the 
microprocessor interfaces. The 
86C05 operates at clock rates of up to 
40MHz. 

The bus-control circuit also in­
cludes a BIOS memory interface so 
that a local EPROM on the add-in 
card can configure the chip upon sys­
tem power-up. The multiple inter­
face buses on the chip push the pin 
count up to 160. Thanks to the low­
power CMOS circuitry, though, the 
chip consumes about 250 mW, low 
enough to be housed in a plastic 
quad-sided flat package. In quanti­
ties of 1000, the chip sells for $36.25. 
Samples are available from stock. 

NCR Corp., 1635 Aeroplaza Dr., 
Colorado Springs, CO 80916; Jack 
Brown, (719) 596-5795. CIRCLE 326 
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DIGITAL MICROPHONE 
CAPTURES STEREO SOUND, 
DELIVERS SERIAL DIGITAL 

With a software-selectable 
digital sampling rate of 88.2 
kHz down to 5.5 kHz, the 

DM-N digital microphone captures 
dual channels of audio, digitally en­
codes the signals into 16-bit words, 
and then ships those words in serial 
fashion to a host computer. Ariel's 
first version of the microphone ties 
directly into the NeXT computer's 

,,,.. 
digital-signal-processor port. This 
transforms the system into a digital­
recording system for music, data ac­
quisition, and voice recognition. 

Based on a pair of oversampling 
analog-to-digital converters, the mi­
crophone includes twin analog pick­
ups, software-controlled preamplifi­
ers, and serialization circuitry. In ad­
dition, the microphone's two line in­
puts accept prerecorded analog 
signals for direct feeds into the digi­
tization section. 

The microphone boasts a dynamic 
range of up to 92 dB and total har­
monic distortion of less than 
0.00570-a result of the 16-bit over­
sampling a-d converters. Because 
the microphone can be controlled 
from the host computer, five differ­
ent sampling rates are possible, in­
cluding the 44.1-kHz audio standard. 

Included with the microphone are 
a removable windscreen, cables, and 
a user manual. In single quantities, 
the digital microphone sells for $595 
and is available from stock. 

Ariel Corp. , 433 River Rd., High­
land Park, NJ 08904; Les Listwa, 
(201) 249-2900. CIRCLE 327 

DAVEBURSKY 
DESIGN 

ECL RAM OFFERS 
SPEED, POWER CHOICES 
A 4-kbit ECL static RAM comes in 
two speed-power ranges, suitable 
for use in high-performance comput­
ers and superminis , instrumenta­
tion, and cache memories. The GXB 
10047 4A operates in two modes: the 
standard SRAM mode and a self­
timed STRAM mode. Typical access 
time for the Al version of the device 
is 3.5 ns with a maximum of 5.0 ns at 
a power dissipation of about 1.4 W. 
Typical access time for the A2 ver­
sion is 4.5 ns with a maximum of 6.0 
ns at a power dissipation of 1.0 W. 
Because additional 1/0 latches are 
provided on-chip, system cycle times 
can be reduced from approximately 
10 ns to 5 ns in the STRAM mode of 
the high-speed Al version, allowing 
system clocks of up to 200 MHz. 
Prices range from $30 to $40, depend­
ing on mode, speed, package, and 
quantity. Small quantities are 
shipped from stock. Lead time for 
large quantities is 6to10 weeks. 

Siemens Components Inc. , 2191 
Laurelwood Rd., Santa Clara, CA 
95054; (408) 980-4566. CIRCLE 337 

1-MBIT ROMS DOUBLE 
CONTROL-PIN OPTIONS 
In addition to fast response times, 
the 631000 series of 1-Mbit RO Ms of­
fers double the control-pin options of 
most comparable ROM products . 
The 28-pin 631000 and 32-pin 631001 
are available with 150- and 200-ns ac­
cess times and up to four user-defin­
able control pins. System designers 
can link as many as 16 of the CMOS 
RO Ms on a single data bus. Such con­
figurations are particularly useful 
for computer peripheral applica­
tions, such as laser printers, which 
demand large amounts of memory. 
Packaging options include 28- and 
32-pin DIPs, as well as 32-pin plastic 
leaded chip carriers. Devices may be 
specified for operation over commer­
cial, industrial, and military temper­
ature ranges. Pricing starts at $5.50 
in lots of 10,000. 

Gould AMI, 2300 Buckskin Rd., 
Pocatello, ID 83201; (208) 234-
6851. CIRCLE 338 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

ELECTROSTATIC PLOTTER 
DELIVERS 400-DPI COLOR 
COPY WITH SINGLE PASS 

T
he first color electrostatic plot­
ter to require only one pass of 
the paper through its mecha­

nism has arrived. The ColorWriter 
400 delivers 400-dot-per-inch print­
ing resolution while printing 36-in. 
wide full-color images at a maximum 
rate of about half-an-inch per sec­
ond. Within the intelligent system is 
an embedded Sun 3 CPU that man­
ages the plot requests in a 
networked environment. Multiple 
jobs can be concurrently processed. 

Data can be sent to the plotter by 
means of Ethernet using the TCP / IP 
Level 2 protocol, or over any of sev­
eral standard parallel interfaces. Af­
ter spooling the data in an industry­
standard format on its embedded 
hard-disk drive (155, 315, or 620 
Mbytes), the plotter's Sun CPU pro­
cesses the files to create a special in­
ternal format. The newly formatted 
data is then sent to an output disk, 
which feeds the data to the graphics 
engine. That engine controls the dis­
tribution and mix of specially pre­
pared liquid colors. The graphics en­
gine rasterizes the data on the fly . 

Avoiding the need to make as 
many as five paper passes through 
the printer lets the ColorWriter 400 
handle images of almost any length 
since no plot registration is required, 
and no mechanical take-up and feed­
back system is needed. As a result, 
the mechanical portion of the 46-by-
63-by-44-in. system is much simpler 
than that of multipass plotters. The 
system accepts GDS II Stream, 
HPGL, Versatec Random Format, 
and Calcomp data-format images, 
and can plot the images at paper 
speeds of 0.5, 0.25, or 0.125 ips. 

Depending on interface type, disk 
drive capacity, and other options, the 
1400-lb. plotter sells for between 
$115,000 and $130,000. Systems are 
available two months after receipt of 
order. 

Synergy Computer Graphics 
Corp., 260 Santa Ana Ct., Sunny­
vale, CA 94086; Brian Powers, (408) 
749-8600. CIRCLE 328 

DAVEBURSKY 

CONTINUOUS BACKUP SYSTEM 
FOR NETWORKS CUTS 
HASSLES, AVOIDS LOST DATA 

By continuously inscribing data 
on an optical disk as a function 
of time, the RetroChron back­

up system for local-area networks 
eliminates time-consuming system 
backup and possible data losses. The 
real-time process ensures the rapid 
restoration of lost data, provides 
crash protection, and performs com­
plete system recovery in the event of 
partial or complete disk failure. 

When data losses occur, the sys­
tem operator can select the precise 
prior date and time to return to. The 
RetroChron system will create a vir­
tual device containing the data exact­
ly as it existed at that time. From this 
virtual device, users can then restore 
files or entire directories using the 
familiar DOS copy command. Dur­
ing the restoration process, normal 
network operations are uninterrupt­
ed. 

In the event of a hard-disk crash, 
the backup system allows the net­
work to continue operating from the 
optical disk. When the damaged hard 
disk is replaced, the RetroChron sys­
tem provides a seamless restoration 
of the disk and its data without a 
lengthy formatting and system-re­
building process. 

The system was created for net­
works built around IBM PC/ AT­
compatible file servers with storage 
devices having capacities of greater 
than 150 Mbytes . The network 
should use Novell or 3Com network­
ing software. Packaged as a stan­
dard AT card, the RetroChron sys­
tem uses a 10-MHz 80186 CPU and 
has 1 Mbyte of local memory. The 
host interface is accomplished by 
means of a 16-bit FIFO and direct 
memory access with a FIFO-trans­
fer rate of 2.5 Mbytes / s. 

The RetroChron system is distrib-
uted through value-added resellers. 
Pricing for a minimum order of 10 
units is $4995 each. Small quantities 
are available from stock. 

Vortex Systems Inc., 800 Vinial 
St., Suite406, Pittsburgh, PA 15212; 
(412) 322-7820. CIRCLE 329 
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POWER 
Specialists 
AC LINE FILTERS 

EMISSION LEVELS 
FCC A & B 
VOE A & B 

•POWER ENTRY MODULES .......... 3-1 0 Amp 
· THREE·PHASE .. . ..... . ... . ..... . .. 3.70 Amp 
• MEDICAL/PATIENT CARE .... . .. . . . . 3-20 Amp 
· s1NGLE·PHASE, HIGH CURRENT . . 15·45 Amp 
· cusTOM DESIGN .. . .... . ..... . .. . 3-100 Amp 

SWITCHING 
POWER SUPPLIES 

UNIVERSAL INPUT 
95-260 Volt 

UV330 Series/30W 
UV340 Series/40W 

SWITCHABLE INPUT 
115-220 Volt 

MF330 Series/30W 
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 Series 

-TELECOMMUN ICATIONS 
*TDA,TDB Series 

-LOCAL NETWORK 

~TiU-MAG. Inc. 
~'® 

8210 W. DOE AVE. 
VISALIA, CA 9329 1 
(209) 651 -2222 

ID TELEX NUMBER:4994462 
CABLE ADDRESS:'TRIMAG' 
FAX 209-651 -0188 
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HIGH-FREQUENCY BURN-IN 
SYSTEM BRINGS HEAT 
DIRECTLY TO PACKAGES 

Large convection ovens and liq­
uid burn-in systems are elimi­
nated by the Bak-Pak high-fre­

quency burn-in system from EJ Sys­
tems Inc. The system brings a new 
twist to the burn-in process by bring­
ing conductive heat directly to the 
device-under-test's case. The pro­
cess also eliminates the need for pro­
ducing burn-in boards made of costly 
high-temperature materials. 

A closed-loop conductive heating 
method offers extremely accurate 
control (+2°C) of the device's case 
temperature. In comparison, convec­
tion burn-in ovens control only the 
air temperature to ±3°C, but be­
cause the device itself dissipates 
heat, it is difficult to determine the 

case's temperature. 
Also, the Bak-Pak driver electron­

ics can be placed directly on the burn­
in board, which yields excellent sig­
nal quality up to 40 MHz. In standard 
ovens, the driver electronics must be 
mounted externally and are usually 
about 30 in. from the device posi­
tions. This decreases signal quality 
by permitting frequencies up to only 
lOMHz. 

The Bak-Pak burn-in system costs 
from $10,000 to $50,000 depending on 
configuration and is available in 
about 8 weeks from receipt of order. 

EJ Systems Inc., 360 Merrimack 
St., Lawrence, MA 01843; (508) 689-
0136. CIRCLE 330 
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BLANKET-TUNGSTEN CVD 
SYSTEM CUTS COSTS WHILE 
IMPROVING WAFERS 

With the introduction of its 
Precision 5000 WCVD sys­
tem for blanket tungsten 

deposition, Applied Materials has 
ironed out some of the historical 
problems in film quality and operat­
ing efficiency associated with blan­
ket tungsten in semiconductor man­
ufacturing. The system boasts out­
standing step coverage and film 
smoothness. Its high aspect-ratio 
filling of submicron devices im­
proves their reliability and also re­
duces the potential for lithographic 
difficulties. 

The new blanket-tungsten system 
is based on the proven technology of 
the earlier Precision 5000 CVD sys­
tem. The flexibility and wide range 
of processes available for that earli­
er system makes the Precision 5000 
WCVD system capable of many 
CVD tasks, including plasma nitride 
passivation and doped and undoped 
oxides. 

The system's in situ self-cleaning 
chamber design virtually eliminates 
lengthy downtimes for cleaning and 
requalification, which is common in 
batch-type tungsten systems. The 
self-cleaning technology results in a 
minimum of particulates. In addi­
tion, slow-pump and vent-through 
diffusers create a minimum of turbu­
lence, which reduce the number of 
airborne particulates. Also, because 
of a unique wafer-handling system, 
deposits on the backside of the wafer 
are eliminated. 

A modular design allows up to 
four process chambers per system. 
The independent chambers are de­
signed with a self-aligning, bolt-on 
capability for easy expansion of 
throughput or process. The system 
handles wafers in sizes from 100 to 
200mm. 

The Precision 5000 WCVD system 
costs about $1,000,000 for a two­
chamber system with mainframe. 
Delivery is in four to five months 
from receipt of order. 

Applied Materials Inc., P. 0. Box 
58039, Santa Clara, CA 95052; (408) 
727-5555. CIRCLE 331 

D ES I GN 

RECEPTACLES HOUSE 
DISK-DRIVE MECHANISMS 
Drive mechanism receptacles, de­
signed for mass-storage units in 3U, 
4U, and 6U subracks and enclosures, 
accommodate floppy- and hard-disk 
drives in 3-1/2- and 5-1/ 4-in. formats. 
They also accommodate both full­
and half-height drive configura­
tions. The mounting holes on the 
holders are positioned to fit most 
models. Special arrangements are 
made to insert an SCSI controller 
card, which can be inserted on card 
guides in the enclosure or card cage. 

Elma Electronic Inc., 41440 
Christy St., Fremont, CA 94538; 
(415) 656-3400. CIRCLE 339 

LITHOGRAPHER DOUBLES 
COMPLEX IC THROUGHPUT 
A new generation of high-perfor­
mance scanned-laser lithography 
systems for mask making offers a 
20% overall improvement in pattern­
quality specifications. It also dou­
bles the throughput for high-density 
advanced semiconductor circuits. 
The CORE-2100 combines enhance­
ments to both its hardware and soft­
ware to meet the increasing require­
ments of advanced ICs using one-, 
five-, and ten-times reticles and one­
times masks, such as 250-kgate ar­
rays and 1- and 4-Mbit DRAMs. 
These include an enhanced raster­
izer engine, increased disk capacity, 
and support of MEBES compacted 
data format. Existing formats are 
Standard EBES, MEBES I/II, 
MEBES Reticle Mode, MEBES Ex­
tended Address, and Varian ALF. 

The plotter's substrate handler 
has been adapted to accept 7-in. 
square plates up to 1/ 4-in. thick. And 
an improved steering mirror control 
and response provides a 25% place­
ment-performance improvement. 
Production deliveries of the scanned­
laser lithography system will be in 
the second quarter of 1990. First­
generation upgrade kits will also be 
available then. The CORE-2100 will 
sell for $2.25 million. 

Ateq Corp., 9100 Gemini Dr., 
Beaverton, OR 97005; (503) 626-
3051. CIRCLE 340 



FACSIMILE CARD ROUTS MAIL 
TO RECIPIENTS IN LAN­
SERVER ENVIRONMENTS 
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T
wo complete facsimile trans­
ceivers are packaged on one 
TR112 twin-channel facsimile 

card from Brooktrout Technology. 
The IBM PC/ AT-compatible card 
permits incoming facsimile mes­
sages to be automatically routed to 
recipients in local-area-network fax­
mail server environments. 

The card is aimed at developers of 
large, multichannel fax-mail sys­
tems and applications. These include 
fax-mail servers for networks, elec­
tronic-mail-to-facsimile services, fac­
simile store-and-forward services 
operated by telephone companies, 
and integrated facsimile and voice 
response systems. 

By packing two complete trans­
ceivers, the card doubles the number 
of channels that can be accommodat­
ed in a PC/ AT or compatible system. 
As a result, half as many system 
units are needed to support a given 
number of channels, which substan­
tially reduces the cost of developing 
multichannel applications. A single 
system can hold as many as six 
TR112 cards, or 12 channels. 

The card's autorouting scheme 
takes advantage of the direct inward 
dialing (DID) services provided by 
telephone companies. These services 
permit outside callers to dial internal 
extensions directly. Optional DID 
circuitry on the TR112 card allows 
each user of a multichannel facsimile 
system to be assigned a personal 
telephone number that can be direct­
ly dialed by outside callers. 

In single quantities, the basic 
TR112 card costs $1995. The autor­
outing version goes for $2495. Small 
quantities are delivered from stock. 

Brooktrout Technology Inc., 110 
Cedar St. , Wellesley Hills, MA 
02181; (617) 235-3026. CIRCLE 332 
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NEW PRODUCTS 
COMMUNICATIONS 

DATA-COMM SYSTEM IS 
EASILY CUSTOMIZED 
Single-board hardware platforms al­
low OEMs to accelerate product de­
velopment by providing them with 
an easily customized, off-the-shelf 
communication system. In addition 
to the hardware, the CPS 1000 family 
consists of communication software 
modules (including both object and 
source code options) and target de­
velopment systems. CPS 1000 com­
ponents can be customized into such 
products as LAN gateways, front­
end processors, bridges, PADs, or 
hub switches for a broad range of 
networking applications. The sys­
tems can simultaneously support 
multiple protocols, including X.25, 
TCP/IP, Ethernet, and token ring. 
Serial ports can be independently 
configured with RS-232-C, RS-449, 
RS-530, and V.35 interfaces. Pricing 
for the base hardware ranges from 
$1500 to $9300. 

SBE Inc., 2400 Bisso Lane, Con­
cord, CA 94520; (800) 221-6458 or, in 
Calif, (800) 328-9900. CIRCLE 342 

HYBRID SOLVES 
Tl LINE EQUALIZATION 
Integrating 17 components into a 
single hybrid device, the XR­
TM044H provides ISDN primary 
rate line equalization of up to 36 dB 
of cable loss. The single-in-line hy­
brid also features an automatic line­
build-out (ALBO) feedback and filter 
network, along with a preamplifier 
gain and compensation circuit. To­
gether with Exar's XR-C277 repeat­
er IC, the part forms a complete Tl 
front-end repeater or receiver circuit 
for 1.544- and 2.048-MHz applica­
tions. Its hybrid design offers signif­
icant space savings, as well as in­
creased noise immunity compared 
with discrete solutions. The XR­
TM044H is the first product to result 
from an exclusive licensing agree­
ment between Exar Corp. and Thun­
der Road Communications Inc. It 
sells for $12.56 in quantities of 100 
and is delivered from stock. 

Exar Corp. , 2222 Qume Dr., P.O. 
Box 49007, San Jose, CA 95161; (408) 
434-6400. CIRCLE 341 

NETWORK SOFTWARE 
FORMS SUPERCOMPUTER 
A software package, called the PAX-
1 Network Supercomputer, can turn 
a heterogeneous network of PCs, 
Macintoshes, RISC-based Unix 
workstations, VAX computers, and 
mainframes into a true parallel-pro­
cessing network supercomputer. Ini­
tially based on TCP / IP networks, 
PAX-1 enables a 25-node network, 
55% of which consists of PCs and Ma­
cintoshes, to generate processing 
power equivalent to a 3090/180 main­
frame. A PAX-1 configuration of 25 
RISC workstations packs the equiva­
lent punch of a Cray X-MP/14se su­
percomputer. In addition to the serv­
er software, PAX-1 includes an 
Automated Systems Administrator 
(ASA) engine, which can start, stop, 
and manage systems, peripherals, 
and applications across the network. 
Pricing for unbundled server soft­
ware starts at $9950 for a 25-node 
network. Unbundledclientsoftware, 
which starts at $450 for the MS-DOS, 
version is also lower without the 
ASA logic. 

VXMTechnologieslnc., Box 9121, 
Kenmore Station, Boston, MA 
02215; (617) 730-8490. CIRCLE 343 

MMIC ATTENUATOR 
SPANS DC TO 18 GHZ 
Using three GaAs FETs in a TT con­
figuration, theHMR-llOOOMMICat­
tenuator controls gain and inter­
stage ripple with low insertion loss 
from de to 18 GHz. The part, which 
can be used for gain control, switch­
ing, and amplitude-pulse modulation 
in both MMIC and MIC assemblies, 
can solve a wide range of signal con­
trol problems . Maximum current 
draw is specified at just 60 µA . Typi­
cal minimum insertion loss is 2.0 dB 
at 12 GHz. Typical maximum linear 
attenuation is 35 dB at 2 GHz and 15 
dB at 18 GHz. The attenuator, which 
is 390 by 450 microns (15 by 18 mils), 
sells for $12.30 each in lots of 1000 
and is shipped from stock. 

Harris Microwave Semiconduc­
tor, 1530 McCarthy Blvd., Milpitas, 
CA 95035; (408) 433-2222. 
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• Square Cut • Flat • Round "O" Rings 
. with tolerances held to +I - .oos·· 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 
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DISK SPECIFIES 
ADCS, DACS, MORE 
Available at no 
charge, a disk­
based component 
selection guide 
gives designers 
access to a func­
tional data base 
containing over 
1600 unique parts, 
including analog and digital signal 
processing devices and data convert­
ers. Using any IBM PC or compatible 
computer, a designer need only enter 
the minimum and maximum desired 
specifications. The selection guide 
searches its data base and displays 
up to 17 components meeting the de­
sired criteria, along with their actual 
specifications. If the guide fails to 
find a device the meets the require­
ments, it expands the search param­
eters until it finds one or more de­
vices that come close. 

Analog Devices Literature Cen­
ter, 70 Shawmut Rd., Canton, MA 
02021; (508) 658-9400. CIRCLE 345 

ASYST '88 CONFERENCE 
PROCEEDINGS 
The ASYST '88 ,. 
International!J 
Conference Pro- JNTUttA110#Al 

ceedings, a 249- ==.s 
page publication, 
contains 48 appli-
cation articles on • 
PC-based scientif-
ic and engineering 
applications. The papers, which were 
presented at the ASYST '88 Interna­
tional Conference sponsored by 
Asyst Software Technologies Inc. 
and the Institute of Applied Forth 
Research Inc., cover such topics as 
data analysis, biomedical, instru­
mentation control, materials re­
search, physics, and testing. Applica­
tions range from theoretical model­
ing to automated testing and com­
puter-aided instruction. The 
document is available at a cost of $25. 

Asyst Software Technologies 
Inc., 100 Corporate Woods, Roches­
ter, NY 14623; (800) 348-0033 or (716) 
272-0070. CIRCLE 346 

NEW LITERATURE 

JOURNAL ADDRESSES 
SIGNAL PROCESSING 
Analog Dialogue 
is a technical jour­
nal on circuits, 
systems, and soft­
ware for real­
world signal pro­
cessing. This is­
sue, Number 23-2, 
highlights the a '.:O'.t 

ADSP-2101 monolithic CMOS micro­
computer. Other application-orient­
ed articles describe an isolated 
strain-gage module, the 5B38; two 6-
bit monolithic flash converters, the 
500-MHz AD9006 and AD9016; and 
the fastest-slewing monolithic op 
amp with wide bandwidth, the 
AD844. The column which addresses 
users' questions and problems fea­
tures a discussion on voltage-to-fre­
quency converters. 

Analog Devices Literature Cen­
ter, 70 Shawmut Rd. , Canton, MA 
02021; (617)461-3043. CIRCLE 347 

POWER CONVERSION 
DESIGN GUIDE 
The 1990 edition 
of Calex's design 
guide and catalog 
contains detailed 
electrical specifi­
cations, perfor­
mance curves, 
simplified sche­
matics, mechani­
cal specifications and dimensions, a 
quick locator section, and complete 
environmental data on more than 116 
de-de converters. The 68-page publi­
cation also details over 50 low-power 
encapsulated modular power sup­
plies. Single-piece pricing and order­
ing information is provided. 

Calex Manufacturing Co. Inc., 
3355 Vincent Rd., Pleasant Hill, CA 
94523; (415) 932-3911. CIRCLE 348 

TUTORIAL DESCRIBES 
SOURCE-MEASURE UNITS 
A 24-page tutorial handbook covers 
the basic technology of a source­
measure unit (SMU), a single instru­
ment that is able to simultaneously 

E L E C T R 

source voltage and measure current 
or source current and measure volt­
age. Included are chapters that de­
scribe an SMU, how it works, design­
ing test systems, sample test setups, 
and a glossary of terms. An applica­
tions handbook is also provided 
which details 24 typical source-mea­
sure test configurations. Each appli­
cation contains detailed schematic 
diagrams. 

Keithley Instruments, 28775 Au­
rora Rd., Cleveland, OH 44139; 
(800) 552-1115. CIRCLE 349 

TMOS POWER 
MOSFET DEVICES 
This recently revised data book cov­
ering Motorola's line of TMOS power 
MOSFETs now includes the compa­
ny ' s new high-energy logic-level 
power MOSFETs, surface-mounted 
DPAKs, GEMFETs, and SENSE­
FETs. The comprehensive publica­
tion (DL135/D) provides reliability 
data, application and basic design in­
formation, a selector guide and cross 
reference, and data sheets for more 
than 380 standard devices. Applica­
tion chapters discuss avalanche limi­
tations, commutating safe operating 
area (CSOA), and dv/dt. It costs 
$3.45. 

Motorola Literature Distribu­
tion Center, P. 0. Box 20924, Phoe­
nix, AZ 85063; (602) 994-6561. 

CIRCLE350 

ACQUISITION PRODUCTS 
RUN ON PCS 
A six-page pamphlet presents an ex­
tensive line of data acquisition hard­
ware, software, and accessories for 
IBM PC, XT, AT, and PS/2 comput­
ers, as well as Macintosh personal 
computers. Detailed technical speci­
fications are given for a series of 
plug-in data acquisition boards that 
provide analog, digital, and timing 
input/output functions. Also cov­
ered are a variety of software pack­
ages that simplify the development 
of data acquisition, analysis, and pre­
sentation applications. 

National Instruments Corp., 
12109 Technology B lvd., Austin, TX 
78727; (512) 794-0100. CIRCLE 351 
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Direct Connection Ads • New and current products for the electronic designer presented by their manufacturers. 

ELECTRONIC DESIGN'S DIRECT CONNECTION ADS 
Can Be Colorful 

Now, your ads in this section can be in eye-catching color* . 
In Full Color In Two Colors 

• Color Premiums: Full Color, $250; Two Color, $150 

To get your ad in full color, just supply a color print , slide , or transparency and 
your copy. Or highlight your ad with one of the four colors above. 

To place your order: 
Call Jeanie Griffin at (201) 393-6382. 

PCB ARTWORK SOFTWARE 
smARTWORK® PCB Software. In a fraction of the 
time hand taping requires, you can create double-sided 
printed circuit boards with smARTWORK and your IBM 
PC. The program's features include continual design­
rule checking, automatic pad shaving, a silkscreen, and 
text for all three layers. smARTWORK with autorouting 
is $895 (without, $ 495) and comes with a 30-day 
money-back guarantee. Credit cards accepted. Write 
or call : 
WINTEK CORPORATION, 1801 South Street, 
Lafayette, IN 47904. (800) 742-6809 or (317) 742-8428 

SOFTWARE CIRCLE 254 

6809 SINGLE BOARD COMPUTER 
6809 MPU, 2 serial ports, 4 parallel ports, RAM, 
EPROM, real-time clock, watchdog timer, 44-pin 
4.5'X6.5" PCB. EXPANSION MODULES: RAM, 
EPROM, CMOS RAM/battery, analog 1/0 , serial 1/0 , 
parallel 1/0 , counter/timer, IEEE-488, EPROM pro­
grammer, floppy disks, _cassette, breadboard, key­
board/display. 

WINTEK CORPORATION, 
1801 South Street. Lafayette, IN 47904-2993. 
(317) 742-8428 or (800) 742-6809 

6BHCll 
PC-based emulator for 68HC11 

• PC plug-in or AS-232 box 
• Pull-down menus with 

full window support. 
combined with command­
dr1ven User Interface 

• 48 bit wide t6K deep 
1race All functions usable 
without disturbing emu­
lation Ttme stamping 
Two level trigger 

• Up to 33mHz real time • Symbohc and C Source 
emulation Level Debugging, 1nclud-

• No 1ntrus1ons to !he mg m-hne assembler 
68HC11 ·s resources and disassembler 

PRICES: 64K Emulator and pod $2590," 
4K Trace $1995" 

CALL OR WRITE FOR FREE DEMO DISK! 

nDHau 
1

51 E. Campbel l Avenue 
Campbell , CA 95008 

CORPORATION FAX (408) 378-7869 
(408) 866-1 820 

·us only 

ALSO SEE PAGE 150 CIRCLE 255 

IEEE-488 
Complete Hardware and 

Software Solutions 
Platforms: PCIXTIAT, PS/2, 386, RT PC, 
Macintosh Plus/SE/II, Sun, DEC, Apollo, 
MASSCOMP, 3B2, o-eus, UNIBUS, VMEbus. 
MULTIBUS, STD Bus, S-100, and SBX Bus 
Operating Systems: DOS, OS/2, XENIX , 
UNIX, 386/ix, AEGIS, SunOS. AIX, RT, RSX, 
RSX, VMS, ULTRIX, VAXELN, PDOS. VERSA­
dos, RMX-86, Z-DOS, STD-DOS 
Support Products: Extenders, Expand­
ers, Converters, Controllers, Buffer, Analyzer 

Call for FREE Catalog 
(800) IEEE-488 • (512) 794-0100 

y.NATIONAL 
~ ~~~!"~~~~~!~ ~: 

12109 Technology Blvd. Austin, Tx. 78727 

ij= ====i-1 
E/EPROM PROGRAMMER 

$895 
Lifetime FREE 

software updates 
(1st in the industry) 

• EP-1140 includes: software, coble, monuol, 
FREE updates (vio BBS) , toll-free tech support, 
1 ·yeor warranty, & an unconditional thirty­
doy money back guarantee 

• Programs 24-, 28-, 32- & 40-pin E/EPROMs 
• Supports 874X & 87(C)5X series 

microcontrollers 
• Connects to a standard parallel printer port 
• Currently supports parts to 4 Megabit 
• 32-pin model, EP-1132, available for $695 

The Engineer's Programmer™ 

CALL TODAY 800-225-2102 

BP~ 
10681 Haddington, # 190, Houston, TX 77043 

713/461·9430 FAX 713/461·7413 

BP MICROSYSTEMS 

100 
MHz 

Single Board 
Data 

Acquisition 
& 

Signal 
Processing 

CIRCLE 253 

PERFORMANCE 
WORTH 

DISCOVERING 

SIGNATEC 

357 SHERIDAN ST, #119 
CORONA, CA 91720 
(71 4) 734-3001 

HOW TO 
WRITE FOR 

CIRCLE 256 

""""" , .... ·] I .., • 

• ---------- ... &·:-:-:-:-:-:-:-:-::i ==~ --- ---
ELECTRONIC DESIGN AUTHOR'S GUIDE 
Thinking of writing a technical article for publication in 
Electronic Design? This 12-page brochure contains 
just about everything you need to know about the 
process: submitting the outline, tips on writing the 
manuscript, preparing the artwork, and more. 

ELECTRONIC DESIGN 
Ten Holland Drive 
Hasbrouck Heights, NJ 07604 

LI _ S_l_NG_L_E_B_OA_R_D_C_O_M_PU_T_E_R _____ C_IR_CL_E_2_57___, I NATIONAL INSTRUMENTS CIRCLE 258 I I ELECTRONIC DESIGN CIRCLE 259 I 
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Direct Connection Ads · New and current products for the electronic designer presented by their manufacturers. 

NEW TOOLS FOR 
SIMULATION 

PRODUCTIVITY 
ENHANCEMENT 

As seen in July 13 
Electronic Design (pg. 101) 

Sim-P/L ·a Pascal-like behavioral language for gener­
ating stimulus files for simulators from Mentor Graph­
ics, DASIX, Valid, OrCAD and others with extensions 
for test vector generation; and 
SimComp - a program for complete functional and 
timimg comparison of two simulation runs for best/ 
worst-case and/or pre/post-simulation analyses. 

For more information on these software tools contact: 
SimPro Division of DEi (303) 440 7997 

SIMPRO DIVISION OF DEi CIRCLE 260 

DIRECT 
CONNECTION ADS 

We'll Make Up 
Your Ad For Free 

And put it in front of over 
150,000 design and devel­

opment engineers. 
NO PRODUCTION 

CHARGES!!! 
Call now for details 

(201) 393-6382 

A Multitalented Genius for Graphic Display 

Meet the WACOM LCDP' " (W7001F) liquid crystal graphic 
display controller. Multiwindowing, screen synthesis, char­
acter display by specifying character codes: it's ready to 
demonstrate fts versatile graphic abi lities all at one go. 
The ideal display device controller for personal computers, 
portable terminals, and other vectors of the information 
revolution, the WACOM LCDP'" is ready for your applications. 

• Controls a maximum 720 x 512 dot (1/256 duty ratio) tiquid crystal dis· 
play. • Controls a 1 megabyte frame buffer memory (!or 32 640 X400 
dot LCD screen) . • Carries out copying , straight line drawing, filling . and 
other !unctions by command input • Efficiently controls LCDs from most 
manufacturers. 

W/.!!I • !.\1 WACOM ASIC Center 
4·29·11. lkebukuro. Toshima·ku . TOKYO. 171 Japan 

WACOM 

Multi Gen -fr•q••ncy synlM•iz.r,ploa,. B'""'"'°'· 
ARB, clock g•n<rator, .i "'°""lalion .oowc .... FOR THE PC! 

11lls patented direct-digital synthesizer(DDS) is a complete 
high-performance instrument, with sweep and burst 
functions. Fast switching, &MHz coverage in O.lOHz 
steps, and modulation make it your most cost-effective 
signal source for A TE, classroom, and general lab 
applications. User friendly software supports your mouse 
and includu manypreduignedwaveforms. $199 .. 

SCITEQElcctronics, Inc. ~ 
8401 AERO ORNE• SAN DlEGO, CA 92123 • 619-292·?500 ~ 

Cost-effective Clock Generator 
VDS-256 • Am•lla>Ho•.dJ o•/pMU FOUR SIGNALS! 

LOW IOGH STEP SIZE SIGNAL 
!MHz 256MHz !kHz ECL 
IOOkHz 25.6MHz IOOHz 1TL 
! OkHz 2.56MHz I OHz 1TL 
I kHz 2.56kHz I Hz 1TL 
ThU card UJC.I an ooboard or cxtcma.l lOMHz n:fcrencc, BCD 
COillrol (22rbilll, parallel) 1ignal, and ii built in a caovcnicnt 4.5" x 
6.5" format with an JDC caoncctor for f=jucncy caotrol. - $TIO 
(!ppm). $616 ( 2Dppm), qty I ~ 

SCITEQE!cctronics, Inc. ~~ 
8401 AF.RO DRIVE• SAN DIBOO, CA 92123 • 619-292·0500~~ 
SCITEQ CIRCLE 262 

IPC BASED UNIVERSAL 
DEVICE PROGRAMMER $595-845 1 
• Programs EFJEPROMs, PALI, GALs, IFLs, EPLDs, MICROs, BIPOLARs. 

• :~::ed:!~:~ep~~[~;~~:&o~\~~~~ ~~~ir;:::;~~fo~:~~g:i~ ~ ~\~~ACs 
• Upgrad..able for vi rtually any futun program mable devitts up to 40 pins. 
• Self subsis1en1 operation. No additional modules or f:IRf:-in ad[fi1ers required. 

• ~:~!~nd!i~~[~d: 1J:.~:.E~2e~T!U~~e~~a~ch. ~I~ or1~i~ entry. 
• Friendly Menu-Driven interface. Devitt selection by PIN and manufactufl'r. 
• Supports 8116132 bi t data word formats. 
• Prosramming algorithm:Nom1al, Intelligent 1&11, Quick Pulse Programming. 

: ~:~~7i~:r~!~~~ /EgECms~~n~a~~rfu~~tft~?~~tia:; r:i~~,i~"a;~~':r 
1TL Logic functional test for 74u/54xx series devices. 

• File fo rmats accepted: J EDEC (full), JEDEC (kernal), Straighc Hu:, MOS 
Technology, Motorola lln. lnlel lltx, Tektronix Hu. 

: ~~o;,e:e s({/g°s)t i~~~~~el~t~e;r!: ~~~.d~~~=~ ~~~QFu~elJc~·ji~~an~~-1 
year rree updates.Additional Devitt Ubnrits (Logic, r.icros, Bipolars) $9Sta. 

• Library updates can be received via floppy or Customer SuPJX!n BBS. 
MC / VISA / AMEX Cailtodayf<Ndalashttu! 

B&C MICROSYSTEMS INC. 
3SS West Olive Avt, Sunnyvale, CA 94086 USA 

TEL, (408)730-5511 FAX, (408)730-5521 

CIRCLE 261i13 .... ~SC:IT=E!Q~==!!==!!!!!!==C!IR!C!L~E =264~·~B~&C~Ml~C~RO~S~Y~ST~E~M~S~-----·Cl.RC·L·E·2·65~· 

A Complete DDS Instrument -
VDS-15 

DC-16 MHz with <-50dBc spurs and excellent phase 
noise. Submicrosccond switching, phase modulation 
(0.18 steps), an on-board !ppm lOMHz reference, and 
exact 0.1 ()()Hz frequency steps all make the VDS-15 your 
best bet for A TE and general lab usage. Outputs both 
SINE (0to+13dBm) and TTL, BCD frequency control. 

$2650 ~ 
SCITEQElcctronics, Inc. -~~ 
'401 AP.RO DRIVE• SAN DIEGO, CA 92121 • 619--292-0SOO ~~ 

SCITEQ CIRCLE 266 

To advertise call: Jeanie Griffin at (201 ) 393-6382 

PENSTOCK CIRCLE 267 
E L E C T 

LOW COST 
Data Aquisition 

Cards for 
PC/XT/AT 

. ·- . . -. 
• ; ' 1 

. . , - - ' 

I 12 Bit AID & DIA [PCL711S] $295 I 
• AID cotwerter: 8 si ngle-ended channels: Uses ADS74 device; Conversion lime 

• ~'::o~:e~Z:~h~~~\;ra1'1~i1 ~:;lu~:~a~~o T~i~le~VM~~~~~nge. 
: e!rii~I ~!!:u1:e~~~r:rp~~~~~esfu: :'~r~ :~drl~~~k~£1~.d . 
112 Bit ND & DIA [PCL8121 $m) 

• AID converter: 16 single ended in6Juts: Uses AD574; Conversion time less 

• ~'~ ~::~~~uit~~~ni:;:ir~~~~ r~~~ti~~'.~::U:Rs:~~e"~~V. : sv. =iv. 

: ~~~!·!n~~~~~~~=;Ut1m~~~::;:~"~~~;i~uP~~egr:':~i~rJ!~1~: 
Fast 2 Bit 

B&C MICROSYSTEMS INC. 
3SS Wu l Olive Ave, Sunnyvale. CA 94086 USA 
TEI,, (408)730-5511 F!& (408)730-5521 

B&C MICROSYSTEMS CIRCLE 268 
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Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages into your PC board in 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod '"converts 
one package type to another (LCC, PLCC, PGA, and DIPs). 
• Emulator pods and adapters are available in all standard 
pin counts, with ribbon or ribbon cable headers. 
• Custom engineering services and do-it-yourself emulator 
pod converters. Free catalog. E~ 

Emulation Technology, Inc. 
2368-B W31sh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

EMULATION TECHNOLOGY CIRCLE 269 

You've Seen Your Computer Run, 
Now Watch It Fly! 

-

,¥ ~ :~:r:.;J; 

~-~ ---
IBM·PC, XT, AT,'386 Blue Flame 11 

SemiDisk Solid State Disk Emulator 
Featuring : 

• PC-DOS. MSOOS. and Concurrent DOS Compatible 

• Very Fast Access · 6 4 Mb1ts sec 

• High Capacity · Up to B MB Per Board 

• Expandable to 32 MB 

• Banery Backup Option 

• Hardware Parity Checking 

• No Mecti anical Wear 

• No Special lnter1ac1ng 
Sem1D1sk Systems. Inc 

11 080 SW Allen # 400 
• Prices Stan Under $600 Beaverton. OR 97005 

& • 15031 626-3 104 FAX 503-643-0625 

SEMIDISK SYSTEMS CIRCLE 272 

"Best Value" in PCB Design 
Tango '"' se ts the pace in PC- based circuit board des ign 
with an eas~-to- u se. pop- up menu interface and 
powerful fea tu res includ ing I mil resolut ion. 
full SMT support. DRC. Gerber and 
PostScrip t ,. outpu t. fa ,t high­
completiun au toroutcr. and pho­
to plot previewing. Configure 
your personal PCB design station 
from our selection of cnt r\"- le\'eJ 
and expert tools, starling at 
just $595. 

See fu r ~ourse l f wh ~ engi neers ra ted 
Tango the .. Best \'alue .. in PCB design at CAD 
Showdown '89 . Rich functionalit \. one \ea r's 
upda tes. free tech support and li°BS. pl tis uur IO-da1 
guarantee. Call toda\. . . 

·\O.: H '~ Tt•rhnolo~it•, • h81'l Fl ;11Hkr' Drnt• • S:tn l> lt').:o. U tJ!J! l l S.\ 
lrHt•rn:ll11mal pnn·:. 111;11 1an (0111an u:. for lhl' db.1rihu1or nt•:irt' .'I 1uu 

ACCEL TECHNOLOGIES CIRCLE 275 
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Today's Standard 
in Multi-Platform 
Schematic Design 
and Interface Tools 

Exceptional performance. 
Unparalleled versatility. 
No nonsense prices. 
Quality and service you 
can depend on. T 

Phase Three Logic 
(503)-645-0313 

1600 NW. 167th Place 
Beaverton, Oregon 97006 

PHASE THREE LOGIC CIRCLE 270 

IOTECH 

BLIND MATABLE POWER SUPPLY 
CONNECTOR 

L Series rack & panel connectors provide optional 8, 15, 
25, 50 and 200 amp contacts in a rugged float mount­
able assembly. L Series connectors use the Hypertac® 
Hyperboloid, low force contact which offers high cycle 
life, immunity to shock and vibration, and contact resis­
tance in the .4 to 2.5 milliohm range. 

HYPERTRONICS CORPORATION (508) 568-0451 
16 BRENT DRIVE, HUDSON, MA 01 749 

CONNECTORS CIRCLE 276 

E S I G N 

Still Blasting 

!!v?.o~~~st _li'•f!jf!if*I 
ROM code in minutes 
without leaving your keyboard -
with the GEi ROMemulator. 

Soul'("e coo'e for 
host softwan> 
1s included 

Ask us about faster (than 150ns) 
ROMemulators and custom cables for 
most non-27xxx ROM sizes. 

lJS.ZK BAUD RATE UPGRADE NOW AVAILABLE 

1......- 3314 Morse Road 
•-• BSl Grammar Engine, Inc 

.__ Columbus. Ohio 43231 

...... 614 /471-1113 
VISA .oo M..s1e'C'"'d Accepted In Pacific and Mountain timezones 
O..•le1 lnq~1ne• Welcome 415/595·2252 

GRAMMAR ENGINE CIRCLE 271 

PROTOTYPING PCB 
• Multi Bus. PC Bus.PS Bus.S100.STD.VME. 
• UNI Board.Trans Board.Extender Card. 

• High quality 1 /16" FR-4 epoxy glass 
• For soldering & wire wrapping 
• Variety of solder pad patterns 
•Best price 
Cal l Today For Catalog! 

MING 
9n Soul h M"rid i• n Ave nu .,, Alk •mbr• CA 9\l!Ol 

T<'l: (118)570-0058 • Fu:(ll &) 576-1741 

MING ENGINEERING & PRODUCTS CIRCLE 274 

YOUR 
AD 

HERE 
Here 's all you have to do: 

• Send a B/W or 4/C glossy photo. 
• Include 13 lines of copy. 

(37 characters per line.) 
• Write a headline of 32 characters or less 
• We do all the rest. No production 

charges. 
• We also accept camera-ready art. 

Ad size: 23
/

16
" wide x 3" deep. 

CIRl.~E2n 

To advertise call : Jeanie Griffin at (201 ) 393-6382 



1 B 
INTERFACE 

• Dual-Redundant 
•Commercial & Militarized Versions 
•IBM PC/YJ/AT/386 Half Card 
• Powerful Software With 

Interactive Command Processor 

p 
QQC)~Qr' 

7965 Dunbrook Road, Suite G 
San Diego. California 92126 

(619) 271-6309 • Fax (619) 271-6341 

PONSOR ENTERPRISES CIRCLE 278 

• 16 Trigger words/16 Level Trigger Sequence 

• Storage and recall of traces/setups to disk 

• Disassemblers available for: 68000, 8088, 8086, 80286, 
6801. 6811 , ZBO, 8085. 6502, 6809, 6303, 8031 

NCI 

NCI 0 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 

(205) 837-6667 

CIRCLE 281 

Increase your exposure 
to the most qualified 

audience of design and 
development engineers 

with 

Electronic Design 
INTERNATIONAL 

For Details Call: 

Jeanie Griffin (201) 393-6382 
FAX: (201) 393-6388 

CIRCLE 284 

To advertise call: Jeanie Griffin at (201) 393-6382 

SPICE UP YOUR PC with Z/SPICE 
The useful, professional & affordable circuit simulator 
for your PC. Ask for our free brochure • Time domain 
analysis • Frequency domain analysis • Sensitivity 
analysis• Diode, BJT, FET, MOS-FET devices• Graph­
ics display • Full reference & tutorial manuals • Device 
library available. 
Z/SPICE professional vers .............................. $300 
Z/SPICE student vers .................. ...................... $79 

ZTEC, 6745 Lindley Ave., Reseda, CA 91335 (818) 
609-8948 
ZTEC CIRCLE 279 

e'fES~simulates modems, radios, and other systems 
•Built-in FFT spectrum analyzer, plus over 55 models: 
fitters, mixers, VCOs, logic, AID and lab equipment 

•Capture schematics graphically with OrCACXBl & PCACXBl 
•Add your own models to TESS easily using MODGEN 
•Call for demo disk •TESS is not co rotected 
TESS Simulator $495 TESOFT PO BOX 305 
MODGEN™ModalGenerator $245 Roswell GA 30077-0305 
OrCAD/SDT II® Part Library $145 1!'404-751-9785 FAX404-664-5817 
P-CALllll Part Ubrary $225 VISA, MasterCard, PO's accepted 

SYSTEM SIMULATION CIRCLE 282 

ELECTRONICS TOOLS AND 
TEST EQUIPMENT 

Color illustrated 210-page catalog from Specialized 
Products Company details an ec.tensive selection of 
electronic tool kits, test equipment, telecommunica­
tions equipment and electronic production aids. ln­
de<ed catalog shows digital multimeters, breakout 
bores, hand tools, soldering equipment and more­
all with specifications and prices. 
Specialized Products Co., 2117 W Walnut Hill Lane, 
Irving, TX 75038. Phone (800) 527-5018 

C lor the 805 I 
Compare: 
Benchmark Results -Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling. 

Archimedes 
ICC51 MCC51 FRANKLIN 

v2.20A v1.2 C51 v2.1 

Compilation time 12 sec .I' 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 .I' 

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 280 

INDUSTRIAL THERMOSTATS 
Snap-action thermostats provide quick make or break 
of current in temperature-critical devices. Compact, 
surface mounted, reliable. Some models open on 
temperature rise, others close, at fixed set points be­
tween 35°F and 500°F. Attractive quantity discounts. 
Literature, free sample, and quotations. Available from 
stock. 
SELCO PRODUCTS CO., 7580 Stage Rd. , Buena 
Park, CA 90621. 213/921-0681 , 7141521-8673, 
800/25-SELCO. 

CIRCLE 283 

DIALING/DECODING 

M-959 is a dial pulse counter and hook 
status monitor. For test equipment, pulse­
tone conversion, pulse recognition . Tri­
statable binary outputs. 14 pin DIP CMOS. 
3.58 MHz time base. 5 V supply. 

M-969 is a binary input pulse dialer that 
outputs 10 pps signals. For auto dialers, 
tone-to-pulse converters, alarm systems, 
and more. 20 pin DIP. 3.58 MHz -;- 8 time 
base. 5 V supply. 

For more info call: 1$:I•I•f!fJl'PfJiJ 
(In Washington State: 206-827-9626) 

iCEL"'CCNE® 
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( Heritage Systems Corporation ) 

HSC-9100 
80 By 24 

Or 25 Line 
Alpha-numeric 
Video Terminal 

Card 

ANSI X3.64/0ther Terminal Emulations 
50 To 38.4K Baud Serial Port 
RS-232 Or TIL/CMOS Versions 
IBM PC Compatible Keyboard Input 
EEPROM Based On Screen Config 
Composite or Separate Video 
100 By 100mm Card 5V Only @200mA 
$139TTLICMOS $149 RS-232 

PO Box 10588, 
Greensboro, NC 27404-0588 

(919) 547-0777 

HERITAGE SYSTEMS 

c•:.f325 
Mindow:; 
Cor1t.rol 

c:lemo 

CIRCLE 287 

LCD WINDOWS CONTROLLER 
The CY325 supports LCDs up to 1 28x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Para llel or Serial in terface to host computer. The 
256 bui lt-in windows (or make you r own) support 
w indow - relat ive text, graph ics, plott ing, bargraphs, 
waveforms. scroll/wrap/ clip, etc. Read from an N D 
and Wri te in to W indow! Separate text and graphic 
pl anes can be w ritten o r erased in any win dow. Eig ht 
pins support a variety of functions (soft-keys, wavefonms) 
or can be used for GP 1/0. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time wi th the CY325. $75 CMOS $20/ 1 OOOs. 

~ ?~~i~~~~ti_c ~il~~.~,~~~t~~s .I~~· 
~ Phone: (4 15] 726-'.IOOO • Telex: 910-350-5842 

CYBERNETIC MICRO SYSTEMS CIRCLE 290 

Increase your exposure 
to the most qualified 

audience of design and 
development engineers 

with 

Electronic Design's 
Direct Action Cards 

For Details Call: 

Jeanie Griffin (201) 393-6382 
FAX: (201) 393-6388 

Long life, superior flexibility 
• PCB or panel mountable 
• Momentary or alternate action 
• Gold or silver contacts 
• Extensive colorful keypad system 
• Optional LEDs 

One Switch ... for all functions 
SUbsld1ary o f Stein Industries, Inc. 

S ELECTRONICCOMPOll'ENTSGROUPE 
6 North F11!h Street. Minneapolis. MN 55403 
2-375 -9639 FAX 612-375- 1905 

Call toll-tree 800-826-8719 

ELECTRONIC COMPONENTS GROUPE CIRCLE 288 

I EZ-WRITER 

I 

(E)EPROM Multiprogrammer™ 

DAT A 1/0 212* Performance 

For Only $995. 
100% USA 

Made 

DC Model 

upto40-pins. 
• Stand-alone o rRemote . 
• 40-pinMic rosOpt. 
e SET/GANG4 (E)EPR0Ms0pt. 
• Parallel p o rtfo r Fast Up/ Down Load . 
• 256Kbytes.expandableto 16megabits. 

ralDmm 1-800-523-1565 
In Florida (407) 994-3520 
Fax: (407) 994-3615 

· DAT A 110 1s a registered trademark ot OAT A 110 Corporation 

BYTEK CIRCLE291 

FREE UV ERASER 
WITH DATA VO'S 201 
EPROM PROGRAMMER. 
For $995 the 201 gives you· 
• Support for EPROMs 

and EEPROMs 
up to 512K, 

• Full after-sale 
support from 
Data 1/0® 

Order a 201 today and 
get a FREE UV eraser- a $40 va lue. The 
Datarase II erases up to 4 EPROMs in 
3 minutes. 

1-800-247-5700 
Ext. 806 

DATAl/O 
Corporation 

CIRCLE 293 DATA 1/0 CIRCLE 294 
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HIGH DENSITY CIRCULAR PROCESS AND 
MEDICAL EQUIPMENT CONNECTORS 
D Series 7, 9 and 12 contact cable to cable and chassis 
connectors provide MIL quality contacts in impact re­
sistant polycarbonate housing. Keyed simple push 
button lock minimizes use problems. Solder cup or 
crimp contacts are useable in either housing. 
HYPERTRONICS CORPORATION, 16 Brent Drive, 
Hudson, MA 10749 • (508) 568-0451 

CONNECTORS 

i -~'"<­

~ 

CIRCLE 289 

HARDWARE DEBUGGER 
The BusBoy51 Is a new In-circuit debugging tool for 8051 
based boards. Useful In both prototype and production 
testing, It wlll help Isolate wiring errors and component 
!allures. The BusBoy 51 Is menu driven with a serial 
Interface to the operators terminal. It provides pre­
programmed tests for 8051 memory and 1/0, detecting 
stuck and shorted address or data bits. The BusBoy 51 Is 
powered by the target system and autobauds. Use the 
BusBoy 51 to verily prototypes, test !ailed boards to 
isolate the memory or buffer chip responsible, final check 
production boards for proper memory and 1/0 operation. 

BusBoy C51 $ 389.00 51 H $ 349.00 

CALL (315) 478-0722 
FAX (315) 475-8460 

Logical Systems Corporation 
P.O. Box 6184, Syracuse NY 13217-6184 USA 

TUC 6715617 LOGS 
LOGICAL SYSTEMS CIRCLE 292 

The ULTimate PCB layout package featuring: 
I Real·Tim.c Dcs!wiRuleOieck I Curvcdandangularuaccs 
I TiaceShovcarx!Rcoute-Whilc-l"lovt: I Fu11Sl1Tsupp.:in 
I Autauute by wvmw. compooem or net I Powerful~ 1ool.s 
I 32layersupport:blind&OOriedvias I BackanncxatXxtpin/gatc swap 

Uralikdmrmryl'O'Sa!Swlth~<JeswlsutiDiJ21-~il!"ilVdlt/tJe 

USA/Cmada: ULTlma!:c- Tcdn::qy Cap. • Td..: (406) 43 Qfl ,J944 • Fon: 439-8Q06 
Ul/Ircland: ULTimatcT~(UK)lld • Td..:(0734)812030 • fax:815323 
Gcniwiy: ULTimateT~ • Td.:07031870028 • Fax:85915 
Int. Hc.dquartcn:ULTimalcT~B.V. • Td..:(+3!)2159·444 24 • fax:4ISt5 

llLTlf~iltl.\[J'rn; ASK FOR YOUR FREE Df.l'IO DISK 
"°'~lF' 

ULTIMATE TECHNOLOGY CIRCLE 295 

To advertise call: Jeanie Griffin at (201) 393-6382 



TlllY 
ABSORPTIVE ••• REFLEalVE 

finding new ways .. 
setting higher standards 

de to 4.6GHz trom$32~~4) 
Tough enough to pass stringent MIL-STD-883 tests, useable 

from de to 6GHz and smaller than most RF switches, Mini-Circuits ' 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 

KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1 MHz, these GaAs 
switches can operate down to de with control voltage as low as -5V, 

at a blinding 2ns switching speed. 

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 

conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 

from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 

maintain 3ns switching speed. 
Switch fast . .. to Mini-Circuits' GaAs switches. 

S PECI FI C ATIO N S 

Pin Model 
Connector Version 

FREQ. RANGE 

INSERT LOSS (db) 
dc- 200MHz 

200- 1 OOOMHz 
1- 4.6GHz 

ISOLATION (dB) 
dc- 200MHz 

200- 1 OOOMHz 
1- 4.6GHz 

VSWR (typ) ON 
OFF 

SW SPEED (nsec) 
rise or fall time 

MAX RF INPUT 
(bBm) 

up to 500MHz 
above 500MHz 

KSW-2-46 
ZFSW-2-46 
dc-4.6 GHz 

typ max 
0.9 1.1 
1.0 1.3 
1.3 1.7 

1yp min 
60 50 
45 40 
30 23 

1.3:1 

2(typ) 

+17 
+27 

-8V on, OV off 

KSWA-2-46 
ZFSWA-2-46 
dc-4.6 GHz 

typ max 
0.8 1.1 
0.9 1.3 
1.5 2.6 

typ min 
60 50 
50 40 
30 25 

1.3 
1.4 

3(typ) 

t;;I MiniA~.~.!.~.~~.!!0~ 
CONTROL VOLT 

OPER / STOR TEMP. 

PRICE (10-24) 

-55° to +125°C 

$32.95 
$69.95 

- 55° to +125°C 

$48.95 
$79.95 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

WE ACCEPT AMERICAN EXPRESS 
C 117 REV F 

CIRCLE 121 



Rugged. Low Power. RS232 Space Saver. 

Po-r Drlv91'9 
Linear's 1180/81 product using 

Supply Fault Tolerant Charge Pump O.lµF Caps and RS232 family: 
PartlYpe Drl-rs Rec el-rs Required Shutdown to ± 25Y Cap Size Aeq'd. 

LT1030 4 0 ±12V YES· YES N/A • Save board space 
LT1032 4 0 ± 12V YES• YES N/A • Save Cap costs 
LT1039 3 3 +5V. ±12V YES· YES N/A • Guarantee no latchup 
LT1039-16 3 3 +5V, ±12V NO YES N/A 

LT1080 2 2 +5V YEs· YES 1µF • Sustain ±25V faults without 
LT1081 2 2 +5V NO YES 1µF disrupting supplies 
LT1130 5 5 +sv NO YES 1µF • Consume power comparable to 
LT1131 5 4 +sv YES• YES 1µF 

CMOS LT1132 5 3 +sv NO YES 1µF 
LT1133 ~ 5 + 5V NO YES 1µF • lµA supply current in shutdown 
LT1134 4 4 +sv NO YES 1µF • Up to lOOk baud 
LT1135 5 3 +SV, ±12V NO YES N/A • Start at $2.95 in 100 piece LT1136 4 5 +sv YES• YES 1µF 
LT1137 3 5 +5V YES• YES 1µ F quantities 
LT1138 5 3 + sv YES• YES 1µF 
LT1139 4 4 +SV, + 12V YES• YES 1µF For a copy of our RS232 hand-
LT1140 5 3 + SV, ± 12V YES• YES N/A 

LT1141 3 5 +SV. ± 12V YES• YES N/A book , contact Linear Technology, 
LT11 80 2 2 + 5¥ YES* YES 0 .1µF 1630 McCarthy Blvd. , Milpitas , 
LT1181 2 2 + 5¥ NO YES 0.1µF CA 95035. Or Call 800-637-5545. 

·RS232 3 state OUIPl.l(S. 

-1.TUO~ 
TOUGH PRODUCTS 

FOR TOUGH APPLICATIONS. 
CIRCLE 43 


