




FIRST 8-CHANNEL SIMULTANEOUS 
AID- NO PHASE DELAY! 

Channel-to-Channel Phase Delay is 4ns Max! 
Maxim 's new MAX155 monolithic A/D converter simultaneously samples 8 input signals, 

then sequentially digitizes them to 8-bit accuracy in 3.6µs per channel. Ideal for DSP, 
single-shot multi-channel measurements and signal analysis , the MAX155 features both dynamic 
as well as DC specifications, and operates from a single +5V supply. 

MAX155 is a one-chip data-acquisition system, complete with a +2.5V voltage reference , 
an 8x8 RAM to store results, and an 8-bit microprocessor interface. All for only $10*. 

MAX155 = NO PHASE DELAY 

2 

NO MULTIPLEXING SKEW 
(ALL CHANNELS) 

NO PHASE DELAY 
(ALL CHANNELS) 

2 
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SINGLE T/H A/Ds=PHASE DELAY 

8 T/Hs simultaneously sample to reduce channel-to-channel phase delay to less than 4ns. 
compared to several microseconds for A/Os with a single T/H. 

Evaluation Kit & Software Make Fast AID Design Even Faster 
Save time and simplify your A/D converter design further by using Maxim 's new design 

software and MAX155 evaluation kitt. Order the MAX155EVKIT for $95tt. 

----~ · FREE AID Converter Design Guide 
Includes: Application Notes + Data Sheets + Cards For Free Samples 
To receive your free design guide, simply circle the reader response number, or contact Maxim 
Integrated Products , 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, 
FAX (408) 737-7194. 
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Distributed by Arrow, Bell /Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498; Arizona, 
(602) 730-8093; California, (408) 248-5300, (619) 278-8021 , (714) 261-2123; (818) 704-1655; Colorado (303) 779-8060; Connecticut, (203) 384-1 11 2; Delaware, 
(609) 778-5353; Florida, (305) 426-4601 , (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; Illinois , (708) 358-6622; Indiana, (317) 844-8462; Iowa, 
(319) 393-2232; Kansas, (816) 436-6445; Louisiana, (214) 234-8438 ; Maryland , (301) 644-5700; Massachusetts , (617) 329-3454 ; Michigan , (313) 352-5454; 
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N. Carolina, (919) 851-0010; Ohio. (216) 65~9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 234-8438; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353; 
W Pennsylvania, (614) 895-1447 , S. Carolina, (919)851-0010; Tennessee, (404) 447-6124; Texas, (21 4) 234-8438, (713) 782-4144, (512) 346-9186; Utah, (801) 561-5099; 
Virg inia, (301) 644-5700; Washington, (206) 823-9535; W Virginia, (513) 278-0714: Wisconsin, (414) 476-2790; Canada, (416) 238-0366. (613) 225-5161 , (604) 439-1373. 
(514) 337-7540. Maxim 1s a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products . 
t rhe kit includes an 80C31 µP with external ROM and RAM. as well as an appllcat1ons program (on a 5 1/if tloppy disk) to control (over a 232 link) the MAX1 55's analog MUX and to d isplay conversion 
results on an IBM-compatible PC tt MAX1 55EVKIT. FOB USA. recommended resale • 1000-up FOB USA. recommended resale 



High~Speed 7.5ns CMOS PAC Devices. 
There's nothing we hate more than delays. 

That's why we developed high speed CMOS 
PAL devices that no one can beat-our 
CMOS 7.5ns 16V8H-7 and lOns 22VIOH-10 
PAL devices. 

In fact nobody even comes close to our 
in-system performance. with the fastest set-up 

and clock-to-out times available. Both come 
in PLCC and DIP varieties.All on state-of-the-art 
submicron EE CMOS. 
High~Volume, High~Speed Delivery. 

Again. there's nothing we hate more than 
delays. You can get huge volumes of our new 
CMOS PAL devices now 

And they're on the shelf at your local dis-



tributor, too. So you can get the quantity and 
speed you need. whenever you need them. 

What more can you expect from the com
pany that sells more programmable logic 
than all of its competitors combined? 

So pick up the phone and place your 
order today, or call 1--800--222--9323 for more 
information. 
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Because at AMO. we don't believe in long 
delays either 

l1 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 34 53 . Sunnyvale. CA 94088 199 1 Advanced Micro Devices. Inc. 
PAL is a registered trademark of Advanced Micro Devices. All brand or product names 

mentioned are trademarks or registe~d trademarks of their respective holders. 
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COVER 43100-W DC-DC CONVERTER SPORTS 70-W/IN.3 DENSITY 
FEATURE An asymmetrical approach to power transfer launches the era of very-high

density power converters. 

ELECTRONIC 51 WIRELESS DATA LINKS BROADEN LAN OPTIONS 
DESIGN REPORT Vendors and regulatory bodies confront limited-bandwidth and interference 

problems. 

DESIGN 61 LOW-COST ROUTERS CAN TAME COMPLEX GLOBAL INTERNETS 
APPLICATIONS Inexpensive routers can overcome such bridge-based internet problems as 

limited address space and broadcast storms. 

PRODUCT 137 MEMORY-CPU INTERFACE SPEEDS UP DATA TRANSFERS 
INNOVATIONS Data transfers of 500 Mbytes/s are possible as a novel DRAM architecture 

and bus run at 250 MHz with 600-m V logic levels. 

143 ROLL YOUR OWN HIGH-END ANALOG ICS 
Analog arrays offer high-performance attributes, such as speed, bandwidth, 
and precision functions. 
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NEW INDUSTRY STANDARD 
Met By DTl's EISA ESP2000A & ESP2001 

21 Year.r Of Manufacturing 
Industrial Computer Products 

System/Server 
Modular, 

Industry Standard 19'' 
Rackmountable Chassis 

• Rugged Steel Construction 
• 8.75"H x 19"W x 24"0 
• Rackmount Slides Available 
•Up to 16 Full-Length /AT 

Passive Backplane Technology 
Easily Upgradeable (486 ... 586 ... ) 

Low Mean Time To Repair 

Product names are trademarks or registered trademarks of their respective companies. 
386 & 486 are trademarks of Intel Corp. SLOT pro is a trademark of Diversified Technology Inc. 



EISA PASSIVE BACKPLANE 
Single Board Computers 

Optional Intel Turbo Cache 
(64K or 128K) 

High Performance Intel 
8048633MHz 

PS/2 Keyboard 

FUNCTION 

33 MHz - Shipping Now 

32KB EISA CMOS RAM 

Up to 64Mb RAM Onboard 

Up to 32Mb RAM Onboard 

2 Serial Ports 

1 Parallel Port 

IDE/ Floppy Interface 

Noise Reduction Circuitry 
For FCC Class B 

PS/2 Mouse Su pport 

PS/2 Keyboard Support 

Optional Intel Turbo Cache 

On-Board Battery 
Real-Time Clock 

Double-Sided Surface Mount 
Technology 

Manufactured In-House(USA) 

Landmark Vl.14 
Speed at 33MHz 

DTI DTI 
ESP2000A ESP2001 

'486' '486' 

t/ t/ 
t/ t/ 
t/ 

t/ 
t/ 
t/ 
t/ 

t/ t/ 
t/ t/ 
t/ t/ 
Jt_ t/ 
t/ t/ 
t/ t/ 
t/ t/ 

143.7 143.7 

Rackmount Platform Of The Future .•• NOW! 
Flexible, Serviceable ••• Fault Tolerent Capability 

CONFIGURATIONS AVAILABLE 
EISA or ISA Passive Backplane Archlctecture 
• ISA backplanes of 10, 14 or 16 positions 
• EISA backplanes of 10 or 14 positions 
• Split backplanes available 
• Redundant/fault tolerant system capabilities 

DTI Single Board Computers Available 
• 33MHz 486 DX EISA 
• 33/25MHz 486 DX ISA 
• 25/20MHz 486 SX ISA 
• 40/33/25MHz 386 DX ISA 
• 20/16MHz 386 SX ISA 
• 20MHz 286 ISA 

Commercial Power Module 
• 200 watt capacity 
• Independent forced air cooling fan 
• 1201220 VAC input 50-60Hz 
• 20,000 hours MTBF 

Industrial Power Module 
• High reliability 100,000 MTBF 
• Independent forced air cooling system 
• Lift-out module for quick field replacement 
•Quick-disconnect power connections 

AC SUpply Options • 250 & 350 watt versions 
120/250 VAC input 50/60Hz 

DC Supply Options- 285 watt 24 volt input 
350 watt 48 volt input 

Llftout Modular Drive Bay 
• Accomodates 4 half-height or 2 full-height 

5.25"drives 
• All four peripherals front accessible 
• Shock mounting provisions for each disk 
• Slide mounted drive installation 
•Second optional liftou1 modular drive bay 

ODUonalRedundant/FauttTolerant 
P'ower Supply 
• 150,000 hour MTBF 
• Dual independent or redundant operation 

AC SUpply Options - 265 & 315 watt versions 
120/250 VAC input 50l60Hz 

Other Features Include: 
• Optional hold down bar secures boards 
• Air intakes with removable/washable filter elements 

provide filtered air for cooling 
• Optional front panel keyboard and video ports 
• Status control center includes internal temperature 

alarm indicator 
• Lockable security door folds down to provide access 

to peripherals and controls 

Call us toll free for orders and information. 

1-800-443-2667 
U.S.A. - (601) 856-4121 Fax (601) 856-2888 

Outside U.S.A. - (201) 891 -8718/Fax (201) 891 -9629 

r•j ~!!~rsified Technology ® 
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SCSI 
•scs11&2 
• FAST & WIDE 

• Single-Ended 
or Differential 
(optional) 

• Tracing over 
10 MHz with 
20 nanosec 
time stamp 
resolution 

PORTABLE ANALYZER 

_.....,..._ 
Open the case, provide power and it's ready to use! 

Call today for product information 

[
,_.A--N-C--CJ-T--,] V (415)322-5322 Fax: (415)322-0455 

c D A p D A A T I D N 115 Constitution Drive, Menlo Park, CA 94025 USA 
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function· ~ 
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ing safely a~orld in tirnin~ -
around the ory circuits,. \/ 
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d a royria . ns· in a1 
an . c app\icat10 ' nitoring 
e\ectron1 . t engine rno uiring 
radar and ~end in devices req rernain 
equiprnen~~ sources. T~~Jrnperatures 
high ene d operable a oc 
herrnetic an _550C to +~OO ~\Is tor a 
ranging trorn our application o~rce with 

When y ndable energy s racteristics, the solution. BEi 
stab\~, de,penertorrnance c~dae batteries ~re d \ithiurn cells and 

red1ctab e '" . I ch\Ofl .des1gne 
~El lithiurn/thi~~~dard and cust~~pp\ications. 
rnanutactures ~or a wide range o 
battery packs 

For more information, call/FAX for our FREE brochure. 

~::~traATTERY E NGINEERING , INC. 
1636 Hyde Park Avenue • Hyde Park, Mass. 02136 • 617-361-7555 • FAX: 617-361-1835 

• Performance • Safety • Power • Reliability 
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For a Spectacular 
VGADlsplay. .. 

It's the Least 
YouCanDo. 
Introducing the LCD VGA that rivals CRT displays 

Your next LCD display will look great with the CL-GD6410. 
Proprietary color mapping techniques offer 64 shades of gray on 
monochrome LCD panels or a palette of 24,000 colors on 512-color 
active-matrix LCD panels, with virtually no flickering. Linear gray 
scales give you display images unmatched by any other LCD VGA 
controller. 

For a palette of up to 
256,000 brilliant colors, 
simply add our CL-GD6340 
Color LCD Interface 
Controller. 

SimulSCAN: Exclusive! 
Drive notebook and 
external displays 
simultaneously 

The CL-GD6410: the first VGA controller 
with SimulSCAN. Simultaneously drives 

both LCD and CRT displays for your 
presentations, demos and seminars. 

This hot new feature is ideal for portables used in audience 
presentations. Get it now for the first time in a single-chip LCD 
controller without extra external circuitry. Any notebook computer 
without it will be unpresentable. 

One-chip LCD VGA control for smaller, lighter notebooks 
Integrated features give you the smallest form factor available. 

Simply add DRAMs and a clock synthesizer and you have a complete 
solution in 5 !Cs, requiring less than 4 square inches of board space. 
Making it the ideal solution for your next notebook design. 

Lowest power requirements for longer battery life 
Our frame accelerator architecture allows you to run the 

LCD with clock frequencies half those of other solutions and with 
half the power consumption. Operating down to 4.5 V extends 
battery life as much as 10%. Three on-chip power-down modes 
and a variety of system design options provide flexibility in power 
management. 

The least you can do to get a most impressive image is to look 
into the CL-GD6410. 

r----------------, 
I Get detailed information by bar<JlJJ I 

I lifting a finger. Call 1-800-952-6300. I 
L Ask for dept. LL37. _J 
----------------

CIRRUS LOGIC 
01991 C rrus Logic, Inc. 3100 West Warren Avenue. Fremont. CA 94538 (510)623·8300. Japan: !81)3·5389-5300, Singapore (65)3532122, Taiwan_ (886)2·718-4533. Germany (4918152-2030. United Kingdom (44KJ727-872424 

Cirrus logic. 1he Cirrus logic logo and S1mulSCAN are trademarks of Cirrus Logic. Inc. All other trademarks are registered to their respective companies 



Instead of just telling you how 
PowerF rame lets you develop a fully 
integrated, front-to-back ASIC 
design system to reduce your errors, 
costs and development time by as 
much as 30 % , we'll go one better. 

We'll show you. With a no-

D I G I 

obligation trial of PowerFrame 
based on how it's being used in a real 
ASIC design environment today. 
And we'll do it right at your site. 

We'll show you what leading 
ASIC vendors such as NEC Elec
tronics have already seen. That 

T A L. 

PowerFrame is the open design 
management framework that 
relieves designers from the imposing 
task of manually managing work
flow and vast quantities of files and 
configurations. Thereby allowing 
them to concentrate on the design 

T H E 
©DIGITAL EQUIPMENT CORPORATION 1992. THE DIGITAL LOGO IS A TRADEMARK Of DIGITAL EQUIPMENT CORPORATION. 



r-----------., 
I ~~}!tRf,I\~'!'! I 
I D Tell me more about the no-obligation PowerFrame trial offer 

I that can be installed right at my site. 1 want to evaluate how PowerFrame can I 
reduce my ASIC design cycle time. Have a Digital representative call 

I 
to begin the qualification process. I 

D Send me an invitation to visit the private PowerF rame suite at the 
Design Automation Conference. 

I D Just send me Digital's PowerFrame handbook for starters. I 
Name------------------------~ 

I ~ I 
Company Department-------

1 Address I 
City State ___ Country ____ _ 

I 
Zip/Postal Zone Phone( __ ) Ext. -- I 

Our most challenging design management issue is: 

I 
D Error generation D Inefficient design process D Limited project management I 

D Other (please explain):------------
Our primary design discipline is: 

0 ASIC 0 Custom IC 0 PCB 0 Electronic packaging 
D Mechanical D Software development I I. Our primary engineering design software packages: I 

I ~ : I I D We have internal tools that we want to tie into our design process. I 
Return to: Kathleen Hudson, Frameworks Marketing, Digital Equipment 

I Corporation, MR04-3/H8, 4 Results Way, Marlboro, MA 01752-3011 I 
Or FAX this entire page to: 1-508-467-1569. I Offer limited to first 100 qualified respondents. Void where prohibited. I 

I ~~~PJ§l!~L:it'lWt'!f'lM'!.~'tal~! I I BOOTH '70'1 • .IUN• 8 - '1'1 • ANAH•IM, CA 

L----------...1 
and produce high-performance 
working silicon the first time. 

We'll show you how Power
F rame' s open architecture lets you 
mix the best in-house design tools 
with the best commercial tools. How 
it supports multiple platforms - even 

Sun~ HP® and IBM~ How it lets 
you share ASIC design data with 
other parts of the system design and 
promote the data upstream as 
needed. And how PowerFrame 
provides a flexible environment that 
can change as your needs change. 

To see all that PowerFrame can 
do for you, just return the coupon. 
But if dealing with scissors and post
age are too much of a bother, then 
tear this whole page out and fax 

it back to US at 9'!nll!lln11•0TM 
1-508-467-1569. ~ ~ u~ 

CIRCLE 170 FOR U.S. RESPONSE CIRCLE 171 FOR RESPONSE OUTSIDE THE U.S. 
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KEPCO 
360~ 1080 WATT 
MAT POWER 
SUPPLIES ARE 
PROGRAMMABLE 
WITH YOUR 
MOUSE. 
Other power supplies 
have knobs or keypads. 
Kepco's "MAT" lets you 
use your mouse ... 
POINT. . CLICK .. SET 

Kepco 's MAT power supplies 
implement LabWindows .<1) 
The interactive screen lets you 
use your mouse to set voltage 
and current and even open and 
close load and polarity relays . 
Kepco 's MAT power supplies 
report back their actual voltage , 
current and status. 

Use the IEEE-488 bus or 
communicate directly between 
your PC and power supply over 
a 2-wire telephone-like serial bus. 

With Kepco 's LabWindows 
driver, your mouse becomes a 
REAL power tool able to control 
thousands of watts with a 
single click. 

!1JLabWindows © National Instruments 

146-1785 

a-c power 
and d-c bipolar LabWindows runs on 386 DOS-based computers with a VGA display and , of course, a mouse. 

We have drivers for all of the SN digital interfaces, type MAT power supplies and the low-voltage 
BOP series bipolar power supplies. The PC can drive the power supplies via the IEEE-488 bus 
using Kepco 's model TMA 488-27 interface to fan out from one GPIB address to as many as 27 
power supplies, or the PC can drive the power supplies directly via an internal half-card called 
TMA PC-27. The BOP require the plug-in interface card , BIT TMA-27. 

CIRCLE 250 FOR U.S. RESPONSE CIRCLE 251 FOR RESPONSE OUTSIDE THE U.S. 

SEE US AT ELECTRO 92, KEPCO BOOTH 4503, 4505 

Call/fax/write to Dept. MRM-05 for any of our three catalogs. 
SEE OUR PAGES IN VOLUME D eem 

Kepco , Inc., 131-38 Sanford Avenue, Flushing , NY 11352 USA • Tel: (718) 461 -7000 • Fax: (718) 767-1102 • Easyl ink (TWX): 710-582-2631 ~KE p C 0 
Eastern Region: 131-38 Sanford Avenue , Flushing , NY 11352 USA • Tel : (718) 461-7000 •Fax: (718) 767-1102 • Easylink (TWX): 710-582-2631 • 
Western Region: 800 West Airport Freeway, Suite 320 LB 6018 , Irving , TX 75062 USA . Tel : (214) 579-7746 . Fax: (214) 579-4608 - THE POWER SUPPLIER •• 

Kepco Europe, Ltd ., London , England : Salamander Quay West , Park Lane, Harefield, Middlesex UB9 6NZ • Tel: + 44 895 825046 • Fax: + 44 895 825045 SINCE 
1946 



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

RJ11/ 
serialf'ack for 
AKO, •D, 
CTS, and 
GND, plus 
2 spares. 

5 Pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 • 128 

pi•els. 

Interface to 
6 soft keys or 

4 • 4 key matri•. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high

level control 
of Instrument

size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
te>d, bargraphs, 
waveforms, and 
plots. T e>d and 

graphics are main
tained In separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Add your own 8051 
CPU for stand 

alone operation. 

Kit also includes: 
Power supply provides + 5v and Gnd for 
board, -12\/ for LCD, 
and + 1 ~ spare. Sample routines in 

$495 - Kit 
Popular LCD Starter Kit. 

mm~ 

8051 Assembler 
and QuickBasic. 

LCD Paint N for 
creating your own 

araphics 
images. 

($595 pre-assembled & tested) 

*Tue CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock@ $75/singles, $20/lOOOs . 

CyberneticMicroSystems 
~Box 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 
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EDITORIAL 

TAKING THE RESPONSIBILITY 

F 
or as long as I can remember, the secret of successfully designing and 
marketing a product has been "Find a need and fill it." Some slick 
marketers may have altered this to "Create the perception of a need 
and then fill it." In either case, the advice carries an implicit recom

mendation for a pro-active approach. It essentially says "Don't just sit there, 
go out and do something if you want to succeed." And, conversely, it means that 
if something goes wrong, you have no one to blame but yourself. Controlling 
one's own destiny is the American way, at least until recently. 

These days, that individualism is being replaced by a "it's not my fault" mode 
of thinking. There always has to be someone else to blame for our woes. This 
trend is exemplified in our judicial system, where an overwhelming amount of 
litigation is burdening the court system. Whenever misfortune befalls someone, 
it seems the first reaction now is "Whom do I sue, because this obviously could 
not have been my fault." This litigation craze has even reached the extent that 
a cab driver in San Francisco gets sued - and loses - because he injures a 
mugger while restraining him after a crime. We also see this pass-the-blame 
approach in our schools, where teachers push responsibility onto the parents 
for a student's poor performance. 

"Our principal problems are within and not without ... To remain great we must 
again emphasize politically, economically, and socially those basic methods that 
made us great in the first place." These two points are made in a recent insightful 
newspaper ad sponsored by George Romney, former Governor of Michigan and 
CEO of American Motors. In international trade, Americans can complain about 
unlevel playing fields, but while we're expending our energy doing that, com
petitors steadily improve. In today's world, you simply can't afford to wait 
around for government to redress inequities and expect that to solve competi
tive marketing problems. It's far better to focus on correcting our own problems, 
from short-sighted management to a barely coping educational system. 

A NEAL CERTIFICATE FOR PEASE PORRIDGE 
On a happier note, Electronic Design is proud to announce 

that the Editorial Committee of the American Business 
Press has bestowed a Jesse H. Neal Certificate of Merit on 
Bob Pease's column, "Pease Porridge." The column was 
honored in the category of Best Regularly Featured Depart
ment or Column. Electronic Design's Chief Copy Editor Roger 
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Engelke shares the honors with Bob. 
Congratulations from your col
leagues, Bob and Roger. 

DESIGN 



SPDT switches with built-in driver 
ABSORPTIVE or REFLECTIVE de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits' latest innovative integrated components? 

Check the outstanding performance of these units ... high isolation, 
excellent return loss (even in the "off" state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices 
operate over a - 55° to +100°C span. Plug-in models are 
housed in a tiny plastic case and are available in tape
and-reel format (1500 units max, 24mm). All models 
are available for immediate delivery with a one-year 
guarantee. 

finding new ways ... 
setting higher standards 

SPECIFICATIONS (typ) 

Absorptive SPOT 
YSWA-2-50DR 

ZYSWA-2-50DR 

Frequency de- 500- 2000-
(MHz) 500 2000 5000 

Ins. Loss (dB) 1.1 1.4 1.9 
Isolation (dB) 42 31 20 
1dB Comp. (dBm) 18 20 22.5 
RF Input (max dBm) 20 
VSWR "on" 1.25 1.35 1.5 
Video Bkthru 30 30 30 

(mV,p/p) 
Sw. Spd. (nsec) 3 3 3 
Price.$ YSWA-2-50DR (pin) 23.95 
(1-9 qty) ZYSWA-2-50DR (SMA) 69.95 

Reflective SPOT 
YSW-2-50DR 

ZYSW-2-50DR 

de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1.4 1.4 
30 30 30 

3 3 3 
YSW-2-50DR (pin) 19.95 

ZVSW-2-50DR (SMA) 59.95 ,....., M- . c· .1 CIRCLE220FORU.S.RESPONSE ......... 1n1- 1rcu1 s CIRCLE221FORRESPONSEOUTSIDETHEU.S. 
P.O. Box 350166, Brook lyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F141 REV c 



Relax. With a LON BUILDER 2 Developer's Workbench, 
you can do all that and more in record time. 

As competition becomes more intense, pressure 
to quickly develop new and better products 
increases. We can help. 

With LONWORKS™control networks for 
intelligent distributed control applications, and 
the LONBUILDER™2 Developer's Workbench. 

LONWORKS control networks make your 
products "smarter," able to interoperate with and 
control other products. Each control network is 
made up of a series of "nodes" that communicate 
with each other. At the heart of each node is a 
NEURON'" CHIP. available from Motorola. Nodes 
also contain a media interface that uses the stan
dard LONTALK™ protocol to communicate with 
other nodes over a wide range of standard 
communication media. 

And to design those LONWORKS nodes 
into your products quickly and inexpensively, 
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swrrctt ff LE PHONE 

SECURITY 
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S E' CURfl"( -rE.MPERKTORE 
I OE.N'TIJ"lEFl 

HVAC. ELEVAloR. ELiiC'TRIC. 
M&TCA. EG.LJIPMEl'lr 

@ 

occ.oPA.t-.lCv 
o~TECToR 
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"TWt5TEO 
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© 1992 Echelon Corporation. LONWORKS. LONBUILDER. and LONTALK are trademarks and ECHELON. LON and NEURON are registered trademarks or Echelon Corporation Other names may be trademarks or their respective companies 



there's the PC-based LON BUILDER 2 Developer's Workbench. It's really 3 tools in I: a multi-node development system for developing 
and debugging LONWORKS nodes; a network manager for installing and debugging the integrated network: and a protocol analyzer 
for network monitoring and testing. 

A consistent, easy to use interface called LON' Navigator guides you through the functions. When you 're ready, you can 
compile. link. load and configure applications with a single command. 

LONWORKS applications are already being introduced . More than 200 compan ies. 
many of them on the Fortune 100 list. are using LON BUILDER 2 Developer's Workbenches 
to design and develop more intelligent, more competitive products. The chances are 
good some of those companies are your competitors. Which raises the quesion, 
"What are you waiting for7" 

Motorola Demonstration Sites 
Come see how revolutionary LONWORKS control network products really are, and how quick and easy it is to design them into 
your products using a LON BUILDER 2 Developer's Workbench. Get a hands-on demonstration at one of 20 Motorola offices across 
the country. 

Call or fax for more information and the location of the Motorola 
demonstration office nearest you. l-800-937-4LON. FAX 1-415-856-6153. 

Outside the U.S. , please fax . 
: ECHELON™ 

Echelon Corporation. 4015 Miranda Avenue. Palo Alto. CA 94304. 
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Actual 
Size 

All PICO surface mount units 
utilize materials and methods 
to withstand extreme 
temperature (220°C) of vapor 
phase, IR, and other reflow 
procedures without 
degradation of electrical or 
mechanical characteristics. 

AUDIO 
TRANSFORMERS 
Impedance Levels 10 ohms 
to 10,000 ohms, Power Level 
400 mill iwatt, Frequency 
Response :t2db 300Hz to 
50kHz. All units manufactured 
and tested to MIL-T-27. 

POWER and EMI 
INDUCTORS 
Ultra-miniature Inductors are 
ideal for Noise, Spike and 
Power Filtering Applications 
in Power Supplies, DC-DC 
Converters and Switching 
Regulators. All units 
manufactured and tested to 
MIL-T-27. 

PULSE 
TRANSFORM ERS 
1 0 Nanoseconds to 1 00 
Microseconds. ET Rating to 
150 Volt-Microsecond. 
All units manufactured 
and tested to MIL-T-21038. 

Delivery-
stock to one week seeEEM 

send direct tor 
f~EE PICO Cata109 PICO 

Electronics, Inc. 
453 N. MacQueslen Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431 · 1064 
IN NEW YORK CALL 914·699·5514 

FAX 914·699·5565 
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TECHNOLOGY BRIEFING 

STANDARDIZE ALL ANALOG MODELING 

A
s mixed-signal systems grow in size, they be- --------.... 
come more difficult and time-consuming to 
simulate. That's where analog behavioral 
modeling enters the picture. However, stan

dards for analog behavioral models don't exist. As a re
sult, vendors and users are forced to build their own mod
els, creating a horde of incompatible software. This lack 
of standards, says Kim Hailey, vice president of engi
neering at Meta-Software Inc., Campbell, Calif., is due to 
the complexity involved in describing analog components 
at a high level, the difficulty in dealing with continuous LISA MALINIAK 
equations and their derivatives, and the challenge of COMPUTER-AIDED ENGINEERING 

agreeing on a common set of building blocks. 
Serious efforts are being made to standardize analog modeling. In spite of 

that, Jim Solomon, president of Cadence Design Systems' Analog Div., SanJ ose, 
Calif., says that it will be several years before there's a complete, standardized 
solution to help engineers who need analog behavioral modeling. In the mean
time, however, intermediate steps can be taken. Engineers can use Spice low
level primitives, such as resistors, capacitors, and diodes, to create rather inef
ficient behavioral macromodels. In addition, engineers can use the existing 
Spice behavioral extensions. Ultimately, engineers will need a standard full ana
log-behavioral-modeling language. 

Solomon points out that standardizing extended Spice primitives, an inter
mediate step between Spice and full language, is easier and faster than stan
dardizing a language. He says he wants to gather a group of interested par
ties - vendors, universities, and users - discuss the issues, and get to work on 
setting a standard. The issues should start with the work that's already been 
done by many vendors. One such example is the PSpice software from MicroSim 
Corp., Irvine Calif., which includes limited analog behavioral modeling. 

The idea of standardizing Spice primitives, however, is not without problems. 
Ed Cheng, strategic programs director for the Analog Mixed-Signal Div. of 
Mentor Graphics Corp., Wilsonville, Ore., explains that if the proposed exten
sions are to deliver on the promise of model portability, then it's critical to have 
a standard method to verify that each simulator implementation gives the same 
results for the model extensions. In other words, one major issue will involve 
developing a calibration suite. In addition, the effort must include semiconduc
tor manufacturers. Mentor has started conversations with semiconductor ven
dors about standardizing Spice extensions, and is considering making its own 
extensions available for inclusion with other Spice-based simulators. The Men
tor equation-based models don't require the same level of calibration as indi
vidual implementations of a standard would. 

Mast, a language used with the Saber simulator from Analogy Inc., Beaver
ton, Ore., is the most proven analog behavioral capability available today. How
ever, although many engineers use Saber, it's not a standard. On the other hand, 
David Smith, Analogy's vice president of engineering, points out that in prac
tice, Spice isn't a standard either. Each Spice vendor has modified the original 
Berkeley models so that they're no longer compatible. 

Analogy, in fact, is one of many EDA companies actively involved in two sig
nificant efforts to develop a standard language for analog and mixed-signal sys
tems. The IEEE has a committee that's been working on analog extensions to 
VHDL for over a year now. The requirements document has been distributed 
for review, and work is starting on the language definition. In addition, Darpa 
has also funded the MIMIC hardware description language (MHDL) program, 
which is attempting to define a language for designing systems ranging from 
low to microwave frequencies. MHDL work is ahead of the analog VHDL ex
tension: The MHDL language definition has already started through the initial 
stages of development and review. 
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c E L L E NC E 
Setting the New Standard in PC Data Acquisition 
It takes a serious commitment to quality to deliver data acquisition boards 
that reliably meet the most demanding specifications. The National 
Instruments AT-MI0-16F-5 board creates a new standard in excellence with 
features not found on typical data acquisition boards. 
These features include: 

• 200 ksamples/sec sampling rate 

•Software-configurable analog 
input and gain 

•Optimum noise control 

•True self-calibration 

•Dither generator for 
AT·MID·16H·9 extended resolution AT·MID·16H·25 AT 

• RTSI® bus for multi- AT·MID·16L·9 AT AT·MID·16l·25 
board synchronization 

Lab·PC XT 

• Custom instrumentation PC·LPM-16 XT 
amplifier 

AT·DID·32F AT 

• Microsoft Windows and 
PC·DID-96 XT 
PC·DID·24 XT 

DOS driver software PC·TID·10 XT 

16 SE 
8 DI 100,000 12 

16 SE 100,000 12 8 DI 

8 SE 62,500 12 

16SE 50,000 12 

±10, ±5, 
Oto10 

±10, ±5, 
Oto 10 

±5, 0to10 

±5, Oto 10 
±2.5, Oto 5 

0.5, 1, 2, 5, 10, 
20 , 50, 100 

1, 2, 4, 8 

1, 10, 100, 
500 

1, 2, 5, 10, 20, 
50, 100 

• SE - Single-Ended, 01 - Differential, SS - Simultaneous Sampling 

Software for programming the AT-MI0-16F-5 ranges from drivers for 
Microsoft Windows and DOS to LabWindows® application software. The 
quality, innovation , and performance of the AT-MI0-16F-5 sets the new 
standard in PC data acquisition. For more information on the AT-MI0-16F-5, 

12 

12 

12 24 

16t 

32 
96 
24 

16 

t 

./ ./ ./ ./ ./ 

./ ./ ./ ./ ./ 

3 ./ ./ ./ ./ ./ 
./ ./ ./ ./ ./ 

3 ./ ./ ./ ./ ./ 

3 ./ ./ ./ 

- ./ ./ ./ ./ - ./ ./ ./ 
- ./ ./ ./ ./ 

10 ./ ./ ./ 

8 Channels In, 8 Channels Out 

our complete line of data 
acquisition boards, signal 
conditioning products, or 
software. call us. 
(512) 794-0100 or 
(800) 433-3488 
(U.S. and Canada) 

y~: 
6504 Bridge Poin1 Parkway 
Austin, TX 78730-5039 

AUSTRALIA (03) 879 9422 ·BELGIUM (02) 757 00 20 ·CANADA (519) 622 9310 ·DENMARK (45) 76 73 22 ·FRANCE (1) 48 65 33 70 ·GERMANY (089) 714 5093 ·ITALY (02) 4830 1892 
JAPAN (03) 37881921 ·NETHERLANDS (01720) 45761 · NORWAY (03) 846 866 ·SPAIN (908) 604 304 ·SWEDEN (08) 984 970 ·SWITZERLAND (056) 45 58 80 • U.K. (0635) 523 545 

Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. ©Copyright 1991 National Instruments Corporation. All rights reserved. 
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the world's largest selection 
2KHz to 8GHz from $495 
With over 300 models, from 2-way to 48-way, 0°, 90° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world's largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that c losely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

And we will handle your "special" needs, such as wider band
width , higher isolation, intermixed connectors, etc. courteously with 
rapid turnaround time. 

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatabi lity also guaranteed, 
meaning units ordered today or next year will provide perfor
mance identical to those delivered last year. 

For detailed specs and performance data, refer to the Microwaves Product 
Directory, EEM or Mini-Circuits RF/ IF Signal Processing Handbook, Vol. II. Or 
contact us for our free 68-page RF/ IF Signal Processing Guide. 
CIRCLE 214 FOR U.S. RESPONSE CIRCLE 215 FOR RESPONSE OUTSIDE THE U.S. 

finding new ways .. 
setting higher standards 

t;;J Mini·~~.r.~~1io~ 

F134-1 REV B 

P.O. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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TECHNOLOGY NEWSLETIER 

EUROPE TO DEFINE European regulators are planning to define standards on a pan-continental 
basis for high-capacity wireless local-area networks. The networks will use 

WIRELESS· LAN STANDARDS short-range radio links to interconnect workstations and PCs with fixed Eth
ernet or faster networks. Facing a shortage of commonly available frequencies across Eu
rope, the European Radio Office-the body set up to administer the radio spectrum-has iden
tified spare slots in the 5-GHz and 17-GHz bands. An international working group known as 
Technical Committee RES 10 (Radio Equipment and Services) has been asked to define a tech
nical specification for networks that can carry data at rates of around 20 Mbits/s. A draft 
specification ready for public comment is expected by September. The proposed networks are 
dubbed HiPerLAN for High-Performance Local Area Networks. In the meantime, European 
regulations have been framed to allow lower-speed "simple" networks to be implemented at 
frequencies between 2.4 and 2.5 GHz. As in the U.S., that band is designated for industrial, 
scientific, and medical (ISM) purposes. Wireless LANs operating at those frequencies will 
have to use spread-spectrum technology to avoid interference with other users of the band. 
Wireless-LAN systems that are currently available in the U.S. and operate in the North 
American ISM band around 900-MHz frequencies will not be allowed in Europe. There they 
are assigned solely for mobile communications. PF 

DIAMOND WAFER PROCESS For the first time, freestanding white diamond is being produced by a chemi
• cal-vapor-deposition (CVD) process in wafer sizes up to 4 in. in diameter and 1 

IMPROVES SUBSTRATES mm thick. White diamond is the purest form of the material made with CVD. 
By applying its superior thermal conductivity to substrates and heat sinks, builders of multi
chip modules and other electronic packages will be able to place faster and higher-power cir
cuitry in a smaller package. The transparency and extreme hardness of the white-diamond 
film also enhances its applicability for infrared and microwave package windows. The materi
al, developed by the Norton Co.'s Diamond Film Division, Northboro, Mass., was created by 
fine-tuning an existing CVD process. Earlier diamond-deposition processes have been limited 
to producing very thin films because of their low deposition rate. Norton's process boasts 
much higher deposition rates, which yields thicker films. DM 

ENHANCED FPGA SUPPORTS By lowering the pro?"rammed resistance of antifuses, a forthcomi:ig chip will 
be able to support microprocessors and memory subsystems runnmg at clock 

50-MHZ·PLUS CLOCKS speeds of 33 to 50 MHz and higher. The lower resistance reduces speed
limiting RC delays to improve circuit performance. The QL12x16 developed by QuickLogic 
Corp., Santa Clara, Calif., enables selective antifuses to be programmed with on-resistances 
down to 50 n. The low resistance combined with small antifuse capacitances accounts for near
ly all of the speed improvements. The chip contains a matrix of logic cells organized as 12 rows 
by 16 columns. Each cell contains a dedicated flip-flop plus sufficient combinatorial logic to 
create two latches. That yields a total of 576 storage elements and typical gate equivalency of 
about 2000 usable gates (equalling about 6000 gates, as measured by some of the other large 
EPLDs or RAM-based arrays). Internal flip-flops in the chip toggle at 180 MHz. Such func
tions as a 16-bit loadable counter can run at over 100 MHz. The chip will come in an 84-lead 
plastic leaded chip carrier and packs 68 bidirectional 110 cells and 8 dedicated input cells. In 
100-unit lots, the IC sells for $98 each. An updated version of the toolkit sells for $3995 to new 
users. Existing users can also get software upgrades. Contact Hank O'Hara, (408) 987-
2000. DB 

BRITISH NAVY TO British Royal Navy submarines are now likely to be fitted with fiber-distrib-

USE FDDI NETWORKS 
uted-data-interface (FDDI) networks. This comes as a result of a study con
tract awarded by the Ministry of Defence to Ferranti-Thomson Sonar Sys

tems U.K. Ltd. The company has been asked to define a standard data highway for Britain's 
underwater navy, as well as recommend the most efficient means of implementing and testing 
it. According to a company spokesman, "a key element of the study will be the implementation 
of high-performance FDDI communications standards." He says that the proposed data high
way has a fiber-optic "ring-of-trees" topology that will interlink a submarine's command and 
tactical weapon-control systems. The newly formed Anglo-French firm, based in Stockport, 
Cheshire, U.K., has been involved in significant research using FDDI to provide high-capacity 
data links for sonar systems. PF 
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Introducing new RISC System/6000 POWERstation~ 

If you're interested in open systems but don't want to 
suffer the slings and arrows of outrageous prices, 
IBM is about to hit you where you live. The RISC 
System/6000™ POWERstation 220 gives you more 
wallop for your money, while delivering a hefty 25.9 
SPECmarks:" That's compared to the SUN IPC's™ 13.4 
SPECmarks and the DEC5000's™ 17.8. 

Entry Entry 
Model Grayscale 8-bitColor 

Workstation .. Workstationt 

IBM220W $7,185 $9,995 

HP705/710 $8,415 $14,065 

Scientists see stars. 
CASE users can start 
with a grayscale work
station with a paging 
disk for just $7,185. If 
it's CAD clout you' re 
after, you can get a 
workstation specially 
outfitted for mechani
cal design-with 2D 
color graphics and 
400MB of fixed 
disk storage-for only $9,995. All models in the 
POWERstation 220 series come with two expansion 

'In Canada, call 1 800 465·1234. ""16MB, Paging Disk, Display, Operating System, Graphical User Interface. 1 l 6MB, 400MB Disk, Display, Operating System, Graphical User Interlace 
IBM 1s a registered trademark and RISC System/6000 is a trademark of International Business Machines Corporation SPECmark 1s a geometric mean ol the ten SPECmark tests and 1s a 
trademark of Standard Performance Evaluation Corporation. All SPECmark figures listed are as published by their respective manufacturers All prices listed are MSRP Remarketer prices ma' 
vary. IPC 1s a trademark of Sun Microsystems, Inc. DEC5000 is a trademark of Digital Equipment Corporation. UNIX is a registered trademark of UNIX Systems Laboratories. HAGAR THE 
HORRIBLE Character(s) © 1992 King Features Syndicate, Inc. © 1992 IBM Corp. 



.... et more c out, 
co ere • 

ind POWERservers that pack more punch for less. 

slots and upgradable components. And industry
standard memory upgrades and add-ons for both 
are affordable, so growing won't be a pain. 

Striking a blow for business. The POWERserver 
220 is great for commercial UNIX® solutions, too. 
You can configure it as a commercial server, to give 
your bu siness the speed, muscle and openness of 
UNIX, for only $9,715. And the POWERserver 220 
is as expandable as all our other models. 

machines, configure your network and integrate 
all your systems, whether they're made by IBM or 
not. And IBM Credit Corporation has flexible 
financing packages to meet your needs. Get hit 
with the details. Call your IBM marketing repre
sentative or Business Partner. For literature, call 
1 800 IBM-6676, ext. 769'!' 

And, for those who decide to shop for UNIX 
solutions elsewhere, a word of advice. Duck. 

IBM is in your corner. Nobody else 
delivers the knockout support of IBM. An 
IBM customer engineer can install your 

~he RISC System/6000 
1Jf For the Power Seeker. 

==-== .::" - - - --- - -- - ---- - - ----------- ·-



TECHNOLOGY NEWSLETIER 

TANGIBLE FUTUREBUS + F_uturebus+! t.he open architecture that performs at 3.2 Gbytes/~ using ~56 
bits, was officially announced two years ago. Now, products designed with 

PRODUCTS EMERGE the architecture are appearing. At a recent product update at Buscon West, 
23 companies displayed the fruits of their labor. The products, highlighted by the first com
mercial Futurebus+ system from Digital Equipment Corp., included connectors, backplanes, 
semiconductors, test equipment, CPU and peripheral boards, systems, and interfaces. Some 
exhibitors were AT&T, BICC-VERO, CCT, Force Computers, Hewlett-Packard Co., ITI 
Canon, Mupac, N anotek, National Semiconductor, Raytheon, Signetics, Tektronix, and Texas 
Instruments. 

To accelerate the acceptance of the open-systems concept, the Standards and Open Systems 
group was formed. The group's objectives are to develop and prioritize a common set of 
standards and specifications, and to expand the scope of the U.S. Open Systems Interconnect 
Workshop to address the needs of all parties using open systems throughout the world. The 
areas covered by the group include interoperability and portability, operating systems, user 
interfaces, systems engineering, data management and interchange, graphics, and networ
king. RN 

PASSIVE MATRIX LCDS By using a new method to address the pixels of passive-matrix LCDs, a 
• developer of color LCDs achieved video speeds without sacrificing display 

REACH VIDEO SPEEDS brightness or contrast. Prototype displays driven by the new scheme achieve 
50-ms response time with 30:1 contrast. The drive method, developed by In Focus Systems, 
Tualatin, Ore., is called active addressing. The scheme attains video speeds by using sophisti
cated, proprietary algorithms that intelligently distribute many small pulses over the frame 
period, rather than using the single, large row-select pulse characteristic of standard multi
plexed LCD-drive methods. The result is a very high-contrast LCD that can be created from 
high-yield, low-cost passive-matrix technology. According to Paul Gulick, co-founder of In Fo
cus Systems, the breakthrough in speed "debunks the myth that passive-matrix LCDs are 
inherently slow." Active addressing removes the complexity of the electronics from the glass 
substrate, which is the approach taken by thin-film-transistor (active-matrix) displays that 
place a transistor at every pixel location on the screen, and returns it to silicon, Gulick says. 
The company plans to introduce products using active-addressing technology next year. DM 

SIGNAL PROCESSING'S Runn~ng the signal-processi~g gamut from algorithms. to the latest ha~d-
' ware 1s next week's Internat10nal Conference on Acoustics, Speech and S1g-

BEST AT ICASSP 92 nal Processing. The IEEE-sponsored conference, to be held at the San Fran
cisco Marriott Hotel, Mar. 22-26, will have over 800 papers and several special sessions. The 
conference opens on Sunday with tutorials on adaptive filtering, implementation and synthe
sis of VLSI signal-processing systems, articulatory speech analysis/synthesis, and image 
sequence processing. This year happens to mark the 25th anniversary of what the conference 
organizers view as a landmark IEEE transactions publication, "Special Issue on the Fast Fou
rier Transform and its Application to Digital Filtering and Spectral Analysis" by the Audio 
and Electroacoustics Group. To mark that event, a special plenary session will provide some 
perspective on the early development of the FFT. Additional lectures will be given on the "Ap
plication of Neural Networks" by Carver Mead, and on "Wavelets" by Martin Vetterli of Co
lumbia University. The general program contains multiple sessions covering such topics as 
speech synthesis and recognition; filtering; image, communications, and video and TV signal 
processing; among many others. Registration at the door is $395 for IEEE members and $475 
for nonmembers. DB 

PEN· INPUT CONTROL A cordless touchpen can now be used thanks to a chip set and signal sensor 

C S 
grid that form the heart of a pen-based entry subsystem. Released at last 

HIP ET EASES DESIGN month's Pen-Based Computing Conference sponsored by Technologic Part
ners Inc., New York, N.Y., the Kurta Lite-Touch Pen supports handwriting, selecting, and 
gesturing motions, making it useful for almost any type of system. The pen-controller chips, 
developed by Kurta Corp., Phoenix, Ariz., process the pen signal and serve as the electronic 
interface to the computer's subsystems. The sensor grid that detects the pen's signals is 
available as a second assembly. The pen-based hardware is compatible with Go Corp.'s Pen
Point, Microsoft's Windows 3.1 for Pen, and Pen Dos from Computer Intelligence. Samples of 
the chip set are now available. Contact Gary Fitzgerald at (602) 276-5533. DB 
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Fastest±lSVvidro rgu de/ilJition video. op amp you'll find 

With a 200 MHz bandwidth and 
2300Vµsec slew rate, the CLC411 is the 
highest-speed, widest bandwidth ±15V 
monolithic video op amp on the market. 
Equally important, the CL~411 delivers 
an exceptional ±0.0SdB gam flatness to 
30MHz. Plus 0.02%/0.003°diff. gain/ 
phase. That's an unparalleled coi:nbin
ation of speed and performance m a 
monolithic ±15V video op amp. 

CIRCLE 302 FOR U.S. RESPONSE 

And the best 
high-speed multiplexer. 

For your many switching tasks, the 
CLC532 is a 2: 1 multiplexer that com
bines the speed, isolation and low 
distortion that's critical in high-defin
ition video. Settling time is a fast 
l ?ns to 0.01%. It's channel-to-channel 
isolation is better than 80dB, and 
harmonic distortion is a low -80dBc. 

Call today and we'll send all the 
details to help you keep up with the 
fast-changing world of high
definition video. 
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[] Comlinear 
Corporation 

Solutions with speed 

4800 Wheaton Drive 
Fort Collins, CO 80525 
(303) 226-0500 
1-800-776-0500 (USA) 

© 1992 Comlinear Corporation 





r to 3Gffz framS114s 
lowpass, highpass, bandpass 

•less than 1 dB insertion loss •greater than 40dB stop band rejection •surface-mount • BNC, Type N, SMA available 
•5-section, 30dB/octave rolloff •VSWR less than 1.7 (typ) •rugged hermetically-sealed pin models •constant phase 

•meets MIL-STD-202 tests •over 100 off-the-shelf models •immediate delivery 

LOW PASS 

freQuenc y 

HIGH PASS 

CDITL 'O~ : 
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.g : 

~ : : 
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frequency 

BANDPASS 

frequency 

low pass, Plug-in. de to 1200MHz 
Passband Stopband, MHz Passband Stopband, MHz 

Model MHz loss loss Model MHz loss loss 
No loss< tdB >20dB >40dB No loss< ldB >20dB >40dB 

PLP-5 DC-5 8-10 10-200 PLP-250 DC-225 320-400 400-1200 
PLP-10.7 DC-ti 19-24 24-200 PLP-300 DC-270 410-550 550-1200 
PLP-21.4 DC-22 32-41 41-200 PLP-450 DC-400 580-750 750-1800 
PLP-30 DC-32 47-61 61-200 PLP-550 DC-520 750-920 920-2000 
PLP-50 DC-48 70-90 90-200 PLP-600 DC-680 840-1120 1120-2000 
PLP-70 DC-60 90- t 17 1 t7-300 PLP-750 DC-700 1000-1300 1300-2000 
PLP-90 DC-81 121-137 167-400 PLP-800 DC-720 1080-1400 1400-2000 
PLP-100 DC-98 146-189 189-400 PLP-850 DC-760 1100-1400 1400-2000 
PLP-150 DC- 140 210-300 300-600 PLP-1000 DC-900 1340-1750 1750-2000 
PLP-200 DC-190 290-390 390-800 PLP-1200 DC-1000 1620-2100 2100-2500 

Price. (1-9 qly), all models: plug-in $1495, BNC $3295. SMA $3495 Type N $35.95 

Surface-mount. de to 570MHz 
SCLF-21 4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 

I 
47-61 6 1-200 SCLF-380 DC-380 580-750 750-1800 

SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 
SCLF-135 DC-135 210-300 300-600 

Price. (1-9 qty), all models: $11 .45 

Flat Time Delay. de to 1870 M Hz 
Passband Stopband VSWR Group Delay Vanat1ons. ns 

MHz MHz Freq. Range. DC thru Freq Range. DC thru 
Model loss loss 02fco 06fco fco 2fco 

No loss< 1 2dB > IOdB >20dB x x x x 
PBLP-39 DC-23 78-117 117 1.31 2.31 0.7 40 
PBLP-117 DC-65 234-312 312 1.3:1 2.4:1 035 I 4 
PBLP-156 DC-94 312-416 416 03'1 11.1 03 11 
PBLP-200 DC-120 400-534 534 161 19'1 04 I 3 
PBLP-300 DC-180 600-801 801 1251 221 02 06 
PBLP-467 DC-280 934-1246 1246 1251 221 015 0.4 
& BLP-933 DC-560 1866-2490 2490 1.3'1 2.21 009 0.2 
& BLP-1870 DC-850 3740-6000 5000 1.45:1 2.9:1 005 0 I 

Price. ( 1-9 qly), all models plug-in $ 19.95, BNC $3695. SMA $38.95, Type N $39.95 
NOTE· & · -933 and-1870 only with cor.neclors, al add11ional $2 above olher conneclor models 

high pass, Plug-in. 27 .5 to 2200 MHz 
Slopbond Passband VSWR Slopband Passband 

MHz MHz Pass- MHz MHz 
Model loss loss loss band Model loss loss loss 

No <40dB <20dB < ldB T p No <40dB <20dB < l dB 
PHP-25 DC-13 13-19 27.5-200 181 PHP-400 DC-210 210-290 395-1600 
PHP-50 DC-20 20-26 41-200 1.51 PHP-500 DC-280 280-365 500-1600 
PHP-100 DC-40 40-55 90-400 1.8.1 PHP-600 DC-350 350-440 600-1600 
PHP-150 DC-70 70-95 133-600 1.8·1 PHP-700 DC-400 400-520 700-1800 
PHP-175 DC-70 70-105 160-800 15'1 PHP-800 DC-445 445-570 780-2000 
PHP-200 DC-90 90-116 185-800 161 PHP-900 DC-520 520-660 910-2100 
PHP-250 DC-100 100-150 225-1200 131 PHP-1000 DC-550 550-720 1000-2200 
PHP-300 DC-145 145-170 290-1200 1 71 

Price. (1-9 qly), all models· plug-in $14.95, BNC $36.95. SMA $38 95. Type N $39 95 

bandpass, Elliptic Response. 
10.7 to 70 M Hz 

Constant Impedance. 
21 .4 to 70 MHz 

Center Passband 3dB Stopbands Center Passband Stopband 
Freq IL 15dB Bandw1dlh IL IL Freq MHz loss 

Model Max Typ >20dB >35dB Model loss >20dB 
No (MHz) (MHz) (MHz) at MHz at MHz No MHz < ldB al MHz 

PBP-107 10.7 96-115 8.9-12.7 75& 15 06& 50-1000 PIF-214 21 4 18-25 13& 150 
PBP-21 4 214 192-236 179-253 155&29 30& 80-1000 PIF-30 30 25-35 19&210 
PBP-30 30.0 270-330 25-35 22&40 3.2& 99-1000 PIF-40 42 35-49 26&300 
PBP-60 600 55.0-67.0 49 5-70.5 44 & 79 4 6 & 190-1000 PIF-50 50 41-58 31 & 350 
PBP-70 700 630-770 68 0-82 0 51 & 94 60& 193-1000 PIF-60 60 50-70 38&400 

PIF-70 70 58-82 4 4 & 490 

267fco x 
5.0 
I 9 
I 5 
I 6 
08 
055 
028 
0.15 

VSWR 
Pass~ 
band 
Typ 

I 71 
181 
20.1 
I 61 
211 
181 
I 91 

VSWR 
1.31 

Total Band 
MHz 

DC-220 
DC-330 
DC-400 
DC-440 
DC-500 
DC-550 

Price, ( 1-9 qty), all models plug-in $18 95. 
BNC $40.95. SMA $42 95, Type N $43 95 

Price. ( 1-9 qly). all models plug-in $14 95. 
BNC $36 95. SMA $38 95, Type N $39 95 
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Finally! 
A true 32V 
Precision 

Analog Array 
-with onboard 

Digital Logic. 

Semiconductor Division 

Put all your analog 
and digital control 

functions on a single 
piece of silicon. 

32V Bipolar gain blocks with signal 
bandwidths to 4MHz. thin film resistors. 
and 74LS speed compatible digital gates 
-all on a single piece of silicon! 

That's the new RLDA80. 
Think of the possibilities. 
Programmable timers. PWM controllers. 

Motor speed 
controllers. 
Supervisory 
circuits. 
Phase locked 
loops. Latched 
analog multi
plexers. 

RAYTHEON RLOA80 LINEAR/DIGITAL ARRAY 

8 32V PROGRAMMABLE ANALOG MACROCELLS 
(Op amps, ground sensing amp, 
low distortion op amps, TTL output 
comparator, bandgap reference) 

36 5V PROGRAMMABLE DIGITAL MACROCELLS 

16 5V DEDICATED DIGITAL MACROCELLS 
(Up to 200 equivalent gates) 

16 DIGITAL 110 CELLS 

128 200ppmi°C THIN FILM RESISTORS 

36 SMALL SIGNAL PNPs and NPNs 

4 100mA NPN DRIVE TRANSISTORS 

All on a single die. 
How many parts would that eliminate 

in your design? How much space. weight 
and power would it save? How much easier 
would assembly be? And how much more 
rugged would it make your final product? 

There's a quick way to find out. 
Show us your design-and we'll show 
you how easily it can be integrated onto 
a single RLDASO. 

It's fast-typically six to eight 
weeks from design review to prototype. 

And flexible-changes to an RLDASO 
prototype can be done within four weeks. 

We're committed to analog design. 
And to developing partnerships with our 
customers to produce the most efficient 
and cost-effective solutions possible. 

So if you've been waiting for a mixed 
signal array for the "real world,'" it's 
here. F'or specifications on the RLDASO, 
give is a ca ll at 1-800-722-7074. 
Raytheon Company. Semiconductor Division. 
350 Ellis St. Mountain View. CA 94039. 

CIRCLE 182 FOR U.S. RESPONSE 
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Raytheon 
Where quality starts with fundamentals 



TECHNOLOGY ADVANCES 

HP-IBM ALLIANCE PRODUCES 
STANDARD FIBER MODULE 

High-speed optical-fi
ber connections be
tween computers or 

peripherals are attractive 
due to the simplicity of the 
cabling and the EMI-free 
nature of the optical com
munications. However, fi
ber-channel optical links 
that can operate at several 
hundred megabits/s (266 
Mbits/s or about 25 
Mbytes/ s of actual data, to 
be exact) are quite expen
sive and require a consider
able amount of circuitry to 
implement. 

Designers at Hewlett
Packard Co., San Jose, 
Calif ., and IBM Corp. , 
Rochester, Minn., pooled 
their efforts and came up 
with a simple-to-use chip 
set. Also designed was a 
standardized module for
mat that will both cost-re
duce and, they hope, pro
vide a standard format 
that multiple manufactur
ers will eventually sup
port. The companies ex
pect that the modules will 
trim cost by as much as 80% 
over current solutions. 

needed due to the on
slaught of graphics-depen
dent applications now run
ning on desktop comput
ers-multimedia, medical 
imaging, client-server sys
tems for scientific visual
ization, and many other up
and-coming applications. 

Although the fiber-chan
nel market is in its infancy 
(only 40,000 links were in
stalled in 1991, because the 
standard has only recently 
been adopted by the Ameri
can National Standards In
stitute), it has a bright fu
ture projected. HP and 
IBM estimate 1.5 million 
links will be installed by 
1995, with 1 million links/ 
year expected beyond that. 

Of the four standard 
speeds-133, 266,531, and 
1062 Mbits / s-that are 
part of the fiber-channel 
standard, HP and IBM de
cided to focus on the 266-
Mbit/ s option. They felt 
that was the best choice for 
what could be implement
ed with current optical 
technology and silicon con
trol circuits. With this 
speed option, links employ
ing inexpensive multimode 
fibers and long-wave
length LED emitters can 
be as long as 1 km, while a 

trol, laser driving, and 
signal retiming and demul
tiplexing logic. An addi
tional chip for the optical 
signal detector (a transim
pedance amplifier) is re
quired for the receive chan
nel. The chip set can be con
figured to handle the opti
cal-fiber interfaces, or as 
an option, a limited-dis
tance ECL coaxial-cable in
terface. The companies are 
also working on chip sets to 
support the higher-speed 
fiber-channel options. 

One unique aspect of the 
chip set is the special atten
tion paid to optical safety. 
Special detection logic pre
vents the link from operat
ing without a fiber inserted 
into the connector, pre
venting a user from acci
dentally looking directly 
into an active emitter. The 

I13mm 

modules thus meet every 
worldwide standard for op
tical safety. 

Both HP and IBM will 
start selling functionally 
identical single-channel 
modules nextquarter(chip 
sets will not be sold at this 
point). They'll also offer 
the ability to create cus
tom, multichannel configu
rations. Furthermore, 
both companies will make 
the module's physical de
sign specifications avail
able to other companies 
who would like to adopt the 
same size to provide cus
tomers with additional al
ternate sources. 

For more information, 
contact Ed Frymoyer at 
Hewlett-Packard, (408) 
435-4266, or Stephen Sibley 
at IBM, (507) 253-2943. 

DAVEBURSKY 

By employing surface
mounting technology and 
the high-integration levels 
for the chips, designers at 
both companies created a 
39.26-by-114.22-mm mod
ule that's just 13-mm thick 
(see the figure). The mod
ule contains an entire fiber
channel transceiver that 
can easily be mounted on a 
circuit board or embedded 

~~~r;~~~:e~:~:~i~~~e~o~~ NEW PROTOCOL BOOSTS IEEE-488 
~~esa~~~e~;~t~ 0~::~~~~ DATA TRANSFERS To 5 MBYTES/S 

in a system. 
The relatively simple fi

ber-channel standard for 
point-to-point communica
tions gives designers a low
o v er head, high-speed 
channel for subsystem-to
subsystem data transfers. 
Such a connection is sorely 

distance of 10 km, a long- A lthough it's been 
wavelength laser diode around a long time, 
and more-expensive sin- the venerable IEEE-
g le-mode optical fiber s 488 bus still has plenty of 
must be used. life left. With the tremen-

The HP-IBM collabora- dous improvements in in
tion resulted in a transmit/ s trument and device 
receive chip set that per- speeds in recent years, 
forms all of the physical- however, some users feel 
layer signal handling-10- that the standard's 1-
bit input and output inter- Mbyte/ s data rate is a bit 
facing, laser-safety con- slow. An answer to this 

E L E c T R 0 N I c D E s I G N ED 
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outdated speed limit is a 
new streaming-data tech
nique that boosts the bus' 
data transfer rate to 5 
Mbytes / s. 

The new streaming-data 
protocol for IEEE-488, 
known as 488SD, was writ
ten by Capital Equipment 
Corp. (CEC) of Burlington, 
Mass. Although streaming 
data is new to IEEE-488, 



the technique is well estab-
1 is h ed in other applica
tions. As a superset of 
IEEE-488, the protocol is 
fully compatible with all 
existing 488 instruments, 
peripherals, and software, 
but only devices designed 
for the new standard can 
take advantage of its in
creased speed. 

Designers can imple
ment 488SD as an adjunct 
to existing hardware and 
software with off-the
shelf components, making 
it easy for manufacturers 
to introduce 488SD prod
ucts. CEC says it will offer 
488SD to the IEEE for ac
ceptance as an industry 
standard. 

The 488SD protocol 
changes the way IEEE-488 
handshake lines are inter
preted and eliminates un
necessary timing delays. 
Existing cables and cable 
topologies easily handle 
the increased data rate. 

CEC uses the analogy 
that IEEE-488 data trans
fers are like a bucket bri
gade, while streaming
data transfers are like a 
fire hose. That is, the con
ventional protocol sends 
data over the bus one byte 
at a time. As a result, each 
byte has the overhead of a 
data-acceptor handshake. 
The speed of these hand
shakes is limited by the 
handshake line's passive 
RC time constants, which 
increase as the cable 
length increases. The 
handshakes create most of 
the delays in IEEE-488 
data transfers. 

The streaming-data pro
tocol, on the other hand, 
processes data in blocks, 
eliminating most of the 
overhead associated with 
conventional 488 data 
t ransfers . In fact, the 
source data blocks can be 
any length. The 488SD pro-

TECHNOLOGY ADVANCES 

tocol makes no assump
tions about the receiving 
device's data-storage 
depth. Data overruns are 
avoided by an acceptor 
data hold-off that's con
trolled by the bus's Not 
Ready For Data (NRFD) 
signal line. 

The acceptor must sus
tain the maximum data 
rate for some block length 
greater than one byte. For 
best performance, the de
vice should be able to send 
and receive an entire data 
block without interrupting 
the transfer. 

There shouldn't be a 
problem programming the 
new protocol. A system can 
be set up to determine 
streaming-data capability 
using a mnemonic similar 
to those defined by the 
IEEE-488.2 standard. For 
example, "STR?" may be 
used to determine stream
ing-data capability, and 
"*STR (1,0)" could enable 
and disable the streaming 
mode. IEEE-488.2 devices 
that don't recognize a com
mand from the controller 
must return an appropri
ate message. Therefore, 
488.2 devices that don't 

have streaming-data capa
bility will respond correct
ly to the query. 

Of course, the controller 
must have the ability to en
able or disable the stream
ing-data mode depending 
on whether the device can 
accept or transmit in that 
mode. And a talker with 
streaming-data capability 
must suspend that mode 
when it's talking to a non
streaming device. 

The first product com
patible with the new proto
col is CEC's 488EX inter
face kit. The kit includes a 
board that plugs into a 16-
or 32-bit slot in any ISA or 
EISA computer bus. The 
board accommodates all 
IEEE-488 devices and 
functions, and can be used 
either as a system control
ler or a device. 

The board offers direct 
memory access with user
selectable DMA channels 
for data-block lengths of 
up to 64 kbytes. Moreover, 
user-selectable interrupts 
can detect 14 maskable in
terrupt conditions, such as 
service request, interface 
clear, and device trigger. 

Software included with 

SUBLIMATION PROCESS HERALDS 
Low-COST CDTE SOLAR CELLS 

By using deposition con solar cells. Pilot pro
techniques for cad- duction could start in three 
mium-telluride years, according to Dieter 

films, a low-cost process Bonnet, who heads the 
for solar-cell fabrication is CdTe project at the Insti
now practical. The process, tute. 
developed at the Battelle With the process, Bat
Ins ti tu te in Frankfurt, telle deposited high-quali
Germany, permits effi- ty CdTe films within one to 
cient thin-film CdTe solar two minutes, producing so
cells to be produced rapidly lar cells with efficiencies as 
on inexpensive substrates, high as 11%. Much higher 
such as ordinary window efficiencies can be expect
glass. Ultimately, the pro- ed, says Bonnet, who adds, 
cess may cut the cost of "We intend to enter pilot 
such solar cells to a level production for this highly 
80% lower than today's sili- promising thin-film solar 
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the 488EX can be used with 
all popular programming 
languages, including Win
dows 3.0 and Visual Basic. 
Software writers can use 
any of four methods: call
able subroutines, file I/O, 
a universal language inter
face, or resident firmware. 
The programs themselves 
run under DOS, OS/2, or 
SCOUnix. 

The package includes a 
software analyzer that de
tects errors and suggests 
corrections, and control
line monitor functions. An 
extensive library of exam
ple programs and a pro
gramming and applica
tions manual is supplied. 
The 488EX kit costs $495. 

CEC sees initial users as 
those who need to make 
very fast computer-to
computer transfers. To do 
so would require only a 
488EX at each end of the 
system. Using the new pro
tocol's full speed in data
acquisition and test-and
measurement systems will 
require the development of 
hardware that supports 
the streaming-data tech
niques. 

JOHN NOVELLINO 

cell and are inviting inter
ested parties worldwide to 
participate in this effort." 

To compete with energy 
sources such as coal, oil, 
and nuclear energy, solar 
cell costs must come down 
by four to five times from 
the present level of $5/W 
to $10/W (these numbers 
are based on the solar cell 
unit delivering 1 W of ener
gy under direct solar irra
diation). According to Ba
telle, only thin-film cells 
can be expected to be made 
at such low cost, provided 
that large-scale production 
is feasible. 

As for the material, few 



F L UKE AND PH I LIP S - THE GLOBA L ALLIA CE I N TE S T & MEASUREMENT 

PHILIPS 

Powerfu l DSP signal analysis, includ ing almost 
real- time FFT 

Automatic go/no-go decisions with template and 
limit tests 

ANALOG 

Push a button to better view complex signals in the 
analog mode 

If you can't instantly see why our digital/analog 
DSOs are better than HP® or Tel< ... 

Fluke PM 3394 Tek® TDS Series HP® 545xx 

Analog/Digital YES NO NO 
Combination 
LimitTest YES YES YES 

Template Test YES NO NO 

Analysis Functions YES NO NO lnl. , Dill , Hist., Filter, FFT 

FFT YES NO NO 

4 Channels YES YES NO 

Analog Display YES NO NO 
- - - - - -

maybe you need specs. 
Believing is seeing. Philips DSOs from 
Fluke give you the sophisticated mea
surement and analysis features of an 
advanced digital scope costing up to five 
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times as much. Plus the familiarity of 
analog, for visual proof with infinite display 
resolution and speed. Looking for an easy
to-use scope? Our Touch Hold and 
Measure™, Autoset, and pull-down menus 
define the term. And we back our combi
nation DSOs with a 5-year CRT warranty 
(3-year on the mainframe). Now that's value 
you just have to see to believe. 

For literature or a demonstration, call 
1-800-44-FLUKE. 
John Fluke Mlg. Co., Inc., P.O Box 9090, M/S 250C, 
Everett, WA 98206·9090. U.S. (206) 356-5400 
Canada (416) 890-7600. Olher counlries (206) 356-5500. 
©1992. All righls reserved Tek® and HP® are regislered lrade
marks ol Tektronix, Inc., and Hewlett-Packard. Inc. Ad No. 00180 

FAST ANSWERS 
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semiconductor materials 
are good candidates for 
thin-film solar cells, Bon
net explains. In fact, only 
four have so far yielded 
promising results (effi
ciencies of more than 10%): 
amorphous silicon, crystal
line silicon, copper indium 
diselenide, and cadmium 
telluride. The CdTe cell has 
turned out to be superior 
because of its ruggedness 
and stability. 

Battelle's process is 
based on a closed-spaced 
sublimation technique that 
permits top-quality poly
crystalline CdTe films to be 
produced at high deposi
tion rates. In the process, 
the cadmium telluride is 
sublimated onto the sub
strate at a temperature be
tween 600 and 700°C. The 
substrate, which is located 
close to the CdTe source, 
has a lower temperature
around 500°C. Deposition 
takes place in a moderate 
vacuum and in an inert-gas 
atmosphere, which helps 
to reduce the solar-cell pro
duction cost. 

The institute is now 
working on a concept of 
transferring its fabrica
tion scheme to practical ap
plications. As with photo
graphic films, the price of 
solar cells is determined 
not only by the material's 
performance, but also by 
the production method em
ployed, Bonnet says. He 
also adds that with the 
film, it should be possible 
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to deposit the CdTe films 
onto moving substrates 
with the closed-spaced sub
limation process. Given the 
high deposition rate al
ready achieved, this could 
be done at substrate 
throughput rates of 6 m2/ 

hr. and higher. 
According to Battelle, a 

competitive commercial 
CdTe solar cell module will 
be available once industrial 
partners are found for fur
ther development. Based 
on preliminary estimates, 
the cost of fabricating 
standardized modules, typ
ically measuring 50 by 50 
centimeters, will be less 
than $120/m2 if an annual 
output of 10,000 m2 can be 
realized. This would mean 
module costs of about 
$1200 for an energy output 
of 1 kW under direct solar 
irradiation. 

Battelle's cost estimate 
for CdTe cells is roughly 
80% lower than the current 
cost of silicon solar cells. 
This should open a big mar
ket for CdTe solar cells, a 
market "that justifies 
heavy industrial commit
ment," Bonnet points out. 
He is certain that a strong 
position can be attained 
with CdTe cells in the 
growing market for re
newable energy systems. 
Because fabricating thin
film solar cells can be fully 
automated, it need not be 
transferred to low-wage 
countries. 

tion that's intended to pro
pel the STDbus to higher
performance applications 
than possible with 8 or 16 
bits . While 32-bit STD 
boards have been some
what successful, they've 
taken some business only 
from the "low-end" of the 
VMEbus market. 

Ziatech Corp., San Luis 
Obispo, Calif., which is the 
driving force behind STD 
32, uses the EISA connec
tor and chip set. STD 32 
isn't an IEEE specifica
tion, although Zia tech free
ly distributes the specifica
tion to anyone who wants 
it. However, a gap exists 
between the older STDbus 
boards and those boards 
that are based on the STD 
32 specification-they just 
aren't compatible. "But," 
says Ray Alderman, tech
nical director of VITA, 
"though Ziatech has gone 
forward with STD 32 and 
has done very well with it, 
there's a crack in the ar
mor. We feel that a lot of 
the high-end STD bus users 
are in transition. Those 
people will have to make a 
decision whether or not to 
go to STD 32 or some other 
higher-performance bus . 
We think that we can take 
some of that business. 
Anybody that's in transi
tion is a target for the 3U 
VME specification." 

One drawback to STD 32 
is its bus data-transfer 
rate-it tends to run out of 

JOHN GOSCH steam when pushed to its 

STANDARDIZED 3U VME STAKES 
A CLAIM IN STD 32'S TERRITORY 

limit of about 14 Mbytes/s. 
Consequently, the proces
sor runs faster than the I/ 
0 bus for high-speed 386 
and 486 processors . 

Spurred on by potential 
"high-end" competi
tion from the STD 32 

bus, the VFEA Interna
tional Trade Association 
(VITA), Scottsdale, Ariz., 
has formed a subcommit-

tee to pursue standards Though this offers some 
that will push the 3U VME advantages, it presents a 
specification to the fore- problem when data is pipe
front . The specification lined. This "upper limit" 
governs VMEbus boards area is where the 3U VME 
with a 3U form factor. STD specification is targeted. 
32 is a 32-bit bus specifica- The specification also pro-
m E L E C T R 0 N I C D E S I G N 
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vides an easy migration 
path for boards with form 
factors up to 6U and into 
the 64-bit arena. 

A few technical issues 
had to be tackled before 
standardizing 3U VME. 
First, to ensure that the 
bus maintains a high level 
of performance , Auto
bahn, the high-speed serial 
channel, will be proposed 
as a standard (ELECTRONIC 
DESIGN, Oct. 24, 1991, p. 
27). Autobahn's low end 
comes in at about 200 
Mbytes/s, with the high 
end straddling 400 
Mbytes/s in about three 
years. 

According to VMEbus 
experts, a chip set for such 
a high-end bus shouldn't 
cost more than $50 to $100 
in large quantities. Such a 
price is more than ade
quate for data pipeline ap
plications, including 
graphics and high-speed 
communications on such 
networks as the Fiber Dis
tributed Data Interface 
(FDDI). Autobahn, the 
data-carrier mechanism 
for high-performance 3U 
systems, fits right on its 
two established pins on the 
serial bus. The original 
Autobahn specification 
was proposed by PEP Mod
ular Computers located in 
Germany. 

The second technical is
sue involves multiplexing 
the signals. 3U VME 
boards have only one con
nector with 96 pins, includ
ing power, ground inter
rupts, and control circuit
ry. With grounds between 
the pins for crosstalk, what 
remains is 16 bits of data 
and 24 bits of address. But 
VME doesn't multiplex 
data and address. In other 
words, the address lines 
aren't used during the data 
cycle and the data lines 
aren't used during the ad-
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dress cycle. By multiplex
ing the address cycle when 
the data bus is idle, those 
unused data bits can be 
added to the address, push
ing it to 40 bits. On the data 
side, the same concept is 
carried out. In this case, 
there are 24 address lines, 
so 16 of them are added to 
the data bus to get 32 bits. 
As a result, the first 32 bits 
of data are latched on the 
original data lines and the 
next 16 bits are latched 
during the data cycle on 
the first 16 lines of address. 
This proposal was present
ed by Mizar Inc., Carroll
ton, Texas. 

The availability of func
tionality is another impor
tant consideration. The 
STDbus market offers a 
wide variety of I/ 0 cards-

TECHNOLOGY ADVANCES 

there's an interface for 
just about anything a user 
needs. To get more and cus
tomized functionality from 
the 3U VME cards, 
GreenSpring Computers, 
Menlo Park, Calif., is stan
dardizing its Industry Paks 
daughterboard modules. 
The modules fit on either 
processor cards or carrier 
cards, which are basically 
bus-interface cards with 
address decoding and four 
IndustryPaks slots. With 
these daughterboard mod
ules, users just snap on the 
required functionality. 

The 3U subcommittee 
must also fulfill the lack of 
a standard high-density in
terconnect coming from 
the cards' front panels. The 
connector would probably 
resemble a 50-mil-spacing 

pin connector. In a width of 
about 3 in., this type of con
nector can supply about 
200 I/ 0 pins. When that in
terconnect issue arises, 

connector companies, such 
as Amp, DuPont, and IIT 
Canon, will likely become 
more involved. 

RICHARD NASS 

EUROPEAN STANDARDS BODY 
UNVEILS RF EMC SPECIFICATIONS 

T
he European Com
mittee for Electro
technical Standard

ization (CENELEC) has 
published the first of a se
ries of European stan
dards designed to prevent 
interference from the spu
rious emission of RF sig
nals. EN 50081-1 is a gener
ic emission standard cover
ing all electrical and elec
tronic equipment used in 
residential, commercial, 
and light industrial loca-

tions. It spells out electro
magnetic-compatibility 
(EMC) test methods and 
limits of all electrically 
powered equipment with 
the exception of radio 
transmitters, which are to 
be covered by European 
Telecommunications Stan
dards (ETS), defined by the 
European Telecommunica
tions Standards Institute 
(ETSI). 

For equipment contain
ing microprocessors oper-

Our new power modules give you 



ating at more than 9 MHz, 
measured limits set for air
borne radiation from an en
closure are 30 dB,u V /m at 
10 meters for frequencies 
between 30 and 230 MHz, 
and 37 dB,u.V/m at 10 me
ters for frequencies from 
230 to 1000 MHz. Limits for 
all types of equipment are 
also set for ac-power-line 
interference. These limits 
range between 66 dB,u V 
and 46 dB ,u V, depending on 
frequency. A series of rec
ommendations for suscep
tibility measurements are 
included in the EN 5008-1 
standard for information. 
They will be detailed in fur
ther basic standards that 
will refer to specific types 
of equipment. 

Measurements are to be 
made on a port-by-port ba-

TECHNOLOGY ADVANCES 

sis. A port is defined in the 
standard as "a particular 
interface of the specified 
equipment with the exter
nal electromagnetic envi
ronment." Generally, it re
fers to the points at which 
ac or de power, ground 
leads, and signal and con
trol leads enter an equip
ment's enclosure. A fur
ther definition specifies 
that an "enclosure port" is 
the physical boundary of 
the apparatus through 
which the electromagnetic 
fields may radiate or may 
impinge. 

Both emissions from the 
apparatus under test and 
its resistance to spurious 
emissions are covered by 
the standard. However, 
CENELEC president Dr. 
Enrico Commellini says 

that the prime concern in
volving the mandatory as
pects of the standard is to 
prevent any equipment 
from interfering with oth
er systems. 

The European Commis
sion is determined to make 
the EMC standards man
datory directives that must 
be applied by national gov
ernments. In addition to 
the twelve European Eco
nomic Community mem
ber states, CENELEC's 
membership extends to 
Sweden, Norway, Finland, 
Iceland, Austria, and Swit
zerland. 

The new national stan
dards are set to be pub
lished on June 1. According 
to the agreement signed, 
conflicting national stan
dards of CENELEC mem-

less and less and less. 
That's Al&T "Customerizing~' 

bers must be withdrawn no 
later than December 31. 
The European Commission 
is determined to make as 
mandatory the EMC stan
dards directives that must 
be applied by national gov
ernments. Existing, non
compliant equipment may 
continue to be used for an
other five years. 

The new regulations 
may also apply in Eastern 
Europe too, since Czecho
slovakia, Hungary, Roma
nia, Poland, and Turkey 
have become associate 
members of CENELEC. 

For more information on 
the new regulations, con
tact CENELEC at Rue de 
Stassard 35, Brussels-
1050, Belgium; telephone: 
+32 2 519 6919. 

PETER FLETCHER 
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cessing and control in an industry-compatible pin- 2V and higher output voltages. And they come in 
out and package as small as l.l"x2.0"x0.S'.' Each five industry-standard package sizes. 
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A/B requirements, eliminating the need for brochure: 1800 3 72-244 7, ext. 638. In Canada: 
external filters, giving you a smaller, quieter, more 1800 553-2448, ext. 638. 

- AT&T 
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Oki's Advanced ASIC Tools 
Reduce Your Risk. 

A 
s an ASIC designer for high
pe1fom1ance systems, you 
know the sinking feeling of 
working for weeks on a high-
density design--only to have 
it crash. You know the risks 
involved in designing with 
tools that offer no assur
ances-Will path delays meet 
spec? Will routed signals 
violate timing? Will power 
problems cause unexpected 
voltage drops? 

Coupled with our 0.8µm 
leading-edge sea-of-gate 
technology and our high-level 
support-such as Verilog, 
Synopsys, and IKOS-these 
Oki software tools not only 
optimize ASIC performance 
but also optimize design time. 

So go ahead and take the 
plunge. Call 1-800-0KI-6388, 
Dept. 050, for Oki's ASIC 
capabilities brochure. See how 

risk-free ASIC design can be. 
Oki's advanced tools 

provide the lift you need to 
dive comfortably into the 
highest levels of ASIC design: 

Oki ASIC Design Tool Support for O.Bµm, 1.0µm, and 1.2µm 

Timing-driven layout -
enables control of critical net 
and path delays, better ensur
ing a design-to-silicon match. 

Clock tree structures -
automatically route logic 
signals where you want them 
and when you want them, 
optimizing clock distribution. 

Power calculator - locates 
and corrects power distribu
tion and dissipation problems, 
increasing overall system 
reliability. 

Vendor Platform Operating System/Rev Description 

Cadence Sun/SPARC Sun OS 4.1.1 Simulation 
Solbourne Verilog 1.5C Fault grading 

Design verification 

IKOS 4.0 up Simulation 
Fault grading 

Mentor HP/Apollo DNIX 5.03, Sun OS 4.1.1 Capture 
Graphics DNx Series Digital application 6.1 Simulation 

Digital application 6.3 Design check 
HP9000 Digital application 8.0 (in qualification) 
Sun/SPARC Parade Layout 
Solbourne Clock Structures 

Synopsys Sun/SPARC Sun OS 4.1 .1 Design synthesis 
Interface to Mentor, Valid, Viewlogic Test synthesis 

Valid Sun/SPARC Sun OS 4.1.1 Design capture 
Sun-3 GED, ValidSIM, Simulation 

RapidSIM Design check 
DECstation 3100 UL TRIX, ValidSIM, GED 
IBM RS6000 GED, ValidSIM, RapidSIM 

Viewlogic Sun/SPARC Sun OS 4.1.1 Design capture 
Workview 4.0 Simulation 

PC386 DOS 3.3, Workview 4.0 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

Product and company names are trademarks and registered trademarks of their respective companies. 



WHEN YOU PLUNGE INTO ASIC DESIGN, 
YOU WANT SUPPORT TOOLS· THAT WORK. 

ff-~ OKI 
~ Semiconductor 

785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0Kl-6388, Dept. 050 



SEE8.0 
SEDTO 

OF700. 

8.0''" 
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COVER FEATURE 

AN ASYMMETRICAL APPROACH To POWER TRANSFER 
LAUNCHES THE ERA OF VERY-HIGH-DENSITY POWER 

CONVERTERS. 

100-W De-De CONVERTER 
SPORTS 70-W /IN.3 DENSITY 

DAVID MALINIAK 

fter creeping upward in 
tiny increments for sever
al years, power-supply 
density has taken a signifi
cant leap forward with the 
introduction of Interpoint 

Corp.'s MFLHP de-de converter. The 100-W 
hybrid supply occupies less than 1.5 in.3 of 
space-the case measures only 2.5 by 1.5 by 
0.380 in.-giving it a power density of just 
over 70 W /in.3• As the first board-mountable 
power supply to exceed 50 W / in.3, this con
verter inaugurates the era of very-high-den
sity (VHD) de-de converters (Fig. 1). 

If a switching power supply were a build
ing, the magnetics would be the foundation. 
They perform the transfer of power from the 
primary (input) side to the secondary (output) 
side. To achieve the density breakthrough, 
Interpoint's product-development engineers 
attacked the fundamental source of power 
transfer-magnetics design, construction, 
and control. Achieving very high power-sup
ply densities depends on increasing the total 
transfer efficiency. In the case of the 
MFLHP converter, that meant new technolo
gy for controlling magnetics, a new magne
tics design, and a new feedback system. 

The most important advance in building the 
converter was the development of a funda
mentally new control system designed specif
ically to minimize losses in the transformer 
(Fig. 2). This new control system is called 
asymmetrical power transfer (APT). APT 
was designed to overcome the fundamental 
limits on power transfer that typical power
supply design has always encountered-that 
of balancing core-reset time, forward-con
duction time, and peak-voltage stresses on 
power switches and rectifiers. 

In forward-mode conversion, the trans
former performs a balanced action to first de
liver power to the load and then to reset core 
flux for the next cycle. Switching power-sup
ply topologies are set up to provide this bal
ance. Push-pull topologies, for example, 
achieve balance with two primary windings, 
only one of which is carrying load current at 
any given time. The magnetic flux induced 
while one winding conducts current is coun-
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tered during the conduc
tion time of the other wind
ing. In this topology, only 
one half of the copper area 
is available for load cur
rent at any one time. 

Single-ended topologies 
address the balance prob
lem a little differently. 
They dedicate a catch 
winding in the transform
er to the function of reset
ting magnetics. The main 
winding is dedicated to 
power transfer; the catch 
winding provides a bal
anced reset of the power 
winding on each transfer 

(al 
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cycle. The V-Sec (voltage
time) product, during 
which power is delivered to 
the secondary, induces a 
flux which must be bal
anced in non-conduction 
time by resetting the core 
flux. The area used by the 
catch winding is not avail
able for load current, and 
the conduction time is gen
erally limited to 50% to 
maintain the symmetry of 
the power transfer. Ex
tended conduction times 
can be achieved by fewer 
turns on the catch wind-1

1. OCCUPYING LESS than 1.5 in.2, the MFLHP de-de 
converter from lnterpoint is the first board-mounted unit with a 
rating that exceeds 50 W /in. 2• The converter owes its density, to 
among other things, a fundamentally new control system designed 
to minimize transformer losses. ing . However, this in

creases the voltage stress on the 
power switch and rectifiers, requir
ing higher-voltage components with 
higher conduction losses. Both the 
push-pull and the single-ended topol
ogies require dissipative snubbers to 
protect against leakage-induced 
voltage transients, especially when 
any unequal turns ratio is used. 

Push·pull converter 

Snubber 

BETTER POWER TRANSFER 
The APT mechanism was devel

oped when research-and-develop
ment engineers on the converter-de
velopment team investigated how 
parasitic capacitance and inductance 
in the converter could be used to pro
vide a reset function for the main 
winding. The idea was to direct some 
of this energy to the load in a non
dissipative manner. By balancing the 
parasitic elements with reset re
quirements, the designers achieved 
an automatic and perfectly balanced 
magnetics-reset scheme for a single-

(bl Single·ended converter wilh reset winding 2. ASYMMETRICAL power 
transfer (APT) provides an alternate way 
of balancing core-reset time, forward
conduction time, and peak-voltage 
stresses in forward-mode converters. 
Rather than use two primary windings, 
as in push-pull topologies (a), or a catch 
winding, as in single-ended topologies (b), 
the APT converter uses parasitic 
elements to balance reset requirements 
(c). The result is an extension of the duty 
cycle to 67%, a reduction of voltage 
stresses on semiconductors, and an 
increase in overall power transfer to 
very·high11.ensity levels. 

(cl 

Pulse· width 
modulator 
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ended converter that could extend 
the supply's duty cycle to 67%. At the 
same time, the voltage stress on the 
associated semiconductors was re
duced. 

The result is the elimination of the 
reset winding, which allows more 
area for the power winding and the 
use of lower-on-resistance power 
MOSFETs and lower-voltage rectifi
ers. The technology also provides ef
fective snubbing of voltage tran
sients without using dissipative 
snubber circuitry. This development 
allows all of the winding area of the 
magnetics to be used to transfer 
power-none was wasted on provid
ing symmetrical reset functions. The 
combined result of the discovery 
meant dramatically increased trans
fer efficiency using a constant-fre
q uency, pulse-width-modulated 
(PWM) topology that provides low
noise, constant-frequency operation, 
and permits the implementation of a 
multiple-output converter design. 

BEEFED-UP MAGNETICS 
By itself, however, the APT tech

nology won't result in VHD power 
supplies. Other advances were need
ed in the magnetics design. To 
achieve true very-high-density pow
er levels, the MFLHP converters use 
new magnetics designed to maxi
mize the copper area available for 
power transfer. The basic effect is to 
increase the amount of power the 
magnetics can handle. 

The first magnetics-design 
change that the MFLHP engineers 
made was to work with magnetics 
suppliers to develop new materials 
that provide an optimal aspect ratio. 
The goal was a ratio that maximizes 
current-carrying copper and mini
mizes ferrite volume and turn 
length. The design provides a square 
aspect ratio and is about half the 
height of conventional magnetics. It 
was also designed specifically for 
bobbinless windings using flat cop
per (planar conductors}. By eliminat
ing the interstices inherent in round 
wire and the area wasted in bobbins, 
the new magnetics can achieve up to 
an 80% copper-fill factor (standard 
round wire wound on a bobbin has a 
typical copper-fill factor of around 
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50%). Planar-cross-section conduc
tors also reduce losses by minimiz
ing the high-frequency ac resistance 
of the conductor. The chief effects in
volve minimizing skin-effect depth, 
interwinding capacitance, leakage 
inductance, and hysteretic Joss. 

Even the impregnation process for 
the magnetic elements uses a special 
low-loss, highly thermally conduc
tive compound designed to help en-
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hance thermal transfer. The com
pound was selected for its low coro
na, low losses, high thermal conduc
tivity, and a good thermal match 
with ferrite materials. 

The height of the magnetics is also 
crucial in boosting converters to 
VHD levels. Because the magnetics 
are the tallest components of a pow
er supply, reducing their height is es
sential to reducing the overall vol-
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3. IN BOTH INDEPENDENT and current-sharing modes, the MFLHP converters 
offer several different synchronization schemes to help reduce interference from switching 
noise. With three current-sharing units operating in a free-run, unsynchronized mode (a), 
common spectral peaks are lower than in synchronized units (b). Synchronization, however, 
eliminates the chances of beat frequencies and allows switching transients to be timed to 
avoid circuit interference. 
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ume of the supply. The low-profile 
magnetics used in the MFLHP re
duce its height to only 0.380 in. That 
dimension is important in two re
spects. Power supplies are typically 
the tallest element on a pc board, so 
reducing their height allows closer 
board-to-board spacing and reduces 
overall system area. 

The MFLHP converter' s lower 
height also aids thermal transfer. 
Because the most efficient way for a 
power supply to dissipate heat is 
through a conductive path to a heat 
s ink (this sink can be a pc board, a 
cage wall , or a commercial heat 
s ink), more surface area means bet
ter overall conductive thermal trans
fer . Lower height maximizes surface 
area for a given volume. An equally 
dense converter with a height of 
0.500 in., rather than 0.380 in. , would 
have 24% less base-plate conductive 
area for dissipating heat. 

In addition to its magnetics and 

You Need 
Tree City USA 
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magnetic-control system, the 
MFLPH converter also enlists a new 
regulation-feedback mechanism: a 
cascaded current-error/ voltage-er
ror (CE/ VE) amplifier feedback cir
cuit. Voltage-error feedback is the 
most commonly used variety in de-de 
converters. It offers wide bandwidth 
over a very large load range-from 
designed discontinuous current to 
full load-and provides excellent 
load and line transient response. It's 
also relatively easy to implement. It 
does have two drawbacks, however: 
Transient response drops off at very 
light loads as the magnetics become 
discontinuous, and it is difficult to 
create current-sharing modes for 
paralleling converters. 

BEST OF BOTH WORLDS 
A current-error amplifier circuit 

provides very good transients at low 
loads and makes it easy to parallel 
converters without complex inter-

City trees add the soft touch of 
nature to our busy lives. They 

cool our cities, fight pollution, con
serve energy, give wildlife a home, 
and make our neighborhoods more 
liveable. 

The trees on city property, along 
streets and in parks, are an essential 
part of the urban forest. To keep these 
trees healthy and abundant, your 
town needs an organized program for 
their care ... an annual action plan to 
plant and prune the city's trees, and to 
maintain their health. 
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connect circuitry. However, the sys
tem-loop dynamics are affected by 
the load impedance (effective band
width, a function of the load, is less 
than optimal over a wide load range). 
The MFLHP converter' s CE / VE 
feedback mechanism combines the 
advantages of both systems. It of
fers wide bandwidth, insensitivity to 
load impedance, and excellent tran
sient response at any load. 

The MFLHP converter's CE/ VE 
system also simplifies parallel cur
rent-sharing operation. Up to three 
MFLHP units can be paralleled with 
no external circuitry, and any unit 
can serve as a master or slave unit in 
the current-sharing circuit. In addi
tion, the feedback mechanism and in
dependence of the units makes sev
eral different synchronization 
schemes possible. All units may be 
synchronized using a system clock, 
or all may be free-running (not syn
chronized). MFLHP converters may 

You can make a difference - by 
planting and caring for trees in your 
yard and in your neighborhood, and 
by encouraging your city govern
ment's community forestry program. 

Support Tree City USA where you 
live. For your free booklet, write: 
Tree City USA, The National Arbor 
Day Foundation, Nebraska City, 

E68410. 

~The National 
~Arbor ~Foundation 



LAST SEPTEMBER, 85 MILLION PEOPLE 
DESPERATELY WANTED A DEMONSTRATION Of 

OUR FINEST lOGIC ANALYlER. 

~o~unications Glitch Spurs Call For Backup 

i~~2-~~~~~=~~ffe;· -

Only one logic analyzer could have brought the most crippling communications failure in U.S. history to a swift conclusion. 

The new DAS/SE from Tektronix. With 200 MHz synchronous clocking, thousands of cycles of memory depth, and literally 

hundreds of channels, the DAS/SE is without question the fastest and most powerful logic analyzer around. And with 11 

different stimulus & acquisition modules, it can be configured to solve any of your digital debug 

problems For a personal demonstration, call Tektronix today and ask about the DAS/SE. The logic 

57W-188398 Copyright © 1992. Tektronix, Inc 

analyzer that could very well prevent another banner year. TAlK TD TIK/1-800·426·2200 EXT. 73 
CIRCLE 240 FOR U.S. RESPONSE 

Tektronix 
h st and Measurement 
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HIGH-DENSITY 
DC·DC CONVERTER 

also be synchronized unit-to-unit and 
either tied to the system clock or al
lowed to operate in the free-run 
mode (Fig. 3). This gives designers 
wide latitude in controlling input and 
output emissions. Synchronized 
units tend to occur at times when dig
ital signals or sampled analog sig
nals are not affected. In a free-run 
mode, spectral peaks are not addi
tive, but dissimilar frequencies can 
generate beat frequencies. 

One of the most interesting ef
fects of the CE/VE feedback is that 
it lets users select either voltage- or 
current-mode output control. A volt
age-control mode, which is the near
universal norm for de-de converters, 
always holds the output voltage con
stant. For loads that have very low 
initial resistance, inrush currents 
can become extremely high. With the 
MFLHP, users can elect to eliminate 
inrush spikes by using the part as a 
constant-current source. In this 
scheme, the output current can be 
programmed with an externally ap
plied voltage or current signal. In 
this mode , the output voltage 
changes to accommodate the differ
ing resistances. Constant-current 
sources are ideal for driving loads 
like I2L logic and for some applica
tions, such as lamps that have very 
low initial resistance. 

HIGH-REL H YBRID 
The MFLHP converter is designed 

to operate in the high-reliability envi
ronments that are typically associat
ed with aerospace and military pro
grams. The part is a full hybrid and is 
hermetically sealed in a gold-plated, 
welded case. It's designed to pass 
full military-screening levels for fine 
and gross leaks, constant accelera
tion, temperature cycling, and burn
in, as well as resistance to solvents, 
salt spray, and high vibration. Inter
nal circuitry allows it to meet the se
vere transient-protection standards 
defined in D0160, MIL-STD-704 A 
through D, and MIL-STD-1275, with
out the addition of any external com
ponents. 

Extensive internal filtering, which 
is performed using low-height, mul
tilayer ceramic capacitors, provides 
extremely low input and output 

noise and reliable high-temperature 
operation. Without external compo
nents, the MFLHP has typical out
put ripple of 20 m V pk-pk to 20 MHz 
and typical input ripple of 10 mA pk
pk over the same bandwidth. And be
cause the parts have a constant-fre
quency PWM design, the noise is 
also predictable and easily filtered. 
When the units are used with an ex
ternal companion filter, they meet 
the stringent MIL-STD-461 CE03 
noise standards. The part is also de
signed using NAVMAT derating 
guidelines. The typical derating 
standards applied are 30% or less for 
current or power ratings, 60% for 
steady-state voltage ratings, and 
80% or less for transient voltages. 

The MFLHP converters offer full
power operation over a wide temper
ature range of-55 to +85°C, and over 
a wide input-voltage range that 
meets the operating conditions de
fined by MIL-STD-704 (19 to 40 V de 
for normal operation). The standard 
also supports input voltages defined 
for emergency operating conditions. 
The parts offer efficiency up to 84%, 
which minimizes heat-sink require
ments. Single- or dual-output models 
are available with 5-, 12-, 15-, +12-, 
and ±15-V outputs. 

Other features of the MFLHP con
verter include inhibit functions, low
voltage lockout, and overcurrent 
protection at the outputs. In the free
run mode, conversion frequency for 
the part is approximately 600 kHz; 
when controlled with a system clock, 
it can be set at any frequency be
tween 500 and 675 kHz.O 

PRICE AND AVAILABILITY 
The MFLHP de-de converter starts at un
der $700 each in OEM quantities. Single
output units will be in stock by the end of 
March, while dual-output units will be 
available by the end of summer. Inter
point is evaluating how its asymmetrical 
power-transfer technology will be applied 
to commercial parts. 

lnterpoint Corp., 10301 Willows Rd., 
P. 0. Box 97005, Redmond, WA 98073-9705; 
David Uvelli, (800) 822-8782. CIRCLE 511 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
541 
542 
543 
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R~lace mul!J_ple 
crvsthl can oscilfators 

with a sinide ,froouency 
syntliesls IC 

In computer graphics and general 
purpose timing applications, IC 
DESIGNS' multiple- and variable
frequency devices save board space 
and money. Which is why some of 
the industry's largest companies use 
our components. 

ICD2061 Dual Programmable 
Graphics Clock Generator -
TIL output to 120MHz with power
down capabilities. 

ICD2062 Dual Programmable 
ECL/TTL Clock Generator -
Complementary ECL outputs to 
160MHz for video RAMDACs; 
TIL output to 120MHz. 

Contact us for more information 
about these or other IC DESIGNS 
freq uency synthesis components. 

1-800-669-0557 

IC DESIGNS 
12020 113th Ave. N.E .. Kirkland, WA 94034-6920 

FAX: 1-206-820-8959 
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SIEMENS 

Introducing A New Level Of Performance, 
And The World Speed Records To Back It Up. 
With the world's only 16-bit 
microcontroller 4-stage pipeline, 
the 80C166 gives you winning 
performance, from start to finish. 
With its innovative combination of blazing 
CPU performance and peripheral func

The 80C166 also 
gives you the most 
effective interrupt 
performance any- 16_ and B-bit 
where, with speeds Microcontrollers 

as fast as 250 ns because the 64 levels of 
priority are arbitrated each machine cycle. 

tionality, the SAB80C166 has 
blown past the competition in 
embedded control speed 
and performance. 

WORLD SPEED RECORDS The fully vectored 
interrupt system 

The Fastest Real-Time 
Controller In The World. 
One reason for its amazing 
speed, up to 10 native 
MIPS, is a 4-stage CPU 
pipeline which can process 
four instructions simulta

w 
u 

100 

~------l------1-----i 

~W+-.----11-----< >-9t---~ 

ii! 
~ 40- -----l--- -<I ,_ ___ ___, 
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allows the fastest 
identification of 
interrup1 sources. 
Plus, through the 
use of a Peripheral 
Event Controller, 
which 'steals' just 
one machine cycle 
from the CPU, it 
lets you service neously. This allows 90% of 

instructions to execute in 100 ns, letting 
you complete tasks in record time. 

peripherals without going through a 
standard interrupt procedure. 

© 1992 Siemens Components, Inc. Integrated C1rcwt 01v1s1on. 2191 Laurel'NC>Od Road, Santa Clara, CA 95054-1514. M14A016. 

And with a full suite of development tools 
from world-class vendors, it's no wonder 
the competition can't keep up. 

The Highly-Integrated 80C517A. 
With the Siemens SAB80C517A, we've 
also brought this high-performance to 
the 8-bit microcontroller. It offers 10-bit 
AID conversion, 32K ROM, 2.2K onboard 
RAM, and 32- and 16-bit arithmetic func
tions, while still retaining 8051 software 
compatibility. And it has 8 data pointers 
and 68 ports-more than any competitor. 

To find out how Siemens can help you set 
some speed records of your own, call us 
at 800-456-9229, and ask for literature 
package M14A016. 

Siemens 
World Wise, Market Smart. 
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ELECTRONIC DESIGN REPORT 

WIRELESS DATA-COMMUNICATION NETWORKS 

Photo: National Semiconductor /Dance II Radio 

WIRELESS DATA 
LINKS BROADEN 

LAN OPTIONS 
ireless net
works for 
data-commu
nications sys
tems continue 
to establish 
themselves as 
alternative 
solutions to 

problems posed by hardwired net
works. Twisted-pair, coaxial, and fi
ber-optic cabling within a building 
environment are difficult and expen
sive to install, maintain, and change. 
Labor and material costs for wiring 
can reach $1000 per node just for cop
per wire; coax and optical-fiber costs 
are considerably higher. 

The news gets worse when nodes 
are added or relocated. Studies by 
NCR Corp., Dayton, Ohio, show that 
over one-half of office workers with 

ELECTRONIC DESIG 
MARCH 19, 1992 

MILT LEONARD 

VENDORS AND 
REGULATORY 
BODIES 
CONFRONT 
LIMITED
BANDWIDTH 
AND 
INTERFERENCE 
PROBLEMS. 

personal computers move annually. 
Other studies find that data termi
nals move as often as 1.5 to 3 times 
per year with an estimated cost of 
$200 to $1000 per wiring change. 
Plus, there's the loss of productivity 
due to downtime for recabling and 
resolving problems, such as cross
talk, impedance matching, signal 
degradation, and data security. 

Given the expense and perfor
mance limitations of hardwired net
working for in-building applications, 
the concept of using electromagnetic 
energy to transmit data becomes an 
attractive alternative. Some observ
ers believe portable computers are 
an independent driving force with 
the potential of dominating wireless 
applications. However, wireless data 
transfer has its own limitations. 
Data rates are generally slower than 
wire-based networks, and the num
ber of connected nodes and their sep
aration distance are limited. More
over, some wireless techniques are 
limited to line-of-sight communica
tion. And initial installation costs for 
desktop computers may be higher 
than cable due to the electronics 
needed for communications. 

Perhaps the biggest concerns 
among advocates of radio-based 
wireless LAN s are issues of fre
quency allocation by the Federal 
Nl:D 



HECTRONIC DESIGN REPORT 

WIRELESS DATA-COMMUNICATION NETWORKS 

transmission allows users of Hewlett· 
Packard's 95LX palmtop computer to 
receive information through national, 
regional, or local radio-paging services. 
Communications is provided by 
Motorola's NewsStream receiver, which 
mounts in a cradle tied to the computer. 

Communications Commission (FCC) 
and the lack of standards for wire
less technology. Both factors will in
fluence the design of supporting 
hardware and software, and the de
gree of interoperability for wireless 
products. Bob Zavrel, product mar
keting manager for RF personal 
communications at GEC Plessey 
Semiconductors, Scotts Valley, 
Calif., says the lack of regulatory 
guidelines has created camps of zeal
ous advocates who are lobbying for 
standard bandwidths that favor 
their technology base. "The regula
tory environment is beset by a confu
sion of political, technological, and 
commercial interests," says Zavrel. 

Wireless networks presently link 
computers through infrared light or 
radio-waves. Implementations for 
both disciplines vary considerably 
between vendors. Infrared light sig
nals operate in the electromagnetic 
spectrum above 1000 GHz. Although 
re£tricted to line-of-sight data links, 
infrared networks don't need FCC li
censing and don't have severe band
width restrictions. Perhaps their big
gest advantage are their high data 
rates, which are comparable to wire-

m E 

based networks. Data rates for nar
row-beam optical networks can 
equal or surpass 16-Mbit/s token
ring speeds. 

For example, the InfraLAN wire
less transceiver from BICC Commu
nications, Westboro, Mass., offers 
data rates up to 16 Mb its/ s. Compati
ble with token-ring and Ethernet net
works, the product consists of a base 
unit that supports up to six device 
connections and two optical nodes 
for incoming and outgoing signals. 
Using primary and secondary signal 
paths provides a degree of fault tol
erance. Line-of-sight data transfer 
limits the product to application in 
open-office environments. 

Infrared products that bypass the 
line-of-sight limitation by diffusing 
the light beam reduce the need for 
precise alignment between the 
transmitter and receiver. However, 
they're limited to applications that 
don'trequirehighdatarates. One ex
ample of this approach involves the 
Photolink products from Photonics 
Corp., Campbell, Calif. Unlike 
BICC's infrared LAN, Photolink 
data transmissions are directed at a 
wall or ceiling to be sensed, decoded, 
and directed to the appropriate de
vice by neighboring sensor modules. 

Each Photolink module connects 
up to four Macintosh computers or 
terminals, and communicates with 
other modules throughout an office 
over a 230-kbit/s infrared link. RS-
232 and LocalTalk connections are 
used (the LocalTalk network is from 
Apple Computer Corp., Sunnyvale, 
Calif.). For laptop and portable com
puters, Photolink's Infrared Trans
ceiver transmits and receives dif
fused infrared light at up to 1 Mb it/ s. 

Where infrared data transmission 
is a matured technology with well
defined advantages, limitations, and 
application areas, radio-based LAN 
technology is somewhat fuzzy 
around the edges. At present, two ra
dio-based approaches are vying for 
dominance: spread-spectrum and 
narrowband. Spread-spectrum radio 
transmission uses complex circuitry 
to fragment data signals over a wide 
band of frequencies for increased im
munity from interference and eaves
dropping (see "Spread spectrum: 
LECTRONIC DES 
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How it works, "p. 57). 
Narrow band radio employs sim

pler implementations to transport 
data in 10-MHz channels within a 
higher (microwave) frequency band. 
A narrowband data link is estab
lished by tuning the transmitter and 
receiver to the same frequency. 

The FCC now permits low-power, 
in-building radio communication in 
the ten 10-MHz channels within the 
18- to 19-GHz Digital Termination 
Services band. This frequency band 
lies between the lower spread-spec
trum and the higher infrared fre
quencies. Using the 10-MHz chan
nels requires FCC licensing. As with 
infrared LAN s, narrowband LAN s 
are implemented in various ways for 
different applications. 

One example is the Altair line from 
Motorola Inc., Arlington Heights, 
Ill., which is an offshoot from the 

2. THE IC-20 radio modem from 
Monicor uses narrowband transmission 
for two-way data transfer. Designed for 
use in large warehouses and process· 
control facilities, the battery-operated 
handheld unit has a maximum line-of
sight range of 75 miles. It can act as a 
base station or a mobile station. 

I G N 



The Most Powerful 
MCM Design Tools Now Run 
On Your Clioice Of Platforms. 

Freedom of choice. You can run the industry's most powerful 
MCM tools on two of the industry's leading engineering 

workstations. Because DAZIX MCM design tools are now available 
on both Intergraph CLIPPER and Sun SPARC platforms. 

No. 1 choice of MCM designers. DAZIX supports today's 
leading technologies - MCM-L, MCM-C, MCM-D, MCM-D/C, and 

MCM-Si. Plus, our MCM tools will adapt to the packaging and ~iflf!f~--~ 
interconnect technologies you'll encounter in the future. --- ' 

These robust tools, backed by the billion-dollar Intergraph 
Corporation, have proven themselves in thousands of designs. In 

fact, MCM designers have made DAZIX their No. 1 choice. 

Simplified MCM design. Intergraph. Or Sun. Whichever you choose, DAZIX can help shorten 
design cycles and make your job easier. Call today for our newest MCM literature. In the U.S., call 

800-239-4111. In Europe, call 33-1-4537-7100. In the Asia Pacific area, call 852-8661966. 

DAZI X® 
An Intergraph Company 

DAJJX®, Intergraph®. mu/ CJJPPER® are registered trademarks of /nlergraph OJrporation. OJ her brands and producl names are lrademarks of their respective ou11ers. 
Cql;nghl 1992111/ergraph Corpora/111Tt Hu111stiile, AL 35894-{}()()I . DDIJXJ48AO. 
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FDDI. 
From deskwork to 

network. 

Good news for networks! 

The X3T9.5 Task Group, under 
the procedures of ANSI Accredited 

Standards Committee XJ. has 
rea.f!irmed approval of the Media 
Interj9ce Connector (M!C)jw the 
p[Qposed FDDI (fiber Distributed 

Data Interjr;rce) Physical Layer 
Medium Dependent (PMDJ document. 

AMP and OPTIMATE are trademarks of AMP Incorporated. 

More good news! AMP 
has the complete fiber optic 

interconnection system-the 
AMP OPTIMATE Fixed 
Shroud Duplex System-that 
meets all FDDI PMD require
ments. And includes all the 
physical components you need to 
make your fiber optic network a 
reality. 

Of special note: the trans
ceiver is capable of operating at 
data rates up to 125 Mb/s. Avail
able in standard or raised (+5v) 
ECL logic, it gives you a com
pact, board-mount data link in 
an industry-standard 22-pin 
package. Reliable duplex mat-

ing and electro-optic conversion 
are now easier than ever. 



All system compo
nents, in fact, are easy to 
install and reconfigure. 
Our field termination kit 
makes short work of 
attaching duplex connec
tors to fiber cable. And 
because all interconnec
tions use a floating inter
face, you get consistent, 
low-loss mating (0.6 dB typical) 
throughout. 

------ -~--

You can also order 
complete, custom-built cable 
assemblies from us. Either 
way, you'll have the assured 
compatibility that comes 
from dealing with only one 
supplier for all your FDDI 
interconnection components. 
A supplier whose capability 

THIS IS AMP 70DAY. 

in fiber optic technology is every
thing you'd expect from the world's 
largest connector company. 

For technical information, call 
1·800-522-6752 (fax 717-986-7575). 
In Canada, call 416-475-6222. AMP 
Incorporated, Harrisburg, PA 
17105-3608. 

AIVIP 
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ELECTRONIC DESIGN REPORT 

WIRELESS DATA-COMMUNICATION NETWORKS 

1
3. A PC AD APTER CARD from Proxim is based on a patented spread-spectrum 
technology that provides three communications channels and a data rate of 242 kbits/s. In 
addition to having a small antenna that extends from the PC backplane, the full-size ISA 
card provides driver support for a variety of network software. Maximum transmitting 
range is 800 ft. 

Nitride trench 

4. DEVELOPED FOR WIRELESS SYSTEMS operating in the 900-MHz·to-
2.5-GHz frequency range, National Semiconductor's ABiC IV biCMOS process can combine 
analog-to-digital and digital-to-analog converters, wideband amplifiers operating at 
gigahertz frequencies, and digital logic on the same die. Among other features, the 0.8·µm, 
single-polysilicon process uses fully recessed oxide isolation, a 150-A gate oxide, twin buried 
layers, and up to four levels of metallization. As a result, the process produces bipolar 
transistors with 15-GHz speeds, CMOS gates with 100-ps switching speeds, and biCMOS gates 
with typical speeds under 200 ps. 

m:JE L E C T R 0 N I C D E S 
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company's Wireless In-building Net
work technology introduced in 1990. 
The product line consists of a ceiling· 
mounted control module that hooks 
up to a server or Ethernet backbone, 
and desktop user modules that con· 
nect up to six devices each. Control 
and user modules automatically ad
just to the appropriate frequencies. 

Although line of sight isn't re
quired, the signal will be blocked by 
concrete or steel. User data rate is 
specified at 3.3 Mbits/s, and the 25-
m W power output produces a range 
of 130 ft. Motorola says the low prop
agation rate of 18-GHz signals al
lows portions of the spectrum to be 
reused without interference. For se
curity, the system encrypts data pri· 
or to transmission. 

Motorola's narrowband technolo
gy is also used in its N ewsStream Re
ceiver, which has been integrated 
with the 95LX palmtop personal 
computer developed by Hewlett
Packard Co., Palo Alto, Calif. Mount
ed in a cradle attached to the comput
er, the receiver provides one-way 
communications to the computer 
(Fig. 1). Depending on the system 
used, the coverage can be on-site, lo
cal, regional, or national. When de
tached from the computer, the RS-
232 device can receive and store up to 
32 kbytes of data for a later down
load to the 95LX. 

When utilized as a data-entry ter
minal, a 2-W narrowband radio mo
dem for wireless LAN s from Moni
cor Electronic Corp., Fort Lauder
dale, Fla., operates in the 450-to-470-
MHz FM band (Fig. 2). Although the 
IC-20 modem can operate over a 75-
mile line-of-sight radius, it's de
signed for use in large warehouses 
and process-control sites. The firm's 
proprietary data-comm uni cations 
protocol supports base stations and 
up to 48 mobile stations. 

In operation, the modem accepts 
data through a serial RS-232C port; 
processes bar code, keypad, or digi
tized voice data; and broadcasts the 
data to a base station using frequen
cy-shift-keying coding at data rates 
from 50 baud to 19.2 kbaud. Transmit 
and receive response time is 2 ms. 

Spread-spectrum systems have 
equally diverse implementations. 
G N 
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NCR's WaveLAN consists of a cir
cuit board cabled to an omnidirec
tional antenna and mounted in a 
housing for location near a PC. Capa
ble of up to 2-Mbit/s data-transmis
sion rates, the spread-spectrum sys
tem doesn't need an FCC license and 
supports any number of PCs located 
within 1000 ft. The use of a direction
al antenna increases operating 
range to five miles. Moreover, the 
system allows individual wireless 
nodes to be connected to a hardwired 
backbone. In a typical office environ
ment, one PC used as a file server 
can be equipped with both a Wave
LAN module and a backbone connec
tion. WaveLAN uses the Ethernet 
carrier-sense, multiple-access with 
collision avoidance (CSMA/CA) pro
tocol to handle data collisions. 

A novel spread-spectrum system 
innovated by Proxim Inc., Mountain 
View, Calif., also comprises a circuit 
board with an attached antenna. 
When plugged into a full-length PC 
slot, the antenna extends from the 
backplane (Fig. 3). RangeLAN has a 
range of up to 800 ft. and a data rate 
of 242 kbits/s. Proxim's patented 
technology divides the available 902-
to-928-MHz bandwidth into three 
subchannels for added noise immuni
ty. This can occur when the user se
lects the most noise-free channel. 
"The band partitioning also effec
tively triples available bandwidth 
when used concurrently," says Paul 
Smith, vice president of marketing at 
Proxim. The product also has a pat
ented post-correlation circuit for sig
nal capture that contributes to low 
cost, low power, and small size. 

The relative merits and weakness
es of narrowband and spread-spec
trum technologies provoke consider
able debate. Advocates of narrow
band technology point out the data
rate limitations of spread-spectrum 
systems operating within the con
stricted 900-MHz frequency band. 
The argument continues that pre
sent FCC bandwidth allocation for 
spread-spectrum communications 
can't support more than about 20-
Mbit/ s data rates, which is only one
fifth of the preferred 10-Mbit/s data 
rate for data communications. 

Narrowband supporters concede 
E L 

SPREAD SPECTRUM: HOW IT WORKS 

S
pread-spectrum data 
transmission originated in 
military communications 
systems that required high 

immunity to electromagnetic 
noise, jamming, multi-path signal 
distortion, and eavesdropping, 
while preserving high data-trans
mission integrity. For wireless
LAN s, it also offers full compati
bility with multiple-access, multi
ple-user requirements. And it also 
has the potential for wider band
widths than what's available. 

A spread-spectrum system dis
tributes transmitted data over a 
range of carrier frequencies 
that's much wider than the mini
mum transmission bandwidth. A 
baseband signal of only a few kilo
hertz is obscured or hidden within 
a frequency band that's many 
megahertz wide. At the receiver, 
the signal is remapped into the 
original information bandwidth. 

RF 
carrier 

Modulated 
carrier 

The result is error-free data trans
fer in the presence of noise. 

The most popular spread-spec
trum modulation schemes are di
rect sequence, frequency-hop
ping, and pulsed chirp. Direct-se
quence modulation uses a code se
quence to phase-modulate the 
carrier across a continuous band 
of frequencies. Unlike direct-se
quence spread-spectrum tech
niques, carrier-frequency shift
ing or frequency-hopping shifts 
the data-modulated carrier fre
quency across a spectrum of mul
tiple discrete frequencies in a pat
tern determined by a code se-

quence. Pulsed-frequency or 
chirp modulation sweeps the car
rier across a wide frequency band 
during a pulse interval and is used 
mostly in radar. For wireless 
LAN s, direct-sequence modula
tion is commonly used. 

In direct-sequence modulation, 
the carrier frequency is modulat
ed by a pseudo-random-noise 
(PRN) source and the coded data 
to be transmitted (see the figure). 
Total bandwidth increases as the 
rate of these two signals in
creases, and immunity from inter
ference increases with band
width. Secure communications is 
inherent because the receiver lo
cal oscillator and transmitter out
put signal must be synchronized 
by some predetermined code that 
modulates the data stream. 

Baseband data is usually digi
tized and added to the PRN code 
sequence. The composite signal is 

Received 
modulated 

Recovered 
RF carrier IF bandpass filler 

Pseudo-noise 
generator 

then mixed with the carrier-oscil
lator signal in a balanced modula
tor, amplified, and mixed at the re
ceiver with a reference that has 
the same code. The receiver next 
restores the baseband signal 
which is sent through a filter that 
passes only the baseband-modu
lated carrier. Direct-sequence 
modulation requires simple cir
cuitry and has good performance. 
Also, using code-division multi
plexing lets multiple users em
ploy different codes to operate si
multaneously on the same fre
quency by applying identical sin
gle-carrier transceivers. 
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WIRELESS DATA-COMMUNICATION NETWORKS 

Quadrature phase 
splitter 

STEL·2130 digital down-converter and carrier tracker 
-------- - - - -----

1 

Numerically· 
Control Data controlled 

oscillator 

-- - ----------1 
Control Data Interrupt 

Microcontroller 

systems operating beyond 
900 MHz. For wireless dig
ital communications, the 
DECT standard specifies a 
1.88-to-l.9-GHz carrier, 
250 mW of transmission 
power, and a 1.152-Mbit/s 
data rate . National has 
been working with Den
mark's Dancall Radio A/S 
to develop a transceiver 
for Pan-European digital 
communications. 

15. THIS THREE-PIECE spread-spectrum demodulator ASIC chip set developed by Stanford 
Telecom is used in a spread-spectrum receiver. One particular chip, the STElr2130, integrates many 
functions that formerly required several chips. 

The transceiver board is 
based on National's bipo
lar ASPECT IV process, 
which can implement wide
band amplifiers, mixers, 
phase shifters, oscillators, 
and frequency synthesiz
ers operating at multi
gigahertz frequencies. 
The firm 's next-genera
tion ASPECT process, 
ABiC IV, will mix bipolar 
and CMOS transistors to 

that RF energy in the UHF environ
ment can propagate through and 
around obstacles for reception from 
distant sources. But this same prop
erty limits spectrum reuse, which 
they say is necessary for optimum 
capacity in a wireless LAN. For 
these reasons, narrowband people 
see spread-spectrum technology be
ing stuck in limited applications. 

Conversely, the argument goes, 
18-GHz signals used by narrowband 
systems are ideal for in-building use 
because signal reflection and diffu
sion can fill a microcellular area us
ing a minimum amount of power. 
The same frequencies can be reused 
by other neighboring systems. More
over, the 18-GHz band is high 
enough to avoid interference to or by 
other electrical equipment. 

Still, many industry observers ex
pect spread-spectrum technology to 
thrive in the wireless-LAN arena be
cause of two reasons: its inherently 
high immunity to interference and 
the forthcoming new frequency allo
cations from the FCC. 

The FCC recently proposed open
ing up 220 MHz of the electromag
netic spectrum to accommodate new 
wireless services. Just where this 

ElJ E 

bandwidth will be allocated in this 
spectrum won't be determined until 
the end of this year, though. Spread
spectrum petitioners are hoping for 
an expanded 900-MHz band, which 
will mean more available bandwidth 
to up the now restricted data rate. 

Meanwhile, the standards body of 
the IEEE 802.11 Committee has be
gun to examine a future wireless
LAN technology for implementing 
10-Mbit/s data links between PCs. 
The results of their actions may sig
nificantly influence the product 
plans of IC chip makers who supply 
wireless-LAN ICs. These companies 
include GEC Plessey; Motorola Inc., 
Austin, Tex.; National Semiconduc
tor Corp., Santa Clara, Calif.; NCR 
Corp.; Qualcom Corp., San Diego, 
Calif.; Signetics Co., Sunnyvale, 
Calif.; and Stanford Telecom Inc., 
Santa Clara, Calif. By virtue of its 
involvement in Europe's Digital Eu
ropean Cordless Telecommunica
tions (DECT) program, National 
Semiconductor is already positioned 
to supply any wireless technology 
the standards bodies may favor. 

Europe is acknowledged as being 
a year ahead of the U.S. in establish
ing digital wireless standards for 
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integrate unique combina
tions of switching speed, bandwidth, 
dense logic, embedded memory, mul
tiple I/Os, and analog and radio 
functions on one chip for wireless 
systems (Fig. 4). 

GEC Plessey supplies building 
high-frequency communications 
blocks, including a 3.5-GHz prescaler 
for synthesizers, mixers, amplifiers, 
and digital-signal processors. Pro
cesses are on-line to produce npn 14-
G Hz transistors and 24 GHz later. 

Stanford Telecom also has estab
lished a base of high-frequency 
building blocks for telecommunica
tions. Primarily for spread-spectrum 
systems, these ASICs include modu
lators and demodulators, pseudo
noise coders, and forward-error-cor
rection circuits. A recent design pro
duced a three-piece, spread-spec
trum demodulator chip set that 
reduced the parts count of a prior de
sign by one-half (Fig. 5). The entire 
design is expected to shrink to a sin
g le IC by the middle of this year.D 

How v ALUABLE? 
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SLIGHTLY 
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DESIGN APPLICATIONS 

INEXPENSIVE ROUTERS CAN OVERCOME SUCH 
BRIDGE-BASED INTERNET PROBLEMS As LIMITED 

ADDRESS SPACE AND BROADCAST STORMS. 

LOW-COST ROUTERS CAN TAME 
COMPLEX GLOBAL INTERNETS 

lthough the personal-computer revolution began with standalone 
PCs, it was only a matter of time before corporate users discov
ered that they often needed access to resources beyond those 
available on their individual machines. The result was the local
area network (LAN), which connected the PCs within a small 
working group-typically between 10 and 100 computers-to 
each other. Now those same users are finding that they need 
access to facilities and data beyond those available on their indi
vidual networks. Hence the emergence of the internet-a net

work of networks that can span an entire enterprise even if it stretches around the 
globe. As long as the LANs comprising the internet all use compatible ISO LAN 
protocols, the total number of users is fairly small, and the internet configuration 
doesn't change too often, few problems will arise if simple bridges are used to in
terconnect them. But if the internetwork is to serve a large corporation, it will 
probably contain tens of thousands of diverse devices. 

In addition, its ~omputers and their subnets will be of differing types. That size 
and diversity mean that bridges will often be inadequate to successfully intercon
nect the individual LAN s. 

More powerful tools will likely be needed. Tools like routers . The only reason 
routers haven't seen broader usage is that, until recently, they were quite expen
sive, often coming in at prices in excess of $15,000. Today however, thanks to 
recent developments in 32-bit LAN controller chips and RISC processors, a high
performance router can be built from less than $2000 worth of parts. 

To understand how a router can help manage a network, it's worthwhile to 
review how bridges work and to look at the various types of problems that can 
occur in an internet. 

BRIDGE BASICS 
Bridges are a practical, cost-effective method for connecting a small number of 

similar LAN s. They can, however, only be used to link LAN s with compatible 
protocols for layers 1 (physical) and 2 (data link) of the OSI network protocol model. 
Their effectiveness can be reduced as corporate-wide networks increase in size, 
diversity, and topological rate of change. 

One problem that occurs as network size increases is difficulty in handling the 
large number of data-link addresses representing the stations on all of the connect
ed LANs. Each bridge must maintain a list of every address. The trouble is that 
most bridges are designed to handle only a few thousand of them. Increasing a 
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bridge's address capability is expen
sive because it requires costly con
tent-addressable memory. 

Bridges check the destination ad
dresses of all packets they receive to 
see if they're local. If they are, the 
bridge discards them. If not, it sim
ply forwards them to the next LAN. 
Bridges can't actually route non-lo
cal packets-that is, to determine an 
optimal path and send the packets 
along that path. 

BRIDGE PROBLEMS 
Bridges frequently have difficulty 

responding to changes in network to
pology, whether caused by adding, 
dropping, or moving users, or by 
switched service connections. The 
problem isn't bad if the changes oc
cur at a slow pace, but bridges have 
difficulty remaining stable when the 
rate of change is high. 

The most significant problem with 

(a) 
Host A 

User 

TCP 

IP 
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bridges, however, is their suscepti
bility to broadcast storms. If a 
bridged internet achieves reliability 
by providing many redundant paths, 
loops may exist over which broad
cast messages can be regenerated, 
causing them to spread like wildfire 
through the network. Sometimes re
ceiving a particular broadcast mes
sage causes a station to respond with 
a broadcast message of its own. In 
such cases, a chain reaction results . 
That leads to an upsurge in network 
traffic, which can slow communica
tion to a standstill. 

To minimize the likelihood of 
broadcast storms in bridged inter
nets, the internet topology is often 
limited to tree structures with only 
one delivery path. The trouble with 
that approach is it reduces the net
work manager's flexibility to re
spond to clogged internetwork con
nections. 

Host B 

User 

TCP 

IP 
Router 

MAC·1 IP MAC·2 
MAC·1 MAC·2 

PHY·1 PHY·1 PHH PHH 

(b) 

11. THIS GLOBAL INTERNET includes local-area networks (LANs); hosts (H), 

which concentrate user connections onto the LANs; routers (R), which connect the LANs to 
one another; and gateways (G) that provide access to worldwide communication services (a). 
The routers implement the first three layers of the OSI network protocol standard (b). 

lif) E L E C T R 0 N I C D E S I 
MARCH 19, 1992 

Routers overcome many of the 
aforementioned drawbacks of 
bridges and provide additional bene
fits as well. To perform their prima
ry function of reliably directing 
packets through a group of intercon
nected networks (Fig. la), they im
plement the first three layers of the 
OSI network protocol model-physi
cal, data link, and network (Fig. lb). 
Unlike bridges, which implement 
only the first two layers, routers per
mit translation among different ad
dress domains. 

The most commonly implemented 
network layer function used today is 
the Internet Protocol (IP). The IP 
header contains both source and des
tination addresses (Fig. 2). Each ad
dress specifies the host ID and Net
work ID. A router that receives a 
packet reads the destination net
work IP address and looks it up in a 
routing table. The table specifies a 
pa th over which the packet can reach 
its destination, including the address 
of the next hop and how many hops it 
will take to reach its destination. 
That path-determination function is 
called routing, and is the main func
tion of a router. 

After looking up the destination 
network address, the router for
wards the packet to its next destina
tion as defined by the routing table. 
The table is continually updated with 
the latest routing information, so, if 
congestion clogs the usual path, a 
better one can be specified. 

Routers time-stamp the packets 
they receive (Fig. 2), which gives 
them a powerful tool to reduce the 
effects of broadcast storms by block
ing the passage of old messages. 
More importantly, because they rec
ognize all addresses on the internet, 
they can reduce the need for broad
cast messages. With routers, mes
sages can be sent separately to dif
ferent portions of the internet, ac
complishing the same goal without 
the danger of a chain reaction. 

Routers are a powerful manage
ment tool, which network managers 
can use to regulate access to comput
er resources. They can do so by con
trolling the flow of data between net
works based on the destination and 
source addresses. That capability ad
G N 
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dresses network security is
sues as well. In the event of 
a fault, routers can redirect 
traffic and reconfigure the 
network to avoid the failed 
link. They can also notify a 
source station of a lost pack
et, instead of relying on a 
higher-level protocol to no
tice the loss. This increases 
the network's reliability and 
efficiency. 
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15 23 
l 

Version l 1HL l Type of service Total length 

Identification Flags 1 Fragment offset 

nmeto live I Protocol Header checksum 

Source address 

Destination address 

Options· padding 

Data 

2. THE INTERNET PROTOCOL (IP) header 

31 
flexibility wasn't a require
ment because the types of 
networks to be connected 
and the internet protocol 
were well-defined at the out
set. The router was to have 
two main uses: connecting 
existing FDDI front-end 
networks to an Ethernet 
backbone, and connecting 
existing Ethernet LAN s to a 
campus-wide FDDI back
bone. 

PACKET FRAGGING 
One strength of routers 

over bridges is their ability 
to work with LAN s that im
plement different layer-2 
protocols. In particular, 

contains fields to aid in effective network management. The 
"time to live" field is a time stamp used to remove old frames 
that may otherwise clog networks worldwide. The destination 
and source addresses specify the network and host address so 
that frames can be steered efficiently to their host and source 
stations can be notified of lost frame events. 

The moderate forwarding 
rate requirement of 12,000 
packets/ s could be achieved 
with one 10-MIPS proces
sor. Using one processor 
also helped keep the parts 

routers may be used to in
terconnect fiber distributed data in
terface (FDDI) LANs with Ethernet 
networks. Doing so, however, re
quires that the router can fragment 
packets. A packet on the FDDI net
work can be larger than the maxi
mum allowed by the Ethernet speci
fication, so it's necessary to break 
the FDDI packet into more than one 
Ethernet packet. 

Some routers can also perform the 
complementary operation-packet 
reassembly. Routers with a reas
sembly capability can take multiple 
small Ethernet packets and send 
them in one FDDI packet. Reassem
bly can increase the FDDI network's 
efficiency but at the price of decreas
ing the router's forwarding rate. 

To aid its customers in the design 
of FDDI-Ethernet routers, Nation
al's FDDI Design Applications 
Group decided to engineer a router 
of its own. To ensure the practicality 
of the design, the Applications 
Group worked with the company's 
Network Planning Group to define 
an architecture that would function 
well with National's own worldwide 
networks. (National Semiconductor, 
like many other large corporations, 
has to connect hundreds of LAN s 
around the world to support a wide 
range of computing activities includ
ing order entry, payroll, computer
aided design, electronic mail, fi
nance, accounting, and automated 
manufacturing. Its network plan
ners are very familiar with routers 

mi]E 

and make extensive use of them 
wherever it's economically and prac
tically possible.) 

The resultant router, called the 
Freeway router, has now been built 
and tested. Its design is provided 
here as a starting point, which build
ers of routers may use to reduce 
their own products' time to market. 

D ESIGN CONSIDERATIONS 
The first consideration in design

ing the Freeway router was cost. 
The goal was to be cost competitive 
with a bridge, which meant keeping 
the parts outlay under $2000. As will 
be seen, that objective has been met. 

The second consideration was 
throughput. According to N ational's 
network planning group, 80% of the 
traffic on a typical corporate LAN is 
local; only 20% needs to be routed to 
other networks. Based on that fig
ure, if five Ethernet LAN s are con
nected to one FDDI network, the re
quired forwarding rate would be just 
12,000 packets/s-the packet rate of 
one Ethernet LAN. That rate was 
thus made the design objective for 
the Freeway router. However, to 
leave a margin for error, the final de
sign calls for only four Ethernet con
nections and one FDDI port. 

CHOOSING AN ARCHITECTURE 
In addition to cost, the choice of a 

router architecture is driven primari
ly by flexibility and forwarding-rate 
objectives. For the Freeway router, 
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cost to a minimum. 
After carefully considering the 

bus bandwidth requirements, it was 
decided to build the Freeway router 
around a dual bus architecture: one 
bus to handle the network traffic, 
and one for CPU instructions (actual
ly, the router also has a third bus-a 
low-speed, 8-bit control path-used 
mainly for initialization and monitor
ing). The design team could then deal 
effectively with two major router is
sues: avoiding bus bottlenecks and 
optimizing code execution to make 
sure that the target forwarding rate 
wasn't compromised. Because it 
uses one processor, the router can be 
implemented on a lightly populated 
printed-circuit board with a PC/ AT 
motherboard form factor. 

THE CPU CORE 
The CPU core of the Freeway rout

er consists of a National Semicon
ductor NS32GX320 microcontroller 
and its memory system (Fig. 3). The 
system runs ata clock rate of up to 25 
MHz, allowing a peak performance 
of 12 MIPS. The NS32GX320 has an 
on-chip interrupt controller, a two
channel DMA controller, separate in
struction and data caches, and three 
timers. 

Bus clocks for the entire syste;m 
are generated by the processor. That 
greatly simplifies the design by mak
ing all bus masters run from the 
same clock. 

To enhance overall system respon
siveness, each peripheral within the 
G N CIRCLE 148 FOR U.S. RESPONSE -
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router able to generate an interrupt 
is assigned a different interrupt lev
el. That makes it unnecessary for the 
software to poll for the source of an 
interrupt. 

One channel of direct memory ac
cess is used by the SCSI controller to 
transfer data between it and the pro
cessor's memory. The SCSI control
ler was added to allow for peripheral 
expansion, but isn't necessary for 
the routing function. 

The timers on the NS32GX320 are 
used by both hardware and soft
ware. One timer is employed by the 
memory systems to set the refresh 
interval of the DRAMs. A second 
timer is used by the protocol soft
ware to implement software timers, 
schedule tasks, and keep track of 
time. The third timer is used by the 
FDDI station management (SMT) 
software. 
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Processor 
memory 

Instruction bus 

Packet 
memory 

Sonic 2 

Address 
multiplexer 
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Sonic4 

Buffer I 
I _____ _, 

FDDI chip 
set 

Control-bus 
interface 

The CPU memory system consists 
of one bank of 32 DRAMs, which pro
vide either 4 Mbytes or 16 Mbytes of 
storage, depending on whether the 
bank is composed of 1-Mbit or 4-
Mbyte single in-line memory mod
ules (SIMMs). The CPU memory is 
used for processor code, stack, and 
static variables. It operates in page 
mode, with a page size of 4 kbytes. 
Page-mode operation tries to amor
tize the time penalty of the initial ac
cess to a page of DRAM memory 
over several accesses by not com
pleting the DRAM page access until 
forced to by an access to another 
page or a memory refresh cycle. Con
secutive data accesses that occur 
within the same page, as is usually 
the case, are significantly faster us
ing this technique. 

3. THE HARD WARE ARCHITECTURE of the Freeway router consists of 
three parts: the CPU core, the network core, and the control-bus interface. The CPU core 
provides a separate bus interface between the CPU and the instruction memory for higher 
performance. The network core has a separate bus for network traffic, four Ethernet ports, 
and one dual-attach FDDI port. The control bus consists of a control interface to the FDDI 
chip set, a UART for debug, a configuration EEPROM, a boot EPROM, and a SCSI port for 
the file server expansion option. 

THE NETWORK CORE 

by the network controllers. The Son
ics arbitrate amongst themselves in 
a round-robin fashion and alternate 
as a group with the FDDI circuitry. 

When no master is requesting the 
bus, the arbiter parks, granting the 
processor access. This eliminates ar
bitration delays for the processor 
when the bus is idle. 

The network-core memory system 
is similar in size and operation to that 

The network core of the Freeway used in the processor core except 
router handles the actual data traf- that it uses page-mode operation 
fie. It consists of a memory system only for burst transactions. With the 
(the packet memory), a processor in- network memory, page access ends 
terface (the data buffer), the Nation- when the bus masters release the 
al Semiconductor FDDI chip set, and bus. 
four National Semiconductor Ether- With the processor interface to the 
net controllers (Sonics). Access to network data bus, the NS32GX320 
the network bus by these multiple processor can access both the net
bus masters is controlled by a central work memory and the host program
arbiter in the network core (not mable registers on each of the Son
shown in Figure 3). The processor ac- ics. Those Sonics, together with their 
cess is of highest priority, followed associated passive components, ere-
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ate four Ethernet interfaces. 
On the optical side of the board, 

the FDDI chip set, along with a pair 
of optical transceivers, implements a 
dual-attach connection to an FDDI 
ring. The chip set consists of a basic 
media access controller (BMAC), a 
BMAC system interface (BSI), two 
physical layer interfaces (PLAY
ERs), two clock recovery devices 
(CRDs), and a clock distribution de
vice (CDD). 

The router includes a UART to fa
cilitate connecting a terminal that 
monitors the system's operation. It 
also provides a serial link for remote 
debugging of software for the rout
er platform, a task that would other
wise require an Ethernet port. 

Up to 1 Mbyte of EPROM is includ
ed in the router design for processor 
code-enough for a small application 
or for holding the code needed to 
boot across the network. An 8-kbyte 
Nim) 



EEPROM is used to store the rout
er's configuration information. Con
figuration parameters include net
work and host information used in 
setting up the operation of the rout
ing functions. 

The control/status port (UART) 
allows the display of status through 
an LED display. The port is also con
nected to a 1-kbit EEPROM that's 
used to store the physical network 
addresses of each network interface, 
along with other information that 
will control the configuration and 
booting of the router platform. 

A SCSI controller provides an in
terface to a SCSI peripheral bus. Al
though unused by the router, this in
terface would allow a disk and other 
peripherals to be added. Possible ap
plications include network file serv
ers and print spoolers. 

In keeping with the dual design ob
jectives of avoiding bus bottlenecks 
and optimizing code execu-
tion, the registers on the 
FDDI chips, along with the 
boot EPROM, the parame-
ter EEPROM, the UART, 
the control/status port, and 
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vice drivers, and kernel services 
(Fig. 4). 

Routed, which is compatible with 
the BSD 4.3 Unix Routed daemon (a 
small memory-resident program) im
plementation, communicates with 
other hosts and routers, passing in
formation about what networks are 
reachable. That information is then 
used to update the routing tables in 
the IP layer. 

The main function of the socket li
brary is to provide user programs 
with an interface that's compatible 
with BSD 4.3 Unix. It includes the 
following networking system calls: 
socket(), bind(), listen( ), accept( ), 
connect( ), socketpair( ), sendto( ), 
send( ), recvfrom( ), recv( ), 
sendmsg( ), recvmsg( ), shutdown(), 
setsockopt( ), getsockopt( ), getsock
name( ), getpeername( ). 

In addition to the networking sys
tem calls, the signal(), pause() and 

alarm( ) system calls are also sup
ported. Signal( ) supports only 
BSD's SIGALRM function. This al
lows the Routed program to suspend 
its execution until a specified period 
of time has expired. 

INTERNAL SUPPORT 
To perform in its main function of 

routing packets, the IP layer needs 
information not only from its routing 
tables, but also from databases asso
ciated with each interface. Network 
device drivers provide the necessary 
interface between those networking 
devices and the IP layer software. 
The drivers implement the required 
functions so that they easily link 
with the IP layer, and ensure that the 
hardware has the buffer resources 
for proper operation. 

The TCP /IP software also re
quires several services usually pro
vided by the Unix kernel. They in

clude a form of memory 
management using a memo
ry buffer (MBUF) mecha
nism, which provides a stan
dard way to allocate memo
ry blocks of different sizes 

the optional SCSI port, are 
connected to the processor 
via a separate, relatively 

TI mer Sockets 
Pc boards 

and types. 
Not only does the MBUF 

slow, 8-bit asynchronous 
bus. 

The Freeway router im
plements the widely used 
transmission control proto-
col (TCP) and internet proto
col (IP) for its layer-4 (trans
port) and layer-3 (network) 
functions, respectively. The 
TCP /IP software processes 
incoming frames and for-
wards them to their destina
tions. That software gets 
the information it needs 
from routing tables main
tained by a separate soft
ware module, called Routed 
(pronounced "Rout Dee"). 
Routed communicates con
nectivity information using 
the routing information pro
tocol (RIP). Along with 
Routed and TCP /IP, the ma
jor components of the Free
way software include a Unix 
socket library, various de-

Network 
interface 
routines 

MBUF 

4. THE SOFTWARE ARCHITECTURE of the 
Freeway router consists of four main parts: the buffer
management mechanism, the protocol-software module, the 
application software, and the hardware-interface software. The 
buffer-management mechanism uses a paged memory scheme 
and utilizes Unix MBUF data structures that are shared by the 
CPU and the network controllers. The protocol software 
consists of the IP, ICMP, and ARP modules, and may also 
include the transport protocol modules TCP or UDP (user 
datagram protocol). The application software consists of 
Routed and the socket library, which provide a standard BSD 
Unix interface to the router. The hardware-interface software 
consists of FD DI station management software and drivers for 
the Ethernet and FDDI chips. 
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mechanism provide storage 
for data, it's also used by 
TCP /IP and the socket layer 
to store control information 
and dynamic lists. 

In addition, the MBUF 
mechanism has an operat
ing mode that references 
data outside of the MBUF 
structure in 4-kbyte pages. 
That capability is used by 
the device drivers, enabling 
the network hardware to re
ceive frames directly in a 
form that the TCP /IP soft
ware can manage . Being 
able to map between the 
MBUF structures and the 
data structures generated 
by the hardware eliminates 
the time-consuming copying 
of the data, thereby greatly 
contributing to the router's 
forwarding capacity (Figs. 5 
and6). 

Timing is another service 
provided by the kernel. Sev-
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eral tables use entry aging to deter
mine when to remove entries. TCP 
and IP use the timing services to 
timeout packet reassembly and con
nections. 

Within any communications prod
uct, the bandwidth requirement of 
each subsystem must be studied to 
ensure that it doesn't take up an inor
dinate amount of the total system 
bus bandwidth. Because the Free
way router's network memory is ac
cessed by the FDDI ring, four Ether
nets, the protocol processor, and its 
own refreshing circuitry, each of 
those devices must be analyzed to 
make sure that it doesn't become a 
bottleneck. 

In the Freeway router, the trans
fer of data between the FDDI ring 
and memory is performed by the 
BSI. Its bus protocol utilizes burst 
transfers, which allows multiple 
words of data to be transferred effi
ciently between memory and the 
ring. The access to the first word of a 
burst requires six clock cycles, with 
subsequent words requiring two 
clock cycles apiece. The burst then 
ends with an idle cycle, giving a total 
of 21 clock cycles to transfer 32 bytes 
of data. If the router's bus clock runs 
at 25 MHz, the BSI will transfer data 
at a rate of 38 Mbytes/s, or 300 
Mbits/s. 

In addition to that peak transfer 
rate, the BSI requires additional 
bandwidth to fetch descriptors and 
store status. With an overhead of 
25% above that used for data trans
fer, the BSI could be utilizing ap
proximately 45% of the network 
memory's bandwidth. 

The Sonics don't use burst trans
fers, but do utilize the memory's 
page mode of operation. The Sonic's 
"burst" consists of an initial word ac
cess that requires seven clock cycles, 
and three cycles for each subsequent 
32-bit word fetched. This burst will 
be ended with three idle cycles, giv
ing a total of 20 clock cycles to trans
fer 16 bytes of data. Again, using a 
25-MHz clock, the Sonic transfers 
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erations, the Sonics will require 30% 
of the memory's bandwidth. 

To relate the preceding analyses 
to the real-world operation of the 
router, three observations are perti
nent: 

• The Freeway router is indeed a 
router-that is, most of its traffic 
will pass from one network interface 
to another, with almost no overall ac
cumulation or generation of traffic 
within the router itself. 
• A worst-case condition will exist 
when all of the Ethernet traffic is 
routed to the FDDI ring. 
• An Ethernet network is considered 
saturated when network traffic ap
proaches 30% of the available band
width. 

These observations and assump
tions suggest modifying the previ
ously calculated bandwidth require
ments. It turns out the Ethernet in
terface will realistically reach 30% of 
the 30% bandwidth calculated, so 
only 10% of the memory bandwidth is 
needed. With all of the Ethernet traf
fic going through the FDDI ring, 
that will amount to only 12 Mbits/s, 
not the 100-Mbit/s capability of the 
ring. That reduces the BSI's re
quired fraction of the network mem
ory to 7%. 

Adding the FDDI requirements to 
the Ethernet yields 17% of the band
width to transfer frames to and from 
the network, not the 80% calculated 

Input data unit descriptors (IOUOs) 

cnt =a loc 

cnt = b loc 

by adding the peak values together. 
The remainder is available for mem
ory refreshing and CPU protocol 
processing. Memory refreshing, 
which must be performed every 15.7 
ms, requires seven clock cycles, con
suming about 2% of the bus band
width. 

PROTOCOL PROCESSING 
Protocol processing requires ex

amining and creating headers for re
ceived data packets so they may be 
forwarded to another network. The 
headers may have various lengths, 
but are restricted to a maximum of 
60 bytes. The routing process neces
sitates the creation of a new header, 
which may not be the same size as 
the old header. 

Therefore, a new header could be 
created separately from the infor
mation portion of the frame. The 
packet includes a checksum that con
tains the protocol header, so it would 
have to be modified. 

It can be concluded that the pro
cessor will need to access the entire 
header of an incoming frame, and 
write a header for the outgoing 
frame. Because the processor con
tains a rather large data cache, the 
data will only be fetched once from 
the network buffer memory, with 
subsequent accesses made from the 
cache. 

Writing the new header will re
quire more than one access to each 

MBUFs 

Offset 
Len lh=a 

Link 

Offset 
Lenlh=b 
Link= 0 

data at a rate of 20 Mbytes/s, or 160 
Mb its/ s. 15. MEMORY MANAGEMENT in the Freeway router uses Unix MBUF structures. 

With four Son~cs, network t:affic After a frame is delivered to the memory from the FDDI networks, the CPU links the frame 
peaks at 40 Mb1ts/ s. If 25% IS as- segments together with MBUFs. Doing so eliminates the need to copy the data, and thereby 
sumed as overhead for descriptor op- greatly increases the router's forwarding capability. 
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Offset 
Len th= C 
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Offset 
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Transmit descriptors 

Size= c + d + e 
Frag _count= 3 

ptr 

Length= c 

ptr 

Length= d 

ptr 

Length= e 

1
6. THE DATA FIELD of the MBUF structure can hold the frame header to more 
efficiently process frames. Data is easily passed from protocol processing software to the 
Sonic Ethernet controller by a method based on transferring pointers and length indicators. 
Because data needn't be copied with this approach, the maximum forwarding rate can be 
maintained. 

word of the header, as fields are cre
ated and updated in some header por
tions. Assuming that each word will 
be written twice, header handling 
will require 64 bytes of read and 128 
bytes of write. 

The read cycles will be performed 
in bursts of four words. Because a 
burst read of four words is per
formed in 12 clocks, all of the reads 
will require 2 µs per frame. The pro
cessor's write cycles aren't per
formed in bursts. 

Each write cycle requires five cy
cles, or 6.4 µs per frame. For the stat
ed target goal of forwarding 12,000 
frames/s, the processor will require 
13% of the network buffer-memory 
bandwidth. 

To determine the hard limits of the 
Freeway router's network buffer 
memory, several worst-case as
sumptions are used. Even under 
those pessimistic conditions, the 
buffer memory's bandwidth only 
reaches 80% utilization, allowing 
protocol processing to continue unin
terrupted. 

On a hardware level, that level of 
performance is made possible by the 

El)E 

32-bit architectures of every compo
nent, their ability to operate with 
short bus cycle times, and features in 
the networking chip sets that elimi
nate the need to copy data between 
frame reception and transmission. 
But a great deal of work is also re
quired on the software level to keep 
the processing requirements from 
overwhelming the capabilities of the 
hardware. 

OPTIMIZING THE CODE 
To appreciate the efficiencies built 

into the software, it's helpful to view 
the packet-handling process in three 
separate parts: input, protocol pro
cessing, and output. In the input 
part, a packet is received on an inter
face (Ethernet or FDDI), and a se
quence of MBUFs is allocated to de
scribe the incoming packet. General
ly only two types of packets are rec
ognized-those that conform to IP 
or the address resolution protocol 
(ARP). 

The ARP packets are attended to 
immediately, as part of the interrupt 
processing. The IP packets are 
queued into the IP queue, and a spe-
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cial software interrupt is scheduled 
to begin the IP processing. 

During protocol processing, a 
packet is extracted from the IP 
queue, some validity checks are done 
(checksum, header length, etc.), and 
the packet is forwarded to the next 
hop. The next destination is selected 
by looking up the routing tables to 
find the route to the destination net
work. The forwarded packet's time
to-live field and the checksum in the 
IP header are updated, and the pack
et is passed to the output routine for 
the outgoing interface (the route in
formation includes the interface to 
be used). 

In the output part, the destination 
IP address is resolved into the physi
cal address, a new physical layer 
header is created by the output driv
er, and the packet is passed to the 
appropriate device (Ethernet or 
FDDI controllers). 

To meet the goal of routing up to 
12,000 packets/s, the average time 
that can be spent on processing a 
packet (input, protocol, and output) 
is about 70 µs. In terms of 
NS32GX320 CPU performance, that 
amounts to about 600 instructions. 
The network software included with 
BSD Unix code required nearly 2700 
instructions to carry out the packet 
forwarding task. To give the Free
way router its present performance, 
that code had to be cut by some 80%. 
The reduction was accomplished by 
accumulating savings in bits and 
pieces, as follows: 

• Checksum: The checksum routine 
is called twice during packet process
ing, once on input to check the incom
ing packet checksum, and once on 
output to create the new checksum. 
The generic checksum routine, sup
plied with the BSD code, was re
placed by a routine tuned for the 
NS32000 architecture. That saved 
400 instructions. 
• Extra copies: The original BSD im
plementation required that the IP 
header be placed in the MBUF's in
ternal buffer, implying a need for ex
tra data copies. That requirement 
was eliminated by changing the 
packet handling. 
• Intrinsic functions: Packet pro
G N 
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cessing in the interrupt environment 
requires that interrupts be tempo
rarily turned off when executing 
critical code sections (updating IP 
queues, updating MBUF queues, 
etc.). Originally that task was accom
plished by calling an assembly-lan
guage routine. However, using in
trinsic functions supported by the 
GNX compiler (an NS32000 software 
package), this is done as part of C 
code, and the subroutine call over
head is eliminated. 

Intrinsic functions also eliminate 
processing overhead when t rans
forming data from big endian (net
work) to little endian (NS32000 archi
tecture) representation. Using an as
sembly-language routine, the six 
steps needed to transform the 16-bit 
packet length field (push parameter, 
branch to the subroutine, transform, 
put result in a register, return, as
sign the result) took eight machine 

DESIGN APPLICATIONS 

ROUTERS TAME 
COMPLEX INTERNETS 

instructions. The same task can be 
done by one NS32000 rotate instruc
tion. Eliminating the extra copies 
and using the intrinsic functions re
duces the instruction count by 700 in
structions. 

CODE OPTIMIZATION 
The original BSD code was devel

oped for workstations and comput
ers. In that environment, it's reason
able to assume that most packets ar
riving at the workstation are indeed 
directed to the workstation. Howev
er, that assumption is clearly not cor
rect for routers, where only a very 
small percentage of packets are di
rected to the router. The rest of the 
packets need to be forwarded. Thus, 
some checks, which are usually per
formed by the end (destination) sta
tion, can be eliminated or delayed ex
cept when the router is the packet's 
destination. 

Consider the fo llowing differ-

ences between the router software 
and BSD code: 

• Exception handling: The BSD code 
did some preparations for exception 
handling. That included copying of an 
incoming packet header, in case an in
ternet control management protocol 
(ICMP) message needed to be issued. 
Router software assumes that things 
usually work and that the exceptions 
are rare. The copies for creating I CMP 
messages are therefore done only for 
exceptions, reducing the overhead. 
The improved packet checking policy 
and exception handling eliminated 300 
instructions. 
• Route allocation: In order to route 
a packet, the network and host num
bers must be extracted from the des
tination IP address. The extraction 
process takes several comparisons 
(IP address class, subnetting, and so 
on). In the router software, the pro
cess is executed only once for each IP 
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''Some products shouldn't be rushed to market. 
Like fine wine. Hard to beat a '66 Mouton 
Rothschild. On the other hand, certain prod
ucts must get to market fast. Remember the 
Manhattan project? Or Apollo 11, that giant 
leap for mankind? Here's a classic.The speedy 
return of original formula Coca-Cola. One 
of the few times when new wasnt necessar
ily better. And then there's the time crunch 
facing design engineers in the 90s. Late to 
market means lost revenue. And the compe
tition rolls over you Smiling. Thats where 
Altera's MAX7000 comes in. A family of pro
grammable logic with predictable speed and 
density.1000 to 20,000 usable gates. Clock 
rates over 80 MHz. Vrooom! Design cycles 
measured in hours, not days or months. And 
the easiest-to-use design software. Oh yeah, 
thereS one product MAX 7000 
can't bring to market any faster 
Babies. Still about nine months 
from concept to delivery" 
They're big. They're fa st. They're everything you've asked for. To be first to market, be first to the phone. Call 800-800-7256. A•.A. "'V""70 o o 
e 1 CJOl. Altt'r.i ( orrorat1on f.. IAX I\ a re111m:rcd trademark of Al ien Corporation Coca-Cola IS a re111stered trademark of tt!e Coca Cola Company ..... ~ 
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address compared with several re
peated calculations in the original 
BSD code. 
• Routing tables: The BSD software 
maintains two routine tables, one for 
hosts and another for networks. In 
BSD, the route search is performed 
first on the host table and then on the 
network table. The router deals 
mainly with networks, thus it first 
checks the network table, and then 
the host table. The changes in the 
route allocation and routing-table 
searches reduces the instruction 
count by 300 instructions. 
• Standard header checksum: The 
assumption that the majority of 
packets have the standard IP header 
(no options) leads to creating a very 
fast checksum routine for standard 
IP headers. 
• "Our" address recognition: The 
process of recognizing whether a 
packet is directed to the router or 
needs to be forwarded is time con-

DESIGN APPLICATIONS 

ROUTERS TAME 
COMPLEX INTERNETS 

suming, because the router has to 
compare the incoming packet's desti
nation IP address against all of the 
IP addresses of every router inter
face (four Ethernet and one FDDI in 
the case of the Freeway router). That 
process can be accelerated by com
paring only the upper bytes of the IP 
addresses in the incoming packet 
and of the interface IP address. If 
this comparison fails, which is what 
usually occurs, then other compari
sons can be eliminated. 
• Delayed space release: The space 
occupied by an already transmitted 
packet is released during the idle 
loop, instead of during interrupt pro
cessing. 
• Fast physical address handling: 
Physical address comparisons and 
copies can be handled quickly by us
ing long-word and short-word opera
tions instead of subroutine calls, as 
is the case with BSD code. 

Taken all together, the preceding 

8 Bit Progra'mm-able Delays • 
. 5 NS to 1 o NS Increments 
~ow Power Copsumption 
Low Bropagatio.n Time 
High Speed 
40 Pins DIP 
High Acburacy 

I Logic 
f Logic Dela s Logic Delay Line 
t Logic Delay 'Lmes • Fast Logic Delay Line 

ast Lo t Logic Delay Lines • Fast Logic Delay Lme 
ast Logic Delay Lines • Fast Lo • • Fast Logic Delay Lme 
ast Logic Delay Lines • Fast Logic Delay L1 
asl Logfo Delar Lines • data ~® Fast Logfo Delar L< 
ast Logic Delay Lines • d 1 3 Fast Logic Delay L1 
ast Logic Delay Lines • de a_y Q • Fast Logic Delay Line 
ast Lo ic Dela Lines • F eVf~ inc. • Fast Logic Delay Line 

'J•C If? 

Clifton, New Jersey 07013 • (201} 773-2299 • FAX (201) 773~672 
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optimizations reduced the instruc
tion count to the design goal of 600 
instructions per packet. But they 
don't exhaust the optimizing possi
bilities. 

For example, further improve
ment can be achieved by exploiting 
the profile feedback feature of the 
NS32000 compiler. With that fea
ture, the source code is first compiled 
with a special switch, which makes 
the compiler collect run-time profil
ing information on the software (to 
generate that information, it's nec
essary to supply the compiler with a 
set of typical inputs). The system is 
then recompiled, using the run-time 
profile information as an input to the 
optimizing compiler. Given both stat
ic information (from the source code) 
and the run-time profile of the soft
ware, the compiler can produce im
proved code. 

Another potential area for im
provement is in IP route caching. 
Currently, BSD code caches the last 
route used for routing a packet. If 
the same route is used for the next 
forwarded packet, the route alloca
tion phase is saved. For the router, 
this approach can be improved by 
caching routes for each interface. 
That can save an additional 60 to 70 
instructions. D 

Brian Edem, principle engineer at 
National Semiconductor, holds a 
BSEE from California Polytech
nic State University, San Luis 
Obispo . 

Avi Barel, engineering manager, 
received a BSc in mathematics and 
physics, and an MSc in computer 
science from Hebrew University, 
Jerusalem. 

Karen Parker, strategic pro
gram manager, holds a BS in phys
ics from the University of Massa
chusetts at Amherst and has stud
ied computer architecture at Stan
ford University, Calif, and the 
University of Massachusetts grad-
uate school. 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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The co etition 
• 
~ ........ us ruthless . 

Youcan us 
at 1-800-234-

It's enough to make other VME board to pay for somebody else's board. And it's 
builders call us names. Or call it quits. A just $154/MIPS for the CISC board. 
new 38 MIPS* VME single board computer The MVME187 (RISC) and MVME167 
based on the 88100 RISC microprocessor. ( CISC) boards employ VME D64 u~ 
Or a new 26 MIPS*VME board based on architecture. And both come with fL~~na1 
the 68040 CISC microprocessor. four 32-bit timers. •••Aww 

Both are built by Motorola and For a free color brochure, call ,. 
offered at $3,995 each. That's just $105/MIPS the 800 number above. And see why the 
for the RISC board, which compares nicely competition undoubtedly wishes we'd 
with the $1,000/MIPS you've been asked call the whole thing off. 

® MOTOROLA 
Computer Group 

Motorola mid tlie ® are registerL'fi trademarks of Motorola , Inc. © 1992 Motorola, Inc. All rig/its reserved. •MJPS rating lxlsed o.·1Dlrrystone1.1 test results wl1ere 
1757Dlirystonesisis1 MIPS (VAX'" 11/780). MIPS perfomm11C£ is based 011 the Diab 2.36E rompil<~ 
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SPECIFICATIONS 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-
MODEL FREQ. GAIN, dB • MAX. NF PRICE$ band amplifiers for as low as 99 cents. These rugged 

0.085 in.diam.,plastic-packaged units are 50ohm* 
input/ output impedance, unconditionally stable 
regardless of load*, and easily cascadable. Models 

MHz 100 1000 2000 Min . 
MHz MHz MHz (note) 

MAR-1 DC-1000 18.5 15.5 13.0 
MAR-2 DC-2000 13 12.5 11 8.5 
MAR-3 DC-2000 13 12.5 10.5 8.0 
MAR-4 DC-1000 8.2 8.0 7.0 
MAR-6 DC-2000 20 16 11 9 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 
MAR-8 DC-1000 33 23 19 

PWR. dB 
dBm 

0 5.0 
+3 6.5 
+So 6.0 
+11 7.0 

0 2.8 
+3 5.0 
+10 3.5 

Ea. 

0.99 
1.50 
1.70 
1.90 
1.29 
1.90 
2.20 

Qty. 

(100) 
(25) 
(25) 
(25) 
(25) 
(25) 
(25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+11dBm output, noise figure as low as 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range. 
·MAR-8, lnput/Oulput Impedance 1s not 50ohms, see data sheel 
Stable for source /load impedance VSWR less than 3: 1 

• 1dB Gain Compress1on 
o +4d8m I to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

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

Size Tolerance 
(mils) 
8Q x 50 5% 

Temperature 
Characteristic 

NPO 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 

only $59.95 80 x 50 10% 
120 x 60 10% 

t Minimum Order 50 per Value 

X7R 
X7R .022, .047 .. 068, .1µ1 

0 Designers kit, KCAP· 1, 
50 pieces of each capacitor value, only $99.95 

finding new ways .. 
setting higher standards 

r;;:;::I Mini-Circuits 
A 0 1v1s1on of Sc1ent1f1c Components Corporati on 

P.O. Box 350166, Brooklyn , New York 11235-0003 (7 18) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes : 6852844 or 620156 
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IDEAS FOR DESIGN 

CIRCLE 

5 21 AMP MINIMIZES BOTH 
DRIFf AND NOISE 

+Input 

JIM WILLIAMS 
Linear Technology Corp., 1630 McCarthy Blvd., 

Milpitas, CA 95035-7487; (408) 954-8400. 

11. LOW-NOISE FE Ts Q1 and Q2 minimize the noise level of this chopper-stabilized 
amplifier. For best performance, the Toshiba 2SK147 FETs must be V gs matched to within 
10% and thermally mated. The resistors marked with an asterisk are 1 "lo thin-film devices. 

case) in the usual fashion. 
Although Q1 and Q2 have very low 

noise, their offset and drift are un
controlled. Those deficiencies are 
corrected by amplifier A1, a chopper
stabilized device. A1 does that by 
measuring the difference between 
the inputs to Q1 and Q2 and adjusting 

Q1's channel via Q3 to minimize that 
difference. Because there's no way 
to predict the offset's sign, the FET 
drain resistor values are purposely 
skewed enough to force the offset in 
the right direction-that is, to make 
its sign so that A1 can capture it. 

In building the amplifier, care 
must be taken to select the FETs so 
that their gate-source voltages (V gs), 
which can vary over a 4:1 range, 
match within 10%. That will allow A1 
to capture the offset without intro
ducing any significant noise. 

Because Q1 and Q2 run with 10-mA 
channel currents, they will experi
ence a significant temperature rise. 
To obtain the specified noise perfor
mance, it's necessary that they be 
thermally mated and shrouded. Oth
erwise, small air currents could cre
ate temperature differences suffi
cient to increase noise by an order of 
magnitude. The thermal shrouding 
should completely enclose both de
vices and extend all the way down to 
the circuit board. Properly built, the 
amplifier will exhibit input noise 
characteristics as good as those of 
the best bipolar amplifiers (Fig. 2). 

The transient response of the am
plifier is clean, with no overshoots or 
uncontrolled components. If A2 is re
placed with a faster device, such as 
an LT1055, the speed can be in
creased by an order of magnitude 
with similar damping. A2's optional 
overcompensation capability (capac
itor to ground) can be used to opti
mize response for low closed-loop 
gains.D 

Usually, amplifier users 
must decide between the 
lesser of two evils: the low 
drift of a chopper-stabilized 

unit or the low noise of an unstabi
lized device. No more. By combining 
a pair of low-noise FETs with a chop
per-stabilized amplifier, this circuit 
has just 0.05 µ V /°C of drift and less 
than 50 n V of noise in the band from 
0.1 to 10 Hz (Fig. 1). Moreover, its 
offset is less than 5 µ V, and its bias 
current is less than 100 pA. Putting 
that performance in perspective, the 
noise is almost 35 times less than 
that of monolithic chopper-stabilized 
amplifiers. As shown, the amplifier 
is configured to provide a noninvert
ing gain of 10,000; other gains and 
inverting operation are possible. 

Input noise (0 .1-10.0 Hz) 

T 
50 nV 

1 Key to the amplifier 's perfor
mance are low-noise FETs Q1 and Q2, 

which differentially feed amplifier 
A2 to form a simple low-noise op amp. 
Feedback, via R1 and R2, sets the I 2. AS QUIET AS the best bipolar amplifiers, this FET-input circuit generates less than 
closed-loop gain (to 10,000 in this 50 nV of peak-to-peak noise over the band from 0.1 Hz to 10.0 Hz. 

E L E C T R 0 N I C D E S I G Nm 
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IDEAS FOR DESIGN 

CIRCLE 

5 2 2 AGC AMPLIFIER HAS 
ADJUSTABLE TIMING 

RICHARD A. MAJESTIC 
2117 Bay Front Terr., Annapolis, MD 21401; (410) 757-2587. 

T
his automatic-gain-control 
(AGC) audio amplifier over
comes two problems associ
ated with most other AGC 

amplifiers: It doesn't create an irri
tating hole when transient signals 
are mixed in with the wanted signal, 
and it exhibits very little pumping. In 
addition, the amplifier features time
domain adjustable AGC attack and 
release times (see the.figure). 

The heart of the circuit is a volt
age-controlled amplifier, or VCA 
(IC1), regulated by a feedback-type 
true-rms level detector (IC4). That 
combination results in dependable 
and precise gain-control action, 
which faithfully retains the input-

Noninverting O---"R""1 ......-........ --1 

input 

signal dynamics while controlling 
the overall level over time. 

The circuit's input buffer amplifi
er accepts levels from -26 dBu to + 10 
dBu (0 dBu is nominal) with 10-kn in
put loading. It filters out high-slew
rate signals while isolating the input 
source from the loading of the Gain 
Reduction switch (Sw1). That six-po
sition switch provides adjustable sig
nal compression, which helps steady 
the AGC action. 

In addition to gain reduction, at
tack time, and release time, the am
plifier has two other adjustable pa
rameters: maximum gain and output 
level. If the input signal disappears, 
the maximum gain limiting (gating) 

+15V 

Sw1 

Gain Reduction 

Distortion Null 
R31 

........ NV-~,_...,--v -15 v 
50 k 

R13 
150 k 

circuit limits the input noise floor 
rise while the AGC circuit hunts for 
an input signal to regulate. It's ad
justable via the Gate Control pot 
(R30). The output level is set by com
paring the voltage on the integrating 
capacitor, (C11) to a reference set by 
the Output Level control pot (R25). 

Attack time is adjusted by chang
ing the charging current to the final 
integrator (Cg) through the three-po
sition Attack switch (Sw~. It can be 
varied from 20 to 200 ms. Release 
time, which is controlled by the dis
charge of Cg, via the AGC Release 
control (R32) , is adjustable from 3 to 
32 seconds for a 6-dB reduction. 

Highlights of the amplifier's speci
fications include less than 0.01% to
tal harmonic distortion (THD) at-10-
dB overall circuit gain. The THD is 
trimmed by adjusting the Distortion 
Null control (R31) for a minimum val
ue with a - 10 dBu, 1-kHz signal ap
plied to the input and the output level 
adjusted to 0 dBu.D 

+ Cs 
Output 

Inverting input U---'INv--"-<~ 
R12 

243 k 
15 4 7 

22 pF R19 
10 µF 
35V R21 

+15V 

R11 
R14 

2.00 k 
2.00 k 

Gate Control 
RJo 

1k 

-15V 
Fast 

AGC Release RJ2 R1a 
Slow 10 k 22M 

R2o 1.5 k 

03 

1N914 
Tea 
':' 2µF10% 

IC1 

PMl/SSM2122 (VCA) 
5 3 1 

0.02 µF 

R11 
10.0 k 

Sw2 
Attack~ R21 31 .6 k 

Fa~t 0.47 µF 
Mid~ R22 10.0 k 10 

Slow 
0.01 µF 

R24 

2N3904 
10 V tantalum 

+10dB R25 
Output Level 

-20dB 10 k (linear) 

R2s 
15.0 k 

-15V 

100 k 

C1 GND 

10 µF ':' 

35V 

R2a 
3.32k 22 pF 

True·rms rectifier 

17 
+15V 

10 16 
IC4 

PMI/ 
SSM2110 

5 14 

4 12 R29 

4.64k 

-15V 

I ATTACK AND RELEASE times for this AGC audio amplifier can be adjusted by the three-position Attack switch (Sw2) and the AGC 
Release pot (R32), respectively. The output is rated for a 11>-kfi load. To work into 2 k!1, C8 must be replaced by a 100-µF, 15-V device. 

EJ] E L E C T R 0 N I C D E S I G N 
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There is a far side to the world of oscilloscopes, a place filled with all sorts of bizarre characters. Like those 

who swear you need digital, for the sole reason that digital is all they wish to sell. Then there's the gang 

that wants to push nothing but analog. Luckily, there's also a place called Tektronix. Where they manufacture a complete line of analog 

and digital scopes. Making them uniquely qualified to provide you with a more honest assessment 
• ~ ,. - - - ~ - r . - - - -

: - - ~ I~~<~·-
~-=-==-;-===---· ......_____ .... of your needs. With anyone else, you could be hearing only half the story. For complete information 

on the full line of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today. TALK TO UK/1·800·426·2200 

Tektronix 
OJW-188147 Copyright© 1991 , Tektronix, Inc h st and Measurement 
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IDEAS FOR DESIGN 

+5 v 

1k 
+5 v Output 1 

1k 
Output 1 +5 v 

l 0 

1k 

l +5 v - Output 2 

1k 
- Output 2 +5 v 

1~ 
1k 

+5 v l - Output 3 

1k 
- Output 3 +5 v l 1k 

1~ 
- Output 4 

0 

U1 • U3 = 74ALS03B or equivalent - U1 • U4 = 74ALS12A or equivalent l (a) (b) 

-

• 
A TRISTABLE MEMORY element is formed by connecting three two-input NAND gates such that each gate's output goes to an input 
on the other two (a). A quadristable memory element uses four three-input NAND gates (b). 

CIRCLE 

523 MAKE POLYSTABLE 
MEMORY ELEMENTS 

JOHN DUNN 
181 Marion Ave., Merrick, NY 11566; {516) 378-2149. 

achieve n states (one gate per stable 
state) can create an economically ad
vantageous situation. 

Three two-input N AND gates 
form a tristable memory element 
(see the figure, a). Similarly, four 

three-input N AND gates yield a qua
dristable memory element (see the 
figure, b). 

Using open-collector gates with 
passive resistor pull-ups, the desired 
state can be triggered by a momen
tary outside closure to ground 
across the one output, which should 
be put at logic 0. The element will 
memorize that state and retain it. Al
though the outside closures are 
shown as push buttons, other gates 
or npn transistors could also be 
used.D 

B 
istable memory elements of 
two stable states can be to
pologically extended to 
form memory elements of 

three or more stable states. The po
lystable elements are topologically 
extended in that they have multiple 
outputs-one for every stable state. 
For n stable states there exists a 
quantity of n N AND gates, each hav
ing n-1 inputs. The gates are cross
connected by feeding each gate's 
output to an input on each of the re
maining gates. The stable states are 
defined as one of then outputs being 
uniquely at logic 0. All of the others 
are at logic 1. Needing only n gates to 

IFD WINNERS 

l1IiJ E 

IFD Winner for 
October 24, 1991 

Henno Normet, Diversified Elec
tronics Inc., P.O. Box 490207, 
Leesburg, FL 34749-0207; (904) 
787-7259. His idea: "Voltage Di
vider Needs No Trimming. " 

L E C T R 0 N I C 
MARCH 19, 1992 

D E S 

IFD Winner for 
November 7, 1991 

M.J. Salvati, Flushing Communi
cations, 150-46 35th Ave., Flush
ing, NY 11354; (718) 358-0932. His 
idea: "Nanoammeter Is Rug
ged." 
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ELECTRONIC 
DESIGN 

MARKET FACTS 
D 

witching power supplies should continue to sell briskly, 
with revenues nearly doubling from $8 billion last year to 
nearly $15 billion by 1997, according to a study by Market 
Intelligence Research Corp. Compound annual revenue 

growth in that period should amount to 10.8%. The Mountain View, 
Calif, researcher notes that revenue growth comes even while the 
market is facing lower prices and increasing global competition. Be
cause there are more than 1000 manufacturers of switching power sup
plies worldwide, few companies have significant market share. 

The medium-power segment-100 to 500 W-is experiencing strong 
demand and is expected to account for 38% of world market revenues 
by 1997. Look for developments in modular power supplies, power 
factor correction, use of hybrid circuits, and surface-mount technolo
gy. These technologies will help sustain growth in the nineties. 

In terms of world markets, competition is likely to grow even 
stronger because of the formation of the European Community and 
trade agreements between the Canada, Mexico, and the U. S. Competi
tion from Pacific Rim countries, including Japan, also will likely re
main heated. 

OFFERS YOU 
C A N' T ft E F U S E 

IJ] 
eparting from usual demo disk practice, shareware ver
sions of PADS pc-board layout and PADs-logic schematic 
tools enable users to save designs. The shareware pro
grams can design boards with up to about 30 !Cs, come 

with a 100-page user manual, and are compatible with the commercial 
versions of the software. For a $50 registration fee, users receive 
support from PADS Software Inc., formerly CAD Software. The pc
board shareware includes manual placement and routing, autorouting, 
auto placement, design rule checking and outputs of photo-plotters. 
The PADS logic evaluation package supplies the functions of PADS 
logic, including its multisheet database, on-line rules checking, and 
context sensitive command handle. Contact PADS Software Inc, 119 
Russell St., Littleton, MA 01460, (508) 486-9521. CIRCLE 451 

m any engineers don't start to look for a job until they are 
unemployed. That's a mistake-instead, stay active in 
the job market while you're still employed. That's the 
advice of Tony Nayagan, manager of a database that 

matches resumes from engineers with job orders from companies that 
have openings. Most jobs fall into the $30,000 to $60,000 salary range 
in the EMPPLEXII database; the service's number is (412) 824-4343. 
For more information, contact the United States Information Network 
Corp, Suite 900, 400 Penn Center Blvd, Pittsburgh, PA 15235; (412) 
824-3400; fax (412) 824-8112. CIRCLE 452 

E L E C T R 0 N I 

f996 1997 

QUICK REVIEWS 

T 
he second edition of Spice: A Guide to Circuit Simula
tion and Analysis Using PSpice, by Paul W. Tuinenga, 
is an excellent book for engineers who have never used 
Spice and for those who have used Spice and want to learn 

more about it. After a short introduction that explains the origins of 
Spice and Spice derivatives, Tuinenga builds a simple circuit and 
walks readers through some de measurements. The book progresses to 
ac analysis, feedback and noise analysis, transient response, and de
vice modeling. 

Throughout the text, Tuinenga's relaxed writing style provides a 
friendly alternative to the terse documentation found with most cir
cuit simulation software. Dozens of circuit diagrams, Spice file list
ings, and screen shots support the author's tutorial approach. In addi
tion, the book comes bundled with program disks for the student 
version of PSpice, MicroSim Corp.' s version of Spice for the PC. Engi
neers can use the PSpice disks to follow along with the text for hands
on instruction. The author gives readers exercises to try out features 
of the program and to demonstrate the use of PSpice for electrical 
engineering applications. 

The book has a thorough table of contents and index that make any 
subject easy to locate. Four appendices provide an abridged summary 
of the control statements and device descriptions, a guide to using cer
tain features of PSpice, and a complete Spice analysis of an amplifier 
circuit. (Prentice-Hall Inc, Englewood Cliffs, N. J, 1992, 254 pp. ISBN 
0-13-747270-6. List price is $24.)-Lisa Maliniak 
c D E s I G NED 
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QUICK NEWS: 
C 0 N F E R E N C E S 

III 
ow to achieve optimal design and 
engineering for power environ
ments will be the topic for a tech
nical seminar, "Trouble Proofing 

Your Power Environment," to be held in 
Washington DC on March 24 and Waltham, 
Mass. on March 26. Both day-long seminars 
will feature presentations, open sessions and 
workshops on power technology issues. For 
registration or further information, contact 
MagneTek at 901 E. Ball Rd, Anaheim, CA 
92805 or call the seminars department at 
(619) 792-4730. CIRCLE 453 

B 
n international conference on sig
nal-processing applications and 
technology will be held at the Hy
att Regency in Cambridge, Mass. 

Nov. 2-5, 1992. The conference sponsor, DSP 
Associates, is accepting paper submissions in 
such signal-processing areas as telecommuni
cations, speech processing, image processing, 
control systems, automotive engineering, 
VLSI, and DSP architecture. Abstracts of 400 
words should be sent or faxed to DSP Asso
ciates for review. Deadline for receiving ab
stracts is April 30, 1992. For more information 
about reserving booth space, costs, and other 
details, contact DSP Associates, 18 Peregrine 
Rd, Newton Centre, MA 02159; (617) 964-3817; 
fax (617) 969-6689. CIRCLE 454 

m esign of printed-circuit boards is 
the focus of a conference to be 
held March 30-April 1, 1992 at the 
Fairmont Hotel in San Jose, Calif. 

At least 60 hours of workshops, lectures, and 
tutorials are scheduled. Course topics include 
placement and routing, fine-pitch technology, 
packaging, design and test, quality and reli
ability, logic simulation, analog and RF tech
niques, and data formats. To supplement tech
nical sessions, CAD/CAE vendors will exhib
it their products in an adjacent hall. For more 
information, contact Dan Janzen at Miller 
Freeman Inc, 600 Harrison S~ San Francisco, 
CA 94017; (415) 905-2354; fax (415) 905-
2220. CIRCLE 455 

T 
he Pocket Intelligence Research 
Forum is intended as a central 
clearinghouse focusing on minia
turized computer and communica-

tion technologies. Subscribers to the forum, 
sponsored by SRI International, will meet 
twice a year to discuss developments in tech
nology, market trends, and research. For 
more information contact SRI, 333 Ravens
wood Ave, Menlo Park, CA 94025; (415) 859-
5815; fax (415) 326-5512. CIRCLE 456 
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QUICKLOOK 
KMET'S KORNER 

... Perspectives on Time-to·larllet 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085 

D 
n the new product development domain addressed by this 
column, time to market is very short; development costs are 
small; there is no major incentive to be the low-cost producer; you have few com
petitors; and profit potential is high. Is this possible? Certainly! Following a 

derivative new product development strategy can give you all this and more. 
Derivative product developers work with product concepts that are familiar. Doing so 

keeps development risk and cost to a minimum. It becomes much easier to balance develop
ment time, development cost, product performance, and product cost trade-offs when work
ing with a relatively stable product concept that has some history of success and whose limi
tations are known. Design methods and tools will be familiar. Manufacturing technology 
and processes will be of the proven variety. 

While they have safety on the development side of the equation, derivative developers as
sume significant market risk. They work into a market that is marginally defined, inadequately 
measured, and whose statistical properties are unknown. In short, they proceed largely on the 
intuition of key players that a market will materialize in support of the concept. This kind of 
thinking is difficult for many people to accept, yet alone support with money from their wallets. 
Successful derivative efforts must contain key individuals who produce the right alternative at 
the right time with limited infor-
mation-the organization works 
on calculated leaps of faith! Small 
companies with intuitive risk-tol-
erant leadership do well in the de-
rivative arena. Most big compa
nies just talk about doing it. 

As an example of where the de
rivative strategy is paying off to-
day, look at the market for porta
ble fax/modems and the number 
of suppliers that produce them. 
Somebody called the shots on this 
market right. A good one costs 
about $300, about three times more 
than a fax/modem card, and is 
about the size of a pack of ciga
rettes. It weighs next to nothing 
and runs for about 8 hours on its 

Product classification matrix 

~ 
Ql 
z 

-0 
Ql 

.r:: 

Derivative First-of-a-kind 

iJ Me-too-with-a-twist Next generation 
C1l u; 
w 

Familiar New 

Product concept 

own internal battery. The technology to produce the product is readily available. Clever design 
was a must, but high-risk system and component development wasn't required. 

The products' packaging and performance are impressive. Yes. they serve their intended 
purpose, but more important, someone saw the need and they now exist In abundant supply. 
While a hundred players slug it out to produce notebook PCs, only a handful of companies 
produce these little wonders of communication technology. Ironically, some of the big 
players in the conventional modem market missed the opportunity and are trying to get 
back into this new game, with new rules and new players. I estimate that the initial 
investment to create and enter this market was less than $2 million the pioneer company. I 
also conservatively estimate that some suppliers are retailing at least 100,000 units annual
ly while generating at least $5 million in operating profit for their companies each year. The 
market, which is big, exists now. And a few bright, intuitive, opportunistic companies are 
running with it! Your company should do some derivative new product development. If not, 
figure out how to make it happen. Remember the line in The Field of Dreams-"If you 
build it, they will come!" 

L E C T R 0 N I C 
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QUICKLOOK 
TALES FROM 

THE SKUNK WORKS 

I 
n my columns the words trnst and experience appear often. 
Why do I stress these qualities in a skunk works? Because a 
skunk works requires more rigorous dimensions of trust and 
experience than we are accustomed to. 

Note that a traditional, hierarchical, industrial-age organization 
avoids trusting and risking political mistakes. This top-down organi
zation features control, process, proof, justification, and review (see 
the figure, a). Decisions occur at the top; action takes place at the 
bottom. Information is quantitative and specific. 

In contrast, the organization for a skunk works or a closed-loop 
team seeks opportunity and its focus is external (see the figure, b). It 
distributes decisions and actions. Information is often tacit and intu
itive. In this fluid structure proof is elusive and trust is all you have. 

Using the wrong organizational paradigm makes success unlikely. 
Think of what it would be like to play tennis with a golf club or drive 

Form = function 

(b) 

screws with a hammer. 
IBM was the best of the best, with decades of cumulative experience 

in "left side" protocols. If the industrial age companies were dino
saurs, they would be Tyrannosaurus Rex. The difference is that they 
have good brains instead of long claws. 

Now, IBM realizes that its way of working is outmoded and must 
change. Moving to "right side" teams renders much of its experience 
invalid. Don Estridge succeeded at IBM's PC skunk works because he 
was given sufficient autonomy to move quickly-but just barely. Es
tridge once said that he had to attend some 60 corporate meetings the 
first year of the PC project 

It is more exciting to create new markets than to batter competitors 
back one painful point of market share at a time. In that respect skunk 
works are like the passing game in football. But it is the ground 
game-continuous, grueling, and painstaking improvement-that pro
duces the money you need to fund your skunk works. That is the 
mission for fast cycle, closed-loop teams, which are organized like a 
skunk works but are dedicated to fast-cycle, continuous improvement 
of existing products. 

Few U. S. companies have depth of experience in either skunk 
works or closed-loop teams. This type of learning is mostly experien
tial, so make it a priority to retain experienced talent to train your 
employees by working with them. 

john D. Trndel lectures and provides business development con
sulting: The Trndel Group, 52001 Columbia River Hwy., Scap
poose, OR 97056; (503) 690-3300;/ax (503) 543-6361. To order 
High Tech with Low Risk: (503) 962-3755. 
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CAD/CAE SURVEY 

WHAT MICROPROCESSORS, IF ANY, 
ARE USED IN SYSTEMS YOU 
DESIGN WITH EDA TOOLS? 

8-bit 
CISC 

By application 

4-bit 
CISC 

• systems 
design 

D Pc-board 
design 

D Sottware 
development/ 
programming 

IC design 

Oo/o 1 Oo/o 20% 30% 40% 50% 60% 

CISC .. complex instruction set computer 

RISC = reduced instruction-set computer 

Source: a survey of Electronic Design readers by 
The Adams Co., Palo Alto, Calif. ; (415) 325-9822. 

Readers gave more than one answer to question. 

DESIGN 



THE ONLY 5-VOLT MEGABIT FLASH. 

Atmel's 5-Volt-only, one
megabit Flash is available. 
Production quantities. 
No waiting. 

That's 5 Volts to read and 
5 Volts to write. No costly 
12-Volt converter or regulator 
circuits to clutter your system. 
And, there's more: 

PERFORMANCE: 
• The AT29C010 is fast-90 

nanoseconds commercial, 
120 nanoseconds military. 

HASSLE FREE: 
• The AT29C010 has 

one thousand 128-byte 
sectors, and each can be 
individually written or 
erased. 

ATMEL CORPORATION 
2125 O'Nel Drive 
San Jose, CA 95131 

NO WAITING. 

Ai•l!L iiiiiiiiiiiiiiiliir@ 
The people who make the difference. 

• The AT29C010 has the 
easiest programming 
algorithm in town. 
It's self timed and has 
automatic erase, so 
you don't have to erase 
before writing. 

So, if you like blazing access 
times, need sector write and 
want to save space, call, fax 
or write us about your appli
cation and we'll get you a 
sample of the Atmel 5-Volt
only Flash. 

No Waiting. 

Tel. 1-800-292-8635 
Tel. (408)441-03 11 

FA)((408)436-4200 

CIRCLE 246 FOR US. RESPONSE CIRCLE 247 FOR RESPONSE OUTSIDE THE U.S. 



Within budget. 
Without compromise. 

C 1992 llewlett-Packard Co. TMKID213/ED 

Now the performance you 
want in an LCR meter is 
easy to afford. 
Who says you can't get what you 
want in an affordable LCR meter? 
At a starting price of only $3,800*, 
the HP 4263A LCR Meter gives you 
the performance you need-and 
the flexibility you want. 

Select from 11 impedance para
meters. Add optional transformer 
measurement functions. Choose 
from over 15 HP test fixtures and 
accessories. And automate testing 
with built-in HP-IB and handler 
interfaces. 

Not only is the HP 4263A flexible, 
it also gives you up to 0.1 % basic 
accuracy. With contact check and 
error correction and speeds as fast 
as 25 ms per test point. 
"6" For more information or 
same day shipment from HP 
DIRECT, call 1-800-452-4844t 
Ask for Ext. T523, and we'll send 
you a data sheet. (Also ask about 
the HP 4338A Milliohm Meter and 
HP 4339A High ~ 
Resistance Meter.) --

HP 4263A LCR Meter 
lmpedanc.e I Z 1,R,X, IYl,G,B,C,L,D,Q, 8 
parameters 

Transformer turns ratio, mutual 
measurement inductanc.e, de resistance 
(Optional) 

FrequenGy 100Hz,120Hz,1 kHz, 
10 kHz, 100 kHz 

Built-in HP-IB(IEEE-488)and 
Interfaces handler 

Basic aocurooy 0.1% 

There is a better way. 

Ff/di HEWLETT 
~a PACKARD 

*U.S. list price. 
t In Canada call l -800-387-3867, Dept 443. 

CIRCLE 174 FOR U.S. RESPONSE 
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PEASE 
PORRIDGE 

Boe' s MAILBOX 
Robert: 

.. .I especially enjoyed the article in 
the Sept. 26, 1991 issue regarding cop
per clad. One application which I would 
like to add to your excellent collection 
is that of RF 'stripline design. 

Being an old RF Dawg working in 
the area of 300 to 1000 MHz, I used to 
buy single-sided copper-clad boards of 
various thickness to do stripline de
sign. This was accomplished with a roll 
of 3M copper tape and an Xacto knife 
with plenty of spare blades for trim
ming the tape once it was on the board. 
When my careful calculations were 
done, I would lay out a board using the 
copper tape and experimentally de
termine the effects of inter-trace spac
ing and trace shape. Using this tech
nique has saved my company lots of 
square feet of copper clad over the 
years, and lots of prototype pc-board 
layout. 

LAWRENCE 0. RICHARDSON, 
P.E. 
Senior development engineer 
Halliburton Logging Services 
Houston, Texas 

Sounds neat! And versatile for 
breadboarding.-RAP 

• 
Dear Bob: 

That was a great article on copper
clad board. I use it to make microwave 
horn antennas. Y oujust need a big sol
dering iron, a pair of shears, and a 
waveguide flange. 

TOM WEBB 
Texas Instruments 
Dallas, Texas 

Honk if you 'rea hornexpert! I'mnot 
much of an RF man myself-RAP 

Pease Porridge-A Neal 
Certificate Win ner 

ELECTRONIC DESIGN is 
pleased to announce that Bob 
Pease's "Pease Porridge" has been 

honored by the 
Editorial Com
mittee of the 
American 
Business 
Press with a 

Jesse H. Neal 
Certificate in the 

category of Best Regu
larly Featured Department or 
Column. ELECTRONIC DESIGN's 
Chief Copy Editor Roger Engelke 
shares the honors with Bob. 

that deals in materials for STAINED 
GLASS. One method for joining glass 
panels is sticky-back copper tape, 
available in several widths and very 
solderable. Wrap that around the cor
ners of a pc-board box, run a bead of 
solder along the seams, and I bet not 
much will get past that boundary. 

There is a certain art to soldering 
copper foil using a big iron (>200 W). 
With practice, a pool of solder is formed 
and the iron is lifted slightly offthe foil. 
Then, as the solder is drawn along the 
foil and solder is fed in simultaneously, 
a very beautiful bead forms that's as 
smooth as silk. Copper-sulfide crystals 
dissolved in waterandrubbedoverthe 
solder will return it to its copper color. 
This might be useful for a "presenta
tion" box. Oxalic acid is the standard 
stained glass copper flux. 

PETER DOHERTY 
Address unavailable. 

Neat ideas. Pretty, tool-RAP 

• 

and yuppie-wanna-bes ... I was in 
Japan recently on a business trip and 
lo and behold, they were selling lamps 
and clocks that used surplus pc boards 
(without any components on them) for 
the shades and faces. Even more amus
ing were the prices - some were as 
high as 50,000 yen for a lamp. Why 
didn't I think of that? ... 

... While I lived in Tokyo, I found my
self in desperate need of a major pro
ject to keep from going totally 
bonkers, so I decided to try building 
some electrostatic speakers. The 
speakers not only sound good, but due 
to the voltages used (about 1200 V de 
with peak ac voltages that approach 
4000), they also make great bug zap
pers. Needless to say, good insulators 
are essential. That's where FR-4 cir
cuit-board material comes in. The stuff 
works great! My most recent project 
uses FR-4 as the insulating frame, 
which keeps the diaphragm under ten
sion and supports the perforated metal 
sheets ... 

... Unfortunately, I didn't realize 
how difficult it is to saw FR-4 until af
ter I bought it. Whatahorriblejobthat 
was! I ended up cutting the stuff with 
a carbide hacksaw blade, which I mod
ified to fit my electric scroll saw. You 
may want to warn your readers about 
the unhealthy effects of breathing the 
dust generated by sawing epoxy
fiberglass board. 

MARK REHORST 
Fremont, Calif. 

Good info. I prefer using heavy tin 
snips to sawing (or see Duncan Moy
er's letter below).-RAP 

• 
Hello Bob: 

What's all this penny a square inch 
stuff, anyhow? Bei:ng along-time prac-• Dear Bob: ticing frugal engineer, I was very in-

Hi Bob: ... On the top floor of a department trigued by your article on copper-clad 
... Having just finished your column store called Seibu Loft in Shibuys, innovations. I typically have to pay 10 

on the many uses of pc boards, let me Tokyo, they sell lots of"artsy" stuff at times your mentioned price for the 
add another trick. Find the local store exorbitant prices to Japanese yuppies stuff when I can find it. So PLEASE 
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.411Htx.5111. 511 

up to 1 OOOVDC 
Series AV 
• 56 Standard Models 

• 1 OOVDC to 1 OOOVDC Output 

• Ultra-miniature Size and Weight 
(4 grams) 0.1 Cubic Inch 
Volume 

• 4 Standard Input Voltages 
5, 12, 24 and 28 Volts DC 

• No Heat Sink or Electrical 
Derating Required 

• Standard Operating Temp. 
-25°C to +70°C, Ambient 

• Input/Output Isolation 

Options Available for 
Military Applications 
• Optional Operating Temp. 
-55°C to +85°C, Ambient 

• Screening available per 
MI L-STD-883 

• Stabil ization Bake 

• Temperature Cycle 

• Hi-Temp, Full Power Burn-In, 
160 Hours - 125°C typical case 
temp. 

Delivery- stock to 
one week 

PICO 
seeEEfill 
nd direct tor 

Fa;,.:. PICO cata1<>9 

Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431·1064 
IN NEW YORK CALL 914·699·5514 

FAX 914°699°5565 

CIRCLE 228 FOR U.S. RESPONSE 
CIRCLE 229 FOR RESPONSE OUTSIDE THE U.S. 

PEASE 
PORRIDGE 

Pell'"- i:r•~, 

Pease, give me some 
t ips or clues or con
tacts on your sources. 

Thanks for the 
great column. It's al
ways refreshing to 
observe a member of 
our profession in firm 
contact with the real 
world. 

T/115 IS II 5'/tE'llll 
OF- CDPl'd-C:l-11-D 
#UP l?A="'"'
/llfoi'-"TobL 

-r:tf!Z~"> -F 
~E"EIV Vs;/MS ~~I["'TT"<'j 

JOHN K. CARTER 
Norman, Okla. 

For approximately 
36-in.-by-4-in. strips 
of good G-10at1¢ per 
square inch, call 
Halted Specialties 
Co., 3500 Ryder St., 
Santa Clara, CA 
95051; (408) 732-
1573, VISA/MC. For 
virgin 3-ft.- by-4-ft. 
sheets of FR-4 at 3¢ 
per square inch, call 
Advance Electron
ics, 1661 Industrial 
Way, Belmont, CA 

-S.<.. 

94002; (415) 592-4550.-RAP 

• 
Dear Mr. Pease: 

... Weuseasmallpapercutterforcut
ting circuit board. There is a tendency 
for the board to be pulled into the blade 
so square cuts are difficult, but not im
possible. 

We also use the paper cutter to cut 
thin aluminum. Cutting both these ma
terials does not destroy the edge on the 
cutter and we are still able to cut paper 
quite well. 

We obtain, for free, scrap circuit 
board material from our local board 
fabricator. He has a good supply of ma
terial that is, for the most part, too 
small for his use. He does see a return, 
though, because he does our board 
manufacture. 

Larger pieces of braid (outer braid 
on coaxial cable) make good hinges. 
Solder-wick also works well for hinges, 
although it's difficult to keep solder 
from wicking into the hinge. 

DUNCAN MOYER 

Grass Valley, Calif. 

Good techniques-thanks for shar
ing.-RAP 

• 
Dear Mr. Pease: 

... Yes, copper-clad board is very use
ful to me as well. I thought I'd add one 
more use to the bag of tricks. When I 
need to epoxy two things together, I 
use a 2-in. square piece of copper-clad 
board as an epoxy palette. The epoxy 
I use has resin and hardener in sepa
rate tubes, so I squirt the stuff onto the 
boardandmixitwithahunkof14A WG 
bus wire. Copper-clad palette is great 
because it's so plentiful (around here) 
and the surface is clean as opposed to 
paper products. 

I suppose it would work just as well 
for artistic painting. 

DONALD J. DELZER 
Electronic design engineer 
Tektronix Inc. 
Beaverton, Ore. 

Technical services manager That stuff sure has many uses!-
Radio Systems Technology Inc. RAP 

[IlJ ELECT R ON I C DES I GN 
MARCH 19, 1992 



A SPECIAL EDITORIAL F E A T U R E 

POWER• INTERCONNECTIONS• PASSIVES• SWITCHES• RELAYS 

ELECTRONIC 
DESIGN 

Producing our own 
film dielectric ... 

_<":.-·one reason why circuit designers 
·· look to us for film capacitors 

Electronic Concepts is the only capacitor manufacturer in the 
world to produce its own film dielectric. For total control of quality, 

purity, thickness, metallizing, and availability of this most critical 
capacitor component. Add ongoing research, and its easy 

to see why we 're able to respond to 
new requirements like nobody else 

can, with capacitors that 
perform to standards not 

previously attainable. 

There is also continuous 
R&D of capacitor design. 

Vertically integrated manu
facturing - from resin to 

final product. Modern, 
automated production. And 

specialize 

FOIL AND META 
DIELECTRIC 



Pot Cores, E Cores I Cores 
U Cores, Toroid Cores, S®are Cores, 

EC Cores, ETD Cores, EP Cores 

And Most lmQOrtant. .. 
Our Service Corps. 

In ferrites and advanced ceramic materials, With three regional customer service centers 
nobody offers you more choices than and national sales support. And with on-
Philips Components Discrete Products going capital investment and cost-rutting 
Division. And nobody works harder programs such as SPC and MRPII. 
to deliver them faster. Wherever Ready to move your design 
you're working-in power, tele- ahead with more compact com-
communications, test and in- ponents at higher frequencies? 
strumentation, EMI suppres- Depend on Philips Components. 
sion or lighting-we offer the .-i&tlil6dlll1•111t!M!MM!tillfl' For applications and engineering 
compositions, shapes and sizes to match your needs. assistance, and OEM customer service, call 914/246-

We supply standard cores, shielding beads, 2811. Fax: 914/246-0486. Service Centers: East 1-800-
chokes and rods. And specialty products: ferrite 343-1370; Central 1-800-241-7667; W:st 1-800-367-8083 
recording heads and materials, solid state laser and Philips Components 44 

3 
62 

nonlinear Crys .... n:~e materials and HIP serv1·ces. 1-800- 7- 7 
IA.llll 1 Discrete Products Division 

We're positioned to serve you better. With 2001 w. Blue Heron Boulevard (For Catalog) 
computer-controlled fast-changeover elevator kilns P.O. Box 10330 
that make us more responsive to customer demands. Riviera Beach, FL 33404 

With a technically knowledgeable sales force. More Product:s. More Solutions. 

Philips Components 

PHILIPS 
CIRCLE304 



svstem Cabling For The SCSI 
Bus: Past, Present, And 
Future As the SCSI specification exp~nds, interconnect-cable 

performance must be re-examined. 
BY PETER M. BLACKFORD 

Cooper Industries, Belden Division, P. 0. Box 1980, Richmond, IN 47375; (800) BELDEN-!. 

Initiator 
<---- 0.050·in.-center 

flat·ribbon 
cable 

Target device 1 

Target device N 

In computer systems of many 
sizes, today's Small Comput
er System Interface is becom

ing the popular choice. While 
the name Small Computer Sys
tem Interface, or SCSI, implies 
use in small systems only, this 
versatile bus finds applications 
even in the largest systems. 

SCSl's origins date to 1979, 
when Shugart Associates, a ma
jor disk-drive manufacturer, be
gan defining a new type of inter
face that would provide parallel-
1/0 capability and more flexibil
ity than existing buses. The 
interface was called Shugart As
sociates System Interface, or 
SASI, and was one of the first to 
operate on a logical level. 

In the SASI scheme, every de
vice on the bus had a logical ad
dress instead of a physical ad
dress, and each peripheral de-

'- Shielded 
rroundcable 

1. The SCSI bus is 
controlled by a device 
known as the "initia
tor." This device, for 
example, might initial
ly be a network-node 
terminal or other CPU. 
Peripheral devices on 
the bus are known as 
"targets." These roles 
may be reversed as 
control of the bus is 
negotiated and data is 
transferred. 

vice contained a degree of its 
own intelligence. The ability to 
place intelligence within each 
peripheral became possible with 
the advent of large-scale inte
grated circuits (LSls). Using in
telligence within a disk drive to 
determine which track, head, 
and cylinder to use freed the sys
tem's CPU and the bus for other 
1/0 requests. Because the SASI 
bus was bidirectional and the 
peripherals had their own intel
ligence, many commands could 
be in process simultaneously. By 
exploiting this, the SASI bus 
could push 1/0 rates higher. 

As the need arose to provide 
an industry-wide solution for 
systems with more than one pe
ripheral, SASI was considered 
as an ANSI standard. The new 
standard was formally issued as 
SCSI in 1986. 

The first systems to incorpo
rate the interface made only lim
ited use of its capabilities. But 
with the advent of higher-per
formance peripherals and pro
cessors, the limits of SCSI have 
been extended. Where system 
performance is concerned, the 
characteristics of SCSI intercon
nect cables themselves are now 
being further defined. 

Today, SCSI permits the in
terconnection of a mix of com
munications devices, disk 
drives, tape drives, and optical
storage products that include 
WORM drives, rewritable 
types, and CD-ROM drives. A 
selection of SCSI devices may be 
found attached to many differ
ent nodes of a network, although 
communications between the 
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nodes is handled by the network. 
The device that controls the 

SCSI bus, such as the network
node terminal in the preceding 
example, is known as the "initia
tor." The peripheral devices that 
populate the bus are. typically re
ferred to as "target.>.,. These 
roles may be reversed as control 
of the bus is negotiated and data 
is transferred (Fig. 1). 

Upon formalizing the stan
dard, SCSl's limits remained 
largely untested. Since then, the 
desire for higher data-transfer 
rates, more features, and greater 
compatibility between a wider 
variety of devices has led to an 
expanded SCSI specification. 

Clearly, today's computing 
environment is radically differ
ent from that ofShugart's a dec
ade ago. That's why the develop
ment of a relatively inexpensive, 
flexible, device-independent, 
high-performance bus fits nicely 
with the current trend toward 
system-independent peripher
als. The SCSl-2 specification 
emerged to take advantage of 
higher-performance peripherals 
and CPUs. It's compatible with 
all SCSI systems that support 
bus parity and meet Confor
mance Level 2 of the original 
SCSI standard. 

SCSI-2 enhancements in
clude: 

• A variety of software enhance
ments. 
• Unique termination tech
niques to speed error correction 
and boost effective data rates. 
• Mandatory commands for 
many functions. 



• A maximum data-transfer 
rate of 10 Mbytes/s with "fast 
SCSI" (available only with dif
ferential termination). 
•A data-path (bus) width of 16 
or 32 bits with "wide SCSI" (the 
32-bit bus, proposed but rarely 
implemented under SCSI-2, is 
being further developed under 
SCSI-3 ; the maximum data
transfer rate is 40 Mbytes/s 
when both wide and fast SCSI 
are used). 
• Standard commands and sup
port for optical devices. 

At this point, it's helpful to 
start with a basic understanding 
of the significant properties of 
SCSI. A maximum cumulative 
bus (i.e. cable) length of six me
ters is possible when using sin
gle-ended (unbalanced) termi
nation. Originally, the single
ended implementation was in
tended for single-cabinet, 
complete-system installations. 
Because it uses low-cost TTL 
drivers and requires less board 
space and less power than the 
differential implementation, the 
single-ended style is often used 
by SCSI designers. 

When using differential ter
mination, the maximum cumu
lative cable length is 25 meters. 
The differential configuration is 
meant for higher-noise environ
ments, such as installations 
where peripherals aren't located 
close to the system. 

Other important SCSI char
acteristics include the fact that 
single-ended and differential de
vices can't be mixed on the same 
bus. The data path is 8 bits wide 
and has a 4-Mbit maximum 

•CABLING FOR THE SCSI BUS • 

data-transfer rate. A typical bus 
topology has devices daisy
chained on the bus with a unique 
logical address for each device. 
The bus also features a device
independent, standardized com
mand set. 

Interconnect cables can limit 
system performance as data 
rates and the number of devices 
on the bus increase. Because the 
original cable specifications for 
the SCSI standard did not take 
enough factors into account, 
both SCSI and SCSI-2 require a 
new look at cable performance. 

The basic cable requirements 
include cable types and configu
ration, electrical and electronic 
performance, and mechanical 
specifications (Table 1). Cables 
inside and outside the cabinet 
are used with SCSI systems. In
ternal cables are typically flat-

2. A common SCSl-2 
cable design consists 
of 28 AWG conductors 
insulated with solid 
polyolefin to a maxi
mum diameter of 
0.035 in. Impedance 
variation of outer 
pairs is typically mini
mized by a buffer tape 
applied over the cable 
core. An aluminum/ 
polyester laminate 
and an 85%-coverage 
braid shield handle 
shielding. The nomi· 
nal finished cable di· 
ameter is 0.420 in. 

ribbon cables, while external ca
bles should be shielded. Where 
they offer easier routing, size ad
vantages, and better air flow, un
shielded or shielded round ca
bles are used inside. 

Among SCSI cable types, the 
"A" cable is the most common 
configuration. This basic 8-bit 
external cable is a 25-pair (50-
conductor) cable with an overall 
foil/braid composite shield. The 
"P" cable will be used more as 
the wide-SCSI bus is implement
ed. This 34-pair cable with an 
overall foil/braid composite 
shield is used for wide-SCSI ( 16-
bit width) external applications. 
In the original SCSI standard, 
the "A" cable was augmented 
with a "B" cable to facilitate a 
16-bit bus, which was never 
widely used. The current single
cable 16-bit implementation us
ing the "P" cable offers a much 
more elegant solution. 

The most common internal 
cables are 50- or 68-conductor 
flat-ribbon cables, which typi
cally use 28-AWG conductors 
on 0.050-in. centers. To mini
mize noise and avoid impedance 
discon tin ui ties, external-type 
cables may be used internally. 

In high-density internal ap
plications, 50- and 68-conductor 

TABLE 1: SCSl-2 SPECIFIED CABLE REQUIREMENTS 
Wide Fast Proposed 

Basic cable types SCSI SCSl-2 SCSl-2 SCSl·2 SCSl·3 
Round, SO-conductor, shielded x x x x 
Round, 68-conductor, shielded x x x 
Round, SO-conductor, unshielded x x x x 
Round, 68-conductor, unshielded x x x 
Flat, SO-conductor, O.OSO in. x x x x 
Flat, SO-conductor, 0.02S in. x x x 
Flat, 68-conductor, O.OSO in. x x x 
Flat, 68-conductor, 0.02S in. x x x 
Electrical 
Characteristic impedance (ohms) 100 90 90 90 77Min. 

(single-ended) 9S Max. 
Differential NS 140 140 132 NS 
Attenuation dB/mat S MHz (max.) ------ ------ ------ 0.09S 0.09S 
Worst-case change in pair-to-pair 
propagation delay (ns/m)** ------ 0.2 0.2 0.2 0.1S 
De resistance (ohms/meter) 
(Fast SCSl-2 and SCSl-3 figures 
for terminal power only) 0.23 0.23 0.23 0.23 0.23 

Mechanical (round cable only)* 
Maximum primary diameter 0.03S 0.03S 0.03S O.Q3S 0.03S 
Maximum overall diameter 0.400 0.400 0.450 0.450 0.450 

*Due to connector-backshell limitations 
**Also referred to as SKEW 

NS = not specified 
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30-AWG flat cables with 0.025-
in. centers are being used. Also 
useful are 28-AWG cables with 
1-mm centers. 

Some applications that are in
ternal to SCSI systems use spe
cialty cables, such as Belden's 
Vari-Twist and MASS-TER ca
bles. Vari-Twist cables are flat
ribbon cables consisting of long 
twisted-pair sections and short, 
flat, laminated sections that may 
be terminated the same way as 
conventional flat cable. Similar
ly, MASS-TER cable incorpo
rates twisted-pair and flat sec
tions, but is contained inside a 
round jacket. MASS-TER ca
bles also come shielded. 

Impedance and de resistance 
are the only electrical require
ments cited in SCSI and SCSI-2 
specs. According to the stan
dard, "recommended" cable im
pedance for single-ended sys
tems must be 90 0 or more. This 
impedance requirement is sub
ject to question, however, be
cause impedances lower than 90 
0 have been used successfully in 
SCSI and SCSl-2 for quite some 
time. Obviously, other cable
performance qualities must be 
considered. Cable impedance 
should be 90 to 140 0 for differ
ential systems. 

For fast SCSI, two other re
quirements have been identified. 

• CABLING FOR THE SCSI BUS • 

3. The correct cable 
layup for a SCSl-2 ca
ble ensures that its 
performance is more 
than adequate when 
coupled with proper 
system-termination 
techniques. 

TABLE 2: ELECTRICAL PERFORMANCE 
OF ROUND SHIELDED SCSI CABLE 

Conductor Insulation Single-ended Differential 
gauge type impedance impedance 

28 Solid polyethylene (PE) 790 1170 
28 Foam PE 870 1360 
28/30 Polyvinyl chloride (PVC)/solid PE 870 1360 
28/30 PVC/foam PE 

Cable attenuation must not ex
ceed 0.095 dB/meter at a 5-
Mbyte data rate, and pair-to
pair propagation delay (skew) 
must not exceed 0.02 ns/meter. 

Single-ended interface prob
lems caused by adding cabling to 
the system have recently sur
faced. Many users now extend 
total system-cable lengths be
yond the previously defined six
meter limit (for systems utilizing 
single-ended drivers), despite 
the fact that this configuration 
was originally meant for inter
nal cabinet use only. What has 
resulted are more elegant SCSI-
2 round-cable designs using ad
vanced materials and manufac
turing technologies. 

Consideration has been given 
to such parameters as propaga
tion delay, skew, and crosstalk. 
Appropriate techniques have 
been developed to evaluate cable 
parameters that most accurately 
represent system-application 
conditions. For example, single
ended impedance is measured 
between the signal conductors 
and the shield, with all grounds 
tied together. Typically, single
ended impedance is about 65% 
of the differential impedance 
value for a given cable. 

For most applications, one of 
four basic SCSI-2 cable designs 
apply. A common design con
sists of 28-AWG conductors in
sulated with solid polyolefin to a 
maximum diameter of 0.035 in. 
Cable-pair lay length is chosen 
for the best crosstalk perfor
mance. Impedance variation of 
outer pairs, caused by their 
proximity to the shield, is typi
cally minimized by a buffer tape 
applied over the cable core. An 
aluminum/polyester laminate 
and an 85%-coverage braid 

950 1460 

shield comprise the shielding 
system. The nominal finished 
cable diameter is 0.420 in. (Fig. 
2). With a single-ended imped
ance of about 77 0, this cable is 
below the specified 90-0 mini
mum. But it works well with the 
proper system-termination 
techniques and pinout configu
ration (Fig. 3) . 

With recent SCSl-2 commit
tee findings indicating a higher 
cable impedance to be desirable, 
several techniques may be used 
to increase nominal cable im
pedance to about 90 0. For in
stance, a foam polyolefin ex
truded over standard 28-AWG 
conductors may be used to re
place the solid polyolefin. Foam 
insulation offers a dielectric con
stant of 1. 7 (versus 2.3 for solid 
insulation), lowering the cable's 
propagation delay from 1.54 ns/ 
ft . to l.3 ns/ft. Polyvinylchlor
ide may be used to insulate the 
28-AWG conductors used for 
the TERMPWR lead(s). 

Foam-insulated cables do, 
however, carry some disadvan
tages that should not be ignored. 
Cable-assembly life is limited by 
the insulation-displacement sys
tem's less secure insulation re
tention, and attaching connec
tors to cables is more difficult. 

Cable impedance may also be 
increased by using a hybrid de
sign. In a single cable, the hybrid 
incorporates 28-AWG conduc
tors used for TERMPWR 
lead(s), and 30-AWG conduc
tors that are employed on all sig
nal pairs. The 90-0 impedance 
goal is achieved by insulating 
the smaller 30-AWG conduc
tors with a solid polyolefin to a 
diameter of 0.035 in. Although 
connectorization of 30 AWG is 
more difficult than 28 AWG, 
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the solid insulation is securely 
retained in the connector. 

Yet another hybrid design 
yields even higher impedances 
by using both 28 and 30-AWG 
conductors and a cellular polyo
lefin insulation material. This 
hybrid's single-ended imped
ance is about 100 !1(Table2). 

Considering the preceding in
formation, it's up to the system 
designer to determine which ca
ble will best meet specific cost/ 
performance objectives. 

The SCSI connectors dictate 
the mechanical requirements for 
SCSI-2. For round cables, the 
maximum insulated primary di
ameter of each conductor is 
0.035 in.; for flat cables, connec
tor center-to-center distance 
dictates dimensions. In the past, 
overall round-cable diameter, or 
"maximum backshell diame
ter," could not exceed 0.400 in. 
for SO-conductor cables. How
ever, backshells that accept ca
ble diameters of up to 0.0450 in. 
are now available, which will aid 
in developing 16- and 32-bit im
plementations. 

When purchased by end us
ers, SCSI cables often come as 
connectorized assemblies. Un
like RS-232 cables, which are 
easily assembled by end users, 
the SCSI connectorization pro
cess is specialized. Assembly by 
most end users is impractical. 

Typical cable assemblies are 
much shorter than the 6 meters 
allowed by the SCSI standard 
for single-ended systems, or the 
25-meter maximum bus length 
permitted for differential sys
tems. When used between peri
pherals outside the main-system 
cabinet, cable assemblies are 
typically 1 meter or less in 
length. Inside the cabinet, short 
jumper-cable assemblies con
nect one board to another. 

There are two primary meth
ods used in making SCSI and 
SCSI-2 cable assemblies. For 
mechanical assemblies, connec
tors are purchased with an as
sembled backshell from compa
nies like AMP, Fujitsu, or 

• CABLING FOR THE SCSI BUS • 

Honda Connector. Often fa
vored by designers for their cos
metic and mechanical benefits, 
molded cable assemblies feature 
an injection-molded backshell/ 
strain relief and are often cus
tomized with logos and colors. 

Several steps can improve any 
system's performance. For in
stance, various termination al
ternatives are available within 
the SCSI-2 spec. The 110-!1 Al
ternative-2 termination better 
matches cable impedance by in
creasing the critic al "pull
down" voltage. This termina
tion, which offers the equivalent 
of a 15-!1 boost in cable imped
ance, makes any SCSI-2 cable 
work better. 

In the case of a standard 25-
pair construction, pairs are ar
ranged inside the cable in three 
layers (Fig. 3, again). The closer 
the pair is to the outside shield, 
the lower the impedance. Con-
versely, pairs located closer to 
the center of the cable have high-
er impedances. By using central-
ly located high-impedance pairs 
for speed-critical signals, such as 
REQ and ACK, cable perfor-
mance may be improved. The 
target device uses REQ to begin 
an asynchronous bus transfer, 
while the initiator acknowledges 
receipt or transfer of data in re-
sponse to the REQ signal using 
ACK. By locating data pairs in 
the outermost layer of the cable, 
crosstalk between REQ, ACK, 
and data lines is minimized (Ta-
ble 3) . Wise placement of key 
lines within the cable can lead to 
even higher performance levels. 
Proper signal location is consid-
ered vital for the best SCSI-2 
performance. 

To handle the soaring data
transfer rates and consistently 
high performance levels, the 
ANSI X3T9.2 committee is dili
gently working on a new ver
sion: SCSI-3. The committee is 
becoming more aware of the in
terconnect system and views 
SCSI cabling as a transmission 
line that's a key to overall SCSI
system performance. The short-

TABLE 3: RECOMMENDED SINGLE-ENDED 

Pair# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

SIGNAL PIN ASSIGNMENTS 
Pin# 

24 
19 
16 
17 
18 
20 
21 
22 
23 
25 
14 
15 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Signal name 1 Pin# Signal name 2 

Ground 48 REQ 
Ground 44 ACK 
Ground 45 ATN 
Ground 42 Ground 
Ground 43 BSY 
Ground 48 RST 
Ground 46 MSG 
Ground 47 SEL 
Ground 48 CID 
Ground 50 1/D 

Reserved 39 Reserved 
Ground 40 Ground 
Ground 25 ·DB(O) 
Ground 27 -DB(1) 
Ground 28 -DB(2) 
Ground 29 ·DB(3) 
Ground 30 -DB(4) 
Ground 31 -DB(5) 
Ground 32 -DB(6) 
Ground 33 -DB(7) 
Ground 34 -DB(P) 
Ground 35 Ground 
Ground 36 Ground 

Reserved 37 Reserved 
Opened 38 TERMPWR 

ness of many individual SCSI 
cable assemblies technically dis
qualifies them as true transmis
sion lines; however, certain 
transmission-line characteris
tics have proved important. 

Cable specs will be more de
tailed in SCSI-3, after being 
somewhat misunderstood in 
SCSI and only partially ad
dressed in SCSI-2. SCSI-3 will 
refer to the use of transmission
grade materials, the minimum 
acceptable impedance, and oth
er parameters that qualify cables 
for SCSI uses. They're also like
ly to make a cable-pinout 
scheme mandatory. Taken to
gether, these changes should aid 
in choosing the right SCSI cable. 

Peter M Blackford, product de
velopment manager at Cooper 
Industries / Belden Division, 
earned a BS from Worcester 
Polytechnic Institute, Worcester, 
Mass. , in 1970. 

HOW VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 534 
CIRCLE 535 
CIRCLE536 
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Level-3 Pc-Board Connectors 
Edge Toward High-Speed 
Applications Decreasing semiconductor switching speeds 

need connectors as transmission lines. 
B Y MATT SUCHESKI 

AMP Inc., P.O. Box 3608, Harrisburg, PA 17105-3608; (717) 780-6074. 

With growing line counts 
and surging signal
switching speeds in elec

tronic equipment, electrical 
connectors can no longer be tak
en for granted. Word width has 
grown from 8 to 64 bits, and 
edge rates have fallen from 8 to 
0.5 ns. To meet these require
ments, connectors have to sup
port stripline technology and 
more elaborate bus architec
tures. Consequently, the inter
connections at the backplane/ 
daughtercard level (Level 3) 
must be analyzed as a transmis
sion-line section. 

From that perspective, a fun
damental design goal is to ho
mogenize a circuit path. This is 
accomplished by controlling im
pedance levels through all cir
cuit sections to minimize reflec
tions. Another goal is to main
tain signal integrity, which re
quires isolating a signal path by 
proper referencing to ground. 

However, today's signal
management practices, which 
need strategically located elec
trical lines to be assigned as ref
erence lines, can consume up to 
half of the available lines when 
signal-edge speeds are below 3 
ns. The reference increase 1/0 
needs and use more signal lines 
at the backplane interface. 

Of course, more lines at the 
edge of a daughtercard mean 
larger, more densely populated 
connectors. This represents a di
chotomy of design goals. Larger 
connectors (pin-field arrays) im
ply a greater statistically signifi
cant variation in such parame
ters as normal force, durability, 

1. With 40 effective 
high-speed signal 
lines per inch and a 
pin count of up to 680 
lines, this connector 
exemplifies the strip
line approach used to 
satisfy high-speed in
terconnect require
ments. 

Insulation 
r spacer 

with 
organizer 

Daughtercard 

and mating force. Higher densi
ty dictates higher-performance 
material that must be manufac
tured to smaller nominal fea
tures using traditional process
es, such as stamping, plating, 
and molding. 

In general, the rudimentary 
design goals of an enhanced-per
formance backplane (Level 3) 
connector are: 

•Controlled impedance and 
minimized crosstalk at signal
edge speeds below 1 ns. 
• An interconnect card-edge 
density of 40 effective (isolated) 
lines per inch. 
• Minimal changes imposed 
upon substrate manufacturers 
and board-assembly houses. 
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• Cost- and line-compatibility 
with the information-processing 
marketplace. 
• Modular construction for de
sign flexibility, just-in-time de
livery, and repairability. 

At speeds of 3 ns or more, 
backplane (Level 3) connectors 
were effectively transparent to 
the signal wave fronts. As speeds 
dropped from 3 to 1 ns, the con
nectors become increasingly ex
posed as transmission lines. 
With today's speeds in the sub
nanosecond range, the conduc
tor's propagation delay becomes 
a significant fraction of the wave 
front. In effect, the connector is 
now a meaningful transmission
line element in the signal's path. 

With the edge-rate signals 
over 3 ns, a low number of lines 
are required for signal returns. 
Signal-to-reference (SIR) ratios 
of 8: 1 or higher are workable, 
and are bound more by com
mon-mode noise than by any 
other factor. As edge rates move 
into the 3-to- l-ns range, the 
need to control crosstalk is ap
parent, particularly in cases 
with multiple sources. Here, the 
connectors use a moderate frac
tion of the available lines for ref
erences, and S/ R ratios are 4: 1 
or less. 

When signal-edge rates fall 
under 1 ns, typical applications 
need about half of the lines for 
returns, which means an S/ R ra
tio of 1: 1. With wider words, 
more paths requiring additional 
effective lines, and higher speeds 
where up to half of the lines are 
returns, the connector interface 
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• LEVEL·3 PC-BOARD CONNECTORS • 

faces daunting demand. 
The effects are particularly 

acute at the Level-3 (daughter
card-to-motherboard) in tercon
nect. The Eurocard (DIN) 96-
position connector, with its 
characteristic three rows and 30 
signal lines per inch (15 effective 
lines per inch), has been a long
time standard. A significant seg
ment of the market has moved to 
four-row and even six-row con
figurations with their 20 to 30 ef
fective lines per inch. 

This continuing need for 
more effective pins (I/O's) dic
tates a new design approach that 
achieves several objectives. 
These include an effective im
pedance of 50 D. at 0.5-ns rise 
time, crosstalk of less than 3%, 
and 40 effective signal lines per 
inch . Also realized are pin 
counts of up to 680 effective 
lines, improved contact reliabil
ity, and maximum power-distri
bution capability. 

In a connector developed us
ing the new approach, contacts 
are provided on 0.10-in. center
lines with ground shields locat
ed between each column of con
tacts (Fig. 1). The connector 
profile is 0.74 in. wide and 1.35 
in. high in the fully engaged po
sition. An aluminum board stiff
ener holds the modules together 
on the daughtercard (recepta
cle) side. The pin header is press
fit into the motherboard. 

At this point, it's helpful to 
take a closer look at the stripline 
concept. Essentially, a driven 
line B is significantly coupled to 
two parallel reference planes, 
Rl and R2, and remotely cou
pled (isolated) to two adjacent 
driven lines identified as A and 
C (Fig. 2) . 

The fundamental concept 
identifies columns of pins and 
receptacles as signal lines, intro
duces a plate-like element be
tween signal columns, and dedi
cates its electrical function to a 
reference plane. The basic ar
rangement is repeated with 
0.100-in. spacing between col
umns of signal contacts (Fig. 3) . 

This construction provides a 
stripline configuration for the 
signal lines and a minimum con
nection length between the 
proper substrate planes. The ac
tual connector pattern shows 
that the holes dedicated for a 
shielding-power function are lo
cated in a staggered, or offset, 
position from the signal fields 
(Fig. 4). 

Today, connector design is an 
interactive process where elec
trical, mechanical, and environ
mental objectives are identified 
and optimized to achieve the re
quired performance. Finite-ele
ment models analyze the me
chanical and electrical proper
ties of proposed design varia
tions. In addition, computer 
models of the resulting trans
mission-line systems are con
structed. Simulations then re-
veal the interaction of variables 
in the expected end-application 
environment. 

There are four primary pa
rameters in the analyses. For 
one, propagation delay is the 
time required for a signal to 
transit a system. The second is 
the characteristic impedance, 
which is the voltage-current ra
tio of the signal in the system. 
This is defined classically for 
lossless transmission lines by the 
inductance/capacitance ratio or 
(L/C) 112• The third parameter is 
crosstalk, which is unwanted en
ergy coupled onto a victim sig
nal line electrostatically and 
magnetically from an active line 
or lines. The fourth parameter is 
common-impedance noise, 
which is unwanted voltage tran
sients created in the power and 
ground systems. Such noise is 
caused by current transients in 
conduction paths shared by 
multiple signals. 

The connection is defined as 
the length of circuit between a 
perpendicularly intersecting 
plane segment (source) on the 
daughtercard, located at the 
edge of the stiffener (0.200 in. 
from the D row), and the top 
surface of the motherboard. 

A 

2. In the stripline con
cept typically used in 
high-density printed 
wiring boards and 
modified for use in 
connectors, a driven 
line (B) is significant
ly coupled to two par
allel reference planes 
(R1 and R2), and re
motely coupled or iso
lated to two adjacent 
driven lines (A and 
C). 

3. When using the 
stripline approach, 
columns of pins and 
receptacles are signal 
lines and a plate-like 
element is placed be
tween the columns to 
serve as the reference 
plane. Here, driven 
lines (B and D) are 
significantly coupled 
to two parallel refer
ence planes (R1 and 
R2) and remotely cou
pled to two adjacent 
driven lines (A and 
C). 

ELECTRONIC DESIGN• PIPS SPECIAL EDITORIAL FEATURE• MARCH 19, 1992 

m 

R1 

R2 

Propagation delay (T p<J) of the 
connection is a part of the total 
signal-path delay, which has a 
direct influence on the system's 
maximum operating speed. Dif
ferentials in T pd cause undesir
able timing skew in parallel 
transmissions. Moreover, a vari
ation in propagation delay be
tween rows of a connection 
(measurement nodes) is directly 
proportional to variations in im
pedance and crosstalk. To mini
mize this variation in the con
nector, the signal-path lengths 
are kept as short as possible. The 
paths' effective dielectric con
stant is held as low as is practical 
to keep the velocity of propaga
tion as high as possible in rows C 
and D. Consequently, there's an 
average propagation through 
the defined connection of 185 
(+9) ps. Another result is dif
ferential propagation times for 
the four different paths from a 
source on the daughtercard 
through the connector to the 
motherboard (Fig. 5). 

In conclusion, stripline con
nectors embody a concept that 
approaches homogeneity across 
the connection of two pc boards. 
Stripline characteristics of the 
board are maintained through 
the connector, which makes the 
connector virtually transparent 
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4. The actual connec
tor pattern of the 
stripline design in Fig
ure 3 shows that holes 
dedicated for shield
ing and power func
tions are located in a 
staggered position 
from the signal fields. 

5. In this stripline-con
nector configuration, 
signal paths are man
aged to minimize vari
ations in propagation 
times (shown here in 
picoseconds). Velocity 
of propagation is kept 
as high as possible in 
rows C and D to bal
ance delay with that 
of the shorter signal 
paths in rows A and 
B. 

to the circuit. 
The electrical commoning of 

alternate columns of contacts 
provides economical applica
tion in environments where 
shielding is of paramount im
portance. The end result is con
nectors that offer a cost-effective 
means of achieving stripline per
formance at sub-nanosecond 
edge speeds. 

Matt Sucheski, engineering 
manager for the AMP Capital 
Goods Business Sector 's New 
Business Development group, 
earned a BSMEfrom Penn State 
University, University Park, Pa. 

HOW VALUABLE? 

HIGHLY 
MODERATELY 
SLIGHTLY 

Oaughlercard 

CIRCLE531 
CIRCLE532 
CIRCLE533 

Tolals 150 146 152 148 

,,, 

Technical 
calculations 
made easy! 

,]_ ,. 

Now it's easier than ever 
to perform faster, more 
reliable engineering and 
scientific calculations. 

• Windows graphics features make Mathcad 
3.0 the simple solution to complex 
analytic needs. Dialogs, pull-down menus. 
and mouse point-and-cl ick capabilities make 
1t easy to combine equations. text. and 
graphics right on your screen and print it all 
in a presentation-quality document. 

• New Electronic Handbook Help facility 
serves as an on-line reference library. 
Paste standard formulas. constants. and 
diagrams from searchable. hypertext 
Electronic Handbooks for instant use 1n 
your Mathcad worksheet. 

• Symbolic calculations with a simple menu 
pick. Use expressions resul!lng from sym
bolic derivations in your numeric calcula
tions or for further symbolic manipulation. 

• Mathcad works on PC DOS, PC Windows, 
Macintosh, or UNIX. More than 120,000 
engineers, scientists, and educators 
already use Mathcad for a variety of tech
nical applications. Applications packs are 
also available to customize Mathcad for 
particular disciplines. including electrical . 
mechanical, and civil engineering and 
advanced math. 

Call 800-MATHCAD or use this 
coupon to request a free 3.0 
demo disk! 
In Massachusetts, ca ll 617 -577 -101 7. Please 
specify diskette size: 

3 1/2" 5 1/4" 

For a free Mathcad 3.0 Introductory kit , clip this 
coupon and mail it back to us, or fax it to 
617 -577-8829. Or circle your reader service card. 

D Yes! Tell me more about Mathcad 3.0! 

Tit le ___________ _ 

Company or lnst1tut1on ______ _ 

Address. __________ _ 

C1ty ______ State_Z1p __ _ 

Phone( ___ ) _______ _ 

Math Soft 
I• >< f 

Mail this coupon to 
MathSoft, Inc. 
201 Broadw ay 
Cambridge, MA 02139 
USA 

TECH 3.0 

CIRCLE 96 FOR U.S. RESPONSE 
CIRCLE 97 FOR RESPONSE OUTSIDE THE U.S. 



T PCB CONNECTORS HAVE T CARD-EDGE CONNECTOR 
FEATURES FRONT ACCESS 

T CONNECTOR COMBINES 
LOW INSERTION FORCE 

System speed and packaging density 
are increased by a pair of pc-board 
stacking connector s. The connec
tors, which come in 111 and 135 posi-

SIGNAL, POWER FUNCTIONS 
A dual-purpose connector combines 
the signal and power functions in a 
single, heat-resistant plastic base. 
The unit is designed for use in disk 
drives of 3.5 in. and larger and facili
tates an overall reduction in drive 
height. Units with 40 and 50 signal 

;lllllllllllllllb 

• 
tions, have average insertion forces 
of 1 oz/ contact. Connector heights 
are from 0.40 to 0.74 in. Sockets are 
incorporated on one side with tails 
that serve as mating pins on the oth
er. Call for pricing and delivery. 

A transit ion from discrete wires to pc 
board using card-edge technology is 
made possible by the front-access 
card-edge connector. The connector 
lets the end user make connections 
without removing the unit, pc board, 
or front panel from the system. 
Available in 40 positions, the unit's 
dimensions comply with VME stan
dards and can be used in VME de
signs requiring card-edge connec
tions to discrete wires. The connec
tor is on 0.150-in. centers. Call for 
pricing and delivery. 

contacts are available in SCSI-head
er configurations integrated with 
four power contacts. The unit is ei
ther soldered to the edge of a pc 
board or fastened to the board by 
means of right-angle through holes. 
Call for pricing and delivery. 

Hypertronics Corp. 
16 Brent Dr. 
Hudson, MA 01749 
(800) 225-9228 
~CIRCLE 751 

3M 
Electrical Specialties Div. 

6801 River Place Blvd. 
Austin, TX 78726 
(800) 326-1368 
(ES) (MG) (ER) (TB) 
CIRCLE 570 

3M 
Electronic Products Div. 

Bldg. 130-3N-27 
P.O. Box 2963 
Austin, TX 78769 
(800) 225-5373 
(CX) (OS) (DI) (El) (FC) (CE) 

A ugat/ RDI 
525 Randy R d. 
Carol Stream, IL 60188 
(708) 682-4100 
~CIRCLE 752 

CW Industries 
130James Way 
Southampton, PA 18966 
(215)355-7080 
~CIRCLE 753 

CONNECTOR AND PACKAGING MANUFACTURERS 
Nashua, NH 03062 Amerace Corp. Lisle, IL 60532 (310) 473-8995 
(603) 880-6000 Buchanan Div. (708) 960-1010 (WR) (SB) (JB) 
(FC) (ZI) (SM) (CD) (FX) (ES) 530 W. Mt. Pleasant Ave. (FO) CIRCLE 589 
(ER) Livingston, NJ 07039 CIRCLE 584 
CIRCLE 574 (201 ) 992-8400 Applied Engineering 

(DI) (CE) (ID) (ZI) (CD) Amphenol Corp. Products 
Advanced Interconnections CIRCLE 579 RF/ Microwave Operations P.O. Box 510 
5 Energy Way, P.O. Box 1019 One Kennedy Ave. New Haven, CT 06513 
W. Warwick, RI 02893 American Insulated Wire Danbury, CT 06810 (203) 776-2813 
(401 ) 823-5200 36 Freeman St. (203) 7 43-9272 (CX) 
(ZI) (SM) (CC) (DP) (PG) (CD) Pawtucket, RI 02862 (AU) (RF) (CX) (SM) (MD) CIRCLE 590 
(MD) (WR) (VB) (SB) (MB) ( 401) 726-0700 (HN) 
(IB) (TW) (SH) (PW) (HK) CIRCLE 585 Aries Electronics Inc. 
CIRCLE 575 CIRCLE 580 P.O. Box 130 

Amphenol Corp. Frenchtown, NJ 08825 
(ID) (ZI) (SM) (CC) (OP) (PG) Alden Products Co. Amphenol Canada Corp. Spectra Strip/ ITD (908) 996-6841 
(CD) (MD) (Bl) (CO) (FL) 117 No. Main St. 20 Melford Dr. 720 Sherman Ave. (FC) (ZI) (SM) (CC) (DP) (PG) 
(TW)(SH) Brockton, MA 02403-0860 Scarborough, Ontario, Hamden, CT 06514 CIRCLE 591 
CIRCLE 571 (508) 583-0160 M 1B 2X6 Canada (203) 281 -3200 

AMP Inc. 
(AU) (SM) (CD) (MD) (JN) (416) 291-4401 (OS) (DI) (FC) (CE) (ID) (SM) Array Connector Corp. 

P.O. Box 3608 
(WT)(CM) (RF) (CX) (OS) (CD) (MD) (CC) (PG) (CD) (Fl) (TW) 7400 NW. 52nd St. 

Harrisburg, PA 17105 
CIRCLE 576 CIRCLE 581 (SH) (WV) (HN) Miami, FL 33166 

(717) 564-0100 CIRCLE 586 (305) 591-7530 

(AU) (RF) (CX) (OS) (DI) Alpha Wire Corp. Amphenol Corp. (CX) (OS) (CU) (Ml) 

(EL) (FC) (CE) (ID) (ZI) (SM) 
711 Lidgerwood Ave. Interconnect Products Amuneal Mfg. Corp. CIRCLE 592 

(CC) (DP) (PG) (CD) (MD) 
Elizabeth, NJ 07207-0711 20 Valley St. 4737 Darrah St. 

(Bl) (HV) (BP) (CO) (Fl) 
(908) 290-8400 Endicott, NY 13760 Philadelphia, PA 19124 Atlas/Soundolier 

(SH) (ER) (FR) 
(CX) (OS) (FC) (CD) (MD) (607) 754-4444 (215) 535-3000 1859 lntertech Dr. 

CIRCLE 572 
(CO) (Fl) (TW) (SH) (PW) (HN) (MG) (SE) (RC) Fenton, MO 63026 
(HK) (HN) (CA) (ES) (MG) CIRCLE 582 CIRCLE 587 (314) 349-3110 

AT&T Microelectronics (ER) (GP) (CN) (VR) (PT) (CM) 

Interconnection CIRCLE 577 Amphenol Corp. Andon Electronics Corp. CIRCLE 593 
Technologies Bendix Connector 4 Court Dr. 

2 Oak Way Amco Engineering Co. Operations Lincoln, RI 02865 Augat ROI 

Berkeley Heights, NJ 07866 MCD 40-60 Delaware St. (401) 333-0388 525 Randy Rd. 

(908) 771-2645 3801 N. Rose St. Sidney, NY 13838-1395 (OS) (DI) (SM) (CC) (DP) (PG) Carol Stream, IL 60188 
(CE) (SM) (CD) (ML) (BP) Schiller Park, IL 60176 (607) 563-5011 (CO)(MD) (708) 682-4100 

(PC)(BU) (708) 671-6670 (CD) (MD) (HV) (HN) CIRCLE 588 (CE) (HV) 

CIRCLE 573 (GP) (BM) (CN) (VR) (PT) CIRCLE 583 CIRCLE 594 
(EM) (Ml) (CM) Antona Corp. 

Advanced Circuit CIRCLE 578 Amphenol Corp. 1643-1/ 2 Westwood Blvd. 
Technology Fiber Optic Products West Los Angeles, CA (see p. JU for key) 

118 Northeastern Blvd. 1925 A Ohio St. 90024-5603 (continued onp. 105) 
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The European Community (EC) 
Directive for electrical transient 
immunity is a reality. Sound engi
neering practices and careful 
design are no longer enough. Tran
sient suppression will be required in 
the electronic products you sell to 
the EC to meet IEC 801-2, IEC 
801-4, and IEC 801-5 standards. 
Don't let your competition pass 
you by. 

General Semiconductor Indus
tries, the worldwide leader in 
transient voltage suppression (TVS) 

technology, introduces the I EC 801 

series of TVS components to give 
your products the required levels of 
transient immunity. With axial, radi
al, multi-pin array, surface mount 
discrete, and surface mount array 
packages, we'll keep you on the 
road to the European Community. 

Don't be left in the dust. Call or 
write us for more information on 
the IEC 801 series of suppressors at 
General Semiconductor Industries, 
Inc., 2001 West Tenth Place, Tempe, 
AZ 85281, (602) 968-3101. 

Objects in mirror are 
closer than they appear! 

~** CIRCLE 202 FOR U.S. RESPONSE ¥- " 
CIRCLE 203 FOR RESPONSE OUTSIDE THE U.S. 

General 
Semiconductor 
Industries, Inc. 

©1991 General Semiconductor Industries, Inc. 



What do LITTLE FOOT p-channel power switches 
give battery-powered cellular phones? 

Llf e everlasting. 
Well, not quite. 
But it may 
seem that 
waytousers 
of your battery
powered products. 
Double battery life during normal operation! 
And increase it by 1000% (ten times) in 
standby mode! 
How? With Siliconix LITTLE FOOT'1" p-channel power 
switches. The Si9405, for example, lets you shut down 
power-consuming analog and digital transmission circuits, 
as well as display and keyboard electronics, when they are 
not in use. Then activate them instantly from your standby 
mode. 
These devices can also be used to switch between power 
inputs such as the battery and the charger. 

+SV 

DIGITAL 
CONTROLLER 

Added value. 
This improved 
power manage
ment empowers 

Sl940S your system 
with (almost) 
life everlasting. 

©Copyright 1991 Siliconix, LI TTLE POOT is a trademark of Sil icon ix 

It's a compelling com
petitive advantage 
that will significantly 
increase your prod-
uct's market share 
and profit margin. 

Running cooler 
and designing smaller. 

The 5-V logic-compatible p-channel 
Si9405 has an incredibly low 120-milliohm on-resistance that 
allows simple switching of high currents. And it comes in 
a space-saving LITTLE FOOT SOIC 8-pin package to make 
your portables truly portable. 

Ll'ITLE FOOT P-Channel Power Switches 

Si9400DY Single P-channel, 250 mQ 
Si9405DY Single P-channel, 120 mQ 
Si9953DY Dual P-channel, 2 x 250 mQ 
These SOIC-8 devices can be driven directly by 5-V logic. 

Everlasting life? Maybe. Ever-increasing sales? Definitely! 
Call our toll-free hot line now. 1-800-554-5565, ext 561. 
Ask for our "LITTLE FOOT Power Management" Design Kit. 
And remember, at Siliconix we're committed to achieving 
a seamless interface between the power and digital worlds. 

Silicon ix 
2201 Laurelwood Rd , Santa Clara, CA 95056 



CONNECTOR AND PACKAGING MANUFACTURERS 
BICC-Vero Electronics Inc. Calmark Corp. Cooper Industries 
1000 Sherman Ave. 4915 Walnut Grove Ave. Belden Div. 
Hamden, CT 06514 San Gabriel, CA 91776 P.O. Box 1980 
(203) 288-8001 (818) 287-0451 Richmond, IN 47375 
(DI) (SS) (DD) (ML) (WR) (Ml)(CM) (317) 983-5200 
(BP) (VB) (SB) (MB) (IB) (BU) CIRCLE 605 (CO) (Fl) (TW) (SH) (PW) 
(GP) (IN) (VR) (WT) (PT) (EM) (HK) 
(CM)(ER) Carol Cable Co. Inc. CIRCLE 616 
CIRCLE 595 249 Roosevelt Ave. 

Pawtucket, RI 02862 Crane Electronics 
Bentley Harris (401) 728-7000 4700 Smith Rd., Suite R 
241 Welsh Pool Rd. (CO) (TW) (SH) (PW) (HK) Cincinnati , OH 45212 
Lionville, PA 19353 CIRCLE 606 (800) 676-7644 
(215) 363-2600 (FC) (SM) (CD) (MD) 
(CA) Carrot Components Corp. CIRCLE 617 
CIRCLE 596 4620 Calle Quetzal 

Camarillo, CA 93012 Curtis Industries Inc. 
Bopla Enclosures (805) 484-0540 2400 South 43rd St. 
7330 Executive Way (OS) (DI) (FC) (CE) (ID) Milwaukee, WI 53219-0910 
Frederick, MD 21701 CIRCLE 607 (414) 649-4211 
(301) 696-9300 (FC) (CE) (CD) 
(GP) (BM) (CN) (IN) (WT) Caton Connector Corp. CIRCLE 618 
(PT) (EM) (Ml) (ER) (GK) Rte. 1 06, Wapping Rd. 
CIRCLE 597 Kingston, MA 02364 Dale Electronics Inc. 

(617) 585-2973 Yankton Div. 
Bravo Communications Inc. (CX) (MD) (HV) (SH) P.O. Box 180 
1310 Tully Rd., Suite 107 CIRCLE 608 Yankton, SD 57078-0180 
San Jose, CA 95122 (605) 665-9301 
(408) 297-8700 Cherry Electrical Products (OS) (CE) (CD) (MD) (Bl) 
(SH) Printed Circuit Div. CIRCLE 619 
CIRCLE 598 3600 Sunset Ave. 

Waukegan, IL 60087 dataCon Inc. 
Bud Industries Inc. (708) 662-9200 60 Blanchard Rd. 
4605 E. 355th St. (SS) (DD) (ML) (PC) Burlington, MA 01803 
Willoughby, OH 44094 CIRCLE 609 (617) 273-5800 
(216) 946-3200 (SS) (DD) (ML) (WR) (BP) 
(GP) (BM) (CN) (IN) (VR) (PT) Chomerics Inc. (VB) (SB) (MB) (IB) (HN) (GP) 
(EM) (CM) (ER) (GK) 77 Dragon Ct. (VR) 
CIRCLE 599 Woburn, MA 01888 CIRCLE 620 

(617) 935-4850 
Bustronlc (EM) (ER) (GK) (FR) (SE) Deutsch 
5680 Stenart Ave. (TB) (VE) (WN) Engineered Connecting 
Fremont, CA 94538 CIRCLE 610 Devices 
(415) 490-7388 Municipal Airport 
(DI) (DD) (Ml) (WR) (BP) Cinch Connectors Div. Banning, CA 92220 
(PC) (VB) (SB) (MB) (IB) (BU) Labinal Components (714) 849-7822 
(GB) (GP) (IN) & Systems Inc. (MD) 
CIRCLE 600 1501 Morse Ave. CIRCLE 621 

Elk Grove Village, IL 60007 
CTI Technologies Inc. (708) 981-6000 Direct Sound Corp. 

Sub. of PCD Inc. (OS) (DI) (FC) (CC) (SH) 150 Fifth Ave., Suite 845 
7855 E. Evans Rd. CIRCLE 611 New York, NY 1001 1 
Scottsdale, AZ 85260 (212) 691-9050 
(602) 998-1484 Circuit Assembly Corp. (AU) (RF) (CX) (DI) (ZI) (CD) 
(RF) (CE) (ZI) (SM) (CC) (DP) 18 Thomas St. (MD) 
(CD) (MD) (Bl) Irvine, CA 92718-2703 CIRCLE 622 
CIRCLE 601 (714) 855-7887 

(OS) (FC) (CE) (ID) (SM) (CC) Douglas Electronics Inc. 
CTS Corp_ (DP) (PG) (CD) (FL) (TW) 2777 Alvarado St. 

Connector Div. (SH)(WV) San Leandro, CA 94577-5701 
9210 Science Center Dr. CIRCLE 612 (510) 483-8770 
New Hope, MN 55428 (SS) (DD) (ML) (WR) (PC) 
(612) 533-3533 Cole-Flex (VB) (SB) (MB) (IB) 
(SM) (CD) (MD) (BP) 91 Cabot St. CIRCLE 623 
CIRCLE 602 West Babylon, NY 11 704 

(516) 249-6150 DuPont Electronics 
CW Industries (CA)(TB) DuPont Connector Systems 
130 James Way CIRCLE 613 Barley Mill Plaza 
Southampton, PA 18966 P.O. Box 80016 
(215) 355-7080 Comm Con Connectors Inc. Wilmington, DE 19880 
(OS) (DI) (FC) (CE) (ID) (SM) 4111 Ocean View Blvd. (302) 992-5212 
(CD) Montrose, CA 91020 (CX) (OS) (DI) (FC) (CE) (ID) 
CIRCLE 603 (818) 957-2018 (ZI) (SM) (CC) (PG) (CD) (MD) 

(FC) (ID) (SM) (CD) CIRCLE 624 
CableStar Inc. CIRCLE 614 
P.O. Box 446 
Glasgow, KY 42141 Components Corp. 
(800) 338-8223 6 Kinsey Pl. 
(CX) (OS) (DI) (FC) (CE) (ID) Denville, NJ 07834 
(CO) (FL) (TW) (SH) (PW) (201) 627-0290 
(HK) (HN) (CA) (CE)(CC) 

(see p. JU for key) CIRCLE 604 CIRCLE 615 
(continued onp. JJO) 

Experience the low 
cost convenience of 
instantly making your 
own PCB prototypes. 
Here's why an LPKF 
system makes sense: 

• Reduces turnaround time 
from weeks to hours. 

• You keep control over the 
design implementation. 

• Environmentally safe - no 
toxic chemicals. 

• Precision German engineering. 

• Complete customer support. 

• Takes your production ready 
CAD files and produces 
circuit board prototypes. 

• Supports fine line technology 
and surface-mounted 
components. 

• Fast payback - typically 
3 - 12 months. 

• Used worldwide .. . from small 
companies to Apple, BMW, 
Boeing, HP and Tektronix. 

FREE PCB INFO PACK ... 
CALL TODAY 

1 ·800·345·LPKF 
(1-800-345-5753) 
or FAX request to: 
1-503-645-0403 

IPICFCAD/CAM 
SYSTEMS, INC. 

1 BOO tf.t./ 169TH PlACE, BEAVERTON, OR 97006 

CIRCLE 114 FOR U.S. RESPONSE 
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POWER OVER 

When driving your system through a wide 
range of changing input voltages, take those 
curves with a Power Convertible. 

You get high performance even 
under extreme temperatures. 
Nothing handles better in "' 
telecom and portable .ft!f;ll!iiiiiiii-
applications. 

Cruise into distributing power with Power 
Convertibles' SMT construction, sleek profile 

and compact styling. 

Burr-Brown quality and reliability 
fuel long lifetime mileage. The low cost will let 

you leave your power supply design worries in the dust. 

• 2:1 Input Range 
18-36 voe 
36-72 voe 

3WATI 
REGULATED 

DrJIJC 
CONVERTER 

• Extended 
Temperature Range 
-40° to +85° C 

• Low Cost - $222Q 
(1 ,000 pcs. US) 



... SIMM CONNECTOR ... HEAT-SEAL CONNECTORS 
BOOSTS MODULE MEMORY LINK BOARDS TO DISPLAYS 

A 0.050-in.-center, dual-readout 
SIMM connector is designed to in
crease module memory with the ben
efit of reduced board real estate. The 

Printed-circuit boards can be con
nected to flat-panel displays or to 
other pc boards using the monoso
tropic heat-seal connectors from El
form Inc. The connectors can be 
made with up to 106 terminations per 
inch while maintaining optimum flex 
and/ or fold characteristics. Connec
tors are screen-printed on 0.001-in. 
polyester film using thick-filk con
ductive inks, dielectric inks, and hot
melt adhesives. Call for pricing and 
delivery. connector uses a push-pull concept 

with contact wipe and high-tempera
ture materials that withstand solder
ing. It's designed for standard card
edge board thickness, resulting in re
duced board cost. Other features in
clude dual inverse-bellows contacts. 
Call for pricing and delivery. 

Elforminc. 
P. 0. Box 7362 
Reno, NV89510 
(702) 829-1905 
.,,.CIRCLE 754 

... CIRCULAR CONNECTORS 
BOAST HIGH DENSITIES 

version for underwater or high-pres
sure applications. Capable of han
dling 500 V de and 300 V ac at 2 A per 
0.5-mm contact, ths unit will accom
modate a # 30 AWG wire. Call for 
pricing and delivery. Methode Electronics Inc. 

Connector Div. 
7447 W Wilson Ave. 
Chicago, IL 60656 
(708) 867-9600 
.,,.CIRCLE 755 

A four-contact circular connector 
measures less than 1 in. long and 1/ 4 
in. in diameter. The unit is available 
in a quick connect/ disconnect ver
sion as well as in a screw-threaded 

LEMO USA Inc. 
P. 0. Box 11488 
Santa Rosa, CA 95406 
(800) 444-5366 
.. CIRCLE 768 

1hin Film Chip Resistors 
Two Vishay Sources Give You 
Extra Choice and Reliability 

Now, two closely coordinated sources-Dale® and Ohmtek-are 
making thin film chip resistors easier to use, to buy-and to rely on. Our 

dual-source capability lets you quickly access the industry's broadest range of 
thin film surface mount chips. Sizes ranging from 0603 to 2208 with power 

ratings from 1116 to 3/ 4 watts cover the resistance range of 10 ohm to 
1 megohm. MILITARY. INDUSTRIAL. SPECIAL PURPOSE. You'll find we're both 

qualified to the "R"level of MIL-R-55342 (Char. E & H). And you'll like 
our ability to meet all your thin film requirements including moisture 
resistance, low noise and ultra-precision performance, with short-

cycle lead times. Get tolerances as low as .1 % and T.C:s 
to ± 10 PPM. Contact your Vishay Electronic Components 
Representative or one of these factories: •Dale Electronics, 

Inc., 2300 Riverside Blvd., Norfolk, NE 68701-2242 
(Phone 402-371 -0080) •Ohmtek, 2160 Liberty Drive, 

Niagara Falls, NY 14304 (Phone 716-283-4025). 

A COM P A N Y OF 

~ 
A COM P A N Y O F 

'!'t"·'' 
OHMTEK 

T 
CIRCLE 112 FOR U.S. RESPONSE 
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Harness the power 
of DIN 41612: 

More connector types, 
more termination styles, 

more performance. 

The extensive line of DIN 
connectors from Thomas & Betts 

brings you the versatility you need -
with a complete range of DIN 41612 

types for signal, coax, and power 
applications up to 40 amps per line. 

Our broad product line offers pin counts 
and termination options to fit almost 

every application - we've eliminated the 
need for expensive custom solutions. 

• NORTH AMERICA - Mexico: Naucalpan, 905 -393-85-10 • PACIFIC - Australia : Wyong North, NSW, 6 1-43-53 -2300; 
Hong Kong: Kowloon, 852-739- 1286; Japan: Tokyo, 81-3-379 1-64 11 ; Singapore: 65-747-0244; Taiwan: Taipei, 886-2-7 13-0509 



A full range of DIN 41612 connector 
types - Standard and Inverse, Low Profile 
and Heavy Duty Power connectors and 
Modular Coax/Signal/Power combinations. 

Built-in high performance 
design features - pre-loaded, 
dual-opposing beam female 
contacts with coined and 
polished mating surfaces for 
maximum reliability. 

With the high performance features designed as standard into every 
Thomas & Betts DIN connector, we can solve even your most difficult 
packaging problems. 

Off-the-shelf availability through our authorized distributors means 
you get what you need when you need it. 

Now there's a reliable source with the breadth and depth you need to 
harness the full power of DIN 41612 versatility. For more information 
call or fax: Thomas & Betts Corporation, Electronics Division, 
200 Executive Center Drive, Greenville, SC 29616. 
Phone: 803-676-2900. Fax: 803-676-2991. 

For the new DIN Catalog call 1-800-344-4744. 

A complete selection of termination 
styles - solder tails and posts, wire 
wrap, compliant pin, crimp/snap, and 
coax. Post lengths and plating options 
for every requirement. 

Thamasf!6etts 
•EUROPE - Belgium: Brussels, 32-2-645-7711; England: Marlow, 44-6284-6055; France: Rungis Cedex, 33- 1-4687- 2385; Germany: Egelsbach, 
49-6103-4040; Italy: Milano, 39-2-612045 1; Luxembourg: Foetz, 35-255-0002; Spain: Barcelona, 34-3-3002252; Sweden: Upplands Vasby, 46-760-88110. 



T MICRO SHUNTS MATE T MINI-DIN CONNECTORS 
WITH SQUARE HEADERS 

The SNM Series of micro shunts 
mate with 0.018-in. square headers 
on 0.050-by-0.100-in. centerlines. The 
terminals pass through the shunt so 
that they will accept any post with a 
minimum height of 0.120 in. The 
shunts are available with gold or tin 
plating on their phosphor-bronze 
contacts. Pricing begins at $0.088 de
pending on plating and quantity. De
livery for up to 1000 pieces is from 
stock. 

COME IN FOUR FLAVORS 
Moldable male and female plugs, as
sembly-type male cord plugs, and 
pcb-mount receptacles are all includ
ed in a line of mini-DIN connectors. 
Each is made to exacting mechanical 

Samtec inc. 
P.O. Box1147 
NewAlbany, IN47151-1147 
(800) SAMTEC9 
ll>CIRCLE756 

T IDC CONNECTOR MEETS 
TELEPHONE-SWITCH NEEDS 

The MQ115 Series of single-row con
nectors with 2.54-mm pitch meet the 
need for connectors in main units 
and branch boxes of te lephone 
switch systems. Useful in digital 
telephone, digital PBX, and other 

telephone equipment, the connectors 
are available with IDC crimping and 
have an applicable cable diameter of 
0.40to0.65mm. Currentratingofthe 
series is 2 A, rated voltage is 250 V 
ac, and insulation resistance is 100 
Mn minimum at 500 V de. Pricing 
starts at $1.25 in lots of one to 25 for a 
four-contact unit. 

and electrical standards and comes 
in 3- to 8-pin configurations. All will 
accept #22 to #28 AWG wire sizes. 
Silver-plated brass contacts are stan
dard with gold available optionally. 
Prices range from $0.51 to $0.74 each 
in lots of 1000. 

Hirose Electric U. S.A. Inc. 
2685-C Park Center Dr. 
Simi Valley, CA 93065 
(805) 522-7958 

Preh Electronic Industries Inc. 
470E. Main St. 
Lake Zurich, IL 60047-2578 
(708) 438-4000 

ll>CIRCLE757 II> CIRCLE 758 

CONNECTOR AND PACKAGING MANUFACTURERS 
E-Mark Inc. Elcon Products lnt'I Co. 

P.O. Box 1885 
Reno, NV 89510 
(702) 829-1905 
(EL) 

(GP) (CN) (IN) (VR) (EM) (Ml) (ZI) (SM) (CC) (DP) (PG) (CD) 
4 Daniels Farm Rd. , Suite 328 
Trumbull , CT 06611 

(CM) (ES) (MG) (ER) CIRCLE 644 

(203) 452-1003 
(SM) (DP) (Bl) 
CIRCLE 625 

ECS Composites 
3560 Rogue River Hwy. 
Grants Pass, OR 97526 
(503) 476-8871 
(GP) (IN) (VR) (WT) (PT) 
(EM) (Ml) (CM) (ES) 
(ER)(GK) 
CIRCLE 626 

Fremont, CA 94538 
(415) 490-4200 
(ZI) (CD) (MD) (Bl) (RP) (HC) 
CIRCLE 629 

Eldre Corp. 
1500 Jefferson Rd. 
Rochester, NY 14623 
(716) 427-7280 
(BB) 
CIRCLE 630 

CIRCLE 639 
CIRCLE 634 

Everest Electronic 
Elma Electronics Inc. Equipment 
44350 Grimmer Blvd. Standard Products Div. 
Fremont, CA 94538 2100 E. Orangewood Ave. 
(510) 656-3400 Anaheim, CA 92806 
(DI) (CE) (VB) (IB) (BU) (HN) (714) 634-2866 
(GP) (BM) (CN) (IN) (VR) (PT) (GP) (VR) (EM) (Ml) (CM) 
(EM) (Ml) (CM) (ER) CIRCLE 640 
CIRCLE 635 

Electrical Connectors Emcor Products/Crenlo, 
Fischer Connectors Inc. 
28245 Crocker, Suite 21 O 
Valencia, CA 91355 Trimex Bldg., Rt. 11 Inc. 

ERNI Components Mooers, NY 12958 1600 N.W. Fourth Ave. (800) 344-0445 
520 Southlake Blvd. (518) 298-4810 Rochester, MN 55901 (AU) (RF) (CX) (CD) (MD) 

CIRCLE 641 Richmond, VA 23236 (SM) (507) 287-3418 
(804) 794-6367 CIRCLE 631 (GP) (CN) (VR) (WT) (EM) 
(CX) (OS) (DI) (FC) (CE) (ID) (Ml) (CM) (ER) Fujitsu Microelectronics Inc. 
(ZI) (SM) (CD) (MD) (BP) (VB) Electrical Insulation Supplier CIRCLE 636 Electronic Component Div. 

3545 N. First St. (IB) (BU) (GB) (FL) (CA) (GP) Electronics Div. 
CIRCLE 627 300 N. Mannheim Rd. 

Eby Co. 
4300 North ' H' St. 
Philadelphia, PA 19124 
(215) 537-4700 
(CE) (DP) (CD) (MD) (HV) 
(WR) (FX) (BP) (VB) (SB) 
(MB) (IB) (BU) (GB) 
CIRCLE 628 

Elco Corp. 
Connector Div. 

Huntingdon Industrial Park 
Huntingdon, PA 16652 
(814) 643-0700 
(AU) (OS) (DI) (CE) (ID) (SM) 
(CC) (DP) (PG) (CD) (MD) 
(HV) 
CIRCLE 765 

Hillside, IL 60162 
(708) 547-5400 
(CO) (FL) (TW) (SH) (WV) 
(PW) (MN) (HK) (HN) (CA) 
(ES) (MG) (ER) (GK) (FR) 
(SE) (TB) (RC) (VE) (WN) 
CIRCLE 632 

Electronic Solutions 
6790 Flanders Dr. 
San Diego, CA 92121 
(619) 452-9350 
(ML) (WR) (BP) (VB) (SB) 
(MB) (BU) (GP) (BM) (VR) 
(PT) (EM) (Ml) (CM) 
CIRCLE 633 

Elform Inc. 
P.O. Box 7362 

Emulation Technology 
2344 Walsh Ave. , Bldg. F 
Santa Clara, CA 95051 
(408) 982-0660 
(ID) (ZI) (SM) (CC) (DP) (PG) 
(CD) (MD) (Bl) (WR) (FL) 
CIRCLE 637 

San Jose, CA 95134-1804 
(800) 642-7616 
(OS) (FC) (CE) (ID) (ZI) (SM) 
(CD) (FL) (SH) 
CIRCLE 642 

GEM Inc. 
109 State Place 

Enclosure Technologies Inc. Escondido, CA 92025 
256 Airport Industrial Dr. (619) 747-9177 
Ypsilanti, Ml 48198 (ML) (BP) (VB) (GP) (BM) 
(313) 481-2200 (CN) (PT) (EM) (Ml) (CM) 
(IB) (GB) (HN) (GP) (CN) (IN) CIRCLE 643 
(VR) (EM) (CM) (ES) (ER) 
CIRCLE 638 

Equlpto Electronics Corp. 
351 Woodlawn Ave. 
Aurora, IL 60506-9988 
(708) 897-4691 

Garry Electronics 
Division of LPL 

9 Queen Anne Ct. 
Langhorne, PA 19047 
(215) 949-2300 
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Gemini Inc. 
103 Mensing Way 
Cannon Falls, MN 55009 
(507) 263-3957 
(GP) (IN) (VR) (PT) (EM) (Ml) 
(CM) 
CIRCLE 645 

General Devices Co. Inc. 
1410 S. Post Rd. 
Indianapolis, IN 46239 
(317) 897-7000 
(GP) (VR) (EM) (Ml) (CM) 
CIRCLE 646 

Graphic Research Inc. 
9334 Mason Ave. 
Chatsworth, CA 91311 
(818) 886-7340 
(SS) (DD) (ML) (FX) (BP) (PC) 
CIRCLE 647 

Haewa Corp. 
4357-B Park Dr. 
Norcross, GA 30093 
(404) 921 -3272 
(GP) (BM) (CN) (IN) (VR) (Pn 
(CM) 
CIRCLE 648 

Harting Elektronik 
2155 Stonington Ave. 
Hoffman Estates, IL 60195 
(708) 519-7700 
(RF) (CX) (OS) (DI) (FC) (CE) 
(ID) (ZI) (DP) (HV) 
CIRCLE 767 

(see p. JU for key ) 
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KRISTEL - CRT DISPLAY MONITORS 

• Quality, High Resolution 
Data Displays 

• Versatile, Custom Designs 
To Meet O.E.M. Specifications 

• Horizontal Scanning 
Frequencies to 90 KHz MONOCHROME AND COLOR 

• Screen Sizes from 
3 to 25 Inches 

• U.S.A. Manufacturing 
Assures Responsive Service, 
Competitive Pricing 

•mr~ •la' Kri&tal:orpora1ion 
CIRCLE 100 FOR US. RESPONSE 

COMING ATTRACTIONS: 
April 16 

Call for complete information. 

833 Industrial Drive, West Chicago, IL 60185 
(708) 293-0850 • FAX (708) 293-1255 

CIRCLE 101 FOR RESPONSE OUTSIDE THE U.S. 

Analog Technology: D/ A Converters 
This Special report takes an in-depth look at high-resolution (14-bit and higher) converters. One of 
the report's main goals is to separate the digital-audio DACs from all other high-res DACs, and to 
examine the use of digital-audio DACs in more traditional applications. 

PC Design Special Section 
Electronic Design s PC Design Series was created specifically to serve the needs of our many readers 
developing PCs and peripherals. Everything from chip sets and single-chip solutions to CISC and 
RISC microprocessors, high-density memories, graphics, peripherals, add-on/ add-in boards, buses, 
interfaces, input devices, and software are thoughtfully discussed from the systems designers' point 
of view. 

In Every Issue ... 

Our Ideas For Design along with our Technology Newsletter, New Products, and Quick Look sec
tions bring Electronic Design readers the latest in test and measurement, computer-aided engineer
ing, and components. 



T MEMORY-CARD CONNECTOR CONNECTOR AND PACKAGING MANUFACTURERS 
OFFERS RUGGED BUILD 

Rugged two-piece construction is 
featured in the Series ICM-C memo
ry-card connectors. The devices are 
designed for 0.050-in. pitch, 68-cir
cuit (two-row) memory cards. Recep-

tacles which become the card inter
connect, and headers which are in
stalled in equipment to mate with the 
cards are included. Contacts have in
dependent twin-beam construction 
for a minimum of 5000 mating cycles. 
Pricing is about $0.05 per mated posi
tion. Delivery is in eight to 10 weeks. 

J. S. T. Corp. 
1200 Business Center Dr. 
Suite400 
Mt. Prospect, IL 60056 
(800) 292-4243 
ll>CIRCLE759 

T BLADE-FORK CONNECTOR 
SUITS FUTUREBUS USES 

A blade-fork connector system that 
is in the SEM-E naval avionics for
mat is useful in Futurebus+ sys
tems. The unit is a 396-pin connector 
on a 0.100-by-0.050-in. grid. Available 
products include the developmental 
open-entry, low-profile backpanel in
terface as well as a closed-entry 
type. Also offered are molded and 
stamped-contact headers and metal 
headers with flex circuitry. Lead 
times are 14 to 16 weeks. Call for 
pricing. 

CTSCorp. 
Connector Div. 
9210 Science Center Dr. 
New Hope, MN 55428 
(612) 533-3533 
ll>CIRCLE760 

Harwin Inc. 
4173 Main St., Suite 191 
Bridgeport, CT 06606 
(203) 261-2679 
(ID) (ZI) (SM) (CC) (DP) (PG) 
(CD)(MD) 
CIRCLE 649 

Hirose Electric USA Inc. 
2685-C Park Center Dr. 
Simi Valley, CA 93065 
(805) 522-7958 
(RF) (CX) (OS) {DI) (FC) (CE) 
(ID) (ZI) (SM) (CC) (PG) (CD) 
CIRCLE 650 

Hoffman Engineering Co. 
900 Ehlen Dr. 
Anoka, MN 55303 
(612) 422-2700 
(GP) (BM) (CN) (IN) (VR) 
(WT) (PT) (EM) (Ml) (CM) 
CIRCLE 651 

Honda Connectors 
960 Corporate Woods Pkwy. 
Vernon Hills, IL 60061 
(708) 913-9566 
(CX) (OS) (FC) (ID) (SM) (CC) 
(PG) 
CIRCLE 652 

Hughes Aircraft Co. 
Interconnect Systems 

17150 Von Karman Ave. 
Irvine, CA 92714 
(714) 660-5772 
(FC) (CE) (ZI) (SM) (CC) (PG) 
(CD) (MD) (SS) (DD) (ML) 
(FX) (PC) (FL) (HN) 
CIRCLE 653 

Hybricon Corp. 
12 Willow Rd. 
Ayer, MA 01432 
(508) 772-5422 
(Ml) (WR) (BP) (VB) (MB) 
(BU) (GB) (GP) (VR) (EM) 
(CM) 
CIRCLE 654 

Hypertronics Corp. 
16 Brent Dr. 
Hudson, MA 017 49 
(508) 568-0451 
(CX) (ZI) (CD) (MD) {Bl) (HV) 
CIRCLE 655 

ITT Cannon 
Components Div. 

1851 Deere Ave. 
Santa Ana, CA 92705 
(714) 261-5300 
(AU) (RF) (CX) (OS) (DI) (FC) 
(CE) (ID) (ZI) (SM) (CC) (DP) 
(PG) (CD) (MD) {Bl) (CO) (FL) 
(TW) (SH) (WV) (PW) (MN) 
(HK)(HN) 
CIRCLE 656 

ITT Pomona 
1500 E. Ninth St. 
Pomona, CA 91766 
(714) 623-3463 
(AU) (RF) (CX) (SM) (DP) 
(PG) (CD) (CO) (FL) (TW) 
(SH) 
CIRCLE 657 

Instrument Specialties 
Co. Inc. 

P.O. Box A, 1-80 Exit 

Delaware Water Gap, PA 
18327 

(717) 424-8510 
(ES) (MG) (ER) (GK) (SE) 
(VE) 
CIRCLE 658 

Interconnect Devices Inc. 
5101 Richland Ave. 
Kansas City, KS 66106 
(913) 342-5544 
(CX) (SM) (HV) 
CIRCLE 659 

lnterlogic Industries 
85 Marcus Dr. 
Melville, NY 11747-4294 
(516) 420-8111 
(DI) (CE) (DD) (Ml) (WR) 
(BP) (PC) (VB) (SB) (MB) (IB) 
(BU) (GB) (IN) (VR) (PT) (CM) 
CIRCLE 660 

Ironwood Electronics Inc. 
P.O. Box 21-151 
St. Paul, MN 55121 
(612) 431-7025 
(SM) (CC) (DP) (PG) (Bl) 
CIRCLE 661 

J.S.T. Corp. 
1200 Business Center Dr. 

Suite 400 
Mt. Prospect, IL 60056 
(708) 803-3300 
(OS) (DI) (FC) (CE) (ID) (ZI) 
(SM) 
CIRCLE 662 

JAE Electronics Inc. 
142 Technology Dr. 
Irvine, CA 92718 
(714) 523-2600 
(OS) (DI) (FC) (CE) (ID) (ZI) 
(SM) (CC) (DP) (PG) (CD) 
CIRCLE 663 

Keystone Electronics Corp. 
31-07 20th Rd. 
Astoria, NY 11105-2017 
(718) 956-8900 
(DS)(IN) 
CIRCLE 664 

Kycon Cable 
& Connector Inc. 

1772 Little Orchard St. 
San Jose, CA 95125 
(800) 544-6941 
(DS) (DI) (CE) (ID) (SM) (CC) 
(PG) 
CIRCLE 665 

L-COM Inc. 
1755 Osgood St. 
North Andover, MA 01845 
(508) 682-6936 
(CX) (GB) (CO) (TW) 
CIRCLE 666 

LEMO USA Inc. 
335 Tesconi Cir. 
Santa Rosa, CA 95401 
(800) 444-5366 
(AU) (RF) (CX) (SM) (CD) 
(HV) 
CIRCLE 667 

LZR Electronics Inc. 
8051 Cessna Ave. 
Gaithersburg, MD 20879 
(301) 921-9440 
(CX) (OS) (DI) (FC) (CD) (CO) 
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(Fl) (PW) (HN) 
CIRCLE 668 

Lansing Instrument Corp. 
P.O. Box 730 
Ithaca, NY 14851-0730 
(800) 847-3535 
(GP) (BM) (IN) (PT) 
CIRCLE 669 

Lumberg Inc. 
420 Southlake Blvd. 
Richmond, VA 23236 
(804) 379-2010 
(AU) (DI) (FC) (CE) (ID) (SM) 
CIRCLE 670 

MWS Wire Industries 
31200 Cedar Valley Dr. 
Westlake Village, CA 91362 
(818) 991-8553 
(CO) (Fl) (TW) (SH) (WV) 
(PW) (MN) (HK) 
CIRCLE 671 

Manhattan Electric 
Cable Corp. 

Station Plaza 
Rye, NY 10580 
(914) 967-8000 
(RF) (CX) (OS) (CO) (TW) 
(SH) (PW) (HK) 
CIRCLE 672 

Mark Eyelet Inc. 
AMP Inc. 

63 Wakelee Rd. 
Wolcott, CT 06716 
(203) 756-884 7 
(ZI) (SM) (DP) (PG) (CD) (MD) 
CIRCLE 673 

Markel Corp. 
P.O. Box 752, School Ln. 
Norristown, PA 19404 
(215) 272-8960 
(CO) (TW) (SH) (HK) (CA) 
CIRCLE 674 

Master Circuits Inc. 
424 Apperson Way North 
Kokomo, IN 46901 
(317) 457-6605 
(SS) (DD) (ML) (FX) (PC) 
CIRCLE 675 

McKenzie Technology 
44370 Old Warm Springs 

Blvd. 
Fremont, CA 94538 
(510) 651-2700 
(OS) (ZI) (SM) (CC) (DP) (PG) 
(CD) 
CIRCLE 676 

Meritec 
Div. of Associated 
Enterprises 

P.O. Box 8003 
Painesville, OH 44077 
(216) 354-3148 
(CX) (DI) (CE) (SM) (CD) 
CIRCLE 677 

Methode Electronics Inc. 
9334 Mason Ave. 
Chatsworth, CA 91311 
(818) 886-7340 
(SS) (DD) (ML) (FX) (BP) (PC) 
CIRCLE 678 

(see p. 114 for keg) 
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WAs THERE some special 

reason we produced 

The 
WORLD'S 

F I R S T 

r6 meg 

DRAM? 



YEs there was. · 

To LET 

you 

CHANGE 

the 

W 0 R L D. 





Samsung began shipping DRAM 

chips in the new r6M density-in 

production volumes-during r99r. 

Our customers for the product 

include many of the world's premiere 

computer and workstation makers. 

They tell us we are the first 

supplier to complete this 

next generation of memory. 

We, in turn, see it as a 

significant milestone in the 

global effort toward elegance 

and power in computing. 

advance in areas as different as medicine and 

transportation, finance and filmmaking. 

The new generation will also, in short order, 

facilitate ever-more-capable notebook and palmtop 

computers. Computers that will make us more 

productive-and will also define the workplace in a 

whole new way. 

In the near future, more 

will be heard from Samsung. 

We are among the major 

makers of DRAMS in all 

organizations and densities, 

Of equal significance, 

Samsung's completion of the 

generation marks something 

of a transformation in the 

The world's.first 16-meg DRAM . 

and we are an increasingly 

major supplier of SRAMs. 

We make a wide line of 
Organization l\1ode Speed Samples Production 

16M XI FAST PAGE 60/ 70 / 80 NOW NOW fast, ultra-fast, and high-
16M XI NIBBLE 60/ 70 / 80 NOW 6-92 
16M XI STATIC COL. 60 / 70 / 80 NOW 6-92 
4M X 4 FAST PAGE 60 / 70 / 80 NOW NOW 

density SRAMs, up to 4M in 

worldwide map of supply. 
4M X 4 STATIC COL. 60 / 70 / 80 5-9 2 8-92 
4M X 4 (W PB) FAST PAGE 60 / 70 / 80 5-9 2 8-92 
4M X 4 (WPB) STATIC CO L. 60 / 70/ 80 5-92 8-92 

density and 8 ns in speed. 

And we believe consumers 2K and 4K refresh available. 

of electronic components will benefit from this. 

Our specialty memories 

include ROMS, VRAMS, pseudo and cache SRAMS, 

Yet perhaps most important, is the fact that 

the r6-meg will indeed help the electronics 

EEPROMs, and FIFOS. And we also build superior 

community-in the u .s. and 

elsewhere-to do nothing 

less than change the world. 

The new-generation 

DRAMS are a significant boon 

to the hugely beneficial 

ASICS, microcontrollers, MOSFETS, and RAM DACS. 

1------------- --------------- 1 

1 YES. I want to learn about the next generation 
of memory. Please send more information. 

1 Name Title 

Company 

Address 

City State z;p 

Return coupon to Marketing Communications, Samsung Semfronductor, 

J?25 No. First St., San Jose, CA 951J4· Or call: 

r-800-446-2760 

And, of course, in DRAMS, 

there is always the 64-meg. 

About which, we hope to 

be writing soon. 

If we may provide further 

information of any kind, 

technology of today's workstations. Machines that 

allow us to better comprehend the world, and to 

please contact us via the coupon at left, or by 

telephone at r-800-446-2760. 

qs SAMSUNG 
A Generation AH EA D . 

0 



.... CRIMP CONNECTORS CONNECTOR AND PACKAGING MANUFACTURERS 
EASE FLAT-CABLE USE 

Flat copper power cable can be an al
ternative to bus bars and standard 
round wiring in computers and relat
ed equipment with the Ampower 
wave-crimp connector system. The 
units offer an insulation-displace-

ment, residual-force crimp for termi
nation of flat copper cable, eliminat
ing the need to strip insulation. 
They're also pluggable and permit 
running taps off the flat cable. Con
nectors are rated at from 70to110 A, 
depending on configuration, with a 
30°C or less temperature rise. A typi
cal 1-ft. cable assembly with connec
tors on both ends runs from $5.23 to 
$6.38 in lots of 1000. Delivery is from 
four to six weeks. 

AMP Inc. 
P.O. Box3608 
Harrisburg, PA 17105-3608 
(800) 522-6752 
"'CIRCLE 761 

.... MINI RIBBON CONNECTORS 
ARE LIGHTER THAN MOST 

One of the smallest and lightest 
weight ribbon interconnects avail
able is the Access II ribbon intercon
nects, which are 42% lighter than 
similar polyimide-insulated cables. 
The units are made by wrapping 
Gore-Tex expanded PTFE around 
single conductors, twisted pairs, or 
coaxes, and then sintering the jack
eted construction together to form a 
flat ribbon cable. Features include 
easy branching and routabi lity, 
chemical inertness, temperature re
sistance, a low dielectric constant, 
and a velocity of propagation of 
more than 90% the speed of light. 
Pricing is from $0.15 to $2 per con
ductor foot, depending on style. 

W.L. Gore & Associates 
7811 Burleson-Manor Rd. 
P. 0. Drawer Q 
Manor, TX78653 
(512) 276-7600 
"'CIRCLE 762 

Methode Electronics Inc. 
7444 W. Wilson Ave. 
Chicago, IL 60656 
(708) 867-9600 
(DI) (FC) (CE) (ID) (ZI) (SM) 
(CC) (OP) (PG) (CO) (SS) 
(DD) (ML) (FX) (PC) (HN) 
CIRCLE 679 

Micro Plastics Inc. 
Connector Div. 

9180 Gazette Ave. 
Chatsworth, CA 91311 
(818) 882-0244 
(CE) 
CIRCLE 680 

Mill-Max Mfg. Corp. 
190 Pine Hollow Rd. 
Oyster Bay, NY 11 771 
(516) 922-6000 
(ZI) (SM) (CC) (OP) (PG) (CO) 
CIRCLE 681 

Minco Products Inc. 
7300 Commerce Ln. 
Minneapolis, MN 55432 
(612) 571-3121 
(FX) 
CIRCLE 682 

Mizar Inc. 
1419 Dunn Dr. 
Carrollton, TX 75007 
(214) 446-2664 
(VB) (SB) 
CIRCLE 683 

Molex Inc. 
2222 Wellington Ct. 
Lisle, IL 60532 
(708) 969-4550 
(RF) (CX) (OS) (DI) (FC) (CE) 
(ID) (ZI) (SM) (CC) (OP) (PG) 
(CO) (HV) (FL) 
CIRCLE 684 

Molex Industrial Interfaces 
1325 Paramount Pky. 
Batavia, IL 6051 O 
(708) 879-6262 
(CO)(MD) 
CIRCLE 685 

Mupac Corp. 
10 Mupac Dr. 
Brockton, MA 02401 
(508) 588-6110 
(ML) (WR) (BP) (VB) (MB) 
(IB) (BU) (GB) (GP) (CM) (ER) 
CIRCLE 686 

NAS Electronics 
381 Park St. 
Hackensack, NJ 07602 
(201) 343-3156 
(SM) (CC) (OP) (CO) (MO) 
(VB)(MB) 
CIRCLE 687 

Nemal Electronics Inc. 
12240 N.E. 14th Ave. 
N. Miami, FL 33161 
(305) 899-0900 
(AU) (RF) (CX) (CO) (TW) 
(SH) 
CIRCLE 688 

Nepenthe 
2479 E. Bayshore Rd. 

Suite 800 
Palo Alto, CA 94303 
(415) 496-6666 

(ZI) (SM) (CC) (PG) (CO) (Bl) 
CIRCLE 689 

Newman, M.M. Corp. 
Heli-Tube Div. 

P.O. Box 615, 24 Tioga Way 
Marblehead, MA 01945 
(617) 631-7100 
(CA)(TB) 
CIRCLE 690 

Noble U.S.A. 
5450 Meadowbrook lnd'I. Ct. 
Rolling Meadows, IL 60008 
(708) 364-6038 
(FX) 
CIRCLE 691 

OOU, U.S.A. 
Sub. of Otto Dunkel GmbH 

4620 Calle Quetzal 
Camarillo, CA 93012-8558 
(805) 484-0981 
(AU) (CX) (OS) (DI) (FC) (CE) 
(ID) (ZI) (SM) (CO) (MO) (Bl) 
(HV) 
CIRCLE 692 

Omega Shielding 
Products Inc. 

1394 Pompton Ave. 
Cedar Grove, NJ 07009 
(201) 890-7455 
(ER) (GK) (SE) 
CIRCLE 693 

Optima Enclosures 
2166 Min. lndl. Blvd. 
Tucker, GA 30084-5088 
(404) 496-4000 
(BP) (VB) (SB) (MB) (BU) 
(GB) (GP) (CN) (IN) (VR) 
(WT) (PT) (EM) (Ml) (CM) 
(ER) 
CIRCLE 694 

PCD Inc. 
2 Technology Dr. 
Peabody, MA 01960 
(508) 532-8800 
(FC) (CE) (ID) (ZI) (CD) (MO) 
(Bl) 
CIRCLE 695 

PacTec 
Div. of Lafrance Corp. 

Enterprise & Executive Aves. 
Philadelphia, PA 19153 
(215) 365-8400 
(GP) (IN) (PT) (EM) (CM) (ER) 
CIRCLE 696 

Pandult Corp. 
Connector Div. 

17301 Ridgeland Ave. 
Tinley Park, IL 60477-0981 
(800) 777-3300 
(CX) (OS) (DI) (FC) (CE) (ID) 
(SM) (OP) (FL) 
CIRCLE 697 

Penstock Inc. 
520 Mercury Dr. 
Sunnyvale, CA 94086-4018 
(408) 730-0300 
(RF) (CX) (MO) (CO) 
CIRCLE 698 

Poly-Flex Circuits 
28 Kenney Dr. 
Cranston, RI 02920 
(401) 463-3180 
(SS) (OD) (FX) (PC) 
CIRCLE 699 
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Power Dynamics Inc. 
59 Lakeside Ave. 
West Orange. NJ 07052 
(201) 736-5722 
(ID) (PW) (HN) (ER) 
CIRCLE 700 

Powerbox Inc. 
1503 Spruce St. 
Boulder, CO 80302 
(303) 444-1461 
(IN) 
CIRCLE 701 

Praegitzer Industries Inc. 
9255 S.W. Pioneer Ct. 
Wilsonville, OR 97070 
(503) 682-5500 
(SS) (DD) (ML) (BP) (PC) 
(VB) (SB) (MB) (IB) (BU) (GB) 
CIRCLE 702 

Precision Interconnect 
16640 S.W. 72nd Ave. 
Port land, OR 97224 
(503) 620-9400 
(CO) (CO) (TW) (SH) 
CIRCLE 703 

Preh Electronic Inds. Inc. 
470 E. Main St. (Rt. 22) 
Lake Zurich, IL 60047-2578 
(708) 438-4000 
(DI) 
CIRCLE 704 

Premier Metal Products Co. 
381 Cana! Pl. 
Bronx, l~Y 10451 
(212) 993-9200 
(GP) (BM) (CN) (IN) (VR) (PT) 
(EM)(CM) 
CIRCLE 705 

Pyle-National 
1334 N. Kostner Ave. 
Chicago, IL 60651 
(312) 342-6300 
(CX) (EL) (SM) (CO) (MD) 
(HV) 
CIRCLE 706 

RF Industries Ltd. 
7620 Miramar Rd. 

Bldg. #4100 
San Diego, CA 92126 
(800) 233-1728 
(CX)(CO) 
CIRCLE 707 

Radstone Technology Corp. 
20 Craig Rd. 
Montvale, NJ 07645 
(201) 393-2700 
(VB) (MB) (BM) (EM) (Ml) 
CIRCLE 708 

Revere Aerospace Inc. 
845 North Colony Rd. 
Wallingford, CT 06492-2409 
(203) 269-7701 
(SH) (WV) (HN) 
CIRCLE 709 

Ribbon Cable Co. 
8753 Lion St. 
Rancho Cucamonga, CA 

91730 
(714) 987-0007 
(FL) (TW) (SH) (WV) (HN) 
(ER) 
CIRCLE 710 

(seep. JU for key ) 

(cont inuedon p. 114) 



CONNECTOR AND PACKAGING MANUFACTURERS 
Richard Hirschmann Samtec Inc. Cranford, NJ 07016 San Marcos, CA 92069 Van Nuys. CA 91406 

of America 81 O Progress Blvd. (201) 272-5500 (619) 744-7560 (818) 780-1800 
Industrial Row, P.O. Box 229 P.O. Box 1147 (ER} (GK) (VE) (GP) (IN) (WT) (PT) (EM) (BM) (EM) (CM) 
Riverdale, NJ 07457 New Albany, IN 47151 -1147 CIRCLE 730 (Ml) (CM) (ER) (GK) CIRCLE 750 
(201) 835-5002 (812) 944-6733 CIRCLE 740 
(AU)(DI) (FC) (ID) (ZI) (SM) (CC) Technology 80 Inc. 
CIRCLE 711 (DP)(PG) 658 Mendelssohn Ave. N. Veam 

CIRCLE 720 Minneapolis, MN 55427 100 New Wood Rd. Connectors and Sockets 

Rittal Corp. (612) 542-9545 Watertown. CT 06795 (AU) Audio 

Electronic Products Schroff Inc. (VB) (SB) (MB) (IB) (GB) (203) 274-9681 (RF) Radio-frequency 

3100 Upper Valley Pike 170 Commerce Dr. CIRCLE 731 (AU) (RF) (CX) (ID) (CD) (CX) Coaxial 

Springfield, OH 45505 Warwick, RI 02886 (MD) (HV) (HN) (OS) D-subminiature 

(800) 477-4000 (800) 451-8755 Tecorp International CIRCLE 741 (DI) DIN design 

(GP) (BM) (CN) (IN) (VA) (ML) (WR) (BP) (VB) (MB) Interconnect Div. (EL) Eiastomeric 

(WT) (PT) (EM) (CM) (MG) (BU) (GB) (GP) (BM) (CN) 19301 S. Santa Fe Ave. Vector Electronic Co. (FC) Flat cable 

(ER)(VE) (IN) (VA) (PT) (EM) (CM) Rancho Dominquez, CA 12460 Gladstone Ave. (CE) Card edge 

CIRCLE 712 CIRCLE 721 90220 Sylmar. CA 91342 (ID) Insulation displace-

(213) 764-0040 (818) 365-9661 ment 

Robinson Nugent Inc. Shin-Etsu Polymer (CE} (DI} (CE} (SS} (DD) (ML} (ZI) Zero / low insertion 

800 E. 8th St. America Inc. CIRCLE 732 (WR) (BP) (PC) (VB} (SB} force 

New Albany. IN 47150 34135 7th St. (MB) (IB) (BU) (GB) (HN) (SM) Surface mountable 

(800) 338-8152 Union City. CA 94587 Teledyne Kinetics (GP) (BM) (IN) (VA) (PT) (CC) Chip carriers 

(OS) (DI) (FC) (CE) (ID) (ZI) (510) 475-9000 8650 Balboa Ave. (EM) (Ml) (CM) (DP) DIP/SIP 

(SM) (CC) (DP} (PG} (CD) (EL) San Diego, CA 92123 CIRCLE 742 (PG) Pin-grid array 

(MD} (Bl} (HV} CIRCLE 722 (619) 576-1005 (CD} Custom design 

CIRCLE 713 (CE} (ZI) (SM} (CD} (MD} Vernitron Corp. (MD) Military design 

Shogyo International Corp. CIRCLE 733 Beau Products Div. (Bl) Test and burn-in 

Rogers Corp. 287 Northern Blvd. P.O. Box 10 (HV} High-voltage 

Composite Materials Div. Great Neck, NY 11021 -4799 Teradyne Inc. Laconia, NH 03247 (RP} Rack and panel 

One Technology Dr. (516) 466-0911 Connection Systems Div. (603) 524-5101 
Boards and Panels 

Rogers, CT 06263 (AU) (CX) (OS} (DI) (SS) (WR} 44 Simon St. (CD}(HV} 
(SS) One-sided 

(203) 774-9605 (PC) (CO) (FL) (TW) (SH) Nashua, NH 03060 CIRCLE 743 
(DD} Double-sided 

(EL) (SS) (OD) (ML} (FX) (PW} (HN) (PT} (DD) (603) 889-5156 
(ML) Multilayer 

(PC}(CO} CIRCLE 723 (CX} (DI) (ZI} (SM) (MD} (ML) Viking Electronics Inc. 
CIRCLE 714 (BP} (PC) (MB) (BU) 21001 Nordhoff St. 

(WR} Wire-wrap 

Shokai Far East Ltd. CIRCLE 734 Chatsworth, CA 91311 
(FX} Flexible 

Rogers Corp. 9 Elena Ct. (818) 341-4330 
(BP} Backplane 

Flexible Interconnections Peekskill, NY 10566 Texas Instruments (OS) (CE} (ZI) (SM) (PG) 
(PC} Printed circuit 
(VB} VME bus 

2001 W. Chandler Blvd. (914) 736-3500 Connector Systems (CD)(MD} 
(SB} Standard bus 

Chandler, AZ 85244 (AU} (RF} (CX} (OS} (DI) (FC} 34 Forest St. CIRCLE 744 
(MB) Multibus 

(602) 963-4584 CIRCLE 724 Attleboro, MA 02703 
. (IB) IBM PC bus 

(CE) (SM} (CD) (FX) (508) 699-5213 W. L. Gore & Associates Inc. (BU} Futurebus 
CIRCLE 715 Siemens Fiber Optic (PG} (CD) (MD) (Bl) Electronic Products Div. (GB) Other bus 

Components CIRCLE 735 4755 E. Beautiful Ln. 
Rogers Corp. 60B Commerce Way Phoenix, AZ 85044 Wire and Cable 

Power Distribution Totowa, NJ 07512 Thomas & Betts Corp. (602) 438-2017 (CO) Coaxial 
5750 E. McKellips Rd. (201) 890-1606 Electronics Div. (CO) (FL) (TW) (SH} (PW} (FL) Flat 
Mesa, AZ 85205 (FO} 200 Executive Center Dr. (HK) (ER} (GK} (VE} (TW) Twisted-pair 
(602) 830-3370 CIRCLE 725 Greenville, SC 29616-2401 CIRCLE 745 (SH) Shielded 
(FX) (BP) (SB} (BU} (GB} (803) 676-2900 (WV) Woven 
(PW}(HN} Stantron (CX} (OS) (DI} (FC} (CE} (ID} Wieland Inc. (PW) Power cords/ cables 
CIRCLE 716 Unit of Zero Corp. (ZI) (SM} (CC} (DP} (PG} (CD) 466 Main St. (MN) Magnet wire 

6900 Beck Ave. (MD} (FL) (TW} (SH} (HN) New Rochelle, NY 10801 (HK) Hookup wire 
Rogers Corp. N. Hollywood, CA 91605 CIRCLE 736 (914) 633-0222 (HN) Harnesses 

Microwave / Circuit Materials (818) 841 -1825 (OS) (DI) (FC} (CE} (CA) Cabling materials 
100 S. Roosevelt St. (BM) (CN} (IN} (VR) (EM} Tracewell Enclosures Inc. CIRCLE 746 (BB) Bus bars 
Chandler, AZ 85226 (Ml)(CM) 567 Enterprise Dr. 
(602) 961-1382 CIRCLE 726 Westerville, OH 43081 Wilson Case Inc. Enclosures 
(CO) (614) 846-6175 P.O. Box 1106 (GP) General purpose 
CIRCLE 717 Strongbox (BP} (GP) (BM} (IN) (VR) (PT} Hastings, NB 68901 (BM) Bench-mounted 

P.O. Box 2726 (EM} (Ml) (CM} (ER} (402) 463-5040 (CN) Consoles 
Rogers Corp. Culver City, CA 90231 -2726 CIRCLE 737 (IN} (IN) Instrument cases 

Circuit Components Div. (213) 305-8288 CIRCLE 747 (VR) Vertical racks 
2400 South Roosevelt St. (GP) (Ml} (CM) Tricon Industries Inc. (WT) Water-tight 
Tempe, AZ 85282 CIRCLE 727 Electromechanical Div. Zero Corp. (PT) Portable 
(602) 967-0624 2325 Wisconsin Ave. Zero Enclosures (EM) EMl/RFI design 
(PG} Switchcraft Inc. Downers Grove, IL 777 Front St. (Ml} Military design 
CIRCLE 718 Components Div. 60515-4076 Burbank, CA 91502 (CD) Custom design 

5555 N. Elston Ave. (708) 964-2330 (818) 841 -1825 
Rosenberger /Micro-Coax Chicago, IL 60630 (CD} (GP) (BM} (CN) (IN) (VR) Shielding 

Div. of UTI (312) 792-2700 CIRCLE 738 (WT) (PT) (EM} (Ml} (CM) (ES} Electrostatic 

Box E, 245 W. 5th Ave. (AU) (OS) (DI} (SM} (ES) (MG) (ER) (GK) (VE) (MG} Magnetic 

Collegeville, PA 19426-0992 CIRCLE 728 Trompeter Electronics CIRCLE 748 (ER) EMl/RFI 

(215) 489-3700 31186 La Baya Dr. (GK) Gasket 

(RF) (CX) (CD) (MD) (CO) Techmar Corp. Westlake Village, CA 91362 Zierick Manufacturing (FR} Ferrites 

(HN) 5420 McConnell Ave. (81 8) 707-2020 Radio Circle (SE) Sheets/ strips 

CIRCLE 719 Los Angeles, CA 90066 (AU) (RF} (CX) (DI) (CE) (ZI) Mt. Kisco, NY 10549 (TB) Tubing 

(800) 832-4627 (CC) (MD) (CO) (TW) (SH) (914) 666-2911 (RC) Rooms and cham-

SMK Electronics Corp. USA (GP) (WV) (ES) (ER} (ID) (SM) (PG} (CD} be rs 

1901 Nanacita Circle CIRCLE 729 CIRCLE 739 CIRCLE 749 (VE) Vents 

Placentia, CA 92670 (WN} Windows 

(714) 996-0960 Technit Inc. Underwater Kinetics Zoltech Corp. 
CIRCLE 766 129 Dermod St. 1020 Linda Vista Dr. 16658 Arminta St. 
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Modular High Power 
Up To 2000 Watts 

You're in the initial stages of design. You need a prototype and you're facing 
a deadline. You also need a power supply with specific voltage/current outputs. 
And you need it fast! 

That's where POWER-ON E's fully modular SPM High Power Series comes 
in. Single, dual, or triple output modules enable you to specify up to 15 DC 
outputs ... from stock. With delivery time as little as two weeks. 

And there's more. The incredibly versatile SPM represents the industry's 
highest power density-up to 2000 watts of multiple output power in the most 
compact package available today. There's even an optional on-board UPS capability. 
And no matter what configuration you require, be assured this internationally 
recognized power supply will meet the toughest safety regulations, worldwide. 

So remember .... whatever your requirements, we're keeping our shelves 
stocked for those urgent, limited-quantity deliveries. You'll get the exact voltage/ 
current combination you need, on time. Every time. 

Get Complete 
Details Today. 
Call our Toll Free 
LITERATURE 
HOT-LINE for our 
Sensational New Tutorial 
and Product Catalog! 
(800) 6 78-9445 

"Innovators in Power Supply TechnologyH 

OP11111er-11ne 
B.t:. PBUJer SUPPL/es 
POWER-ONE, INC. 
740 Calle Plano· Camarillo, CA 93012-8583 
Phone: (805) 987-8741 • FAX: (805) 388-0476 
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T MCM SOCKET HANDLES 
TEST AND BURN-IN 

A test and burn-in socket for multi
chip modules handles a 256-pin unit 
with a 0.65-mm, 45-by-45-mm body. 
The socket accommodates one of the 
outlines included in a proposal made 
for package-outline standards at the 
recentJEDECJC-11 meeting. Suited 
for high-density test and burn-in, the 

sockets feature a lid which simulta
neously distributes a uniform mat
ing force along all four sides of the 
package. Custom-machined designs 
are available down to 0.5-mm pitch. 

Nepenthe 
2479 E. Bayshore Rd. 
Palo Alto, CA 94303 
(415) 496-6666 
ll>-CIRCLE770 

T SMT PLCC SOCKETS 
BOAST LOW PROFILE 

A low profile of 0.173 in. off the pc 
board is featured in the 654-SMO Se
ries of plastic leaded chip-carrier 
sockets. The sockets accept JED EC 

M0-47 and M0-52 plastic leaded car
riers on 0.050-in. centers and permit 
surface-mount termination to exist
ing pc-board footprints. A high-tem
perature insulator is compatible with 
vapor-phase and infrared soldering. 
Sockets come in 20, 28, 32, 44, 52, 68, 
and 84 positions. Typical unit price 
for small lots is $2.53. Delivery is 
from stock to four weeks. 

Andon Electronics Corp. 
4 Court Dr. 
Lincoln, RI 02865 
(401) 333-0388 
ll>-CIRCLE 771 

T DC-POWER JACKS 
BOOST FLEXIBILITY 

A line of de-power jacks offers a wide 
variety of sizes, shapes, angles, con
figurations, platings, and mount
ings. A full line of mating plugs is 
also available. The jacks accept fe
male plugs with center-hole diame
ters ranging from 2.1 to 2.5 mm and 
depths of up to 4.5 mm. They can be 
mounted at right angles or vertical 
on pc boards, panels, and chassis. A 

----------------------------~ right-angle type for pc-board mount 
with a 2.1-mm center pin and nickel
plated internal components goes for 
$0.18 in lots of 10,000. Delivery is 
within 30 days. 

Shogyo International Corp. 
287 Northern Blvd. 
Great Neck, NY 11021-4799 
(516) 466-0911 
ll>-CIRCLE 772 

T 96-POSITION ASSEMBLIES 
ARE PROGRAMMABLE 

A 96-position DIN impedance
matched cable assembly features an 
internal pc board which allows pro
gramming of grounds and signals to 
customer specifications. The high
speed, low-noise assemblies are de
signed for TTL, CMOS, and ECL log
ic signals. Units are compatible with 
DIN specification # 41612 and mate 
with standard 96-position DIN con
nectors. Current rating is 1 A per 
contact. A 12-in., double-ended fe
male assembly using 95-n FEP cable 
costs $69.63 in lots of 1000. 

Meritec 
A Division of Associated 

Enterprises 
P. 0. Box 8003 
Painesville, OH 44077 
(216) 354-3148 
ll>-CIRCLE 773 



T SMT GULL-WING HEADER 
WON'T WARP IN SOLDER 

Thanks to high-temperature insula
tors, a line of true surface-mounted 
gull-wing lead headers stay dimen
sionally stable during vapor-phase 
and infrared soldering. The units in
clude 0.040-in. holes in the insulator, 
between contact pins on 0.100-in. cen
ters. The holes, along with the basic 

configuration of the insulator, allow 
for interior handling of the connec
tors for automated placement on 
boards. Single-row sizes range from 
two to 40 contacts per strip, while 
dual-row sizes range from four to 80 
contacts. A 10-position, dual-row 
straight header with 15-µm selec
tive-gold plating on 0.230-in. posts 
costs $0.56 in lots of 1000. Delivery is 
in four weeks. 

Crane Electronics 
4700 Smith Rd., Suite R 
Cincinnati, OH 45212 
(800) 676-7644 
.. CIRCLE 774 

T RIBBON CONNECTOR 
COMES IN HALF-PITCH 

A half-pitch (0.050 in.) board-to
board ribbon connector gives design
ers a choice between pin-and-socket 
and bellows-type connectors for 
their microconnection needs. The 
FCN240 Series consists of a board
mount header and board-mount 

socket in straight and right-angle 
types. Typical applications include 
computer and telecommunication 
equipment and instrumentation. The 
series includes 48-, 68-, 80-, and 96-pin 
units. A 68-pin connector costs $6.66 
in lots of 1000. Delivery is from 
stock. 

Fujitsu Microelectronics Inc. 
3545 N First St. 
San Jose, CA 95134 
(800) 642-7616 
.. CIRCLE775 

T FLAT-CABLE JUMPERS 
LINK BOARDS TO BOARDS 

A line of pre-bonded flat-cable 
jumpers and custom assemblies is 
designed to provide a low-cost meth
od of direct solder board-to-board 
connections. The Pan-Flex jumpers 
are offered with 0.100- and 0.156-in. 
centerlines and with two to 28 and 
two to 24 circuits, respectively. They 
can be furnished with stripped and 
retained wire at one or both ends, 
with a connector at one end, or as dai
sy chains with two or more connec-

tors. Call for pricing and delivery. 
Panduit Corp. 
17301 Ridgeland Ave. 
Tinley Park, IL 60477-0981 
(800) 777-3300 
.. CIRCLE776 

T MINI CONNECTOR LINE 
MEETS FUTURE NEEDS 

A comprehensive range of miniature 
connectors meets future needs for 
connections both internal and exter
nal to systems. The range contains 
seven series, one of which is the Se
ries 60.01/02/03/04 pin-and-socket 
110 connector. Features include a 
contact pitch of 1.27 mm and metal 
shells and hoods for optimal EMii 
RFI screening. Male and female 
types are offered in many sizes, as 
are IDC versions for discrete wire 
from 28 to 30 AWG. Call for pricing 
and delivery. 

Harting Elektronik Inc. 
2155 Stonington Ave. 
Hoffman Estates, IL 60195-0710 
(708) 519-7700 
.. CIRCLE777 



T FUTUREBUS + PRODUCTS 
INCLUDE CARD CAGES 

A family of hard-metric Futurebus+ 
products includes system enclo
sures, backplanes, card cages, and 
wire-wrap boards. The family is de
signed in accordance with IEEE 
896.2. The Series 222 enclosure 
houses 128-bit applications and in
cludes a 14-slot backplane for 128-bit 

busing with central arbitration. Card 
guides accept boards from 1.4 to 2.57 
mm thick. A 1000-W power supply is 
included. Pricing is $9500 in small 
quantities. 

Hybricon Corp. 
12 Willow Rd. 
Ayer, MA 01432 
(508) 772-5422 
~CIRCLE778 

HIGH EG&G Vactec 's complete line of planar silicon 
photodiodes-the cost-effective way to detect QUALITY/ light, from ultra-violet through near-infrared. 

0 
Excellent linearity in output signal versus LOW C ST light intensity, low noise , and fast speed of 

0 
response often make them the ideal detector STATE• f ·ART for automotive, communications , and 

PERFORMANCE 
medical i nstr~mentation applications. They 

are used in smoke detectors, cameras , 
security systems, X-ray detection 

equipment, flame monitors, encoders , bar code scanners , 

I 

colorimetric analysis equipment , and other products . 
Stock and custom devices are available packaged as 

discretes or configured into arrays , screened or modified to 
meet particular demands. 

Call or write for new catalog : 
EG&G Vactec, Inc. 
10900 Page Blvd . • St. Louis, MO 63132 
(314) 423-4900 • TWX 910-764-0811 • FAX 314-423-3956 

CIRCLE 142 FOR U.S. RESPONSE 
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T PRE-WIRED CARD CAGE 
INCLUDES POWER SUPPLY 

An easy-access system offers the 
protection of a more enclosed, small
er package. The Power Cage III is a 
rack-mountable, pre-wired unit that 

includes a 12-slot VME card cage, a 
400-W power supply with integral 
cooling, and a Eurocard subrack fea
turing a 10-layer Jl / J2 VME back
plane. The cage fits into 12-1/ 4 in. of 
rack space. List price is $2495 with 
delivery in four to six weeks. 

Electronic Solutions 
6790 Flanders Rd. 
San Diego, CA 92121 
(800) 854-7086 
~CIRCLE 779 

T ADVANCED PCB PROCESS 
TURNS OUT 5-MIL BOARDS 

A fine-line process has been devel
oped for volume production of 
boards with 5-mil lines. That same 
process will also be able to produce 3-
mil boards shortly. The process uses 
electrodeposition to apply a photo 

imageable resist that offers superior 
conformation, extra-thin coating ca
pability, and coating uniformity on 
the board. Call for pricing and deliv
ery information. 

Praegitzer Industries Inc. 
1270Monmouth Cutoff 
Dallas, OR 97338-9532 
(503) 623-9273 
~CIRCLE 780 
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T. ensure your company's positive 
performance in today's keenly com

petitive marketplace, 
start with advanced 
materials and 
resources available 
from the engineering 
plastics leader. 

Get the precise 
combinations of 
properties you need 
from the industry's 
broadest and deepest 

selection of resin chemistries, 
copolymers, alloys and composites. 
Optimize product design and 
development with hands-on 
assistance and proprietary pro
grams like our unique Engineering 
Design Database. 

Enhance productivity and cost
efficiency with the significant pro
cess advances in progress at 
our massive Polymer Processing 
Development Center. Profit by 
GE Plastics' worldwide presence 
and market expertise. 

NOVA Biomedical did, for their 
advanced Nucleus™ blood analyzer. 
Materials: Lexan® resin, foamable 
Prevex® resin, Cycolac® ABS resin. 
Resources: Design reviews; mate
rial, tooling and process selection. 
Results: Creative design with 
increased functionality and parts 
consolidation; reduced assembly 
and finishing for significant savings 
in cost. 

Partnership product develop
ment--0nly from GE. For more 
information, call: (800) 845-0600. 

CIRCLE 172 FOR U.S. RESPONSE 

CIRCLE 173 FOR RESPONSE OUTSIDE THE U.S. 

GE Plastics 

® Registered T rademarks of GE. 
T M T rademark of NOVA Biomedical. 



New Family of 12-Bit 
Dual and Quad DACs 

Complete 
Solutions 
Burr-Brown's new 
generation of 12-bit 
multi-DACs are com
plete solutions with 
CMOS logic switches, 
high performance 
buried-zener refer
ence, and low-noise 
bipolar output amplifi
ers in cost-saving 
plastic packages. All 
are fully specified and 
monotonic over the 
extended industrial 
temp range of 
-40/+85°C. 

Model Function 

DAC2814 Dual 

DAC2815 Dual 

DAC4814 Quad 

DAC4815 Quad 

Save Space, 
Cut Costs 
You save space and 
money with these 
complete, compact 
multi-DACs. They're 
ideal for applications 
requiring more than one 
DAC ... ATE pin drivers, 
medical diagnostic and 
lab instrumentation, 
industrial control, and 
general purpose 
circuits. 

Digital Interface 

Interface 
Options 
Choose a high speed 
serial interface Cl OM Hz 
clock) or a 2-byte 
(8+4) double-buffered 
interface. All models 
feature an asynchro
nous CLEAR control 
for power-on-reset or 
system calibration 
purposes. 

Output Range 

Serial Port - lOV to + l OV, 0 to + lOV, O to - lOV 

8-bit Port - l OV to + l OV, 0 to + l OV, O to - l OV 

Serial Port - lOV to + lOV, 0 to + lOV, 0 to - l OV 

8-bit Port -lOV to + lOV 

Duals from S 16. 95. Quads from $24. 95. U.S. OEM prices, in 1 ODs. 

Free 
Samples, 
Selection 
Guide 
Sample the best DAC 
for your application. 
And, ask for a copy of 
our High Performance 
0 /A Converters guide 
with key specs, perfor
mance diagrams, and 
applications informa-
tion on our ....--------'----. 
newest 
DACs. Just 
contact 
your local 
Burr-Brown 
sales office, 
or call for 

HIGH PERFORMANCE 
D#I. CONVERTERS 

immediate ~---m 
assistance.~------.-----' 

1-800-548-6132. 

Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 

BURR - BROWN® 

I II I 
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T BACKPLANE SYSTEM 
IS NOW SMT-COMPATIBLE 

A surface-mount-compatible version 
is now available of the High-Density
Plus interconnection system. The 
system comprises individual end
stackable, modular sections that can 
be combined in any fashion to 
achieve the desired combination of 
signal density and power busing. 
Each modular section features eight 
rows of contacts- six rows of signal 
contacts plus two rows of shield con
tacts-for an equivalent density of 
80 signal contacts per linear inch. 
Current pricing is $0.15 per mated 
contact pair. Delivery is in eight to 12 
weeks. 

Teradyne Inc. 
Connection Systems Div. 
44SimonSt. 
Nashua, NH 03060 
(603) 889-5156 
... CIRCLE 781 

T VMEBUS BACKPLANE 
OFFERS COST GAINS 

A six-layer VMEbus monolithic 
backplane greatly improves cost ef-

ficiency without sacrificing perfor
mance in a wide range of computing 
applications. The VMEplus back
plane offers a stripline construction 
that's targeted at medium-to-high
performance applications. Two 
ground and two power layers sepa
rate the tracking layers, providing a 
secure stripline environment with 
controlled characteristic impedance 
relative to the signal traces. The re
sult is low crosstalk, good ground
bounce protection, and a 125-A capa
bility on the 5-V planes. Power can be 
applied by three different means. 
Call for pricing and delivery. 

BIGG- VERO Electronics Inc. 
lOOOShermanAve. 
Hamden, GT06514 
(800) BIGG-VME 
....CIRCLE782 

T INTERFACE BOARDS LINK 
RIBBONS TO WIRES 

A series of passive interface boards 
connects ribbon cable to discrete wir
ing. The boards simplify circuit con
nections in industrial-control sys
tems. Discrete wires are connected 

Electronic components for highest requirements 

on one side through Eurostyle termi
nal strips, and emerge by way of a 
male ribbon-cable connector on the 
other side. Ten models are available 
with from 10 to 64 circuits and board 
lengths from 2 to 5 in. The 34-pin 
model costs about $30 in small lots. 
Delivery is from two to four weeks. 

Vernitron Corp . 
Beau Interconnect Systems Div. 
P.O. BoxlO 
Laconia, NH03247 
(603) 524-5101 
... CIRCLE 783 

You are searching for You'll find 
_____. Solutions concerning crystals 
_____. Competent partners 
_____. Flexible pruduction methods 
_____. Service close to the customer 

We are offering: 

- Customer specific crystals up to 360 MHz 
- Consumer crystals 
- MPU crystals 
- Crystal filters 
- Crystal discriminators 
- Crystal oscillators up to 1,3 GHz 
- Crystal components according 
to customer's specification 

TELE QUARZ GROUP 

TELE QUARZ GmbH 
LandstraBe 
D-6924 Neckatischofshe 2 
Telefon : 07268/801-0 
Telex 782 359 tqd 
Telefax : 07268/ 143S 

DIVISIONS 

VertriebsbOro NOmberg 
D-8500 NOmberg 70 

TOE GmbH 
D-6924 Nec:kartiscOOfshei'n 2 

EURO QUARZ GmbH 
A-2620 Ternitz 

LPE, Laboratoires de 
piezo-electricite S.A. 
F-75020 Paris 

Crystals · filters · oscillators· from the leading manufacturer in Europe. 
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350 Watts 

Lightning Series 
ALS 304 
• Universal Input 
• 2.5" x 5" x 8.5'' 
• Two, Three, & Four Outputs 
• IEC950, UL 1950, CSA 950 
• High Peak Loads (200%) 

(##) 
A STEC 
For Information call 
1 - 800 - 233 - 9973 
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Notebook Supplies 

• Extremely Small Size 
• 3.3V, 5V, 12V, -26V 

Outputs 
• 350 VAC CCFT Output 
• High Efficiency - 90% 

(/#/) 
ASTEC 
For Information call 
1 - 800 - 233 - 9973 
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T TWISTED-PAIR LINE 

WELCOMES ADDITIONS 

Eight-, 12-, and 25-pair configura
tions have been added to the Da
taTwist line of twisted-pair cables 
for data communication. Because 
the cables carry both voice and data 
signals, they save time and costs by 
simplifying cable runs. Termination 
can be made easier, especially in the 
wiring closet, where, for instance, a 
single 25-pair run of Data Twist cable 
can serve as a backbone to wire be
tween floors. Call for pricing and de
livery. 

Cooper Industries 
Belden Div. 
P. 0. Box 1980 
Richmond, IN 47375 
(800) BELDEN-4 
... CIRCLE 784 

T SPIRAL CABLE WRAP 
ADDS VARIETY 

Eight different materials, new col
ors, and a wide range of sizes have 
been added to the Heli-Tube line of 
spirally cut cable wrap. The material 

is an expandable plastic cable har
ness that applies like tape without 
tools. The wrap bundles wire, cable, 
hoses, and tubing firmly but allows 
flexibility. Pricing is according to 
materials, size, and quantity. 

M.M. Newman Corp. 
P.O. Box 615 
Marblehead, MA 01945 
(617) 631-7100 
... CIRCLE785 

T SHRINK CABLE MARKERS 
ARE COMPUTER-READY 

A heat-shrinkable cable marker is 
pre-mounted on pin-feed carriers to 
facilitate computer printing of leg
ends. The type FM321 irradiated po
lyolefin material comes in yellow 

only and shrinks at a ratio of 3:1. Ex
tra flexibility permits covering of 
wires from 22 AWG to 400 MCM. 
Markers can be printed on any stan
dard tractor-feed mechanism, type
writer, computer printer, or ink-jet 
system. Pricing in small quantities is 
$0.26 to $0.95 per marker. 

Cole-Flex 
91 Cabot St. 
West Babylon, NY 11704 
(516) 249-6150 
... CIRCLE 786 

T ELECTRONIC CABLES 
WITHSTAND ABUSE 

Protection against temperature ex
tremes, oils, fuels, solvents, chemi
cals, water, and mechanical abuse is 
offered by the Xtra-Guard line of 
electronic cables . The family in
cludes five distinct cable types that 
survive most environmental hazards 
while increasing productivity and 
adding safety. All five grades come 
in put-ups as short as 100 ft. 

Alpha Wire Corp. 
P.O. Box 711 
Elizabeth, NJ 07207-0711 
(800) 52-ALPHA 
... CIRCLE 787 



THIS YEAR'S HARVEST HAS 
YIELDED SOME COLORFUL RESULTS 

LIKE THE NEW SPECTRUM SERIES, 
THE MODULAR DESIGN THAT OFFERS 

AN ARRAY OF STANDARD FEATURES INCLUDING PFC. 

Astec introduces a new high power product of unmatched versatility and value. Its compact footprint 
and standard PFC front-end make the Spectrum Series compliant with IEC 555-2 while bringing 
significant space savings to countless designs. With up to 12 outputs plus a full range of output 
currents and voltages, Spectrum will accommodate any configuration of power between 500 and 2000 
watts. 

Many features , considered options in the industry, are standard in the Spectrum Series, including 
current share, remote sense, voltage adjustment, margining, power fail and level A EMI filtering - all at 
no additional cost. 

Standard modules are stocked for fast delivery. To reap the many benefits from Astec's new 
Spectrum Series, call the toll free number below. 

ASTEC STANDARD POWER 
Division of Astec America, Inc. 
401 Jones Rd. 

AST EC 
Oceanside, CA 92054-1216 
Telephone: 619-757-1880 
Facsimile : 619-439-4243 
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T ENCLOSURE SYSTEM 
OFFERS HIGH FLEXIBILITY 

The concept of flexibility is incorpo
rated into the Vario Module enclo
sure system, which provides users 
with several configurations: a desk
top unit, a tower style, or a 19-in. 
rack-mounted type. The standard en
closure is a desktop unit which is eas
ily converted into a 19-in. rack-mount 
enclosure. Adding feet transforms 
the unit again into a tower. Call for 
pricing and delivery. 

Rittal Corp. 
3100 Upper Valley Pike 
Springfield, OH 45504 
(800)477-4000 
.. CIRCLE 788 

T ALUMINUM FASTENERS 
EASE PANEL MOUNTING 

A maker of computer-systems equip
ment reports a 90% reduction in the 
time it takes to affix membrane
switch panels to chassis mounting 
plates and attributes the savings to 
PEM Snap-Top standoffs. The Type 
SSA fasteners snap into panels and 

replace numerous screws, washers, 
and nylon standoffs. Lengths of
fered are 0.437 and 0.562 in., and the 
fasteners are pressed into 0.156-in. 
diameter holes in mounting plates. 
Call for pricing and delivery. 

Penn Engineering & Mfg. Corp. 
P. 0. Box 1000 
Danboro, PA 18916 
(800) 237-4736 
""CIRCLE 789 

T HINGED SIDE PANELS 
SIMPLIFY BOX ACCESS 

Hinged side panels that permit quick 
access to equipment fixed within an 
enclosure are offered on a heavy
duty line of vertical racks. Other ac
cess options include latch-removable 
side and top panels, hinged doors, 
and screw-fastened panels. 132 stan
dard color combinations are avail
able. Call for pricing and delivery. 

Equipto Electronics Corp. 
351 Woodlawn Ave. 
Aurora, IL 60506-9988 
(708) 897-4691 
.. CIRCLE790 

T POLYMERIC MCM COATS 
TAKE WET PATTERNING 

A proprietary wet-patterning meth
od has been developed for the Ultra
del line of microelectronic coatings 
for multichip-module fabrication. 
The wet-patterning process is a low
cost alternative to conventional dry 
etching, which requires costly equip
ment and considerable process time. 
The coatings are also used for inter
layer dielectrics, wafer passivation, 
and drop-on encapsulation. Call for 
pricing and delivery. 

Amoco Chemical Co. 
Mai l Code4207 
200 E. Randolph Dr. 
Chicago, IL 60601-7125 
(312) 856-3200 
""CIRCLE 791 

2GHz 
1.1; ·'"lfl.!.!JirtlJbiJ..f 

A vision 
becomes reality Micro Miniature Reed Relays 

(0.255"W x 0.550"L) 

Coto Wabash's 9400 Series surface mount package 
offers you the world's most compact reed relay package 
currently available. A 500 coaxial shield makes this 
relay suitable for ~witching applications up to 2 GHz. 
The 9400 Series offers very low capacitance, excellent 
RF Characteristics, and is available with "J", Gull, 
Axial, or Radial Leads. The thermoset epoxy package 
withstands 430°F reflow soldering which makes this 
relay compatible with surface mounting manufacturing 
techniques. Call or write to us today for a free full line 
"Partners is Design" catalog. 

COTO WABASH 
A Kearney-National Company 

55 Dupont Drive, Providence, R.I. 02907 

Tel: (401) 943-2686 Fax: (401) 942-0920 
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As a world leader in the DIN 41612 connector market, 
HARTING has been instrumental in the setting of 
connector standards . 
Once again HARTING innovation and support are to 
be seen in the development and standardization of a 
high density, multi pin, hard metric connector system. 
The introduction of har·pak® makes available a 
futuristic , internationally standardized (IEC) metric 
connector system. 
The totally three dimensional modular design of the 
har·pak® system has turned a vision into reality 
providing user with new potentials for computer aided 
designs.lhe system meets existing international 
stanaards specifying physical , mecllanical and 
electrical requirements. 
This state of the art concept can be utilized in a wide 
range of high technology applications such as 
telecommunications and factory automation. 'R 

"'4 ww;.1' i§itTHrtt1:f·Hii 'fOl.IJ.L!jJIUIJ.!.!,1 .1rn.i * HARTINC 
HARTING ELEKTRONIK, Inc. 21ssstoningtonAve. .,, gt' 

Suite 212 Hoffman Estates, Ill inois 60195, U.S.A. 
Phone 708/519-7700 Fax 708/519·9771 
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SIEMENS 

A capacitor 
can tip the balance. 
Specify Siemens 
and be secure. 

SCl-1008 

That's right. A so-called "com
modity component" can tip the 
balance between a finished 
product that works and one that 
doesn't. Siemens capacitors 
offer quality and reliability you 
can depend on. 
Your design hangs in the bal
ance. For the highest quality at 
highly competitive prices, spec
ify Siemens capacitors: 

• MKT (Metalized Polyester) 
•Film (Polyester, Polypropylene) 
•Ceramic (Chip) 
• Aluminum Electrolytic 
• Power Capacitors 
Call 1-800-888-7729 
for a quote! 
(Or fax us at 1-908-632-2830.) 
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lhe Next Tune Your Power Supply 
Doeslbis, Give Us A Call. 

Raytheon's new power supplies are 
small but their density measures 
up to a big 45W/in~ and a power
to-welght ratio of 23W/oz. 

simplify system integration. Multilayer copper thick-
film substrates for improved thermal dissipation and effi
ciency. And they're made with ceramic capacitors, exclu
sively, for increased reliability and higher maximum 
operating temperatures. 

Designed primarily for military and space-based 
electronics, Raytheon high-density power supplies are 

NAVMAT derated. lhey're manufactured in our fully 
automated MIL-SID-1772 certified facility. lhey are 
ideally suited for SEM-E card format, expandable to 
a wide variety of input and output voltages, and com
petitively priced. 

Tuday, Raytheon is the largest high-reliability hybrid 
manufacturer in the world. We have the capacity and 
personnel to produce both standard and semi-standard 
power supplies for virtually any application, in virtually 
any quantity. Quickly and reliably. 

When it comes to power supplies, don't take a shot 
in the dark. Depend on Raytheon. 

Tu learn how to integrate our power supplies into 
your systems, call or write for technical support and 
applications assistance. Raytheon Company, Electronic 
Components Division, 465 Centre Street, Quincy, MA 
02169. (617) 984-8508. FAX: (617) 984-4199. 

Raytheon 
Where Quality Scares With Fundamentals. 
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Accommodating slot-CPU boards , 
including those with 80286, 80386, 
and 80486 processors, the Model 1250 
enclosure incorporates the process
ing power of much larger and costli
er systems. The unit measures just 
2.75 in. high by 12 in. wide by 14.75 in. 
deep , and features a multilayer, 
three-slot passive backplane for slot
CPU boards. The 16-bit backplane 
uses ISA card-edge connectors and 
provides room for terminating resis
tor networks. Call for pricing. 

Enclosure Technologies Inc. 
256 A irport Industrial Dr. 
Ypsilanti, MI 48198 
(313)481-2200 
~CIRCLE 792 

T RF/MICROWAVE PACKAGES 
JOIN STANDARD LINE 

Standard detector and diode pack
ages, as well as custom packages for 
amplifiers , mixers, switches, and 
SAW devices have been added to a 
standard line of wingpack, plug-in, 
and platform packages. The compa
ny offers full in-house capabilities in
cluding design, metal forming, as
sembly, plating, and MIL-SPEC-lev
el quality assurance. 

Hermetic Devices Inc. 
3150 Pullman St. 
Costa Mesa, CA 92626 
(714) 557-9933 
~CIRCLE794 

T TIP-UP CASE HANDLE 
MOVES IN 30° INCREMENTS 

A fully adjustable tip-up carrying 
handle enables the angle of the Card
pac system case to be adjusted in 30° 
increments. Handle adjustment is as 
simple as depressing a central but
ton. The handle is offered with or 
without a molded finger grip. Side 
legs are designed of sturdy die-cast 
zinc and are finished in satin chrome. 

Schroff Inc. 
170Commerce Dr. 
Warwick, RI 02886 
(800) 451-8755 
~CIRCLE795 

T ADHESIVES OFFER tions. The adhesives are suitable for 
all deposition methods, including 
pneumatic syringe, screen printing 
and stencilling, and pin transfer. Call 
for pricing and delivery. 

QUICK SMD PLACEMENT 
A series of adhesives is specifically 
formulated for SMD applications. 
SMD 881 adhesive is for general 
SMD usage, while SMD 882 adhesive 
is for high-speed use and/ or compati
bility with Fuji placement equipment 
using vision systems. Both are also 
offered in ultra-fast curing formula-

Multicore Solders 
1751 Jay Ell Dr. 
Richardson, TX 75081 
(214) 238-1224 
~CIRCLE 793 

SIEMENS 

Core magic. 
Siemens ferrites ... 
the core 
of good design. 

SCl-1014 

Siemens ferrites per form like magic for your most 
demanding applications. 
For ISDN interface, our T37 material offers high 
permeability and excellent frequency response. Our 
new low profile cores deliver performance and 
efficiency in a compact design. 
For 1 MHz power supplies, Siemens N49 material 
operates at lower loss and higher operating 
temperatures-so you can design smaller 
transformers at the same power. 
And for all power applications, Siemens 
magnetical ly optimized EFD (Economic Flat Design) 
Series offers today's most efficient shape. 
And many shapes are avai lable in surface mount 
configurations. Call Siemens Components at 
1-800-888-7729 for our latest literature pack. 
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T 1000-W SWITCHERS 
EASE INTO SYSTEMS 

Built-in features that simplify sys
tem integration are key to the LZ Se
ries of 1000-W switching power sup
plies. The units feature EMI compli
ance to FCC Class Band VDE 0871B 
standards as well as an auto-selecta
ble ac input of 85 to 132 V ac or 187 to 
265 V ac. Operation is from -30 to 
+71°C. Other features include sin
gle-wire current sharing, all status 
indications, wide-range de outputs, 
and overtemperature protection. 
Pricing starts at $1025 in lots of 25, 
and delivery is from stock. 

Lambda Electronics Inc. 
515 Broad Hollow Rd. 
Melville, NY 11747 
(516) 694-4200 
IJJ>CIRCLE 796 

T DC-DC CONVERTERS 
OFFER HIGH ISOLATION 

A series of 25-to-30-W de-de convert
ers offers 1500-V input-to-output iso
lation, which is becoming a telecom
munication standard. The PKE Se-

ries is designed for 48- and 60-V sys
tems and offers five different 
models in single, dual, and triple out
puts. Their low-profile (0.42-in. high) 
3-by-3-in. footprint package permits 
board spacing as tight as 0.7 in. Pric
ing starts at $100 in lots of 100. Deliv
ery is from stock. 

Ericsson Components Inc. 
Power Products Div. 
403 International Pkwy., # 500 
Richardson, TX 75081 
(214) 997-6561 
IJJ> CIRCLE 797 

T DENSE CUSTOM SUPPLIES 
JOIN OEM OFFERINGS 

Power supplies built to meet specific 
performance requirements are of
fered in densities as high as 3 W /in.3 

to power ratings of 350 W. The sup
plies meet VDE and FCC Class B 
standards for EMI and conform to 
many VME and Eurocard standards 
for rack-mounted power equipment. 
User-selectable input voltages, over
voltage protection, input-surge pro
tection, and primary and secondary 

current limiting on all outputs are 
standard. Call for pricing and deliv
ery information. 

Taltronics Corp. 
404ArmourSt. 
Davidson, NC 28036 
(800) 666-9353 
IJJ>CIRCLE 798 

T 24/28-V CONVERTERS 
SUIT MOBILE SYSTEMS 

Available in single and multiple out
puts, the DB, DBT, and DBX de-de 
converters are designed for critical 
applications requiring operation 
from 24 or 28 V de. The converters 
are particularly suited for mobile or 
transportable systems. The DB sin
gle-output series provides 250 W 
from 24- or 28-V de inputs. The out
put delivers up to 50 A of tightly reg
ulated 5-V power. Call for pricing 
and delivery. 

Todd Products Corp. 
50 Emjay Blvd. 
Brentwood, NY 11717-3386 
(800) 223-TODD 
IJJ>CIRCLE 799 
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T SMT MOTOR DRIVER 
DELIVERS UP TO 5 A 

The industry's first surface-mount 
motor driver with capability up to 5 A 
is the Si9976DY half-bridge driver. 
With one of the company's 50-V Lit
tle Foot dual n-channel MOSFETS, 
the driver provides a direct interface 
between a microprocessor and 20-to-
40-V motors. The driver comes in a 
14-pin, small-outline IC package. In 
large OEM quantities, pricing starts 
at $0.90. Samples are from stock. 

Siliconix Inc. 
2201 Laurel wood Rd. 
Santa Clara, CA 95054 
(800) 554-5565, ext. 1400 
~CIRCLE 800 

T 600-V GATE DRIVER 
INTEGRATES SIX UNITS 

By integrating six output drivers
three floating 600-V types and three 
ground-referenced low-voltage 
types-the IR2130 MOS gate driver 
offers every element needed to drive 
the switches of an off-line, three
phase motor drive. The unit is the 
first 600-V, three-phase driver in one 
power IC to include such features as 
control logic, protection, and feed
back circuitry. Packaging is a 28-pin 
DIP; SMT type are planned. Pricing 
is $8.51 in lots of 1000. Delivery is in 
six weeks from receipt of order. 

International Recti fier Corp. 
233 Kansas St. 
El Segundo, CA 90245 
(213) 772-2000 
~CIRCLE801 

T LOW-NOISE AMPLIFIER 
SUITS MICROWAVE TASKS 

Two InGaAs, heterojunction FETs 
are available for low-noise amplifica
tion in microwave systems. The 
RHF1204C/ CM typically exhibits a 

solid state of the art. 

0.8-dB noise figure, while the higher
performance RHF1205C/ CM exhib
its a 0.7-dB noise figure, both mea
sured at 12 GHz. The transistors 
have a wide range of application in 
signal reception from 1 GHz to over 
20 GHz. Pricing in sample quantities 
is $5 for the 1204 and $5.50 for the 
1205. Delivery is in 12 weeks from re
ceipt of order. 

R OHM Corp. 
3034 Owen Dr. 
Antioch, TN 37013 
(615) 641-2020, ext. 117 
~CIRCLE802 

That's~ "Customerizing:' 
AT&T now offers one of the industry's most mode operation!). And our low (3 to 7 mW) 
complete portfolios of high-voltage, < 1 amp input drive gives you the flexibility to meet 
solid-state relays (SSRs). your design needs. 

State of the art in variety State of the ar t in reliability 
Our new LHlSOO line includes Current limiting protects against 
normally open (1 Form A). unwanted transients. Built-in break-
Normally closed (1 Form B). And before-make reduces component 
combinations (1 Form NB, C; count. Advanced silicon technology 
2 Form A; Dual Form A; Dual adds ruggedness by reducing number 
Form B). All offer logic-level of internal wire bonds. All designed 
Input Control, and come in 6 or 8 ....__~~---ll by AT&T Bell Laboratories to meet 
pin DIPs, through-hole or surface-mountable. UL., CS.A. and B.A.B.T standards. 
That's what we mean by "Customerizing:' To sample an AT&T SSR or to place an order, 

State of the art in performance call your AT&T local distributor. For more 
Our LHISOO SSRs offer 3750V Input/Output information, just call AT&T at 
isolation. Built-in current limiting. And on- 1800 372-2447, ext. 628. In Canada: 
resistances as low as 3 ohms (lower in DC 1800 553-2448, ext. 628. 

-
-
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T LOW-COST BLUE LED 
OPENS APPLICATIONS 

Low-cost blue LEDs are offered in 
four standard packages, which in
clude T-1 and T-1-3/4 in both clear 
and diffused lens types. LEDs have 
been limited to red, green, and yel-

low for high-volume applications, 
but with the addition of blue, users 
can produce any color light in the vis
ible spectrum, including white. Typi
cal radiant flux for the blue LEDs is 
11 µ W. The devices are available for 
$0.97 each in lots of 1000 with deliv
ery from stock. 

Cree Research Inc. 
2810MeridianPkwy., Suite 176 
Durham, NC 27713 
(800) LED-BLUE 
.. CIRCLE 803 

T EGL CLOCK OSCILLATORS 
NOW IN HALF-SIZE CASES 

A series of ECL clock oscillators in 
half-size packages come in both 
through-hole and SMT styles. The 
E500 Series comes in frequencies 
from 24 to 180 MHz. Both standard 
and industrial temperature ranges 
are offered. Frequency stabilities 
are available to 25 ppm. Supply volt
ages are -5.2 V de, -4.5 V de, or 5 V 
de. Model E531 (120-MHz unit) costs 
$43.90 in prototype quantities. Deliv
ery is from stock to seven weeks. 

Connor- Winfield Corp. 
1865 Selmarten Rd. 
Aurora, IL 60505 
(708) 851-4722 
.. CIRCLE804 

SPECIAL RF Coils & Chokes in 2 Weeks 
Sample RF coils and RF chokes designed to meet your special requirements are 
shipped within 10 days to 2 weeks. Production quantity shipments start within 3 to 4 
weeks after approval of samples. Intensive specialization in coil design and manufac
ture assures a high degree of optimum performance. 

Most popular stan
dard inductors avail
able from stock for 
immediate shipment. 

Full line catalog on 
request. 

J. W. Miller Division 
BELL INDUSTRIES 
306 E. Alondra Blvd., Gardena, CA 90248 
Phone: 310-515-1720 FAX: 310-515-1962 

Since 1924, leading manufacturer of standard 
and custom inductors. 
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T SMT RESISTOR NETWORKS 
SHRUG OFF TEMPERATURE 

With 200 ppm/°C temperature stabil
ity, two families of surface-mounted 
arrays and networks suit termina
tion and decoupling of high-speed 
ECL circuits. The CRM Series thick
film resistor arrays compare to 118-
W resistors in size, but pack up to 

eight resistors and two capacitors 
each. The MRGF Series SMT resistor 
networks come in 16-pin SOIC pack
ages and carry values from 33 D. to 
2.2 Mn. Five circuit configurations 
are available. The CRM Series starts 
at $0.80, while the MRGF Series 
starts at $0.30, both in lots of 10,000. 
Delivery is in eight weeks. 

Raltron Electronics Corp. 
2315 N. W. 107th Ave . 
Miami, FL33182 
(305) 593-6033 
.. CIRCLE805 

T LED ARRAYS LIGHT 
DIP-SWITCH GROUPS 

A group of right-angle, rectangular
shaped, 2-by-5-mm LEDs on 0.100-in. 
centers is designed to align perfectly 
with piano-style, right-angle DIP 
switches of up to 16 positions. The 
Series 5632D LED arrays indicate 
switch status at a glance and is sup
plied in the exact number of positions 
needed. Offered in red, green, and 
yellow, the two-leaded LEDs feature 
100° viewing angles. Prices range 
from $0.30 per position depending on 
LEDs used. Production lead times 
are four weeks or less with samples 
available from stock. 

Industrial Devices Inc. 
260 Railroad Ave. 
Hackensack, NJ 07601 
(201) 489-8989 
.. CIRCLE 806 



NEW LOW PRESSURE SENSOR 
(0 to 4 inches of H2D Full Scale) 

ANNOUNCING THE NEW 
SCXL004DN PRESSURE 

SENSOR! 
This new SCXL004DN sensor 

offers up to 1 Ox the sensitivity of 
previously available solid-state 
sensors. 

Features Include: 
• 40mV Span (@ 4" H20) 
• Laser Trimmed for Cal. and 

Temperature Compensation 
• Linearity and Hysterisis: ±1 % 
All this available now for under 
$50 in 100 piece quantities. 

Typical applications include: 
• Respirators and Ventilators 
• HVAC Air Flow 
• Gas Flows 
Complete application assistance 
and evaluation boards are 
available. Call or FAX us today. 

For Immediate Assistance Call: 1-800-45 SENSYM 
CIRCLE 234 FOR U.S. RESPONSE CIRCLE 235 FOR RESPONSE OUTSIDE THE U.S. r----------------------------------------, 

D Please call me, I'd like SCXL004DN 
samples for evaluation . 

D Please rush me the FREE 1991 
SenSym Handbook. (This Handbook 
contains over 250 pages of application 
information and product 
specifications.) 

Name ____________ _ 

Title _____________ _ 

Phone # ____________ _ 

Company Name _________ _ 

State Zip _______ _ 



T RADIAL CAPACITOR 
SUITS PULSE APPLICATIONS 

The radial Type 2013 polypropylene 
capacitor offers a self-healing na
ture and low equivalent series resis
tance, which make it well suited for 
high-current and pulse applications 
in horizontal deflection circuits for 
televisions and monitors. The device 

offers an operating range of --40 to 
+85°C and a voltage range of 1000 
and 1500 to 2000 V de. Values range 
from 0.001 to 0.047 µF in tolerances 
of +3%, ±5%, and ±10%. Prices 
start at $0.20 in lots of 1000. Delivery 
is from stock to eight weeks. 

Tecate Industries Inc. 
P.O. Box 711509 
Santee, CA 92072 
(619)448-4811 
~CIRCLE807 

T LOW-CURRENT LEDs 
OFFER HIGH BRIGHTNESS 

A line of low-current LEDs, which 
typically operate at 2 mA of forward 
current compared with 20 mA for 
other LEDs, offer a guaranteed lu
minous intensity at 2 mA. Their high 
brightness at a low current drive, 
combined with a wide viewing angle 
and compatibility with CMOS/ MOS 
and TTL circuits, make these devices 
suited for use in low-power and bat
tery-operated equipment. Three 
package sizes are offered (5, 3, and 
1.6 mm) as are three colors (red, 
green, and yellow). Call for pricing 
and delivery. 

II Stanley Co. Inc. 
2661 Gates Ave. 
Irvine, CA 92714 
(800) LED-LCDl 
~CIRCLE808 

T THIN-FILM RESISTORS 
BOAST HIGH STABILITY 

By using thin-film instead of thick
film technology, the MPCOl chip re
sistors combine a temperature coef
ficient of below 25X10~/K with a 
stability of 0.1%. The devices also ex
hibit excellent pulse-load behavior 
and are available with temperature 
coefficients which are matched to 
within +5 ppm within a single batch. 
The 1206-size, 0.125-W chip resistors 
come in values from 100 n to 100 kn. 
They withstand 100 V de or rms and 
their typical pulse-stability value for 
a single pulse is 200 W, 1 µs . Their 
stability is 0.1% at an ambient 70°C. 
Call for pricing and delivery. 

Philips Components 
Discrete Products Div. 
2001 W Blue Heron Blvd. 
Riviera Beach, FL 33404-5099 
(407) 881-3308 
~CIRCLE809 

T RESISTOR NETWORKS 
BEAT SOLDERING WOES 

A ceramic package for chip-resistor 
networks seems to have solved most 
solderability problems commonly as
sociated with molded S014 and S016 
designs. The MNR Series of chip-re
sistor networks incorporate large 
solder pads and concave electrodes. 
The large pads promote a strong 
bond between component and land 
pattern, while the concave elec
trodes take advantage of a strong 
tendency toward self-alignment dur
ing reflow soldering. Resistance 
range is from 10 n to 1 Mn with a 
+5% tolerance. Rated wattage is 
0.063 Wat 70°C. Pricing starts at $15 
for the 2-pin MNR02 in lots of 
100,000. Delivery is from stock to 12 
weeks from receipt of order. 

ROHM Corp. 
3034 Owen Dr. 
Antioch, TN 37013 
(615) 641-2020, ext. 116 
~CIRCLE810 
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Samtec hears your smallest 
~ t 

IS SUDDEN SOLUTIONS 
New Albany, Indiana USA • Cumbernauld, Scotland UK • Singapore 
SAMTEC, INC. P.O. Box 1147 •New Albany, IN 47151-1147 USA• Phone 812-944-6733 •Fax 812-948-5047 •TWX 810-540-4095 •Telex 333-918 

CIRCLE 130 FOR U.S. RESPONSE CIRCLE 131 FOR RESPONSE OUTSIDE THE U.S. 



Multi-Turn Cermet Trimmer 
Measures Only 3/8" Square 

1"'1 

I
S.>ECT~C~ 

;,w 
3 2 I rrr 

Spectrol's 3/8" square multi-turn cermet 
trimmer, the Model 64, offers five package/ 
terminal styles to choose from . The unit is 
available in three side-adjust and two top
adjust versions, with pin configurations to 
suit any standard PCB application. This low 
cost space saver is available in resistance 
ranges from 10 ohms to 2 megohms with a 
± 10% resistance tolerance. It also features 
solder plated terminals, an integral multi
finger wiper contact, superior setability and 
stability, a TEMPCO of ± 100 PPM/°C, a CRV 
of 3%, and is sealed for solvent and aqueous 
cleaning. Power rating 0.5 W at 85°C. 

Spectral Electronics Corporation 
4051 Greystone Drive, Ontario, CA 91761 

Phone : (714) 923-3313 Fax: (714) 923-6765 
CIRCLE 236 FOR U.S. RESPONSE 

CIRCLE 238 FOR RESPONSE OUTSIDE THE U.S. 

Low-Cost Industrial Position 
Sensor From Spectral 

Spectral offers a low-cost, high-quality con
ductive plastic pot with features that are 
normally associated with more expensive 
devices. This rugged design is ideal for 
sensing applications in industrial, off-road 
and agricultural equipment. The Model 157 
features a 7 /8 inch diameter bushing or 
servo mount machined aluminum housing, 
ground stainless steel shaft and 2,000,000 
shaft revolution life. Specifications include a 
1 Kfl to 50Kfl resistance range, 2% linearity 
(0.25% available) and an operating tempera
ture of - 55°C to+ 125°C. Center taps, shaft 
seals and special resistance values are among 
the available options. 

~ 
Spectral Electronics Corporation 

4051 Greystone Drive, Ontario, CA 91761 
Phone : (714) 923-3313 Fax : (714) 923-6765 

CIRCLE 237 FOR U.S. RESPONSE 
CIRCLE 239 FOR RESPONSE OUTSIDE THE U.S. 

T RUGGED SPOT SWITCH 
OPERATES TO 4.6 GHZ 

A gallium arsenide single-pole, dou
ble-throw switch operates over a 
wide dc-to-4.6-GHz range at a 3-ns 
switching speed. The ZFSWA-2-46 
switch comes in a metal case measur
ing 1.25 by 1.25 by 0.75 in. with SMA 
connectors. It provides 50-dB isola
tion and has only 1.3 dB of loss at 
1000 MHz with a typical VSWR of 1.5 
in its off state. Pricing is $79.95 in 
lots of 10 to 24. Delivery is from 
stock. 

Mini-Circuits 
P.O. Box350166 
Brooklyn, NY 11235 
(718) 934-4500 
.... CIRCLE811 

T LIGHTED PUSHBUTTONS 
OFFER WIDE SELECTION 

The Sunmulon line of professional
grade LED-illuminated pushbutton 
switches and indicators features pre
cious-metal contacts on either con
nector or wire-wrap terminals, high
intensity LEDs, and precision me
chanical construction. A complete se
lection of panel- and PCB-mounted 
devices is available, as are matrices 
of up to 50 switches. Uses include 
medical electronics, industrial auto
mation, and process control. 

AC Interface Inc. 
22391 Gilberto 
Rancho Santa Margarita, CA 

92688 
(714) 858-1866 
.... CIRCLE812 

T SOLID-STATE SWITCH 
COMES IN 8-PIN DIP 

A combination hookswitch and ring 
detector comes housed in a mini 8-pin 
DIP package. The PIN TSll 7 uses 
an optically isolated, MOSFET
based relay for hookswitch, dial
pulse, or loop-start switching with a 
bidirectional optocoupler for ring
ing-current or loop-current detec
tion. The relay portion switches volt
ages up to 350 V peak ac or de and 
passes loop currents up to 120 mA. 
Call for pricing and free samples. 

CP Clare Corp. 
Solid State Products Div. 
8 Corporate Place 
107 Audubon Rd. 
Wakefield, MA 01880 
(617) 246-4000 
.... CIRCLE813 

T SOLID-STATE RELAY 
SWITCHES UP TO 530 V 

Line voltages of up to 530 V rms can 
be switched directly to high-power 
loads by the 53TP Series three-phase 
solid-state relays. Models are avail
able to handle 25- or 50-A loads under 
an ac or de control signal. The relays 
replace electromechanical contac
tors, particularly where high inrush 
currents and frequent operation can 
burn contacts. An input-status LED 
indicator shows the presence of con
trol signal. Call for pricing and deliv
ery information. 

Crydom Co. 
6015 Obispo Ave. 
Long Beach, CA 90805 
(800) 8-CRYDOM 
.... CIRCLE814 

T RUGGED KEYPADS 
WITHSTAND CONTAMINANTS 

Wet, dirty, or otherwise harsh condi
tions won't affect the Storm 700 and 
900 Series of keyboard modules. The 
silicone-rubber modules totally re
sist liquids, dust, many solvents and 
chemicals, and other contaminants. 
They meet NEMA 4 seal standards 
when correctly mounted. The 700 Se
ries is non-illuminated, while the 900 
Series modules are lighted. Four 
sizes are available up to a QWERTY 
36-key model. Call for pricing and de
livery information. 

MGR Industries Inc. 
450 B Industrial Dr. 
Ft. Collins, CO 80524 
(303)221-2201 
.... CIRCLE815 

T SEALED SWITCHES 
SAVE BOARD SPACE 

Pc-board space is conserved by the 
KT Series of sealed, miniature push
button keyswitches. The units mea
sure 0.112 in. tall by 0.250 in.2 and in
corporate a seal that withstands sol
dering and washing. Switch function 
is SPST, normally open, and momen
tary. Actuator buttons may be flush 
or up to 0.100 in. tall. Ratings are 
from low level to 1 VA maximum at 
50 V ac or de maximum. Prices start 
at $0.52 in lots of 1000. Delivery is in 
four to six weeks. 

C&K Components Inc. 
15 Riverdale Ave. 
Newton, MA 02158-1082 
(617) 964-6400 
... CIRCLE 816 



T RF;. DATA INTERCONNECTS 
INllLUDE TWINAXIALS 

A full line of twinaxial and BNC con
nectors, D-subminiatures in stan
dard and pc-mount versions, and 
IBM banking systems, terminators, 
and accessories are covered in the 20-
page Handbook CL-012. The catalog 
supplements the company's full-line 
catalog # 120 and is geared toward 
OEMs, data installers, and the com
mercial market. 

Manhattan Electric Cable Corp. 
1 Station Plaza 
Rye, NY 10580 
(800) 228-MECC 
ll>CIRCLE817 

T CABLE PRODUCTS 
COVERED IN BROCHURE 

Information on high-performance 
specialty cable families and the inte
grated, controlled processes that 
produce them is offered in brochure 
# 82885. AMP Inc.'s Precision Cable 
Division supplies transmission cable 
with Teflon insulation; shielded ca
ble with wrapped foil, folded foil, or 
copper braid; micro and mini coaxial 
cable; and more. In-house manufac
turing ensures high cable quality. 

AMP Inc. 
P.O. Box3608 
Harrisburg, PA 17105-3608 
(800) 522-6752 
ll>CIRCLE 818 

T RACKMOUNT CHASSIS 
FILL 24-PAGE CATALOG 

Ready-to-ship rackmount chassis 
drawers in 28 combinations of seven 
EIA heights and four standard 
depths come in dozens of configura
tions that make it easy to customize 
your packaging requirements. The 
products are detailed in a 24-page, 
full-color catalog replete with draw
ings, dimension tables, complete 
specs, application information, and 
design guides. 

Techmar Corp. 
5420McConnellAve. 
Los Angeles, CA 90066 
(800) 832-4627 
ll>CIRCLE819 

scribes three FMDC lines in terms of 
customer benefits, compatible oper
ating mechanisms, and compliance 
to automotive and industrial require
ments. The color catalog features a 
16-page technical data insert detail
ing specs, accessories, compatibility, 
and ordering information. 

Rittal Corp. 
3100 Upper Valley Pike 
Springfield, OH 45504 
(800) 477-4000 
ll>CIRCLE820 

T FIBER-OPTIC CATALOG 
SERVES DATACOM NEEDS 

A 72-page color catalog aids engi
neers, network designers, distribu
tors, and end users in selection and 
placement of fiber-optic cables serv
ing the data-communication, broad
cast and CATV, and control and in
strumentation markets. The catalog 
covers the company's full line of fi
ber-optic products including assem
blies for FDDI, cables, and the Su
perLite line of hybrid cables. 

Belden Wire and Cable 
P. 0. Box 1980 
Richmond, IN 47375 
(317) 983-5200 
ll>CIRCLE 821 

T 160-PAGE SOCKET BOOK 
MEETS PLUG-IN NEEDS 

A full line of sockets and adapters, 
including those for DIPs, SIPS, and 
PGAs, as well as zig-zag and decou
pling-capacitor sockets, is detailed in 
the 160-page Catalog No. 10. The cat
alog neatly divides products into ap-

T ENCLOSURE-SYSTEMS BOOK plication areas such as DIP and SIP 
SPECIFIES USER BENEFITS sockets, board-to-board types, PGA 

A broad line of flange-mounted dis- sockets, adapters, and terminals. Di-
connect enclosure systems is cov- mensional diagrams are included for 
ered in the FMDC enclosure-systems all products. The company's custom 
catalog. The eight-page brochure de- capabilities are covered in a "Design 

Your Own Terminal" section. 
A dvanced Interconnections 
5Energy Way 
P. 0. Box 1342 
West Warwick, RI 02893 
(401) 823-5200 
ll>CIRCLE822 

T CIRCULAR CONNECTORS 
DISCONNECT QUICKLY 

A 100+-page catalog of quick-dis
connect circular connectors includes 
the mechanical-keying B series and 
hermaphroditic-keying S series. The 
catalog covers single-contact, multi
contact, and mixed-contact types. 
Part numbering and specifying 
guidelines are included, as are full 
specifications, illustrations, and 
technical drawings. 

LEMO USA Inc. 
P. 0. Box 11488 
Santa Rosa, CA 95406 
(800) 444-LEMO 
ll>CIRCLE 823 

T PRESSURE CONNECTORS 
FOR FLEXIBLE CIRCUITS 

Literature is available describing the 
Invisicon pressure connection sys
tem, which creates demateable con
nections for flexible circuits. The 
system provides the high contact 
density and controlled characteristic 
impedance required for use in high
density and high-speed digital appli
cations. The pressure-mated pad 
connections are used for solderless 
mating and demating of flex-to
board, flex-to-flex, and multichip
module-to-board connections. 

Rogers Corp. 
Flexible Interconnections Div. 
2001 W Chandler Blvd. 
Chandler, AZ 85224 
(602) 963-4584 
ll>CIRCLE 824 

T FULL-LINE CATALOG 
COVERS MORE CONNECTORS 

The # 920 full-line catalog from Mo
lex is 20% larger than the previous 
edition with more coverage of fiber
optic, telecom, and SIMM-socket 
products. With over 35,000 devices 
covered, the catalog is bursting with 
descriptions, specs, and photos. 

Molex Inc. 
2222 Wellington Ct. 
Lisle, IL 60532 
(708) 969-4550 
ll>CIRCLE 825 
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NOW TAKING OFF-MAX EPLA 
The 40 MHz PLD with 
Gate Array Capacity cloud gate array solutions. You save even more in design-in 

time with MAX's PC-based development kit, which enables 
you to have a programmed solution in hours, not months. 

MAX®EPLD 
Architecture allows 

fu!/ utilization of 
7,500 gates. 

FPCA!Cate Array 
Architecture: prepare 

for lots of delays (speed 
depends on routing). 

If you want PLD design convenience with 
the density of FPGAs or gate arrays, Cypress 
has the best way to get you there without 
delay: our new MAX CY7C341 EPLD. 

MAX 341 's exclusive Logic Array Block 
(LAB) architecture always affords you the 
shortest interconnect path. Data glides 
between the 12 LABs with a singular, 
predictable interconnect delay. Count on 
full, 7,500 gate utilization, with no drop-off 
from MAX's 40 MHz performance. And MAX 
34l's nonvolatility and built-in security bit 
give you extra safety and stability. 

Since MAX 341 is a field-programmable 
EPLD, you cruise above the NREs that can 

*Jn Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270. 
In Asia, fax to the above dept. at l (415) 961-4201. © 1992 Cypress Semiconductor, 
3901 North First Street, San Jose, CA 95134. Phone l (408) 943-2600, TELEX: 821032 
CYPRESS SNJ VD, TWX: 910-997-0753. MAX is a registered trademark of Altera Corporation. 

Catch the entire MAX family of 28-, 44-, 68- and 84-pin 
devices in both (erasable) windowed ceramic or plastic 
packages. Call the Cypress hotline today for your free MAX 
information, including brochure and Data Book. Our Field 
Applications Engineers are ready to show 
you how MAX 341 can make your designs fly. 

FREE MAX INFO HOTLINE: 
1-800-858-1810* 
Ask for Dept (31. 



PRODUCT INNOVATION 

DATA TRANSFERS OF 500 MBYTES/S ARE POSSIBLE As 
AN OVEL DRAM ARCHITECTURE AND Bus RuN AT 

250 MHz WITH 600-MV LOGIC LEVELS. 

MEMORY-CPU INTERFACE 
SPEEDS UP DATA TRANSFERS 

[ 
a,f[ Seri 

da 
in 
la 

r 

(a) 
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DAVE BURSKY 

mproving the throughput of today's high-end microprocessors 
now depends as much on the external memory subsystem as on the 
processor itself. This is due, in part, to the implementation of su
perscalar and superpipelined architectures that rely on primary 
on-chip caches to keep the processor busy. But keeping the internal 
cache filled is the task of off-chip secondary caches or other high
speed memory subsystems. Most of those subsystems employ 
TTL/CMOS-compatible buses over which they move the data at 
rates of up to about 50 MHz. 

CPU 

Processor 

Serial 
data 

]om[ RDRAMO J •••••l 
ll J 

However, signals on standard TTL-level (or CMOS) buses-even on buses 
that tightly control their impedance when operating at high speeds-pro
duce lots of ground-bounce noise and ringing. This tends to limit bus trans

fers to about 50 MHz. The smaller 
swing and controlled-impedance lev

RDRAM 31 J 
T IJ > Bus dala0•8 ~ 

·~ Receive clock 
Transmit clock 
~erence g Ground (Bl 
Voo(5l 

el of buses employing ECL lets buses 
transfer data at speeds of several 
hundred megahertz. However, pow
er consumption levels soar on ECL 
buses due to the non-saturating na
ture of ECL circuits. System costs 
also increase along with the need for 
more-expensive ceramic packages, 
cooling subsystems, and larger pow
er supplies. 

One Rambus memory module 
~-------'-~! _______ _ :: ffl: I I 1

1 I I 
, . I I .----~----. I 
1ransce1ver 1 1 Transceiver 1 

I I 

Rambus 

11. UP TO 32 dedicated Rambus-compatible RD RAMs can be connected directly to the 
CPU in a combination parallel bus and daisy-chain scheme (a). Alternatively, up to 32 
RD RAMs can be grouped into a module, and up to 10 modules can be plugged into one 
Rambus (b). 

By taking advantage of a small 
logic swing (just +300 m V centered 
around a 2-V reference level), de
signers at Rambus Inc. created a 
unique DRAM architecture that in
terfaces to a very-narrow controlled
impedance chip-to-chip memory in
terface bus. The bus, known as the 
Rambus Channel, is implemented 
with CMOS circuits mounted on 
standard pc boards, yet can operate 
at clock speeds of 250 MHz and deliv
er 500 Mbytes/s. Byte-sequential 
data transfers are performed over 
the bus using both the leading and 
falling clock edges of timing signals. 
The timing, protocol-handling, and 
other logic signals can either be gen-

ELECTRONIC DESIG N IEII 
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erated by bus-master logic embed
ded in a host CPU, or integrated into 
a custom bus-master control chip. 
Such high-speed system buses can 
greatly accelerate CPU perfor
mance, or find a home in graphics 
subsystems. 

In addition to the timing-genera
tion, protocol-handling, and bus-in
terface circuits that must be includ
ed in the host logic, dedicated circuit
ry must be included in the memory 
chips. To make those memory chips 
widely available, Rambus tied in 
with several of the world's largest 
semiconductor manufacturers, who 
will supply the Rambus-compatible 
DRAMs (RD RAMs), as well as ASIC 
and off-the-shelf bus-interface sup
port circuits. The company will also 
license the bus concept (patents and 
circuitry) and protocol to companies 
wishing to incorporate the bus into 
their commercial or proprietary 
products. 

The length of the Rambus signals 
(board traces) is limited by the inter
relationship of the speed of electron 
movement through the traces, the 
electrical distance, and the 2-ns clock 
period. As a result, designers can use 
up 32 discrete RD RAMs, or up to 10 
special Rambus-compatible modules 
in the expandable format (Figs. la 
and 1 b, respectively). Each RDRAM 
is a complete memory subsystem 
with decoding and refresh logic, as 
well as Row Address Strobe (RAS) 
and Column Address Strobe (CAS) 
control on the chip. Multiple Rambus 
interfaces can be incorporated into a 
system to provide multiple data
transfer channels. 

The controlled-impedance Ram
bus interface on the RDRAMs con
tains 32 pins: 16 are active, eight for 
grounds, five for power, and three 
are not yet defined. Of the active 
lines, there are nine data lines (eight 
for actual data and one that can be 
used for parity), two clock lines (one 
for transmit, one for receive), a logic 
reference voltage, two bus-control 
lines (Bus Control and Bus Enable), 
and Serial Input and Serial Output 
lines. The serial I/O lines are inter
connected in daisy-chain fashion to 
form a ring with the CPU or other 
host logic. All RD RAMs, regardless 

IEilJE L 

HIGH-SPEED 
MEMORY BUS 

• Transfer-count decrementer with 
"transfer complete" detection 

• Column·address·slrobe incrementer 
•Refresh interval counter (2 bits) with 

refresh request logic 
• Refresh row incrementer with wrap 

·around detection 
• Row-address-strobe interval counter 
• Write-mask generator 
• Read and wrtte pipeline registers 
•Current row valid (left and right) with 

.. row htt" logic 
•Device ID register (2 bits) with "hit" logic 

Rambus RDRAMs 

~ 

Memory core (4 Mbits with parity) 

Column interface 

Registers, counters , 
and status generation 

High-speed interface 

(a) 

• Clock (PLL, drivel ... ) 
•Framing logic 
• State machines tor read/Write 

memory and registers 
• Collision detection 
• Refresh prescaler 
•Reset and inttializalion logic 
• Timing·pulse generation for Rambus 
interface (paciet latch, output drive) 

• Current control 

•Serial-to-parallel conversion 
• Parallel·to·serial conversion 
• Input and output buffers 

1-of·9 data path 

Socketfor 
Rambus RDRAMs 

co 

ASIC 

(b) 

2. IN EACH RAMBUS-COMPATIBLE RDRAM,specialclockandcontrol 
blocks were added to handle the Rambus interface and protocol. Additional circuitry in each 
bit·line interface performs the serial·to-parallel and parallel·to-serial conversion needed for 
high-speed data transfers (a). A typical RD RAM module that contains up to 32 RD RAMs and 
a transceiver chip can plug into a Rambus "motherboard," which hosts up to 10 modules, 
for a total capacity of 160 Mbytes, using 4.5-Mbit RDRAMs (b). 

ECTRONIC DESIGN 
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of density or manufacturer, are com
pletely compatible, thanks to the pin 
and bus definitions. 

A 250-MHz clock signal is trans
mitted around a loop formed by the 
bus master (typically a host proces
sor or logic circuit) and the memory 
chips or modules that act as slaves. 
Data can be transferred over the 
Rambus data lines at 9 bits every 2 ns 
by employing both the leading and 
trailing clock edges. Slaves transmit 
data along with the clock-to-master 
signal, and receive data in conjunc
tion with the clock-from-master sig
nal. The clock signal can either be 
generated by the master or by an ex
ternal source. 

Data and clock signals travel in 
the same direction, with propagation 
speeds carefully matched. Clock 
transitions take place at the midpoint 
of data. An on-chip phase-locked
loop (PLL) phase detector has ex
tremely tight phase jitter and offset, 
permitting the circuits to handle the 
precision timing requirements. 

The first Rambus DRAM that will 
be offered contains 4.5 Mbits of stor
age split into two 256-kword by 9-bit 
banks, with each bank containing 1 
kbyte of sense amplifiers, which also 
serve as a secondary cache. Each 
DRAM thus contains two cache en
tries and performs very efficient 
cache-line replacement, due to the 
wide bandwidth between the sense 
amplifiers and the memory array. A 
second RDRAM, with a capacity of 
18 Mbits (organized as 2M by 9) is be
ing developed. The chip will have the 
same pinout, a four- or eight-bank or
ganization, and will operate from a 
3.3-V supply. 

HIGH-SPEED 
MEMORY BUS 

tialization logic, timing pulse gener
ation for the Rambus interface, and 
other functions (Fig. 2a). 

The RDRAM is "bit sliced" such 
that each bit-line I/O channel is sub
divided into three subsections: col-
umn interface circuits; various regis
ters, counters and status-generation 
logic; and a high-speed interface. 
The column interface section in
cludes the standard DRAM ele-
ments, such as sense amplifiers , 
write drivers, and column decoders. 
Included in the register section are 
such functions as a transfer counter, 
a refresh interval counter, read and 
write pipeline registers, and more. 
The high-speed interface section in
cludes serial-to-parallel and parallel
to-serial conversion logic, as well as 
I/O buffers. 

One to 32 RD RAMs can be used 
directly on a single RAMbus inter
face, or as many as 32 can be assem
bled into a memory module and tied 
into the Rambus via a dedicated 
transceiver chip that resides on each 
module (Fig. 2b). In each transceiver 
chip there are several PLLs to en
sure proper signal timing, as well as 
retiming logic to restore the proper 
signal relationships. Such logic can 
also be embedded in a custom sys-

Read hit Acknowledge 

Read miss Non·acknowledge 

tern-specific chip. 
A single 4.5-Mbit RDRAM has two 

memory pages and two cache en
tries. As multiple memories are com
bined into a module and multiple 
modules combined in a system, the 
number of cache entries and pages 
increases linearly with the number 
of RDRAMs. A memory subsystem 
implemented with page-mode 
DRAMs might typically yield a hit 
rate of 30% to 40%, while a similar
size system implemented with Ram
bus memories would yield hit rates 
of over 90%. The average bandwidth 
on a system depends on the number 
of reads and writes and the number 
of bytes transferred. For 100 read 
operations of 256 bytes each, the bus 
has a bandwidth of 443 Mbytes/s. 

Although the RDRAMs are con
figured as 512 kwords (or 2 Mwords) 
by 9 bits, with the ninth bit typically 
used for parity, the actual use of the 
ninth bit is up to the system control
ler. Address-mapping registers on 
each RDRAM allow failing chips or 
subsections of a chip to be mapped 
out of the memory space, permitting 
partial RDRAMs to be used while 
still maintaining a contiguous ad
dress space. 

Modules are designed as con-

Acknowledge 

Write hit Acknowledge 

Write miss Non·acknowledge 
Re· issue 
request 

Acknowledge 

After the master broadcasts an ad
dress, the addresses enter the 
RD RAMs and go to an address com
parator that selects the upper or low
er address bank (0 to 255 kbytes, or 
256 to 511 kbytes) of the RDRAM. 
The ability to map the DRAM ad
dresses allows the system architect 
to maximize locality of the cache 
lines and optimize performance. 
Clock and control logic on the chip 
contains the PLL circuitry, framing 13. ALL BUS TRANSFERS for the 4.5-Mbit RDRAM start with a packet request that 
logic, the state machines for reads requires 12 ns. Once the memory chip and bus-overhead operations are completed, data 
and writes, collision detection for the transfers can take place every 2 ns. One to 256 bytes can be transferred during a Read Hit or 
transfer handshake, reset and ini- Miss, or a Write Hit or Miss operation. 
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REPORT SUMMARY 
Has the EDA hardware lllifil reached the 

saturation point? Some users are saying that they 
have purchased all the tools they need !llit hasten 
to add, "give me a tool that shortens my time to 
market and provides mill productivity improve
ments and 1.'.!L.b!.!¥!" 

ETP's new 210 page report, The Impact of 
Top-Down System-Level Design and Logic 
Synthesis on EDA, addresses the shift from bot
tom up to top down systems design. The report 
reveals that the designers using system-level or 
top-down design methodology, residing atthe more 
successful companies such as Apple Computer, 
Hewlett-Packard, and Sun Microsystems, are 
employing high-level description language tools in 
their workstation designs. 

It describes the market niche being created 
for top-down design tools, with this segment grow
ing at a much faster rate than the CAE/CAD market 
as a whole. Top-down design tools are growing at 
nearly 50% per year over the five year forecast 
period - compared to a 13% growth projected for 
the CAE/CAD tool market in 1992! The report 
forecasts the top-down design tool market to grow 
from $175 million in 1991 to $720 by 1995. 

The report describes to design and product 
managers the current state of development of top
down system-level design tools and logic synthe
sizers. It also provides better insight into which 
tools are real and which are "hype" and what are 
the limitations of these tools in actually carrying out 
a complete design. 

Secondly, for the reader interested in ]QgiQ 
synthesis, this report will bring him up to date with 

the latest developments in logic synthesis since its 
1988 market debut. Tools that synthesize logic 
from VHDL and Verilog (high-level language de
scriptions) are covered in this report. 

The report examines how successful syn
thesis suppliers have done in their effort to take 
market share from Synopsys and their HDL prod
uct. 

Chapter 5 deals with synthesizing program
mable logic. It focuses on how and where CAE/ 
CAD tool vendors are hoping to provide top-down 
tools. These tools will create netlists that can be 
implemented in the programmable devices in a 
further attempt to speed products to market! 

Chapter 6 profiles twenty-one major ven
Q.Qrs and how they are managing in the competi
tive market environment. 

Order the report now and get the latest on 
this new growth EDA market - 1-800-726-6858. 

System Level Design 120 

Tools Market 
($Millions) 

·-----------------------· I 0 YES! Please send_ copy/copies at $995 (extra copies are $250 each) I 
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I 4. TO TIE A SYSTEM into the Rambus, designers can either create a "bridge" chip that ties into a standard host chip, such as an 80486 
CPU (a), or create a custom host chip that has one or more Rambus interfaces as well as a standard interface bus (b). 

trolled-impedance environments and 
are physically about 1.2-in. wide, 0.5-
in. thick, and from 1- to 4-in. long, de
pending on the number of RD RAMs. 
A single Rambus Channel can ex
tend about 10 cm (less than one clock 
period) and requires a minimum of 
four layers on the pc board to achieve 
a bus impedance of 50 n +10%. Com
plete descriptions of the board lay
out and material were developed by 
Rambus to ensure system operation 
at the high clock rates while using 
standard pc-board material (FR-4) 
and 8-mil +1-mil trace widths. 

Up to 10 modules can reside on one 
Rambus Channel for a total capacity 
of 160 Mbytes (using the 4.5-Mbit 
RD RAMs), and 640 Mbytes when fu
ture 18-MbitRDRAMs become avail
able. The RDRAM chips are housed 
in special 32-lead edge-mount pack
ages that are 950-mils wide by 460-
mils high and just 47-mils thick. The 
package was also submitted to the 
Electronics Industry Association of 
Japan (EIAJ) for standardization ap
proval, as well as to the JED EC stan
dards committee. 

When the host requests data or 
wants to write data, it sends a Re
quest Packet command to the 
RD RAMs. It then reads or writes up 
to 256 bytes. The protocols for the 
various conditions, such as Read 
Hits and Misses, or Write Hits and 
Misses, are similar (Fig. 3). A packet 
request requires 12 ns, and depend
ing on the action necessary, any
where from 4 to 208 ns of delay be
fore data starts moving across the 
bus. Data then moves across the bus 

E L E 

at 2 ns /byte. Request Packet se
quences consist of six consecutive 
bus transfers that supply the 
RDRAMs with the operation to be 
done, the address (up to 36 bits), the 
byte count, and some additional con
trol information. The RDRAMs re
ply first with an Acknowledge Pack
et signal on the two control lines 
when a data hit occurs (data is in the 
cache). If a cache miss occurred, the 
Acknowledge Packet response is de
layed until the cache is refilled with 
the requested data. 

The high response speed of the 
Rambus subsystem allows the 
RD RAMs to actually replace second
ary caches, since hit rates can exceed 
95%. For the 4.5-Mbit chips, when a 
cache hit occurs during a Read Re
quest, just 36 ns are needed to start 
reading the data (from the end of the 
request signal). A Read Miss re
quires about 200 ns for data to start 
flowing, a Write Hit needs just 4 ns, 
and a Write Miss requires about 170 
ns for data to start moving. The 
forthcoming 18-Mbit RDRAM will 
permit even faster response times. 

When implementing a system with 
the Rambus features , many archi
tectural options are available, de
pending on whether or not the host 
chips include the Rambus interface. 
If they don't, then a "bridge" chip 
can be implemented. The bridge chip 
can tie a CPU like an 80486 to the 
Rambus memory subsystem by inte
grating a micro-cache on-chip along 
with a local CPU interface and the 
Rambus protocol and physical-layer 
interface (Fig. 4a). An alternative 
CTRONIC DESIG 
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would be to have the bridge generate 
the local bus interface. That offloads 
the CPU's local bus, improving CPU 
timing margins. 

Additional chip area can be allocat
ed for application-specific needs, 
such as a high-performance graphics 
controller. A combination of gate ar
ray and standard-cell techniques can 
be used to quickly create multiple ap
plication-specific versions. In a 1-µm 
process, the physical-layer interface 
requires less than 7 mm2 of silicon. A 
62.5-MHz crystal provides the timing 
signals for all bridge logic, except 
for the specialized Rambus inter
face , which picks up the 250-MHz 
Rambus clock generated by an on
board or external synthesizer. The 
Rambus interface can also accept 
other frequencies thanks to a unique 
internal synchronizer. 

The same functiona lity t hat a 
bridge chip could incorporate can 
also be embedded in a custom proces
sor (Fig. 4b). The host chip could in
corporate both Rambus and stan
dard CPU bus interfaces, allowing 
the host chip to tie into standard com
ponents, as well as the Rambus-spe
cific devices . By incorporating a 
small pref etch buffer (as little as 64 
bytes) in the primary cache, the sys
tem can deliver performance equiva
lent to a system with a large second
ary cache. 

Although the Rambus interface 
employs a reduced-voltage swing, 
the high clock rates still cause the 
bus to dissipate a significant amount 
of power when it's active. To mini
mize the power drain, four different 
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NO ONE ELSE 
HAS THE GUTS 

TO RUN 
THIS AD. 

Star Printer Mechanisms. 
The only choice for the long run. 

When it comes to selecting a 28 or 40 
column dot matrix printer mechanism, there's 
only one name to turn to: Star. For lots of 
good reasons. 

Reasons like a bidirectional 9 wire 
printing head with multiple copy 
capabilities. And high speed 
graphic capabilities that are 
second to none. Plus, you can 
choose from options like an auto 
cutter and various paper widths. 

Star Printer Mechanisms. 
Built to stand the test of time. 

IL ~ 
~~@kv-
m1cron1cs 
OEM DIVISION 

Call For Details 1-800-STAR OEM • IN NJ (908) 572-9512 

CIRCLE 106 FOR U.S. RESPONSE 
CIRCLE 107 FOR RESPONSE OUTSIDE THE U.S. 

HIGH-SPEED 
MEMORY BUS 

operating modes are defined for the 
bus-power-down, standby, active, 
and access. In the active mode, only 
the RDRAM containing the data is 
accessing its column sense amplifi
ers, and reading or writing data go
ing to or coming from the data bus. 

In the active mode, all elements 
are active, while in the standby 
mode, the DRAMs wake up when the 
starting bit is received and begin de
coding the request packet. On stand
by, the DRAMs are inactive and only 
the PLLs and refresh circuits are 
functioning. Dissipating the least 
amount of power of all modes is the 
power-down mode, in which all cir
cuits are turned off. In a typical Win
dows frame-buffer application em
ploying 4.5-Mbit RDRAMs, peak 
RDRAM power runs 590 mW to 1.12 
W. Power levels will be further cut 
when the 3.3-V version of the 18-Mbit 
chip is used. D 

P RICE AND AVAILABILITY 
The Ram.bus interface can be licensed by 
semiconductor or system manufacturers 
wishing to incorporate the bus into chips 
they design. No fees or royalties are paid 
by system designers using RDRAMs or 
Rambus-compatible AS/Cs, or off-the
shelf Rambus products. In production 
quantities, the 4.5-Mbit RDRAM will prob
ably cost slightly more than its 20%-per-bit 
die overhead over standard similar-densi
ty DRAMs. A host-specific bridge circuit, 
customized host chip, or graphics control
ler can be created using ASIC tools and 
programmable logic or gate-array ap
proaches. Contact Fujitsu, NEC, and To
shiba/or their respective product plans re
garding 4.5- and 18-Mbit memory intro
ductions, as well as for ASIC cells or off 
the-shelf chips. 

Rambus Inc., 2465 Latham St., Moun
tain View, CA 94040; Dave Mooring, (415) 
903-3800. CIRCLE 515 

Fujitsu Microelectronics Inc., IC Div., 
3545 N. First St., Bldg. 1, San Jose, CA 
95134-1804; Charlie Sha/ton, (408) 922-
9825. CIRCLE 516 

NEC Electronics Inc., 401 Ellis St., MIS 
MV4572, P.O. Box 7241, Mountain View, 
CA 94039-7241; Hank Bardsley, (415) 965-
6356. CIRCLE 517 

Toshiba America Electronic Compo
nents Inc., 9775 Toledo Way, Irvine, CA 
92718; Linda Malstrom, (714)455-2000. 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE518 

CIRCLE 
567 
568 
569 
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PRODUCT INNOVATION 

ROLL YOUR OWN HIGH-END 
ANALOG ICS 

ANALOG ARRAYS 
0FFERHIGH

PERFORMANCE 
ATTRIBUTES, 

SucH As SPEED, 
BANDWIDTH, 

AND PRECISION 
FUNCTIONS. 

FRANK GOODENOUGH 

riven by a myriad of applications, complementary-bipolar 
semiconductor processes now dominate in the fabrication 
of fast/high-frequency analog I Cs. Though developers of 
such processes know who will use the first ICs made on 
those processes and for what purpose, the path to final
chip definition and the time required to get the I Cs on the 

market varies with each customer. 
One approach is to let the customer drive product development. The cus

tomer designs a semicustom analog array specifically to fabricate on the new 
process. The array thus becomes a tool for in-house designers to reduce 
prototyping time for new standard-product I Cs. In the hands of customers, it 
can quickly create a broad customer base, and indicates what products are 
needed by specific markets. 

Now, AT&T and Raytheon have each chosen an array to showcase new 
complementary-bipolar (CB) processes. Both offer the IC designer npn and 
pnp transistors with multigigahertz fts . AT&T's 6-V CBIC-V process pro
vides npn transistors with a double-digit ft of 10.2 GHz, and pnp transistors 
with an ft of 4.8 GHz. Raytheon's 10-V CB process offers npn and pnp transis
tors with fts of 4 and 2.5 GHz, respectively. AT&T's process provides design
ers with the ALAllO analog array, while the Raytheon CB process offers the 
PClOl analog array. 

Although designers at AT&T have long had access to fast CB processes, 
=~~~~~='"Eiiil!= this is Raytheon's first. In many respects, Raytheon's process, 

1
1. A COMPLETE ANALOG"systemonachip" 
can be built with Raytheon's PC101 analog array. It 
consists of 16 symmetrical and identical tiles, each with 24 
npn and 16 pnp transistors. Each tile has general-purpose, 
precision, and high11peed/wideband macros. 

E L E C T R 0 

available on a family of arrays, is similar to AT&T's four-year
old, 12-V CBIC-U process whose npn and pnp transistors fur
nish fts of 3.5 and 2.7 GHz, respectively. 

DEFINING DIFFERENCES 
Structurally, AT&T's and Raytheon's arrays differ signifi

cantly. However, their applications (the markets they aim for) 
and many of the basic circuit functions they will host are simi
lar. In addition, both come with powerful macros reflecting 
those functions (see the table). All of the macros have been in
tegrated, tested, and characterized. They range from high
speed/wideband op amps and comparators to special-purpose 
video, communications, and ATE building blocks, the latter 
three indicative of their targeted markets. Over the next few 
months, AT&T will announce a family of high-performance 
standard products built on the array with these macros. 

Raytheon's 12,600-mils2 PClOl array employs a tile architec
ture (Fig. 1). Each of its 16 identical tiles contains 24 npn and 18 
pnp transistors of various sizes, for a total of 384 npn and 288 
pnp transistors. All but six of the smallest transistors of each 
type are Schottky-clamped. AT&T's 6400-mils2 ALAllO array, 
on the other hand, distributes the transistors symmetrically 
about the chip's center line over the die (Fig. 2) . The ALAllO 
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contains 51 npn and 48 pnp transis
tors of various sizes, with the small
er devices on the left for low-level in
put stages, medium-sized devices in 
the center, and large driver and out
put transistors on the far right. Five 
groups of cross-coupled npn/pnp 
transistor pairs with common cen
troids are provided for gain stages. 
Chip symmetry minimizes thermal 
gradients and other parasitics. 

The AT&T array is designed to 
build high-speed and wide-band
width small-scale-integration analog 
I Cs, like chips containing one op amp 
or video amplifier, or a high-speed 
comparator. Alternatively, a chip us
ing the array might contain several 
matched complementary transis
tors, several high-speed current 
sources with active loads, and a fast
settling, precision reference. 

In contrast, Raytheon's array puts 
a complete pc-board system or sub
system on one chip. Most typical sys
tems need slower general-purpose 
and precision circuits, as well as 
those offering speed and/ or band
width. Such an IC will take advan
tage of the speed offered by the pro
cess, as well as its speed-power prod
uct and its small transistors, both 
also functions of the process' fine ge
ometry. Many circuits designed on 
the process will be general-purpose, 
or precision, analog building blocks 
with significant performance at low 
power. A typical IC might contain a 
dozen general-purpose op amps, two 
precision op amps with an offset volt
age under 1 m V, and several 160-
MHz current-feedback op amps, all 
of which are available in macros. 
While most macros occupy only one 
tile, Raytheon crammed two gener
al-purpose op amps onto a single tile, 
and expects to raise that to four. 

The 16 tiles on Raytheon's array 
are arranged symmetrically on the 
chip. Each tile has its own axis of 
symmetry to minimize parasitics and 
thermal gradients. The smaller tran
sistors are located at the bottom of 
each tile and the larger ones at the 
top. Two large Schottky diodes and 
two programmable 1-pF-maximum 
MOS capacitors are located in the 
center of each tile. The "bright" ca
pacitors are metallized (pro-

llIIE 

UHF COMPLEMENTARY 
BIPOLAR ANALOG ARRAYS 

FUNCTIONS AND PERFORMANCES FOR AT&T 
AND RAYTHEON ANALOG ARRAYS 

AT&T ALA100 

Macro function 
High-frequency active load 
Wideband buffer 
EGL-compatible ± 5-V and 

single-supply comparators 
with and without latches 

Dual/single-supply 
100-200-MHz low-power op amp 

Dual/single-supply 
500-MHz op amp 

Dual/single-supply 
wideband buffer 

Dual/single-supply 
transimpedance amplifier 

High-speed analog 
multiplexer 

RAYTHEON PC101 

Macro function 
Single/dual-supply 

general-purpose op amp 
Dual-supply, 

precision op amp 
Single/dual-supply 

50-!1-drive op amp 
Dual-supply 160-MHz 

current-feedback op amp 
Ultra-fast buffer 

Dual-supply general-purpose 
comparator 

Single/dual-supply 
precision comparator 

Dual-supply, EGL-output 
comparator with latch 

Single supply 1.23-V 
bandgap reference 

Other fast/wideband macros 

Specification 
Source/sink 1 mA at 1 GHz/30 mA at 750 MHz 
Output settles to within 0.01 % in 200 ns 
1-ns propagation delay, 8-bit accuracy, 
70-ps dispersion, 50-ps overdrive variation 

(available as a standard product) 
100-mW power dissipation at 200-MHz bandwidth 

(available as a standard product by mid-1992) 
250-mW power dissipation at 500-MHz bandwidth 
Settles to within 0.01 % in 15 ns 

(available as a standard product by mid-1992) 
1-ns rise and fall time, 750·MHz bandwidth 

(available as a standard product in the fall of 1992) 
500/750-MHz 3-dB bandwidth 

(available as a standard product in the fall of 1992) 
750-MHz bandwidth, 60-dB off-state isolation 

(available as a standard product in the fall of 1992) 

Specification 
0.5-mV offset, 70-dB open-loop gain, 4-to-25-

MHz user-set bandwidth, settles to within 0.1% in 100 ns 
300-µVoffset, 100-dB open-loop gain, 5-MHz 

bandwidth, settles to within 0.1 % in 1 µs 
Puts ± 3 V across 50 n. 5-mV offset, 60·dB 

open-loop gain, 35-MHz bandwidth 
5-mVoffset, 1400-V/µs slew rate, settles to 

within 0.1% in 200 ns 
Puts ± 4 V across 4 n. slews at 3000 VI µs, 

± 0.5-dB full-power bandwidth of 200 MHz 

2-mV offset, 25-ns-response-time comparator 

300-µVoffset, 40-ns response time 

5-mV offset, 2-ns response time 

20-ppm/'G temperature coefficient 
Synchronous demodulator, AGG circuit, sampling amplifiers 

grammed); the darker ones are not. 
The long, thin stripes at the top and 
bottom of each tile are precision thin
film resistors (Fig. 1, again). 

+l.4% and have TCRs of -200 ppm/ 
°C. A large selection of programma
ble capacitors with metallization are 
available, including those along the 
die's edges for power-supply bypass
ing. The array has 16 bonding pads. 

Current gains, or betas, for the 
ALAllO's npn and pnp transistors 
typically run over 100 and just under 
50, respectively. Both types of tran
sistors come in four sizes, with oper
ating currents ranging from less 
than 1 mA to over 30 mA, depending 
on current output, current gain, and 
frequency response required. 

The ALAllO's over 250 implanted 
resistors range in value from 25 n to 
10 kn , with absolute accuracy from 
+20 to ±40%. Adjacent devices 
match within ±1%, and while match
ing, feature a temperature coeffi
cient of resistance (TCR) of about 
1200 ppm/°C. For greater precision, 
approximately 14% of the die is avail
able for the deposition of laser-trim
mable, tantalum-nitride resistors . 
Untrimmed devices match within 
LEC TRO NIC DES 

Current gains for the PCl Ol's npn 
and pnp transistors on each tile usu
ally run 80 and 30, respectively. Both 
transistor types come in three sizes. 
Typical operating currents range 
from less than 1 mA to over 15 mA, 
again depending on current output, 
current gain, and freq uency r e
sponse required. The array's six 
complementary pairs of large tran
sistors can be used as low-noise input 
or high-current output devices. Addi
tional devices on each tile include 2 
Schottky diodes, 2 user-definable 
MOS capacitors, 12 diffused resis
tors, and 13 user-definable, thin-film, 
silicon-chromium resistors. The ar
ray has 48 bonding pads. 

To the user, the macros may well 
I G N CIRCLE 242 FOR U.S. RESPONSE -+ 
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GET IN OUR 



fACE. 

A great face can open a lot of doors. Ours will take you into a world of digital oscil-

loscope technology that until now has existed only in the maddening pages of some 

instruction manual. You'll find this face on every TDS scope we make. lntuitive, 

affordable scopes so easy to use, you'll feel like a digital expert whatever your back-

ground. Tektronix. When it comes to digital scopes, we've put on a whole new face. 

Now all you have to do is get in it. 

Tektronix 
h st and Measurement 



Go AH110. PULL THI TRIGGIR ON · 



IHI LITTLI RUNT. 

Our new TDS 620 and TDS 640 digital oscilloscopes make triggering so easy, it's just like target practice. 

See, with an extraordinary sampling rate of 2 GS per second on all 4 channels at once, you can get a 

precisely detailed look at what you're aiming at. And with the ingenious TDS user interface and application-

specific icons, you can now quickly access nearly a dozen extended trigger functions, including runt logic 

and glitch. Better still, either model is available for a price noticeably lower than any competitive scope. 

The undeniably accurate, remarkably affordable, intuitively trigger-happy TDS 600 Series digital 

scopes from Tektronix. Without a doubt they'll make your day. TALKmTEK/1·800-426·2200 EXT. mS7 

Tektronix 
h st and Measurement 



FACE IT. WITH TODAY'S FASTER SYSTEMS, YOU'VE GOT A 



lDT lESS fOR ERROR. Andthat'sexactlywhywebuilttheTDS 

820. The digital oscilloscope that's accurate to within 2 PS 
and provides time resolution in femtoseconds. In fact. at 0.40ps 

with a 6 GHz bandwidth, now even the narrowest timing 

margin is nothing to be afraid of. Combine that with the intuitive 

TDS user interface, and applications like device characterization 

require nothing more than the push of a button. Better still, there 

is another aspect of the TDS 8 2 0 that, upon compari-

son with any so-called competitive scope, will ease your toughest 

margin of all: The price tag. TAlK m TEK/1-800-428-2200 EXT. MS7 

Tektronix 
h st and Measurement 



BISIDIS IASI OF OSI, 
WI AlSO CONSIDIRID 
SUITABlE FRAMING. 

At Tektronix, we designed ourTDS Series user interface to be the picture of simplicity. Then, because 

everybody's needs are different, we framed it seven different ways. For instance, besides the TDS 620, 

640 and 820, we also build the TDS 420, 460, 520 and 540. 

On the 2 channel TDS 5 20 and 4 channel 540, you 

get 500 MHz bandwidth and up to 50k record lengths. A single-channel sampling rate of I GS/sec on the 

TDS 540 and 500 MS/sec on the 520-combined with edge, pattern, state, glitch , runt & pulse 

width triggering-greatly simplifies debugging and fault isolation. What's more, both feature built-in 

FFT analysis. Or, for a more economical solution, take a look at the 

TDS 4 2 0 and TDS 46Q First off, they provide up to 

350 MHz across 4 channels, at a cost usually found on 2 channel scopes. They provide video triggering, 

a 30,000 record length, and a sampling rate of I 00 MS/sec. And both feature 5 different acquisition 

modes: sample, peak detect, high-resolution, envelope, and average. Ali of which you'll find amazingly 

accessible thanks to the ingenious TDS user interface. The TDS Series of digital oscilloscopes from 

Tektronix. For more information, don't hesitate. Get in our face. TALK m TEK/1·800·426·2200 EKT. IDS7 

Tektronix 
h st and Measurement 

CIRCLE 300 55W-188593 Copyright© 1992. Tektronix. Inc 



UHF COMPLEMENTARY 
BIPOLAR ANALOG ARRAYS 

~••--- Input stage,---••--il .... •-First gain • I • 
stage 

Biasing stage 
and reference 

• I • S~cond-1- Output stage-J 
gam stage I -

I 2. A SINGLE WIDEBAND/HIGH-SPEED analog circuit, such as a 200-MHz op amp or a 1-ns ECL comparator, can be contained 
within AT&T's ALAllO analog array. The smaller input-stage transistors are located on the left, increasing in size from left to right. 

represent the major features of both 
the AT&T and Raytheon arrays (see 
the table, again). One of the most in
teresting macros is what Raytheon 
calls an 8-channel multiplexed ampli
fier with video bandwidth. Function
ally an 8-input-to-1-output multiplex
er, it consists of eight op amps, each 
connected to its own input but with a 
common output. A three-line address 
input activates one op amp but 
leaves the outputs of the seven oth
ers in a high-impedance state. Unlike 

lation at 1 MHz is 65 dB. 
Both AT&T and Raytheon envi

sion the macros as the basis of a stan
dard-cell library to be used for full
custom I Cs. To this end, Raytheon is 
developing a library of ECL cells, as 
well as a family of video-speed data
acquisition cells. The latter cells in
clude a 10-bit, 40-MHz ADC; a 100-
MHz, 8-bit flash ADC; a 12-bit, 25-
MHz DAC; and a 12-bit-accurate, 50-
ns sampling amplifier.O 

conventional CMOS multiplexers, no PRICE AND AVAILABILITY 
voltage drop occurs across an input Nonrecurring engineering (NRE) cost for 
switch (switching between inputs !Cs built on the AT&T ALA110 array typi-

k cally runs from $30,000 to $50,000, while 
ta es 55 ns). The 3-dB full-power NRE charges for a full-custom chip can 
bandwidth for a +3.5-V output is 50 run to $100,000. Cost of the final !Cs can 
MHz. In the off state, minimum iso- run from as low as $4.00 each to over $40 

each, depending on the testing required, 
volume, specifications, and package. 

NRE cost for chips built on Raytheon s 
PC101 array start at $40,000. Unit price 
depends on ac and de test needs, package 
type, temperature range, and volume. In 
quantities of 5000, typical I Cs from the ar
ray (each capable of replacing a pc board) 
run $25 each. 

AT&T Microelectronics, 555 Union 
Blvd., Dept. 520404200, Allentown, PA 
18103; (800) 372-2447; in Canada, (800) 553-
2448. CIRCLE 519 

Raytheon Co., Semiconductor Div., 350 
Ellis St., Mountain View, CA 94039-7016; 
Harry Gill (415) 966-7655. CIRCLE 520 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
560 
561 
562 
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NEW PRODUCTS 
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FAST, FLEXIBLE DATA AND PULSE GENERATORS 
TEST ADVANCED DIGITAL DEVICES J OHN NOVELLINO 

A
s digital circuits grow in 
speed and complexity, de
signers must look for faster 
and more versatile stimulus 

systems to test those circuits. A pair 
of stimulus sources from Hewlett
Packard's Eoeblingen Instruments 
Div.-the HP 80000 1-GHz data gen
erator and HP 8133A 3-GHz pulse 
generator-aim to fill this need for 
engineers who test high-perfor
mance digital ICs, boards, modules, 
and systems. 

The data generator is a modular 
system that can supply from 4 to 20 
channels (see the figure) . And an 
open architecture allows users to 
easily upgrade the generator as 
needs change and more modules be
come available. Data capabilities in
clude a 16-kbit/channel programma
ble sequence. If required, this se
quence can be recycled with random 
data and a pseudo-random binary se
quence (PRES) for eye-pattern mea
surements. 

The instrument's precision helps 
minimize measurement uncertainty. 
Across all operating frequencies, 
from 10 MHz to 1 GHz, delay accura
cy is within +40 ps, jitter is less than 
20 ps, and skew at the device is less 
than 20 ps. In fact, the HP 80000's 
output quality is comparable to that 
of a pulse generator. Transition 
times (10% to 90%) are less than 200 
ps; levels are accurate to 3% and vari
able to 2.5 v pk-pk into 50 n (5 v into 
an open); and edge placement resolu
tion is 2 ps. Specifications such as 
those should ensure accurate, re
peatable measurements. 

The HP 80000 has an intuitive user 
interface with color pop-up windows 
that that keep the system setup 
transparent. Users can choose from 
a touch screen, a mouse, or a key
board for making timing adjust
ments of several nanoseconds or as 
little as 1 ps. Precise adjustments 
can also be made quickly using a de
mand-sensitive knob on the instru
ment's front panel. 

Designers who must make precise 
parametric measurements on digital 
devices with clock rates from 100 
MHz to 3 GHz will find the HP 8133A 
ideal for the task. The instrument de
livers 1-ps edge-placement resolu
tion, 100-ps timing accuracy, and 
pulse widths of 150 ps to 10.000 ns. 
Rise times (10% to 90%) are 100 ps, 
and jitter is less than 5 ps. Signal ac
curacy is maintained continuously, 
even during frequency changes, 
eliminating the possibility of glitch
es that would corrupt measurement 
results. 

With a delay range of 10 ns at all 
operating frequencies, the HP 8133A 
permits unrestricted timing for tests 
of high-speed technologies such as 
CMOS, ECL, and GaAs. In addition, 
users can choose an optional second 
pulse channel or an optional second 
channel that generates either pulse 
or data. In the data mode, the option
al channel offers a return-to-zero or 
non-return-to-zero format with a 32-
bit programmable sequence or a 223 

PRES. This feature lets users per
form functional tests, delta-time 
measurements, laser critical-pattern 
tests, and eye-diagram tests. 

For multiphase clock simulation, 
users can connect two or three HP 
LECTRONIC DES 
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8133As together to create up to six 
synchronous clock signals. Full tim
ing capability is available on all chan
nels, and phase can be entered direct
ly if required. Users can set up multi
phase clock signals incorporating 
any desired phase relationship. Res
olutions of 0.1° are possible all the 
way to 3 GHz. On initial installation 
of the optional master/ slave cable 
set, the user must perform a one
time calibration of the multiple in
struments using the HP 8133A's des
kew capability. 

Front panel pushbuttons provide 
direct access to all of the pulse gener
ator's parameters. The parameters 
themselves are shown on an alpha
numeric display. When needed, the 
display supplies error messages to 
tell the user the fastest way to cor
rect any improper settings. 

Prices for the HP 80000 data-gen
erator system range from $30,100 
for 4 channels to $77,400 for 20 chan
nels. The HP 8133A pulse generator 
costs from $27,100 to $45,900, de
pending on configuration. Estimated 
delivery for both is within 6 weeks 
after receipt of an order. 

Hewlett-Packard Co., 19310 
Pruneridge Ave., Cupertino, CA 
95014; (800) 752-0900. CIRCLE 457 
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NEW PRODUCTS 
COMPUTER-AIDED ENGINEERING 

TOOL OPTIONS INCREASE FOR 
ANALOG DESIGN ON PC AND MAC 

I ntusoft has several new products 
for analog designers, including a 
graphical Spice schematic-entry 

tool for the Macintosh, passive-filter 
design software, and more than 1000 
new Spice models. In addition, the com
pany' s newly published reference 
book, A Spice Cookbook, details more 
than 100 analog simulation examples. 

SpiceN et provides graphical sche
matic entry and editing for engineers 
working in a Macintosh environment. 
The resulting net lists are compatible 
with any Spice program. The SpiceNet 
program has many features not found 
in any other schematic-entry packages, 
such as display of post-processor wave
forms and node voltages directly on the 
schematic and automatic pin placement 
on subcircuit symbols. SpiceNet is in
cluded with the company's ICAPS cir
cuit simulation system. 

Another new product, FilterMaster, 
helps engineers use a DOS-based PC to 
synthesize low-pass, high-pass, band-

pass, and bandstop LC passive filter 
circuits. Selectable approximations in
clude Butterworth, Chebychev, inverse 
Chebychev, elliptic, and Bessel. After 
the final circuit is generated, Filter
Master can analyze and graph the fil
ter's transmission characteristics. 

Also, a completely updated version 
of PreSpice, Intusoft's Spice prepro
cessing program for the PC and Macin
tosh computers, now offers more than 
1000 Spice models for domestic, Euro
pean, and hard-to-model components. 
Many of the models, such as vacuum 
tubes and fuses, are not commonly 
available from other Spice vendors. 
PreSpice is also included with the 
I CAPS system. 

All of Intusoft's new products, in
cluding the reference book, are ship
ping now. Call Charles Hymowitz for 
information and pricing. 

lntusoft, P. 0. Box 710, San Pedro, 
CA 90733-0710; (213) 833-0710. 

W ;&lfbpl 
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MATH SOFfWARE QUICKLY 
VISUALIZES SCIENTIFIC DATA 

Version 4.0 of Matlab combines 
numeric-computation soft
ware with a family of applica

tion-specific toolboxes and new graph
ics capabilities. With one software 
package, users can analyze and visual
ize data; prototype, analyze, and opti
mize engineering system designs and 
algorithms; create mathematical mod
els and solve systems of equations; and 
perform general engineering and sci
entific computations. 

Features new to version 4.0 include 
sparse matrix support to accelerate 
solving large problems, flexible file 
110 for easy data import and export, 
and debugging tools to ease use of the 
Matlab fourth-generation program
ming environment. In addition, sound 
output provides another method of ana
lyzing data sets, particularly for signal
processing applications. 

The time required by math software 
to compute a solution usually depends 
on the number of elements in the ma
trix defining a system. With the sparse
matrix capability in version 4.0, howev
er, computation time is defined by the 
numb r of non-zero elements in the ma-

trix, greatly speeding Matlab's perfor
mance. Also, Matlab's new graphics ca
pabilities let users more clearly visual
ize computational results than did pre
vious versions of the product. With the 
help of rectangular, spherical, and gen
eral parametric coordinate systems, 
users can create color 3D surfaces, 
mesh plotf, contour plots, scatter plots, 
data trajectories, and images. 

Toolboxes extend the Matlab soft
ware by adding specialized functions 
for particular applications, such as fil
ter and control-system design. The tool
boxes are created by experts in their 
respective fields. 

Matlab version 4.0 will ship by the 
end of this quarter. It will initially run 
under X Windows on DEC, HP, IBM, 
Silicon Graphics, and Sun worksta
tions . In addition, Matlab can be 
networked in heterogeneous environ
ments. Pricing is set at $2995 for a sin
gle-user version. Network licensing 
and quantity and educational discounts 
are available. 

The Math Works Inc., Cochituate 
Pl., 24 Prime Park Way, Natick, 
MA 01760;(508) 653-1415. l@&fft'tll 
• LISA MALINIAK 

There's just one place to go for 
next-generation hybrid performance 

that's priced right, right now: 
Pacific Hybrid. Because now we offer 

unbeatable 2-mil line, 3-mil space 
ceramic multichip module performance, 

thanks to a unique transfer tape 
technology that also improves reliability, 

turnaround time and overall costs. 

So when you're looking for an MCM 
that 's really dense, get smart. Call us at 

1-800-622-557 4 Dept. ED 1. 

~PACIFIC HYBRID 
\AM/ MI CRO ELEC TRO NICS 
~ We do small miracles.N 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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NEW PRODUCTS 

IC SELECTS SENSOR, DIGITIZES OUTPUT, 
PROCESSES RESULTS, FEEDS DISPLAY F RANK GOODENOUGH 

N
ow a designer can have one 
IC designed to select, condi
tion, digitize, and process/ 
calibrate signals from up to 

four sensors and feed the results di
rectly to an LCD display. The results 
can also be sent to a host processor 
via a serial I/ 0 port. From Texas In
struments and called the TSS400, 
this CMOS IC not only contains a 
multiplexer, 12-bit ADC, and 7-digit 
display driver, but an ALU and mem
ory too. 

Aimed at processor-controlled 
sensor-based systems, from porta
ble instruments to autos, the chip 
consumes little power while it moni
tors and processes signals from sen
sors such as those for temperature, 
pressure, position, motion, and accel
eration. Other applications include 
monitoring currents in battery
powered PCs, climate control sys
tems, security systems and energy 
management. The 44-pin PLCC can 
easily replace a handful of parts in a 
portable-PC system. 

The TSS400's front end consists of 
a four-channel multiplexer, a 12-bit 
successive approximation ADC, and 
a current source for exciting resis
tance sensors such as RTDs (resis
tance-temperature detectors) and 
strain gages for operation in a ratio
metric mode. Althogh conversion 
time runs a slow 375 µs , the chip is 
designed to sense phenomona that 
are also slow to change-tempera
ture, for example. A 4-bit microcom
puter on the chip controls the ADC 
and performs computations on the 
digitized inputs. The microcomputer 
also implements DSP, control, and 
communication functions. 

The chip stores sensor-specific 
data such as calculated values, or 
sensor calibration factors, in the on
chip 576-bit RAM. A 32.768 kHz, real
time crystal clock keeps time while 
an 8-bit parallel output and 4-bit par
allel 110 simplify interfacing with 
switches and relays. 

Designed for battery power, the 
TSS400 works off 3-V lithium cells, 

ml) E 

LCD 

CD driver 
7 digits/4 multiplexer 6 output on~ 

Temperature 

Pressare 4digitall/ll 
Magaeticfletd 
Posffloll/ 

mmment 
Power Serial Serial EEPROM 

acceleratioa I/II 
X24!L!C04 

moisture ALU 2 output on~ X24 L C16 

Sensor 
signal processor 

(TSS400) 

and even on voltages down to 2.6 V. worthless to a system designer. An
Since only a few applications require ticipating this problem, TI has made 
the chip to be active all the time, it available the SDT400 Development 
operates in one of four modes to con- Kit for the standard version. It con
serve power: done (standby), off, ac- sists of a software simulator and a 
tive, and conversion. When put in the development board. The simulator 
done mode, the chip switches off all can run on an IBM-AT compatible PC 
processor components except the and permits debugging at the macro 
LCD driver, the timer, and RAM. instruction level, together with 
Current drain typically runs just 6 screen simulation of the LCD. The 
µA. In the off mode the chip's CPU is SDT Development Kit goes for 
completely disconnected but the $1,295 each. 
RAM's contents and the digital latch For the mask-programmable ver
remain unchanged. Current drain is sions of the TSS400 the company de
now a mere 100 nA. When in the ac- signed the PC-based ADT400 Devel
tive mode the chip is functioning but opment System. It emulates all func
without the ADC, and current drain tions of the device under real-time 
typically rises to 140 µA. conditions. 

In the conversion mode the device The TSS400 with a 576-bit RAM (9 
is fully functional, including the a-d pages of 16 by 4 bits) and 2048 in
converter. Now current drain climbs structions in internal ROM comes in 
to 800 µA . Because in most applica- 28-pin and 40-pin DIPs depending on 
tions the chip waits in the off mode digital 1/0 as well as the 44-pin 
more than 99% of the time, battery PLCC. The TSS400/ 4 with a 960-bit 
life amounts nearly to its shelflife. RAM (15 pages of 16 by 4 bits) comes 
The TSS400 comes in three versions: in a similar choice of packages. The 
the standard version-the TSS400- standard TSS400-S230 comes only in 
S230; and two mask-programmable the 44-pin PLCC. In quantities of 100 
versions-the TSS400 and the the standard TSS400-S230 goes for 
TSS400/4. The two mask- program- $14.95 each. 
mable versions are available with 2k Texas Instruments Inc., Semi-
and 4k of ROM, respectively. conductor Group (SC-91080), P. 0 . 

Without a set of development Box 809066, Dallas, TX 75980-9066; 
tools, the TSS400 would be virtually (800) 336-5236, ext. 700. CIRCLE 458 
LECTRONIC DESIGN 
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SOFTWARE UPGRADE HAS 
OFF-LINE MAIL READER 
Qmodem version 5, available at retail 
for the first time, improves on previous 
versions with the addition of an off-line 
mail reader. With the off-line feature, 
users can download packets of mail 
from a bulletin-board system and read 
the contents off-line. As a result, users 
can review and reply to mail without in
curring expensive long-distance call 
charges. Users also can create reply 
packets to upload. The program is pre
configured for at least 90 modems. List 
price is $99, with a $35 price to current 
Qmodem users and system operators 
using Wildcat BBS software. 

Mustang Software Inc., P. 0. Box 
2264, Bakersfield, CA 93303,· (805) 
395-0223; fax (805) 395-0713. 

flltf&lf/,jl 

METER SOFTWARE 
RUNS UNDER WINDOWS 

PCimeter, a graphic meter software 
package for Windows 3.0, displays ana
log input data as digital and analog me
ters and bar graphs. Process values can 
be modified to engineering units using 
scaling factors, and linearization for 
thermocouples is also supported. Me
ters can be saved to PCI meter applica
tion files and can be reconfigured at 
any time. Up to 16 meters can run si
multaneously. By means of dynamic 
data exchange (DDE), PCimeter can 
also export data to Excel spreadsheets 
for analysis and report generation. The 
software runs on IBM PC/ AT compati
ble and EISA personal computers with 
a hard disk and a 5.25-in. or 3.5-in. flop
py drive. List price is $95. A free demo 
disk comes in 5.25- and 3.5-in. formats. 
The software also is included free with 
a purchase of a PCI-20098C Series Mul
tifunction Board from Intelligent In
strumentation/Burr-Brown for U. S. 
orders placed until March 31, 1992. 

Intelligent Instrumentation, 1141 W. 
Grant Rd., MS 131, Tucson, AZ 85705; 
(602) 623-9801 or fax 623-8965. 

IHV@lff,fl 

OS-9 REAL-TIME OS 
COMES TO MOTOROLA SBCS 

An optimized version of the OS-9 real
time operating system is being offered 
for the Motorola MVME167 single
board computer. This latest version of 
OS-9 for Motorola microprocessor
based products enables designers to 
take advantage of the 32-bit 68040 pro
cessor while providing support for on
board serial, SCSI, and Ethernet hard
ware. The OS-9 Development Pack in
cludes new OS-9 device drivers for 
next-generation 110 peripherals in
cluded on the MVME167 board family. 
Tools include a C compiler, macro as
sembler and linker, user state debug
ger, shell-command interpreter, and 
utilities. The development pack, includ
ing RTOS modules, device drivers, and 
development tools, sells for $3,000. The 
run-time pack provides only the OS 
modules and costs $1,500. Both the de
velopment and the run-time packages 
are available now. Contact the compa
ny for information on licensing multi
ple copies. 

Microware Systems Corp., 1900 N. W. 
114th St., Des Moines, Iowa (515) 224-
1929,- fax (515J 224-1352. l/t/,WIVY 

GUI TOOL WORKS WITH 
C + + APPLICATIONS 
The latest version of Telesoft's devel
opment tool for graphical user inter
faces offers the ability to develop G Vis 
for C++ applications. Tele USE version 
2.0.5 runs on Silicon Graphics IRIS-4D 
workstations and NCR System 3000 
under Unix SVR4. The updated version 
generates ANSI-compatible C source 
code, provides a new color Pixmap Edi
tor, and supports X Windows on Spare 
platforms. Version 2.0.5 also supports 
OSF/Motifversion 1.1.4. TeleUSE ver
sion 2.0.5 is available now for most plat
forms. A single license is $7,500, with 
multiple discounts available. TeleUSE 
includes a license for OSF/Motif ver
sion 1.1.4 and Xll client libraries. 

Telesoft, 5959 Cornerstone Court 
West, San Diego, CA 92121,- (619) 457-
2700. l@@ll/,11 

At Pacific Hybrid, we do it all - and 
then some. Truth is, we can 

meet virtually all of your hybrid 
product needs, packing maximum 

performance into the smallest 
possible package - up to I 0 times 

smaller than other technologies. 
Faster turnaround. 

Lower overall costs. 

Who could ask for anything more? 
Feel free: just call us at 

1-800-622-5574 Dept. ED2. 

~PACIFIC HYBRID 
\lfi\A') MICROELECTRO NICS 
~ We do SITlall miracmes.• 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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NEW PRODUCTS 
COMMUNICATIONS 

TRANSCEIVER CHIP COVERS 
Tl AND ISDN PRI SPEEDS 

Atransceiver for ISDN and Tl 
applications from Level One 
Communications needs only 

external line-coupling transformers 
and a few passive components to oper
ate over 6000 ft of twisted-pair cable. 
The transceiver complies with industry 
specifications, including AT&T Pub 
62411, ANSI Tl.403 and Tl.408, and 
FCC part 68. Using on-chip adaptive
equalizer elements, the LXT310 can op
erate over 36 dB of pole-mounted or 
buried twisted-pair cable at the Tl pri
mary rate by sampling the input pulses 
and automatically adjusting the equal
izer transfer function. 

To compensate for shorter lines, the 
device supplies 7.5, 15, and 22.5 dB of 
frequency-dependent transmit-line 
build-outs. Jitter attenuation is selecta
ble in the transmitter or receiver data 
path. Receiver sensitivity is also selec-

table. The transceiver can restore the 
received signal after transmission 
through cable with an attenuation of 0 
to 26 dB or 0 to 36 dB at 772 kHz. 

Diagnostic features include a loss-of
signal indicator and local/remote loop
backs enabled by direct control or in
band loopback-code detection. Supply
ing timing recovery and conlrol, the 
chip works in channel service-unit net
work interfaces, DSl metallic inter
faces, Tl/LAN bridges, Tl multiplex
ers, and digital loop carriers. The 
LXT310 operates from -40 to +85°C 
and runs on a single 5-V supply. The 28-
pin PLCC, ceramic DIP, and plastic 
DIP packages are $31, $33, and $30 
each, respectively, in thousands. 

Level One Communications Inc., 105 
Lake Forest Way, Folsom, CA 
95630; Lon Cantor, (916) 985-
3670. la/;flilff,$1 
• MILT LEONARD 

A SHARPER LEADING EDGE IN 
TEST , AND MEASUREMENT 

( · .r·~;;;<'::z~: ··~ S'{g~:!~w~:--~-~~---
i/ 

R.C. Electronics has been leading 
the way for more than a decade in 

PC-based systems, boards, and software -
dramatically advancing the state of the art with 
products like these: 
• Data Acquisition systems to 64 channels 
• Programmable Filters to 128 channels 
• Programmable Gain Amplifiers to 128 channels 
• Digital Storage Oscilloscope 
• Electronic Chart Recorder 
• Spectrum Analysis software 
• Digital Filtering software 
• 1, 2, or 8 channel Arbitrary Waveform Generators 

I 
~fttittig~? ~f±fttfl 6464 Hollister Ave. 
~g~??~I Goleta, CA93117 

El tr · I I (805) 685-7770 
ec onics nc. FAX (805) 685-5853 

Innovative leader in test 
and measurement systems 

ETHERNET 
MULTIPLEXER 
OFFLOADS 
TCP /IP CONTROL 

By placing a lot of intelligence on 
a 6U VME card, the Etherplex 
multiplexer unburdens the 

host computer system from handling 
interrrupts and contact switching in 
TCP/IP and Telenet processing. The 
RISC-based card from Systech makes 
possible systems that support, for ex
ample, 80 users. The multiplexer card 
maintains output of nearly 4000 charac-

ters per second per user. That's about 
quadruple the rate of a host-based Te
lenet handler implementation (soft
ware only). Input rates are maintained 
at more than twice those of the host
based implementation. 

The board combines standard proto-
col handling by a 32-bit Ethernet con
troller and a 960CA RISC processor 
with a multiplexer-like host interface. 
That merger was made possible, in 
part, by the company's terminal control 
software (TCS), which was originally 
developed for the firm's Unplug termi
nal I/O subsystems. 

The TCS software implements statis
tical multiplexing and a very flexible in
terface that allows the host to transfer 
most of the terminal processing to the 
dedicated hardware subsystem. As a 
result, the Etherplex board appears to 
the host as a single, multi-line asyn
chronous multiplexer, while the 
networked terminal servers see the 
Etherplex card as a host serving stan
dard Telenet terminal devices. 

The board can employ either stan
dard, thin, or twisted-pair Ethernet in
terfaces by selecting the desired trans
ceiver interface. Single unit price of the 
card is $3995. Delivery is from stock. 

Systech Corp., 6465 Nancy Ridge 
Dr., San Diego, CA 92121; Charles 
Citron, (619)453-7400 IHIMllt$1 CIRCLE 132 FOR U.S. RESPONSE 
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NEW PRODUCTS 
COMPUTER BOARDS 

DIGITAL-AUDIO SYSTEM WORKS 
WITH SUN VMEBUS WORKSTATIONS 

T he fundamental problem associ
ated with digital audio-the an
alog-to-digital and digital-to-an

alog conversions-are solved by the 
Multi-rate Digital Audio System. The 
system lets DAT decks and CD players 
operate with any Sun workstation that 
supports the VMEbus and SunOS. 
Sample frequencies are software selec
table. All filtering and sample frequen
cy conversions are performed on DSP 
hardware, not the Sun workstation. 

The system can take on digital audio 
applications such as speech research, 
audio data acquisition, vibration and 
noise analysis, and acoustic-research 
analysis. 

The system consists of software and 
a Banshee/VMEbus system board, a 
digital-audio interface board, and a dig
ital-audio device. The system board 

AUTOCAD ACCELERATOR 
CARD TAKES SPEED CROWN 
With a drawing speed of 132 Mpixels/s 
the XHR Gemini20 graphics card 
claims it delivers the fastest response 
for AutoCAD applications to date. 
Based on a 32-MHz version of the Texas 
Instruments TMS34020 graphics pro
cessor and a companion 34082 math co
processor, the AT-bus compatible card 
can tackle complex graphics applica
tions such as shading or 3D image ma
nipulation. The card includes 2 Mbytes 
of high-speed video RAM and can dis
play images with pixel counts from 
1024-by-768to1600-by-1200 with either 
16 or 256 colors. The controller card 
also includes a digital-loop-through 
mode for VGA-compatible images. The 
company includes an AutoCAD driver 
that offers productivity-enhancing fea
tures such as user-definable menu but
tons, a fixed magnifying glass, custom
ized panning and zooming, and pop-up 
menus. Price for the card starts at 
$2450 (single-unit purchases). 

ELSA America Inc., 40 Oyster Point 
Blvd., South San Francisco, CA 94080; 
Walter Haefeker, (415) 588-6285. 

IHZ.l&lf/,t:I 

HOST ADAPTERS OFFER 
INDEPENDENT CHANNELS 
Two VMEbus SCSI-II host bus adapt
ers include independent channels and 
are software compatible with existing 

supplies the data buffering, sample
rate conversions, digital antialiasing 
filters, and control of the interface 
board. It takes up one slot in the VME
bus backplane. The interface board 
connects to the digital-audio device and 
supports fast block transfers of data. 

Digital-audio devices typically oper
ate at sampling rates of 32, 44.1, and 48 
kHz. The Multi-rate Digital Audio Sys
tem lets the Sun application software 
use two channels of bidirectional I/ 0 to 
and from the digital audio device at 
sampling rates of 8, 10, 16, 20, 32, 44.1, 
and 48 kHz. A second set of filters al
lows transition-band aliasing, but pro
hibits passband aliasing. The digital
audio system sells for $11,950. 

Atlanta Signal Processors Inc. , 770 
Spring St., Atlanta, GA 30308; (404) 
892-7265. M&llf.tl 
• RICHARD NASS 

members of the Rimfire 3500 family. 
The 9U RF3590 and 6U RF3870 feature 
form factors that plug into worksta
tions without adapters. Designed with 
a low transaction overhead, the two 
adapters support 10-Mbyte/s synchro
nous SCSI-II transfer rates with such 
peripherals as magnetic and optical 
disks, CD-ROM, tape drives, and DAT. 
The two boards support Fast SCSI-II 
mandatory commands, command sets, 
and command queuing. Single-ended 
and differential SCSI are also support
ed. The boards sell for $3050. 

Ciprico Inc., 2955 Xenium Lane, Plym
outh, MN 55441; (612) 559-2034. 

IOV@llVPI 

VME·SLOT LOAD BOARD 
EASES SYSTEM MODELING 
Complete, accurate test simulations of 
power, bused signal-interface loading, 
and thermal loads of active VME 
boards in a system are made possible 
by passive and active versions of a 
VME-slot load board. The boards are 
plugged into systems to enable easy 
and reliable validation, burn-in, or sys
tem-level design without exposing 
costly VME boards to possible damage 
during testing. The boards feature a 
front panel with a dedicated LED and 
voltage test point for each backplane 
power pin. Call for pricing and delivery. 

Dawn VME Products, 47073 Warm 
Springs Blvd., Fremont, CA 94539; 
(800) 258-3296. lif/;talffill 

It's no big surprise: at Pacific Hybrid, 
we offer all the latest fine pitch 

surface-mount technologies you need 
to squeeze more performance out of 

less board space. Along with 
world-class manufacturing, we also 
offer the turnkey solutions and JIT 

economies needed to meet your tightest 
scheduling and budget demands. 

Bottom line: it pays to get us 
on the line, so call. 

1-800-622-557 4 Dept. ED3. 

~PACIFIC HYBRID 
\tfM) MICROELECTRONICS 
~ We do small mirac~· 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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Control any 
IEEE-488 (HP-18, GP-18) 
device with our cards, cables, / 
and software for the PC/AT/386, 
EISA, MicroChannel, and Nu8us. 

LASER PRINTERS GET 
IPDS COMPATIBILITY 
By incorporating the ATOS and AT06 
IPDS laser-printer controllers, users 
can get intelligent printer data stream 
(IPDS) compatibility on their non-im
pact printers. IPDS is the host-to-print
er page description protocol for Ad
vanced Printing Function, the printing 
management component of IBM's Sys
tem Application Architecture. The 
ATOS equips printers with several IBM 
laser-printer emulations, including the 
Model 382S with channel interface and 
the models 3812, 3816, and 4028 that 
contain coaxial or twinaxial interfaces. 
The AT06 offers emulation for the mod
els 382S, 3827, 383S, and 3900. The ATOS 
comes in two versions-the ATOSN is 
for printers rated at lS to 2S pages/ 
min. (ppm) and the ATOSB is for 20- to 
40-ppm printers. The AT06 is based on a 
multiboard architecture. It can be con
figured with three to eight boards con
nected through a SCSI bus. This lets 
the AT06 handle printers up to 300 ppm. 

MP/ Technologies Inc., 4952 Warner 
Ave., Suite301, Huntington Beach, CA 
92649; (714) 840-8077. llil;@lfUI 

LASER PRINTER SENDS 
POSTSCRIPT FAXES 
Laser printers are currently being im
plemented as facsimile machines but 
with limited resolutions. An option for 
the NEC Silentwriter Model 9S laser 
printer lets users send resolution-inde
pendent faxes and receive them in Post
Script through the printer. The Si
lentwriter 9S can be used with a Macin
tosh, PC, or standalone fax machine. 
The fax option operates at speeds of 
2400, 4800, 7200, and 9600 bits/s. The 
option sells for $S99. 

NEC Technologies Inc., 1414 Massa
chusetts Ave., Box borough, MA 01719; 
(508) 264-8000. tat&lllll 

NEW PRODUCTS 
COMPUTERS & PERIPHERAlS 

HANG MAC-COMPATIBLE 
DISPLAY ON THE WALL 
The RDI Profile MC is a "convertible" 
computer that's compatible with all Ap
ple Macintosh applications. It's con
vertible because the display can remain 
connected to the system, as in a desk
top, or it can be removed and hung on a 
wall for easier viewing. The display 
housing contains all the processing cir
cuitry. As a result, when the display is 
hung, all that remains on the desktop is 
the keyboard. The 15-lb. unit is built 
with a Macintosh LC motherboard and 

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

operates at 15.67 MHz. It comes with a 
120-Mbyte hard drive, a 3.S-in floppy 
drive, and 4 Mbytes of RAM, expand
able to 10 Mbytes. Available in April, 
the system sells for $7995. A Sun-com
patible system was released near the 
end of last year and a PC-compatible 
product should be released later this 
year. 

RD/ Computer Corp., 6815 Flanders 
Dr., Suite 160, San Diego, CA 92121; 
(619)558-6985. 11{/;&fllfl 

HARD DRIVE OFFERS 
l·MS SEEK TIME 
The DSP3105 3-1 / 2-in. hard drive has a 
formatted capacity of 1.05 Gbytes, a 
512-kbyte cache buffer, and an average 
seek time of 9.5 ms. The drive's 1-ms 
track-to-track seek time is the fastest 
yet, the company says. These features 
suit the drive for such applications as 
networked file servers, multimedia 
computing, and three-dimensional col-

L EC T R ON IC DESI 
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or graphics. 
Advanced data-integrity features 

are built into the drive, including a 264-
bi t Reed-Solomon error-correction 
code, end-to-end check-sum error-de
tection code, parity on the RAM cache, 
and multiple copies of each header 
field. The drive comes with a SCSI-II 
interface. Its MTBF is rated at 250,000 
hours . Available now, the drive sells 
for$1925. 

Digital Equipment Corp., 334 South 
St., Shrewsbury, MA 01545; (508) 841-
6544. lilJ;{HllUI 

COLOR PORTABLE 
WEIGHS JUST 12 LBS. 
The T6400 portable computer combines 
all the features of a full-function desk
top system with the benefits of porta
bility. The 12-lb. unit incorporates an 
active-matrix thin-film transistor Su
per VGA color display that measures 
10.4 in. diagonally. Users have a choice 
of either a 25-MHz 486SX or a 33-MHz 
486DX processor and a 120- or 200-
Mbyte hard drive. The system comes 
standard with 4 Mbytes of RAM, a 3.5-
in. floppy drive, two PCM CIA-compati
ble memory-card slots, a full-size 16-bit 
expansion slot, an internal dedicated 
modem slot, and a detachable key
board. A gray-scale gas-plasma VGA 
display is also available. 

Toshiba A merica Information Sys
tems Inc., 9740 Irvine Blvd., Irvine, CA 
92718,· (800) 334-3445. llil;IBlfUj 

Free : 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

occrw 
Capital Equipment Corp. 
Burlington, MA. 01803 
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NEW PRODUCTS 
lil!HiMl!d 

FLASH MEMORY PACKS 
4 MBITS IN 32 SECTORS 

By allowing the selective era
sure and rewriting of one or 
more 16-kbyte blocks, the Hita

chi HN28F4000 becomes the first 4-
Mbi t flash-memory chip to afford 
small-block updating. The memory, or
ganized as 512 kwords by 8 bits, can 
also simultaneously erase multiple 
blocks or the entire chip. Furthermore, 
users can select whether the chip per
forms the erase and write operations 
under host processor control or by 
built-in automatic sequences. 

In the manual mode the host first 
checks the flash chip to see if it has 
been erased; if it hasn't, the host must 
pre-write and erase the memory, and 
verify the erasure by rereading each 
byte. The automatic commands free 
the host from all that overhead. Those 
commands also eliminate about 100 
lines of code plus at least 1 million reads 
and 512,000 potential writes. 

In the automatic mode, the host 

MEGABIT VIDEO DRAM 
PACKS MILITARY SPECS 
Organized as 256-kwords by 4-bits, the 
MVM4259 video DRAM comes in ver
sions for military, industrial, and com
mercial applications. Access times for 
the 28-pin military versions of the chips 
range from 100 to 120 ns on the DRAM 
port and 25 to 30 ns for the video port. 
The chips can be had in any of three 
package options-a 0.4-in. ceramic 
LCC (WX suffix), a 0.4-in-wide ceramic 
DIP (K suffix), and the company's pro
prietary vertical-in-line ceramic pack
age (V suffix) that requires just a 0.1-
in.-wide slice of board space. The mili
tary-grade hermetically sealed ver
sions of the VRAMs, processed to Mil
Std-883 Level B Rev. C, sell for $195, 
$180, and $185 apiece, respectively, in 
lots of 100. Production quantities will 
be ready 12 to 14 weeks after ordering. 

Mosaic Semiconductor Inc., 7440 Car
roll Rd., San Diego, CA 92121; John 
Guerrero: (619) 271-4564. lill;&llW 

16-BIT MICROCONTROLLER 
PACKS 48 KBYTES OF ROM 
Combining a complex timing control 
block and 48 kbytes of on-chip ROM, 
the 68HC16Yl 16-bit microcontroller 
handles complex timing applications. 
Motorola has also reduced the price of 

sends a command and waits for a bit to 
come back to confirm the memory's 
status. When the memory chip receives 
a command from the host, it pre-writes, 
erases, and verifies itself through sta
tus polling and/ or data polling. 

In portable computers and memory
card storage, the memory has an en
durance of 10,000 erase/write cycles. 
Chip erase time is about 1 second while 
programming takes place at about 60 
µs/byte. Users can get versions with 
120-, 150- or 200-ns read-access times 
with an active current as low as 30 mA 
and just 20 µA on standby. The chip 
comes in an 8-by-20-mm, thin, small
outline type 1 package (TSOP) as well 
as standard 32-lead DIP and SO pack
ages. The 150-ns version sells for $49 in 
thousands. Samples are available now. 

Hitachi America Ltd., Semiconduc
tor and IC Div., 2000 Sierra Point 
Parkway, Brisbane, CA 94005-1819; 
Ken Pope, (415)589-8300. liil;talllJ.1 
• DAVEBURSKY 

its previously released 68HC16Zl. Sim
ilar in design to the Zl, the Yl 16-bit 
CPU core is an extension of the CPU in 
the popular 68HC11 series controller. 
The timer block provides up to 16 tim
ing channels that can autonomously 
handle complex time-critical tasks 
without assistance from the CPU. Op
erating from a 16.78-MHz clock, the 
chip packs 2 kbytes of standby RAM, 48 
kbytes of ROM, an eight-channel 10-bit 
a-d converter, two asynchronous serial 
ports, and a synchronous serial periph
eral. Samples of the Yl will sell for 
$38.69 in small quantities, while the old
er Zl in its 132-lead PQFP sells for 
$20.67 in sample quantities. 

Motorola Inc., Mic rop rocessor and 
Memory Technologies Group, 6501 
William Cannon Dr. W, Austin, TX 
78735-8598; (512) 891-2140. ldl;taltfl:I 

The answer's simple: Pacific Hybrid. 
The fact is, right now, we can take you 
into the future with fine pitch SMDs, 

custom hybrids and high-performance 
multichip modules - whatever it 
takes to meet your design needs or 

fabricat ion demands. 

Need a prototype fast? Faced with 
a bare-bones budget? There's no 

question who to call: Pacific Hybrid. 
1-800-622-5574 Dept. ED4. 

~PACIFIC HYBRID 
\ J..T1\A J M I C R 0 E L E C T R 0 N I C S 
~ We do snail miracles.N 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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Frankly Fenton, when I named 
you Manager of excess inventory. 
this isn't what I had in mind. 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

_ ... - ... -· .. ·----r 
EXCESS 1· 

ahd . 
OBSOLETE I 
IN\IEHIORY I 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call 708-690-0010 
Peter Roskam 

Executive Director 

P.O. Box 3021 , Glen Ellyn, IL 601 38 
Fax (708) 690-0565 

Excess inventory today ... student opportunity tomorrow 

mJ E L E C T R 0 N c 
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DIRECT CONNECTION ADS 

DIRECT CONNECTION ADS 

C Nolsebn 
CISPR 

VOE 

FVC-777 

100KHz- 500KHz 30MHz- 88MHz 
500KHz- 3MHz 88MHz- 216MHz 

3MHz- 10MHz 216MHz- 470MHz 
10MHz- 30MHz 470MHz- 1000MHz 

•Simultaneous 8 SPECTRA measurement 

U.S.A WATAHAN NOHARA INTERNATIONAL, INC. 

TEL (800)366-3515 

NOISE LABORATORY CIRCLE 411 

Here 's all you have to do: 

• Send a B/W or 4C 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. 

ELECTRONIC DESIGN 

6BHC16 
68332 

PC-based In-Circuit Emulator 

• Supports 68HC16Zl , 68331 , 68332, 68340 with more members of 
the HC16 and 300 famihes to follow. 

• User interface under Microsoft Windows. 
• Memory contents available 1n real-lime (shadow RAM). 
• Up to 17 MHz real time emulation . 
• Full control of TCNT at breaks and single step. 
• High-level C support. In-line assembler and disassembler. 
• 10-day free lrials available to qualified customers. 

nDHau 51 E. Campbell Avenue 
Campbell, CA 95008 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 

NOHAU CORPORATION CIRCLE 405 

Instant 
Microcontroller 

Instant C Programming 
Don't use a microprocessor, use a SmartBlock™ 
microcontroller module to build your custom 
controller. Our $195 interactive Dynamic C™ 
development system makes programming easy. 
3.5 x 2.5 inch module includes microprocessor, 
memory, time/date clock, eeprom, watchdog , 
serial ports and more . As low as $59 in quantity. 
The efficiency of a custom design without the 
headaches. 

Z-World Engineeri ng 
1724 Picasso Ave., Davis, CA 95616 USA 

Tel : (916) 757-3737 
Regular Fax : (916) 753-5141 

Automatic Fax : (916)-753-0618 
(Call from your fax , request data sheet #14.) 

Z-WORLD CIRCLE 408 

E L E C T R 0 N c D E S 

8051 
PC based emulators for the 8051 family 
8031 , 8032, 1051 , 8052, IOC15V1541321/451/452/51FA/51GBl5151517/5351537/ 
552/Sf2/f52/151, 80532, 13C451/552/652/751n52/151 , 8344, 17C451/5521751/ 
752, 1751, 1752, 0$5000 + CMOS . 

• PC plug-in boards or RS-232 box . 
• Up to 33 MHz real-lime emulation. 
• Full Source.level Debugger wlcomplete C-variable support . 
• 64 bit wide. 256k deep trace, with time stamp. 
• Bond-0ul/hooks pods for 8051 , 83C552, 83C451 , 83C652, 

83C751 , BOC515180C517, 83C752, 8XC51FA/FB/FC.and more. 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo video 

nDHau 51 E. Campbell Avenue 
Campbell, CA 95000 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 

NOHAU CORPORATION 

•SPICE 
Simulation 

•Model 
Libraries 

• Waveform 

INTUSOFT 

Call 408-378-2912 
Nohau's24-hour 

infofmationcenterto 
receiYe inloviayourFAX 

CIRCLE 406 
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DIRECT CONNECTION 

FREE ENGINEERING GUIDE 

ON SIMIC 
(SIMulate Integrated Cm:ulls) 

How to significantly increase prod
uct reliability and engineering pro
ductivity. 

How to easily detect design prob
lems and timing vio lations that most 
simulators overlook. 

Describes circuit configurations that 
other logic simulators mishandle. 

GENASHOR CORP. 
9 Piney Woods Drive 
Belle Mead, NJ 08502 

(908) 281-0164 

GENASHOR CORP. CIRCLE 410 

ADVANCED COMMUNICATIONS PRODUCTS 
• 1 , 2 , or 4 port RS-232 and RS-422/485 Boards 
• Current Loop, RS-530, and V.35 Interface Boards 
• High Speed Sync (HDLC, SDLC) and Async with 

OMA 
• Digital and Relay 1/0 Boards 
• Diskless EPROM Board with Promkit Software by 

Annabooks 
• New Micro Channel Boards 
• New Laptop Add Ons 
• Excellent Technical Support 

SEALEVEL SYSTEMS, INC. 

fv\l\~~~.EE,~VEE.L~ PO Box 830 
~ Liberty, SC 29657 

803-843-4343 
SEA LEVEL CIRCLE 414 

IEEE 488.2 
Hardware for IBM PC/AT, 

Micro Channel, Sun. 
Macintosr1. DEC. 

and NeXT. 

IEEE 488 extenders. analyzers. 
converters, analog 1/0, and digital VO. 

Call for your free IEEE catalog 

lOtech 
IOtech, Inc. • 25971 Cannon Road 

Cleveland, Ohio 44146 • (216) 439-4091 
10 TECH CIRCLE 400 

SAVE SPACE WITH MINl/BUS®BARS 
• Improve power distribution 
• Reduce required board layers 
• Eliminate up to half the decoupling capacitors 
• Fit between or beneath IC's 
• Also available in surface mount 
Send for Rogers Mini/Bus® Bars 
Application Bulletin. 

ROGERS CORP., 2400 S. Roosevelt St 
Tempe, AZ 85282 602/967-0624 

ROGERS CORPORATION CIRCLE 412 
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Q=ABC 
F=X+Y 

For FREE evaluation software 
and product specs, 

call 800 488-0680 
Tango, the leader in 
PC-based tools for: 
• Schematic entry 
• PCB layout and 

autorouling 
• PLO design 
• Simulation , liming 

verification and thermal 
reliability 

ACCEL Technologies. Inc. 
6825 Flanders Drive 
San Diego, CA 92121-2986 
Service 619 554-1000 
Fax 619 554-1019 

ACCEL TECHNOLOGY CIRCLE 402 

~pifiB.1Uit@t.!stfii·"''"n.1c@ 
Call Progress 

Tone Detectors 
Tone detector !Cs for all 
telecom products. 5-volt, 3.58 
MHz time base, tri-statable 
outputs. 
• M-980 band pass detector 

from 340 Hz to 620 Hz. Ideal for 
detecting non-precise call progress tones. 

• M-981 provides precise detection of 350, 400, 
440, and 480 Hz. 22-pin. 

• M-982 provides precise detection of 350, 440, 
480, and 620 Hz. 22-pin. 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

;t:EL"'CCNE® 
"Hl·MU!i*·@H·11~' 

fn Te/ewm fn/e1foa! Compmenls 

Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE CIRCLE 415 
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1992 Ad Schedule 
Issue Date: Ad Close 

April 2 3/6/92 

April 16 3/20/92 

May 1 4/4/92 

May 14 4/17/92 

May 28 5/1/92 

June 11 5/15/92 

June 25 5/29/92 

July 9 6/12/92 

July 23 6/26/92 

August 6 7/10/92 

August 20 7/24/92 

September 3 8/7/92 

September 17 8/21/92 

October 1 9/4/92 

October 15 9/18/92 

November 2 10/6/92 

November 12 10/16/92 

November 25 10/23/92 

December 3 11 /6/92 

December 17 11/20/92 

To Reserve Space Call: 
Jeanie Griffin 
201-393-6080 
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• A ---------- ----.----------------- --a::.::.::.:.::.::..~ =-

ELECTRONIC DESIGN AUTHOR'S GUIDE 
Thinking of writill!l a technical article for publication in 
Electronic Design1 This 12-page brochure contains just 
about everything you need to know about the process: 
submitting the outline, tips on writing the manusaipt, 
preparing the artwork, and more. 

ELECTRONIC DESIGN 
61 1 Route #46 West 
Hasbrouck Heights, NJ 07604 

ELECTRONIC DESIGN 
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DIRECT CONNECTION 

MC68HC11 
GANG PROGRAMMER 

Programs 8 devices simultaneously on a Universal Gang 
Programmer. The Model GANGPRO-SM will also 
support P,IEEPROMs and otrer Microcontrollers. Re
mote Control and Stand-alone operation are standard. 
Functions include Read, Blank Oieck, Program, Verify 
and Oiecksum. 

For more information, LOGICAL 
call 1-800-331-7766. B•VICH, INC. 

LOGICAL DEVICES CIRCLE 418 

Free Catalog 
The World's Largest Collection of Adapters & 
Accessories for VLSI/Surface Mount Devices 
• Emulator Pods & Adapters • Debugging Accessories 
• Debug Tools • Prototyping Adapters 
• Programming Adapters • Custom Engineering 
• Socket Converters 

Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY 

ET 
CIRCLE 401 

PAL/PROM Programmer Adapters 
• Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
• To program, just insert an Adapt-A-Socket '" between the 
programmer's DIP socket and the circuit to be programmed. 
• Designed to fit all types of EPROM programmers, including 
Data 1/0 120/121 A, Stag, Logical Devices, etc. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY CIRCLE 417 

RAYOVAC LITHIUM BATTERY GUIDE 
Design engineers looking for data on lithium batteries 
will find a wealth of information in Rayovac's "Lithium 
Batteries Product Guide". 
For your free guide, contact Rayovac Technical Sales, 
601 Rayovac Drive, Madison, WI 53711 , or call 
(608) 275-4694. Fax: (608) 275-4994. 
RAYOVAC CIRCLE 407 

The Only Low Cost/High Performance 
Arbitrary Waveform Generator 

AWG502 
A must lor Engineering Development or Production Test. * IBM AT compatible board 
t Two analog output channels + 24 digital outputs * Up to 50 Megapoints/sec output each channel * 12 bit resolution * 10 output filters per channel 
t Frequency synthesizer 
t 64k words RAM per channel with segment looping * The best software support on the market 
Full price is $3500. Phone Today for immediate information. 

S1gnatec, Inc. 
..,. 357 N. Sheridan St.. Suite 119 

Corona, California 91720 
(714) 734-3001 
FAX: (714) 734-4356 

SIGNATEC, INC. CIRCLE 409 

FREE! 
120 

Page 
Catalog 

"Optics 
for 

Industry" 

ROLYN OPTICS supplies all types of "Off-the
Shelf" optical components. Lenses, prisms, mir
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO., 
706 Arrowgrand Circle, Covina, CA 91722, 
(818) 915-5707 & (818) 915-5717 . TELEX: 67-
0380. FAX: (818) 915-1379. 

ROYLN OPTICS CIRCLE 413 

ADS 

LOW COST 
Data Acquisition 

Cards for 
PC/XT/AT 

.. : "~~ : · .. : : ~;"' :I 
. . . . . . ' . . . . 

B&C MICROSYSTEMS CIRCLE 419 

Free Circular Connector 
Catalog from LEMO 

LEMO's new cir
cular connector 
catalog high
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs 
including signal, coaxial, triaxial, high 
voltage, fiber optic and fluidic/ 
pneumatic. Shell styles are available in 
standard chrome plated brass, 
anodized aluminum, plastic or 
stainless steel. 

~ LEHID!J!fl:il;nc" \!!!!!!) ELECTRON IC C O N N E C T ORS 

P.O . Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO Fax (707) 576-0869 
LEMO USA CIRCLE 404 

EAO's PCB MOUNTABLE 
ALTERllATIYE 10 MEMBRANE SWITCH SYSTEMS 

• Membrane cap sealed to IP 67 
• PCB mountable in 16 mm round hole 

en 
m 
~ 
m en 
re 

• Gold P.lated contacts; laser printed markings 
• No initial tooling cost 
• No need for costly standoffs 
• Rating: from low level to 5 A, 250 VAC 
EAO SWITCH, YOU CAN FEEL THE DIFFERENCE 

eao11 
EAO SWITCH CORPORATION 

P.O. BOX 552, MILFORD, CT lll4R 203/l7H517 
TEl£X: EAOSWITCHMFRD 964347. IU: 203/l17-3694 

EAO SWITCH CORP. CIRCLE 403 
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SVNC'92 
TECHNICAL PROGRAM 

OVERVIEW* 

Monday, April 27 

Tutorial Subjects 
(full day seminars) 

(Tl) FOOi 

(T2) INTERNETWORKING 

(T3) NETWORK MANAGEMENT 

Tuesday, April 28 

Keynote Presentation 
(momiF~bjects) 

Distribu1ecl Systems 
LAN Foundations 

Future Technology Issues 
Panel: TechnoloaYs Impact on 

Networking 

PRODUCT EXHIBITS .. & Lunch 

(af1emoon subjects) 
lntemetworkmg 

ISDN and SONET Design 
Distribu1ecl Systems 

LAN Applications and Protocols 
LAN Techno'oW Issues 

Network Implementation Approaches 
Panel: Implementation Issues 

PRODUCT EXHIBITS .. 

Wednesday, April 29 

Keynote Presentation 
(morning subjects) 

Physical Layer Design 
Neiwork ManaQetnent 

lntemetworkmg 
Wide-Area Networking 

Panel: lntemetworking Issues 

PRODUCT EXHIBITS .. & Lunch 

(af1emoon subjects) 
Physical Layer Design 

New ArC:hitectures and Functions 
High-Soeed Networking 

Network lmprementation ~proaches 
Panel: Wrap-up of All Issues 

THE SILICON VALLEY 
NE1WORKING CONFERENCE 

Location : The Santa Clara Convention Center, Santa Clara, 
California and the adjacent Westin Hotel 

I APRIL 27 -29, 1992 I 
KEYNOTE SPEAKERS: 

Eric Benhamou, Chief Executive Officer, 3Com Corp. 
Dr. Colin Mick, Technical Director, Network Products, Comdisco Systems Inc. 

The Silicon Valley Networking Conference is the only networking 
conference that focuses on the DESIGN side of network-related 
hardware down to the chip level as well as the development and use 
of network management and testing software. In addition to technical 
papers that focus on design issues there will be panel sessions and 
papers for system planners and strategic MIS executives that focus on 
future technology trends and network implementation issues. 

The SVNC program venue consists of three full-day tutorials on the 
opening day (Monday, April 27) and more than 70 technical and 
management-oriented paper and panel presentations arranged in three 
parallel sessions on the second and third days (Tuesday and 
Wednesday, April 28 and 29). Table-top product exhibits and 
demonstrations will supplement the technical paper program on 
Tuesday and Wednesday. Limited exhibit space is still available; 
contact Ken Majithia at SysTech Research - (408) 924-3930 - for 
exhibition details. 

The Silicon Valley Networking Conference is a creation of 
SysTech Research. SVNC is co-sponsored by 3Com Corp., 
National Semiconductor Corp., and Electronic Design and 
Electronics Magazines (Penton Publications). 
~----- SVNC'92 REGISTRATION FORM -------.. 

Please mail in this fonn with your payrrent. Make chedcs p t * p t * 
earoble lo Sys Tech Reseorcli and mail to: SysTech aymen aymen 
Research, 1248 Olive Branch Lane, San JOse, CA 95120. postmarked postmarked 
FAX inquiries lo {408) 997-8265. oy 3/30/92 alter 3/30/92 
(A) Tutorial onlY, (one tutorial on 4/27) $

250 select one: Tl --- T2 --- T3 . . . . . . 
(B) PaP,ers only (includes exhibits entry) 

(Technical paper sessions on 4/28f 29). . . . . $350 
(C) Full conference (includes 1 tutoria , all 

pc;i~s and exhibits); mark tutorial in (A). . . $450 
(D) Exhibits-only admission 

(Table top exhibits onlv on 4/28 or 4/29). . $ 25 
(E) Extra proceedings (f'or pick-up, at the 

$295 

$395 

$495 

$ 25 

conference); If not attending, add 
$20/domestic, $40/intnl, FOr shipping. $ 85 $ 85 

Payn:ient 
at the 
door 

$350 

$450 

$550 

$ 25 

$100 
*New extended deadline dates; after 4/16 do not mail, bring for at-door registration Te.x ID #77-026-4602 

• tentative; sullJect t.o cha.nge Name Ti~e 
•• Pradudexhibits are open from Noon lo 2 p_m -------------- ----------

and from 5:30 lo 7:30 pm an Tu~ AP,ril 28, Company Mai"I Stop 
and from Noon lo 2 pm an Wednesday, April 29. ---------------~ ----
Note: Registration fees for the conference include 
coffee-break refreshments, lunch, one set of 
tutorial notes and/or conference proceedinge and 
one exhibits admission. A $100 handliwr fee will 
be charged for registrations cancelled before 
March 30, 1992; no refunds after March 30. 

Make your room reservations directly with the Westin Hotel, 
5101 Great America Parkway, Santa Clara, Caltt. (408) 
98&-0700; A.sk for the ~ial SVNC room rate. 

Address. __________ City State __ Zip __ 

Telephone FAX Email. ______ _ 

Charge to my MASTERCARD __ VISA account. EXP. DATE __ _ 
Account Number Signature _________ _ 
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Get your technology news where the rest 
of the world does ... first! 

Electronic Design: 
Leader of the pack since 1952 

Electronic Design is the industry's 
most-often quoted electronics 
publication. There's a good reason 
for this: Electronic Design is always 
the first to report on and describe 
new technologies as they occur. 
We're proud of this reputation. 

Lots of engineering publications talk 
about new products, new issues, and 
new technology. New items are the 
essence of news reporting. 

But when you read about new 
technology or new implementations 
of technology in an electronics 
magazine - any electronics magazine 
- it 's likely that the story was first 
discussed in Electronic Design. 

Why do leading manufacturers 
select Electronic Design as the 
vehicle for their significant product 
introductions? Because they know 
that Electronic Design is the ideal 
environment for their important 
debuts. Each issue contains the 
latest information on tools and 
techniques to help shorten the 
design cycle, helping our readers to 
incorporate the latest products and 
technology into their designs. 

Proven leadership in circulation 
and editorial makes Electronic 
Design the source of critical design 

information for 165,000 global 
readers. And we're first with the 
information you need in your job. 

After all, why should you wait and 
read about it somewhere else 
tomorrow? 

YES! 
I want my 

technology news as 
it happens. 

r----------yp;f!1;;~~yte~bii~~g;~;;;~~~b,;j,p.;"~.----------1 

Please begin my subscription to Electronic Design immediately. l 
1 year, 24 issues for $85.00. 

I 
I 
I 
I 

Name:--------------------- l 
Address: I 

City :---------- State: _____ Zip: ___ : 

For subscriptions to Canada, add $75.00; foreign subscriptions, add $145. 
I 
I 
I 
I 

1 Send to: Penton Publishing, P.O. Box 95759 l 
L ______ <2l:v!~~~~~~~~~i~~J.!.'!~~~~~~----------------J 



ULTRA·REL'" 
MIXERS 
5-YR. GUARANTEE* 

The opportunity for automated, low-cost assembly is a key benefit of surface
mount technology but is often wiped out by the high price of surface-mount 
components. Now Mini-Circuits offers a new series of mixers to meet the 
pricing and quality demands of SMT ... only $3.30 in 1,000 quantity ($3.95 in 
quantity of 10) ... lower than most conventionally-packaged mixers. 

*ULTRA•REL'" MIXERS 5 yr. Guarantee . 
with extra long life due to unique HP monolithic diode construction. 
300°C high <emp. storage, 1000 cycles thermal shock. vibration, 
acceleration. and mechanical shock exceeding MIL requirements. 

The Ultra-Rel'" SCM-series spans 1 to 2500 MHz and is housed in a rugged 
non-hermetic 0.38 by 0.75 by 0.2 in. high (max. dimensions) plastic /ceramic 
package. Spacing between connections is 0.2 in. 

Each SCM is built to meet severe environmental stresses including 
mechanical shock/vibration as well as temperature shock. Operating and 
temperature storage range is - 55° to +100°C. Ultra-Rel'" SCM mixers come 
with a five-year guarantee, ready for off-the-shelf delivery, and avai lable in 
tape-and-reel format (500 qty, 32 mm). 

Unprecedented 4.5 sigma unit-to-unit repeatability is also guaranteed, 
meaning units ordered today and next year will provide performance identical 
to those delivered for your initial prototype design. 

SPECIFICATIONS 

MODEL SCM-1 

Freq Range (MHz) 
LO. RF t -500 
IF DC-500 

Conversion Loss (dB) 
mid-band 6.0 
total rnnge 6.5 

Isolation (dB) (L-R) (L-1) 
low-band 60 50 
mid-band 45 45 
high-band 40 40 

PRICE ( 1000 qty) 3.30 
(1 -9 qty) 4.25 

SCM-2 

10- tOOO 
DC-500 

6.0 
7.0 

(L-R) (L-1) 
50 55 
40 40 
35 30 

4.15 
5.45 

When you think SMT for low-cost production, think of Mini-Circuits' low-cost 
Ultra-Rel'" SCM mixers. 

Units are shipped 1n ant1-slat1c plastic "tubes" or "sticks" 
for automatic 1nsert1on 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 

CIRCLE 218 FOR U.S. RESPONSE CIRCLE 219 FOR RESPONSE OUTSIDE THE U.S. 

SCM-5 SCM-2500 

1250- t800 500-2500 
DC-500 DC-500 

5.5 5.7 
5.5 6.4 

(L-R) (L-1) (L-R) (L-1) 
28 18 35 18 
28 18 35 18 
2C 18 35 18 

8.85 8.85 
11.95 11 .95 

Cl 15 REV. F 



1..7 LTC 491 

-" i · "; : : i : 

Up to 400X Less Power. 
Now there are eight members 

of the Linear Technology ultra low 
power RS485/ RS422 family. They're 
manufactured with LTC's proprie
tary Schottky LTCMOS'" process 
to achieve low power consumption 
without sacrificing ruggedness. The 
entire family is pin compatible with 
industry standard devices. Simply 
remove the old bipolar power hog 
from your board and plug in LTC's 

>W power replacement for up to 
OOX lower power consumption! 

LTC486/487 quad line drivers 
are designed for data rates up to 10 
\1bs, but the quiescent current is 
nly 150 µA max. LTC488/489 quad 
eceivers function over a -7V to 

lJC PART 
NUMBER 

LTC485 

LTC486 

LTC487 

LTC488 

LTC489 

LTC490 

LTC491 

LTC1485 

DESCRIPTION 

Half Duplex 
Transceiver 

10Mbs 
Quad Driver 

10Mbs 
Quad Driver 

10Mbs 
Quad Receiver 

10Mbs 
Quad Receiver 

Full Duplex 
Transceiver 
Full Duplex 
Transceiver 
10 MbsHalf 

Duplex 
Transceiver 

lJCPOWER 
Ice MAX SIDPINOUT SAVINGS 

60Xlower 500µA 75ALS176B 

400Xlower 150µA 75172 

400Xlower 150µA 75174 

7Xlower 10mA 75173 

7Xlower 10mA 75175 

140Xlower 500µA 751798 

60Xlower 500µA 75ALS180 

BX Lower 3.5mA 75ALS176B 

~·vinputcommonmoderange £.JLln~ 
at udta rates up to lOMbs and 
consume 8X 1ess power than pre-
viously available parts. TECHNOLOGY 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

LTC490/491 are full duplex 
versions of the LTC485, containing 
a single driver and receiver. Power 
dissipation is the same as the LTC485 
-a mere 2.5 milliwatts. The 
LTC1485 is a true lOMbs version 
of the LTC485 with only 17.5 milli
watts of power consumption. 

All LTC RS485 parts withstand 
forced voltages above and below the 
supplies without latchup. Driver skew 
is less than lOns and outputs stay 
glitch free during power up/down. 

All parts are available in DIP 
and SOIC packages in commercial 
and industrial temperature grades. 
100-up pricing in plastic DIP starts 
at $1.35. For more information 
contact Linear Technology 
Corporation , 1630 McCarthy Blvd. , 
Milpitas, CA 95035. Or call 
800-637-5545. 

CIRCLE 178 FOR U.S. RESPONSE 

CIRCLE 179 FOR RESPONSE OUTSIDE THE U.S. 
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