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A recent survey of over 1000 Electronic Design Magazine subscribers named OrCAD's
Schematic Design Tool's Release 1V as the CAD/CAE software of choice. Preferred over
Mentor,Valid or P-CAD. Which isn't surpising, when you consider everything OrCAD has
to offer. OrCAD EDA products are complete electronic design automation solutions: easy
to learn and use, affordable, and offering the best support in the industry.

Whether you're a start-up design shop or
a Fortune 500 Company, OrCAD EDA
tools can be quickly configured to do
designs the way you want. Then altered
or extended as your needs change. OrCAD
products are powerful enough to do large
scale designs quickly and easily. Which
means everyone gets the maximum oulput
from their engineering resources. OrCAD
EDA tools are also offered on the most
popular EDA platforms, both UNIX
and DOS.

OrCAD products are the first to offer
design software with the ESP framework
to give the user unprecedented ease of use.
This powerful environment allows seamless
integration between schematic design,
simulation and other processes.

But more than software, OrCAD provides
telephone technical support, a 24 hour BBS,
free product updates, and other support
services to maximize your success with
OrCAD technology. In fact, over one half
of all OrCAD employees are devoted to
customer service.
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Call or write today to receive a free
demo disk. You'll see why more designs
are made by more designers on OrCAD
products.

WE SELL PRODUCTIVITY

SALES LINE: (503) 690-9881
FAX LINE: (503) 690-9891
BBS: (503) 690-9791
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FIRST 8-CHANNEL SIMULTANEQUS
A/D— 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 3.6us per channel. |deal 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
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8 T/Hs simultaneously sample to reduce channel-to-channel phase delay to less than 4ns,
compared to several microseconds for A/Ds with a single T/H.

Evaluation Kit & Software Make Fast A/D Design Even Faster

\ Save time and simplify your A/D converter design further by using Maxim’s new design
} software and MAX155 evaluation kitf. Order the MAX155EVKIT for $95tT.

FREE A/D Converter Design Guide

Simplifies "Analog In-to-Data Out"
Ecn

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.

/W /12X /VI

CIRCLE 210 FOR U.S. RESPONSE CIRCLE 211 FOR RESPONSE OUTSIDE THE U.S.

Distributed by Arrow, Bell/Graham, EImo, 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) 384-1112; Delaware
(609) 778-5353; Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; Idaho, (503) 292-8840; lllinois, (708) 358-6622; Indiana, (317) 844-8462; lowa
(319) 393-2232; Kansas, (816) 436-6445; Louisiana, (214) 234-8438; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 352-5454
| Minnesota, (612) 941-9790; Mississippi, (205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada,
(408) 248-5300; New Hampshire, (617) 329-3454; New Jersey, (516) 351-1000, (609) 778-5353; New Mexico, (602) 730-8093; New York, (516) 351-1000, (607) 754-2171;
N. Carolina, (919) 851-0010; Ohio, (216) 659-9224, (513) 278-0714, (614) 895-1447; Oklahoma, (214) 234-8438; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-56353;
h W. Pennsylvania, (614) 895-1447; S. Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 234-8438, (713) 782-4144, (512) 346-9186; Utah, (801) 561-5099;
; Virginia, (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 is a registered trademark of Maxim Integrated Products. © 1992 Maxim Integrated Products
t The kit includes an 80C31 uP with external ROM and RAM, as well as an applications program (on a 5'/4" floppy disk) to control (over a 232 link) the MAX155's analog MUX and to display conversion
results on an IBM-compatible PC t1 MAX155EVKIT, FOB USA, recommended resale  * 1000-up FOB USA, recommended resale




Low Delays.

High-Speed 7.5ns CMOS PAL 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 10ns 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-



No Delays.

tributor, too. So you can get the quantity and Because at AMD, we don't believe in long
speed you need, whenever you need them. delays either.
What more can you expect from the com-
pany that sells more programmable logic ‘l
than all of its competitors combined?

So pick up the phone and place your Advanced Micro Devices

Order today, @ Ca” 1'800“222"9323 fOf IMOI'C 901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc.

. . PAL is a registered trademark of Advanced Micro Devices. All brand or product names
]nfOFmathD mentioned are trademarks or registeréd trademarks of their respective holders.
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COVER 43 100-W DC-DC CONVERTER SPORTS 70-W/IN.2 DENSITY

FEATURE ,,, asymmetrical approach to power transfer launches the era of very-high-
density power converters.

ELECTRONIC 5] WIRELESS DATA LINKS BROADEN LAN OPTIONS

DESIGN REPORT o, dors and regulatory bodies confront limited-bandwidth and interference
problems.

DEsieN 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 14, transfers of 500 Mbytes/s are possible as a novel DRAM architecture
and bus run at 250 MHz with 600-mV 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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Standardize all analog modeling
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e Europe to define wireless-LAN
standards

® Diamond-wafer process improves
substrates

e Enhanced FPGA supports 50-MHz-
plus clocks

o British Navy to use FDDI
networks

e Tangible Futurebus+ products
emerge

e Passive-matrix LCDs reach video
speeds

e Signal processing’s best at
ICASSP’92

e Pen-input control chip set eases
design

31 TECHNOLOGY ADVANCES
e HP-IBM alliance produces stan-
dard fiber-channel module

e New protocol boosts IEEE-488
data transfers to 5 Mbytes/s

e Sublimation process heralds low-
cost CdTe solar cells

e Standardized 3U VME stakes a
claim in STD 32’s territory

e European standards body unveils
RF EMC specifications

77 IDEAS FOR DESIGN
® Amp minimizes both drift and
noise

e AGC amplifier has adjustable
timing
® Make polystable memory elements

Jesse H. Neal Editorial
Achievement Awards:
1967 First Place Award
1968 First Place Award
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1975 Two Certificates of Merit
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1978 Certificate of Merit
1980 Certificate of Merit
1986 First Place Award
1989 Certificate of Merit

Cover lllustration: Paul Anderson
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® Special
SRAMs

e First details on a multiprotocol
multimedia chip set

® Modeling op-amp noise with Spice
macromodels

e IC DACs with on-chip program-
mable-threshold comparators

e Logic-emulation software that pro-
motes parallel hardware-software
development

¢ Plug-in pc boards that aid in mixed-
signal processing

e PLUS:

Ideas for Design

Pease Porridge

Technology Advances
QuickLook

High-speed
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NEW INDUSTRY STANDARD
Met By DTI’s EISA ESP2000A & ESP2001

Up to 64M
DRAM On-board

21 Years Of Manufacturing
Industrial Computer Products

y opens toa full

¥ 130" angleto

I accomodate liftout
drive cages/power

supply modules. '

On-Board Battery

32Kb of EISA CMOS RAM For CMOS RAM

i R
*766201-01

EISA Industry
Standard Architecture

System/Server
Modular,

Rackyr

CRMS816

Industry Standard 19"
Rackmountable Chassis

+ Rugged Steel Construction
»8.75"H x 19"W x 24'D

+ Rackmount Slides Available
* Up to 16 Full-Length /AT

Passive Backplane Technology
Easily Upgradeable (486...586...)
Low Mean Time To Repair

Lockable security door folds
down to provide access to
peripherals and controls.

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



EISA PASSIVE BACKPLANE

S'“gle Board COmPUterS | FUNCTION {Espglc‘)loozxi Es:’);;ol

‘486’ | ‘486’

Optional Intel Turbo Cache 33 MHz - Shipping Now v
(64K or 128K) PS/2 Keyboard | 32KB EISA CMOS RAM v

Up to 64Mb RAM Onboard V
—— - Up to 32Mb RAM Onboard
- 2 Serial Ports

1 Parallel Port

IDE /Floppy Interface

< |%

Noise Reduction Circuitry
For FCC Class B

PS/2 Mouse Support

P§/ 2 Keyboard Support

\

Ogtional Intel Turbo Cache

Precicoman
— . . On-Board Battery
e D ST U2 Real-Time Clock

T A

Technology
Manufactured In—House[US/i)_
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Rackmount Platform Of The Future... NOW!
Flexible, Serviceable...Fault Tolerent Capability

CONFIGURATIONS AVAILABLE

EISA or ISA Passive Backplane Archictecture Industrial Power Module tional Redundant/Fault Tolerant
+ ISA backplanes of 10, 14 or 16 positions + High reliability 100,000 MTBF 'ower Supply
« EISA backplanes of 10 or 14 positions + Independent forced air cooling system + 150,000 hour MTBF
« Split backplanes available « Lift-out module for quick field replacement + Dual independent or redundant operation
+ Redundant/fault tolerant system capabilities + Quick-disconnect power connections
AC Supply Options - 265 & 315 watt versions

DTI Single Board Computers Available AC Supply Options - 250 & 350 watt versions 120/250 VAC input 50/60Hz
+ 33MHz 486 DX EISA 120/250 VAC input 50/60Hz
+ 33/25MHz 486 DX ISA DC Supply Options - 285 watt 24 volt input
+ 25/20MHz 486 SX ISA 350 watt 48 volt input Other Features Include:
+ 40/33/25MHz 386 DX ISA + Optional hold down bar secures boards
+ 20/16MHz 386 SX ISA Liftout Modular Drive Bay » Air intakes with removable/washable filter elements
+ 20MHz 286 ISA , + Accomodates 4 half-height or 2 full-height provide filtered air for cooling

5.25" drives « Optional front panel keyboard and video ports
Commercial Power Module + All four peripherals front accessible + Status control center includes internal temperature
+ 200 watt capacity + Shock mounting provisions for each disk alarm indicator
» Independent forced air cooling fan + Slide mounted drive installation + Lockable security door folds down to provide access
+120/220 VAC input 50-60Hz + Second optional liftout modular drive bay to peripherals and controls
+20,000 hours MTBF

Call toll free fi d d infe tion. -

1-800-443-2667 :-l' Diversified Technology*
U.S.A. - (601) 856-4121 Fax (601) 856-2888 An Ergon Co.

Outside U.S.A. - (201) 891-8718/Fax (201) 891-9629
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Call today for produc , formatlon

T (415)322-5322 rax (415)322- 0455
15 Consttuton Drive, Merlo Park, CA 94025 USA )
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For more information, call/FAX for our FREE brochure.

B J BATTERY ENGINEERING, INC.

1636 Hyde Park Avenue » Hyde Park, Mass. 02136 * 617-361-7555 « FAX: 617 3611835
¢ Performance ¢ Safety * Power ¢ Reliability
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For a Spectacular

VGA Display..

[tsthe Least
You Can Do.

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.
. CAN: -
Sll’pulS : Exclusive! The CL-GD6410: the first VGA controller
Drive notebook and U'iih AS"I‘IZI‘Z;I[[S(,:"X(A)‘;C}}S;IU(;I[((l]?lé‘()llS[]/ drives
. hoth LCD an "displays for your
e'Xtemal dlSplayS presentations, demos and seminars.
simultaneously

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 ICs, 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.

[ Get detailed information by barely |
| lifting a finger. Call 1-800-952-6500. |
Ask for dept. LL37.



NOW ALL YOU
NEED TO

CUT YOUR

ASIC DESIGN TIME

IS A PAIR OF

SCISSORS.

Instead of just telling you how
PowerFrame 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-

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

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

© DIGITAL EQUIPMENT CORPORATION 1992. THE DIGITAL LOGO IS A TRADEMARK OF DIGITAL EQUIPMENT CORPORATION
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 POWERFRAME |

'I'RIAI. OFFER

Name

[ Tell me more about the no-obligation PowerFrame trial offer
that can be installed right at my site. I want to evaluate how PowerFrame can
reduce my ASIC design cycle time. Have a Digital representative call

to begin the qualification process.

[J Send me an invitation to visit the private PowerFrame suite at the

Design Automation Conference.

[ Just send me Digital's PowerFrame handbook for starters.

Title

Company

Department

Address

City

State

Zip/Postal Zone

Phone ( )

Country

Ext,

[ Other (please explain):

Our most challenging design management issue is:
[] Error generation [ Inefficient design process [ Limited project management

Our primary design discipline is:

JAsic O Custom IC [JPCB [ Electronic packaging

[) Mechanical [] Software development

Our primary engineering design software packages:

ESIGN AU

[[] We have internal tools that we want to tie into our design process.

Return to: Kathleen Hudson, Frameworks Marketing, Digital Equipment
Corporation, MRO4-3/H8, 4 Results Way, Marlboro, MA 01752-3011

Or FAX this entire page to: 1-508-467-1569.

Offer limited to first 100 qualified respondents. Void where prohibited.

SEE DIGITAL’S POWERFRAME AT THE

TION CONFERENCE
BOO‘I'I'I 7O1 0 JUNE 8—110 ANAHEIM, CA
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and produce high-performance
working silicon the first time.
We'll show you how Power-
Frame's open architecture lets you
mix the best in-house design tools
with the best commercial tools. How
it supports multiple platforms - even

CIRCLE 170 FOR U.S. RESPONSE

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 mngﬂnanm

1-508-467-1569.
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IBM IS A REGISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORPCRATION.
HP IS A REGISTERED TRADEMARK OF HEWLETT-PACKARD COMPANY. SUN IS A REGISTERED TRADEMARK OF SUN MICROSYSTEMS, INC
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KEPCO
3601080 WATT . ez me mea
MAT POWER
SUPPLIES ARE i -
PROGRAMMABLE @ 20. 00 3

WITH YOUR - wm (m ]

MOUSE. | ] B
e [«[<[>]>» FAULT [e[<]s]»

Other power supplies CHANNEL SET UOLTAGE STATUS HONITOR SET CURRENT
have knobs or keypads. L | <ow

Kepco’s “MAT” lets you
use your mouse...

POINT..CLICK..SET

Kepco's MAT power supplies
implement LabWindows.(")

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.

(W LabWindows © National Instruments

a-c power Switching
O and d-c bipolar a'g_‘gg‘gfz”d LabWindows runs on 386 DOS-based computers with a VGA display and, of course, a mouse.
and Bench —_—r 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.
z SEE US AT ELECTRO/92, KEPCO BOOTH 4503, 4505
146-1704
146-1760 VISA
146-1785 [
Call/fax/write to Dept. MRM-05 for any of our three catalogs. [ SRR LD eem

Eastern Region: 131-38 Sanford Avenue, Flushing, NY 11352 USA e 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 e Tel: (214) 579-7746  Fax: (214) 579-4608 THE P%mEZSUPPLIER
Kepco Europe, L1d., London, England: Salamander Quay West, Park Lane, Harefield, Middlesex UBY 6NZ » Tel: + 44 895 825046 « Fax: + 44 895 825045 e

Kepco, Inc., 131-38 Sanford Avenue, Flushing, NY 11352 USA e Tel: (718) 461-7000 e Fax: (718) 767-1102 ® Easylink (TWX): 710-582-2631 Q K E p C D



LCD Proto Kit

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

240 x 64 Kit provides

pixel 3 serial inter-

Supertwist & face to IBM

LCD - PC for quick

mounts prototyping.

directly Board also

onto supports

CYB003 displays up

proto- to 240 x 128

typin, pixels.
board.

Interface to

6 soft keys or

4 x 4 key matrix.

Dial 0-25k

ohms for LCD

contrast.

Controller

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

size LCDs. Up

to 256 built-in

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

serial jack for Manual included.
RxD, TxD,

CTS, and 5Pin Alternate Add your own 8051
GND, plus Power Power CPU for stand
2 spares. DIN. Connector.  alone operation.

Kit also includes:

Power supp:y provides +5v and Gnd for
board, -12v for LCD,
and + 12v spare.

Sample routines in
8051 Assembler
and QuickBasic.

LCD Paint™ for
creating your own

graphics

images.

4-wire
RJ11 style
cable with
DB25F
connector
for your IBM PC.

$495 - Klt Demo routines
Popular LCD Starter Kit. praprogeammec
immediate

gratification.

[GIO)| (7158 ] |
(8595 pre-assembled & tested)
*The CY325 CMOS 40-pin DIP and 44-pin

PLCC LCD Controller IC are available
from stock @ $75/singles, $20/1000s .

CyberneticMicroSystems

Box 3000 e San Gregorio CA 94074
Tel: 415-726-3000 e Fax: 415-726-3003
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EDITORIAL

TAKING THE RESPONSIBILITY

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,
goout 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
litigationis 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.

“Ourprincipal problems are within and not without...Toremain great we must
again emphasize politically, economically, and socially those basic methods that
made us greatin the first place.” These two points are made inarecent insightful
newspaper ad sponsored by George Romney, former Governor of Michigan and
CEO of American Motors. Ininternational 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-
tivemarketing problems. It’s farbettertofocus 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 ’\;g;f |
Press has bestowed a Jesse H. Neal Certificate of Merit on Sats
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
Engelke shares the honors with Bob.

Congratulations from your col-

leagues, Bob and Roger.

Editor-in-Chief

MARCH 19, 1992




iIncredible!

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

Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive ~ SPECIFICATIONS (typ)

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 Absorptive SPDT Reflective SPDT

further complicate your subsystem and take added space when you can YSWA-2-50DR YSW-2-50DR

specify Mini-Circuits' latest innovative integrated components? ZYSWA-2-50DR ZYSW-2-50DR
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 nit repeatability for insertion loss. These rugged devices

operate over a -55° to +100°C span. Plug-in models are

housed in a tiny p c 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 o DRLDW / YS f_.bR\(pm) 19.95
setting higher standards ) DR (SMA) 69.95 DR (SMA) 59.95
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“We need you to design, compile, link, load, configure, prototype, debug

Relax. With a LONBUILDER 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,

© 1992 Echelon Corporation, LONWORKS, LONBUILDER, and LONTALK are trademarks and ECHELON, LON and NEURON are registere




“You're Ridding,
right?”

and fabricate a new control network. By yesterday””

there’s the PC-based LONBUILDER 2 Developer’s Workbench. It's really 3 tools in |: 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 companies,
many of them on the Fortune 100 list, are using LONBUILDER 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 for?”

xxxx

il
=l

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 LONBUILDER 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. 1-800-937-4LON. FAX 1-415-856-6153. P ECHELON

Outside the U.S., please fax. Echelon Corporation, 4015 Miranda Avenue, Palo Alto, CA

CIRCLE 248 FOR U.S. RESPONSE
CIRCLE 249 FOR RESPONSE OUTSIDE THE U.S.



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 milliwatt, Frequency
Response *+2db 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
TRANSFORMERS

10 Nanoseconds to 100
Microseconds. ET Rating to
150 Volt-Microsecond.

All units manufactured

and tested to MIL-T-21038.

Delivery—
stock to one week Ses EE

PICO ===

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
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TECHNOLOGY BRIEFING

STANDARDIZE ALL ANALOG MODELING

s mixed-signal systems grow in size, they be-

come more difficult and time-consuming to v

simulate. That’s where analog behavioral & 4

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 complexityinvolved 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.,SanJose,
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
Spicebehavioral extensions. Ultimately, engineers willneed astandard 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 exampleis the PSpice software from MicroSim
Corp., Irvine Calif., which includes limited analog behavioral modeling.

Theidea of standardizing Spice primitives, however,isnot 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
astandard 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 engineersuse Saber, it’s not astandard. 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.

D ESTIGN
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Now includes NI-DAQ™
Driver and DAQWare
Getting-Started Software

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-MIO-16F-5 board creates a new standard in excellence with
features not found on typical data acquisition boards.

These features include:

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

our complete line of data

: AL 0T Gy CoE acquisition boards, signal
= 200 ksamples/sec sampling rate ¢ Q&‘: S & conditioning products, or
5 N & 3 O /&

= Software-configurable analog & S S / S/ SK software, call us.

. . > S

input and gain @c @@* « Y @e & TES (512) 794-0100 or

. : 800) 433-3488
® Optimum noise control l 2 l aseJ ‘ . ’ ‘ ] | (
p o EISA-A2000 | EISA| ‘% 1,000,000 12| 5 1 | (U.S. and Canada)
= True self-calibration
l AT-MIO-16F-5 IAT } ‘ggf’ 200.000. 12| 5,0t010 \ 0'3615112'15630'{ 2’ 2| 81 3| ’

= Dither generator for — :

extended resolution ATaO-ton® | ar | 1955 | 100000 | 12| FhsE Ui S 1 Sl A e (A [ v
®RTSI® bus for multi- | Kiodecas | A7 |'Sor | 100 12| g | V™ 2| e elals 0] |7

board synchronization Lab-PC 8SE | 62500 12 | 5,0t010 | BZSAL20 |5 | 12 | 24|53 ||y ||y 2 ‘; Igg;llal'ﬂé.m”

g i ol 50, 100

| i i vare is the Instrument ®

Custom instrumentation [ oo™ T Tase | so.000 | 12 50010 1 ) R ) ) i ’ 259 Sefteerd & e Instcinment

amplifi s I 6504 Bridge Point Parkway

plifier
; é}l{)}lﬂ](ﬂgz; )Ig " = 5 5 b z = g% 2 '// :j [ j v Austin, TX 78730-5039

® Microsoft Windows and | pc-bio-24 X Bl = = ol e e v

DOS driver software PC-TI0-10 x| - - |- - - = =l 10| 18| | ‘ il

* SE - Single-Ended, DI - Differential, S8 — Simultaneous Sampling

t 8 Channels In, 8 Channels Out

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) 3788 1921 - 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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POWER
SPLITTERS
COMBINERS

the world's largest selection
2KHz to 8GHz rom $49

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 closely 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 repeatability 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. Il. 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

[JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156
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0 OF THE “100 LARGEST ELECTRONIC
96 A' COMPANIES” IN THE UNITED STATES
ARE DIGI-KEY CUSTOMERS

*Source: “Electronic Business,”” July 22, 1991.

It's no accident that 96% of the “100 Largest Electronic
Companies” in the United States are Digi-Key customers.

numbers tell the Digi-Key story. Put these numbers
to work for you.

AVAILABLE FOR “OFF-THE-SHELF” DELIVERY — FREE CATALOG today! -
AND THE OTHER 5% ARE ON THE WAY!! i

0 OF ORDERS ARE SHIPPED TO DIGI-KEY
9 9 /0 CUSTOMERS WITHIN 24 HOURS!!

0 COMMITMENT TO CUSTOMER 701 Brooks Avenue South
1 0 0 0 SATISFACTION!! Thief River Falls, MN 56701
Phone: 1-218-681-6674

Toll Free: 1-800-344-4539
FAX: 218-681-3380

9 5(y OF THE ITEMS IN DIGI-KEY'S CATALOG ARE Call, write or fax for your
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TECHNOLOGY NEWSLETTER

European regulators are planning to define standards on a pan-continental
EUROPE TO DEFINE basispfor high-capacity wireless local-area networks. The nel‘zworks 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

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

IMP ROVES 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. pm

By lowering the programmed resistance of antifuses, a forthcoming chip will
ENHANCED FPGA SUP PORTS be able to support microprocessors and memory subsystems running 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 Q. 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 I/0 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 N AVY TO British Royal Navy submarines are now likely to be fitted with fiber-distrib-
uted-data-interface (FDDI) networks. This comes as a result of a study con-
USE FD DI NETWORKS 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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Now you can
and not get

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™ POW ERstation 220 gives you more
wa]lop for your money, while delivering a hefty 259
SPECmarks™ That’s (‘ompar(‘d to the SUN IPC%™ 134

SPECmarks and the DEC5000%™ 17.8.
Entry Entry
Model Grayscale 8-bit Color
Workstation** Workstationt
IBM 220W $7,185 $9,995
HP 705/710 $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
its 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. 116MB, 400MB Disk, Display, Operating System, Graphical User Interface

IBM is a registered trademark and RISC System/6000 is a trademark of International Business Machines Corporation. SPECmark is a geometric mean of the ten SPECmark tests and is 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 is 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.



oet more clout,

clobbered.

ind POWERservers that pack more punch for less.

slots and upgradable components. And industry- machines, configure your network and integrate
standard memory upgrades and add-ons for both all your systems, whether they’re made by IBM or
are affordable, so growing won’t be a pain. not. And IBM Credit Corporation has flexible
financing packages to meet your needs. Get hit
Striking a blow for business. The POWERserver with the details. Call your IBM marketing repre-
220 is great for commercial UNIX® solutions, too. sentative or Business Partner. For literature, call
You can configure it as a commercial server, to give 1 800 IBM-6676, ext. 769%*
your business the speed, muscle and openness of And, for those who decide to shop for UNIX

UNIX, for only $9715. And the POWERserver 220 solutions elsewhere, a word of advice. Duck.

is as expandable as all our other models.

Jg"?ri he RISC System/6000
" For the Power Seeker.

IBM is in your corner. Nobody else
delivers the knockout support of IBM. An

IBM customer engineer can install your




TECHNOLOGY NEWSLETTER

Futurebus+, the open architecture that performs at 3.2 Gbytes/s using 256
TANGIBLE FUTUREBUS i3 bits, was officially announced two years ago. Now, products designed with
P RODUCTS 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., ITT
Canon, Mupac, Nanotek, 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

i By using a new method to address the pixels of passive-matrix LCDs, a
P ASSIVE MATRIX LCDS 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

sa Running the signal-processing gamut from algorithms to the latest hard-
SIGNAL PROCESSIN,G N ware is next week’s International Conference on Acoustics, Speech and Sig-
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

¢ A cordless touchpen can now be used thanks to a chip set and signal sensor
PEN INP UT CONTROL grid that form the heart of a pen-based entry subsystem. Released at last
CHIP SET 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 +15V video
op amp you’ll find.

With a 200 MHz bandwidth and
2300Vpusec slew rate, the CLC411 is the
highest-speed, widest bandwidth 15V
monolithic video op amp on the market.
Equally important, the CLC411 delivers
an exceptional +0,05dB gain flatness to
30MHz. Plus 0.02%/0.003° diff. gain/
phase. That’s an unparalleled combin-
ation of speed and performance in 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
17ns 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
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dcfo 3GHz .. ST1I#5

lowpass, highpass, bandpass

® less than 1dB insertion loss ®greater than 40dB stopband rejection ®surface-mount ® BNC, Type N, SMA available
® 5-section, 30dB/octave rolloff ® VSWR lessthan 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, Plug-in, dc to 1200MHz

Passband Stopband, MHz Passband Stopband, MHz
Model MHz loss loss Model MHz loss loss
No. loss < 1dB > 20dB > 40dB No. loss < 1dB > 20dB > 40dB
PLP-5 DC-5 8-10 10-200 PLP-250 DC-225 320-400 400-1200
PLP-10.7 DC-11 19-24 24-200 PLP-300 DC-270 410-550 550-1200
PLP-214 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
LOW PASS PLP-50 DC-48 70-90 90-200 PLP-600 DC-680 840-1120 1120-2000
PLP-70 DC-60 90-117 117-300 PLP-750 DC-700 1000-1300 1300-2000
PLP-90 DC-81 121-137 167-400 PLP-800 DC-720 1080-1400 1400-2000
d PLP-100 DC-98 146-189 189-400 PLP-850 DC-760 1100-1400 1400-2000
@® i 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
% / y Price, (1-9 qty), all models: plug-in $1495, BNC $32.95, SMA $34.95. Type N $35.95
S '
§ : Surface-mount, dc to 570 MHz
g S
R SCLF-214 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800
e SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800
SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000
frequency SCLF-135 DC-135 210-300 300-600

Price, (1-9 qty), all models: $11.45

Flat Time Delay, dc to 1870MHz

Passband Stopband VSWR Group Delay Variations, ns
MHz MHz Freg. Range, DC thru Freq. Range, DC thru
Model loss loss 0.2fco 0.6fco fco 2fco 267fco

No loss < 1.2dB > 10dB > 20dB X X X X X

PBLP-39 DC-23 78-117 117 1.3:1 281 07 40 50

o PBLP-117 DC-65 234-312 312 1.311 241 0.35 14 1.9

i % PBLP-156 DC-94 312-416 416 0.3:1 L5, 03 1.1 1.5

i PBLP-200 DC-120 400-534 534 1.61 1.91 04 1.3 16

F PBLP-300 DC-180 600-801 801 1.2511 221 02 06 08
PBLP-467 DC-280 934-1246 1246 1.251 221 015 04 055
ABLP-933 DC- 560 1866-2490 2490 1.31 221 0.09 0.2 0.28
ABLP-1870 DC-850 3740-6000 5000 1.451 291 0.05 0.1 015

G Price, (1-9 gty), all models: plug-in $19.95, BNC $36.95, SMA $3895, Type N $39.95
ronwcr, w10 feo NOTE: A: -933 and -1870 only with cornectors, at additional $2 above other connector models

high pass, Plug-in, 27 5 to 2200 MHz

HIGH PASS Stopband Passband VSWR Stopband Passband VSWR
MHz MHz Pass- MHz MHz Pass-
N Model loss loss loss band Model loss loss loss band
@© : No < 40dB < 20dB <1dB Typ No. < 40dB < 20dB < 1dB | Typ
° =7
< PHP-25 DC-13 13-19 27.5-200 1.81 PHP-400 | 210-290 395-1600 174
2| PHP-50 DC-20 20-26 41-200 1.51 PHP-500 | 280-365 500-1600 1.8:1
S \ PHP-100 DC-40 40-55 90-400 1.81 PHP-600 350-440 600-1600 2.0:1
5 K PHP-150 DC-70 70-95 133-600 181 PHP-700 700-1800 1611
S| PHP-175 DC-70 70-105 160-800 1.5:1 PHP-800 780-2000 2.1:1
2 PHP-200 DC-90 90-116 185-800 161 PHP-900 910-2100 1.81
PHP-250 DC-100 100-150 225-1200 1.3:1 PHP-1000 1000-2200 191
PHP-300 | DC-145  145-170 290-1200 1.7:1 \
frequency 2
Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95
ENDPASS bandpass, Elliptic Response, Constant Impedance,
10.7 to 70MHz 214 to 70MHz
= 4 Center ‘ Passband [ 3dB Stopbands Center | Passband | Stopband | VSWR
< Fsdid Freq IL.15dB | Bandwidth IL IL ‘ Freq MHz loss 1:31
2 Model Max Typ. > 20dB ‘ > 35dB Model loss »20dB | Total Band
g \ __No (MHz) (MHz) (MHz) at MHz _atM No MHz Z1dB at MHz MHz
s PBP-107| 107 89- 75815 | PIF-214 | 214 -
5 PBP-214] 214 4 155&29 & PIF-30 0
PBP-30 30.0 22 &40 & 99-1000 PIF-40
- PBP-60 600 | 44 &79 |46 & 190-1000 PIF-50 50
frequency PBP-70 70.0 ’ 51 &94 [60& 193-1000 PIF-60 60
PIFT/(‘ 70 |
i ) qty), all r

Price, (1-9 qlw all mmmx plug-in $18.95,
BNC $40.9¢ 4295, Type N $47

SMA $3895, Type N $39.95

finding new ways
setting higher standards

[JMini-Circuits ... ..

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/ NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010
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Finally!
A true 32V
Precision
Analog Array

—with onboard
Digital Logic.

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 RLDA8O.

Think of the possibilities.

Programmable timers. PWM controllers.

Motor speed F RAYTHEON RLDASO LINEAR/DIGITAL ARRAY |

controllers 8 32V PROGRAMMABLE ANALOG MACROCELLS |
e (Op amps, ground sensing amp,

& ST QAT low distortion op amps, TTL output

Su pervisory ‘ comparator, bandgap reference)

circuits. 36 5V PROGRAMMABLE DIGITAL MACROCELLS

5 e 16 5V DEDICATED DIGITAL MACROCELLS

Phase locked (Up to 200 equivalent gates)

16 DIGITAL /0 CELLS
_ 128 200ppm/°C THIN FILM RESISTORS
analog multi- 36 SMALL SIGNAL PNPs and NPNs
plexers. 4 100mA NPN DRIVE TRANSISTORS

loops. Latched |

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.

[t's fast—typically six to eight
weeks from design review to prototype.

And flexible—changes to an RLDA80
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. For specifications on the RLDASO,
give is a call at 1-800-722-7074.
Raytheon Company. Semiconductor Division.
350 Ellis St. Mountain View, CA 94039.
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Raytheon

Semiconductor Division

Where quality starts with fundamentals
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HP-IBM ALLIANCE PRODUCES
STANDARD FIBER MODULE

igh-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 costby as much as 80%
over currentsolutions.

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
inasystem.

The relatively simple fi-
ber-channel standard for
point-to-point communica-
tions gives designers alow-
overhead, high-speed
channel for subsystem-to-
subsystem data transfers.
Such a connection is sorely

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
beenadopted 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
short-wavelength laser di-
ode on the same fiber dou-
bles the length of the link.
To achieve the maximum
distance of 10 km, a long-
wavelength laser diode
and more-expensive sin-
gle-mode optical fibers
must be used.

The HP-IBM collabora-
tion resulted in a transmit/
receive chip set that per-
forms all of the physical-
layer signal handling—10-
bit input and output inter-
facing, laser-safety con-
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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 setis the special atten-
tion paid to optical safety.
Special detection logic pre-
vents the link from operat-
ing withouta fiber inserted
into the connector, pre-
venting a user from acci-
dentally looking directly
into an active emitter. The

modules thus meet every
worldwide standard for op-
tical safety.

Both HP and IBM will
start selling functionally
identical single-channel
modules next quarter (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
atIBM, (507) 253-2943.

DAVE BURSKY

NEW PROTOCOL B00STS IEEE-488
DATA TRANSFERS T0 5 MBYTES/S

Ithough it’s been
around a long time,
the venerable IEEE-

488 bus still has plenty of
life left. With the tremen-
dous improvements in in-
strument and device
speeds in recent years,
however, some users feel
that the standard’s 1-
Mbyte/s data rate is a bit
slow. An answer to this
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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-
lished 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
transfers. In fact, the
source data blocks can be
any length. The 488SD pro-
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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 systemcan
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 oradevice.

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

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 1/0,
auniversal language inter-
face, or resident firmware.
The programs themselves
run under DOS, 0S/2, or
SCO Unix.

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

SUBLIMATION PROCESS HERALDS
Low-CoST CDTE SOLAR CELLS

y using deposition
Btechniques for cad-

mium-telluride
films, a low-cost process
for solar-cell fabrication is
now practical. The process,
developed at the Battelle
Institute in Frankfurt,
Germany, permits effi-
cient thin-film CdTe solar
cells to be produced rapidly
on inexpensive substrates,
such as ordinary window
glass. Ultimately, the pro-
cess may cut the cost of
such solar cells to a level
80% lower than today’s sili-
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con solar cells. Pilot pro-
duction could start in three
years, according to Dieter
Bonnet, who heads the
CdTe project at the Insti-
tute.

With the process, Bat-
telle deposited high-quali-
ty CdTe films within one to
two minutes, producing so-
lar cells with efficiencies as
high as 11%. Much higher
efficiencies can be expect-
ed, says Bonnet, who adds,
“We intend to enter pilot
production for this highly
promising thin-film solar
D ESS  1N6G N
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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
thatlarge-scale production
is feasible.

As for the material, few
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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 m?/
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/m? if an annual
output of 10,000 m? 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.

JOHN GOSCH

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

purred on by potential
S“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
that will push the 3U VME
specification to the fore-
front. The specification
governs VMEbus boards
with a 3U form factor. STD
32 is a 32-bit bus specifica-

EdE L ECTRONTIGC

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 Ziatech 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 STDbus 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
steam when pushed to its
limit of about 14 Mbytes/s.
Consequently, the proces-
sor runs faster than the I/
O bus for high-speed 386
and 486 processors.
Though this offers some
advantages, it presents a
problem when data is pipe-
lined. This ‘“‘upper limit”
area is where the 3U VME
specification is targeted.
The specification also pro-
DE - SilaG 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’tused during the data
cycle and the data lines
aren’t used during the ad-
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So let’s talk numbers. Like system
clock rates up to 80 MHz, to be specific.
And a propagation delay of only 15ns
pin-to-pin. That's the kind of perform-
ance you get with our new pLSI" family
of high density PLDs. And unlike othe -
high density devices, our timing chakr
teristics are absolutely predictab
right from the data sheet.

Furthermore, the p
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The power of the pLSI family is
| matched by our pLSI/ispLSI Develop-
N ment System (pDS™). Running under
™ Windows 3.0, pDS is low cost, easy to
f learn and easy to use. So you can
\; begin to design with pLSI and ispLSlI
L. devices right away. Compilation takes
only minutes, so the time required
for design, debug and rework is
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n And of course, it's all backed
3 by Lattice’s proven E*CMOS® tech-
nology. With low power, reprogram-

mability and 100% DC, AC and func-
A tional testing, the pLSI family offers
! the highest quality available. Not to
! mention high-speed programming
1 and 100% programming yield.

- So pullinto the high density
| PLD fastlane. Call 1-800-327-8425
\ today and ask for pLSI informa-
\ tion packet #308.
f
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Leader in E2CMOS PLDs."

Lattice Semiconductor Corp.
5555 Northeast Moore Court
Hillsboro, Oregon 97124

Copyright © 1992, Lattice Semiconductor Corporation. e
E?CMOS is a registered trademark of Lattice Semiconductor Corporation.
pLS!, ispLSI, and pDS are trademarks of Lattice Semiconductor Corporation.




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,
s0 16 of them are added to
the data bus to get 32 bits.
As aresult, 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 IndustryPaks
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
2001/0 pins. When that in-
terconnect issue arises,

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

RICHARD NASS

EUROPEAN STANDARDS BODY
UNVEILS RF EMC SPECIFICATIONS

he European Com-
Tmittee 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 50081-1is 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-
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ating at more than 9 MHz,
measured limits set for air-
borne radiation from an en-
closure are 30 dBpV/m at
10 meters for frequencies
between 30 and 230 MHz,
and 37 dBuV/m at 10 me-
ters for frequencies from
230t01000 MHz. Limits for
all types of equipment are
also set for ac-power-line
interference. These limits
range between 66 dBuV
and46 dBpV, 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 dc 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 onJune 1. According
to the agreement signed,
conflicting national stan-
dards of CENELEC mem-

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:
+3225196919.

PETER FLETCHER

less and less and less.
g That’s AI&T “Customerizing’

for such applications as
logic, interface functions
and battery-based systems
like laptops and notebooks.
Less PCB space, less noise
AT&T combines power pro-
cessing and control in an industry-compatible pin-
out and package as small as 1.1"x2.0"x0.5" Each
module includes EMI filtering that meets FCC class
A/B requirements, eliminating the need for
external filters, giving you a smaller, quieter, more

ATal

Microelectronics

Smaller, quieter and cooler, our 5V and 12V-input
board mounted power modules (BMPMs) help you
solve today’s toughest EDP design problems.

Less volume, less heat
High-density SMT circuitry from AT&T Bell
Laboratories delivers high efficiencies at low input
voltages, providing power conservative solutions

cost-effective power solution. That's what we

mean by “Customerizing.’

Less to worry about
Standard features include over-voltage protection,
short-circuit current limiting and complete input/
output filtering. And our 10W modules offer a

remote on/off option.

Ambient Temp .

5 Watt Power
Module Specifications
S22 08
>70%
. FCCClass B
.. >1Million Hours
. Upto70°C
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800 553-2448, ext. 638.

CIRCLE 252 FOR U.S. RESPONSE
CIRCLE 253 FOR RESPONSE OUTSIDE THE U.S.

All AT&T BMPMs are
manufactured to meet UL,
CSA and TUV safety stan-
dards. Available in a range
from 0.5W to 150W, with
5V-72V input voltages,
2V and higher output voltages. And they come in
five industry-standard package sizes. o /

Call AT&T Microelectronics for our BMPM 5V/12V
brochure: 1800 372-2447, ext. 638. In Canada: B




Oki’s Advanced ASIC Tools
Reduce Your Risk.

s an ASIC designer for high-
performance 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?

Oki's advanced tools
provide the lift you need to
dive comfortably into the
highest levels of ASIC design:

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.

Coupled with our 0.8um
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-OKI-6388,
Dept. 050, for Oki's ASIC
capabilities brochure. See how
risk-free ASIC design can be.

Oki ASIC Design Tool Support for 0.8um, 1.0jum, and 1.2jum

Vendor  Platform Operating System/Rev  Description
Cadence  Sun/SPARC Sun 0S4.1.1 Simulation
Solbourne Verilog 1.5C Fault grading
Design verification
IKOS 4.0up Simulation
Fault grading
Mentor HP/Apollo DNIX 5.03, Sun 0S 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 Sun0S4.1.1 Design synthesis
Interface to Mentor, Valid, Viewlogic Test synthesis
Valid Sun/SPARC Sun 0S4.1.1 Design capture
Sun-3 GED, ValidSIM, Simulation
RapidSIM Design check
DECstation 3100  ULTRIX, ValidSIM, GED
1BM RS6000 GED, ValidSIM, RapidSIM
Viewlogic ~ Sun/SPARC Sun 0S4.1.1 Design capture
Workview 4.0 Simulation
PC386 DOS 3.3, Workview 4.0

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS

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



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

OKI
Semiconductor

785 North Mary Avenue
Sunnyvale, CA 94086-2909
1-800-0KI-6388, Dept. 050
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the fastest platform around. Series 700 workstations from Hewlett Packard.
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COVER FEATURE

AN ASYMMETRICAL APPROACH T0O POWER TRANSFER
LLAUNCHES THE ERA OF VERY-HIGH-DENSITY POWER
CONVERTERS.

100-W DC-DC CONVERTER
SPORTS 70-W/IN.* 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 dc-de converter. The 100-W
hybrid supply occupies less than 1.5 in.? 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.?. 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-dc 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 mostimportant 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.

ELECTR ON

I

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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HIGH-DENSITY
DC-DC CONVERTER

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

1. OCCUPYING LESS than 1.5 in.2 the MFLHP de-de

converter from Interpoint is the first hoard-mounted unit with a
rating that exceeds 50 W/in.%. The converter owes its density, to
among other things, a fundamentally new control system designed
to minimize transformer losses.

| e gl
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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-
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.

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-

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-high-density levels.

D ESTIGN
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For broad selection, short leadtimes, and outstanding quality and
value, Motorola Opto is the choice of the 90s.

If you're already an opto customer
of Motorolas, you know full well why
you are.

For example, you know about
Motorolas broad optoisolator line that
includes a wide selection of transistor,
darlington, SCR, triac driver and logic
output devices, all available in tape
and reel, and surface mount.

YouTe familiar with Motorolas global
regulatory approvals, including UL,
SETI, SEMKO, DEMKO and CSA. VDE
approved per standards 0883/6.80 and
0884/8.87, with additional approvals to
DIN IEC950 and IEC380/VDEQ0806,
IEC435/VDE0805, IEC65/VDEO860,
VDE110b, also covering all other
standards with equal or less stringent
requirements, including IEC204/
VDEO0113, VDEO160, VDE0832,
VDEOQ833, etc. With Motorola opto-
isolators, theres no need to worry about
meeting the broad range of optoisolation
requirements imposed throughout the

world, so your marketplace is truly global.

moToroLA and (M) are registered trademarks of Motorola Inc

As aMotorola customer, youTe also
well aware of our passion for quality
control, our continuing efforts to deliver
defect-free products and services that
meet all your opto requirements.

And naturally, youve come to depend
on Motorolas short leadtimes and record
on-time delivery.

But of course you already know all
this if youre a Motorola customer—
whether you've been one for a short time
or practically forever. You know these
and all the other reasons why weTe the
opto supplier to stick with in the 90s.
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HIGH-DENSITY
DC-DC CONVERTER

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
MOSFETSs 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-
quency, 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

EHdE L ECTRONTIC

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 loss.
Even theimpregnation process for
the magnetic elements uses a special
low-loss, highly thermally conduc-
tive compound designed to help en-

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 heat frequencies and allows switching transients to be timed to

avoid circuit interference.
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HIGH-DENSITY
DC-DC CONVERTER

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
sink (this sink can be a pc board, a
cage wall, or a commercial heat
sink), 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

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 Or BorH WoRLDS

A current-error amplifier circuit
provides very good transients at low
loads and makes it easy to parallel
converters without complex inter-

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
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You Need
Tree City USA

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.

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,

NE 68410.

The National
J Arbor Day Foundation
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LAST SEPTEMBER, 83 MILLION PEOPLE
DESPERATELY WANTED A DEMONSTRATION DF

UR FINEST LOGIC ANALVZER.

(hicago Tribune g
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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

analyzer that could very well prevent another banner year. TAK T0 TEX/1-800-426-2200 EXT. 73

CIRCLE 240 FOR U.S. RESPONSE
- CIRCLE 241 FOR RESPONSE OUTSIDE THE U.S.
Tektronix

Test and Measurement

57W-188398 Copyright «

1992, Tektronix, Inc

All product names, brands, and trademarks are trademarks of
their respective owners. Newspaper headlines are simulated



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 I?L logic and for some applica-
tions, such as lamps that have very
low initial resistance.

HicH-REL HYBRID

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 partis 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 eircuitry allows it to meet the se-
vere transient-protection standards
defined in DO160, 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

ELETCTRUONTIC

noise and reliable high-temperature
operation. Without external compo-
nents, the MFLHP has typical out-
put ripple of 20 mV 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 CEO3
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.[

PRICE AND AVAILABILITY
The MFLHP dc-dc 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.

Interpoint Corp., 10301 Willows Rd.,
P. O. Box 97005, Redmond, WA 98073-9705;

David Uvellt, (800) 822-8782. CIRCLE 511
How VALUABLE? CIRCLE
HIGHLY 541
MODERATELY 542
SLIGHTLY 543
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Replace multiple

cqgtal can oscillators
with a single frequen
synthess 10

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 —
TTL output to 120MHz with power-
down capabilities.

ICD2062 Dual Programmable
ECL/TTL Clock Generator —
Complementary ECL outputs to
160MHz for video RAMDACs;

TTL output to 120MHz.

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

1-800-669-0557

I CDESIGNS

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-
tionality, the SAB80C166 has

The 80C166 also
gives you the most
effective interrupt
performance any- 16- and 8-bit
where, with speeds Microcontrollers

as fast as 250 ns because the 64 levels of

SABBOC1686 \

priority are arbitrated each machine cycle.

blown past the competition in
embedded control speed

WORLD SPEED RECORDS

The fully vectored
interrupt system
allows the fastest

and performance.

The Fastest Real-Time
Controller In The World.
One reason for its amazing

speed, up to 10 native
MIPS, is a 4-stage CPU

PERFORMANCE

identification of
interrupt sources.
Plus, through the
use of a Peripheral
Event Controller,
which ‘steals’ just

pipeline which can process
four instructions simulta-
neously. This allows 90% of

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

INTERRUPT

B sieMENS 8oc166 I Intel 80C186-16

B intel 80C196-16 Motorola 68332

one machine cycle
from the CPU, it
lets you service

peripherals without going through a

standard interrupt procedure.

© 1992 Siemens Components, Inc. Integrated Circuit Division. 2191 Laurelwood 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
A/D 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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Photo: National Semiconductor/Dancell 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
canreach $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

WIRELESS DATA-COMMUNICATION NETWORKS

MIiLT 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.
Datarates 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 LANs are issues of fre-
quency allocation by the Federal

ELECTRONIC DESIG¢NH
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WIRELESS DATA-COMMUNICATION NETWORKS

1. ONE-WAY WIRELESS
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
restricted 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-

EHFlE L E CTR ONTIGC

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 Mbits/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’trequire high data rates. 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 Mbit/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:

MARCH 19, 1992

How it works,” p. 57).

Narrowband 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 LANs, narrowband LANs
are implemented in various ways for
different applications.

One example is the Altair line from
Motorola Inc., Arlington Heights,
I1l., which is an offshoot from the
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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.
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The Most Powerful
MCM Design Tools Now Run
On Your Choice 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

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.

DAZIX

An Intergraph Company

DAZIX®, Intergraph®, and CLIPPER® are registered trademarks of Intergraph Corporation. Otber brands and product names are trademarks of their respective ouners
Copyright 1992 Intergraph Corporation. Huntsville, AL 35894-0001. DDADO48AO.
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FDDIL

From deskwork to
network.

More good news! AMP ing and electro-optic conversion
has the complete fiber optic are now easier than ever.
interconnection system—the
AMP OPTIMATE Fixed
Shroud Duplex System—that
meets all FDDI PMD require-
ments. And includes all the
Good news for networks! physical components you need to

The X379.5 Task Group, under make your fiber optic network a
: et lity.
the procedures of ANSI Accredited I ¥ ;

Standards Committee X3, has . Of speCIaLInot(fa. the trans-
reaffirmed approval of the Media celver 1s capable of operating at
Interface Connector (MIC) for the data rates up to 125 Mby/s. Avail-
proposed FDDI (Fiber Distributed able in st_an_dard or raised (+5v)

Data Interface) Physical Layer ECL logic, it gives you a com-

Medium Dependent (PMD) document. ~ Pact, board-mount data link in
an industry-standard 22-pin
package. Reliable duplex mat-

AMP and OPTIMATE are trademarks of AMP Incorporated.




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. ﬂ

You can also order in fiber optic technology is every-
complete, custom-built cable  thing you'd expect from the world’s
assemblies from us. Either largest connector company.

b iR O.U’l.l .have the assured For technical information, call
compatibility that comes 1-800-522-6752 (fax 717-986-7575).
from dealing with only one 1 Canada, call 416-475-6222. AMP

supplier for all your FDDI Incorporated, Harrisburg, PA
interconnection components.  17105.3608.

A supplier whose capability

THIS IS AMP TODAY. AM P
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WIRELESS DATA-COMMUNICATION NETWORKS

3. APC ADAPTER 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

Polysilicon glass

et
0 [r]

CFed B B PR
nt buried layer £ p* buried layer

4. DEVELOPED FOR WIRELESS SYSTEMS operating in the 900-MHz-to-
2.5-GHz frequency range, National Semiconductor’s ABiC IV hiCMOS 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-um,
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 hiCMOS gates
with typical speeds under 200 ps.

E3dE LECTRONTIGC
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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-
mW 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-
gyisalsousedinits NewsStream Re-
ceiver, which has been integrated
with the 95LX palmtop personal
computer developed by Hewlett-
Packard Co., Palo Alto, Calif. Mount-
edin 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 LANs from Moni-
cor Electronic Corp., Fort Lauder-
dale, Fla., operates in the 450-to-470-
MHz FM band (Fig. 2). Although the
I1C-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-communications
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 broadecasts 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.
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WIRELESS DATA-COMMUNICATION NETWORKS

NCR's WaveLAN consists of a cir- SPREAD SPECTRUM: HOW IT WORKS
cuit board cabled to an omnidirec-
tional antenna and mounted in a pread-spectrum data | quence. Pulsed-frequency or
housing for location near a PC. Capa- transmission originated in | chirp modulation sweeps the car-
ble of up to 2-Mbit/s data-transmis- military communications | rier across a wide frequency band
sion rates, the spread-spectrum sys- systems that required high | during a pulse interval and is used
tem doesn’t need an FCC license and immunity to electromagnetic | mostly in radar. For wireless
supports any number of PCs located noise, jamming, multi-path signal | LANs, direct-sequence modula-
within 1000 ft. The use of a direction- | | distortion, and eavesdropping, | tion is commonly used.
al antenna increases operating while preserving high data-trans- In direct-sequence modulation,
range to five miles. Moreover, the mission integrity. For wireless- | the carrier frequency is modulat-
system allows individual wireless LANS, it also offers full compati- | ed by a pseudo-random-noise
nodes to be connected to a hardwired bility with multiple-access, multi- | (PRN) source and the coded data
backbone. In a typical office environ- ple-user requirements. Anditalso | to be transmitted (see the figure).
ment, one PC used as a file server has the potential for wider band- | Total bandwidth increases as the
can be equipped with both a Wave- widths than what’s available. rate of these two signals in-
LAN module and a backbone connec- A spread-spectrum system dis- | creases, and immunity from inter-
tion. WaveLAN uses the Ethernet tributes transmitted data over a | ference increases with band-
carrier-sense, multiple-access with range of carrier frequencies | width. Secure communications is
collision avoidance (CSMA/CA) pro- that’s much wider than the mini- | inherent because the receiver lo-
tocol to handle data collisions. mum transmission bandwidth. A | cal oscillator and transmitter out-
A novel spread-spectrum system baseband signal of only a few kilo- | put signal must be synchronized
innovated by Proxim Inc., Mountain hertz is obscured or hidden within | by some predetermined code that
View, Calif., also comprises a circuit a frequency band that’s many | modulates the data stream.
board with an attached antenna. megahertz wide. At the receiver, Baseband data is usually digi-
When plugged into a full-length PC the signal is remapped into the | tized and added to the PRN code
slot, the antenna extends from the original information bandwidth. | sequence. The composite signal is
backplane (Fig. 3). RangeLAN has a
range of up to 800 ft. and a data rate ;
of 242 kbits/s. Proxim’s patented lr‘rFier ”ﬂﬂ:‘,‘;‘," ' ;::le\a'::d 'ﬁ%‘&'fn'-ﬁf IF bandpass filter
technology divides the available 902- = cartier /
t0-928-MHz bandwidth into three Carrier L Balanced _LT Y__é_> Mixer i» L s %
subchannels for added noise immuni- ostillator modulator demodulator
ty. This can occur when the user se- A—— Pseudo-nise A Code reference
lects the most noise-free channel. Pseudo-noise vode Balanced | _ W [ Pseudo-noise
“The band partitioning also effec- generalor st QK
tively triples available bandwidth | | f
when used concurrently,” says Paul < Canerrequency
Smith, vice president of marketing at plus IF frequency
Proxim. The product also has a pat-
ented post-correlation circuit for sig-
nal capture that contributes to low Theresultis error-free data trans- | then mixed with the carrier-oseil-
cost, low power, and small size. fer in the presence of noise. lator signal in a balanced modula-
The relative merits and weakness- The most popular spread-spec- | tor, amplified, and mixed at the re-
es of narrowband and spread-spec- trum modulation schemes are di- | ceiver with a reference that has
trum technologies provoke consider- rect sequence, frequency-hop- | the same code. The receiver next
able debate. Advocates of narrow- ping, and pulsed chirp. Direct-se- | restores the baseband signal
band technology point out the data- quence modulation uses a code se- | which is sent through a filter that
rate limitations of spread-spectrum quence to phase-modulate the | passes only the baseband-modu-
systems operating within the con- carrier across a continuous band | lated carrier. Direct-sequence
stricted 900-MHz frequency band. of frequencies. Unlike direct-se- | modulation requires simple cir-
The argument continues that pre- quence spread-spectrum tech- | cuitry and has good performance.
sent FCC bandwidth allocation for niques, carrier-frequency shift- | Also, using code-division multi-
spread-spectrum communications ing or frequency-hopping shifts | plexing lets multiple users em-
can’'t support more than about 20- the data-modulated carrier fre- | ploy different codes to operate si-
Mbit/s data rates, which is only one- quency across a spectrum of mul- | multaneously on the same fre-
fifth of the preferred 10-Mbit/s data tiple discrete frequencies in a pat- | quency by applying identical sin-
rate for data communications. tern determined by a code se- | gle-carrier transceivers.
Narrowband supporters concede
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Quadrature phase
splitter

STEL-2130 digital down-converter and carrier racker

B Bl

Differential

I.uwias: filter

ADC

Signal splitter

~

Low-pass filter

_ | Divide
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systems operating beyond
900 MHz. For wireless dig-
ital communications, the

Low-pass filter

Clock Out .
Numerically-
Control Data controlled
b 1 oscillator

i

Data  Interrupt
Microcontroller

! Control
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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-

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

EJELECTRONTIC

Telecom is used in a spread-spectrum receiver. One particular chip, the STEL-2130, integrates many
functions that formerly required several chips.

I 5. THIS THREE-PIECE spread-spectrum demodulator ASIC chip set developed by Stanford

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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tion ASPECT process,
ABIC IV, will mix bipolar
and CMOS transistors to
integrate unique combina-
tions of switching speed, bandwidth,
dense logic, embedded memory, mul-
tiple 1/0s, 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-
GHz 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-
gle IC by the middle of this year.[]
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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

Ithough 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 computers 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 LANSs.

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 LANSs. They can, however, only be used to link LANs 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

BRIAN EDEM, AVI BAREL, and KAREN PARKER
National Semiconductor Corp., MS D3615, Box 58090, 2900 Semiconductor Dr.,
Santa Clara, CA 95052; (408) 721-4402.
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DESIGN APPLICATIONS

ROUTERS TAME
COMPLEX INTERNETS

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

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.

Local network

Local network

Local network

Local network

(b)

Host A _ HostB
User User
TCP TCP
IP IP

Router
MAC-1 IP MAC-2
MAC-1 MAC-2
PHY1 PHY1 | PHY? PHY-2

1. THIS GLOBAL INTERNET includes local-area networks (LANS); hosts (H),
which concentrate user connections onto the LANSs; 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).
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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. 1a), they im-
plement the first three layers of the
OSI network protocol model—physi-
cal, data link, and network (Fig. 1b).
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 (#%g. 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
path 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 toregulate 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-
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dresses network security is-
sues as well. In the event of 0
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ment because the types of

a fault, routers can redirect
traffic and reconfigure the
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and the internet protocol
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PACKET FRAGGING

One strength of routers
over bridges is their ability
to work with LANSs that im-
plement different layer-2
protocols. In particular,
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 LANs
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

2. THE INTERNET PROTOCOL (IP) header
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.

e L ECTRONTIC

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.

DESIGN 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 National’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 LANs 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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campus-wide FDDI back-
bone.

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
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.

Tue CPU CoRE

The CPU core of the Freeway rout-
er consists of a National Semicon-
ductor NS32GX320 microcontroller
and its memory system (#%g. 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 system
are generated by the processor. That
greatly simplifies the design by mak-
ing all bus masters run from the
same clock.

To enhance overail system respon-
siveness, each peripheral within the
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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.

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 amemory refresh cycle. Con-
secutive data accesses that occur
within the same page, as is usually
the case, are significantly faster us-
ing this technique.

THE NETWORK CORE

The network core of the Freeway
router handles the actual data traf-
fic. It consists of a memory system
(the packet memory), a processor in-
terface (the data buffer), the Nation-
al Semiconductor FDDI chip set, and
four National Semiconductor Ether-
net controllers (Sonics). Access to
the network bus by these multiple
bus masters is controlled by a central
arbiter in the network core (not
shown in Figure 3). The processor ac-
cess is of highest priority, followed

E L ECAT 'R QNI I°C
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3. THE HARDWARE 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 hoot EPROM, and a SCSI port for

the file server expansion option.

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
used in the processor core except
that it uses page-mode operation
only for burst transactions. With the
network memory, page access ends
when the bus masters release the
bus.

With the processor interface to the
network data bus, the NS32GX320
processor can access both the net-
work memory and the host program-
mable registers on each of the Son-
ics. Those Sonics, together with their
associated passive components, cre-
D ESTIG
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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
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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-

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

tion, the registers on the
FDDI chips, along with the
boot EPROM, the parame-
ter EEPROM, the UART,

the control/status port, and
the optional SCSI port, are
connected to the processor
via a separate, relatively
slow, 8-bit asynchronous

Timer

management using a memo-
ry buffer (MBUF) mecha-
nism, which provides a stan-
dard way to allocate memo-
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ry blocks of different sizes
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Not only does the MBUF
mechanism provide storage
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The Freeway router im-
plements the widely used
transmission control proto-

TCP uop

>

col (TCP) and internet proto-
col (IP) for its layer-4 (trans-
port) and layer-3 (network)
functions, respectively. The

Network
interface
routines

TCP/IP and the socket layer
to store control information
and dynamic lists.

In addition, the MBUF

Ethernet FODI SMT

1

i

MBUF

mechanism has an operat-
ing mode that references
data outside of the MBUF
structure in 4-kbyte pages.

TCP/IP software processes
incoming frames and for-
wards them to their destina-

Sonics BSI

That capability is used by
the device drivers, enabling
the network hardware to re-

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-

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 FDDI station management software and drivers for
the Ethernet and FDDI chips.
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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
and 6).

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 thatit 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 thatrequires 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
data at a rate of 20 Mbytes/s, or 160
Mbits/s.

With four Sonics, network traffic
peaks at 40 Mbits/s. If 25% is as-
sumed as overhead for descriptor op-
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erations, the Sonies 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:

e 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.

e A worst-case condition will exist
when all of the Ethernet traffic is
routed to the FDDI ring.

e 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

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.

PRrOTOCOL 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

Input data unit descriptors (IDUDs)

MBUFs

F cnt=a| loc

I ent=b| loc

Offset
Length =a
Link

Offset
Length =b
Link=0

5. MEMORY MANAGEMENT in the Freeway router uses Unix MBUF structures.
After a frame is delivered to the memory from the FDDI networks, the CPU links the frame
segments together with MBUFs. Doing so eliminates the need to copy the data, and thereby
greatly increases the router’s forwarding capability.
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MBUFs

Transmit descriptors

Size=c+d+e
Frag_count=3

Offset
Length = d
=i Link

Offset
Length =¢
Link=0

pir

Length =¢

pr
Length = d

pir
Length=¢

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 us per frame. The pro-
cessor’s write cycles aren’t per-
formed in bursts.

Each write cycle requires five cy-
cles, or 6.4 us 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
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32-bit architectures of every compo-
nent, their ability to operate with
shortbus 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, ete.), 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 us. 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:

e 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.

e 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.

e Intrinsic functions: Packet pro-
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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,
ete.). 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 trans-
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

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 following differ-

ences between the router software
and BSD code:

e 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
arerare. The copies for creating ICMP
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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address compared with several re-
peated calculations in the original
BSD code.

e 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.

e 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.

e “Our” address recognition: The
process of recognizing whether a
packet is directed to the router or
needs to be forwarded is time con-

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.
e 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

_—E}'ast_:l-ngm——

- Delay Lines

e 8 Bit Programmable Delays
® .5 NSto 10 NS Increments
® Low Power Consumption
e Low Propagation Tlme

e High Speed
® 40 Pins DIP
® High Accuracy

dev cos,lm

Clifton, New Jersey 07013 ‘@ (201) 773-2299 “e* FAX (201) 7739672
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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.[]

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 BScin 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-
Sford University, Calif, and the
University of Massachusetts grad-
uate school.
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The

competition

will call us ruthless.
Youcancallus

at 1-800-234- .

varansse o iulud

! LI |

It's enough to make other VME board
builders call us names. Or call it quits. A
new 38 MIPS* VME single board computer
based on the 88100 RISC microprocessor.
Or a new 26 MIPS* VME board based on
the 68040 CISC microprocessor.

Both are built by Motorola and
offered at $3,995 each. That’s just $105/MIPS

for the RISC board, which compares nicely
with the $1,000/MIPS you've been asked

B

==y

;

to pay for somebody else’s board. And it's
just $154/MIPS for the CISC board.
The MVMEI87 (RISC) and MVME167

(CISC) boards employ VME D64 kol
architecture. And both come with / i
four 32-bit timers. g

For a free color brochure, call
the 800 number above. And see why the
competition undoubtedly wishes we'd
call the whole thing off.

MOTOROLA

Computer Group

Motorola and the (W) are registered trademarks of Motorola, Inc. © 1992 Motorola, Inc. All rights reserved. *MIPS rating based 011 Dhrystone 1.1 test results where
1757 Dhrystones/s is 1 MIPS (VAX™ 11/780). MIPS performance is based on the Diab 2.36E compiler
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dc to 2000 MHz
amplifier series

SPECIFICATIONS Unbelievable, until now...tiny monolithic wide-

MODEL FREQ GAIN, dB *MAX. NF PRICE $ band amplifiers for as low as 99 cents. These rugged
W o L B 0.085 in.diam. plastic-packaged units are 50ohm*

MAR-1 DC-1000 185 155 — 130 0 50 099 (100) input/output impedance, unconditionally stable

MAR-2  DC-2000 13 125 1 85 +3 65 150 (25

regardless of load*, and easily cascadable. Models
MAR-3 DC-2000 13 125 105 80 +8o0 60 170 (25

)
MAR4 DO-1000 82 80 — ‘70 +11 70 190 (253 in the MAR-series 'offer. up to 33 dB gain, 0 to
MAR6 DC-2000 20 16 11 9 0 28 129 (25) +11dBm output, noise figure as low as 2.8dB,
MAR-7  DC-2000 135 125 105 85 +3 5.0 ' 190" (25) and up to DC—ZOOOMHZ bandwidth.
MAR-8 DC-1000 33 23 L 19 10 35 220 (29 *MAR-8, Input/Output Impedance is not 50ohms, see data sheet
NOTE: Minimum gain at highest frequency point and over full temperature range. Stable for source /load impedance VSWR less than 3:1
® 1dB Gain Compression ‘ 5 F ’ s
0 +4dBm 1 102 GH2 Also, for your design convenience, Mini-Circuits
dESigﬂers ampliﬁer klt DAK'Z offers chip coupling capacitors at 12 cents each.t
4 Size Tolerance gﬁmperature Value
ifi (mils) aracteristic
5 of each model, total 35 amplifiers e e e S (A
80 % 50 10% X7R 2200, 4700, 6800, 10,000 pf
arv onIy $5995 120 x 60 10% X7R 022, .047. 068, .1ut

T Minimum Order 50 per Value
D Designers kit, KCAP-1,
50 pieces of each capacitor value, only $99.95
finding new ways
setting higher standards

[ Mini-Circuits

A Division of Scientific Components Corporation
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes 6852844 or 620156
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IDEAS FOR DESIGN

= 1 AMP MINIMIZES BOTH
521 Drirr AND NoIsE

JIM WILLIAMS
Linear Technology Corp., 1630 McCarthy Blvd.,
Milpitas, CA 95035-7487; (408) 954-8400.

2N2907

+input

25K147

amplifier. For best performance, the Toshiba 2SK147 FETs must be V,, matched to within

I 1. LOW-NOISE FETs Q, and Q, minimize the noise level of this chopper-stabilized

10% and thermally mated. The resistors marked with an asterisk are 1% thin-film devices.

sually, 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 uV/°C of drift and less
than 50 nV of noise in the band from
0.1 to 10 Hz (F4g. 1). Moreover, its
offset is less than 5 pV, 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.
Key to the amplifier’s perfor-
mance are low-noise FETs Q, and Q,,
which differentially feed amplifier
A, to form a simple low-noise op amp.
Feedback, via R, and R,, sets the
closed-loop gain (to 10,000 in this

E'LE €T R 0 NI €

case) in the usual fashion.

Although Q; and Q, have very low
noise, their offset and drift are un-
controlled. Those deficiencies are
corrected by amplifier A,, a chopper-
stabilized device. A, does that by
measuring the difference between
the inputs to Q, and Q, and adjusting

Q,’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 A, can capture it.

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

Because Q, and Q, 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 A, 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. A,’s optional
overcompensation capability (capac-
itor to ground) can be used to opti-
mize response for low closed-loop
gains.[]

Input noise (0.1-10.0 Hz)

500V

2. AS QUIET AS the best bipolar amplifiers, this FET-input circuit generates less than
50 nV of peak-to-peak noise over the band from 0.1 Hz to 10.0 Hz.
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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
(IC,), regulated by a feedback-type
true-rms level detector (IC,). That
combination results in dependable
and precise gain-control action,
which faithfully retains the input-

AGC AMPLIFIER HAS
ADJUSTABLE TIMING

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

IDEAS FOR DESIGN

signal dynamics while controlling
the overall level over time.

The circuit’s input buffer amplifi-
eraccepts levels from —-26 dBu to +10
dBu (0 dBu is nominal) with 10-k{} in-
put loading. It filters out high-slew-
rate signals while isolating the input
source from the loading of the Gain
Reduction switch (Sw,). 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)

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
(Rsp). The output level is set by com-
paring the voltage on the integrating
capacitor, (C,;) to a reference set by
the Output Level control pot (Ry;).

Attack time is adjusted by chang-
ing the charging current to the final
integrator (Cg) through the three-po-
sition Attack switch (Swy). 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 (Rg,), 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 (R;) 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.[J

_c“‘ |1_00_pF +5V Distortion Null
Ok [Rs 464k 22 J O
S Ro 100k 10 Sw, RET
Moeyyrtiog oﬁg‘.‘f $-w—o  Gain Reduction | LRy £l
input 100k R, 15.0k 7 3Ry | 3 14 106 3 O Output
to = o ) —AWN—0 Lot
Inverting input O— ey Rg 20.0k 5 + 154 [8 |7 BV Ry
S p—o 100k
GND Ro280k3 / G| ¢ Ky GND
) 499k b n—o / 104F PMI/SSM2122 (VCA) t1e &
L 2 BV 3 3 T K] <+
3BV
+15V C l Rys 3 Rig o 3 Rag
Ry 3 005 2007 $ 332k
Ry, 200k 3 o “FT
200k 1 -
Gate Control 002puF =
o True-rms rectifier 1Y
2 Ry 316k c i
Atack s 2‘ g U i
D, F’m 047 uF Rys 10 16 T
c Ry 100k $—a
| N914 w ——a— 35K 3 o s C
T 0014F Ry 100K | + ss';Ale1/1u — = )
L 2,F10% Css |, 5 1
15V 0— 0 oaggq 10V tantalum 12172 ™™ S A
Fast L +10d8]| R 4
AGCRelease 372, s | Outputlevel S J_— 464k
Slow | 10k 2M -20d8 | 10k (linear) L PS
Ry 215k qE Rog -5V
i (.L15.0k
15V

. ATTACK AND RELEASE times for this AGC audio amplifier can be adjusted by the three-position Attack switch (Sw,) and the AGC
Release pot (R,,), respectively. The output is rated for a 10-k() load. To work into 2 k), C; must be replaced by a 100-p.F, 15-V device.
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and digital scopes. Making them uniquely qualified to provide you with a more honest assessment

of your needs. With anyone else, you could be hearing only half the story. For complete information g
on the full ine of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today.  TALK TOTEN/1-800-426-2200

Tektronix

03W-188147 Copyright© 1991, Tektronix, Inc Test and Measurement
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Output 1
o)

+5V
1k
l QOutput 1
O
45\

1k

—o o—e

Uy - U3 = 74ALS03B or equivalent
(a)

Uq - Ug = TAALS12A or equivalent

(b)

B

l ﬂllgllﬂ
5V I|_

¢ i Output 4

l O
j

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).

™ ¢) ¢ MAKE POLYSTABLE
5 2 3 MEMORY ELEMENTS

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

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 NAND 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 the n outputs being
uniquely at logic 0. All of the others
areatlogic 1. Needing only n gates to

ElE LECTRONTIC

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

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

three-input NAND 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.[]

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.”’

IFD WINNERS

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

EDITED BY SHERRIE VAN TYLE

MARKET FAGTS

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
CANT

YOU
REFUSE

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

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 € T R 0N I

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 dc 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
¢. D E S ¢ NED
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QUICK NEWS:
CONFERENGCES

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

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

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 St., San Francisco,
CA 94017, (415) 905-2354; fax (415) 905-
2220. CIRCLE 455

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

.perspectives on Time-to-Market |

President, Time to Market Associates Inc.
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085

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 ]
petitors; and profit potential is high. Is this possible? Certainly! Follo
' denvauve new product development strategy can give you all this and more.
Derivative product developers work with product concepts that are familia
‘keeps development risk and cost to a minimum. It becomes much easier to
ment mne, development cost, product performance, and produetcost tmdeofis W

and processes will be of the proven variety.
While they have safety on the development side of the equatmn, denvatlve developets 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 co
thinking is difficult for many people to accept, yet alone support with mo thel
Successful derivative efforts must contain key mdmduals who produce thenghtal '
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- A
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
own internal battery. The technology to produce the product is readﬂy available. Glever deslgn
was a must, but high-risk system and component development wasn't required. i
The products’ packaging and performance are impressive. Yes, they serve thexr mtended
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 ‘technolfogy. 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 initml
investment to create and enter this market was less than $2 million the pioneer | wmmy. 1
also conservatively estimate that some suppliers are retailing at least 100,000 units annnal-
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!”

First-of-a-kind

New

Market

Me-too-with-a-twist| Next generation

Established

Familiar New

Product concept

DE ST & N
MARCH 19, 1992



| AWESOME

TEK-AT3

We think this is the best way to describe the new TEK-AT3 all CMOS 386DX
single board computer. And rightly so. Because the TEK-AT3 comes standard
with a powerful 33 Mhz CPU, high performance Cache memory, and a capacity to
support up to 16 Megabytes of DRAM.

Plus, you get all the bells and whistles you've come to expect from conventional
PCs: hard disk interface, floppy disk controller, serial and parallel ports.

And like all Teknor computer cards, the TEK-AT3 benefits from the latest inno-
vative technologies. Options like 1 Meg of onboard programmable Flash EPROM,
1 Meg of battery-backed SRAM, and the ability to boot from Flash EPROM disk
offer possibilities never before conceived on a 7 x 4.7" PC/AT form factor.

In fact, when you consider all the advantages the TEK-AT3
will bring to your system designs... you'll think it's
awesome, too!

Call us today at 1-800-387-4222
for your free literature package.
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QUICKLOOK

 TALES FROM

THE SKUNK WORKS CAD/CAE SURVEY

n my columns the words #7ust 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 ey (b)

serews 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. Trudel lectures and provides business development con-
sulting: The Trudel Group, 52001 Columbia River Hwy., Scap-
poose, OR 97056; (503) 690-3300; fax (503) 543-6361. To order
High Tech with Low Risk: (5603) 962-3755.
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THE ONLY 5-VOLI MEGABIT FLASH.
NO WAITING.

Atmel’s 5-Volt-only, one- B The AT29CO010 has the

megabit Flash is available. easiest programming

Production quantities. algorithm in town.

No waiting. It’s self timed and has
That’s 5 Volts to read and automatic erase, SO

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

PERFORMANCE:

B The AT29CO010 is fast—90
nanoseconds commercial,
120 nanoseconds military.

HASSLE FREE:

B The AT29CO010 has
one thousand 128-byte
sectors, and each can be
individually written or
erased.

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.

AIMEL

ATMEL CORPORATION f e Tel. 1-800-292-8635
2125 O’ Nel Drive Tel. (408) 441-0311

San Jose, CA 95131 The people who make the difference. FAX (408) 436-4200

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




Within budget.
Without compromise.

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.

“D For more information or
same day shipment from HP
DIRECT, call 1-800-452-4844.
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.) E (

HP 4263A LCR Meter
Impedance  1Z/RXY,GBCLD,Q,6
parameters
Transformer  tums ratio, mutual
measurement  inductance, dc resistance
(Optional)

Frequency 100Hz 120 Hz,1kHz,
10 kHz,100 kHz

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

Basicaccuracy 0.1%

There is a better way.

KAl paciano

*U.S. list price.
+ In Canada call 1-800-387-3867, Dept. 443.

© 1992 Hewlett-Packard Co. TMKID213/ED
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PEASE
PORRIDGE

Bos’s MaiLBOX

Robert:

...I especially enjoyed the article in
the Sept. 26, 1991 issue regarding cop-
perclad. Oneapplication which Iwould
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 aroll
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 pe-board
layout.

LAWRENCE O. 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. You just need a big sol-
dering iron, a pair of shears, and a
waveguide flange.

TOM WEBB
Texas Instruments
Dallas, Texas

Honkifyou'reahornexpert! I'mmnot
much of an RF man myself —RAP

Hi Bob:

...Having just finished your column
on the many uses of pe boards, let me
add another trick. Find the local store

E &I E -G (# 0NuT €

Pease Porridge—A Neal
Certificate Winner
ELECTRONIC DESIGN is
pleased to anmounce that Bob
Pease’s “Pease Porridge” has been
honored by the
Editorial Com-

Jesse H. Neal
Certificate in the

category of Best Regu-
larly Featwred Department or
Colummn. 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 pe-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).
Withpractice,apoolofsolderisformed
and theironislifted slightly off the foil.
Then, as the solder is drawn along the
foil and solderis fed in simultaneously,
a very beautiful bead forms that’s as
smoothassilk. Copper-sulfide crystals
dissolvedin water and rubbed overthe
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, too/—RAP

Dear Bob:

..0n the top floor of a department
store called Seibu Loft in Shibuys,
Tokyo, they sell lots of “artsy” stuff at
exorbitant prices to Japanese yuppies

MARCH 19, 1992

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 Ilived 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 dc
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 comesin. The stuff
works great! My most recent project
uses FR-4 as the insulating frame,
which keeps the diaphragm under ten-
sionand supportsthe perforated metal
sheets...

...Unfortunately, I didn’t realize
how difficult it is to saw FR-4 until af-
ter Iboughtit. What ahorrible job that
was! I ended up cutting the stuff with
a carbide hacksaw blade, which I mod-
ified to fit my electric seroll 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? Being along-time prac-
ticing frugal engineer, I was very in-
trigued by your article on copper-clad
innovations. I typically have to pay 10
times your mentioned price for the
stuff when I can find it. So PLEASE

pEs 16N M




PICO
High Voltage
DC-DC
Converters

A"Htx.5"%.5"
up to 1000VDC

Series AV
* 56 Standard Models

* 100VDC to 1000VDC 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

e 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
MIL-STD-883

® Hi-Temp, Full Power Burn-In,
Delivery— stock to
[ ]
Electronics, Inc.
IN NEW YORK cALL 914-699-5514
K Fax 914-699-5565 J

e Stabilization Bake
160 Hours —125°C typical case
one week
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552
CIRCLE 228 FOR U.S. RESPONSE

® Temperature Cycle
temp.
wEEM
direct for
pico l===
Call Toll Free 800-431-1064
CIRCLE 229 FOR RESPONSE OUTSIDE THE U.S.
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PEASE
PORRIDGE

Pease, give me some

tips or clues or con-
tacts on your sources.
Thanks for the

DEKR Bo R,

OF corper-cLpD
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JOHN K. CARTER
Norman, Okla.

Forapproximately
36-in.-by-4-in. strips
of good G-10 at 1¢ per
square inch, call
Halted Specialties

THS 15 # Skery

4 Y8 o coneioE
BURR

ANV DRAW THE
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Advance Electron-
ics, 1661 Industrial
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Way, Belmont, CA
94002; (415) 592-4550.—RAP

Dear Mr. Pease:

...Weuseasmall paper cutterforcut-
ting circuit board. There is a tendency
forthe board tobe pulled into the blade
so square cuts are difficult, but not im-
possible.

We also use the paper cutter to cut
thinaluminum. Cutting both these ma-
terialsdoesnotdestroytheedge onthe
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-wickalsoworks well for hinges,
although it’s difficult to keep solder
from wicking into the hinge.

DUNCAN MOYER
Technical services manager
Radio Systems Technology Inc.

D E. S 1
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Grass Valley, Calif.

Good techniques—thanks for shar-
mg.—RAP

Dear Mr. Pease:

...Yes,copper-clad boardis veryuse-
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 stuffonto the
board and mixitwithahunkof14 AWG
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.

That stuff sure has many uses!—
RAP

N
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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,

As aresult,
more capacitor fi
patents. And have |
share of products g
and hi-rel i

Reasons yv'rhy circuit design engineers look
to rely on for professional grade, highest qua

FOIL AND META
DIELECTRIC C
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PHILIPS

~

Pot Cores, E Cores, I Cores
U Cores, Toroid Cores, S uare Cores
EC Cores ETD Cores P Cores

And Most Important...
Our Service Corps.

In ferrites and advanced ceramic materials, g '% x,,‘_» R With three regional customer service centers
nobody offers you more choices than _ & P A and national sales support. And with on-
Philips Components Discrete Products & ; 2oing capital investment and cost-cutting
Division. And nobody works harder . 4% ;| programs such as SPC and MRPIL.
to deliver them faster. Wherever @ o Ready to move your design
you're working—in power, tele- > ahead with more compact com-
communications, test and in- G4 LS, ponents at higher frequencies?
strumentation, EMI suppres-  “§fRY l J ITAON li ) s I [ Depend on Philips Components,
sion or lighting—we offer the «* g . - 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; West 1-800-367-8083
recording heads and materials, solid state laser and

__‘“;'

; : : . Philips C t
nonlinear crystalline materials and HIP services. msc,!:;e 83%?,‘:: Dsivision 1-800-447-3762
We'te positioned to serve you better. With 2001 W. Blue Heron Boulevard (For Catalog)

computer-controlled fast-changeover elevator kilns E}%i BOXBlg5l3]0 e
that make us more responsive to customer demands, ¢ o

With a technically knowledgeable sales force. More Products. More Solutions.

" Philips Components

PHILIPS
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system Gahling For The SGSI
Bus: Past, Present, And

PETER

Initiator

0.050-in.-center
flat-ribbon
cable

Target device 1

Target device N

= ) e

R

Shielded
round cable

Shielded terminator

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.

SCSI’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-
I/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-

In computer systems of many

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.

As the SCSI specification expands, interconnect-cable
performance must be re-examined.
BY

M. BLACKFORD
Cooper Industries, Belden Division, P. O. Box 1980, Richmond, IN 47375; (800) BELDEN-1.

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 (LSIs). 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
I/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 I/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

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = MARCH 19, 1992

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 “targets.”” These
roles may be reversed as control
of the bus is negotiated and data
is transferred (Fig. 1).

Upon formalizing the stan-
dard, SCSI’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 of Shugart’s a dec-
adeago. 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 SCSI-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.

e Unique termination tech-
niques to speed error correction
and boost effective data rates.

® Mandatory commands for
many functions.




PVC jacket
0.420-in. diameter

Aluminum/polyester tape

Tinned copper
braid: 85% lape

28(7X 36) or 30 AWG
(7X38) finned copper

Solid or cellular
polyolefin insulation

Overall buffer

® 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).

e 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

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 (7able 1). Cables
inside and outside the cabinet
are used with SCSI systems. In-
ternal cables are typically flat-

Il CABLING FOR THE SCSI BUS I

2. A common SCSI-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
discontinuities, external-type
cables may be used internally.

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

TABLE 1: SCSI-2 SPECIFIED CABLE REQUIREMENTS

Wide Fast Proposed

Basic cable types SCSI SCSI-2 SCSI-2 SCSI-2 SCSI-3
Round, 50-conductor, shielded X X X X
Round, 68-conductor, shielded X X X
Round, 50-conductor, unshielded X X X
Round, 68-conductor, unshielded X X X
Flat, 50-conductor, 0.050 in. X X X
Flat, 50-conductor, 0.025 in. X X X
Flat, 68-conductor, 0.050 in. X X X
Flat, 68-conductor, 0.025 in. X X X
Electrical
Characteristic impedance (ohms) 90 90 90 77 Min.

(single-ended) 95 Max.
Differential 140 140 132 NS
AttenuationdB/m at5 MHz (max.) e e 0.095 0.095
Worst-case change in pair-to-pair
propagation delay (ns/m)** 0.2 0.2 0.2 0.15
Dc resistance (chms/meter)
(Fast SCSI-2 and SCSI-3 figures
for terminal power only) 0.23 0.23 0.23 0.23 0.23
Mechanical (round cable only)*
Maximum primary diameter 0.035 0.035 0.035 0.035 0.035
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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Bl CABLING FOR THE SCSI BUS I

TABLE 2: ELECTRICAL PERFORMANCE
OF ROUND SHIELDED SCSI CABLE

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 dc 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 2 or more. This
impedance requirement is sub-
ject to question, however, be-
cause impedances lower than 90
) have been used successfully in
SCSI and SCSI-2 for quite some
time. Obviously, other cable-
performance qualities must be
considered. Cable impedance
should be 90 to 140 Q for differ-
ential systems.

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

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

Conductor Insulation Single-ended Differential
gauge type impedance impedance
28 Solid polyethylene (PE) 790 170
28 Foam PE 870 136
28/30 Polyvinyl chloride (PVC)/solid PE 870 13602
28/30 PVC/foam PE 950 146 0

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

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = MARCH 19, 1992

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 (, this cable is
below the specified 90-) mini-
mum. But it works well with the
proper system-termination
techniques and pinout configu-
ration (Fig. 3).

With recent SCSI-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 ). 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 1.3 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-Q) 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 Q) (Table 2).

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 50-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

Bl CABLING FOR THE SCSI BUS I

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-Q Al-
ternative-2 termination better
matches cable impedance by in-
creasing the critical “‘pull-
down” voltage. This termina-
tion, which offers the equivalent
of a 15-() 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 (7a-
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-
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TABLE 3: RECOMMENDED SINGLE-ENDED

SIGNAL PIN ASSIGNMENTS
Pair# Pin# Signal name 1 Pin# Signal name 2

1 24 Ground 48 REQ

2 19 Ground 44 ACK

3 16 Ground 45 ATN

4 17 Ground 42 Ground
5 18 Ground 43 BSY

6 20 Ground 48 RST

7 21 Ground 46 MSG
8 22 Ground 47 SEL

9 23 Ground 48 C/D
10 25 Ground 50 1/0
1 14 Reserved 39 Reserved
12 15 Ground 40 Ground
13 1 Ground 25 -DB(0)
14 2 Ground 27 -DB(1)
15 3 Ground 28 -DB(2)
16 4 Ground 29 -DB(3)
17 5 Ground 30 -DB(4)
18 6 Ground 31 -DB(5)
19 7 Ground 32 -DB(6)
20 8 Ground 33 -DB(7)
21 9 Ground 34 -DB(P)
22 10 Ground 35 Ground
23 1 Ground 36 Ground
24 12 Reserved 37 Reserved
25 13 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?
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Level-3 Pc-Board Gonnectors

Edge Toward High-Speed
Applications

ith 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,

SUCHESKI

Receptacle
module

Motherboard -

Stiffener

Insulation
/- spacer

¥ with

organizer

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.

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:

e 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.

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = MARCH 19, 1992

Decreasing semiconductor switching speeds
need connectors as transmission lines.

MATT
AMP Inc., P.O. Box 3608, Harrisburg, PA 17105-3608; (717) 780-6074.

® 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 (S/R) 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-1-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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I LEVEL-3 PC-BOARD CONNECTORS

faces daunting demand.

The effects are particularly
acute at the Level-3 (daughter-
card-to-motherboard) intercon-
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/0’s) dic-
tates a new design approach that
achieves several objectives.
These include an effective im-
pedance of 50 Q 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,
R1 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)2. 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.

-]
-

o

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
griven lines (A and

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).

Propagation delay (T ) 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,y 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

=00 OO

R1 power
R1 ground
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LEVEL-3 PG-BOARD
CONNECTORS M

4. The actual connec- to the circuit.

tor pattern of the
stripline design in Fig-

The electrical commoning of

ure 3 shows that holes  alternate columns of contacts
dedicated for shield- provides economical applica-

ing and power func-
tions are located in a
staggered position

tion in environments where
shielding is of paramount im-

from the signal fields.  portance. The end result is con-

_ nectors that offer a cost-effective

means of achieving stripline per-
formance at sub-nanosecond
edge speeds.
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signal paths are
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of propagation is kept
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rows C and D to bal-
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V¥ PCB CONNECTORS HAVE

LOW INSERTION FORCE
System speed and packaging density
are increased by a pair of pe-board
stacking connectors. The connec-
tors, which come in 111 and 135 posi-

I=

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.

V¥ CARD-EDGE CONNECTOR
FEATURES FRONT ACCESS

A transition 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, pe 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.

W CONNECTOR COMBINES
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

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. Augat/RDI CW Industries

16 Brent Dr. 525 Randy Rd. 130 James Way

Hudson, MA 01749 Carol Stream, IL 60188 Southampton, PA 18966
(800) 225-9228 (708) 682-4100 (215) 355-7080
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(908) 771-2645

(CE) (SM) (CD) (ML) (BP)

(PC) (BU)

CIRCLE 573

Advanced Circuit
Technology
118 Northeastern Blvd.

Nashua, NH 03062

(603) 880-6000

(FC) (ZI) (SM) (CD) (FX) (ES)
(ER)

CIRCLE 574

Advanced Interconnections
5 Energy Way, P.O. Box 1019
W. Warwick, Rl 02893

(401) 823-5200

(Z1) (SM) (CC) (DP) (PG) (CD)
(MD) (WR) (VB) (SB) (MB)
(1B)

CIRCLE 575

Alden Products Co.

117 No. Main St.
Brockton, MA 02403-0860
(508) 583-0160

(AU) (SM) (CD) (MD) (IN)
(WT) (CM)

CIRCLE 576

Alpha Wire Corp.

711 Lidgerwood Ave.
Elizabeth, NJ 07207-0711
(908) 290-8400

(CX) (DS) (FC) (CD) (MD)
(CO) (FL) (TW) (SH) (PW)
(HK) (HN) (CA) (ES) (MG)
(ER)

CIRCLE 577

Amco Engineering Co.
MCD

3801 N. Rose St.

Schiller Park, IL 60176

(708) 671-6670

(GP) (BM) (CN) (VR) (PT)

(EM) (MI) (CM)

CIRCLE 578

Amerace Corp.
Buchanan Div.

530 W. Mt. Pleasant Ave.

Livingston, NJ 07039

(201) 992-8400

(D1) (CE) (ID) (Z1) (CD)

CIRCLE 579

American Insulated Wire
36 Freeman St.
Pawtucket, Rl 02862
(401) 726-0700

(TW) (SH) (PW) (HK)
CIRCLE 580

Amphenol Canada Corp.

20 Melford Dr.

Scarborough, Ontario,
M1B 2X6 Canada

(416) 291-4401

(RF) (CX) (DS) (CD) (MD)

CIRCLE 581

Amphenol Corp.
Interconnect Products

20 Valley St.

Endicott, NY 13760

(607) 754-4444

(HN)

CIRCLE 582

Amphenol Corp.
Bendix Connector
Operations

40-60 Delaware St.

Sidney, NY 13838-1395

(607) 563-5011

(CD) (MD) (HV) (HN)

CIRCLE 583

Amphenol Corp.
Fiber Optic Products
1925 A Ohio St.

Lisle, IL 60532
(708) 960-1010
(FO)

CIRCLE 584

Amphenol Corp.
RF/Microwave Operations

One Kennedy Ave.

Danbury, CT 06810

(2083) 743-9272

(AV) (RF) (CX) (SM) (MD)

(HN)

CIRCLE 585

Amphenol Corp.
Spectra Strip/ITD
720 Sherman Ave.
Hamden, CT 06514
(203) 281-3200
(DS) (DI) (FC) (CE) (ID) (SM)
(CC) (PG) (CD) (FL) (TW)
(SH) (WV) (HN)
CIRCLE 586

Amuneal Mfg. Corp.
4737 Darrah St.
Philadelphia, PA 19124
(215) 535-3000

(MG) (SE) (RC)
CIRCLE 587

Andon Electronics Corp.

4 Court Dr.

Lincoln, Rl 02865

(401) 333-0388

(DS) (DI) (SM) (CC) (DP) (PG)
(CD) (MD)

CIRCLE 588

Antona Corp.

1643-1/2 Westwood Blvd.

West Los Angeles, CA
90024-5603

(310) 473-8995
(WR) (SB) (IB)
CIRCLE 589

Applied Engineering
Products

P.O. Box 510

New Haven, CT 06513

(203) 776-2813

(CX)

CIRCLE 590

Aries Electronics Inc.

P.O. Box 130

Frenchtown, NJ 08825

(908) 996-6841

(FC) (ZI) (SM) (CC) (DP) (PG)
CIRCLE 591

Array Connector Corp.
7400 N.W. 52nd St.
Miami, FL 33166

(305) 591-7530

(CX) (DS) (CU) (MI)
CIRCLE 592

Atlas/Soundolier

1859 Intertech Dr.
Fenton, MO 63026

(314) 349-3110

(GP) (CN) (VR) (PT) (CM)
CIRCLE 593

Augat RDI

525 Randy Rd.

Carol Stream, IL 60188
(708) 682-4100

(CE) (HV)

CIRCLE 594

(see p. 114 for key)
(continued on p. 105)

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = MARCH 19, 1992




The European Community (EC) technology, introduces the IEC 801

Directive for electrical transient series of TVS components to give
immunity is a reality. Sound engi- your products the required levels of
neering practices and careful transient immunity. With axial, radi-
design are no longer enough. Tran- al, multi-pin array, surface mount
sient suppression will be required in discrete, and surface mount array
the electronic products you sell to packages, we'll keep you on the
the EC to meet [EC 801-2, IEC road to the European Community.
801—4, and IEC 8015 standards. Don't be left in the dust. Call or
Don't let your competition pass write us for more information on
you by. the IEC 801 series of suppressors at
General Semiconductor Indus- General Semiconductor Industries,
tries, the worldwide leader in Inc., 2001 West Tenth Place, Tempe,

transient voltage suppression (TVS) AZ 85281, (602) 968—3101.

Objects in mirror are
closer than they appear!

Y%  General
Semiconductor

CIRCLE 202 FOR US. RESPONSE 24 - Industries, Inc.
CIRCLE 203 FOR RESPONSE OUTSIDE THE US.

©1991 General Semiconductor Industries, Inc



What do LITTLE FOOT p-channel power switches
give battery-powered cellular phones?

LIFE

Life everlasting.
Well, not quite.
But it may

seem that

way to users

of your battery-

It's a compelling com-
petitive advantage
o that will significantly
" increase your prod-
uct's market share
%‘VW and profit margin.

Running cooler

powered products. ~and designing smaller.
The 5-V logic-compatible p-channel
Double battery life during normal operation! Si9405 has an incredibly low 120-milliohm on-resistance that
And increase it by 1000% (ten times) in allows simple switching of high currents. And it comes in
standby mode! a space-saving LITTLE FOOT SOIC 8-pin package to make
How? With Siliconix LITTLE FOOT™ p-channel power your portables truly portable.
switches. The 5194()5, for examplg lets you s.hu.t down : LITTLE FOOT P-Channel Power Switches
power-consuming analog and digital transmission circuits,
as well as display and keyboard electronics, when they are Si9400DY Single P-channel, 250 m€2
not in use. Then activate them instantly from your standby Si9405DY Single P-channel, 120 mQ
mode. Si9953DY Dual P-channel, 2 x 250 mQ
These devices can also be used to switch between power These SOIC-8 devices can be driven directly by 5-V logic.
inputs such as the battery and the charger.
+5V Added value. Everlasting life? Maybe. Ever-increasing sales? Definitely!
! ' " This improved Call our toll-free hot line now. 1-800-554-5565, ext 561.
JJ ik | power manage- Ask for our “LITTLE FOOT Power Management” Design Kit.
DIGITAL ' ' ment empowers And remember, at Siliconix we're committed to achieving
CONTROLLER 519405 yoursystem a searnless interface between the power and digital worlds.

with (almost)
life everlasting.

Siliconix

2201 Laurelwood Rd, Santa Clara, CA 95056

© Copyright 1991 Siliconix, LITTLE FOOT is a trademark of Siliconix



GCONNECTOR AND PACKAGING MANUFACTURERS

BICC-Vero Electronics Inc.
1000 Sherman Ave.

Hamden, CT 06514

(203) 288-8001

(D) (SS) (DD) (ML) (WR)
(BP) (VB) (SB) (MB) (IB) (BU)
(GP) (IN) (VR) (WT) (PT) (EM)
(CM) (ER)

CIRCLE 595

Bentley Harris

241 Welsh Pool Rd.
Lionville, PA 19353
(215) 363-2600
(CA)

CIRCLE 596

Bopla Enclosures

7330 Executive Way
Frederick, MD 21701
(301) 696-9300

(GP) (BM) (CN) (IN) (WT)
(PT) (EM) (M) (ER) (GK)
CIRCLE 597

Bravo Communications Inc.
1310 Tully Rd., Suite 107
San Jose, CA 95122

(408) 297-8700

(SH)

CIRCLE 598

Bud Industries Inc.

4605 E. 355th St.

Willoughby, OH 44094

(216) 946-3200

(GP) (BM) (CN) (IN) (VR) (PT)
(EM) (CM) (ER) (GK)

CIRCLE 599

Bustronic

5680 Stenart Ave.

Fremont, CA 94538

(415) 490-7388

(D1) (DD) (ML) (WR) (BP)
(PC) (VB) (SB) (MB) (1B) (BU)
(GB) (GP) (IN)

CIRCLE 600

CTI Technologies Inc.
Sub. of PCD Inc.
7855 E. Evans Rd.
Scottsdale, AZ 85260
(602) 998-1484
(RF) (CE) (ZI) (SM) (CC) (DP)
(CD) (MD) (BI)
CIRCLE 601

CTS Corp.

Connector Div.
9210 Science Center Dr.
New Hope, MN 55428
(612) 533-3533
(SM) (CD) (MD) (BP)
CIRCLE 602

CW Industries

130 James Way
Southampton, PA 18966
(215) 355-7080

(DS) (DI) (FC) (CE) (ID) (SM)
(CD)

CIRCLE 603

CableStar Inc.

P.O. Box 446

Glasgow, KY 42141

(800) 338-8223

(CX) (DS) (DI) (FC) (CE) (ID)
(CO) (FL) (TW) (SH) (PW)
(HK) (HN) (CA)

CIRCLE 604

Calmark Corp.

4915 Walinut Grove Ave.
San Gabriel, CA 91776
(818) 287-0451

(M1) (CM)

CIRCLE 605

Carol Cable Co. Inc.
249 Roosevelt Ave.
Pawtucket, Rl 02862
(401) 728-7000

(CO) (TW) (SH) (PW) (HK)
CIRCLE 606

Carrot Components Corp.
4620 Calle Quetzal
Camarillo, CA 93012

(805) 484-0540

(DS) (DI) (FC) (CE) (ID)
CIRCLE 607

Caton Connector Corp.
Rte. 106, Wapping Rd.
Kingston, MA 02364
(617) 585-2973

(CX) (MD) (HV) (SH)
CIRCLE 608

Cherry Electrical Products
Printed Circuit Div.

3600 Sunset Ave.

Waukegan, IL 60087

(708) 662-9200

(SS) (DD) (ML) (PC)

CIRCLE 609

Chomerics Inc.

77 Dragon Ct.

Woburn, MA 01888

(617) 935-4850

(EM) (ER) (GK) (FR) (SE)
(TB) (VE) (WN)

CIRCLE 610

Cinch Connectors Div.
Labinal Components
& Systems Inc.
1501 Morse Ave.
Elk Grove Village, IL 60007
(708) 981-6000
(DS) (DI) (FC) (CC) (SH)
CIRCLE 611

Circuit Assembly Corp.

18 Thomas St.

Irvine, CA 92718-2703

(714) 855-7887

(DS) (FC) (CE) (ID) (SM) (CC)
(DP) (PG) (CD) (FL) (TW)
(SH) (WV)

CIRCLE 612

Cole-Flex

91 Cabot St.

West Babylon, NY 11704
(516) 249-6150

(CA) (TB)

CIRCLE 613

Comm Con Connectors Inc.
4111 Ocean View Blvd.
Montrose, CA 91020

(818) 957-2018

(FC) (ID) (SM) (CD)

CIRCLE 614

Components Corp.
6 Kinsey PlI.
Denville, NJ 07834
(201) 627-0290
(CE) (CC)

CIRCLE 615

| CONNECTORS |

Cooper Industries
Belden Div.

P.O. Box 1980

Richmond, IN 47375

(317) 983-5200

(CO) (FL) (TW) (SH) (PW)

(HK)

CIRCLE 616

Crane Electronics
4700 Smith Rd., Suite R
Cincinnati, OH 45212
(800) 676-7644

(FC) (SM) (CD) (MD)
CIRCLE 617

Curtis Industries Inc.
2400 South 43rd St.
Milwaukee, WI 53219-0910
(414) 649-4211

(FC) (CE) (CD)

CIRCLE 618

Dale Electronics Inc.
Yankton Div.

P.O. Box 180

Yankton, SD 57078-0180

(605) 665-9301

(DS) (CE) (CD) (MD) (BI)

CIRCLE 619

dataCon Inc.

60 Blanchard Rd.

Burlington, MA 01803

(617) 273-5800

(SS) (DD) (ML) (WR) (BP)
(VB) (SB) (MB) (IB) (HN) (GP)
(VR)

CIRCLE 620

Deutsch
Engineered Connecting
Devices

Municipal Airport

Banning, CA 92220

(714) 849-7822

(MD)

CIRCLE 621

Direct Sound Corp.

150 Fifth Ave., Suite 845
New York, NY 10011

(212) 691-9050

(AU) (RF) (CX) (DI) (1) (CD)
(MD)

CIRCLE 622

Douglas Electronics Inc.
2777 Alvarado St.

San Leandro, CA 94577-5701
(510) 483-8770

(SS) (DD) (ML) (WR) (PC)
(VB) (SB) (MB) (I1B)

CIRCLE 623

DuPont Electronics

DuPont Connector Systems
Barley Mill Plaza
P.O. Box 80016
Wilmington, DE 19880
(302) 992-5212
(CX) (DS) (DI) (FC) (CE) (ID)
(21) (SM) (CC) (PG) (CD) (MD)
CIRCLE 624

(seep. 114 for key)
(continued on p. 110)

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 Tekironix.

FREE PCB INFO PACK...

CALL TODAY
1-800-345-LPKF
(1-800-345-5753)
or FAX request fo:
1-503-645-0403

CAD/CAM
SYSTEMS, INC.
1800 NW 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 changinginputvoltages, take those o
curves with a Power Convertible.

Cruise into distributing power with Power
Convertibles' SMT construction, sleek profile
and compact styling.

You get high performance even
under extreme temperatures.
Nothing handles betterin
telecom and portable
applications.

Burr-Brown quality and reliability
fuel long lifetime mileage. The low cost will let
you leave your power supply design worries in the dust.

3 WATT
REGULATED
DC/DC
CONVERTER

BURR-BROWN @),
(E=T¥=1 [y
WPR 400

2
CONVERTIBLES

| WPR4XX SERIES

® 2:1 Input Range ® Extended

18-36 VDC Temperature Range
36-72 VDC -40° to +85° C
® DIP Package ® Low Cost - $22%

(1,000 pcs. US)
DRIVE THE WIDE RANGE with POWER CONVERTIBLES ™

Call 1-800-548-6132 ¢ Fax 1-602-741-3895

N : ] BURR-BROWN®
CIRCLE 232 FOR U.S. RESPONSE CIRCLE 233 FOR RESPONSE OUTSIDE THE U.S.



V¥ SIMM CONNECTOR

BOOSTS MODULE MEMORY
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

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.

Methode Electronics Inc.

Connector Div.

7447 W. Wilson Ave.

Chicago, IL 60656

(708) 867-9600

» CIRCLE 755

W HEAT-SEAL CONNECTORS

LINK BOARDS TO DISPLAYS
Printed-circuit boards can be con-
nected to flat-panel displays or to
other pe 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.

Elform Inc.

P.O. Box 7362

Reno, NV 89510

(702) 829-1905

» CIRCLE 754

W CIRCULAR CONNECTORS
BOAST HIGH DENSITIES

A four-contact circular connector

measures less than 1in. 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

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.

LEMO USA Inc.

P.O. Box 11488

Santa Rosa, CA 95406

(800) 444-5366

» CIRCLE 768

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 1/16 to 3/4 watts cover the resistance range of 10 ohm to
1 megohm. MILITARY. INDUSTRIAL. SPECIAL PURPOSE. You'l 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-

A cycle lead times. Get tolerances as low as .1% and TC.'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, fi ~=

Niagara Falls, NY 14304 (Phone 716-283-4025). L A7
A COMPANY OF A COMPANY OF o ")

OHMTEK

v

CIRCLE 112 FOR U.S. RESPONSE
CIRCLE 113 FOR RESPONSE OUTSIDE THE U.S.
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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, 61-43-53-2300;
Hong Kong: Kowloon, 852-739-1286; Japan: Tokyo, 81-3-3791-6411; Singapore: 65-747-0244; Taiwan: Taipei, 886-2-713-0509




A full range of DIN 41612 connector Built-in high performance A complete selection of termination

types — Standard and Inverse, Low Profile design features — pre-loaded, styles — solder tails and posts, wire

and Heavy Duty Power connectors and dual-opposing beam female wrap, compliant pin, crimp/snap, and

Modular Coax/Signal/Power combinations.  contacts with coined and coax. Post lengths and plating options
polished mating surfaces for for every requirement.

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.

Thomas&Betts

*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, 39-2-6120451; Luxembourg: Foetz, 35-255-0002; Spain: Barcelona, 34-3-3002252; Sweden: Upplands Vasby, 46-760-88110.




| CONNECTORS |

W MICRO SHUNTS MATE

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.

Samtec Inc.

PO. Box 1147

New Albany, IN 47151-1147

(800) SAMTECY

» CIRCLE 756

W 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 telephone
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
0.40 t0 0.65 mm. Currentrating of the
series is 2 A, rated voltage is 250 V
ac, and insulation resistance is 100
MQ minimum at 500 V de. Pricing
starts at $1.251n lots of one to 25 fora
four-contact unit.

Hirose Electric U.S.A. Inc.

2685-C Park Center Dr.

Simi Valley, CA 93065

(805) 522-7958

» CIRCLE 757

W MINI-DIN CONNECTORS
COME IN FOUR FLAVORS
Moldable male and female plugs, as-
sembly-type male cord plugs, and
pcbh-mount receptacles are all includ-
ed in a line of mini-DIN connectors.
Each is made to exacting mechanical

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.

Preh Electronic Industries Inc.

470 E. Main St.

Lake Zurich, IL 60047-2578

(708) 438-4000

» CIRCLE 758

CONNECTOR AND PACKAGING MANUFACTURERS

E-Mark Inc.
4 Daniels Farm Rd., Suite 328 P.O. Box 1885
Trumbull, CT 06611

(203) 452-1003 (415) 490-4200

(SM) (DP) (BI)
CIRCLE 625 CIRCLE 629
ECS Composites Eldre Corp.

3560 Rogue River Hwy.
Grants Pass, OR 97526
(503) 476-8871 (716) 427-7280
(GP) (IN) (VR) (WT) (PT) (BB)

ERNI Components
520 Southlake Blvd. (518) 298-4810
Richmond, VA 23236 (SM)

(804) 794-6367 CIRCLE 631
(CX) (DS) (D) (FC) (CE) (ID)

(IB) (BU) (GB) (FL) (CA) (GP)  Electronics Div.

(AU) (DS) (DI) (CE) (ID) (SM) CIRCLE 633

(CC) (DP) (PG) (CD) (MD)
(HV) Elform Inc.
CIRCLE 765 P.O. Box 7362

Elcon Products Int’l Co.
Fremont, CA 94538

(Z1) (CD) (MD) (BI) (RP) (HC)

Reno, NV 89510

(702) 829-1905 (CM) (ES) (MG) (ER) CIRCLE 644
(EL) CIRCLE 639
CIRCLE 634 Gemini Inc.

(GP) (CN) (IN) (VR) (EM) (MI) (ZI) (SM) (CC) (DP) (PG) (CD)

Everest Electronic

103 Mensing Way

1500 Jefferson Rd.
Rochester, NY 14623

(EM) (MI) (CM) (ES) CIRCLE 630
(ER) (GK)
CIRCLE 626 Electrical Connectors

Trimex Bldg., Rt. 11
Mooers, NY 12958

(Z1) (SM) (CD) (MD) (BP) (VB) Electrical Insulation Supplier

CIRCLE 627 300 N. Mannheim Rd.
Hillside, IL 60162

Eby Co. (708) 547-5400

4300 North "H" St. (CO) (FL) (TW) (SH) (WV)

Philadelphia, PA 19124 (PW) (MN) (HK) (HN) (CA)

(215) 537-4700 (ES) (MG) (ER) (GK) (FR)

(CE) (DP) (CD) (MD) (HV) (SE) (TB) (RC) (VE) (WN)

(WR) (FX) (BP) (VB) (SB) CIRCLE 632

(MB) (IB) (BU) (GB)

CIRCLE 628 Electronic Solutions
6790 Flanders Dr.

Elco Corp. San Diego, CA 92121

Connector Div. (619) 452-9350

Huntingdon Industrial Park (ML) (WR) (BP) (VB) (SB)

Huntingdon, PA 16652 (MB) (BU) (GP) (BM) (VR)

(814) 643-0700 (PT) (EM) (MI) (CM)

Elma Electronics Inc.

44350 Grimmer Blvd.
Fremont, CA 94538

(510) 656-3400

(DI) (CE) (VB) (IB) (BU) (HN)
(GP) (BM) (CN) (IN) (VR) (PT)
(EM) (MI) (CM) (ER)

CIRCLE 635

Emcor Products/Crenlo,
Inc.

1600 N.W. Fourth Ave.
Rochester, MN 55901
(507) 287-3418

(GP) (CN) (VR) (WT) (EM)
(M) (CM) (ER)

CIRCLE 636

Emulation Technology
2344 Walsh Ave., Bldg. F
Santa Clara, CA 95051

(408) 982-0660

(ID) (ZI) (SM) (CC) (DP) (PG)
(CD) (MD) (BI) (WR) (FL)
CIRCLE 637

Enclosure Technologies Inc.
256 Airport Industrial Dr.
Ypsilanti, Ml 48198

(313) 481-2200

(1B) (GB) (HN) (GP) (CN) (IN)
(VR) (EM) (CM) (ES) (ER)
CIRCLE 638

Equipto Electronics Corp.
351 Woodlawn Ave.
Aurora, IL 60506-9988
(708) 897-4691

Equipment

Standard Products Div.
2100 E. Orangewood Ave.
Anaheim, CA 92806
(714) 634-2866
(GP) (VR) (EM) (MI) (CM)
CIRCLE 640

Fischer Connectors Inc.
28245 Crocker, Suite 210
Valencia, CA 91355

(800) 344-0445

(AU) (RF) (CX) (CD) (MD)
CIRCLE 641

Fujitsu Microelectronics Inc.

Electronic Component Div.
3545 N. First St.
San Jose, CA 95134-1804
(800) 642-7616
(DS) (FC) (CE) (ID) (1) (SM)
(CD) (FL) (SH)
CIRCLE 642

GEM Inc.

109 State Place
Escondido, CA 92025
(619) 747-9177

(ML) (BP) (VB) (GP) (BM)
(CN) (PT) (EM) (MI) (CM)
CIRCLE 643

Garry Electronics
Division of LPL

9 Queen Anne Ct.

Langhorne, PA 19047

(215) 949-2300

(see p. 114 for key)
(continuedonp. 112)

Cannon Falls, MN 55009
(507) 263-3957

(GP) (IN) (VR) (PT) (EM) (MI)
(CM)

CIRCLE 645

General Devices Co. Inc.
1410 S. Post Rd.
Indianapolis, IN 46239
(317) 897-7000

(GP) (VR) (EM) (MI) (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) (PT)
(CM)

CIRCLE 648

Harting Elektronik

2155 Stonington Ave.
Hoffman Estates, IL 60195
(708) 519-7700

(RF) (CX) (DS) (DI) (FC) (CE)
(ID) (Z1) (DP) (HV)

CIRCLE 767

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE = MARCH 19, 1992



KRISTEL - CRT DISPLAY MONITORS

® Quality, High Resolution
Data Displays

m Versatile, Custom Designs
To Meet O.E.M. Specifications '

®m Horizontal Scanning
Frequencies to 90 KHz

® Screen Sizes from
3 to 25 Inches

® U.S.A. Manufacturing
Assures Responsive Service,
Competitive Pricing

Call for complete information.

' ] ®
‘ Krlstal 833 Industrial Drive, West Chicago, IL 60185
k corporation (708) 293-0850 e FAX (708) 293-1255

CIRCLE 100 FOR U.S. RESPONSE CIRCLE 101 FOR RESPONSE OUTSIDE THE U.S.

COMING ATTRACTIONS:

April 16
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.




| CONNECTORS |

W MEMORY-CARD CONNECTOR
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.

Suite 400

Mt. Prospect, IL 60056

(800) 292-4243

» CIRCLE 759

'V BLADE-FORK CONNECTOR
SUITS FUTUREBUS USES

MFR 16512 201032

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.

CTS Corp.

Connector Div.

9210 Science Center Dr.

New Hope, MN 55428

(612) 533-3533

» CIRCLE 760

CONNECTOR AND PACKAGING MANUFACTURERS

Harwin Inc.

4173 Main St., Suite 191
Bridgeport, CT 06606

(203) 261-2679

(ID) (21) (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) (DS) (D) (FC) (CE)
(ID) (Z1) (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) (MI) (CM)
CIRCLE 651

Honda Connectors

960 Corporate Woods Pkwy.
Vernon Hills, IL 60061

(708) 913-9566

(CX) (DS) (FC) (ID) (SM) (CC)
(PG)

CIRCLE 652

Hughes Aircraft Co.
Interconnect Systems

17150 Von Karman Ave.

Irvine, CA 92714

(714) 660-5772

(FC) (CE) (1) (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 01749

(508) 568-0451

(CX) (21) (CD) (MD) (BI) (HV)
CIRCLE 655

ITT Cannon

Components Div.
1851 Deere Ave.
Santa Ana, CA 92705
(714) 261-5300
(AV) (RF) (CX) (DS) (D) (FC)
(CE) (ID) (ZI) (SM) (CC) (DP)
(PG) (CD) (MD) (BI) (CO) (FL)
(TW) (SH) (WV) (PW) (MN)
(HK) (HN)
CIRCLE 656

ITT Pomona

1500 E. Ninth St.
Pomona, CA 91766

(714) 623-3463

(AV) (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

Interlogic Industries

85 Marcus Dr.

Melville, NY 11747-4294

(516) 420-8111

(DI) (CE) (DD) (ML) (WR)
(BP) (PC) (VB) (SB) (MB) (I1B)
(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) (BI)
CIRCLE 661

J.S.T. Corp.

1200 Business Center Dr.
Suite 400

Mt. Prospect, IL 60056

(708) 803-3300

(DS) (D) (FC) (CE) (ID) (Z1)

(SM)

CIRCLE 662

JAE Electronics Inc.

142 Technology Dr.

Irvine, CA 92718

(714) 523-2600

(DS) (DI) (FC) (CE) (ID) (Z1)
(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) (DS) (DI) (FC) (CD) (CO)

(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) (DS) (CO) (TW)

(SH) (PW) (HK)

CIRCLE 672

Mark Eyelet Inc.
AMP Inc.
63 Wakelee Rd.
Wolcott, CT 06716
(203) 756-8847
(Z1) (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
Bivd.

Fremont, CA 94538

(510) 651-2700

(DS) (Z1) (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 key)
(continuedonp. 113)
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WAS THERE some special

eeeeeeee produced

WORLD’S
FIRST
16 meg
DRAM?




YEs there was.

JE S I







O| WorLp’s

Samsung began shipping DrRAM
chips in the new 16M density—in
production volumes—during 1991.
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.

Of equal significance,
Samsung’s completion of the
generation marks something
of a transformation in the
worldwide map of supply.

And we believe consumers

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

The world’s first 16-meg DRAM.

Organization Mode Speed Samples Production
I6M X 1 FAST PAGE 60/70/80 Now NOW
16M X 1 NIBBLE 60/70/80 NOwW 6-92
16M X 1 STATIC COL. 60/70/80 Now 6-92
4M X 4 FAST PAGE 60/70/80 NOW NOwW
4M X 4 STATIC COL. 60/70/80 592 8-92
4M X 4 (WPB) FAST PAGE 60/70/80 5-92 8-92
4M X 4 (WPB) STATIC COL. 60/70/80 5-92 8-92

2K and 4K refresh available.

of electronic components will benefit from this.

Yet perhaps most important, is the fact that

the 16-meg will indeed help the electronics

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

technology of today’s workstations. Machines that

allow us to better comprehend the world, and to

Name

whole new way.

In the near future, more
will be heard from Samsung.

We are among the major
makers of brRAMs in all
organizations and densities,
and we are an increasingly
major supplier of sRaMs.
We make a wide line of
tast, ultra-fast, and high-
density sRAMS, up to 4M in
density and 8 ns in speed.

Our specialty memories

include rRoms, vRaMs, pseudo and cache srAMs,

EEPROMS, and FIFos. And we also build superior

ASICs, microcontrollers, MOSFETs, and RAM DACs.

Title

YEs. [ want to learn about the next generation
of memory. Please send more information.

Company

Address

Q

ity

State

Zip

Return coupon to Marketing Communications, Samsung Semiconductor,

3725 No. First St., San Jose, CA 95134. Or call:

| 1-800-446-2760

And, of course, in DRAMS,
there is always the 64-meg.

About which, we hope to
be writing soon.

It we may provide further

information of any kind,

please contact us via the coupon at left, or by

telephone at 1-800-446-2760.

¢ SAMSUNG

A Generation AHEAD.

199 2.

NC.,

1

MICONDUCTOR,

S E

© SAMSUNG



W CRIMP CONNECTORS
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-

4

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 70 to 110 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. Box 3608

Harrisburg, PA 17105-3608

(800) 522-6752

» CIRCLE 761

W MINI RIBBON CONNECTORS
ARE LIGHTER THAN MOST
One of the smallest and lightest
weight ribbon interconnects avail-
able is the Access I 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 routability,
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.O. Drawer @

Manor, TX 78653

(512) 276-7600

» CIRCLE 762

Methode Electronics Inc.
7444 W. Wilson Ave.
Chicago, IL 60656

(708) 867-9600

(D) (FC) (CE) (ID) (ZI) (SM)
(CC) (DP) (PG) (CD) (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 11771

(516) 922-6000

(21) (SM) (CC) (DP) (PG) (CD)
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) (DS) (DI) (FC) (CE)
(ID) (Z1) (SM) (CC) (DP) (PG)
(CD) (HV) (FL)

CIRCLE 684

Molex Industrial Interfaces
1325 Paramount Pky.
Batavia, IL 60510

(708) 879-6262

(CD) (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) (DP) (CD) (MD)
(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

(Z1) (SM) (CC) (PG) (CD) (BI)
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 Ind’l. Ct.
Rolling Meadows, IL 60008
(708) 364-6038

(FX)

CIRCLE 691

ODU, U.S.A.

Sub. of Otto Dunkel GmbH
4620 Calle Quetzal
Camarillo, CA 93012-8558
(805) 484-0981
(AU) (CX) (DS) (D) (FC) (CE)
(ID) (Z1) (SM) (CD) (MD) (BI)
(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 Mtn. Indl. Bivd.
Tucker, GA 30084-5088
(404) 496-4000

(BP) (VB) (SB) (MB) (BU)
(GB) (GP) (CN) (IN) (VR)
(WT) (PT) (EM) (MI) (CM)
(ER)

CIRCLE 694

PCD Inc.

2 Technology Dr.

Peabody, MA 01960

(508) 532-8800

(FC) (CE) (ID) (Z1) (CD) (MD)
(BI)

CIRCLE 695

PacTec

Div. of LaFrance Corp.
Enterprise & Executive Aves.
Philadelphia, PA 19153
(215) 365-8400
(GP) (IN) (PT) (EM) (CM) (ER)
CIRCLE 696

Panduit Corp.
Connector Div.
17301 Ridgeland Ave.
Tinley Park, IL 60477-0981
(800) 777-3300
(CX) (DS) (DI) (FC) (CE) (ID)
(SM) (DP) (FL)
CIRCLE 697

Penstock Inc.

520 Mercury Dr.
Sunnyvale, CA 94086-4018
(408) 730-0300

(RF) (CX) (MD) (CO)
CIRCLE 698

Poly-Flex Circuits
28 Kenney Dr.
Cranston, Rl 02920
(401) 463-3180
(SS) (DD) (FX) (PC)
CIRCLE 699

 CONNECTORS |

CONNECTOR AND PACKAGING MANUFACTURERS

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.
Portland, OR 97224
(503) 620-9400

(CD) (CO) (TW) (SH)
CIRCLE 703

Preh Electronic Inds. Inc.
470 E. Main St. (Rt. 22)
Lake Zurich, IL 60047-2578
(708) 438-4000

(D)

CIRCLE 704

Premier Metal Products Co.
381 Cana: Pl

Bronx, NY 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) (CD) (MD)
(HV)

CIRCLE 706

RF Industries Ltd.

7620 Miramar Rd.
Bidg. #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) (MI)
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

(see p. 114 for key)
(continued on p. 114)
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 CONNECTORS

CONNECTOR AND PACKAGING MANUFACTURERS

Richard Hirschmann
of America
Industrial Row, P.O. Box 229
Riverdale, NJ 07457
(201) 835-5002
(AU) (DI)
CIRCLE 711

Rittal Corp.

Electronic Products
3100 Upper Valley Pike
Springfield, OH 45505
(800) 477-4000
(GP) (BM) (CN) (IN) (VR)
(WT) (PT) (EM) (CM) (MG)
(ER) (VE)

CIRCLE 712

Robinson Nugent Inc.

800 E. 8th St.

New Albany, IN 47150
(800) 338-8152

(DS) (DI) (FC) (CE) (ID) (Z1)
(SM) (CC) (DP) (PG) (CD)
(MD) (BI) (HV)

CIRCLE 713

Rogers Corp.

Composite Materials Div.
One Technology Dr.
Rogers, CT 06263
(203) 774-9605
(EL) (SS) (DD) (ML) (FX)
(PC) (CO)

CIRCLE 714

Rogers Corp.

Flexible Interconnections
2001 W. Chandler Bivd.
Chandler, AZ 85244
(602) 963-4584
(CE) (SM) (CD) (FX)
CIRCLE 715

Rogers Corp.

Power Distribution
5750 E. McKellips Rd.
Mesa, AZ 85205
(602) 830-3370
(FX) (BP) (SB) (BU) (GB)
(PW) (HN)

CIRCLE 716

Rogers Corp.
Microwave/Circuit Materials

100 S. Roosevelt St.

Chandler, AZ 85226

(602) 961-1382

(CO)

CIRCLE 717

Rogers Corp.

Circuit Components Div.
2400 South Roosevelt St.
Tempe, AZ 85282
(602) 967-0624
(PG)

CIRCLE 718

Rosenberger/Micro-Coax
Div. of UTI

Box E, 245 W. 5th Ave.

Collegeville, PA 19426-0992

(215) 489-3700

(RF) (CX) (CD) (MD) (CO)

(HN)

CIRCLE 719

SMK Electronics Corp. USA
1901 Nanacita Circle
Placentia, CA 92670

(714) 996-0960

CIRCLE 766

Samtec Inc.

810 Progress Bivd.

P.O. Box 1147

New Albany, IN 47151-1147
(812) 944-6733

(FC) (ID) (Z1) (SM) (CC)
(DP) (PG)

CIRCLE 720

Schroff Inc.

170 Commerce Dr.
Warwick, Rl 02886

(800) 451-8755

(ML) (WR) (BP) (VB) (MB)
(BU) (GB) (GP) (BM) (CN)
(IN) (VR) (PT) (EM) (CM)
CIRCLE 721

Shin-Etsu Polymer
America Inc.

34135 7th St.

Union City, CA 94587

(510) 475-9000

(EL)

CIRCLE 722

Shogyo International Corp.
287 Northern Blvd.

Great Neck, NY 11021-4799
(516) 466-0911

Cranford, NJ 07016
(201) 272-5500
(ER) (GK) (VE)
CIRCLE 730

Technology 80 Inc.

658 Mendelssohn Ave. N.
Minneapolis, MN 55427
(612) 542-9545

(VB) (SB) (MB) (IB) (GB)
CIRCLE 731

Tecorp International
Interconnect Div.

19301 S. Santa Fe Ave.

Rancho Dominquez, CA

90220

(213) 764-0040

(CE)

CIRCLE 732

Teledyne Kinetics

8650 Balboa Ave.

San Diego, CA 92123
(619) 576-1005

(CE) (Z1) (SM) (CD) (MD)
CIRCLE 733

Teradyne Inc.
Connection Systems Div.

(AU) (CX) (DS) (DI) (SS) (WR) 44 Simon St.

(PC) (CO) (FL) (TW) (SH)
(PW) (HN) (PT) (DD)
CIRCLE 723

Shokai Far East Ltd.

9 Elena Ct.

Peekskill, NY 10566

(914) 736-3500

(AU) (RF) (CX) (DS) (DI) (FC)
CIRCLE 724

Siemens Fiber Optic
Components

60B Commerce Way

Totowa, NJ 07512

(201) 890-1606

(FO)

CIRCLE 725

Stantron

Unit of Zero Corp.
6900 Beck Ave.
N. Hollywood, CA 91605
(818) 841-1825
(BM) (CN) (IN) (VR) (EM)
(MI) (CM)
CIRCLE 726

Strongbox

P.O. Box 2726

Culver City, CA 90231-2726
(213) 305-8288

(GP) (MI) (CM)

CIRCLE 727

Switchcraft Inc.
Components Div.
5555 N. Elston Ave.
Chicago, IL 60630
(312) 792-2700
(AU) (DS) (DI) (SM)
CIRCLE 728

Techmar Corp.

5420 McConnell Ave.
Los Angeles, CA 90066
(800) 832-4627

(GP)

CIRCLE 729

Technit Inc.
129 Dermody St.

Nashua, NH 03060

(603) 889-5156

(CX) (D) (Z1) (SM) (MD) (ML)
(BP) (PC) (MB) (BU)

CIRCLE 734

Texas Instruments
Connector Systems

34 Forest St.

Attleboro, MA 02703

(508) 699-5213

(PG) (CD) (MD) (BI)

CIRCLE 735

Thomas & Betts Corp.
Electronics Div.

200 Executive Center Dr.

Greenville, SC 29616-2401

(803) 676-2900

(CX) (DS) (DI) (FC) (CE) (ID)

(Z1) (SM) (CC) (DP) (PG) (CD)

(MD) (FL) (TW) (SH) (HN)

CIRCLE 736

Tracewell Enclosures Inc.
567 Enterprise Dr.
Westerville, OH 43081

(614) 846-6175

(BP) (GP) (BM) (IN) (VR) (PT)
(EM) (MI) (CM) (ER)

CIRCLE 737

Tricon Industries Inc.
Electromechanical Div.

2325 Wisconsin Ave.

Downers Grove, IL
60515-4076

(708) 964-2330

(CD)

CIRCLE 738

Trompeter Electronics
31186 La Baya Dr.

Westlake Village, CA 91362
(818) 707-2020

(AU) (RF) (CX) (DI) (CE) (ZI)
(CC) (MD) (CO) (TW) (SH)
(WV) (ES) (ER)

CIRCLE 739

Underwater Kinetics
1020 Linda Vista Dr.

San Marcos, CA 92069
(619) 744-7560

(GP) (IN) (WT) (PT) (EM)
(M1) (CM) (ER) (GK)
CIRCLE 740

Veam

100 New Wood Rd.
Watertown, CT 06795
(203) 274-9681

(AU) (RF) (CX) (ID) (CD)
(MD) (HV) (HN)

CIRCLE 741

Vector Electronic Co.
12460 Gladstone Ave.
Sylmar, CA 91342

(818) 365-9661

(D1) (CE) (SS) (DD) (ML)
(WR) (BP) (PC) (VB) (SB)
(MB) (IB) (BU) (GB) (HN)
(GP) (BM) (IN) (VR) (PT)
(EM) (MI) (CM)

CIRCLE 742

Vernitron Corp.
Beau Products Div.

P.O. Box 10

Laconia, NH 03247

(603) 524-5101

(CD) (HV)

CIRCLE 743

Viking Electronics Inc.
21001 Nordhoff St.
Chatsworth, CA 91311
(818) 341-4330

(DS) (CE) (ZI) (SM) (PG)
(CD) (MD)

CIRCLE 744

W. L. Gore & Associates Inc.
Electronic Products Div.

4755 E. Beautiful Ln.

Phoenix, AZ 85044

(602) 438-2017

(CO) (FL) (TW) (SH) (PW)

(HK) (ER) (GK) (VE)

CIRCLE 745

Wieland Inc.

466 Main St.

New Rochelle, NY 10801
(914) 633-0222

(DS) (DI) (FC) (CE)
CIRCLE 746

Wilson Case Inc.
P.O. Box 1106
Hastings, NB 68901
(402) 463-5040
(IN)

CIRCLE 747

Zero Corp.

Zero Enclosures
777 Front St.
Burbank, CA 91502
(818) 841-1825
(GP) (BM) (CN) (IN) (VR)
(WT) (PT) (EM) (MI) (CM)
(ES) (MG) (ER) (GK) (VE)
CIRCLE 748

Zierick Manufacturing
Radio Circle

Mt. Kisco, NY 10549
(914) 666-2911

(ID) (SM) (PG) (CD)
CIRCLE 749

Zoltech Corp.
16658 Arminta St.

Van Nuys, CA 91406
(818) 780-1800

(BM) (EM) (CM)

CIRCLE 750

R SR

Connectors and Sockets

(AU) Audio

(RF) Radio-frequency

(CX) Coaxial

(DS) D-subminiature

(DI) DIN design

(EL) Elastomeric

(FC) Flat cable

(CE) Card edge

(ID) Insulation displace-
ment

@ Zero/low insertion
force

(SM)  Surface mountable

(CC)  Chip carriers

(DP) DIP/SIP

(PG)  Pin-grid array

(CD) Custom design

(MD) Military design

(BI) Test and burn-in

(HV) High-voltage

(RP) Rack and panel

Boards and Panels

(SS) One-sided

(DD)  Double-sided

(ML) Multilayer

(WR)  Wire-wrap

(FX) Flexible

(BP) Backplane

(PC) Printed circuit

(VB) VME bus

(SB) Standard bus

(MB) Multibus

(i1B) IBM PC bus

(BU) Futurebus

(GB) Other bus

Wire and Cable

(CO) Coaxial

(FL) Flat

(TW)  Twisted-pair

(SH) Shielded

(WV)  Woven

(PW) Power cords/cables

(MN)  Magnet wire

(HK) Hookup wire

(HN) Harnesses

(CA) Cabling materials

(BB) Bus bars

Enclosures

(GP) General purpose

(BM) Bench-mounted

(CN) Consoles

(IN) Instrument cases

(VR) Vertical racks

(WT)  Water-tight

(PT) Portable

(EM)  EMI/RFI design

(M) Military design

(CD)  Custom design

Shielding

(ES) Electrostatic

(MG) Magnetic

(ER) EMI/RFI

(GK) Gasket

(FR) Ferrites

(SE) Sheets/strips

(TB) Tubing

(RC) Rooms and cham-
bers

(VE) Vents

(WN) Windows

ELECTRONIC DESIGN = PIPS SPECIAL EDITORIAL FEATURE » MARCH 19, 1992
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Modular High Power %] i i —
UpTo2000 Watts ' " =

Get Complete o
Details Today.
Call our Toll Free
LITERATURE
HOT-LINE for our
Sensational New Tutorial
and Product Catalog!
(800) 678-9445

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-ONE'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 “Innovators in Power Supply Technology”

compact package available today. There's even an optional on-board UPS capability. wer ””E

And no matter what configuration you require, be assured this internationally p ” -

recognized power supply will meet the toughest safety regulations, worldwide. 0.C. Power suppLies
So remember....whatever your requirements, we're keeping our shelves POWER-ONE. INC

stocked for those urgent, limited-quantity deliveries. You'll get the exact voltage/ 740 Calle Plano + Camarillo, CA 93012-8583
current combination you need, on time. Every time. Phone: (805) 987-8741 - FAX: (805) 388-0476

CIRCLE 102 FOR U.S. RESPONSE CIRCLE 103 FOR RESPONSE OUTSIDE THE U.S.



| CONNECTORS |

¥ 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
recent JEDEC JC-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

» CIRCLE 770

W 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 JEDEC

Lexan

Polycarbonate Resin

Specified for the septum retainer, needle shroud, sampler arm
and bracket in the NOVA Biomedical Nucleus™, a unique
modular blood analyzer. Combining high rigidity and

impact strength, dimensional stability, low mold

technology and creative

shrinkage, toughness and clarity. Materials #

development support—

GE Plastics

™ Trademark of NOVA Biomedical.

only from GE. For more
information, call:
(800) 845-0600.

REALITY DRIVING VISION
CIRCLE 172 FOR U.S. RESPONSE
CIRCLE 173 FOR RESPONSE OUTSIDE THE U.S.

MO-47 and MO-52 plastic leaded car-
riers on 0.050-in. centers and permit
surface-mount termination to exist-
ing pe-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

» CIRCLE 771

V¥ 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 pe-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

» CIRCLE 772

W 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-Q FEP cable
costs $69.63 in lots of 1000.

Meritec

A Division of Associated

Enterprises

P.O. Box 8003

Painesville, OH 44077

(216) 354-3148

» CIRCLE 773



WV 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-um 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

'V RIBBON CONNECTOR

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 9513}

(800) 642-7616

» CIRCLE 775

V¥ 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-

| CONNECTORS

tors. Call for pricing and delivery.
Panduit Corp.
17301 Ridgeland Ave.
Tinley Park, IL 60477-0981
(800) 777-3300
» CIRCLE 776

V¥ 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
I/0 connector. Features include a
contact pitch of 1.27 mm and metal
shells and hoods for optimal EMI/
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

» CIRCLE 777

ycola

C

ABS Resin

COMES IN HALF-PITCH

Specified for cost-efficient performance in the advanced Nucleus™
blood analyzer from NOVA Biomedical. Flame retardance plus
UV stability for external housing parts. Medium impact and high
flow for the tray drive hub, sample tray, RMS pod and fluid pack.
Application-tailore

performance and

economy—only

from GE. For more

information, call:

(800) 845-0600.

GE Plastics

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-

RE AL ITY DRI'YIENG YISIO'N
mount header and board-mount

CIRCLE 172 FOR U.S. RESPONSE
CIRCLE 173 FOR RESPONSE OUTSIDE THE U.S.




BOARDS

V¥ FUTUREBUS + PRODUCTS
INCLUDE CARD CAGES

A family of hard-metric Futurebus+

products includes system enclo-

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

sures, backplanes, card cages, and  quantities.
wire-wrap boards. The family is de- Hybricon Corp.
signed in accordance with IEEE 12 Willow Rd.
896.2. The Series 222 enclosure Ayer, MA 01432
houses 128-bit applications and in- (508) 772-5422
cludes a 14-slot backplane for 128-bit » CIRCLE 778

n
oN

EG=:G VACTEC

PHOTODIODES

HIGH
QUALITY/
LOW COST

EG&G Vactec's complete line of planar silicon
photodiodes—the cost-effective way to detect
light, from ultra-violet through near-infrared.
Excellent linearity in output signal versus
light intensity, low noise, and fast speed of
response often make them the ideal detector
for automotive, communications, and
medical instrumentation applications. They

STATE-OF-ART
PERFORMANCE are used in smoke detectors, cameras,
security systems, X-ray detection

equipment, flame monitors, encoders, bar code scanners,
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 m FAX 314-423-3956

CIRCLE 142 FOR U.S. RESPONSE
CIRCLE 143 FOR RESPONSE OUTSIDE THE U.S.
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V¥ 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 J1/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

W ADVANCED PCB PROCESS
TURNS 0OUT 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.

1270 Monmouth Cutoff

Dallas, OR 97338-9532

(503) 623-9273

» CIRCLE 780
1992



T) ensure your company’s positive
performance in today’s keenly com-
petitive marketplace,
T Y start with advanced
materials and
resources available
from the engineering
plastics leader.

Get the precise
combinations of
N propertie-s 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

i N Design Database.
GE Plastics | / : : 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—only 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

Jal e\ Ny
55502
® Registered Trademarks of GE.
T™ Trademark of NOVA Biomedical.



New Family of 12-Bit
Dual and Quad DACs

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 | Save Spdce,
bipolar output amplifi- | Cut Costs

| ers in cost-saving ly q
| plastic packages. All | OU SAVS St e o

Interface
' Options

Free |
Samples,
Selection |
Guide |

Sample the best DAC
for your application.
And, ask for a copy of
our High Performance
D/A Converters guide
with key specs, perfor-
| mance diagrams, and |
| applications informa-

i

1
l
| tion on our

, 3 | money with these ‘
grirfglflgsiegﬂeer?hind | complete, compact | Choose a high speed | newest G CONVERTERS
| extended indudtial , multi-DACs. They're serial interface (10MHz | DACs. Just
temp range of f ideal for applications clock) or a 2-byte | contact
—40/+85°C requiring more than one i (8+4) double-buffered | your local
| DAC...ATE pin drivers, interface. All models Burr-Brown
| medical diagnostic and | feature an asynchro- | sales office,
| lab instrumentation, nous CLEAR control | or call for
) | industrial control, and | for power-on-reset or | immediate e
| general purpose | system calibration | assistance, T
| circuits. pUrposes. | 1-800-548-6132.
Model Digital Interface

Function

DAC2814 | ’ﬂ’sefidifébn? ?‘~

Outpuf Range

Burr-Brown Corp.

DAC2815 | 8-bit Port P.O. Box 11400
DAC4814 | Serial Port | ~1C ‘ Tucson, AZ 85734
DAC4815 8-bit Port | —10V to +10V

. Quads from $24.95. U.S. OEM prices, in 100s.

BURR - BROWN®

CIRCLE 166 FOR U.S. RESPONSE CIRCLE 167 FOR RESPONSE OUTSIDE THE U.S.



W 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

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.
BICC-VERO Electronics Inc.

on one side through Eurostyle termi-
nal strips, and emerge by way of a

- Crystal discriminators

- Crystal oscillators up to 1,3 GHz

- Crystal components according
to customer's specification

 TELE QUARZ GROUP

weeks. 1000 Sherman Ave. male ribbon-cable connector on the
Teradyne Inc. Hamden, CT 06514 other side. Ten models are available
Connection Systems Div. (800) BICC-VME with from 10 to 64 circuits and board
44 Simon St. » CIRCLE 782 lengths from 2 to 5 in. The 34-pin
Nashwa, NH 03060 model costs about $30 in small lots.
(603) 889-5156 W INTERFACE BOARDS LINK Delivery is from two to four weeks.
» CIRCLE 781 RIBBONS TO WIRES Vernitron Corp.
A series of passive interface boards Beau Interconnect Systems Div.
V¥ VMEBUS BACKPLANE connects ribbon cable to discrete wir- P.O. Box 10
OFFERS COST GAINS ing. The boards simplify circuit con- Laconia, NH 03247
A six-layer VMEbus monolithic nections in industrial-control sys- (603) 524-5101
backplane greatly improves cost ef-  tems. Discrete wires are connected » CIRCLE 783
Electronic components for highest requirements
You are searching for You'll find /
—> Solutions concerning crystals —> /
—>» Competent partners —>
—» Flexible pruduction methods —>
—>» Service close to the customer —>»  TELE QUARZ GROUP
TELE QUARZ GmbH
LandstraBe
D-6924 Neckarbischofsheim 2
Telefon : 07268/801-0
Telex 782 359 tqd
Telefax : 07268/ 1435
DIVISIONS
We are offering : Vertriebsbiiro Nirnberg
D-8500 Nimberg 70
- Customer specific crystals up to 360 MHz
- ssbghed iy D 6524 Nodkartischolsheim 2
- MPU crystals
- Crystal filters EURO QUARZ GmbH
A-2620 Ternitz

LPE, Laboratoires de
i6zo-électricité S.A.
-75020 Paris

Crystals - filters - oscillators - from the leading manufacturer in Europe.

CIRCLE 134 FOR U.S. RESPONSE
CIRCLE 135 FOR RESPONSE OUTSIDE THE U.S.




350 Watts

Lightning Series

ALS 304

Universal Input

210X 5" x8.5"

Iwo, Three, & Four Outputs
IEC?50, UL1950, CSA950
High Peak Loads (200%)

KRN
ASTEC

For Information call

1 - 800 - 233 - 9973

CIRCLE 125 FOR U.S. RESPONSE
CIRCLE 128 FOR RESPONSE OUTSIDE THE U.S.

28 Waltts

Notebook Supplies

* [xfremely Small Size

e 3.3V, 5V, 12V, -26V
Outputs

® 350 VAC CCFT Output

® High Efficiency - 0%

KR
ASTEC

For Information call

1 -800 - 233 - 9973

CIRCLE 126 FOR U.S. RESPONSE
CIRCLE 129 FOR RESPONSE OUTSIDE THE U.S.

W 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 DataTwist cable
can serve as a backbone to wire be-
tween floors. Call for pricing and de-
livery.

Cooper Industries

Belden Div.

P.O. Box 1980

Richmond, IN 47375

(800) BELDEN-}

» CIRCLE 784

WV 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

» CIRCLE 785

V¥ 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

W 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.

PO. 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 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>