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E x c E L L E NC E 
Setting the New Standard in PC Data Acquisition 
It takes a serious commitment to quality to deliver data acquisition boards 
that reliably meet the most demanding specifications. The National 
Instruments AT-MI0-16F-5 board creates a new standa'rd in excellence with 
featu res not found on typical data acquisition boards. 
These features include: 

• 200 ksamples/sec sampling rate 

•Software-configurable analog 
input and gain 

•Optimum noise control 

•True self-calibration 

• Dither generator for 
extended resolution 

• RTSI® bus for multi
board synchronization 

AT·MI0·16H·9 
AT·MI0·16H·25 

AT·MI0·16L·9 
AT·MI0-16L·25 

Lab-PC 

• Custom instrumentation Pc-LPM-16 

amplifier AT-010-a2F 

AT 16 SE 100,000 8 DI 

AT 16 SE 100,000 8 DI 

XT 8 SE 62,500 

XT 16 SE 50,000 

AT 

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

12 ±10, ±5, 1, 2, 4, 8 Oto 10 

12 ±10, ±5, 1, 10, 100, 
Oto 10 500 

12 ±5, 0to10 1, 2, 5, 10, 20, 
50, 100 

12 ±5, 0to10 
±2.5, Oto 5 

2 

Software for programming the AT-MI0-16F-5 ranges from drivers for 
Microsoft Windows and DOS to LabWindows® application software. The 
quality, innovation , and performance of the AT-MI0-16F-5 sets the new 
standard in PC data acquisition . For more information on the AT-MI0-16F-5, 
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our complete line of data 
acquisition boards, signal 
conditioning products, or 
software, call us. 
(512) 794-0100 or 
(800) 433-3488 
(U.S. and Canada) 

.. NATIONAL 
~ !~!!.~~~!!!!: 

6504 Bridge Point Parkway 
Austin , TX 78730-5039 

XT 96 - ,/ ,/ ,/ 
XT 24 - ,/ ,/ ,/ ,/ 
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• Microsoft Windows and 1--~~_: 8_18_:~_: _+--+---+--+--+-----<-----+--+--1---+---+-+-1--+--+---+--< 

DOS driver software Pc-T10-10 XT 16 10 ,/ ,/ ,/ 

• SE - Single-Ended, 01 - Different ial, SS - 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 Corporatidn. All rights reserved. 



John Fluke Mfg. and Dale® 
PRovucrs: Wirewound and 
Metal Film resistors. 

0BJECTNE: Develop an assured 
resistor supply, along with 
guidelines for performance and 
continual improvement. 

UNITS INVOLVED: John Fluke 
Mfg. Co., Inc., Dale Electronics, 
Inc. and Ultronix. 

Dohn Fluke Mfg. Co., Inc. 
and two Vishay companies (Dale 
Electronics and Ultronix) have a 
manufacturer I vendor relation
ship which dates back more than 
20 years. 

During this time, these organiza
tions have forged a strong 
relationship in the development 
and supply of resistors used for 
various functions in the well
known Fluke Multimeter line. 

It is a relationship which has 
grown through broad-scale 
sharing of information and close 
cooperation in the development 
of production, testing and quality 
control procedures. 

Today, many of the resistors 
supplied to Fluke are on a ship
to-stock basis. They are guided 
by mutually-agreed-upon quality 

procedures, including statistical 
process control. 

In addition, Fluke's "Aim For 
Excellence" program is used to 
provide guidelines for continual 
improvement through quarterly 
review and rating of plant-by
plant performance in quality, 
engineering support, on-time 
delivery and overall service. 

Today, three locations participate 
in the coordinated supply of a 
wide range of resistors. Require
ments for wirewound resistors 
used in current shunt circuitry 
are a primary responsibility of 
Dale's Wirewound Division in 
Columbus, Nebraska, and 
Ultronix in Grand Junction, 
Colorado. Both standard and 
application-specific designs are 
involved, including special solid 
wire shunts produced by Ultronix 
using the percussive arc process. 

A COMPANY OF 
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In addition, Dale's Norfolk, 
Nebraska, Metal Film Division 
has worked closely with Fluke in 
development of special resistors 
for protection of meter input 
circuitry. These designs demand 
precise response-requiring 
fusing under certain voltage 
parameters, and ability to with
stand heavy pulses under others. 

To meet these exacting require
ments, Dale'" engineers devel
oped a product specifically for 
Fluke using a combination of 
unique materials and special 
processing while working closely 
with Fluke engineers to duplicate 
the exact pulse / fuse test condi
tions used in the Fluke reliability 
laboratory. This close coopera
tion was accomplished under 
strong delivery pressures in a 
sole source situation. As a result, 
what had been a critical part in 
terms of processing and supply 
was converted to a routine ship
to-stock operation. 

For more information on how 
commitment to effective partner
ing can benefit your operation, 
please contact Joe Matejka, Vice 
President, Quality Assurance, 
Dale Electronics, Inc., 1122 23rd 
Street, Columbus, Nebraska 
68601-3647. Phone 402-563-6511. 
Fax 402-563-6418. 
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SPDT switc es with built-in driver 
ABSORPTIVE or REFLECTIVE de to 5GHz 

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

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

SPECIFICATIONS (typ) 

Frequency 
(MHz) 

Ins. Loss (dB) 
Isolation (dB) 
1 dB Comp. (dBm) 
RF Input (max dBm) 
VSWR "on" 
Video Bkthru 

(mV,p/ p) 

Absorptive SPOT 
YSWA-2-50DR 

ZYSWA-2-50DR 

de- 500- 2000-
500 2000 5000 
1.1 1.4 t.9 
42 31 20 
18 20 22.5 

20 
1.25 1.35 1.5 
30 30 30 

Reflective SPOT 
YSW-2-50DR 

ZYSW-2-50DR 

de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1 .4 1.4 
30 30 30 

Sw. Spd. (nsec) 3 3 3 3 3 3 
f1nd1ng new ways .. Price, $ YSWA-2-50DR (pin) 23.95 YSW-2-50DR (pin) 19.95 

setting higher standards (1-9 qty) ZVSWA-2-50DR (SMA) 69.95 ZYSW-2-50DR (SMA) 59.95 

0 Mo! n! :£iN~~~j!~,, 93'4'00 '" '"" "'"" Tele,:
1
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TOAT-R512 TOAT-124 
ZFAT-R512 ZFAT-124 
Accuracy Accuracy 
(dB) (+ / -dB) (dB) (+ / -dB) 

0.5 0.12 1.0 0.2 
1.0 0.2 2.0 0.2 
1.5 0.32 3.0 0.4 
2.0 0.2 4.0 0.3 
2.5 0.32 5.0 0.5 
3.0 0.4 6.0 0.5 
3.5 0.52 7.0 0.7 

DIGITAL STEP 
ATTENUATORS 

upto35dB 
10 to 1000MHz 

FROM $5995 
TOAT-3610 TOAT-4816 TOAT-51020 
ZFAT-3610 ZFAT-4816 ZFAT-51020 
Accuracy Accuracy Accuracy 
(dB) (+ /-dB) (dB) (+ / -dB) (dB) (+ / -dB) 

3.0 0.3 4.0 0.3 5.0 0.3 
6.0 0.3 8.0 0.3 10.0 0.3 
9.0 0.6 12.0 0.6 15.0 0.6 

10.0 0.3 16.0 0.5 20.0 0.4 
13.0 0.6 20.0 0.8 25.0 0.7 
16.0 0.6 24.0 0.8 30.0 0.7 
19.0 0.9 28.0 1.1 35.0 1.0 

Finally ... precision attenuation accurate over 10 to 
1000MHz and-55°C to +100°C. Standard and custom 
models are available in the TOAT(pin)- and ZFAT(SMA)
series, each with 3 discrete attenuators switchable to provide 
7 discrete and accurate attenuation levels. 

The 50-ohm components perform with 6µsec switching 
speed and can handle power levels typically to +15dBm. 
Rugged hermetically-sealed T0-8 units and SMA connector 
versions can withstand the strenuous shock, vibration, and 
temperature stresses of MIL requirements. TOAT pin models 
are priced at only $59.95 (1-9 qty); ZFAT SMA versions are 
$89.95 (1 -9 qty). 

Price$ (1-9 qty) TOAT $59.95/ ZFAT $89.95 

Take advantage of this striking price / performance 
breakthrough to stimulate new applications as you 
implement present designs and plan future systems. All units 
are available for immediate del ivery, with a one-yr. guarantee, 
and three-sigma unit-to-unit repeatability. bold laced values are Individual elements In the units 

finding new ways ... 
setting higher standards 

t;;;J Mini -Ci rcu itsM~A~EPT AME~CANEX~ESSANOVISA 
P. 0 . Box 350166, Brooklyn.New York 11 235-0003 (718) 934-4500 Fax (718) 332-4661 

Distribution Centers / NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs and computer-automated performance data (CAPO), refer to Thomas Register Vol. 23, Microw aves Product Directory, EEM, or Min i-Ci rcuits' 71 8-pg Handbook. 

CIRCLE NO. 4 
F 140 REV. B 



On the cover: EDN's Special Report 
examines the emerging test and meas
urement techniques that can make 
your measurements simpler and more 
accurate. Among the developments, 
consider a pair of probes that measures 
current in a conductor-not voltage 
across a component, as you might ex
pect. (Photo courtesy Keithley Instru-
ments) ....... . ..... PAGE 11 8 
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New measurement techniques 
Though the test and measurement field is noted for 

conservatism, it is far from idle; T&M companies are 
constantly developing new technologies. 

118 
-Dan Strassberg, Technical Editor 

DESIGN FEATURE 

Use spectrum analyzers' selectivity 
to precisely measure random noise 

/ 

Because a spectrum analyzer makes a variety 
of measurements, it may be the most conven
ient, though not the most obvious, instrument 

to use when measuring noise.-Kevin Johnson, 
Hewlett-Packard Co 

131 

TECHNOLOGY UPDATES 

Shareware and freeware are a phone call away 
In contrast to the cornucopia of shareware available 

for every other application area, electrical-engineering 
shareware is in short supply.-Charles H Small, 
Senior Technical Editor 

49 

Continued on page 7 
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Pow-er Revelation 

Our Westcor division's family of configur
able AC or DC input fan cooled StakPAC 
switchers reveals a new world of power 
density and output flexibility to the system 
designer ... whatever your power needs. 
Each StakPAC is built with field proven ro
botically manufactured Vicor Vl-200 Series 
power components providing you the flexi
bility of a customized supply combined 
with the off-the-shelf availability of stan
dard catalog products ... "first article" Stalc
PACS are typically delivered in 2 weeks. 

Compact, up to 6W/in3, low profile StakPACs 
set the standard for "box" or open frame 
switchers. Besides meeting conducted EMI 
standards, custom configured StakPACs are 
pre-approved to UL, CSA, TUv and VOE 
safety standards (DC Mini- in process). 

6 • EON March 2, 1992 

MODEL 

StakPAC 

M1NI 

DC MINI 

POWER 

l,200W 

600W 

BOOW 

OUTPUTS INPUT 

up to 8 110/220 
VAC 

up to 5 110/220 
VAC 

up to 5 5 Ranges 
lB-76 voe 

CIRCLE NO. 5 

DIMENSIONS 
{inches) 

3.2 x 5.5 x 11.5 

1.9 x 5.5 x 12.2 

2.5 x 4.3 x 12.2 

Whether your application is OFF-LINE or 
DC INPUT, chances are we have a solution 
for you ... we are designed into computer, 
telecom, and test measurement systems 
worldwide. Please call us to discuss your 
needs, then relax ... bulky standards and 
risky long lead-time custom supplies be
long to the past. Discover the new world of 
configurable supplies: StakPAC, MiniStak
PAC and DC Mini. 

Call VICOR EXPRESS for information and 
be sure to ask for a StakPAC or DC Mini 
Handbook: (800) 735-6200 or (508) 470-2900 
at ext. 265. Or call Westcor (west coast) at 
(408) 395-7050. 

-..._ 
Component Solutions For Your Power System 



Engineering shareware is easily accessi
ble; the problem is you don't have a lot 
of programs to choose from. . . PAGE 49 

EDN Magazine offers 
Express Request , a 
convenient way to 
retrieve produ.ct 
information by 
phone. See the 

Reader Service Card 
in the front for 

details on how to 
use this free 

service. 

Exn.ress1 1111.l 
Request., 
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TECHNOLOGY UPDATES 

Opposing groups struggle to define 
standards for FDDI using copper wire 

/ 

Although implementation of the FDDI over 
twisted-pair copper wiring is not yet a reality, 
the ANSI X3T9.5 committee may soon resolve 

the conflicting issues.-Dave Pryce, Technical Editor 

High-speed-CPU design: 40-MHz CMOS 
circuits send designers back to school 

CPUs that run at 40 and 50 MHz are forcing CMOS 
designers to amass ECL design techniques to make 
circuits that function in this ethereal realm. 
-John Gallant, Technical Editor 

Smart-card applications' hidden problems 
add to designers' challenges 

57 

67 

When you develop an application for smart cards, you 83 
have to tackle a few problems that you might not or-
dinarily expect.-Gary Legg, Senior Technical Editor 

GaAs ICs see mainstream duty as µP glue logic 
Designers that leave GaAs out of their toolbox for 97 

new communication products and products that use fast 
RISC or CISC µPs could find themselves in the same 
situation as drivers who forget to stop by the service 
station occasionally.-Maury Wright, Technical Editor 

PRODUCT UPDATES 
Pulse generator 
Digital storage oscilloscope 
Hoarcl-clesign software 

11:3 
114 
117 

Continued on page 9 
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Magazines for Building & Construction D Research D Technology D Electronics D Computing 
D Printing D Publishing D Health Core D Foodservice D Packaging D Environmental Engineering 
D Monufocturing D Entertainment D Media D Home Furnishings D Interior Design D and 
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Small and powerful. These three little words are giving Omron a big 

name among relay users . That's because Omron's advanced family of high-tech low-signal 

and RF relays have been designed for higher board densities and lower power consumption 

without sacrificing high performance specifications . Omron's G6N, for example, meets the 

new telecom industry surge withstand requirement of 2.5 kV (nearly double the previous stan

dard) in a package almost half the size. And the new surface-mountable G6H provides supe

rior performance in a low profile design to eliminate I.R. shadowing. These and other Omron 

low signal relays provide cost

PC board applications. When 

take a bite out of the big jobs, 

more information about our 
8 • EDN March 2, 1992 

WE HAVE THE fUTURE IN CONTROL. 
CIRCLE NO. 6 

effective solutions for advanced 

you need a small relay that can 

call us at 1-800-62-0MRON for 

full line of control components . 
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Tester checks capacitors on loaded pc boards 139 
AC supply lights cold-cathode fluorescents 140 
IBM PC board adapts to different buses 142 
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For your convenience ... 
... we've added a new feature to EDN. Turn to the last reader-service 
card in the back of this magazine and you'll find a foldout table of contents. 
Now, instead of constantly flipping back and forth from the regular table 
of contents to the articles you want to read, you can have this convenient 
reference open at all times while you're reading. Use the foldout table of 
contents to mark off articles you'd like your colleagues to see or to remind 
yourself to copy stories for your files once the magazine has been routed. 
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PADS-View 
A A complete design entry & 

simulation solution 
A Mixed-Mode analog/digital 

simulator 
A Multiple-windows featuring 

cross-probing of nets to/from 
PADS-2000 with waveform 
analysis 

A Built-in analysis tools for 
Engineering Rules Check and 
Logic Simulation 

PADS-2000/UX 
• Interactive and automatic PCB 

design bundle with placement 
and auto-interactive/batch routing 
tools 

• Comprehensive SMT and analog 
design support with copper pour 
and edit 

• Bi-directional interface to PADS
View supporting back-annotation 
and ECO's 

f>D~fr§J~R=-::1~ ~~~\;pl 

PADS-ForceRouter 
• AutoRouting for High Density 

Design and Testability 
• Gridless routing thru shape-based 

architecture 
• Comprehensive high-speed 

design features with table-driven 
cross-talk analysis 

• State-of the-Art Design for 
Manufacturability 

~:>S offers hardware independent EDA Solutions to meet your budget and your toughest engineering 
needs. PADS products save you time with a consistent easy-to-learn, easy-to-use design environment. For 
database compatibility, total upward migration and a common design philosophy from PC's to Workstations, call 
1-800-255-7814. 

II 
VIEWlogic" 
The Premiere Design Environment for 
ASIC, IC, and System Design 
VIEW logic and 1hc VIEW/ogic logo are registered trademarks of 
VI EW logic, Inc. 

PA:>S 
Software, Inc. 
Tel: (508) 486-9521 Fax: (508) 486-8217 
Toll Free: 1-800-255-7814 

CIRCLE NO. 7 

• sun 
microsystems 

The #I Choice in Workstations : 
Sun SPARC Family of Products 
SUN is registered trademark of Sun Microsystems. Inc. 
SPARC is a registered trademark of SPARC Internationa l. Inc. 
developed by Sun 



INSIDE EDN 
A summary and analysis 
of articles in this issue 

Technical Editor Dan Strass
berg has rounded up some un

usual measurement techniques for 
this issue's Special Report. As Dan 
says, the only thing conservative 
about the test-and-measurement 
arena is its reputation. Some of the 
techniques he discusses in his re
port, such as electron- and ion-beam 
semiconductor probing, are any
thing but conservative. 

Dan Strassberg Dave Pryce 

One of the problems Dan faced 
while writing this article was select
ing the measurement techniques he 
would discuss. Several of the EDN 
magazine edition's editors helped 
Dan create a list of candidates. To 
companies offering products based 
on new measurement techniques 
that we may have omitted from the 
story, we suggest that you contact 
us. We've always got another issue 
just around the corner. 

This issue is also our annual com
munications issue. Some of the tech
niques covered in Dan Strassberg's 
Special Report are quite valuable 
for communications applications, 
but you'll also find some additional, 
finely focused help with noise meas
urements in Kevin Johnson's con
tributed article on using spectrum 
analyzers for measuring random 
noise. Johnson works for Hewlett-

Packard's Lake Stevens Division. 
Companies trying to push 100-

Mbps communications through un
shielded twisted-pair wiring cer
tainly face all sorts of noise prob
lems. Technical Editor Dave 
Pryce's article about FDDI (fiber 
distributed-data interface) on cop
per wire looks at the technical and 
standardization issues surrounding 
this nascent technology. Be sure 

John Gallant 

to read the sidebar that untangles 
competing signal-encoding tech
niques and their arcane termi
nology. 

Noise also plays a major role in 
the design of high-speed digital
system design. In his Technology 
Update on high-speed CPU design, 
Technical Editor John Gallant takes 
a swing at the noise and timing 
problems associated with µP-based 
designs operating at 40 MHz and 
above. These high-speed circuits 
are borrowing more than a few de
sign techniques such as phase
locked clocks from the communica
tions realm. John also takes a look 
at the CPU modules that many 
semiconductor firms are now offer
ing for their highest speed µPs . 

Steven H Leibson 
Executive Editor 

R~lace mul!;iJ>le 
crvsthl can osdlfators 

with a sinide .frequency 
syntliesls IC 

ln 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. 

ICD2023 PC Motherboard 
Clock Generator - The industry
standard; 7 independent clock outputs 
up to 80MHz; ideal for 386/486 
desktop computers. 

ICD2027 PC Motherboard 
Clock Generator - 6 clock outputs 
up to 1 OOMHz; hardware and software 
power-down modes; ideal for 386/486 
laptop/notebook computers. 

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

1-800-669-055 7 

IC DESIGNS 
12020 11 3th Ave. N.E. .Kirkland , WA 94034-6920 

FAX: 1-206-820-8959 
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The 1cial Flag Of The 
AMO Delivers The World's Fastest 386s. 

The great 386 race is over. And the clear winner full 32-bit 386 performance to the desktop.The 
is the Am386 microprocessor family • . , Am386SXL-33 CPU makes 33MHz the stan-

The fact is. ~o other 386 micr?- · :, , 11· :. : dard for 386SX machines both at the 
processors available today can nval _ ' 1 

: j desktop and for battery powered 
the sheer speed and performance " · . '"'I!!' , • applications. 
of the Am386 microprocessors.The 111e40MHzoxL-40 In either case. they're over 20% 
Am386DXL-40 CPU brings 40MHz. ""d:~~!':,,,7~~~3~;::;,;~~1"61' faster than those run-of-the-mill 386's. 

901 Thompson Place, PO Box 3453. Sunnyvale. CA 94088 1 1991 Advanced Micro Devices. Inc "We're Not lbur Competition" is a service mark and Am386 
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Am386 Microprocessors. 
And of course. they're proven-compatible 

with the IBM~standard . 
Best of all. they're available now. available in 

u n ity, and available at surprisingly low prices. 
So don't just keep up with the competition 

wi th ordinary 386 systems. Blow them away with 
th world 's fastest 386 systems-built around 
ti i\m386 microprocessors from Advanced 

Micro Devices. Call 1-800-222-9323 for more 
information. 

~ 
Advanced Micro Devices 

"u.i?'re Not Your Competition:·sM 

llt tl 11 ~1d ' ftlOlk 11//\dvJnced Micro Devices Inc All brand or produd names mentioned are trademarks or registered trademari<.s of their respective holders. 
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Zilog Datacommunicalion 

• 
mversa 

Zilog's SCC™ and USC™ dalacom controller 
families give you a tremendous selection and llze 
mostflexibility in prolocols, system interfaces 
and data transfer rules in lhe industry. 

At Zilog, we understand our markets. We provide the 
devices that meet the needs of datacommunication designs 
right now, yet we always have an eye on the future. We 
offer serial commu nications controllers that ensure qui('k , 
easy and flexible interconnection of hosts and peripherals 
into LANs and WANs. And we provide flexibility in 
protocols allowing designers to build CPU-based boards 
with custom software, rather than hardware or firmware. 

Our SCC and USC families of 8- and 16-bit SCC 
controllers range from Serial Input/Output controllers 
Appletalk is a registered trademark or Al:'ple Computer, In<'. . 
SCC, USC, SIO, ESCC, IUSC and Supermtegrat1on are trademarks or Z1log, '"'" 
©1991, Zilog, Inc. 
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(SIO™ controller) and the versat1le m us 
SCC controller that's used in all Appletalk® networks .. . 
to the Enhanced SCC (ESCC™ ('Ontroller), whi('lt hoosts 
performance up to 10 times. Plus our Integrated USC 
(IUSC™ controller). which provides sopltisti('ated buffer 
management capability. is perfect for handling fast. 
packetized data across networks. And yon get simplified, 
faster system operation with an on-board DMA . Si11('e all 
these controllers offer code compatibi lity i11 tlwir f11111ilies ,, 
you 're also assured a quick. easy migration path . 

There's no question that ASSPs an• tlw lwsl 

option for a rapidly growing number of 1big11s. Al Zilog 
we've been producing ASSPs and relining S1qll'ri111('gra
tion ™ design methodology longer and lwtt<'f' th1111 anyone, 
which is why we provide the largest librnry of fumiliar 



e industry. We're continually develop
ing new members of Zilog's SCC and USC controller 
families, and, because we have the manufacturing control 
that comes from having our own fabrication facilities, 
you can rest assured that every exciting innovation will 
reflect the high standards of quality and reliability for 
which Zilog is known ... and all the flexibility you need 
for today 's complex designs. 

To find out more about Zilog's Datacorn families , or 
any of our rapidly growing Superintegration product 
families , contact your local Zilog sales office or your auth
orized distributor today. Zilog, Inc., 210 East Hacienda 
Ave. , Campbell , CA 95008-6600, ( 408) 370-8000. 

~ 
2iUJb 
Doing It Right 
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When systems demandextra 
can shape a TMS320 to your 



-special DSPs, we 
needs. 

Cho05ing the right DSP for 
your application is vital to 

your marketplace success. Only TI 
has the customizable capability and 
broad TMS320 family to help you get 
what you need. 

What you want is what you get 
With our unique customizable digital 
signal processing (cDSP) capability, you 
can achieve the integration and product 

differentiation you 
want. You can 

cho05e system 
peripheral 

functions 
(A/D, 
D/A, 

serial 

comparators 
and 05Cillators), 

add interface logic 
and then integrate them all directly on 
proven TMS320 DSP chips. You can 
even change the mix of on-chip 
memory and peripherals. Yet device 
development cycles are shorter and 
costs are lower than with full-custom 
gate-level approaches. 

Over the past five years, this innova
tive TI technology has created winning 
solutions for hundreds of high-volume 
market leaders. 

Broad 1MS320 family 
Our more than 30 standard DSP solu
tions can meet the majority of your 
price/performance needs. 

You can choose from our 16-bit fixed
point DSPs that start at $3 or from our 
32-bit floating-point devices beginning 

© 1992 Tl 
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cessor-to-processor communications to 
achieve the MOPS, MBPS, MIPS and 
MFLOPS your design requires. 

World-class support 
To speed you to market faster, you can 
talk with TMS320 specialists, attend 
hands-on workshops, read over 2,000 
pages of applications notes and contact 
more than 100 third parties and 
consultants. 

The development environment you 
will use is the same as that for general
purpose microprocessors whether you 
are working with a standard TMS320 
or a cDSP. It includes high-level
language optimizing compilers, multi
tasking operating systems and realtime 
emulation. 

To make your DSP match, 
call 1-800-336-5236, ext. 3538 
You will receive 
information on our 
cDSP capability, 
the complete TMS320 
family of devices and 
our world-class support. 
What's more, we'll send 
you "Designing with DSPs 
is Easy" - an interactive disk 
that gives you a personal look at 
TMS320 support and the TMS320 
Programmer's Interface. 

-II> TEXAS 
INSTRUM ENTS 
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400 MOPS FOR 6U VMEbus SYSTEMS 

This 6U VMEbus board performs 400 million operations per 
second and is optimized for frequency domain processing such 
as FFTs and finite impulse response (FIR) filters using fast 
convolution. The FDaP features a private 32-bit, 20 MHz high
speed data 1/0 bus and extensive double buffering for continu
ous processing of real-time data. An additional 32-bit complex 
output provides phase/magnitude data. The a66540 is avail 
able in 25 MHz and 40 MHz versions. A single 40 MHz version 
can execute a 1 K point FFT in 132. 7 µsand a 64K point FFT in 
13.1 ms. These times are nearly halved for real input. Multiple 
FDaPs can be cascaded to achieve almost linear improvement 
in FFT performance. Plug 400 MOPs into your system by 
calling array Microsystems' Hotline: 719-540-7999. 

CORNERTURN PROVIDES QUANTUM LEAP 
IN 2D IMAGE PROCESSING PERFORMANCE 

The a6654 5 Cornerturn™ board , used in conjunction with the 
a66540 FDaP board for real-time two-dimensional image 
processing , is the first capable of processing an entire 256 x 256 
pixel frame of image data in 15.2 milliseconds. This equates to 
a continuous, real time rate of 65 frames per second. For 512 
x 512 images, the board set transforms images in 71 millisec
onds , or 14 frames per second. Designed for medical imaging , 
radar, sonar, machine vision, and other real-time 20 image 
processing applications, the board set features performance of 
400 MOPS at a clock rate of up to 40 MHz. The Cornerturn 
accepts 32-bit complex 1/0 data through 1 O MHz double
buffered external 1/0 connectors or through the VMEbus and 
stores it in one of four on-board frame store memory buffers. 
For technical assistance, call array Microsystems' Hotline : 
719-540-7999. 

SOFTWARE DEVELOPMENT TOOLS LAST 
LINK IN COMPLETE SYSTEM SOLUTION 

arraysoffrr~ , a complete DSP software development system 
supporting array Microsystems' a66 Family of Products, pro
vides a menu driven user interface allowing easy access to a 
suite of powerful development tools atthe click of a mouse. This 
development system features a DaSP /Pac code generator, 
assembler, disassembler, window generator, full DaSP/ PaC 
program control , on-screen display of data, and board-level 
diagnostics . For technical information or original program 
assistance , call array Microsystems' Hotline: 719-540-7999. 
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THE DaSP /Pac CHIPSET: 
The heart of the world's fastest DSP product family 
The Digital array Signal Processor (DaSPJ executes 16 high-level 
instructions, including FFT butterflies. windowing, complex multiplies, 
and general-purpose functions. The Programmable array Controller 
(PaC) manages the entire system, including address generation for 
the DaSP and memory, and 1/0 up to 80 MHz. Using a single chipset, 
for example, a 1024 point FFT requires only 12 instructions and can 
execute in only 131 µsec; a complex FIR filter, using 28 instructions, 
processes at a 2.3 MHz rate. For even higher performance, you can 
cascade the chipset. Both utilize a 144-pin PGA format and are 
avai lable in 30 and 40 MHz versions. To receive complete technical 
information, call array Microsystems' Hotline : 719-540-7999. 

PC-FDaP PERFORMS 250 MOPS! 

The a66550 Frequency Domain array Processor (FDaP) brings 
high performance FFT processing to any PC-AT compatible com
puter. The two board set will fit into two full size PC-AT slots, operate 
on the 16 bit PC-AT (ISA) bus. and allow real or complex input from 
either the high speed connectors on the back panel or from the PC
AT bus. The FDaP accommodates an optional complex 1-and-Q to 
magnitude-and-phase converter for post-FFT processing. Available 
in two memory configurations, the a66550 handles complex FFTs up 
to 32K points and real FFTs up to 64K points. The a66550 can com
pute a 1024 point complex FFT in just 21 O µs. For complete technical 
information, call array Microsystems' Hotline : 719-540-7999. 

DSP Built For 
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Speed 
PC-ATDSP 

1 K FFT/126ps 
DSP engine for the 16-bit PC-AT Industry 

Standard Architecture (ISA) bus 

Performance Benchmarks 
FFrsize 
64 Real 

64 Complex 

1024 Real 

1024 Complex 

32K Real 

32K Complex 

64K Real 

64K Complex 

a66550/32K @25MHz 
7.2µs 

10.9 µs 

125.9 µs 

209.9 µs 

5.90 ms 

10.49 ms 

15.73 ms 

NIA 

VMEDSP 
1 K FFTn9.6ps 

DSP engine for industry-standard VMEbus 

Performance Benchmarks 
FFrsize a66540A @40MHz a66540A Cascade Sys. 
64 Real 5.1 µs 2.9 µs 

64 Complex 5.0 µs 3.7 µs 

1024 Real 79.6 µs 29.6 µs 

1024 Complex 132.7 µs 59.1 µs 
32KReal 3.69 ms 0.91 ms 

32KComplex 6.56 ms 1.82 ms 

64KReal 7.37 m• l.82 ms 
64KComplex 13. 11 018 3.64 ms 

~ "ID 5 0 JUl9 

1420 Quail Lake Loop, ,u lorado Springs, O 80906 
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2-Gsample/sec DSOs 
become more affordable 
Digital storage oscilloscopes (DSOs) that toke 2 Gsomples/ 
sec in real time and provide 0.5-GHz bandwidth are 
hardly garden-variety instruments. Those that off er such 
performance on four channels simultaneously ore even 
more unusual. W ith the introduction of the TDS 640, 
Tektronix hos changed the economics of high-performance 
real-time DSOs. The fixed-configuration 4-chonnel unit , 
complete with four active probes, on integral DSP µP, 
advanced triggering faci lities, and a user interface that 
combines icons and text-based menus will cost $20,980 
with probes, $19,000 without probes. A 2-chonnel unit, 
the TDS 620, will cost $1 3,540 with probes, $12,550 
without probes. Tektronix Inc, Pittsfield, MA, (800) 426-
2200.-Don Strassberg 

4-Mbit 
flash memories 
offer block erase 
The HN28F4001 flash 
memories incorporate 
two features that reduce 
control overhead in mem
ory-card applications: 
block erase and self-com
pleting commands. The 
block-erase capability 
lets you independent ly 
erase any of the device's 
32 blocks. You can also 
erase either multiple 
blocks or the entire chip 
with a single command. 
Both erase and program
ming commands are self
completing, freeing the 
processor from the over
head of verifying the con
tents of each memory lo
cation. Once you have is
sued a self-completing in
struction, the IC handles 
all of the prewrite and 
verify steps internally. 
When a command fin
ishes, the device sets a 
bit in a status register to 
indicate the device's 

readiness for additional 
commands. 

The device is organized 
as 512k x 8 bits and runs 
on 5V for read-only op
erations; it needs 12V for 
programming. It has an 
access time of 120 nsec, 
a programming time of 10 
µsec/byte, and an endur
ance of 10,000 cycles. It 
is available in DIPs, 
SOPs, and TSOPs for $49 
(1000). Hitachi America, 
Brisbane, CA. Ask for 
literature package 
M13P005 at nearest sales 
location. 

-Richard A Quinnell 

Nonvolatile cache
memory board 
adds speed to PCs 
The PCDC-3 board from 
GTEK provides a 256-
kbyte to 3-Mbyte non
volatile disk-cache mem
ory for users of IBM PC/ 
AT-compatible PCs. The 
disk-cache board includes 
its own BIOS, which inte-

grates itself into the PC's 
data-storage subsystem 
with no loss of MS-DOS 
memory. The board 
caches read and write op
erations and includes a 
battery with a 10-year 
rated life to ensure data 
integrity. The board's 
nonvolatile design does 
not require it to write 
cached data to disk, even 
on power down. The 
board only writes data to 
disk with a DOS com
mand, or when the least 
recently used caching al
gorithm needs to flush 
the cache to read new 
data. A 10-MHz 80286-
based PC can write a full 
sector of data to the 
board in 200 µsec. The 
board can substantially 
speed up performance in 
graphically intensive ap
plications. A board con
figured with 256 kbytes 
of cache memory costs 
$499. GTEK Inc, Bay St 
Louis, MS, (601) 467-
8048, FAX (601) 467-
0935.-Maury Wright 

PC manufacturer 
adds chassis 
and RAM disk 
Diversified Technology's 
CRM series of industriol
grade 19-in. rock-mount 
chassis includes a l 4-slot 
PC/ AT-compatible passive 
backplane . Optionally, 
you con specify the chassis 
with l 0- to 16-slot passive 
EISA backplanes. Power 
options include a standard 
PC-grade supply, 250 and 
350W quick-disconnect in
dustrial-grade supplies, or 
24 or 48Y de input sup
plies. The chassis features 

filtered forced-air cooling, 
fold-down front panel, and 
shock-mounted drive boys . 
Prices for a chassis range 
from $970 to $2000. The 
company hos also an
nounced the CRR806 PC/ 
AT-compatible RAM-disk 
board that con accommo
date a mixture of static 
RAM (SRAM), EPROM, and 
flash memory . A board 
configured with 4 Mbytes 
of flash memory and 8 
Mbytes of SRAM costs 
$2700. Diversified Tech
nology, Ridgeland, MS, 
(601) 856-4121, FAX 
(601) 856-2888. 

-Moury Wright 

ICs' standard 
supply voltages 
dip to 3V 
Portable computer sys
tems are driving what 
may become an industry
wide shift to 3V as the 
supply voltage for ICs. 
SMOS Systems now of
fers two gate-array fami
lies and a standard-cell li
brary for designers need
ing 3V ASICs. The 
SLA9000L and 
SLAlOOOOL are low-volt
age extensions of existing 
gate-array families. The 
SLA9000L family offers 
arrays with as many as 
20,000 usable gates and 
gate delays of 1.3 nsec (2-
input NAND). The 
SLAlOOOOL has 100,000 
gates and delays of 0.48 
nsec. 

The SSC5000L stan
dard-cell library uses 0.8-
µm double-metal design 
rules and can accommo
date designs as large as 
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100,000 gates. The li
brary includes TTL 7 4-
series logic, 1- and 2-port 
RAM, ROM, and multi
pliers. The gate delay on 
a 2-input NAND is 0.48 
nsec. The library and the 
gate-array families han
dle supply voltages from 

2. 7 to 3.6V. Nonrecur
ring engineering charges 
for the gate-array de
signs begin at $15,000. 
SMOS Systems, San 
Jose, CA, (408) 954-0120, 
FAX (408) 922-0578. 

-Richard A Quinnell 

Tool set brings 
guided probing to ICs 
In the world of pc-board test, guided probing long ago 
earned its stripes as a troubleshooting aid by minimizing 
the number of measurements needed to localize faults . 
However, if you were probing the innards of an IC to 
pinpoint why it didn't work , using either mechanical probes 
or an electron-beam (E-beam) probing system, the only 
intelligence you could rely on was your own . Indeed, some 
companies considered probing for IC faults to be such a 
specialized task that they allowed only a few people to 
do it . Now, how
ever, a tool set 
called IDA (Inte
grated Diagnostic 
AsJistant) promises 
to change that situ
ation drastically . 

Like guided
probe tools for pc 
boards, this tool 
set methodically di-
rects a probe op- • • The IDA's windowed display shows (dock-
emtor through the wise from top left) logic-analyzer wave
c1rcu1t under test forms, a diagnostic display, the layout of 
starting at the out- the device under test (DUT), and a scanning 
put pins. By using electron micrograph of the DUT. 
CAE data, auto-
mating repetitive operations, and eliminating guesswork, 
the tool set lets operators with only modest skills and no 
familiarity with the device under test pinpoint problems. 
Using the tool set, you can compare measured waveforms 
with simulated ones. Moreover, the tool set communicates 
with an E-beam prober's navigational software so that 
pertinent areas of the IC schematic and layout appear 
on a workstation screen beside a magnified view of the 
chip surface . The tool set also maintains a log of each 
probing session . Networking ability gives an operator at 
a remote workstation full c01;trol over the probing process. 
The software costs $225,000. Schlumberger Technolo
gies, San Jose, CA, (408) 437-5129.-Dan Strassberg 
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Op amp delivers 
100Vand 30A 
at 1 OOV /µsec 
High-power electrome
chanical and audio appli
cations can literally get a 
boost from the PA05 
power op amp. The 250W 
device operates with 
power-supply voltages to 
lOOV and can source or 
sink as much as 30A. 
Further, the amp has a 
lOOV/µsec slew rate and 
exhibits less than 0.02% 
THD operating at 200W 
over a 30-Hz to 30-kHz 
frequency range. The de
vice has a 360-kHz power 
bandwidth, and at de it 
exhibits an open-loop 
gain of at least 94 dB. 
Several features, includ
ing 4-wire output-current 
sensing, thermal protec
tion, and an external 
shutdown input pin, let 
the amp safely operate at 
high power levels. The 
device costs $189 (100). 
Apex Microtechnology 
Corp, Tucson, AZ, (602) 
742-8600, FAX (602) 888-
3329, TLX 170631. 

-Steven H Leibson 

High-level-language 
and I CE debugger 
supports 68040 µP 
Huntsville Microsystems 
has added a 68040-µP 
mode1 to its HMI-200 se
rief of in-circuit emula
tors (ICEs). The emula
tor provides zero-wait
state real-time emulation 
for 68040, 68EC040, and 
68LC040 µPs operating 
at speeds as fast as 25 

MHz. The emulator of
fers four break and trig
ger points that you can 
individually configure to 
respond to address, data, 
or status bit patterns, or 
to events monitored by 
16 external trigger in
puts. The ICE hardware 
is closely coupled to the 
Sourcegate high-level
language debug soft
ware. You can buy ver
sions of the product for 
IBM-compatible PCs and 
Apollo and Sun worksta
tions. The Sourcegate 
software supports C, 
Pascal, and Ada compil
ers from most of the ma
jor compiler suppliers. 
The emulator with 
Sourcegate costs $25,000 
for PCs and $26,000 for 
workstations. Huntsville 
Microsystems Inc, 
Huntsville, AL, (205) 
881-6005, FAX (205) 882-
6701.-Maury Wright 

10-bit converters 
fill in gaps 
in performance 
Although vendors initially 
seemed to skip over 10-bit 
converters in migrating 
from 8 to 1 2 bits and up, 
they now are continuing to 
fill in the cracks. Texas In
struments and Analog De
vices have both announced 
1 0 -b it devices for two en
tirely different applica
tions. Texas Instruments' 
TLC 1 5501FN is a low-cost 
($6.27 ( 1000)) successive
approximation converter 
with a 1 0 -bit bus that re
quires just one read instruc
tion to retrieve the conver
sion result. This feature 



Sun Microsystem's™ new 90 SPEC thruput 
multiprocessing SPARCserver is powered 
by our new SPARCore Modules. 
We have consistently delivered a performance 
advantage in SPARC RISC chipsets. Now, we 
are introducing SPARCore™ high-perfor
mance uniprocessing and multiprocessing 
Modules. Cypress modules provide you (and 
Sun) with significant competitive advantages 
based on innovative technology: 

1. Short-Cut to Market. With this much 
complexity running at 40+MHz speeds, 
there are non-trivial issues to integrating 
the CPU chipset Using our fully integrated, 
tested SPARCore modules, you save time, 
not to mention manufacturing and testing 
costs. We deliver fully tested modules, with 
MPU, FPU, MMU, and Cache, for the price 
of the chipset 

2. Plug and Play on MBus. You design 
your system to the MBus standard, and you 
can plug in modules offering a range of 
speecVpower options, to keep your product 
current without major redesign. This 
modular approach provides a designed-in 
upgrade path to keep you on the leading edge. 

..... - . 
I-~~ ~ ~ -

- -
. 1 . .: 

CYM6001 K Uniprocessor 
SPARCore Module 

·i~-· • r -.. - -· 
,._ .. 1_ -

~ - r---

· • - I_ 

CYM6002K Dual Processor 
SPARCore Module 

. - . I 

' . 
...,....~ ..... - -

CYM6003K Uniprocessor 
SPARCore Module for 

Multiprocessing systems 

CYPRESS 
SEMICONDUCTOR 

The Sun 
Microsystems 
SPARCserver 690MP 
redefines high-end 
server perfonnance. 

*In Euro1~ fa~ y111tr rt~uc~t to the above dept. al (32) 2-652-1504 or call (32) 2- 652-0270. In Asia fax to the above dept. at 1 (415) 961-4201. 
© 1991 l Y!)r~~\ S1·1111 i;onJuctor, 3901 North First Street, San Jose CA 95134. Phone: I (408) 943-2600. Telex: 821032 CYPRESS SNJ UD. TWX: 910-997-0753. 
SPAHO'r~ I~ ,1 I r;11J.,111;irk of Cypress Semiconductor. SPARC is a registered trademark of SPARC International, Inc. 
Pro<lu1· t ~ 1110,1111111 thr Sl'i\JIC trademark are based on an architecture developed by Sun Microsystems, Inc. 
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eases the read require
ments of microprocessor 
peripheral appl ications be
cause earlier 1 0-bit con
verters had only an 8-bit 
bus requiring two read cy
cles to retrieve the 1 0-bit 
result. The device's 3-state 
para llel port lets it inter
face d irectly with most DSP 
µPs and µP system data 
buses . The IC converts in 
6 µ sec and dissipates 
l OmW . 

O n the other end of the 
speed scale, Analog De
vices' AD773 can toke 18 
Msamples/sec. It is opti
mized for video applica
tions, featuring typical dif
ferential gain and phase 
specifications of 0.4% and 
0 .2°, respectively. The $55 
( 1 00) device features a 
fast-settling track-and-hold 
ampl ifier, high-impedance 
reference input, and 
CMOS/TTL-compatible out
puts. The typical S/N plus 
distortion ratio is 56 dB for 
1-MHz sine-wave inputs. 
The device typically dissi
pates 1 . 2W . Analog De
vices Inc, Norwood, MA, 
(6 17) 329-4700, FAX 
(6 17) 821-4273. Texas In
struments, Dallas, TX, (800) 
336-5236, ext 3990; (2 14) 
995-6611, ext 3990. 

- Anne Watson Swager 

DSPWorld 
call for 
papers 
DSP Associates has is
sued a call for papers for 
the "International Con
ference on Signal Proc
essing Applications and 
Technology & DSP 
World Expo." The con
ference will take place at 
the Hyatt Regency in 
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Cambridge, MA, Novem
ber 2 to 5, 1992. The 400-
word papers should ad
dress DSP-based applica
tions and technology, in
cluding telecommunica
tions, speech processing, 
image processing, control 
systems, automotive en
gineering, VLSI and 
DSP architectures, radar 
and sonar applications, 
consumer electronics, 
and other applications. 
The deadline for submit
ting papers is April 30, 
1992. DSP Associates, 18 
Peregrine Rd, Newton 
Centre, MA 02159, (617) 
964-3817, FAX (617) 969-
6689.-Susan Rose 

Multiple wire 
backplanes 
trim board 
• SI.le 

I-Con Industries' s Multiwire 
Futurebus + backplanes re
duce the weight and thick
ness of interconnections in 
high-speed digital applica
tions. By using 4-mil-diame
ter wires rather than etched 
circuits for routing signals, 
a multiple-wire board 
looks, feels, and solders 
like a multilayer board . 

Each wire is coated with 
1 .2 mils of polyimide insu
lation, which lets the wires 
cross over one another 
without requiring physical 
separation. As a result, you 
can reduce a 3-to 5-layer 
multilayer board to a sin
gle-plane multiple-wire 
board . Depending upon 
impedance specs, you can 
reproduce a typical 20-
layer board of stripline 
construction as a 0.062-in . 
Multiwire card, resulting in 

as much as a 40% reduc
tion in board thickness. 

Standard multiple-wire 
backplanes come in Future
bus + A, B, and F profiles, 
with data widths of 64 and 
128 bits. Available in 5-, 
9-, and 14-slot configura
tions, a standard 14-slot 
backplane sells for $2800. 
You can also order custom 
sizes. I-Con Industries Inc, 
Euless, TX, (81 7) 283-
5361 .-JD Mosley 

Chip speeds 
FFT frequency
domain processing 
The 0663 l l Reconfig
urable Array Store oper
ates at 40 MHz and proc
esses frequency-domain 
data sets at a rate of 400-
million operations/sec for 
2k complex words and 
smaller FFT s. The chip's 1/0 
bandwidth can support 

data ro t for real-time 
processing o f signals 
clocked at tens of mega· 
hertz.. You con cascade 
this multiport ASIC memory 
chip for higher throughput. 
The IC hos 64 bits of pipe· 
lined static RAM that you 
can configure as four 
lk x 16-bit, two lkx32-
bit, two 2k x 16-bit, or one 
2k x 32-bit memories. 

The ASIC is the most re
cent installment in the com
pany's $1340 ( 1000) DSP 
chip set, which comprises 
one digital-array signal
processor, one program
mable-array controller, 
and three reconfigurable 
data arrays. The chip set 
performs 1-kbyte complex
point FFT s with a double
buff ered 1/0 and 2-kbyte 
complex -coefficient store . 
Array Microsystems Inc, 
Colorado Springs, CO, 
(719) 540-7999. 

-J DMosley 

Tools and testers 
tackle dense pc boards 
A suite of hardware and software products from Teradyne 
Inc meets the challenges of what the firm calls RCT (re
duced-contact testing) of high-density pc boards with lim
ited nodal access-especially those populated by sur
face-mount devices and complex ASICs . Three testers, the 
576-channel L323RCT and L353RCT and the 1152-
channel L357RCT, test at clock rates to 40 MHz, perform 
combinational (functional and in-circuit) testing, and pro
vide much deeper pattern memory than traditional board 
testers. The systems use VXlbus modules to implement ana
log functions . The $400,000 base-price L323RCT is much 
smaller and less expensive than earlier systems; system 
prices top out at about $1 million . 

Accompanying the testers are severa l software pack
ages that run on DEC VAXstations spe d up functional -test 
development and provide accurate d iagnostics for boards 
despite limited nodal access . A packo for Mentor work· 
stations produces test vectors durin g b ord design. 
Teradyne Inc, Boston, MA, (617) 422·3567, FAX (61 7) 
422-3440.-Dan Strassberg 



y Settle for Y2 
an '040 Board? 

You've chosen the '040 because you 
need maximum performance in your 
VME system . But look carefully, 
because other Single Board Computers 
may only give you only half of what you 
expected from the '040. 

Compare Synergy's SV430 perform
ance to any other SBC. Compare bus 
speed , MIPs, support, flexibility, docu
mentation , reliability, 1/0 intelligence 
.or any spec you can think of. We think 
you'll find the same thing we did-the 

SV430 outperforms every other SBC on 
the market by as much as 150%. 

Surprisingly, this kind of quality won't cost 
you any extra, because Synergy products 

lead in another important area-value. At 
Synergy, you don ' t have to pay a premium 

price for premium performance. 

Let us show you just how far ahead your system 
can be with a Synergy processor board . Call us today, 

and get the whole '040 story. 

Compare our specs. Synergy is superior across the board! 
VME 
Transfers 
VME64 doubles 
bus performance 
to 66 MB /s-and 
the SV430 is the 
on ly '040 board 
that has it. But 
we don't need 
VME64to win 
this comparison. 

Even normal 32-bit transfers race at 33 MB/s. 
That 's 200% faster than Force or Motorola. 

1/0 Modules 

VSB 
SCSI 
EllllrHI 
ISDll 

r.emnc 
12Spc 
1'1111111 

l/O 
8PIB 
30 MFlop 

FPU 
hcrypHon ,,._ ,,, ... 
T1Ll11 
HSCI 
E8A ........ 

s 

Synergy's EZ-Bus modules are compatible 
with our entire line of SBCs. This meam 
Synergy's current line of 12 intelligent 1/0 
modules are immed iately available for the 
SV430 - today. No other vendor comes close 
for selecti on, functi onality or availability. 

Data from Mo1orola MVME l65 dat a ... hee l da ted 2190 . and 
Force C PU-40 data :-.heel A I Rev. I. DR AM mea .... ure rne nt ... 
!!>hown are wi th pari1y. V M Ebu .... 1ran,..,fc r :-. arc to a 60n .-. ... lave . 

VME64 j.., a trademark of Performance Tcchnologie.>.. Inc. 

DRAM 
Burst 
Rates 
A 25 MHz '040 
is capable of 
accessing mem
ory at 80 MB/s. 
The closer you 
are to this max
imum , the more 
'040 perform

ance you're gaining. SV430 bursts are 26% 
faster than Force and Motorola. 

'020/'030 
Compatibility 
Software 
compatibility 
between Synergy 
SBCs means 
users have simple 
upgrades to the 
SV430 from 
our '020 and 

'030 SBCs. Force offers compatibi lity only from 
the '030 level, and Motorola offers "upward 
migration" -a polite phrase that means rewrit
ing your code. 

DRAM 
·, Random 

Accesses 
Non-burst '040 
per forma nce is 
measured in wait 
states . Fewer 
wait state s mean 
higher perform
ance . The SV430 
is not onl y 66% 

faster than Force or Motprola , it supports twice 
the on-board memory-32 MB . 

Product 
Warranty 
Synergy backs 
the reliabi lity of 
its SBCs with a 
two year standard 
warranty. Force 
and Motorola 
onl y offer 
you one . 

Synergy Microsystems , Inc . , 179 Calle Magdalena, Encinitas , CA 92024 (619) 753-2191 FAX: 619-753-0903 
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r to 3GHz from$114s 
Jowpass, highpass, bandpass 

•less than 1 dB insertion loss •greater than 40dB stopband rejection •surface-mount • BNC, Type N, SMA available 
• 5-section, 30d B/octave rol loff • VSWR less than 1. 7 (typ) • rugged hermetically-sealed pin models •constant phase 

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

ID 
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ig_~: c • 
. g : 

~ : : = ' ' 0 • ' 
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/ 

COHSTAHT 

-~ ( IMPEOENC[ 

I 1 \ 

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

Model MHz loss loss Model MHz loss loss 
No. loss< 1dB >20dB > 40dB No. loss< tdB >20dB > 40dB 

PLP-5 DC-5 8-tO 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-21.4 DC-22 32-41 41 -200 PLP-450 DC-400 580-750 750-1800 
PLP-30 DC-32 47-61 61-200 PLP-550 DC-520 750-920 920-2000 
PLP-50 DC-48 70-90 90-200 PLP-600 DC-680 840-1 120 11 20-2000 
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 
PLP-100 DC-98 146-189 189-400 PLP-850 DC-760 11 00-1400 1400-2000 
PLP-150 DC-140 210-300 300-600 PLP-1000 DC-900 1340-1750 1750-2000 
PLP-200 DC-190 290-390 390-800 PLP-1200 DC-1000 1620-2100 2 100-2500 

Price, ( 1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95. Type N $35.95 

Surface-mount de to 570 MHz 
SCLF-21.4 DC-22 

I 
32-41 41 -200 SCLF-190 DC-190 290-390 390-800 

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 
SCLF-135 DC-135 210-300 300-600 

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

Flat Time Delay, de to 1870MHz 
Passband Stopband VSWR Group Delay Variations, ns 

MHz MHz Freq. Range. DC thru Freq. Range, DC lhru 
Model loss loss 0.2fco 0.6fco fco 2fco 2.67fco 

No. loss< 1.2dB > lOdB >20dB x x x x x 
PBLP-39 DC-23 78-1 17 117 1.3:1 2.3:1 0.7 4.0 5.0 
PBLP-117 DC-65 234-312 312 1.3:1 2.4:1 0.35 1.4 1.9 
PBLP-156 DC-94 312-416 416 0.3:1 1.1:1 0.3 1 1 1.5 
PBLP-200 DC-120 400-534 534 1.6:1 1.9:1 0.4 1.3 1.6 
PBLP-300 DC-180 600-801 801 1.25:1 2.2:1 0.2 0.6 0.8 
PBLP-467 DC-280 934-1246 1246 1.25:1 2.2:1 0.15 0.4 0.55 
"-BLP-933 DC-560 1866-2490 2490 1.3:1 2.2:1 0.09 0.2 0.28 
"-BLP-1870 DC-850 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 

Price, (1-9 qty), all models: plug-in $19.95. BNC $36.95. SMA $38.95, Type N $39.95 
NOTE: • : -933 and -1870 only with connectors. at additional $2 above other connector models. 

high pass, Plug-in. 27.5 to 2200 MHz 
Stopband Passband VSWR Stopband Passband VSWR 

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

No. < 40dB <20dB < ldB Typ. No. < 40dB <20dB < ldB Typ. 

PHP-25 DC-13 13-19 27.5-200 1.8:1 PHP-400 DC-210 210-290 395-1600 1.7:1 
PHP-50 DC-20 20-26 41-200 1.5:1 PHP-500 DC-280 280-365 500-1600 1.8:1 
PHP-100 DC-40 40-55 90-400 1.8:1 PHP-600 DC-350 350-440 600-1600 2.0: 1 
PHP- 150 DC-70 70-95 133-600 1.8:1 PHP-700 DC-400 400-520 700- 1800 1.6:1 
PHP-175 DC-70 70-105 160-800 1.5:1 PHP-800 DC-445 445-570 780-2000 2.1:1 
PHP-200 DC-90 90-116 185-800 1.6:1 PHP-900 DC-520 520-660 9 t 0-2100 1.8:1 
PHP-250 DC-100 100-150 225-1200 1.3:1 PHP-1000 DC-550 550-720 1000-2200 1.9:1 
PHP-300 DC-145 145-170 290-1200 1.7:1 

Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 

bandpass, Ell iptic Response. 
10.7 to 70MHz 

Center Passband 3dB Stopbands 
Freq. IL 1.5dB Bandvvdth 

Model Max. Typ. 
No. (MHz) (MHz) (MHz) 

PBP-10.7 10.7 9.6-11.5 8.9-12.7 
PBP-21.4 214 19.2-23.6 17.9-25.3 
PBP-30 30.0 27.0-33.0 25-35 
PBP-60 60.0 55.0-67.0 49.5-70.5 
PBP-70 700 63.0-77 0 680-82.0 

Pnce. ( 1-9 qty). all models plug-in $18 95. 
BNC $40 95. SMA $42.95. Type N $43.95 

finding new ways . 
setting higher standards 

LL IL 
>20dB >35dB 
at MHz al MHz 

7.5& 15 0.6& 50-1000 
15.5&29 3.0& 80-1000 

22&40 3.2& 99-1000 
44 & 79 4.6 & 190-1000 
51 &94 60& 193-1000 

Constant Impedance, 
21.4 to 70 MHz 

Center Passband Stopband 
Freq. MHz loss 

Model loss >20dB 
No. MHz < ldB at MHz 

PIF-2t.4 21.4 18-25 1.3& t50 
PIF-30 30 25-35 19&210 
PIF-40 42 35-49 2.6 & 300 
PIF-50 50 41-58 3.1 & 350 
PIF-60 60 50-70 3.8 & 400 
PIF-70 70 58-82 44&490 

VSWR 
1.3:1 

Total Band 
MHz 

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

Pnce, (1-9 qty), all models: plug-in $14 95. 
BNC $36 95. SMA $38.95, Type N $39.95 
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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, 81-3-3791-64 11 ; Singapore: 65-747-0244; Taiwan: Taipei , 886-2-713-0509 
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A full range of DIN 41612 connector 
types - Standard and Inverse, Low Profile 
and Heavy Duty Power connectors and 
Modular Coax/Signal/Power combinations. 

Built-in high performance 
design features - pre-loaded, 
dual-opposing beam female 
contacts with coined and 
polished mating surfaces for 
maximum reliability. 

With the high performance features designed as standard into every 
Thomas & Betts DIN connector, we can solve even your most difficult 
packaging problems. 

Off-the-shelf availability through our authorized distributors means 
you get what you need when you need it. 

Now there's a reliable source with the breadth and depth you need to 
harness the full power of DIN 41612 versatility. For more information 
call or fax: Thomas & Betts Corporation, Electronics Division, 
200 Executive Center Drive, Greenville, SC 29616. 
Phone: 803-676-2900. Fax: 803-676-2991. 

For the new DIN Catalog call 1-800-344-4744. 

A complete selection of termination 
styles - solder tails and posts, wire 
wrap, compliant pin, crimp/snap, and 
coax. Post lengths and plating options 
for every requirement. 

Thomaslaletts 
•EUROPE • Belgium: Brussels, 32-2-645-77 11; England: Marlow, 44-6284-6055; France: Rungis Cedex, 33-1-4687- 2385; Germany: Egelsbach, 
49-6 103-4040; Italy: Milano, 39-2-612045 1; Luxembourg: Foetz, 35-255-0002; Spain: Barcelona, 34-3-3002252; Sweden: Upplands Vasby, 46-760-88 11 0. 
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The leader in PC based EDA tools. 
Why? Because we never stop improv

ing our products. One example is our 
world famous Schematic Design Tools 
package with the ESP framework. 

OrCAD has just released version 4.10 
with these new features. 

• dramatic increase in capacity 
• utilities like netlist output have 

increased speed 
• introducing new "hotkeys" in the ESP 

framework 

The ESP Framework 
The ESP framework is the first PC based 
framework that allows seamless integra
tion between OrCAD tools and those of 
third party vendors. ESP framework is a 
part of Schematic Design Tools; no need 
to pay extra. 

Call ( 503 )690-9881 
or write today for your 

FREE demo disk! 

28 • EON March 2, 1992 

The OrCAD Difference 
Schematic Design Tools still comes with 
the features you'd expect to pay more for: 
• A library of over 20.000 unique parts 

you can browse through in a breeze. 
• Utilities to generate Bill-of-Materials, 

electrical rules check, create custom 
library parts. 

• Support for over 30 netlist formats. 
• Over a hundred supported display 

adapters, 50 printer drivers, a dozen 
plotter drivers. 

• User definable "smart" macros 

As ever, all OrCAD products come with 
one year of product updates, telephone 
technical support and 24 hour BBS, and a 
subscription to The Pointer newsletter. 

OrCADM 
3175 N.W. Aloclek Drive 

Hillsboro, OR 97124 
FAX (503)690-9891 
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If you would like 
information about this or 

any OrCAD product, 
contact your local OrCAD 

Value Added Reseller. 

WA, OR, MT, ND, SD, MN, 
ID,AK, WY Ml, WI, IL, IN, 
Avcom/EDA OH,KY, WV, 

(206) 828-2726 W. PA, NE, KS, 
IA,MO 

N. CA, HI, Reno Mac Kellar 
NV Associates, Inc. 

Elcor Associates (313) 335-4440 
Inc. 

(408) 980-8868 VA, TN, NC, 
SC 

So.CA Tingen Technical 
Advanced Digital Sales 

Group (919) 870-6670 
(714) 897-0319 

E. PA, NJ, NY, 
Las Vegas NV, DE, MD, DC 
UT, AZ, NM, Beta Lambda, 

co Inc. 
Tusar Corporation (800) 282-5632 

(602) 998-3688 
CT, RI, MA, 

TX, OK, AR, LA VT, NH, ME 
Abcor, Inc. Tri-Logic 

(713) 486-9251 (508) 658-3800 

CANADA 
Pegasus Circuits 
( 416)567-6840 
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"Cookbook" formulas 
aren't always reliable 
The article, "Phase compensation 
extends op amp stability and speed" 
(ED N, September 16, 1991, pg 
181), left its analytical path when 
it discussed the standard approach 
used for driving capacitive loads 
(Fig 2). "Cookbook" formulas don't 
provide understanding, and many 
times lead to problems. 

You can analyze the circuit as fol
lows: Recognizing there are in fact 
two feedback loops, it's simpler to 
analyze them one at a time. Replac
ing R~ and R 1 with their Thevenin 
equivalents gives a 13 network with 
a gain of - 6 dB and an impedance 
of R .. q = R 1TR~, or 5 kD (Fig A). The 
op amp is now easily recognizable 
as a standard Miller integrator 
whose unity-gain frequency is given 
by 1/~1TReqCc (Fig B ). 

Now, you can analyze the outer 
loop, using the equivalent op amp 
just discussed (Fig C). Re does in 
fact decouple the load from the op 
amp, but it also introduces a pole 
with C1.. You must position this pole 
far enough away so that the 1113 
curve intersects the open-loop-gain 
curve before it starts falling at - 12 
dB/octave, due to the second pole. 
Fig D shows the plot for the prop
erly compensated amplifier. 

Using this analysis provides 
much more insight into the opera
t ion of the circuit and removes 
much of the need for empirical de
velopment. 
Herb Perten 
Phillips Scientific 
Mahwah, NJ 

(A u thor's reply ): Herb Perten's 
analysis adds useful insight into 
this phase compensation technique. 
However, the analysis neglects the 
output impedance that forces the 
empirical analysis. 

This occurs in the step between 
Fig C and Fig D. There, derivation 
of J, , = 11.!R ('C 1• neglects the amplifier 

output resistance , R u. As men
tioned in the article, this cannot be 
done for the level of R e normally 
used with this phase compensation. 
I'm afraid we are stuck with the em
pirical analysis.) 

Two makers of DSP 
boards not mentioned 
Two firms that make DSP coproces
sor boards were inadvertently omit
ted from the Special Report on pg 
108 in the September 16, 1991, issue 
of EDN: 

Pentland Systems Ltd 
1 Cochrane Sq, 
Brucefield Park, Livingston 
W Lothian EH54 9DR, Scotland 
Phone (506) 464666 
FAX (506) 463030 

In the US: GD California Inc 
5627 Stoneridge Dr, Suite 301 
Pleasanton, CA 94588 
Phone (510) 847-9660 
FAX (510) 847-9663 

Ziatech, the other firm, manufac
tures a 56001-based DSP coproces
sor board for the STD-32 bus: 
Ziatech Corp 
3433 Roberto Ct 
San Luis Obispo , CA 93401 
Phone (805) 541-0488 
FAX (805) 541-5088 

HAVE YOUR SAY 
EDN's Signals & Noise column provides 
a forum for readers to express their 
opinions on issues raised in the maga
zine's articles or on any topic that af
fects the engineering industry. Send 
your letters to Signals & Noise Editor, 
EDN Magazine, 275 Washington St, 
Newton, MA 02158. You can also send 
a note via MCI mail at EDNBOS or use 
EDN's bulletin-board system at (617) 
558-4241: From the Main System Menu, 
enter SS/SOAPBOX, then W to write 
us a letter. You'll need a 2400-bps 
(or less) modem and a communications 
program set for 8,N,1. 

Simulator Multi-degree 
Analog-Structural 
Hierarchical 
on your personal 
workstation 

lmilfl1lilrulnm 
~ 

~- f:~/1 

\1, >a f1 

\ ~. ~?f? 
SMASH'"'. X7 /->/ 
and your simulation 
becomes revelation ... 
Main features: 
- Mixed electrical, structural, analog behavioral and 
digital behavioral simulation. 
- Data base: SPICE-like and HILO-like (pending VHDL) 
netlists from various schematics editors with hierarchy. 
- Libraries: compatibility with most common libraries of 
ASICs and PCBs, capability given to the user to write his 
own modules in a C-like language at behavioral degree, or 
available from Dolphin Integration upon request. 
- Interactive set up and simulation display for all 
analyses: DC transfer function (including operating point 
and temperature analysis), AC transfer function, transient 
analysis. 
- Delays at structural level. 
- Processing capability in background mode. 
- Device visibility through analog behavioral modeling. 
- Modularly designed to enable separation of three 
modules initializer, engine and vizualizer (ICD). 
- Results: EXCEL files, ICD format files. 
- Available on your personal computer (Mac, PC) and 
UNIX workstation (SUN ... ). 

SMASH™ processes 
simultaneously 
12000 gates, 
250 transistors 
and 12000 steps 
or events. 

DOLPHIN 
~~~:d?~TION DJ; 
ZIRST- 38240 Meylan - France :~.J 
tel. (33) 76 4110 96 
fax (33) 76 90 29 65 
telex 980 990 F 

~ JJJJO Dolphin - US 
P.O. BOX N - Santa Clara 
95 055 - 37 40 - California - USA 
phone: (408) 727 - 41 23 
fax (408) 727 - 25 41 
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Modular,Flexible, 

Optional Redundant/Faul olerant Power Supply 
• 100,000 hour MTBF 
• Dual Independent or N+ 1 red dant operation 

AC Supply Options 
250 & 350 watt versions 
120/250 VAC Input 50/60H 
DC Supply Options 
285 watt 24 volt Input 
350 watt 48 volt Input 

I ~ -~. 

~ -.. -~ ... 
~ -~- ..... ..... 

Ovtional Liftout Mod Drive Bay 
• Accomodates 4 half-height or full-height 

5.25" peripherals 
• Shock mounting provisions for eac 
• Slide Mounted drive Installation 
• Removable without tools 

Air Intakes with removable/ ~ 
washable filter elements provide,........-
filtered air for cooling 

,,,,,,. 

Optional front panel ~ 
keyboard and video ports / 

Front Pan Flexibility 
Front panel open a full 130" 
angle to provide access o e 
drive cages and/or optional 
power supply 

30 • EDN Morch 2, 1992 
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Status control center includes / ..• , ·' 
Internal temperature alarm indicator 

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

Call us toll free for orders and information. 

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

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

EISAorISA 

Optional hold down bar secures board ~ 

Liftout Modular I 
• Accomodates 4 half-1 

2 full-height 5.25" J 
• All four peripherals f 

removable media 
• Shock mounting pro• 
• Slide mounted drive 
• Removable without ti 



·oF THE FUTURE ••• NOW! 
Serviceable •.. Fault Tolerant Capability 

eBay 
1t r 
he als 

CRM816 
Industry Standard 19" 
Rackmountable Chassis 
• Rugged steel construction 
• 8. 75"H x l 9'W x 24"D 
• Rackmount slides available 
• Up to 16 full-length /AT cards 

Dual 70 CFM cooling fans with 
air Intakes. Removable/wash
able filter elements provide fil
tered air for cooling 

( 

I 

I . '
., 
I ,,. r 
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ace ssible for 
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Single Board Computers 
• 33MHz 486 DX EISA 
• 33/25MHz 486 DX ISA 

5f20MHz 486 SX ISA 
/33/25MHz 386 DX ISA 

• 20 I 6MHz 386 SX ISA 
• 20 z286 ISA 

EISA or ISA Passive Ba plane 
16 positions 

• ISA backplanes of 10 14 positions 
• Sp ckplanes able 
• Redundan ault tolerant system capabilities 

Industrial 
• High relia · ty 100,000 MTBF 
• lndep ent forced air cooling system 

~---"_...a-out module for quick field replacement 
• Quick-disconnect power connections 
AC Supply Options 
250 & 350 watt versions 
120/250 VAC input 50/60Hz 
DC Supply Options 
285 watt 24 volt input 

I 350 watt 48 volt input 

, 
• 

Comm rclal Power Module 
• 200 w tt capacity 
• Ind endent forced air cooling fan 
• 1 /220 VAC input 50-60Hz 

0 .000 hours MTBF 

21 l'earr Of Manufaeturing 
Industrial Computtr Prod11t:ts 

Product names are trademarks or registered trademarks of their respective companies. 
386 & 486 are trademarks of Intel Corp. EDN March 2, 1992 • 31 



the world's largest selection 
2KHz to 8GHz from $495 
With over 300 models, from 2-way to 48-way, 0°, 90 ° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world 's largest se lection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that c losely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

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

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit 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. II. Or 
contact us for our free 68-page RF/ IF Signal Processing Guide. 

finding new ways .. 
setting higher standards 

r;;:I Mini-Circuits 
A 01v1 s1on of Sc1 ent1hc Components Corporation 

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

CIRCLE NO. 27 
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There is a far side to the world of oscilloscopes, a place filled with all sorts of bizarre characters. Like those 

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

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

and digital scopes. Ma~ng 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 

:_,....----. ,.,.- ------~ 
- - - - -• 7-- - .... ~ - - - - -' : = ~.,.- - •/ : 

..; - -
~~-
~ 

on the full line of Tektronix analog and digital oscilloscopes, get in touch with a Tek representative today. TALK TO TEK/1·800·428·2200 

OJW-188147 Copyright© 1991 . Tektronix. Inc 
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Once again, a reader is 
stumped for spare parts 

I have an in-house test system that uses 
a number of Signetics S8233 quad digi
tal multiplexers. Raytheon also made 
this part as an RM8233. Signetics has 
sold the rights to Lansdale, who will 
manufacture the part for me ' for $45 
each, with a minimum buy of 675 parts. 
This seems excessive for spare parts. 
I could use one or two dozen. Can 
you help locate some somewhere? 
Clancy Sloan 
Maxwell Laboratories Inc 
San Diego, CA 

Please contact Ask EDN if you have 
any 8233s you can spare. 

Of mice and standards 

We are working on a new type of mouse 
interface and are having trouble finding 
any industry standard protocols, or 
even finding out if any exist. We think 
we would like our product to be Micro
soft Mouse compatible, but we can't 
seem to find anyone who can define the 
protocols . Is it possible that mouse in
terfaces are defined by whomever is 
making the mouse? 
Jim Fletcher 
President 
Gaslight Video 
Orange, CA 

Mice vendors reverse-engineer either 
Microsoft's hardware interfaces (bus or 
serial) or the write drivers that emulate 
Microsoft's mouse driver. In either 
case, there's no standard other than the 
de facto, largely undocumented stan
dards originated by Microsoft. 

The best reference we've seen is Lo
gitech's Technical Reference Manual 
for its mouse products. Corporate head
quarters is 

Logitech Inc 
6505 Kaiser Dr 
Fremont, CA 94555 
(415) 795-8500. 

Readers dispute B in BNC 

So far, half a dozen readers have writ
ten regarding the item about what BNC 
stands for in the January 2, 1992, Ask 
EDN. Michael W LaBoone of WYFF 

ASK EDN 
EDITED BY JULIE ANNE SCHOFIELD 

Inc (Greenville, SC), Jim Stewart of 
J K Microsystems (San Pablo, CA), 
Marc Ressler of Harry Diamond Lab 
Radar (Adelphi, MD), and Tom Rey
enga of Tinker Air Force Base (Okla
homa City, OK) all agree that the N 
stands for Paul Neill and the C stands 
for Carl Councelman. The four also in
sist that the B stands for bayonet-not 
baby. In fact, Stewart says that he can't 
imagine that two men who made such 
a classy connector that it lasted 40 years 
would use the term "baby" to de
scribe it. 

Reyenga gave the best argument for 
why the B is for bayonet: "As you 
wrote, the N and C stand for Neill and 
Councelman's connectors. The smaller 
version, however, had two types that 
were different in their fastening tech
niques. One was like most large connec
tors and was threaded. It was identified 
as a TNC connector-a threaded small 
NC type connector. The other had a 
single push-twist fastening method 
similar to some bayonet techniques, and 
so became a BNC connector." However, 
we're not ready to concede defeat until 
we hear from Neill or Councelman 
ourselves. 

Also, thanks go to George Barnard 
of Fairchild Space/WTSC (Greenbelt, 
MD) for referring us to the dictionary 
for the proper pronunciation of the pre
fix "giga" and leaving us with no doubt 
as to how to pronounce his first name. 
And thanks to Robert H Bushnell of 
the Metric Practice Committee of the 
US Metric Association for alerting us 
to his group's specified pronunciation of 
giga. 

For the record, we at EDN are per
fectly aware that the "official" pronun
ciation for "giga" is jig-ah, not gig-ah. 
But the official pronunciation is not eve
ryone's pronunciation. Similarly, many 
Americans say kuh-lom' -eter instead of 
the official kilo-meter. 

Further, we know that capital K 
means kelvin (not kilo), but to avoid 
confusion, we append an unauthorized 
degree symbol, °K, to avoid confusion. 
And the "official" abbreviation for sec
onds is "s," which we render ::is "sec." 

More missing parts 

I am looking for a microprocessor from 
Texas Instruments, the SBP9989. This 
chip was popular some 10 years ago. 
For a special project we need to have 
one SBP9989, but TI can't deliver them 
anymore. I checked with the local Texas 
Instruments office and with the head-

quarters of TI in Europe, but they as
sured me that this microprocessor is not 
available anymore. Does anyone know 
where I can get one or more? 
Jeroen van der Wateren 
Project Engineer 
Chess Engineering BV 
Haarlem, The Netherlands 

How 'bout it, readers? 

Searching for a 
heavyweight sensor 

I'm looking for information about 
weight sensors. More specifically, I am 
looking for a weight sensor that detects 
in the 500- to 1000-lb range with ± 10-lb 
accuracy. The sensor's measurements 
would have to be repeatable. 
Larry Woods 
Moline, IL 

Although there may be other types of 
transducers that measure weight, what 
you're probably looking for is a load cell. 
Load cells are units containing strain
gauge bridges. You will also need a sig
nal conditioner to provide the excitation 
to the gauge and to amplify its output. 
And you'll probably need an AID con
verter (usually an integrating type of 
ADC) to convert the amplifier's output 
into numeric readings. Specialized digi
tal panel meters combine the signal
conditioning and ADC functions with a 
display. The following are two compa
nies that offer such meters: 

Electro-Mechanical Distributors 
Box 569 
Norwell, MA 02061 
(800) 344-2169 
FAX (617) 826-7836 

Omega Engineering Inc 
1 Omega Dr 
Stamford, CT 06907 
(800) 826-6342 
FAX (203) 359-7700. 

Ask EDN solves nagging design prob
lems and answers difficult questions. 

Address your letters to Ask EDN, 275 
Washington St, Newton, MA 02158. 
FAX (617) 558-4470; MCI: EDNBOS. 

Or send us a letter on EDN's bulletin
board system at (617) 558-4241: From 

the Main System Menu, enter 
SS/ASLEDN and select W to write 

us a letter. 
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SOLAR ECLIPSE 
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HALLEY'S COMET 

40 • EON March 2, 1992 



CIRCLE NO. 37 
EDN March 2, 1992 • 41 



THE NEW KEITHLEY MODEL 2001 
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A DMM LIKE THIS DOESN'T COME ALONG VERY OFTEN, EITHER. 

Enjoy rare measurement integrity. High 

speed. And a broad array of functions not 

found on any other DMM. All at half the price 

you might expect. 

Even the architecture is one-of-a-kind. Five 

distinct processors enable better measurement 

performance and higher throughput. Just look: 

- True 7 112-digit, 28-bit resolution 

- Basic DCV accuracy: 18ppm (90 days), 

7ppm (24 hours) 

- Basic ACV accuracy: 0 .03% 

- 1 Hz-2MHz ACV bandwidth 

- 1 µfl-1 Gfl resistance measurements 

- > 2000 readings/second at 4 112 digits 

- Multi-line display 

- Built-in 10-channel scanner option 

- Built-in functions to directly measure: 

peak spikes - AC crest factor - frequency -

true rms, peak, average ACV- temper

ature - DC in-circuit current - more. 

Don't wait for the next solar eclipse to see a 

Keithley 2001. Call 1-800-552-1115 today for prompt 

information or a personal demonstration. Because 

a DMM like this doesn't come along very often. 

KEITHLEY INSTRUMENTS 
CIRCLE NO. 38 
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The Highest, Single-Chip SPECmark 
in Production Now! 

Performance's PR3400 Monolithic MIPS CPU/FPNMMU 

PACEMIPS 
PR3400-40SG175C 

~ 
l> 9201 USA 

PR3400 MIPS RISC Processor 
This new monolithic VLSI component contains the PR3000A, PR301 OA and 
more! When used with the PACEWRAP™ PR31 OOA, (Performance's single
chip write, read and parity buffer), it makes possible a single-board MIPS 
computer at 25, 33 and 40MHz. 

o 32-bit MIPS RISC Processor(PR3000A) Thirty-two general-purpose 
32-bit registers; all instructions & addresses are 32 bits. 

o On-Chip MMU Provides fast address translation for virtual-to
physical memory mapping of the 4 GByte virtual address space. 

o On-Chip Cache Control For separate external instruction & data 
caches of up to 256KBytes each. 

o Five-stage pipeline Closely approaches execution rate of one 
machine cycle per instruction. 

o Floating Point Accelerator (PR3010A) Contains sixteen 64-
bit registers to support single or double precision arithmetic; fully 
conforms to ANSI/IEEE Standard 754-1985 "IEEE Standard for 
Binary Floating Point Arithmetic." 

o Single 1X·Clock Pin No external delay line required. 
o System Performance at 40MHz SPECmark Rating= 32.4, 

33 VAX MIPS; 11.6 MFLOPS, Single-Precision LINPACK; 
6.7 MFLOPS Double-Precision LINPACK. 

o Available Speeds 25, 33 and 40MHz. 
o Packages 175-pin PGA, 25, 33 & 40MHz, 160-pin surface mount. 

PACEWRAP PR31 ODA Write/Read & Parity Buffer 
This new component provides a full-featured interface between the high
speed processor-cache bus and lower-speed 1/0 & main-memory bus 
resulting in outstanding performance and board density at lowest cost. 
o Eight-word-deep write buffer with read-back. 
o 32-word programmable read buffer. 
o Parity generation & detection on reads from main memory. 
o Static column DRAM support. 
o Bus snooper for cache coherency in multiprocessor systems. 
o Available in 160-pin PQFP@25, 33 & 40MHz. 

PaceRunner/3400 VME SBC in a 6U Form Factor 
Features high performance (28VUPS at 33MHz) based on the PR3400 
and the PR3100A. Includes 64 KBytes cache, 4/16 MBytes DRAM, 
watchdog timer, 256/512 KBytes EPROM, SCSl/EtherneVDuart, and 

master/slave VME interface. 
.. . ' ' . '. 

[
=~= ;;: . a. 

I . . . ' 

- -

The PaceRunner/3400 VME 
SBC can be used in work
stations, servers, industrial 
and process control , imaging, 
communications, simulation, 
and software development 
platforms. 

For more information call the leading volume and 
speed supplier of MIPS RISC components 

(408) 734-9000 

PERFORMANCE 
_....... .. SEMICO/t'DUCTON CONPONATIO/t' 

610 Eas t Weddell Drive , Sunnyvale , California 94089 
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Jesse H. Neal 
Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 198 1 (2) , 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editors Award 
1991 , 1990, 1988, 1983, 198 1 

EDN·EDITORIAL 

How to write 
an article for EDN 
EDN's readers face a variety of design 
problems every day and they look to 
their peers and colleagues for solutions. 
EDN assists by providing a communica
tions medium between the people with 
first-hand technical knowledge and the 
people who are trying to solve problems. 
So, as an EDN reader, you're a prime 
candidate for authorship-whether it's 
a letter to the editor, a Design Idea, or 
a contributed manuscript. Engineering 
professionals like you contribute about 
20% of the articles that appear in EDN. 

EDN is always looking for new 
authors and new ideas. Some of EDN's 
best-known contributors such as Jerry 
Graeme, Bob Pease, and Jim Williams 
have written for many years and con
tinue to write top-notch articles. How
ever, there is always room for new 
authors. Don't let the stature of these 
great engineer/writers deter you; if you 
can write a technical article that helps 
our readers, we want it! 

Don't hesitate to write an article for 
EDN because you feel you can't write. 
Most engineers feel the same way. One 
of the great myths permeating the elec
tronics industry is that engineers cannot 
write well. In truth, engineering profes
sionals can communicate well and they 
can learn to write well, too. Unfortu
nately, engineering curricula at most 
universities do little to nurture writing 

skills. However, you can learn to write 
just as you can learn any skill if you 
have the desire. In addition, computer 
technology makes writing easier than 
ever. 

For EDN's purposes, what you have 
to say is far more important than your 
writing skills. We have technical and 
nontechnical editors on our staff who can 
help you develop your article ideas. But, 
the only people who can effectively dis
cuss solutions to engineering problems 
are the people actively solving the prob
lems: you and your colleagues. EDN's 
focus on problem solving means that we 
don't publish articles that are applica
tion notes or data sheets for a product. 
Time and time again, readers tell us that 
companies cannot credibly publish arti
cles that describe their own products. 
It's not that the readers suspect that 
companies will publish erroneous infor
mation; readers say that companies tend 
to ignore competing solutions when dis
cussing their own product. 

If you have developed a design tech
nique; if you're an expert who would 
like to write a tutorial on your field of 
expertise; if you know several solutions 
to an engineering problem; or if you just 
have a burning desire to see your name 
in print, then write to me and I'll send 
you a writing guide. Operators are 
standing by. 

Steven H Lelbson 
Executive Editor 

Send me your comments via FAX at (617) 558-4470, or on the EDN Bulletin Board 
System at (617) 558-4241 300/1200/2400, 8, N, 1. 
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THIS ISAMPIDDAY 

Stripline high-performance connectors. 

AMP and ACTION PIN are trademarks of AMP Incorporated. 
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'Fast silicon' (1ise time~l ns) requires 
strict impedance control Conventional 
connectors give up half their pin count 
for this - a sacrifice you can do without. 

Our modular, scalable Stripline 
100 connector system can accom
modate edge rates of 250 ps (500 ps 
at <3% crosstalk), and still give you 
40 ignal lines per inch - all four rows 
on a .l"x.1" grid. Reference planes 
isola individual signal columns 
within th standard grid geometry, 
creating an interface completely trans-

parent to high-speed logic. 
Stripline 100 connectors deliver 

more than raw speed, too. Each 
reference plane can distribute three 
amps, and sequenced mating is 
available for ground, power, and 
two signal levels. 

Manufacturing is easier as well. 
ACTION PIN compliant posts (for 
existing 0.040" pcb holes) simplify 
backplane assembly, and all materials 
are compatible with high-temp reflow 
processing. 

CIRCLE NO. 40 

In fact, sub-nanosecond logic just 
got easier all around, and there's an 
easy way to 'bring yourself up to speed' 
on this exciting technology: call 
our Product Information Center 
at 1-800-522--0752 (fax 717-~ 7575). 
AMP Incorporated, Harrisburg, PA 
17lffi.3008. In Canada call 41&475-6222. 
For design assistance in characterized 
backplane assemblies, contact AMP 
Packaging Systems, 512-244-5100. 

AIVIP 
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Modulation-Domain Simulation 
Gives You the Big Picture. 

Introducing OmniSys 
Version 3.5. 
Analyzing communication 
systems and complex modulated 
signals with the usual simulators I 
Time- and frequency-domain 
simulators like SPICE and 
harmonic balance are great, but 
circuit simulators don't give you 
the big picture. OmniSys@; EEsof's 
system simulator, gives you the 
new insight you need! 

48 • EDN March 2, 1992 

OmniSys lets you simulate 
system performance in the 
modulation-domain so you can see 
how your system will work with 
today's chirp, MSK, pi/4 DQPSK, 
and other complex modulated 
signals. Look at BER I-Q 
constellations, spectral regrowth, 
AM/PM distortion, and more. 
You'll see the effect of hardware 
trade-offs on your complete 
transmitter and receiver and 
you'll get your system to market 
faster without costly redesigns. 

CIRCLE NO. 41 

See the Big Picture with 
OmniSys. """"" 
Contact us -
for literature 
at (800) 
34-EESOF ... or, 
if you prefer, 
by FAX at 
(818) 879-6462. 
In Europe, call (49) 8105-24005 or 
FAX (49) 8105-24000. 

Breaking the Barriers ... 

eem.f 



In sharp contrast 
to the cornucopia 
of shareware and 
public-domain soft
ware (freeware) 
available for 
every other appli
cation area, elec
trical-engineering 
shareware and 
freeware are in 
short supply. 

EDN·TECHNOLOGY UPDATE 

Shareware and freeware 
are only a phone call away 
CHARLES H SMALL, Senior Technical Editor 

Unlike business and recreational soft
ware, you hardly ever get something for 
nothing when it comes to electrical
engineering software. The lack of engi
neering shareware and freeware is sur
prising when you consider the altruistic 
torrent of free programs that flowed 
among engineers upon the advent of 
programmable scientific calculators in 
1974. Inexplicably, as electrical engi
neers do more and more of their work 
on computers, they don't seem to be 
sharing software. Instead, engineers 
must pay high prices for commercial ver
sions of the specialized software they 
need to do their jobs. 

Other segments of computing support 
bulletin-board systems (BBSs) that 
carry literally tens of thousands of 
shareware and freeware programs. You 
can access electronic bulletin boards di
rectly via voice-grade phone lines if you 
have a personal computer and a modem. 

Or you can post messages and files to 
bulletin boards over commercial, voice
grade, or packet-switching networks. 

Among the welter of programs posted 
on BBSs, engineers can find lots of man
agement software-project planning, 
scheduling, time keeping, and billing
but not much professional-quality engi
neering-design software. 

Public-domain software and share
ware both appear on computer bulletin 
boards, but the two classes of software 
are quite different. Freeware is just 
that; software you can use for free and 
give away to anyone. Some significant 
programs, such as Berkeley Spice, are 
in the public domain. 

Shareware is another matter. A true 
shareware package comprises a com
plete program and documentation that 
shareware authors distribute for free 
(charging perhaps only a nominal media 
fee) in ready-to-run form. One major ad-
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Actual output 
20WATTS 

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

Mil/Pac™ high-density military power supplies. 
Now you can order Abbott's full mil-qualified compact 
power supplies in both DC and AC input models. 

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

DC-to-DC models accept input from 14V to 32V. AC-to-DC 
models accept 103.4 to 126.5V rms, 47-440 Hz single phase. 

All Mil/Pacs operate at temperature extremes from 

- 55 °C to + 100 ° C. All are designed with a field-proven 
topology that has been verified by rigorous environmental 
stress screening. 

Mil/Pacs are available with or without MIL-STD-2000. 
Either way, the specs are worth reading. Just write us at 
2727 South La Cienega Bl., Los Angeles, CA 90034. Or call 
(213) 936-8185. 
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EDN·TECHNOLOGY UPDATE 

ENGINEERING SHAREWARE AND FREEWARE 

vantage of shareware is that you 
get to try the program before buy
ing it. Shareware is not free; if you 
like the shareware, you are sup
posed to send the author a "regis
tration" fee. In other words, share
ware works on the honor system. 

Small software companies with
out the wherewithal to market their 
products through retail or profes
sional channels depend primarily on 
a community of enthusiastic users 
who like to pass software around. 
Electronic bulletin boards provide 
the primary medium of exchange 
for such software, although spe
cialized shareware distributors also 
exist. One distributor who special
izes in technical software is Sector 
Systems Co (416 Ocean Ave, Marble
head, MA 01945, (617) 639-2625). 

Intermittent "networks" link 
many of the computer enthusiasts' 
dial-up bulletin boards. You can post 
a message or file on one bulletin 
board, and then that bulletin board 
will automatically dial up other bul
letin boards and may pass along 
your message or file. These bulletin 
boards can later spread your mes
sage or program even further . 

Electronic bulletin boards also 
host lively computer conferences. 
Some of these conferences are on 
technical subjects such as artificial 
intelligence, computer languages 
such as C and Forth, and engin
eering tools such as scientific 
calculators and Spice. Conferees 
exchange tips and help each other 
solve problems. For those unable 
to attend professional conferences 
in person, electronic conferences 
can prove vital for professional 
development. 

Despite the advantages of free 
software and professional help, en
gineers do not frequent computer 
bulletin boards. Apparently, engi
neers lack either the impulse or the 
means to share software. Given 
that knockoff modems are selling 
for $50, the means are easy to acquire. 

Maybe engineers-or their em
ployers-are prejudiced against 
shareware and freeware. Such 
prejudices are unfounded. Just like 
commercial software, some share
ware is very bad, but some is very 
good. In fact, many authors wrote 
their shareware programs to make 
up for deficiencies in commercial 
products. Maybe some users prefer 
to have a large company support 
the software that they buy and are 
put off by the one-man-shop aura 
of shareware. 

Going into business 
Suppose you have a hoard of soft

ware and are seized by the impulse 
to share it with the world. Share
ware professionals advise prospec
tive authors to consider carefully 
whether to release software as free
ware or as shareware. If you re
lease a program as shareware, you 
become, in effect, a small software 
company. If your software is not 
complete and professional, users 
will not adopt it. If you have crip
pled your shareware in an effort to 
force users to register or are not 
prepared to support your share
ware, the word will quickly get 
around the BBSs and your program 
will be shunned. Releasing your 
program to the public domain re
lieves you of the responsibility of 
marketing and supporting it. 

If you do develop a good program 
and are prepared to support it in a 
professional manner, the hordes of 
enthusiasts lurking around BBSs will 
be waiting to snap it up. Most BBSs 
charge for connection time. How
ever, users who upload files usually 
get some free connection time. 
Therefore, enthusiasts will spread 
your shareware around even if they 
don't have the slightest idea what 
it is for. Still, you should post your 
offering on several major BBSs and 
send it to shareware resellers , 
which advertise in the back pages 
of computer magazines. Then expect 

to wait at least a year and a half be
fore registration fees begin rolling in. 

This article cannot possibly list 
all electronic bulletin boards
literally tens of thousands exist. 
Ref 1 is a comprehensive, exhaus
tive guide not only to shareware, 
but also to communications soft
ware, selected electronic bulletin 
boards, and major BBS confer
ences. Refs 2 and 3 are additional 
sources of shareware and BBSs. 

The free EDN BBS ((617) 558-
4241,300/1200/2400,8, N, 1) is fast 
becoming the premier electronic 
bulletin board for electrical-engi
neering shareware. The EDN BBS 
is also a gathering place for engi
neers who are contributing to pub
lic-domain libraries of software in 
a variety of areas, including DSP, 
CAE, Spice, scientific calculators, 
and fuzzy logic. 

The EDN BBS has a forum called 
soapbox for expressing opinions as 
well as a mailbox for posting and 
answering questions to EDN's 
popular Ask EDN column. The EDN 
BBS also hosts design round tables 
where engineers participating in 
reader-supported projects can ex
change design tips as well as hard
ware and software solutions. ~ 

References 
1. Callahan, Mike and Nick Anis, Dr 

File Finder's Guide to Shareware, 
Osborne McGraw-Hill, Berkeley, CA, 
1991, ISBN 0-07-881646-7, 1019 pgs, 
$39.95. Sample shareware programs on 
disk included. 

2. The Alternative Software Bulletin 
(general-purpose shareware source), 
Binary Press, Box 757, Brooklyn, MI 
49230. 

3. INFO-MAT Magazine (BBS com
pendium), BBS Press Services Inc, 8215 
SW 21 St, Topeka, KS 66615. Phone 
(913) 478-3157. BBS (913) 478-3088. 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TE S T & MEA SU REMENT 

FLUKE ® PHILIPS 

Powerful DSP signal analysis, including almost 
real- time FFT 

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

ANALOG 

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

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

Fluke PM 3394 Tek® TDS Series HP® 545xx 

Analog/Digital YES NO NO 
Combination 
Limit Test YES YES YES 
Template Test YES NO NO 

Analysis Functions YES NO NO Int., Diff., Hist., Filter, FFT 

FFT YES NO NO 
4 Channels YES YES NO 

Analog Display YES NO NO 

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

CIRCLE NO. 43 

For literature or a demonstration, call 
1-800-44-FLUKE. 
John Fluke Mfg. Co , Inc .. P 0 Box 9090, MIS 250C, 
Everett. WA 98206-9090. U.S (206) 356-5400. 
Canada (416) 890-7600 Other countries. (206) 356-5500. 
©1992. All rights reserved Tek® and HP® are registered trade
marks of Tektronix, Inc, and Hewlett-Packard, Inc. Ad No 00180. 
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Learn How To Turn Schematics 
Into Circuits That Work 

Get Practical Analog Circuit Design Information From 
The Expert At This Half-Day Seminar 

Linear Technology Corporation 
and EDN are proud to sponsor a 
seminar for designers focusing on 
high speed amplifier techniques. 
This seminar is primarily devoted 
to familiarizing designers with 
the realities and difficulties of 
high speed circuit design. 

However, circuit techniques for 
converters and off-line switchers 
will also be covered. While the 
mechanics and subtleties of achiev
ing precision circuit operation at 
DC and low frequency have been 
well documented, relatively little 
has appeared which discusses, in 
practical terms, how to get fast 
circuitry to work ... until now. 

Jim Williams, the industry expert 
on both high speed amplifier and 
switching regulator techniques 
will discuss the complex world 
of circuit design. A staff scientist 
at Linear Technology, Williams 
has written over 100 application 
articles for nun1erous industry 
trade magazines including EDN. 
In addition to being one ofEDN's 

Jim Williams, Staff Scientist 

at Linear Technology Corporation. 

LTC is a recognized leader in high performance 

op amps, linear and switching regulators, 

interface devices, data converters, 

references, comparators, and filters. 

most popular contributors, 
Williams is also one of the principle 
authors of the popular Linear 
Technology Applications Handbook. 

If you are involved in circuit 
design, take advantage of this 
opportunity to get the insights 
of the industry's leading expert. 
Reserve your space today. 

SEMINAR LOCATIONS 

Date Location 

March 30 Orlando 

March 31 Boston 

April 1 Northern 
New Jersey 

April 2 Chicago 

April3 Dallas 

April 7 Santa Clara 

April 8 Orange County 

Note: Seminar Schedule: 
8:30 am-12:00 pm 
Lunch 12:00 pm -1 :00 pm. 

~ ············································································································································· 

Tickets for this half-day seminar are $30.00 (price includes lunch). Reserve your place by calling 1-800-637-5545 . 
Or send your check with this coupon to: 

Linear Technology Corporation 
Marketing Communications Department 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 

Please reserve ticket(s)* for this half-day seminar. 
My check for is included. ($30.00 each) 

VISA/MC# Exp. Date ___ _ 

*If ordering multiple tickets, please list names and titles of other ancndccs. 

Title ________________ _ 

Company ---------------

Street ________________ _ 

Ciry ________ Statc ___ Zip ___ _ 

Telephone ( __ } ___________ _ 



SIEMENS 

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

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

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

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

WORLD SPEED RECORDS The fully vectored 
100~---~-~~---1 interrupt system 

allows the fastest BOtct----<r»-------1 :1---- -t 

w identification of 
The Fastest Real-Time ~ so_,. __ --<.,.__ 1--K.0---- -1 interrupt sources. 

Controller In The World. ~ 40 .,___ _ _, Plus, through the 
One reason for its amazing ~ use of a Peripheral 
speed, up to 10 native 20 ..... ..,_ __ _.,,.__,, Event Controller, 
MIPS, is a 4-stage CPU which 'steals' just 
pipeline which can process one machine cycle 
four instructions simulta- from the CPU, it 
neously. This allows 90% of ..._________ _ _ _ _ lets you service 
instructions to execute in 100 ns, letting peripherals without going through a 
you complete tasks in record time. standard interrupt procedure. 

© 1992 Siemens Components, Inc. Integrated Circuit D1v1s1on. 2191 Laurelwood Road, Santa Clara, CA 95054-1514. M14A016. 
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And with a full suite of development tools 
from world-class vendors, ifs no wonder 
the competition can't keep up. 

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

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

Siemens 
World Wise, Market Smart. 



Although ....... 
mentation of the 
Fiber Distributed 
Data Interface 
over twisted-pair 
copper wiring is 
not yet a reality, 
the ANSI 1319.5 
committee may 
soon resolve the 
conflicting issues. 

EDN·TECHNOLOGY UPDATE 

Communications Technology 

Opposing groups struggle 
to define standards for 
FDDI using copper wire 
DAVE PRYCE, Technical Editor 

Originally conceived about 10 years ago, 
the Fiber Distributed Data Interface 
(FDDI) has evolved into a completely 
specified set of operating parameters 
and protocols and a standardized group 
of components and equipment. (Al
though the benefits of FDDI are well 
known, the reader may want to refer 
to Refs 1 and 2 for detailed information 
on the complete FDDI system and some 
representative components.) As speci
fied by the X3T9.5 committee 
of the American Nation
al Standards Institute 
(ANSI), an FDDI LAN 
can extend over a circum
ference of 100 km while 
connecting as many as 
500 nodes in 2-km spac
ings. Of even greater 
importance in this age of 
busy networks, an FDDI 
LAN speeds data along 
at 100 Mbps. 

shielded twisted pair (UTP), and 
lOBase-F for fiber cable. However, most 
Ethernet LAN s use either thin coaxial 
cable (RG-58) or UTP. Token Ring uses 
either shielded twisted pair (STP) or 
UTP. IBM has a large installed base 
using STP. 

Most office buildings and factories 
have a huge installed base of LAN s us
ing UTP and STP that company execu
tives are reluctant to scrap. The com
plexity and cost of installing optical 

In contrast with the 
high-speed capability of 
FDDI, Ethernet (IEEE 
802.3) operates at only 10 
Mbps, and Token Ring 

Implementing the company's Copper Distributed Data Interface 
(CDDI), Crescendo Communications' Model 1000 Workgroup Concen
trator allows FDDI transmission at 100 Mbps over unshielded 
twisted-pair wiring. 

(IEEE 802.5) operates at 4 or 16 Mbps. 
Moreover, Ethernet and Token-Ring 
LANs are limited to distances of2.5 and 
1.2 km and node spacing of 0.5 and 0.46 
km, respectively. Despite these obvious 
disadvantages, Ethernet and Token 
Ring have an extremely powerful 
advantage-they both can operate over 
twisted-pair copper wire. 

Actually, Ethernet has several op
tions for transmission media, including 
lOBase-2 for thin coaxial cable, lOBase-5 
for thick coaxial cable, lOBase-T for un-

FDDI is usually prohibitive. For these 
reasons, the ANSI X3T9.5 committee 
has been struggling to define a standard 
for FDDI using twisted-pair wiring. For 
reference, Fig 1 shows the basic FDDI 
configuration, which uses counter-rotat
ing dual rings. Although significant dif
ferences exist, the topology is essen
tially compatible with the IEEE 802.5 
Token-Ring standard. 

The first proposed standard to the 
ANSI committee came from a group of 
companies that defined and published an 
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So many 
interconnection 
choices. 

Today, Augar has 
rhe righr solurion for 
your semiconducror 
and board ro board 
inrerconnecrion needs. 
Augar is providing real solutions ro 
interconnecting today's Industry Standard 
Microprocessors wirh our extensive line 
of PGA and PLCC Sockets. We offer an 
enhanced metal latch SIMM Socket that 
allows easy insertion and extracrion of 
the varied SIMM Module configurations 
that are avai lable. 

Augat's patented PAI Contacr 
Technology in our LGA socket, granrs 
your requesrs for innovarion by providing 
a real world solution ro inrerconnecring 
the new LGA packages. This rechnology 
is rhe basis for our newly inrroduced 
MEZCON line (mezzanine board connec
tor), which solves the rypical problems 
associated with interconnecting parallel 
stacked boards· on a high densiry grid. 
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If your board to board needs are 
more in-line with Indusuy Standard Bus 
Slrucrures, Augar's .100 inch centerline 
cardedge (PC, XT, AT-style), our .050 
inch cenrerline cardedge (MCA Sryle), 
and our DIN family of connecrors, are 
value oriented solutions for roday's 
motherboard to daughterboard intercon
nections. 

When you look ro Augat for 
solurions, we provide you with experi
ence, technology and quality that 
maximizes your value and satisfies your 
needs. 

CIRCLE NO. 47 

ITTr.n1 Quality 
~and Innovation 
INTERCO NECTION PRO[)ll ;TS DIVISIO 

We encourage yo11 to gvt c()lnplvtl' ll'< l1111rnl 
and del ive1y in lorn1.11io11 011 tlw.w 01 .111) <>lh<:r 
interconnection ~ 0111po1w111' rn1 l"l'quin• 

1'i2 John 1)11: 1,\11 il•H1lt •1 .1nl 
Attkhon1 Fall ;.,, MA 0~7Cd 11:0.A 

Tel: ('iOHl ()'J9 <Jl'l(lO i·A\ ( '101-!J (ll)t) (1~ 1 7 
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open method for transmitting data 
at 100 Mbps over shielded twisted 
pair. These companies, referred to 
as "The Gang of Five,'' are Ad
vanced Micro Devices (AMD), Chip
com Corp, Digital Equipment Corp 
(DEC), Motorola, and Synoptic 
Communications. Because of its 
large installed base, IBM quickly 
endorsed the STP concept. 

The intent of the group was to 
provide interoperable products that 
could be quickly brought to market. 
Although all five companies agreed 
to endorse the eventual standard 
produced by the X3T9.5 committee, 
much of their original effort is moot 
in light of the latest proceedings. 

More recently, the Unshielded 
Twisted-Pair Development Forum 
(UDF) proposed a standard that al
lows 100-Mbps transmission using 
unshielded twisted-pair wiring. 
Sometimes called "The Gang of 
Seven,'' these companies are Apple 
Computer, AT&T Microelectronics, 
British Telecommunications, Cres
cendo Communications, Fibronics 
International, Hewlett-Packard, 
and Ungermann-Bass. National 
Semiconductor has also expressed 
support for UDF. 

Proposal satisfies STP and UTP 
At several meetings held from 

August through December 1991, 
UDF presented preliminary re
search and test results. In the meet
ing held on December 10, 1991, 
UDF proposed that the TP-PMD 
(Twisted Pair-Physical Medium De
pendent) working group draft an 
FDDI specification for both 
shielded and unshielded twisted 
pair, and recommended suitable en
coding schemes. 

The proposed schemes are MLT-3, 
for data-grade shielded and un
shielded twisted pair, and CAP-32, 
for voice-grade unshielded twisted 
pair (also known as DIW), as the 
best choices for the standard. DIW 
is the designation for internal wir
ing that contains four pairs of un-
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shielded twisted wires. The UDF 
intends to find a scheme that will 
support 100-Mbps data rates in ac
cordance with the existing FDDI 
specification. Present goals are to 
provide 
• Support for UTP DIW (voice 

grade) wiring at distances of 50 
to 100 meters, compliant with 
FCC Part A. 

• Support for UTP data-grade wir
ing at a minimum distance of lOOm, 
compliant with FCC Part B. 
The principal key to satisfying 
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DAS 

PRIMARY 
RING 

PR-4, 2B1Q has a de component and 
has most of its energy spectrum ly
ing below 32 MHz. Although more 
complicated than PR-4, 2B1Q has 
potential EMI advantages because 
of its lower-frequency energy spec
trum. 

3. CAP-32-(Carrierless Am
plitude/Phase). A 2-dimensional 
scheme similar to QAM (Quadra
ture Amplitude Modulation). CAP-32 
has six levels whose spectrum lies 
entirely between 0 and 30 MHz. 
Like 2B1Q, CAP-32 is more compli-
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Fig 1-An FDDI network uses a counter-rotating dual ring that includes fault tolerance 
and the ability to accommodate both single-attachment and dual-attachment stations. 

these objectives is the choice of an 
encoding scheme that can meet 
EMI specifications over the target 
distances. At various times, all of 
the following encoding schemes 
were candidates for use with FDDI 
over twisted pair: 

1. PR-4-(Partial Response Class 
4). A 3-level scheme whose energy 
spectrum has nulls at 0 and 62.5 
MHz and an energy peak at 32.5 
MHz. The advantage of PR-4 is its 
simplicity. 

2. 2BlQ-A technique that maps 
bit pairs into two levels, 2B1Q is 
the line code specified for North 
American Basic Rate ISDN. Unlike 

cated than PR-4 but has signifi
cantly better EMI characteristics. 
Considered a powerful code, CAP-32 
is used by the telecommunications 
industry and is supported by AT&T 
Microelectronics . CAP-32, how
ever, is the most complex of the 
schemes and potentially the most 
expensive to implement. 

4. MLT-3-(Multi-Level Transi
tional). Although UDF member 
Crescendo Communications origi
nally proposed the PR-4 scheme, it 
now supports MLT-3. According to 
Crescendo, MLT-3 provides 6 dB 
less EMI than does PR-4 and ade
quate FDDI performance over UTP 
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at lower cost. Moreover, because 
MLT-3 is essentially a 3-level form 
of the 2-level NRZI (non-return-to
zero-inverted) scheme, it may be 
able to use existing FDDI chip sets 
with the addition of only a few dis
crete components. 

The reason for carefully choosing 
an appropriate encoding scheme is 
that the power needed to drive sig
nals 100 meters over copper wire 
can generate EMI levels that far 
exceed FCC specifications. Stan
dard FDDI transmission uses 
NRZI and 4B/5B encoding, which 
maps 4 bits of data to 5 bits of code 
to achieve a 100-Mbps data rate. 
Standard FDDI sends much of its 
information at frequencies between 
30 and 80 MHz but, because the 
transmission is over fiber-optic ca
ble, EMI is not a problem. The 
choice of MLT-3 and CAP-32 as the 
encoding schemes helps to alleviate 
the EMI problem inherent with 
copper wiring by minimizing the 
frequency content above 30 MHz. 

In particular, MLT-3 offers sev
eral advantages. Among these are 
a very efficient power spectrum 
that keeps more than 80% of the 
energy below 30 MHz. MLT-3 ex
hibits EMI margins of greater than 
6 dB below the FCC A limit on DIW 
and greater than 16 dB below on 
data-grade wiring. 

Scrambling minimizes EMI peaks 
Another problem not entirely 

eliminated by the choice of the en
coding scheme is the existence of 
concentrated energy peaks. To min
imize these peaks, designers often 
use scrambling to spread the signal 
more evenly throughout the encod
ing scheme's frequency spectrum. 
In tests conducted independently 
by AT&T, Crescendo, Hewlett
Packard, and Northern Telecom, 
scrambling reduced the spectrum 
peaks of NRZI, MLT-3, and PR-4 
codes and cut EMI by 20 dB. Al
though scrambling multiplies errors 
by 2 x , designers eliminate this ef-
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NRZI NRZl/NRZ SCRAMBLER MLT-3 
TRANSMIITER 

DECODER ENCODER 

PHY }w•mo PAIR 
WIRING 

NRZI NRZ/NRZI MLT-3 
ENCODER 

DESCRAMBLER DECODER EQUALIZER 

Fig 2-This functional block diagram illustrates a typical method for implementing the 
FDDI Physical Medium Dependent (PMD) protocol using scrambled MLT-3 coding over 
copper wire. 

feet by raising the signal level 2.1 dB. 
The Fig 2 block diagram illus

trates a typical method for imple
menting the Physical Medium De
pendent (PMD) protocol using 
scrambled MLT-3 coding. Such a 
method can use commercially avail
able integrated circuits. 

Customers are pushing chip 
manufacturers such as AMD, 
AT&T, Motorola, National Semi
conductor, and Hewlett-Packard for 
decisions on producing the chips 
needed to support FDDI on twisted 
pair. However, the silicon suppliers 
are still at the mercy of the ANSI 
decision-making committee, which 
has yet to firmly establish an ac
cepted standard. The next ANSI 
meeting, scheduled for February 
1992, may resolve this issue. In the 
meantime, chip suppliers no doubt 
have silicon warming up on the back 
burner that can take advantage of 
the best-possible guess of the com
mittee's thinking. 

Exhibiting a singular dedication 
to supporting FDDI transmission 
over UTP, Crescendo Communica
tions recently introduced its 
Workgroup Concentrator and an 
SBus adapter for use with Sun 
workstations called Copper Distrib
uted Data Interface (CDDI). The 
technology allows 100-Mbps trans
mission over unshielded twisted
pair wiring. The CDDI-based prod
ucts, which are compatible with cur
rent FDDI standards, passed inter-

operability tests at Advanced Micro 
Devices' Networking Test Center. 
CDDI meets FCC standards for 
class A applications over data-grade 
wiring as long as 100 meters. 

Although the products are priced 
lower than fiber-optic hubs and 
adapter cards, their greatest ad
vantage is their ability to use exist
ing unshielded wiring rather than 
requiring the installation of expen
sive fiber-optic cables and con
nectors. You can also use the 
Workgroup Concentrator and CDDI 
SBus adapter with shielded 
twisted-pair wiring already in
stalled for IBM Token-Ring LANs 
to upgrade from 16 to 100 Mbps. 

The availability of 100-Mbps 
FDDI capability for STP and UTP 
will enable customers to take ad
vantage of existing LAN s and up
grade to FDDI without any change 
in the wiring infrastructure. Be
cause most intelligent-network in
stallations are unshielded, this ca
pability will allow users to protect 
their current networking invest
ments while providing a versatile, 
upward migration path. 

Until now, the high cost of FDDI 
has restricted its use primarily to 
backbone applications, which link a 
number of lower-bandwidth LANs 
such as Ethernet and Token Ring. 
The use of UTP for FDDI networks 
will provide significant reductions 
in both wiring and component costs. 
In existing installations, system in-
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tegrators will be able to simplify 
wiring and minimize costs by taking 
advantage of existing UTP wiring. 

Proponents contend that, in new 
installations, the use of UTP wiring 
can provide as much as a 2 x cost 
reduction compared with shielded 
twisted pair, and a 5 x reduction 
compared with optical fiber. This 
reduction in wiring costs, together 
with savings at the component 
level, promises to make FDDI cost 
effective in PC and workstation 
LAN s as well as the traditional 
backbone applications. 

Taking the opposite tack to that 
of the twisted-pair working group, 
other ANSI X3T9.5 working 
groups are exploring low-cost alter
natives to FDDI's fiber-based PMD 
(Physical Medium Dependent) 
layer. Relative to copper-based im
plementations, a low-cost fiber 
PMD offers several advantages, in
cluding longer transmission dis
tances. As mentioned earlier, the 
twisted-pair PMD proposals cur
rently under evaluation are limited 

For more information ... 

to distances of 50 to 100 meters. 
The low-cost fiber proposal cur
rently under consideration would 
extend that distance to 500 meters. 

Other advantages include greater 
EMI/RFI immunity, a higher level 
of security, and compatibility with 
existing FDDI PHY (Physical 
Layer) and MAC (Media Access 
Control) devices. The drive to de
velop a lower-cost, fiber-based 
PMD focuses on two key points: the 
cost of the fiber connector and the 
cost of the fiber-optic transceiver. 
So far, the most significant progress 
is the working group's selection of 
a low-cost alternative to the MIC 
(Media Interface Connector). The 
group also expects to achieve econo
mies in transceiver costs because of 
the reduction of node distance from 
2 km to 500 meters. 

Exactly how all of these various 
proposals and current activities will 
shake out is not yet certain. It may 
be that a single approach will ulti
mately dominate. Much depends on 
the success of the various ANSI 

working groups in attaining the 
best cost/performance tradeoff to 
satisfy the greatest number of us
ers. One thing is clear, however. 
The benefits of FDDI performance 
will soon extend beyond backbone
only applications to PC and work
station LAN s. rE:l 
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True portables are 
totally off the wall. 

No outlets. No rechargers. No reliance on AC 
whatsoever. That's true portability. It's what 
the world is coming to. And it runs on easy-to
replace primary batteries. The next generation 
promises even smaller, lighter weight, more 
convenient portables. That depends on you, 
and you can depend on us. 

select a primary battery· system from our broad line 
that includes alkaline and high power lithium 

manganese dioxide batteries. 

Duracell is the primary source fo:r p~r~im~a~ry-C:'-!DZ:aiili power. We offer you a world of technical 
expertise and marketing experi
ence in developing powerful 
solutions for computers, cellular 
phones and more. Let us help you 

Call us for application-specific data, 
design-in assistance, or just more 

information. Our OEM hotline number 
is 1800) 544-5454, Ext. 3281. Or fax 

us at 1203) 791-3273. 
True portability is the cutting edge. 

And it's in your power. 

DURACELi: 
PORTABILITY IS PRIMARY 
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Move into our i960'"CA processor 
and get our 32-bit architecture in its 

most sophisticated form. 

Welcome to life in the fast 
lane. We hope you can 
handle the pace, because 

there is no stopping the 
i960'" CA RISC microprocessor. 

It not only delivers the highest level of 
system throughput, but it's also the only 
superscalar processor that delivers high 

© 1991 Intel Corporalion. i960 is a trademark of the lntel Corporation. All rights reserved. 
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power for embedded applications. 

Of course, just because the i960 CA pro
cessor is sophisticated doesn't mean it's hard 
to use. Quite the contrary Its highly inte
grated design with Bus, Interrupt and DMA 
controllers all on-chip makes it easier to d sign 
with and increases its cost-effectiveness. 

And while the i960 CA processor may I ' 



your dream architecture, its design gives you 
plenty of room for upward growth. Add to 
that the comprehensive array of develop
ment tools, and your high-end imaging, com

munication and distributed I/O products will 
be set for life. 

So if your design calls for something 
sophisticated, call 800-548-4725 for the i960 

Family Welcome Guide (ask for literature 
packet A9A22). And make your move into a 
neighborhood with real power. 

intel. 
The Computer Inside.n• 
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The new takes you 
wherever technology goes. 

At the speed technology is advanc
ing, you need to be ready for any
thing. On a limited budget. 

The NEW 3900 Pro
gramming System keeps 
up with your most 
advanced designs while 
keeping device
programming 
costs down. It 
offers leading-edge support for 
FPGAs, PLDs, memory devices, 
and microcontrollers up to 88 pins, 
with future device and package capa
bilities built in. Yet this support is 

*ll.S. list price only. 

.... __ offered in 
device 
librar
ies so 
you pay 

for only 
what you 

need, when you 
need it. And you can 

get into the 2900/3900 
Programming Series for 

as little as $2995.* ;..Iove up to 88-pin 
support and beyond with a simple 
upgrade. 

Find out how the 3900 can make 
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1-800-3-DatalO (1-800-332-8246) 

D at a 110 Ca nada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 
D at a l/O Europe 660 Eskdale Road, Winnersh, Wokingham, Berkshire, United Kingdom RGll 5TS, 0734 448899 
Data 1/0 GmbH Lochhamer Schlag SA, 8032 Graefelfing, Germany, + 49 {0)89·858580 
Data l/OJapan Sumitomoseimei Higashishinbashi Bldg., SF, 2·1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 

011-81-3-3432-6991 
Dat a 110 Limit ed 660 Eskda le Road, Winnersh, Wokingham, Berkshire, United Kingdom RG11 STS, 0734 440011 

">1992 Data 1/0 Corporation 
CIRCLE NO. 51 

your future affordable . 
Call today for more information 

and we'll also send you a FREE copy 
of Data I/O®'s all-new, and expanded 
Wall Chart of Programmable 
Devices (a $24.95 value). ~~ 

1b qualify, just call us ~ ~J 
with the brand name and i1 
setial number of any 
programmer you are 
wrreuUy using. • · 

1-800-3-DataIO 
( 1-800-332-8246) 



CPUs that run at 
40 and 50 MH:z 
are forcing CMOS 
designers to 
amass ECL design 
techniques to 
make circuits that 
function in this 
ethereal realm. 

EDN·TECHNOLOGY UPDATE 

HIGH-SPEED-CPU DESIGN 

40-MHz CMOS circuits 
send designers back to school 
JOHN GAllANT, Technical Editor 

Microstrip, strip line, characteristic im
pedance, trace delays, matched-line ter
minations, and clock skew. If confronted 
with this list of terms, most CMOS de
signers working with 25-MHz or slower 
clock speeds would sing an old Fats Wal
ler tune: "Never heard of such stuff." 
However, as CMOS-CPU speeds reach 
beyond 40 MHz, designers must learn 
techniques in which these terms are part 
of the common lexicon. 

High-speed CMOS circuit design en
tails minimizing clock skew and trans
mission-line effects, eliminating extra
neous noise and crosstalk, and managing 
heat dissipation. Fortunately, the nov
ice can take advantage of 
an array of advice and 
guidelines accumulated 
by high-speed designers 
in other technologies
particularly ECL. 

Everything changes 
for CMOS design at 40 
MHz. High CPU speeds 
necessitate clocks having 
fast rise and fall times. 
Because a CPU initiates 
each event based on 
clock-edge transitions, 
slow rise and fall times 
increase the ambiguity of 
an event's time of occur
rence. Minimizing the un
certainty of clock-edge 
transitions is the system 
designer's primary con
cern when dealing with 
CPUs operating at 40 
MHz or faster. 

clock must be distributed to every IC 
in the system that is operating at the 
CPU speed. The ICs include not only 
the CPU but also multiple secondary 
cache RAMs, the cache controller, the 
main-memory controller, and any other 
ASICs operating at the CPU speed. Be
cause these ICs can number 15 or more, 
you'll need buffers to distribute the 
crystal clock reference. 

Don't let buffers skew you 
Clock skew is the time differential be

tween edge transitions for different 
buffered outputs. Buffers generate 
three types of clock skew: intrinsic, 

The number-one head
ache in high-speed design 
is clock skew. The system 

Multiple high-speed chips on a single board require adequate heat 
sinks. The Intel 486 DX cache module dissipates a maximum of 
21W and requires a minimum air flow rate of 200 LFM Oinear ft/min~ 
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THE NEW MICRO-CAP Ill: 
SO YOU CAN TEST-FLY 
EVEN MORE MODELS. 

It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We've significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program's now in "C" and 
assembly language. That also means more 
capacity- for simulating even larger 
circuits. 

As always, count on fast circuit crea
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from
schematics analysis - AC, DC, fourier and 
transient - via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 
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Transient analysis 

Schematic editor 

Monte Carlo analysis 

CIRCLE NO. 110 

models and parameterized macros. And 
stepped component values that stream
line multiple-plot generation. 

And don't forget MICRO-CAP Ill's 
extended routine list - from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 

------------ -- -- - - - -- - --- ---- - - - -- - -------- -- - ---- ---- -- - -
1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
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pulse, and extrinsic. Intrinsic skew 
is the differential between outputs 
on the same IC. In systems operat
ing slower than 25 MHz, you could 
often use a 7 4ALS244A octal line 
driver as a clock buffer. Although 
these drivers don't specify the in
trinsic skew, you can estimate the 
skew by subtracting the maximum 
from the minimum specified propa
gation delay-approximately 3 nsec. 

Because 3-nsec intrinsic skew is 
unacceptable at 40-MHz clock rates, 
vendors offer clock drivers having 
specified intrinsic skews of 1 nsec 
or less. Integrated Device Technol
ogy's 49FCT805 ($8.40 (1000)) is a 
CMOS dual 1- to 5-line driver hav
ing a maximum intrinsic skew of 700 
psec. Motorola's MC10H641 ($15.10 
(100)) is a PECL (pseudo emitter
coupled logic) 1- to 9-line driver 
having a maximum intrinsic skew 
of 500 psec. (PECL is ECL that op
erates from 0 to 5V.) Texas Instru
ments' 74ACT11208 ($6.50 (1000)) 
is a CMOS dual 1- to 4-line driver 
that has a maximum intrinsic skew 
of 1 nsec. All of these drivers can 
sink 24 mA. 

Clock buffers also generate pulse 
skew. Pulse skew is the difference 
in propagation delay between a low
to-high transition and a high-to-low 
transition for a single buffer output. 
Pulse skew affects the output 
clock's duty cycle, which is an im
portant specification for most high
speed CPUs. For example, the pe
riod of a 80486 µP's 50-MHz clock 
must have maximum rise and fall 
times of 2 nsec and a minimum clock 
high or low time of 7 nsec. Severe 
clock skew can occur when the crys
tal oscillator has an uncontrolled 
duty cycle or when the buffer's 
pulse skew is large. 

PLLs align outputs to input 
When large clock fan-outs require 

multiple driver ICs, the skew vari
ations between parts add to the 
clock skew. A new class of clock 
driver has emerged in the past cou-

EDN·TECHNOLOGY UPDATE 

A PLL clock driver can multiply a low
frequency input clock by 2 before clock dis
tribution. Motorola's MC8891 S CMOS PLL 
clock driver operates as fast as 40 MHz 
and has an output as high as 80 MHz. 

ple of years that reduces pulse skew 
and part-to-part skew, which is a 
variety of extrinsic skew. These 
clock drivers contain a phase-locked 
loop (PLL). The external crystal os
cillator drives the signal input to 
the PLL's phase-frequency detec
tor, and a feedback signal from one 
of the chip's output buffers drives 
the detector's reference input. 

Because the PLL adjusts the 
phase of the output buffers to the 
phase of the external crystal oscilla
tor, part-to-part skew variations 
between multiple PLL clock drivers 
are virtually eliminated. In addi
tion, by using a VCO whose fre
quency is double the crystal fre
quency and a divide-by-2 circuit to 
drive the output buffers, the PLL 
clock driver can maintain a 50% 
duty cycle and thereby eliminate 
pulse skew. 

Avasem Corp offers three CMOS 
PLL clock drivers. The AV9170 
($7.15 (1000)) contains one PLL, 
which can externally drive an octal 
buffer, such as a 74HC244. You feed 
back one of the buffer outputs to 
the reference input on the IC to 
complete the loop. The AV9127 
($6.87 (1000)) and AV9129 ($6.95 
(1000)) contain four independent 
PLLs that operate from a single ex
ternal crystal source of 14.318 MHz. 
The chips generate all the neces
sary clock frequencies for 8088, 

80286, 80386, and 80486 µPs. The 
PLL drivers have an intrinsic skew 
of 1 nsec for all Q output buffers. 

Motorola's MC88915 ($15.10 
(100)) is a CMOS PLL clock driver 
that has a specified intrinsic skew 
of 500 psec for its five buffered Q 
outputs. The chip can provide out
puts at twice and one-half the Q out
put frequency. The maximum Q 
output frequency is 40 MHz, and 
the maximum output frequency is 
80 MHz. 

Triquint Semiconductor has three 
families of PLL clock drivers that 
operate with input frequencies of 
25, 33, 40, or 50 MHz. The GAlllO 
($33.20 (100) for 50-MHz version) 
provides six buffered outputs hav
ing an intrinsic skew of 250 psec at 
the same frequency as the input. 
The GA1486 ($29.80 (100) for 50-
MHz version) is similar to the 
GAlllO but provides five buffered 
outputs of one polarity and one buff
ered output of the opposite polarity. 
The GA1210 ($37.40 (100) for 50-
MHz version) gives you the option 
of using an input frequency that is 
twice the output frequency. 

Triquint fabricates its PLL clock 
drivers in GaAs, which enables the 
loop VCO to run at 400 to 500 MHz. 
The VCO drives state-machine 
logic, which adjusts the feedback di
vision ratio and provides a means 
of adjusting the edge displacement 
for any buffered output by multi
ples of the VCO period. You can 
adjust a clock edge to be earlier or 
later than the edge of the reference 
feedback signal. The edge adjust
ments are n x 2 nsec when the VCO 
frequency is 500 MHz. 

Although the latest generation of 
clock-driver ICs can keep clock
buffer skews manageable, you must 
still pay attention to extrinsic skew 
and transmission-line effects. Ex
trinsic skew is external to the buff
ers. It is the time differential that 
occurs when you send a fast-rise
time signal on board traces that 
have different lengths and capaci-
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Fig I-PC-board transmission lines come in two flavors-strip line (a) and mkrostrip 
(b). The clock driver must drive a line's characteristic impedance (Z0), which is a function 
of the trace geometry and the board's relative dielectric constant, (eJ. 

tive loads. To compensate for ex
trinsic skew, you must distribute 
high-speed clock lines on a board 
using controlled-impedance micro
strip or strip line (Fig 1). 

Sending a fast-rise-time signal 
over a pc-board trace from point A 
to point B requires a finite transit 
time, called trace delay. In CPU de
signs operating slower than 25 
MHz, the rise time of a signal is 
generally slow enough so that all 
devices on a single trace behave as 
lumped elements connected to a sin
gle wire. However, if a signal's rise 
and fall times are comparable to a 
trace length's transit time-which 
is often the case for designs operat
ing at greater than 40 MHz--de
vices on the line receive the signal 
at delayed time intervals. Unless 
the trace is a controlled-impedance 
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transmission line, severe ringing 
can occur. This ringing can exceed 
a logic threshold, thereby creating 
timing havoc. 

In low-frequency digital designs, 
you · usually think of connecting one 
IC to another IC on the pc board. 
In high-frequency digital designs, 
you must think of a bucket brigade 
in which the output of an IC drives 
a transmission line, which in turn 
drives the input to another IC. 
Transmission lines were initially 
employed only at microwave fre
quencies, but ECL designers have 
used these principles for years to 
interconnect high-speed digital cir
cuits. Ref 1 is an excellent compen
dium of digital transmission-line ba
sics, tips, and techniques. Although 
the handbook is ECL orientated, 
the information is applicable to 

high-speed CMOS designs as well. 
Ref 1 includes a rule of thumb 

for predicting whether a pc-board 
trace will exhibit transmission-line 
effects. You can consider a trace to 
be a transmission line when the 
length of the trace is equal to or 
greater than the signal rise time di
vided by twice the loaded-trace 
transit time: 

(1) 

where tR is the pulse rise time in 
nsec and t' rn is the loaded-trace 
transit time in nsec/ft. 

Ref 1 shows how to calculate the 
unloaded-trace transit time for a 
conductor and how to modify the 
time to account for capacitive load
ing. The unloaded transit time de
pends on a board's relative dielec
tric constant and trace geometry 
and is typically about 2 nsec/ft. Ca
pacitive loading includes not only 
the input capacitance for CMOS 
gates located on the trace but also 
socket capacitances and plated
through-hole capacitances. Capaci
tive loading can produce a loaded
trace transit time of approximately 
3 nsec/ft. 

Assuming a clock rise time of 1 · 
nsec for the high-speed clock and a 
3-nsec/ft loaded-trace transit time, 
Eq 1 indicates that all trace lengths 
greater than 2 in. will exhibit trans
mission-line effects. To reduce the 
ringing these effects would cause, 
you must terminate each trace us
ing its characteristic impedance. 
Ref 1 describes how to calculate the 
characteristic impedance and dis
cusses the pros and cons of series, 
parallel, and diode terminations. 

To compensate for extrinsic skew 
you should lay out the pc board so 
that each distributed clock line has 
the same unloaded-trace transit 
time. Ref 1 provides some good 
guidelines for board layout, but you 
should simulate your layout on a 
computer using Spice models before 
committing the design to hardware. 
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Get more of what you 
want in a 61/2 digit DMM 
for just $995. 
The HP 34401A gives you more 
performance than any other DMM 
for the price. More resolution. 
Better accuracy. The highest read
ing speed. Fastest throughput. And 
widest AC bandwidth .. 

It has more standard features. 
Like HP-IB, RS-232 and built-in 
SCPI commands for more system 
flexibility. Plus ten extended func
tions including continuity, diode 
test, limit test, reading hold, dB and 
null to give you greater flexibility 
on the bench. 

What more could you want? 
The HP 34401A also comes with 
a 3-year warranty, standard. 

'a' For more information, or same
day shipment from HP DffiECT, 
call 1-800-452-4844**. Ask for 
Ext. T511. And we'll send you 
a data sheet. 

HP 34401A Digital Multimeter 
DC Accuracy (1 year) 0.0035% 

AC Accuracy (1 year) 0.06% 

Maximum input 1000Vdc 

Reading speed 1000/sec 

Resolution 100 nV, 10 nA. 

100 µ.Q 

* U.S. list price 
** In Canada call 1-800-387-3867, Dept 434 

There is a better way. 

F//~ HEWLETT 
~~ PACKARD 
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Enhanced versions of the Spice cir
cuit-analysis program from Micro
sim Corp (Irvine, CA) and Meta
Software (Campbell, CA) let you in
terconnect circuit elements via 
transmission lines. 

EDN·TECHNOLOGY UPDATE 

FEEDBACK 
IN 

PLL 
CLOCK IN ---o--o~ 

s, ___ ........... 

CONFIGURE 
LOGIC 

Vendors of high-speed CPUs 
often supply Spice modeling pa
rameters for the on-chip line receiv
ers and buffers that externally in
terface with high-speed lines. These 
vendors also provide lumped-pa
rameter models, including parasi
tics, for specific packaging configu
rations. You can use the models as 
subroutines for the main Spice cir
cuit model. 

So-----
PHASE-CONTROL 1------' 

LOGIC 

In addition to Spice modeling, 
automatic design tools are also be
coming a necessity in high-speed 
design. You must still physically lay 
out the board based on the Spice 
model simulation. Then, EDA tools 
from companies such as Mentor 
Graphics Corp (Beaverton, OR) will 
automatically route lines and place 
components on a pc board. The tools 
use algorithms that determine mini
mum and maximum line lengths, 
multilayer-pc-board restrictions, 
impedance terminations, and EMI 
and crosstalk susceptibility. 

Including a Pll in the clock driver reduces part-to-part skew to values as small as the 
loop phase error. Triquint Semiconductor's GA I xxx family also has a SOO-MHz VCO that 
can advance or retard distributed clocks in 2-nsec increments. 

CPU vendors are aware of the 
new design challenges confronting 
the CMOS designer as clock rates 
increase. Multichip modules, for ex-

ample, can ease extrinsic skew and 
transmission-line effects. Intel of
fers its 50-MHz 80486 DX µP on a 
multichip module that also has an 
82495 DX cache controller and as 
many as nine 82490 DX cache 
SRAM (static RAM) chips. The nine 
SRAM chips provide 256 kbytes of 
secondary cache RAM. The $1314 
module measures 6.1 x 4.38 in. Sur
face mounting lets the 50-MHz CPU 
bus on the module transfer burst 
data at 160 Mbytes/sec. 

The 486 cache module confines 
the critical 50-MHz signal lines to 
a small physical area, thereby re
ducing transmission-line effects. 

For more information ... 

The large secondary cache lets you 
design a hierarchical bus system in 
which the module's resident CPU 
bus operates at 50 MHz and the sec
ondary cache system connects to an 
external main memory bus operat
ing at 25 MHz. You can connect the 
main memory bus to an 8.33-MHz 
EISA bus via standard logic-inter
face chips. 

The hierarchical bus system 
doesn't completely get you out of 
the woods, however. You must still 
design a 50-MHz clock-distribution 
system to drive the CPU, cache 
controller, and nine cache SRAM 
chips. You must also design an 

For more information on the high-speed CPU products discussed in this article, circle the appropriate numbers on the Information 
Retrieval Service cord or use EDN's Express Request service. When you contact any of the following manufacturers directly , 
please let them know you read about their products in EDN. 

AvasemCorp 
1 271 Porkmoor Ave 
Son Jose, CA 951 26 
(408) 297-1201 
FAX (408) 925-9460 
Clrde No. 662 

Cypress Semiconductor Corp 
390 I N First St 
Son Jose, CA 951 34 
(408) 943-2600 
Clrde No. 663 

VOTE ... 

Integrated Device Technology 
3236 Scott Blvd 
Santo Clora, CA 95054 
(408) 727-6116 
FAX (40B) 727-346B 
Clrde No. 664 

Intel Corp 
3065 Bowers Ave 
Santo Clora, CA 95051 
(408) 987-8080 
Cln:le No. 665 

MIPS Computer Systems Inc 
950 DeGuigne Dr 
Sunnyvale, CA 94086 
(408) 720-1700 
FAX (408) 524-7950 
Cln:le No. 666 

Motorola Inc 
2200 W Broadway 
Mesa, AZ 85202 
(602) 962-2085 
Cirde No. 667 

Please also use the Information Retrieval Service card to rote this article (circle one): 
High Interest 482 Medium Interest 483 Low Interest 484 
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Texas Instruments Inc 
Box 6550 12, MS 57 
Dallas, TX 75265 
(800) 336-5236 
Cln:le No. 668 

Trlqulnt Semiconductor Inc 
Group 700, Box 4935 
Beaverton, OR 97076 
(530) 644-3535 
FAX (503) 644-3198 
Cin:le No. 669 
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Til.evalueofthislOOMHz 
digital scope is easy to see. 
Take a close look at the HP 54600 
oscilloscope, and you can't help but 
notice certain things. 

It looks and feels like an analog 
scope, with dedicated knobs and 
a display that responds instantly to 
your control changes. Yet it has all 
the digital power that analog can't 
give you-high accuracy, automatic 
measurements, hard copy output 
and programmability. And superior 
viewing of virtually any waveform, 
even at low rep rates and slow 
sweep speeds. 

But what really stands out is 
that the HP 54600 gives you this 
performance for just $2,895 
( 4-channel) and $2,495 (2-channel 
version)*. And that's a value worth 
looking into. 

"6' For more infonnation, or same
day shipment, call HP DIRECT, 
1-800-452-4844*~ Ask for Ext. T505. 
And we'll send you a data sheet. 

HP 54600 Digital Oscilloscope 
No. of channels 2 or 4 

Bandwidth 100 MHz 

Timebase accuracy ±0.01% 

Vertical accuracy ±1.5% 

*U.S. list price 
** In Canada call l-800-387-3867, Dept. 435 

There is a better way. 

Ff/di HEWLETT 
~a PACKARD 
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ASIC for the main memory-bus con
troller using state-machine logic 
that operates at 50 MHz. Ref 2 de
scribes how to design the clock sys
tem; Ref 3 details designing the 
memory-bus controller. 

Cypress Semiconductor now of
fers the entire SPARC chip set 
on multichip modules, called 
SPARCore modules, that interface 
with the Mbus at 25, 33, or 40 MHz. 
Two of the modules, the $1450 
CYM6001K and the $1675 CYM-
6003K, contain a CY601 integer 
unit, a CYC602 floating-point unit, 
and two 16k x 16-bit CY7C157 
cache SRAMs. The CYM6001K also 
has a CY7C604 cache controller/ 
memory-management unit; the 
CYM6003K has a CY7C605 cache 
controller/memory-management unit. 
The CYM6002K module has twice 
as many chips-10-as the other 
modules, so it can create a dual
processor for multiprocessor appli
cations (Fig 2). 

In all three modules, the chips are 
surface mounted on a 5. 78 x 2. 75-in. 
pc board having a vertical micro
strip MBus connector from AMP Inc. 
The connector lets you stack mod
ules in multiprocessor applications. 
The modules save you engineering 
time in 40-MHz applications by em
ploying dual power and ground 
planes and impedance-matched 
traces that minimize clock skew. 
Each clock-distribution line has di
ode terminations to reduce ringing. 

Cypress Semiconductor also re
cently announced a miniaturized 
version of the CY6002K SPARCore 
module that uses advanced mul
tichip-module technology. The 
$2648 CYM6122L is a dual-proces
sor module that employs tape
automated bonding to mount 10 ICs 
on a substrate having impedance
matched traces. The module meas
ures 3.3 x 2.5 in. and can operate 
at frequencies of 40 MHz and 
greater. 

Although clock skew and trans
mission-line effects are the primary 
concern of high-speed CPU design, 
they aren't the only concerns. High
speed circuits require good ground
ing practices and sufficient power
supply decoupling to eliminate ex
traneous noise and crosstalk. The 
rise and fall times of the CPU clock 
are fast, and the rise and fall times 

On-chip CPU tricks ease clock distribution 

Fig 2-Multi<hip modules re
lieve some design burdens by 
matching the trace charac
teristics of high-speed compo
nents on a single plug-in mod
ule. The CYM6002K module 
contains 10 ICs and connects 
directly to the Mbus via an im
pedance-controlled connector. 

on the address and data lines must 
be just as fast to keep up. 

Output buffers for wide address 
and data buses can experience se
vere ground bounce when many bits 
change simultaneously. Ground 
bounce occurs in CMOS circuits 
when the high power-supply cur
rent that occurs during a logic tran
sition flows through any parasitic 
inductance between the device 
package and the ground trace. In
adequate device decoupling and 
grounding can cause excessive 
ground-bounce noise on the bus lines. 

Synchronous circuits have an ad
vantage over asynchronous circuits 
because excess ground-bounce 
noise on the data and address buses 
is a concern only during the clock
transition time. High-speed syn
chronous circuit design can be tax
ing, however. For example, MIPS 

To help system designers resolve high-speed pc-board 
difficulties, MIPS Computer Systems Inc has incorpo
rated some on-chip design features into its recently 
announced R4000 RISC CPU. The R4000 is the first of 
an expected wave of µPs that perform internal 64-bit 
arithmetic. The CPU has an on-chip PLL clock driver 
that drives two output buffers to generate two system 
clocks-RCLK and TCLK . 

You can program the RCLK and TCLK clocks to be 
equal to or one-half or one-third of the master clock 
rate. A 50-MHz master clock generates a 1 00-MHz 
internal pipeline clock and programmable RCLK and 
TCLK clocks of 50, 33, or 25 MHz. 

You supply an external master clock to the CPU. The 
PLL multiplies this clock by 2 to drive its internal pipelines. 
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To reduce ringing, you can program the rise and fall 
times of the RCLK and TCLK clocks to match the charac
teristics of external loaded transmission lines. You can 
also advance or retard RCLK and TCLK to equalize 
extrinsic clock skew. 
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In a de power supply. 
Now, put a dependable, 30-watt de 

. power supply on your bench for 
just $300": You'll get the low noise 
your work demands (200 µV rms). 
Constant-voltage or constant
current operation. And built-in 
reliability ensured by conservative 
design margins and rigorous 
environmental testing. 

Outstanding value in a de power 
supply. It's just one in a full line of 
basic instruments developed by HP 
to give you uncompromising per
formance at an affordable price. 

1Aa To order, call HP DIRECT, 
iiiliil 1-800-452-4844,t Ext.TB22. 
We'll ship your order the day it's 
received. Instruments come with a 
sixty-day, money-back guarantee. 
All you need is a I VISA" I ~ 
company purchase ~ 
order or credit card. 

HP3Gwatt E3610A E3611A E3612A power supplies 

; l Range 1 8V,3A 20V, 1.50A 'sov,o.soA 

~ l Range2 15V,2A 35V,0.85A 120V,025A 

Load or line 
0.01%+2mV regulation 

Ripple and noise 
200 µV rms/2 mV P1I (10 Hz-10 MHz) 

* U.S. list price. 
t In Canada call l-800-387-3867, Dept. 442. 

There is a better way. 

Ff/0- HEWLETT 
~r..11 PACKARD 
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You can control any IEEE-488 (HP-IB, GP-IB, 488.2) 
device witn our cards, cables and software 

for the PC/AT/386, EISA, Micro Channel 
t\~• and Macintosh II. You get fast hardware 

and software support for all the 
popular languages, plus a software 
library of time saving utilities. 
Instrument control has never 
been easier. 
FREE 
Informative Catalog 800-234-4CEC 
Applications help 617-273-1818 

~ Capital Equipment Corp. 
\_. ~ ~ ~ Burlington, MA. 01803 

Micro Cllel1nel la . - of -
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No two emulators run the same. The trick is 
to get the best functionality you can for your 
investment. With the SIGN UM 8051 family in
circuit emulator you get even more .. . you get: 
• Outstanding price/performance 
• Easy window interface & flash download 
• Free user support 
• C and PUM debuggers 
• Local variable support 
• 512K Mappable emulation RAM with 

256K H/W breakpoints 
• Break on register ranges 
• Program & external data access on the fly 
• Bank switching 
• A no-risk, iron-clad guarantee 

SIGNUM also has the Intel 8048, Zilog ZS 
and Super-8,Texas Instruments DSP, the 
8051 /52 (from AMO, Siemens and Signetics) , 
and more chips covered. 

So, don't just look at in-circuit emulators. 
The only way to truly test an emulator is to use 
it. Call for your own free trial and demo disk. 

You owe it to yourself to find how much 
emulator you can really get for your money. 

10 DAY FREE TRIAL 
®O@f)!][Jj)!NJ ®W®ll~!Nl® 
171 East Thousand Oaks Blvd. 
Thousand Oaks, CA 91360 
Tel : 805-371-4608 •Fax: 805-371-4610 
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HIGH-SPEED-CPU DESIGN 

Computer Systems' R4000 has a 
128-bit data bus that transfers data 
to as much as 4 Mbytes of external 
secondary cache SRAM. Although 
the R4000 architecture enables the 
chip to transfer data 64 bits at a 
time, minimizing the noise caused 
by 64-bit transitions occurring in a 
2-nsec time interval can challenge 
even the most experienced high
speed design engineer (see box, 
"On-chip CPU tricks ease clock dis
tribution"). 

One final concern is heat dissipa
tion. The high performance gained 
by high-speed CMOS CPUs doesn't 
come without a penalty. The pen
alty is power dissipation and its at
tendant heat generation. All high
speed CPUs are power hogs. For 
example, the Intel 486 DX cache 
module dissipates as much as 21 W 
and requires a minimum 200 LFM 
(linear ft/min) air-flow rate. The 
MIPS R4000 CPU typically 
dissipates 13W, and the Cypress 
Semiconductor 40-MHz CYM6003K 
SPARCore module dissipates as 
much as 14W and requires a mini
mum 250 LFM air-flow rate. 

Although these power dissipation 
figures are high, they do not exceed 
the capabilities of thermal-manage
ment devices. In fact, ECL devices 
have been dissipating this much 
power for years and keep on tick
ing. Ref 1 has a chapter devoted 
to thermal considerations in ECL 
circuit design. 

References 
1. Blood, William B, MECL Sysf£m 

Design Handbook, 4th Ed, Motorola 
Inc, 1988. 

2. Jolly, Rich, Clock Design in 50-
MHz Intel 486 Systems, AP-453, Intel 
Corp, Santa Clara, CA, June 1991. 

3. Taufik Ma, Designing a Memory 
Bus Controller for a 50-MHz Intel 486 
DX CPU Cache System, AP-458, Intel 
Corp, Santa Clara, CA, June 1991. 
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With the arrival of the new 10ns GAL20XV10B, five members of Lattice's GAL®family of high performance 
E2CMOS® PLDs obsolete virtually all PAL® parts. The GAL20XV10B, with speeds up to lOOMHz and only 90mA Ice, 
offers you a superior replacement for the PAL20L10, 20X10, 20X8 and 20X4. All of our GAL devices give you faster 
speeds, lower power and reprogrammability. And they're 100% tested to provide the highest quality. So go ahead 
and file your PAL Data Book. 

For the right Data Book and free samples, call 1-800-FASTGAL and ask for information packet 206. 

Copyright©1992, LattK:e SemK:onductor Corportatiorl. GAL and 
E2CMOS are registered trademarks of Lattice Semiconductor 
Corporation. All brand or product narres mentioned are trademarl<s 
or registered trademarks of their respective holders. Circle #32 For Literature 

H~Lattice ...... 
Leader in E2CMOS PLDs'." 

Lattice Semiconductor Corp. 
5555 Northeast Moore Court 
Hillsboro, Oregon 97124 
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Introducing DMM calibrators for 
perfectionists, pragmatists and realists. 

Our new family of multi
function calibrators (DCV, ACY, 
DC!, AC!, Q) has something for 
everyone. 

If you demand the best in 
standards laboratory accuracy 
and performance, Model 4808 
delivers: 3 ppm/year. 

Model 4800 offers an 
exceptional combination of 
capability and price. With 
performance to 6.5 ppm/year, 
it can calibrate up to 74 digit 
DMMs. And for the ultimate in 
economy, Model 4805 can 
calibrate analog or digital 
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multimeters up to 5! digits. 
Whichever you choose, 

you'll have the added benefits 
of an integral full-function 
lOOOV power amplifier -
unique to Datron calibrators. 
This means you can cover the 
widest DMM and analog meter 
calibration workload without 
worrying about separate boxes 
or extra connection. 

The Model 4808 and 4800 
calibrators have modular 
construction. Start with only 
the functions you need, 
knowing you can retrofit 

CIRCLE NO. 58 

additional options later. 
So whether your major 

consideration is accuracy, 
price, or simply the perfect 
answer to your needs, you'll 
find it in the new Series 4800 
Calibrators from Datron. 

For more information, call 
our United States Sales Offices: 

Western: (619) 565-9315 
Eastern: (516) 454-8440 



Hardware and 
software design 
come last when 
you develop an 
application for 
smart cards. 
First, you have 
to tackle a few 
problems that 
you might not 
ordinarily expect. 

EDN·TECHNOLOGY UPDATE 

Smart-card applications' 
hidden problems add to 
designers' challenges 
GARY LEGG, Senior Technical Editor 

Developing a smart-card application 
looks easy enough;. you can get a demo 
running in an afternoon for only a few 
hundred dollars. Beware, though: 
There's much more to it than meets the 
engineering eye. Once you start devel
oping a real application, you can become 
entangled in issues that have little or 
nothing to do with electronics. And, in 
a real application, the electronics isn't 
trivial, either. 

Smart-card applications appear simple 
because the cards are simple. Despite 
the nifty packaging-smart cards are 
the same size and shape of standard 
credit cards-the microcomputer inside 
each card is just an 8-bit device with 
some ROM-resident software. In the
ory, you can create a smart-card system 
by buying a few cards and some kind 
of a card reader or terminal. All you 
have to do-in theory-is write some 
terminal-resident soft
ware that communicates 
with the card's operating 
system. 

stripe cards and their associated equip
ment are so well established. 

There are, however, application areas 
where smart cards are well suited tech
nically and don't face entrenched compe
tition (see box, "Joining the card 
game"). In some cases, though, licensing 
costs may be a factor in determining 
whether or not you want to use smart 
cards. 

Anyone who manufactures either 
smart cards or equipment that provides 
an electronic interface to smart cards 
must pay licensing fees to Innovatron, 
a French company that holds the basic 
smart-card patents. Innovatron negoti
ates each case separately, but you have 
basically two choices: You can pay a 
large up-front fee and a small per-unit 
royalty, or you can opt for a smaller 
up-front fee and higher royalties. 

Neither option is attractive. A large 

But before you buy 
your first smart card, 
you'll have to consider an 
array of confusing choices 
(see box, "Pick a card"). 
And even if you find that 
a smart-card solution 
seems ideal from a 
technical standpoint, you 
might discover that 
market factors negate 
its technical advantages. 
Smart cards have met lit
tle success as bank cards 
and credit cards, for ex
ample, because magnetic-

Applications of smart cards in Europe include controlling access to 
cellular-phone services. Smart cards provide security and other 
benefits that magnetic-stripe cards do not. (Photo courtesy Gemplus 
Card International) 
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The co etition 
_· ~ ....... us ruthless. 
Youcan us 

at 1-800-234-

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

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

®MOTOROLA 
Computer Group 

Motorola a11d !lie® are registered tmdemarks of Motorola, Inc. © 1992 Motorola, /11c. All rig/its rt'Sinied. ,.MIPS rating lxised 0~1Dhrystone1.1 test results where 
1757 Dlirystonl'sls is 1 MIPS (VAX" 111780). MIPS pcrfvrmance is mSl'fi 011 tile Diab 2.36E compil" 
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SMART-CARD APPLICATIONS 

up-front fee is a strong deterrent 
to entering an uncertain market 
with new technology. On the other 
hand, higher royalties preclude the 
low price per card that is essential 
to market acceptance. 

Innovatron did not respond to our 
request for information about fee 
structures, but several US sources 
claim that an up-front fee can be 
$100,000 or more. We were unable 
to obtain specific figures for royal
ties, but the selling price . per card 
in very high volumes (millions) can 
be as low as $3, including royalties. 
Cards with memory only (no proces
sor) can sell for as little as $1. A 
magnetic-stripe card, in contrast, 
can go for as little as 17 cents. 

If you don't manufacture your 
own smart cards or the electronic 
equipment that reads and writes to 
them, you won't pay licensing fees 
directly. Vendors who sell you 
cards or equipment will charge 
prices that reflect fees they have 
already paid. 

But licensing fees can-indeed 
should-affect how you design 

Pick a card 

EDN·TECHNOLOGY UPDATE 

your hardware. Ben Haag, business 
manager for smart-card accep
tor devices at Amphenol Corp 
(Hamden, CT), explains that Inno
vatron's fees for smart-card equip
ment reflect the equipment's value. 
If the equipment is a large, expen
sive system, you'll pay a lot; if it's 
a small, inexpensive subsystem, 
you'll pay less. 

Only the original seller pays a fee; 
resellers do not. Thus, there is an 
advantage to producing simple and 
inexpensive smart-card interface 
devices that can then be incorpo
rated into larger equipment. Most 
smart-card companies offer card 
"couplers"-small devices capable 
of both reading and writing to 
cards-that connect to larger sys
tems with a cable. These devices 
typically sell for $150 to $700. 

Getting personal 
If you get by the marketing and 

licensing challenges of a smart-card 
application, you still face a job 
that's far from pure engineering. 
Smart cards require what the indus-

try refers to as personalization, only 
a part of which involves electronics. 

When you personalize a smart 
card-which you must do before 
you issue it to a customer or an indi
vidual card user-you do much 
more than simply load it with an 
account number and a personal 
identification number (PIN). In 
fact, much of personalization is not 
for the individual card holder, but 
for the particular application. You 
want your card to show-not just 
electronically, but physically-what 
its purpose is and who issued it. 

A bank card, for example, must 
be printed-sometimes in four 
color-with the bank's name and 
other information. Personalization 
can also involve embossing, im
printing, a signature panel, a mag
netic stripe, ultraviolet printing 
(visible only under black light), a 
photograph, and even a hologram. 

In all likelihood, you'll buy your 
smart cards from a company that 
will do the personalization for you. 
In most cases-an exception being 
situations that involve extremely 

The term "smart card" is applied to many different 
things, some of which aren't smart and some of which 
aren't cards. 

According to the most commonly accepted definition, 
a smart card is the size and shape of a credit card 
and has electrical contacts on its surface that connect 
to an embedded microprocessor. Smart-card pretend
ers include devices without a microprocessor-memory 
cards, for example-and devices that are in other 
physical forms-togs and keys, for instance. 

stripe, a necessary feature for compatibility with exist
ing bank-card and credit-card systems. Only French 
and American cards have a magnetic stripe on the 
back; cards used in other countries have a stripe on 
the front. 

The smart-card standard specifies eight electrical 
contacts, although most cards use only six. The pattern 
of contacts may look different from card to card, but 
the positions of individual contacts relative to each other 
are fixed. However, the pattern itself can be in two 
different locations on the card-in the upper left corner 
and midway down the left side. 

Cards with contacts in the corner will become obso
lete this year. For cards issued in most countries, the 
corner location conflicts with the location of a magnetic 

Some cards have no electrical contacts at all. GEC 
Card Technology Ltd makes a card that communicates 
and receives its power by radio transmission. A coil of 
wire in the card develops a voltage across it in the 
presence of an inductive RF field; on-card circuitry recti
fies and regulates the voltage to provide power to the 
card's smart-card IC. Electronic tags and tokens in vari
ous forms work the same way. 

Optical-storage cards toke the form of a credit card, 
but don't have a smart card's "smarts." Their advan
tage is massive storage. The Laser Card from Laser 
Card Systems Corp (Mountain View, CA) can store 2.86 
Mbytes of data. True smart cards are limited to a few 
kilobytes. 
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SMART-CARD APPLICATIONS 

high volumes-you probably won't 
consider doing any of the personali
zation yourself, except possibly the 
electronic part. 

Unexpected delays 

Smart-card couplers are part of 
every application-development 
kit. This handheld reader/ 
writer comes with an $895 kit 
from IX Systems (formerly 
Smart Card International). 

Even so, personalization is a com
mon snag. John Taskett, vice presi
dent of Micro Card Technologies, 
explains that engineers who have 
completed a smart-card design 
often have to wait for someone else 
in their company to prepare or ap
prove artwork to be printed on the 
card. "As soon as the marketing 
guys and management see what you 
plan to print on your card," Taskett 
says, "it starts going around and 
around. I cannot tell you how long 
it takes to get artwork approval. 
I've seen it take nine or ten 
months." 

Even the electronic part of per
sonalization is an extra step com
pared to projects that don't use 
smart cards. Typically, each smart 
card contains unique information 
about the card issuer and the indi
vidual card holder. With other ap
plications, you can duplicate a chip's 
EPROM or EEPROM code with a 
gang programmer; with smart 
cards, you can't. 

zation yourself, you'll need, at a 
minimum, some PC-based software 
and a card coupler. If you want high 
speed, too, you'll need special per
sonalization hardware. You can get 
what you need-software, hard
ware, and training-from smart
card vendors. 

cards come from their vendors with 
ROM-resident operating systems 
designed specifically for smart-card 
operations. The operating systems 
place great emphasis on security 
and have been thoroughly tested. 
Writing your own OS could make 
your cards and your application vul
nerable to fraudulent access. 

To perform electronic personali-

In comparison to personalization, 
technical issues can be (but often 
aren't) simple. For example, you 
don't need to write any of the soft
ware that goes inside a smart card; 

Most smart-card vendors say that 
only in rare circumstances would 
you want to develop your own code 
for a smart card. For example, if 

Joining the card game 
You don't have to be European to work with smart 
cards, but it helps. In Europe, many government mo
nopolies, such as banking and communications, have 
mandated smart-card applications. Elsewhere, and in 
any competitive environment, you usually have to apply 
smart cards where they won't run up against entrenched 
competition. In general, this means new application ar
eas. Some recent applications include: 

Subscriber card for pay TV. Smart cards run 
descrambling algorithms to control access to pay TV 
transmissions. To guard against piracy, one French TV 
system uses a new scrambling key every ten seconds. 
Subscribers' smart cards change keys in synch to allow 
reception. 

Benefits transfer. The state of Wyoming uses 
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smart cards to transfer benefits to participants in its 
supplemental food program for women, infants, and 
children (WIC). Recipients use the cards, which replaced 
a system of paper coupons, at state-authorized WIC 
food retailers. The cards assist in record keeping and, 
by incorporating personal identification numbers (PINs), 
help ensure that only intended recipients will receive 
benefits. 

Access control. Smart cards control access to facili
ties and computer systems in numerous locations. To 
gain access, you need not only a password, but also 
a unique personal card that contains that password . 
Unlike passwords stored in a magnetic-stripe card, 
fraudulent users can not read passwords stored in a 
smart card. 



HYou're Buying Flash Or E2PROMs 
From Somebody Else, You're Missing 
AFewP~. 

Catalyst offers the largest selection of 
nonvolatile memories in these parts. And 
worldwide. 

We start with a full range of CMOS Flash 
memories-reliable, cost-effective E2PROM 
alternatives, with access times as low as 120ns 
and densities up to 1 Megabit. And we're 
the only manufacturer to offer both 12V and 
5Vdesigns. 

Next we off er a wide variety of serial 
and parallel E2PROMs, giving you the exact 
densities, bus structures and voltage levels you 
need. Then we add parts with innovative design 
features, such as ZERO Power™ standby 
current and our password-protected Secure 
Access E2PROMs. 

We also play an important part in the RAM 
world with our low-power CMOS NVRAM. 

These quality Catalyst parts offer compat
ibility with industry-standard memories and 
exceptional ease of interfacing. Most come in 
commercial and industrial temperature ranges 
and a complete choice of packaging options. 

So now you not only have unparalleled 
design freedom. You also have the conve
nience of working with one vendor for all 
your memory needs-including high-speed 
CMOS EPROMs. 

If you're missing any of these devices, call 
today for a product selection guide-or a part
to-part talk: (408) 748-7700. Or write Catalyst 
Semiconductor, Inc., 2231 Calle de Luna, 
Santa Clara, CA 95054. 
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SMART-CARD APPLICATIONS 

you have a sensitive, proprietary al
gorithm, you'd probably work di
rectly with a semiconductor manu
facturer to get your code into the 
mask ROM of your card's IC (Ref 
1). You might also want to write 
your own code if a standard smart
card OS can't give you the process
ing speed you need. 

With some smart cards, however, 
you can customize proven, off-the
shelf software by adding some of 
your own code to it. With cards 
from Gemplus Card International, 
for example, your own code in 
EPROM can link with the com
pany's Chip Operating System 
(COS) in ROM. You program the 
EPROM via smart-card contacts 
and then lock out further EPROM 
access by blowing an on-chip fuse. 

EDN·TECHNOLOGY UPDATE 

Smart cards' canned software is 
especially easy to use in PC-based 
applications. PC-based kits from 
smart-card vendors contain the es
sential hardware and software for 
developing simple applications or, 
at the very least, learning about 
and evaluating smart cards. You 
can use a smart card much as you 
would a floppy disk. For an in-house 
application that doesn't require ar
tistic card personalization, you can 
use a smart card just as it comes 
from the vendor. 

Typical PC-based packages con
tain several smart cards, one or 
more card couplers, and software 
libraries. The libraries, usually for 
use with C, help you develop com
puter-resident control software 
that accesses card-resident OS func-

For more information ... 

tions. (PC-based development sys
tems from smart-card chip manufac
turers are different; they're primar
ily for use in developing your own 
smart cards from scratch. They help 
you develop card-resident ROM 
code, and usually include an in
circuit emulator.) 

In the US, you can buy PC-based 
kits from Micro Card Technologies, 
IX Systems, Schlumberger, Gem
plus, and Datacard. Prices range 
from $400 to around $2500, depend
ing on what's in the kit. 

Unfortunately, most applications 
require an interface to equipment 
other than a PC-a vending ma
chine or a pay phone, for example. 
It's here that you meet your techni
cal challenge; not only may the 
equipment be complicated, but you 

For more information on the smart-card products discussed in this article, circle the appropriate numbers on the Information 
Retrieval Service card or use EDN·s Express Request service. When you contact any of the following manufocturers directly, 
please let them know you read about their p roducts in EDN . 

Datacard Carp 
Box 9355 
Minneapolis, MN 55440 
{6 1 2) 938-3500 
FAX {612) 938-8742 
Cin:le No. 713 

GEC Card Technology Ltd 
West Bromwich Rd , Tome Bridge 
Walsall , W Midlands, 
England WS5 4BD 
{44) 922-616939 
FAX (44) 922-25458 
Cin:le No. 714 

Gemplus Card International 
ZE de lo Plaine de Jouques BP 1 00 
1 3881 Gemenos Cedex, Fronce 
{33) 42-32-50-00 
FAX {33) 42-32-50-90 
Cin:le No. 71 S 
In the US, 
6290 Montrose Rd 
Rockville, MD 20852 
{301) 770-1558 
FAX {301) 770-2035 
Cin:le No. 716 

IX Systems Inc 
363 Seventh Ave, Suite 1500 
New York, NY 10001 
{2 12) 594-9500 
FAX {212) 563-3578 
Cin:le No. 717 
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Micro Card Technologies Inc 
1 585 1 N Dallas Pkwy. Suite 500 
Dallas, TX 75248 
{21 4) 770-5503 
FAX (214) 239-7138 
Cin:le No. 718 

Motorola 
Kelvin Industrial Estate 
East Kilbride 
Glasgow G75 OTG, Scotland 
{44) 3552-39101 
Cin:le No. 719 
In the US, 
1 1 650 1 William Connon Dr W 
Austin, TX 78735 
{51 2) 891 -3245 
FAX {512) 891 -3236 
Cin:le No. 7 20 

Phillps Components 
Marketing Communications 
Building BAF-1 
Box 218 
5600 MD Eindhoven 
The Netherlands 
{31) 40-72-20-91 
FAX {3 1) 40-72-48-25 
Cin:le No. 721 

VOTE ... 

Schlumberger Technologies 
50, avenue Jeon Jou res BP 620- 1 2 
92542 Montrouge Cedex, Fronce 
(33) 47-46-66-67 
FAX (33) 47-46-63-67 
Circle No. 722 
In the US, 
825-B Greenbriar Circle 
Chesapeake, VA 23320 
{804) 523-2160 
FAX {804) 523-2173 
Cin:le No. 723 

Siemens AG 
Bolonstrosse 73 
8000 Munich 80 
Germany 
{49) 89-4 144-4604 
FAX {49) 89-4144-3683 
Cin:le No. 724 
In the US, 
Siemens Components 
2191 Lourelwood Rd 
Santo Clora. CA 95054 
{408) 980-4589 
FAX {408) 980-8598 
Cin:le No. 72S 

Siemens Nixdorf 
Postfoch 830951 
Otto-Hohn-Ring 6 
W-8000 Munich 83, Germany 
(49) 89-636-42297 
FAX {49) 89-636-41034 
Cln:le No. 726 

SGS-Thomson 
Microelectronics Inc 
ZI de Peynier 
BP 2 1 2790 Roussel , Fronce 
{33) 42-25-88-00 
FAX (33) 42-53-22-88 
Cln:le No. 727 
In the US, 
1000 E Bell Rd 
Phoenix , AZ 85022 
{602) 867-61 00 
FAX {602) 867-6290 
Cin:le No. 728 

Please also use the Information Retrieval Service card ta rate this article (circle one): 
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It 's easy to achieve electro
magnetic compatibility when you 
know what product to use. And 
where to use it. 

But you don't have to know the 
difference between wire mesh and 
finger stock to succeed. You just have 
to know Instrument Specialties. 
We start at the drawing 
board, so you don't have to 
go back to It. 

Our engineers work with yours to 
develop a total shielding solution 
right from the design stage. It can 
save plenty of costly rework-
and worry. 

Say goodbJe to frantic 
product aearcbes. 

Everything you need is already in
house or in stock-whether it's con-

ductive elastomers, wire mesh, or 
the best beryllium copper fingers 
(to name just a few) .. . plus specified 
platings. With our prompt shipping, 
off-the-shelf parts can be at your door 
in no time. And our capabilities like 
CAD/CAM, photoetching and wire 
EDM not only make customization 
fast and easy, but downright 
economical too-especially with 
Finite Element Analysis, which tests 
parts before production. 

1bu don't even have to go 
aomewbere .... for certified 
testing. 

We can test for all current EMC 
specs and standards, at your facility 
or ours. And with our EMC experts 
helping you from design to produc
tion, passing the test will be a lot 
easier. 

So why settle for just shielding, 
when you can have solutions? Call 
Instrument Specialties today at 
717-424-8510, and find out what it's 
like to be EMC worry-free. 

Instrument Specialties 

Where Shielding 
is a Science 
CIRCLE NO. 62 

Headquarten: Delaware Water Gap, PA 18327-0136 
TEL: 717-424-8510 FAX: 717-424-6213 
Wi1111tern Dhrlmloa: 505 Porter Way, Placentia, CA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 
European Dlvlldon: 3 Avenue du Progres, B4432 Alleur, Belgium 
TEL: + 32-41-63-3021 FAX: + 32-41-46-4862 



SMART-CARD APPLICATIONS 

have to comply with ISO standard 
7816. What's worse, you'll often 
have to design your system to take 
an incredible amount of abuse from 
the environment, unsophisticated 
users, and sometimes even from 
vandals. 

Smart cards for dummkopfs 
"You have to tolerate people put

ting a ruler into a smart-card slot 
and shorting all the contacts to
gether," says Micro Card's Taskett. 
"Or inserting a smart card when it's 
charged up with static electricity. 
Or pulling a card out of a connector 
when it's running." You also have 
to make sure that all electrical sig
nals and protocols follow the ISO 
standard and that signals come up 
in the right order. If you have a 
high signal on your clock pin and 
don't have V cc, Taskett notes, some 
smart cards' microprocessor chips 
"will smoke." 

Assuming you're up to all the pre
viously mentioned challenges, 
you're now ready to start learning 
about smart cards. One of the first 
things you'll learn is that smart 
cards' raison d'etre is security. One 
of the next things you'll learn is that 
smart cards' operating systems are 
different from those of computers. 
In a smart card's OS, many func
tions-perhaps half-deal with se
curity. 

, The leading smart-card chip mak
ers, Motorola and SGS-Thomson, 
have always emphasized security in 
features of their smart-card I Cs and 
in their manufacturing, storage, 
and transporting procedures (Ref 1). 
Recently introduced chips from 
Siemens (the SLE 44C200) and 
Philips (the 83C852) even incorpo
rate cryptographic hardware. Both 
are capable of performing the com
pute-intensive calculations needed 
for public-key encryption and de
cryption (Ref 2). Previously, most 
smart-card applications were lim
ited to the easier, but less secure, 
Data Encryption Standard (DES). 
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Cryptography is becoming in
creasingly common in smart-card 
applications and increasingly in de
mand by potential customers. En
cryption helps protect financial 
data, PINs, and passwords that 
would otherwise be vulnerable to 
electronic eavesdropping. In addi
tion, when encryption and decryp
tion occur inside the smart card, po
tential bugging locations are limited 
to the card's embedded chip-a dif
ficult proposition. 

Depending on the nature of your 
smart-card project, you may need 
to learn the basics of cryptography 
before you begin. Micro Card, for 
example, stresses that crypto
graphic essentials are a necessity 
for users of its TB family of high
security smart cards. The company 
offers-and strongly recommends
a three-day training session (at $325 
per day) that includes cryptogra
phy. For its less secure Scot family 
of cards, the company offers a 2-day 
session that it says is helpful, but 
not essential. 

When you finally get around to 
engineering choices, you'll find a va
riety of cards and development sys
tems available. True smart cards, 
those with embedded microproces
sors, range in price from about $3 
for simple types in very high quan
tities (millions) to around $15 for 
more elaborate ones in small quanti
ties (thousands). Development sys
tems run from a few hundred dol
lars to a few thousand. 

You'll also find a variety of smart
card hardware devices , ranging 
from interface boards to telephones 
to terminals for electronic funds 
transfer (EFT). Vendors that offer 
system-level products often are 
subsidiaries or divisions of large, di
versified companies. Schlumberger, 
for example, has only a small smart
card operation in the US, but is the 
largest European supplier of smart
card telephones. 

Although smart cards have been 
slow to catch on, especially in the 

US, it's not too early to start plan
ning your own application. A grow
ing market presence is leading to 
greater market acceptance, which 
in turn is lowering prices. And 
lower prices are the key to an ava
lanche of smart cards. The 1994 ex
piration of Innovatron's smart-card 
patents can only contribute to fur
ther price cuts. 

"You will see lots of cards by 
1994," says Taskett, "and you will 
also see the prices crash. A $2 
microprocessor-based smart card 
will be common for large users. " 
For a card that has a microproces
sor, a magnetic stripe, a hologram, 
"and everything else," says Tas
kett, "that's a heck of a deal." @:!l:I 
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ASK EON 

Got a design problem that's driving 
you nuts? That's what Ask EDN is for. 
The Ask EDN column serves as a forum 
to solve nagging problems and an
swer difficult questions. If one of us 
can't figure it out, we'll find someone 
who can. Write to us at Ask EDN, 275 
Washington St, Newton, MA 02158 
or send a fax to (617) 558-4470. 
Or put something on MCI at EDNBOS. 



~National 
~Semiconductor 

MULTIPLE ARRAY PROGRAMMABLE LOGIC FAMILY 

State machine designers, 
why choose one over the other? 

45 MHz, 3,000 gates. 
At llOmA max. 

It's your choice: sacrifice den
sity for speed, or choose MAPI; 
and satisfy your need for both. 

And the speed is guaranteed. 
45MHz (with feedback) or 60MHz 
(without feedback), regardless 
of the size of your design. Den
sities up to 3,000 gates let you 
integrate multiple devices, saving 
space and power. 

PLDs primed for 
performance. 

MAPL is based on a simple 
FPIA architecture, so there is no 
learning curve. Eight dynamically 
allocated PIA pages increase sys
tem performance and decrease 
power consumption. 

And there's no time penalty 
for switching pages, so the eight 
feel like one large FPIA. 

MAPL 
• Guaranteed 33, 40, 45 MHz system speeds 
• Densities up to 3, 000 gates 
• Low power consumption: 

Ice = 110mA max 
• Minimum 100 erase/write cycles 

OPAL 
• Supports PAL, GAL and MAPL devices 
• User-friendly pull-down menu 
• Multiple entry formats 
• Logic simulation 

Both the AND and OR arrays 
are programmable, so MAPL 
gives you complete mutability 
Inputs and outputs are con
nected via any page with the 
same propagation delay 

Designer-friendly 
software tool. 

MAPL is supported by 
National's Open Programmable 
Architecture Language (OPAL"), 
as well as popular industry 
standards like ABE["-4 , CUPI" 
and VIEWlogic~ 

A user-friendly menu enables 
quick compilation of designs 
using Boolean equations, truth 

tables or state machine language. 
And OPAL allows the design 
to be automatically 
implemented into the 
target device. 

Make your choice today. 
For MAPL samples and OPAL 

information, call 
1-800-NAT-SEMI, Ex t.153. 
Or fax: 1-800-888-5113. 

~National 
~Semiconductor 

MAPL and OPAL are tmdcmar~ of National Semiconductor Corpor:.11 ion 
ABEL-4 1~ a trJdemarkofDat:i I/OCorpnration Cl 'PL ha 1radt=mark ofL.>gic:.•l 
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Dare to experience the blazing perforlllance 

Maybe you'd better start fanning yourself with this ad. 
The new RISC System/6000™ POWERstations 

and POWERservers 
340, 350, 520H and 
560 all boast signifi
cantly more sizzling 
performance-from 24 
to 65 percent. But for 
all this increased power, 
they' re priced to give 
you even more value than 

Model 

POWERstation 350 

POWERserver 340 

POWERserver 560 

SPECmarks'" 

71.4 

56.6 

89.3 

before. We're also introducing the POWERstation 220 
-a workstation with a SPECmark"' of 25.9 compared 
to the SUN IPC's™ 13.4-that can give you the power 
of UNIX® computing for less than $6,400. 

'In Canada, call 1 800 465-1234 

Performance 
Increase 

65% 

30% 

24% 
Our open systems open wider. 
Of course, even the hottest per

forman ce can only take you so far if you can't share it. 
So we've made networking with the RISC System/6000 
family even easier. NetWare® for AlX®/6000 from IBM 
lets desktop systems like DOS, Windows'" and OS/2® 

IBM, AIX and OS/2 are registered trademarks and RISC System/6000 1s a trademark of lnternat1onal Business Machines Corporation SPECmark ts a geometnc mean of the ten SPECmark tests and 1s a trademark of 
Standard Performance Evaluation Corporation All SPECmark figures hsted are as published by their respective manufacturers UNIX 1s a registered trademark of U~IX Systems Laboratones IPC 1s a trademark of 
Sun Microsystems, Inc NetWare 1s a registered trademark of Novell Inc Windows 1s a trademark of Microsoft Corporation HAGAR THE HORR1BLE Character(s) © 1992 King Features Syndicate, Inc 4.£) 1992 IBM Corp 
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connect on a LA N with RISC System/6000 servers. 
So whether you have an Ethernet or a Token-Ring 

Hotter than ever: IBM support. IBM's commitment 
to its customers is as hot as its technology. You can 
expect the service and support IBM has always been 
famou s for, 24 hours a day, 365 days a year. An IBM 
customer engineer can even install your machines, 
configure your network and integrate all your systems, 
IBM-made or not. So contact your IBM Business 
Partner or marketing representative. For literature, 
ca ll I 800 IBM-6676, ext. 772°"! If you can take the 
heat, we want to take your call. 

LA N, the power of AIX is now available to 
everybody. And with more than 5,000 
applications to choose from, your range of 
solutions will never burn out. 

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

==.=.~ - - - --- - -- - ---- - - ------ ----- ·-
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Request your Here's WHY .. . 
Brochure Today. 

call (508) 977·3IXJIJ Ext. 3885 
FAX (508) 531-1266 
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Peabody, MA 01960 

Here's WHY ... 
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Multi-function 
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Synthesizer 
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2030 
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~LOGIC®• 
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Designers that 
leave GaAs out of 
their toolbox for 
new communica
tion products and 
products that use 
fast RISC or CISC 
µPs could find 
themselves in the 
same situation as 
drivers who for
get to stop by the 
service station 
occasionally. 

EDN·TECHNOLOGY UPDATE 

GaAs ICs 

ICs see mainstream duty 
as µP glue logic 
MAURY WRIGHT, Technical Editor 

GaAs (gallium arsenide) ICs are simply 
ICs-not significantly different than 
TTL, CMOS, ECL, or other varieties 
of ICs. You normally choose ICs based 
on how well the functions, power re
quirements, size, and cost of a particular 
device fit a design requirement. The 
same is true for GaAs devices. Off-the
shelf digital GaAs ICs work well in com
munication applications and in designs 
that use 33-MHz and faster µPs. GaAs 
chips have familiar IC functions, such 
as RAM and PLDs, and, most impor
tant, are not cost prohibitive as many 
people believe. 

Certainly, generalizations, such as 
low power associated with CMOS or 
high speed associated with ECL, can 
help guide your search for a particular 
IC. GaAs chips can be characterized 
generally as faster than 
CMOS ICs and less 
power hungry than ECL 
ICs. CMOS ICs require 
significant power in
creases as speed in
creases. Therefore, GaAs 
devices can prove a bet
ter choice than CMOS in 
some applications. 

Meanwhile, Bipolar Integrated Technol
ogy (Beaverton, OR), a leader in the 
field of ECL ICs, will only have a 
200,000-gate ECL array available this 
year. And the ECL arrays t hat are 
available from other vendors typically 
feature less than 100,000 gates. The 
Vitesse arrays also offer gate-delay and 
gate-power specs that are less than half 
of the corresponding specs of leading 
ECL arrays. 

GaAs ICs and discrete components 
are already established in some areas 
of the electronics industry. Most people 
know that the technology has been ex
tensively used in military, space, and 
other specialized applications where cir
cuit performance was critical and cost 
wasn't an issue. Many such applications 
require devices that operate at micro-

ECL ICs don't offer 
the level of integration or 
level of power that GaAs 
chips have. Vitesse Semi
conductor just produced 
a 1-million-transistor 
GaAs IC. The company's 
FX series of gate arrays 
includes ICs with more 
than 190,000 gates. Fur
thermore, the company 
plans an addition to the 
FX family in the first half 
of this year that will 
feature 350, 000 gates. 

You can use coaxial or fiber optics with the Vitesse G-Taxi chip 
set to achieve 1.25-Gbit/sec data communications over distances 
as far as 10 km. 
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"I'm easy. That is, I love things that have 
made my life a little easier lJke when the 
lV dinnerwas introduced Right behind 
that came the lV tray. Lets see, can't forget 
Velcro, the pizza delivery boy, remote con
trol, instant coffee, instant replay, instant 
anything for that matter. Fast fonvard to 
Silicon Valley, 1992. Another milestone in 
the history of easy. MAX+ PLUS II logic 
design software from Altera. Easiest I've 
ever used Just enter the logic.Then com
pile and ~thesizewith one dick of the 
mouse. It's even got an ED IF interface. 
WtthMAX+PWS II, I can program my de
sign into a chip in minutes. Don't need 
to be a rocket scientist to use it. 
Surewish I could say the same 
thing about my new VCR." 
They're big. They're fast. They're everything yoove asked for. It's easy to get more information. Gil 800-800-7256.JMAX" 7 0 0 0 
e 1992. Al«raG:.poraoon MAXondMAX-PlUS'"'"""'md"""'"'""olAl«raG:.porat>on CIRCLE NO. 66 



GaAs /Cs 

wave frequencies, and GaAs ICs 
are the only available choice. Ber
son & Associates (Mountain View, 
CA, (415) 968-2101) publishes an an
nual data book that lists and sum
marizes all such microwave ICs and 
their manufacturers. 

Phones use analog GaAs 
Analog GaAs ICs and discrete 

components have infiltrated much 
more common ground, such as con
sumer electronics . According to 
John Day, president of market
research firm Strategies Unlimited 
(Mountain View, CA), virtually 
all cellular telephones use GaAs 
circuits (for example, in their am
plifiers). Day says you will also 
find GaAs devices in satellite 
television receivers that target 
consumers and in large-screen tele
visions. 

Analog designers accepted GaAs 
devices more readily than digital 
designers could because of the na
ture of analog components. For ex
ample, a basic set of parameters de
fines an analog amplifier or a tran
sistor regardless of the technology 
or substrate used to produce the de
vice. GaAs analog ICs and compo
nents, therefore, could easily be 
mixed into designs early on. Early 
attempts at digital GaAs circuits, 
however, resulted in requirements 
for multiple nonstandard power
supply voltages, and incompatibil
ity with other digital IC technolo
gies. 

For at least two years, Vitesse 
Semiconductor and Triquint Semi
conductor have made GaAs ICs for 
mainstream digital applications. 
The ICs exhibit the speedy specs 
from their GaAs heritage but bal
ance speed with power consump
tion, size, and compatibility with 
other technologies. Unfortunately, 
the trade press and the manufac
turer's marketing organizations 
have often camouflaged the avail
ability of such products by concen
trating coverage on the substrate 

EDN·TECHNOLOGY UPDATE 

A 400,000-transistor GaAs IC from Vitesse demonstrates the company's progress in VLSI 
circuits compared with the SSI IC in the foreground. 

rather than other specs. The head
line "GaAs memory" and "Industry
standard 4-nsec static RAM" can ac
tually apply to the same product. 
The GaAs spec used as an eye 
catcher should be relegated to the 
back page of the data sheet for this 
new generation of ICs. 

ICs fit communication markets 
You can segment the available 

digital GaAs ICs by three target 
applications-µP peripherals and 
support chips, data communica
tions, and telecommunications. The 
available products range from SSI 
components such as logic gates to 
VLSI chip sets and ASICs. 

Triquint and Vitesse both offer 
GaAs ASIC capabilities ranging 
from gate arrays to full custom ICs. 
Fujitsu acts as an alternate source 
for the Vitesse Fury series of gate 
arrays, and Thomson-CSF offers a 
second source for all Vitesse ICs. 
Robert Nunn, Vitesse's director of 
marketing, claims that ASICs jump 
started the standard product busi
ness. Nunn relates that Vitesse de
veloped a manufacturing process 
that could add VLSI and low power 
to the speed GaAs offered but 

needed ASIC customers to help de
fine key markets for standard prod
ucts. 

P Cs use GaAs 
Convex Computer (Richardson, 

TX) designed an entire super-mini
computer with Vitesse GaAs ASICs 
and standard products . Compaq 
Computer (Houston, TX) even used 
a Vitesse ASIC to handle µP sup
port logic in the 50-MHz 486-based 
Systempro PC. Day says GaAs 
technology will find increased usage 
around fast µPs because clock tim
ing is critical, and GaAs clock chips 
help eliminate clock skew. 

Off-the-shelf GaAs ICs for µP ap
plications include devices ranging 
from clock ICs to memories. For 
example, Vitesse (and therefore 
Thomson-CSF) offers the VS12-
G422T 256 x 4-bit static RAM 
(SRAM). The memory IC includes 
TTL-compatible inputs and out
puts, and is pin compatible with in
dustry-standard silicon SRAMs 
that use the -422 and -122 designa
tors. You can specify the Vitesse 
IC with access speeds of 4, 5, or 6 
nsec. The fast access speed makes 
the RAM useful in cache memory, 
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GaAs /Cs 

signal processing, and video appli
cations. 

A design requirement of 4-nsec 
access speed would not limit you to 
GaAs ICs however. You can buy 
an equally fast IC from Cypress 
Semiconductor, the CY10E422, 
which is built with ECL technology. 
But the ECL IC includes ECL in
puts and ECL outputs. The Vitesse 
VS12G422T costs $125 (100), and 
the Cypress CY10E422 costs $23. 70 
(100). Vitesse also offers a 4-kbit, 
5-nsec GaAs SRAM that includes 
ECL inputs and outputs. 
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Triquint Semiconductor has con
centrated its µP-related products 
around clock circuits and program
mable logic. The products origi
nated from Gazelle Microcircuits be
fore Gazelle and Triquint merged. 
Fig 1 depicts two of the ICs, the 
GA1210E clock doubler and 2-phase 
clock generator and the GA1486 
clock generator and buffer, used in 
an application with an Intel 486 µP. 
The block diagram shows the µP 
along with a second-level external 
cache. 

CPUs such as the SO-MHz 486 require precise timing with no clock skew. The Triquint 
clock chips shown offer zero-propagation-delay clock buffers and 500-psec maximum 
skew. 

The GaAs clock ICs each include 
six buffered clock outputs with zero 
propagation delay (250 psec) input 

to output and a maximum of 500 
psec of skew between outputs. The 
GA1210E and GA1486 clock ICs 
come in 25- to 50-MHz versions; 50-
MHz versions cost $37.40 and · 
$29.80, respectively (100). 

For more information ... 
For more information on the GaAs ICs discussed in this article, circle the appropri
ate numbers on the Information Retrieval Service card, or use EDN's Express 
Request service. When you contact any of the following monufocturers directly, 
please let them know you saw their products in EDN. 

AT&T Microelectronics 
Dept 52AL040420 
555 Union Blvd 
Allentown, PA 181 03 
18001 372-2447 
FAX 1215) 778-4 106 
Circle No. 700 

Fujitsu M icroelectronics Inc 
3545 N First St 
Son Jose, CA 951 34 
1408) 922-9400 
FAX 1408) 432-9030 
Circle No. 70 I 

VOTE .•• 

Thomson Composants M icroondes 
Route deportementole 1 28 
BP 46 
91491 Orsoy Cedex, Fronce 
1 -60- 19-70-00 
Circle No. 702 

Trlqulnt Semiconductor Inc 
Box 4935 
Beaverton, OR 97076 
1503) 644-3535 
FAX 1503) 644-3198 
Circle No. 703 

Vltesse 
Semiconductor Corp 
7 4 1 Colle Plano 
Camarillo, CA 93012 
1805) 388-3700 
FAX 1805) 987-5896 
Circle No. 704 

Please also use the Information Retrieval Service cord to rote this article !circle onel: 

High Interest 488 Medium Interest 489 Low Interest 490 
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Meanwhile, Triquint's GA22V10 
programmable logic device offers 
pin compatibility with industry
standard 22V10s and comes in 5.5-, 
6-, and 7.5-nsec operating speeds. 
The IC features a 3-nsec setup time 
and can operate with external sig
nals as fast as 125 MHz. The IC, 
however, is not user programma
ble-the programming operation 
requires a laser. Robert Gunn, vice 
president of sales at Triquint, 
points out that the company will 
provide programmed parts in three 
to five days from a standard 
JEDEC PLD description file. Ac
cording to Gunn, Triquint also tests 
each part it programs at full-rated 
speed. 

You can obtain a user-program
mable 7.5-nsec BiCMOS PAL22-
VlOC from Cypress Semiconductor. 
The Cypress device requires a 
maximum of 190-mA supply current 
compared with 225 mA for the Tri
quint GaAs IC. But Triquint's 
GA22V10 costs $26 (100) for the 7.5-
nsec version compared with $33. 75 



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

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

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

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

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

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

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

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

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

DAZI X® 
An Intergraph Company 

DAJJX®, Intergraph®. and C/JPPER® are registered trademarks of Intergraph Corporation. OJ her brands and product names are trademarks of their rerpeclive ou.,1ers. 
Ccp;rigbl 1992 /ntergraph Corporaw1 Hunlsti/fe, AL 35894-0001 DDAD<J48AO. 
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(100) for the Cypress IC. And you 
can buy even faster ICs from Tri
quint. 

While available GaAs CPU-sup
port chips focus on silicon alterna
tives with improved performance, 
VLSI GaAs data-communication 
products offer capabilities not found 
in other technologies. Triquint's 
Hot Rod chip set, for example, im
plements a point-to-point data
communication link that can oper
ate at 1 Gbit/sec. A 2-chip set costs 
$440 (100) and is compatible with 
coaxial or fiber cables. The chip 
uses 4B/5B encoding defined by the 
FDDI (Fiber Distributed-Data 
Interface) standard, but operates 
substantially faster than the 100-
Mbit/sec rate defined for FDDI. 
Triquint also offers a 200-Mbit/sec 
version of the IC. 

Vitesse has also been busy in the 
area of data communications. The 
company just introduced the G-Taxi 

chip set that implements the Fiber 
Channel point-to-point data-commu
nication interface defined by ANSI 
committee X3T9. The G-Taxi chip 
set (Fig 2), can operate at the Fiber 
Channel spec of 1.25 Gbits/sec. You 
can use the chip set to design com
munication links that range in 
length from lOOm using coaxial, to 
10 km using fiber optics. 

Currently, samples cost $1000 for 
the 4-chip G-Taxi set. The optical 
components can add another $900 
to $3000, based on how long of a 
point-to-point link you design. 
Vitesse's Nunn believes that the 
chip set and optics combined will 
cost less than $1000 for OEM users 
by the end of this year . AMD 
(Sunnyvale, CA) offers a similar 
Taxi chip developed with silicon 
technology that runs at 25% of the 
1.25-Gbit/sec Fiber-Channel maxi
mum speed. AMD worked in part
nership with Vitesse in designing 

the G-Taxi chip set and has a license 
to sell the GaAs chip set under the 
AMD name. 

The telecommunications area also 
promises to be a major market for 
GaAs ICs. The list of VLSI compo
nents available for telecommunica
tions currently consists of cross
point switches, multiplexers, and 
demultiplexers. Triquint also offers 
an extensive list of building-block 
SSI ICs, such as logic gates that 
suit any design, but specifically tar
get telecommunications. The Tri
quint building-block logic was de
signed by Gigabit Logic before Tri
quint acquired Gigabit Logic. 

Both Triquint and Vitesse offer 
crosspoint switches that can switch 
any input to any output. For exam
ple, the VSC864 from Vitesse has 
64 inputs and 64 outputs and can 
switch digital communication sig
nals at speeds as fast as 200 Mbits/ 
sec. The IC costs $1300 (100) and 

LOOKING FOR A 
QUALITY BOARDHOUSE? 

books that worlc the way you worlc 
Based on the EON series -- 20% new material 

Troubleshooting Analog Circuits 
Robert A. Pease, ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB LAYOUTS 
• Backplanes 
• Impedance control 
• Analog and ECL 
• SMT both sides 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and production 
• Gerber Data Review 
• Database/Netlist test 

TECHNICAL ASSISTANCE 
• PCB layout tips 
• Mfg cost cutting tips 
• Artwork standards 
• Gerber Data via modem, 

24 hours (714) 970-5015 

CALL FOR A QUOTE! 
A MANUFACTURING, LAYOUT AND SUPPORT CENTER 

MURRIETTA 
CIRCUITS 

4761 E. HUNTER AVE. ANAHEIM, CA. 92807 
TEL: (714) 970-2430 FAX: (714) 970-2406 

CIRCLE NO. 68 
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National Semiconductor 

Don ' t understand analog troubleshooting? Relax. Bob 
Pease does. Expanding on his popular series in EON, this 
book includes all of Bob's battle-tested methods. 
June 1991 208pp. cloth 0 7506 9184 0 $32 .95 

Analog Circuit Design: 
Art, Science, Personalities 

Jim Williams, Linear Technology Corp., 
Ediitor 

24 masters of analog circuit design share their experi 
ence in this comprehensive and useful guide to analog 
theory and applications. 
June 1991 352pp. cloth 0 7506 9166 2 $44 .95 

for more information 
or to place an order call 1-800-366-2665 

M-F 8:30-4:30 E.T. 

BUTIERWORTH-HEINEMANN 
80 Montvale Ave. Stoneham MA 02180 

The EDN Series 
for Design Engineers 
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SENDING VSC7103 
HOST SYSTEM MULTIPLEXER 

DATA 
40 

DATAI 
SOURCE 

CMND 5 
TCLK 

TRANSFER RDYI 
CONTROL LOGIC STRBI 

CLOCK 
R:::FERENCE 

RECEIVING VSC7104 
HOST SYSTEM DEM UL TIP LEXER 

DATA DA TAO 
DESTINATION 

EX 

DATA RDYO 
CONTROL LOGIC STRBO STRBR 

CLOCK 
REFERENCE 

VSC7101 
TRANSMITIER 

10 
DATA 

TCLK 

VSC71 02 
RECEIVER 

10 
DATA 

CLK 

RCLK 

TY 

TX 

RX 

RY 

FIBER-OPTIC 
TRANSMITIER 

FIBER-OPTIC 
RECEIVER 

Designers that use 1.25-Gbit/ sec Fiber Channel point-to-point data links can now buy the G-Taxi chip set from Vitesse. 

GREASE Q·PAD II® 

Replace Messy Grease Under 
Isolated Transistors 

• Q-Pad II replaces grease in applications 
where isolation is not requ ired (isolated transis tors). 

• Q-Pad II provides maxi mum heat transfer 
between in terfaces . 0. 1 °C/Watt TR. Series 37 Pushbutton Switches 

with vivid Last Status Retention (LSR) 

COAXIAL 
OR 

FIBER-OPTIC 
CABLE 

• .006 in . thickness , Si licone I Alum. Foi l 
construction, 2.5 W /m-k T herm . Cond., available 
in standard configurations and custom shapes. 

indicator offer solder/wash process compatibility 

C o ntact Bergquist for a Free C opy of the New 
Sil-Pad D esign Guide, 1-800-347-45 72 

BEAEJQUl§T 
5300 Edina Industrial Blvd ., Mi nneapolis, MN 55439 

Tel : (6 12) 835-2322 • Fax: (6 12 ) 835-4156 

CIRCLE NO. 70 

and DPDT switching in maintained 
or momentary versions. 
An assortment of 
buttons and 
indicator colors 
is available. 
Patent Applied For. 
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Get TV reception you never had before, with . .. 

Antenna Multiplier™ 
only S2922* 
*But read this ad for an even better deal! 

You won't need it if you are connected to a cable system, but 
if you are not you will now get TV reception that you 

could never enjoy before. Inside its unprepossessing hous
ing, the Antenna MultiplierN hides a small technical miracle 
-an array of electronic components that literally multi
plies the reception power of your TV. The Antenna Multi
plierN stabilizes your TV picture, eliminates "ghosts" and 
static, and brings in stations that were until now only visible 
as flickers and annoying shadows. In most areas you will be 
able to eliminate any outdoor antenna completely, making your

•The An
tenna Multi

plier significantly 
lioosts UHF, VHF 

Television and AM, FM, 
& Shortwave radio reception . 

self independent of bad weather interference and atmospheric disturbances. The MultiplierN 
needs no outside power-it gets its "juice" right through your TV set. You place the MultiplierN 
on the television set itself, lay it on a nearby table, or hang it on the wall. And, of course, you 
can bid your messy and ineffective rabbit ears, loop, rod, or dish antennas good-bye. Antenna 
MultiplierN will not just enhance your TV reception manifold, it also vastly improves 
AM/FM radio reception and brings in new stations on multiband and shortwave receivers. 

We are the exclusive importers of theAntenna MultiplierN in the United States and can therefore 
bring you this outstanding TV accessory for just $29.95. But we have an even better deal : Buy 
two for $59.90, and we'll send you a third one, with our compliments-absolutely FREE! 
Unleash the full power of your television with Antenna Multiplier": Order it today! 

FOR FASTEST SERVICE, ORDER 

TOLL FREE (800) 882-3050 

Looking for a bargain? Come in and visit 
our Catalog Outlet in San Francisco. 

24 hours a day, 7 days a week 

HiVerhills· 
-ct~F~ 

N 
en 
N 
..; 
z 
c w 

Please give order •14298144. If you prefer, mail 
check or card authorization and expiration. We 
need daytime phone number for all orders and is
suing bank for charge orders. Add shipping/in
surance: $5.95 for one, $6.95 for three. Add sales 
tax for CA delivery. You have 30 day return and one 
year warranty. We do not refund shipping charges. 139 Townsend Street, San Francisco, CA 94107 

CIRCLE NO. 72 

TOUGHBNC? 
© 1<)<)2 TE 

For digital applications, you need a 
7bugh BNC to ensure error-free 
signal transmission. nompeter's 750 
7bol Crimp BNCs give you the 
toughest termination in 
the industry. 
(lirpically 70-90 lbs. pull on 
.242" O.D. cable) Double mil 
spec requirements! 

Radial&: Axial Gzooves 
Better cross-meshing of 
the outer braid. 

Captive Center-Contact Pin 
Prevenls pistoning 

Octadent Crimped 
Increased conductor retention 

Full Y2 inch Crimp Sleeve 
Larger crimp area for a 

stronger termination. 

26 standard configurations and specials 
tor custom cables. Trompeter BNCs are 
designed, spec'd and tested to stay 
terminated to most cables. 

Learn more about nompeter's BNCs: 
Send for a Free " Features & Benefits" 
sheet and a "Free Crimp Kil " offer! 

Stepped Crimp Sleeve 
Grips the outer jacket which 
is up to 25% of lhe strength 
of the cable (see top diagram). 

31186 La Baya Drive • Westlake Village. CA 91362 • (818) 707-2020 • Fax 706-1040 

Circle No. 30 to send information Circle No. 31 to call now. 
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GaAs /Cs 

offers EGL-compatible inputs and 
outputs. Triquint's switch products 
include the $200 (100) TQ8016 that 
has 16 inputs and outputs and can 
switch signals as fast as 2. 6 
Gbits/sec. 

Telecommunication with SONET 
Many telecommunication prod

ucts will find uses in new SONET 
(synchronous optical network) ap
plications. The SONET standard 
defines a turbo-charged replace
ment for the aging Tl lines used in 
telecommunications. SONET net
works will operate at 2.4 Gbits/sec. 
Vitesse offers some multiplexer cir
cuits designed specifically for 
SONET applications. And, AT&T 
offers a number of building-block 
ICs, such as clock recovery chips 
that target SONET applications. 

The few companies currently 
building mainstream GaAs ICs are 
just the beginning. Fujitsu just 
built an IC-fabrication facility that 
can handle 4-in. GaAs wafers. You 
can bet that it won't be used strictly 
to build Vitesse-compatible gate ar
rays. Texas Instruments, planning 
to be a player in the GaAs market, 
wants to offer a GaAs µP. So don't 
leave GaAs out of your design tool
box. Simply use GaAs ICs as you 
would use any other technology. 
GaAs will probably never replace 
silicon the way some early prognos
ticators predicted, but count on it 
being important in many main
stream areas of the electronics 
industry. C3!l:I 

Article Interest Quotient 
(Circle One) 

High 488 Medium 489 Low 490 



Surface mount "Springs" 
have tight tolerance, high a 

Coilcraft's SMD "Spring" inductors 
are ideal for high frequency RF ap
plications, combining the low cost and 
high Q of air core designs with the 
convenience of surface mounting. 

They cover the inductance range 
from 2.5 to 43 nH with minimum Q 
values of 100 to 145 at 150 MHz. 
Tolerance is ±5% and self resonance 
is typically greater than 3 GHz. 

High temp jacketing assures 
mechanical stability and very close 
tolerance. it also forms a flat top, 
making the parts suitable for auto
matic placement and reflow solder
ing. They're available packaged in 
standard 12 mm EIA tape and reel. 

For more information, contact 
Coilcraft, 1102 Silver Lake Road, 
Cary IL 60013. 708/639-6400. 

CIRCLE NO. 73 

Tuneable coils feature 
compact 5 mm size, low drift 

New "Uni-5" tuneable coils from 
Coilcraft are ideal for applications 
above 1 00 MHz where space is at a 
premium. 

For electrical and mechanical 
stability, the winding is precision 
molded in a single piece of 
polypropylene only 8 mm high. Tin 
plated brass cans are available for 
integral shielding and additional 
mounting stability. Tuning of the inter
national standard 5 mm size coils is 
done via a .187'' long threaded 
aluminum core with a slotted head. 

Inductance values range from 18 
nH to 270 nH with Q's from 100 to 190 
at 100 MHz. 

For more information contact 
Coilcraft, 11 02 Silver Lake Road, 
Cary IL 60013. 708/639-6400. 

CIRCLE NO. 74 

All these ferrite beads can't equal the 
EMI suppression of a single Coilcraft 
Data Line Filter. 

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

Available in 8, 4, 3 and 2-line versions, 
Coilcraft DLFs provide > 15 dB 2ods t--t--t-++-+--""--IH-=..:.:..::_:_;::.:..:-::;:..:;:+---..ilt 
attenuation from 30 to 300 MHz. Up to 
40 dB simply by adding capacitors! 

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

1MHz 10MHz 

Attenuation 
(50 Ohm System) 

100MHz 

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

For details on our complete line of 
Data Line Filters, circle the reader 
service number. Or call 800/322-2645 
(in IL 708/639-6400). 
CIRCLE NO. 75 

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

line filters. $65. 

&ifcAa~f)~'t ----~ 1102 Silver Lake Road, Cary IL 60013 



Memories of Tomorrow. Available Today. 

C&C Computers and Communications 



The first 2M field-buffer memory -
Featuring 30ns write/read cycle time. 

Image quality is a critical parameter for 

tomorrow's TVs, VCRs and color copiers. 

The industry's first 2M field-buffer 

memory supports 

sophisticated image 

processing to raise 

performance in this 

key area. 

For higher density 

and speed, NEC's 2M 

field buffers are 

fabricated with a 0.7µ 

CMOS process. They 

store one field of 

NTSC or PAL signals digitized at 8 bits. 

Their write/ read cycle time is 30ns. 

Access speed is 25ns. 

For fast answers, call us at: 

Featuring FIFO operation, asynchro

nous write/ read, and a complete sta!ic 

interface, our 2M field buffers are avail

able in 28-pin SOPs 

or ZIPS. 

A graphic demonstra
tion of leadership 
NEC has a tradition of 

leadership in graphics 

memories. We set new 

standards of efficiency 

with the first dual-port 

video RAM and the first 

256K field-buffer 

memory. To find out how the industry's 

first 2M field buffer can help you pull 

ahead of the field , call NEC today. 

USA Tel:l-800-632-3531 . Fax 1-800-729-9288. Germany Tel 0211 -650302. Fax 0211 -6503490. The Netherlands Tel 040-445-845. Fax:040-444-580. 
Sweden Tel:08-753-6020. Fax 08-755-3506. France Tel 1-3067-5800. Fax: 1-3946-3663. Spain Tel:l -504-2787. Fax: 1-504-2860. llaly Tel:02·6709108. 
Fax:02-66981329. UK Tel 0908-6911 33. Fax:0908-670290. Ireland Tel-01 -6794200. Fax 01 -6794081. Hong Kong Tel: 755-9008. Fax: 796-2404 . 
Ta iwan Tel:02-719 -2377. Fax 02-719-5951 . Korea Te1:02 -551 -0450. Fax:02 -551 -0451. Singapore Tel:253-8311. Fax:250-3583. 
Australia Tel:03 -8878012. Fax 03 -8878014. Japan Tel:03-3454-1111. Fax 03 -3798-6059. 

NEC 
CIRCLE NO. 80 



Until now, DOS and 
couldn't run 

Introducing iRMX® for Windows: 
Real-Time Windows™for PCs. 

Running DOS or Windows* and real-time on a 
PC used to create some rather formidable challenges. 
After all, you could only run one at a time. 

Fortunately, there's a whole new direc
tion in real-time processing. It's called iRMX® 
for Windows. And it's a proven environment AWARD 

that lets DOS and iRMX software work together to 
generate powerful applications. 

This reliable operating system takes full 
advantage of the protected-mode features of the 

popular Intel386™architecture. So it opens new 
avenues for cost-effective solutions. 

Of course, iRMX for Windows al o 
opens some powerful option for software 

© 1991 Inte l Corporation. iRMX is a registered trademark and Intel386 and Real-Time Windows are trademarks of Intel Corporat ion. *Windows is a trademark of Micro~c,ft Corporal ion. 
iRMX for Windows is an EDN Innovation of the Year Award winner fo r 1991. 
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real-time applications 
concurrently. 

engineers. Like bringing the huge installed base of 
DOS applications, tools, and the popular Windows 
environment to real-time development. What's 
more, as a developer, you'll receive professional 
support from Intel engineers. 

All of which is important when you 're racing 
to bring your application to market. 

So make the shift to iRMX for Windows. 

Call 1-800-GET-iRMX and ask for Lit. Packet #1 C. 
You'll receive our Real-Time Response Kit. And 
give your next application some serious momentum. 

infel. 
The Computer Inside.™ 

EDN March 2, 1992 • 11 l 



The compact Deemax P-ICE 8051 costs less, does more. 
With a footprint not much bigger 
than a playing card, the Deemax 
P-ICE 8051 has all the features you'd 
ever want in an in-circuit emulator. 
And at an all inclusive price others 
can't match. 

More of everything. 
The P-ICE 8051 comes standard with: 
• 3-way interface - command line, 

pop-up menus or mouse; 
•A powerful command-line structure 

which controls emulator, windows, 
and file management; capable of 
loops and conditional control, 
expressions, line edit and more; 

• Up to three complex events in mul
tiple locations, wild card or range, 
to trigger breakpoints or trace off. 

• Two hardware levels for a sequence 
trigger. 

What's more, you can: 
• Get error-free inputs with auto

matic prompts, on-line HELP and 
realtime syntax verification; 

• Define events with a combination 
of Address, Data, Status, External 
or Match Count; 

• Open up to eight sizable, scrollable, 
movable windows at a time. 

No options. 
Unlike some emulators offered a la 
carte, everything is standard on the 
P-ICE, including: 
• l 28K byte emulation memory with 

256 byte mapping resolution; 
• 4K realtime trace buffer; 
• Plus, interface software, 

pod, power supply, 
RS232 serial cable, external input 
probes and manual. 

Free proof. 
We say the Deemax P-ICE 8051 will 
let you find more complex bugs, 
faster and easier, for less money 
than any other emulator you can 
buy. To prove it to yourself, call, 
write, fax or circle the reader service 
number and we'll send you a demo 
disk and technical specs. Free. 

If finding bugs - on a budget -
is your job, find Deemax. 

Deemax never misses. 

DEEM4% 
WHERE INNOVATION COMES FIRST 

Deemax Technology, Inc. 
12611 Hiddencreek Way, Suite G 

Cerritos, CA 90701 U.S.A. 
(310) 921-8224 FAX (310) 921-9315 
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Generator places 60-psec rise-time 
pulses within 7 5 psec at 3 GHz 

When you examine the fidelity and 
timing specifications of Hewlett
Packard's 8133A pulse generator, 
you may conclude that the unit pro
vides just what you are looking for. 
The price ranges from $27,100 to 
$45,900, depending on options. 

The instrument, whose output 
frequency extends from 33 MHz to 
3 GHz, places its pulses with an er
ror typically <75 psec (150 psec 
maximum) with respect to the edge 
of a trigger input. You can vary the 
pulse delay with respect to the trig
ger from - 5 to 15 nsec. The maxi
mum jitter in this placement is 5 
psec rms; the typical jitter is <2 
psec rms. 

The rise and fall times of the gen
erator's square waves and 150-psec 
to 10-nsec-wide pulses are 100 psec 
maximum-60 psec typical-meas
ured from 10 to 90%. Measured 
from 20 to 80%, which some com
petitors use in their specifications, 
the worst-case and typical transi
tion times are 60 and 40 psec, re
spectively. The generator produces 
pulses and square waves whose ampli
tudes into a 500 load are 0.1 to 3V. 

You can obtain simultaneous nor
mal- and inverted-polarity outputs. 
If you connect your 500 load to 
ground, you can vary the output off
set from - 2 to + 4 V. For work with 
ECL circuits, you can connect the 
500 load to -2V. In this case, you 
can vary the offset from - 3 
to +3V. 

Another feature that's unusual is 
the generator's optional second out
put that has some of the attributes 
of a data generator. Data genera
tors usually have many channels 
and back each channel with pattern 
memory; but unlike pulse genera
tors, they rarely offer much control 
over pulse parameters, such as de
lay and amplitude. 

Nses cnl scpae waves of fidelity at frequencies as h9' as 3 GHz emcl1Clte from this 
pulse generator. The unit can accommodate a channel that provides many of the attributes 
of a data generator. 

This generator's optional second 
channel provides a 64-bit pattern 
memory. Though not deep by data
generator standards, this memory 
suits testing devices and systems 
for pattern sensitivity. Moreover, 
you can connect two or three of the 
generators in a master/slave con
figuration, thereby obtaining a 6-
channel generator. Instead of 
choosing a data generator as the in
strument's second channel, you can 
choose a second pulse channel. 

A related convenience-for ex
ample, for eye-pattern testing of 
high-speed communications chan
nels-is the generator's ability to 
produce pseudo-random binary se
quences. The length of these se
quences can be as great as 223 

- 1 
periods. 

The instrument's designers sacri
ficed one convenience for the sake 
of maintaining the unit's output fi-

delity: If you want to vary the rise 
and fall times of the output pulses, 
you must connect accessory filters 
between the output connector and 
the cable that drives your load. 
Making the rise and fall times vari
able from the front panel would de
grade the generator's peak per
formance. 

Aside from transition times, you 
can control just about every other 
aspect of the unit's output from its 
panel. A display provides warnings 
under conditions that degrade per
formance, such as when you select 
a pulse width that would produce 
a duty cycle approaching or exceed
ing 100%. Estimated delivery time 
is six weeks ARO.-Dan Strassberg 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 731 · 
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Modular scope takes 4G 8-bit samples 
per sec in real time on two channels 

If you've wanted a good picture of 
transient signals containing fre
quencies higher than approximately 
0.5 GHz, you've had to use special
ized instruments such as scan con
verters. Although such instruments 
are faster than most digital storage 
oscilloscopes (DSOs), they are also 
more expensive. Hewlett-Packard's 
54720A DSO solves this problem for 
single-shot signals to 1 GHz by tak
ing 4G 8-bit samples/sec on each of 
two channels. The 54710A scope 
takes 2G 8-bit samples/sec on each 
of two channels. See Table 1. 

You can find many DSOs that of
fer effective sampling at GHz rates, 
but in nearly all cases the high rates 
are usable only with repetitive sig
nals. All but a few DSOs (that is, 
the 547xx's and competitive units 
that take from 1 to 2 Gsamples/sec) 
acquire signals much more slowly 
(usually at 200 Msamples/sec or 
less). By capturing data at different 
points on many repetitions of identi
cal waveforms, the slower scopes 
can reconstruct the signals as if the 
sampling rate were much greater. 

Table 1-HP547xx sampling rates 
vs channels 

Sampling rate 
Number for each channel 

Model of channels (in Gsamples/sec) 

54720A 2 4' 
4 2 

54710A 2 

54710A 2 4 
(with upgrade) 4 2 

But repetitive sampling doesn't 
work with signals that don't repeat 
or that repeat only once in a blue 
moon-metastable states are a good 
example. If you try to view such 
signals with a repetitive-sampling 

11 4 • EDN March 2, 1992 

A high-resolution, touch-sensitive, color display; a numerk keypad; a floppy-disk drive; 
a numeric keypad; and room for four single-width (or two double-width) plug-in modules 
distinguish the HP S4720A's front panel. 

scope, you may not live long enough 
to acquire the samples you need to 
get a good idea of what's going on. 

To capture transients, you need 
fast real-time sampling, but suppli
ers differ on the number of samples 
per cycle a scope must take to pro
vide adequate waveform recon
struction. Although, in theory, you 
can reconstruct a signal that you 
have sampled slightly more than 
twice in each cycle, a rate of 4 sam
ples/cycle is more practical and 10 
or more samples/cycle are better 
yet. Using the DSP technique of re
construction filtering, a scope can 
do a respectable job of waveform 
reconstruction at the lower 4-sam
ple/cycle rate. This ratio limits the 
54720A's single-shot bandwidth to 
1 GHz. For repetitive signals, both 
the 54720A and the 54710A have a 
bandwidth of 1.5 GHz. 

Other specifications worth noting 
are measurement of time intervals 

with less than 30-psec error and a 
resolution of less.than 1 psec; timing 
jitter of less than 5 psec rms; trig
gering on glitches as narrow as 500 
psec; less than 300-µ V rms noise; 
9-bit resolution at 500 Msamples/ 
sec; and 12-bit resolution with aver
aging. The scopes offer 32k words 
of memory on two channels and 16k 
words on four. They have high
resolution color displays. 

The 54720A scope costs $42,900, 
and the 54710A DSO costs $29,900. 
Prices for plug-in modules range 
from $2400 to $4700, and a 2.5-GHz 
active probe with power supply 
costs $3500. Delivery takes approx
imately 16 weeks ARO. 

- Dan Strassberg 
Hewlett-Packard Co, 19310 

Pruneridge Ave, Cupertino, CA, 
95014. Phone (800) 752-0900. 

Circle No. 732 



i~ \ faks-vo-dern \ nt ingle-chill 
FAX. VOdetnLSl 1 1: world's.firs 'J.~ fax/ data/ 

- l origin: y~rn~~munications d;:i~;ansfers data, 
multiroedia .c d caller l.D · · 
ADPCM v?1ce ~n a single line 

dvo1cevia fax an 

If you're one of 
those people who goes around 
integrating communications 
devices into PCs, laptops and 
other hardware, we've got two 
words for you - FAX VOdem™. 

What do they mean? In a word , 
plenty. Yamaha defined FAX 
VOdem on September 26, 1991 , 
as a major breakthrough in multi
media communications. And now 
it's going to change the way you 
communicate. Because with FAX 
VOdem, you 'll be able to integrate 
Fax. Data. ADPCM voice 
communications. And caller l.D. 
All on a single line. And all with a 
single-chip LSI that'll give your 

products multimedia 
communications capabilities you 
never thought possible. 

Sound too good to be true? 
It's not. And we'd like to prove it 
to you. Just fill out the coupon 
below and fax this ad to us at 
(408) 437-8791 . We'll send you all 
the nitty gritty technical details that 
wouldn 't fit in this ad. We'll even 
send you a FREE desk calendar 
that'll define FAXVOdem still more. 

So start integrating FAX VOdem 
into your new products. And when 
your colleagues notice what a 
great communicator you've 
become, just tell them you've got 
two words for people like them. 

1,-------, 
f;\.Xvooi::.< Send me the details I 

I ·.:.·-:.Z. on FAX VOdem!" I 

I 
- And don't forget I 

my desk calendar. 
I I 
I 

Name _________ 1 

Title _________ _ 

I Company J 

I Address I 
City _________ _ 

I State __ Zip I 
I Phone I 

I 
~x I 
Offer good through April 30, 1992 or while supply lasts. 

I YAMAHA®LSi I L _s _ys_te_ms_ T_ec_h n_o I o_g_y D_i v_i s_i o_n J 
© 1991, Yamaha Corporation of America, Systems Technology Division, 981 Ridder Park Drive, San Jose, CA 95131(408)437-3133. Yamaha LSI, Systems Technology Division and the 
Yamaha logo are registered trademarks and FAX VOdem is a trademark of Yamaha Corporation of America. 

Circle 111 For U.S. Response Circle 112 For Response outside the U.S. 



NJ£ 
POWER SUPPLIES 
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Software designs and 
checks board layouts 

The Allegro CBD (correct-by-de
sign) suite of tools facilitates board 
design by interactively checking de
sign, electrical, and physical rules. 
As a result, the tools potentially 
eliminate iterative post-design veri
fication and validation. 

Post-design verification is ineffi
cient because it lets you make er
rors. Even if you've properly de
fined the verification-rules set, you 
need to find, flag, and fix the errors 
and rerun the verification suite. 
The CBD system, however, finds 
the errors as you make them, there
by allowing the final design to meet 
all of your predefined constraints. 

Electrical, physical, and thermal 
constraints are programmed into 
formats or templates in the Con
straints Editor. The constraints can 
be of three types: always enforced, 
deferred until the design is batch
mode checked, or not enforced. 
Even though the tools support 
batch-mode operation, if you don't 
defer rule checks, you can avoid 
batch-mode checks. In addition, you 
can lock constraints to prevent us
ers from overriding them. 

Each of the tools in the Allegro 
suite reads and writes the con
straint files in an EDIF (Electronic 
Design Interchange Format). Con
sequently, if you define the con
straints properly, you can avoid dif
ficulties such as settling delays, tim
ing skew, and signal reflections and 
crosstalk. The router avoids cross
talk, for example, by computing for
ward and backward crosstalk as it 
adds line segments, and rerouting 
those segments that cause the net 
to violate your thresholds. Similarly, 
the software can prevent skew errors. 

To ease constraint development, 
you can also group signals, compo
nents, or other features. Further, 
you can define technology-depend-

By ensuring that all constraints are ob
served within interactive and automatic 
tools, Allegro's CBD system breaks the de
sign-and-then-analyze routine and lets you 
design correctly the first time. 

ent or -independent constraints for 
particular conductor, dielectric, and 
positive- and negative-plane layers. 
Technology independence lets the 
software impose the constraints on 
boards fabricated using printed
circuit, hybrid, multiwire, or any of 
the multichip-module technologies. 
In contrast, you can also define con
straints that are only valid in a par
ticular implementation. 

Because the constraint files are 
external to the software, you can 
read new constraints into an exist
ing design. Unless you've explicitly 
turned off the capability, reading in 
new constraints may cause the Alle
gro software to modify your design 
to meet the new constraints. Alter
natively, errors may set error flags. 

The software is a free upgrade 
to Allegro customers who have a 
maintenance contract. Depending 
on software configuration, new us
ers can purchase the software for 
$12,500 to $60,000 to run on Sun, 
DEC, IBM, and HP-RISC work
stations.-Michael C Markowitz 
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New 
Measurem 

Technique 
Though the test and measurement field is 

oted for conservatism, it is far from idle; 
T companies are constant · ng 
new hnologies. These nologies m-~ ...... ..--
garner les an new µP architec-
tures, but their effects on the industry can 
be just as profound. 

Dan Strassberg, Technical Editor 

When you think of test and measurement, maybe 
what comes to mind is a portion of our industry 
that time has passed by. If the term "test and 

measurement" conjures up images of crusty oldtimers 
suspicious of change . . . concerned only with limits of 
error measured _in parts per billion . . . holed up in 
dusty labs ... tinkering with antediluvian parapher
nalia such as unsaturated standard cells housed in ma
hogany cases, then the field has passed you by. Al
though T&M people are indeed conservative-and 
rightfully so-and T&M technology doesn't move as 
rapidly as that in some other parts of electronics, in
strument designers and T&M companies are constantly 
on the prowl for new ways to make measurements 
simpler and more accurate. In this report, EDN inves
tigates some of these new techniques and a few of the 
products that implement them. 

We'll look at systems that use electron and ion beams 

118 • EON March 2, 1992 

to probe the innards of complex !Cs, at a meter that 
measures current in a printed-circuit trace noninva
sively, at digital scopes that overcome what you might 
think are fundamental limitations of sampled-data sys
tems, and at products that make measurements in 
other novel ways. The subject area is too broad for 
in-depth coverage, so unlike most EDN Special Re
ports, this one will give you a fairly quick overview. 
We do hope, though, that by hitting the high spots, 
we'll whet your curiosity enough so that you'll want 
to learn more. One way to start is to contact the compa
nies listed in the manufacturers' box. Every technique 
in this report is represented in products that are avail
able now, and today isn't too soon to start thinking 
about the benefits you can derive from the techniques. 
However, the payoff from some of the techniques is 
sure to lie at least a few years down the road. 

Four of the nine techniques covered address the 



problem of debugging and testing complex ICs. In this 
area, we will look at electron-beam CE-beam) and fo
cused-ion-beam (FIB) probing. We'll also look at a 
scheme that improves the observability of the internal 
workings of an ASIC. This scheme-named Crosscheck 
for the firm that developed it-does not require signifi
cant changes in the way the specifying engineer devel
ops the device's design. And we'll look at IooQ testing
a method for detecting faults in CMOS digital ICs that 
does not require you to propagate the faults back to 
the I/O pins of the device under test. (The IC's quies
cent drain current, IooQ, reveals the faults.) 

Of these four technologies, E-beam and FIB probing 
are the best established. In the US, E-beam systems 
are available from Advantest and Schlumberger; FIB 
systems come from FEI, Micrion, Schlumberger, and 
Seiko. 

Commercial ICs that embody Crosscheck's technol-

On the windowed display of a Schlumberger E-beam prober's 
workstation, you can simultaneously view a scanning-eledron
microscope picture of a portion of the chip's surface and the voltage 
waveforms recorded at designated points within the displayed 
area. Insets show the prober and ATE system you use to stimulate 
the DUT. (Photo courtesy Schlumberger Technologies) 

ogy are starting to appear. To make an IC testable, 
Crosscheck depends on specialized structures placed 
inside the chip. The firm does not manufacture ICs 
itself, but has licensed its technology to a handful of 
semiconductor companies: Harris, LSI Logic, and Ray
theon in the US; and Fujitsu, NEC, Oki, and Sony in 
Japan. Crosscheck also sells test-development and 
fault-diagnostic software for use with ICs that incorpo
rate its technology. 

Though used without fanfare by several large IC 
houses since the '70s, IooQ testing is just starting to 
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give rise to commercial products. Although a few tester 
manufacturers, including Hewlett-Packard, provide 
the hardware necessary to implement IooQ tests, and 
AT&T Microelectronics offers software that generates 
InoQ test vectors, the technique's value is not yet ac
knowledged universally. IooQ partisans point to impres
sive advantages in fault coverage, test-development 
time, and test time; conventional techniques still lead 
in fault localization. 

DSOs foster measurement innovation 
Among the measurement techniques discussed here, 

three are related to digital storage oscilloscopes 
(DSOs). One technique is the use of digital signal proc-

(a) 

(b) 

FIB probers can remove material from ICs, and when you hold chips 
at an angle to the ion beam, the systems also produce spedacularly 
clear 3-D images. In (a}, repeated writing with the beam has 
removed material from the redangular areas at the left center 
and lower right. In {b}, near the top, just to the left of center, the 
metallization contains a void parallel to the chip's surface. This 
condudor appeared quite normal until the beam cut into it. {Photos 
courtesy Micrion Corp} 
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essing (DSP) ahead of a DSO's acquisition memory. 
This technique · allows high-speed sampling even at low 
sweep speeds and does away with (or at least mini
mizes) aliasing, a phenomenon that can sometimes 
cause misleading waveform presentations. Tektronix's 
TDS 520 and 540 are two of the first commercial instru
ments to use the technique, which also appears in the 
even newer and lower-cost TDS 400 series. Besides 
the benefits of oversampling, the technique greatly 
increases the scopes' vertical resolution at low and 
moderate sweep speeds. 

A competing technique is the use of acquisition 
memories as deep as 1 Msample. A group of new scopes 
from LeCroy offers this feature. (In units having a 
maximum sampling rate of 5 Msamples/sec or less, sev
eral firms compete. The lower-speed, deep-memory 
products have been on the market for several years.) 

The third type of scope is the analog logic analyzer
a cross between a logic timing analyzer and a DSO. 
The instrument was introduced a few years ago by 
Outlook Technology. Biomation, which acquired Out
look, improved the product and reintroduced it as the 
K1600. 

Time-interval analyzers (TIAs) have been around for 
over a decade, though, as Ref 1 points out, they were 
considered specialized instruments until about four 
years ago. A technique called continuous measure
ment, popularized by Hewlett-Packard, has expanded 
the capabilities of TI As and has been responsible for 
much of the heightened interest in the instruments. 

Last, Keithley Instruments has developed a nonin
vasive current-measurement technique and used it in 
a recently introduced digital multimeter (DMM). Al
though Keithley's 2001 may not be the first instrument 
to measure current in a conductor without cutting the 
conductor or encircling it with a current probe, the 
2001 appears to be the first multifunction general
purpose meter to perform that feat. 

E-beam and FIB probing 

Before the invention of the IC, all electronic circuits 
were made of discrete components. Back then, some
one commented that electronics engineers didn't realize 
how fortunate they were-no other engineering disci
pline had a tool that came close to providing the kind 
of detailed insight available from an oscilloscope. As 
!Cs replaced discrete components, and then began to 
increase in complexity, that fortuitous situation started 
to give way. No longer was it easy-no longer was it 
always even possible-to look within a circuit and get 
a picture of what was going on. 

In a microelectronic world where mechanical-probe 
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The size of E-beam probers covers a fairly extensive range. This 
unit from Advantest is at the upper end of the range; the smallest 
units are about one fourth as large. This unit lets you create test 
setups that combine the prober with a VLSI IC tester that can 
stimulate the IC under test while you probe it. 

access to circuit features is at least inconvenient (and 
often is simply impossible), E-beam and focused-ion
beam probers overcome that difficulty by replacing the 
mechanical probes with beams of electrons or gallium 
ions. These complex probing systems and the sophisti
cated software that drives them are restoring the kind 
of circuit visibility that EEs took for granted in dis
crete-component days. Of course, you pay a steep price 
for this high level of internal-node visibility: The least 
expensive beam probers cost more than a quarter of 
a million dollars. Systems costing three quarters of a 
million are not uncommon. And even if you could afford 
to have one of these probing systems on your lab bench, 
it wouldn't fit; the smallest ones are about twice the 
size of a washing machine. The good news is that beam 
probing loads critical circuit nodes far less than a scope 
probe would. Moreover, beam probers can often pro
vide much more information than a scope would-if 
you could hook up a scope. 

E-beam probers provide visibility. Not only do they 
perform the functions of a scanning electron micro
scope, they offer modes such as voltage-contrast imag
ing. This mode lets you highlight a node of interest 
and follow the circuit metallization-for example, to 
detect breaks. In another mode, you' can view wave
forms, just as you could on a sampling oscilloscope. 

FIB systems can do even more. They can cut away 
portions of an IC and let you view the inside of the 
chip, as opposed to merely the surface features. They 
can also deposit metal. By using FIB systems' ability 
to make "cuts and jumps," you can find out whether 
a proposed chip-design modification really produces the 
desired effect. The reason that E-beam and FIB are 
considered complementary, rather than competitive, 
technologies is that FIB's capabilities exact a price. 

Unlike E-beam probing, FIB probing is inherently de
structive. Though you might be able to use an FIB 
system to safely observe a chip for a short time, if you 
continue, you'll remove enough material to impair or 
destroy the chip's function. 

The navigational software that drives beam-probing 
systems adds to the systems' gee-whiz character. For 
example, on the windowed display of a Schlumberger 
prober's workstation, you can simultaneously view a 
scanning-electron-microscope picture of a portion of the 
chip's surface, the corresponding sections of the chip 
layout and schematic, and the voltage waveforms re
corded at designated points within the displayed area. 
Moreover, as you move the chip with respect to the 
beam to probe different points, or zoom in to observe 
a particular feature in greater detail, the displays 
change in synchronism. After witnessing a demonstra
tion, only a confirmed cynic or someone seriously jaded 
from an overdose of high technology could fail to come 
away with the impression: "I have seen the future, 
and this is it." 

Beam-probing-system manufacturers aren't resting 
on their laurels, though. For example, this year will 
see guided-probe fault diagnosis come to E-beam 
probers. Schlumberger makes automatic test systems 
for ICs and circuit boards as well as beam probers. 
The company will soon announce software tools that 
work with its hardware to automatically locate prob-

You get the benefits of a high sampling rate even at low sweep 
speeds from Tektronix's TDS 500 scopes. Pre-acquisition-memory 
averaging keeps the Nyquist frequency high and improves the 
resolution of small signals while still providing quick response to 
changing signals. 
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lems in ICs. Using guided-probe technology to isolate 
pc-board faults is not new, but using the technique to 
localize IC faults is. Although the new tools don't re
place human operators, they should greatly increase 
operator productivity. The idea is that you can apply 
test vectors to an IC positioned on a beam prober just 
as you can to a board on a board tester. Based on the 
test results, you can progressively home in on the areas 
of the chip where problems exist. Without the intelli
gence added by the software tools, locating IC faults 
often involves intuition and guesswork. 

Crosscheck 

Crosscheck is a means of designing and building ICs 
that let you observe internal-node states. The biggest 
payoff from the technique is for complex ASICs. If you 
were to create an otherwise similar IC using conven
tional techniques, finding out what was going on inside 
the device would be much harder. The technique calls 
for you to modify a chip in ways that, mostly, affect 
neither its performance nor its interface with other 
devices. Nor does Crosscheck affect the steps that the 
specifying engineer must take to provide a design to 
the foundry that builds the IC. 

The heart of Crosscheck's technology is a group of 
tiny p-channel field-effect transistors (FETs) built into 
an IC's silicon substrate. These FETs form a miniature 
switching matrix that lets you determine the logic 
states at internal circuit nodes. Because the test cir
cuits that the matrix drives have a high input imped
ance, the FETs can have high on-resistances, and 
hence can be quite small. A 4-pin IEEE-1149.1 test 

A 1-Msample memory doesn't make leCroy's 9300 scopes large 
or odd in appearance. Casual observers may even miss the small 
slot at the lower right that accepts credit-card-size memory cards 
that store waveforms and setups. 
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port lets you control the matrix and observe the inter
nal logic levels. 

The nonrecurring engineering fee you'll pay to an 
IC company for an ASIC embodying Crosscheck is 
comparable to that for a device that is similar but 
lacking in testability features. Although the recurring 
cost of Crosscheck devices may be slightly greater than 
that of parts that haven't been designed for test, the 
technology should still yield increased profits. The bot
tom-line benefits stem from reduced time-to-market, 
which results from quicker verification that the devices 
perform as intended. The increased unit costs reflect 
the slightly increased device area (although the per
centage of extra area declines as the device complexity 
rises) and from the additional package pins used by 
the testability port. 

1000 testing 

InnQ testing is named for the measured parameter, 
which is the quiescent drain current of the CMOS IC 
under test. Under quiescent conditions, a CMOS IC's 
drain current (the current it draws from the power 
supply) is normally measured in microamperes. Under 
the right conditions, however, failures within the IC 
can cause much higher drain currents. 

CMOS logic uses pairs of complementary n- and p
channel MOSFETs as its active circuit elements. These 
devices have insulated gates; a layer of oxide separates 
a device's gate from its channel. Most failures within 
CMOS ICs are the result of minute pinholes in the 
insulating oxide layer. If there is a pinhole in the oxide 
of a FET whose channel is connected to the negative 
supply rail (that is, the supply terminal you normally 
connect to ground) and you drive the FET's gate to 
the positive supply rail, a relatively large current will 
flow between the positive and negative rails. Similarly, 
if there is an oxide failure between the gate and the 
channel of a FET whose channel connects to the posi
tive rail and you drive the gate of the FET to the 
negative rail, a relatively large current will flow from 
rail to rail. As long as you continue to stimulate a 
fault, the larger-than-normal current will continue to 
flow. 

By monitoring an IC's power-supply current, you 
avoid a significant problem that plagues more
conventional methods of testing complex digital ICs
propagating faults back to 110 pins. In a sense, then, 
InnQ testing takes aim at the same problem that Cross
check addresses: observability. But Crosscheck is much 
more a technique for design verification, whereas InnQ 
is mainly for testing devices whose design you're confi
dent is OK. 
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IDDQ partisans claim some impressive advantages for 
the technique. Take these results obtained using an 
automatic test-pattern-generation package called Gen
test from AT&T Microelectronics. Gentest runs on Sun 
workstations and sells for about $150,000. For one test 
circuit (35 inputs; 320 outputs; 1728 flip-flops; 16,065 
gates), Gentest took approximately eight hours to pro
duce a set of conventional test vectors that provide 
89. 7% coverage of stuck-at faults. The same software 
took 38 sec to produce a set of IDDQ vectors that provide 
100% fault coverage. (Stuck-at faults are ones that pre
vent internal nodes from leaving a logic 1 or a logic 0 
state.) 

There are only 88 vectors in the IDoQ set, far fewer 
than the number in the conventional set. AT&T says 
that a production IC tester should be able to output 
lOOk vectors/sec (limited by the ICs' settling time), so 
test time should be quite short. The result of using 
IooQ tests on circuits like this one should be a dramatic 
reduction in test-development time as well as faster 
testing and, hence, lower cost for each device. 

Not everyone is sanguine about such reports. Estab
lishing IDDQ test limits for a particular part apparently 
requires some experimentation and testing thousands 
of samples. Also, many old hands at testing digital ICs 
automatically become skeptical at the first mention of 
100% fault coverage. Nevertheless, IDoQ partisans are 
confident that the test world will eventually come 
around to their point of view. They stress, for example, 
the technique's ability to reveal faults that don't cause 
devices to function incorrectly but do indicate process 
problems that can presage early failures. 

DSOs with advanced features 
of two kinds 

Digital oscilloscopes have changed the electronics en
gineer's world forever. That isn't to say that they have 
wiped out analog scopes-users in electronics and other 
industries continue, year after year, to order large 
numbers of the more traditional instruments. One rea
son for analog scopes' continued popularity is engi
neers' mistrust of DSOs. Despite DSOs' many advan
tages (see Ref 2), most have quirks that make them 
more likely than analog units to produce misleading 
displays. 

DSOs are sampled-data systems. They recreate the 
waveforms you see on their screens from series of digi
tized samples of instantaneous input-signal voltages. 
Although some DSOs work in real time at all sweep 
speeds, ones that use a technique called random 
equivalent-time sampling at the higher sweep speeds 
are more common. Equivalent-time sampling lets a 

Measuring current without interrupting the circuit or encircling a 
conductor with a current probe is just one of the Keithley 2001's 
claims to fame. 

scope digitize repetitive waveforms at high effective 
rates-even when the sampling rate required to accu
rately reconstruct the input signal exceeds the maxi
mum at which the sampler can operate. As you lower 
the sweep speed, almost all such scopes eventually 
switch back to real-time sampling. It is in this mode, 
at low sweep speeds, that aliasing can cause most DSOs 
to display nonexistent signals. 

The well-known Nyquist theorem says that to pre
vent aliasing you must sample a signal more than twice 
during the period of the highest frequency component 
whose amplitude is great enough to interest you. All 
DSOs have acquisition memories of finite depth. When 
a conventional DSO operates in the real-time mode, 
as you slow its sweep speed, the finite memory depth 
forces the scope to slow its sampling rate. As the sam
pling rate decreases, so does the signal frequency 
above which aliasing can occur. (This frequency-half 
the sampling rate-is called the Nyquist frequency, fN.) 

Tektronix's TDS 400 (from $5995) and 500 (from 
$9490) series DSOs overcome this problem by sampling 
at a high rate regardless of the sweep speed. The 500 
series scopes use digitizers that can take 250 Msamples/ 
sec, and you can use as many as four digitizers to 
sample one signal as fast as 1 Gsample/sec. However, 
the scopes' waveform memories-which hold as many 
as 50,000 samples/channel-are not deep enough for 
all of the samples acquired during, say, a 50-msec 
sweep. Using a single digitizer, if every sample went 
into memory, such a sweep would involve 12.5 million 
samples. 

In this example, if the scope discarded 249 samples 
out of every 250, the memory problem would go away, 
but so would the advantages of fast sampling. The 
solution that Tektronix's engineers devised was to ac-
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cumulate (sum) a series of samples before placing them 
in waveform memory. Although the scopes have 8-bit 
digitizers, the waveform memory can hold 16-bit 
words. The scopes appropriately scale these long words 
before displaying them. 

Not just faster-higher resolution 
A benefit of the technique is that it produces en

hanced resolution-16 bits vs 8-which lets you view 
signals so small you couldn't normally see them. Be
cause the sampling rate remains high, the Nyquist 
frequency also remains high. This technique is different 
from the averaging feature that many DSOs offer to 
reduce random noise superimposed on waveforms. 
Such DSOs do their waveform averaging after the sam
ples are already in memory. To acquire long sweeps, 
they must slow their sampling rates, just as when 
averaging is not in use. The slower sampling reduces 
the Nyquist frequency and slows down display up
dates, thus the display often responds sluggishly to 
signal changes. 

An obvious, but heretofore prohibitively expensive 
alternative to averaging ahead of a scope's waveform 
memory is to use a deeper memory. (Remember, a 
fast DSO's waveform memory is not the relatively inex
pensive dynamic RAM found in all PCs, but costly 
high-speed static RAM.) Until Tektronix introduced 
the DSA 602 in 1989, if you wanted a DSO with band
width of 100 MHz or more and memory deeper than a 
few thousand words, LeCroy was the only game in town. 

Now that Tektronix is competing with LeCroy in 
high-speed DSOs that have memory depths in the tens 
of thousands of words, LeCroy has upped the ante. Its 
9300 DSOs and two plug-ins for its 7200 (mainframe 
price: $17 ,000) have memories of 1 Mword/channel. The 
2-channel, 300-MHz version of the 9300 series scope 
with a memory of 1 Mword/channel sells for $9990. 

The eight on-screen traces should be your first clue that Biomotion's 
K1600 is no ordinary scope. In fad, the firm calls it on analog 
logic analyzer-a logic timing analyzer whose analog copobilities 
let it resolve anomalies in waveforms on any channel or on all 
16 channels simultaneously. 
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Those willing to forego the deep memory can save 
even more; a version with 10 kwords/channel (still more 
than what the majority of DSOs offer) sells for $4990. 
As an added feature, all of LeCroy's scopes now let 
you store waveforms and setups in credit-card-size 
plug-in memory cards. 

The 9300 scopes take a maximum of 100 Msamples/ 
sec. Filling the 1-Mword memory during the previous 
example's 50-msec sweep requires operating the 
digitizer at 20 Msamples/sec. At that speed, f N is 10 
MHz vs 125 MHz for the Tektronix TDS 500 series 
scope with the optional 50-kword memory and with 
one digitizer in use. Note, however, that 1 Mword of 
memory is deep enough to retain the original sampled 
data; pre-acquisition-memory averaging loses it be
cause averaging destroys the original data by combin
ing adjacent samples. Regardless of which of these 
two scopes you choose, fN will be at least 1000 times 
as high as the 10 kHz you'd have to accept if you used 
a conventional DSO with a 1-kword memory. 

Analog logic analyzer 

As logic gets faster and faster, the line of demarca
tion between the digital and analog worlds becomes 
less and less clear. Troubleshooting fast logic usually 
involves both a logic analyzer and a high-speed scope. 
The idea that you'd really like to use a single instru
ment and a single set of probes to make either type 
of measurement on any or all channels is what's behind 
Biomation's K1600 analog logic analyzer. In an earlier 
incarnation (from Outlook Technology, a firm that Bio
mation acquired), the product was called a logic oscillo
scope. The 16-channel benchtop unit has a 4-bit (16-
level) ADC for each channel and a 1-ksample/channel 
memory. It sells for $14,950. 

The analyzer can take 100 Msamples/sec simultane
ously on all of its 16 channels or, through multiplexing, 
200 Msamples/sec on eight channels, 400 Msamples/sec 
on four channels, or 800 Msamples/sec on two channels. 
The vertical amplifiers have a bandwidth of 350 MHz, 
so in the real-time-sampling mode you can take advan
tage of the full bandwidth only if you multiplex the 
unit's inputs to sample two channels at 800 Msamples/ 
sec. With repetitive signals, however, equivalent-time 
sampling improves the time resolution to 50 psec and 
lets you use the full bandwidth on all channels. More
over, with equivalent-time sampling, the voltage reso
lution increases to six bits (64 levels). 

The unit's ability to resolve more than two voltage 
levels is, of course, the most obvious feature that sets 
it apart from logic-timing analyzers. The things that 
set the instrument apart from nearly all DSOs, besides 
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the number of channels, are logic-analyzer-like features 
such as the ability to display an 8-character label for 
each t race and the logic-analyzer-style triggering. 
(Among general-purpose DSOs, Tektronix's TDS 500 
series also incorporates many logic-analyzer-like trigger
ing features. A mode in which the TDS scopes trigger 
on undersized pulses-so-called runt pulses-can be 
particularly helpful in tracking down elusive logic mal
functions.) 

Adding to the K1600's flexibility is its ability to be
have as a digital instrument. You can specify the 1 and 
0 thresholds from - 40V to + 40V in 0.1 V steps, and 
you can replace the waveform displays with binary or 
hexadecimal representations. With 3-state devices, you 
can display the intervals during which outputs are in 
the high-impedance state as cross-hatched regions. The 
instrument incorporates a 9-in. monochrome display, 
but you can obtain a high-resolution color presentation 
by connecting a color monitor of the type that normally 
accepts an MS-DOS PC's VGA (640 x 480-pixel) output. 

Continuous-measurement time
interval analyzers 

Hewlett-Packard's 1987 introduction of a line of 
products the firm calls modulation-domain analyzers 
changed forever the industry's perception of time
interval analysis. (EDN avoids using the abbreviation 
MDA for any type of time-interval analyzer .because 
in a large part of the test-equipment industry, MDA 
has-for decades-referred to manufacturing-defects 

. analyzers, a type of pc-board tester unrelated to time
interval measurements.) 

Conventional, pre-1987 TIAs provide information on 
the statistical distribution of a large number of fre
quency or interval measurements made in rapid succes
sion. The HP products pioneered in providing informa
tion on how the measured quantities vary over the 
course of a sequence of measurements. In other words, 
the instruments provide a picture of how interval dura
tions or frequencies vary as a function of time. 

One of the keys to providing this capability is a 
technique called continuous measurement. The technol
ogy of frequency and interval measurements is inextri
cably tied to that of binary counters. HP's continuous
measurement technology (Ref 3) addresses the prob
lem of accurately reading the contents of a binary 
counter "on the fly," that is, while the counter contin
ues to receive new inputs. The analyzers work by cap
turing a snapshot of the current count each time they 
recognize the occurrence of an event that meets criteria 
you have established. With this technology, following 
an event, there is no dead time before the analyzer 
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finding out how frequencies and time intervals vary as a function 
of time is possible with time-interval analyzers, such as Hewlett
Packard's 533 lOA. The unit's continuous-measurement technology 
is the key to its capabilities. 

can capture the next event. As with any frequency-or 
time-measurement instrument, however, there is a 
maximum specified input rate. 

HP's family of modulation-domain analyzers includes 
four members priced from $9500 to $32,000. They di
rectly accept input frequencies as high as. 500 MHz (18 
GHz with a prescaler). The lowest priced unit, the 
53310A, accepts direct inputs as high as 200 MHz. 

Noninvasive current measurement 

Keithley Instruments' 2001 digital multimeter is a 
complete bench or system DMM having 71!2-digit reso. 
lution, accuracy commensurate with that resolution, 
wideband true-rms ac-measurement capabilities, high 
measurement speed, and advanced.triggering features . 
Although that range of capabilities, coupled with a 
price lower than that of many comparably accurate 
DMMs ($2695), should spark plenty of interest, another 
feature is the reason for the instrument's appearance 
here: The 2001 incorporates a novel measurement mode 
that lets it do the seemingly impossible: It measures 
the ac or de current in a conductor by using a pair of 
test probes across the conductor. The measurement 
is noninvasive; it doesn't require cutting the conductor 
or encircling it with a current probe. 

The secret behind this capability lies in the meter's 
computational power as well as in some novel analog 
technology. To make a noninvasive current measure
ment, you usually use the meter by clamping a pair 
of Kelvin clips (which have two wires per clip) onto 
the conductor whose current you want to measure. 
Until you close a clip on a conductor, its two jaws are 
isolated from each other. The clips allow the meter to 
force a current pulse through the conductor (using one 
jaw on each clip) and to simultaneously measure the 
amplitude of the resulting voltage pulse (using the mat-
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ing jaws). By dividing the voltage pulse amplitude by 
the current forced, the meter calculates the conductor's 
resistance. The meter then determines the current in 
the conductor by dividing this calculated resistance 
into the ac or de voltage measured across the conduc
tor. As long as the forced current pulse doesn't cause 
the circuit under test to misbehave, and as long as the 
conductor's resistance doesn't approach zero too 
closely, the meter can make the noninvasive current 
measurement with less than 1 % error. 

This technique is sure to prove invaluable in such 
areas as the application of power supplies. In such 
work, connecting an ammeter between a supply and 
its load can be more than inconvenient; it can affect 
the supply's point-of-load regulation enough to degrade 
the performance of the equipment that receives the 
power. Moreover, using the supply's remote-sense fea
ture to restore the regulation often creates its own 
problems, such as poor dynamic response. In such situ
ations, the 2001 can save the day. If you place its 
probes as little as six inches apart across a 14-gauge 
conductor, the meter can measure the current with 
an error of less than 1 %. ~ 
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Use spectrum analyzers' 
selectivity to precisely 
measure random noise 

Kevin Johnson, Hewlett-Packard Co 

Because a spectrum analyzer makes a variety 
of measurements, such as signal power, fre
quency, flatness, and distortion, it may be the 
most convenient, though not the most obvious, 
instrument to use when measuring noise. 

You may have used power meters, voltmeters, noise
figure meters, and even oscilloscopes to make noise
level measurements, but a spectrum analyzer offers 
at least one distinct advantage over these other instru
ments: frequency selectivity. Most of the other noise
measurement techniques only provide a reading of the 
total noise power across the measuring instrument's 
entire bandwidth. A spectrum analyzer's frequency se
lectivity not only allows you to measure noise at one 
precise frequency but, by measuring the noise level 
at several frequencies, it also allows you to determine 
the "shape" of the noise in the frequency domain. 

A spectrum analyzer's frequency selectivity allows 
it to measure noise levels independently of spurious 
signals that may accompany the noise. Other noise
measurement methods that are not frequency-selective 
measure the total power of all signal components. The 
frequency selectivity and the large dynamic range of 
most spectrum analyzers will allow you, for example, 
to measure the phase or amplitude noise sidebands of 
a carrier directly without using a detector to eliminate 
the carrier. 

RESOLUTION· 
BANDWIDTH LOGARITHMIC ENVELOPE PEAK 

Spectrum analyzers are usually designed to measure 
the spectral components of deterministic signals, not 
noise. For this reason, you must pay special attention 
to instrument settings and readings when you use a 
spectrum analyzer to measure noise. Many spectrum 
analyzers have a noise-level function that will help you 
automate noise measurements. Some have a noise-level 
function that will pause to make a special noise meas
urement during each sweep at a marker frequency 
that you select. Others will automatically use correc
tion factors to adjust for the spectral characteristics 
of noise. In either case, a spectrum analyzer's noise
level function can save you considerable time and effort 
when you're measuring noise. However, you must first 
understand what your analyzer's noise-level function 
does before you can measure noise correctly. 

Spectrum analyzers fall into two categories: instru
ments with postdetection digitizers and instruments 
with predetection digitizers. Older instrument designs 
generally have postdetection digitizers. Newer designs 
employ fast AID converters as predetection digitizers. 

Most spectrum analyzers with postdetection digitiz
ers (Fig 1) measure the average voltage envelope of 
signals within the operator-selected resolution band
width and calculate power by treating the signal as a 
single tone instead of measuring the power directly. 
The IF (intermediate frequency) section of a spectrum 
analyzer with postdetection digitizing is particularly 
well suited for accurately measuring the level of a sin
gle tone in the presence of noise. However, because 

FIL TEA SCALING CIRCUIT DETECTOR 

VIDEO
BANDWIDTH 

FILTER DETECTOR AID CONVERTER 

Fig 1-A spectrum analyzer with postdetec
tion digitizing employs hardware filters and 
a slow A/D converter in its intermediate 
frequency section. 
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these spectrum analyzers are not optimized for measur
ing noise, you must apply correction factors to their 
amplitude readings. 

Spectrum analyzers with predetection digitizers 
(Fig 2) have an all-digital IF section; an analog antialias 
filter limits the bandwidth of the IF signal, and an AID 
converter measures samples of the IF signal at a rate 
that is greater than 2 x the bandwidth of the signal. 
In a spectrum analyzer with predetection digitizing, 
the resolution-bandwidth filter, IF detector, video
bandwidth filter, and video detector are all mathemati
cal algorithms, so their characteristics are precisely 
known. Spectrum analyzers with predetection digitiz
ing can automatically calculate noise levels from the 
digitized data. 

Factors that affect measurement accuracy 
Five factors affect the accuracy of random-noise 

measurements made by any spectrum analyzer. These 
factors are resolution bandwidth, IF-detection charac
teristics, video-detection characteristics, averaging, 
and spectrum analyzer noise. 

The analyzer's resolution-bandwidth setting deter
mines the noise frequencies of interest just as it does 
for deterministic signals. You can model noise as an 
infinite number of frequency components, each contrib
uting an infinitesimal amount of power. Each of these 
components has random amplitude and phase. Using 
this model, the noise level measured by an analyzer 
with an infinitesimally narrow resolution-bandwidth 
setting will be zero. At the other extreme, the noise 
level measured by an analyzer with an infinitely wide 
resolution-bandwidth setting will be infinite. Although 
these extremes are strictly hypothetical, this noise 
model illustrates two important principles: the total 
power measured is directly proportional to the ana
lyzer's resolution-bandwidth setting and the random
noise power at a specific frequency must be expressed 
as a density such as noise power per unit bandwidth. 

By convention, noise-power measurements are usu
ally normalized to a 1-Hz bandwidth. If the noise is 
reasonably flat within the resolution bandwidth, the 
noise-power density at the frequency of interest is the 
total power you measure divided by the analyzer's 

ANTIALIASING RESOLUTION-
FIL TEA ND CONVERTER BANDWIDTH 

FILTER 
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INTERMEDIATE
FREOUENCY 
DETECTOR 
ALGORITHM 

noise-power bandwidth. The noise-power bandwidth 
normalization factor, in dB, is 

normalization factor= lO*LOG(l/(BW"))' 

where BW" is the noise-power bandwidth. You simply 
add lO*LOG(BW,1) to renormalize the result to any 
desired bandwidth (BW<1). 

A spectrum analyzer's noise-power bandwidth, or 
equivalent noise bandwidth, is an ideal rectangular fil
ter bandwidth that has the same power response to 
flat noise as the analyzer's resolution-bandwidth filter 
(Fig 3). The instrument manufacturer usually specifies 
the noise-power bandwidth of the analyzer's filter, but 
you can also calculate it by displaying the shape of the 
filter, on a linear power scale, and finding the area 
under the curve. 

For spectrum analyzers with postdetection digitiz
ers, the noise-power bandwidth is between 1.5 and 
1.11 times the resolution bandwidth, depending on the 
shape factor and order of the filter. The filter's shape 
factor is the ratio between the 60-dB bandwidth and 
the 3-dB bandwidth of the filter. The smaller the shape 
factor, the greater the selectivity and the closer the 
filter is to an ideal rectangular filter. For example, the 
HP 3585B is a spectrum analyzer with postdetection 
digitizing that has 5-pole resolution-bandwidth filters 
with shape factors of 11:1 and noise-power bandwidths 
that are 1.11 times the resolution bandwidth. 

The algorithmic resolution-bandwidth filters in ana
lyzers with predetection digitizers can have much 
smaller shape factors than the circuitry-based filters 
in analyzers with postdetection digitizers. For exam
ple, the HP 3588A resolution-bandwidth filter has a 
shape factor of 4:1 and a noise-power bandwidth that 
is 1.06 times the resolution bandwidth. 

Hardware filters have accuracy limits 
The typical resolution-bandwidth accuracy of a spec

trum analyzer with postdetection digitizing is ± 20% 
( + 0.8, -1.0 dB). Therefore, when you make noise 
measurements with these spectrum analyzers, large 
errors will frequently result if you calculate the noise
power bandwidth using the nominal value of the resolu-

VIDEO
BANDWIDTH 

FILTER 

Fig 2-A spectrum analyzer with predetec
tion digitizing uses a fast A/D converter 
and algorithms for the filters and peak 
detector. 
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tion-bandwidth setting. Unless you measure the band
width error, you must use the accuracy specification 
supplied by the instrument vendor. A distinct advan
ltage of analyzers with algorithmic resolution-band
width filters is that the resolution bandwidth and noise
power bandwidth of each filter are precisely known 
and do not vary from instrument to instrument. 

After passing the signal through the resolution
bandwidth filter, a spectrum analyzer uses an envelope 
detector in the IF section to produce a "video signal." 
Spectrum analyzers with postdetection digitizing use 
circuitry to implement the IF detector. These circuit
based detectors produce different readings for random 
noise and single tones with the same power because 
narrowband white noise has an envelope that can be 
described by the "Rayleigh distribution" (Ref 1). Con
sequently, a spectrum analyzer with postdetection digi
tizing operating in its linear voltage-display mode will 
underestimate noise power by a factor of 12.8%. or 
1.05 dB. 

The log-scaled display mode of such spectrum analyz
ers will also introduce errors in noise measurements. 
In a logarithmic-display mode, a logarithm-scaling cir
cuit shapes the IF signal before that signal is applied 
to the detector. Shaping compresses the noise signal 
peaks. The average of the logarithmic voltage envelope 
is given by: 

x 

J 20*Log(R)*P(R)dR=0.5. 
u 

where R is the normalized instantaneous signal voltage 
and P(R) is the probability distribution of the envelope 
of the narrow-band noise signal. The answer (0.5) was 
found by numerical integration. A single tone having 
the same rms power has a log-scaled envelope with a 
value of 

20*LOG(v'2) = 3.0. 

Thus if you use a video-bandwidth filter to average 
the log-scaled signal, or if you find the log-scaled sig
nal's average by computing the mean of many samples, 
then a spectrum analyzer with postdetection digitizing 
will underestimate noise power by 2.5 dB. 

True rms readings effectively measure noise 
Spectrum analyzers with predetection digitizing im

plement the IF detector with a mathematical algorithm 
that provides a true estimate of the rms power for any 
type of signal. No matter what the distribution of the 
noise signal, the total noise power is detected accu
rately without correction factors. 

The output of the IF detector is called the "video 

a: 
w 

~ a.. 

BWn 

FREQUENCY 

BWn= NOISE POWER BANDWIDTH 

IDEAL RECTANGULAR 
FIL TEA WITH EQUAL AREA 

Fig 3-A spectrum analyzer's noise-power bandwidth, or equiva
lent noise bandwidth, is an ideal rectangular filter bandwidth that 
has the same power response to flat noise as the analyzer's 
resolution-bandwidth filter. 

signal." A spectrum analyzer with postdetection digi
tizing usually passes the video signal through a video
bandwidth filter and a peak detector. It then samples 
the resulting signal with an AID converter. The AID 
converter's sample rate restricts readings in a single 
sweep to a finite number of frequency points (usually 
1000). A peak detector allows an analyzer to measure 
and display signal peaks even if they occur between 
samples. Spectrum analyzers with predetection digitiz
ers do not need a hardware peak detector because the 
AID converter sample rate is much greater than the 
largest resolution bandwidth of the analyzer. 

For both analyzer types, the effective sample rate 
decreases when the actual sweep time is greater than 
the instrument's minimum sweep time. For example, 
at twice the minimum sweep time an analyzer takes 
two samples for every display point. Because the ana
lyzer will display and store only one of these samples, 
the effective sample rate is decreased by a factor of 
two. The effective sample rate is the number of dis
played frequency points divided by the sweep time. 

Three basic schemes help choose which samples to 
display and, in the case of the analyzer with postdetec
tion digitizing, what type of hardware peak detection 
to employ in front of the AID converter. These video
detection schemes are positive peak detection, sample 
detection, and normal or "Rosenfell" detection. Some 
spectrum analyzers have only one type of video detec
tion, whereas others allow you to choose between two 
or more video-detection modes. 

When the spectrum analyzer is sweeping, positive 
peak detection ensures that the CRT always displays 
the signal peak. Without peak detection, you cannot 
accurately measure the amplitude of a single tone of 
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arbitrary frequency unless the resolution-bandwidth 
setting is much greater than the frequency resolution 
of the display. For this reason, analyzers that have 
only one video-detection scheme always employ some 
type of peak detection. However, if the video signal 
contains significant power at frequencies that are 
greater than half the effective sample rate, the signal 

will be undersampled. The combination of positive peak 
detecting and undersampling will cause the noise level 
to appear higher than it really is. 

There are two ways you can avoid the noise bias 
caused by undersampling and positive peak detecting 
in a spectrum analyzer. The first method is to reduce 
the analyzer's video bandwidth to a value that is much 

How to measure the noise 
The noise-level funGtion available in 
some spectrum analyzers automati
cally applies on IF-detector correc
tion factor and on approximate 
resolution-bandwidth normalization 
factor to the marker readings , 
yielding a good estimate of the 
noise-power density . Furthermore, 
some noise-level functions actually 
make the measurement for you, 
automatically controlling the video 
detection mode, the video band
width filter selection, and the aver
aging method to ensure the meas
urement is set up correctly. If you 
measure random noise without us
ing a noise-level function, then you 
should use the correction factors 
presented in this article to correct 
the amplitude readings. The follow
ing measurement examples illus 
trate how to apply the correction 
factors . 

Example 1: Suppose you wont 
to use a spectrum analyzer with 
postdetection digitizing that hos a 
5-pole , 30-kHz resolution-band 
width filter to measure a random 
noise signal that is much larger than 
the analyzer 's noise floor . If the 
analyzer hos a sample video-de
tection mode, select this mode to 
el iminate the bias caused by the 
video peak detector. 

If the analyzer does not hove a 
sample detection mode, set the 
video bandwidth to 300 Hz or less. 
This setting will overage the video 
signal enough to eliminate the bias. 
Either use the analyzer ' s video
overage function or overage sev-
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erol readings manually to reduce 
the variance of the measurement 
further. Correct and normalize the 
amplitude readings as follows : 

uncorrected amplitude 
(dBm) - 45.2 + 2.5 =noise-power 

density (dBm/Hz), 

where - 45.2 is the resolution
bondwidth normalization: 

and 2 .. 5 is the IF detection cor
rect ion factor (LOG mode) . To 
renormoli ze the result to any 
desired bandwidth (BWd). odd 
l O* LOG(BWd) . 

One of the greatest sources of 
error in a noise measurement mode 
by a spectrum analyzer with 
postdetection digitizing is the uncer
tainty of the resolution-bandwidth 
filter's noise-power bandwidth. To 
reduce this uncertainty, measure 
the 3-dB bandwidth of the resolu
tion-bandwidth filter and replace 
the nominal value in the example 
above with the measured value. 

Example 2: Suppose you wont 
to use a spectrum analyzer with 
predetection digitizing to measure 
random noise in a 17. 1-kHz resolu
tion bandwidth . Assume the noise 
floor of the analyzer is only 6 dB 
below the total noise level meas
ured with the signal present. Select 
the sample video-detection mode 
to eliminate the bias caused by the 

video peak detector. Use a narrow 
video-bandwidth fi lter or video av
eraging to reduce the variance of 
the measurement to the desired 
level. Correct and normalize the 
amplitude readings as follows: 

uncorrected amplitude 
(dBm)-42.6-1 .3=noise-power 

density (dBm/Hz), 

where - 42 .6 is the resolution
bondwidth normalization: 

and - 1 .3 is the analyzer noise cor
rection : 

Again, to renormolize the result to 
any desired bandwidth (BWd), odd 
1 O*LOG(BWd) . 

Because a spectrum analyzer 
with predetection digitizing em
ploys a true-rms. IF-detection algo
rithm, there is no IF-detection cor
rection factor for random noise or 
any other type of complex signal. 
In addition, this type of analyzer's 
noise-power bandwidth is precisely 
known and is repeatable . You con 
therefore make accurate noise 
measurements without directly 
measuring the 3-dB bandwidth of 
the resolution-bandwidth filters . 
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less than the resolution-bandwidth setting. When you 
use a video bandwidth that is at least 100 times less 
than the resolution bandwidth, the signal at the output 
of the video bandwidth filter will be at a nearly con
stant level and the peak detector bias will be small. 

The second way to avoid noise bias is to reduce the 
combination of the video and resolution bandwidths 
so that the signal at the input of the peak detector has 
a bandwidth that is much less than half the effective 
sample rate. If the signal is sufficiently oversampled, 
the peak detector bias will be small. 

Many analyzers with postdetection digitizing allow 
you to set the video detection scheme to a "sample" 
mode that bypasses the hardware peak detector. The 
sample mode may undersample the noise, but it will 
give you an accurate estimate of the noise level because 
the readings will not be biased by peak detection. How
ever, because the peak of the video signal might not 
be displayed in the sample mode, you cannot accurately 
measure the level of a single tone unless the resolution 
bandwidth is much greater than the display's frequency 
resolution. 

Some analyzers have a third video detection mode 
that attempts to solve the problems of positive peak 
detection and sample detection. In this mode, the ana
lyzer alternately displays positive and negative peaks 
of the video signal if the signal "looks" like noise. It 
displays only the positive peaks if the signal looks like 
a single tone. The analyzer assumes that the signal 
being measured is noise if the signal "rose and fell" 
between samples. Consequently, this type of video de
tection is commonly called "Rosenfell" detection. It is 
the default or normal peak=detection mode in spectrum 
analyzers that incorporate it. Rosenfell detection cor
rectly displays single-tone levels and average noise levels. 
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Fig 4- Positive peak detection accurately measures tone levels 
but biases the measured noise l~vel. 
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Fig S-Sample detection measures noise levels without bias but 
doesn't measure tone levels accurately. 

Figs 4, 5, and 6 illustrate the effect of each video
detection scheme when the video signal is undersam
pled. Positive peak detection is employed in Fig 4. 
Note that the level of the tone is measured accurately 
but peak detection biases the measured noise level. 
Sample detection is employed in F ig 5 and the noise 
level is unbiased, but the level of the tone is not meas
ured accurately. In Fig 6, Rosenfell detection is em
ployed. The Rosenfell display shows the tone and the 
average of the noise level correctly. 

Many spectrum analyzers have a video-averaging 
feature that allows you to average the results of many 
sweeps. The confidence level of the average reading 
is proportional to the square root of the number of 
samples. Thus, the average of 100 samples is ten t imes 
better than a single sample. You can also make an 
average measurement using a narrow video filter. If 
the video bandwidth setting is less than the resolution
bandwidth setting, then the variation in the noise read
ings will decrease by a factor directly proportional to 
the square root of the video bandwidth divided by the 
resolution bandwidth. A video bandwidth set 100 times 
narrower than the resolution-bandwidth setting will 
give effective averaging for most noise measurements. 

Settings alone will not give you accurate noise meas
urements. You must also compensate for the inherent 
noise in the spectrum analyzer. To estimate the power 
of a random noise signal accurately, the noise level you 
measure should be at least 10 dB above the analyzer's 
internal noise. If this is not the case, the internal noise 
of the analyzer will combine with the noise signal, caus
ing the noise measurement to be too high. You can 
eliminate this problem by using a preamplifier to boost 
the level of the noise signal until it is well above the 
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NOISE MEASUREMENTS 

noise floor of the analyzer. This method works well 
when you are measuring a baseband noise signal. 

You can also measure the internal noise of the ana
lyzer and then use that measurement to correct the 
noise-signal measurements by subtracting the contri
bution made by the analyzer's noise from the readings. 
If the internal noise of the analyzer is x dB below the 
combined level of the noise signal and the analyzer's 
noise, then you can calculate the correction factor as 
follows: 

In dB: 

where: 

T np =total noise power, 

S0 P = signal noise power, and 

A0 " =analyzer noise power. 

For example, if the analyzer noise is 10 dB below 
the total noise measured, then the correction factor is 
- 0.46 dB. If the analyzer noise floor is only 3 dB below 
the total noise, then the correction factor is - 3 dB. 

If the noise you want to measure is a baseband sig
nal, then you can measure the internal noise of the 
analyzer by simply measuring the instrument's noise 
floor with no signal present. Make sure the same range 
setting is used for both measurements. If the noise 
you want to measure is near a large single tone, as is 
the case when measuring the phase or amplitude noise 
of a carrier, then the phase noise of the analyzer's local 
oscillator may also contribute to the analyzer's total 
internal noise. 

You can measure the analyzer's total internal noise 
by using a source that is much "cleaner" than the ana
lyzer's local oscillator. Set up the clean source so that 
it has the same frequency and amplitude as the carrier 
you want to measure and then use the analyzer to 
measure the noise at the desired offset from the car
rier. The measured noise. is the combination of the 
analyzer's phase noise and the analyzer's noise floor. 

Because of their sensitivity, dynamic range, and fre
quency selectivity, spectrum analyzers are good candi
dates for making noise-power density measurements. 
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Fig 6-Rosenfell detection measures both the tone and the overage 
noise level correctly. 

However, most spectrum analyzers are not optimized 
for making noise measurements, so you must be careful 
to set up the measurement correctly and apply any 
needed correction factors. Spectrum analyzers with 
predetection digitizers have all-digital IF sections that 
make measuring noise-power density easier because 
they employ true rms detection schemes and have reso
lution bandwidths that you can set precisely. However, 
you must still configure the instruments properly if 
you want accurate readings. C3!IJ 
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PRINCIPLES OF QUALITY MEASUREMENT: THIRD IN A SERIES. 

TOTAL QUALlTY MEASUREMENT 
When talk about quality turns into 
action, you 're the one out in front. 
Because quality improvement 
depends on quality measurements . 
And quality measurements depend 
on you. 

You know you 'll never reach 
perfection if you can't measure the 
error. And as 
you push the 
error down, 
your standards 
for accuracy 
can only rise. 

One-percent tolerance is a thing of 
the past - this year's noise level may 
be next year's upper limit. 

At Nicolet, our standards are as 
high as yours. We make oscilloscopes 
and transient analyzers that de liver 
measurements, not just pictures. 
Instruments that respect your data, 
and maintain your reputation. We'll 
support your drive for perfection -
every small step of the way. 

Nicolet has the features more 
measurement experts prefer. 
A national survey of measurement 
specialists rated these Nicolet features 
"most important" when selecting a 
new digital osc illoscope or waveform 
recorder: 

Flexible triggering - Full ana log 
arm and trigger on every advanced 
trigger mode. 

Highest resolution - Your choice of 
8 or 12-bit models, with the industry's 
lowest static e rror. 

Deep memories - Standard 256K 
words per channel on PRO oscillo
scopes; up to 3 megawords per 
channel on MultiPro transient analyzers. 

Full programmability - Automation 
of your test or analysis without an 
external PC. 

a.st dveraging - Real-time averaging 
t1 k> 100 per second. 

Envelope tests - Fully automatic limit 
testing for unattended monitoring. 

Matb functions - Quick data 
·.:processing from the front panel , 
~ional keyboard, or under 
program control. 

Differential inputs - Full 
accuracy, without contamination 
by unstable grounds and EMI. 

Nicolet Measurement Instruments 
Madison, Wisconsin , SA 53711-4495 
608/271-3333, FAX 608/ 273-5061 
In Canada Call : 800/ 387-3385 
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SIEMENS 

Protection Selection. 
From Siemens ... 
metal oxide varistors 
and gas tubes. 

SCl-1015 
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Take advantage of a superior 
selection of overvoltage protection 
devices. Siemens offers a 
comprehensive line of transient 
protectors that spans AC line and 
DC applications and can suppress a 
spectrum of current surges ... from a 
few amps to 100KA. For demanding 
and diverse applications, Siemens 
offers uncompromised quality and 
unequalled selection: 
SIOV (Metal Oxide Varistors) : 
Most types UL and CSA recognized. 
Disc types in five-industry standard 
sizes. SMD types in four industry
standard sizes. Special "auto" types 
for severe automotive applications. 

Encapsulated and low profile epoxy
coated block types for high energy 
and current handling requirements. 
SVP (Surge Voltage Protectors): 
2-electrode gas tubes, including 
miniature 5mm sizes and types 
especially designed for 
communications applications. 
3-electrode types , including a fail
safe option for telecom applications. 
Lead forming and tape-and-reeling 
is available on both products. 
Call today for literature and/or 
technical assistance. 
1-800-222-2203 

Siemens transient protectors are distributed by ADVACOM, ADVENT, ALLIED, CAPSTONE, HALL-MARK, MARSHALL, and SAGER. 
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Tester checks capacitors on loaded pc boards 
Nathan B Price and Peter J Kindleman, Congruent Design Inc, 
Guilford, CT 

The capacitance-measuring circuit in Fig 1 can check 
loaded pc boards because it impresses only a 0.5V test 
voltage and, hence, will not turn on semiconductors. 
The circuit employs delta-sigma conversion, which 
charge-balances an unknown input current against a 
reference current. That is, the circuit cycles the refer
ence current on and off so that, on average, it equals 
the input current. 

C1 sets the clock frequency of ICIJ an LTC1043 self
clocking switch array, at 50 kHz. The upper portion 
of IC 1 alternately charges the unknown capacitance 
Cx to 0.5V and then discharges Cx into IC2's summing 
junction (a virtual ground). The bottom half of IC1 

performs a similar function with the reference capaci
tor, C1rnr, discharging CREF through electronic switch 
S1 into the same summing junction. Note that Cx and 
CREF have opposite polarity with respect to ground 
when switched into the summing junction. If Cx = CREr, 
the net current into the summing junction will be zero. 

Integrator IC2 senses any error between CREr's and 
Cx's currents. IC2's output, via comparator IC;i and 

15V C2 1 µF 

Cx 

flip-flop IC4, "dithers" Si's duty cycle to equalize the 
two capacitors' current flows. The value of integrating 
capacitor C2 does not enter into the measurement; C2 

just scales ICi's output to keep voltage excursions 
within comparator IC::'s input range. Nor does com
parator IC::'s threshold affect the measurement. Be
cause the same reference voltage and oscillator fre
quency generate both Cx's and CREr's input currents, 
only S1's duty cycle determines the unknown capaci
tance as a fraction of the reference capacitance. 

The CLK signal is a high-speed clock (relative to 
IC 1's clock) from a µP. The output NAND gate ANDs 
S1's variable-duty-cycle pulse with CLK. A µP can 
count the number of CLK pulses, obtaining a count 
that is proportional to S1's duty cycle. Depending on 
the range of unknown capacitances to be measured, 
you may want to have a range of switch-selectable 
CREFS. EDN BBS /DLJ)IG #1089 l:E:I 

15V 

-15V 

15V 

To Vote For This Design, Circle No. 7 46 

5V 
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C04013 

CD4011 
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-= 

7 
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Fig I-This charge-balancing circuit uses a O.SV reference source to measure capacitances on loaded pc boards. The low reference 
voltage will not turn on semiconductors. 

EON March 2, 1992 • 139 



EDN·DESIGN IDEAS 

AC supply lights cold-cathode fluorescents 
Jim Williams, linear Technology Corp, Milpitas, CA 

Cold-cathode fluorescent lamps provide the highest
efficiency light source for applications such as back
lighting LCDs. These lamps require high-voltage ac. 
A supply for these lamps should be very efficient and 
should deliver a sine-wave output to mini
mize RFI. 

The circuit in Fig 1 meets these requirements. Effi
ciency is 75% for an input-voltage range of 4.5 to 20V; 
if you drive the lamp from a separate low-voltage sup
ply (eg, 5V), efficiency is about 82%. Additionally, us
ers can vary a lamp's intensity smoothly from off to 
full intensity. 

In operation, applying power drives the switching 
regulator's CICi) feedback pin, V rn , below the device's 
internal l.23V reference, causing full duty-cycle modu
lation at IC i's V sw pin (trace A, Fig 2). L2 conducts 
current (trace B, Fig 2), which flows from Li's center 
tap, through the transistors, into L2• ICi conducts L/ s 
current to ground in switched fashion. 

L1 and the transistors compose a current-driven 
Royer converter, which oscillates at a frequency set 
by Li's characteristics and the 0.02-µF capacitor. L2, 

as switched by ICi, sets the magnitude of the Q/Q2 

tail current, and hence Li's drive level. The 1N5818 
diode maintains L/ s current flow when ICi is OFF. 
ICi's 40-kHz clock rate is not synchronous with the 
Royer converter's (=60 kHz), accounting for trace B's 
(Fig 2) waveform thickening. 

The 0.02-µF capacitor combines with Li's character
istics to produce sine-wave voltage drive at Qi's and 
Q2's collectors (traces C and D, respectively, of Fig 2). 
Li furnishes voltage step-up, and about 1400V p-p ap
pears at its secondary (trace E, Fig 2). Current flows 
through the 33-pF capacitor into the lamp. 

On negative waveform cycles, Di steers the lamp's 
current to ground. D2 steers positive waveform cycles 
to the ground-referenced 5620/50-kfl-potentiometer 
chain. The positive half-sine appearing across these 
resistors (trace F, Fig 2) represents 1

/2 the lamp's cur
rent. The 10-kDJl-µF pair filters this signal and pre
sents it to ICi's feedback pin. This connection closes a 
control loop that regulates lamp current. The 2-µF 
capacitor at ICi's V c pin provides stable loop compensa
tion. The loop forces IC, to switch-mode modulate L/ s 

LAMP 
33 pF 

PARTS LIST: 
(DO NOT SUBSTITUTE COMPONENTS) 
C1 = WIMA FKP2 
L1 =SUMI DA 6345-020 OR 

COIL TRONICS CTX1 10092-1 

4.5 TO 2ov+ 

(PIN NUMBERS FOR COILTRONICS UNIT) 
L2 =COIL TRONICS CTX300-4 

E, 

E2 

GND 

1k 

LT1072 
IC1 

3kV ~-0 ____ _ 

1 CD ® +@ 

Vsw 

]ioµF 

c, 
0.02 µF 

L, 

50k 
INTENSITY 

ADJUST 

D2 
1N4148 

10k 

VFB t---------------· 

+ 
+ I 2µF 

I 1µF 

Fig 1-This high-voltage circuit supplies a constant-current, user-variable, sine-wave drive for cold-cathode fluorescent lamps. 
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Over 50 off-the-shelf models ... 
3KHz-BOOMHz from $325 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequenc 
range? ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1 :1 to 36:1 , 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re
quirements*). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1 OOOM ohms insulation resistance and up to 1 OOOV 
dielectric voltage. For wide dynamic range appl ications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm 
impedance; BNC standard; request other types. 
Available for immediate delivery with one-year guarantee. 

·units are not OPL listed 

T, TH, TI 
bent lead version 

style X 65 

case styles 
T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 

finding new ways ... 
setting higher standards 

r;;:1 Mini-Circuits 
A D1v1s1on of Sc1en11f1c 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 

CIRCLE NO. 91 
C71 REV. B 

TMO, case A 11 , t case B 13 FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1 MHz to 1500 MHz 

NSN GUI DE 
MCLNO. NSN 
FTBl-1-75 5950-01 - 132-8034 
FTBl -6 5950-01-225-8773 
Tl - 1 5950- 10- 128- 37 45 
T1 - lT 5950-01 - 153-0668 
T2- 1 5950-01 - 106- 1218 
T3-1T 5950-01 - 153-0298 
T4- 1 5950-01 -024- 7626 
T9-1 5950-01 - 1 05-8153 
T16- 1 5950- 01 -094- 7439 
TMOl - 1 5950-01- 178- 2612 

MCLNO. 
TM02- 1 
TM02.5-6 
TM02.5-6T 
TM03-1T 
TM04- 1 
TM04-2 
TM04-6 
TM05- 1T 
TM09- 1 
TM016- 1 

NSN 
5950-01 - 183-6414 
5950-01 -215-4038 
5950-01-215-8697 
5950-01 - 168-7512 
5950-01 -067- 1012 
5950-01 -091 - 3553 
5950-01 - 132-8102 
5950-01 - 183-0779 
5950-01 - 141 -0174 
5950-01-138-4593 
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average current to whatever value is required to main
tain a constant current in the lamp. The potentiometer 
varies the constant current's value, and hence the 
lamp's intensity. This constant-current drive allows 0-

A=20V/DIV 

B=0.4NDIV 

C=20V/DIV 

D=20V/DIV 

E=1000V/DIV 

F=5V/DIV 

A AND B HORIZONTAL=10 µSec/DIV 

C THROUGH F HORIZONTAL=20µsec/DIV 

TRIGGERS FULLY INDEPENDENT 

Fig 2- The circuit in Fig 1 produces a sinusoidal 1400V output 
(trace E). 

to 100% intensity control with no lamp dead zones or 
"pop-on" at low intensities. In addition, lamp life is 
enhanced because current cannot increase as the lamp 
ages. 

You must keep several points in mind to observe 
this circuit's operation safely: You can monitor L1's 
high-voltage secondary only with a wideband, high
voltage probe fully specified for this type of measure
ment. The vast majority of oscilloscope probes will 
break down and fail if you use them for this measure
ment. Tektronix probe type P-6009 (acceptable) or 
types P6013A and P6015 (preferred) are examples of 
probes you can use safely. 

Another consideration involves observing wave
forms. IC/s switching frequency is completely asyn
chronous from the Royer converter's switching. As 
such, most oscilloscopes cannot simultaneously trigger 
and display all the circuit's waveforms. A dual-beam 
oscilloscope (Tektronix 556) produced F ig 2. Single
beam oscilloscopes having alternate sweep and trigger 
switching (eg, Tektronix 547) will also work, but are 
less versatile and are restricted to four traces. 
EDN BBS /DLJ)IG #1091 E!!.l:1 
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IBM PC board adapts to different buses 
Vladimir Bochev, Center of Informatics and Computer Technology, 
Sofia, Bulgaria 

The simple logic circuit in Fig 1 tells an IBM PC board 
whether it is plugged into an 8- or 16-bit slot. The 
flip-flop senses the MEMR or MEMW signals available 
only from the small connector in an AT backplane. 
These signals normally indicate a 16-bit transfer. You 
then use the output of the flip-flop for chores such as 
disabling A,, and enabling 16-bit buffers. You will also 
need to enable signals such as SBHE and MEMCS16 
(or IOCS16). If you plug a board bearing Fig l 's circuit 
into an 8-bit-only slot, the flip-flop will never set and 
the board will function as an 8-bit board. 
EDN BBS /Dl_SIG #1088 ~ 
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sv 
3x10k 

SMALL SLOT 
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} '° MEMR C 74ALS74 DATA-BUFFER 
MEMW a CONTROL 

I ___ .. 74ALS08 

74ALS04 

RESET DRV-+--------' 
·---' 

8-BITSLOT 

Fig I - This simple circuit senses 16-bit transfers when plugged 
into an AT backplane and configures the board for 16-bit transfers. 
In an 8-bit-only backplane, the board functions as an 8-bit-only 
board. 



Heres technology that delivers 
regenerative blower performance 

in a fraction of the space 

High air flows, high pressure 
capability and variable speed in a 
compact package 
Just 5.7" (145 mm) in diameter by 5.2 
to 7.2" (132 to 183 mm) long, these 
Windjammer® blowers combine brushless 
motor drives that provide high speed, high 
torque and controllability with high 
performance fan systems. They're much 
smaller, weigh only 10% as much and are 
25% more efficient than a regenerative 
blower with comparable performance. 
The result is a compact, cost-effective 
blower for demanding applications such 
as medical equipment, business 
machines and materials handling. 

Application matched performance 
Windjammer blowers are available with 
1-, 2- or 3-stage fan systems. Their bypass 
design provides a separate fan for motor 

cooling and adapts to a wide variety of 
applications. These blowers can be 
optimized for high air flow of up to 125 cfm 
(212 m3/hr) free flow or high pressure/ 
vacuum capability of up to 75" H20 
(185 mbar) sealed. 

CIRCLE NO. 92 

Models for worldwide AC operation 
These Windjammers feature integral 
power conversion with models available 
for operation from any standard AC input 
power. With one version, a 0 to 10 VDC 
signal from a sensor or other device will 
control motor speed and adjust air 
performance from 0 to 100%. Or, a 
second model provides manual speed 
control by means of a potentiometer 
located in the blower housing. 

Windjammer blowers are UL compo
nent recognized , CSA and TUV certified . 
Complete specifications are available from 
AMETEK, Lamb Electric Division, 
627 Lake-Street, Kent, OH 44240. 
Tel: 216-673-3451. Fax: 216-673-8994. 

ETEK 
LAMB ELECTRIC DIVISION 
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EDN·DESIGN IDEAS 
Feedback & Amplification 

Design Entry Blank 
$100 Cash Award for all entries seleded by editors. An additional 
$100 Cash Award for the winning design of each issue, deter
mined by vote of readers. Additional $1500 Cash Award for an
nual Grand Prize Design, seleded among biweekly winners by 
vote of editors. 
To: Design Ideas Editor, EDN Magazine 

Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
Name _______________ _ 

Title __________ Phone _ _ __ _ 

Company ______________ _ 

Division (if any) ---- --------

Street-----------------
City _________ _ State ____ _ . 
Country __________ Zip _ ___ _ 

Design Title --------------

Home Address --------------

Social Security Number _________ _ 
(US authors only) 

Entry blank must accompany all entries. 
Design entered must be submitted exclusively to EDN, 
must not be patented, and must have no patent pending. 
Design must be original with author(s), must not have 
been previously published (limited-distribution house 
organs excepted), and must have been constructed and 
tested . Fully annotate all circuit diagrams. Please sub
mit software listings and all other computer-readable 
documentation on a 5\4-in. IBM PC disk in plain ASCII . 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author, or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules 
of the Design Ideas Program. 

Signed----------------
Date _______________ _ _ 

ISSUE WINNER 
The winning Design Idea for the December 5, 1991, issue 
is entitled "Single-chip µ.P suppresses unwanted tone:' 
submitted by John Miller of Frontier Engineering Inc 
(Oklahoma City, OK). 

ISSUE WINNER 
The winning Design Idea for the December 19, 1991, 
issue is entitled "Circuit adjusts duty cycle, not frequen
cy;' submitted by Yongping Xia of Dept of Electrical and 
Computer Engineering, West Virginia University 
(Morgantown, WV). 
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Readers rebut "Name Withheld" 
In EDN, September 2, 1991 in the Design Ideas Feed
back and Amplification section, one Name Withheld 
by Request (for obvious reasons) seems to be dissatis
fied with your publishing fine Design Ideas from 
"foreigners." Mr/Ms NWR received a good and inter
esting reply from Charles H Small and Anne Watson 
Swager. 

I would like to add that to the best of my knowledge, 
there are very few individuals today who can really 
claim to be "native" Americans. The only indigenous 
American must, in my opinion, be the American Indian, 
whom the "superior white man," with (luckily) poor 
result, has tried to "exterminate." 

In fact, the great majority of contemporary Ameri
cans are of very diverse origins. And-besides-who 
said that only an "American" can come up with a good 
idea? As far as I have learned, a great many of the great 
"American" scientists were naturalized "foreigners." 

The sentiments displayed by NWR are unfortunately 
popping up everywhere. I.n every country there will 
be some self-righteous people assuming that they are 
superior to all others. In these days of historical turmoil 
we should cooperate in exterminating ideas like that. 
Otherwise we might well experience another Holocaust 
(or Armageddon, if you like). 

We are all fellow citizens of the world, regardless 
of race, color of the skin, creed, political persuasion, 
or whatever. Only that way may we survive-not by 
trying to oppress each other. 

I'm happy to stand by my opinion with my name 
displayed. Anyway, if you daren't put your name to 
an opinion, is it really worth expressing? 
Gjermund Austvik 
BT Systems AB 
Argongatan 30 
S-431 53 MOLNDAL 
Sweden 
31 86 62 70 

What a strange attitude from "Name Withheld." Your 
reply is to be applauded. Perhaps he (I bet it is a he) 
would also like to see the ideas being restricted to 
those using chips and computers designed and manufac
tured in the USA only. That should narrow the field 
a bit. 
Alex Gray, Information Technology Mgr 
British Broadcasting Corp 
Walton Hall 
Milton Keynes MK7 68H, UK 
0908 274033 



The Power in Telecommunications 

The squeeze is on 
Slimming is an obsession in the electronics industry as 

engineers face the task of making thinner cards to fit even more functions 
into standard racks. Once again Ericsson can help. 

The new PKE is a 25-30 W DC/ DC converter squeezed into a slim 
package little more than half the height of its predecessor, the 
internationally acclaimed PKA converter. The PKE is only 10.7 mm (0.42") 
high and has the same 3"x3" industry-standard footprint and pin out. 

Having set the standard for DC/ DC converters in 1983, Ericsson's new 
series represents a remarkable leap forward in power supply 
technology. The PKE needs no power derating over its entire ambient 
temperature range of -45 to +85 °C. Quite simply, no one else achieves 
this in so little space. And you can choose from versions with one, two 
or three regulated outputs. 

Perhaps most surprisingly, performance is in no way compromised 
by the size reduction. In fact , the PKE is even better than the PKA. 
A wide input voltage of 38 to 72 VDC is complemented by 1500 VDC 
isolation, 80-85% typical efficiency and two million hours MTBF at 
+45 °C ambient. 

The PKE converter from Ericsson - slim, compact and beautifully 
formed . Squeeze in the time to call us for more information. 

Please send me your 
latest information 
l\amc 

Company 

j ob Title 

Address 

Telephone 

Fax 

France: 
Gennany: 
Great Britain: 
Hong Kong: 
Italy: 
Norway: 

Ericsson Components Europe, Guyancoun, Td: +33- 1-30 64 85 00 Fax: +33-1-30 64 11 46 
Ericsson Components Europe, Ncu-lscnburg, Tel: +49-6102-200 50 Fax: +33-6 102-20 05 33 
Ericsson Components Europe, Covent ry, Tel: +44-203-55 36 47 Fax: +44-203-22 58 30 
Ericsson Components, East Mia, Wanchai, Te l: +852-5-75 66 40 Fax: +852-834 53 69 
Ericsson Components Europe, Milano, Tel: +39-2-33 20 06 35 Fax: +39-2-33 20 06 4 1 
Ericsson Components A/S, Oslo, Tel: +47-2-65 01 90 Fax : +47-2-64 41 38 

Sweden: Ericsson Components AB, Stockholm, Tel : +46-8-757 43 84 Fax: +46-8-757 44 21 
United States: Ericsson Components Inc, Hichardson, TX, Te l: + 1-214-997-656 1 Fax: + 1-214-680- 1059 

ERICSSON 
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Power 
tools 

KEPCO 
ae-de, de-de 
SWITCHING 
POWER SUPPLIES 
Field-proven in a broad spectrum of 
applications and certified by the world 's 
safety agencies, here are versatile, 
rugged power tools for your design needs. 
Choose voltages up to 48V de; power up 
to 3000W; ac or de input. Features 
include active soft-start, remote voltage 
control, overvoltage protection, current 
limiting and built-in EMI filtering. The 
600W and 1500W models provide for 
current-share paralleling. Kepco's 
switchers are also available in low-cost 
open frame and pc-card styles for OEM 
applications. 

SEE OUR PAGES IN VOLUME 0 eem 

146-1785 

a-c power 
and d-c bipolar 

• I VISA I 
Calllfax/Write to Dept. MDF-12 tor any of our three catalogs. 

ae to de power 
single output 3000W 
D 5V, 24V, 48V de output 

D 3 phase ac input 

D Passive power factor 
correction , PF = 0.92 

D UL/CSA/TUV 

D FCC Class A EMI filtering 

Kepco Group RAY Power Supplies 

ae to de power 
single output 
SOW, 100W, 175W, 
300W, 1500W 
D 3V-48V de output 

D Jumper selectable inputs: 
85-132or170-264V ac, 240-370V de 

D Fully enclosed 

D UL/CSA!TOV 

D Tested to MIL STD 810D 

D FCC Class A EMI filtering 

Kepco Group RAX Power Supplies 

ae to de power 
single output 600W 
D 2V-48V de output 

D Jumper selectable inputs: 
85-132 or 170-264V ac, 240-370V de 

D Fully enclosed 

LJ UL/CSA 

D Tested to MIL STD 810D 

Kepco Group RBX Power Supplies 

de to de power 
single output 
30W, 60W, 150W 
D 5V-48V de output 

D 24 and 48V input 
(60V available on some models) 

D Fully enclosed 

D UL/CSA 

D MIL STD 4618 EMI filtering 

0 Tested to MIL STD 810D 

Kepco Group ERD Power Supplies 

ae to de power 
single output 
30W, 60W, 120W, 240W 
0 5V-24V de output 

o Jumper selectable inputs: 
85-132 or 170-264V ac, 240-370V de 

O PC card, L-chassis, optional enclosure 

D UL/CSA/TOV 

0 FCC Class B EMI filtering 

Kepco Group ERX Power Supplies 

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

Kepco Europe, Ltd ., London. England: Salamander Quay West . Park Lane. Harefield . Middlesex UB9 6NZ •Tel: + 44 895 825046 •Fax: + 44 895 825045 SINCE 1946 
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9-Bit Flash A/D Converters 
• Conversion rates of 75 or 125 

M samples! sec 
• Accept analog inputs to 150 MHz 
A family of four 8-bit flash AID con
verters is available in speed ratings 
of 75 or 125 Msamples/sec with a 
guaranteed error rate of 10-!1 times 
per second. The converters, which 
can accept analog inputs to 150 
MHz, are available in a range of 
package choices. The two 75-
Msample/sec converters are the 
CXA1386P 28-pin plastic DIP and 
the CXA1386K 44-pin ceramic 
leadless chip carrier. The 125 
Msample/sec converters are the 
CXA1396D 42-pin ceramic DIP and 
the CXA1396K 68-pin ceramic 
leadless chip carrier. Typical power 
consumption is 470 mW for the 
CXA1386P/K, and 870 mW for the 
CXA1396D/K. Fabricated in the 

Octal 12-Bit D/ A Converter 
• Operates from a 5V supply 
• Has a serial interface 
The AD7568 is an octal 12-bit D/ A 
converter. In addition to eight fully 
independent 12-bit current-output 
DACs, the device features a serial 
interface and 4-quadrant multiplica
tion. The serial interface reduces 
circuit-board complexity by elimi
nating multiconductor data buses 
and complex decode logic. The con
verter can operate from a single 5V 
supply while consuming 1 mW of 
power, extending battery life when 

EDN·NEW PRODUCTS 
Integrated Circuits 

company's ECL-3 process, the con
verters operate from a - 5.2V sup
ply. Depending on speed rating and 
package style, from $79 to $175 (10). 

using the device in portable equip
ment. Integral nonlinearity of 0.5 
LSB (max) and differential non
linearity of 0.9 LSB (max) guaran
tee monotonic performance over the 
operating temperature range of 
- 40 to + 85°C. Other specifications 
include a settling time of 500 nsec 
to 0.01 % of full-scale range, THD 
of -83 dB, and channel-to-channel 
isolation of 76 dB. The AD7568, in 
die form or 44-pin quad flatpack, 
from $23 (1000). 

Analog Devices Inc, 181 Ballard
vale St, Wilmington, MA 01887. 
Phone (617) 937-1428. Circle No. 356 

Optimized Video Op Amp 
• 80-MHz bandwidth 
• 500Vlµsec slew rate 
Optimized for dynamic performance 
in video and other high-speed applica
tions, the MAX404 features an 80-
MHz bandwidth and a 500V/µsec 
slew rate. Operating from ± 5V 
supplies, the op amp's differential 
gain/phase is 0.05%/0.01°. Unlike 
current-feedback amplifiers, which 
are limited to low-gain, noninverting 

El 

Sony Corp of America, Compo
nent Products Co, Box 6016, Cy
press, CA 90630. Phone (714) 229-
4331. Circle No. 355 

applications, the op amp has a sym
metrical differential input that works 
in most high-speed applications. 
Open-loop gain is 66 dB and CMRR 
is 70 dB. As a 750 back-terminated 
coaxial-cable driver, the amplifier 
has a bandwidth of greater than 65 
MHz, ensuring that video signals 
such as NTSC, PAL, or SECAM 
are within the op amp's slew-rate 

OPEN·lDOP GAIN & PHASE 
vs. FREQUENCY 
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capability. Output current is a mini
mum of 50 mA. The MAX404 comes 
in an 8-pin DIP and an SO package. 
From $2.21 (1000). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No. 357 
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Data-compression coprocessor. 
Designed for use on PC mother boards 
or network cards, the 9705 data-com
pression chip can compress 2.5 Mbytes/ 
sec and decompress 6 Mbytes/sec. Com
pression ratios average 2:1 but can ex
tend to 18:1 on some files. Able to oper
ate at clock speeds to 50 MHz, the 9705 
can support more than 1500 concurrent 
full-duplex sessions in multitasking ap
plications. When used on LAN adapter 
cards, the chip can increase the effec-

EDN·NEW PRODUCTS 
Integrated Circuits 

tive data transmission by 18 x . $24 
(50,000). Stac Electronics, 5993 Av
enida Encinas, Carlsbad, CA 92008. 
Phone (619) 431-7474. FAX (619) 431-
0880. Circle No. 358 

Ethernet LAN chip set. The T7231 
and T7213 implement a low-power LAN 
from the PC/XT and PC/AT bus inter
face to the network. The chip set sup
ports the IEEE 802.3 standard for an 

With our new metal latch SIMM* 
sockets, we've improved one 
of our greatest inventions. 

At least in 
recent memory. 

Invent. Then improve. That's the Molex 
approach-and the new connectors for 
SIMM memory package systems are the 
latest examples. 
First. they feature two extra-strength 
stainless steel mounting latches. These 
lock modules firmly in place, and tell 
you, with an audible click, when they 
are positioned correctly. They allow easy 
upgrading , and guard the assembly 
against overstress and abuse. 

SIMM sockets also provide two contact ' 
points per readout for added reliability. 
In fact, the contacts are guaranteed 
with any standard module board 
(.047" to .054"). 
Made with high temperature-resistant 
liquid crystal polymer housings, SIMM 
sockets come in .050" and .100" pitch, 
and are available in a broad range of 
configurations: single and dual row, 
verticals, low profiles, and right angle. 
Call today for more information . 

r:'\I "' mo ex 
"----/ 

Bringing People & Technology Together, Worldwide"' 

Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 U.S.A. , Tel: (708) 969-4550 
European Headquarters: Munich, Germany, Tel: 49-89-413092-0 

Far East North Headquarters: Tokyo, Japan, Tel : 81-427-21-5539 
Far East South Headquarters: Jurong Town, Singapore, Tel: 65-660-8555 

·SIMM is a registered trademark of Wang Laboratories c 1990, Molex Incorporated 
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Ethernet AUI (Attachment Unit Inter
face) and twisted-pair wire (lOBase-T) 
media. The T7231, which comes in a 132-
pin quad flatpack, integrates the LAN 
controller, XT/AT interface logic, mem
ory arbitration, and bus transceivers. 
The T7213, which is available in 28-pin 
DIPs and SOJ packages, integrates the 
physical layer media interface and en
coder/decoder. Approximately $30/pair 
(10,000). AT&T Microelectronics, 
Dept 52AL040420, 555 Union Blvd, Al
lentown, PA 18103. Phone (800) 372-
2447, ext 815; in Canada, (800) 553-2448, 
ext 815. Circle No. 359 

Low-voltage serial EEPROMs. The 
24LHxx serial EEPROMs operate over 
a range of 2 to 6V and achieve an endur
ance level of 1,000,000 erase/write cy
cles and a data-retention time of more 
than 40 years. The 24LCxx devices op
erate over a 2.5 to 5.5V range and 
achieve an endurance level of 100,000 
erase/write cycles. In DIPs and SOICs, 
from $0.58 to $3.84 (10,000). Microchip 
Technology Inc, 2355 W Chandler 
Blvd, Chandler, AZ 85224. Phone (602) 
963-7373. Circle No. 360 

Time-base generator. Combining 
two functions, the 32D4662 time-base 
generator supports constant-density re
cording and eases the design of small 
disk drives. The device provides a pro
grammable reference generator having 
1 % resolution and multiple DACs for 
channel-filter and data-rate control. The 
32D4662 operates from a 5V supply and 
comes in a 24-pin SO package. Approxi
mately $4 (10,000). Silicon Systems, 
14351 Myford Rd, Tustin, CA 92680. 
Phone (714) 731-7110. FAX (714) 669-
8814. Circle No. 361 

Cache RAM for 486-based sys
tems. The CY7B173 14-nsec, 256-kbit 
cache RAM delivers zero-wait-state 
performance for 486-based systems op
erating at 50 MHz. Organized as 32k x 9 
bits, the chip also integrates decoding 



logic that simplifies expansion from one 
bank of four devices (128 kbytes of 
cache) to two banks of four devices (256 
kbytes of cache) with no performance 
penalty. lri a 44-pin plastic leaded chip 
carrier, $69 (100) . Cypress Semicon
ductor, 3901 N First St, San Jose, CA 
95134. Phone (408) 943-2600. 

Circle No. 362 

15V step-up regulator. Operating 
from an input voltage range of 4 to 11 V, 
the MAX733 provides an output of 15V 
at 125 mA. The regulator, which has a 
switching speed of 170 kHz, uses PWM 
current-mode control and features an 
efficiency of 85%. The MAX733 comes 
in 8-pin DIPs and 16-pin SOIC packages 
and is available in commercial, indus
trial, and military temperature grades. 
From $3.23 (1000). Maxim Integrated 
Products, 120 San Gabriel Dr, Sunny
vale, CA 94086. Phone (408) 737-7600. 

Circle No. 363 

Exclusive-OR CMOS PLD. Using an 
exclusive-OR architecture, which is effi
cient for implementing data-path func
tions, the GAL20XV10B-10 CMOS 
PLD features a propagation delay of 10 
nsec and a typical lee of 75 mA. The 
24-pin device can operate to 100 MHz. 
In 10- and 15-nsec DIPs and plastic 
leaded chip carriers from $9.50 to $19.80 
(100). Lattice Semiconductor Corp, 
5555 NE Moore Ct, Hillsboro, OR 
97124. Phone (503) 681-0118. FAX (503) 
681-3047. TLX 277338. Circle No. 364 

Ethernet 1 OBase-T transceiver. 
Compliant with the 802.3 lOBase-T 
standard, the SN75LBC086 differential 
driver/receiver is designed for medium 
attachment units used in 10-MHz Eth
ernet applications. A patented squelch 
circuit improves on the data-path noise 
rejection required by the 802.3 stan
dard, as well as providing jabber con
trol, collision detection, and link-test 
functions required by the standard. 
Available in a 24-pin DIP, $8.40 (1000). 

EDN·NEW PRODUCTS 
Integrated Circuits 

Texas Instruments Inc, Semiconductor 
Group (SC-91085), Box 809066, Dallas, 
TX 75380. Phone (800) 336-5236, ext 
700. Outside US and Canada, (214) 995-
6611, ext 700. Circle No. 365 

Tim ing control unit . The CY7C325 
timing control unit (TCU) eliminates 
the need to create complex state ma
chines by controlling the clock signal 
sent to the company's CY7C601 SPARC 

microprocessor (µP) or CY7C611 RISC 
(reduced-instruction-set computer) con
troller. The TCU stretches the low por
tion of the clock sent to the µP until it 
is ready. The number of stretched cy
cles in the TCU is controlled by a 4-bit 
binary-count input generated by the ad
dress decode logic. In plastic-leaded
chip-carrier packages, $29 (100). Cy
press Semiconductor, 3901 N First St, 
San Jose, CA 95134. Phone (408) 943-
2600. Circle No. 366 

-=~~~Is an exten8ion of 
tM DEMO. You can load up to 84K of 
code and use 84K of XDATA space. You 
can program an "external environment" 
to interact with your code to simulate your 
target system. The emulator is the hard
ware extension of the simulator! 

The 30MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 

no Hau 
CORPORATION 

Call Nohau's 24-hour 
information center to 
receive info on your 
FAX 408-378-2912 

51 E. Campbell Avenue, Campbell, CA 95008 
(408) 866-1820 FAX (408) 378-7869 

Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux + 31 1858·16133, Canada (514) 689-5889, 
Czechoslovakia 0202-2683, Denmark (42) 65 81 11 , Finland 90-452 1255, France (01)-69 41 28 01, Germany 
08131 -25083, 'Great Britain 0962-73 31 40, Greece 01-862-9901, Hungary (1) 117 6576, Israel (03) 48 48 
32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal 01-80 9518, Norway 
02-649050, Singapore (065) 284-6077, Spain (93) 217 2340, Sweden 040-9224 25, Switzerland (01) 740 41 05, 
Taiwan (02) 7640215, Thailand (02) 281 -9596, Yugoslavia 061 621066. 149 
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Our DSP develoP.ment tool kit hammers 
the competition on performance. 

And at $499, it nails them on price. 
Granted, that's a pretty tough statement. But it wouldn't be made if it couldn't be backed up. 

Our EZ-KIT is a complete package, with everything you need to define, code, debug, evaluate and demon

strate your DSP design, yet it costs about half of what the nearest competitor demands for equivalent tools. 

To help get your design to market even faster, we've made the EZ-KIT the 

easiest kit to use. Its comprehensive Applications Textbook contains a full library 

of source code, while the algebraic assembly language lets you code your DSP 

algorithms just the way you would write them. Plus the kit includes a simulator 

for debugging, and an EZ-LAW~1 Evaluation Board that 

lets you test your code in real time at 12.5 MIPS. 

Now, if all that's not enough to hammer the compe

The code compatibi lity of the ADSP-2100 ti ti on, we also hit them on compatibility. The ADSP-2100 
fixed-point DSP proceswrs lets you 

easily migrate within the fam ily, even as 
your designs get more complex . family is a complete line of code-compatible fixed-point 

DSP processors, so programs you develop with the EZ-KIT can be easily ported 

and used on your next design. 

The low cost and high performance of our EZ-KIT opens the possibility of 

using DSP to a whole new range of applications - even yours. For more informa

tion, or to charge a kit by phone, call us at (617) 461-3771. 

The EZ-KIT includes our 
EZ-LAB™ Evaluation Board 
with preprogrammed demos, 
and microphone and speaker 
jacks; software which in
cludes an assembler; a sim
ulator for the ADSP-2101 and 
ADSP-2105; a comprehensive 
DSP Lab Book; an Applica
tions handbook with sample 
source code; and a discount 
coupon for our 3-day System 
Programming and Develop
ment workshop. 

~ANALOG 
WDEVICES 

Analog Devices, One Tuchnology Way, P. O. Box 9!06, Norwood, MA 02062-9 !06. Distribution, offi ces and applications support available worldwide. 

Authorized North American Distributors: Alliance Electronics 505-292-3360 • AlliPd Electronics 817-595-3500 • Anthmz Electronics 408-453-1200 • Bell Industries 213-826-6778 
• Future Electronics 514-694-7710 • Hall-Mark Electronics 214-343-5000 • NPwark ElPClronics 312-784-5 100 • Pi,oneer Standard 216-587-3600 • Pionepr 11!chnologies Group 1-800-227-1693 
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Data-Acquisition 
System For SBus 
• Includes two 12-bit ADCs and 

four 18-bit DACs 
• 128-kbyte dual-ported RAM 
The model ADDA-1218 is an iso
lated data-acquisition subsystem in 
the diminutive SBus format of Sun 
Microsystems' SPARCstations. The 
board includes a pair of 12-bit ADCs 
that convert in 6 µsec; differential
input amplifiers having software
programmable gains of 1, 2, 4, and 
8; a multiplexer that has 16 differ
ential inputs; four 18-bit DACs; 
three TTL outputs; and a 128-kbyte 
dual-ported memory. The entire 
analog I/O section is ohmica:lly iso
lated from the bus. You control AID 
conversions by writing to one regis
ter. The unit then places a sequence 
of results into its RAM. At the 
same time, the board's DACs can 

Macintosh-Based 
Oscilloscope Software 
• Works with IEEE-488-based 

scopes and digitizers 
• Includes analysis and presenta-

tion package and text editor 
Superscope/488 is a software package 
for the Macintosh that lets you con
trol IEEE-488-based scopes and 
digitizers. The package also lets 
you~withoutprogramming~usethe 

Test & Measurement Instruments 

produce waveforms from data pre
viously written elsewhere in RAM. 
Single unit, $2495; with ADCs only, 
$1995; with DACs only, $1895. 

Mac to store and display the acquired 
data, process and analyze the data, 
and create presentations using the 
raw or processed data. The package 
includes a text editor, which enables 
you, in effect, to keep your lab note
book on the Mac. Software package, 
$990; instrumentation library, $290. 

GW Instruments, 35 Medford St, 
Somerville, MA 02143. Phone (617) 
625-4096. Circle No. 368 

100- And 200-MHz 
Analog/Digital Scopes 
• Capture 200 Msampleslsec 
• Waveform memory expandable 

to 32 ksamples 
The four members of the PM 338x 
and PM 339x series provide two 100-
and two 200-MHz-bandwidth units. 
All units can display four traces at 
once. One scope in each bandwidth 
category has four full-sensitivity 
channels with attenuators and trig
ger inputs. The other scopes have 
two full channels and two channels 
that you can use to view external 
trigger sources. The instruments 

Analyx Systems Inc, Box 14644, 
Fremont, CA 94539. Phone (510) 
656-8017. FAX (510) 657-0927. 

Circle No. ~67 

function either as analog scopes or 
as 200-Msample/sec DSOs. DSO 
memory is 8 ksamples. Expansion 
to 32 ksamples allows storing more 
than 200 512-point records. A math 
option allows calculations such as 
integration, differentiation, and 
FFTs. The scopes trigger on pulses 

as narrow as 2 nsec and capture 
glitches as brief as 5 nsec, even at 
slow sweep speeds. $4490 to $6490. 

John Fluke Mfg Co Inc, Box 
9090, Everett, WA 98206. Phone 
(800) 443-5853; (206) 347-6100. FAX 
(206) 356-5116. Circle No. 369 
Philips Test and Measurement, 
Bldg TQIII-4, 5600MD, Eindhoven, 
The Netherlands. Phone lo cal 
office. Circle No. 370 
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Clear Out Excess Inventory! 
Earn Tax Benefits Up To 200% Of Cost. 

Q . What do over a thousand companies like General 
• Electric, Verbatim and Michelin know about donating 

excess materials and equipment that I should know? 

A. Your donations could qualify as a tax benefit up to 
• 2000/o of cost under IRS 170(e)(3). J --s-..,,..,-.:;...i 

Q , Who could possibly need my excess parts, I ~iii:::::d.==-:f' 
• assemblies, complete products and 

office supplies? 

A. Thousands of students and teachers in 
• local school systems, as well as 

community, technical and four-year colleges need 
metal, electric, electronic parts and supplies for t raining. 

Q : Where do non-profits get them? And how? 

A. We have six warehouses around the country where school systems, 
• colleges and social service non-profits come in and select what they need. 

Q: Can my company get the tax benefit this quarter? 

A. Absolutely .. W~ can clear out your excess inventory quickly because of our warehouses. 
• So why Wlllt till year end to think about your bottom line. 

Call or write today and we'll reply within 48 hours. 

C.Ompany /C.Ollege 

Gift-In-Kind Clearing House 
P. 0 . Box 850 Davidson, NC 28036 704/892-7228 Fax 704/892-3825 

CIRCLE NO. 98 

RTXCT" & RTXC/MPT" 
Intel 80x86, 80x96, 8051 

Written inC, Motorola 68HC11 /16, 68xxx 

portable by design Tl TMS320C30/C40 
Zilog ZBO, Zx80 
Analog Devices 2101 
lnmos T2xx, T 4xx, T8xx 

Dynamic priorities 
Task Management From 

Timer Management 8-bil microcontrollers 
Memory Management lo multiple 32-M 

Semaphores processors : 
Message mailboxes same API ! 

FIFO queues 
Resource Management 

Virtual single processor (distributed) Debugger 
with RTXC/MP! System generation tool 

Workload monitor 

Transputer networks Message based 
C40 networks Transparent 

VM E networks 
Distributed operation ! 

Free demo No royalties 
and evaluation kit 

Source code included 
New version 3.0 3 months free upgrades 

and support 

Intelligent Systems International 
lnterleuvenlaan 23, B-3001 Leuven, Belgium 

Tel.(+32)16 29 01 28. Fax.(+32)16 29 03 63 

(List of distributors for USA and Japan on request) 
RTXCtraOtmarkA.T Barren&M.socaa!es. RTXCIMP1rademarklnleliQent$yslemslnlern;ibOR.JI. 
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Test system for telecommunica
tions pc boards. The 3079CT tester 
is optimized for testing items produced 
in large quantity, such as ISDN (Inte
grated Services Digital Network) line 
cards. When compared with earlier 
testers, the system's design and serial
test language reduce the number of 
lines of code for testing complex tele
communications boards by more than 
two orders of magnitude. From 
$220,000. Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 95014. 
Phone (800) 752-0900. Circle No. 371 

Enhancement modules for digital 
scopes. Working with the vendor's 
54600 series of 100-MHz DSOs, the 
54655A and 54656A modules provide 
semiautomatic mask-template testing; 
the 54657 A and 54658A store as many 
as 100 waveforms. You communicate 
with the 54656A and 54658A via an RS-
232C port; with the others, you use 
IEEE-488. All units except 54656A, 
$750; 54656A, $800. Hewlett-Packard 
Co, 19310 Pruneridge Ave, Cupertino, 
CA 95014. Phone (800) 752-0900. 

Circle No. 372 

Programmable antlallaslng fil
ters. Filter 488 is a 4- or 8-channel dif
ferential-input unit that you can control 
via the IEEE-488 bus or an RS-232C 
port. You can select 8-pole Bessel, But
terworth, Chebychev, or elliptic re
sponse, and you can set the cutoff fre
quency from 0.05 Hz to 50 kHz in incre
ments as small as 0.002 Hz. You can 
also program the unit's gain to x 1, 
x 10, or x 100. 4-channel unit, $1995; 
8-channel unit, $2995. IOtech Inc, 
25971 Cannon Rd , Cleveland, OH 
44146. Phone (216) 439-4091. FAX (216) 
439-4093. Circle No. 373 

Test and debug adapters for 
68ECOOO. These adapters provide inter
faces between 68ECOOO µPs and test 
instruments. Adapt-A-Pods let you at
tach 68000 emulator pods to plastic-



leaded-chip-carrier (PLCC) devices. 
The adapters attach to ICs soldered to 
pc boards. Bug Katchers, which fit be
tween PLCCs and target boards, accept 
leads from scopes and logic analyzers. 
Passive preprocessors let you use 
Hewlett-Packard logic analyzers more 
conveniently with the 68ECOOO. Adapt
ers, from $185; preprocessors, $1500. 
Emulation Tech nology I n c, 2344 
Walsh Ave, Bldg F, Santa Clara, CA 
95051. Phone (408) 982-0660. FAX (408) 
982-0664. TLX 981866. Circle No. 374 

Development tools for V series 
µ Ps. These tools, which support NEC's 
V25, V25 +, V33, V35 +, V 40, V50, V53, 
and V70, provide nonintrusive emula
tion, bus analysis, symbolic debugging, 
and code-coverage testing. $13,493 to 
$23,391. Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 95014. 
Phone (800) 752-0900. Circle No. 375 

16-channel digital recorder. The 
Datagraf II acquires a total of 80 ksam
ples/sec with 12-bit resolution. It is 
compatible with 45 types of signal con
ditioners. The unit can perform a range 
of mathematical operations on acquired 
data. From $12,995. Gould Inc, 8333 
Rockside Rd , Valley View, OH 44125. 
Phone (216) 328-7000. Circle No. 376 

System with pretrigger recording 
and FIFO storage. You can add a 
pretrigger card to the Presys 1000 15-
bit, 1-Msample/sec AID conversion sys
tem. The card works with the system's 
FIFO memory to provide a picture of 
data taken prior to a critical event. 
$3500. Preston Scientific, 805 E Cerri
tos Ave, Anaheim, CA 92805. Phone 
(714) 776-6400. Circle No. 377 

Da t a-smoothin g software. Data 
Smoother V2.0 for MS-DOS PCs works 
with equally spaced data points. You 
can enter data from the keyboard or 
read it from files on disk. You can view 
and print the data in numeric or graphi-

EDN·NEW PRODUCTS 
Test & Measurement Instruments 

cal form before and after smoothing. 
The size of data sets is limited only by 
the memory available. $49.95. Dyna
comp Inc, 178 Phillips Rd, Webster, 
NY 14580. Phone (716) 671-6160. 

Circle No. 378 

1-GHz: capture system for logic 
analyz:er. The Paladin capture system 
works with the vendor's ML4400 ana
lyzers. In its basic mode, the system 

captures 100 channels at 100 MHz or 
50 channels at 200 MHz, either synchro
nously or asynchronously. In the split 
mode, the system provides 80 synchro
nous and 20 asynchronous 100-MHz 
channels. In the high-speed mode, the 
unit provides 10 1-GHz or 20 500-MHz 
asynchronous channels . $13,950 with 
100 probes. America n Arium, 14281 
Chambers Rd, Tustin, CA 92680. Phone 
(714) 731-1661. FAX (714) 731-6344. 

Circle No. 379 

FOR POWER PROTECTION 

I Trust My Job to Sola 
I'm good at my job. I take it 
seriously. I work hard at it, 
and I expect my computer 
to deliver productivity, not 
problems. 
That's why there's a Sola installed on 
my LAN. You see, if the power goes 
down in my shop, my job doesn't go 
down with it. It's secure, available; 
protected at all times by Sola. 

Sola Uninterruptible Power Systems 
are dependable; reliability I can count 
on. Quality I can trust. 

Sola. I'd stake my job on it. 

Sola offers a wide range of power pro
tection choices including UPS systems, 
connectivity packages, power condition
ers and DC power supplies. Sola pro
tects PCs to mainframes; networks, tele
phone and retail systems; laboratory and 
production floor equipment. Contact 
Sola for information on system design, 
Risk Free Guarantees, Hassle Free 
Exchange and Extended Warranties. 
Sola - over 60 years of engineering 
excellence. 

Trust Your Job to Sola. 
Call 1-800-Buy-Sola 
In Illinois: 708-439-2800 

OLA 
The Power Is On 
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WHARR•S 

Ne-w- Employees Promise 

To Per£orm, Too. But Will 

They Put It In Writing? 

Lanier does. In fact, our Performance 

Promise* guarantees that you'll 

be completely satisfied with 

your copier, or we'll replace 

it at no charge. And if it's 

down more than 8 hours, we'll provide a 

free loaner. For details and a free copier 

information package, call your local Lanier 

rep. Or 1-800-852-2679. You'll see why 

we outperform the others. Promise. 

•Some restrictions may apply. 

Copying Systems Division 
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Parts-Selection Aid 
With Spice Models 
• Disk with component 

models, cross references 
• Helps in selecting Burr-

Brown linear products 
The High Performance 
Selection Guide helps de
signers find the right 
Burr-Brown linear com
ponents for their designs. 
The guide comes on an 
IBM PC-compatible disk; 
it contains more than 1000 
component models, an in
dustry cross-reference sec
tion, sales-office listings, 
applications literature, 
and price and ordering 
information. This update 
of the guide contains more 
than 70 Spice models of 
the supplier's op amps, 
difference amps, and instrumenta
tion amps. You can specify as many 
as 30 parameters when searching 

Mouse Cursor Software 
• Improves visibility of mouse 

cursor 
• Desiqned for LCD screens 
Version 8. 1 of Microsoft's Mouse 
and Ballpoint mouse software has 
enhancements for LCD screens and 
lets you customize the size and color 
of on-screen mouse pointers. The 
software improves the visibility of 
cursors on screens of portable com
puters. You can choose from among 
three cursor sizes and three colors 
(normal, reverse, and transparent) 
in both MS-DOS and Windows. You 
can also make the cursor more vis
ible by opting to increase its size 
automatically during movement. 
You specify how fast the cursor 
must be moving for the enlarged 
cursor to appear and how soon after 
movement ends for the cursor to 
return to normal size. After instal
lation, the software automatically 
loads previously specified pointer 

EDN·NEW PRODUCTS 
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for a part. You can also search 
for parts without knowing a com
plete part number; type in a partial 

settings when you begin your next 
Windows session. The software is 
available under different terms for 
users of the Microsoft Mouse and 
the Microsoft Ballpoint Mouse. It 
is sent free of charge to registered 
Ballpoint licensees; users of Mouse 
and nonregistered users of Ball
point can receive a copy by calling 
Microsoft. For Mouse users with 
versions earlier than 8.0, $25; free 
to other users. 

Microsoft Corp, 1 Microsoft 
Way, Redmond, WA 98052. Phone 
(800) 426-9400; (206) 882-8080. FAX 
(206) 883-8101. Circle No. 381 

Printed-Circuit Design Software 
• Features metric/English transla

tion 
• Offers photo plotting and sub-mil 

resolution plotting 
Version 1.2 of Premier PCB pro
vides enhancements to a package 

number, and the search 
program will do the rest. 
New features include edit
ing search parameters so 
that you do not have to 
reenter them for every 
search. The disk lets you 
access 11 product cate
gories: analog circuit func
tions, analog-to-digital con
verters, digital-to-analog 
converters, de/de convert
ers, instrumentation am
plifiers, isolation amplifi
ers, multipliers, opera
tional amplifiers, refer
ences, sample/hold amp
lifiers, and voltage-to
frequency converters. 
Free. 

Burr-Brown Corp, Box 
11400, Tucson, AZ 85734. 
Phone (800) 548-6132; (602) 

746-1111. FAX (602) 889-1510. 
BBS (602) 741-3978 300/1200/2400 
8,N,1. Circle No. 380 

that includes schematic capture and 
interactive and automatic pc-board 
layout. Features include the ability 
to translate output files from Eng
lish to metric and from metric to 
English via the Gerber laser photo
plot option. You can also plot from 
databases that use units smaller 
than one mil. The software lets you 
translate the Premier schematic bi
nary netlist into an ASCII format 
compatible with Spice circuit simu
lators. An EDIF (electronic design 
interchange format) netlist writer 
option lets you generate an EDIF 
version 2 0 0 netlist file from a Pre
mier schematic database; with an 
EDIF netlist reader option, you can 
convert a netlist to a Premier data
base. The product is free to custom
ers covered by product mainte
nance and warranty. 

Cadam Inc, 1935 N Buena Vista 
St, Burbank, CA 91504. Phone 
(818) 841-9470. Circle No. 382 
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The keyboards that Personal Computing called "the industry's best" are now available for your OEM 
Systems, just as they are for IBM. And that includes our new series of keyboards with integrated pointing 
devices that put all keyboard and mouse functions in a standard layout. These affordable new keyboards are 
available in 23 languages and can be easily customized to match your system. Give your system a competitive 
edge worldwide with a world-class keyboard. Call (33) 38 83 4308 in Europe or (606) 232-6814 in the U.S.A. 
You'll find we speak your language. 

16mm integrated trackball 

LEXM+\RK, 
25mm integrated trackball. Duplicate controls 
on rear of keyboard. 

See us at CeBIT '92, Hall 5, Stand F 36/G35. 

Manufacturer of IBM 
Keyboards 
CIRCLE NO. 102 

IBM is a registered trademark of International Business Machines Corporation. Lexmark is a trademark of Lexmark International, Inc. ©Lexmark International, 1992 
Quote used by permission of Personal Computing, March 1989. 



25-MHz i486SX Computer 
• Has 4 Mbytes of RAM and 80-

M byte hard-disk drive 
• 128-kbyte cache RAM is organ-

ized as 2-way set-associative unit 
The ME486-SX/25 25-MHz i486SX 
computer has 4 Mbytes of RAM, a 
128-kbyte cache RAM, and an 80-
Mbyte hard-disk drive. It also has 
both a 5 11~-in. and a 3 11~-in. floppy
disk drive. The desktop unit runs 
DOS 5.0 and has an extended VGA 
color card and monitor. You can ex
pand the system RAM to 32 Mbytes 
on the mother board using 70-nsec 
SIMMs (single in-line memory mod
ules). The 128-kbyte cache RAM, 
which is expandable to 256 kbytes, 
uses 25-nsec RAMs and is organized 
as a 2-way set-associative unit. The 
computer uses selectable shadows 
for system and video functions. The 
mother board has eight 16-bit ex
pansion slots. The extended VGA 

Micro Channel 
Architecture Board 
• Communicates at 38.4 kbaud on 

16 channels 
• Features surge protection on all 

channels 
The ACL MC16 is a serial commu
nications board for the Micro Chan
nel Architecture bus. The 16-bit 
board communicates at 38.4 kbaud 
on 16 serial ports simultaneously. 
You can also program the board 

for a 115.2-kbaud rate. The board 
run with Unix, Citrix Multiuser, 
OS/2, and DOS operating systems. 
It u es a 16-MHz µP and communi
cations chips having on-chip FIFO 

EDN·NEW PRODUCTS 
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card displays 256 colors having a 
resolution of 1024 x 768 pixels. The 
14-in. monitor has a dot pitch of 0.28 
mm. $1999. 

buffers. Each channel has surge 
protection to suppress excessive 
voltage transients on the line. 
$1695. 

Star Gate, 29300 Aurora Rd, So
lon, OH 44139. Phone (800) 782-
7428; (216) 349-1860. FAX (216) 
349-2056. Circle No. 352 

80386 controller module 
• Features expandable RAM 
• Suitable for network, measure-

ment, industrial PCs 
The PX1212 33-MHz PCXI control
ler module has a single-board com
puter enclosed in a metal chassis 
for EMI shielding and cooling. It 
provides two serial ports, one paral
lel port, a keyboard connector, and 
an optional hard- and floppy-disk 
drive. The RAM is expandable to 
32 Mbytes, and the unit runs MS
DOS, Unix, OS/2, and Windows 3.0 
software. $2995. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98103. Phone (206) 
547-8311. Circle No. 353 

Micro Express, 1801 Carnegie 
Ave, Santa Ana, CA 92705. Phone 
(800) 989-9900; (714) 852-1400. FAX 
(714) 852-1225. Circle No. 351 

Pocket-Sized 2400-BPS Modem 
• For use with laptop and notebook 

computers 
• Communicates full duplex over 

dial-up or 2-wire phone lines 
The Viva 2400 Pocket is a portable 
modem for DOS-compatible laptop 
and notebook computers. It meas
ures 4. 75 x 2.375 x 1 in. and weighs 
6.5 oz. The unit communicates in 
full-duplex mode over a dial-up or 
2-wire leased phone line. The unit 
automatically dials a call, answers 
incoming calls from a remote system, 
redials a busy number, and dials an 
originate-only modem. The unit op
erates with Smartcom II version 
2.1, Symphony, Wordstar 2000, PC 
Talk, Mite, Crosstalk, or Sidekick 
communications software packages. 
Four LEDs indicate the modem's 
status. You can turn off its 9V bat
tery to conserve power. $139. 

Computer Peripherals Inc, 667 
Rancho Conejo Blvd, Newbury 
Park, CA 91320. Phone (800) 854-
7600; (805) 499-5751. FAX (805) 
498-8848. Circle No. 354 

EON March 2, 1992 • 157 



The new Tektronix 224 is as powerful 
as they come. And goes! 

Copyright © 1992. Tektronix, Inc. All rights reserved . 
40W-188392 

With this new 60 MHz digital oscilloscope, Tektronix takes 
handheld performance to an even higher plane! The 224 packs 
more power per pound than any other product and - with its on-board 
rechargeable batteries - goes wherever duty calls. 

With its exclusive lsolatedChannel"' architecture, you can make two
channel floating measurements without the risk of shock or damage to 
del icate electronics. Such standards as Tek's sharp, bright CRT, rapid update 
rate and wide viewing angle make measuring fast and efficient. And the 224's 
familiar front panel and fully automated features keep it simple. 

You get advanced capabilities like video line triggering and 10 MS/s 
digitizing per channel for excellent single-shot performance, plus time
correlated single-shot waveforms for easy comparison. With CAT200 software 
you can even control the 224 over phone lines from halfway round the world. 

Call 1-800-426-2200 Ext. 83 to get the full story. We'll show you 
more of the 224 - and ways it's giving bench performance wings! 

Tektronix 
h st and Measurement 

CIRCLE NO. 103 
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Universal SMD Breadboards 
• Have universal designs 
• Feature pre-installed SIP pins 
Surfboards allow designers to pro
totype surface-mount circuit de
signs easily. The boards accommo
date a variety of component sizes 
and shapes on solder-coated copper 
foils that have multiple component
positioning options. Foil trace de
signs do not conform to any indus
try standard-part footprint or 

Electroluminescent Lamps 
• Have a 3000-hour lifetime 
• Measure only 0.01 in. thick 
Durel 3 electroluminescent lamps 
measure from 0.008 to 0.01 in . 
thick. Time to half bright-ness 
(without the use of a compensating 

conductor spacings, so the boards 
are truly universal designs. The 
boards feature pre-installed SIP 
pins that interface with other sur
face-mount and through-hole cir
cuits. Sample assortment kit con
taining two each of the line's 60 cir
cuit models, $99. 

Capital Advanced Technologies 
Inc, 309-A Village Dr, Carol 
Stream, IL 60188. Phone (708) 690-
1696. Circle No. 383 

inverter) measures as high as 3000 
hours. The units are available in 
three standard versions: low-volt
age models for battery powered ap
plications; standard lamps for gen
eral automotive and commercial 
backlighting usage; and low-fre
quency versions for sign applica
tions powered from 120V ac. The 
lamps are available in standard col
ors of green, blue-green, white, and 
orange-yellow. In ac applications, 
the lamps draw 1 mA/in. ~ and have 
a 0.025W/in. ~ power consumption. 
From $0.30 to $2/in~ . Delivery, four 
to six weeks after approval date of 
design. 

Durel Corp, 645 W 24th St, 
Tempe, AZ 85282. Phone (602) 731-
6200. Circle No. 384 

TEK'IRONIX DISfRIBlITORS 
TEST AND MEASUREMENT PRODUCTS 
Stocking Distributors 

Alaska 
Frigid North 
Anchorage, AK 
(907) 561-4633 

Arizona 
CMI-Metermaster 
Tempe, AZ 
(<502) 431-0880 

Jensen Tools Inc. 
Phoenix, AZ 
(<502) %S<i241 

Arkansas 
Carlton Bates 
Little Rock, AR 
(501) 562-9100 

California 
Instnunent 
Engineers 
San Diego, CA 
(619) 268-8344 

ITC Electronics 
Los Angeles, CA 
(213) 388-0621 

Marshall Industries 
El Monte, CA 
(800) 522-0084 

RAG 
Canoga Park, CA 
(818) 998-6500 

Zack Electronics 
Milipitas, CA 
(408) 942-5432 

Florida 
EMSCO 
Orlando, FL 
( 407) 849-6060 

Georgia 
Dow Electronics, Inc. 
Norcross, GA 
(404) 446-2620 

Illinois 
Joseph Electronics 
Niles, IL 
(312) 2974200 

Klaus Radio, Inc. 
Peoria, IL 
(309) 6914840 

W.W. Grainger 
North Suburban, IL 
008) 913-7459 
(800) 521-5585 

Maryland 
HAR CO 
Aberdeen, MD 
(301) 838-7990 

TESSCO 
Hunt Valley, MD 
(301) 785-5300 

Massachusetts 
Contact East 
North Adnover, MA 
(508) 682-2000 

Michigan 
Great~es 
Battle Creek, MI 
(616) %3-<>282 

R.S. Electronics 
Livonia, MI 
(313) 525-1155 
(800) 366-7750 

Minnesota 
Stark Electronics 
Supply 
Minneapolis, MN 
(612) 332-1325 

Missouri 
Olive Electronics 
Maryland Heights, MO 
(314) 997-7709 

Electronic Supply Co. 
Kansas City, MO 
(314) 931-0250 

ISL Corporation 
St. Louis, MO 
(314) 423-3141 

New Mexico 
Electronic Parts Co. 
Albuquerque, NM 
(505) 293-<>161 

New York 
Imtrumen.t Mart, Inc. 
Great Neck, NY 
(516) 487-7430 

Transcat 
Rochester, NY 
016) 458-4801 
(800) 828-1470 
(outside New York) 

Pennsylvania 
Leff Electronics 
Braddock, PA 
(412) 351-5000 

SWlShine Scientific 
Instnunents, Inc. 
Philadelphia, PA 
(215) 673-5600 

South Carolina 
Dixie Electronics 
Columbia, SC 
(803) 779-5332 

Texas 
INOTEK 
Dallas, TX 
(214) 243-7000 

ENTEST 
Dallas, TX 
(214) 980-9876 

Utah 
Standard Supply 
Company 
Salt hle City, lIT 
(801) 486-3371 

Washington 
Radar Electric 
Seattle, WA 
(206) 282-2511 

Tektronix 
hst and Measurement 

CIRCLE NO. 104 
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Precision resistors. VHP 100 resis
tance values remain within a 60-ppm 
window over a temperature range of 
- 55 to + 125°C. The noninductive de
vices are hermetically sealed against 
moisture. 10-kD., ± 0.005% unit, ap
proximately $20 (100). Vishay Resis
tors, 63 Lincoln Hwy, Malvern, PA 
19355. Phone (215) 644-1300. FAX (215) 
296-0657. Circle No. 385 

Power modules. UVS Plus Series 
units provide both voltage-regulation 
and line-conditioning service. They are 
available in three models rated at 1000, 
1250, and 1500 VA. The modules hold 
the output within 3% of specified value 
and also provide brownout protection 
down to 88V ac. During an extended 
power interruption, the components' in
teractive computer interface provides a 
signal 1.5 cycles after utility loss. This 
allows a soft landing for the system. 
You can configure the modules to act 
as V/F converters or as ac/dc convert
ers. The modules have a ride-through 
capability of several cycles. The units 
come in open-frame (R) and closed
frame (L) versions. $1090 to $1790. Fal
con Electric Inc, 320 W Clary Ave, 
San Gabriel, CA 91776. Phone (818) 287-
6116. FAX (818) 285-0102. Circle No. 386 

Chokes. Series 90 axial-lead chokes 
cover the 0.1 to 1000 µH inductance 
range. Standard tolerance equals 10%, 
but 3 and 5% parts are available. The 
chokes are EIA color-coded and are 
available bulk packed, in conventional 
tape-and-reel, or in ammo packs. $0.11 
(10,000). Coilcraft, 1102 Silver Lake 
Rd, Cary, IL 60013. Phone (708) 639-
6400. Circle No. 387 

LCD module. Model DPM5045 is a 4-1
/::

digit LCD module. It provides a DIP 
switch for selecting input voltages over 
a ± 199.99 mV to 199.99V de range. The 
switch also sets the decimal point from 
0 to 4 positions. The module operates 
on voltages of 6 to 14V de and draws 
1.5 mA at 9V. The display includes a 
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low-battery indication. Operating range 
spans Oto 50°C. $37.85 (100). Delivery, 
stock to six weeks ARO. Dl Interna
tiona l Inc, 95 E Main St, Huntington, 
NY 11743. Phone (516) 673-6866. 

Circle No. 388 

Hybrid connector. The Optilec con
nector contains two optical fibers and 
as many as six electrical contacts. It 
accepts 200/230- and 200/250-µm all
glass-fiber sizes as well as 250-, 500-, 
and 1000-µm plastic-fiber sizes. The de
vice features size 22 electrical contacts. 
It mates with a simple squeeze-push
click action. Optical insertion loss for a 
200/230-µm glass fiber is 2 dB max. 
Connector with two fiber-optic termi
nals and six electrical contacts, $5 
(OEM qty). Aurora Optics Inc, Bldg 
17-408, 1777 Sentry Pkwy W, Blue Bell, 
PA 19422. Phone (215) 646-0690. FAX 
(215) 646-4721. Circle No. 389 

Programmable controllers . The 
PYZ4 and PYW4 µP-based tempera
ture/process controllers feature a 
±0.5% accuracy. The PYZ4 is a single
display model and the PYW 4 features 
a dual display. The controllers accept 
J, K, R, B, S, T, E, and N thermocou
ples, PTlOO RTDs, and 4- to 20-mA, 
or 1 to 5V inputs. Each unit provides 
a variety of output choices-relay, 24V 
de (pulsed) for an SSR (solid-state re
lay), and 4 to 20 mA. $200. Total Tem
peratu re Instrumentation Inc, Box 
1073, Williston, VT 05495. Phone (802) 
863-0085. FAX (802) 863-1193. 

Circle No. 390 

DC/DC converters. The MP7008 and 
MP7101 de/de converters accept 4.5 to 
35V inputs. The 7008 outputs 3.3V at 
lA, can be TTL-controlled, and has an 
80% efficiency. The MP7101 also out
puts IA and features thermal shutdown 
and current-limiting protection. $17 
(100). Modupower Inc, 1400 Coleman 
Ave, H-18, Santa Clara, CA 95050. 
Phone (408) 496-5796. FAX (408) 496-
0204. Circle No. 391 

Crimp-style connectors. Type ZL 
wire-to-wire crimp-style connectors are 
rated for lOA. They are available in 2-, 
4-, 8-, 12-, or 16-position versions and 
have a 5-mm contact pitch. Standard 
contacts are tin-plated brass. (Phos
phor-bronze is optional). The housings 
are rated for UL 94V-O. Mated pair, 
from $0.10 to $0.30 (OEM qty). JST 

Corp, 1200 Business Center Dr, Suite 
400, Mount Prospect, IL 60056. Phone 
(800) 947-1110; (708) 803-3300. FAX 
(708) 803-4918. Circle No. 392 

Coaxial adapter. The PE9266 is an 
MHV-male to MHV-female right-angle 
adapter. It has a brass nickel-plated 
body and utilizes PTFE insulation. The 
unit provides a silver-plated contact and 
has an operating range of - 65 to 
+ 165°C. Maximum voltage and current 
ratings are 5000V and 5A, respectively. 
$29.95. Pasternack E nterprises, Box 
16759, Irvine, CA 92713. Phone (714) 
261-1920. FAX (714) 261-7451. 

Circle No. 393 

Axial capacitors. Type 2001 axial ca
pacitors feature a negative temperature 
coefficient and operate over a - 40 to 
+ 85°C range. Capacitance values range 
from 330 pF to 0.47 µF and tolerance 
measures ± 1 %, ± 2%, ± 5%, ± 10%, 
and ± 20%. From $0.10 (1000). Deliv
ery, stock to eight weeks ARO. Tecate 
Industries Inc, Box 711509, Santee, CA 
92072. Phone (619) 448-4811. FAX (619) 
448-0912. Circle No. 394 

Twist LCD terminal. The LS62i LCD 
touch terminal has 640 x 200-pixel reso
lution. The fluorescent backlight yields 
graphics and text in a full 80-
character x 25-line display. The CMOS 
electronics and LCD consume less than 
6W. The terminal uses a standard RS-
232C interface at baud rates of 1200 to 
19,200; an RS-422 interface is available 
as an option. The 255 x 255-point touch 
surface is factory aligned. $2000 (OEM 
qty). AI Integrated Technology Inc, 
5N970 Campton Ridge Dr, St Charles, 
IL 60175. Phone (708) 513-1100. 

Circle No. 395 

Transformer platforms. These Ver
tical Core-Bobbin transformer plat
forms provide a method of mounting 
various-sized transformers to a pc 
board. Each device includes two paral
lel ridges to locate the transformer core 
on the platform and prevent it from 
twisting out of alignment. Standoff feet 
on the platform allow for solder fi llet 
formation and flush cleaning of solder 
flux residues after board assembly. 
From $0.22 to $0. 70 (1000). Robison 
E lectronics Inc, Box 8121, San Luis 
Obispo, CA 93403. Phone (800) 235-
4144; (805) 544-8000. FAX (805) 544-
8091. Circle No. 396 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

MIL-STD-1553 
TEST EQUIPMENT 

• Complete error injection/detection capability for 
1553 A/B terminals and systems 

• Simulates a Bus Controller, up to 32 Remote 
Terminals and/or a Bus Monitor 

• Supports all phases of testing: Development. 
Validation and Production 

• Dynamic/Real-ti me simulation 

2-DAY SEMINAR 
• Comprehensive discussion of MIL-STD-1553 

and testing 
• Lab session illustrates 1553 communicat1on and 

provides experience in trouble-shooting 
• Offered in Phoenix three times a year and 

available on-site 

VALIDATION TESTING 
• Approved by the Air Force 
• Testing to the RT VALIDATION TEST PLAN 
• Approved test procedure and test report 
• Assistance 1n analyzing test results and trouble

shooting 

TEST SYSTEMS, Inc. -
217 W Palma1re • Phoenix, AZ 85021 • (602) 861-1010 

Supporting MIL-STD-1553 since 1979 

CIRCLE NO. 325 

R9M·IT 
EPROM EMULATION SYSTEM 

UNIVERSAL PROGRAMMER, EMULATOR & TESTER 

TUP-400 $745.00 

• New improved hardware and 
software 

• ThemostCQmpletePC-basedUmveraal 
Programmer_ Pro0ramsPLD (PAL, GAL, 
FPL. EPlO. PEEL, MAX, MACH ), E(E)PROM 
(up to 16 MIHt). Rash EPROM, BPROM, Special 
PROM, MPU (87XX, 68XX, Z8, PS0301, PIC16XX, 
TMS320EXX, UP075PXXX, HD637XXX ) 

• Cove1s DIP, Pl.CC. OFP. SOP, alMl PGA with 8 to 
84 IJlllS Gafl!I Programming adapters 
avilllablealso 

• EPAOM EMULATION capability 

• Tests digital ICs and ORAMs (SIMM/SIP adapter 
available) 

• Freesoftwareupdatesandnew 
dev1Cesaddeduponrequest 

• 1CManufacturers·app1oval 

• lyearwarranty,30day 
mooey back ouaranlee 

CIRCLE NO. 326 

Instant Microcontroller 

+ 
Instant C 

PC-Based 
Universal 

Device Programmer 
Certified by IC N\onufocturers 

INFINITl-PC 
• Programs most PLDs ond 

memories up to 40pins 
• Menu driven device selection 

by P /N and manufacturer 
• Full screen editor for fuse 

mops and memory buffers 

\ 

• JEDEC standard vector test functions 
• New devices con be easily added by yourself 
• Self lest and diagnosis for high programming 

yield 
• One year warranty and free device update 

408 I 371-4642 
2265 Bascom Ave. #20, Campbell, Co 95008 

CIRCLE NO. 327 

ice MASTER 
YourWmdow 
To Emulation 
Productivity 

• Easy to learn & use 

NEW 
4-MEGABIT 
VERSION Instant New Product • Windowed interface --

• Emulates up to 8 
4-Megabit EPROMS w~h 
one control card. 

• Downloads 2-Megabn 
programs in less than 
23 seconds. 

• Allows you to examine 
and modify individual 
bytes or blocks. 

• Accepts Intel Hex, 
Motorola $ -Record 
and Binaiy files. 

• Software available 
for IBM PC and 
compatibles and 
Macintosh systems. 

• Base 27256 EPROM 
System $395.00 Other 
configurations avai lable. 

ORDER TODAY-IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

~ 
Incredible Technologies, Inc. 
(708) 437-2433 
(708) 437-2473 Fax 

VISA now accepted. 

CIRCLE NO. 328 

To advertise in 

Use our Little Giant'" and Tiny Giant'" miniature 
microprocessor-based computers to instantly com
puterize your product. Our miniature controllers 
feature built-in power supplies, digital 1/0, serial 1/0 
(RS232 I RS485), ND converters (to 20 bits), 
solenoid drivers, time of day clock, battery backed 
memoiy, watchdog, field wiring connectors , and 
more! Designed to be easily integrated with your 
hardware and software. Priced from $159. Core 
modules as low as $59. Low cost, interactive Dy· 
namic C™ makes serious software development 
easy. 

Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 USA 

Tel: (916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 

(Call from your fax, request catalog #18) 

~;;;:=====~= usercoafigoroble • FAST! Dowoload--
< 3 sec. typ. ot 11 SKB 

• Source level debug 
• A 4K fro me troce buffer with advanced search~g capobinties. 
• iceMASTER coonects eosi~ to yoor PC, 1ecpi1es no disassembly, 01 expansion 

s•~. Wol<s oo ony PC (DOS or 05/ 1), MkroChonnel or EISA. h;,n •ptops r 
• iceMASTER is ve<>ot~e: keMASTIR-8051, keMASTER-68HCl 1 and 

iceMASTER{OP8 support most fomi~ derivatives. 
• Rental ond 10-doy trials ovo~oble • 
• 68HCl 1 A,D,E,f; 8XC518; 8XCS51; BXCSI SAond 8XC517Asupport. 
• can todoy for free demo disk ond osk about 0 free 

8051 Moao Assembler! ( 800) 638-2 4 2 3 

r, r, iMdalink • 
• • §1$1. Corporat1on , , \ \ 

/Mari.~ PO .. 1319 Oml. ll 85244-1319 
Pin 602>'16-0197 FU 1602) 91&1198 IRIX 4m'.ISOMIUI 

CIRCLE NO. 329 CIRCLE NO. 330 

Product Mart, call Joanne Dorian, 212/463-6415 
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•SPICE 
Simulation 

•Model 
Libraries 

•Waveform 
Processing 

CIRCLE NO. 331 

400 MHz Logic Analyzer 

• upto 128 Channels, Timing and State 
• 400 MHz Max Sampling Rate 
•Timing and State Simultanious on Same Probe 
• 16K Samples/Channel (high speed mode) 
• 16 Levels of Sequential Triggering 
• Variable, TIL, or ECL Logic Threshold Levels 
• 8 External Clocks 
• FREE Software Updates on 24 Hour BBS 

$799 - LA12100 (100 MHz) 

$1299 - LA32200 (200 MHz-32channels) 

$1899 - LA32400 (400 MHz-32channels) 

$1950 - LA64200 (200 MHz-64channels) 

$2750 - LA64400 (400 MHz-64channels) 

UNIVERSAL PROGRAMMER 
PAL 
GAL 
EPROM 
EE PROM 
PROM 
87xxx ... 
22V10 
26CV12 $475 
6Bit EPROMs FLASH EPROMs 
Sns PALs 4 Meg EPROMs 

FREE software updates on BBS 

J Call - (201) 808-8990 
ltlt. Link Computer Graphics, Inc. 

369 Passaic Ave.,# 100, Fairfield, NJ 07004 FAX:879-8786 

CIRCLE NO. 337 

TARGA Video Splitter 

• IN2061 drives 2 TARGA monitors • Mon
itor can be up to 100 feet away • Small 
compact design• Extension cables avail
able • $240.00, 3 year warranty 

@] Commun1cot1ons 
[2l[k}SQeciolt1es. Inc 
TEL : 516-273-0404 FAX : 516-273-1638 

CIRCLE NO. 332 

CIRCLE NO. 335 

THE EASY CHOICE 

Micro-Link 's VME203 SBC makes your design 
choice easy Available 1n several conf1gurat1ons. 
VME203 prices start at less tl1an $1 .025 1n 100 
piece quantities. Options include 68EC030 or 
68030. FPU . 1 or 4 MB of ORAM wi th transparent 
refresh. burst mode Cache. up to 1 MB of EPROM. 
two RS-232 serial ports. and clock speeds of 16. 
32 and 40 MHz. VME203 software support 
includes M1croware OS-9" . CrossCode" C 
Free Form '" and M1crobug IL 

Micro-Link 
Call For Your Free Configuat1on Guide: 

1 ·800-428-6155 US & Canada 
1-317-846-1721 I nternat1onal 

Library Doubled and WINDOW 3.0 with VMS 

DC/CAD 
I CAD Showdown Results! 

HIGH DENSITY EXPERTS! 
Integrates Schematic Capture, 

PCB Layouts & Autorouting 
This top-raled CAO out-routed the competition 1n the 1990 CAO 
Showdown. DC/CAO displayed its power and flexibility when 
routing a double-sided board while competing rou ters used four 
to six layers. This non-copy protected package wi th surface 

mount support includes: -
• Multi-strategy 1-mil parts autoplacer 
• "1-mil" autorouting w/ripup & retry , · ". ·; · .. 
• Thorough annotating design rule checker • · • ' 
• Full 2-way GERBER and DXF support 
• Optional autoground plane support with cross-hatching 
• Optional s1mul•t1on capability & protected mode for 3B6 users 

LEASE PROGRAM & SITE LICENSE AVAILABLE 
30 DAY MONEY BACK GUARANTEE 

• DESIGN llliiBiiil 
•COMPUTATION 

Rt . . H . . \hrrm;111 .\ 'q11:1,..,.1·:1rmit1Rdrlk Vo--!
(90H) IJjX-6661 • (90H) 9.iX-666! ( l iU J 

lmumative. Intelligent & Integrated Software 

"NO KNOBS" 
>NC""'"' g <CC 

UP DOWN CHIP SELECT 

VHIGH Y LOW 

GNO VWIPEA 

E2POT '" Digitally Controlled 
Potentiometers 

FEATURES: 

• Low Power CMOS Technology 
• Non-11olat1I~ W1per Position Storage 
• Temperature Compensated 
• Low Cost 
• ±20% End To End Resistance Range 
• Improve System Reliability 
• 1-3% Resolution 
• 100 Year Wiper Pos1t1on Retention 
• Will Not Wear Out l 
• Allow Automated System Ad1ustments 
• B Pin Through-hole And Surface Mount Packages 

liCDI! X<0< '"' ss1 """''''Co"" M•O<ias c"''""~ "'°" 1m 
1408) 432 8888 X3549 FAX 408 432 0640 

CIRCLE NO. 336 

-Bss ,- _ 

------- ... -.. .. ' 

50MHz Pulse/Function Generators 
Two available models from under $3000. 
High fidelity waveforms from 1 O.OOmHz to 
5000 MHz and from 10.00mV to 32.0Vp-p. 
Auto-calibration preserves full accuracy from 0°C to 
50°C. 
Fully complies with the new IEEE-488.2 standard. 
Built-in GPIB compiler makes model 8551 bus 
compatible with HP's model 8116A device -
dependent commands. 
Provides sine, triangle, variable/fixed duty cycle 
pulses, positive and negative ramp waveforms; 
triggered, gated, and counted burst modes; pulse 
width, amplitude, and frequency modulation modes; 
lin/log sweep modes; automatic PLL to an external 
source with a t 180° phase offset range. 

• • Tabor Electronics 
~ _. 25 Rutgers Ave. Cedar Grove, NJ 07009 
....., Tfl: U.S.A.(201)239-042S; ISRAEL{04)676868 

CIRCLE NO. 338 CIRCLE NO. 339 
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SA<lvin 

ADVIN versus DATA 1/0 
• Data 110 and Model 2900: reputable company. 

dependable equipment , supports 40-pins. Software 
updates: fair amount. 

• Advln and PILOT-U40: reputable company, 
dependable equipment, supports 40-pms. Software 
updates: tree via electronic BBS. 

ADVIN SYSTEMS INC. 
Smaller Company, Better Service. 

800-627-2456, 408-243-7000 , Fax 408-736-2503 

CIRCLE NO. 340 

CIRCLE NO. 343 

I N-CIRCU I T EMULATO R 
FOR 8XC751 /2 MICROCONTROLLERS 
Real time and transparent in-circuit em ulator, 
supporls Philips/Signetlcs 83C751 /2 and 87C751 /2 
microcontrollers, Symbolic Debugger compat ible 
with Intel object files , Source Level Debug for C 
and PLM, 2K hardware breakpoints and conditional 
breakpoints, 2K of internal memory, 64K Software 
Trace, serially linked to IBM PC or compatible 
hosts, On-line Assembler and Disassembler, easy 
to follow pull-down menus and windows, small size 
1" x 5" x 6" (2.4cm x 13cm x 15cm). 
Also available from CEIBO: Mlcrocontroller and 
EPROM Programmers, Development Boards and 
other Emulators. 

c EI BO +~C:L~,~~8~~~9R9~~E L~~l~~~~~-~6A3~~iX~ 
ISRAEL. 
MEAKAZIM BUILDING, P.0 BOX 2106 HERZEUA 46120 
TEL: 972-52-555387 FA X: 972-52-553297 

CIRCLE NO. 346 

BACKGROUND MODE EMULATOR 

68332 
68340 

68HC16 
and 68330, 6833 1, 68333 

Complete hardwa re testing and C source 
level debugging for thousands less 
than an ICE. Call for a free trial unit. 

(617) 828-5588 

K ..... Embedded 
a..• Support 
WVwvwww Tools Corp. 

10 E lmwood St. Canton, MA 02021 

CIRCLE NO. 341 

RS-422 I RS-485 
Communication Card 

PX-2285 $1 25 
• One or Two Ports Communication 

Interface Card 
• Communicates up to 4000 feet away 
• Communication speed up to 112K 

baud 
• PC BIOS COM1 , COM2 Software 

compatible 
• Optically isolated to avoid any noise 

from harsh environments 
• Half -size Card 

CALL FOR FREE CATALOG 

ACQUTEKCORPORATION 
P.O. BOX 187, SANDY UT 84091-0187 

PH: 801-572-8151 FAX: 801-572-8158 

CIRCLE NO. 344 

New for the 8051 
Professional 'C' Developers Kit! 
• Fastest "C" Execution, Most Compact Code. 

• Mixed Memory Models. 

• RTOS & Memory Banking Extensions. 

• Accommodates All 8051 Derivatives. 

• RTX-51 (Real-Time Multi-Tasking for 8051) 
included, and BL51 Banking Linker/ Locater 
(Manages up to 1 Meg of code) available! 

• Source Level Debugger/Simulator with 
Emulator Interface and Monitor. 

Call Today: 
(408) 296 -8051 
for your Free 
Evaluation Package! 

888 Saratoga Ave #2 
San Jose, CA 95129 
FAX: (408) 296-8061 

CIRCLE NO. 347 

UNIVERSAL DATA 
ACQUISITION SYSTEM 

New microprocessor-based system 
offers thousands of functional combina
tions far up to six concurrent users: 

• 15 all-purpose card slots • Ana
log and digital I/Os • A/D & D/A 
conversion • 13-16 bit resolution • 
300 KHz-1 MHz data rate • 32 MB 
FIFO memory • Multiple computer 
interfaces. 

For full -color brochure contact 

g;/PRESTON} 
805 E. Cerritos Ave., Anaheim, CA 92805 

(714) 776-6400, Fax (714) 776-3660 

f"'"~ 
L,m,5 

Q=ABC 
F=X+Y 

and product specs, 

ca/1800 488-0680 
Tango, the leader in 
PC-based tools fo r: 

• Schematic entry 
• PCB layout and 

autorouting 
• PLO design 
• Simulation , timi ng 

verification and therma l 
reliabil ity 

ACCEL Technologies , Inc. 
6825 Flanders Drive 
San Diego , CA 92121-2986 
Service 619 554-1000 
Fax 619 554-1019 

CIRCLE NO. 345 

~Pf:f.J••i!@t.islJil·!,,tS4.!.t§ 
Integrated CMOS 

DTMF Receiver 

M-8870 is a full DTMF 
receiver that integrates 
bandsplit filter and digital 
decoder on one 18-pin 
CMOS DIP. 
• Low power consumption (35 mW max.) 
• On-chip differential amplifier, clock 
• generator, and latched 3-state bus 
• 5 volt power, 3.58 MHz TV crystal 
• Low cost 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

iCEL-CCNE® 
iiij!ij!.1%11ijiij.1!111!.1ij~f 

En Tt!/ec:um Entetfoce Compments 

Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 9802 1 

CIRCLE NO. 348 

To advertise in Product Mart, call Joanne Dorian , 212/463-6415 
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OPERATOR INTERFACE 
INDUSTRY PROVEN RELIABILITY 

* 30 or 45 key Tactile 
Keypad 

* 80 Character ( 4 Line 
X 20 Character) 

* 300 to 19200 BAUD 
* Programmable 

Function Keys 
* RS-232 or RS-422 

Interface 
* Simple Menu Set-up 
* Standard or Custom 

Keypad Graphics 
* 5 VOC or Extended 8-24 VOC 
* Less than 8 Ounces 
* Full 1Wo Year Warranty 

Two Technologies, Inc. 
419 Sargon Way 
Horsham, PA 19044 
PHONE (215) 441-5305 
FAX (215) 441-0423 

CIRCLE NO. 349 

CP-1128 COMBINATION 
PROGRAMMER 

See us at Southcon 6020 $1295.00 
0 Introducing programming @) Immediate programming 
supportlorAMD'scomplete support for Cypress ' 
MACH family of devices . CY7C361, Lattice's 
The CP-1 128 provices pro- ispLSl1032andpLSl1032, 
gramming support for the as well as National AIM 
MACH 110/2 10/ 120/ devices. 
130/230. o Call 1-800-225-2102 
@ Qualified and recom- for a literature pack and a 
mended by AMD, lattice, demo disk. 
National Semiconductor 0 Lifetime FREE software 
and Signetics. updates available via BBS 24-

hours a day or via US Mail. 

BP~ 
10681 Hoddinglon • Houston, TX 77043-3239 • FAX 713/46\.7413 

C 1991 BP Microsystems, Inc 

CIRCLE NO. 752 

VMAX® DE2 SOLID STATE DISK DRIVE 
• FAST, faste r than hard drive di ' k acces' 
• One yea r warranty I Made in the U.S.A. 
• 100% DOS compatible, bootable 
• DURABLE, withstands harsh environments 
• PC/AT Bus, fits standard expansion slot 
• Software Included - program SRAM & 

FLASH on-board 
• SMALL size I LOW pri ce 
• $135 qty. 1; Quantity VY A y · 

Pricing Available • ··~ ~· 
TEL: (813) 643-2424 TEMPUSTECH, INC. 

(800) 634-0701 295 Airport Road 
FA X: (813) 643-4981 Naples, FL 33942 

CIRCLE NO. 755 

To advertise in 
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ABEL-PLD: 
Logic design for less. 

• 150 PLD 
archileclures 
supported (more 
lhan 4000 devices) 
• Uses ABEU" 
Hardware 
Description 
Language 
(ABEL-HDU 11) 

t•J Call Data 110 ® 
~~ ~ Direct today 

to order 
ABEL-PLD. 

• lnlelligenl 
synthesis and 
oplimizalion 
• Upgradable lo 
full-featured ABEL 
Design Software 

1-800-3-DalalO 
(l-800-332-8246) 
*( '.S. /isl price 011 /y. 

DATA 1./0 

CIRCLE NO. 350 

8051 80(196 80(186 
68HC11 64180 

Orion's 8620 Analyzer-Emulator Supports 
These Processors & Over 180 More! 

• Cost-effective, PC-based emulation for over 180 8- and 
16-bi! CPUs • Source level and symbolic debug support 
• Interactive triggering • Program Performance 
Analyzer • Tremendous macro capabilities • Built-in 
EPROM programmer • Two-week evaluation progr.un 
• Backed by over 11 years of emulation experience! 
Call or fax today for more info and a FREE DEMO DISK. 
Limited offer - 1 month free 
with 3 month rencal! 
1-800-729-7700 
Fax 415-327-9881 INST R U M ENTS 

180 Independence Or., Menlo Park. CA 94025 

CIRCLE NO. 753 

Free Catalog 
The World's Largest Collection of Adapters & 
Acce~ries for VLSI/Surface Mount Devices 
• Emulator Pods & Adapters • Debugging Accessories 
• Debug Tools • Prototyping Adapters 
• Programming Adapters • Custom Engineering 

Save $1000 on 
our entry-level logic system. 

• Includes U1e 212 
~ lulli Programmer 
"~lh logic module, 
ABEL-PLOT" and 
PR0.\1JinkT\\ Lld . 
PC Interface 
Software 
• Supports 20-
and 24-pin CMOS 
logic devices 

t•J Call Dala 1/0® 

iii Direct loday lo 
order lhe 212 

• · Logic Syslem. 

• Full-hex keypad 
for extensive editing 
• Optional EPROM 
and microcontroller 
modules 

1-800<-l-DalalO 
( 1-800-332-8246) 
*CS. list price only. 

I>Aml./O 

CIRCLE NO. 751 

MICROPROCESSOR 

EMULATORS 
Zax provides a comprehensive 

series of real-time emulation sup
port for Motorola, Intel, NEC, Zilog , 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 

Call now for more information: 

(800) 421-0982 
(714) 474-1170 (Inside CA) 

(714) 474-0159 (Fax) 

ZAXTEK 
42 Corporate Park Irvine, CA 92714 

CIRCLE NO. 754 

UNIVERSAL PROGRAMMER 
ALL-03 $649* 

• MOST COMPLETE DEVICE LIST & SMO 
SUPPORT (PLCC, PGA, QFP, SOP) 

•PAL, GAL ... E(E)PROM, SPECIAL PROM, 
MPU, OSP .. . 

•TEST DIGITAL IC & ORAM 
• FREE SOFTWARE UPDATES 

EPROM PROGRAMMERS (UP TO 2 MB) 
EPP-01A/04A/08A FROM $169* 

CALL (510) 623-0430 

@ 111-Lll STSTJE#S 
• Socket Converters H 
Emulation Technology, Inc. ~ 
2344 Walsh Ave. Santa Clara, CA 95051 4580 ENTERPRISE ST., FREMONT, CA 94538 
Phone:408-982-0660 FAX:408-982-0664 FAX (510) 623-7260 *U.S. ONLY 

CIRCLE NO. 756 CIRCLE NO. 757 
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SUPERPROTM 

Special offer of this month at 
$ 699 (U.S.only) includes at 
no charge one of • 4 socket 
adapter or • PAL compiler or 
• EPROM eraser (9 chips) 

also, 
- low cost UNIPRO at $399 

UNIVERSAL 
PROGRAMMER 

- EPROM programmer at $149 

SUNNYVALE, CA (408)745-7974 
FAX(408)745·1401 BBS(408)745-7256 

CIRCLE NO. 758 

Complete System $1895.00 
New Windows 3.0 Compatible Software 

• 48 Chnnls@ 50 MHz x 4K words deep 
• 16 Trigger Words/16Level Trigger Sequence 
• Storage and recall of traces/setups to disk 
• Disassemblers available for: 6800'.l, 8088, 8086, 

6801, 6811 , ZBO, 8085, 6502, 6800, 6303, 8031 

NCI a 6438 uN1vERs1TY o RwE. 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 

CIRCLE NO. 761 

MacABEL 
PLO Design on the App le Macintosh! 

Data I/O's industry-standard ABEL PLO design package 1s now 
available on the Macmtosh, exclusively from Capilano Computing! 
• Use Boolean and integer equations, state machines and truth tables 
to describe your design • Communicates directly wrth any serial PLO 
programmer • Best device support 1n the industry, including ALTERA, 
AMO, ATMEL. CYPRESS. GOULD. HARRIS. ICT. INTEL. LATTICE. 
NATIONAL, RICOH. SAMSUNG, SGS, SIGNETICS, SSS, Tl, VTI and 
others • Interactive "in-circurt" schematic entry and s1mutation when 
used with DesignWorks 

Call (800) 444-9064 Today for your free Demonstration Kit! 
Capilano Computing 

FAX: (604) 522-3972 
(604) 522-6200 

fiAVAL 
An Established Foothold In 

The Device Programming Arena 

The Traditional 
Market Leader In Japan 

CIRCLE NO. 759 

SCHEMA III 3.3 
Schematic Capture 

COMPLETE 
DESIGNS ON 
YOUR PC OR 

UPLOAD 
TO YOUR 

WORKSTATION 

FREE DEMO DISK 
One schematic capture program 
stands alone in features , speed, 
user friendliness & performance -
SCHEMA The new SCHEMA 
~ III 3.3 is still only $ 495. 

~E& 800-553-9119 

CIRCLE NO. 762 

• Based on Analog Devices' 2100 Family 
• 3µS, 12-bit ADC & 1.SµS, dual 12-bit DAC 
• Programmable anti-al iasing filter 
• Programmable reconstruction filter 
• 10 input ranges from 200V to 20 mV 
• Direct serial port interface to the DSP 
• Standard application library includes FFT 

analysis, llR & FIR filte ring , and 
arbitrary signal generation 

• Turbo C & DOS command library available 
• Ideal for DSP code development 
• Graphical interface software is included 

~~ 
PRICE:$ 895 

• WAVETRON microsystems 
1 L\5 Od<htJd Dm e • Re<h1.ood Cit). CA 94()63 

Tel: 14 15) 366-5371 • FAX (4 15) .166-5375 

REMOVE 
HARDW /\RE LOCKS 

PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITYI 
Software utility that allows for 

the removal of hardware locks. 

Available for most major 
CAD/CAM and PCB 

software programs 

Easy - Simple - Guaranteed 

Programs start at $99.00 U.S. 
Visa and Mastercard Welcome 

Call or Fax for more lnfonnatlon 

Salt.Soll S7•ema Inc. 
lOZ..1100 Concordia An. 
Wlnnlpo1, Mb. RlK 488 
Canada 

Phooe (l<W) 60-4639 
FAX (l<W) ''3-3.5" 

CIRCLE NO. 760 

DR·11W USERS: 
Nf!J!! F~Op~L~ --Our new Fiber Optic Link removes 

the OR-11W's 50 foot cable limit. We use 
advanced fiber oplic technology so you 
can separate OR11-W compatible devices 
up to 2 kilometers-with no loss in system 
throughput. Our Links connect to your 
existing DR11·W interfaces with standard 

40-conductor flat cables. Join the 
two Link modules with duplex fiber 
optic cable , and your system is 
ready without software changes. 

m mac1oliinlk<®u1n1e .. 
1500 North Kellogg Drive • Anaheim , California 92807 

Phone (714) 777-8800 • FAX (714) 777-8807 

CIRCLE NO. 763 

=·-.·-1'... ...: . . y 
.. • '; ""-....-;: rJ 
•: \ '· ..... .. • - "" 

11!!!!! .. I 

CUT PGA NOISE 
Micro/Q (R) 3000 capacitors reduce noise associated 
with PGA and PLCC devices. Designed to be mounted 
under the device, take no extra board space. Can be 
used under MPUs, Gate Arrays, and ASICs. Choose 
from Z5V, X?R, and P3J dielectrics. Avai lable in both 
thru-hole and surface mount versions. Several sizes 
available to fit all devices. 

Rogers Corp. 
2400 South Roosevelt St ., Tempe, AZ. 85282 

(602) 967 ·0624 

CIRCLE NO. 764 CIRCLE NO. 765 CIRCLE NO. 766 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Issue 
Issue Date 

News Mar. 19 
Edition 

Magazine Mar. 30 
Edition 

SOFTWARE Mar. 30 
ISSUE 

ews Apr. 
Edition 

Magazine Apr. 9 
Edition 

Magazine Apr. 23 
Edition 

ews Apr. 30 
Edition 

Magazine May 7 
Edition 

ELECTRO 
SHOWGUIDE& 
PRODUCT SPOTLIGHT 

News May 14 
Edition 

Magazine May 21 
Edition 

ews May 28 
Edition 

Magazine June 4 
Edition 

News June 8 
Edition 

Magazine June 18 
Edition 

SOFTWARE June 18 
ISSUE 

News June 25 
Edition 

Magazine July 6 
Edition 

Magazine 
Edition" 

July 20 

News July 23 
Edition 

Magazine Aug. 6 
Edition 

News Aug. 13 
Edition 

Magazine Aug. 20 
Edition 

News Aug. 27 
Edition 

Magazine Sept. 
Edition 

News Sept. IO 
Edition 

EDN·CAREER OPPORTUNITIES 
1992 Recruitment Editorial Calendar 

Ad 
Deadline 

Mar. 5 

Mar. 5 

Mar. 5 

Mar. 19 

Mar. 19 

Apr. 2 

Apr. 16 

Apr. 16 

Apr. 

Apr. 30 

Apr. 30 

May 14 

May 14 

May 21 

May 28 

May 28 

June 11 

June II 

June 25 

July 9 

July 16 

July 30 

July 30 

Aug. 13 

Aug. 13 

Aug. 27 

Editorial Emphasis 

DSP Software • Communications • Regional ProfJe: New York, New Jersey, Pennsylvania 

Microprocessors • Analog Circuits • CAE • Test & Measurement 

SOFTWARE ENGINEERING SPECIAL ISSUE • (To be polybagged with the March 30th 
Magazine Edition issue) 

ICs & Semiconductors • Multimedia Software/ Development Tools • Engineering 
Management Special Series 

CAE • EDN Hands-on Special Project-Part I: Field-programmable Gate Arrays • Software 
• Memory Technology 

Portable Computer Design • ED Hands-on Special Project-Part II : Field-programmable 
Gate Arrays • Electromechanical Devices • Computer Peripherals 

ASICs SPECIAL ISSUE • FPGAs and EPLDs • CICC Hot Products • ASICs • Regional 
ProfJe: Northern California 

Communications/ Networks • Test & Measurement • Surface-Mount Components • Power 
Sources • Electro Show & Products Issue 

A free page available to all advertisers running a full page in 2 out of l Electro issues 

Graphics Technology • Computers & Peripherals 

Analog !Cs • Analog CAE • PC Board CAE Tools • Programmable-Logic Devices 

Communication ICs • CAE Software • Regional Profile: Texas, Oklahoma, Kansas 

ASJCs/PLDs • DSP Software • CAE/Software/lnteroperability • Digital ICs & 
Semiconductors 

CAE SPECIAL ISSUE • EDA/CASE Supplement • DAC Hot Products • Software 
Engineering • Diversity Special Series 

Microprocessors • Electromechanical Devices • ICs & Semiconductors 

SOFTWARE ENGINEERING SPECIAL ISSUE (To be polybagged with the June 18th 
Magazine Edition issue) 

MILITARY ELECTRONICS SPECIAL ISSUE • DSP Hardware • Military Electronics 
• Regional ProfJe: Florida , Alabama 

INTERNATIONAL PRODUCT SHOWCASE-Vol. I • Hardware & Interconnect 
• Software • ICs & Semiconductors • Power Sources 

INTERNATIONAL PRODUCT SHOWCASE-Vol. 11 • Computers & Peripherals 
• Components • CAE • Test & Measurement 

Engineering PCs & Workstations • CAE Software • SIGGRAPH Hot Products • Graphics 
Technology • Engineering Management Special Series • Regional ProfJe: Arizona, New 
Mexico 

Microprocessor Development 'fools • JCs & Semiconductors • Technical Article Database 
Index • EDN's "Innovation Crusade' ~Finalists Coverage • Reader Vote Contest : All 
advertisers in the issue qualify 

DSP ICs • EDN's " Innovation Crusade'~Finalists Coverage • Telecom Software 
• Engineering Management Special Series 

MILITARY ELECTRONICS SPECIAL ISSUE • Military Computers Design • Test & 
Measurement • Memory Technology • Components 

Embedded Software • Software • Regional ProfJe: Washington DC, Maryland, Virginia 

ASICs SPECIAL ISSUE • CAE Tools & Techniques • Computer Peripherals • Computer 
Buses • Sensors & Transducers • Buscon Show Coverage 

CAE • Test & Measurement • Diversity Special Series 

Call today for information on Recruitment Advertising: 
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Knock, 
Knock. 

In EDN's 
Magazine 
and News 
Editions, 

opportunity 
knocks all 
the time. 

One of the world 's most advanced semiconductor operations is what you 'll find at IBM's 
major development and manufacturing facility in Burlington, where continued business 
growth is matched by a superb living environment. We now have outstanding career 
opportunities for engineers with the specialized computer skills to make significant 
impact on RISC microprocessor development. 

Logic Design 
Responsible for definition, logic design and verification of high performance RISC 
microprocessors . To qualify, you must possess a BSEE or higher, with an emphasis on 
Computer Engineering , and be capable of carrying logic design through to physical chip 
design stage. Minimum of 3 years in logic/chip, CMOS and VLSI design required. RISC 
experience is key. Background in microprocessor and multiprocessor design desirable. 

Circuit Design 
Will design CMOS circuitry for RISC-based microprocessor functions. Includes custom 
SRAM cache design, complex logic dataflow circuitry, random logic, 10, clocking and 
other circuitry in custom microprocessor layouts.Requires BSEE or higher with empha
sis on Computer Engineering or Circuit Design. Ability to design complex CMOS or Bi 
CMOS circuits and perform circuit analysis and verification is essential , along with 
minimum of 3 years circuit design experience in industry. CMOS, VLSI , digital circuit 
design is a prerequisite. 

Physical Design 
Responsible for CMOS VLSI chip physical design of RISC microprocessor in advanced 
CMOS technology. Includes using state-of-the-art CAD tools to perform chip layout, 
wiring and chip timing analysis. A BSEE or higher, with emphasis on Computer 
Engineering or Circuit Design, is essential , along with at least 3 years of physical design 
experience in industry. RISC and CMOS, VLSI design experience (chip layout/wiring) 
necessary. Background in microprocessor design desirable. 

Design Verification & Test 
Will develop verification programs and behaviorals to verify RISC microprocessor 
functions, and perform failure analysis at system and chip level. Will also develop test 
programs and fault models which insure the manufacturing testability and quality levels 
of custom designed RISC microprocessors. Must possess a BSEE/CS or higher with 
emphasis on Computer Engineering or Programming, and at least 3 years in verification/ 
test of RISC microprocessors. Computer (RISC) architecture and microprocessor 
design knowledge essential, along with proficiency in C and Assembly Language 
Programming. Microprocessor design experience desirable. 

Located between Lake Champlain and Vermont's Green Mountains, Burlington offers 
year round recreation and open space. Unspoiled beauty, affordable housing and a 
sense of community come together here. This is life at its most enjoyable ; technology 
at its best. 

IBM offers salaries commensurate with qualifications and a comprehensive benefit 
package. For confidential consideration , please send your resume, indicating area of 
interest, to : IBM Corporation, Professional Recruiting, 1000 River Street, Essex 
Junction, VT 05452. 

=====-- == ----- ---- ------~~---= - - = ® 
An equal opportunity employer. 
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R & D ENGINEERING OPPORTUNITIES 
There's a nevv definition for 

From HDTV to medical imaging, Philips 
Laboratories is literally changing the way 
people see their world . We can change the 
way you view your career, too . You'll be 
joining a team of 300 R&D professionals 
engaged in developing and refining the 
product-related technologies that give 
North American Philips Corporation its 
reputation for innovation and excellence. 

If you have a B.S., M .S., or Ph.D. in E.E. or 
a relevant discipline coupled with strong 
communication skills, ability to work as part 
of a team, and appropriate background as 
outlined below, there may be an exciting 
position where you can put your career in 
sharper focus : 

Analog Video Design 
Join a team advancing the leading 
technologies of television . You will be 
filling a responsible position in video and 
display research . 

Requirements include experience in the 
theoretical and practical aspects of analog 

circuit design. Background should include 
one or more of the following areas : low 
and high frequency, wide band and tunable 
amplifiers; audio, video, and commu
nications circuits; modulators and 
demodulators; ND and D/A converters; and 
phase lock loops. 

Digital Compressed 
Standard Definition TV 
Participate in the R&D of VLSI Systems 
and Video Communications by getting 
involved with prototyping and developing 
hardware for the real -time compression, 
transmission, and decompression of high 
quality digital television for Cable TV and 
satellite systems. 

Requirements include experience in the 
design of high speed digital circuits, high 
bandwidth analog circuits, and digital data 
communications . Experience in image 
processing, video systems, and/or DSP 
hardware/software would be a plus. 

HDTV/Digital Video Systems 
Participate in the development of Advanced 
Television Systems by getting involved with 
projects which include image coding algorithm 
development, hardware architecture, and 
implementation for standard definition, as well 
as high-definition.television. 

Requirements include 3-5 years' experience in 
image compression and source coding . 
Familiarity with image coding standards such 
as MPEG and experience with hardware 
architectures would be an advantage. 

As part of a leading international family of 
companies, we 're able to offer competitive 
salaries attuned to experience, excellent 
benefits including 401(k) and 100% tuition 
reimbursement, plus a convenient 
Westchester County location 30 miles north of 
New York City. Please send your resume, 
indicating area of interest, to : Human 
Resources Department-ED32, Philips 
Laboratories, Briarcliff Manor, New York 
10510. We are an equal opportunity 
employer m/f/h/v. 

PHILIPS 



We're 

bringing 

opportunity 

to San Diego. 
From Finland comes NOKIA 
Mobile Phones, Europe's largest 
- and the world's second largest 
mobile phone manufacturer. As 
part of the NOKIA group of high
tec h no I ogy companies with 
research and deve lopment cen
ters worldwide, we are expanding 
to the U.S. and have selected San 
Diego as the site for our latest R&D Center. Currently, we are seeking self-directed engineers to be the inno
vators of future generations of NOKIA hand-held portable digital cellular phones. 

As a NOKIA engineer, you will benefit from our progressive management style, which supports concur
rent engineering while making us a Six Sigma TOM Company. Unstructured, yet strategically focused, our 
new R&D Center in San Diego will be a magnet for engineers seeking the stability, resources, state-of-the-art 
development tools and vision only a company of NOKIA's global stature can provide. 

Start from the future by investigating the following opportunities: 

• TBICllVI FllMWARE 
DEVB.OPPllNT EPalBI 

• RF/IC DESIGN ENGl'HRS 
• PRN:IPAL SYSTEM ENGNIR 

• HARDWARE DESIGN mGNIRS • DSP SYSTEMS INGl'HR 
• ASIC DESIGN INGNIRS 

Discover the proven product lines and exciting opportunities that NOKIA is bringing to San Diego by sending 
your resume, referencing position for which you are applying, to: NOKIA Mobile Phones, Code 104, 9605 
Scranton Rd., #303, San Diego, CA 92121 . No phone calls please. Principals only. 

NOKIA~ 
E qual opportunity employer 

Your Future 
Starts Here 

EDNMagazine a ;: 
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Build a career designing 
Sensor Simulation Systems 

CAE-Link Corporation is the worldwide industry leader 
in the design, development and integration of advanced 
simulation hardware and training systems for aircraft and 
ground vehicle applications. Due to the relocation of our 
Sunnyvale, California operations to corporate headquarters 
in Binghamton, New York we have immediate openings 
available for System Engineers, Software Engineers, Circuit 
Card Design Engineers and Hardware Test Engineers. 

System & Software Engineers 
Electronic Design & Test Engineers 

You'll work in one of the most challenging areas of mil
itary training, creating realistic visual and correlated sensor 
simulation systems. We prefer candidates with a degree in 
Computer Science, Computer Engineering, Physics, Math 
or Electrical Engineering with at least 2+ years experience in 
any of the following areas: 

• C Language 
• Radar Simulation Design 
• Image Generation 
• Transputer Architecture 

•Ada 
• Digital Radar Land 

Mass Simulation 
• Database Modeling 

Professionals with the kind of talent we seek can expect 
flex time, a competitive salary and an excellent flexible 
benefits program. 

For prompt, confidential consideration fax your resume 
and salary requirements to: Employment Department, FAX 
(607) 721-5736 or mail your resume to Dept. EDN 2-1, 
CAE-Link Corporation, P.O. Box 1237, Binghamton, NY 
13902-1237. 

E/O Employer• M/ F/ H/ V 
Drug-Testing Employer • U.S. Citizenship Required 

Applications se/ec1ed will be subject to a securi1y investigation and m ust m ee1 

eligibility requirements/or access l o classified information. 

BEHIND THE MAGIC. 
Behind the smiles and unforgettable memories of Walt Disney 

Theme Parks, are Imagineers. These are the people who 

imagine outer space and take you there, make history come 

alive, create adventures for the adventurous, and turn dreams 

into reality. Walt Disney Imagineering's involvement ranges 

from the tiniest wink of an eye to final installation of an entire 

theme park. Current opportunities are available within our 

R&D group for: 

• R&D Electronic Engineers 
• R&D Optics Engineers 
• R&D Mechanical Engineers 

We offer an exceptional benefits package, a stimulating 

environment where each day brings a new challenge, and the 

opportunity to make an impact on the m06t magical organiza

tion in the world. If you're ready to make magic, please maiV 

FAX your resume to: Walt Disney l magineering, 800 Sonora 

Avenue, Glendale, CA 9 1221-5020. Attn: H uman 

R esources D ept. GD/EDN. FAX: 
(818) 544-3189. We are an Equal 

Opportunity Employer. 

~YsNEf" 
Imagineering 

©The Walt Disney Company 

If you're looking 
for work, 

just look here. 
EDN

~ine 

Ed1t1on 
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• 365 Standard Models 
• Single, Dual & Triple Output 
• Remote Disable Pin Standard 
• Up to 1 OOV DC Output now 

Standard 
• SOOV DC Isolated Input to 

Output 
• All Units Shielded 

MIL·STD·883 UPGRADES 
AVAILABLE 

• Expanded operating temp. 
( - 55°C to +85°C) 

• No Heat Sink Required 
• Stabilization Bake 

(125°C ambient) 
• Temperature Cycle 

( - 55°Cto +125°C) 
• Hi temp., full power burn in 

(100% power, 125°C case 
temp.) 

PICO also manufactures over 850 
standard DC-DC converters and over 
2500 ultra-miniature transformers, 
Inductors and new AC-DC power supplies. 

DI. "'~9~~r e 1very- o~ 14•69.;:~ o~ stock to ~ • Se u. 9 · 
one week 'Ii~~ :,,r1 r11,.~Ssss 
p I co Co Cata:; 

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

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

CIRCLE NO. 106 
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It pays to design 
telecont products.using 

a very fme line. 
Using the world's finest passive 

component line can make a big differ
ence to other lines. Like product lines. 
Like bottom lines. 

To the former, of course, Murata Erie 
brings an unquestionable assurance of 
superior performance, superior relia
bility. And that can't help but improve 
the latter. 

But the Murata Erie contribution 
goes much further. 

First, there are the significant bene
fits that come with finding a single 
source able to meet virtually any pas
sive component requirement. And we're 
discussing not only product types, but 
your needs for on-time delivery, in 
volume, as well . 

That's where multiple plants in 
North America and overseas help set 
Murata Erie apart from the rest . Where 
manufacturing capacity-exemplified 
by our routinely shipping 3.5 billion 
ceramic capacitors per month-can play 
an important role in productivity, in 
profitability. And both are enhanced by 
our extensive network oflocal distrib
utors, nearby sources for both product 
and dependable technical know-how. 

And speaking of technological exper
tise, it's well to remember who has 
more of it. And that, from the beginning, 
it's been Murata Erie setting the pace 
in electro-ceramic technology- the heart 
of an array of sub-technologies rang
ing from dielectrics to piezoelectrics. 

Write or call us today. When you 
have the facts, you'll see why leading 
telecom OEMs choose the Murata Erie 
passive component line. It's the one 
that helps move their lines-product 
and bottom-in the right direction. 

P!DERiEI® 
MURATA ERIE NORTH AMERICA 

2200 Lake Park Dr. 
Smyrna, GA 30080 
1-800-831-9172 

Dielectric Resonators, EMI/RFI Filters and Filter Connectors, Ceramic Resonators, Giga fil s~ Ceramic Capacitors, Piezoelectric Speakers, Microphones and Alarms, Duplexers, Isolators, 
Lnductors, Miniature Coaxial Connectors , Trimming Potentiometers, Crystal, DR and SAW Oscillators, Ceramic Filters, Resistor Networks, Hybrid Circuits, LC Filters, Trimming Capacitors 
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EDN·ACRONYMS & 
ABBREVIATIONS 

ADC-analog-to-digital converter 
ANSI-American National Stan
dards Institute 
ASIC-application-specific inte
grated circuit 
BBS-bulletin-board system; a 
computerized database and commu
nications forum accessible by modem 
BW-bandwidth 
CAE~omputer-aided engineering 
CDDI-Copper Distributed Data 
Interface 
CISC-complex-instruction-set 
computer 
CMOS-complementary metal-ox
ide semiconductor 
CPU~entral processing unit 
DIW-internal voice-grade wiring 
DMM--digital multimeter 
DSO--digital storage oscilloscope 
DSP--digital signal processing 
E-beam--electron beam 
EGL-emitter-coupled logic 
EDA-electronic design automa
tion 
EE-electrical engineer 
EISA-Extended Industry Stan
dard Architecture 
EMl--electromagnetic interference 
fr.;-a sampled-data system's 
Nyquist frequency-half the sam
pling rate 
FCC-Federal Communications 
Commission 
FDDI-fiber distributed data inter
face; a standard that defines a 100-
Mbps fiber-optic interface for com
puter networks 
FET-field-effect transistor 
FIB-focused ion beam 
GaAs-gallium arsenide; a sub
strate used as an alternative to sili
con in semiconductor manufacturing 
110-input-output 
111nq-the quiescent value of a MOS 
IC's drain current, 11m 
IC-integrated circuit 
IEEE-1149.1-the Institute of 
Electrical and Electronics Engi
neers' standard for boundary-scan 
testing 
IF-intermediate frequency 
JEDEC-Joint Electron Device 
Engineering Council 
LAN-local-area network 
LFM-linear feet/minute; a dimen
sion for the air-flow flux rate. Multi
ply the flux rate by a suitable cross
sectional area to obtain the air flow 
in cubic ft/minute. 

MAC-Media Access Control 
MDA-manufacturing-defects ana
lyzer 
MIC-Media Interface Connector 
MOS-metal-oxide semiconductor 
MOS FE T-metal-oxide-semicon -
ductor field-effect transistor 
MS-DOS-Microsoft Disk Operat
ing System 
NRZI-non-return-to-zero-in -
verted 
OEM-original equipment manufac
turer 
PC-personal computer 
pc-printed circuit 
PECL-positive emitter-coupled 
logic; ECL referenced to + 5V 
rather than ground 
PHY-Physical Layer 
PLD-programmable logic device 
PLL-phase-locked loop 
PMD-Physical Medium De
pendent 
RAM-random-access memory 
RFI-radio-frequency interference 
RI SC-reduced-instruction-set 
computer 
rms-root mean square 
SONET-synchronous optical net
work; a telecommunications stan
dard for a network that will replace 
the Tl standard 
Spice-simulation program with 
integrated-circuit emphasis; a pub
lic-domain analog-circuit simulation 
program developed at UC Berkeley 
SRAM-static random-access 
memory 
SSI-small-scale integration; rela
tively simple integration, for exam
ple, including basic logic gates 
STP-shielded twisted pair 
T&M-test and measurement 
TIA-time-interval analyzer 
TTL-transistor-transistor logic 
UDF-Unshielded Twisted Pair 
Development Forum 
DTP-unshielded twisted pair 
VCO-voltage-controlled oscillator 
VGA-the IBM Video Graphics Ar
ray display standard for personal 
computers 
VLSI-very-large-scale integra
tion; complex integration such as 
that found in a microprocessor 

This list includes acronyms and abbreviations found in EDN 's 
Special Report , Technology Updates, and feature articles. 
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• Audio Transformers ranging in size 
from 14'' x 14'' to W' x 17l's". 20 Hz 
to 250 KHz. Up to 3 watts. 

• Pulse Transformers .05µ.SEC to 
100µ.SEC miniaturized construction. 

• Ultra-miniature DC-DC Converter 
Transformers . 40 watts . 

• Miniaturized Switchmode Inverter 
Transformers . 60 watts. 

• 400 Hz Power Transformers. 
Primary voltages of 115V or 26V. 
Plug-in construction . Ultra-miniature 

• Microphone/Transducer Audio Input. 
• MIL-STD-1553 Interface Multiplex 

Data BUS Pulse Transformers . 

• Inductance values to 20mH with DC 
currents to 23 amps 

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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EDN·HANDS ON! 
Product reviews from EDN's editors and readers 

How America shaped, and was shaped by, electricity 

I n Electrifying America: Social 
Meanings of a New Technology, 

David E Nye relates the history of 
electricity in America not by de
scribing the works of great inven
tors or following the paths of cap
tains of industry. Instead, Nye 
shows us the electrification of 
America through the eyes of the av
erage Joe: farmers, housewives, 
factory workers, city dwellers, and 
school children. He describes how 
electricity seeped into and rede
fined American culture. 

The author presents electrifica
tion not as an external force but as 
an internal process shaped by the 
choices people made. People chose 
not to live in cities with collective 
electrical services but to live in sub
urban homes with individual appli
ances. They preferred the automo
bile to the electric trolley, alternat
ing to direct current, Edison lamps 
to Brush arc lights, and metered 
to unmetered service. 

Electrification took half a century 
and began with three separate elec
trical systems. The first was private 
and served downtown businesses 
and only the most wealthy homes. 
The second was a municipal system 
for lighting city streets. The third 
system was the private system that 
powered the streetcars. The high
est demand on this system was dur
ing the day when workers com
muted to and from work and city 
dwellers traveled about doing er
rands. To balance the electrical 
load, streetcar power companies 
built amusement parks at the end 
of their lines and began selling elec
tricity to communities along their 
routes. 

Using myriad details from archi
val sources, Nye describes the crea
tion and evolution of the streetcar 
suburb, the amusement park, the 
"Great White Way," the assembly 
line, the electrified home, and the 
industrialized farm. He also covers 
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the beginnings of the electrical-en
gineering profession and the IEEE 
and the science of home economics. 

Contr3.!Y to people's expecta
tions, electricity didn't always live 
up to its promise to make life easier. 
Three studies done in the 1920s 
found that women spent between 
51and64 hours a week doing house
work; studies made two generations 
later showed that housewives still 
work the same amount or more. 
Nowadays, of course, women and 
men split household tasks 50/50. 

The book has more than 80 photo
graphs and illustrations showing 
pictures of young women holding 
and gazing at light bulbs as if they 
were Faberge eggs, 2000 flat irons 
taken in exchange for electric flat 
irons, lighting exhibits at World 
Fairs, and Coney Island circa 1919. 

Inexpensive fold-out cards 
put programming data 
at your fingertips 

For programming information in 
a convenient format, take a 

close look at the fold-out cards from 
SSC Inc. The company offers handy 
cards that cover C, C + +, MS
DOS, RS-232C, Unix, Fortran, and 
other languages and topics. The 
cards cost $3 to $4.50 each. The 
company also sells pocket reference 
booklets about languages and pro
gramming topics, as well as ref
erence books and cassette courses. 
I bought several of the 3 1/~ x 8 1/~-in. 
cards covering C, RS-232C, and 
MS-DOS 5.0. Each card-printed 
on sturdy cover-stock paper-folds 
open into a sheet of panels. 

Typical of the cards is the one 
on MS-DOS 5.0. Even though I rou
tinely use only a few MS-DOS com
mands, I've found the 20-panel ref
erence card helpful for deciphering 
complex batch files and program 

An ad for the Sears electric belt
which the retailer claimed would 
tone up the system, drive out dis
ease, fortify the body against cold 
and sickness, and cure the "peculiar 
diseases" of men-is an example of 
early electrical medicine and peo
ple's faith in what they considered 
to be a magical fluid. 

The author tends to make the 
same point two and three times in 
a chapter and isn't the most electri
fying writer. But he does present 
the information clearly, and I 
learned something new on every 
page.-Julie Anne Schofield 

Electrifying America: Social 
Meanings of a N ew Technology, 
1880 to 1940, by David E Nye, The 
MIT Press, Cambridge, MA, 1990. 
$29.95. ISBN 0-262-14048-9. 

listings. The card also furnishes in
formation on CONFIG.SYS files 
and on the MS-DOS Debug com
mands, although I doubt that many 
people still use Debug. Likewise, 
the 8-panel ANSI C card provides 
a lot of helpful information. It saves 
me from searching through refer
ences when I use things such as 
enumerated data types or unions. 

Some time ago, when I was set
ting up RS-232C ports, testing com
munication software and modems, 
and working with ASCII communi
cations, the RS-232C card (eight 
panels) would have saved me a 
great deal of time. The card sup
plies lists of all RS-232C signals, pin 
designations for 25- and 9-pin con
nectors, definitions of terms, cable 
hookups, and handshaking informa
tion. For handy and useful informa
tion, I recommend these cards 
highly.-Jon Titus 

SSC Inc, Box 55549, Seattle, WA 
98155, (206) 527-3385, FAX (206) 
527-2806. 



Terminate Your SCSI Problems 
Unitrode's new BUS BOSS'M - the UC5601 active terminator - is the one chip solution you've been waiting for. 

Let the UC5601 handle your toughest SCSI challenges. It's not just a regulator. 

UC5601 

Unitrode's UC5601 assures a clean transmission 

For more information on the UC5601 and your 
nearest Unitrode Representative, call, FAX or write 
us today: Unitrode Integrated Circuits, 7 Continental 
Blvd., Merrimack, NH 03054, FAX (603) 424-3460. 

(603) 424-2410 

Connectivity Solution 
The UC5601. No other active terminator in the 
industry offers this level of capability, with these 
on-board features: 

+ 18 Thin film termination resistors 

+ Factory trimmed voltage regulator 

+ Low level clamping 

+ Logic command to disconnect all 

terminating resistors 

+ Low supply current in disconnect 

mode 

+ 28-Pin SOIC I PLCC 

+ Meets SCSI standards 
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