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Designing 
telecommunications 

equipment? Heres how to 
put your world on a string. 

Quite simply, tap into the proper sources. Because, 
while in one sense the world's a lot smaller, it can 
seem pretty big when the support you need is on the 

other side of it. 
It needn't be that way in passive com

ponents. Because Murata Erie's always 
nearby. Whether you're building Global 
Positioning Systems in Singapore, RF 
modems in Milan, or telephone systems 
in Thailand. 

And we' re there in a big way. With the 
technical expertise that __.. ·-~ 
ensures speed and flexibility · ~ 
in meeting new design ~· 
requirements. With the 
high-volume manufacturing 
and distribution resources , 
that - in getting parts where .,, 
and when you need them-shrink the 
world to "neighborhood" size. And, of 
course, with undisputed Murata Erie quality, 
backed by our unique 1. 0 QRS (100 % 
quality, reliability, service) program. 

Oh, yes-product line breadth. You'll 
find our line, the largest, from chip caps to 
piezoelectric gyroscope systems, can make 
a world of difference in calculating the eco
nomic rewards of vendor reduction efforts. 

Call or write for details: Murata Erie 
North America, Marketing Communica
tions, 2200 Lake Park Drive, Smyrna, GA 

30080; 1-800-831-9172 , Fax: 1-706-684-1541. Because, 
if it's the telecommunications world you're after, 
you'll want to string along with us. 

ERiE I® 
MURATA ERIE NORTH AMERICA 

Delivering Technology Worldwide SM 
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MILITARY TRIMMERS from the Tech no Division 
include broad MIL qualification ta RT24, 26, 27; 
and RTR24. 

In addition, Techna offers 1/ 4" and 3/8" multiturn 
trimmers with a TCR of ±50 PPM/'C for precision 
applications. All Military trimmers meet the 
requirements of Mll-STD-202, Method 208 . 

Contact: Techno Division, Dale Electronics, Inc., 
7803 lemona Avenue, Van Nuys, California 
91405 -1139. Phone 1818) 781·1642. 

Dal~Can. 
Add trimmers to the list of ways 

Dale® can help keep your project under 
budget and on-time. We offer immedi
ate interchangeability with models 
you're using now. Cermet, wirewound. 
Military, industrial, commercial. Square, 
round, rectangular. Surface mount and 
through-hole. Discover how Dale 
trimmers can end your search for multiple 
suppliers. More than ever we're your 
1-stop source for resistive components
always ready to match your delivery 
schedule from factory or distributor 
stock. Call today. 

Circle No. 1 

COMMERCIAL TRIMMERS include Surface mount: Thick 
fi lm chips l.2W) plus .197" l.2W) and 1/ 4" {.25W) 
square cermet styles. Through-hole cermet styles 
include: .276" l.5W) round , l/4" l.25W), 9/32" 
l.5W) and 3/ 8" l.5W) square cermet . Rectangular: 
3/ 4" l.75W) wirewound. 

For more information contact: Dole Electronics, Inc., 
1155 West 23rd Street, Tempe, Arizona 85282-1883. 
Phone 1602) 967·7874. 
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Objective: 

Education: 

Personal skills: 

Experience: 

Description: 

Associations: 

References: 

Availability: 

See us at the WESCON S HOW-Booth # 

HIRE INTELLIGENCE. 
CADJTAR. 

EDAsoFfWARE 

238 Littleton Road 
Westford, MA 01886 
Phone:800-356-8352 
Fax: 508-692-4725 

provide intelligent PCB design assistance on a PC platform. 

EasY to learn, OSF/Motif"' style graphical user interface 
integrated across schematic capture, layout, autorouting. 

Tull free notline support provided. 

Proactive interface anticipates designer's next move and 
intelligently defaults to the logical command, saving 
thousands of keystrokes per design . User defined hot keys 

and macros multiply this power. 

proven ability to design double-sided , multilayer, SMD 
technology bOards. Comfortable with analog, digital, or 
miXed signals- Capacity for 3,00o+ parts and 15,00o+ 

connections. 
Integrated schematic capture, layout, autoroutin& 
manufacturing outputs. 5,00o+ part librafY· Analog design 
functions include curved tracks, teardrop pads, copper 
hatching, copper pouring and more. Forward and back 
annotation. Automatic routines for placement, gate and pin 

swap, component rename, routing and more. 

CADS'fAR Advanced Router. DOS-based, 100% completion 
router has gridleSS, rip-UP and retrY. shove aside technology. 

May be bundled with CADS'fAR for unparalleled 
perlonnM''° at a great price CADS'fAR IB fully cmnpatiblc 
with MAXIfPC and upwardly compatible with Racal-Redac's 

sophisticated, workstation-based EDA Ex.pert Series. 

io,000+ satisfied design engineers worldwide. 

Available immediately. 

5 3353, 3355, 3452 & 3454 

Circle No. 2 

Call for more d tail CADSTAR de;o ~ kand your free s . 

1-800-356-8352 

CADSTAR'" 
EDA SOFTWARE 

!!i~'f~L-REDAC 
238 Littleto~ Ro~d [i]!IJPT;l,.. 
Westford, MA 01886 USA c;;WL.!1 
Fax: 508-692-4725 



DC-2000MHz 

In plastic and ceramic packages, for low-cost solu
tions to dozens of application requirements, select Mini
Circui ts' flatpack or surface-mount wideband monolithic 
amplifiers. For example, cascade three MAR-2 monolithic 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz 
amplifier for less than $4.50. Design values and circuit 
board layout available on request. 

It's just as easy to create an amplifier that meets 
other specific needs, whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits' wide 
assortment of models (see Chart), sketch a simple inter
connect layout, and the design is done. Each model 
is characterized with S parameter data included in our 
7 40-page RF I IF Designers' Handbook. 

All Mini -Circuits ' amplifiers feature tight unit-to-unit 
repeatability, high reliability, a one-year guarantee, tape 
and reel packaging, off
the-shelf availability, with 
prices starting at 99 cents. 

Mini-Circuits' monolithic 
amplifiers ... for innovative 
do - it-yourself problem 
solvers. 

~1¥- MAV MAR VAM RAM 

Models above shown actual size 

n9¢ Unit price $ (1-25 qty) 
tro~ for plastic surface-m ount add suffix SM (example MAR-1SM) 

PLASTIC 
SURFACE-MOUNT 

CERAMIC 
SURFACE-MOUNT 

PLASTIC 
FLAT-PACK 

Freq.MHz.DC to 
Gain, dB at 1 QOM Hz 

Output Pwr. +dBm 

NF, dB 

MAR-1 
1.04 
MAV-1 
1.15 

RAM-1 
4.95 

MAV-1 
1.10 
MAR-1 
0.99 

1000 
18.5 

1.5 

5.5 

++VAM-3 
1.45 

MAR-2 MAR-3 
1.40 1.50 

+MAV-2 +MAV-3 
1.45 1.55 

RAM-2 RAM-3 
4.95 4.95 

+MAV-2 +MAV-3 
1.40 1.50 
MAR-2 MAR-3 
1.35 1.45 

2000 2000 
12.5 12.5 

4.5 10 .0 

6.5 6.0 

+VAM-6 ++VAM-7 
1.29 1.75 

MAR-4 MAR-6 MAR-7 MAR-8 
1.60 1.34 1.80 1.75 
MAV-4 MAV-11 
1.65 2.15 

RAM-4 RAM-6 RAM-7 RAM-8 
4.95 4.95 4.95 4.95 

MAV-4 MAV-11 
1.60 2.10 
MAR-4 MAR-6 MAR-7 MAR-8 
1.55 1.29 1.75 1.70 

1000 2000 2000 1000 1000 
8.3 20 13.5 32.5 12.7 

12.5 2.0 5.5 12.5 17.5 

6.5 3.0 5.0 3.3 3.6 

Notes:+ Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown 

designer's amplifie r kits 
DAK-2: 5 of each MAR-model (35 pcs). only $59 95 
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61 95 
DAK-3: 3 of each MAR. MAR-SM. MAV-t I. MAV-t ISM 
(48 pcs) $74 95 

designer's c hip capacito r kit 
KCAP-1: 50 al 17 values. 10pf lo 0 lµf (850 pc). 59995 

c hip coupling capacitors at .12<t each 
(50 min.) 
Size(m1ls) 
80 x 50 
80 x 50 

120 x 60 

Value 
10. 22. 4 7. 68. t 00. 220. 4 70, 680 pt 
1000, 2200. 4 700. 6800. 10.000 pf 
.022. 047. 068 .. 1 µf 

Typical C irc uit A rrangem ent 

Rb1as V 
cc 

COLOR DOT 

finding new ways 
RFC (optional) 

Cb lock 
setting higher standards 

2 

OM ini-Circuits·WEACCEPT AMERICANEXPRESS AN OV: 
P 0 Box 350166. Brooklyn , New York 11235-0003 (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 

f-. OUT 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK. 
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SPDT switches with built -in driver 
ABSORPTIVE or REFLECTIVE de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
switches with built- in driver, available in pc plug-in or SMA connector models, 
tram only $14.95. So why bother designing and bui lding 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 avai lable in tape-and-reel format 
(1500 units max, 24mm). All models are available for 
immediate delivery with a one-year guarantee. finding new ways 

setting higher standards 

SPECIFICATIONS Absorptive SPOT 
(typ) YSWA-2-50DR 

ZYSWA-2-50DR 

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

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

(mV,p/p) 
Sw Spd. (nsec) 3 3 3 
Price, $ YSWA-2-50DR (pin) 23.95 
(1-9 q1y) ZVSWA-2-50DR (SMA) 6995 

Reflective SPOT 
YSW-2-50DR 

ZYSW-2-50DR 

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

3 3 3 
YSW-2-50DR (pin) $14.95 

ZVSW-2-50DR (SMA) 59.95 

r;;:1 Mini. c ire u itsM WEACCEPTAMERICANEKPRESSANOVISA 

P 0 Box 350166. Brooklyn , New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers NORTH AMERICA 600-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-635094 Fax 44-252-637010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REG[STER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK 

4 • EDN November 1 2, 1992 CIRCLE NO. 4 
F141 REV D 



On the cover: Both types of signal proc
essing-analog and digital-have their 
own advantages. You've got to weigh 
the tradeoffs between the two before se
lecting the best components for your sig
nal-processing system. (Photo courtesy 
Analog Devices.) Our Special Report be
gins on . . . . . . . . . . . . . PAGE 108 

Foldout Contents 

Turn to the last information-retrieval 
service card in the back of this 
magazine and you'll find a foldout 
table of contents. Now, instead of flip
ping back and forth from this table of 
contents to the articles you want to 
read, you can have the convenient 
foldout open at all times while you 're 
reading EON. Use the foldout con
tents to mark off articles you'd like 
your colleagues to read or to remind 
yourself to copy stories for your files. 

November 12, 1992 VOLUME 37, NUMBER 23 

ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS WORLDWIDE 

Signal processing SPECIAL REPORT 

Designing an optimum signal-processing system 
means choosing components, both analog and digital, 
based on their relative strengths.-Anne Watson 
Swager, Technical Editor 

108 

Design It Right-Part IV DESIGN FEATURES 

This final part covers how to increase effec
tiveness by bringing in outside help. 
-Dan Strassberg, Senior Technical Editor 

Wescon/92 show preview & products 

Rigorous testing of SCSI disk drives 
and arrays ensures peak performance 

Thorough testing can distinguish your SCSI disk 
drive or array from your competitors' by ensuring that 
your product meets its performance, reliability, and 
data-availability goals.-Herbert W Silverman, 
Peer Protocols Inc 

You can obtain boundary scan's benefits 
despite use of some nonscan ICs 

Boundary scan simplifies testing of digital subassem
blies and pc boards. Some people think that serious use 
of the technique must wait until scannable versions of 
all ICs become available. You don't need to. 
-Jon Turino, Logical Solutions Technology Inc 

91 

127 

149 

171 

Continued on page 7 
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EXTRA! CYPRESS STUNS WORLD WITH FIRST FLASH PLD. 
Stop the presses! Once again, Cypress has the lead story in PLO technology for high-performance systems. Cypress is first on the world scene 
with 10 ns, Flash 22V10 devices. Electrically alterable 22Vl0s are your fastest route to risk-free inventory and ease of design. Cypress scoops the 

1 competition again! 
Also newsworthy: This 22Vl0 is CMOS, needing just 90 mA max (commercial) and 100 mA (military applications), so it stays cool for 

reliable operation. Choose from DIP, PLCC and LCC packaging options. 
Cypress's Flash 22Vl0 is the latest member in a complete family of landmark PLO products with the widest variety of speeds, densities and 

architectures to suit your application. Read all about it- call the Cypress hotline for your free Flash sample certificate and data sheet today. 

FREE FLASH SAMPLE HOTLINE: 1-800-858-1810* 
Ask for dept (47. 
' In Europe, fax your request to the above depl. at (32) 2-652-1504 or call (32) 2-652-0270. In A.lia, fax to the above depl. at I (4 15) 961-4201. 
@:) 1992 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone I (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, 1WX: 910-997-0753. 
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EDN's editors have selected VLSI 
Technology's antifuse technology as this 
issue's Editor s' Choice . . .... PAGE 75 

November 12, 1992 Continued from page 5 

Common Access Method DESIGN FEATURES 

simplifies development of SCSI device drivers 
The Common Access Method (CAM) drastically re

duces the effort you need to expend when developing 
device drivers for SCSI peripherals. CAM lets you 
develop a single device driver for SCSI pc boards that 
adhere to the CAM standard.-Chris Borgers and 
Dave O'Shea, Future Domain Corp 

Architectural choices provide 
the key to reliable fixed-point filters 

Fixed-point DSP µPs offer significant cost-perform
ance advantages over their floating-point counterparts 
when creating digital filters. Unfortunately, fixed
point filters can yield poor performance if improperly 
implemented. Selecting the right architecture is the 
key to successful designs.-Fred J Taylor, University 
of Florida; Glenn S Z elniker, Monica A B Murphy, 
Henry A Gancedo, The Athena Group Inc 

179 

159 

TECHNOLOGY UPDATES 

Comdex/Fall '92 targets technology 
for multimedia and connectivity 

Two thousand exhibitors and 130,000 attendees will 58 
converge in Las Vegas for this bigger-than-ever annual 
gathering of the computerized faithful.-J D Mosley, 
Technical Editor 

PRODUCT UPDATES 

ASIC family adds antifuse field programmability 75 
Live-insertion module allows board "hot swap" 76 
Multimedia hardware/software combo for PCs 78 

Continued on page 9 
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DATEL's New, 16-bit, 500 KHz ADS-930 
shines with outstanding performance, complete functionality, and low price - all in a 40-pin TDIP. 

Performance 
Resolution 
Conversion Rate 
THD 
SNRD 
Peak Harmonics 
Power Dissipation 
Operating Temperature 

ADS-930MC 

8 • EDN November 12, 1992 

16 Bits 
500 KHz 
-89dB 
83dB 
90dB 
3.4 watts 

Oto +70°C 

CIRCLE NO. 5 

Functionally 
Complete 

Includes FIFO! 

Size 
1/2 to 1/6 the volume 
of any sampling AID 
of comparable performance 

Price 
A 43 to 68% savings over 
any equivalent device 

For complete data call or write 
DATEL, Inc., 11 Cabot Boulevard, 
Mansfield, MA 02048. Telephone: 
(508)339-3000, FAX: (508)339-6356. 
For immediate assistance: all USA, 
EST business hours 1-800-233-2765; 
Western region only, PST business 
hours 1-800-452-0719. 

INNOVATION and EXCELLENCE 
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Data pipeline has programmable depth 
Feedback and Amplification 
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them,-Jon Titus, Editor 
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Introducing the AD669, the first complete 
16-bit monolithic DAC. 

AD669AN DAC701KH DAC703JP DAC707JP 

Linearity ±2LSB ±2LSB ±4LSB ±4LSB 

Differential ±2LSB ±4LSB ±8LSB ±8LSB 
Linearity 

Gain Error ±0.15% ±0.15% ±0.3% ±0.3% 

Unipolar ±5mV ±10mV N/A N/A 
Offset 

Bipolar Offset ±15mV N/A ±20mV ±20mV 

Double-buffered Yes No No Yes 
Latches 

Monolithic Yes Yes Yes No 

PRICE (100s) $16.00 $34.50 $20.00 s22.oo 

As you can see, the competition 
underperforms it three-to-one. 

Sure the competition can give you a lot of the specs that our new AD669 offers. It'll just take them three 

parts to do it. But most importantly, in a one-on-one comparison, they can't even come close to touching the 

most impressive spec of the AD669- its price. At just a buck a bit, the AD669 delivers the highest performance 

at the lowest price of any 16-bit DAC. 

For more information on the monolithic DAC that can take the competition on 

three-to-one, call your nearest Analog Devices sales office. 
r.ANALOG a... DEVICES 

Analog Devices, One Technology Way, P.O. Box 9106, Norwood, MA 02062·9106. Distribution, offices and application support available worldwide. 
Authorized North American DistributorsoAlliance Electronics 505-292-3360 • Allied Electronics 817-595-3500 • Anthem Electronics 408-453- 1200 • Bell Industries 213-826-6778 

• Future E·lectronics 514-694-77!0 • Halt-Mark Electronics 214-343-5000 • Newark Electronics 312-784-5!00 • Pioneer~tandard Electronics 800-874-6633 
• Pioneer Technologies Group 800-227-1693 • ?,entronics 416-56't·9600 BB is a registe red trademark of Burr-Brown. 
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INSIDE EDN 
A summary and analysis of articles in this issue 

D an Strassberg wraps up his 
4-part Design It Right series 

with a look at strategic partner
ships. Two stories in this segment 
relate what happened when compa
nies designing with custom ICs 
brought in outside help. Today, Dan 
says, it's a rare occurrence when a 
product that uses custom ICs 
doesn't rely on another company or 
division. For this article, Dan also 
interviewed industry legend Bernie 
Gordon to get a behind-the-scenes 
look at how his company-Analo
gic-aggressively pursues the part
nering concept. 

Dan Strassberg Anne Swager 

The subject of signal processing 
gets an in-depth treatment in our 
cover story by Anne Swager. DSP 
is making major inroads in what 
used to be a traditional analog 
stronghold. But because most sig
nal-processing systems rely on both 
analog and digital components, you 
need a firm foundation in the 
strengths and weaknesses of each 
type of device before you start de
signing. Anne discusses the trade
offs, updates you on the innovative 
improvements in traditional analog
processing ICs, and gives a glimpse 
of the novel signal-processing ap
proaches used by two pioneering 
start-up companies. 

We call this issue our "show is
sue." What that means to you is 
products, products, and more prod
ucts. Wescon, which will be held in 
Anaheim, CA on November 17 to 
19, is expected to house 1250 

manufacturers of electronic compo
nents, !Cs and semiconductors, test 
and measurement equipment, and 
design automation products. Turn 
to our show coverage for a preview 
of some of the more significant 
products that will be on display. 
Gary Legg also gives you a run
down of the 40 technical sessions 
that will run concurrently with the 
exhibits. 

Those interested in recent devel
opments in anything computer re
lated might want to check out J D 
Mosley's overview of the Comdex 
show. Technical sessions will be 

JD Mosley 

dedicated to network computing, 
multimedia, imaging applications, 
and OEM business issues. And 2000 
exhibitors will bring their wares to 
the Las Vegas sites, with 350 ex
hibitors alone displaying multime
dia systems and products. For those 
of you who have been disappointed 
in not being able to attend both the 
Wescon and Comdex shows because 
of their overlapping schedules, take 
heart: J D points out that Wescon 
will take place in September, start
ing next year. 

Joan Morrow lynch 
Managing Editor 

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

240 x 64 
pixel 
Supertwist 
LCD 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 x 128 

pixels. 

Interface to 
6 soft keys or 

4 x 4 key matrix. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high

level control 
of Instrument

size LCDs. Up 
to 256 built-in 

windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 

graphics are main
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

5 Pin Alternate Add your own 8051 
Power Power CPU for stand 
DIN. Connector. alone operation. 

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

$495 - Kit 
Popular LCD Starter Kit. 

~ 
....... ;.·.; ............. ~. 

A X 
·:·:<<<·:-:-:-;.:-:-:-: 

($595 pre-assembled & tested) 

8051 Assembler 
and QuickBasic. 

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

CyberneticMicroSystems 
~ Dox 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 
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Increased 386 Perform 
AMD's 3--Volt 386 Microprocessors Deliver 

The Longest Battery Life For Portable Computing. 
The power struggle continues. While you can 

get a 386 microprocessor that goes fast. you 'll stil l 
burn through a battery charge in a hurry. Low
voltage 386 CPUs from AMO are the al)swer-the 
Am386'"SXLY and Am386DXLY micro-
processors. 

run on 3 volts. And they automatically slip into a 
static "sleep" mode to save power whenever the 
processor is idle. So users depend less on recharge 
units-and get the longest operational battery life. 

Both Am386 CPUs were designed to fit as 
comfortably in your budget as they do 

Here are two CPUs made not only to go 
fast, but to go the distance with portable 
computer users. Un like common power
hungry 386s. these low-voltage CPUs 

, your portable computers. But you won 't 
1 compromise on performance because 

rhe 2s~DXLVaHdthe 2sMHzsXLv the Am386SXLY and Am386DXLY 3-volt 
areavailableiHPQFPpadwgiHg. microprocessors both run at 25MHz. So 

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1992 Advanced Micro Devices, Inc. Microprocessors For The Masses is a service mark and Am386 isa 
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ance At No Extra Charge. 
~ 2X 
c: 

"' E 

~ 
Q) 

a.. 

BAlTERY 
LIFE 

5-Volt 
CPU 

5-Volt 
System 

3-Volt 
CPU 

3/5-Volt 
System 

3-Volt 
CPU 

3-Volt 
System 

they're plenty powerful 
for running Windows '." 

Now there's nothing 
stopping you from 
charging forth with 
more efficient 3-volt 
laptops, notebooks, 
and palmtops AMD 
also has your memory 

needs covered with our 3-volt EPROMs. And now 
that the industry at large has welcomed low
voltage portable computing, you 'll find the rest of 
your components equally easy to come by 

For more information on low-voltage 386 micro
processors and support logic, call 1-800-222-9323 
and ask for Literature Pack I 5F. And become the 
current leader in portable computing. 

l1 
Advanced Micro Devices 

Microprocessors For The Masses .SM 

trademark of Advanced Micro Devices. All other brand or prOOuct names are trademarks or registered trademarks of their respec.tive holders. 
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If you're only getting 
half the picture ... 
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... talk to Lecroy. 

Your analog oscilloscope gave you the whole picture. You'd set the trigger and 
the timebase, then use delayed sweep to examine the details. Measure precise 
timing. Or compare pulses in a stream. 

LeCroy Corporation 

But when you cross over to digital , will you still get 
the whole picture? Most digital scopes can't show 
you a live waveform and an expanded portion 
simultaneously. And if you can't see both together, 
how can you tell where the expansion really is? 

Fortunately, you do have a choice. Lecroy makes 
a whole range of Digital Oscilloscopes with long 
memories and unique displays. Like your analog scope, 
they show live traces and expansions simultaneously. 
You get digital measurement precision without 
compromising on display clarity. 

So now, if you 'd like to know more, talk to LeCroy. 
We'll make sure you get the whole picture. 

700 Chestnut Ridge Road, Chestnut Ridge, NY 10977-6499 
Phone: (800) 5LeCroyor (914) 425-2000 Fax : (914) 425-8967 le Croy 

The Digital Scope Specialists 

See us at WESCON '92 Booth #2456-2458 CIRCLE NO. 9 EDN November l 2, 1992 • 1 5 



Introducing Samsung's high-performance 

3-VOLT DRAMs. 
[They'll give computer users what WE'D ALL like to have.] 

Samsung's new 3.3-volt DRAMS 

are among the first completed in 

production quantities anywhere. 

And with these 4-meg and 16-meg 

parts, one more needed piece is 

in place for full 3.3-volt systems. 

The systems that will give 

16 • EDN November 1 2, 1992 

users of portable computers the 

greatly increased up-time hours 

that they need. Like an actual 

infusion of extra time. 

For us at Samsung, our com

pletion of these parts enhances 

the position in DRAM technology 

we achieved with the world's 

first 16-meg. Because our first

generation 3.3-volt parts are 

available, from the start, with 

the high performance that users 

also need. 

We offer both the 4-meg and 



the 16-meg in speeds up to 70 

nanoseconds. Which seems all , 

the more remarkable when you 

consider that reduced voltage 

generally tends to decrease 

performance. 

And with both high per-

ORG. FEATURES SPEED 

KM41V4000BL 4M x r LOW POWER 70 ns 

KM41V4000BLL 4M x r SELF REFRESH 70 ns 

KM44VIOOOBL 1M x 4 LOW POWER 70 n s 

KM44VIOOOBLL 1M x 4 SELF REFRESH 70 ns 

KM4r6VIOOOAL rM x r6 LOW POWER 70 ns 

KM4r6VIOOOALL rM x r6 SELF REFRESH 70 n s 

KM48v2000AL 2M x 8 LOW POWER 70 ns 

2M x 8 SELF REFRESH 70 ns 

outcome for portable-computer 

users will be the same. 

We'll help you give them the gift 
of time that we'd all like to have. 

or 408-954-7229 today. Or write 

to DRAM Marketing, Samsung 

Semiconductor Inc., 3655 North 

First Street, San Jose, CA 95134. 

For more information, please 

contact us today at l-800-446-2760 

CIRCLE NO. 16 

c8 SAMSUNG 
A Generation AH EA n. 
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Philips Semiconductors 
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To get the complete picture in digital media, turn to our complete 
family of solutions. 

We offer what you need to integrate digital media into your next 
system. Including innovative ICs for the input, manipulation and 
output of digital video and audio signals. 

So, for the first time, you can bring all the energy and action of 
dazzling studio effects right into your customer's desktop. That's a 
competitive advantage for you. 

We have the most experience in digital signal processing for real 
world video signal applications. And we've packaged that technology 
into highly-integrated, high-performance, affordable and simple-to-use 
devices. 

Plus, we give you all the features you would expect from a com
pany with Philips' history in digital video and audio. Like standard 
5-volt operation for ease-of-use. A line-locked clock for frame-to-frame 
video stability. Space-saving BTL output on audio power amps. And 
highly accurate Sigma Delta audio conversion between digital and 
analog audio. 

So now that 
you're ready to get 
into digital media, 
make sure you 
choose a supplier 
who knows the bus
iness backwards and 
forwards. For your 
Desktop Video and 
Audio/Radio Data 

-
v-... 

... - -ND 

TDA1111 _..,AU 

TD- VW..MJwilll 
~ ... -

llAA91 
~--

llAA71S1B ,t!il.b"" c.lo< 

llAA71'1B t!!;i'.f!t°' c.lo< 

t.Betweea Om 

PCf!Ct -DU llAA7m -DIA 

TDMD -C.Col TDA1545 Ceod-
C.liNatt..D/A 

TDMC25 .AM.c.rol TDA18S2A 1W Pow.,~ 
w/ Vofuf!M CHrrol 

TDA1JIS ==• TOA1511 I:..:::'-, 
llAA7111A=~ - ::=o~:.D/A 

llAA71• !MifolY ... SAAn• =~ SUI« 

llAA7111 :.1t:o~2'4• 
TDM112 Viditol-Bft D/A 

Handbooks and for more information, call us today at 1-800-227-1817, 
ext. 762AG. 

Signetics 
Extending the Dimensions of Performance 

PHILIPS 
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HP's 50MBd 
Plastic Fiber-Optic Data Links. 
Anything. else "Would be twisted. 

Our new data links are so 
fast and cost-effective, 
it would be crazy to 
stick with twisted pair. 
Sure, optical fiber is immune to 
noise, but who can afford it? With 
HP's new high-speed plastic fiber 
links, the answer is anyone. 

CG080203 
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That's because our new links rely 
on plastic optical fiber cable which 
keeps costs way below glass fiber, 
while offering far greater voltage 
isolation and noise immunity than 
twisted pair wire. 

A quick turn for the best. 
With data rates soaring to 50 MBd, 
HP's plastic fiber links offer the 
fastest solution for designing com
puter, telecommunications, or 
industrial applications. So you can 
avoid bottlenecks, and design in 
data multiplexing. 

Perfectly flexible. 
You can choose interlocking hori
zontal or vertical mounts for greater 
mechanical design flexibility. The 

CIRCLE NO. 18 

analog in/out provides the electrical 
design flexibility you need to meet 
your cost and performance goals. 

The whole ball of wax. 
What's more, as the largest opto
electronic supplier in the U.S., 
HP offers you the industry's most 
complete package of products 
and support services. To find out 
more about HP's 50 MBd Plastic 
Fiber-Optic Data Links, call 
1(800)752-0900,ex~2948in 
the U.S.* You'd be crazy not to. 

There is a better way. 

Ff/OW HEWLETT 
a!~ PACKARD 

*In Europe, FAX to: (49) 7031-14-1750. 
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Speedy FPGAs suit 
50-to 60-MHz systems 
Xilinx doubled the maximum speed of its XC3000 family 
of field-programmable gate arrays (FPGAs) to create the 
XC3100 logic family . The substantial speed increase was 
made possible by changing from a 1 .0- to a 0.8-µm 
process and optimizing the internal circuit design. The sig
nificance of this speed improvement is that the new FPGAs 
have sufficient speed to operate in systems with 50- to 
60-MHz clock rates. 

Because the family is functionally identical to the previ
ous logic family, you can upgrade synchronous designs 
by just dropping in the new part and raising the clock rate. 
Designers already familiar with the older family can use 
the new parts without having to learn a new architecture 
or new tools. 

A typical 3-logic-level circuit can perform the operations 
of an 8-bit magnitude compare or a 16-bit add in 17.4 
nsec; a maximum clock rate of 57.5 MHz. A 1-of-8 de
coder function equivalent to a 7 4 138 takes 1 3.6 nsec. 
For an 8-bit register, the setup time is 4 .3 nsec, and the 
clock-to-output time is 8 .8 nsec. Simple logic functions can 
operate in excess of 100 MHz. 

The five members of the XC31 00 family range from 
1300 to 5000 usable gates and are available now. Pricing 
for the highest speed parts with 2.7-nsec internal block 
delays range from $31 . 15 for the 1 300-gate XC3120-3 
to $162.65 ( 100) for th~ 5000-gate XC3190-3 . Xilinx 
Inc, San Jose, CA, (408) 559-7778, FAX (408) 559-
7114.-by Doug Conner 

One-stop 
shopping for 
component 
information 
Lack of symbols and mod
els often presents a stum
bling block to realizing 
productivity gains from 
electronic-design automa
tion (EDA) tools. The 
first step in developing 
symbols and models is 
transferring component 
information from semicon
ductor manufacturers to 
EDA vendors for packag
ing and forwarding to 

electronic designers. That 
flow of information now is 
often stymied by an 18-
month lead-time for print
ing databooks. Both EDA 
vendors and their custom
ers must often re-key in
formation from hardcopy 
sources to develop project 
libraries. 

R R Donnelley & Sons 
has formed a unit called 
Viewpoint Information 
Systems that will supply 
comprehensive compo
nent information in elec
tronic form to product de
signers. Mentor Graphics 
Corp has signed on as the 
first EDA vendor to dis-

tribute the service. The 
information will include 
both standard data sheets 
in electronic form and ma
chine-readable data of 
three types: CAE logical 
data, CAD physical data, 
and parametric data. Now 
supplied on magnetic 
tape, component data will 
be available from cus
tomer-sited servers dur
ing the first quarter of 
1993. The company plans 
to institute a quarterly 
service during 1993 that 
will update information on 
customer servers by CD
ROM. The information 
service's products will be 
available from design
automation tool vendors. 
Pricing will start at $300 
for data on one component 
and scale up depending on 
level of service and usage. 
Viewpoint Information 
Systems Inc, Waltham, 
MA, (617) 466-9100. 

-by John C Na pier 

Serial EEPROMs 
keep running 
below 2V 
Even as your batteries are 
delivering the last of their 
energy, the 93AAxx series 
of serial EEPROMs from 
Microchip Technology 
will continue to operate 
normally. The devices can 
read and write data with 
a supply voltage as low as 
1.8V, which corresponds 
to two series-connected 
batteries at the end of their 
usable life. Normal oper
ation includes 1 million 
read/write cycles per cell, 
self-timed erase and write 
commands, and >40-year 
data retention. The de-

vices come in three sizes: 
the 93AA46 has 1 kbit, the 
93AA56 has 2kbits , and 
the 93AA66 has 4kbits. 
You can program them to 
operate with x 8 or x 16 
organization. The devices 
come in 8-pin plastic 
DIPs or SOICs and have 
a 3-wire serial interface 
and chip-select, and de
vice-status signals. Prices 
range from $1.35 to $2. 78 
(100). Microchip Technol
ogy, Chandler, AZ, (602) 
786-7200, FAX (602) 899-
9210. 
-by Richard A Quinnell 

ADC families 
feature serial-
1/0 interface 
National Semiconductor 
has introduced four ADC 
families that offer serial-1/0 
capability, low-power op
eration, and software con
figurability . These attributes 
are especially useful in re
mote-sensing applications 
where the ADC is located 
near the sensor. By having 
a serial-1/0 interface, ca
bling and isolation networks 
are simplified. All of the de
vices have onboard multi
plexers with 2, 4, or 8 chan
nels, have software and 
hardware power-down con
trols, and come in DIPs and 
small-outline packages . 
Most devices operate on a 
single 5V supply. The 
ADC 1083x family , how
ever, uses ± 5V. 

Two families, the ADC-
1 073x and ADC 1 083x, 
provide a 1 0-bit-plus-sign 
resolution of either single
ended or differential sig
nals, and offer a conversion 

Text continued page 22 
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Don't be limited by an 
FPGA's logic capacity 
NeoCAD's Prism software tool provides automatic post
mopped partitioning of logic into multiple field-program
mable gate arrays (FPGAs) . You con create on entire 
design without regard to whether it will fit in a single FPGA. 
The software mops the design into the logic blocks that 
ore native to the particular FPGA you ore using . After 
mopping the design into the logic blocks, you enter timing 
requirements for clock rotes and maximum point-to-point 
delays. The software then determines the fastest overall 
partitioning for your design. 

The importance of postmopped partitioning is that pre
mopped partitioning cannot toke into account actual com
ponent delays because they ore unknown until the design 
hos been mopped in to the FPGA's logic blocks. Premop
ped partitioning a lso cannot accurately predict routing 
requirements. 

The software is useful for board-level designers who 
require multiple FPGAs to implement their design, and de
signers who ore using multiple FPGAs for system-level ASIC 
veri fication . The first release of Prism works with the Xilinx 
3000 FPGA family and is available now for $6000. The 
software operates within NeoCAD's FPGA Foundry envi
ronment ($13,000) . NeoCAD, Boulder, CO, (303) 442-
9121, FAX (303) 442-9124.-by Doug Conner 

Text continued from page 21 

speed of 5 µsec . They 
draw a maximum power of 
37 and 59 mW, respec
tively . Prices begin at $5.60 
( 1 000) . The ADC 1 203x 
and ADC 1 2H03x families 
hove a 1 2-bit-plus-sign 
resolution and off er a num
ber of programmable char
acteristics. You con select 
a device's speed, resolu
tion, and output data format 
under software control. The 
devices ore self-calibrating, 
adjusting linearity, zero, 
and full -scale errors within 
1 LSB. The H-series ports 
convert as fast as 8.6 µsec, 
the others as fast as 5 .5 
µsec. Prices begin at 
$1 1. 16 ( 1000). Notional 
Semiconductor, Santo 
Claro, CA, (408) 721-5000. 

-by Richard A Quinnell 

3.3V SRAMs offer 
20-nsec speed 
Joining the ranks of 3.3V
memory suppliers, Inte
grated Device Technology 
(IDT) has introduced a 
32k x 8-bit static RAM 
(SRAM). The introduc
tion is part of an industry
wide move toward low
voltage ICs that is occur
ring in two waves. The 
first-wave parts were 
often recharacterized 5V 
parts that sacrificed speed 
to obtain a lower operat
ing voltage. The second
wave parts use new de
sign and processing tech
niques to recover that lost 
speed. The IDT SRAM is 
part of that second wave. 

The device (IDT-
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713256SL) operates at 
3.3V ± 10% and meets the 
I/O specifications of the 
JEDEC linear-variable 
TTL standard. It draws a 
maximum of 500 µA in 
standby mode, helping 
conserve power in bat
tery-operated systems. It 
will also retain its data 
with a supply voltage as 
low as 2V for further 
pow~r conservation. The 
device's access time is 20 
nsec, with 25- and 30-nsec 
speed grades available. In 
28-pin SOJ packages, 
prices start at $8.50 
(1000). IDT, Santa Clara, 
CA, (408) 727-6116, FAX 
( 408) 492-867 4. 
-by Richard A Quinnell 

Windows offered 
for consumer
level embedded 
applications 
Microsoft is unleashing Win
dows on consumer-level 
embedded applications 
with a product called Modu
lar Windows. The software 
is based on the company's 
Windows 3 . 1 operating
system shell and the under
lying DOS operating sys
tem. The software runs on 
80386-bosed systems and 
requires 1 Mbyte each of 
ROM and RAM. You con 
use PC-based Windows 
software development tools 
to create Modular Windows 
applications . The only extra 
software you'll need to cre
ate applications is a $99 
software-development kit. 

To create a modular op
erating environment for 
specific applications, the 
company threw out many of 

the more general -purpose 
Windows 3.1 features, such 
as multiple windowing, 
printer drivers, and the pro
gram manager. The intent 
was to create a runtime en
vironment that provides de
vice independence for con
sumer applications. Just as 
Windows 3 .1 makes dis
play and printer variations 
invisible to the application 
program, Modular Win
dows provides a consistent 
application programming in
terface for various 1/0 de
vices such as a TV screen, 
keyboard, and joystick . 

Because the software is 
intended for high-volume 
consumer applications, the 
company will negotiate li
censes for Modular Win
dows on a compony-by
compony basis. You con 
purchase a license outright, 
but the company will also 
consider royalties on a per
unit and a per-use basis 
where applicable . Micro
soft Corp, Redmond, WA, 
(206) 882-8080, FAX (206) 
936-7329. 

-by Steven H Leibson 

Programming 
boosts FPGA 
speed 
Crosspoint Solutions has 
increased the ~peed rating 
on its $236 (100) (ceramic 
pin-grid-array version) 
CP20420 FPGA (field-pro
grammable-gate-array) 
family without revising its 
design or processes. In
stead, they have devel
oped a programming algo
rithm that interacts with 
the FPGA to optimize the 
on-resistance of each anti-

Text continued page 24 



You'll find Synergy products built into the world's most demanding applications. 

The Goal: 
Design the world's only multi
frequency Radar Target Gener
ator System able to simulate 
hostile threats on the military's 
diverse radar systems. 

The Problem: 
To get the needed horsepower, 
sixteen 68040 CPU boards were 
required. However, with this 
many boards, VMEbus band
width limits would severely 
degrade system performance 
making the project unfeasible. 

The Solution: 
Synergy's V420 dual 68040 SBC. 
After evaluating several pro
ducts, KOR Electronics selected 
eight V 420s which could deliver 
320 MIPS without VMEbus 
bandwidth degradation. 

"Not only did 
we meet our project 
peif ormance goals, 

we were able to 
reduce our costs 

by 40%." 

Unexpected Benefits: 
Synergy's dual '040 solution cut 
KOR's hardware requirements 
by 50% while vastly increasing 
system reliability. These un
expected benefits reduced sys
tem costs by 40%. 

In Synergy, KOR also found 
a design partner with strong 
integration expertise and de
pendable customer support. 

"I recommend you call 
Synergy today." 

Next time you need high 
performance SBCs, do as KOR 
Electronics did. Call Synergy 
Microsystems. You'll be as 
satisfied as they are. 

High performance SBCs for demanding applications. 
SYNERGY MICROSYSTEMS, Inc. 179 Calle Magdalena, Encinitas, CA 92024, 619-753-2191, Fax 619-753-0903 
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fuse automatically. Pro
gramming their FPGA 
with the new algorithm 
provides a 30% speed 
boost for their parts. 

By controlling the on
resistance, Crosspoint 
controls its FPGA's 
propagation delays. The 
RC time constant of the 
antifuse resistance and 
the load capacitance de
termines those delays. A 
tight control on resistance 
translates in a smaller 
worst-case timing specifi
cation. That effect gets 
compounded when you 
consider the cumulative 
effect of using worst-case 
timing for each segment 
of a critical signal. Cross
point Solutions, Santa 
Clara, CA, (408) 988-1384, 
FAX (408) 980-9594. 
-by Richard A Quinnell 

High-performance 
disk drives 
make debut 
Two new SCSI-2 disk 
drives from Digital 
Equipment Corp provide 
extremely high data ca
pacity, extremely fast ac
cess and transfers, and 
special features for ensur
ing data integrity. The 
51/4-in. DSP5350 has 3.5 
Gbytes of formatted ca
pacity; the 31/2-in. 
DSP3160 has 1.6 Gbytes. 
The drives come from 
DEC's OEM Disk Busi
ness group, which the 
company formed last 
year. 

Both drives feature an 
embedded servo control
ler, four headers per sec
tor, 264-bit Reed Solomon 
error-correction code 
(ECC), and end-to-end er-
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ror-detection code (EDC). 
Average latency is 5.6 
msec for both drives; av
erage seek time is 11. 5 
msec for the 3.5-Gbyte 
drive and less than 10 
msec for the 1.6-Gbyte 
version. Each drive has a 
512-kbyte cache in an im
plementation that DEC 
claims is unusually effec
tive at increasing per
formance and for which 
the company has applied 
for patents. Media trans
fer rates are as high as 5.5 
Mbytes/sec for the larger 
drive and 4.9 Mbytes/sec 
for the smaller one. Host 
transfer rates as high 
as 20 Mbytes/sec are pos
sible. 

Mass production of the 
drives will begin in Janu
ary; evaluation units are 
available now. Single-unit 
price of the 3.5-Gbyte 
drive is $3495; the 1.6-
Gbyte drive is $1995. 
Digital Equipment Corp, 
Shrewsbury, MA, (508) 
841-3111.-by Gary Legg 

OEMs can get 
free IEEE-488 
support 
IOtech Inc's 488 Club is a 
free support service for OEM 
application engineers that 
provides literature and other 
information on the IEEE-488 
test standard. Members con 
obtain free loaners of the 
company's products and can 
perform beta tests on the 
company's new products. For 
more membership informa
tion, contact Leo Nurmi. 10-
tech Inc, 25971 Connon Rd, 
Cleveland, OH 44146, 
(216) 439-4091, FAX (216) 
439-4093. -by Susan Rose 

Tool automates design-for-test 
Mentor Grophic's Flextest and Fostscan are synthesis tools 
that give digital-chip designers predictable fault coverage 
in a fully integrated, top-down design environment when 
coupled with the company's front-end design tools . Both 
tools also function as stand-alone automatic-test-pattern
generation (ATPG) products. 

Flextest works on ASIC and full-custom IC designs that 
do not already include full-scan methodology. When com
bined with Mentor's Autologic synthesis tools or Idea Sta
tion front-end design tools, the software automatically 
generates test patterns for high coverage of faults for 
sequential, partial-scan, and full-scan designs with minimal 
user intervention . The software also lets you use a con
straint-driven, partial-scan approach . 

Fastscan is a comprehensive ATPG tool for full-scan 
designs. The software generates test vectors for chips in 
the 100,000-gate range in less than one hour on a 
SPARCstation and works on designs with as many as 1 
million gates. The software generates 99.9% test cover
age, gives self-test analysis, and compresses test vector sets 
by 50 to 70%, reducing test time. The two tools ore avail
able immediately for HP Series 400 and 700 and Sun SPARC 
workstations. A network license costs less than $100,000. 
Mentor Graphics Corp, Wilsonville , OR, (503) 685-7000. 

The Test-intelligent Design Series from Cadence Design 
Systems combines optimizing and synthesizing test with 
synthesizing logic. Because the tool uses functional logic 
elements as part of the scan circuitry , it gives you full-scan 
design without significant area or performance penalties . 
The software consists of three modules : the Test Synthe
sizer ($30,000-also requires HDL/VHDL Synthesizer and 
Optimizer); the Test Generato r ($50,000); and the Test 
Simulator ($45,000). You can also buy the three tools 
bundled with logic synthesis and the Composer design 
composition and debug environment for $175,000. 

The Test Synthesizer pattern-generation and fault
simulotion tools share a common simulation engine and 
fault dictionary . For example, you can mix functional and 
scan vectors. The software uses a rules-based approach, 
synthesizing and optimizing test constructs (such as redun
dancy removal , scan-chain distribution , and scan-chain or
der) in conjunction with logic synthesi s. The Test Generator 
is a combinatorial scan-based automatic-test-pattern
generation (ATPG) tool that accepts the optimized netlist 
from synthesis and generates up to 100% fault coverage . 
The Test Simulator generates a testability report combining 
the coverage generated by the ATPG tool with coverage 
obtained from design-verification vectors . 

The tools run on several Unix-based workstations. Lim
ited production on the three tools begins by the end of 
1992 with full production shipment in the first quarter o f 
1993. Cadence Design Systems Inc, San Jose, CA, (408) 
943-1234, FAX (408) 943-0513.-by John C Napier 
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RISK FREE RISC 
There is a new RISC in the Military world 

that provides a platform for standardization. 
RISC delivers the performance promised by 
the technology, and comes with the devel
opmental environment necessary to build 
highly advanced computer systems. 

Ada Approved. 
Motorola understands the unique demands 

placed upon Military systems and works 
closely with software vendors to ensure that 
Ada and VHDL simulation software will 
be available. 

All Military 88100 and 88200 products 
are screened in accordance with MIL-STD-
883 and will be available in both through
hole and surface-mount packages. 

The 20MHz 883 version is NOW avail
able. The application SMD version of the 
20MHz and 33MHz is planned for fourth 
quarter 1992. 

For more information, get our Risk 
Free Rise Brochure by calling toll-free 
1-800-521-441-2447. Or complete and 
return the coupon below to Motorola, 
P.O. Box 20912, Phoenix, AZ 85036. 

® MOTOROLA 

r---------------------------------------------, 
To: Motorola Semiconductor Products, Inc., P.O. Box 20912, Phoenix, AZ 85036 

Please send me Motorola's Risk Free Rise Brnchure NBR1401 / D. 
SOIEDNI 11292 

Name 

Title 

Company 

Add ress 

City State Zip 

Call Me( 

L---------------------------------------------
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the world's largest selection 
2KHz to lOGHz from $295 
With over 300 standard models, from 2-way to 48-way, 0°, 90° and 180°, 
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world 's 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply "special" needs, such as wider band
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
"skinny" sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits .. . dedicated to exceed our customers' expectations. 

finding new ways ... 
setting higher standards 

,_...,M. · c· ·1 TM ....... 1n1- 1rcu1 s WE ACCEPTA MERICANEXPAESSANOV'5A 

P. 0 . Box 350166, Brooklyn , New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
Distribution Centers t NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

F134 REV. C 



For detailed specs on all Mini-Circuits products refer to 
• THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY 

• EEM • MINI-CIRCUITS' 740-pg HANDBOOK. 

CIRCLE NO. 24 
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32-hit RISC microcontrol/er with integrated 
peripherals and g/ue/ess memory interface. 

Original 29K 32-hit RISC processor. Lnw-cost 32-hit RISC processor. 

Whatever you're working on, please stop. 
You deserve to take some time off. And with 
any member of the AMD 29K™ Family of 
embedded RISC processors, you can take 
several months off your design cycle. 

That's because 29K processors' simple, 
highly integrated designs will knock time
consuming steps off your schedule. Take the 
inexpensive, new Am29200™ microcontroller. 
With many features like 1/0 controls and serial 
ports included on~chip, it's the easiest to 
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use embedded processor available. Adding 
memory requires no interface circuitry. It's 
as simple as playing "Connect the dots." 

Memory interface throughout the rest of 
the family is fast and easy too. Each processor 
in the 29K Family integrates easily with low
cost PLDs or simple glue logic to minimize 
your circuitry needs. 

You'll also save valuable time when you're 
expanding your product line. The entire 29K 
family is binary compatible. So you just deter-



32-bit RISC processor with 8Kb!Jle Instruction cache, 
Scalable Clocking'" and Programmable Bus Sizing. 

32-bit RISC processor with 4Kb!Jle Instruction cad1e, 
Scalable Clocking'" and Programmable Bus Sizing. 

32-bil RISC processor with on-chip ffoaling point. 

mine the performance you need and select 
the appropriate chip-from the Am29200 
to the high-end Am29050™ processor. There's 
no need to recompile your applications' 
software as you scale up or down the perfor
mance ladder. 

And thanks to the 29K's RISC architecture, 
you can use inexpensive memory devices to 
lower your system costs and still deliver the 
high performance your customers demand. 

For more information on the 29K embedded 

RISC family call today at 1--800--292--9263 Ext.3. 
Then kick back and watch the AMO guys go 
to work. 

~ 
Advanced Micro Devices 

90 1 Thompson Place, P.O. Box 3453, Sun nyvale, CA 94088. C 1992 Advanced Micro Devices, Inc. 
29K, Am29200, and Am29050 are trademarks of Advanced M icro Devices. All other 

brand or product names are trademarks or registered trademarks of their respective holders. 
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PRESCALERS, SYNTHESIZERS AND VCOs 
MAXIMIZEBAITERYLIFE----------------------------------

RF is no longer just for radios! From cordless 
and cellular telephones to global positioning to 
RF LAN, the world is going wireless. Motorola 
has considerable experience in prescalers, and 
today we offer state-of-the-art low power pre
scalers. The MC12052 provides a dual modulus, 
l.lGHz 7 64/ 65 or 7128/129 function at 2.7V 
and l.OmA typical current drain. Our prescaler 
portfolio includes over 40 different combina
tions of frequency, divide ratio and power to 

HIGH-SPEED SERIAL DATA 
TRANSMISSION 10 KEEP 
COMMUNICATION CHANNELS OPEN __ 

As microprocessor clock rates increase, the 
job of transferring inter-system data becomes 
more difficult. So that designers can take full 
advantage of state-of-the-art processing speeds, 
data transfer rates must keep pace with rising 
clock rates. To address these data rate issues for 
multiprocessor communication, high speed 
peripheral data transfers and high speed LAN 
connections, several serial communications 
standards are currently under development, 
including Serial Hippi, Fiber Channel, SCI, 
ATM and proprietary designs. All require high 
speed serialization and clock recovery !Cs. To 
meet those needs we're applying our experience 
in high-speed ECL design to the state-of-the-art 
bipolar processes within Motorola to provide 
high speed, low power, cost-effective solutions 
for liigh speed serial interface applications. 
Watch for developments. D. 
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meet the needs of most designs. In addition, 
capabilities have been established that enable 
very quick turnaround for a customized option 
for those applications not covered in the 
existing portfolio. 

Motorola is expanding the current RF port
folio to include integrated single chip synthesizers. 
The MC12202 and MC12207 synthesizers 
provide significant savings in power dissipation, 
which makes them ideal for hand-held, battery-

FOR STANDARD LOGIC, MOlOROLA IS 
THE LOGICAL STANDARD _____ _ 

If it's standard logic you need, it's only logical 
to come to Motorola. After all, we've been in the 
logic business for over a quarter of a century, 
and we offer the broadest line in the industry, 
including DTL, HTL, MECL III,™ Metal Gate 
CMOS, MECL lOK,™ Low Power Schottky, 
MECL lOH™ & High Speed CMOS, FAST,™ 
FACT, ™ ECLinPS,™ and ECLinPS Lite,™ and 
ALEx!S.™ Motorola's commitment to Total 
Customer Satisfaction, coupled with our manu
facturing excellence, is your assurance that 
when it comes to commodity logic products, 
Motorola is the logical choice. E. 

MECL III, MECL lOK, ECLin PS Lite are trademarks of Motorola, Inc. 
FAST and FACT are trademarks of National Semiconductor Corp. 

operated applications. With Vee voltage range 
of 2.7V to 5.5V and currents of 5.0 and 6.5mA, 
respectively, these devices represent state-of
the-art in one-chip synthesizer design. 

Of course, the world of RF does not depend 
on synthesizers alone. Motorola's current and 
future efforts include integrated communication 
VCOs, as well as higher levels of integration 
for the transmit and receive sections of various 
wireless applications. A. 

WW-SKEW CLOCK DRIVERS FOR 
PRECISION CONTROL & TIMING OF HIGH 
SPEED RISC AND CISC DESIGNS ___ _ 

With frequencies routinely hitting 33MHz 
and nearing 40, 50 and 66MHz and higher in 
today's CISC and RISC microprocessor systems, 
well controlled and precise clock signals are a 
must for a synchronous system. Many micro
processors also require input clock duty cycles 
close to 50%. Such stringent timing require
ments dictate the need for specially designed, 
low skew clock distribution circuits. Offering a 
family of CMOS, TTL and ECL clock drivers 
featuring everything from simple buffers to 
integrated phase-locked loop devices, Motorola 
has a solution for every clock driver need-be 
they low-end l.5nS skew or high-end 50pS 
skew devices. F. 



BICMOS INTERFACE LOGIC IC MEETS 
HIGH-SPEED SYSTEM DEMANDS ___ _ 

In response to the performance demands 
of today's high-speed systems, Motorola offers 
ALExIS™ (Advanced Low Power Expandable 
Interface Solutions), a new family of low-power, 
high-speed bus interface circuits fabricated with 
a fully integrated, state-of-the-art Bi CMOS pro
cess technology designed to yield performance 
improvements in all applications. Available in 
buffers, transceivers, latches, registers, parity 
bus buffers, transceivers and other functions, 
ALExIS™ gives circuit designers the freedom to 
use almost any combination of MOS and bipo
lar transistors throughout the design. Planned 
device types include SV, SV to 3.3V translators, 
pure 3.3V and Boundary Scan. B. 

DYNAMIC BUS SIZER ALLOWS EASY 
COMMUNICATION TO 8, 16 or 32-BIT 
PERIPHERALS _________ _ 

Motorola's MC68150 Dynamic Bus Sizer is 
designed to enhance the 32-bit MC68040/ 
MC68LC040/MC68EC040 bus capabilities 
allowing communication bi-directionally with 
32-, 16- or 8-bit peripherals and memories. It 
dynamically recognizes the size of the selected 
peripheral / memory, and then reads or writes 
the appropriate data to or from that location. 
Systems using the 68030, which has bus sizing 
features built in, can now be easily upgraded to 
the 68040 by incorporating the MC68150. The 
MC68150 can also be used to separate "fast and 
slow" buses which would reduce loading on the 
data bus. The MC68150 is available in a 68-pin 
PLCC package. G. 

HIGH-PERFORMANCE GLUE 
HIGH-PERFORMANCE SYSTEMS ________________ _!___ 

Motorola's ECLinPS Lite™ is an ECL family 
of single, essential logical primitives-gates, 
muxes, flops, translators, etc. -housed in a 
space efficient, cost effective standard 8-lead 
SOIC. Gates switch in 275ps, edges skew in 
225ps, and flops toggle at over 2 GHz, provid
ing designers with the performance necessary 
for very high speed designs. Superior AC spec
ifications, tight skews and superior isolation 
combined with a small package size provide 
ideal solutions for pin cards and other applica
tions that require density, but not at the expense 
of signal integrity. 

For applications requiring a step up in inte
gration without a step down in performance, we 
offer our standard ECLinPS™ family. Packaged 
in 28-lead PLCCs, it provides a wide selection 
of SS! and MS! functions with performance 
levels well suited to SOOMHz-1.0GHz designs. 
In addition to higher speed performance, the 
ECLinPS™ family provides significant reduction 
in power over competing ECL logic families. 
And because ECLinPS™ is a standard logic fam
ily, they are always on the shelf and ready to 
order. 

SWITCHABLE SCSI BUS TERMINATOR 
SOLUTIONS ELIMINATE PHYSICAL 
TERMINATION ________ _ 

A new family of switchable precision SCSI 
Bus terminator solutions eliminates the need 
to physically remove termination. Motorola's 
family of SCSI Bus Terminators are available 
in reliable, easy-to-implement surface mount 
packages. These switchable terminators replace 
termination resistor packs, connectors and 
sockets, reduce board area, and improve man
ufacturing flow and reliability. They can be used 
to easily expand to 27-bit wide bus applications. H. 

Sometimes, a standard family just doesn't 
quite meet your needs; performance may be 
right on target but functionality doesn't quite 
match. For that we offer the ECL300™ LogicArray; 
which provides ECL functions with perfor
mance that rivals that of the ECLinPS™ family, 
and functionality that is customized to your pre
cise needs. All you have to do is provide us with 
a block diagram-we'll quickly deliver to you a 
design prototype. 

Even in the highest performance systems 
there are times when the world slows down to 
TTL technologies. Motorola offers several 
devices to interface your high speed ECL por
tions to the lowest speed TTL sections of your 
design. Wide high drive buffers are available to 
drive banks of DRAMs or differential ECL and 
PECL translating devices for sending those TTL 
signals across the backplane. And when board 
space is an issue, ECLinPS Lite™ translators are 
the answer. C. 

For more information on any of these 
Motorola products, call 1-800-442-2447, send 
the coupon below, or write Motorola Semicon
ductor Products, Inc., Literature Distribution 
Center, P.O. Box 20912, Phoenix, AZ 85036. 

®MOTOROLA 
Motorola and® areregislered trademarks of Motorola Inc. 

r------------, 
To: Motorola Semiconductor Products, Inc. 

P.O. Box 20912, Phoenix, AZ 85036 

To receive literature on any of these Motorola products, 

check the applicable box( es) below: 

A. 0 PRESCALERS, SYNTHESIZERS ( # BR1334/D) 
B. 0 BICMOS INTERFACE ( #BR133l/D) 
C. 0 HIGH-SPEED PERFORMANCE GLUE ( # BR1330/D, 

#BR1409/D, #BR1334/D) 
D. 0 HIGH-SPEED SERIAL DATA TRANSMISSION 

( # PAKlOOLICD/D) 
E. 0 STANDARD LOGIC ( # SG366/ D) 

F. 0 LOW-SKEW CLOCK DRIVERS ( # BR133l/D) 
G. 0 DYNAMICBUSSIZER (# MC68150/ D) 
H. 0 SWITCHABLE SCSI BUS TERMINATOR 

( # FLDRlSOSi D) 
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OrCAD's Schematic Design Tools is 
the most popular electronic design 
automation product in the world. 
Designed by engineers for engineers, 
its "intelligent" interface and power 
features are a favorite for electronic 
designers in huge manufacturing 
companies and small job shops alike. 

Schematic Design tools offers 
incredible value in a single package: 
30+ industry netlist formats (or write 
your own); support for hundreds of 
displays, printers and plotters; the 
innovative ESP framework, which 
allows the user to seamlessly transfer 
information between OrCAD products 
and many third party products. 

In the 60+ libraries are IEEE, 
TTL, ECL, CMOS symbols and 
much more. In fact, Schematic 
Design Tools has over 20,000 
unique library parts. Parts 
may be rotated, mirrored, 
converted to DeMorgan 
equivalent with the 
press of a single key. 

32 • EDN November 1 2, 1992 

Designed specifically for 3861486 based PCs. 
A true protected-mode product using 32 bit 
addressing and data structures for maximum 
performance on today's faster PCs. 

Features and enhancements: 
• Virtually unlimited design size 
• Virtually unlimited netlisting 

capacity 
• Faster netlisting due to improved 

memory management and 386/486 
optimization 

• Compatible with all OrCAD prod
ucts including OrCAD PCB II, 
Programmable Logic Design Tools 
386+, and Digital Simulation Tools 

• Virtually unlimited graphic part size 
• All existing SDT designs and 

libraries may be easily translated 
into Schematic Design Tools 386+ 
format. 

• Schematic Design Tools 386+ is 
compatible with nearly every 
known printed circuit board, 
programmable logic and FPGA 
layout system. 

OrCAD®lll 
The Better Solution 

3175 N.W. Aloclek Drive • Hillsboro, OR 97124 USA 
(503) 690-9881 • Fax (503) 690-9891 
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Preventing aliasing 
With reference to Anne Watson 
Swager's interesting and useful ar
ticle, "Design software links active
filter performance with real de
vices" (EDN, April 9, 1992, pg 45), 
I would like to offer one small, but 
crucial, correction. On pg 48, she 
states, "Putting a simple RC filter 
at the output of a switched-capaci
tor filter is sufficient to remove any 
clock-feedthrough artifacts and pre
vent aliasing." This is only half 
true. It will reduce clock feed
through; it will not prevent aliasing. 
The only way to accomplish the lat
ter is to make certain the input sig
nal contains no frequency compo
nents near the clock frequency. 

- In other words, put an antialiasing 
filter on the input. 

Having performed a number of 
designs using National's MF-10 and 
similar parts, I have had ample op
portunity to observe the dramatic, 
and irreversible, effects of aliasing. 
Once this happens within a sampled 
data system, further filtering is a 
lot like locking the barn door, 
etc . . . . However , because the 
clock frequency and corner fre
quency are related by either a nomi
nal 50:1 or 100:1 ratio, it is not diffi
cult to control the problem with a 
simple RC network at the input to 
the switched-capacitor device. 
Thomas I Kirkpatrick 
EE Dept Manager 
Schilling Development Inc 
Davis, CA 

Reader describes 
"trial by delivery" 
After reading Julie Anne Schofield's 
editorial on the apparent lack of in
terest of big component companies 
in making small quantities of com
ponents available to engineers 
(EDN, March 16, 1992, pg 33), I'm 
reminded of another situation I con
stantly find myself in. 

We bid on many projects in a 
short period of time. To bid accu-

EDN·SIGNALS & NOISE 

rately on these projects, it's neces
sary to obtain current price and de
li very on components that were 
quoted on days earlier. Delivery is 
more important than cost in many 
instances. The components that 
were in stock when an RFQ (re
quest for quotation) was submitted 
to a distributor a few weeks earlier, 
may have been sold as soon as a few 
minutes later, requiring the dis
tributor to go to the factory for 
delivery. 

Delivery may now be unaccept
able to meet our required delivery 
date to our customer. It would ap
pear that many of the distributors 
of electronic components only want 
to process RFQs for pending or
ders, and in many instances, ignore 
the RFQs that have been submit
ted, viewing them as a nuisance. 
When contacted regarding their 
lack of response, the reply in many 
cases has been, in essence, when 
are we going to get an order for the 
last RFQ we bid on? 

Small quantities also add to this 
dilemma. If we have to deal with 
distributors who are reluctant to 
supply small quantities, we are 
forced to find someone else who 
will. 

I understand the predicament the 
distributors are in. Many have re
duced work forces due to economic 
reasons and need to use these re
sources wisely to generate income. 
On the other hand, if our company 
doesn't bid on RFQs sent to us, we 
will never have any customers. 

The only parties in this vicious 
circle who have the power to cor
rect this problem are obviously the 
distributors. After working hard to 
make our business grow despite the 
attitudes of the distributors, we will 
remember the ones who were there 
for us when we were small. 
Daniel R Mattis 
Product Development Engineer 
Valtronics Engineering & 
Manufacturing Inc 
Glendale, AZ 

A national health-care 
system is workable 
Characterizing a national health
care administration as a control sys
tem to argue against the implemen
tation of one does a disservice to 
everyone. Mike Harris's argument 
(EDN, May 21, 1992, pg 29) states 
that it would be impossible to write 
state equations for such a system, 
(and, therefore, such a scheme 
should be rejected). He ignores the 
argument that the present system 
of health-care delivery is the same 
type of system with different inputs 
and feedback paths. 

For the average American, our 
system of health care works badly 
now, judged by objective results 
compared with results elsewhere 
where national health plans are in 
effect. Federally administered 
health-care systems in many of the 
Western nations produce greater 
average longevity, lower infant
mortality rates, and a higher stan
dard of minimum health care, and 
they cost less than does free-enter
prise medicine in this country. The 
average citizen of Canada or France 
or Sweden lives longer than we do, 
and their children are more likely 
to grow up. Unless, of course, your 
employer buys comprehensive 
health insurance for you. Then you 
live longer than the average [US 
citizen] and your children are more 
likely to survive. 

We have a 2-tier society here in 
the USA in that two-thirds of us 
receive first-world medicine and the 
remainder get second- or third
world care. 

President Reagan did a disserv
ice by propagandizing against gov
ernment and persuading many citi
zens that government is bad. Gov
ernmental administration is neces
sary to regulate and provide essen
tial services. 
Robert E Elcox, Engineer 
Active Systems 
Afton, VA 
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At Zilog we 're not afraid to do 
things a little differently. Is it 
worth ·it? You decide. 

We've never been much for making 

grandiose claims about ourselves or our products. 

The proof of any company is in the performance. We 

depend on you to tell us how well we're meeting your 

needs - for high performance devices, timely 

support and real value. 

You've spoken. You've relied on Zilog's 8-

and 16-bit solutions in consumer, communications, 

computer peripheral and industrial markets. You're 

discovering the cutting-edge capabilities of our 32-bit 

RISC devices, and a new range of sophisticated 

microcontrollers with on-board DSP. And you've 

given us the stability to keep on serving you reliably 

and responsively, with a streak of month-to-month 

profitability that began in February 1986. 

As you move into ASSP designs , you can 

continue to depend on Zilog to offer effective 

solutions. Our SuperintegrationTM library of familiar 

cores and cells is one of the largest in the industry. 

That means a significantly quicker migration path to 

upgrades, with technology that's proven before as well 

as during the design phase. And our devices are 

manufactured in company-owned fabrication facilities, 

providing the highest possible standards for quality 

and reliability. 

Make Zilog a part of your own success story. 

To find out more about any of our Superintegration 

product families , contact your local Zilog sales offir.r. 

or authorized distributor today. Zilog, Inc. , 210 East 

Hacienda Ave., Campbell, CA 95008-6600, 

(408) 370-8000. 

• 
~ 
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"P-CAD helps us 
transform abstract . . 
eng1neenng . 
concepts into 
sound designs." 

Sound PCB designs, with P-CAD®software. 
Jeff Rowland Design Group creates high end audio 

products that are not only elegant in design, but are 
technically innovative as well. 

P-CAD products, unique 
as your application. 
P-CAD products include all the 
interactive and automatic tools 
you need to complete PCBs, 
from symbol creation through 
manufacturing. 

All made possible by P-CAD's 
open architecture and its inter
faces to a wide range of third 
party tools such as VIEWlogic~ 
P-CAD lets you easily exchange 
PCB files with your favorite 

mechanical CAD programs such as CADAM's MICRO 
CAD AM~ And whether it's a DOS or UNIX®-based 
solution you're looking for, there is a P-CAD product that 
is engineered to meet your desktop 
PCB design needs. The Jeff Rowland product design strategy emphasizes 

the control of complex field interactions and electrical 
geometries. And this task demands the finest PCB design Now hear this. Here's how 
software available. to get a free P-CAD demo:i' 

P-CAD designed PCB products give Jeff Rowland When it comes to designing better 
engineers the speed and features they need to design PCBs faster and more productively, 
minimum area layouts with custom path geometries. the advantages of P-CAD are definitely worth hearing 

P-CAD also combines an easy to use interface with about. To take advantage of this free offer for a hands-on 
end-to-end integration, so audio electronics designs demonstration, just call us for the name of your nearest 
can be completed and verified to support the world's most .. ~ CAD AM Value Added Reseller. If you think this offer sounds 
demanding product quality and performance criteria. '~ great, simply call today toll-free: 1-800-255-5710. 

CADAffi 
AN IBM COMPANY 

World Class PCB CAD Productivity 
•Available from CADA.\\ Value Added Resellers. Contact CADA.\! for details. IB~I is a registered trademark of lntemational BusinessMachincsCorp. CADA.\\ and fl\ICRO CADA.\! are registered tradernark.sof CA.DA.\\ INC. P-CAD is a registered trademark of 

Personal CAD Systems, Inc. UN IX is a registered tradcmarkofll~IXSystcmsLabs. Inc. \ IE\\'logicisaregistercd trademarkof\"il'V>·logicSystems, lnc.CADA.\l INC.1935 N Buena Vista St, Burbank,CA915CH. ©1992CADA.\l INC 
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Every company experiences finger pointing when a design doesn't work. 

Your circuit designers claim the models are not accurate. The model developers 
claim the process shifted since the time they began work on the models. The 
process engineers claim the model developers aren't tracking the process. 
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Meta eliminates finger pointing and helps you get it 
right first time™. Meta-Labs modeling services, combined 
with the HSPICE circuit simulator, provide the crucial link 
between your fab and circuit designers . The Meta
Software methodology helps your design, process and 
modeling groups work together as one team . 

Get back in the chips with Meta-Software. For a 
right first time information package, ca 11 tol I free 
(800) 442-3200, ext. A2. 

MEJA-SOFTWARE 
right first time™ 
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Reader's curiosity piqued 
by oscilloscope constant 

It is not unusual to see oscilloscope 
literature stating that the rise-time
bandwidth product equals 350. Thus, 
knowing the oscilloscope bandwidth 
in megahertz, one can determine the 
rise time in nanoseconds and vice 
versa. 

I would appreciate knowing how the 
350 constant is derived in this oscil
loscope rise-time-bandwidth equation. 
Denis Harrington 
Teqspec 
Cape Canaveral, FL 

John Rettig of Tektronix (Beaverton, 
OR) responds: The relationship be
tween bandwidth and rise time is de
rived from the response of a single-pole 
RC circuit. The 3-dB bandwidth of a 
single-pole RC circuit is 

bandwidth= 1/(2'TT RC). Eq 1 

The voltage vs time relationship is 

VouT = VIN(l -e·<t1Rc>). Eq 2 

Solving for the 10 to 90% rise time (tR) 
in Eq 2 yields tR = 2.2RC. Substituting 
the result into Eq 1 yields 

bandwidth= 0.35/tn. 

This relationship assumes that a sin
gle-pole RC circuit dominates the sys
tem's response; the equation becomes 
a poorer approximation as the circuit's 
response moves away from the single
pole situation. For example, the rela
tionship is not a good approximation for 
an underdamped system with more than 
4% overshoot. 

Motorola freeware available 
via computer bulletin board 

In the July 6, 1992, European edition 
of EDN Magazine, the story on fuzzy 
logic mentioned that freeware was 
available for downloading from the 
Motorola computer bulletin board. 
The phone number was the only addi
tional bit of information about this 
service. Could you provide more infor
mation about the Motorola BBS and 
how to use it? 
Manuel Vaz Guedes 
DEEC 
Porto, Portugal 

ASK EDN 
EDITED BY JULIE ANNE SCHOFIELD 

First, you need a computer, a modem, 
and a reliable communications program. 
To access Motorola's DSP computer bul
letin board, phone (512) 440-3771 (or 
(512) 440-3772 if you have a V.22 mo
dem) using modem settings 8, N, 1. Once 
your computer connects , just follow the 
menu choices. 

Most computer bulletin boards run on 
PCs or Macintoshes, but Motorola uses 
a rare program that runs under Unix 
on a VMEbus system. This program has 
a rather difficult user interface, so be 
patient. 

"Why was my 
company left out?" 

In your May 7, 1992, column, Mr Yves 
Ephraim of Cable and Wireless, An
tigua, West Indies, asked where he 
could purchase a C compiler that pro
duces Z80 code. Our firm designs and 
produces such compilers. 

Why weren't we included in your 
response to this inquiry? 
John Dalton 
Executive Vice President 
2500ADSoftware Inc 
Buena Vista, CO 

In our response, we said that the com
panies that offer C compilers for the 
Z80 include all the cross-compiler com
panies, which are too numerous to list 
in an Ask EDN column. We decided to 
include three companies as examples to 
give readers a starting point. 

However, we can't always print the 
names of all the companies that make, 
for example, a hard-to-find product be
cause we don't have the resources to 
do an exhaustive search. That's where 
readers come in. They've identified 
many companies-both large and small, 
advertisers and nonadvertisers-that 
offer just the device or service a reader 
was looking for. 

For the record, 2500ADSoftware's C 
compiler for the Z80 comes with an as
sembler, linker, librarian, and simula
tor/debugger. The compiler costs $700 
for 16-bit systems running MS-DOS and 
$650 for 32-bit DOS systems. You can 
contact the company at 

2500ADSoftware Inc 
1 2500AD Pkwy 
109 Brookdale Ave 
Buena Vista, CA 81211 
(800) 843-8144; (719) 395-8683 
FAX (719) 395-8206. 

Readers comb libraries, 
find manuals 

In the June 4, 1992, Ask EDN, we 
printed a letter from Robert E Bober, 
who was looking for a manual for the 
Intel Prompt 48-a box for program
ming and emulating the MCS 48 family 
of microcontrollers. We'd like to thank 
the two readers that found schematics, 
manuals, and various other reference 
goodies for the Intel Prompt 48. The 
first reader is Chip Calton of Tracor 
Aerospace Inc (Austin, TX); the second 
works in Washington, DC, but prefers 
to remain anonymous. If anyone else 
wants copies of this material , drop Ask 
EDN a line. 

Keep warm at night 
with a vacuum-tube radio 

I have a comment to pass on to your 
Alaskan reader, Pierre Lonewolf, who 
was looking for a good AM radio (July 
6, 1992, Ask EDN). I have used a num
ber of good communications receiv
ers, but the best AM radio I have ever 
seen is my old Zenith S-17366 tube 
type, circa 1950. 

I lived in Nashua, New Hampshire, 
as a kid and did AM dxing (long
distance listening). My log extends to 
some 300-plus stations including 
WBAP in Fort Worth and WGN in 
Chicago. I could also peg some Mexi
can and Canadian stations, as well as 
some skip from Deutsche Welle and 
Britain. As a bonus, if you pull off 
the back cover, tube radios provide 
light and heat for those long, dark 
Alaskan nights. 
Rick Desmarais 
Project Manager 
Teletrol Systems Inc 
Manchester, NH 

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/ASK_EDN and select W to write 
us a letter. 

EON November 12, 1992 • 39 



Mass storage 



without the mass. 
1hat'sA1&T 

"Custofilerizing~' 
A 3-chip disk drive solution! 

A mass storage chip set that 
eliminates as many as 5 to 8 ICs as 
well as a dozen discrete components 
- drastically reducing your time
to-market while maximizing your 
disk capacity. 

Thats what "Customerizing" 
is all about! 

Low power solution 
AT&T'.s solution sharply decreases 
disk drive power demand, increases 
battery life, and allows for lower 
heat dissipation, a critical concern 
in small form-factor devices. 

It also supports multiple data 
rates for zoned band recording 
as well as embedded servo formats 
and split data field techniques. 

All-CMOS solution 
The chip set is designed in a 
common CMOS process, allowing for 
future integration to a single 
device, resulting in even greater 
space and power savings, and 
producing the smallest possible 
form factor. 

All the devices are highly 

programmable, permitting product 
differentiation and evolution -
and providing unprecedented levels 
of power management. 

Integrated solution 
Our hard drive solution features 
the first all-CMOS read channel ICs, 
fabricated with AT&T's advanced, 
low-power 0.9 µm drawn mixed
mode CMOS process. 

This CMOS process advantage is 
combined with high integration and 
substantial system design and test 
expertise to minimize the number of 
external components needed to 
implement disk drive electronics. 

The chip set is supported by 
evaluation kits, which provide both a 
hardware and a software platform 
on which to build a prototype disk 
drive, as well as a fast means of 
evaluating the devices. 

To get the evaluation kit, 
along with complete technical 
information on AT&T'.s 3-chip disk 
drive solution, just give AT&T 
Microelectronics a call at 
1 800 372-2447, ext. 908. 

AT&T 
Microelectronics 
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New Switch FamilyforlEEE488, 
RS-232, and PC-based Systems 
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/Otech 's new switch family provides switching for a wide variety of signals 

IOtech's new family of programmable 
switches accommodates a wide range of 
signals, from low-level thermocouple sig
nals to 280 V AC signals. These products 
can be used as stand-alone programmable 
switches or as multiplexing front-ends to 
DVMs, data loggers, PC plug-in ND con
verter boards, and IOtech 's own ADC488 
series of ND converters. 

These new switches offer three means of 
computer control, making them useful for a 
variety of applications. They are available 
with IEEE 488 and RS-232 interfaces, and 
with a parallel 8-bit digital interface for 
control directly from a PC's parallel port or 
from any digital 1/0 port 

the other channels and from the IEEE 488 
bus. Each input is converted into a 0 to SY 
linearized and compensated output for 
switching to an external AID converter. 
The Mux488/16SC can concurrently out
put converted signals from al 116 channels 
or can multiplex them foroutputon 1, 2, or 
4 channels. Multiple units can be con
nected in a master-slave configuration to 
switch as many as 2S6 channels. The 
Mux488/16SC offers a screw-terminal 
block that accepts transducer wires and 
has cold-junction sensors forthermocouple 
measurements. 

High Voltage Switching. For high-volt
age or high-currentswitching applications, 
the Control488/16 accommodates a wide 
range ofuser-configurable switches. Each 
of the Control488/16' s switches is iso
lated by SOOY from the other switches and 
from the IEEE 488 bus, and can accom
modate DC and AC voltages up to 280V 
RMS, and DC and AC currents up to 3A. 
The Control488/16 provides two termi
nals for each switch and a convenient 
quick-disconnect, screw-terminal rear 
panel board with built-in strain relief. 

High Channel Capacity. For applications 
that involve switching signals up to ±lOY, 
the Mux488/64 can switch up to 64 inputs 
foroutput to an ND converter. For applica
tions requiring greater switching capacity, 
multiple units can be connected in a master
slave configuration, providing switching 
for as many as 1024 channels. The 
Mux488/64 also features a time-base and 
trigger source that enables it to automati
cally scan selected groups of signals at rates 
up to 4 kHz, and trigger an ND converter 
after each signal is switched. Pricing. The Mux488/64, Mux488/l 6SC, 

and Control488/16 are al l available from 
Signal Conditioning. For applications that stock and are priced from $S9S to $1, 19S. 
involve thermocouples, RTDs, strain Transducer-conversion modules are ex
gages, or other low-level signals, the tra. For more information, call IOtech 
Mux488/16SC provides up to 16 inputchan- at (216) 439-4091, or fax your request to 
nels, each of which is isolated by SOOY from (216) 439-4093. 
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EDN·CALENDAR 

Electrical Contacts in Product 
Design (short course), Madison, 
WI. University of Wisconsin, Madi
son, Engineering Registration, 
Wisconsin Center, 702 Langdon St, 
Madison, WI 53706. Phone (800) 
462-0876; (608) 262-1299. FAX (608) 
263-3160. November 16 to 18. 

International Security Systems 
Symposium and Exhibition, 
Washington, DC. ISSS Expo 92, EJ 
Krause & Associates, 7315 Wiscon
sin Ave, Bethesda, MD 20814. 
Phone (301) 986-7800, ext 24. FAX 
(301) 986-4538. November 16 to 18 . 

Reliability: A Practical Approach 
(short course), San Diego, CA. Con
tinuing Engineering Education Pro
gram, The George Washington Uni
versity, Washington, DC 20052. 
Phone (800) 424-9773; (202) 994-
2337. FAX (202) 872-0645. N ovem
ber 16 to 19. 

Comdex/Fall '92, Las Vegas, NV. 
The Interface Group, 300 First 
Ave, Needham, MA 02194. Phone 
(617) 449-6600. FAX (617) 444-4806. 
TLX 174273. November 16 to 20. 

Electrosafe 1992: European Con
ference on Electrical Safety in the 
Workplace, Luxembourg. IEE 
Conference Services, Savoy Pl , 
London WC2R OBL, UK. FAX 
(071) 497-3633. November 17 to 18. 

International Conference on Me
tering Apparatus and Tariffs for 
Electricity Supply, Glasgow, Scot
land. Secretariat, Conference Serv
ices, IEE, Savoy Pl, London WC2R 
OBL, UK. Phone (071) 240-1871, 
ext 222. FAX (071) 240-7735. TLX 
261176. November 17 to 19. 

Asian Test Symposium, Hiro 
shima, Japan. Camie deHollan, 
LTX Corp, LTX Park at University 
Ave, Westwood, MA 02090. Phone 
(617) 461-1000. FAX (617) 461-0993. 
November 26 to 27. 



Not all Switches 
are created equal. • • 

UNIMAX DIVISION 

NEWTON DIVISION 

or Switch companies. 
C&K has once again been choosen as Top Switch 

Supplier in the 1992 Electronic Buyers' News 

Preferred Supplier Survey. And for very good reasons! 

For 35 years our worldwide facilities have delivered 

industry standard switches with unmatched quality 

and consistently superior performance. We take 

pride in our achievements in product innovation, 

delivery and technical assistance, and we offer 

the most complete line of switches in the industry. 

OH® 

For most companies that would be enough. Our 

new Custom Product Development Group will 

design application specific switches which meet 

your exact requirements. C&K has become the 

leader in surface mounted switches, sealed/process 

compatible switches, and miniature switches of all 

types by listening to your needs. See what we can 

do for you . For engineering samples and our 

catalog, call (800)635-5936 or Fax (617)527-3062 . 

C&K Components, Inc. 
15 Riverdale Avenue 
Newton, MA 02158-1082 

The Primary Source Worldwide~. 

C&K Components, Inc. 
New1on Division 
(800) 635-5936 

C&K Components, Inc. 
Clayton Division 
(800) 334-7729 

Uni max 
A Division of C&K 
(800) 624-4308 

Manufactured in the USA: MA, NC, CT; and Worldwide: Hong Kong , England, Costa Rica 

See us at Wescon/92 Booth #1230-1232 CIRCLE NO. 39 EON November 1 2, 1992 • 43 



''Lanier's digital dictation system 
could save you over $15,000 a year. 

That's a lot of golf balls:' 
People can dictate six times as fast your company could easily save over 

as they can write. $15,000 a year. 
Which means a $35,000 a year Call 1-800-64-VOICE. Or send us 

executive who dictates three letters a this ad with your business card for 
day plus a couple of memos and a more information on: 
report a week will save $3, 700 in time. D Dictation D Facsimile 

I 
Since the Lanier Voice Writer D Imaging Systems (Copiers) 

Ourcommitment 80ff"enables many 
~~B~t':~~plete people to dictate, 1-800-648-6423 FAX (513) 252-9703 

Voice Products Division 

:I) HARRIS 

CN 11 /92 

LANIER RESPONDS 
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Lanier Worldwide, Inc. 
1700 Chantilly Drive, N.E. 
Atlanta, GA 30324 

EDN·CALENDAR 

Flat Information Displays Con· 
ference, Exhibition, and Tutorial , 
Santa Clara, CA. Information Asso
ciates, 1259 El Camino Real # 231, 
Menlo Park, CA 94025. Phone (415) 
322-0247. FAX (415) 322-0469. De
cember 1 to 3. 

Telecommunications Infrastruc· 
ture Planning (short course), 
Orlando, FL. Conferences and In
stitutes, 208 Van Doren Hall, 
Washington State University, Pull
man, WA 99164. Phone (509) 335-
3530. FAX (509) 335-0945. Decem
ber 1 to 3. 

Surface Mount Symposium, vari
ous cities in US. Hamilton/ Avnet, 
10950 Washington Blvd, Culver 
City, CA 90232. Phone (310) 558-
2000. December 7 to 11. 

Federal Computer Conference, 
Washington, DC. Sylvia Griffiths, 

--- -----------------------------1 National Trade Productions Inc , 

• Hierarchical design with functional 
blocks lets you take a structured 
approach. 

• Comprehensive library with over 
14,000 unique parts. not counting 
rotations. 

• Large design? Vanguard a110ws 99 
pages, each with 256 layers and 
thousands of components. 

• Interfaces to popular PCB layout and 
other packages. 
Call for yours. 

· · , ~Time Savers · · · 
~ l , ~ ,. .... • ,_ ' '"' , 

• Unique triple cursor marks closest 
component and signal and assures 
quick snap-to connections. 

• Design rules checkers give instant 
graphical feedback early when 
changes are easy. 

777 California Avenue 
Palo Alto, CA 94304 
Tel: 415-493-6700 
Fax: 415-493-4648 
~ 199:! Sophia S)\tcm" :1.nd Tc;.·hnolog) 
V:ingu ard j, a tradernurl.. ol Sophia S) '>ll'm' and Tc~hnotogy 
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• Easy customization with your own 
menus, hot keys, and high-level 
macros with variables, stacks, IFs, etc. 

• Automatic placement of signal and 
component names. 

SOJ!.hict --~~ 
~ ~~~~~ TM 

and Technology 

1-800-824-9294 

313 S Patrick St, Alexandria, VA 
22314. Phone (800) 638-8510; (703) 
683-8500. December 8 to 10. 

ACM SIGSOFT Symposium on 
Software Development Environ· 
ments, Washington, DC. Ian Tho
mas, Software Design & Analysis, 
444 Castro St, Suite 400, Mountain 
View, CA 94041. Phone (414) 694-
1464. December 9 to 11. 

IEEE International Electronic 
Devices Meeting, San Francisco, 
CA. Melissa Widerkehr , IEDM, 
Suite 610, 1545 18th St NW, Wash
ington, DC 20036. Phone (202) 986-
1137. FAX (202) 986-1139. Decem
ber 13 to 16. 

Troubleshooting & Maintaining 
the IBM PC, XT, AT, PS/2 & Com
patibles (short course), Seattle, 
WA . Data-Tech Institute , Box 
2429, Clifton, NJ 07015. Phon 
(201) 478-5400. FAX (201) 478-3344. 
December 14 to 15. 



HOW MANY AMPS 
DOES IT TAKE 

TO POWER 
YOUR PRODUCT 
DEVELOPMENT? 
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FROM IDEA TO MARKET. 
The resources you need for that journey, 
especially with today's tight development 
schedules, can tax even the largest 
companies. AMP can help make your 
trip to market easier, and faster. 

Our capabilities today go far 
beyond connectors . They include 
interconnect design, analysis, simula
tion and validation, systems develop
ment, and packaging design. And unequalled 
production experience in everything from 'metal
and-plastic' to heavy machinery, precision optics to 
SMT boards to complete plug-and-play systems. 
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If you're concerned with reducing time 
to market, dealing with higher clock 

rates, coping with shrinking 
envelopes, and generally keeping 

pace with fast-changing 
technologies and design 
methodologies, look into 

what AMP has to offer, today. 

AMP DESIGN SERVICES: 
EDA TO THE MAX. 

One of the toughest jobs you face is analyzing 
and proving your initial design, and performing 
board placement and routing. We'll take you from 



schematic or logic diagram all the way to a valid 
software first article. 

Our comprehensive EDA toolset includes 
current, state-of-the-art software programs, and 
our own interconnect and device models-devel
oped specifically for critical aspects of current 
design such as net simulation, timing verification, 

Placement 
optimization uses 
thermal analysis, 
along with electri
cal, power, and 
manufacturing 
considerations. 

(Courtesy of BETAsofi, 
Dynamic Soft Analysis 
Inc., Pittsburgh, PA.) 

Characterized device and connector models are used in waveform 
analysis, timing veri.fication, and board design. 

analog transient noise effects, system impedance, 
and transmission line layout rules. 

Talk to AMP early in your design cycle, and 
we'll put you on board faster-with flexible service 
offerings that range from help with specific problems 
to complete project management. Tap us for the 
years of experience we've put into engineering 
under critical electrical, mechanical, power, thermal, 
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and manufacturing constraints. And shave a 
lot of time-to-market and development cost 
off your project. 

AMP FABRICATION SERVICES: 
MAKING IT REAL. 

Major elements of your job 
that add up to major time include 

printed circuit boards, back
planes, card cage design and 
fabrication, and systems pack

aging. Our help here can 
put you ahead of the crowd 
and let you spend that time 
on your real business. 

Packaging is a 
Clwmcteri:ed crucial element of systems 

models speed simulation; performance, and our 
JD and JD CAD files simplify 
board layout and ]Xtckage design. modelling, Simulation, 
(Modelsamilableon CD-ROM.) power and thermal analy-
ses, and noise budget balancing are crucial for 
packaging success. When you're ready, our manu
facturing experience - from clean room to global 

shop floor- can pay off at any 
level you choose: board, sub
system, or finished product. 

Look to AMP for the help 
you need to meet tight produc
tion schedules and narrow market 
windows, and the resources you 
want to move into next-genera-

Complete system architectures include 
packaging systems, power supplies, and 
110. Developed and manufcrctured to 
your requirements. 

tion technologies. 
Our knowledge 
base in fast boards, 
high-speed cable 
assemblies, surface mount 
technology, and related 
subjects can simplify the 
transition to faster logic 
and smaller form factors. 

Custom high-pe1formance 
cable assemblies represent value
added capabilities in advanced 
design technologies. 

THE BIG PICTURE: 
FROM CONCEPT TO PRODUCTION. 

Your program, and your 
problems, are unique. 
Your program is yours 
alone, but your problems 
don't have to be. We can 
help in any of the areas 
we've listed here. 

Or let us put it 
all together for you, and 
move you from start to 
finish. Our specialists can bring our 
services to you anywhere in 
the world, and coordinate 
the AMP resources you need 
to bring your idea into 
production. Cost-effectively. 
Andon time. 

Printed circuit 
boards using 
advanced materials/ 
technologies are the result 
of AMP alliances and advanced 
manufacturing facilities. 

For more information, call our Product 
Information Center at 1-800-522-6752 
(fax 717-986-7575). AMP Incorporated, Harrisburg, 
PA 17105-3608. In Canada call 416-475-6222. 

THIS IS AMP TODAY. ANIP 
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Manual vs. Automatic 
H1r4ware/ 
Kepoar4 
eo.trol 

~/1-- Software 
:~ Coatrol 

The Potentiometer for Remote Control 
So you need to change your potentiometer's setting. You know the 
options with mechanical pots. You can fiddle with dials endlessly, or 
you can take apart the system and try to get at the pot with your 
oversized hands and that little munchkin screwdriver. 

We've Eliminated the Mechanics 
Dallas Semiconductor's digital potentiometers, unlike their 
mechanical counterparts, can be set remotely. No dials. No 
screwdrivers. Resistance is changed with digital signals using 
software. So equipment can be adjusted in the field without ever 
opening the enclosure. Which is mighty important when you've got 
pots in some tight places where you may not want to put your 
hands. Like under the hood of your car at 105°C. Or inside test 
equipment that measures the presence of toxic gasses. 

In addition, our digital pots don't have to stop at every setting 
along the way- they can hop directly to the resistance you choose. 
Once the setting has been made, there is no activity in the chip to 
cause noise. 

And all these features come in a package that is surface-mountable. 

MEET THE FAMILY 

Two Pots in One Package 
The DS1267 Dual Digital Potentiometer helps you minimize board 

space consumption by offering two pots in a single 
package. The pots can be used separately or tied 
together and addressed as one 512-position pot. 

Exactitude Pots Plus Op Amps 
Our digital pots contain two independent 256-position pots. You ~ The DS1667 Dual Digital Potentiometer Plus Op Amps 
write two 8-bit words through a serial port to an on-chip register. "'~ ~ adds two op amps to create a variety of gain stages. 
That number is stored in a read/write memory and the setting is '""~ ~ The op amps contain both inverting and non-
read electronically. So it is exactly what you want it to be. i _A inverting inputs, and can be used indepen-

Change Settings Fast '"~ ~ ~ dently of the resistors. 
"'"~ ~. Chances are if your system has one pot, it has a bunch. Even if you • 

can find them all, changing them within a reasonable amount of Audio Resistor 
time is a losing proposition. Dallas Semiconductor's digital pots can For audio and logarithmic applications, the DS1666 Audio Digital 
be ganged together to create arrays that can be addressed as one Resistor is a 128-position audio taper potentiometer with two 
device with no external logic or components. Updating system degrees of resolution in one package. With digital audio control, 
parameters and making calibrations takes less than a second- sound cards for personal computers can control frequency 
even if you've got 20 pots to update. __ ._ amplification from a 

RL r RW RH screen. Studio record-
No Noise ' A '"' " A "' '"' ' L-.../ V V '-" V V ~ ing equipment settings 
Wespec'dourpotentiometers quieterthan -120d.B -
about the noise of a thermal transistor. Because all 
electronics remain on the card, you don't have to run 
wires out to dials on the surface of the equipment, 
which eliminates that source of noise. 

RI R2 can be set by, stored in, 
and recalled by a computer, so you don't have to 
remember the positions of 40 slider pots. 

DALLAS So give your wrist a rest. And give us a call. 

SEMICONDUCTOR 
4401 South Beltwood Parkway Dallas, Texas 75244-3292 Telephone: 214-450-0448 FAX: 214-450-0470 

CIRCLE NO. 45 EON November 1 2, 1992 • 49 



The MACHM Family From AMO: 
The Fastest, Most Predictable High Density PLDs Available Today. 

Oops! You're a couple of nanoseconds shy this less. Because MACH parts are essentially PAL® devices, 
time, and it's going to hurt. Perhaps next time you'll just like the kind you already know. Not some hybrid 
choose a more predictable PLD/FPGA, where you don't know 
vehicle. And the most predictable 

Model Equiv. Macro Max. System VO Hard-Wired 
how it performs- until it's too Number Gates Cel~ Delay Speed Pins Option 

high speed, high-density PLDs MACH 110 900 32 12ns l:JJ7N'J-lz 44 /./IK/:_ 110 late. So you don't have to guess 
available are the MACH family MACH 210 1800 64 12ns l:/J.7f.lt-lz 44 /./IK/:_ 210 your delays or clock speeds, you 

MACH 120 1200 48 15ns SOf.lt-lz 68 /./IK/:_ 120 
fromAMD. MACH220 2400 96 15ns SOf.lt-lz 68 /./IK/:_22Q just read them right off our 

Only the MACH Family offers MACH 130 1800 64 15ns SOf.lt-lz 84 /./IK/:_ 130 datasheet. 
you worst case delays of 15ns* or MACH 230 3600 128 15ns SOf.lt-lz 84 /./IK/:_230 But they're not just ordinary 

*In applications with a fu ll 16 procluct terms. Every MACH part is specified using real~life conditions with all outputs switching. 
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PAL devices. They're bigger and better. with densities 
ranging from 900 to 3600 gates, all in our submicron 
CMOS technology. 

Nor wi ll you face unpredictable delays when you 
order. Because the entire MACH family is now shipping 
in volume. 

Working with them is equally predictable. You · 
don't have to learn any new techniques, just use the 
software and test equipment you already know. Like ABEL, 
CUPL, OrCad. and others. Not to mention the software 
and support from over 20 FusionPLD vendors- all 
prepared to bring your products to market on time. 

And each MACH part can migrate easily to a pin-

+ 

compatible, hard-wired MASC™ counterpart for high 
volume. So you can get the volume you need, without 
redesign, NRE, or unforeseen delays. 

So call AMD today at 1 ~800~222~9323 . And let 
the MACH family make your design cycle a whole heck 
of a lot safer. 

~ 
Advanced Micro Devices 

© IW2 Advanced Micro Devices, Inc. 90 1 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. PAL isa regis
tered trademark, and MACH and MASC are trademarks of Advanced Micro Devices, Inc. All brand or product 

names mentioned are trademarks or registered trademarks of their respective holders. 

CIRCLE NO. 46 EON November 1 2, 1992 • 51 



Within budget. 
Without compromise. 

() 199'2 llewlett-Packard Co. TMU Dl$18.1EDN 

CIRCLE NO. 47 
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Get more of what you 
want in a 6112 digit D:MM 
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 3440 lA also comes with 
a 3-year warranty, standard. 

'a' For more infonnation, or same
day shipment from HP DIRECT, 
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) 0.116% 

Maximum input 1000Vdc 

Reading speed 1000/sec 

Resolution 100 nV, 10 nA, 

100µQ 

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

There is a better way. 

Ffjdl HEWLETT 
.:~ PACKARD 



Jesse H . Neal 
Editorial Achievement Awards 
1990 Certificate, Best Editorial 
l 990 Certificate, Best Series 
1987, 198 1 (2), 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editors Award 
199 1, 1990, 1988, 1983, 198 1 

EDN·EDITORIAL 

Take your tools 
On the last weekend in August, my son 
Chris left home to start college. Before 
he went, I made sure he had a small 
toolbox, which included screwdrivers, 
pliers, cutters, nut drivers, and a ham
mer, I added a soldering iron and some 
solder just for fun. Most of his friends 
were kidding him about the toolbox his 
Dad was making him take to college. 
They were worrying about taking their 
stereo equipment or their new clothes. 
Tools? Why would you need tools? Chris 
took the kidding as good fun, but he, 
too, had doubts about carrying tools to 
college. 

As it turns out, the tools have spent 
a lot of time being used around the dor
mitory. Kids have needed desks 
screwed back together, shelves ad
justed, computer cables tightened, bikes 
repaired, and stereo gear reconnected. 
The tools were a good investment after 
all. Chris has met everyone on his dorm 
floor. After only a day or two, he had 
people stopping by to chat, and he felt 
comfortable stopping in to visit with 
newcomers who had borrowed his tools. 
The tools were great ice-breakers and 
very practical. Now there are no jokes 
about the toolbox, and everyone knows 
where to find it-and Chris. 

We all have tools, and they're not al
ways socket wrenches or screwdrivers. 
We all have professional skills, but we 
may also have the ability to play the 
piano or do card tricks. Some of our 
skills are practical, while others are just 
for fun. For the moment, set aside your 
professional talents and training. The 
point is that many of your avocational 
skills or talents give you opportunities 
to get to know other people, to break 

the ice at meetings, to develop relation
ships, and to have a richer life. In some 
cases, they can mean the difference be
tween getting into a new job and not. 

I used to poke fun at an advertisement 
for piano lessons that said, "They 
laughed at me when I sat down to play 
the piano." The implication was that this 
poor guy couldn't play and was about 
to make a fool of himself. But, he had 
taken music lessons and was about to 
attract a crowd of listeners. After taking 
lessons, he had something fun and inter
esting to offer-something the other 
people didn't. 

As engineers, scientists, and technical 
people, ·we often take abuse for being 
reclusive, introverted, and uninterest
ing. Nothing could be further from the 
truth. Most of the technical people I 
know have interesting sets of talents 
that they can and do use often. Some 
of these people raise cats, do landscap
ing, play bridge, sail boats, cook gour
met meals, go deep-sea fishing, serve 
in volunteer organizations, and play mu
sical instruments. Some of them enjoy 
technical hobbies such as photography, 
repairing old cars, astronomy, and ham 
radio. In almost all cases, these people 
aren't solitary enthusiasts. They share 
their interests and enthusiasm with 
others , and in doing so they get ac
quainted with new people and open new 
friendships. 

The key to having talents is sharing 
them with others, either to help others 
or just for enjoyment. A long time ago, 
someone said , "Don't hide your light un
der a basket. Let your talents shine 
through." The results might surprise you. 

~ ~ Joo Tit" 
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; on 9600-bps modems, try (617) 558-4580, 4582, or 4398. 
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CFCs are 
destroying our pro

tective ozone layer. That's 
why 3M Performance Fluids 

are quickly becoming preferred 
alternatives in many applications 

which currently use CFC-113 or 
other ozone depleting solvents . 
More and more CFC users are turn-
ing to 3M for solutions to their 
demanding cleaning, drying, 
solvent and other replacement 

needs. For an information 
package and further as

sistance, call 1-800-
621-6413. 

CIRCLE NO. 48 

Innovation working for youn 3\11 
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THE SHOCKING 

REASON THE 

T ElE COMMUN I CAT I 0 NS 

INDUSTRY 

TURNED TO 

OMRON. 
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Recently, the telecommunications industry needed a new- breed of low--signal relay -

a relay that could w-ithstand a shocking a ,500 volts, almost double the present standard, 

yet small enough for dense PCB mounting. They turned to Omron. 

Omron responded w-ith the GSN relay. It not only w-ithstands a a.5KV surge betw-een 

coil and contacts, its footprint is almost 40% smaller than the previous standard. The 

GSN is the latest product to join Omron's family of low--signal relays for telecommuni

cations, computer peripherals, office automation and more. 

Why did the telecom industry turn to Omron? Because w-e not only have the broadest 

line of relays, sw-itches and photomicrosensors in the industry, w-e also have a proven 

track record of innovation. Last year alone, w-e invested over $170 million in R&D, 

employed over 1,000 R&D engineers and introduced nearly 100 new- products. The tele

com industry w-as also impressed w-ith our highly-automated manufacturing systems, 

w-hich enable us to provide products of consistent quality in high volumes. The GSN, for 

example, undergoes 100% automated inspection on 13 critical performance parameters. 

With more than 90 affiliates and subsidiaries, 1,500 sales locations and 17,000 

employees w-orldw-ide, Omron also met the telecom industry's need to provide product 

and service support around the globe. 

Omron's ability to meet the rigorous demands of the telecom industry ma.y come a.a a. 

shock to some people. But it effectively demonstrates our ability to meet the control 

For complete information om Ron. both no"W" and in the future. demands of a.ny industry, 

on our broad line of con-

trol components, ca.11 us a.t WI HAVI THI fUTURI IN CONTROL. 1-eoo-ea-OMRON. 
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Two thousand ex· 
hibitors and 
130,000 aHen· 
dees will con· 
verge in las 
Vegas for this 
bigger-than-ever 
annual gathering 
of the computer· 
ized faithful. 

EDN·SHOW PREVIEW 

Comdex/Fall '92 
targets technology for 
multimedia and connectivity 
J D MOSLEY, Technical Editor 

Harboring more than 2.1 million square 
feet of exhibit space (at the Las Vegas 
Convention Center, Sands Expo and 
Convention Center, Las Vegas Hilton, 
Bally's Casino, Riviera Hotel, and the 
Tropicana Hotel), Comdex/Fall '92 will 
offer five days of computer-based 
demonstrations and displays in 11,800 
booth spaces. The show caters to an 
international assortment of system inte
grators, hardware and software ven
dors, resellers, distributors, corporate 
decision-makers, and volume buyers. 
The list of exhibitors is a virtual Who's 
Who among computer manufacturers, 

software developers, and peripheral 
suppliers. 

Scheduled for the week before 
Thanksgiving (Monday, November 16 to 
Thursday, November 19), Comdex once 
again overlaps Wescon's show dates. 
Fortunately for those whose business 
requires coverage of both shows, nearly 
two months will separate these exhibi
tions in 1993, when Wescon moves to 
September. 

Technologies on display 
This year, Comdex presents four tech

nology showcases dedicated to network 
computing, multimedia, imaging appli
cations, and OEM business issues. The 
showcase exhibit areas include multime
dia at Bally's Casino Resort and net
work computing at the Las Vegas Con
vention Center and South Annex. New 
for 1992 are the showcases for OEM 
business products and for imaging, both 
located in the Tropicana Hotel. 

Three hours of presentations will kick 
off Comdex/Fall '92 on Monday morning. 
At 9 am, Philippe Kahn, CEO of Borland 
International, will deliver the keynote 
address entitled "Putting the personal 
back into personal computers." This 
presentation will introduce ways to inte
grate dissimilar systems in order to 
share strategic data, enhance group 
communication, and create customized 
applications. 

At 10:30 am, the Comdex plenary ses
sion will examine the increasing pace of 
change throughout the computer indus
try. Dubbed The Comdex Crystal Ball: 

Each year, Comdex draws thousands of computer-industry professionals to 
its show floors to examine emerging products and trends in the industry. 

Pushing the Envelope, this session will 
examine the increasing change of pace 
in the computer industry as products 
and users redefine both computers and 
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Table 1-Comdex/Fall '92 technical conferences and courses schedule 

Corporate Computing l l l Program Connectivity Program New Media Program Channel Program 

Monday 9 to 10 am Comdex Keynote 
November 18 10:30 am Comdex Plenary-The Comdex Crystal Ball: Pushing the Envelope 

to noon J 
12:30 to Operating Platform Directions 

l 1:30 pm 

2 to Aligning techology and cor- Connectivity Plenary New Media Plenary 
3:30 pm porate goals 

Operating-system directions 
Product suites or sweet 

J products 

4 to Re-engineering: Changing ClienUServer directions The basics of multimedia 

I 
5:30 pm the flow of work Embedded mail (Beyond technology 

The GUI wars E-Mail) The multimedia platforms 
Power platforms Network management The impact and effects of 

Open systems and the user consumer technologies 

Tuesday 9 to Complex data: Managing Distributing data Multimedia in action I: Redefining the value quotient 
November 17 10:30 am what counts The technologies of Business and sales The coming of consumer 

Does rightsizing mean performance communications computing technologies 
downsizing? Unix and open systems The ABCs of multimedia OEMs as partners 

Next-generation technologies Directions in mobile production 
computing PC TV and TV PC: Who will 

define the standards? 
Introduction to imaging 

technology 
Imaging and databases 

11 to What is a user interface? Front-line customer systems Multimedia in action II : 
12:30 pm Technical support of High-volume network Training in the workplace 

complexity applications The authoring environment 
The technologies of pen Connecting the occasional Video-game technologies 

computing user Justifying the value of 
Mobile computing case 1: imaging technology 
The mobile professional Imaging on the network 

1 to 2 pm Platform Directions 

2:30 to CEO Perspective 
3:30 pm 

Wednesday 9 to The outsourcing alternative Building the enterprise Multimedia in action Ill: Getting produels to market: 
November 18 10:30 am Building with objects network Education-an update The changing channel 

Integrating mobile users Migrating to open systems PC video production: Selling PCs In a commodity 
Mobile computing case 2: Authoring and production market 

Routes to success systems Value-added OEM 
The technologies of mobility Delivering technology to the technology 

home 
Identifying an imaging 

application 
Input and imaging 

11 to Object-oriented systems in Network servers PC video applications: Con-
12:30 pm the corporation The future of open systems ferencing and 

Real-life product evaluations Mobile computing case 3: In communications 
Desktop development tools the warehouse Designing for cost-effective 

The mobile user configurations 
Platform perspectives 

Cases in desktop Imaging 
Supporting imaging with 

your current systems 

1to2 pm Platform Directions 

2:30 to CEO Perspective 
3:30 pm 

Thursday 9 to Object-oriented vs relational Network backbones Emerging applications and Selling the hot technologies 
November 19 10:30 am databases OSI and/or TCP/IP new directions The right product at the 

New-age capacity planning Wireless electronic mail : Electronic media right price 
The integrated desktop Mobile's killer application? Evaluating your The art of successful 

Connecting anytime, anyplace implementation options sourcing 
The major issues in imaging 

11 to Middleware Is lrame relay the next step? Document-management 
12:30 pm Document engineering and Cross-platform connectivity reality 

management Managing the mobile network Imaging-today and tomorrow 
Desktop SOL programming Cellular's " open standard" 

for mobile data 
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computing. By attending this ple
nary, you'll learn about emerging 
technologies and what they mean 
to the computer industry and its 
customers. 

Following the Comdex plenary at 
12:30 pm, and recurring on Tuesday 
and Wednesday at 1 pm, is a new 
session called Platform Directions. 
During each of these sessions, sen
ior executives from IBM, Microsoft, 
and Unix System Laboratories will 
discuss their operating platform 
strategies and future directions. 

Choose your subject 
Simultaneously scheduled from 2 

to 3:30 pm are the connectivity ple
nary and the new media plenary. 
For those interested in the tech
nologies that connect customers, 
suppliers, t he factory floor, and 
staff into an integrated business so
lution, you'll want to attend the ple
nary entitled "The connected busi-

EDN·SHOW PREVIEW 

ness: Directions for the 1990's." The 
discussions will relate how hard
ware, software, communications 
and business needs are converging 
on a window of applications oppor
tunity and reshaping the art of do
ing business in the 1990s. 

Attendees involved in the areas 
of multimedia, imaging, and con
sumer technologies should attend 
the New Media plenary. Referred 
to as "The digital revolution," this 
panel will introduce the new cross
industry and cross-technology alli
ances that are forming among the 
computer, consumer electronics, 
communication, and entertainment 
industries. Offering a vision of 
evolving multimedia technologies, 
this session will consider how the 
new media will change the way peo
ple work, educate, train, and enter
tain themselves by the end of the 
decade. 

CEO perspectives close each pro-

gram at 2:30 pm on Tuesday and 
Wednesday. Brought back to 
Comdex by popular demand, these 
panels assemble leading CEOs who 
will discuss their views and visions 
of comput ing in the '90s. 

Beyond these general sessions, 
the conference consists of four dis
tinct programs covering corporate 
computing, connectivity, new me
dia, and channels. Table 1 presents 
the complete conference schedule 
and specific presentation topics. 

The corporate comput ing pro
gram's theme is "Turning technol
ogy into reality." Focusing on busi
ness strategies, . enabling technolo
gies, and implementation processes, 
this program will analyze the syner
gies t hat provide direction and 
structure for corporate technical 
managers. 

The connectivity program focuses 
on "Making the connection." Net
work computing topics will follow 

International Program airs global technology concerns 
Sunday, November 15, spotlights the International Pro
gram-a distinct block of three single-day conferences. 
Scheduled from 9 am to 4:30 pm in the Sands Hotel, 
these three conferences examine business opportunities 
in Asia , Latin America, and international markets. 

Topics included in the presentation of business oppor
tunities in Asia involve understanding Asia's market, how 
to do business in Asia, hardware and software compa
nies' need for alliances in Asia, marketing in Asia , copy
right, and the role of trade boards. Presented by the 
Southeast Asia Information Technology Organization 
(SITO) and sponsored by Asia Computer Weekly, this 
conference will include case studies to help create a 
framework for potential marketing partnerships with 
Asian producers. As one of the world's largest produc
ers of computer products, Southeast Asia also repre
sents one of the largest markets for computer products 
and services. Lunch and a cocktail reception ore in
cluded. 

The international marketing forum is sponsored by 
the Software Publishers Association. Spotlighting north
ern, southern, and eastern Europe, Latin America, Ja
pan, and a variety of English-speaking markets, this 
conference examines selected market opportunities 
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around the globe. Revenue from overseas markets now 
represents a significant contribution to the bottom line 
of computer product companies. Accordingly, access 
to the international marketplace is a critical component 
for future business plans . Designed for software and 
hardware marketing professionals, this conference also 
includes lunch and a cocktail reception . 

Latin America is rapidly becoming one of the world 's 
most open markets. Attendees at the Comdex Latin 
America conference will hear presentations on product 
and policy trends and projections, exporting and mar
keting, and identifying the products most in demand. 
Another discussion will cover methods for successful 
distribution, partnering, and sourcing. Conference pre
senters will offer particular insights into the Brazilian 
and Mexican markets. 

To participate in the International Program, you will 
hove to pay on additional $195 fee for each confer
ence program you decide to attend . The $450 compre
hensive program fee you con pay to participate in the 
connectivity , corporate computing , new media, and 
channel programs will not provide admission to any of 
the international conferences. 



SIGNAL PROCESSING. GRIZZLY? 
Designing a signal processing system can 

be a bear of a problem-immense, mean, and 
unforgiving. Engineers grappling with con
ventional analog or digital technologies face 
risk and unpredictability at every turn, with 
no guarantee of success. Designers invest 
months of development time in a brutal 
design process that's as lengthy as it is frus
trating. Productivity and time to market are 
devoured in the struggle! 

SPROC Technology 
Tames The Task 

At the core of STAR Semiconductor's 
unique signal processing solution is the 
SPROC'" chip, the first-ever programmable 
signal processor using the "Sketch and 
Realize"'" design approach. With a single 
SPROC chip and a SPROClab development 
system, signal processing becomes a tame 
task. 

Why wrestle with circuit breadboards 
crawling with sensitive analog components? 
Or agonize over line after line of assembly 
code? One SPROC chip integrates the func
tionality of hundreds of analog and passive 
components to cut system costs. And 
SPROClab employs system-level graphical 
programming so you can capture designs as 
signal flow block diagrams. You gain all the 
benefits of a digital solution-

without writing 
software! 

STAR Semiconductor. the STAR LOGO. SPROC, SPROClab, and "Sketch and 
Realize" are trademarks of STAR Semiconductor Corp. 

Stop laboring with trial-and-error debug 
methods, cumbersome logic analyzers, or 
software simulators to debug a design! 
Engineers using SPROC technology down
load designs directly onto actual silicon and 
interactively debug systems as they execute 
in real time! Using the SPROC chip's unique 
built-in probe feature, you can easily modify 

design specifications 
to tune system per
formance during 
execution. 

With SPROC technology, engineers focus 
on designing to create better products in less 
time. 

If you can't bear to see your productivity 
mauled by the problems of signal processing 
design, call STAR Semiconductor at 
908/647-9400. We'll send you a brochure 
and demo disk telling how to tame your next 
signal processing project. 

STAR Semiconductor Corporation 
25 Independence Boulevard, Warren, NJ 07059 
Telephone: (908) 647-9400 FAX: (908) 647-4755 

SPROC Users Slash Development Time 

APPLICATION 
PREVIOUS PREVIOUS SPROCDEV. $SAVIN(;., 

TECHNOLOGY DEV. CYCLE CYCLE (lllYEAI) 

Secure FSK modem analog 6 months 3weeb &so.at 
Adaptive noise canceler DSP 6 months 1 week &s1,soo• 
Power supply controller analog 6 months 1 day &&0,a• 
Closed-loop vibration controller analog 3 months 2weeb $240,•t 

tTotal system savings including project overhead, engineering resource. and syslem hardware costs. 
"Estimated savings in engineering resource based on cost of SI0,000 per man month. 

"'5rAR. ~ SEMICONDUCTOR 

The Signal Processing Company 

CIRCLE NO. 50 
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an applied-technology track and an 
implementation track to lead par
ticipants through the intricacies of 
embedded electronic-mail, distrib
uting data, network management, 
and the art of building an enterprise 
network. Open systems topics will 
examine the issues surrounding in
teroperability and cross-platform 
connectivity. The mobile computing 
sessions will look at case studies 
that use wireless electronic mail 
and digital/cellular technologies to 
create a virtual office for mobile 
professionals. 

Hear the big picture 
The new-media program exam

ines multimedia and imaging within 
tracks that encompass business ap
plications, applied technologies, and 
planning. The consumer technolo
gies topics contemplate merging 
markets and technologies, and con-

EDN·SHOW PREVIEW 

sider the task of reaching the con
sumer. With more than 46,000 
Comdex/Fall '91 attendees indicat
ing a high interest in multimedia 
systems and products, this year's 
conference has responded to that in
terest with this 30-session confer
ence program. More than 350 com
panies will exhibit multimedia sys
tems and products this year. 

Finally, the channel program will 
consider how the computer industry 
is conducting business. Focusing on 
the sale and purchase of products 
and the development of partner
ships and relationships, this pro
gram examines mass merchandis
ing, OEM business, and getting 
products to market. 

During the course of the confer
ence, you can depend upon compli
mentary shuttle bus service be
tween the various convention sites. 
Nineteen hotels will also have shut-

tle service for the convenience of 
registered show attendees. 

The Comdex exhibit areas will 
open Monday, November 16 at 
10:30 am in the Las Vegas Conven
tion Center (L VCC) and at 9 am 
in Sands Expo Center and other ex
hibit locations. Tuesday through 
Friday, the L V CC exhibit hall will 
open at 10 am. Other exhibit areas 
will open at 8:30 am. Preregistered 
attendees can pick up their badges 
as early as 1 pm on Sunday, N ovem
ber 15, at the L VCC registration 
area. 

Article Interest Quotient 
(Circle One) 

High 485 Medium 486 Low 487 

Your Rackmount 
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Buying Your Rackrnount Computer Components 

Racr<,,roru 
SERIES 

19" Rackmount Chassis 
CRM816 
• 16 PC/AT plug in 

card slots or 
• 14 EISA plug in card slots 
• Four front drive bays 
• Four internal drive bays 
• 200. 250 or 350 watt 

power supply options 

CRM720 
• 20 PC/AT plug in card slots 
• Front 3.5' drive bay 
• Up to two internal drive bays 
• 250,350 or 500 watt 

power supply options 

CRM710 
• 10 PC/AT plug in card slots 
• Up to three front drive bays 
• One internal drive bay 
• 200 watt power supply 

CRM814 
• 14 PC/AT plug in card slots or 
• 14 EISA plug in card slots 
• Built-in EL display 

monochrome/gray scale 
• Two front drive bays 
• Two internal drive bays 
• 150. 250 or 350 watt 

power supply options 

CRM716 (off-white) or CRM714 (black) 
• 14 PC/AT plug in card slots or 
• 14 EISA plug in card slots 
• Two front drive bays 
• Two internal drive bays 
• 150 .250 or 350 watt 

power supply options 

ALL DTI RACKMOUNT CHASSIS ARE 
U.L. RECOGNIZED AND F.C.C. TESTED 

48 VDC Systems Available 



THE ANNUAL EXHIBITION OF ELECTRICAL, ELECTRONIC AND 
COMPUTER PARTS' COMPONENTS, FUNCTIONAL, SUB-ASSEMBLIES 

AND SPECIFIC EQUIPMENT 

Exhibiting at SOLUTRONIC 93 means coming 
into contact with a 20 billion US $ European 
market. It means meeting the increasingly 
growing requirements of integrators and users 
of electrical, electronic and computer techno
logies It means finding opportunities for 
new distribution circuits. 
Exhibition's program : Components, electrical 
elements , electronics - Wiring , connectors . 
connection - Power supplies . sources and 

protection devices, automatic control and cutoff 
mechanisms - Man/machine interface, control and 
indication ancillaries - Drive , servo-controls , 
motors, acuators, variators, detectors - Metering , 
tests, monitoring, data acquisition -Cabinets, boxes, 
racks, consoles, keyboards, units, covers, panels -
Design and manufacture of specific electrical , 
electronic, data processing and peripheral products 
- Materials, equipment , su bcont rac ting and 
installation - Press. associations, miscellaneous. 

SOLUTRONIC 

INFORMATION ANO REGISTRATION 
a._ 

30 MARCH -2 APRIL 1993 ~ 
Fax us your visiting card to receive the registration file and Solutronic marketing study. 
SEPIC-SOLUTR ONIC Tel. 33 (1) 49 68 54 61 - Fax 33 (1) 49 68 54 66 PARIS "'. NDRD FRANCE 

CIRCLE NO. 206 

Computer One Stop Shop 
From Several Different Vendors Only Buys You Trouble! 

Rackpro" 
SERIES 

Rackmount Components 

RMM014 Rackmount 
Monitor Enclosure 
• 19" monitor enclosure 
• Designed for mounting a 

14' NEC MultiSync 3D 
or a MultiSync 2A monitor 

RMS008 Rackmount • 
Video/Keyboard Switch 
• Controls up to 8 systems in 

a rack with l VGA monitor 
and l keyboard 

RMPOO l Rackmount 
Printer Drawer 
• 19" printer drawer • • Designed for mounting a 

80 column dot matrix printer 
• Paper storage in drawer 

CRK101 Rackmount Keyboard 
• Cherry 10 l rugged keyboard 
• Separate numeric & cursor 

control keypad 
• Black or light gray 

*A Brood Selection Of Hord & Floppy Drives Are Available 
* Rockmount Slides Available 

alao available ••• 
/SA & EISA 

Single Board Computers 
EISA 486DX2 ISA 486 SX ISA 386 SX 
EISA 486DX ISA 386DX (Cyrix 486SLC) 
ISA486 DX2 (Cyrix 486DLC) ISA 386 SX 
ISA 486 DX ISA 386 DX ISA 286 

Peripheral Boards 
Disk Emulators 1/0 Adapter Boards 
Video Boards Multi-Func tion Boards 

Backplanes • Card Cages • Drives 

Custom Products Available 
Boards • BIOS • Chassis 

Call n s toll free for orders and information. 

1-800-443-2667 
CIRCLE NO. 57 Ei Diversified 

® U.S.A - (601) 856-4121 Fax (601) 856-2888 Technology outside u.sA. - (201) 891-8718 Fax - (201) 891-9629 
Art Ergon Co Product names are trademarks or registered trademarks of their respective companies 



Networking has become part of the 1nainstream, and users 

are demanding easier accessibility to the full spectrum of 

computing 

platforms. To 

meet these 

challenges , 

National is the only networking silicon supplier with solu

tions in Ethernet, Token Ring and FDDI. What's more, we 

are constantly improving connectivity, performance, quality 

and interoperability. And our broad range of mixed analog 

+ digital silicon solutions will help 

you quickly integrate connectivity 

into your systems . Our first 

Ethernet silicon helped foster the 

worldwide acceptance of LANs. 

National 's ST- IC™ was the first 

single-chip lOBASE-T controller to 

put lOMbps Ethernet on standard 

unshielded twisted pair wire. And our newest 16- and 32-bit 

solutions are making the first "Network Ready" PCs, MACs 

and peripherals a reality. At the sa1ne titne , we are develop

ing solutions to enable network management. We're also 

creating silicon solutions to ensure full interoperability of 
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mixed n1edia and multiple protocol environments. We've 

joined efforts with 

IBM, the leader in 

Token-Ring technology, 

to make it easier for 

your customers to 

seamlessly connect 

Ethernet and Token

Ring environments. And we introduced TROPIC™, the 

industry's first fully integrated single-chip Token-Ring 

controller. That's just the first step in a joint IBM-National 

relationship that will deliver new levels of flexibility to the 

world of networking. Meanwhile, breakthroughs like our 

copper and 2-chip FDDI solutions are achieving new 

levels of performance. 

These solutions will 

drive affordable FDDI 

performance to the 

desktop. At National, 

we've got the expertise and systems knowledge to take you 

where networks are going. For more information, call 

1-800-NAT-SEMI (Ext 191) , and find out why no one 

knows networking like National Sen1iconductor. 

© 1992 National Semiconductor Corporntion. 

~National 
~Semiconductor 
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Highest Integration 

Lowest Power Dissipation 

Low Voltage 

Largest Memory 

Smallest Packages 

Your designs demand more from existing MCUs. 
As the leader in MCU technology, Mitsubishi offers 
you a breadth of 8- and 16-bit microcontrollers with 
the functions you want. 

Highest Integration 
Get the highest levels of on-chip functionality with a host of 

features you need most, including synchronous S 1/0, UAR Ts, 
programmable I/Os, A-D/D-A converters, LCD and VFD drivers, 
PWM, special timers and more. 
Lowest Power Dissipation 

We offer the lowest power dissipation available today-4mA 
at 3.0V at 8MHz, for our most highly integrated 16-bit MCUs. 
Low Voltage 

For low voltage, our MCUs operate in the 2.7 to 5.5 volt 
range at 8MHz. For higher performance up to 25MHz, we offer 
4.5 to 5.5 volt operation without paying the high power penalty. 

Largest On-Chip Memory 
Utilize up to 2 Kbytes RAM and 32 Kbytes ROM or OTP 

with our 16-bit MCUs, and up to 1 Kbyte RAM and 32 Kbytes 
ROM in our 8-bit MCUs, with expanded memory planned for 
the future. EPROM and ROMless versions are also available. 
Smallest Packages 

Get all these advantages in the smallest packages on the 
market. Mitsubishi offers a wide range of packaging options 
including 64- to 160-pin surface mount packages, with 0.50mm, 
0.65mm and 0.80mm lead pitch. Shrink DlPs are available in 
32- to 64-pin configurations. 

For faster time to market, Mitsubishi provides develop
ment support tools for each phase of your product design. 

For your best system solution, call Mitsubishi today at 
(408) 522-7498. For Eastern U.S. and Canada, ~"'il.=lli ® 

call (408) 522-7499. ::AeflON-
REALITY 

).,. MITSUBISHI 
ELECTRONIC DEVICE GROUP 
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No logic analyzer is, for that matter. 

Because at speeds above 25 MHz, even the best designer 

needs a scope to handle nightmares like race conditions, 

ground bounce, and crosstalk. And not just any scope, but 

one tailored specifically for high-speed digital design. 

At Tektronix, we understand this need all too well. 

As proof, we've not only designed and built a great logic 

analyzer 

-our 

powerful 

newGPX-

EVEN THOUGH OUR NEW lOGIC 
HIGH SPEED DIGITAL DESIGN, 

but also a perfect companion. The IDS 640 digitizing oscilloscope. 

To get you started, the GPX provides more channels than 

cable TV. Up to 160, for instance, of 80 MHz state analysis, 

and 32 channels of 1 GHz timing or 160 channels of 200 MHz 

transitional timing. 

In short, enough to handle the world's fastest 
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microprocessors. And with that 

kind of performance, you can easily track your system at clock 

rates well beyond 50 MHz, which allows you to locate complex 

coding errors quickly and accurately. 

5EW-188546 Copyright © 1992, Tektronix, Inc. 



Enter the TDS 640. 

With a 500 MHz bandwidth and 2 GS/s 

real-time sampling on four channels, 

the TDS displays logic and timing 

errors with absolute accuracy. And 

because it was created with the digital 

designer in mind, the TDS lets you trigger directly on common 

ANALVZER IS GREAT FOR 
IT'S NOT NEARLY ENOUGH. 

digital circuit 

events like 

glitches, runt 

pulses, and 

excessive clock jitter or skew. Put all that together with the 

power of the GPX and you have a remarkably effective solution. 

Cost effective, too. In fact, the GPX and TDS together sell 

for less than competing scope/logic analyzer combinations. 

And if you buy the pair between now and February 28, 1993, 

we'll take an additional 10% off the retail price. 

Enough, already. 

For more information on the very best high-speed digital design tools available, 

call Tektronix today at 800-426-2200. 

Tektronix 
/rest and Measurement 
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Conference: Februaiy 7-11, 1993 

Exhibition: Februaiy 9-11, 1993 

Anaheim Convention Center 

Anaheim Hilton 

Anaheim Marriott 

Anaheim, California 

Concurrent Engineering, Design 
for Manufacturability, Design 
for Testability, Surface Mount 
Technology. These ore the 

seeds of new ideas in the electronics 
manufacturing industry. NEPCON West 
is your industry's leading exhibition and 
Conference where these ideas grow into 
practical, innovative solutions. 

Attend NEPCON West '93 
and reap the benefits: 
• Cultivate ideas from more than 
1,000 companies with the latest products 
for the design, packaging, fabrication, 
assembly, and test of printed circuit 
boards - nearly 290 ,000 square feet of 
exhibits. 

• Harvest innovative solutions in the 
notion's largest Test show and the largest 
SMT show - both under the NEPCON 
West banner. 

• Grow your ideas at the NEPCON 
West '93 Conference, a five-day 
technical program with over 100 
presentations: T echn icol Sessions, 
Workshops, Professional Advancement 
Courses on Surface Mount and Fine Pitch 
Technology, Concurrent Engineering, 
Boord-Test Strategies, Materials, 
Processes and Assembly for Multichip 

D ~ease send pre-registration materials. 

D Please send information on the Conference Program. 
Name _________________ _ 

Tirle __________________ _ 

Com~"Y----------------~ 
Address ------------------
City State Zip __ Country __ _ 

My company is interested in exhibiting at future NEPCON Events. 
Coll meat: 

----------------~ 
N1 
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1WO ROOMS.1WO BUSINESS DEAIS. 
1WICE THE PRODUCTIVITY 

Free, cooked-to-order breakfast. 

For people who travel a 
lot on business, there is no 
better partner than Embassy 
Suites hotels. 
+Subjtcttostatcand local laws 

1WICE IBE ROOM. A large 
private bedroom. A separate 
spacious living room with a 
well-lit work area perfect for 
small meetings. Each suite also 
has two telephones, two TVs, 
a wet barwith refrigerator, 
coffee maker and microwave. 
Computer modem hookup 
available in most suites. 
1WICE IBE VALUE A free, 
cooked-to-order breakfast is 
served each morning. Two 
hours of complimentary 

CIRCLE NO. 62 

beverages+ each evening. 
Both sure to help keep your 
expense report in line. 

Next time you need a hotel 
room, Think Twice." Then call 
your travel agent or Twice 
The Hoter 1-800-EMBASSY 

II 
EMBASSY 

SUITES SM 

In Moaco, caH 95-800-362-2779 
Hiwau,caU 1-800-G0-2-MAUI. 
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Test With CONFIDENCE! 
1553 Simulation And Test Boards 

The BUS-65520 is a complete 
1553 solution. It consists of a full
size IBM-PC MIL-STD-1553B 
(BUS-6551711 "IDEA") interface 
card, menu software, "C" and Pas
cal library software, and Valida
tion and Production Test Plan 
software packages. The BUS-
6551711 card can simultaneously 
emulate a Bus Controller(BC), 
Bus Monitor(MT), and up to 31 
Remote Terminals(RTs). The "C" 
and Pascal Library software al
lows you to write customized ap
p li cation software. The Pro
duction and Validation Test Plan 
software packages allow you to 
test a RT in accordance with SAE 
document AS4112 and section 100 
of MIL-HDBK-1553. 0 

The BUS-65529 is a 16-bit, half
size IBM PC/ AT® MIL-STD-1553 
board, which can be a Bus Con
troller (BC), Remote Terminal 
(RT), or Bus Monitor (MT). The 
board complies with MIL-STD-
1553B protocol and has dual 
redundant bus capabilities. The 
BUS-65529 is memory mapped, 
allowing the programmer to write 
software in any language. All 
register, memory locations, and 
bit maps are fully documented for 
user accessibility. 0 
® I BM is a reg is tered trade mark o f 

Inte rna ti o nal Bu sin ess Machines Corpo rati on. 

Call about our 
Test 

Instruments. 

The BUS-6552211 VME/VXlbus 
MIL-STD-1553 board emulates 
either a MIL-STD-1553 Bus Con
troller (BC), Remote Terminal (RT), 
or Bus Monitor (MT). The board is 
packaged on one double Eurocard
size printed circuit card. Addition
al features include an on-line 
built-in loop test, Time Tag counter, 
software programmable base 
memory address and RT address. 
The BUS-6552211 supports all dual 
redundant mode codes and mes
sage formats. Its full compliance 
with MIL-STD-1553B makes it an 
excellent choice for real-time ap
plications. 

For further information, please 
contact Fabio Stanzini at (516) 567-
5600, extension 7206. 0 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation , 105 Wilbur Place, Bohemia, NY 11716, 

mm C 
(516) 567-5600, TLX: 310-685-2203, FAX: (516) 567-7358, (516) 563-5208 , Toll Free Outside N.Y. 1-800-DDC-1772 
WEST COAST (CA): GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988; 
WOODLAND HILLS, (818) 992-1772, FAX: (818) 887-1372 

IL C DATA D Ev ICE 
WASHINGTON, D.C. AREA: (703) 450-7900, FAX: (703) 450-6610 
NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201) 785-4132 

CORPORATION® UNITED KINGDOM: 44 (635)40158, FAX: 44 (635) 32264; IRELAND: 353 (21) 341065, FAX: 353 (21) 341568 
FRANCE: 33 (1) 4333-5888, FAX: 33 (1) 4334-9762 ; GERMANY: 49 (8191) 3105, FAX: 49 (8191) 47433 
SWEDEN: 46 (8)' 920635, FAX: 46 (8) 353181 ; JAPAN: 81 (33) 814· 7688, FAX: 81 (33) 814-7689 
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VLSI Technology helped develop 
the amorphous-silicon antifuse tech
nology used in Quicklogic's FPGAs. 
Now the ASIC vendor has added 
that technology to its own product 
line. 

The antifuse starts as a high
re sistance (>2500-MO) link be
tween metal layers. It has approxi
mately the same drawn dimension 
as a standard via. Applying a 
programming voltage across the 
link restructures the amorphous 
silicon, lowering its resistance to 
<1000 and creating a via on de
mand. 

One advantage the antifuse tech
nology provides ASIC designers is 
that it only affects the space be
tween metal layers; no compro
mises with the transistor process 
technology are necessary. Further, 
the antifuse's density is limited only 
by metal pitch, so it scales without 
affecting process shrinks. 

The principal advantage, how
ever, is that you can finish custom
izing your design after the ASIC 
has been delivered. Designs involv
ing data encryption, for example, 
can program each ASIC with a 
unique key. You can also add serial 
numbers, create selectable design 
options, or embed microcode to 
make your design adaptable to 
changing market requirements. 

VLSI has incorporated the anti
fuse technology by creating pro
grammable system-function blocks 
for its 1-µm design library. Only 
one block is presently available, a 
field-programmable ROM. It comes 
in 512 x 1-bit and 512 x 32-bit arrays 
with readback-security cells you 
can program to hide your design 
from prying eyes. 

Future blocks will include PLD 
and FPGA structures, so you can 
get your ASIC into production and 

EDN·PRODUCT UPDATE 

Structures like this S 12 x 32-bit ROM are the first in a series of field-programmable 
logic blocks now available in VLSI Technology's 1-µm ASIC library. 

still have the ability to make last
minute logic changes. You can also 
create custom blocks that, for ex
ample, let you select resistor or ca
pacitor banks to tune oscillators and 
filters. 

Programming a custom IC can be 
a challenge. To meet this challenge, 
VLSI has adopted a mother-/daugh
ter-board approach. VLSI's stan
dard mother board contains all of 
the computer interfaces, self-test 
hardware, and programming de
tails. Custom daughter boards plug 
into the mother board and provide 
the physical interface for your spe
cific pinout and package type. You 
can do the programming at wafer 
sort or at the customer site. 

The premium you pay for this 

programmability is slight. Specific 
dollar figures vary with your de
sign's size and complexity, but you 
can expect the die costs for a 2-
metal-layer programmable ASIC to 
be comparable to a standard 3-
metal-layer design. As for I/0-pin 
overhead, you only need two dedi
cated pins for the programming 
command and voltage. All other 
programming signals are multi
plexed onto your other I/O pins. 
The programmable blocks can be as 
much as 20% of the die area. 

-Richard A Quinnell 
VLSI Technology Inc, Inquiries 

Dept 134-Code PROFSB, 200 
Parkside Dr, San Fernando, CA 
91340. Phone (408) 434-7520. 
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\t you want }us~ any . '" 
. \ator - buy V1ew\og1c 

s1mu BUT if you want 
a superior one, 

and tor much \~ss 
_BUY SUS\E \ 

· n available 
Windows vers10 

• Real-time interactive 
• World's largest V\-\OL 

libraries~os PLO MPU, 
TTL , C • .' 
Xilinx, Actel, Lattice, 
AMO, Altera, etc. . 

• Verities new designs 
in seconds 

· ns 
• Revives old des1g 

instantly 
• Windows-ba~ed ral 

schematic af ~~~~~i\able 
simulator 

• compatible with all 
CAE sottware . 

St P
rice solution 

•Lowe 

~mlll~ 
~®1~ 
~~ 
For your free evaluation 

package , call 

1-800-48-SUSI E 
Dealers Welcome 

ALDEC. Automated Logic Design Company 
3525 Old Conejo Rd. #l l l, Newbury Pork, CA 91320 

Phone: (805) 499-6867 Fax: (805) 498-7945 

SUS IE is a trademark of ALDEC, Inc. 
View logic. Xi linx. Lall ice, Actel, AMD and Altera 
arc Lradcmarks of thei r respective holders 
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Live-insertion module 
allows board "hot swap" 

The HS-1 live-insertion module lets 
you insert or remove a VME board 
from a VME system that is pow
ered up and running. The 60-mm
deep module fits between a VME 
board and the VME backplane. Cir
cuitry within the module electrically 
isolates the board from the back
plane during power-up and -down 
sequences and when power is off. 

When VME rack power comes 
on, the HS-1 module checks its own 
board slot to see if a board is 
plugged in. If a board is present, 
the module applies power to it; if 
not, it merely links daisy-chain sig
nals so that these signals get passed 
down the VMEbus to the next slot. 

To remove a board from an active 
system, you must first press a 
switch that connects to the module. 
This starts an isolation process in 
which the module requests the bus 
(to ensure that the sequence doesn't 
interrupt a bus operation), isolates 
the board, releases the bus, and 
powers down the affected slot. 

To insert a board, no special ac-

Standard VME bu s board 

HS-1 Live I nsert ion Modu le 

ti on is necessary. The HS-1 senses 
the inserted board, starts a power
up sequence, and connects the board 
to the bus. The module uses the bus 
for less than 400 nsec during either 
an insertion or a removal sequence. 

To avoid degrading system per
formance, the module uses special 
devices that switch bidirectional 
VME signals in less than a nano
second. For single-direction signals, 
it uses normal TTL 3-state buffers. 

During the power-up and -down 
sequences that accompany board in
sertion or removal , the module 
ramps the 5, 12, and - 12V power 
rails to the VME board. This action 
prevents the main VME rack power 
supplies from generating glitches as 
a result of large, rapid changes in 
output currents. The HS-1 costs $975; 
delivery is 45 days ARO. 

-Gary Legg 
Radstone Technology, 20 Craig 

Rd, Mon tvale, NJ 07645. Phone 
( 800) 368-2738; (201) 391-2700. 
FAX (201) 391-2899. 
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Standard 1014-1987 VMEbus backplane 

The HS-1 live-insertion mod
ule fits between a VME board 
and a VME backplane, letting 
you insert and remove the 
board while power is on. 



At last. A personal output device that combines the 
best features of a desktop laser printer with the 

ability to produce large format drawings. It's called 
ProTracerrn - a 360 dpi desktop printer/plotter that 
produces A, B, as well as C-size output. 

FEATURES INCLUDE: 

• High performance inkjet engine from Canon® 
• Fast, Intel i960™ processor-drawings that take over one half hour on 

pen plotters take as little as five minutes on Pro Tracer! 
• Optional HP-GL® and PostScript® language emulations, memory 

expansion boards, and sheet feeders 
• Unsurpassed customer service-60 day money back guarantee of 

satisfaction, one year warranty, and free lifetime technical support 

PROTRACER 
BASE UNIT 

• Customized 
ADI and PAD! 
drivers for 
AutoCAD users 

• Epson and 
ProPrinter 
emulations 

$1499 

PROTRACER 
WITH HP·GL 

• ProTracer 
base unit 

• HP-GL 
emulation card 

• 5 MB memory 

$2249 

PACIFIC DATA • 
ptlODUCTS 

PROTRACER 
FULLY CONFIGURED 

• ProTracer base unit 
• HP-GL emulation 

card 
• Postscript language 

emulation card 
• 5 MB memory* 
• Sheet feeder 

(100 sheet) 

$2897 

If you'd like to expand your printing and 
plotting capabilities, call Pacific Data Products at 
( 619) 625-3586, Fax ( 619) 552-0889. 

PACIFIC DATA 
PRODUCTS 

• If outputting C-size PostScript documents, an 8 MB memory board must be used. l'acific Data Products, Inc., 9125 Rehco Road, San Diego, CA 92121. Pro Tracer is a trademark of Pacific Data Products, Inc. HP-GL is a registered trademark of Hewlett-Packard Co. 
i960 is a trademark of Intel Corporation. PostScript is a registered trademark of .\dobe Systems. Inc. Canon is a registered trademark of Canon, Inc. All other trade names referenced are the trademarks or registered trademarks of the respective manufacturer. 
__,,.,.. Prolracer uses the latest in high technology innovation including l'eerlessPage'", the advanced Imaging Operating Srstem from Peerless. Phoenix Page is a registered trademark of Phoenix Technologies Ltd. Cl 1987, 1988. EUROPEAN OFF!Cf5: England == Tel 0800 SJ 551 I, Fax (H) H2 2.16540; France Tel OS 90 65 09, Fax (33) ! 39 63 20 41; Germany Tel 013081 3685; Ireland Tel (353) 61 47.5609, Fax (353) 61 475608; Switzerland Tel (41) 22 3412650, Fax {41 ) 22 341 0682; Belgium Tel 078 11 1292; = Netherlands Tel 06 0222065. ti 1992 Pacific Data Products. Inc. 
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Hardware/ software combo brings 
low-cost, advanced multimedia to PCs 

The alliance that IBM, Texas In
struments, and Intermetrics 
formed last March is bearing its 
first fruit: the Mwave Multimedia 
System from TI. The system lets 
you integrate audio, speech, and te
lephony into both PC hardware and 
application software that runs un
der either MS-Windows or OS/2. 
Sampling now, the system will ship 
in volume to OEMs and independ
ent software vendors in the first 
quarter of 1993. PC users can ex
pect to see retail products based on 
the system during 1993. 

The system plugs what was a hole 
in the middle of the spectrum of 
multimedia development tools. To 
date, you could choose from only 
two main categories: the low
end ($100 to 300) hardware board 
having minimal capabilities be
yond simple AID conversion and 
minimal support software, or the 
high-performance DSP board 
costing thousands of dollars but 
again having little software that 
targets mainstream applications 
development. The Mwave system 
offers substantial hardware and 
software resources at a moderate 
price. 

The software/hardware combina
tion lets you start a product line 
with OEM entry prices as low as 
$100 and expand it to encompass a 
range of multimedia features at 
higher prices. For a planned price 
of $995 in early 1993, you will get 
a developers kit that includes an 
evaluation module and comprehen
sive systems software. The combi
nation lets you work either on the 
surface or in depth with both Win
dows and DSP tasking. The soft
ware includes a DSP OS and a man
ager/supervisory component that 
coordinates the DSP chip with the 
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The Texas Instruments Mwave Multimedia System indudes a Software Developers Kit 
and hardware-evaluation module. Versions will support the ISA and Micro Channel Architec
ture PC bus standards. 

host processor. TI will coordinate 
and resell device drivers for 3rd
party hardware and provide devel
opment kits for device drivers as 
well (second quarter 1993). 

The hardware includes a develop
er's board with a custom, 17-MIPS 
DSP chip, called the TMS320M500. 
The DSP µP includes on-chip inter
faces for phone, voice, CD stereo, 
MIDI, PC modem (UART), audio 
control, and DMA access to the PC 
bus (ISA or Micro Channel Archi
tecture). The interfaces give you 
multiple serial DMA channels (one 
per peripheral type) that impose no 

. overhead on either the host proces
sor or the DSP µP. 

The software includes a Software 
Developers Kit (SDK) and system 
software. The SDK includes Win-

<lows or OS/2 device drivers for 
audio, fax, data-modem, and tele
phone-answering-machine capabili
ties with speakerphone and handset 
I/O. The audio drivers perform mu
sic synthesis, audio compression, 
text-to-speech conversion , and 
sound-effects processing. The sys
tem software includes both the em
bedded Mwave OS, which runs con
current multimedia tasks on the 
DSP, and a Manager component 
that mediates between the Mwave 
OS and MS-Windows and ensures 
timely task completion. 

-John C Napier 
Texas Instruments Inc , SC-

92079, Box 809066 , Dallas , TX 
75380. Phone (214) 995-6611 , ext 
3990. Circle No. 38 1 
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the new abbott SM200. 

• Highest density in a military power supply 

• 50 Watts per cubic inch 

• Size: 2.4" W x 4.6" L x .5" H 

• Power limit: up to 280 Watts 

• Fixed frequency; no derating 

•Temperature range of operation: 
-55°C to + 100°C 

• Extended input voltage range: 11-40Vdc 

•Output: 5, 12, 15, 24, 28Vdc; sync pin, trim pin 

• OVP, TTL included 

• Remote Error Sensing 

•Qualifications: Mil-Stds 7040, 81 OE, 901 C 

• Board-mountable 

• Readily available, off-the-shelf military 

• Price: very competitive 

the sun. 

• Highest density in the solar system 

• 500,000,000,000,000 Watts per cubic inch 

• Size: diameter = 864,000 miles 

• Power limit: undetermined 

•Variable frequency; derating nonverifiable 

•Temperature range of operation: 
+5500°C to + 15,ooo,000°c 

• Extended input voltage range: 1-1043Vdc 

• Output: unchanneled; scattered dispersion 

• Output protections: shade, sunscreen 

• No system of error sensing/detection 

• Mil-Std qualifications: none 

• Board-mountable: not 
• Readily available; not deliverable in unit form 

• Price: very expensive 

COMPARE OUR VERY-HIGH-DENSITY 
POWER SUPPLY WITH ITS 
CLOSEST COMPETITOR. 
While the competition is admittedly tough, a closer look at the specs should 

serve to convince even the most skeptical reader of the many practical 
benefits of our new SM200 very-high-density power supply, 

which, despite its shorter track record, in reliability 
is second to - only one. 

See us at ELECTRONICA, Munich , Booth #817, Hall 24 and WESCON , Anaheim, Bocith #2484-86. 

~ . 
when reliability is imperative® 

Abbott Electronics, Inc., 2727 S. La Cienega Blvd., Los Angeles, CA 90034-2643 • Telephone 310/ 202-8820 • Fax 310/ 836-1027 
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$179 buys a single-chip, 50-MHz 
desktop SPARC CPU 

N ext-generation, 32-bit 
SPARC RISC is more 

than just high-throughput, super
scalar SuperSPARCs or hyper
SPARCs (EDN, June 4, 1992, pgs 
89 to 94). It also includes high
integration, minimal SPARC µPs 
that target mid- to low-end comput
ing. Texas Instruments' Micro
SPARC is the first of these inte
grated SPARCs. Running at 50 
MHz, with two on-chip caches, it 
delivers first-generation execution 
speeds (see table). 

MicroSPARC represents a new 
direction in SPARC design, which 
has been growing in complexity and 
size. Unlike the current generation 
of desktop SPARCs, the Micro
SPARC targets low-chip-count de
signs. It integrates a dynamic-RAM 
(DRAM) refresh and addressing 
controller and a 5-slot SBus control
ler on chip. You can cobble together 
a single-board SPARC system with 
five SBus slots, up to 128 Mbytes 
of memory with a MicroSPARC, 
eight memory SIMMs, a boot 
PROM, and four signal-buffer 
chips. Also needed are two NCR 
SBus peripheral chips, the NCR 
89C100 and the NCR 89C105, which 
provide the SBus master I/O (DMA 

Tl MicroSPARC 
TMS390S 1 0 µ.P 

• 50-MHz 32-bit SPARC, 120 registers 
with 7 registers windows 

• On-chip 64-bit FPU , 32 32-bit registers 
• 22.8 SPECint92; 17.8 SPECfp92 
• 800,000 transistors 
• 5-stage pipeline 
• 4-kbyte instruction cache 
• 2-kbyte data cache 
• 27cbit unified address space 
• Nonmultiplexed bus: 64-bit data, 31 -

bit address; 2-bit parity 
• External read, write: 1, 2 clocks 
• DRAM, refresh, SBus controllers 
• 700-mA max current, 288-pin TAB 
• $1 79 (10,000) 
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controller, parallel port, Ethernet, 
and SCSI) and the SBus slave I/O 
(counter/timers and serial ports, as 
well as interrupt, mouse/keyboard, 
and floppy controllers). 

Developed by Sun and TI, Micro
SPARC implements the SPARC 
version 8 Instruction Set Architec
ture (ISA), which includes a full 
hardware multiply instruction. Mi
croSPARC is a classic RISC CPU 
with 108 instructions, limited ad
dressing modes, and a load/store ar
chitecture. A SPARC, the TI proc
essor has a large register file of 120 
32-bit registers, which are organ
ized into a set of overlapping regis
ter windows and eight global regis
ters. The chip includes a floating
point unit with its own 32 32-bit 
floating point registers. 

FLOATING-POINT 
REGISTER FILE 

16x33 BIT 

INTEGER-REGISTER 
FILE 

120x32 BIT 

FLOATING-POINT 
UNIT 

INTEGER 
UNIT 

MicroSPARC is a single-issue 
machine; it runs a 5-stage pipe
line with fetch, decode, execute, 
cache access, and writeback stages. 
MicroSPARC deviates from classic 
SPARC design with off-chip, uni
fied caches and two on-chip caches 
organized in a Harvard (separate 
data and instruction) architec
ture. Both the 4-kbyte-instruction 
and 2-kbyte-data caches are 32 
bits wide and direct-mapped, with 
a 32-byte cache line size. The data 
cache provides a write-through, no 
write-allocate protocol (cache 
writes are passed through to mem
ory). A double word buffer holds 
writes, permitting execution to 
continue. 

To speed execution, Micro
SPARC has a 64-bit-wide memory 

1----i 

i ,,{ 32 

1 32 

32-ENTRY TRANSLATION 
4-kBYTE 

INSTRUCTION ---CACHE 

t 32 

ROM 
REFRESH -CONTROL 

LOOK-ASIDE BUFFER 
MEMORY-

MANAGEMENT 
UNIT 

f + 36 

MEMORY 
INTERFACE 

..._.. 
2-kBYTE 

DATA 
CACHE 

StlUS 
INTERFACE 

CONTROL I 
t ~NTERRUPT 1 REQUESTS t 64+2 V 6 V , WRITE 

PARITY 1 DRAM ,; ENABLE 
STROBES 

' t2 Y 28 YuPTO 
5 SBUS 
SLOTS 

MicroSPARC integrates a 50-MHz SPARC CPU with a DRAM and SBus controller and 
on-chip instruction and data caches. It directly drives up to 128 Mbytes of DRAM and 
five SBus slots. 



Now Available 
1{19/Higln~ 

cache RAM µP Support for 5.0 or 3.3V Applications 
Plus a 3.3 to 5.0V Bidirectional Translator 

P4C218 P3C218 FCT3384 

5.0V P4C218 Cache RAM 
With wide-word, on-chip address latch, high and low byte 
controls, low standby power, 13ns access time including delay 
through the on-chip latch, Performance Semiconductor offers 
you a versatile, low part count solution for 40MHz primary and 
66MHz secondary caches. For use with multiplexed address
data buses, or as general-purpose static RAM with iX86, MIPS 
R3000A, and R4000 processors. The P4C218 is available NOW 
in standard JEDEC 52-pin PLCCs. 

3.3V P3C218 Cache RAM 
Performance's P3C218, which operates with 3.3V power sup
plies, reduces switching noise and power dissipation by over 50 
percent compared to its 5.0V counterpart, yet it has the same 
access times. The P3C218 is the Cache RAM of choice for 
battery-operated portable computers and high-speed processors. 

Pl 4FCT3384 3.3V/5. OVBidirectional Translator 
For mixed supply systems, Performance Semiconductor now 
offers the P7 4FCT3384, a zero delay, 3.3V to 5.0V bidirectional 
translator that provides a set of ten high-speed CMOSITTL
compatible switches which allow interfacing of 3.3Vand/or 5.0V 
components within an application without adding propagation 
delay or ground bounce noise. Performance's FCT3384 is sup
plied in surface mount SOIC, PDIP, and the super tiny SSOP150 
for notebook or palm top applications. 

;; ; ;;;;;;;;; 

-1 3/8"' f-
FCT3384 
(Actual Size) 

In U.S. call 408 734-9000 for more information on Ultra-Fast SRAMs & High-Speed Logic. In Europe call 44-256-59585 (U.K.) 

PERFORMANCE 
__.._ SEMICONDUCTOR CORPORATION 

610 East Weddell Drive , Sunnyvale , California 94089 
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bus. With a 60-nsec DRAM, reads 
take only one cycle and writes take 
two. Error-detecting parity is car
ried in the system, but to keep costs 
down, MicroSPARC implements a 
single parity bit for each 32-bit 
word, adding 2 bits to the bus. The 
chip has a 27-bit address space with 
up to 128 Mbytes of memory in 
eight SIMMs, which is organized 
into four banks (two CAS and four 
RAS strobes, and 22 bits of row/ 
column addresses).-Ray Weiss 

Texas Instruments, Semiconduc
tor Group (SC-92093), Box 809066, 
Dallas, TX 75380. Phone (214) 995-
6611, ext 3990. Circle No. 383 

Clock-buffer IC 
prevents skew-ups 
in PS PC designs 

A lthough Intel hasn't released 
its long-awaited successor to 

the 80486 (code-named the P5), the 
industry is already preparing for its 
arrival by introducing support de
vices. The GA1086 from TriQuint 
Semiconductor is one such device, 
offering low-skew clock buffering. 

Adequate clock distribution is 
key to the success of any high-speed 
design. One of the most important 
parameters to control in your clock 
distribution tree is clock-to-clock 
skew for the various branches. Too 
much skew and the subsystems 
hanging on those branches will fail 
to meet each other's setup or hold 
requirements. 

The GA1086 solves the skew 
problem by locking an internal 400-
MHz phase-locked loop (PLL) to the 
P5's 66-MHz system clock. The in
coming clock can have a pulse width 
as low as 3.8 nsec. The output 
clocks will be symmetrical, with 
nine of them at 66 MHz and one at 
33 MHz. 

Each of the 10 clock output sig
nals derives from the PLL signal 
through a divider chain. You can 
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feed one of the signals back as a 
reference for comparison with the 
system clock, resulting in an effec
tive propagation delay of ± 500 psec 
for the clock signals. 

Several of the device's important 
features don't show up in the timing 
specs. For example, the device is 
packaged in a metal quad flatpack 
(MQUAD). This package style has 
a metal plate built in, which serves 
as a heat spreader. As a result, the 
device operates over its 0 to 70°C 
ambient temperature range without 
needing a heat sink or more than 
convection cooling. 

The device also incorporates a 
test mode that can help to debug 
your design. In the test mode, the 
input clock bypasses the PLL and 
divide logic, passing straight to the 
output buffers. Thus, you can sin
gle-step or gate your system's clock 
or run at any frequency you need 
for test purposes. 

TriQuint offers a less expensive 
version, the GA1086E ($22. 73), for 
those with looser system require
ments. The principal difference is 

0 12 

FEEDBACK 
OUT 

o, 

FEEDBACK 66·MHz CLOCK 
IN T, IN 

0 2 

TriQuint GA 1086 clock
buffer IC 

• 66-MHz ± 5% input clock 
• 500-µsec (max) PLL capture time 
• 250-psec (max) clock-to-clock skew 
• 75-psec (typ) edge jitter 
• 30-mA, TTL output drive 
• In 28-pin J-lead MQUAD package, 

$26.79 (1000) 

the effective clock-to-output signal 
delay. The GA1086E has a delay of 
1 nsec instead of 500 psec. 

The device will tolerate either se
ries or parallel termination, but Tri
Quint recommends parallel termina
tion for best performance where the 
excess power dissipation in the ter
mination network is not of concern. 
The device's data sheet includes ex
amples of both termination types, 
as well as suggestions for clock 
trees with more than 10 branches. 

- Richard A Quinnell 
TriQuint Semiconductor Inc, 

2300 Owen St, Santa Clara, CA 
95054. Phone (408) 982-0900. FAX 
(408) 982-0222. Circle No. 384 

Os 

0 7 

a. Os 

By locking a high-frequency PU to the incoming clock signal, the GA 1086 produces 10 
copies of the clock with less than 250 psec between them. 



Orbit 
Semiconductor 

has come up with 
yet another way 

to slash and 
per-unit costs. 
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Slash the cost per unit of FPGAs. 
Now, with our new Encore! netlist conversion 
service, it makes economic sense to tum your 
expensive FPGAs into inexpensive ICs. 

The following table shows the Encore! 
packages that are available. 

Encore Base 44 84 100 144 

#of Gates 660 4,000 6,000 14,000 

Packages 44 PLCC 84 PLCC 100 PQFP 144 PQFP 

28 PLCC 68 PLCC 84 PLCC 100 POFP 

PLCC 20 SOIC 44 PLCC 68 PLCC 84 PLCC 

PQFP 16SOIC 28 PLCC 44 PLCC 68 PLCC 

SOIC 44 PLCC 
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176 

22,000 

160 POFP 

144 PQFP 

100 PQFP 

84 PLCC 

68 PLCC 

44 PLCC 

In a matter of a few weeks you see parts 
from your converted netlist. Because Orbit 
Semiconductor can tum around prototypes and 
production quantities faster than anyone else in 
the industry. 

So you cut your cost-per-unit very quickly. 
And since your NRE is low, your paybacks 
are fast. 
•Convert FPGA netlists for low NRE 
•Get prototypes in as little as 3 weeks 
•Die sizes allow for smaller packages 
•Move quickly into production 



Encore! also converts your gate 
array netlists. Affordably. 
So you 're no longer tied to the fab that came 
with the library-you can use Orbit 
Semiconductor for production, to meet sudden 
demand, or as a second source. 

Here's what we need to get started: 
•FPGA or gate array netlist 
•Pin description file that maps package pins to 
netlist 1/0 pins 
• l MHz simulation showing all pins in a print
on-change format 
•Above fi les should be supplied in ASCII 
format 

Nellis! and 
Pin Definition 

Mapping of Logic 
Into Orbit Cells 

Layout and 
Post-route Simulation 

Manufacture 
of Prototypes 

Functional Test 
of Prototypes 

1 MHz Simulation 
Vectors 

Creation of 1 MHz 
Test Vectors 

For more information on converting your 
FPGAs and gate arrays with Encore! contact 
Technical Marketing at 1215 Bordeaux Drive, 
Sunnyvale, CA 94089. Phone (408) 744-1800, 
FAX (408) 747-1263. 

Or call us at (800) 331-4617. In California 
(800) 647-0222. 

What others promise, we guarantee. 
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Think Performance. 

Think Mitsubishi Gate Arrays. 
Before you design your next gate array, or even your first, you've got to 

think about performance. Your very next thought ought to be: 
Mitsubishi Gate Arrays. 

Mitsubishi's triple-layer metal, O.Sµm gate arrays offer 400,000 gates 
with over 60% utilization, and a typical loaded delay as fast as 215 picoseconds. 
We also give you up to 512 I/Os and pin counts as high as 576 in our exclusive 
µPitch TAB'" packaging. _ •• _.. , , ® 

We also offer design kits for the industry's most popular ~~=~ 
workstations, from logic synthesis, to simulation, to automatic test pattern =Aeft()N:: 
generation (ATPG). So you can design on your own workstation or ours. REALITY 

Mitsubishi offers both local design support and the global resources of a 
stable, well-capitalized company. As one of the world's top 10 semiconductor suppliers, we've 
been in the ASIC business over 15 years and we're continuing to invest in technologies for the 
next decade. 

When you think gate arrays, think performance. Then think Mitsubishi. You'll be glad 
you did. 

Phone (408) 730-5900 ext. 2106 

j.. MITSUBISHI 
ELECTRONIC DEVICE GROUP 

CIRCLE NO. 68 
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How do you get 1600 x 1280 resolution in an X ... terminal design 
right away? 

Use Tl's TLC34074 Video Interface. 

It's the first 200-MHz video 
interface optimized for X terminals, 
enabling 1600 x 1280 resolution at 
a 72-Hz refresh rate. And it's in 
distributor stocks now. 

The TLC3407 4 from Texas 
Instruments integrates a complete 
grey-scale graphics system back-end 
onto a single chip, eliminating up to 
30 components. 

Best yet, it is pin compatible 
with Tl's full-featured TLC34076 
palette that supports monochrome 
to 16- and 24-bit-per-pixel true 
color. Which allows you to make 
system cost/performance trade-offs 
while maintaining a common 
architecture. 

More advantages 
• Both devices are compatible with 
© 1992 Tl 

Multiple Speed/Price Options 
TLC3407 4 TLC34076 

Designed specifically for B&W/grey-scale 
applications 

Resolution 
1600 x 1280 
1600 x 1280 
1280 x 1024 

Refresh 
Rate 

@72 Hz 
@60 Hz 
@72 Hz 

Price 
(1,000s) 

$34 
22 
12 

Speed 
200 MHz 
170 MHz 
135 MHz 

virtually any video controller 
architecture: CISC and RISC 
microcontrollers, including 
Tl's TMS340 graphics coproces-

~TEXAS 
INSTRUMENTS 

True color for X terminals, high-end PCs and 
workstations 

Resolution 
1280 x 1024 
1280 x 1024 
1024 x 768 

Refresh 
Rate 

@72 Hz 
@60 Hz 
@72 Hz 

Price 
(1,000s) 

$45 
30 
18 

Speed 
135 MHz 
110 MHz 
85 MHz 

sors, as well as hard-wired 
controllers. 

• Handles Big- or Little-Endian 
formats with no hardware 
modifications. 

• Direct interface to VRAM and 
controller. 

For more information 
About Tl's '34074/76 mail the return 
card. For faster response call (214) 
995-6611, ext. 3429, your local sales 
office or an authorized TI distributor. 

00-7443 



Tango gives you two powerful choices in printed circuit 
board design. There's Tango-PCB PLUS, our advanced 

For FREE evaluauon 
software and 
product specs, call 
800 488-0880 

PCB layout tool for the designer with complex design requirements and our entry-level 
Tango-PCB, a comprehensive, yet low-cost program for less demanding designs. 

Tango's interface puts you never more than two mouse clicks away from any command. 
On-line help, pop-up menus, dialog boxes, prompt line and unique "speed palette" and 
"hot spots" all combine to make Tango quick to learn, intuitive and easy to use. 

Tango-PCB and Tango-PCB PLUS both feature: user-defined sizes 
of tracks, pads, arcs, fills, text and grids; versatile moving, 
mirroring, rotating and releasing of components; full support 
for net lists from popular schematic programs; comprehensive 
block operations; design verification tools; SMT support; 
unlimited zoom levels and autopanning; NC drill files; 
and crisp output to a wide array of printers, plotters 
and photoplotters. 

Tango-PCB PLUS increases design productivity by 
adding: automated component placement; integrated 
design rule check; photoplot file viewer; output in 
DXF and PostScript™; and EMS (expanded 
memory) support. 

Both packages give you Tango's well-known 
price-performance leadership. And as with 
all of ACCEL's complete Tango family 
of electronic design automation tools 
(schematic entry, board layout and 
autorouting, PLD design, thermal 
analysis and logic simulation), our 
customers receive service, 
documentation and 
technical support that 
is second to none. 
Call us to learn more 
about how a modest 
investment in Tango 
PCB tools can help 
you become more 
productive. 

Helping good ideas become great products. 
ACCEL Technologies, Inc. 
6825 Flanders Drive • San Diego, CA 92121 USA 
Service & Support 619/554-1000 •Fax 619/554-1019 
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Increasing your effectiveness 
by bringing in outside help 

Dan Strassberg, Senior Technical Editor 

This final part of Design It Right is about an 
increasingly popular way of maximizing your 
development funds' impact-having another 
organization perform some or all of your new
product development work. Almost every 
product that uses custom ICs 
relies heavily on the effort of 
another company or division. 
But such strategic partners 
are by no means limited to 
manufacturers of custom ICs; 
electronics firms started 
forming strategic partner
ships long before custom 
chips existed. 

Two of the stories in Part 
IV are about products based 
on custom ICs. One product 

family, Teradyne Inc's J990 
series of memory-test sys
tems, uses 11 custom chips 
from three vendors. The 
other, Hewlett-Packard's 
16550A, a plug-in for a modu
lar logic-analysis system, uses 
two custom devices manufac
tured by other HP divisions. 
If you work for a multidi
visional company, you know 
that buying a key component 
from a sister division can 

sometimes require more skill 
than dealing with a separate 
company. HP's story tells of 
a successful relationship be
tween divisions. 

Lastly, this part discusses 
Analogic Corp, a company 
that pioneered in forming 
strategic partnerships with 
other firms. Analogic is not a 
manufacturer of semiconduc
tors. It engineers and manu
factures a variety of high-tech ~ 
assembled products. Despite 3 
Analogic's large number of ~ 

·c: 
strategic partners, hardly 8 

>-
any body is aware of how ~ 

c: 

many products the firm de- ~ 
signs and builds. ~ 
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If a company is a reflection of the 
person at the top, then Teradyne 
Inc, the Boston-based manufacturer 
of automatic test equipment (ATE), 
CAE tools, and interconnection 
products (annual sales >$500 mil
lion; -4300 employees), certainly 
mirrors the personality of its co
founder, Chairman, and CEO. For 
three decades, Alex d'Arbeloff has 
been synonymous with ATE, the in
dustry he helped to found. Some
times wrongly described as humor
less, d' Arbeloff is serious and 
plainly intense. His single-minded
ness and dogged determination do 
much to explain why Teradyne con
tinues to be a leader in ATE, even 
though some of its competitors are 
floundering. 

Such fortitude may be common 
enough among the Japanese compa
nies that have successfully pene
trated American markets, but it is 
rare-if not unique-among Ameri
can electronics firms. Nevertheless, 
for those of stout heart whose com
panies' pockets are deep, persis
tence appears to lie at the core of 
successful competition with the 
Japanese. Teradyne's tradition of 
tenacity, backed by its belief that 
being a successful competitor re
quires great resolve, set the stage 
for an especially bold move: a heavy 
investment in developing a new line 
of systems for production testing of 
memory chips. The J990 family goes 
head-to-head with made-in-Japan 
test systems in a market dominated 
by Japanese customers. 

The new testers off er such capa-
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bilities as simultaneous testing of 
64 !Cs, testing at 200-MHz, the 
ability to handle chips with a vari
ety of architectures from 1 to 18 
bits wide, and the ability to accom
modate devices and assemblies that 
store as much as 4 Gbits. Despite 
the array of features, cost per test 
site is about half that of earlier 
memory testers. Teradyne hopes to 
sell several hundred of the systems, 
which carry price tags that start at 
about $700,000. 

As you might expect, the new 
product line, which the firm's Semi
conductor Test Division (STD) in 
Agoura Hills, CA first shipped only 

-~ -
I 

1 

this past winter, has yet to capture 
the lion's share of the memory-chip
tester business. The series has, 
however, racked up some impres
sive wins over competition, includ
ing at least one win over an Asian 
ATE firm at an IC company in Asia. 
You can bet that Teradyne will con
tinue to battle and innovate in mem
ory-test as well as in other areas 
of semiconductor test. (STD, with 
about 475 employees, is just one of 
the Teradyne divisions in the IC
tester business. The other, the In
dustrial/Consumer Division (ICD) 
in Boston, makes testers for analog 
and mixed-signal chips.) 

Automatic test systems for ICs ere among the lcsgest electronic systems sold today as 
standard products. In appearance, though not in performance, the memory-IC testers in 
Terodyne's J990 series ore typical of the genre. The systems' 11 custom ICs provide 
evidence of the testers' state-of-the-art technology. 



DESIGN IT RIGHT 

INCREASE YOUR EFFECTIVENESS 

Leave nothing to chance 
Not all of Teradyne ' s do's and 
don'ts apply to custom ICs. Some 
are specific to such parts; some ap
ply to custom ICs and to assemblies 
that might either be purchased or 
built in house; others relate to dif
ferent facets of the design process 
and to the interface between de
sign and manufacturing. 

m From the outset, put a lot 
of effort into selecting sup
pliers of unique parts, es

pecially suppliers of custom ICs. 

m Involve senior engineering, 
operations, and purchas
ing people in qualifying 

vendors. 
Don't pick " delicate" ven
dors-ones who lack 
either the resources or the 

commitment to work with you to re
solve problems in a timely manner. m Be sure you understand 

how suppliers plan to test 
an item and how they will 

ensure its quality . Misunderstandings 
in this area have the highest poten
tial for causing problems between 
your suppliers and your company. 

Remember that nothing 
about a custom compo
nent's specification is obvi

ous; spell out your requirements . For 
example, suppose an IC's switching 
delay changes as a function of its 
junction temperature, which de 
pends on the ambient temperature 
and power dissipation. If you need 
some maximum switching delay at 
the worst-case junction tempera
ture, make sure that the test proto
col guarantees it. (If you can't run 
tests at the worst-case temperature, 
you should run them with modified 
lim its under conditions that are 
practical.) In this example, if you 

fail to make your requirements clear, 
the vendor is likely to test the parts 
under irrelevant conditions , and 
there is a good chance that you 
will be unable to use a large per
centage of the parts you receive. 

m Ensure that each design 
meets manufacturability 
rules by conducting design 

and manufacturability reviews early 
in the development cycle. 

m Check out new manufactur
ing processes before you 
decide to use them. Tera

dyne uses what it calls PET s (proc
ess-evaluation tools) for this pur
pose . For example, to determine 
the yield of a new soldering proc
ess and to reveal inherent weak
nesses in the process, STD manu
factur ing designed a special pc 
board, which it then tortured and 
tested extensively. 

Nurture the relationship 
between design and manu
facturing . STD's manufac

turing engineering group made ma
jor contributions to the J990 series 
from the outset. In fact, manufactur
ing contributions were so great that 
Teradyne was reluctant to divulge 
what percentage of the total J990 
design effort represented design la
bor and what percentage repre
sented manufacturing labor. 

Establish cost targets as 
part of your initial product 
definition. Design to those 

targets and use them to continually 
monitor your performance. 

Don't start the develop
ment until hardware and 
so ftware design , market

ing , and manufacturing manage
ment have all agreed on the prod
uct definition. 

VOTE! Please also use the Information Retrieval Service card to rote this article (circle one): 
High Interest 482 M edium Interest 483 Low Interest 484 

Listen not only to what the 
customer says, but to what 
he or she means. Custom

ers will tell you about today's prob
lem; you have to understand the 
underlying need. By the time you 
deliver your product, the customer 
will probably have solved the imme
diate problem, but the underlying 
need may well persist. If your prod
uct addresses a real need, you 
should be able to sell it; if it merely 
addresses a symptom the customer 
has already dealt with, you have 
little basis for a sale. 

Don't assume that informa
tion will just naturally flow 
between people who hap

pen to sit near each other. 

m Put information-transfer 
mechanisms in place and 
work on continually improv

ing them. In Teradyne's case , in ad
dition to the IC design manual, 
these mechanisms include in-house 
newsletters to which design and 
manufacturing people are encour
aged to contribute. Teradyne's en
gineering community is large 
enough that contributors receive 
genuine recognition from peers . 
Most find the recognition so gratify
ing that they become repeat con
tributors, even though contributing 
requires work beyond their regular 
assignments. 

Don ' t take the claims of 
CAE tool vendors at face 
value . Conduct your own 

evaluations before you decide that 
a particular tool set is the right one 
fo r a specif ic job . Note that 
Teradyne makes this suggestion 
even though some of its divisions 
supply CAE tools. 

0 
Don't assume that you can 
use the current generation 
of tools to design the next 

generation of products. 

EDN November 12, 1992 • 93 



Teradyne may be audacious, but 
it isn't stupid, so eight of the J990's 
custom ICs are ones that the com
pany first used in a tester family it 
introduced about a year earlier: the 
J971 series of high-speed VLSI-IC 
test systems. ICD's testers also use 
some of these chips. During the 
J971 development, plans for the 
J990 series had gone beyond the 
formative stages, so the J971 team 
was able to consider the needs of 
the J990 as well. However, as STD 
Engineering Manager, George Con
ner puts it, "even if we hadn't been 
planning to develop new memory 
testers, the custom chips would 
have been nearly the same." The 
architecture of VLSI testers is 
more general than that of memory 
testers, so, from a technical stand
point, it made sense to develop the 
VLSI tester first. 

The 16550A is a 102-channel plug-in 
for Hewlett-Packard's popular 
16500 series of logic-analysis sys
tems. The board uses custom ICs 
of two types: a very-large-scale in
tegrated CMOS chip and a much 
smaller bipolar chip that contains, 
mainly, high-speed comparators. 
According to HP, if you accept the 
number of transistors on a chip as 
an index of the IC's complexity, the 
CMOS chip, with roughly 1.2 mil
lion transistors, is about as complex 
as an i486 µP . 

HP calls the CMOS IC a logic 
analyzer on a chip. It is the second 
such device that the Colorado 
Springs Division has designed. (In 
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Of course, Teradyne also had 
marketing reasons for designing a 
new VLSI tester before designing 
a new memory tester. Among the 
reasons: for memory-chip families in 
current production, IC makers 
were locked into ATE choices they 
had made earlier. New generations 
of memory chips and new decisions 
about ATE still lay down the road. 
Indeed, even after the J990 an
nouncement, the worldwide reces
sion delayed many customers' deci
sions on new memory ATE longer 
than Teradyne would have liked. 

The J990 series uses 11 custom 
ICs of several types from three ven
dors. Teradyne has learned a lot 
about what to do and what not to 
do in custom-chip developments
so much, that it has written a book, 
The IC Desi,gn Manual. But no, you 
can't get a copy; the contents are 

addition to logic analyzers, the divi
sion manufactures HP's digital 
scopes and in-circuit emulators.) 
The first logic analyzer on a chip 
appeared in 1987 in plug-ins for the 
16500 and is also the heart of HP's 
1650 series of portable logic analyz
ers. Shortly after releasing the 
16550A, HP announced a new fam
ily of portable analyzers, the 1660 
series, based-like the 16550A-on 
the 1.2-million-transistor chip. 

There is no question that the 
original analyzer on a chip had a 
major and lasting impact on logic 
analyzers. It significantly lowered 
the price of performance that ap
pealed to a broad cross section of 

proprietary. The company consid
ers its knowledge in this field to 
be a weapon in the arsenal it can 
turn on competitors. Nevertheless, 
the firm agreed to let EDN readers 
in on a few of its findings. They 
appear in the accompanying do's 
and don'ts box. Because several di
visions design custom chips for their 
products, the book is a safeguard 
against a division repeating errors 
that another division learned from 
at great pain. 
Teradyne Inc 
30801 Agoura Rd 
Agoura Hills, CA 91301 
(818) 991-2900 
FAX (818) 707-2805 
Sue Hudson 
Circle No. 31 S 
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users. Although that performance 
still has wide appeal, incre4ses in 
µP clock rates and word lengths 
have driven analyzer users to seek 
even greater performance. Thanks 
to the second-generation chip, the 
16550A and the 1660 series deliver 
this performance. 

By the most conservative meas
ures, the new analyzer chip is 2.5 x 
as fast as its predecessor; it also 
provides 4 x the memory and over 
twice as many channels. The first
generatio n (NMOS) chip has 16 
channels and performs timing 
analysis at 100 MHz and state 
analysis at 35 MHz. Its memory 
depth is 1024 bits. The new chip 
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has 34 channels. It performs timing 
analysis at 500 MHz on half the 
channels or 250 MHz on all. (Using 
transitional timing cuts the timing 
speeds in half; using glitch detection 
limits timing analysis to 125 MHz.) 
The state analysis speed is 100 MHz. 
The memory depth is 4k samples/ 
channel. When you use half the 
channels, the memory depth doubles. 

It had to be right 
Because the new analyzer chip 

was to be the heart of a bread-and
butter product line, it had to be 

right in many ways. Both its per
formance and its cost had to be 
right. It had to be an item that the 
IC foundry could produce in quan
tity with good yields, and, when in
stalled in an instrument, it had to 
perform reliably for years. Colorado 
Springs' experience with the older 
analyzer chip was an asset; lessons 
learned on the first development 
stood the 16550A team in good 
stead. But because of the much 
greater complexity of the new IC, 
the development was scarcely a 
piece of cake. 

Make sure that everyone gets the message 

m Establish a "message" for 
your product very early in 
the program. This message 

is a succinct statement of the prod
uct's major objectives-in market
ing terms, the product positioning. 

m Make sure that all team 
members have the mes
sage fixed firmly in their 

minds. 
Don't change the message 
once you've decided on it 
and have started to com

municate it. If you fail to send the 
message or if you send mixed or 
changing messages, confusion will 
result; everyone will develop a dif
ferent mental image of the mes
sage. Because of lack of direction, 
people you must depend on for 
support will act in ways that seem 
counterproductive. You are respon
sible for making sure that everyone 
has the same clear message
yours. 

At the appropriate times, 
send the product message 
to everyone who needs to 

know . As the project progresses, 
the group that needs to know will 
expand to include sales engineers 

and customers. Failure to send the 
message to this larger group at the 
appropriate times will create the 
same kinds of problems as sending 
mixed or changing messages. 

m Decide early on which few 

performance features are 
essential in a product con

sistent with the chosen message. 

m Be quite ruthless about re
jecting features inconsis
tent with the message. 

Team members and others will subtly 
test your resolve by suggesting non
essential features. Your actions must 
be consistent with your message. M Construct a detailed sched
~ ule early in the project. 

m Encourage team members 
to be realistic in scheduling 
tasks. Although excessive 

optimism is more common than pes
simism, you'll encounter both and 
you should reject both. 

Relegate work on nones
sential but "nice" features 
to the back end of your 

schedule. If you have time, you may 
be able to include some of these 
features, but making it clear that 
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You might assume that because 
the foundry was another HP divi
sion (in Fort Collins, CO, over 100 
miles away), Colorado Springs' 
problem was significantly more 
manageable than yours might be if 
you were to work with an independ
ent foundry to develop a custom IC. 
On the other hand, if yours is a mul
tidivisional company and you buy 
portions of your product from an
other division that is also a profit 
center (as HP's Fort Collins foun
dry is), you know that relations 
among divisions can come unglued 

their priority is low will keep you 
from missing key dates because 
team members were working on 
nonessential features. 

m Base your selection of an 
IC process on availability of 
suitable tools and support. 
Don't let promises of raw 
performance entice you to 
select a newer but less 

well-developed IC process. 

m Insist that the hardware de
signers thoroughly con
sider the implications of 

their decisions on the system soft
ware. Although the software peo
ple will probably be able to design 
around unfortunate hardware ar
rangements, doing so can take 
time. Often, implementing a more 
appropriate hardware design will 
be no more difficult, time consuming, 
or expensive and will save consider
able software development effort. 

Don't wait until first silicon 
is available to work on the 
test process for a new IC. 

HP learned that lesson during the 
development of its first-generation 
NMOS analyzer chip. Only a mem
ory test was available when first sili 
con arrived. The inability to test most 
of the chip delayed the program . 
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all too easily; too often, everyone 
involved in such a venture feels ill 
used. The successful relationship 
between the two HP divisions 
didn't just happen. 

When a company (or, in this case, 
a division) works with another or
ganization to produce a custom 
chip, the form of the partnership 
can vary widely. In the case of the 
logic-analyzer chip, the complete 
logic design and layout came from 
Colorado Springs. However, the de
signers didn't create the design in 
a vacuum and then send a set of 
workstation tapes to Fort Collins 
so chips could be fabricated. There 
was a high degree of cooperation 
in every phase. Before any real 
work began, the two divisions 
reached agreement on a number of 
key points and documented their 
agreement. (In essence, they drew 
up a contract.) 

No new processes 
One of the guidelines was that the 

chip was to be fabricated using an 
existing IC process with no adjust
ments to process parameters. Even 
though the IC would operate at 
very high speeds, Colorado Springs 
opted not to use the latest process. 
Instead, an older process was se
lected. Not only did this choice re
move some uncertainty, it also al
lowed the designers to use a more 
mature set of design tools. The last 
thing the team wanted was to be
come embroiled in simultaneously 
developing a critical, high-perform
ance chip and a set of tools. In the 
end, the existing IC process proved 
entirely adequate; there was never 
a need to reconsider the choice of 
a process. 

One area involved especially close 
cooperation: testing the IC. Al
though Colorado Springs was re
sponsible for the chip design and 
layout, Fort Collins has the HP 
82000 IC evaluation systems that 
run the tests, so testing became 
Fort Collins' responsibility. Colo-
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The custom CMOS logic-analyzer chips reside beneath the heat sinks on the 16SSOA 
board, shown here in front of the 16SOOA. (The 102-channel 16SSOA uses three of the 
34-channel chips.) HP found that it could have used smaller heat sinks, but decided to 
retain the large ones because they lower the ICs' junction temperatures and increase the 
devices' reliability. 

rado Springs had simulated the IC 
during the design phase; obtaining 
a first-pass set of functional test 
vectors merely entailed throwing a 
few software switches and translat
ing the simulation vectors. 

That was not the end of the test
process development, though. Hav
ing vectors ready for testing the 
first silicon was important to keep
ing the program on schedule. But 
as you might expect with a chip this 
big, fast, and complex, a lot more 
work was needed before chip ap
proval; still more work had to go 
on before Fort Collins concluded 
that the test process worked in pro
duction. Back in Colorado Springs, 
the team had assembled a prototype 
16550A into which it could plug the 
first packaged devices as soon as 
they arrived. 

Clearly , showing that a chip 
works in its intended application is 
a big step-a much more satisfying 
one than running a simulation suc
cessfully or running functional vec
tors on the chip in a tester. Never
theless, it is important not to let 
emotion rule the day. Management 
may be breathing down your neck, 
looking for an indication that the 

custom chip is good. With such 
pressure , when you first see the 
prototype work, your temptation 
may be to break out the cham
pagne. Instead, you should me
thodically complete your test proto
col, as the 16500A team did. Other
wise, you may not discover subtle 
faults that, if they go undetected, 
could cause major problems later. 

One possible and very serious 
problem that can result from too 
much optimism too soon is failure 
to recognize the need to go through 
another round of IC mask changes. 
From a cost and schedule view
point, such changes are bad enough. 
(The effect on the product in the 
marketplace can be fatal.) But from 
a personal standpoint, having to go 
through such changes after you've 
declared them unnecessary can 
bring a rapid end to your career. 

Fortunately, the 16550A project 
encountered no such problems. It 
kept very close to its schedule. Ed 
Davis, who managed the program, 
attributes this success to attention 
to detail. One example was the way 
he learned to calibrate team mem
bers' estimates of how long tasks 
would take. He compared the actual 



times with the forecasts and devel
oped a "fudge factor" for each team 
member. He updated the fudge fac
tors with the completion of each 
new task, and applied them to sub
sequent forecasts. 

One place where Davis feels that 
he and the team could have done 
better was in predicting the effect 

Time was, if you worked for a com
pany of any size and you designed 
a product that used a sole-sourced 
component, you were destined to 
have to defend your decision in 
front of management, and , very 
likely, to redesign the product using 
components several sources. 

You've probably heard the argu
ments against sole sourcing: Sole
sourced parts take away the pur
chasing department's leverage in 
negotiating the best price. (Though 
hardly anyone ever says so, sole
sourced parts actually do away with 
much of the purchasing depart
ment's reason for existence.) If you 
use a sole-sourced part, how will 
your company be able to continue 
delivering the product you designed 
if the part supplier goes out of busi
ness or discontinues the part? 

Although many companies still 
insist on using multiple-sourced 
parts, the rule is far less universal 
than it once was. In many firms, 
the insistence on multiple sources 
has given way to something close 
to the exact opposite: the strategic 
partnership. 

In the context of this discussion, 
a strategic partnership is an ar-

of hardware implementation details 
on the system firmware. He thinks 
that the software engineering job 
would have been simpler if, before 
committing to fabrication of the 
first silicon, the team had spent 
more time considering what its 
hardware decisions implied about 
the microcode. Had the team taken 

rangement between two companies 
in which one provides a significant 
portion of the other's product. Al
though the exact roles of the part
ners vary greatly from deal to deal, 

Analogic Corp's founder, chairman, and CEO, 
Bernard Gordon, has built his company on 
partnering with OEMs. For these companies, 
Analogic designs and builds custom instru
mentation and signal-processing equipment. 
The firm also builds several lines of stan
dard products. 

this time early on, the software en
gineering job would have been sim
plified enough that the project could 
have been completed sooner. 
Hewlett-Packard Co 
Box 58059, MS 51L-SJ 
Santa Clara, CA 95051 
(800) 452-4844 
Circle No. 316 
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in this type of partnership, lou -gen
erally are not contracting wit~ an
other firm to have it build S<i>me
thing that you designed; you are 
turning over responsibility to your 
partner to design and manufacture 
a major part of a product or an en
tire product. 

To learn more about such part
nerships, EDN visited a company 
that pioneered in working as a part
ner with other firms. Although it 
does sell proprietary products un
der its own name, Analogic Corp 
of Peabody, MA, a firm with ap
proximately 1200 employees world
wide and annual sales of about $140 
million, probably has more experi
ence than any other company in the 
development and quantity manufac
ture of custom products for control, 
data-acquisition, image processing, 
and signal processing. These prod
ucts go into commercial, industrial, 
medical, and military applications. 

The units' primary content is 
electronic, but some also include 
electromechanical items, such as 
printers. They range from instru
ments for which the final purchaser 
might pay a few thousand dollars 
to major subsystems which, if sold 
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separately, would command as 
much as a quarter million dollars. 
When Analogic's partners resell the 
firm's products to customers of 
their own, the prices they receive 
usually are between three and five 
times what they paid Analogic. 
Consequently, in over 20 years of 
existence, Analogic has delivered 
many billions of dollars worth of 
equipment that hardly anyone 
knows it designed and built. 

Bernard Gordon, Analogic's foun
der, chairman, and CEO, is, beyond 
question, a legend in our industry. 
The holder of nearly 100 US and 
foreign patents, Gordon has made 
a substantial fortune for himself and 
for more than a few of his employ
ees. At the root of this success are 
two major strategies: focusing his 
company's work on the most diffi
cult areas of electronic technology 
and choosing to build the firm's core 
businesses around strategic part
nerships. 

This mode of operation continu
ally places stringent demands on 
Gordon himself and on Analogic 
personnel. Yet, despite (or maybe 
because of) this highly charged at
mosphere, Analogic has always 
been able to attract and retain some 
of the brightest and most resource
ful technical minds in the business. 

Gordon doesn't like the term "en
gineering manager;" to him, it con
notes business-school types who 
have little if any appreciation for 
the technology-technology to 
which he's devoted his life. He pre
fers "project engineer" (or chief en
gineer). A chief engineer is some
one who spends the majority of his 
time doing engineering, but who 
may do a little managing when the 
situation requires it. Despite his 
other titles, Gordon still unabash
edly assumes the function of project 
engineer in programs that involve . 
his company's major partners. 

As a project engineer in the com-

The do' s and don' ts of partnering, Analogic style 
From Gordon's and Anologic's 
viewpoint, the most important thing 
you con do when dealing with a 
potential strategic partner and in 
working with a partner once the two 
firms hove struck a deal, is: 

Put your personal pride be
_, hind you and focus on your 

_._.., company's needs. As on 
engineer, you've been trained to 
solve problems. It's only natural that 
you hove ideas about how to de
sign the product your company is 
thinking o f having a partner design 
and build; you may even regard the 
idea of bringing in a partner as a 
personal affront. Although you 
should ... 

feel free to express your 
_, ideas, ... 

don 't enter the discussions 
with the expectation that 
your partner is simply go

ing ro execute what you've pro
posed . If you do, you set up your
self, and your partner, to foil. m Listen to your partner 

. . . listen well. Successfu l 
partnerships require that 

both partners be good listeners. 

Tell your partner what you 
need accomplished, not 
how to accomplish it. 
Don't impose too many 
constraints . Constra ints 
con prevent your partner 

from toking advantage of its 
strengths in certain types of design 
or manufacturing . 

Gordon points with pride to how, 
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pany where you work, you can play 
.a crucial role in developing a strate
gic partnership with a firm like 
Analogic. That role is likely to in
volve obtaining proposals and 
evaluating competitive bids. But, 
unlike Gordon in his dual role of 
project engineer and CEO, you 
aren't likely to have the final say. 
Ultimately, someone further up the 
corporate ladder, a general man
ager or your company's president, 
will be the one who commits your 
firm to the partnership. Regardless 
of how you feel about a potential 
partner, no strategic partnership 
will go very far without good chem
istry between the people at the top 
in both companies. 

As in successful partnerships of 
all kinds-living with someone 
. . . marrying someone-successful 
strategic partnerships are built on 
trust. In an atmosphere of trust, 
when somebody makes a mistake, 
the discussion doesn't focus on plac-

by listening to its Japanese part
ners, Anologic upgraded its stote
of-the-ort pc-board manufacturing 
facilities not just to meet, but to ex
ceed Japanese quality standards. 
Moreover, the company hos 
achieved these quality levels while 
maintaining a very favorable cost 
structure. Unlike many suppliers of 
high-quality boards, Analogic pro
duces a large number of different 
board types and builds more than 
a million boards each year. 

m Look for a partner familiar 
with the technologies that 
form the basis of your 

product. 

m To the partnership , you 
should expect to contribute 
a knowledge of your cus

tomers and their applications, and 
on understanding of how your 
product is sold . 
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ing blame; it moves quickly to how 
best to go forward. 

For example, Gordon recalls an 
incident when, after a hard-fought 
shoot-out with competition, he won 
an order for 2000 data-acquisition 
units. Shortly after delivering 
them, he discovered that 30 units 
had failed at the customer's sites. 
Without waiting for the customer 
to ask him to do anything, Gordon 
decided to recall and rework all of 
the units; the immediate impact on 
Analogic was a $1-million charge. 
A supplier of optoisolators had, 
without notice, changed its manu
facturing process, causing a reduc
tion in the component's breakdown 
voltage. From Gordon's viewpoint, 
the million-dollar charge was some
thing he had to incur to live up to 
the trust the customer had shown 
by placing the order with Analogic. 

If this discussion has aroused 
your interest in Analogic as a part
ner, you should understand that the 
firm looks for partners who, over 
the production life of a product-
typically about five years-will buy 

an aggregate of roughly $5 million 
worth (or more) at Analogic's 
prices. To Analogic's partners, that 
translates to between $15 million 
and $25 million in sales to their cus
tomers; an average of $3 million to 
$5 million annually. Of course, no 
such minimums apply to orders for 
Analogic's standard products. 

Analogic makes its money from 
manufacturing and selling products 
to its partners. When the firm an
ticipates that a partner will pur
chase a custom product at a $1-
million annual rate, Gordon expects 
to invest $250,000 on the initial de
velopment and another $250,000 on 
continuing engineering and en
hancements over five years. 

If $250,000 (your partner's 
$250,000, at that) strikes you as a 
rather small sum for developing a 
product that will bring your com
pany perhaps $20 million in reve
nue, Gordon says he really believes 
that Analogic's engineers are about 
3 x as productive as the average 
in the industry. The productivity 
measure is revenues from product 

Where to from here? You decide. 

sales to end users divided by the 
cost of development. 

Gordon attributes the high pro
ductivity to Analogic's operational 
style-built not around managers, 
but around working project engi
neers. He feels that most companies 
are overburdened with paperwork 
and that they turn their most crea
tive engineers into managers, who 
at best turn out to be mediocre at 
managing and also become unpro
ductive as engineers. At Analogic, 
chief engineers spend most of their 
time engineering rather than man
aging. Thus, the company's most 
creative people are also its most 
productive. 

Analogic Corp 
8 Centennial Dr 
Peabody, MA 01960 
(508) 977-3000 
FAX (508) 531-7356; 
Circle No. 317 
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The four parts of Design It Right have included over 
100 do's and don'ts-techniques that the companies 
we've covered use to ensure that their product
development programs are successful. By "successful," 
the companies mean well received by customers, reli
able, and profitable. 

As we promised at the outset, there is less than total 
agreement among these companies on what works and 
what doesn't. For example, Quantum Corp relies on 
what it calls a "bump" environment (EDN, October 15, 
1992, pg 97) to encourage communication among 
members of a project team, whereas Teradyne (in this 
issue) says that you can't rely on people to communi
cate just because they sit close to each other. So, as 
we said in Part I, you've got to evaluate which of the 
series' do's and don'ts are worth trying in your own 
company or division. 

point. If this statement sounds like a sweeping generali
zation that nobody of sound mind could possibly dis
agree with, look around at the products you use every 
day and ask how many of them really succeed in ad
dressing your needs. (If you look at products made by 
companies other than your own, you'll probably be 
able to answer more objectively.) Once you've con
vinced yourself that other companies often fail to follow 
this totally obvious advice, maybe you'll be willing to 
concede that your own products could do a better job 
of addressing customer needs. 

One area where the companies agree unanimously, 
is that designing a successful product requires looking 
at the customer's problem from the customer's view-

When you've completed that exercise, go back over 
the do's and don'ts presented in the four parts of De
sign It Right and take a second look to see how many 
of the ones that you first dismissed as obvious might 
also be worth serious consideration. The do's and don'ts 
really represent a gold mine of ideas. However, the 
hard part-deciding which ideas can work for you, 
and actually making them work-has to be your 
responsibility. 
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Get a grip on portability. 

With Oki 3-Volt ICs and TQFPs. 

N eed to lower the power and lighten the load of your 

portable computing system? Oki's 3-Volt components 

and ultrathin packaging capabilities offer portability 

by the handful. 

Choose from 3-Volt ASICs, ROMs, OTPs, and 

microcontrollers that minimize the 

power requirements and maximize 

the battery life of portable 

computers, PCMCIA cards, hand-held industrial 

instruments, and other portable applications. Couple 

these with Oki's TQFPs, and you 'll cut your system 

down to competitive size and weight. 

For a better grasp of Oki's 3-Volt and TQFP 

offerings, call 1-800-0KI-6388 and ask for Package 061. 

JOO-pin d€-'Vice is 14mm x 14mm, .Smm lead pitch. 80-pin devtce is 12 mm x 12mm, .Smm lead pitch. 

Old ICI lor Portable Applicatlonl 

AllCI 3V and 3.3V/5V, > 50MHz, 
high-performance 0.8µm 
2-metal and 3-metal technology. 

M1m1rl11 3V and 3.3V masked ROMs, 
512K to 16M density, DIP and 
TSOP packages. OTPs up to SM. 

Mlcroc111tr1Her1 High-performance nX- ext
Generation µCs with < lµsec 
cycle time at 3 Volts. 

Ultr1tllln 
PICkllll 

Popular µCs and ASICs in lmm 
thick, lOmm to 14mm square 
TQFP packages. 

OKI 
Semiconductor 

785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0KI-6388, Pkg 061 
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DOS, Windows 
and real time. 
At the same time. 
The most widely-used application software 
runs on DOS and Windows. But they can't 
provide real-time capabilities for demanding 
industrial applications. 

Microware's OS-9000 Real-Time Operating 
System with Virtual PC (VPC) lets you run 
DOS and Windows as tasks under OS-9000. 
Data and 1/0 devices can be shared between 
the two environments. DOS or Windows 
applications can be used to monitor and 
control real-time processes running under 
OS-9000. And VPC is included FREE with 
the OS-9000 Real-Time Operating System. 

OS-9000 provides complete real-time devel
opment and run-time environments for hard 
real-time applications, including Microware's 
Ultra C advanced, high-technology ANSI C 
compiler. OS-9000 also offers extensive 
options for networking and graphics. 

Do you want DOS, Windows and real time at 
the same time? Call our toll-free number to 
order your complete "plug-and-play" OS-9000 
386/486 package for only $995. Or ask for 
your free copy of Questions & Answers for 
Serious 3861486 PC Users . 

Call Microware Today! 

1-800-475-9000 

MICROWARE SYSTEMS CORPORATION 

1900 N.W. 114th Street •Des Moines, Iowa 50325-7077 
England/Benelux / Scandinavia: (44) 703 601990 

Germany: (49) 6221-862091 •Switzerland : (41) 56-83-3377 
France/ Spain / Italy : (33) 42.58.63.00 

Microware and OS-9000 are regis1ered trademarks of Microware Systems Corporation. 
Vinual PC and Ultra Care trademarks of Microware. All Olher brand or product names 
are trademarks or registered trademarks of their respective holders. 
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Are you depending on a plastic latch to maintain 
your data 110 connection integrity? 

Better think twice. 
Twice, because only the Molex SEMCONN™ 
1/0 interconnect system features two points 
of contact, rather than just one. 

This two point contact system helps "lock" 
the connection, and maintain it through 
vibration as well as other demanding 
applications. 

Take a look at the SEMCONN system and 
you'll see that its positive locking plugs 
are constructed of a rugged, clear 94 V-0 
polycarbonate that allows for easy verifica
tion of wire color code before termination. 

The result is one extremely durable and 
reliable connection you can depend on. 

If you've been relying on a plastic latch to 
secure your data 1/0 connection, make it 
a point to contact Molex today for more 
information on the advanced SEMCONN. 

~ molex® 
'--/ 

Bringing People & Technology Together, Worldwide'M 

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 
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Making your 
24 bits better. 



PC display 
That's A1&T "Custofilerizing:' 

"Customerizing" means being 
ready today with a total 24-bit 
graphics solution - a complete 
package to enhance your multi
media PC applications. 

It 's an industry first from 
AT&T Microelectronics. A 
true-color graphics chip set 
with complete driver support, 
including 24-bit window 
drivers. Today! 

Developed to give you 
one-stop, hassle-free, true-color 
shopping. And priced to take a 
surprisingly small bite out of a 
PC design budget. 

16 million colors 
Offering quick and easy 
implementation, our chip set 
includes a True-Color VGA 
Controller and highly-integra
ted RAMDACs. 

This high-performance 
system, capable of generating 
over 16 million colors, makes 
possible a virtually unlimited 
range of shading possibilities. 

The system also delivers 
photographic-quality graphics 

-

display, provided by an AT&T 
True-Color VGA Graphics 
Controller that supports reso
lutions as high as 1024 by 768. 

Integrated Solution 
AT&T's chip set is designed for 
a 5-chip motherboard that con
sumes only 30 square centi
meters, and incorporates two 
memory devices. 

Flexibility? AT&T's chip set 
offers three RAMDAC options 
-24, 16/18 and 8/6 bit-so you 
can differentiate your applica
tion with various price/ perfor
mance points. 

Development time? Our 
complete manufacturing kit 
helps you sharply reduce 
design-in time and cost. 

For more on how you 
can give your product a 24-bit 
edge at the lowest possible 
system cost, just give 
AT&T Microelectronics a call 
at 1 800 372-2447, ext. 903. 
FAX: 215 778-4106. 
(In Canada: 
1 800 553-2448, ext. 903) 

AT&T 
Microelectronics 
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• processing 
Designing an optimum signal-processing system means 
choosing components, both analog and digital, based on 
their relative strengths. Traditional-but not necessarily 
archaic-analog components can speed up systems and 
reduce complexity. 

Anne Watson Swager, Technical Editor 

Although it may seem that DSP 
is supplanting many traditional 
analog functions, very few signal
processing systems are purely 
digital or purely analog. Some 
analog preprocessing is almost al
ways necessary, whether to am
plify, buffer, or modify the signal 
prior to AID conversion. The sys
tem designer's job is to determine 
which processing tasks analog 
and digital components perform 
most effectively. Using some tra
ditional analog ICs to preprocess 
signals prior to AID conversion 
can relieve the DSP µP's process
ing burden, reduce system com
plexity, and ultimately produce a 
more efficient system. In addition 
to these ICs, novel signal-proc
essing approaches present even 

more design possibilities (see 
box, "Signal processors defy ana
log and digital stereotypes"). 

You shouldn't view traditional 
analog-processing ICs such as 
multipliers, logarithmic amplifi
ers, and RMS-to-de converters as 
esoteric oddities. Although the 
circuit applications and the gen
eral functions of these ICs haven't 
changed much in recent years, 
these devices are by no means 
dead in the water. According to 
Barrie Gilbert, a well-known de
signer of many such circuits for 
Analog Devices, the latest ver
sions of these devices are no 
longer academic curiosities and 
involve new concepts more 
aligned with today's applications. 
New designs with lower prices, 

Toke a new look at traditional analog-processing !Cs-asking them to preprocess 
signals before A/D conversion will produce a more efficient system. (Photo courtesy 
Harris Semiconductor) 
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lower power, and high-speed per
formance make these components 
cost-, space-, and performance
effective for certain signal-proc
essing applications. 

A look at some of the tradeoffs 
between analog and digital signal 
processing puts these devices' use
fulness into better perspective. 
Many criteria determine whether 
an analog or digital approach is 
best. These criteria may establish 
whether you design an all-analog 
processing system or, if you'll be 
using DSP, where in the signal
processing chain you digitize the 
signal. 

digital is the best processing tech
nology." You could amend this 
quote to say that digital is the best 
postprocessing technology. There 
still is an incredible need for analog 
preprocessing, such as amplifica
tion, level shifting, and dynamic
range reduction, prior to AID con
version and digital processing. 

fast enough converter doesn't exist, 
you can preprocess the data-de
pending on the application-with 
analog components, such as RMS
to-dc converters, and then digitize 
the resultant signal with a slower 
converter. 

The converter's speed may not 
even be the problem. Many con
verters can digitize signals at sam
pling rates much higher than 2M 
samples/sec (enough to satisfy the 
Nyquist criterion for a 1-MHz sig
nal), but no current DSP µP has 
the speed or power to process con
tinuous data at such speeds. Most 
of these high-speed converters op
erate in a burst mode, supplying 
high-speed data to the processor in 
small packets. DSP µPs can process 
bursts of high-speed data intended 
for repetitive measurements. The 
emphasis on speed of all analog 
manufacturers has become clearly 

High speed belongs to analog 

Ultimately, both types of proc
essing have their own unique ad
vantages. As Michael Sedayao, ap
plications engineer at Elantec, puts 
it, "Analog is the best presentation 
technology-you can't easily inter
face with l's and O's directly-while 

Many performance and applica
tion features highlight the advan
tages of analog and digital process
ing. High speed is clearly analog 
processing's forte , with high speed 
in this case defined for any real
time, continuous signals sufficiently 
greater than 1 MHz. The speed 
limitations of digital processing lie 
in both the AID converter and the 
DSP µP. Measuring an ac signal re
quires an AID converter that's fast 
enough to convert that signal. If a 

Signal processors defy analog and digital stereotypes 
Start-up companies ore pioneering several innovative 
approaches to signal processing . Two very different 
systems, one analog and one digital, ore Comlineor 
Carp 's Acoustic Charge Transport (ACT) technology 
and Star Semiconductor's Sproc processor and accom
panying design tools. 

Comlineor uses very-high-speed GoAs hardware 
and surface-acoustic-wove (SAW) technology to imple
ment a variety of high-speed functions. The basic ACT 
device is essentially a transport channel that functions 
as a wideband topped delay line. Such delay lines 
form the basis for a variety of signal-processing de
vices, including transversal (FIR) f ilters. 

ACT technology (originally developed by Electronic 
Solutions Inc of Urbano , IL , wh ic h merged with 
Comlineor earlier this year) promises to deliver compu
tational power of over 45 bill ion multiply-accumulates 
per second, high-megahertz sampling rotes, program
mability, compact size, no required A/D and D/A con
version (the technology is 100% analog), and low 
power (systems on the order of a few watts). 

Proposed appl ications include pulse equalization and 
high-speed clock recovery for disk-drive read channels 
and adaptive filtering for digital audio broadcast. The 
first ACT-based port, due for introduction next month, 
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is a 127-top programmable transversal filter with a 
sampl ing rote of 360 MHz. The 40-pin-DIP device will 
cost approximately $7 50 ( 100). 

The second, purely digital, processing technique uses 
a novel multiprocessing architecture: a central processor 
surrounded by memory. Not only is the Sproc proc
essor architecture itself different from that of other DSP 
µPs, but Star Semiconductor 's development tools don 't 
require designers to become DSP programming and 
architecture experts. A cell library of high-level system 
blocks includes digital and analog functions. Any ana
log systems-level designer who starts with a block dia
gram of systems con implement that same function , giv
en some perfo rmance exceptions, us ing the Sproc µP. 

The company recently announced a 50-MHz version 
of the Sproc 1 400 processor ($7 4 ( 1 000)) and added 
more than 140 analog-and d ig ita l-processing functions 
in the cel l library for its Sproclab development system 
($8950). The library includes a variety of cells, in
cluding peak detectors, filters, logic functions, mathe
matical operators, and signal generators. It also in
cludes signal-conditioning blocks such as ampl if iers, 
rectifiers, phase-locked loops, signal genera tors, and 
an AGC circuit. 



evident: In addition to the process
ing !Cs discussed here, low-cost, 
very-high-speed op amps are now 
abundant (Ref 1). 

Analog suits fixed function 
Analog processing is best for 

fixed, dedicated functions; DSP is 
clearly the choice for tasks that re-
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quire programming or a complete 
change of processing algorithm
analogous to a complete change of 
circuit topology--0n the fly. Analog 
processing does allow some degree 
of flexibility (using digitally pro
grammable analog filters is one ex
ample), but this flexibility is limited 
to functions that you can implement 

9V 

20k 

15.723R 

1.04BBR 0.65R 

+ 
I 10µF 

MC68HC05 

.--- -----+--! Co 

1---1 SCK 

,__ _ __, MISO 

1k 
0.1% 0.33 µF 

1 µF I 7 10k 
,__ _ __, MOSI 
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3.4k 
1% 

178k 
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Fig 1- Two approaches to transducer linearization highlight the tradeoffs between analog 
and digital processing. Analog systems (a) can require trimming and expensive precision 
components, whereas digital systems (b) require some coding. Even the digital approach 
requires a surprising amount of attention to analog detail. (Courtesy linear Technology 
Corp) 

within a given circuit's basic topol
ogy. Digitally implementing control 
loops and servo mechanisms allows 
you to modify the control-loop algo
rithm easily. 

Digital processing has a slight leg 
up on analog signal processing when 
it comes to precision. Analog preci
sion is limited by gain errors, offset 
voltage, temperature drifts, non
linearities, and instability. Filters 
and other analog functions imple
mented digitally don't suffer from 
such effects. However, in any digi
tal-processing system, you can't ig
nore the errors incurred by A/D 
conversion. Every AID converter 
has front-end signal conditioning, 
which can compromise the precision 
of any digital processor. Also, every 
AID converter has a reference , and 
that reference is itself an analog 
component subject to drift. 

Dealing with wide dynamic range 
Wide-dynamic-range signals, in

cluding quite small signals, can be 
somewhat easier to deal with in the 
analog realm. For example, loga
rithmic amplifiers can effectively 
reduce the dynamic range of a sig
nal prior to digital processing. 
Without such signal reduction, say 
for signals with ranges greater than 
80 dB, the processing power and 
time necessary to deal with large 
numbers of bits becomes excessive. 

A drawback to analog-processing 
components is that they can require 
trimming and adjusting, both of 
which are costly manufacturing ac
tivities. Many analog components 
designed to reduce the necessity for 
trimming are available in a variety 
of performance grades. However, 
the higher-performance grades can 
cost two to three times more than 
the lowest grade. 

A subtle advantage of analog 
over digital is overload and noise 
recovery. Digital systems may need 
some sort of system reset after a 
noise spike on the input or power 
supplies, but analog components 
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can recover more quickly from 
these events, assuming the compo
nents have sufficient input protec
tion. Yet another subtle tradeoff is 
that analog processing gives you a 
choice: you can use a continuous
time or sampled-data technique. 
Digital is by definition only a sam
pled-data technique. 

Other analog- and digital-process
ing design considerations, such as 

reliability, size, space, power, and 
design time, depend entirely on the 
signals being processed. For high 
frequencies, analog components re
quire less power than high-speed 
AID converters.At low frequencies, 
the power required may be about 
the same. Design time between the 
two processing types isn't clear cut. 
Analog design can require hours for 
hand tweaking and testing of hard-

ware circuits. DSP, on the other 
hand, can require hours for writing 
and debugging software. 

Comparing costs between analog 
and digital processing also depends 
on the input signal. In addition to 
the cost of the DSP µP, you can't 
forget to consider the cost of front
end signal conditioning, such as the 
antialiasing filter and AID con
verter. 

Table 1-Representative multipliers, dividers, and multifunction ICs 
Total error 

(% of full scale unless 
Company Part number General description otherwise specified) Nonllnearlty 

Analog Devices AD534JH Precision, 4-quadrant multiplier ±10/o Y input: 
0.2% typ 
X input: 
0.4% typ 

AD538AD Analog computational unit that multiplies, divides, ±1% of reading NS 
and takes exponents ±500 ,,.v 

AD633J Low-cost, 4-quadrant multiplier 2% max Y input: 
0.1% typ 

0.4% max 
X input: 
0.4% typ 
1% max 

AD734AN High-accuracy, law-distortion. 4-quadrant 0.1% typ Y input: 
multiplier/divider 0.4% max 0.025% typ 

X input: 
0.05% typ 

AD834J High-speed, 4-quadrant multiplier 0.5% typ 0.5% typ 
2% max 1% max 

Burr-Brown DIV100JP 2-quadrant divider 0.3% typ NS 
0.50/o max 

MPY100BM 4-quadrant multiplier/divider 10/o max 0.080/o 

MPY534KH 4-quadrant multiplier 0.50/o max Y input: 
0.010/o typ 
0.10/o max 
X input: 

0.20/o typ 
0.30/o max 

MPY600AP Wide-bandwidth, 4-quadrant multiplier ±25 mV !Vour) NS 
±88 ,,.A (lourl 

MPY634BM Wide-bandwidth, precision 4-quadrant multiplier 0.50/o max Y input: 
0.010/o typ 
0.10/o max 
X input: 
0.20/o typ 

0.30/o max 

4302 Multifunction converter that multiplies, divides, 0.250/o NS 
squares, exponentiates, and performs trig functions (multiplier and divider) 

Elantec EL2082C Current-mode, 2-quadrant multiplier NS NS 

Eur XR-2208CP/2228CP Operational multipliers that combine 4-quadrant NS 1.00/o max 
multipliers with a buffer and op amp 

Harris HA-254617 2-quadrant multipliers 1.6% typ, 3 max NS 
Semiconductor (2546 has V output, 2547 has I output) 

HA-255617 4-quadrant wideband multipliers 1.5% typ, 3% max NS 
(2556 has V output, 2557 has I output) 

Raytheon RC4200 4-quadrant multiplier 20/o max 0.10/o max 

Note: 
NS=Not Specified 
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collector current and the base
emitter voltage. 

A typical multiplier based around 
the Gilbert cell, such as the indus
try-standard 4-quadrant AD534 and 
MPY534, contains the following 
sections (Fig 3): a set of voltage-to
current converters for the X and 
Y inputs; a multiplying cell, which 
includes a set of matched current 
sources; a reference; and a differen
tial amplifier. The converters pro
duce linearly related currents from 
the X and Y voltage inputs. The 
multiplying cell produces two cur
rents whose difference is propor
tional to the product of the input 
voltages. The amplifier converts 
this current difference to a single
ended output voltage. The AD534 
also has a Z input, which allows you 
to add another signal to the output. 

Many of the other multipliers in 
Table 1, including those from Burr
Brown and Harris Semiconductor, 
use the Gilbert-cell technique for 
multiplication. However, not all of 
the multipliers or devices in the ta
ble are made from this transconduc-

+Vs 
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tance mold. For example, Burr
Brown's 4302 and the AD538 imple
ment the following tr an sf er function 
using a log-antilog technique (the 
part multiplies and divides by sub
tracting and adding logs): 

VouT = (V z/V xr. 
Elantec's EL2180 is also quite a bit 
different from the Gilbert-cell
based amplifier. This 2-quadrant 
device is a building block for gain
control circuits. Whereas the Gil
bert-cell-type multipliers are volt
age-in, voltage-out devices (they do 
work with current internally), the 
EL2180 has a current input and a 
current output. In most circuit ap
plications, you would add an input 
resistor and an op amp to imple
ment a specific function. 

Spec includes feedthrough, offset 
The total-error specification of 

any multiplier is the maximum dif
ference between the multiplier's ac
tual and ideal output values for any 
pair of de input voltages within the 

- Vs 

SCALE FACTOR 
(SF) u----t 

STABLE 
REFERENCE 

AND BIAS 

x, 

X2 

Y, 

Y2 

z, 

Z2 

TRANSLINEAR 
MULTIPLIER 

ELEMENT 

ATIENUATION 

OUTPUT 

Vour=A( (X1-X2)(Y1-Y2) - (Z1-Z2)] 
SF 

Fig 3-A typical 4-quadrant multiplier based on the Gilbert cell, such as the industry
standard '534, contains the following sections: a set of vohage-to-current converters for 
the X and Y inputs; a muhiplying cell, which includes a set of matched current sources; 
a reference; and a differential amplifier. 

multiplier input range. Static error 
terms, such as input and output off
sets, scale factor, feedthrough, and 
nonlinearity, add errors to the total 
error specification of the device. 

Although total error is an all
encompassing specification, the in
dividual error terms can be impor
tant for certain applications. As al
ready mentioned, feedthrough is 
clearly important for those applica
tions in which the output has to go 
to zero. Likewise, output offset is 
also important for these same appli
cations if they are de-coupled. 

Nonlinearity is the maximum de
viation of the output voltage from 
a straight-line transfer function. As 
you can see from the nonlinearity 
numbers in Table 1, the specifica
tions for the X and Y inputs can 
be quite different for transconduc
tance-based multipliers. These dif
ferences stem from the circuit topol
ogy of the translinear cell. 

More than the name implies 
Classifying the applications for 

multipliers is about as easy as clas
sifying the uses for an op amp. Al
though some applications do call for 
multipliers to perform straightfor
ward multiplication o.f two signals, 
multipliers are also useful for con
trolling voltage or gain, as either 
voltage-controlled amplifiers or 
gain-controlled amplifiers. Numer
ous multiplier data sheets and 
application notes give example cir
cuits (Fig 4.) 

Log amps compress signals 
Another type of analog computa

tional component is the logarithmic 
amplifier, or log amp for short. Log 
amps can be confusing (see Ref 6 
for a clear and current discussion 
of log amps), and the confusion 
starts with their name. Log amps 
are not amplifiers in the usual sense 
of the word, because they are inher
ently nonlinear components. 

Log amps are useful whenever you 
need to monitor a signal, control a sig
nal, or compress a signal of large 
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dynamic range-of say 50 to 100 
dB-to some smaller range. Log 
amps perform compression without 
any other controlling elements, 
such as AGC loops. Inserting a log 
amp in front of an 8-bit AID con
verter can enable that converter to 
handle signals with large dynamic 
range, such as 16 bits or 96 dB. 

Log amps fit into three basic cate
gories (Ref 6): translinear, base
band, and demodulating. Most early 
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±12V PEAK 

1 sv~ 470k I I 
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X2 OUT 

z, 
MPY634 
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log amps were designed around the 
translinear principle discussed ear
lier. Burr-Brown's LOGlOOJP 
($36.05) computes the logarithm of 
an input signal by using the natural 
logarithm characteristics of the pn 
junction of a diode or transistor. 
This log amp features an input dy
namic range of 6 decades and a 
0.37% maximum total error over 5 
decades. 

The main liability of translinear-

AD633 
15V 

+Vs 

15V x, 
7 

based log amps is low bandwidth. 
Not only is their bandwidth fairly 
low, but it changes with input signal 
level (actually a problem for a number 
of nonlinear circuits). For example, 
as the input currents of the LOG
lOOJP decrease from 1 mA to 1 nA, 
the bandwidth decreases from 45 to 
0.11 kHz. Thus, this type oflog amp 
is useful primarily for low-fre
quency instrumentation applications. 

Baseband and demodulating log 
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Fig 4-Multipliers comprise the basis of a number of application circuits. While you can certainly use multipliers to perform straightforward 
analog multiplication (a), multipliers can also implement voltage-controlled filters (b), 90-MHz voltage-controlled amplifiers (c), and 
linearized gain controllers/faders (d). (Courtesy Burr-Brown Corp, Analog Devices Inc, and Elantec Inc) 
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amps have much higher bandwidths 
and suit communications applica
tions. Baseband log amps produce 
a logarithmic output of the instanta
neous value of some rapidly chang
ing input. Demodulating log amps 
accept modulated, sinusoidal input 
signals and, using rectifiers, pro
duce a quasi-de signal that corre
sponds to the envelope of that input 
signal. Both achieve their high
bandwidth properties using a pro
gressive-compression technique. 
This technique uses a chain of cas
caded amplifiers, each having mod
erately low gain. Because each 
stage handles only a little of the 
overall log amps' gain, the band
width of each stage can be very 
high, leading to an overall response 
with high bandwidth. 

Analog Devices' AD640 ($29.95 
(100)) and new AD606 ($20 (100)) 
are demodulating log amps based 
on this technique and feature band
widths of 120 MHz and 50 MHz, 
respectively. The AD606, intro
duced in September, features an 80-
dB range, operates from one 5V 
supply, and requires 65 mW. The 
company designed the part primar
ily for digital-mobile-radio systems 
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to help measure the received RF 
power in handsets and base sta
tions. However, the part is still 
fairly general purpose and will per
form as a baseband log amp. You 
can use the part at audio frequen
cies by using some external capaci
tors. 

RMS-to-de converters do exactly 
as their name implies. Using one 
of three methods-thermal, im
plicit, or explicit-they convert the 
RMS level (power) of a waveform 
to a de value. Just as with multipli
ers, RMS-to-de converters have a 
variety of error sources. The impor
tant specifications for RMS-to-de 
conversion are accuracy, crest
factor range, bandwidth, and dy
namic range. The crest factor of any 
waveform is the ratio of its peak 
value to its RMS values. RMS con
verters have the same Achilles heel 
as translinear op amps; namely, 
bandwidth is a function of input am
plitude. 

The mathematical definition of 
RMS voltage is 

Manufacturers of signal-processing ICs 

Practically speaking, t he RMS 
value is the amount of de signal re
quired to produce an equivalent 
amount of heat in the same load. 
Thus, the thermal method is the 
most conceptually basic. However, 
the implementation of a thermal 
RMS-to-de converter is far from 
elementary. Linear Technology's 
LT1088 building block ($13.95 (100)) 
is the only monolithic IC that uses 
the thermal technique. This part's 
fabrication technology is unusual 
because of the requirement of the 
die attach's thermal resistance. 
Making this resistance very high 
minimizes other internal mis
matches within the IC. Thus, the 
company uses air-impregnated 
polymer as the die attach, which 
shows up as bubbles in a side-on die 
photo. 

The thermal-conversion tech
nique's main advantage is wide 
bandwidth. The LT1088 is not a 
stand-alone part, but when com
bined with a few amplifiers and pas
sive components, it can achieve ac
curacy of 1 and 2% of full scale for 
signals from de to 50 and 100 MHz, 
respectively, and handle crest fac
tors of 50: 1. 

For more information on the signal-processing methods and components such as those described in this article , circle the 
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1630 McCorthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
FAX (408) 434-0507 
Circle No. 307 

Raytheon Semiconductor 
350 Ellis St 
Mountain View, CA 94039 
(415) 968-9211 
FAX (408) 522-7055 
Circle No. 308 

Star Semiconductor Carp 
25 Independence Blvd 
Warren, NJ 07059 
(908) 647-9400 
FAX (908) 647-4755 
Circle No. 309 

Please also use the Information Retrieval Service cord to rote this article (ci rcle one): 

High Interest 473 Medium Interest 474 Low Interest 475 
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If the 
performance specifications 

don't convince you, 
Internal 

Form Formatted Transfer Rate Spindle Speed 
Factor Megabytes (Mb/sec) (RPM) 

ST11200 3.5" 1,050 40 5400 

Wren9 5.25" 1,900 31 3600 

Elite 2 5.25" 2,129 40 5400 

Elite 3 5.25" 2,904 52 5400 

the five-year warranty will. 
. When a drive offers specifications like these, 

you want it to last a long, long time. And now, 
with Seagate's new five-year warranties on these 
top-of-the-line drives, that longevity is guaranteed. 

The drives on this chart represent the leading-edge 
technology products that make Seagate the first name 
in high-performance disc drives. They're ideal for 
applications like workstations, fileservers, 
arrays, minicomputers and even mainframes- I!! 
the systems where drive longevity is especially vital. 

New five-year warranties are just one of the 
many ways Seagate is working toward new levels 
of leadership in quality, technology and service. 
Call Seagate today at (408) 438-6550 for complete 
product and warranty information. 

c5§> Seagate 
Seagate, Seagate Technology, Wren, Elite, the Seagate logo and the Storage By Seagate logo are registered trademarksof Seagare Technology, Inc. © 1992 Seagate Technology, Inc EDN November l 
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Sprague-Goodman 

\ 

Muldturn Plastic 
Trimmer capadtors 

• Cap ranges: 0.25-1.5 pf; 
2.0-10 pf 

• Multiturn resolution at low cost 
• Q typically > 2000 to VHF 
• Temp coefficient of capacitance: 

-50 ± 50 ppm/<'C; 
O ± 200 ppm/°C 

• Operating temp: -55° to 125°C; 
-40° to 100°C 

Phone, fax or write today for 
Engineering Bulletin SG-401 B. 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 •Fax: 516-746-1396 

CIRCLE NO. 80 

Glass and Quartz 
Pistoncaps® 

• Designed to meet MIL-C-144090 
• QPL models 
• Extremely stable over temperature, 

frequency, voltage, etc. 
• Cap ranges: 0.5-3.0 pf to 1.0-120 pF 
• Zero backlash multiturn adjust 

mechanism 
• Operating temp: -55° to + 125°C 

(models to + 200°C) 
• Q to 1500 at 20 MHz 
• Wide variety of configurations for PC 

and panel mounting 
• Voltage ratings from 500 to 5000 V 

Phone, fax or write today for 
Engineering Bulletin SG-205A. 

11a1111 
134 Fulton Ave., Garden City Park, NY 11040 

Phone: 516-746-1385 •Fax: 516-746-1396 
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Signal processing 

Implicit and explicit conversion 
techniques either indirectly or di
rectly perform the actual functions 
of the above equation: squaring, av
eraging, and square rooting. Be
cause multipliers perform squaring 
functions, you can use multiplier/ 
divider !Cs to design RMS-to-de 
converters. In fact, you'll find a 
number of RMS-to-de conversion 
circuits in the application notes that 
accompany multiplier data sheets. 

The AD736 and AD737 (starting 
at $3.97 (100)) are Analog Devices' 
latest converters that can compute 
the true RMS value, the average 
rectified value, and the absolute 
value of a variety of input wave
forms. The word true implies that 
these converters can accurately 
measure not only pure sine waves 
but other waveforms, including 
square waves , pulse trains, dis
torted sine waves, and noise. The 
converters require at most one ex
ternal capacitor to perform these 
computations_ These devices are 
suitable for portable instruments
most notably multimeters-because 
they feature power-supply current 
under 200 µA and can operate with 
power-supply spans as low as 6V. 
For their rated accuracy of ± 0.5 
m V, ± 0.5% ofreading, the convert
ers handle input signals from de to 
1 kHz and handle signal crest fac
tors up to 5. 

Multipliers (and their relatives), 
log amps, and RMS-to-de convert
ers are just three types of special
function analog components. Many 
other specialized devices, such as 
dedicated voltage-controlled ampli
fiers (Analog Devices, Burr-Brown, 
and Comlinear,) voltage-to-fre
quency converters (Burr-Brown,) 
trigonometric-function converters 
(Analog Devices), and integrating 
devices (Burr-Brown), exist_ Keep
ing an eye on the continuing devel
opments of these !Cs and perusing 
through what you might think are 

obscure additions to analog-compo
nent data books may provide you 
with some surprising signal-proc
essing circuits. C3!.IJ 
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And, for those who require a + 12 Volt output 
for flash memory or other functions, the 
companion unit offered is a 1 MHz step-up 
Boost Converter 

Power Trends' Power Chipset ™ drastically 

COll1t and simplfies your 
deslgri. means lower costs and shorter 
time to marked 

Power Trends' 1.5 Amp product was 
voted the power supply innovation 
of 1990 by EDN magazine. Now, 

the new Power Chipset™ has been 
included in Intel's Mustang Kit, 
an Intel 386™SL Microprocessor

based reference design for Notebook 
PC OEM's. 

Call or write for more information about 
Power Trends' entire line of DC I DC Con
verters and Integrated Switching Regulators. 
Samples are available now. Call today 

a 
PO\NER TRENDS 

Power Trends, Inc. 1101 North Raddant Road, Batavia, IL 60510 • (708) 406-0900 •FAX (708) 406-0901 
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Source, Select, Manage. 
(Hours) 

Maximize productivity 
for all your engineers. 

with CAPS® network-based 
co111ponent111anage111ent 
syste111s 

122 • EDN November l 2, 1992 

NOCON 
How much can you save by integrating a CAPS component 
infonnation system into your local area networks? Plenty 
if you're like most organizations. 

Rockwell's Collins Air Transport Division saved hundreds 
of engineering hours in just a few months. Tekelec saved 
more than $50,000 the first year. Welch Allen's Data Col
lection Division saved over $19 ,000 at the demo. 

In fact, five-fold productivity gains in component selection 
are common with benefits to design engineering, component 
engineering, manufacturing engineering and purchasing. 



TEST. 
CAPS is a CD-ROM based database that makes it easy to 

find and compare ICs, semiconductors, resistors and capaci
tors. A search through millions of parameters takes seconds. 
The complete database is updated monthly so you're always 
working with current information. 

Plus CAPS accommodates pref erred parts lists so 
you can implement 
consistent selection 
practices through
out your organization. 

Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage, 
Source, Select, Manage. 
(Minutes) 

It all adds up to better quality management. 
And dramatically improved productivity. 

See for yourself. CAPS is available for PCs, workstations, 
and in a variety of network configurations. Send for a free 
demo disk and complete details. (800) 245-6696. 

C A H N E R s 

Cahners Technical lnfom1ation Sel\lice, 275 Washington Street, Newton, MA 02158, (800) 245-6696. (6 17) 558-4960. Fax: (617) 630-2168 
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MC68LC040 

EPROM 
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1 or4MB DRAM 

Of course you can. And we'll even help you. With the 
new MVME162 Embedded Computer. 

you like with that? 
Decisions, decisions. And they're all yours. 

MC68040 

The MVME162 is modular. Adaptable. So that you can 
select the exact functionality you want, without paying 
for features you don't need. 

About the only thing that's not optional is Motorola's 
unmatched single board computer expertise, break
through engineering, outstanding performance and 
unwavering commitment to quality. 

That's standard with every board. 

I 
I 
I 
I 

:J 

Now, would you like your MVME162 with a 68040 
CPU (with floating point) or a 68LC040 CPU (no floating 
point)? VME bus or no bus? One, two, three, or four 
IndustryPack"'modules? Synchronous or Asynchronous 
serial ports? Ethernet or SCSI? lMB DRAM or 4MB? 
512K or 2MB of SRAM? And what other functions would 

With all that the MVME162 offers you, the easiest deci
sion to make is to call 
the number below for a MOTOROLA 

~ 
free information pack. Computer Group 

r----------------------------------------, 

t 1-800-234-4VME J 
L----------------------------------------~ 
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Wescon/92 combines 
five shows in one 

GARY LEGG, Senior Technical Editor 

Wescon/92's short courses and technical ses
sions let y ou concentrate on one technology 
and branch out to others. 

Five separate electronics conventions, each one special
izing in a single technology area, are on tap at this 
year's Wescon. The annual show will be held in 
Anaheim, CA, from Tuesday, November 17, to Thurs
day, November 19. The convention will feature product 
exhibits and technical sessions in electronic compo
nents, ICs and semiconductors, test and measurement, 
design automation, and electronic production, as well 
as several short courses. 

Exhibits and technical sessions for the five shows 
are under one roof at the Anaheim Convention Center, 
and a single ticket provides access to all. Short courses 
for technical and personal development, which start 
on Monday, November 16, will be held in the Anaheim 
Hilton Hotel. 

Several special events will reflect Wescon's theme, 
the business of change in the electronics industry. 
In the keynote address, Hughes Aircraft Co Chair
man and Chief Executive Officer C Michael Armstrong 
will discuss technology transfer from military to 
commercial markets. Armstrong will speak in the 
Anaheim Convention Center on Tuesday, November 
17, at 11 am. 

Throughout the show, officials of Wescon and the 
US Department of Commerce (DoC) will conduct ac
tivities that promote international business opportuni-

ties between manufacturers and buyers of electronic 
products and services. Additional events will include a 
post-election economic forecast (Wednesday at 2 pm) 
and sessions on advanced technologies (Tuesday 
through Thursday). 

The sessions on advanced technologies augment five 
other session tracks, one for each of the "mini" Wescon 
conventions. The separate shows are: 
• IC Expo--for manufacturers of ICs and semiconduc

tors 
• Computools-addressing computer tools for engi

neers 
• EC World-eovering passive electronic components, 

packaging, and interconnect 
• !TM-International Test and Measurement 
• EPEX-Electronic Production Expo. 

All together, the six technical-session tracks encom
pass about 40 individual sessions (Table 1). 

Most of the Wescon short courses cover technologies 
that are in rapid transition (Table 2). Fuzzy logic, neu
ral networks, object-oriented software engineering, 
surface-mount technology, biomedical engineering, and 
fiber optics are some of the key topics. 

There are also career-oriented courses, including 
"High technology corporate dynamics for women en
gineers" and, perhaps wryly pertinent to the existing 
US economy, "How we all found jobs." Short courses 
last either a day or half a day. 

Wescon's theme of change in the electronics business 
will be highlighted by emphasis on global markets and 
international alliances. Show manager Jane Cook pre-
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Table 1-Technical-session schedule 

Advanced 
IC EXPO Computools Technologies EC World ITM EPEX 

9 am IC-1 C0-1 AD-1 EC-1 IT-1 EP-1 
to High-performance Network Outlook 2000 Practical advanced Bus-based instru- International issues 

11 am clock networks performance technology applica- mentation and the 
management lion for electronic SCPI standard 

packaging 

~ 12:30 pm IC-2 AD-2 EC-2 IT-2 

l1 to High-performance Applications for Are multichip Test strategy 
... 2:30 pm logic in the 90s fuzzy logic modules (MCMs) innovations for the 
F. for real? 90s-tutorial 

3 pm IC-3 AD-3 EC-3 IT-3 EP-2 
to Cache technology Emerging technol- Microprocessors in Insight into applica- SMT/FPT 

5 pm today: from note- ogies-where is the embedded control lions of IEEE 1149 processing 
book to 67-MHz file automotive industry applications test standard 

servers heading?-panel 

9:30 am IC-4 C0-2 AD-4 EC-4 IT-4 EP-3 
to FPGA/EPLD EDA and design EE Times emerging Flat-panel display ASIC test: prototyp- Process improve-

11:30 am architectures technology for high- technologies technology ing emulation and ment: six-sigma 
complexity ASIC- verification and beyond 
based systems 

>- 12:30 pm IC-5 C0-3 AD-5 EC-5 IT-5 .. 
"C to IC design advances Design automation The reality of High-performance Integrated-circuit ., ., 

2:30 pm for portable systems for very-large-ASIC virtual reality-I batteries I: portable test and emulation c 
"C design applications 
~ 3 pm IC-6 C0-4 AD-6 EC-6 IT-6 EP-4 

to BiCMOS goes FPGA tools The reality of High-performance Instrumentation and The impact of the 
5 pm mainstream virtual reality-II batteries II : design measurement tech- "American with dis-

(hands-on workshop) issues and high- nology-the deci- abilities act" on 
power applications sion to test engineering and 

manufacturing 

9:30 am IC-7 C0-5 AD-7 EP-5 
to DRAM architecture EDA component Digital video Environmentally 

11:30 am for high-speed data libraries-future technology conscious menu-
transfer directions-panel facturing I: alterna-

live materials and 
~ processes 
~ 12:30 pm IC-8 AD-8 EP-6 
::I 
~ to Innovations in Electronic appli- Environmentally 
I- 2:30 pm specialty memories cations of high- conscious manu-

temperature facturing II: process 
superconductors waste reduction, 

recovery, and 
recycling 

Table 2-Short-course schedule 

Monday SC1 9 am to 1 pm SC2 9 am to 12:30 pm SC3 9 am to 5 pm SC4 9 am to 3 pm SC5 9 am to 5 pm 
November 16 Design-oriented analysis High-technology car- Technical career How we all found jobs Design for testability 

methods: a survival porate dynamics for management 
course women engineers 

Tuesday SC6 9 am to 5 pm SC7 9 am to 5 pm sea 9 am to 1 pm SC9 9 am to 5 pm 
November 17 Total quality and R&D in The Demeter method for Biomedical engineering : Faster new-product 

the 90s (Parts 1 and 2) object-oriented software where the engineering development 
Part 1: development disciplines are needed 

Total quality in the DoD and what is occurring in 
environment this exploding lield 

Part 2: 
Weapons-systems 

acquisitions update 

Wednesday SC10 9 am to 5 pm SC11 9 am to 5 pm SC12 9 am to 5 pm SC13 9 am to 1 pm 
November 18 Concurrent systems Surface-mount and fine- Introduction to neural Electronic cooling 

architecting and pitch technologies networks and fuzzy 
engineering information-processing 

systems 

Thursday SC14 9 am to 5 pm SC15 9 am to 5 pm SC16 9 am to 1 pm 
November 19 An introduction to fiber- Use of Spice power for A management briefing 

optics systems design modern analog on CASE 
simulation 
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What Wes con/ 9 2 attendees 
need to know 
Here 's the basic information you'll need if you attend 
Wescon/92: 
Exhibits: Anaheim Convention Center from 9 am 
to 5 pm Tuesday, November 17, and Wednesday, 
November 18; 9 am to 4 pm Thursday, November 
19 . 
Technical sessions: Anaheim Convention Center 
from 9 am to 5 pm Tuesday, November 17, and 
Wednesday, November 18; 9 am to 2:30 pm Thurs
day, November 19. 
Short courses: Anaheim Hilton Hotel, full-day (9 
am to 5 pm) and part-day short courses Monday, 
November 16, to Thursday, November 19. 
Fees: Regular admission free to qualified preregis
trants, $10 at the door. Covers all exhibits and 
technical sessions . Short-course tuition is $40 to 
$250 per course for advance registration, $50 to 
$300 at the door. Advance registration is advised. 
Parking: 2000 to 3000 spots at Anaheim Conven
tion Center for $5 a day, additional parking at Hil ton 
and Marriott hotels for $7 a day. 
Transportation : Shuttl e buses between the 
convention center and several nearby hotels . 
For more information: Phone (800) 877-2668 
or FAX (3 10) 64 1-5 11 7. 

diets that 15 to 18% of this year's Wescon attendees 
will be foreigners, up from 12% last year. Cook expects 
18 to 20% of exhibitors will be foreign companies, many 
of them supported by their governments and trade 
agencies. 

Capitalizing on Wescon's international mix, the 
show's organizers are assisting the DoC with its For
eign Buyer Program. In that program, DoC officials 
work with US embassies and consulates to match for
eign buyers with US companies. Wescon representa
tives work with DoC officials, foreign trade representa
tives, and show attendees to set up consultations. 

Wescon officials expect more than 1250 exhibitors 
at the show and predict attendance of 45,000. ~ 
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DSP FLOATING POINT 
POWER FOR ONLY 

s995· 
Now available: the Elf-31, an 
integral PC component or versatile 
DSP development tool. It incorporates 
a floating-point DSP and a full 
complement of signal converter and 
interface technologies. 

Options include a complete library 
of algorithms: 

• Audio processing for stereo 
music and sound effects. 

• Speech processing for voice mail 
and voice synthesis. 

• Functions as a FAX/Modem. 

Call for complete details. 

404/892-7265 • FAX 404/892-2512 
*OEM Board, quanity 10 price for hardware only 

AT compatible & 
equipped with: 

• On-board Tl 
TMS320C31 

• Stereo high
quality 16-bit 
A-DID-A 
Converter 

• DAA telephone 
line interface 

Atlanta Signal Processors, Inc. 
770 Spring Street 
Atlanta, GA 30308 USA 

CIRCLE NO. 176 

•High power factor 0.99 
•Design, manufacturing in Japan 
• Repair center in U.S.A. 

FOK also specializes in DC-DC converters, hybrid ICs, memory 
cards, ferrite cores, lithium batteries, stepper motors, optical 
isolators, etc. 

FDK Your Best Strategic Partner 

FDK AMERICA, INC. 
A Division of Fuji Electrochemical Co., Ltd. 
San Jose Office: 3099 North First Street, San Jose, CA 95134, U.S.A. 
TEL: 408-432-8331 FAX: 408-435-7478 

Dallas TEL: 214-650-7742 FAX: 214-650-7792 
Boston TEL: 617-487-3198 FAX: 617-487-3199 

CIRCLE NO. 177 
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Switching supplies 
Model 2549 switchers incorporate 
built-in 0.99 power-factor correction 
and deliver 2000W with an input 
of 180 to 264V ac. The single-output 
unit is designed to meet the most 
stringent international safety and 
EMI standards, including IEC 
555-2, which places limits on line
current harmonic content for sup
plies rated higher than 300W. 

The PM2549 line offers nine volt
age-current combinations with volt
ages ranging from 2 to 48V. A typi
cal unit, which provides 5V at 400A, 
is housed in a 5 x 8 x 15-in. enve
lope. Additional features include 
± 0.25% line and load regulation, 
self-contained forced-air cooling, re
mote sense, isolated output, and 
automatic soft start. Overvoltage, 
overload, overtemperature, and re
verse-voltage protection are stan
dard. From $1650. 

Pioneer Magnetics, 1745Berke
ley St, Santa Monica, CA 90404. 
Phone (310) 829-6571. FAX (310) 
453-3929. Booth 1662. Circle No. 401 

Keyboard 
Model G80-1600 is a full-function 
PC/XT-, PC/AT-, and PS/2-compat
ible keyboard. It features integral 
bar-code reading, which expedites 
product identification in a variety 
of applications. Specially designed 
to operate in most commercial and 
industrial environments, the unit is 
mechanically strong and easy to 
clean. 

The keyboard is a 103-key unit 
with built-in port and driver cir
cuitry that mates perfectly with 

plug-in-play scanning devices such 
as Nippondenso's state-of-the-art 
charged coupled diode units. The 
keyboard is available in US and in
ternational versions. It has LED 
mode-selection indicators and incor
porates gold crosspoint keyswitch 
modules. The contacts are rated for 
50 million operations and feature a 
4-mm travel. 

The G80-1600 also includes sepa
rate cursor and numeric keypads, 
synchronous-data format, mode
selection switch located under the 
keyboard, and international avail
ability in a variety of languages. 
$289. 

Cherry Electrical Products, 
3600 Sunset Ave, Waukegan, IL 
60087. Phone (708) 360-3599. 
Booth 2157. Circle No. 402 

Disk set 
This custom CD-ROM (compact
disk read-only-memory) set will 
contain Philips/Signetics ICs and 
discrete semiconductor components, 
unabridged scanned databooks 
including errata sheets, specifica
tions, and application notes. The 
disk set contains a subset of the 
CAPS (computer-aided-product
selection) semiconductor database 
including part numbers of Philips/ 
Signetics competing manufacturers. 
The database will be parametrically 
searchable, letting users cross
reference competing part numbers. 

CAPS is a networkable compo
nent-selection management system 
that lets engineers select the best 
components available for a new de
sign. It lets you identify equivalent 
devices and alternative sources , 
find MIL-spec parts, and ensure 
that a specified part is still in pro
duction; it also lets you look up ob
solete components and identify 
equivalent replacements. CAPS 
provides query-driven access to 
more than 1.5 million components 
and hundreds of thousands of 
manufacturers' data sheets, techni-

cal specifications, and applications 
data. 

Cahners Technical Information 
Service, 275 Washington St, New
ton, MA 02158. Phone (617) 558-
4999. FAX (617) 630-2168. Booth 
2240. Circle No. 403 

Terminal blocks 
Series 86 and 87 Eurostyle terminal 
blocks are 2-piece plug and header 
systems that are polarized with the 
industry-standard scalloped design. 
The units are interchangeable and 
intermateable with competitive 
pluggable terminal blocks. 

The plug in the Eurostyle system 
features rising cage pressure 
clamps that hold wires with a posi
tive grip. The clamp compresses the 
wires uniformly at any location in 
the cage. Wire-size capability 
ranges from #12 to #30 AWG. 

The terminal blocks are available 
in sizes of 2 to 12 positions. Termi
nal spacings equal 0.2 in. and 5 mm 
for Series 86 and 87 terminal blocks, 
respectively. The blocks conform to 
VDE specifications; UL and CSA 
approvals are pending. $0.44 (250) 
per mated line. 

Beau Interconnect Systems, Box 
10, Laconia, NH 03247. Phone (603) 
524-5243. Booth 1490. Circle No. 404 

Power supplies 
Uniflex Series 500W open-frame 
switching supplies are made up 
from three output modules. These 
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modules have wide adjustment 
ranges that span nominal voltages 
of 2 to 6V, 5 to 15V, and 15 to 36V. 
The modules also feature independ
ent overvoltage and overcurrent 
protection. 

Multioutput Uniflex supplies are 
available with 5V main outputs of 
either 60 or 70A. Single-output ver
sions have 2-, 3.3-, 5-, 12-, 15-, and 
48V outputs. Line and load regula
tion equals 0.1 % and ripple and 
noise measure 1 %. 

Standard supply features include 
remote sense on all outputs, current 
share, power-good signal, remote 
inhibit, jumper-selectable 115/230V 
ac input, power limit, thermal shut
down, and Class A EMI input filter. 
Options include a universal input, 
Class B EMI filter, and rear- or top
mounted de fan. $480 to $690. Deliv
ery, stock to six weeks ARO. 

Unipower Corp, 2981 Gateway 
Dr, Pompano Beach, FL 33069. 
Phone (305) 974-2442. FAX (305) 
971-1837. Booth 2542. Circle No. 405 

Function generator 
Model 2003-485 has de to 1.6-MHz 
frequency range with five se
lectable waveforms and six opera
tional modes. Frequency stability is 
guaranteed at ± 10 ppm with 10 
digits of resolution. Output wave
forms include sine, square, triangle, 
and ramp. Functions include full in
ternal sweep capabilities program
mable for linear or log mode across 
the entire frequency range. The 
digitally controlled output is 20-m V 
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p-p into an open circuit or 10 m V 
into a 500 load. 

The computer interface on the 
2003-485 lets you set and retrieve 
all generator modes and parameters 
from a PC or any computer 
equipped with an RS-485 serial 
port. The interface accommodates 
as many as 32 devices on a single 
bus in a daisy-chain fashion. 

The generator has facilities for 
stand-alone operation. The unit has 
a 32-character LCD with a keypad 
and rotary tuning knobs for select
ing functions. $750. 

Global Specialties, 70 Fulton 
Terrace, New Haven, CT 06512. 
Phone (203) 624-3103. FAX (203) 
468-0060. Booth 2656. Circle No. 406 

Electromechanical relay 
Long Life electromechanical relays 
(EMRs) are rated for 20 million full
load operations even with inductive 
loads-200 times longer than a typi
cal EMR. The relays owe their ex
tended life to a patented fabrication 
technique that prevents contact 
failure. 

The family includes two models 
that operate with a 24-V de input 
and feature 5A contacts. The ORA 
and ORC can switch loads as high 
as 1250-VA ac and 300W de, respec
tively. The 1/0 isolation for both 
models equals 3 kV, and operating 
range spans - 20 to + 52°C for the 
ORC and - 20 to + 58°C for the 
ORA. 

Long Life relays are 9 mm wide, 
allowing DIN rail mounting of 33 

relays per foot. Both models feature 
an LED status indicator. $39. 

Entrelec, 1950 Hurd Dr, Irving, 
TX 75038. Phone (800) 431-2308. 
Booth 1778. Circle No. 407 

Surface-mount networks 
PRCDOOl Series surface-mount re
sistor-capacitor-diode networks are 
fabricated using a blend of thin-film 
and semiconductor technology. The 
devices are highly stable, have low
noise characteristics, and suit use 
in high-speed logic termination and 
EMI/RFI-filtering applications. 

The basic PRCDOOl consists of 
16 resistors, 16 capacitors, and 16 
Schottky diodes housed in a 20-pin 
SOIC. Resistance values range 
from 10 to 1500 and capacitor val
ues range from 25 to 250 pF. Resis
tive and capacitive tolerances of 
± 5, ± 10, and ± 20% are available. 

Maximum operating voltage for 
the diodes is specified at 7.5V. Total 
package power dissipation equals 
140 mW. The package uses four 
ground pins to minimize lead induc
tance. $5 (10,000). Delivery, eight 
weeks ARO. 

California Micro Devices Corp, 
215 Topaz St, Milpitas, CA 95035. 
Phone (408) 263-3214. FAX (408) 
263-7846. Booth 2085. Circle No. 408 

Pushbutton switch 
Series 644-2100 switches accommo
date four T-1 subminiature flange
base lamps or LEDs. The switches 



Clean, dependable power. 

When you 're powering high-current 
or sensitive industrial equipment, that 
power had better be clean and con
stant. But most important, strong. 

Techron power amplifiers. They're 
the industry's heavy hitters when it 
comes to clean dependable high-cur
rent power. Techron power amplifiers 
reduce filtering requirements and give 
you a true power supply you can 
count on. 

+ Super-clean power from DC to 50 
kHz. 
+Total Harmonic Distortion : At0.4% 
or better, one of the most distortion
free power sources in the industry. 
+ Inner Modulation Distortion: .001 % 
+ Limiting : instantaneous with no 
flyback pulses, thumps or cutouts. 
+Amplifier Output: Short-, mismatch
and open-circuit protected in voltage 
mode. 
+ Phase shift between input and out
put: from DC to 20 kHz less than -20 
degrees. 

I 
1718 W. Mishawaka Road, Elkhart, Indiana 465 17 

CIRCLE NO. 87 

The right power 
Different applications require specific 
solutions. That's how Techron came 
to be the power of choice for the 
gradient subsystem of one of modern 
medicine's most important diagnostic 
tools, the Magnetic Resonance Im
aging systems. MRI manufacturers 
choose our power amplifiers which 
utilize advanced bi-level power sup
plies with clean,low-noise and linearity. 

Tell us your application requirement. 
During development or in final appli
cation , Techronwill back you up. With 
standard product or custom-config
ured amps. As a line voltage regulator 
and/or line voltage generator system. 
Working with you to solve power sup
ply problems is what we do best. 

That's what we mean by clean , de
pendable power. Amplified all the 
way down the line. Call Techron for 
more power than you 've ever had 
before. 1-800-933-7956 
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Turn your product into a clas&c with 
SBE's complete selection of intelligent, 
high-performance VME communica
tions controller boards. All offer the un
rivaled quality and reliability you expect 
from SBE, a world-leader in VME •.. a 
company committed to taking VME to 
the highest level with unsurpassed techni
cal support, on-time delivery, and leading
edge product development 

SBE enjoys a reputation for innova
tion in all major communications tech
nologies-High-Speed Serial, Token 
Ring, FDDI, and Ethernet 

SBE's fully featured VCOM-34 with 
4 or 8 ports ofhigh-speed serial commu-

nications offerss~ to Tl andEi with 
optional support for X.25, frame relay, 
and SS7 communications protocols. 

Whether you manufacture mini/ 
supercomputers, workstations, or high
performance data communications 
products, count on SBE to deliver pre
mium features, without a premium cost. 
And this includes integrated hardware/ 
software solutions, comprehensive devel
opment as&stance, and on-going support 
throughout a product's life cycle. 

Forclas&c VME performance and 
reliability to meet your most demanding 
LAN and WAN interface requirements, 
there's only one place to turn: SBE. 

For fast action call 1-800-347-CO MM 
Germany: (+49)8061-3240 

SBE, Inc., 2400 Bisso Lmze, Concord CA 94520 
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are available with spst or dpdt 
switching functions; contacts are 
rated for 30V de or 115V ac at 2A 
resistive or 0.5A inductive. 

The 644-2100 switch mounts in a 
0.698-in. square panel opening us
ing a case that slides on from behind 
the panel and attaches to the switch 
with a locking arm. The locking arm 
is tightened with a screw located 
beneath the lens. Hidden and split 
legends are available and matching 
indicators and push-to-test indica
tors are available for front-panel 
display consistency. The switch has 
a 2-lb operating pressure and is de
signed to meet MIL-5-22885 re
quirements. $40 (100). 

Electro-Mech Components Inc, 
1826 N Floradale Ave, South El 
Monte, CA 91733. Phone (818) 442-
7180. FAX (818) 350-8070. Booth 
2587. Circle No. 409 

Switches 
VX Series snap-action switches fea
ture a low 15 to 50g operating 
force-important for quick-re
sponse switching in vending ma
chines, appliances, arcades, and 
other consumer and commercial ap
plications. The spdt devices are 
available in 5 and O. lA versions. 

The 5A (Model VX-5) and O.lA 
(Model VX-01) devices have a life
time specification of 500,000 and 
1,000,000 operations, respectively. 
Operating speeds range from 0.1 
mm to 1 mm/sec. Operating fre
quency equals 60 actuations per 
minute and operating range spans 
-25 to + 80°C. 
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Contacts for the 5A versions are 
rated to handle 250V ac or de; the 
O. lA models will handle 125V ac or 
30V de. Both models carry UL and 
CSA ratings. $0. 79 (1000). Deliv
ery, 10 to 12 weeks ARO. 

Omron Electronics Inc, 1 E 
Commerce Dr, Schaumburg, IL 
60173. Phone (800) 826-6766. FAX 
(708) 843-7787. Booth 1134. 

Circle No. 4 10 

4815 121C 
Ot •OC c,;r.v:i<~£~ 

DC /DC converters 
These triple-output 30W converters 
operate on inputs of 10 to 20V, 18 
to 36V, or 36 to 72V and provide 
two independent, synchronized out
put sections. Each of the single- and 
dual-output sections are completely 
isolated from each other and inde
pendently regulated. Total output 
accuracy equals 2%. 

Efficiency for the converters 
equals 85%. I/O isolation meets the 
UL 1459 mandated value of 1544V 
de. The units operate over a - 40 
to + 85°C range. A convenient on
off control pin is provided for port
able applications. The converters 
are housed in a 6-side shielded case 
that measures 2.58 x 3.01x0.83 in. 
$98 (100). 

Calex Mfg Co Inc, 2401 Stanwell 
Dr, Concord, CA 94520. Phone 
(800) 542-3355. FAX (510) 687-
3333. Booth 1391. Circle No. 411 

Spectrum analyzer 
Model P-7802 spectrum analyzer 
determines RF signal frequency 
and levels generated by sources 
from 1 to 1000 MHz. It features 
a ± 1 % accuracy and 1-MHz reso-

lution for center frequency display. 
The analyzer features a 0.1 to 100 

MHz 10-step scanning band at 3 dB 
per band. Scanning band accuracy 
equals ± 6% below 100-MHz center 
frequency and ± 10% above 100 
MHz. Amplitude measuring range 
is rated at 15 to 129 dBµ. CRT am
plitude is 15 to 80 dBµ and you can 
set panel switches from 80 to 129 
dBµ. The CRT readout has a mega
hertz- and kilohertz-bandwidth dis
play. $3500. 

Protek, Box 59, Norwood, NJ 
07648. Phone (201) 767-7242. FAX 
(201) 767-7343. Booth 2650 

Circle No. 412 

Sealed keyboard 
The FTF122 sealed keyboard features 
a built-in mouse device and is water
proof and dustproof enough to meet 
the European IP 65 rating. The elec
tronics are encapsulated and the 
unit is available in either height-ad
justable housing or as a stand-alone 
unit for custom installations. Both 
versions work with IBM PC/XT, 
PC/AT, PS/2, or compatible systems 
and they run Windows software. 

The keyboard features color
coded function keys and tactile 
feedback for easy operator use. The 
English version is standard and is 
available from stock. Foreign ver
sions are optional on a special-order 
basis. A standard-programmer soft
ware disk that lets users completely 
reprogram the keyboard is avail
able. $325. 

Preh Electronic Industries Inc, 
470 E Main St, Lake Zurich, IL 
60047. Phone (708) 438-4000. 
Booth 1384. Circle No. 413 
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LED bulbs 
S600, B600, and DB600 Series of 
solid-state 15-mm LED clusters can 
replace standard incandescent 
bulbs in many applications. When 
configured in clusters of 9 to 40 red 
LEDs, the units are suited for tail
light, side-marker, and warning
light replacements in transporta
tion applications, and they are di
rect replacements for red-orange 
incandescent bulbs in military 
applications. 

The 15-mm S600 LEDs feature 
a screw-type base and the B600 and 
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DB600 LEDs are packaged in a 
bayonet-type base. All units are 
available in multichip 9- to 40-LED 
clusters in direct-mount, single- or 
double-contact, or double-contact
index versions. The LEDs are 
available in high-efficiency, super
bright, and infrared versions or 
with a built-in resistor for direct 5 
to 130V ac operation. From $12.50 
to $15 (1000). Delivery, stock to six 
weeks ARO. 

Ledtronics Inc, 4009 Pacific 
Coast Hwy, Torrance, CA 90505. 
Phone (310) 549-9995. FAX (310) 
549-4820. Booth 1336. 

Circle No. 529 

Trimmer capacitors 
Series 47000 Giga-Trim devices are 
extremely small multiturn trim
mers designed for tuning RF and 
microwave circuits. The line has 
been value-engineered to provide a 

CHOICE FIRS 
96 

Dyna mi< 
range (dB) 

HSP43168 Dual FIR Filter 
9 World's fastest standard FIR filter at 45 MHz 

9 Flexible for multiple configurations 

9 From two 4-tap filters to one 256-tap filter 

9 Stores 32 filter sets on chip; changes filters on the fly 
._ ______________________________ ... 45 

component for cost-conscious com
mercial applications. 

As an example, the traditional 
sapphire dielectric has been re
placed by ceramic without a signifi
cant change in Q or performance 
range. The units also feature a pat
ented self-locking constant torque
tuning mechanism. 

Selected mounting styles are 
available on tape-and-reel for sur
face-mount applications. The 47000 
Series capacitors are supplied with 
either a removable cap or a poke
seal. The poke-seal replaces the 0-
ring design and provides greater re
liability. The units have a 500V 
voltage rating, Qs of greater than 
2500 at 250 MHz, and operate over 
a - 65 to + 125°C range. $6 (1000). 
Delivery, six to eight weeks ARO. 

Johanson Manufacturing Corp, 
Rockaway Valley Rd, Boonton, NJ 
07005. Phone (201) 334-2676. 
Booth 1255. Circle No. 530 

4 8 16 

Nobody gives you more 
choices in programmable FIR 
filters than Harris. From the 

45 megasamples per second 
throughput of our HSP43168, 
to the 512,000-equivalent-tap 

precision of our HSP43220, 
Harris has a FIR filter that meets 
your digital filtering needs. 
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Connector 
The Active Eurocard Connector is 
a pc board-to-backplane connection 
system that lets you mount a 
daughter card having active circuits 
on the connector. The right-angle 
connector attaches to the pc board 
via 126 solder tail pins on a 0.1-in. 
pitch. The VMEbus- and Multibus 
II-compatible connector mates with 
all standard Type C Eurocard DIN 
backplane connectors having 96 
pins on three rows. 

By incorporating active devices 
on the connector, you can shorten 
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the signal path from an IC to the 
backplane. The shorter distance can 
improve signal integrity and reduce 
bus loading effects caused by dis
tributed capacitance and induc
tance. The active connector also 
frees up board space for other com
ponents, which is helpful for dense 
board designs. 

The connector housing can with
stand infrared and vapor phase sol
dering processes. The connectors 
two metal-on-elastomer strips fit 
into housing grooves to connect the 
daughter card to the connector. The 
card can hold customer-supplied 
ICs or devices the company sup
plies. The connector's phosphor
bronze contacts have a minimum 
of 30 µin. of gold plating. $14 to 
$15 excluding active devices 
(OEM). 

AMP Inc, Box 3608, Harrisburg, 
PA 17105. Phone (800) 522-6752. 
Booth 1043. Circle No. 531 

Panel meter 
A-3000 Series DPMs can measure 
12 different electrical or physical 
parameters and provide several 
types of outputs. The design con
sists of a basic DPM chassis, which 
incorporates the digital display (31

/2 

digit), operational circuitry, and 
power supply. Into this basic chas
sis, users can plug input circuit 
modules to characterize the instru
ment for any of the following 
roles-voltage or current meter, ac 
average voltage or current meter, 
ac true-rms voltage or current me
ter, frequency meter, thermocouple 
monitor, ohmmeter, resistance
temperature detector, process 
monitor, or strain gauge. 

Several ranges are available for 
each measured parameter. The com
plete set of input modules has 54 dif
ferent range options. Common spec
ifications include a 15/sec conver
sion rate, leading zero suppression, 

HSP43220 Decimating Digital Fdter 
• Highest precision FIR filter with 512,000 equivalent tops 

• Optimal for very narrow bond low-poss filtering 

• High order decimate filter (up to 1024) and high top FIR 
(up to 512) on single chip 

c:=:2~~~=====~==:::==-SJs12,ooo 

HSP43891 • HSP43168 

So why not give us a call today? 
With our broad line of DSP pro
ducts - including NCOs, digital 

• HSP43220 

filters and image processing -
we're the new wave in DSP. Catch 
it. Call 1-800-4-HARRIS, ext.1172. 

CIRCLE NO. 89 

m HARRIS \&I SEMICONDUCTOR 
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and decimal point adjustable to any 
digit position. $141 for the basic 
chassis; $44 to $154 for modules. 

Selco Products Co, 7580 Stage 
Rd, Buena Park, CA 90621. Phone 
(714) 521-8673. FAX (714) 739-
1507. Booth 2660. Circle No. 532 

Power supplies 
The SWA Series of external power 
supplies includes 15-, 20-, and 30W 
wall plug-in and 40- and 60W cord
to-cord units. The cord-to-cord 
models have a universal input of 90 
to 264V ac; plug-in units are avail
able with inputs of 90- to 132- and 
198- to 264V ac. 

All models offer outputs of 5 to 
17 .5V de and deliver as much as 
4A. All units feature overload pro
tection with automatic reset. Typi
cal operating efficiency equals 65 to 
70% and ripple and noise range 
from 100 to 200 m V p-p. 
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Built-in EMI circuitry meets 
FCC part 15J Class B and VDE 
0871 Class B emission levels. All 
models have been certified to meet 
the safety requirements of UL, 
CSA, VDE, and MITI. From $39 
and $78 for the plug-in and cord-to
cord models, respectively. 

Tamura Corp of America, 1150 
Dominguez St, Carson, CA 90746. 
Phone (213) 638-1790. FAX (213) 
638-9956. Booth 3478. Circle No. 533 

Filter module 
FMD/FME-461 Series EMI filters 
are designed to reduce the input 
line reflected ripple current of the 
company's de/de converters. The 
modules are aimed at 28 or 270V 
applications, which must meet MIL
STD-461 levels of conducted and ra
diated emissions. 

When combined with the com
pany's converters, the filters reduce 
input ripple current by 30 dB at 500 
kHz and by more than 50 dB from 
1 to 50 MHz. All filters in the line 
protect against spikes as high as 
± 600V (500 source impedance) for 
as long as 10 µsec. The 28V parts 
will pass lOOV transients without 
being damaged. The 270V parts will 
pass on ± 500V transients without 
being damaged. 

The FMD/FME filters are rated 
for inputs of 16 to 40V de and 160 
to 270V de. All modules operate 
over the full - 55 to + 125°C mili-

SPEED READING FOR 
No one does megahertz so mega

fast Because Harris monolithic 
devices give you -3 dB bandwidths up 
to 850 MHz. Plus excellent gain 
flatness of 0.14dBto100 MHz. 

And unlike high-power discretes, 
Harris monolithic devices are low 
power. To drive your creativity. Not 
your power supply. 

So for fast linear solutions, 
call this number. 1-8004HARRIS, 
ext 7025. Fast 

THE OP AMPS WITH THE FASTEST EDGES 
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Ons 25 ns SOns 

To give you on edge, Horris HFAllOO 850 MHz op amps deliver the fastest edges around. 
The output signal matches the 220 MHz input signal with a delay measured at just 2 ns. 
And the HFA 1130 hos a programmable output clomp to boot. 

U.S. DISTRIBUTORS Almac 206/643-9992 • Anthem 408/453-1200 • EMC 614/299-4161 • Falcon 203/878-5272 • Gerber 617 /76%000 • Hall-Mark 214/343-5000 

U.S. SALES OFFICES Huntsville, AL 205/883-2791 • Costa Mesa, CA 714/433-0600 • Los Angeles, CA 213/6494752 • San Jose, CA 408/922-0977 • Woodland Hills, CA 818/992-0686 
Rahway, NJ 908/3814210 • Durham, NC 919/361-1500 • Dallas, 1X 214/733-0800 
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tary operating range. The units are 
housed in metal hermetic side
leaded packages. The 28V models 
are also available in down-leaded 
packages. From $250 (100). 

Interpoint Corp, Box 97005. 
Redmond, WA 98073. Phone (206) 
882-3100. FAX (206) 869-7402. 
Booth 3180. Circle No. 534 

Resistive trimmers 
The microminiature, surface-mount
able trimming potentiometers in 
the G3 Series measure 3.4 x 3.2 mm 
and have an above-board profile of 
2 mm. Resistance values for the 
trimmers range from 1000 to 1 MO. 
Standard tolerance equals + 20%. 

The trimmers in the G3 Series are 
available in two mounting styles. 
The A version features J-lead ter
minations while the B version has 
gull-wing terminations. All units 
are rated for 125 mW at 70°C, and 
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they have a - 55 to + 125°C operat
ing range. The trimming poten
iometers are sealed to withstand 
soldering and immersion processes 
per MIL-R-22097. $1.50 (1000). De
livery, six to eight weeks ARO. 

Tocos America, 565 W Golf Rd, 
Arlington Heights, IL 60005. 
Phone (708) 364-7277. FAX (708) 
364-7317. Booth 1636. Circle No. 535 

Power supplies 
The MPS Series of N + 1 redun
dancy power supplies includes four 
350W models. All units feature a 
zero~wire power-sharing system. 
The system uses a nondissipative 
droop regulator that automatically 
shares output power and ensures 
glitch-free operation. Because there 
is no third-wire connection, and no 
master or slave units in the configu
ration, zero-wire paralleling is truly 
redundant. 

The units in the MPS line feature 
three or four outputs. The main out
put delivers 5V at 50A. The second 
provides 12V at SA, and the third 
output delivers - 12V at 4A. The 
fourth output can be - 5.2V at 2A, 
12V at 2A, or 24V at l.5A. Outputs 
two and three are fully regulated 
using the company's exclusive Mag
na-Flux switching magnetic amplifi
er post regulators. Output four uses a 
3-terminal linear regulator. $366 (100). 

ANALOG DESIGNERS. 
lHEPINDRMR 

WllH lHE WORlD'S 
FASTEST DATA Rm 

Product: HFA5250 Pin Driver 
Data Rate 500 MHz 
Rise and Fall Rate < l ns 
Minimum Pulse Width l ns 
Slew Rate 2500 V/µsec 
Output Range ·2 Vdc to +7 Vdc 

The HFA5250 ranks os the world's 
fastest ~n driver for automatic test 
equipme11t. With a data rote of 500 
megasom~ey'second, it's over twice 
os fast os the dosest competitor. 

WIDEBAND BUFFERS 
·JdB BANDWIDTH 854.894 MHz 
AV=+l HFAlll0/ 1112 REF= 

l~ ...... 
I., "Ill 

S1AIT lO.OOOt'OHlll1 Sl'OI' llXIO.tlOO OOO Mlh 

Our HFAlll0/ lll2 buffer amps offer wide bandwidth and 
gain flatness of 0.14 dB to 100 MHz. 

-3 dB bandwidth 
Selectable gain 
Slew rote 
Pinaut 
Price (100s) 

HFA lll 0 
850 MHz 
unity 
1300 V/ µsec 
Std. buffer 
S5.95 

HFAlll2 
850 MHz 
+2 ±l 
1700 V/ µsec 
Std. op amp 
$5.95 

TRANSISTOR ARRAYS 
GHz 
8.0 + - - + - - t - - -1- - - - - -1- - - -t 

I 8 GHz NPNs 
I 

60+ 
5.ST 

I 

ft 4.0+ 

0.0 
.l 

(mA) Collector Current 

For extreme~ lost NPNs and PNPs on o single die, Horris transistor 

APPLICATIONS 
• High-Resolution Displays 
e RF Transmitters/Receivers 
• Medical Imaging Systems 
• Rodar Systems 
e Flash A/ D Drivers 
• Video Switching and 

Routing/ Line Drivers 
• Fiber Optics 
e ATE 
• Wireless Communications 

arrays ore available os higli1Jerfom10nce analog eel~, enabling you to ..... _____ _. 
design your own differential amps, S/Hs, comparators, mixers and more. 

• Hamilton/ Avnet 213/558-2000 • ITT 416/ 736-1144 • Newark 312/784-5100 • Arrow/Schweber 516/391-1300 • Wyle 408/727-2500 

• Melbourne, FL 407 /724-3576 • Indian Rocks Beach, FL 813/5%4030 • Carmel, IN 317 /843-5180 • Burlington, MA 617 /221-1850 • Southfield, MI 313/74&-0800 • Mt laurel, NJ 609/727-1909 
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Delivery, four to six weeks ARO. 
Todd Products Corp, 50 Emjay 

Blvd, Brentwood, NY 11717. 
Phone (516) 231-3366. FAX (516) 
231-3473. Booth 2278. Circle No. 536 

IC Sockets 
The QPl Series of small outline 
sockets are designed for 0.5-mm 
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pitch plastic-, thin-, and metric
quad flatpacks. The sockets are 
suited for high-density test and 
burn-in service. The line includes 
units for packages with 80, 100, 144, 
and 208 pins. 

The devices in the QPl family 
feature a lid that simultaneously 
distributes a uniform mating force 
along all four sides of the package. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Afloatbasethatseatsthepackage 

' 

II 
A waveform generator that meets your needs. 

Crystal-controlled sample 
clock, up to 16-bits of amplitude 
resolution and a 65,535-word 
waveform memory - that's the 
2411 A from Pragmatic Instru
ments. Waveform creation and 
editing is easy with a mouse plus 
an array of self-contained wave
shape tools . With free-format 

Call me. I'm interested . Circle #28 

memory, two remote interfaces 
and a 1000-step optional 
sequence generator, you have 
all the latitude you need to create 
any custom waveform. And with 
a base price under $2500, you 
owe it to yourself to take a look. 
That's Pragmatic! 

For a FREE performance disk, 
data sheet or demonstration, 
CALL NOW TOLL-FREE. 
BOO-PRAGMATIC 
(800-772-4628). 
Pragmatic Instruments, Inc. 
7313 Carroll Road 
San Diego, CA 92121-2319 
Phone (619) 271-6770 
Fax (619) 271-9567 

l);titt11~lii[IJ R 

I N S TR U M E N TS. I N C. 
See us at Wescon Booth #2755 

Send Literature. Circle #29 

body ensures an accurate alignment 
of package pins and contact pads. 
Socket material is polyethersulfone 
(glass filled) and the beryllium cop
per contacts feature gold over 
nickel plating. Operating range 
spans - 55 to + 170°C. $43.20 (500) 
for a 100-pin device. 

Nepenthe, 2479 E Bayshore Rd, 
Suite 800, Palo Alto, CA 94303. 
Phone (415) 496-6666. FAX (415) 
856-8650. Booth 2572. Circle No. 537 

Rotary switches 
Series 50/51 T 112-in. rotary switches 
can withstand wave-soldering and 
board-cleaning processes. You can 
mount the units on the board along 
with other components and subject 
them to modern assembly tech
niques. No special handling, secon
dary wiring, or soldering is re
quired. 

In addition to pc-board termina
tions, the process-sealed 50/51 T 
switches are available with solder 
lugs or water-tight panel seals. Cir
cuit choices include 12, 10, 8, 6, or 
4 positions, 1 to 4 poles, and short
ing or nonshorting contacts. The 
switches have been qualified to the 
process-seal performance tests 
noted in MIL-S-3786. $7.20 (500). 

Grayhill Inc, Box 10373, La
Grange, IL 60525. Phone (708) 354-
1040. Booth 3496. Circle No. 538 

Crystal oscillator 
The K1524AA voltage-controlled 
crystal oscillator (VCXO) features 
a maximum deviation of ± 300 ppm. 
Used in LAN s, phase-locked loops, 



How can you drive multiple power loads while cutting power 
dissipation and component count? 

Design with Tl's unique Power+ Logic devices. 

B using the new Powe<+ Logic 
devices from Texas Instruments 
instead of discretes or bipolar 
peripheral drivers, you can substan
tially reduce systen1 power dissipa
tion. And because our Power+ Logic 
parts integrate multiple DMOS 
power transistors and 1-µm CMOS 
logic on the same chip, you can 
reduce system component count, 
too (see table). 

These Power+ Logic devices use 
our revolutionary 1.0-µ mixed-mode 
PRISMTM process that delivers the 
lowest specific on-resistance of any 
merged power process. Which 
means Power+ Logic devices can 

• •Power+ Logic • 

Power+ Logic Products Summary 
• 45-V max drain-to-source voltage 

• 75-mJ per channel avalanche energy 
capability 

• Standard DIP and SOIC packages 

•Low cost: $1.60 (1 ,000s) 

•Max current per output: 250 mA (cont) , 
1 .5 A (pulsed) 

•Max total load : 2 A (cont), 6 A (pulsed) 

Package Power 
Driving 8 Power Loads Count Dissipation• 

7 4HC273 + 8 discretes 9 2.5W 

74HC273 + 4 peripheral 
drivers (754 71) 5 2.8W 

TPIC6273 1 650mW 

• V cc = 5V. 10 = 250 mA, all outputs on 

'I> TEXAS 
INSTRUMENTS 

offer true power performance in 
standard DIP and SOIC packages. 

Unlike bipolar peripheral 
drivers, outputs can be conn,ectcJ in 
parallel to further increase output 
current handling. 

With more to come, these 
low-cost Power+ Logic device · are 
available now: TPIC6259 8-bit 
addressable latch; TPIC6273 octal 
0-type flip-flop latch; and 
TPIC6595 8-hit shift register. 

For more information 
And data sheets, use the return 
card. Or for faster response, call 
1-800-477-8924, ext. 3433, your 
local TI sales office or your 
authori:ed Tl distributor. 

1..L"-/-J.'-.._'' 
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Introducing EEsof Series IV. The 
first EDA software suite to simplify 
high-frequency analog design. 

Series JV combines si111ulatio11 
power with advanced design 
management. It's the ideal 
choice fo r high~(requencJ ·circuit 
and s.rstem designs. 
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_ Designing systems and 

circuits to work above 100 MHz 

is hard work! That's why you 

need Series JV. lt's the one EDA 

software suite on earth that 

seamlessly integrates every tool 

you need for high-frequency 

design. :;: Its intelligen1 

interface intuitively guides you 

through your familiar design 

process. From concept to test. 

to yield optimization and 

manufacturing output. Using 

advanced simulators that go far 

CIRCLE NO. 92 

MHz. 

beyond Spice. ~I Series IV is 

Motif compliant. It also fits in 

easi ly to your UNIX network, 

and integrates efficiently with 

other EDA frameworks. 

°'8 Join the more than 2,000 

companies in over 30 countries 

who use EEsof software. 

,.l) Call 818-879-6200 or 

800-343-3763 (in the U.S.) 

for a brochure. When it comes 

to high-frequency analog. 

Series l V from EEsof is the 

most intelligent form of design 

in the galaxy. 

EE1ot 
TllE f/JGll-FREQUEXCI' D ESIGN TOOLS 

USt"D MOST FREQUENTLI' 



and computer-shared management 
systems, t he oscillator lets you 
phase-lock to a reference standard 
to correct for frequency errors be
tween different t iming signals in 
the system. Oscillator output fre
quencies range from 3 to 35 MHz. 

The oscillator comes complete 
and is housed in an all-metal her
metically sealed package that meas
ures 0.82 x 0.52 in. With pin 7 
grounded, the metal package pro
vides shielding to minimize RF ra
diation, helping to meet FCC EMI 
specifications. The K1524AA can 
withstand standard wave-soldering 
operations. Insulated standoffs ease 
cleaning processes. $27. 03 (100). 
Delivery, four to six weeks ARO. 

Champion Technologies Inc, 
2553 N Edgington St, Franklin 
Park, IL 60131. Phone (708) 451-
1000. Booth 1076. Circle No. 539 

CAE system 
In addition to an analog/digital 
simulator, the Design Center also 
includes digital behavioral devices. 
These behavioral devices are used 
together to provide efficient model
ing of digital combinational logic. 

The Design Center works with 
circuits at all levels of the design 
process including schematic cap
ture, simulation with PSpice, and 
graphical waveform analysis. The 
analog and digital algorithms are 
tightly coupled within the same pro
gram. Therefore, you only need to 
define a single circuit, run only one 
simulation, and use only one graphi
cal interface to analyze the results 

EDN·WESCON PRODUCTS 

of a mixed analog and digital circuit. 
There are three configurations 

available. The full-featured version 
with schematic capture is available 
on Microsoft Windows and Sun 
Open Windows. Two reduced ver
sions are available. On DOS and 
DOS/16M platforms, the Design 
Center is available with a shell man
ager, PSpice simulations, waveform 

analysis, and stimulus generation. 
The final version provides direct 
management of the Design Center 
programs. Respective prices for the 
three are $8200 to $15,200, $2450 
to $6750, and $4950 to $11,900. 

Microsim Corp, 20 Fairbanks, 
Irvine, CA 92718. P hone (714) 770-
3022. FAX (714) 455-0554. Booth 
3453. Circle No. 540 

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! 

noHau 
CO R PORATION 

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, Swecen 040-9224 25, Switzerland (01) 740 41 05, 
Taiwan (02) 7640215. Thailand (02) 281 -9596, Yugoslavia 061 621066 

Please see us at Wescon Booth #2728 CIRCLE NO. 156 1 45 



PROM DISK® 
THE OEM'S CHOICE 
FOR MAXIMUM FLEXIBILITY 

The MCSI PROMDISK®creates a multi-drive 
diskless PC to meet your need for maximum 
flexibility. PROMDISK®supports multiple 
operating systems (MS-DOS, QNX, etc.). 
And it allows multi-megabyte emulation in 
only 32K of ROM space. Our on-board Flash 
EPROM programmer simplifies develop
ment and maintenance. 

Choose the best. Call MCSI today at 
(619) 598-2177 and ask for your free 
30-day evaluation. 

Made in the USA, MCSI products are backed 
with a level of service that can't be matched. 

2598-G Fortune Way 
Vista, CA 92083 

Tel. 619/ 598-2177 
Fax 619/ 598-2450 

MCS/.THE EMBEOOEO l'C Sf'ECIA!ISTS 

CIRCLE NO. 185 

"1210" Inductors from .01 uH to 220 uH ... "1210" Shielded Inductors from .1 uH to 220 uH ... 
"1812" Inductors from .1 uH to 1000 uH. 

In stock for immediate shipment..."121 O" inductors on 2000-piece reels and "1812" 
inductors on 500-piece reels ... Solderability per MIL STD 202 Method 208. 

See our ad in EEM. Catalog on request. 

J.W.MILLER 
Division of Bell Industries 
306 E. Alondra Blvd., Gardena, CA 90248 
Phone: 310/515-1720 FAX: 310/515-1962 

CIRCLE NO. 186 
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See Us At 
WESCON 
Booth 1586 

EDN·WESCON PRODUCTS 

Subminiature fans 
These de brushless fans are avail
able in pc-board mountable versions 
that measure 23 x 23 x 20 mm. The 
units operate from a 4V de source 
and are primarily designed for spot 
cooling of components in next
generation laptop computers and 
other low-voltage equipment . 

The subminiature portion of the 
line also includes board-mountable 
fans that measure 25 x 25 x 10 mm 
and 40 x 40 x 10 mm. The 40-mm fan 
is also available with a temperature 
sensor and may be used directly to 
cool high-speed µPs or used as the 
main cooling source in small equip
ment. The 10-mm units suit applica
tions where space is at a premium. 
$8 (1000). Delivery, stock to eight 
weeks ARO. 

EVOX-RIFA Inc, 100 Tri-S tate 
International, S uite 290, Lin
colnshire, IL 60069. Phone (708) 
948-9511. Booth 1269. Circle No. 541 

Chip capacitors 
Lasertrim Set and Forget chip ca
pacitors are YAG (yttrium alumi
num garnet) laser-adjustable mono
lithic devices housed in standard 
surface-mountable packages. They 
primarily provide active tuning in 
RF circuitry. The units do not expe
rience the drift-flux entrapment 
and other reliability problems com
mon with mechanical surface-mount 
trimmers. 

Lasertrim capacitors maximize 
post trim Q and ESR performance 
at RF frequencies of 100 to 1000 
MHz. The devices come in 1206- and 
1210-case sizes and are available 
with tuning ranges ranging from 0.5 
to 2.5 pF to 3 to 30 pF. The units 
incorporate nickel barrier termina
tions and are available on tape and 
reel for high-volume applications. 
$0.35 (100,000). 

Johanson Dielectrics Inc, 2220 
Screenland Dr, Burbank, CA 
91505. Phone (818) 841-8500. FAX 
(818) 841-7261. Booth 1255. 

Circle No. 542 



ance 
of two e devices in one 
Dow-through 48- or 56-pin 
high-density. JEDEC-standard. 
shrink small outline package 
(SSOP) or Cerpack. for twice the 
functionality in half the board 
space. 

A WIDEBUS- UPGRADE 
IDT's Double-Density logic fam
ily is more than twice as fast as 
ACT, uses 35% less power than 
ABT, and it's form-, fit-, and 
function-compatible with both 

DOUBLE-OENSfTY 
CONFIGURATION' loH loL 

High Drive -32mA +64mA 

Balanced Drive -24mA +24mA 

3.3V -8mA +24mA 

5V High Output Drive 
Ideal for low-impedance bus and 
backplane applications. 
5V Balanced Drive (Low Noise) 
Contains on-chip, source-termi
nating resistors to minimize 
signal noise. These devices are 
ideal for driving point-to-point 
transmission lines and highly 
capacitive loads, such as a bank 
of DRAMs or SRAMs. 

PltHO-PIN GND 

tpo lcca SKEW BOUNCE 
(Max.) (Typ.) (Typ.) (Typ.) 

4.1 ns 0.05mA 250ps < 1.0V 

4.1 ns 0.05mA 250ps < 0.6V 

4.8ns 0.05mA 250ps < 0.3V 

*Specs are for '244 device Doublf'-Dcnsity is a trademark of IDT. All othrrs are trademarks of their respective manufacturer. 

(800) 345-7015 • FAX: 408-492-8674 
ASK FOR KIT CODE 3071 

CIRCLE NO. 95 

~llW:Qd "tOf 

• powe~ sunnt~ 

these devices less power 
than 5V parts, without sacri
ficing high speed. 5V-to-3.3V 
unidirectional and bidirectional 
translators are also available. 

FREE SAMPLES 
Call today for free samples and 
a copy of the new 
High-Performance 
Logic Data Book 
and start your 
Double-Density 
logic design 
today! 

~ 
dt) 

Integrated 
Device Technology, Inc. 
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Nothing brings out 
earth tones quite like our 

electrostatic color plotters. 
For presentation-quality color, one 

line of electrostatic plotters can make 
a world of difference: The 8900 series. 

The 8900 series gives you a range 

new ACS option for standard cut sheet 
sizes. And finishing capabilities like auto
matic cutting and rolling. Which means 
you'll save time and eliminate the cost 

of a dedicated operator. of options. It produces spec
tacular color plots in 24, 36 or 
44-inch widths. It does it fast
up to 2 inches per second. And 
with less media waste between 
plots. You also get automatic 
trimming capabilities with our 

11te8"00•erle• 
dellllers unmatched 
Pl'9••ntat10n-q111111ty 

colol'plots. 

And the 8900 series helps bring 
people in your world together. 
With our Serve Ware LAN software, 
multiple users can access each 
plotter. And finally, the 8900 series 
comes with a special feature that 

Plot data courtesy of TenTime. 

CIRCLE NO. 96 
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no one else can offer-the Xerox Total 
Satisfaction Guarantee program. For 
more information, call Xerox Engineering 

CJ 
Systems at 800-538-6477. And 
find out how to get plots with 
earth shattering color. 
The engineering document company. 

Xerox Engineering Systems 
5853 Rue Ferrari , P.O. Box 210061, San Jose, CA 95151-0061 
Xerox is a trademark of Xerox Corporation. © 1992 XES, Inc. 
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Rigorous testing of SCSI 
disk drives and arrays 

ensures peak performance 
Herbert W Silverman, Peer Protocols Inc 

Thorough testing can distinguish your SCSI 
disk drive or array from y our competitors' 
by ensuring that your product meets its per
formance, reliability, and data-availability 
goals. 

The enormous complexity of creating disk subsystems 
using disk-array technology and SCSI-2 command
queuing facilities challenges the designer, the test engi
neer, and the SCSI test-equipment manufacturer. De
spite this complexity, you can overcome the potential 
pitfalls and assure that your design meets its objectives 
if you include thorough performance testing through
out the product's life cycle: from initial concept to field 
support. 

The major phases in a product life cycle are develop
ment, manufacturing, distribution, and field support. 
All of these phases require some sort of test technol
ogy, but the development phase is the most demand- · 
ing. Test methods and equipment that meet all devel
opment-phase test requirements can usually support 
the needs of the other phases, with two restrictions: 

First, development-phase tests and tests used during 
other phases should be compatible in all ways and 
should allow the transfer of hardware and software 
from one phase to another. 

Second, a test's ease-of-use is always important and 
becomes increasingly so as you move from development 
through manufacturing, distribution , and support. 

However, as you move through the product's life cycle, 
emphasis shifts from the ease of creating tests to the 
ease of running the tests and interpreting the results. 

Development testing of a complex disk drive or disk
array subsystem can take almost as long as the rest 
of the development effort and often consumes one-third 
of the development resources. 

SCSI disk test adapters such as this Model 7000 from Peer Protocols 
Inc can help you extract peak performance from new disk-drive 
and -array designs. 
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SCSI dislc testing 

Usually, disk-drive and disk-array development 
breaks down into seven stages: 
1. Measure existing systems to determine where per
formance can be improved. The product life cycle 
starts with performance measurements of existing sys
tem operations to identify the system bottlenecks. 
These tests should help you determine whether a queu
ing device or other architectural changes can help over
all system performance. Typical measurements at this 
stage include the disk-command-arrival rate, the LBA 
(logical block address) distribution, and the block size. 
For SCSI-based systems, a passive bus monitor can 
help make these measurements. 
2. Develop queuing algorithms and other strategies 
to overcome the system bottlenecks you identified 
in stage 1. Use the insight you've gained from meas
urements of existing systems plus the benefits of new 
technologies to improve on existing designs. Define 
cache size and caching strategy, group size, and strip
ing strategy (logical/physical disk arrangement and 
stripe depth) to take best advantage of your system's 
data-block transfer size and performance requirements. 

Trading off data availability, performance, transac
tion rate, and transfer size is a very complex task. In 
fact, you may not find one optimal solution. Some disk 

Glossary 

arrays use a "redundancy group" in which each mem
ber of the array's storage group optimizes a different 
set of parameters. For example, one storage unit may 
optimize performance at the expense of data availabil
ity. Several redundancy groups may be present in one 
disk array for access through different SCSI LUN s 
(logical unit numbers). 
3. Simulate or model the new design. You may need 
to use device simulations or system models including 
individual component parameters and the interaction 
characteristics of these components in larger systems 
such as disk arrays. 
4. Build the queuing system, disk array, or disk 
drive. You may need feasibility implementations or 
breadboards because modelling an entire system is 
very complicated. Simple simulation models may not 
reveal all the aspects of system operation. 
5. Test individual units. Implementing a disk array 
subsystem requires many person years of engineering 
effort. Software internals in some data-storage prod
ucts require several hundred thousand lines of C code 
operating within the envjronment of a real-time control 
system. Often, you need multiple microprocessors to 
meet performance, reliability, and data-integrity re
quirements. You can minimize the inevitable system 

Command queuing-A SCSl-2 
facility that permits the disk array 
or disk drive to optimize the proc
essing of commands issued by the 
host computer. 
Cache memory- RAM in a disk 
drive or disk array used to buffer 
operations. In some configurations, 
this memory holds disk data, thus 
avoiding physical disk accesses if 
the host computer requests data al
ready held in the cache. 
Deferred write-In this mode of 
cache operation, the host computer 
transfers data to the cache and can 
immediately proceed with subse
quent operations. The disk or disk 
array later writes the cached data 
to the physical media. 

protocol that defines the SCSI bus 
state during a command. Phases in
clude data, command, status, and 
message. Message phases perform 
flow control and error recovery be
tween the initiator and the target. 
Initiator- The device that starts 
a SCSI operation. Usually the host 
computer. 

terface. An industry-standard bus to 
interconnect computers and pe
ripherals . SCSl-2 is the second and 
current version of the SCSI standard. 
SCSI exerciser-A test instrument 
that simulates a host computer or 
target device. It has the ability to 
emit SCSI commands and illogical 
SCSI phases, as well as insert error 
conditions that a real SCSI device 
cannot normally produce. 

Disk array-A collection of disk 
drives arranged to optimize per
formance, data availability, and 
data reliability. 
Phase-an element of the SCSI 
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I/Os-Input/output operations. 
LBA-Logical block address. An 
addressing unit for SCSI devices. 
The host computer views a SCSI 
disk as a contiguous range of LBA 
numbers starting from 0, with an up
per value that is the logical capacity 
of the disk or disk array. 
LUN-Logical Unit Number . A 
method to split up a SCSI device's 
address space . LUNs may operate 
independently within a SCSI device. 
RAID-Redundant array of inde
pendent disks. 
SCSI-Small computer system in-

Stripe depth-The amount of 
contiguous storage on each ele
ment of a disk array as the data is 
spread across parallel drives. 
Target- The SCSI device that re
sponds to an initiator's _ request. 
Usually the disk or disk array. 
Transfer length (or request 
size)-the amount of data (usually 
the number of LBAs) requested in 
a specific command from the host 
computer. 
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problems associated with this tremendous software 
complexity through the judicious placement of internal 
test points that help you test individual system compo
nents as you integrate them. 
6. Test the system. Once the components have been 
integrated, perform "black box" testing to ensure that 
the product meets its functional specifications with re
spect to SCSI command compliance, performance, data 
integrity, and the user interface. 

System testing is complicated by the many combina
tions and permutations of host, drive, partitioning, and 
RAID levels. It is impractical to exhaustively test all 
of these possibilities, so the key to a successful system 
test plan is the selection of configurations that will 
stress boundary conditions and design weaknesses. 
Use knowledge of the design to judiciously choose test 
points and conditions. 

Run performance and stress tests on the system in 
several simulated environments and selected configura
tions. Host systems generally cannot push storage sub
systems to their limits, so stress testing usually calls 
for test equipment specifically designed for high
performance SCSI command generation and monitor
ing in addition to the end-user systems running bench
marks and application programs. 
7. Measure system performance in a live environ
ment. During this final development stage, test your 
design to see whether the system meets overall system 
requirements and determine if it is, in fact, a useful 
product. Tune if necessary. 

Architectural design and modelling 
Mathematical models, not tests, drive design con

cepts for storage subsystems. These models include 
queuing models, statistical models, and parametric 

-----~ 

HOST OR HOST 
SIMULATOR 

SCSI BUS 

BUS 
MONITOR 

DISK 
ARRAY 
DESIGN 
MODEL 

MIXTURE OF DISK 
DRIVES 

AND DISK 
EMULATIONS 

Fig 1-Hardware modelling of a disk array lets you tune your 
design before building a complete prototype. 

models of the system (disk drive or disk array). Combi
nations of disk drives and bus configurations provide 
a vast number of modelling opportunities, making it 
nearly impossible to completely model all of the factors 
governing the operation of a complex disk array. You 
can develop partial mathematical models and simula
tions to help design the system, but the combined use 
of hardware models, system emulations, and disk-drive 
emulations often provides a more attractive alterna
tive. Hardware emulation lets you construct a system 
and then tune your design based on a combination of 
observed and simulated behavior. 

As Fig 1 shows, disk drives in a prototype disk array 
may be physical disk drives, simulation models, or 
drive emulations. A SCSI test adapter running in tar
get mode can emulate a disk drive. The test adapter 
appears as a disk to the host or disk array. Using a 
SCSI test adapter in this manner lets you modify drive 
behavior under operator or program control. This ap
proach lets you introduce drive errors and bus errors 
in a controlled manner to thoroughly test error paths. 

Although the use of drive emulations provides sig
nificant benefit in measuring the functional characteris
tics of the host or disk array, drive emulators have 
their limitations. For example, PC-based SCSI test 
adapters may use a DOS file for the emulated disk 
drive's storage, but that approach incurs a speed pen
alty. Conversely, if the test adapter uses on-board 
RAM to emulate disk storage, its emulation speed may 
be adequate, but data storage space will be limited. 

The ideal SCSI disk-drive emulation uses a known 
data pattern throughout the drive so that the test 
system can reconstruct a comparison pattern without 
having to access a data file. However, this approach 
is not always practical when emulating disk arrays 

UNIT UNDER TEST 

FIRMWARE l..L _J PATH-FLOW MONITOR J " "L 

II 
DISK 
OR 

DISK EMULATOR 

Fig 2-Unit testing saves you time during the integration phase 
of development. 
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SCSI disk testing 

because the array controller may insert additional in
formation into each data block. This control information 
must be retrieved intact from the emulated media. 

Using test equipment to help model the disk array 
lets you construct a system and operate it while still 
defining system goals, operating parameters, and ar
chitecture. Tuning the system at this stage could pre
vent a major overhaul of the system architecture 
should the original design fail to meet objectives. 

Unit testing 
Perform unit tests on the individual disk-array com

ponents as they near completion (Fig 2). Testing of 
these components (caching logic, data reconstruction 
logic, etc) individually will reduce overall system
integration time. Component testing (hardware and 
firmware) should exercise all major subsystems to their 
parametric limits. To fully exercise all input parameter 
ranges, you may need to use simulation test stubs 
around individual code modules. Test stubs are often 
easier to vary than the modules or hardware they 
replace. 

You may also need aids such as path-flow monitors 
to ensure that testing has exercised all paths within a 
software module. Path-flow monitors (sometimes called 
performance analyzers) track a processor's program 
counter and show you the portions of your code that 
have executed. Fig 3 shows a simplified hardware/ 
firmware component-test environment that uses a 
path-flow monitor. 

Unit testing presumes that completely testing an 
individual module's input combinations is easier than 
for the complete product. At the very least, testing 
at this level must prove that all of the modules will 
operate over the entire range of every input parameter 

DISK DRIVE OR 
DISK ARRAY 
COMPONENT 

FIRMWARE 

-----<-. PATH-FLOW MONITOR 

Fig 3-A path-flow monitor ensures that you hove exercised oil 
paths in your code. 
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and with all combinations of range extremes. For ex
ample, unit tests should prove that the largest block 
size will work with the smallest cache size, and vice 
versa. It may be easier to construct test stubs than 
to create physical systems with the necessary vari
ations. You can then independently control all stub 
parameters for tests. As you integrate more of the 
disk array's components into a system, testing should 
continue to prove that the individual elements will op
erate for all possible values and all combinations of 
extremes. 

System testing 
System tests treat the disk array as a "black box" 

and place it in a simulated end-user environment with 
selected parametric variations. (It is usually impossible 
to vary every parameter within the product specifica
tion during system tests). System tests include: 
SCSI protocol tests that verify your design's compli
ance with the SCSI message system-the functions 
within the SCSI protocol that control data flow across 
the bus. Protocol compliance is a major source of diffi
culties for many SCSI designs. A disk array's "front 
end" (the host-side interface) and "back end" (the 
drive-side interfaces) require exhaustive protocol test
ing. Use a selected subset of SCSI commands to test 
the SCSI-identify, resource-negotiation, command
queuing, and error-recovery (including contingent
allegiance) messages. 

In well-behaved systems, protocol errors do not oc
cur very often. However, testing for SCSI protocol 
errors is important because if they do occur in the field 
and the system fails, it may be impossible to determine 
the cause of the failure. It may therefore be impossible 
for you to duplicate and fix such field failures. 

SCSI exercisers are useful for command tests because 
they have the ability to perform illegal actions on the 
bus and insert bus-parity errors. Disk emulators are 
useful for the back-end testing because real SCSI disk 
drives do not produce errors under normal conditions. 
Command-function tests ensure that all SCSI com
mands supported by the disk array operate correctly. 
Your command tests should include functional testing, 
exception testing, and command-sequence testing. 
Functional tests exercise all system features and op
tions to ensure compliance with the SCSI-2 spec and 
the product's specifications. Vendor-unique commands 
should also be tested at this level. Use exception tests 
with illegal commands and parameters to ensure that 
your system operates with unfriendly hosts. 
Command-sequence tests ensure that sequences of 
commands operate properly. Other command tests op
erate on individual commands and all of their parame
ter variants. Command-sequence tests ensure that 
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data-spanning commands operate properly. Contin
gent-allegiance support, reserve-and-release support, 
and the effects of mode-select parameter modification 
should also be tested at this point. 
Cache-function tests exercise the storage subsystem's 
cache. These tests should change buffer-full and buffer
empty ratios and check to see that the design still 
meets performance goals. They should measure recon
nect timing with a single initiator while varying block 
size and transfer size with respect to stripe size. The 
tests also check timing using multiple initiators with 
each initiator using a different buffer-full ratio. The 
tests should vary cache-segment, block, and transfer 
sizes with one or more initiators. 

Cache-function tests should also include delayed
write tests that read a recently written block before 
the subsystem transfers the data from the cache to the 
media. The block that's read should match the just
written block, not the data block residing on the physi
cal media. This test ensures that you always get the 
latest version of the data from the disk drive or array. 
Queued-command sequence tests ensure that queued 
commands are executed in the proper order for se
quences of writes and reads and mixtures of tagged
queue, head-of-queue, and simple-queue SCSI-2 com
mand options. For example, these tests should verify 
that writes preceding reads in a queue do not corrupt 
data. This problem could occur if the disk array were 
to erroneously select and execute the read command 
before the write command. 

The test equipment used for command tests must 
be able to emit all SCSI-2 and your vendor-unique 

CJCJ···CJ 
SCSI BUS2 

HOST 2 

HOST 1 
I- SCSI BUS 1 

CJCJ ···CJ _.. .. 
COMMAND STREAM PARAMETERS 

LBA DISTRIBUTION 
TRANSFER SIZE DISTRIBUTION 
LAUNCH RATE DISTRIBUTION 

DISK ARRAY 

Fig 4-ln a command-launch stress test, one or more computers 
emit commands using varied logical block addresses, transfer sizes, 
and intercommand timing. 

SCSI EXERCISER 

SCSI BUS 

INITIATOR DISK 
ARRAY 

SCSI BUSES 

TARGET EMULATOR 1----------' 

Fig S-One SCSI test adapter can exercise both the "front end" 
(host side) and "back end" (drive side) SCSI buses. 

commands. It must be able to generate and respond 
to all of the SCSI messages including command
queuing messages and must ensure that the device 
being tested obeys the SCSI contingent allegiance and 
extended contingent allegiance rules resulting from 
drive errors. 

Because disk drives or arrays with caching and buff
ering are very complex, you must test cache and buffer 
boundary conditions with varying block sizes to make 
sure that buffer pointers never become garbled. To 
accomplish this type of testing, each write command 
must have a unique data pattern that can be verified 
by subsequent reads. Test systems usually verify data 
blocks with low-overhead hardware to maintain heavy 
data-transfer loading on the disk or array under test. 
Performance and stress tests exercise the disk drive 
or array to measure a number of valuable performance 
parameters such as various kinds of overhead, band
width, throughput, and response time under varied 
load conditions. In addition, these tests introduce error 
conditions on both the host side and drive side while 
stressing the I/O rate to measure the error-recovery 
and data-reconstruction effectiveness under load. Per
formance and stress tests also reveal the error recov
ery's effect on performance. Other parameters meas
ured by these tests include throughput (measured in 
I/Os per second) and fairness with respect to queued 
VO under varying load and command mix. 

You should define several "test scenarios" or specific 
experiments for your performance and stress tests by 
varying the following parameters: command-launch 
rate and distribution, LBA distribution, transfer
length distribution, number of I/Os, percent of reads 
vs writes, the number of LUN s, and the number of 
targets (which determines the effects of other traffic 
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on the bus). The distributions for command-arrival 
rate, LBA, and transfer lengths must approximate 
real-world values. Distributions for these parameters 
include random, normal, constant, or "hand-picked" 
(specifically selecting the values used in the series). 

The parameters to measure while generating all 
these commands are: command-service time, bus band
width, and bus utilization. Then, from these measure
ments, you can compute the following: I/O's per second; 
mean, standard deviation, and distribution of service 
for the system and for each LUN; and fairness for 
LBA vs transfer length. Fig 4 illustrates a command
stress configuration where one or more host computers 
are emitting SCSI-queued commands according to the 
parameters selected by a test scenario. 

Some disk-drive or -array capacities are larger than 
the volume sizes supported by the host's operating 
system. The SCSI spec defines a logical unit number 
(LUN) to expand the address space of the drive in 
these cases. A host can access LUN s independently 
in a multithreaded fashion; therefore, LUNs must be 
tested in the same manner. Further, disk drives and 
arrays must co-exist on the SCSI bus with other disk 
or tape devices, and you may need to test such configu
rations. SCSI target devices can misbehave in a multi
target system, particularly when bus errors are intro
duced. 

For disk-array drive-side testing, you need a disk 
emulator to inject drive-side anomalies during heavy 
loads. You also need a method to coordinate host- and 
drive-side processing to inject errors at desired points. 
Test equipment for performance and stress tests must 
let programmable command-arrival rates maintain full 

DISKO DISK1 DISK2 DISK3 DISK4 

I 
I 
I 

INCREASING I I 

LOGICAL DATA DATA DATA D~TA • I PARITY I BLOCK 4 5 6 
ADDRESSES 

I I 
I I 
I I 
I I 

DATA DATA DATA DATA PARITY 
8 9 10 11 

REMOVE DATA DRIVE 

REMOVE PARITY DRIVE 

Fig 6-Data-integrity tests that turn drives on and off probe an 
array's ability to function if a data or parity drive fails. 
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DATA DATA DATA PARITY DATA 
16-19 20-23 24-27 16-31 28-31 

DATA DATA PARITY DATA DATA 
32-35 36-39 32-4 7 40-43 44-4 7 

CORRUPT THE 
PARITY DRIVE 

ORRUPT A DATA DRIVE 

Fig 7-Data integrity tests that corrupt specific logical block ad
dresses can identify redundancy problems with RAID level S disk 
arrays. 

queues. The equipment must also support a range of 
SCSI-2 bus-width and cabling options. The test system 
must be configurable to support various combinations 
of initiator and target configurations, and the system 
must be flexible and easy to use so that test engineers 
can generate test procedures efficiently. 

The test system must support many device configu
rations and be able to control command launch rates 
according to your test scenario. Test equipment must 
also support multithreaded operation for simultaneous 
multiple command-queue, LUN, and target control. 
For each command, you must be able to specify the 
LBA, transfer length, time until launch, and a unique 
data pattern. The test equipment checks the data pat
tern during reads using hardware comparison facilities 
to avoid interference with command-launch activity. 
The test system must have the ability to measure com
mand launch and completion times. 
Data-integrity tests are the most important because 
they ensure data reliability and availability, a disk ar
ray's most important attributes. Testing at this level 
is complicated by the virtually limitless number of con
figurations. A data-integrity test suite contains thou
sands of experiments with varying parameters such 
as transfer size, LBA, and write/read sequences. These 
experiments test the boundaries of cache, LUN, trans
fer size, and RAID levels. Some tests should corrupt 
data in an array's parity drive, a data drive, or both 
drive types at the same time to test the array's re
sponse to such errors. 

The data-integrity test suite should also include sev-
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Brush less 
DC motors provide 
extended life in 
demanding applications 
These compact 12-24 VDC motors are designed 
for tape cartridge drives, business machines, 
medical equipment, pumps/compressors and 
similar applications. Available in 2.0" and 3.2" 
diameters with stall torque from 10 to 84 oz- in . 
Custom shaft and housing configurations to 
match your requirements. AMETEK, Technical 
Motor Division, 627 Lake Street, Kent, OH 44240. 
Tel: 216-673-3452. Fax: 216-678-8227. In Europe, 
Friedrichstrasse 24, 06200 Wiesbaden , Germany. 

Tel: 0611-370031. METEK 
Fax: 0611-370033. 
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SCSI disk testing 

eral tests in which two test adapters-a host simulator 
and a disk emulator---<!oordinate the timing of simu
lated disk errors with stressful command loading from 
the host. Fig 5 illustrates this test configuration. The 
same configuration is useful for performance and stress 
testing. 

Fig 6 shows a RAID Level 3 disk-array configuration 
with a dedicated parity drive. In this example, a block 
read of LBAs 0 through 3 will exhibit higher perform
ance because independent SCSI buses access all four 
disk drives in parallel. 

The stripe depth (sometimes called the "chunk size") 
is the number of contiguous blocks accessible on each 
logical disk. Fig 6 shows a stripe depth of 1. Disk 
arrays can vary the stripe depth as a function of user
request size to meet specific performance goals; usu
ally, the stripe depth and the request size are equal. 
Fig 7 shows a RAID Level 5 disk array with a stripe 
depth of 4. Each drive in this example stores four 
contiguous blocks. 

Data-integrity tests should use data transfers that 
span data disks using multiple stripe depths ranging 
from 1-block transfers to transfers of many thousands 

-;:::================C=l=R:::::.:C=LE==N:::::.:O=. 9::::9=============::;-1 of blocks. Subsequent tests should cause data corrup
tion to check the array's ability to recover data. Other 
tests should disable an entire drive to check for proper 
drive reconstruction while new transactions are being 
processed. 
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Configuration-limit tests apply data-integrity tests to 
different disk-array configurations. The tests execute 
on a selected set of disk-array configurations by vary
ing the number of back-end disk drives, back-end SCSI 
ports, and front-end host initiators. As each configura
tion takes many hours oftest time to execute, selecting 
the configuration set to run these tests against becomes 
a significant part of test design. ff!I:J 
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Protocols Inc (Newport Beach, CA ) in 
1986 to create SCSI testing tools. He 
holds a BSEE and MSEE f rom North
eastern University (Boston, MA). 
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Boards stiffened with 
CCI rigidizers fit better 

and perform better. 

Warped boards mean trouble. 

They won 't fit correctly into the slot 

or rack, and you can expect cracks in 

soldering and connections.CCI rigid

izers solve your warpage problems 

quickly and economically in both 

high and low current applications. 

They can carry up to 64 AMPS and 

can be used as shields for noise-

Without CCI rigidizer 

With CCI rigidizer 

4 6 8 W ~ M IB 
APPLIED LOAD, lbs. 

A = CCI 14 1/2" vertical copper D = 15" rectangular aluminum 
B = 14" rectangular fiberglass E = Unsupported PCB G-10 
C = 16" rectangular fiberglass fiberglass 

A comparison showing significa ntly better performance with 
CCI board stiffeners than with other conventional methods. 

( r I Circuit 
------• Components Inc. 

sensitive electronic components, 

as well as mechanical vibration 

shock absorbers. They'll even pro

tect the PCB from cracks on sol

der joints and PCB traces . And 

the one-step installation requires 

no hardware. Send for a free ap

plications bulletin to learn more. 

Ci rcui t Components Inc . formerly a division of Rogers Corporat ion • 2400 S. Rooseve lt Street , Tempe. AZ 85282 • 602 967-0624 FAX 602 967-9385 
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So fllany 
interconnection 
choices. 

Toe.lay, Augar has 
the right solution for 

your semiconductor 
and board to hoard 
interconnection needs. 
Augar is providing real solutions to 
interconnecting today's Industry Standard 

Microprocessors with our extensive line 
of PGA and PLCC Sockets. We offer an 
enhanced metal larch SIMM Socket that 

allows easy insertion and extraction of 
the varied SIMM Module configurations 
that are available. 

Augat's patentee.I PAI Contact 
Technology in our LGA socket. grants 
your requests for innovation hy providing 
a real world solution to interconnecting 
the new LGA packages. This technology 
is the basis for c)ur newly introduced 
MEZCO:\' line (mezzanine hoard connec
tor). which solves the typical problems 
associated with interconnecting parallel 
stacked hoards on a high density grid. 
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Architectural choices 
provide the key to reliable 

fixed-point filters 
Fred J Taylor, University of Florida; Glenn S Zelniker, 

Monica A B Murphy, Henry A Gancedo, The Athena Group Inc 

Fixed-point DSP µ,Ps offer significant cost
performance advantages over their floating
point counterparts when creating digital fil
ters. Unfortunately, fixed-point filters can 
y ield poor p erformance if improperly imple
mented. Selecting the right architecture is the 
key to successful designs. 

DSP µPs can yield reliable, high-precision, and cost
effective digital replacements for analog filters. They 
can also implement programmable and adaptive filters 
that are difficult to develop using analog components. 
Because they have a finite word length, however, digi
tal filters suffer from errors introduced by rounding, 
truncating, or arithmetic overflow that occur at the 
register level. You can reduce these problems by using 
floating-point DSP µPs , but fixed-point filters have 
the advantages of increased filter bandwidth and low
ered system cost, power consumption, and board area. 
The key to success is choosing the proper fixed-point 
architecture. 

Digital filters are generally classified as being either 
finite impulse-response (F IR) or infinite impulse
response (IIR) filters. FIR filters, which are purely 
feed-forward networks, are free from instability prob
lems, have a simple structure, and can be easily pro
tected from severe finite-word-length effects. How-

ever, to meet even the most basic specifications, FIR 
filters need to be of a high order. High-order filters 
can become arithmetic-intensive, with an attendant re
duction in bandwidth. In comparison, IIR filters can 
generally meet a set of specifications with a much 
lower-order design, making them the most preferred 
choice. An IIR filter, however, is both a feed-forward 
and a feedback network. The feedback structure gives 
rise to stability problems and recirculates finite-word
length errors. 

Designing the IIR filter 
The IIR filter design process consists of three gen

eral steps, with a fourth required for fixed-point im
plementation. You should verify and test your design 
after each step. The steps are: 
1. Specify the design requirements in terms of at
tenuation (gains) and frequency ranges. 
2. Generate the filter transfer function or model, 

3. Select and evaluate the filter architecture, such as 
Cascade, Direct II, Lattice-ladder, etc. 
4. Convert the design into a scaled fixed-point filter 
that maximizes precision without introducing arith
metic overflow errors. 

Once you have established the desired response of 
the target filter (Step 1), you have several ways of 
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generating the filter model. You can choose either a 
classic approach, such as Butterworth, Chebyshev, or 
E lliptic filters, or a user-defined approach. You can 
also shift between models, as diagrammed in Fig 1. 

The classic IIR filter design models are legacies of 
the earlier radio-engineering era. They appear in most 
filter-design handbooks (Refs 1 and 2) and a number 
of DSP software packages can implement them (Ref 
3). If you choose to use a classical filter model, you can 
make your selection based on which filter attribute is 
most important in your application. Table 1 gives some 
guidelines for choosing classical filters. Elliptic is the 
most popular IIR form because it has the lowest order 
for a given performance level. A lower filter order 
translates directly into increased speed (that is, fewer 
multiply-accumulates) for a processor-based design. If 
speed is not the principle design limitation, then the 
other types of filters can offer advantages. 

If you choose to create a user-defined filter, there 
are two commonly accepted means of converting an 
analog filter, specified in the s-plane as a transfer func
tion H(s), into a discrete or digital filter, given in the 
z-plane as H(z). You use either the standard z
transform or the bilinear z-transform. Both processes 
are also well-documented in handbooks and are avail
able in some DSP software packages. 

Architecture, the forgotten step 
After you have completed Step 2, you'll have only 

a transfer function, H(z). This is sufficient information 
to implement a digital filter in software using the dif
ference equation 

n- 1 n- 1 

y(n)= ~>iu(n - i)+ ~)jy(n-j), 
i=O j=l 

relating output samples y(n) to input samples u(n). 
However, this would produce an awkward implementa
tion in DSP hardware because it requires approxi
mately 2n shift registers to store the necessary series 
of values {u(n)} and {y(n)}. The simplest, or canonic, 
architectures (the arrangement of multipliers, adders, 
and shift registers that implement the transfer func
tion) require only n shift registers. Table 2 summarizes 

llR DESIGN 
CLASSIC FIL TEA MODELS 

BUTIERWORTH 
CHEBYSHEVI lilllllii.... -I 
CHEBYSHEV II .... 

ELLIPTIC 
TRANSFER-FUNCTION 

,..,.---.._ DESIGN ( 0) "l'l·~r-
- ~, 

STATE VARIABLE DESIGN 
H(z)=cT(zl-At1b+d 

POLE-ZERO DESIGN 
H(z)=Kn(z-z;)tn(z-p;) 

Fig 1-You can implement an llR filter design using a classical 
filter model or one of several user-defined models, as well as 
shift between model descriptions. 

some of the commonly used canonic architectures and 
their relative merits. These are general guidelines, 
however, and must be verified on a case-by-case basis. 
The guidelines assume a classic tradeoff between 
round-off-error sensitivity (precision) and filter com
plexity (throughput). 

Some architectures are less susceptible to fixed-point 
errors than others. For simple fixed-point implementa
tions, the Cascade architecture is the most commonly 
used. However, Cascade filters have a higher finite
wordlength error sensitivity than some of the others. 
Yet, even though the rules for converting a transfer 
function to an architecture are published, most soft
ware packages utilize only the simple Cascade architec
ture at the exclusion of more sophisticated fixed-point 
architectures, or offer no conversion algorithms at all. 
The reason for this lack appears to be the greater level 
of mathematics capability required to be able to design 
and analyze advanced architectures. 

Among the other architectures, Direct-II filters re
quire the fewest number of multiply-accumulates to 
implement, and therefore have the highest potential 
bandwidth. If you were working with floating-point 
processing, where round-off errors are not typically a 
problem, the high bandwidth of a Direct-II filter would 

Table 1-Attributes of classical llR filters 

Attribute Best llR Worst llR 

Filter Order Ell iptic Butterworth 

Flat Passband Butterworth, Chebyshev II Elliptic, Chebyshev I 

Flat Stopband Chebyshev I Chebyshev 11 
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Table 2-Relative merits of canonical filter 
architectures 

Architecture Advantage Disadvantage 

Cascade Good fixed-point performance Few 

Direct-II Fastest (highest bandwidth) High round-off error sensitivity 

Parallel Fault tolerant Higher round-off error sensitivity 

Normal Low coefficient error sensitivity Increased complexity 

Lattice-Ladder Orthogonal outputs Complex 

Wave Lowest round-off error sensitivity High complexity 

make it the natural choice. However, for a very high
order IIR (n> 12), the filter coefficients may need to 
span a 20- to 30-bit dynamic range. In such cases, even 
32-bit floating-point DSP µPs have insufficient resolu
tion to guarantee acceptable performance. The situ
ation for fixed-point Direct II is worse-even low-order 
Direct-II filters can suffer from catastrophic fixed-point 
errors. 

Clearly, to choose the best architecture for your 
fixed-point design, you must understand and analyze the 
sources and effects of finite-wordlength errors. Fixed
point arithmetic gives rise to a host of nonlinear effects 
caused by finite wordlength. The effects stem from 
two sources, coefficient roundoff and arithmetic errors. 

Coefficient-round-off errors come about when you 
first create the fixed-point implementation of a transfer 
function by rounding the transfer function's coeffi
cients. The difference equation becomes 

A 

ANALOG 
MULTIPLIER 

A B 

where xQ is the rounded value of x. Coefficient round
ing can alter the shape of the filter's time and frequency 
responses from the ideal. It can also change the filter's 
pole and zero locations causing, in extreme cases, insta
bility. If the word width is properly utilized, however, 
modern fixed-point DSP µPs generally provide suffi
cient precision to control coefficient-round-off errors 
for low-order IIR filters. 

You can also reduce coefficient-round-off errors by 
properly pairing poles and zeros into first- and second
order filter sections. You can factor all transfer func
tions H(z) having real coefficients {aJ and {bJ into real 
and complex-conjugate roots. You use the real roots 
to create first-order filter sections and combine com
plex-conjugate pole and zero pairs to create second
order filter sections, all having real coefficients. These 
first- and second-order sections are the fundamental 
building blocks of a digital filter having cascade sec
tions. As a rule-of-thumb, you reduce the coefficient 
round-off errors by pairing the poles and zeros that 
are the closest together based of their Euclidian dis
tance, or proximity, in the z-plane. 

The second error source is arithmetic. An n-bit fixed-

Perror(E) 
.--- ----+-------. 1/Q 

I 
-Q/2 0 Q/2 

c n 

FULL-PRECISION PRODUCT 
ROUND TO n MSBs 

PRECISION=O VOL TS/BIT 

STATISTICAL MOMENTS 

c 

(a) (b) 

E(E)=0.0 

a2=E(E')=0 2/12 

fig 2- Arithmetic round-off error in digital filters comes about when a full-precision product gets truncated (a) by a multiplier. The 
resuhing error can be statistically analyzed and is typically expressed (b) as a uniform probability distribution. 
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point arithmetic unit will accept two n-bit operands 
and produce a precision product, which it then rounds 
to an n-bit result. This produces an error, E, as shown 
in Fig 2a. Such errors, unfortunately, recirculate 
within the IIR filter' s feedback structure and have a 
cumulative debilitating effect on the system's output 
data. Therefore, arithmetic errors are not simply addi
tive, but are defined by a transfer function from the 
error source (that is, multiplier) to the output, which 
you must derive for each noise source. 

You can analyze the effects of this error type statisti
cally, as shown in Fig 2b. The value Q, called the 
quantization step size, has units of volts/bit. If a signed 
analog signal having a range of ± V volts is subdivided 
into 2n distinct (digital) Values, then Q = V/2n·I VOlts/bit. 
A frequently used model for the quantization-error 
probability density function is a uniform distribution 
over the range (-[Q/2],[Q/2]). The mean of this distri
bution is zero and its variance is Q2/12. Each multiplier 
contributes round-off error power to the output, an 
amount ai2 = Gi(Q2/12). The value Gi is the noise power 
gain, or simply noise gain, from the i-th multiplier to 
the output. The noise power reaching the output is the 
sum of all contributions. 

Arithmetic errors are also characterized by nonlinear 
effects. The most severe form is register overflow, or 
saturation. If it should occur, large sample-by-sample 
errors can result. Recognizing this as a potential prob
lem, most DSP µPs incorporate saturating arithmetic, 
which clamps the multiply-accumulate result to its 
minimal or maximal value upon detecting an overflow. 
While not eliminating the problems caused by register 
overflow, this feature reduces the effects. Even so, 
ensuring that such overflow will not occur in your 
fixed-point IIR filter is critical to the filter's perform
ance. You accomplish this by correctly placing the 
binary point in your digital word. 

K- INPUT SCALE FACTOR 

I u(k) lt s u 

u(k) 

FILTER STATES 

l w, ls w 
....------------. l y(k) bv 

llR FILTER WITH COEFFICIENTS w, 1---• 
y(n) 

Xn(k) Xn-1(k) x1(k) 

TEST AND DETERMINE THE MAXIMAL STATE VALUE I x(k) bx 

Fig 3-Setting the binary point for a fixed-point filter to ovoid 
overflow errors requires that you find out how large the numbers 
will get. The inputs, outputs, coefficients, and internal register 
values all hove upper limits that you must find. 
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Calculating the noise gain (Gi) for arithmetic errors 
and determining the correct decimal placement to avoid 
overflow can be formidable problems when dealing 
with an arbitrary architecture. The most efficient 
bridge between architecture and noise-gain analysis 
stems from state-variable techniques like those used 
in circuit analysis. The techniques simplify the analysis 
of both noise gain and register overflow. Unlike the 
other possible transfer-function descriptions, the state
variable paradigm describes the behavior of an IIR 
filter at the shift-register level as well as relating the 
output to the input. 

State-variables simplify analysis 
In the state-variable schema, the transfer function 

for an nth-order IIR filter is given by 

H(2) = cT(zi-A( b +d, 

where d is a scalar, b and c are n-dimensional vectors, 
A is an n x n matrix, and I is the identity matrix. From 
this transfer function comes the state model 

x (k+ 1) = Ax(k)+ bu(k), 

which has a filter-output value given by 

y(k) = c Tx(k) + du(k ), 

with u(k) and y(k) being the scalar input and output 
values for sample k and x being the vector comprising 
the contents, or state, of the filter's n shift registers 
for sample k. The element aii defines the gain between 
state x/k) and state xi(k + 1), bi is the path gain be
tween u(k) and xi(k + 1), ci is the path gain between 
x/k) and y(k), and d is the gain between u(k) and y(k). 
Any linear architecture can be represented with the 
appropriate A, b, c, and d. 

The state-variable model is useful in analyzing the 
problem of register overflow, depicted in Fig 3. This 
analysis assumes that signed n-bit data words consist 
of one sign bit, I integer bits, and F fractional bits, 
which gives: 

x = ±21
-

1 x(I-1) + ... + 2°x(o)+2-1 x(-1) + ... + 2-F'x(-F), 

where + denotes the binary point. 
The input values, u(k), filter coefficients, wi, filter 

states, Xn(k), and output values, y(k), all have some 
maximum value, denoted by I U I , I W I , I X I , 
and I Y I . Assuming that the scale factor K= 1, the 
problem of implementing an overflow-free filter is one 
of determining where to set the binary point so that 
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Table 3-Definition of register norms (bounds) 
Input 

Norm Definition assumption 

11 (frequency domain) II hk ll1= maxHk(e"') u(k)= 
w cos(w0k+~ 

/1 (time-domain) II hk ll 1 = l:lhk(n)I I u (n)I s 1 
n 

12 (time-domain) ll hk ll 2= [ 2:1hk(n)12] 'h l:l u(n) l2s1 
n n 

21> M =max( I U I , I W I , I X I , I Y I ). Therefore, 
the design of a fixed-point digital filter requires that 
a compromise be made between the dynamic range 
requirement (I>log2(M) in bits) and precision 
(F = (N - I - 1) in bits). The key to making this compro
mise wisely is compute a meaningful dynamic-range 
bound, M. 

Norms set computing bounds 
From the state-variable model you can easily deter

mine the impulse response from the input to the k-th 
state, xk, with the response denoted by the sequence 
hk = {hk(n)}. You may define three useful bounds, or 
norms, from this sequence, each bound corresponding 
to a particular class of input signal. For sinusoidal sig
nals, use the lr norm. For aperiodic signals, use the 11 

norm, and for finite-energy signals, use the 12 norm. 
Table 3 summarizes these norms. 

These norms are useful in determining the bounds 
for the register states. If the input signal satisfies the 
11 constraint, then the shift-register content at the k-th 
state is bounded by II hk 11 1• The same relationship 
holds for the 12 and lr norms. Which norm you choose 

Po1~~7~e;....c•o~·O~--------------~ 

I 

f, 

1-

- 1 .307~1'-_-------~---------r_. 

(a) 

Worse-case 
input 

Sinusoidal 

Bounded by unity 

Finite energy 

depends on the filter's application and the properties 
of the signal to be filtered. 

The relationship between the norms is 

You can compute the 12 bound directly from the state
variable description, but the bound is optimistic in that 
it may be too small to hold true for a real-world input 
signal. The 11 time-domain bound is best, but is difficult 
to compute in closed form. However, if you can ap
proximate the impulse response with a sufficiently long 
finite sum (that is, if the tail of the response is negligi
ble), then you can experimentally determine the 11 

bound. You can use an FFT to approximate the lr 
frequency-domain bound, which presumes that the 
worst-case input signal is sinusoidal. All these calcula
tions presume that each of the filter's shift registers 
is accessible for analysis; in the case of a state-variable 
model, they are. 

As an illustration of computing the norms, consider 
the two finite-duration time series x1 =exp( - 0.9n), and 
x2 =exp(-0.9n)cos(21m/8), nE[l,15]. You can compute 

: "·"~~~i~[fPL:¥ff:e::.:: __ :_•._•:_._··.· .•. ·-_J_:_ .. _·,·.·_•o:_._·• ___ ••_:_:_:_:_:_:_._:_:_ ::: . . :3'.·._! 3:•0:: :. : ::j 
S ~~:~~~t·m umm~;.5>-': J_ t i7S40 22L 

0 . 95 

o . es ool ················-'···············-<··············•·············"·····l·o·········· i 

(b) 

Fig 4-A sample Elliptic filter hos the pole-zero mop given in (o) with the frequency response shown in (b). Many different architectures 
will produce these some filter characteristics, but their internal behaviors will vary considerably. 
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the 11 and 12 norms directly from their definitions. You 
compute the lr norm by zero-padding the finite-duration 
time series, taking the FFT, and then finding the maxi
mum magnitude. The results are ordered in agreement 
with theory, 

II xl 112 = l.09455s II xl !If= l.68512s II xl 111=1.68512 

and 

11 x2 ll2=L04198sll x2llf=L28547s11 x2 II l=L3725L 

Using the state-variable description, then, lets you 
determine the optimal setting for the binary point and 
predict the noise performance of a given filter architec
ture. For example, consider a seventh-order Elliptic 
filter with the following attributes: sampling fre
quency = 44.1 kHz, passband from de to 5 kHz with 
unity gain and flatness ± 1 dB, and stopband from 7 
to 22.05 kHz (the Nyquist frequency) with at least 
80-dB attenuation. 

The filter's transfer function is: 

where 
ar bi 

0 1.0 1.0 
1 0.636 5.456 
2 1.808 13.545 
3 0.349 19.679 
4 0.349 17.999 
5 1.808 10.346 
6 0.636 3.460 
7 1.0 0.520 

INPUT 

TEST POINT TEST POINT 

Table 4- Comparison of architectures 
for sample Elliptic filter 

uNoise 
Architecture w Xl2 Xl1 Xl1 (in bits) 

Cascade :S 2 :S 0.232 :S 0 .531 :S 1.344 -9.8 

Direct-II :S 21 :S 0.191 :S 0 .888 :S 1.430 -10.7 

Normal (cascade) :S 9 :S 0.232 :S 0 .532 :S 1.344 -11 .2 

Wave :S 57 :S 0.374 :S 1.B75 :S 2.977 - 7.4 

Lattice-Ladder :S 19 :S 0.191 :S O.BBB :S 1.430 -9.7 

Fig 4 shows the filter's zero-pole distribution and its 
magnitude-frequency response. Using the state
variable description together with DSP design tools, 
you can calculate the coefficient bound, W, and the 
three dynamic range bounds for a variety of architec
tures. You can also calculate the round-off-error noise 
power, er, to predict how many bits of fractional preci
sion each architecture will lose. In this example, with 
results shown in Table 4, the Cascade architecture 
provides the greatest fractional precision after sub
tracting the effects of noise. The Wave architecture 
has a smaller noise power, but, for a given word length, 
has fewer fractional bits to begin with because of its 
coefficient bound. 

Fig 5 shows the Cascade architecture. Notice that 
the filter comprises three second-order sections and 
one first-order section. Notice, too, that you need to 
analyze only states x0 , x2 , x4 , and x6 because the re
maining states contain the same information, although 
delayed. Fig 6 shows the frequency responses for both 
a Cascade and a Wave floating-point implementation, 
measured at the filters' outputs and at each shift regis
ter. As Fig 6 illustrates, it is virtually impossible to 

TEST POINT 

OUTPUT 

I 
I 
I 
I 
I 
I 
I 
I 

0 
TEST POINT 

Fig S-The cascade representation of the sample filter shows the filter's internal states, x1• If you want to fully test this filter, you'll 
need the test points indicated so that you can monitor the filter's behavior at the register level. 
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predict the internal behavior of filters based only on 
their input and output measurements. You must be 
able to explore the internal details to develop a success
ful design. 

The 11 norm for all the internal states of the Cascade 
filter is, according to Table 4, at most 1.344. This 
means that if the input signal is bounded by unity for 
all n, then state x6, for example, should never exceed 
1.344. Fig 7b shows the results of a computation of the 
11 norm for state x6 assuming a unit impulse. By analogy 
to a matched filter, it is relatively easy to see that the 
state will eventually approach the 11 norm if the input 
signal is the sign-reversed impulse response from the 

(a) 

ra_::_ ~· ~"":="~....--
! t . 95~8 
I 

l 1 . 56"47• ························+ 11 ······················•············· ····· ·······••························+-························· • 

I 
1 1 . 1735 ······--------·····--·-- ·• ····················· 1 ·--························ l ························-~·-············ ·· ·········· i 

E l\A'·~yOUTPUT 1~ ._..., l/ STATE 6 

I a . 7023 i/J'"'····················•················--·······•·····--··················•··························< 

! 0 . 39U .... El V VSTATE4 

i VSTATE2 

: ~STATEO 

I t . 36e-09 W2. H~r a"4 ...Er 30 . 6 

(b) 

Fig 6-Both o Cascade (o) and o Wove (b) architecture produce 
the some filter output, but their internal behavior differs widely. 
Registers in the Wove architecture need extra integer bits in their 
fixed-point data words to ovoid register overflow. 
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input to state x6, namely u(n) = - sign(h6( - n) = ± 1. 
Generally, the worst-case time series will be an aperio
dic sequence. 

Set word format to avoid overflow 
Fig 7a shows the impulse response for state x6 and 

Fig 7b shows the 11 norm. As predicted in Table 4, the 
norm is bounded by 1.344. Table 4 also reports that 
the largest filter coefficient is <2. The input and output 
values are bounded by unity, so the dynamic range 
bound m =max( I U I , I W I , I X I , I Y I )<2. This 
condition requires that the word format used in a DSP 
processor have at least one integer bit (I= 1). 

To verify this word-format choice, we calculated the 
filter's state-6 output using the input sequence shown 

; ~ t . tt""9 

(b) ~~ ~ :;;: 
1"" o . =2!3 

0 .--.-, --.,-., --,,-., --.-.. --<,--. --.!. 

Fig 7-lf you drive the sample filter with its worst-case input 
signol(c), derived from one register's impulse response (o), you con 
test the predictions mode by the various norms. The norm for the 
filter's state 6 (b) predicts on upper limit adhered to in o flooting
point filter design (d). A 16-bit fixed-point filter design having 
no integer bits shows distortion (e) due to overflow errors. By 
providing one integer bit, the output (f) more closely matches the 
floating-point result (d). Adding o second integer bit hos little 
effect (g), except to lose accuracy. 
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in Fig 7c. The output for a floating-point implementa
tion appears in Fig 7d as a reference. Figs 7e, 7f, and 
7g show the results obtained for a 16-bit fixed-point 
filter using word formats having 1 sign bit and 15, 14, 
or 13 fractional bits (abbreviated (16,15), (16,14), and 
(16,13)). As Fig 7e shows, the (16,15) format results 
in distortion due to run-time register overflow. The 
distortion occurs even though the processor used satu
ration arithmetic to suppress most of the undesirable 
effects. Fig 7f, showing the (16,14) response, shows 
good agreement with the floating-point response; the 
filter was free of run-time overflows, as expected. 
Note, however, that the maximal output value de
creased from 1.33 to 1.12 due to finite word-length 
effects. The output value could as easily have increased 
by as much. Fig 7g shows that the (16,13) response is 
also overflow-free but is, in general, less precise than 
the (16,14) filter. 

The state-variable approach, then, is a powerful tool 
for designing successful IIR filters using fixed-point 
DSP processors. By examining the internal behavior 
of a candidate filter architecture and selecting the ap
propriate word format, you can choose the architecture 
that best meets your system's speed and precision 
tradeoffs. C3:!I:J 
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You can obtain boundary 
scan' s benefits despite 

use of some nonscan I Cs 
Jon Turino, Logical Solutions Technology Inc 

Although boundary scan can simplify testing of 
digital subassemblies and pc boards, some people 
think that serious use of the technique must 
wait until scannable versions of all /Cs become 
available. But you need not wait; you can real
ize many boundary-scan benefits in designs 
that mix nonscannable and scannable devices. 

The approval of IEEE standard 1149.1 for a test-access 
port (TAP) and a boundary-scan architecture will even
tually let semiconductor manufacturers supply stan
dard ICs that provide "testability on a chip." Although 
some chips that conform to IEEE-1149.1 are already 
on the market, several years will pass before boundary
scan structures appear in all ICs that can benefit from 
them. 

Using boundary scan to design for testability will 
become much more common as designers increase their 
systems' performance by using packaging techniques 
such as fine-pitch technology (FPT), tape-automated 
bonding (TAB), and multichip modules (MCMs). Al
though these techniques improve performance, they 
reduce the subassemblies' test-probe accessibility. The 
objective of boundary scan is to allow testing for the 
usual range of manufacturing-induced defects despite 
limited probe access. 

With boundary scan, electrical access to subassembly 
nodes replaces physical access. Fig 1 shows a block 
diagram of a boundary-scan chip. Only four pin connec
tions provide electrical access for controlling and ob
serving all of the chip's nodes (and any built-in self-test 

features). The four connections are for the test-data
input (TDI), test-mode-select (TMS), test-data-out 
(TDO), and test-clock (TCK) lines. These lines connect 
to the TAP controller, an on-chip finite state machine 
required by the standard. 

Test interface comprises four connections 
If all of the ICs on a board or subassembly support 

boundary scan, you can test the entire assembly 
through the same four external connections. To create 
the required configuration, 
• connect the first chip's TDI to the external interface 
• daisy-chain each chip's TDO to the next chip's TDI 
• connect the last chip's TDO to the external interface 
• connect all of the TMSs together and all of the 

TCKs together, then connect the TMS and TCK 
buses to the external interface. 

NORMAL----, 
INPUT 

TMS 

TCK 

LNORMAL 
OUTPUT 

Fig 1-An IC that incorporates IEEE-1149.1 boundary-scan capabili
ties has four extra pins that control access to the testability 
features. 
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The TMS and TCK lines clock data into each device's 
TAP. The TMS line carries chip-state data that tell 
the TAP controller to tell its device which mode to 
assume. The TDI line, aided by TCK, transmits the 
actual instructions and data. 

The information that the TDI line sends to each chip 
can go to the boundary-scan registers, the bypass reg
isters, or any other registers in the device that the 
TAP can access. The noninverting TDO line allows 
reading the contents of the instruction, boundary-scan, 
bypass, and identification registers (if any), as well as 
certain internal registers. Refs 1 and 2 contain more 
complete information on how boundary-scan-equipped 
devices operate. 

Until all, or at least most, devices include boundary 
scan, the situation illustrated in Fig 2 will arise. In 
this example, the mixture of scannable and nonscan
nable parts results in incomplete fault coverage and 
can cause device-to-device protocol differences that 
complicate communication. 

Vendors of traditional in-circuit and combinational 
board testers, as well as boundary-scan proponents, 
are therefore recommending interim solutions that mix 
boundary scan with traditional mechanical probing. 
The idea is that over time, because of the increased 
use of boundary scan, the number of nodes requiring 
mechanical probing will decrease faster than it must 
increase as a result of greater circuit complexity. 
Therefore, critical nodes that are inaccessible via the 
boundary-scan path (or other electrical-testability 
path) will continue to be accessible via mechanical 
probing. 

In some cases, boundary-scan devices can enable the 
testing of external logic not directly in the scan path. 
Fig 3 illustrates this capability. To use this approach, 

BOUNDARY
SCAN CHIP 

NONSCAN 
CHIP 

SCAN IN 

NONSCAN 
CHIP 

BUILT-IN 
SELF-TEST 

CHIP 

VERY HIGH SPEED 
INTEGRATED 

CIRCUIT 

~ 
l~ 

SCAN OUT 

Fig 2-At present, if you use boundary scan to test an assembly, 
you will almost certainly have to mix scannable and nonscannable 
parts. If you don't combine them carefully, the result can be 
incomplete fault coverage and communication complicated by de
vice-to-device protocol differences. 
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Fig 3- ln some cases, boundary-scan devices can enable the testing 
of external logic not directly in the scan path. 

you must convert the external-logic test patterns from 
parallel to serial, apply them through the scan path, 
capture the resulting external-logic states, scan them 
out, convert them back to parallel form, and verify 
them. Although this approach can be practical for small 
clusters of fairly simple nonscan circuits, it is not very 
practical when the external circuits include processors, 
10,000-gate ASICs, or other very complex logic. 

The objectives of boundary scan, however, focus 
more on detecting what are called "structural defects" 
in an assembly than on retesting a chip's logic functions 
after the chip is attached to a board. Thus, there are 
ways to use boundary-scannable devices to apply and 
observe fairly simple patterns at the nodes of nonscan
nable devices. With this approach, you can detect 
"stuck-at-0" or "stuck-at-1" faults caused by open cir
cuits and solder shorts, as well as faults caused by 
wrong, incorrectly installed, or dead components. 

When you add circuits or connections to a device or 
board to improve its testability, you can impair its 
performance, its reliability, or both. Boundary scan 
uses extra silicon for the TAP controller and the bound
ary-scan cells. Depending on the complexity of the 
normal functional (or "core") logic, this overhead can 
range from 30% (for simple devices) to as little as 3 
to 5% (for complex devices). The extra silicon is fairly 
cheap, however, and should not affect reliability 
significantly. 

The biggest complaint regarding boundary scan is 
the addition of two extra gate delays-one at each chip 
input and output. However, even if these gate delays 
degrade the product performance to an unacceptable 
degree, you can still add boundary-scan-equipped de
vices as shown in Fig 4. If you can control the 3-state 
or output-enable lines of the processor, ROM, and 
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RAM, this approach lets you use the boundary scan 
devices (labeled 8245) to see if the chips are "alive" 
and to check the integrity of the bus lines that connect 
to all of the ICs. 

Bypass register speeds testing 
The need to achieve acceptable testing speeds helps 

to explain why IEEE-1149.1 includes a bypass regis
ter. Using the register reduces a device's effective 
word length to one bit or two (depending on the im
plementation). You can set most of the devices in a 
boundary-scan path into the bypass mode and supply 
full-length clocking or data sequences only to chips 
that perform operations in a particular test. 

Another way of shortening individual scan sequences 
is to multiplex the scan chains (Fig 5). You can think 
of scan-chain multiplexing as partitioning of the scan 
chain to permit scanning individual sections of the cir
cuit under test. Of course, the total number of test 
vectors will still equal the total number of scan cells 
times the number of test vectors per scan chain (plus 
a few additional vectors to select a particular scan 
chain). Where performance restrictions do not preclude 
it, the ideal approach is to replace single-function parts 
with parts that include boundary-scan features. These 
parts let you partition, control, and observe your cir
cuit, hence they let the circuit meet all of the criteria 
for testability. F ig 6 demonstrates this approach. 

Performing structural and performance tests of 
subassemblies and systems built from mixing scannable 
and nonscannable ICs that are likely to exist for at 
least the next few years will require dedicated testabil
ity circuits that can interface to scannable and nonscan
nable chips. One approach is to replace single-function 
logic circuits with circuits that have both functional 

ADDRESS DATA CONTROL 

fig 4- The biggest complaint regarding boundary scan is the 
addition of two extra gate delays- one at each chip input and 
output. However, even if these gate delays degrade the product 
performance to an unacceptable degree, you can still add boundary
scan-equipped devices. 

SCAN 
DATA 
OUT 

fig S-You can think of scan-chain multiplexing as partitioning 
of the scan chain to permit scanning individual sections of the 
circuit under test. 

and protocol-independent test interfaces . Fig 7 illus
trates the addition of dedicated control and observation 
circuits to a design. These circuits provide coupling 
from the I/O lines of a subassembly's testability bus 
to virtually any device on the board or module. The 
coupling is transparent to CAE tools, automatic test 
equipment, and built-in test resources. 

The approach illustrated in Fig 7 has several ad
vantages. First, you can partition the scan chains to 
improve fault-isolation resolution. Next, by using the 
testability bus (also called T-bus) to select the target 
device's address, design verification and test resources 
can use their own protocols to communicate with target 
devices. Third, because the test circuits are not in 
series with the functional circuits, there are no per
formance penalties. Fourth , by including real-time
addressable serial and direct-access ports, the control 
and observation circuits can test themselves fully. 

The drawback of this approach is the need for boards 

ACDRESS DATA CONTROL 

fig 6- Where performance restrictions do not preclude it, the 
ideal approach is to replace single-function parts with parts that 
include boundary-scan features. These parts let you partition, con
trol, and observe your circuit. 

EON November 12, 1992 • 173 



EDN·DESIGN FEATURE 

BOIJNDARY-SCAN TESTING 

to include dedicated testability circuits and for MCMs 
to include additional dice. One of the unfortunate rules 
of design for testability (or design for manufacturability 
or serviceability, for that matter) is that nothing is 
free. To eliminate the extra chips, you can embed the 
equivalent circuits in an ASIC, or you can replace single
function parts with testability circuits in a manner simi
lar to that described earlier for boundary-scan parts. 

Testable functional circuits 
Fig 8 illustrates the implementation of testable func

tional circuits. This approach lets you mix scan and non
scan devices on boards and in MCMs without seriously 
affecting circuit performance or using many extra parts. 

Boundary scan, although certainly a welcome member 
of the IEEE-1149.x family of approved and proposed 
standards and a valuable testability tool, is not a pana
cea for all of the world's testing problems. Moreover , 
until all devices are both scannable and all-digital, the 
need for new ways to design for testability will continue. 

Vendors of in-circuit and combinational automatic
test equipment have already embraced boundary scan 
to provide "virtual nails" or "silicon nails" in place of 
real nails (that is, spring-contact probes) in "bed-of
nails" test fixtures. Nevertheless, as long as circuits 
consist of a mixture of scan and nonscan ICs, test 
methods must accommodate both device types. 

Moreover, although a mixture of virtual and real 
nails may solve most SMT and FPT testability problems, 
solving MCM testability problems requires a combina
tion of testability circuits-including boundary-scan 
circuits-on the chips within MCMs and on the MCM 

LEVEL-SENSITIVE 
SCAN DESIGN 

BOUNDARY-SCAN 
CHIP 

CONTROL 
CIRCUIT 

OBSERVE 

VHSIC 
CHIP 

CIRCUIT 1-----~ 

BUILT-IN 
SELF-TEST 

CHIP 

~--TESTABILITY BUS __J 

Fig 7- Dedicated control and observation circuits provide coupling 
from the 1/0 lines of a subassembly's testability bus to virtually 
any device on the board or module. 
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Fig 8- Testable functional circuits let you mix scan and nonscan 
devices on boards and in MCMs without seriously affecting circuit 
performance or using many extra parts. Note that this is an 
IEEE- 1149 testability bus. 

substrates. Resolving these real testability problems 
will shorten the time needed for design verification, 
for logic and fault simulation, and for test generation. 
Dealing with testability issues will also reduce test and 
troubleshooting costs in the factory and in the field. l3!I:l 
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Our new LVT logic family gives you 5--volt 
performance at 3 volts. Because not all 3--volt 

systems are all 3 volts. 
L yo""' reody fm 5-V >p<OO ond 5-V 
drive from 3.3-V logic, step up to the 
new Low Voltage Technology (LVT) 
logic family of bus-interface circuits 
from Texas Instruments. 

Our new L VT fam ily isn't hastily 
recharacterized 5-V logic. It's designed 
to operate at 3.3 V from the ground up. 
It drives industry-standard 5-V buses at 
speeds faster than 5 ns. Plus, our 
exclusive Bus Hold feature conserves 
valuable board space and power by 
eliminating the need for external 
pu ll-up resistors-without affecting 
speed or drive. 

© 1992 Tl 

Mixed,mode operation 
makes things easy 
Our new L VT logic can interface 
directly to 5-V systems on both the 
input and output pins of the device 
while operating at 3.3 V. That makes it 
an excellent choice for the latest 
mixed-voltage systems where 5- to 3-V 
and 3- to 5-V TTL voltage translation 
is required . 

-1/} TEXAS 
INSTRUMENTS 

SN74LVT245 Highlights 
Speed: tpd 4.0 ns max 
Vee Range: 2.7 V-3.6 V 
Drive: -32/64 mA l0 t/l0 1 

Low noise: VQLp< 0 .8 V (typ) 
Packages: SOIC, TSSOP & Widebus™ 
Bus Hold: El iminates pull -up 

resistors 

Free sample available today 
Simply fi ll out the attached reply card, 
or call (214) 995-6611 , ext. 3010, 
today for a free T I SN74L VT245 octal 
transceiver. Plug it in and solve a few 
of life's little ups and downs. 

TMT radcmark of T ex;.1s Instruments Incorporated 00-7461 
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For Capacitors 
that Perform 
Every Time, 

• 
JustSaylC 

• 

If you 're serious about product quality. the 
name to know in capacitors is IC. Since 1935, IC hos 
engineered capacitors to the industry's highest 
quality standards. 

IC bocks this commitment with the latest 
equipment and manufacturing techniques. 
including burn-in testing of every capacitor. It's 
your assurance that every IC capacitor will perform 
the first time. every time. to keep your products 
or system at peak performance . 

IC distributors stock a wide range of IC 
capacitors at a location near you. They're bocked 
by IC s extensive inventory. for the fastest possible 
delivery. 

Up goes performance! Down come inspection 
costs. Make it all happen with IC. Coll us today! 

Ask for FREE 
Capacitor Engineering Guide . 

• 
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ILLINOIS CAPACITOR, INC. 
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Common Access Method 
simplifies development 
of SCSI device drivers 

Chris Borgers and Dave O'Shea, Future Domain Corp 

The Common Access Method (CAM) drastically 
reduces the effort you need to expend when 
developing device drivers for SCSI peripherals. 
CAM lets you develop a single device driver 
for SCSI pc boards that adhere to the CAM stan
dard. Using CAM, applications programs can 
access SCSI pc boards and peripherals in a con
sistent manner despite hardware differences. 

Writing device drivers for SCSI peripherals is a de
manding job: You have to write a driver for every 
existing SCSI host pc board; you must be an expert 
on the operation of a SCSI pc board's hardware and 
the lowest levels of the SCSI protocol; and you must 
ensure that multiple SCSI drivers don't attempt to 
control host SCSI board directly. These demands have 
inspired a new approach for writing SCSI device driv
ers: the Common Access Method, or CAM. CAM sim
plifies writing SCSI device drivers in three ways. It 
provides a software interface that lets SCSI peripher
als share the SCSI pc board, conceals the hardware 
details of the pc board, and insulates the driver devel
oper from the low-level details of the SCSI protocol. 

Device drivers fill the gap between an operating 
system's I/O interface and some type of hardware inter
face. In the case of SCSI peripheral drivers, the hard
ware is a SCSI pc board and a SCSI peripheral. Bridg-

• 

The software listings in this orticle ore ovoiloble on EDN's 
computer bulletin-boord system (BBS). Phone (617) 558-
424 l with modem settings 300/ 1200/2400/9600 8,N, l . 
Access /freeware SIG and specify (r)ead option followed 
by (k)eyword search for "MS490". 

ing this interface gap has been problematic. First, each 
time a designer introduced a new SCSI pc board, he 
or she had to develop a new driver because SCSI pc 
boards usually have diverse interfaces. In well
structured code, developing drivers was laborious at 
best. In poorly structured code, the result was a com
pletely new device driver for each SCSI pc board. 

A second problem device-driver developers some
times face is lack of expertise about the operation of 
the SCSI pc board's hardware and lack of knowledge 
about the lowest levels of the SCSI protocol. A pro
grammer had to expend considerable effort program
ming the host's SCSI pc board instead of concentrating 
on programming the SCSI device. 

A final problem in developing SCSI peripheral driv
ers occurs when multiple SCSI drivers try to control 
SCSI pc-board hardware directly. Schemes employing 
two independent drivers making use of the same SCSI 
pc board are destined to fail. This danger is especially 
real in a multiprocessing environment such as Unix. 
This multidriver-contention problem arises when the 
operating system treats the I/O devices in a traditional 
manner, as though they were attached to a dedicated 
controller board (F ig 1). In contrast, under SCSI, the 
pc board functions simultaneously as a controller board 
for many different types of peripherals (Fig 2). 

To employ CAM for device-driver development, you 
must understand the services CAM provides and which 
data structures you need to use these services. This 
article presents the CAM services in the order a pro
grammer typically follows when implementing a device 
driver. The CAM data structures themselves are in a 
file posted on the EDN bulletin-board system. C
language typedef types will frequently appear in the 
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examples without definitions. Generally, you can find 
definitions of these mystery types in the C header file 
in the BBS listing. Table 1 outlines the major CAM 
services. 

The CAM specification defines data structures inde
pendent of programming language. The following ex
amples will use Future Domain Corp's realization of 
the CAM specification, called Future/CAM. Future/ 
CAM is a C implementation of the CAM specification. 
All CAM-compliant implementations operate with each 
other because CAM is a low-level, language-independ
ent specification. To obtain copies of the SCSI-2 and 
CAM specifications, see box, "Getting started." 

To use a CAM service, you must fill in a data struc
ture called a CAM control block (CCB) and pass the 
data structure a pointer to the CAM entry point for 

DISK DRIVER 

DISK 
DRIVE 

OS KERNEL 

TAPE DRIVER 

OSl/O 
INTERFACE 

HARDWARE 
- ------------ INTERFACE 

DISK 
DRIVE 

TAPE 
DRIVE 

Fig 2-A single channel of a SCSI pc board can handle as many 
as seven disparate devices, so old-fashioned device drivers con 
collide disastrously when they try to work through a single SCSI 
pc board. 
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Fig 1- Unlike SCSI systems, older sys
tems have a separate controller board 
for each type of peripheral device. 
These older systems can get by with 
a separate software device driver for 
each controller board. 

execution. Most operating systems employ a stack
based procedure call to access SCSI hardware such as 
SCSI. However, MS-DOS uses a different approach. 
DOS requires you to put the pointer into a µP register, 
instead of on the stack, and to issue a software trap 
(using the Intel 80X86 INT instruction) instead of a 
procedure call. Whichever method a particular operat
ing system uses, the result is the same: The CAM
compliant device driver gets control of the CPU and 
accesses the parameters in the CCB. 

This example uses a C function: 

void xpLaction(scsi_header_t * ccb); 

This function would start a CAM service request and 
corresponds to a directive from an operating system's 
drivers to the CAM interface in Fig 3. Because you 
utilize all CAM service requests by setting up a CAM 
Control Block (CCB), the service request itself is called 
a CCB request. 

Locating CAM services 
To use CAM, the host computer must first determine 

if it is present and locate its entry point. The operations 
associated with getting the entry point are different 
for DOS, Unix, OS/2, and Novell Netware. Rather 
than go into details of each operating system, this dis
cussion settles on Unix 386. Under Unix 386, the CAM 
entry point is an external C function declared as 
xpLaction above. 

SCSI device drivers use three CAM services most 
frequently: path inquiry, get device type, and execute 
SCSI I/0. The examples will enumerate these services 
as FC_PATH_INQUIRY, FC_GET_DEVICE_ 
TYPE , and FC_EXECUTE_SCSI_CMD. 

The path-inquiry request determines how many 
SCSI bus channels are present and how to address 
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Table 1-Major CAM services 

Execute SCSI 1/0 Transmitting a SCSI command to a SCSI peripheral and 
transferring any data associated with the command . 

Get device type Obtaining the SCSl-2 Device type for a specific device without 
performing a SCSI inquiry command. 

Path inquiry Obtaining specific information about a SCSI bus and about how 
many SCSI buses are in the CAM system. 

Abort SCSI command Aborting an outstanding CAM command request. 

Reset SCSI device Much like an Abort SCSI command, except that it sends the 
SCSI BUS DEVICE RESET message instead of the SCSI abort 
message. The abort service does not always end up aborting 
the CAM request. However, the Reset SCSI Device request 
always sends the Bus Device Reset message. 

Asynchronous callback Events that are asynchronous in nature can be monitored by a 
client device driver using this service. Examples of such events 
are SCSI buses being registered and unregistered in a dynamic 
fashion (such as under the Novell Netware 386 operating 
system) or SCSI resets performed by another initiator. 

' Release SIM queue Unfreezing the CAM module after certain error handling 
conditions take place. This service is used only when extensive 
control is needed over command execution for devices that 
require complicated error-recovery actions. 

Reset SCSI bus CAM provides this function because there are few situations in 
the SCSI protocol that require resetting the SCSI bus to resolve 
the situation . Most of these situations never occur in real-world 
drivers, and a SCSI driver should never resort to resetting the 
SCSI bus. 

these channels under CAM. The get-device-type re
quest narrows the number of devices for which a device 
driver must obtain detailed information. For instance, 
if you're writing a tape driver, you would use this 
command to find all the tape drives in the system. If 
you were developing a tape driver that would work 
only for some particular brand of tape drive, you could 
use a get-device-type request to find all the tape units 
and then send a path-inquiry command to the tape 
units to identify the vendor, model, and even serial 
number of each unit. 

lets the driver developer fill in a data structure with 
SCSI-command information and then call CAM to carry 
out the SCSI command. Drivers developed for multi
tasking, interrupt-driven operating systems would use 
CAM's asynchronous-callback mechanism or asynchro
nous-even-notification capability, which is a critical 
part of the SCSI CAM specification. Asynchronous 
even notification is a fancy name for a device driver's 
interrupt-handling routine. The CAM driver calls this 
routine when a CAM request completes. 

The execute SCSI I/O request is the function device
driver developers use most frequently. The function 

The path-inquiry service lets the calling program 
obtain information about a SCSI device and the SCSI 
pc board it hooks to. This information includes the 

Getting started 
The documents essential for devel
oping a SCSI driver are the ANSI 
draft SCSl-2 document X3 . l 3 l -
l 99x and the ANSI CAM document 
X3T9.2/90- l 86. The SCSl-2 draft 
defines the peripheral command 
sets that programmers use to talk 
to SCSI peripherals . The CAM 
document presents an overview of 
CAM. It specifies data structures in 
a binary format of bits and bytes 
rather than in the compatible C-

data-structure format, which Future/ 
CAM uses. 

A handy reference book to have 
nearby is the SCSI Bench Reference . 
The book is a shorthand reference 
of much of the information found 
in the SCSl-2 document. It contains 
general information and specifics 
for disk- and tape-drive peripherals. 

The CAM and SCSI documents, 
$25 and $60, respectively, are 
available from 

Global Engineering Documents 
2805 McGaw Ave 
Irvine, CA 927 l 4 
(714) 261-1455 
(800) 854-7179. 

The SCSI Bench Reference, $195, is 
available from 

ENDL Publications 
14426 Black Walnut Ct 
Saratoga, CA 95070 
(408) 867-6630. 
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CAM rev1s10n, the capabilities of the host's SCSI pc 
board, the vendor of the SCSI interface module, the 
vendor of the SCSI board , and the SCSI ID of the pc 
board for that SCSI bus. The path-inquiry command 
also can find out how many SCSI bus channels are 
present in the CAM subsystem. This service lets a 
device driver identify how many SCSI boards are in
stalled, what their capabilities are, how many SCSI 
buses they support, and who makes the boards. 

The following fragment of C code shows how to use 
the path-inquiry service to obtain the highest path ID 
in a system: 

path_ inquiry_t pi ; 

pi.pi_ccb_addr - &pl ; 
pi . total_length - sizeof(pi); 
pi.function_code - FC_PATH_INQUIRY; 
pi. pi_flags - O; 
pi.pi_path_id - OxFF; /* OxFF is the XPT's reserved PATH address•/ 

xpt_action((scsi_header_t * ) &pi); 

On most operating systems, the SCSI pc boards will 
have path IDs starting at 0. This assumption makes 
coding an initialization routine easy, but it is not always 
true of all the operating systems that work with CAM. 
However, assume that this assumption holds true for 
Unix 386. 

Upon return from this call, the only valid field in 
the CCB will be pi_adapters_found. It will contain 
the last SCSI pc board's path ID or FF HF.X if it found 
no SCSI pc boards. 

Once you determine the number of valid paths, you 
can query each path with a path inquiry: 

path_inqu iry_t pi; 

pi. pi_ccb_addr - &pi; 
pi . total_length - sizeof(pi); 
pi.function code a FC PATH INQUIRY; 
pi.pi_flags-= O; - -
pi.pi__patb_id - OxOO; / * Check out path id o *I 

xpt_action ( (scsi_header_t *) &pi); 
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Fig 3-The Common Access 
Method (CAM) coordinates in
terchanges between an oper
ating system's many device 
dr ivers (which must meet 
CAM's standards) and their re
spective peripherals in a uni
form manner and eliminates 
contention for the SCSI host pc 
board. 

When you combine several path inquiries, the basic 
startup code might look like the code in Listing 1. 

Identifying device types 
Once a device driver identifies which path IDs are 

valid, it will want to find out which SCSI devices are 
attached to each SCSI pc board. There are several 
ways to do this. One technique is first using the 
FC_GET_DEVICE_TYPE service and then trans
mitting SCSI inquiry commands via the FC_EXE
CUTE_SCSLCMD service. The strategy is to use 
the FC_GET_DEVICE_TYPE service to limit the 
number of devices that must receive the inquiry com-

Listing 1 

typedef struct adapter t 
( -
path_ id; 
/ * Other Uelds: (This is an example) 

) adapter_t; 

path_inquiry_t pi; / * Path Inquiry CCB data structure */ 
int highest_id; / * Higest ID for an installed bus */ 
int id; / * Id to loop through possible path IDs */ 
adapter_t adapters[lO]; / * adapter_t is for example only */ 
int. ad._cnt; / * Number of adapters we have found */ 

pi.pi_ccb_addr - &pi; 
pi. total_length "" sizeof (pi); 
pi. function code • FC PATH INQUIR'i; 
pi . pi_flags-- O; - -
pi.pi_path_id • OxFF; / * OxFF is the XPT's reserved PATH address */ 

xpt_action( (scsi_header_t *) &pi); 

if ( pi.pi_cam_status I • CS_COMPLETED) / * Bad status from XPT, bail * / 
abort() ; 

highest_id • pi.pi_adapters_present; / * Get highest path id * / 

/ * Soach through path ID's from O to highest in use. The path ids 
• may not all be valid. Some IO's may have gone invalid because a 
• dynamic SCSI Interface Module (SIM), has deregistered a previously 
• registered id. NOTE: on systems that do not support dynamic 
• registration and deregistration of SCSI buses, then all of the 
• ID's from O to highest id will be valid. 
* The later assumption iS frequently applied in sy.stems such as 
* DOS, UNIX, and OS/2, because these operating systems do not allow 
* device drivers to "unload". 
• / 

for (ad_cnt• O, id=O ; id <• highest_id ; id++) 
{ 
pi.pi_path_id • id; 
xpt_action( (scsi_header_t *) &pi) ; 
if (pi.pi_cam_status •• CS_COMPLETED) 
adapters[ad_cnt++] .path_id - id; 
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mand. Once FC_GET_DEVICE_TYPE narrows the 
field of interesting devices, then a SCSI inquiry com
mand can obtain specific information about each device. 

To illustrate the technique, consider the case of a 
floppy-disk drive's device driver. Such a driver can use 
the FC_GET_DEVICE_TYPE service to identify the 
ID and LUN (logical unit number) addresses of all the 
disk-device peripherals in the system. For each of the 
identified TARGET/LUN combinations, an inquiry 
command would then obtain additional information 
about the device. For instance, the command could 
check to see if the removable-media bit in the inquiry 
reply was set. If a device did not set this bit, a fixed
disk driver might then choose to ignore this device. 
Some driver developers might want to support a more 
limited set of devices by restricting their scope to a 
specific vendor or model of drive. This information can 
also be obtained from the SCSI inquiry command. 

In fact, the inquiry command can obtain all of the 
identification information that a driver might want. 
So why complicate things using the FC_GET_ 
DEVICE_ TYPE command? The answer is simple: The 
command cuts down on the amount of traffic over the 
SCSI bus during initialization. For instance, imagine 
three SCSI drivers in a system, one for tape, one for 
disk, and one for CD-ROM devices. If each driver 
scanned the SCSI bus using inquiry commands to all 
target-ID/LUN combinations, the CAM software 
would have to wait 250 msec (recommended as device
selection timeout) before deciding that a given ID/LUN 
was not present. This wait could cause considerable 
initialization delays. 

Listing 2 builds on the path-inquiry examples. It 
assumes that ad_cnt is already set and that the 
path_id field has been filled in for each SCSI pc board 
[O ... ad_cnt]. 

Executing a SCSI command 
A SCSI driver's mission is threefold-convert an op

erating-system request into one or more SCSI re
quests, execute the requests on a SCSI device, and 
return a status report to the operating system. To 
succeed at this mission, the device driver must have 
a method of sending SCSI commands to a device and 
a way of determining if the command completed prop
erly. If a command fails, a device driver usually wants 
to know why, so that it can report an error or retry 
the operation. The FC_EXECUTE_SCSLCMD 
service fulfills these needs by letting the operating 
system know if a command was successful , and if not, 
why not. Because this service actually does SCSI com
mands, and because there are many ways to execute 
SCSI commands, this service has quite a few options, 
flags, and subfeatures. A typical device driver will use 

} 

Listing 2 
#define MAX TARGET a 
#define MAX:LUN 8 

typedef struct adapter_t 
{ 
path id; 
I * other fields */ 

} adapter_t; 

path_inquiry_t pi; / * Path Inquiry CCB data structure • / 
int target; / * Id to loop through possible path ids */ 
int lun ; / * Working value for looping though LUN */ 
adapter_t adapters( 10); / * adapter_t is an example only */ 
int ad_cnt; / * Number of adapters we have found */ 
dev_type_t ccb; /* CCB for FC_GET_DEVICE_TYPE service */ 
scsi_ccb_t inquiry; / * CCC fo r FC_EXECUTE_SCSI, inquiry cmd */ 
uchar_t inquiry_data(40]; /* Data buffer for device inquiry info 
*/ 

/* Initialize the FC_GET_OEVICE_TYPE ccb for use */ 
ccb .dt_total_length • sizeof(dev_tupe_t); 
ccb .dt function code • FC GET DEVICE TYPE; 
ccb.dt-ccb addr-- &ccb; - - -
ccb.d()la9s ... O; 

/ * Initialize the FC_EXECUTE_SCSI_CMD for use in sending an inquiry */ 
inquiry.sc total length • sizeof(scsi ccb t); 
inquiry.sc-function code • FC EXECUTE-SCSI CMD; 
inquiry.sc-addr - &Inquiry; - - -
inquiry.sc-flaqs • 
s _FLG_READ Ts_FLG_SIMQ_FRz_DISABLE I s_FLG_No_cALLBACK: 
inquiry. sc_data • inquiry_data; 
inquiry.sc_datalen • Ox20; / * 32 bytes of inquiry data to asked for • / 
inquiry.sc_cmdlen • 6; / * Inquiry command is 6 bytes long */ 
inquiry.sc_cmdbyte(O) • Oxl2; / * Command function • / 
inquiry.sc_cmdbyte(l) • OxOO; 
inquiry .sc_cmdbyte(2) • OxOO; 
inquiry.sc_cmdbyte(3) • OxOO; 
inquiry.sc_cmdbyte(4) • Ox20; / * Data length */ 
inquiry.sc_cmdbyte(S) • OxOO; 

for ( adz O; ad < ad cnt ; ad++) 
{ -
ccb.dt_path_ id ,.. adapters fad] .path_id; 
inquiry. sc_path_id • adapters( adJ. path_id: 

for (target=O ; target < MAX_TARGET ; target++) 
{ 
ccb.dt_ target • target; 
inquiry. sc_target • target; 

for (lun• O ; lun < MAX LUN lun++) 
{ -

} 
} 

ccb .dt lun • lun; 
inquiry. sc_lun • lun; 

xpt_action(&ccb); / * Use the FC_GET_DEVICE_TYPE service * / 
if (ccb.dt_cam_status ! • CS_COHPLETED) 
continue; 

else if ( (ccb . dt device type & DEVT BITS) •• DEVT_DISK) 
{ - - -

} 

/ * we have found a disk • / 
/ * Check if its removeable */ 
inquiry. sc_cam_status • CS_I N_PROCESS; 
xpt action(&inquiry); 
while (inquiry.sc_cam_status •• CS_IN_PROCESS) 
{ 

} 

; /* Spin waiting for completion . This example 
• spins because we do not want to put in os 
• specific operations into this general example . 
• Normally, a programmer would use OS services to 
• suspend process execution. Execution would be 
• resumed via an OS specific means within a 
• callback routine. In unix, sleep and wakeup 
* would be used. In OS/ 2 block and run ..... 
• We just spin for simplicity of example . 
* / 

/ * Check inquiry information • / 

; / * Now we could check removable bit, vendor, model 
• or any other inqiury information ..,e ..,anted. 

else 
continue; 

only a few of the possible features of the FC_EXE
CUTE_SCSLCMD service. 

The FC_EXECUTE_SCSLCMD service uses a 
scsi_ccb_t type of data structure. This C structure 
has fields for the SCSI command descriptor block 
(CDB), pointers at input or output data areas, flags 
for customizing execution behavior, status fields for 
determining if execution was successful, and an asyn-
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chronous callback field for identifying where tb re-enter 
the device driver to post a status report about a com
mand. The complete data structure is included in the 
BBS listing. 

You can set up the CDB in one of two ways. The 
bytes of the CDB can be placed directly into an area 
in the command control block (CCB)-the sc_cmd field. 
Alternatively, the CCB can include a pointer that iden
tifies the buffer containing the CDB. In C, the field is 
actually a union of a pointer and an array of unsigned 
characters (bytes). The S_FLG_CDB_pTR flag inter
prets the state of this union. A set flag means that the 
union contains a pointer; an unset flag means the union 
contains the actual CDB bytes. 

If you treat the union as if it contains a pointer, 
then the S_FLG_CDB_PTR_AT flag defines the 
pointer's type as virtual or physical. Leaving this bit 
unset means the pointer is an operating-system virtual 
address; setting it means the pointer points to a physi
cal address. Using a virtual address is almost always 
more convenient because most operating systems re
quire that you use some sort of OS service to convert 
a virtual address into a physical one. 

When the command bytes are put directly into the 
CCB , the CDB command settings will look like 

scsi_ccb_t ccb; 

ccb.sc_flags &= S_FLG_CDB_PTR; 
ccb.sc_cmdbyte(O] = cmdbyteO; 
ccb.sc_cmdbyte(l] = cmdbytel; 

ccb . sc _ cmdbyte [ n] = cmdbyteN; 

ccb .sc_cmdlen = N; 

When the pointer is used, the settings will look like 

unsigned char COB [ 12] ; 
scsi_ccb_t ccb; 

ccb.sc_flags I= S_FLG_CDB_PTR; 
ccb.sc flags &- S FLG COB PTR AT ; 
ccb.sc-cmdptr - (5addi= t)-cosT 
ccb.sc=cmdlen ,.. N; -

If you have extreme space constraints, you'll probably 
want to use the inline method. The inline method re
quires you to copy or build command bytes in place 
each time. By using the pointer method, you can build 
commands once when initializing the driver, merely 
setting a pointer each time you use the command. 

A look at the data area 
To illustrate how a driver fills in the data fields of 

an execute SCSI command's CCB, consider the case 
of a Unix 386 driver trying to perform a SCSI read 
command. This driver wants blocks of data from the 
disk put into a specific buffer in memory. Because all 
Unix kernel memory is continuously addressable at all 
times and because only a single buffer is available per 
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request, the following code is a good example of the 
most common and simplest memory description: 

scsi_ccb_t ccb; 

tdefine BUFFER SIZE OxlOOOL 
uchar_t the_buffer(BUFFER_SIZE); 

ccb.sc_flags &= S_FLG_OATA_PTR; / • Virtual address • / 
ccb.sc flags &= s FLG DIRECTION; / * Clear direction flags */ 
ccb.sc=flags I• s:FLG=REAO; / * Set Read direction • / 
ccb.sc_flags &• S_FLG_SCATTER_GATHER; / * Simple case */ 

ccb.sc data • (saddr t) the buffer; 
ccb.sc:datalen ""' BUFFER_SIZE; 

Some systems have far more complex memory
addressing problems, and the execute SCSI command 
CCB has flags and facilities to handle even the most 
complex situation. CAM supports "scatter-gather" op
erations and both physical and virtual memory address
ing. Thus, CAM can handle both lists of memory loca
tions and virtual memory that is not physically conti
guous. 

Setting the command addressing 
Now that you know the fields that tell CAM which 

command bytes to send to a device and where in mem
ory to get or put the data associated with the command, 
it's time to describe the addressing component of the 
CCB. CCB addressing data comprises three fields: the 
sc_path_id field, the sc_target field, and the sc_lun 
field. The sc_path_id field specifies the SCSI bus 
where the peripheral is connected. The sc_target field 
specifies the SCSI ID of the device on that bus; the 
sc_lun field specifies the logical unit number (LUN) 
of the device at that SCSI ID on the SCSI bus. To
gether these three fields completely specify a SCSI 
initiator target LUN connection, or I-T-L nexus. To 
send a request to a disk device attached to the second 
SCSI bus in the system (at SCSI ID 1, LUN 0), you 
would fill in the sc_path_id, sc_target, and sc_lun 
fields as follows: 

scsi_ccb_t ccb; 

ccb.sc_path_id = l; / * Path ID are zero based, l=second bus */ 
ccb . sc_target - l; 
ccb.sc_lun .., O; 

Getting status information 
Three other fields play a critical role in determining 

the success or failure of a CAM command-execution 
request: the sc_callback field, the sc_cam_status field, 
and the sc_scsi_status field . The sc_callback field 
specifies the destination address for execution to jump 
to, using a call/return operation, at the end of a CAM 
request. This address points to a C-compatible function 
that behaves much like a standard device-driver inter
rupt handler (Fig 4). The CAM document refers to the 
destination address as a "callback" address because 



Other 12-bit 1.0 MSPS ADCs cost so much, 
you'd think they came in a package like this. 

Introducing the AD1671. 
The first 12-bit, 1.25 MSPS ADC under $50. 

This 12·bit 1.25 MSPS 
monolithic A/D converter 
offers an S/N+D of 68dB 
(min), on-board sample· 
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1/0 START COMMAND 
.,.. CONTROL r----- BLOCK(CCB) 
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I 

110 COMPLETE DESCRIPTION - - - 1 
Fig 4-CAM's CAM control 
block (CCB) is the "mailbox" 
where drivers and CAM ex
change messages. Note that a 
CAM-compliant device driver 
must have a "callback" proce
dure as well as an initiation 
procedure. CAM invokes a 
driver's callback procedure to 
transfer control from CAM back 
to the driver. The callback 
mechanism is a sophisticated 
analog of an interrupt handler 
and is needed for complex 
multitasking systems. 

----------------- ------------ ------------ -----CAM INTERFACE 

CAM 

-----------------------r------------------------· ~:T~~~:~~ 
I SCSI PC BOARD I 

the address is the location where the SCSI peripheral 
driver will be called back by CAM at the completion 
of the CAM request. The field containing the entry 
point's location is therefore called sc_callback. 

At the end of a CAM request, the driver extracts 
the contents of the sc_callback field and calls this ad
dress using C conventions. The driver makes the C 
call using a single argument-the original pointer to 
the CCB specified in the CAM service-request call. 
The following C code illustrates the callback semantics: 

scsi_ccb_t • new_ccb_ptr; 
scsi_ccb_t ccb_request; 

scsi ccb t * 
my_cillbick_routine(scsi_ccb_t * ccb) 
( 
; / * Do something * / 
return (scsi ccb t *) O; 

} - -

ccb_request.sc_callback • my_callback_routine; 

If CAM has been invoked as 

xpLaction( &ccb_request); 

when the CCB request specified by ccb_request fin
ishes, CAM will make the following call: 

new_ccb_ptr = 
(*(ccb_request.sc_callback))(&ccb_request); 

In other words, the callback function is called with the 
CCB address as its argument. 
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A SCSI peripheral driver will examine the fields of 
the posted CCB structure within the callback posting 
function. The peripheral driver examines the status 
fields of a completed CAM request within its callback 
function. Because the CAM service code passes the 
CCB pointer back to the driver as an argument to the 
callback function, the SCSI driver's callback function 
can determine which request has completed and exam
ine all the CCB fields. The key fields to check are the 
sc_cam_status field and the sc_scsi_status field. 

The sc_cam_status field contains the completion 
status of the CCB request. The sc_scsi_status field 
contains the SCSI status byte from the I-T-L nexus. 
These two fields often supply sufficient information for 
device-driver control logic and error-handling logic. 
However, additional status information is critical to 
some applications and error-recovery schemes. For 
these more complex cases, you can take advantage of 
CAM's autosense feature, which automatically gener
ates SCSI request-sense commands and reports sense
byte information. 

SCSI request-sense commands empower complex er
ror-recovery schemes in SCSI device drivers. These 
request-sense commands are sent when a nonzero SCSI 
status is received from a SCSI target/LUN device. 
The results of the SCSI request-sense command-the 
sense bytes-are available in a data area the CCB 
specifies. The sc_senseptr and sc_senselen fields spec
ify where the SCSI driver would like the CAM services 
to place the sense-byte information gathered from the 



The days of being tied down 
to one DC/DC Converter 

are finally over! 

Introducing our new SMQ Magic Module. 
The Vicar a1ternative .. . with so much more. 

e Built-in RF Filter for 
noise suppression 

e Guaranteed 
transient response 

• Choice of 50 W, 
75 W, 100 W, 150 W, 

and 200 W models. 
The new SMQ Magic Module. 

The key to freedom. For more details 
or literature, contact: 

@ ~s~~£~~~1NS7~~~~~~~3~~I~~-!~~; 
CIRCLE NO. 112 EDN November 1 2, 1992 • 187 



EDN·DESIGN FEATURE 

COMMON ACCESS METHOD 

device. The fields also specify how many bytes of sense 
information to request from the device upon receipt 
of a nongood (nonzero) SCSI status byte. 

The S_FLG_NO_.AUTO_SENSE flag bit controls 
the autosense feature. As the name implies, autosense 
is enabled by default. This condition means that the 
sc_senseptr and sc_senselen fields must be filled with 
valid information by default. Setting the 
S_FLG_NQ_AUTOSENSE flag disables autosense. 
In this case, the sc_senseptr and sc_senselen fields 
are unused. The following code illustrates a common 
usage of the autosense-related fields: 

#define SENSELEN 13 

scsi ccb t ccb; 
uchar_t Sensebuf[SENSLEN); 

ccb.sc_flaqs &• S_FLG_SENSE_Pl'R_AT; / * Virtual Addr Buffer */ 
ccb.sc_flags &• s_FLG_NO_AUTOSENSE; / * Auto sense is enabled */ 
ccb.sc senseptr - sensebuf; 
ccb . sc:senselen • SENSELEN; 

The S_FLG_SENSE_PTR_AT flag bit modifies 
the sc_senseptr field. When the bit is unset, the 
sc_senseptr field is a virtual address; when the bit is 
set, the sc_senseptr field is a physical address. The 
format of the sense information follows the request
sense extended-sense format. For SCSI-2 devices, the 
sense-information format is standardized. For SCSI-1 
devices, the sense information is less standard. SCSI-1 
Common Command Set Level 2 disks generally follow 
SCSI-2 specifications. Other devices have vendor
specific information returned in the sense data. 

The sc_residual field is another field that sometimes 
plays a role in error recovery. You can use this field 
to determine how many bytes were not transferred 
as specified by the sc_datalen field. For instance, if 
sc_datalen specifies a transfer of 400HEx bytes, but 
only lOOHEx bytes transfer over the SCSI bus, then 
the sc_residual field would contain 300HEX as its value. 
Frequently, the sense bytes provide this information 
in the sc_residual field. 

In addition to data errors, CAM can handle device 
timeouts as well. A CCB request will fail if it takes 
longer than a specified time. The sc_timeout field 
specifies that time in seconds, which makes the field 
useful for device-driver hung-device timeouts. A finer 
granularity is not really needed for hung-device reac
tions. A value of - 1 specifies that an unlimited amount 
of time is allowed for a command to complete. 

If a CCB doesn't complete within the specified time, 
the request has failed and will return a sc_ca:m_status 
value of CS_TIMEOUT. CAM will call the SCSI 
driver's callback routine, again passing the pointer to 
the CCB instruction as an argument to this callback. 

Device drivers often need to link related data struc
tures. For instance, a device driver will have a control 
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structure for each device that needs to be associated 
with one or more data structures related to outstanding 
SCSI commands. The reverse of this situation can also 
be true. Device drivers will need to relate a CCB re
quest to their own internal data structures. Two fields 
in the CCB-the sc_pdp field and the sc__rmap_info 
field-make linking a CCB and a device driver's private 
data structure easy. CAM clients can use both of these 
fields for any purpose: CAM does not examine the 
fields or modify them. Commonly, these fields provide 
a back-linking pointer to a device driver's internal data 
structure. Thus, on completion of a CAM request, the 
driver can identify and modify the appropriate private 
data structure. For example, the following code pre
sents an arbitrary internal data structure from an 
imaginary device driver: 

typedef struct my internal stuff t 
{ - - -
int device unit; 
int device-status; 
int device-color; 
int device=widget_on; 
int device scsi level; 
scsi_ccb_t- • deVice_ccb_ptr ; 

} my_internal_stuff_t 

scsi ccb t ccb; 
my_i'iiterilal_stuff_ t device; 

device . device_ccb_ptr = &ccb; 
ccb.sc_pdp • &device; 

This data structure has an associated CCB structure. 
Most likely, the device driver will use the CCB to 
send SCSI commands to the device the internal data 
structure represents. The driver set the CCB's sc_pdp 
field to be a pointer to the internal data structure. 
Now imagine that the CCB has its sc_callback field 
set to the address of a callback function , my_call
back_func: 

scsi ccb t * 
my ca11back func(scsi ccb t * ccb) 
{ - - - -
my_internal_stuff_ t * my_stuff ; 
my_stuff = (scsi_ccb_t *) ccb->sc_pdp; 

my stuff->device status = NOT BUSY ANYMORE; 
) - - - -

ceb . sc_callback • my_callback_func ; 

When CAM calls a callback function to post the re
sults of the CCB request's execution, the callback func
tion passes a pointer to the CCB. You can access the 
sc_pdp field using this CCB pointer. The driver filled 
in the sc_pdp field was filled with a pointer to the 
device structure before the driver sent the CCB to 
CAM for execution. The CCB still has this unchanged 
value in the sc_pdp field when CAM calls the callback 
posting function. Thus, by using the sc_pdp field, the 
driver callback routine can access the internal data 
structures. 

In the previous example, the callback routine uses 
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the sc_pda pointer to reference a device's internal data 
structure and change the device_status field. A device 
driver could employ the sc_pdp field for any use, but 
an arrangement similar to this example is usually the 
most powerful use. Only the SCSI driver uses the 
sc_rmap__info, and it can use it for any purpose. 

A word about status codes 
A device driver needs to determine the completion 

status of a CCB request so it can plan additional re
quests. Generally, the driver needs more than simple 
success or failure information. CAM supplies two fields 
for determining a CCB structure's completion status: 
the sc_scsLstatus field and the sc_cam_status field. 

The sc_scsLstatus field is a direct reflection of the 
SCSI-protocol status-information byte. The SCSI pe
ripheral supplies this information to CAM, and CAM 
then passes it back to the SCSI peripheral. This field 
is present only in the execute SCSI I/O CAM service
request CCB because executed SCSI commands are 
the only means by which a peripheral generates such 
information. Services, such as the FC_PATH_ 
INQUIRY, that do not generate a SCSI command con
sequently do not have such a field . The following is a 
list of SCSI status codes (with values in hexadecimal) 
from the ANSI SCSI-2 specification. 

OOh GOOD 
02h CHECK CONDITION 
04h CONDITION MET/GOOD 
OBh BUSY 
lOh INTERMEDIATE/GOOD 
14h INTERMEDIATE/CONDITION MET/GOOD 
lBh RESERVATION CONFLICT 
22h COMMAND TERMINATED 
28h QUEUE FULL 

GOOD means the command proceeded without inci
dent. Any other status code indicates that there's a 
problem. The CHECK CONDITION code is returned 
for most errors. To determine the nature of the error, 
you can use CAM's autosense feature or explicitly send 
a SCSI Request Sense Information command to the 
device. 

The CAM status field (sc_cam_status) contains gen
eral information about the success or failure of a CCB 
request. This field is present in all CCB request-packet 
formats. (All CAM services can fail for at least one 
reason.) In a properly debugged device driver using 
CAM, two CAM status values are most frequent : 
CS-COMPLETED and CS_COMPLETED_IN_ 
ERROR. The CS_COMPLETED code comes back 
when CAM completes a request without incident. The 
CS_COMPLETED_IN_ERROR code is the most 
common "error" code that a device driver will see. For 
instance, if a SCSI device had a SCSI status of 2 (the 
CHECILCONDITION status), the CAM status would 
be set to CS_COMPLETED_IN_ERROR. This error 
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code returns because although the command com
pleted, it did not complete without incident. If auto
sense is enabled, additional status information would 
be present in the sc_senseptr memory area. 

The CAM status byte is divided into three regions. 
The high bit reflects whether autosense collected the 
sense information. The 40H EX bit reflects whether an 
error in a CCB request froze the SCSI interface module 
(SIM) internal CCB request queue. CAM will never 
set the 40HEX bit because CAM will never freeze the 
SIM's internal queue. Generally, the 80ttEx bit will be 
set if you enable autosense in the CAM flags and if a 
command completed with a non-GOOD SCSI status. 

Authors' biography 
Chris Borgers is software marketing 
manager at Future Domain Corp (Irv
ine, CA). She is responsible for operat
ing-system and third-party-develop
ment support. She helped develop Fu
ture/CAM and is a member of the AEA 
and ANSI SCSI committee. Chris holds 
a BS degree in information and com
puter science from the University of 
California at Irvine. In her spare time, 
she enjoys snow skiing, horseback rid-
ing, reading, and walking the beach. 

Dave O'Shea, coauthor of this article, 
has left Future Domain. 

Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 

EDN's Editors' Choice 

13:!.I:] 

On occasion, a new product will show a great deal of 
innovation and thus appear as an EDN Editors' Choice 
selection. To qualify for special coverage by our editors, 
an innovative product must: 

[1;3roffer significantly higher levels of performance in ways 
not previously available 

[1;3rsolve a continuing problem much more effectively than 
its predecessor 

[1;3'E xhibit a marked degree of cleverness, which differenti
ates it from earlier products 

[1;3'Embody new technology that advances the state of the 
art or use older technology in a unique and innovative 
way. 



en eo er 
• 

uscaim e 
ave or 

EDN November 12, 1992 • 191 



Can I differentiate my product? 

Is it affordable? · 

Is it available? 

192 • EDN November 1 2, 1992 



The other guys call it DSP for multimedia, and say it's on the way. 

We call it Signal Computing, and it's here and now. In fact, leading 

companies like Olivetti and Siemens have already incorporated Signal 

Computing components into their latest products. 
Signal Computing 
chipsets include a high 
perf ormance DSP tightly coupled 

Signal Computing integrates three interchangeable and extensible 
with a mixed signal front end for optimum perfor
mance and flexibi lity with minimum design time. 

silicon and software capabilities: a multi-purpose signal processor, sigma-delta signal port I Cs, and algorithm 

real-world media like sound, video, speech, music and communications. 
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strained by proprietary solutions developed or supported by a small set of vendors. 
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been introduced, priced at just $25. Perfect for mass market applications. And 

IAVs are already delivering algorithms for speech recognition, text-to-speech conversion, music 

synthesis, still image compression, audio compression and Dolby® AC-2 digital audio. 

Signal Computing is here today, with a series of chipsets, toolkits, 
development tools and reference designs available from Analog Devices 
and our Signal Computing partners. 
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We can help you differentiate your product right now. 
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A switch with 
a message. 

Development kit includes 
RS232/422 port, intelligent 
controller, 4x4 matrix PCB, 
cable, three switches and 
complete software. 

For Immediate need Circle No. 53 See us at Wescon Booth #2157 

Introducing Touch-Tell ... 
a remarkable, new concept 
in switches. 
The Cherry Touch-Tell switch 
package combines a 
programmable, liquid crystal 
display, graphic module, tri -color 
backlighting and integrated circuit 
driver with a momentary contact 
pushbutton . 

Programming flexibility. 
The LCD display features super
twist technology to provide full 
screen graphics with 864 pixels in a 
24x36 matrix. Pre-programmed 
messages or graphics can be 
configured to show instructive 
symbols and/or alphanumeric 
readout. The background may be 
varied from one color - red , green, 
amber - to another ... or 
programmed into a blinking mode. 
Touch the switch and the display 
springs to life. 

All the tools! 
You're not left out in the cold trying 
to figure out how to program the 
Cherry Touch-Tell. We're offering a 
switch programming Development 
System, complete with software and 
program guide ... everything you 
need to get your message across. 

Unlimited possibilities. 
Applications for the Cherry Touch
Tell are wide open ... from 
automation equipment and robotics , 
to medical equipment, vending 
machines, gaming , fitness 
equipment, office automation and 
instrumentation. Call Cherry today. 
We'd like to send you the rest of the 
story. 
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DDEBJBY"' 
THE CHERRY CORPORATION 

Cherry Electrical Products 
3600 Sunset Avenue 
Waukegan, IL 60087 
Phone : 708-662-9200 
Facsimile: 708-360-3566 
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AUDIO PRO II 
Model SX-15 

AUDIO PRO 
Model SX-10 

Introducing .. . second generation CD quality, stereo 
hi-fidelity digital audio record/playback for PC-AT 
386/486 or compatible. Now with DVI/CDI/CD-ROM 
XA audio compression up to 44.1 kHz. 

Featuring .. . real time direct-to-disk data transfer ... 
18 bit resolution .. . 64x oversampling .. . 22kHz audio 
response ... 0 .005 % THD ... 6 .25 to 50 kHz program
mable sample rate ... 92dB dynamic range ... 90db s/n 
. .. plus4:1 ADPCM compression. 

For broadcast quality recording, editing and trans
mission in high-end entertainment systems, A/V 
presentations and interactive CDI/DVI applications. 
Phone 1 (800) 338-4231 for details on the 2nd genera
tion AUDIO PRO Model SX-15. 

ANTEX 
ELECTRONICS 

16100 S Rgueroa St • Gardena. CA 90248 (USA) • Tel (310) 532-3002 • FAX (310) 532-8500 

CIRCLE NO. 171 

All Your Circuit Board Needs Under One Roof I 
PCB Manufacturing 
• 2 day lurn around on multi·loyers -

PCB Layout 
• BockP,lones 
• lm~ance Control 
• Anal~ and ECl 
• SMT bOth sides 

• Prototype and production 
• Gerber Data Reveiw 
• Gerber Data Test 
• Turnkey assemb~ 

Technical Assistance 
• PCB layouts on muhHoyers 
• Mfg cost cutting tips 
• Artwork standards 
• Gerber Data via modem, 

24 hours (714)970·5015 

CALL FOR A OUOTE! 
A Manufacturing, Layout, and Support Center .,.,.,.... 

flf ... MURRIETTA 
CIRCUIT!!i 

(714) 970-2430 FAX (714) 970- 2406 

CIRCLE NO. 173 

Memory protection: 
Two fierce competitors! 

For memory protection, NiCd rechargeables and 
lithium primary cells go head-to-head. Which 
should you choose? Varta's unique mass-plate 
NiCd cell construction provides the longest time 
between charges, can be trickle charged contin
uously and lasts 500-1,000 full-charge cycles over 
4 or more years . Varta CR lithium cells offer the 
highest capacity available and, of course, 10-year 
life. So whichever your application requires, Varta 
has the best solution and can help you make the 
choice . Contact Varta Batteries, 1-800-431-2504, 
Ext 270. FAX: 914-592-2667. 

~VARTA 
CIRCLE NO. 172 See us at WESCON '92 Booth #1031 

With the QFP Emulator Foot 
• Solder in place or put into socket. 
• Then plug a SockeVTest Probe assembly onto the foot. The 

SockeVTest probe assembly available in ZIF or production 
sockets with probing header for each pin with annotated 
overlay. 

• Excellent lead coplanarity for reliable solder connection. 
• Custom overlays and configurations available on request. 
•Available in many sizes. 

IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431·7025; FAX (612) 432-8616 

CIRCLE NO. 174 
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10kV ESD Protected Transceivers. 
Only Linear Technology's new 

family of RS232 transceivers 
(LT1137A, LT1237, LT1330, 
LT1331) offers >lOkV ESD protec
tion. Internal ESD structures in these 
devices clamp ESD transients which 
reduce field failures and eliminate 
the need for costly transient suppres
sors. These new transceivers are 
compliant with all EIA RS232 speci
fications and their rugged bipolar 
design can operate in excess of 
120kbaud, even while driving heavy 
capacitive loads. 

All four devices feature reduced 
supply current, with greater power 
savings possible with the Shutdown 
and Driver Disable logic controls. 
The LT1237, with lq=6 mA, con
sumes less power than competing 
CMOS solutions. 

The LT1237, LT1330, and LT1331 
maintain one low power (Iq=60µA) 
receiver active in micropower 
SHUTDOWN mode. This receiver 
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LT1137A LT1237 LT1330 LT1331 

ESD +/-10kV +/-10kV +/-10kV 
Protection 

Supply 12mA 6mA 6mA 
Current (Typ) 

Supply Current 1µA 
(Shutdown) 

60µA 60µA 

Logic Interface SV SV 3V 

3V Operation 

Driver Disable x x x 
Receiver Active x x 
In Shutdown 

Baud Rate 120k 120k 120k 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE NO. 117 

+/-10kV 

Sm A 

60µA 

3V 

x 
x 
x 

120k 

is extremely useful for detecting 
startup signals. 

The LT1330 and LT1331 trans
ceivers, using both 5V and 3.3V sup
plies, interface directly to 3.3V logic. 
This makes them ideal choices for 
notebook, and palmtop computers 
using 3V microprocessors. 

The LT1331 may be operated with 
a single 3.3V power supply, and still 
maintain output drive levels compati
ble with all known RS232 receivers. 

LTC' s new family of transceivers 
is available in 28 lead DIP, SOIC and 
SSOP packaging. All devices have a 
flow-through pinout. These features, 
combined with the device's compati
bility with small surface mount 
capacitors, reduces PC board area. 

Pricing starts at $3.62 in 1000 pc. 
quantities for LTl 137 A. For details, 
contact Linear Technology Corpora
tion, 1630 McCarthy Blvd., Milpitas, 
CA 95035I408-432-1900. For liter
ature only, call (800) 637-5545. 

ISO 9000 
COMPLIANT 
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VCO Spice model is voltage programmable 

Donald B Herbert, Consultant, Lomita, CA 

Ii The VCO model in Fig 1 is compatible with 
any commercial or public-domain edition of 
Spice2. Its primary application is phase

locked-loop simulation in the time domain. The model 
uses variable damping to stabilize effectively the ampli
tude of the oscillation over a broad range of frequencies 
and solution time-step sizes. The model is also voltage 
programmable. You set three VCO parameters
oscillation frequency (fo) , frequency sensitivity or rate 
of change in frequency with respect to the input voltage 
(KS), and oscillation amplitude (A)-external to the 
model using applied de voltages. Hence, you don't have 
to alter the model's internal element values for every 
application. 

The model uses 1-G!l resistors to satisfy the Spice2 
requirement for a minimum of two elements connected 
to every node or a de path from a node to ground. 
Listing 1 contains the Spice2 coding, which you can 
also download via the EDN BBS. The model's name 
is VPVCO, and internal nodes I through 6 defined on 
the .SUBCKT line connect the model into an overall 
simulation. You would connect this subcircuit to an
other simulation using a statement such as 

XVCO I 2 3 4 5 6 VPVCO. 

Node I is the VCO input. Node 2 is the output. Node 
3 lets you set an initial condition, if necessary. Nodes 
4, 5, and 6 let you set the VCO parameters of fo , A, 

KS A 
(4) (5) 

Lw--J 
R45 1G 

Integrator #1 

G1A 

C1 

_1_ 
2n1K G1B 

EiC 

IG1A+IG1 B=(lo+KS"Vin)"V(7) 
(7 I 

(3) 

R1 
1G 

Listing 1-Spice2 VCO model 

. SUBCKT VPVCO 1 2 3 4 5 6 
* INPUT OUTPUT XDOT/OMEGA KS A · f o 
* VOLTAGE-PROGRAMMABLE VCO MODEL 
* VOLTAGE ANALOG PARAME TERS: 
* KS IS FREQUENCY SENSITIVITY IN KILOHERTZ/VOLT 

A IS AMPLITUDE OF OSCILLATION I N VOLT S 
fo IS OSCILLATION FREQUENCY IN KILOHERTZ WHEN INPUT IS ZERO 

RIN 1 0 lG 
R45 4 5 lG 
R6 6 0 lG 
* * IMPLEMENT VOLTAGE CONTROLLED FREQUENCY TERMS FOR INTEGRATOR 11 

GlA 0 3 POLY(3) 7 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
GlB 0 3 POLY(2) 7 0 6 0 0.0 0 0 0 1 
Cl 3 10 .159!54943M 
Rl 3 0 lG 

**IMPLEMENT VOLTAGE CONTROLLED FREQUENCY TERMS FOR INTEG RATOR #2 
G2A 0 6 POLY ( 3) 3 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
G2B 0 6 POLY(2) 3 0 6 0 0.0 0 0 0 1 
C2 6 0 . 15915 4 94 3M 
R2 6 0 !G 

'**IMPLEMENT FIRST INTEGRAND WITH VARIABLE DAMPING TERM 
EXDD 7 0 POLY (3) 3 0 6 0 5 0 

+ 0 0 -1. 0 0 0 0 0 0 0 0 -0. 1 0 0 -o. 1 0 0 .1 
* - - P2 - - - - - - - PlO - - Pl3 - PlS 

R7 7 0 lG 
**OUTPUT BUFFER STAGE 

REO 2 0 lG 
E020801 

**START-UP CIRCU I TRY 
VSTART 9 0 PULSE (1 0) 
R9 9 0 · 1G 

* SET INITIAL AMPLITUDE TO V(S) VOLTAGE 
EIC 10 0 POLY(2) 9 0 5 0 0.0 0 0 0 -1 

.ENDS VPVCO 

and KS using de voltages. Thus, V(4), V(5), and V(6) 
are voltage analogs of the respective VCO parameters. 

The model uses two integrator circuits. The first 
integrator computes V(3) = Acos(wt); the second inte
grator computes Asin(wt). In these circuits, the cur
rent each pair of transconductance sources (GIA, GIB 
and G2A, G2B) develops is equal to each integrator 
input voltage times a gain of fo + KS*Vin. This current 

(9) 

lo 
(6) 

~ 

0
ln_1e_g_ra_tor_#_2.------.-------, (S) 

C2 

G2A G2B 
2n1K 

IG2A+IG2B=(fo+KS'Vin)"Vin (
2

) 

R2 
1G 

~R7 
~1G 

n=:-1R9 
~1G 
o~,~ 

Fig 1-The equivalent circuit of the VCO model includes two integrators and two voltage sources. One of the voltage sources implements 
a variable damping term (EXDD). 
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pumps into capacitors Cl and C2, each of which has a 
value of 1/(2'lTlK)F. Thus, the voltage that develops 
across each capacitor equals the integral of the input 
voltage t imes w, where w =2'lT(fo+ KS*Vin)lK. 

The model also uses two voltage-controlled voltage 
sources. Source EXDD implements the variable damp
ing term that stabilizes the amplitude of oscillation, 
and source EO provides output buffering. 

Finally, source EIC automatically starts the VCO 
by implementing the product of V(5) and V(9), which 
sets the voltage on Cl to parameter A at t ime zero. 

The independent source VSTART develops V(9). 
VSTART is defined to be unity at time zero and zero 
at the time equal to the first solution time step. How
ever, if you specify initial conditions using the UIC 
option of the . TRAN statement, you should set V(3) 
to the A value with a . IC statement. 
EDN BBS / DL SIG # 1189 C3:!l:l 
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Driver isolates itself from transducer 

Lance M Towers, Towers Engineering Servkes, Huntington Beach, CA 

Ultrasonic transducers are part of a variety of circuits 
such as motion detectors and range finders. One design 
practice is to operate the transducers as matched pairs 
of one transmitter and one receiver. Fig 1 presents 
an alternative design practice in which a single 
transducer acts as a transceiver. 

5V 

4 
R2 10 

R R1 R 
DIS DIS 

6 LM556 2 8 IC10 
TR IC1A THR TR THR 

5 3 9 OUT CV CV OUT 

1µF I I C1 

- -- -
f1 f3 39k 

39k 

TIMING DIAGRAMS 

13 

12 

11 

To max1m1ze the efficiency of an ultrasonic-trans
ceiver design, the low output impedance of the driver 
must not load the transducer when the device is in the 
receiving mode. This low-impedance load would 
dampen the transducer's performance. As a result, iso
lating the transducer from the driver during the receiv-

R4 

R3 

I C2 

-=- -=-

30k 

01 
2N3904 

Rs 

0 2 
2N3906 

0.01 µF 

0 3 
2N3904 

ULTRASONIC 
TRANSCEIVER 

TO ECHO-DETECTION CIRCUITRY n-------" 

NOTES: 
TRANSCEIVER=CHANNEL PRODUCTS INC #CPAX 40-HE ((216) 423-0113). 
V1= TRANSDUCER'S DRIVE VOLTAGE SOURCE, NOMINALLY 5V FOR THIS IDEA. 
THE TRANSDUCER'S MAXIMUM CONTINUOUS VOLTAGE IS 25V. 

Fig 1-During the transducer's receiving mode, the reverse bias on the base-emitter junctions of Q2 and Q3 isolates the driver from 
the transducer. 
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Over 80 off-the-shelf models ... 
3KHz-15QD z from $195 

FT 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range? .... Mini-Circuits offers a solution. 

Choose impedance ratios from 1 :1 to 36:1, in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55831 requirements*). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 

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 applications involving up to 1 OOmA 
primary current, use the T-H series. Fully detailed data 
appear in our 740-pg RF/IF Designer's Handbook. 

Need units in a hurry? ... all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 
'units are not QPL listed. 

WE "CCE.PT AMERICAN EXPRESS AND VISA 

P 0 . Box 350166, Brooklyn, New York 11235-0003 (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 dellllled specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol. 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK. 

CIRCLE NO. 118 
F 71 REV"-'. D~--
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ing mode is necessary so the transducer sees only the 
higher input impedance of the receiving amplifier. Cir
cuits can achieve this isolation by using relays, solid
state switches, or the design's inherent ability to 
achieve isolation. Fig l's circuit has an inherent ability 
to isolate itself from the transducer during the receiv
ing mode. 

The LM556 dual timer, IC1> creates the transmis
sion's periodic pulse train. The first timer in the device, 
IC1A, creates the transmission and receiving durations 
(see f1 of the timing diagram). The following equations 
determine f1; t 1 and t.i are output time high and output 
time low, respectively. 

(1) 

duty 

Because the IC1/s minimum duty cycle is 50%, the 
circuit inverts the output (f1) to obtain the desired 
duty cycle (see f2 of the timing diagram). 

The second timer, IC18 , generates the resonant fre
quency of the ultrasonic transducer according to Eq 1 
and the following two equations: 

t 1 = 0.693 R4 C2 

Signal f2 controls the IC1A's reset pin. When the reset 
is low, the timer's output is correspondingly low. When 
the reset is high, the timer oscillates. This timer con
figuration produces a signal that contains a periodic 
high-frequency burst (see f3 of the timing diagram). 

Signals f2 and f3 control the operation of Q3 and Q1, 

respectively. When f2 is high (transmission mode), the 
base-to-emitter junction of Qs is forward-biased. This 
state lets current flow from the collector to the emitter 
and creates the ground path for Q2• When f2 is low 
(receiving mode), the junction is reversed-biased. This 
condition cuts off the collector-to-emitter current flow 
and removes the ground path of Q2• 

Q1 inverts f3 and changes the signal's amplitude to 
the level of V1• As the collector of Q1 oscillates, so 
does the collector of Q2• The output of Q2's collector 
drives the transducer. R5 limits the driver's source 
current. During the transducer's receiving mode, f3 is 
low, which reverse-biases the base-emitter junction of 
Q1 and pulls the base of Q2 high. If the base of Q2 is 
high, the base-emitter junction of Q2 is reverse-biased, 
thus removing the driver's low-impedance de path to 
the transducer. 

In short, during the transmission mode, ~is in satu
ration, and the collector of Q2 oscillates in sync with 
the output of ICrn. During the receiving mode, the 
base-emitter junctions of Q2 and Qs are reverse-biased, 
which effectively removes the low-impedance de source 
and the ground path of the driver to the transducer. 
Matching the impedance between the transducer and 
the receiving amplifier results in maximum efficiency. 
EDN BBS /DLSIG #1187 l3!l::J 
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Data pipeline has programmable depth 

Valentin Jordanov, University of Michigan, Ann Arbor, Ml 

Ii In some fast DSP systems, delaying the data 
leaving the digitizer for a fixed amount of time 
is necessary. The delay usually equals the 

number of clock cycles necessary to shift the data from 
the input to the output of the delay device. In applica
tions such as peak detection that use a moving average 
filter, the ideal data-delay circuit is both fast and pro
grammable. The data pipeline in Fig 1 has a digitally 
programmable depth and can shift 8-bit data words at 
66 MHz. 
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The circuit consists of a synchronous FIFO register, 
ICh and a control circuit implemented in a PLD, IC2• 

Listing 1, which you can also download via the EDN 
BBS, is the proLogic compiler source code that config
ures the EP630 (IC2) for this application. The synchro
nous FIFO register operates in single-clock mode; that 
is, RCLK and WCLK connect to a common clock signal, 
CLK. The low-to-high transition of CLK shifts data 
in and out of IC 1• When RESET is low, the FIFO 
register resets. When RESET is low and CLK goes 



ADVERTISEMENT 

Vertical Mount Fixed Resistors 
Series RSS Vertical Mount Metal Oxide 

Fixed Resistors feature self-standing, snap-in 
terminals, and they exhibit an excellent high 
frequency response and low inductance, 
making them suitable for PC board 
mounting in power supplies, switching 
regulators, monitors, printers, and color TVs. 

Model RSS3FB is rated at 3W with a resistance range of lQ to 
lOOKQ . Model RSS5FB is rated at SW with a resistance range of 
lQ to 2.4KQ. Both are available in 15mm and 25mm heights. 
Free samples are available, contact Noble at 708/364-6038. 

CIRCLE NO. 119 

Slide 
potentiometers 
that fit your 
application 
perfectly. 

2-, 4-Bit and 5-Bit Rotary Encoders 
Noble SDB1612-, 4- and 5-bit encoders .-clHF 

are compact (21mm 0) with a low profile 
(under lOmm height). Built with a sturdy 
diecast and steel construction, these 
encoders offer long life and reliability. 

SDB161 encoders are for relative (2-bit) and absolute (4-bit, 5-bit) 
reference applications. 2-bit switches offer 36 detented positions; 4-bit 
switches offer 12 or 16 detented positions; 5-bit switches offer 24 or 
32 detented positions. All encoders feature continuous rotation. The 2-
bit is available in gray code; the 4-and 5-bit versions offer either 
binary or gray code. Custom designs can be accommodated. For free 
samples, contact Noble at 708/364-6038. 

Hi-Grade 
Potentiometers 

CIRCLE NO. 120 

. . . . . . . . . . . . . . . . . . . . . 
The AP25 Series of Hi-Grade Potentio

meters are specifically designed to meet 
the performance demands of quality 
audio equipment. 

You won't have to travel far. 
Most of Noble's wide range of slide potentiometers are about as 
far away as your phone. But that's not all that's close at hand. 
Technical assistance, design help, stocking information and much 
more are all nearby. 

As a major supplier of slide potentiometers, Noble has developed 
local support for qur line as carefully and extensively as we've 
developed the line itself. And that can easily be the difference 
between meeting your deadline, or missing it. 

For full information, write, fax or pick up 
the phone and call: 708/364-6038. 

<lJ N\)BLE 
Noble U.S.A., Inc. 

5450 Meadowbrook Industrial Court 
Rolling Meadows, IL 60008 

Phone: 708/364-6038 
FAX 708/364-6045 

CIRCLE NO. 123 

Each element is completely shielded 
to make possible a tracking tolerance 
of ±2dB at 0 - 70dB and a maximum 
attenuation level of -90dB (R?SOkQ). 

Noble also offers custom design 
capabilities for the AP25 potentiometers. 
This includes shaft lengths, number of 
detents or taper requirements. For free 
samples and information, contact Noble 
at 708/364-6038. CIRCLE NO. 121 

Slide 
Potentiometers 

The VJ Series High and Low Profile 
Slide Potentiometers are lightweight, 
durable, and provide smooth operation. 
They function as volume, balance, 
brightness/contrast, temperature, lighting 
and graphic equalizer controls. 

The Low Profile Series (with single or 
dual elements) features a slide travel of 
15, 20, 30, 45, or 60mm. The High Profile 
Series is available in 30, 45 , 60, 80 or 
lOOmm travel. 

Custom designs can be accommodated. 
Contact Noble at 708/364-6038 for a 
free sample. CIRCLE NO. 122 
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high, IC2 loads the digital code, or DEPTH CODE, 
present at the P0 through P7 inputs into an 8-bit down 
counter. At this time, IC2 also sets the read- and write
enable signals (REN and WEN, respectively) to an 

Listing 1 - prologic compiler source 
code for data-delay circuit 

title I Device: EP630 

A(:plication: Data Pipeline with Prograrrmable Depth 
IDT72200 oontrol circuit 

Author: . Valentin Jordanov 
University of Michigan 

include p630; 
include p630 -typ; 
include ten tr; 
include xor; 

def ine coont - (q\ 7 • . 0) ; 
define pdata - (p\ 7 •• 0) ; 
define ce - !wait.q & ren.q; 
define cntOl • !q7.q & !q6 .q & !qS .q 

& !q4.q & !q3 .q & !q2.q 
& !ql.q & qO .q; 

l'Ol'F count@ 13 • • 5,20 .. 18,16,15) ; 
TOTF ren @ 17; 
roRF wen @ 21; 
NJRF wait @ 22; 
lNP pdata @ 12,6 . . 11,14); 
lNP reset @ 23; 

wait.ct"" !reset; 

wen.cl - !reset 
I wait.q; 

ren.t - !wait .q & 01.tOl & ren .q 
I !reset & !ren.q 
I wait.q & !ren.q; 

I* the device descriptioo. header */ 
I* the type header */ 
I* the - (countclciwn) q::erator */ 
/ * the \ (exclusive or) q::erato r */ 

/ * COlDlter 
I* par.!llel data PO . . P7 
/ * count enable 
/ * eot.mter - 01, active HIGH 

*/ 
*/ 
*I 
*I 

I* T- flip-flop, outp.its disabled */ 
I* T-type flip-flcp, pinl7 */ 
I* D-type flip-flcp, pin21 */ 
/ * D-flip-flcp, outp.it disabled */ 
I* PO .. P7 , pin2 :MSB, pin14:LSB */ 
I* RESET i.np.lt, pin23 */ 

I* wait state */ 

I* FIR> write enable, active UM */ 
/ * wait one cycle after reset *I 

I* FIR> read enable, active IJ:M */ 
/ * delay after wen - IJ:M until */ 
/ * counter - 01 */ 

if (ce - 1) / * if count enable */ 
*I 
*/ 
*/ 
*/ 

-count .t; / *countdown 
else / * otherwise do nothing or 

oount. t - ! reset / * if reset - UM, load 
& (p:Jata % count.q) ; / *PO . . P7 into the counter 

turoo_bit - programred; I* set turoo mxle */ 

,.... 26 D1 0 7 
21 

'-' 27 20 '-' 

;:::. 28 
D5 Os 

19 
-.._, 

1 
Ds Os 

18 '-' 

inactive high state. When RESET is high, the data 
at IC2's inputs doesn't affect the content of the counter. 

The first rising edge of CLK following the RESET 
transition to high causes the signal WAIT to go low 
(refer to Listing 1). As a result, the next low-to-high 
CLK transition sets WEN low. Thus, one clock-cycle 
delay exists between RESET and the WEN, which 
ensures that the FIFO register operates properly. 
When WEN is low, the FIFO write operation is en
abled, and the counter begins its countdown. The 
counter's content decreases by one at every low-to-high 
CLK transition until it reaches the state OlH. Upon 
reaching this state, the signal REN goes low, which 
initiates a FIFO read operation. The low states on 
REN and WEN do not change until the next active 
reset. 

The pipeline's depth is equal to the number of clock 
cycles elapsed between the high-to-low transitions of 
WEN and REN. Due to the latency timing of IC1 at 
the empty boundary condition, the minimum program
mable depth is three data words. This depth corre
sponds to P0 through P7 codes equal to OlH, 02H, or 
03H. Input codes equal to OOH set the delay between 
WEN and REN to 256 cycles. All other hexadecimal 
values of DEPTH CODE represent the hexadecimal 
number of ·the pipeline depth. 
EDN BBS /DL.SIG #1190 ~ 
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DATA IN 0-
2 

D4 04 
17 -.._, DATA OUT 

'-' 3 
D3 0 3 

16 ;::: 
'-' 4 

D2 0 2 
15 '-' 

'-' 5 
D1 0 1 

14 ~ 
'-' Do Oo '-' 

n IC1 1 CLK1 
OE Ll.. CLK2 REN 

h 17 
IDT72200-15 h_ 21 

RESET ._, 23r-. RESET WEN '-' rv-
25 RS 14 

IC2 9 
RCLK '-' 11 

Po 
'"" 23 P1 WCLK ;:::. 10 

10 
REN '-' 9 

P2 EP630-1 5 
24 - DEPTH CODE ;::_ P3 

WEN 8 
P4 '-' 7 

'-' 6 P5 
'-' 2 Ps 
'-' P7 

CLK 

Fig 1-A FIFO register (IC1) and a control circuit implemented in IC2's PLD form a data-delay circuit having a programmable depth and 
a 66-MHz maximum 8-bit-word shift frequency. 
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The ''One-Stop'' Source 
For All Your Display Needs 

IEE manufactures a complete line of Vacuum Fluorescent, Liquid Crystal, and 
DC Plasma displays as well as Interactive Touchscreens and Mini-Terminals. 

A few models in our extensive display family are shown below. 

Vacuum Fluorescent 

• Our FLIP™ (VFD) displays are 
available in 5 x 7 and 5 x 1 2 dot 
matrix types with extensive soft
ware features. Also available in 
wide-operating temperature 
( - 40 to + 85°C) versions. 
Applications: industrial , medical, 
telecommunications, etc. 

• Highly ruggedized "ER" version 
modules (with MIL components) 
are also available. 

·-·· ........ -·-·· ............. ................... -······· ........... • - -~ - - -

. . . . 
• ... .... ... ,~;~.:_~ .. , •• -.(~· · : •• / . ... ....... .. : . !·~ 

• • 
• The "NO-FRILLS"'" and "NINE

TY SERIES"'" are IEE's low-cost 
VFDs with a high-priced ap
pearance and are ideal for OEM 
applications such as copiers, 
POS terminals, pay telephones, 
etc . 

• "Industrial Strength" FLIPs 
feature 9, 11 , and 15mm 
characters, making them easy to 
read from longer distances
typical on factory floors and in 
PLC applications. 

Liquid Crystal 

** IEE PRESEMTS 4X40 DRYSTRR NOUR LCD ** 
LRRGE EASY-TO-READ CHRRRCTERS 

OPTIONRL E. L. BRCl(LJl3HTING 
OPERRTING TEMP RRNGE OF -30 TO +85' C 

The DAYSTAR NOVA'" series is 
available in reflective, and El
and LED-backlighted types. 
DAYSTAR NOVA is designed for 
applications where direct sunlight 
readability and ultra low power 
consumption is required. 
Operates on a single + 5VDC 
supply. 

DAYSTAR NOVAs offer the 
widest available operating 
temperature range ( - 30 to 
+ 85°C), a wide viewing angle 
and high contrast. Built-in 
temperature compensation is a 
unique IEE standard feature. 

DC Plasma 

• The ARGUS'" line offers flicker
free DC plasma flat panel 
technology with character fields 
up to 480, in line widths up to 
40 characters. ARGUS eliminates 
the need for bulky CRTs. 

Interactive Touchscreen 

• The PEP™ (Peripheral Entry 
Panel) family offers large format 
touchscreen modules-ideal for 
menu-driven applications. 

Mini-Terminals 

• The V.l.P.™ combines a compact 
VF display with a sealed front 
panel metal dome keypad. 
Switch legends and front panel 
graphics are easily customized . 

A complete line of interface cards, 
power supplies, filters, and cables/
connectors are also an important 
part of our family-making IEE 
your " One-Stop" shopping source 
for all your display needs. 

MEET THE ENTIRE IEE Industrial 
Products Division family-call or 
write today for our 4-color Product 
Selector Guide. 

IEE ;, o .\ 11rnw1i11x ntl'mhn· of l:ID[E 

INDUSTRIAL ELECTRONIC ENGINEERS, INC. 7740 Lemo11a Avenue, Van Nuys, California 91409-9234 (818) 787-0311 FAX: (818) 901-9046 

Immediate Circle #51 See us at WESCON - Booths 1130-1133 Reference Circle #52 
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Reader further eases 
Sallen-Key filter design 
Michael Wyatt, in his Design Idea #1075 "Active filter 
makes component selection easier," EDN January 20, 
1992, pg 136, adds a second op amp to the classic 
Sallen-Key active lowpass filter, to achieve "greater 
freedom in component selection." This looks like a use
ful tool for a circuit designer. However, the increase 
in freedom is not nearly as great as is implied by this 
Design Idea. The implications are that, for the classic 
circuit, the designer is stuck with choosing between 
the equal-resistor approach and the equal-capacitor ap
proach, and that to get a damping factor less than 
one, he must choose the equal-resistor approach, and 
then live with the problem that the calculated capaci
tances probably won't be close enough to stock values. 

A method of obtaining damping factors less than 
unity in the original Sallen-Key circuit, while achieving 
the resolution provided by stock resistor values, is to 
assign standard capacitances such that C2/C1 is equal 
to, or less than, ' 2 (where 'is the damping factor), and 
then calculate resistances. 

Referring to the standard Sallen-Key filter (Fig la 
in the Design Idea), a "cookbook" design procedure is 

1. Assign '· Is the design a complete Butterworth 
filter, a Bessel filter, or a pole-pair of a larger Butter
worth filter, etc? 

2. Determine wof wc. w0 is the undamped natural fre
quency and we is the cutoff frequency. For your design, 
this cutoff frequency might be where the response is 
down 3 dB, or 5%, or some other amount. In any case, 
this point on the plot of gain magnitude vs frequency, 
for the pole-pair that exhibits the previously deter
mined '' yields numbers, which enable you to calculate 
wofwc. 

3. Calculate w0 • wo = (wofwc)wc. 
4. Assign C1• This is the larger of the two capaci

tances. 
5. Calculate maximum allowable C2. C2 = C1,

2. Assign 
C2. 

6. Calculate R1• R1 = (' + ('2 - C1/C2)112)/C2w0 • Assign 
R1. 

7. Calculate R2. R2=1/(R1C1C2(w0 )
2). Assign R2. 

8. Review the component values. Decide whether 
to iterate steps 4 through 8. 

Kei th Tirrwthy 
2503 Vi lla Vista Way 
Orange, CA 92667 
(714) 998-3135 

I would like to thank Mr Keith Timothy for his com
ments and suggestions. His approach to the compo
nent-value selection by selecting a capacitor ratio less 
than or equal to the damping ration squared, then 
computing the resistor values is a valid approach and 
should yield practical component values. However, this 
approach may not lead to the equal-capacitor design 
as mentioned in my Design Idea. As an example, using 
Mr Timothy's approach to design the second-order But
terworth filter in my Design Idea yields component 
values of C1 =0.01 µF, C2=0.0047 µF, R1 =29.81 kn, 
and R2=18.08 kn. 

The component values from my modified Sallen-Key 
approach are C1 =C2=0.01 µF, R1 =11.25 kn, and 
R2=22.50 kn. An additional benefit of my modified 
Sallen-Key approach is that the filter's performance is 

MODIFIED SALLEN-KEY LOWPASS FILTER 

10 nF 

ADDED BUFFERED RC LOWPASS 

15.91k 

I 10nF 

I 10nF 

Adding a buffered lowpass filter to a modified Sallen-Key filter yields a third-order Butterworth filter whose resistors' and capacitors' 
values are equal, respectively. 
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If you work with 
DATA •.. 

sforyou! 
The Standard Worldwide - adopted by thousands of 

scientists and engineers for data analysis and graphics. 
If you collect data, reduce it, analyze it, transform it, edit it, and 
plot it, then DADiSP will increase your productivity. DADiSP's 
point-and-click menus make the complete process, from input to 
output, easier than you ever thought possible. 

Choose from hundreds of powerful functions for data reduction 
and editing, series and scalar math, matrix math, table manipu
lation, statistics, peak analysis, FFTs and convolutions, digital 
filtering, image manipulation and display as XY plots, contours, 
3-D/4-D graphics, and shaded surfaces. And DADiSP's unique 
interactive spreadsheet environment helps you create your own 
programs and templates, without any programming, with 
macros and command files for custom work. 

DADiSP is currently in use in engineering, laboratory data 
collection, matrix processing, manufacturing, science, signal 
processing, chemical and mechanical applications in automo
tive, aerospace, defense, medical, and other industries. 

CALL • 
for your free DADiSP Trial Kit. DADiSP is available for 
SUN, HP, IBM, NeXT, DEC, Concurrent, and Silicon 
Graphics workstations, and of course, IBM PC compatibles. 

~ 
Corporal ion 

One Kendall Square 
Cambridge, MA 02139 
617-577-1133 
FAX: 617-577-8211 

Australia-lnterworld Electronics, (03) 563-7066; Belgium-Electronique-Mesures, (02) 384-7309; Denmark-Engberg, (042) 25-1777; Finland-Mespek OY, (9) 0-351-1800; France-SM2i, 
(01) 34-89-78-78; Germany-Datsman (0711) 773131; Ingenieurbiiro Kiihler, (069) 9765-000; Wilke (0241) 154071; Hungary-Selectrade Computer, (01) 163-2905; India-Dynalog 
Microsystems, (022) 517-0514; Israel-Racom, (03) 491922; Italy-BPS Computers, (02) 612-90221; Japan-Astrodesign, (044) 751-1011; Korea-Echo Microsystems, (02) 704-5378; 

Netherlands-Computer Engineering Roosendaal, (01650) 57-417; Peekel Instruments (010) 4152722; New Zealand-GTS Engineering, (09) 3092-464; Spain-Novatronic, (04) 452-0811; 
Sweden-SYSTEC, (013) 11-01-40; Switzerland-Urech & Harr, (061) 61-13-25; Taiwan-Advantech, (02) 351-2117; U.K.-Adept Scientific, (0462) 480055 

CIRCLE NO. 126 EDN November 12, 1992 • 205 



Design Entry Blank 
$100 Cash Award for all entries selected by editors. An additional 
$100 Cash Award for the winning design of each issue, deter
mined by vole 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%-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 April 9, 1992, issue is 
entitled "Transducers form proximity detector:' submitted 
by Maxim Integrated Products (Sunnyvale, CA). 

ISSUE WINNER 
The winning Design Idea for the April 23, 1992, issue is 
entitled "Paralleled amplifiers drive loads quietly;' sub
mitted by Moshe Gerstenhaber and Mark Murphy of 
Analog Devices Semiconductor (Wilmington, MA). 
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less sensitive to component variations than the original 
Sallen-Key approach. 

An interesting adaptation of the modified Sallen-Key 
filter involves preceding the filter with a simple, buff
ered, RC lowpass filter section (Fig 1). A third-order 
Butterworth lowpass (or highpass, by interchanging 
Rs and Cs) filter results if all the resistor values are 
equal and all the capacitor values are equal. The - 3-dB 
corner frequency of the third-order Butterworth filter 
is simply 1/(2'TT RC). 

Michael A Wyatt 
MS 931 -4 
SSO Honeywell Inc 
Clearwater, FL 34624 
(803) 539-5653 

A letter from the front 
Thank you very much for your letter and FAX. Unfor
tunately, there is brutal civil war between Serbs 
against Muslims and Croats here in Bosnia and 
Hertzegovina. We hope that tremendous efforts to 
make stable peace will end successfully. If not, we're 
afraid that the European peace might be seriously jeop
ardized! 

If you decide to publish our Design Idea, we will 
be satisfied if you can publish it under our names with 
name of our facility and city only (without the name 
of the country!). 

Na mes withheld 

How to use our bulletin board 

Ii This icon identifies those Design Ideas 
that have computer-readable material 
posted on EDN's bulletin-board system 

(BBS). Call our free BBS at (617) 558-4241 (300/ 
1200/2400/9600 8,N,l). Not every Design Idea 
has downloadable material, but each one does 
have a BBS number printed at the end of it. 
Once you get into the system, you can use that 
number to find more information on a particular 
idea. If you'd like to comment on any Design 
Idea, include the number in the subject field of 
your message. 



We wrote the board on compatibility. 
~ If you need full SPARCstation 2 hard
Compliant ware and software compatibility in a 

sen 1.i VME environment, look no further. 

With our CPU-2CE you can run Solaris and 
all your SPARCstation 2 applications and expan
sion hardware. Instantly. 

So you get the performance you want, and 
the configurability you need, on an industry 
standard form factor. 

And the 2CE offers the same 110 interfaces 
as the SPARCstation 2. With two SBus inter
facesthatallowyou to install standard, off-the
shelf SBus modules. Like graphic frame buf
fers and accelerators. Or any of the 300 SBus 
cards available from third party vendors. 

The fact is, we're the only ones licensed 
by Sun to put SPARCstation 2 technology on 
VME. We've done it. And you can get it off-

FORCE COMP UTE RS In( , 316S Winchnt" Blvd . Campbell. CA 95008 ·6$57. Prof -MenerKhm;u.Str L. W-80!4 Ne11biberglMBn(hH All bun di o• producl11"' trdem1rk1 of their "'~"'voe hol~rt C 199? FORCE COMPUTERS Inc 

CIRCLE NO. 127 

the-shelf in any quantity. Just call the 
experts in embedded SPARC at 800-
237-8863 ext 6. Or in Europe, call 49.89.-
608-14-0. Because no one knows more 
about compatibility than we do. 
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A 4X Improvement 
In High Density PLDs. 

To achieve a 4X 

improvement in high-density 

design, Lattice now offers all 

four members of both the pLSI'" 

and the ispLSI'" families of high-

performance. High-Density PLDs. The 

pLSI 1016, 1024. 1032. and 1048 are now 

available along with their in-system 

programmable versions in the ispLSI family. 

The four family members span a density 

range from 2.000 to 8.000 PLO gates and 

provide a 4X improvement over the competition: 

1. World's Highest Performance. The pLSI 

and ispLSI families combine the performance and 

ease of use of PLDs with the density and flexibility 

of FPGAs. With up to 90 MHz system speeds and 

a maximum pin-to-pin delay of 12 ns. they are the 

fastest High-Density PLDs in the world. Period. 

2. E2CMOS® Technology, pLSI and ispLSI 

devices are backed by Lattice's superior E2CMOS 

process-the technology of choice for program

mable logic. E2CMOS enables us to 100% test 

every device and give you the highest quality 

available. Not to mention high-speed program

ming, 100% programming yields and instant 

3. Predictable Delay. 
With many FPGAs it's im

possible to predict performance 

until after the design is complete. 

making the design process long and 

frustrating . 

Our pLSI architecture. on the other 

hand. provides fixed and highly predictable 

delays. You know up front that pLSI and 

ispLSI devices will meet your system 

performance requirements. 

4. In-System Programmability (isp). The 

ispLSI members of our family can all be program

med in-system using 5-volt TIL levels. and are 

completely compatible with their pLSI counter

parts. In fact. ispLSI devices are the world's only 

programmable logic devices offering non-volatile. 

in-system reconfigurability. 

So go ahead and choose the family that offers 

a 4X improvement in High-Density PLDs. Call us 

today at 1-800-327-8425 and ask for information 

packet #210. 

~HLattice ...... 
reprogrammability. pLSI 

and ispLSI. 
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146-1714 

All 95mm wide. 

SLM 
SWTCHERS 

UNrv'ERSAL INPUT 85-264V a-c 
Kepco's low-profile 

solutions to your 
d-c power needs 

Surface mount technology 
combined with advanced 

magnetics provide 
quality industrial-grade 

d-c power in slim packages 

-==:=- THE POWER SUPPLIER •• 
SINCE 1946 



FAW INPUT CHARACTERISTICS 
RATING 

SPECIFICATION All Models CONDITION 

a-c nom 120/240V a-c 
Single phase voltage range 85-264V a-c 

d-c voltage range 105-370V d-c Polarity insensitive 

Brown-out min 80V a-c/97V d-c Ripple, stabilization 
voltage increase 

Frequency nom 50-60Hz 

range 47-440Hz(1l 
Single phase 

EMI FCC 20780 and VDE 0871 Conducted Class B 

Soft-start circuit Thermistor limiter 

Leakage max 0.5 mA UL method 120V a-c 50-60Hz 
current max 0.75 mA VDE method 240V a-c 50-60Hz 

Startup max 500 msec (2 ) From turn on until d-c 
time output reaches nominal 

Holdup typ 20 msec 120V a-c 
time min 15 msec 100V a-c 

Power OK Green LED plus logic (See figure 1) 

INPUT CURRENT 
(Amperes) 15W 25W 50W 100W 150W 

a-c typ 0.3 0.55 1.0 2.0 3.0 
current 120V a-c rms 

max 0.4 0.70 1.2 2.4 3.5 

typ 0.2 0.35 0.5 1.0 1.5 
240V a-c rms 

max 0.3 0.45 0.7 1.4 1.7 

Fuse value 2.0 2.5 3.0 5.0 6.3 250V type 5x20mm 

Initial turn-on surge, 22 43 45 45 45 120V a-c rms 
first half cycle 34 85 90 90 90 240V a-c rms 

Efficiency typ% 70 70 76 76 76 Max load, nominal input 

Circuit type A A B B B 
A = Flyback 
B = Forward converter 

Switching typ 120KHz Nominal load 
frequency 

(1) At 440Hz the leakage current exceeds the UL safety specification 
(2) 900 msec for 100W and 150W models 

FAW OUTPUT CHARACTERISTICS 
SPECIFICATION 

Source effect typ 

max 

Load effect typ 

max 

Temperature effect typ 

max 

Combined effect typ 

max 

Time effect (drift) typ 

max 

Recovery excursion characteristic 

recovery 

(1) FAW 15W and 25W: 2.6% 

sv model 

E 1 (min) 4.5V 

(min) 2.5V 
Logic 1 

(max) 

RATING 

1.0% 

2.0% 

1.0% 

2.0% 

1.0% 

2.0% 

2.0%(1) 

4.0% 

0.1% 

0.5% 

< 4% 

2ms 

CONDITION 

85-132or170-264V a-c 

10% to 100% load 

Nominal input, rated load 

Source, load and temperature 

0.5 - 8.5 hr, max load 25°C 

Step load 50-100%, 
rise time > 50µs 

To within 1% 

FIG. 1: POWER OK SIGNAL 
RELATED TO OUTPUT 

12V model 15V model 24V model 28V model 48V model 

9.5V 12V 19V 22V 40V 

5V 6V 9V 11V 20V 

< OUTPUT VOLTAGE 

15 Watt model 

25 Watt model 

50 Watt model 

100 Watt model 

150 Watt model 

POWER OK 
SIGNAL 

LOGIC 1 

--- ---LOGICO 

OUTPUT 
VOLTAGE 
v. 

I 
I 
I 
I 
I 

I I 
I I 

: - -:-- E, 
I 

----------------+TIME 

KEPCO, INC.• 131-38 SANFORD AVENUE· FLUSHING, NY 11352 USA· TEL: (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX): 710-582-2631 



ui 
> 
< en 
0 
z 
< 
w 
> 
0 
::;: 
w 
a: 
0 
~ 
w 
z 
::J 
0 
w 
~ 
0 
0 
z 
0 
a: 
< w 
~ 

Series FAW wide range input (85-264V a-c) accommodates 
mains power everywher,e without selector. UL listed, CSA certified 

and approved by TUV. Onboard VOE 0871 level B EMI filter. 
Power OK logic. Optional metal enclosure. 

FEATURES: 
• Power-OK LED: green. 
• Power-OK logic : 

open collector. 
• a-c input 85-264V; 

d-c input 105-370V. 
• Operating frequency: 

120-130KHz. 
•Soft-start circuit: limits a-c 

turn-on surge. 
•Adjustable voltage: internal 

trimmer. 
• Holding time: output is sus

tained by internally stored ener
gy for 20ms typical , 15ms 
minimum. 

• Built-in EMI tilter: attenuates 
the conducted noise below the 
requirements of both FCC 
20780 and VOE 0871 for Class 
B computing devices. Optional 
perforated metal covers attenu
ate radiated noise and provide 
protection. 

• Safety: FAW are recognized by 
UL, certified by CSA and ap
proved by TUV Rheinland. 

• Connections: input and output 
screw terminal barrier strip. 

• Remote error sensing: the 50, 
100 and 150W FAW provide sep
arate remote error sense termi
nals : 0.25V drop/wire. 

• Optional Steel Enclosures: 

Size 15W 25W sow 100W 150W 

Model CA 24 CA 25 CA 26 CA 27 CA 28 

I 

100W 

150W 

FAW MODEL TABLE 
15 WATT MODELS 

MOO EL OUTPUT 
VOLTS 

FAW5-3K 5 

FAW 12-1 .3K 12 

FAW 15-1K 15 

FAW24-0.7K 24 

25 WATT MODELS 

FAW5-5K 5 

FAW 12-2.1K 12 

FAW 15-1.7K 15 

FAW 24-1 .1K 24 

50 WATT MODELS 

FAW 5-10K 5 

FAW 12-4.2K 12 

FAW 15-3.4 15 

FAW 24-2.1K 24 

100 WATT MODELS 

FAW 5-20K 5 

FAW 12-8.3K 12 

FAW 15-6.6K 15 

FAW 24-4.2K 24 

FAW 28-3.5K 28 

FAW48-2K 48 

150 WATT MODELS 

FAW5-30K 5 

FAW 12-12K 12 

FAW 15-10K 15 

FAW24-6K 24 

FAW28-5K 28 

FAW 48-2.8K 48 

ADJUSTMENT OUTPUT SW RIPPLE NOISE 
RANGE CURRENT mV (spike) 

AMPS , 0-SO"c typ max mVmax 

4.5- 5.5 0-3.0 15 30 < 120 

10.8-13.2 0-1 .3 10 30 < 190 

13.5-16.5 0-1.0 10 30 < 220 

21.6-26.4 0-0.7 20 50 < 310 

4.5- 5.5 0-5.0 31 62 < 120 

10.8-13.2 0-2.1 32 65 < 190 

13.5-16.5 0-1 .7 42 85 < 220 

21 .6-26.4 0-1.1 57 115 < 310 

4.5- 5.5 0-10.0 30 60 < 120 

10.8-13.2 0-4.2 35 70 < 190 

13.5-16.5 0-3.4 45 90 < 220 

21 .6-26.4 0-2.1 50 100 < 310 

4.5- 5.5 0-20 30 60 < 120 

10.8-13.2 0-8.3 35 70 < 190 

13.5-16.5 0-6.6 45 90 < 220 

21 .6-26.5 0-4.2 50 100 < 310 

25.2-30.8 0-3.5 60 120 < 330 

43.2-52.8 0-2 80 160 < 530 

4.5- 5.5 0-30 30 60 < 120 

10.8-13.2 0-12 35 70 < 190 

13.5-16.5 0-10 45 90 < 220 

21 .6-26.4 0-6 50 100 < 310 

25.2-30.8 0-5 60 120 < 330 

43.2-52.8 0-2.8 80 160 < 530 

!iU ~® ~ 
This KEPCO 

product 1s backed 
by a hrm 

1-YEAR 
WARRANTY 

UL RE COGNIZED CS A CERTIFIED r Uv APPROVED 

~KEPCO'" 
- THE POWER SUPPLIER •• 

SINCE 1946 

Dala sub1ect to change without notice. c 1992 KEPCO. INC. Litho in USA 

KEPCO, INC. • 131-38 SANFORD AVENUE· FLUSHING , NY 11 352 USA· TEL: (718) 461-7000 • FAX: (718) 767-11 02 • Easyl ink (TWX): 710-582-2631 



Series FAW wide range input (85-264V a-c) accommodates 
mains power everywher.e without selector. UL listed, CSA certified 

and approved by TUV. Onboard VOE 0871 level B EMI filter. 
Power OK logic. Optional metal enclosure. 

FAW GENERAL SPECIFICATIONS 

SPECIFICATIONS RATING/DESCRIPTION CONDITION 

Temperature O - 71 °C (See figure 2) Operating 

- 40°C to + 85°C Storage 

Humidity 9S% RH Non condensing : operating & storage 

Shock 20g, 3 axes (11 msec = S msec Non operating , 3 shocks each axis 
pulse duration) 

Vibration S-1 OHz: 1 Omm amplitude 3 axes 
Non operating 1 hour each axis 

1 O - SSHz: 2g, 3 axes 

Isolation Output to case SOOV d-c, 1 OOM!l 2s°C, 6S% RH 

Enclosure Optional metal 

Type of Construction PC card, L-chassis 

Cooling Convection 

Withstand Voltage Input to output 3 .7SKV a-c for 1 minute 
1 SW, 2SW, SOW Input to case 2KV a-c for 1 minute 

Withstand Voltage Input to output 3KV a-c for 1 minute 
2s°C, 6S% RH, Y cap removed 

100W, 1SOW Input to case 2KV a-c for 1 minute 

Safety : 1 SW, 2SW, SOW UL 478, CSA EB 1402B, VOE 0806, IEC 380 

Safety : 100W, 1 SOW 

FIG. 2: OUTPUT POWER 
VS AMBIENT TEMPERATURE 

UL 19SO, CSA EB 1402B, IEC 9SO 

OUTLINE DIMENSIONAL DRAWINGS 
Dimensions m hght face type are 1n inches. 

dimensions in bold face type are in millimeters. 

OPEN FRAME DIMENSIONS (HWD) 
1SW: inches - 0.98 x 3.74 x 3.94 

mm - 2S x 9S x 100 

1()() 1--------~ 

2SW: inches - 0.98 x 3.74 x 4.92 
mm - 2S x 9S x 12S 

~ 90 
;:: 
~ 60 1--------~ 

a: 70 

~ 60 
",_ 50 
:J 
"- 40 ~-------+----'<-\ 

B ~ ~-------+-------'\ 
20 

10 

10 ~ ~ ~ ~ 00 71 

AMBIENT TEMPERATURE (UC) 

h 

1

-E-j ENCLOSURE 

A-j OPEN FRAME 

B 

~F~-W----~--j:~ 
Barrier Strip 
Protrusion 

MODEL Al21 B c D Elli 

15WATTS 0.98 3.74 3.94 0.59 1.18 
25 95 100 15 30 

25WATTS 0.98 3.74 4.92 0.59 1.18 
25 95 125 15 30 

50WATTS 0.98 3.74 6.50 0.59 1.22 
25 95 165 15 31 

SOW: inches - 0.98 x 3.74 x 6.SO 
mm - 2S x 9S x 16S 

100W: inches - 1.38 x 3.74 x 7.87 
mm - 3S x 9S x 200 

1SOW: inches - 1.97 x 3.74 x 7.87 
mm - so x 9S x 200 

CASED DIMENSIONS (HWD) 
1SW case (CA24): 
inches - 1 .18 x 3. 7 4 x 3.94 
mm - 30 x 9S x 100 
2SW case (CA2S): 
inches - 1.18 x 3.74 x 4.92 
mm - 30 x 9S x 12S 
SOW case (CA26) : 
inches - 1.22 x 3.74 x 6.SO 
mm-31 x9Sx16S 
100W case (CA27): 
inches -1 .SO x 3.74 x 7.87 
mm - 38 x 9S x 200 

'2sw 100WATTS 1.38 3.74 
35 95 

7.87 0.59 
200 15 

1.50 
38 

1SOW case (CA28): 
inches - 2.09 x 3.74 x 7.87 
mm - S3 x 9S x 200 

' 
' 
I 
I 

150W 

150WATTS 1.97 3.74 7.87 0.59 2.09 
50 95 200 15 53 

(1) With cover (optional) (2) Open frame 

Tolerances : 
0.04" (1 .0 mm) unless otherwise noted 

Mounting : 
4-40 tapped holes - (2) side: 
maximum screw penetration 0.2 (5 mm) 

NET WEIGHT: 
1SW: 9.S2 oz, 270 gm 
2SW: 10.60 oz, 300 gm 
SOW: 1 S.90 oz, 400 gm 

100W: 2.6 lbs, 1.2 kg 
1SOW: 3.3 lbs, 1.S kg 

- THE POWER SUPPLIER '" 
SINCE 1946 

KEPCO, INC.· 131-38 SANFORD AVENUE · FLUSHING , NY 11352 USA· TEL: (718) 461-7000 ·FAX: (718) 767-1102 • Easylink (TWX) : 710-582-2631 



Power MOSFETs. The OM11N60 and 
OM11N55 are power MOSFETs rated 
at 600 and 550V, respectively. Current 
rating is llA, and the on-resistance is 
as low as 0.42D.. The devices come in 
T0-254 hermetically sealed metal pack
ages with either side or top tabs. The 
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devices are available with hi-rel screen
ing. OM11N55AA, $47.50 (100). Omni
rel Corp, 205 Crawford St, Leominster, 
MA 01453. Phone (508) 534-5776. FAX 
(508) 537-4246. Circle No. 414 

Dual-in-line power devices. This 
chip family in plastic DIPs suits power
switching applications. The Power+ 
Logic devices employ the company's 
mixed-signal process. The methodol
ogy, called Prism, permits microcon
trollers (µCs), analog circuits, and 
power devices to be integrated on a sin
gle chip. Chips include the TPIC6259 
8-bit addressable latch; the TPIC6273 
Octal D-type flip-flop; and the 
TPIC6595 8-bit shift register. $1.60 
(1000). Texas Instruments Inc, Semi
conductor Group (SC-9207 4), Box 
809066, Dallas, TX 75380. Phone (214) 
995-6611, ext 3990. Circle No. 415 

Optoisolated power MOSFETs. The 
TC4803/4804 are optoisolated power 
MOSFET drivers. The drivers provide 
2500V rms of isolation from input to out- · 
put, and they can drive MOSFET gate 

Imagine what you could do with 

samarium 
MGOe 32 Magnets 
Another industry first from EPSON 

• 

. 
capacitance of 1000 pF to 15V in 45 
µsec. Peak current drive is 2A, and 
they can sink 0.8A. Operating voltage 
ranges from 10 to 18V. The drivers con
vert a 5V logic level to an 18V level in 
140 nsec. $1.82 (1000). Teledyne Com
ponents, 1300 Terra Belle Ave, Moun
tain View, CA 94039. Phone (415) 968-
9241. Circle No. 416 

UV PROMs. This UV PROM family fea
tures an address access time (tAA) of 
25 nsec and a chip select-to-output time 
(tc~) of 12 nsec. The fast select time 
permits the chips to operate with 50-
MHz DSP chips. The family includes 
the 8k x 8-bit WS57C49C; 4k x 8-bit 
WS57C43C; 2k x 8-bit WS57C191C; and 
2k x 8-bit WS57C291C. From $9.30 to 
$18.05 for CERDIPs; plastic OTPs, 
from $5.60 to $14. 75. WSI, !17280 Kato 
Rd, Fremont, CA 94538. Phone (510) 
656-5400. FAX (510) 657-5916. 

Circle No. 4 17 

Instrumentation amplifier. The 
INA131 has a fixed gain of 100. A 3-op
amp design distributes the gain be-

Smaller, thinner, stronger than any other magnets .. . because 
they need no bulky anti-corrosion coating ... EPSON's new 
DIANET® 32 Sintered Samarium Cobalt Magnets offer a step 
forward in mini-magnet design. And the same size/strength 
advantages benefit larger designs too. You can specify 
DIANET Series anisotropic magnets with axial or transverse 

DIANET® Serles Anisotropic Sintered Samarium Cobalt Magnets 

orientation in virtually any size, ts 3.0 6_0 
shape, or thickness you design. 
EPSON DIANET Series magnets 
have a very narrow range of 
deviation in magnetic character
istics and high dimensional 
accuracy. The high coercive 
force bHc is nearly equal to Br 
to minimize the influence from 
external magnetic fields. 

12 

permeance 
coefficient (B/ H) 

8 4 

12 

8 

4 

0 

BHmaxMGOe BrJ.K~ bHclKO~ 
DM-32 28 to 32 11 .0to 11.6 5.5 to 9.5 
DM-30 26to 30 10.6to11.3 6.0 to 10.0 
DM-28 27to 29 10.5to 11.0 5.0 to 7.0 
DM-26 25to 27 10.1 to 10.6 5.0 to 7.0 
DM-24 23 to 25 9.7to10.2 6.0 to 8.0 
DM-22 21to23 9.2 to 9.7 8.0 to 9.2 
DM-20 19 to 21 8.7 to 9.2 8.5 to 9.2 
DM-18 17 to 19 8.2 to 8.7 8.0 to 8.7 
DM-16 15 to 17 7.7 to 8.2 7.5 to 8.2 

For information, call our Representative 

EPSON® EPSON AMERICA, INC. 
International Magnaproducts, Inc. 

IMI Eastern Office (219) 465-1998 or 
Western Office (303) 650-1903 

CIRCLE NO. 138 

iHc 
>6.00 
>7.00 
>5.00 
>5.00 
>6.00 
>8.00 
>8.50 
>8.75 
>9.00 



14-BIT 0 C T A L VOLTAGE 

EightDACs, 
onetweal{ 
Calibrating the outputs of a high-precision 

multiple DAC has never been easier. The MP7610 

and MP7611 are the first 14-bit octal DACs to offer 

matched channel-to-channel performance within 

2 LSB across all codes. Make a single VREF adjustment 

for minimum total error on one channel, and the 

total error for all eight DACs meets spec. It's like 

having one DAC with eight outputs. 

2.0 

0 
-0.5 

-2.0 

-FS 

DAC 0 -
Code +FS 

Channel-te>-Channel Maximum nrror (!!.£) represents the worst

case matching between any two channels at any code. All Channels 

Maximum Errar (ME) is the total e1Tor bound for all channels 

when Vm has been adjusted to give DAG 0 minimum total l!ITOr. 

Maximum Error Span (MES) is the Maximum Error minus ojfset. 

When it comes to reliable performance and 

cost-effective integration, these octal DACs have no 

match. The MP7610 combines eight 14-bit DACs 

with output op-amps and a 3-wire serial data inter-

face in a 28-pin PDIP or SOJC package. The MP7611 

offers identical DAC performance, with a double-

buffered 14-bit parallel digital address and data 

port, housed in either a 44-pin PQFP or PGA. 

Either way, you save 20 active devices. 

From pin-electronics to system-level automatic 

test equipment to instrumentation to PC-based 

0 U T P U T D A C A R R A Y 

controllers, the 

MP7610 and MP7611 satisfy virtually any multi-DAC 

application. You can even daisy chain two or more 

MP7610s using the Serial Data Out pin. 

For more information about the MP7610 family 

of 12- and 14-bit octal DACs, call 1-800-765-5350. 

If you call now you'll receive a Design Guide, 

including an application note, data sheets, and a 

request card for samples. A complete data book of 

Micro Power Systems' analog and digital data 

conversion products is also available. 

S P E C F C A T 0 N S 

• eight DA Cs, 14-bit resolution, 12-bit accuracy 

• INL and DNL ±2 LSB 

• op-amps sink/source 5mA 

• low power-320 mW 

swing 

• -:.2000 v 
ESD protection 

• output settling <30µs 

• latch-up proof 

Micro Power Systems 
3100 Alfred Street 
Santa Clara, CA 95054 
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tween the input ( x 20) and the output 
( x 5) stages, which increases the band
width and improves the common-mode 
range. Laser-trimmed resistors provide 
a gain accuracy of 0.024%, a gain drift 
of 10 ppm/°C (max), a voltage offset of 
50 µ V, and a voltage drift of 0. 25 µ V /°C 
(max) $3.25 (1000). Burr-Brown Corp, 
Box 11400, Tucson, AZ 85734. Phone 
(800) 548-6132; (602) 746-1111. FAX 
(602) 889-1510. Circle No. 418 

10.5-nsec cache RAM. The IDT-
71B589 is BiCMOS cache RAM for 50-
MHz i486 and 67-MHz Intel P5 systems. 
The chip has a 32k x 9-bit organization 
and features a 10.5-nsec clock-to-data 
access time, which permits zero-wait
state operations. The chip integrates 
self-timed write operation and has an 
on-chip burst counter to ease timing is
sues. In addition, the chip has a 0.5-nsec 
address setup time and a 5-nsec output 
enable time. $54.90 (1000). Integrated 
Device Technology Inc, 3236 Scott 
Blvd, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. FAX (408) 
492-8674. Circle No. 419 

High-voltage switch-mode ICs. The 
HV9100, HV9101, and HV9102 are 
BiCMOS switch-mode power-supply 
ICs. The chips feature clock speeds as 
fast as 1 MHz. The HV9100 and HV9101 
accept input voltages from 10 to 70V 
de, and their output switch has a 150V 
and 5!1 rating. The HV9102 accepts in
put voltages from 10 to 120V de, and 
its output switch has a 200V and 7!1 
rating. $3.15 to $3.58 (1000). Supertex 
Inc, 1350 Bordeaux Dr, Sunnyvale, CA 
94089. Phone (408) 744-0100. FAX (408) 
734-5247. Circle No. 420 

Data-acquisition system. The 
MN7450 and MN7451 are self-calibrat
ing data-acquistion systems. They have 
an 8-channel input multiplexer, soft
ware-programmable gain amplifier, and 
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a 16-bit AID converter that samples as 
fast as 47 kHz. The MN7450 has 0 to 
5V or ± 5V input ranges, and the 
MN7451 has 0 to lOV or ± lOV. $350 
(100). Micro Networks, 324 Clark St, 
Worcester, MA 01606. Phone (508) 852-
5400. FAX (508) 853-8296. Circle No. 421 

Military telecomm devices. The 
145152-2 is a PLL frequency synthe
sizer. The chip features a reference os-

cillator, a 10-bit programmable divide
by-N counter, and a 6-bit programma
ble divide-by-A counter. You program 
the counters via a 12-bit parallel port. 
The 145406 chip combines three drivers 
and three receivers for EIA-232 and 
V.28 communications. Both chips meet 
MIL-STD-883 specifications. 145152-2, 
$34.45; 145406, $15.65. Motorola Inc, 
EL376, 2100 E Elliot Rd, Tempe, AZ 
85284. Phone (602) 897-3782. FAX (602) 
897-4034. Circle No. 422 

The 3900 meets 
more standards. 

Starting at just $2995,* the 3900 
family of device programmers gives 
you more for your money. "Whether 
you're concerned with safety, noise, 
ESD, EMI, or reliability, the3900 lets 
you rest easy. It has been approved 
by internationally recognized safety 
organizations such as TUV and CSA, 
and complies with the strictest EMI 
and ESD standards-VDE 0871B 
and IEC 801-2. So, it can program 
more devices and support more 
*U.S. !isl price only. 

CIRCLE NO. 130 

packages - in any environment. 
To hear more reasons why the 

3900 is the engineer's ultimate pro
grammer, call today. We'll send you 
a FREE copy of our popular Wall 
Chart of Programmable Devices. 

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

DATAl/O 
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With its incredibly acute hearing, an owl has the ability to 
accurately measure minute difference in sound pressure 
and phase. This enables it to spread out a super-sensitive 
grid for catching its prey, even in near-total darkness. 

This type of sensitivity has served as a model for TDK 
sensors used in today's "intelligent" electronics equipment. 

;T:;~ 
PTC Thermistor Temperature Responsive 

Reed Switch 

\...; 

Allows the operating point to be 
Delivers excellent res.stance set within a wide range of + 86°F Provides accurate ( ± 1°C), 

vs. temperature linearity. to + 626°F ( + 30°C to + 330°C). consistent contact switching. 

Our line of high-sensitivity sensors incorporate original design 
technology developed from such materials as ferrite, semicon
ductor ceramics, and piezoelectric materials, to name a few. 

If your applications demand high precision sensors, 
it's only "natural" to turn to TDK. 
Call or write us today for more information. 

Humidity Sensor Pyroelectric Infrared Current Sensor 
Sensor 

A 
~) 9? 

Calibrated humidity output 
Detects AC current and sends in full 1 V scale can be obtained Detects even the weakest 

simply by connecting infrared radiation-can even an output signal to protection 
the power supply. sense the human body! or control circuitry. 

Current Monitor Sensor Tiit Switch Engine Knock Sensor Programmable Toner 
Sensor 

Toner Sensor 

Current monitor sensor allows 
setting of optimal electric Provides highly sensrtive Detects engine knocking with 

discharge matching condition. detection on tilt and inclination. high precision. 

Produces a digital signal 
indicating the absence or 

presence of toner. 

TDK CORPORATION OF AMERICA 1600 Feehanville Drive, Mount Prospect, IL 60056, USA Phone: 708·803·6100 INDIANAPOLIS Phone: 317-872-0370 
NEW YORK Phone: 908-494-0100 SAN FRANCISCO Phone: 408·437-9585 LOS ANGELES Phone: 310-539-6631 DETROIT Phone: 313-462-1210 BOSTON 
Phone: 508-624-4262 HUNTSVILLE Phone: 205-464-0222 GREENSBORO Phone: 919-292-0012 DALLAS Phone: 214-506-9800 
GERMANY • FRANCE • ITALY • U.K. • KOREA • TAIWAN • HONG KONG • SINGAPORE • THAILAND • CHINA • BRAZIL TDK CORPORATION Tokyo, Japan 
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A/D converter. The AD-1655 16-bit 
AJD converter operates at 500 samples/ 
sec. The self-contained device requires 
± 5V, ± 15V, and a start-convert pulse 
for operation. The spurious-free dy
namic range is -100 dB, the SIN ratio 
is 92 dB, and the differential linearity 
is < 1 LSB. A metal package provides 
EMI shielding. $299. Edge Technol
ogy, 15 Pine St, Lynnfield, MA 01940. 
Phone (617) 334-3330. Circle No. 423 

Graphics coprocessor chip. The GUI 
Ultra accelerates graphical-user-inter
face (GUI) software such as Windows, 
OS/2, and X-Window software. The 
coprocessor comes as a chip set, which 
includes an IBM-compatible XGA 
RAMDAC and a clock generator or as 
a stand-alone unit. The chip interfaces 
with dynamic RAM and a 32-bit local 
bus; it produces 24-bit color for 
800 x 600 pixels and 16-bit color for 
1024 x 768 pixels. $35 (1000). Avance 
Logic Inc, 4670 Fremont Blvd, Suite 
105, Fremont, CA 94538. Phone (510) 
226-9555. Circle No. 424 

Stepper motor controller. The single
chip L6219 contains all of the circuitry 
to control and drive a 2-phase bipolar 
stepper motor. The chip contains two 
power bridge stages capable of supply
ing 750 mA. You can program the out
put current in four levels, which per
mits full- and half-step operations. An 
external DIA converter connected to 
the reference voltage input can micro
step the motor. $2.60 (1000). SGS
Thomson Microelectronics, 1000 E 
Bell Rd, Phoenix, AZ 85022. Phone 
(602) 867-6100. Circle No. 425 

1-Mbit VRAMs. Two 1-Mbit video 
RAMs (VRAMs) have access times as 
fast as 60 nsec. The KM424C257 and 
KM428C128 VRAMs have 256k x 4-bit 
and 128k x 8-bit organizations, respec
tively. Both dual-port VRAMs offer 
flash-write, block-write, and split
register features. The VRAMs combine 
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a conventional dynamic-RAM array and 
a serial-access memory array on a single 
chip. KM424C257, $8.50; KM428C128, 
$9.25 (100). Samsung Semiconductor, 
3725 N First St, San Jose, CA 95134. 
Phone (800) 446-2760; (408) 954-7000. 

Circle No. 426 

High-power op amp. The OPA502 de
livers lOA operating from ± 10 to ± 45V 
power supplies. The op amp has a 20-

The 3900 s4pports 
more devices. 

Starting at just $2995,* the 3900 
family of programmers gives you 
more for the money. The 3900 
offers the broadest device support 
including leading-edge FPGAs, 
PLDs, memory devices, and micro
controllers up to 100 pins. This 
support comes in device libraries, 
so you pay for only what you need. 
And, the 3900 uses semiconductor 
manufacturer-certified algorithms, 
exclusively, to ensure the most 
*U.S. list price only. 

reliable programming. 
To hear more reasons why the 

3900 is the engineer's ultimate pro
grammer, call today. We'll send you 
a FREE copy of our popular Wall 
Chart of Programmable Devices. 

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

DATAl/O 
CIRCLE NO. 132 
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mA quiescent supply current and a lOV/ 
µsec slew rate. A FET input stage has 
a maximum input bias current of 200 
pA. An 8-pin hermetically sealed T0-3 
package can mount directly to a heat 
sink without insulating hardware. Ver
sions operate from - 40°C to + 85°C and 
-55°C to + 125°C. $37.95 (100). Burr
Brown Corp, Box 11400, Tucson, AZ 
85734. Phone (800) 548-6132; (602) 746-
1111. FAX (602) 889-1510. TWX 910-
952-1111. Circle No. 427 

Histogram IC. The HSP48410 gener
ates a histogram of input gray levels. 
A 1024 x 24-bit array accumulates 1024 
gray levels having 10-bit resolution. 
The chip calculates the number of occur
rences for each gray level. In addition, 
the chip can generate and store cumula
tive distribution functions for use in his
togram equalization. The 33-MHz ver
sion, $52.01; the 40-MHz version, $59.81 
(1000). Harris Semiconductor Corp, 
Box 883, Melbourne, FL 32901. Phone 

-------------------------~ (800) 442-7747, ext 1040; (407) 724-3704. 

By offering you a wide choice of baseboards 
and expansion modules that utilize the high
speed 32-bit Intel MIX bus ... so data transfers 
and DSP performance are not compromised 
by traffic jams on your VMEbus or Multibus. 

The right hardware ... 
+ TMS320C40, C30, C25 and DSP32 engines 

•A/D's and D/A's from 12 to 18 bits 
• Sampling rates to 10 MHz 

+ Digital 1/0 and SCSI interfaces 
+ T1/CEPT telecom interfaces 

+ Precision clock generators 

The right bus ... 
• VMEbus, Multibus I or II baseboards 

+ MIX bus expansion modules 
•Bus adapters for SUN and PC-AT 

The right software ... 
• Pentek SWIFT C development environment 

+ SPOX real-time OS and DSP libraries 
+ Comdisco SPW DSP code generator 

+SUN UNIX and PC-AT Support 
+ ProNet Ethernet system 

+ DSP C compilers 
+ Drivers for MIX modules 

Got a problem? We have the solution. 
Call us today at (201) 767-7100 

F»Ei'ITEK 
55 Walnut Street• Norwood, NJ• 07648 
Tel: (201) 767-7100 Fax: (201) 767-3994 

© 1992 Pentek, Inc. 
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Pentek4283 
'C30 DSP 

Processor 
for VMEbus 

.. 
t 
] 
I 

~ 
"' . 

Pentek4247 
Dual 'C30 
Co-processor 
MIX module 

Pentek4245 
32-channel 
16-bit AID MIX 
module (2 ea.) 

System No.1 

Circle No. 428 

8-bit microcontroller. The TMP-
68C711J6 has 16 kbytes of EPROM or 
OTPROM (one-time-programmable 
ROM). It operates as fast as 16.8 MHz, 
and its static design permits clock rates 
as low as de. The chip contains 256 bytes 
of bootstrap ROM and 512 kbytes of 
static RAM. Other features include 
seven 54-bit I/O ports, a 16-bit timer, 
and a COP (computer-operating-prop
erly) watchdog system. OTPROM ver
sion, $25 (100). Toshiba America Elec
tronic Components Inc, 9775 Toledo 
Way, Irvine, CA 92718. Phone (714) 
455-2000. Circle No. 429 

R4000 peripheral chip set. A 3-chip 
chip set provides peripheral functions 
for a 50-MHz Mips R4000 µP to comply 
with ARCSystem 100 specifications. 
The chip set provides an interface to 
main memory and video, an interface 
to an i386 local bus, and an interface 
to an EISA chip set for I/O expansion. 
The set consists of two data-path chips, 
the TC85R4220F, and an address con
troller, the TC85R4230F. Chip set, 
$250. Toshiba America Electronic 
Components Inc, 9775 Toledo Way, 
Irvine, CA 92718. Phone (714) 455-2000. 

Circle No. 430 

SCSI bus terminators. Four chips in 
surface-mount packages provide termina
tions for the SCSI bus. The MCCS142233 
is a 9-bit passive terminator. The 
MCCS142234 and MCCS142235 are 9-
and 18-bit active terminators that oper
ate with the company's MC34268 volt
age regulator. The MCCS142237 is a 
9-bit active terminator that has an in
tegrated 2.85V voltage regulator. 
MCCS142233, $1.42; MCCS 142234, 
$0.99; MCCS142235, $2; MCCS142237, 
$1.23. Motorola Inc, MD M526, 2200 
W Broadway, Mesa, AZ 85202. Phone 
(602) 962-3397. FAX (602) 898-5020. 

Circle No. 431 



SIEMENS 

A capacitor 
can tip the balance. 
Specify Siemens 
and be secure. 

SCl-1008 

That's right. A so-called "com
modity component" can tip the 
balance between a finished 
product that works and one that 
doesn't. Siemens capacitors 
offer quality and reliability you 
can depend on. 
Your design hangs in the bal
ance. For the highest quality at 
highly competitive prices, spec
ify Siemens capacitors: 

CIRCLE NO. 134 

• MKT (Metalized Polyester) 
•Film (Polyester, Polypropylene) 
•Ceramic (Chip) 
• Aluminum Electrolytic 
• Power Capacitors 
Call 1-800-888-7729 
for a quote! 
(Or fax us at 1-908-632-2830.) 
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Our Lossy 
Transmission 

Lines Have 
the Edge! 

Greater Accuracy and Faster Simulation 

That's our lossy transmission line edge. We've extended PSpice's 
intrinsic T device to model lossy transmission lines using the 
distributed model rather than the traditional lumped approach. 
What you get is a smoother approximation of the line 's behavior 
in significantly less time. Here 's why. 

The Distributed Model Advantage 

Our lossy line behavior is modeled in the frequency domain 
instead of with the commonly used ladder structures associated 
with lumped models. Using this technique, lossy lines can be 
easily specified in terms of their electrical length and the 
resistance, inductance, capacitance, and conductance distributed 
along the entire length of the line. Frequency dependent 
phenomena, such as skin effect and dielectric loss, is 
straightforward to simulate. 

Elimination of Spurious Oscillations 

Our lossy lines are modeled as continuous lines. Thus, the 
simulation artifacts (oscillations) observed in lines modeled as a 
finite set of lumped segments, vanish with the distributed model. 

Comparison of the ideal and lossy transmission line models 

Optimized Simulation Performance 

For any given circuit, the continuous lines produced by a 
distributed model avoid the performance overhead created by the 
multiple line segments required for accurate results using the 
lumped model approach. Hence, simulation time can be several 
times faster with the distributed model. 

Model Loss, Dispersion, and Skin Effect 
with Accuracy and Efficiency 

That sums up the PSpice lossy line edge. Discover for yourself 
why PSpice continues to hold the industry edge on mixed analog 
and digital circuit simulation. 

For more information on PSpice and the Design 
Center, call MicroSim Corporation toll free at 
(800) 245-3022 or FAX at (714) 455-0554. 

S MicroSim Corporation 
The Standard for Circuit Design 

20 Fairbanks • Irvine, CA 92718 

THE MAKEl{S OF PSPICE 

PSpice is a registered trademark of MicroSim Corporation 

For More Information Circle #150-IBM; Circle #151-Macintosh; Circle #152 SPARCstation 



Raltron manufactures its 

compact VC 7025 Voltage 

Controlled Crystal Oscillator 

to meet your Phase Locked 

Loop specifications, deliver

ing deviation sensitivity or 

pullability of up to ± 100 

PPMN. Big performance in 

a small package. At a price 

you've been looking for. 

VCXO WITH PULLABILITY 
Raltron manufactures a 

complete line of the highest 

quality VCXO 's to both 

standard and custom speci

fications. Send us your 

VCXO specifications today 

or call (305) 593-6033 for 

more information. 

Raltron Electronics Corp. 
2315 W 107th Avenue, Miami, Florida 33172 U.S.A. 

Fax (305) 594-3973 Telex 441588 RALSE 
(305) 593-6033 
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A full selection of the most rigorously 
tested and proven backplanes in the industry. 

1. The Broadest 
Line Available 
High-speed, standard and 
modified backplanes in the 
style and slot size you 
require. 

VMEBUS 
VXIBUS 
MULTIBUS® II 
FUTUREBUS+ 

... worldwide-Partners 

2. Immediate, fu. 
stock Availability 
Most of our standard 
backplanes are "off
the-shelf' to ensure 
fast delivery. 

3.Full 
Modification 
Capabilities 
State-of-the-art 
CAD/CAM systems 
enable us to customize to your 
engineering requirements. 

to the Electronics Industry 
For your copy, call 
toll-free 1-800451-8755 
or fax us at SCHROFF, INC. 

170 Commerce Drive • Warwick, R.I. 02886 
CIRCLE NO. 137 

(401) 738-7988. 
See us at Wescon Booth #2491 

4. Comprehensive 
Testing Program 
Our testing program far exceeds 
your performance requirements. 
We check evezy pin in evezy slot. 

5. New Backplane 
--....... ~ Flyer 

Provides product 
information on all 

Schroff backplane 
types and sizes 
as well as testJ 
extender boards. 



32-bit processor card. The ZT 8911 
board operates at 32 bits across the 
STD 32 backplane. Its CPU module is 
replaceable, thus accommodating proc
essor options. The board can serve in 
a single-processor system or as the pri
mary pr ocessor in a multiprocessing 
system. $3350. Ziatech Corp, 3433 
Rober to Ct, San Luis Obispo, CA 
93401. Phone (805) 541-0488. FAX (805) 
541-5088. Circle No. 432 

486-based PC/104 module. The 
Coremodule/486 puts a 25-MHz Cx-
486SLC processor in a palm-sized PC/ 
104 module. The stackable module con
tains all key functions of a full 486-based 
PC/AT. Special features include an on
board 1-Mbyte solid-state disk, a watch
dog timer , and power-monitor func
tions. $995 (100). Ampro Computers 
Inc, 990 Almanor Ave, Sunnyvale, CA 
94086. Phone (408) 522-2100. FAX (408) 
720-1305. Circle No. 433 

DSP board for VME. The IXD7132 
performs DSP operations on VME sys
tems. Features include configurable in-

EDN·NEW PRODUCTS 
Computers & Peripherals 

terrupts, multiple timers, board syn
chronization, and a master/slave VME 
interface that supports DMA and block 
transfers. The board calculates a 1024-
point complex FFT in 0. 77 msec. Less 
than $5000 (OEM qty). lxthos Inc, 
12210 Plum Orchard Dr, Silver Spring, 
MD 20904. Phone (301) 572-6700. 

Circle No. 434 

VME board for software engineers. 
The Aries VME board has dual 68030 
processors to facilitate software devel
opment. Task segmentation between 
the processors simplifies programming. 

We'Ve taken SMDs 
to a higher power ... 
central's SOT·89 & SOT·22J high-power SMD packages. 

And we do it from start to finish ... with complete inventory . . short lead times . . 
and competitive pricing. Plus improved power dissipation, up to 2 Watts ... total tra
ceability back to wafer level , thanks to part number marking and date codes ... excellent 
PPMs ... a complete line of standard devices ... an expanding list of unique devices. 
And Central backs it all up with superior service ... a full commitment to SOT-89 and 
SOT-223 ... and a wi llingness to build what your design calls for. 

Available Types: 
SOT-89 
CBCX68 
CBCX69 
CXT2222A 
CXT2907A 
CXT3019 
CXT3904 
CXT3906 

CXT4033 
CXT5401 
CXT5551 
CXTA14 
CXTA42 
CXTA64 
CXTA92 

SOT-223 
CBCP68 
CBCP69 
CZT2222A 
CZT2907A 
CZT3019 
CZT3904 
CZT3906 

CZT4033 
CZT5401 
CZT5551 
CZTA14 
CZTA42 
CZTA64 
CZTA92 

Take your SMD applications to the highest power in SMD 
manufacturing ... Central. For more information, write or call. 

central™ +"' • 
semiconductor corp. 
Central: We make the difference. 
145 Adams Avenue, Hauppauge, NY 11788 
Tel : (516) 435-1110 • Fax: (516) 435-1824 
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The secondary processor can function 
either as an I/O processor or as a 32-bit 
DMA controller. $2995 (1); $2396 (100). 
Omnibyte Corp, 245 W Roosevelt Rd, 
West Chicago, IL 60185. Phone (708) 
231-6880. FAX (708) 231-7042. 

Circle No. 435 

PC bus board. The AVmux independ
ently switches four video and four ste
reo audio inputs to one video and one 
audio output. You can use multiple 
cards to control more than four sources, 
and you can control audio levels to ob
tain fade-in/fade-out and similar effects. 
Vertical-interval switching is also user 
selectable, a feature that provides 
seamless cuts between video sources 
that are in sync. $299. New England 
Technology Group Inc, 1 Kendall 
Square, Building 700, Cambridge, MA 
02139. Phone (617) 494-1151. FAX (617) 
494-0998. Circle No. 436 

SPARC board for embedded appli
cations. The SPARC CPU-2CE com
puter implements the functions of a Sun 
SPARCstation 2 on a VME card. It fea-
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tures Openboot firmware, which allows 
dynamic configuration of the computing 
environment and is in the process of 
being standardized by the IEEE. The 
board is available with as much as 64 
Mbytes of dynamic RAM. $7995 to 
$12,490, depending on amount of mem
ory. Force Computers Inc, 3165 Win
chester Blvd, Campbell, CA 95008. 
Phone in US and Canada, (800) 237-
8863; (408) 370-6300; elsewhere, (49 89) 
608140. FAX (408) 374-1146. Circle No. 437 

Standard Fea1ures: 

Computers & Peripherals 

• Five 16-Bll Expan,ion Slots • 101-Key de1achable Keyboard 

(3 fu ll lenglh avai lable) • MS DOS 5.0 
• 4 MB RAM Expandable 10 32 MB • Nylon Carrying Bag 

• 120 MB IDE H.D.D. up 10 500 MB available • Op1ional CD ROM I Tape Backup I 
• 1.2 MB F.D.D. and 1.44 MB F.D.D. Removable H.D.D. / Mullimedia Kil 

• 2 Serial I I Parallel Ports 
• 16-Bil 1024 x 768 SVGA Card wi1h I MB RAM 

\11( ·RoPROl ·EsSOR 

i 486 DX-50 

i 486 DX-.H 

i J86 DX-.U 

i 386 DX-25 

PORTAHl.E iJc,f..1011 

$2.885.00 

$2.485.00 

$2.185.00 

$2.085.00 

P<>RTi\Bl .E 1111rf.. .,w1i1111 

$2.835.00 

$2.435.00 

$2.135.00 

$2,035.00 

Please call for information on 
our other fine products: 
9-Yi" SVGA Monitor set 

1024 x 768 Color CRT 
Prices ALL-IN-ONE PC 
Optional padded hard case 
386DX-40 Notebook 
386SX-25 Notebook 
386/486 EISA/ISA Desktop 
• One-year warranty on parts and labor 
• Lifetime technical support 
• All trademarks and tradenames herein are 

properties of their respective owners 

Bl-Link Computer Inc. 

11606 E . Washington Blvd . Suite A 
Whittier, California 90606 
Tel : (310) 692-5345 Fax : (310) 695-9623 
Tech Support : (31 O) 695-5166 

To Order, Call : 

Mon - Fri 7:30 am to 6:00 pm (PT) 
1-800-888-5369 • 
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486-based VME processor board. 
The VSCIM486, a 486-based PC/AT
compatible VME processor board, runs 
DOS, Unix, or any PC real-time operat
ing system from ROM. In addition to 
a full VMEbus interface, the board in
cludes ports to the SCIM mezzanine bus 
and STEbus. Its Peak-DM chip set from 
Chips & Technologies provides full com
patibility with AT computers. From 
$2900. Arcom Control Systems Inc, 
13510 S Oak St, Kansas City, MO 64145. 
Phone (816) 941-7025. FAX (816) 941-
0343. Circle No. 438 

FDDI network adapter. The V/FDDI 
5211 Peregrine-II network adapter for 
VME64 systems can be configured as 
a single- or dual-attached station for 
FDDI networks. The adapter is based 
on Motorola's 68EC040 and FDDI (Fi
ber Distributed-Data Interface) chip 
set. Transfers occur at rates as high as 
50 Mbytes/sec. Dual-attached version, 
$5995; single-attached version, $4695; 
twisted-pair single attachment, $4195. 
Interphase Corp, 13800 Senlac, Dallas, 
TX 75234. Phone (214) 919-9000. FAX 
(214) 919-9200. Circle No. 439 

Graphics controller. For X-Window 
and Microsoft Windows environments, 
the single-board, 1280 x 1024 x 8-pixel 
XS controller turns ISA/EISA-bus
compatible personal computers into 
workstations. The unit places no de
mands on the host processor; it parti
tions tasks between the graphics con
troller and the host. The unit transfers 
images in 250 msec and draws 132,000 
vectors/sec on the display. $2995. Mi
crofield Graphics Inc, 9825 SW Sun
shine Ct, Beaverton, OR 97005. Phone 
(800) 334-4922; (503) 626-9393. FAX 
(503) 641-9333. Circle No. 440 

386 board for STD and PC/104 
buses. The MCM-SX386 board offers 
both stand-alone operation or expansion 
with the STD bus or the PC/104 bus. 
It integrates basic AT peripherals and 
operates at clock speeds as high as 33 
MHz. The board has space for an on
board 440-kbyte, bootable ROM disk. 
From $850. Winsystems, 715 Stadium 
Dr, Suite 100, Arlington, TX 76011. 
Phone (817) 274-7553. FAX (817) 548-
1358. Circle No. 441 

Plain-paper facsimile. The SFX-
2800TE Secure Fax prints on plain 
paper using laser technology. The 



Intel BOC31 /32 
Intel BOC51 FX 
Intel BXC152 16 MHz 
AMO/Siemens 80515/535 16 MHz 
Siemens BOC515/535 16 MHz 
Siemens C501 40 MHz 
Siemens C502 20 MHz 
Siemens 80C517/537 16 MHz 
Signetics/Philips BXC451 16 MHz 
Signetics/Philips BXC550 16 MHz 
Signetics/Philips BXC552 16 MHz 
Signetics/Philips 8XC562 16 MHz 
Signetics/Philips BXC652 16 MHz 
Signetics/Philips BXC751 16 MHz 
Signetics/Philips BXC851 16 MHz 
AMO BOC321 16 MHz 
AMO 80C325/525 16 MHz 
Oki/Maira BXC154 16MHz 

Intel 8085 10MHz 

Intel &096f1Cl 
80C194/19B 
BOC96/97BH 
BOC196KB 
BOC196KC 
BOC196KO 
BOC196KR/Q 

Na lonal Sernlco d 
HPC Series 

Z1 ogZ8 
ZB 
Z86C95 (OSP) 

20MHz 
24MHz 

0 . 

33MHz 
35MHz 
20MHz 

Let's talk 
real 

in-circuit 
emulation 
for 8051, 
80196 and 
DSP's too! 

International Sales Support 
England .................................... (02) (54) 682-092 
France .......... .............. ...... ......... (33) (74) 438-045 
Eastern Europe ....... .................. (48) (71 ) 484-221 
© 1992 Sign um Sys1ems 

SDT-X Series 
HD64 I 80 6802 
NSC800 6809 
Z80 68000 
Zl80 68008 
6502 68010 
65SC802 8085 
65SC8 I 6 8086 
6800 8088 

Signum Systems' in-circuit emulators offer 
all the standard features that you'd expect, 
and some you wouldn't. 

Features You'd Expect 
• Windowed/mouse interface 
• Flash download at 115 k-baud 
• Debug in C and PL/M 
• Non-intrusive to target or PC 
• Full speed emulation 

Signum Extras 
• C-51 and C-96 HLL debugger 

with locals support 
• Full bank switching support 
• Up to 256K emulation program RAM 
• Graphic trigger window 
• 32K x 80 real-time trace 
• Absolute and relative event timing 
• On-the-fly access to: 

• All emulation RAM contents 
• 3 complex trace and break triggers 
• 8 level sequencer 
• Trace and execution displays 
• 256K address breakpoints 
• 2 16-bit event counters 

• Sampling Trace 
• Free user support 
• · Free software/firmware updates 

CIRCLE NO. 140 

80186 
80188 
80C86 
80C88 
80Cl86XX 
80Cl88XX 

· race 32 Series 
HS 32FXl6 
HD64 I 80 68000 
Z80 68008 
Zl80 68010 
32008 68070 
32016 68020/EC20 
32CGl6 68030/EC30 
32CGl60 683XX 

Performance ... 
Ultimately Depends on You 

68HC08 
68HCll 
68HCI6 
68HCOOI 
93CIOO 
93CllO 

See what Graphic Triggering can do 
for you. For the first time you can have 
intuitive, precise control of the full debug
ging power of your emulator. You'll avoid 
errors and get more done. 

Debugging in a High Level Language 
means that eventually you will have to track 
something right down to a member of a local 
complex structure. Signum lets you zoom in 
on any structure- with just the click of a 
mouse. 

Opportunity ... 
The Signum Advantage 

The right tools do make a difference, 
and there's no equality among emulators. 
You have to actually use them to appreciate 
what they can do for you. Better features that 
are easier to use mean you're finished sooner. 
That's performance, and that is exactly what 
we are about at Signum Systems. 

Prove it to yourself, check out a Signum 
emulator today! Write or call to evaluate the 
Signum advantage. 

10 DAY FREE TRIAL 

S I G J\J U NJ S Y S T ~ J\J/ S 
... for the most discerning 
171 East Thousand Oaks Blvd. 
Thousand Oaks, CA 91360 
Corp.: 805-371-4608 •Fax: 805-371-4610 
Sales: 415-903-2220 • Fax: 415-903-2221 



SFX2800M, a non-Tempest version, is 
also available. Both tabletop models can 
communicate synchronously or asyn
chronously over a variety of data lines. 
The 2800M works with Group 2 and 3 
CCITT standard protocols. Both models 
are plug compatible with government 
secure telephone units and encryption 
devices. SFX2800TE, $8400; SFX2800M, 
$5500. Ricoh Corp, 5 Dedrick Pl, West 
Caldwell, NJ 07006. Phone (201) 882-
2000. FAX (201) 882-2506. Circle No. 442 

EDN·NEW PRODUCTS 
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One Operator Interface 
Is a '386 PC, Too! 

The Color DisplayPac"' has the looks, the touch and the brains. It combines a 
powerful '386SX PC/AT, plus full color LCD display, plus touchscreen in one 
highly flexible. ready to drop in package. It's the operator interface for places 
where a standard PC, CRT and keyboard can't go. 

It's small. (11.5" x 8.5" x 2") and embeds easily in your OEM product. 

It's colorful. The 10.4" active matrix TFT LCD display features cool operation 
and excellent visibility under many viewing conditions. 

It's powerful. The PC engine behind the display gives you gll the PC/ AT standard 
functions, plus disk and video interfaces, and up to 4 megabytes of DRAM. 

It's rugged. The ideal operator interface for the factory environment. easily 
withstands vibration. 

It's low power. Compare the complete Color DisplayPac, drawing only 31 watts, 
to a CRT alone at 150 watts. 

It's configurable for your application. DisplayPacs come with bright electrolu
minescent (EL) and monochrome LCD displays. too. Infrared. resistive and 
capacitive touchscreens are available. '286 AT and 8088 XT versions also offered. 

Call for your FREE DisplayPac™ 
brochure, information on other 
configurations, and pricing. 

See Us At COMDEX Booth #52491 

"The Flat Panel Experts" 

ni51 ComP.uter 
LJrJ DYNAMICS 
107 SOUTH MAIN STREET, GREER, SC 29650 
(803) 877-8700 •FAX (803) 879-2030 
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Color notebook computer. The Con
tura 3/25c features a bright, 9-in. pas
sive-matrix color VGA display and a 25-
MHz 386SL processor. A proprietary 
graphics chip and software drivers help 
the computer deliver high performance 
for notebook computers running Win
dows 3.1. The computer weighs 6. 7 lb 
and comes with a NiMH battery pack 
that provides 3 hours of operation on a 
1-hour charge. Model 84/w with 84-
Mbyte hard disk, $2799; model 120/w 
with 120-Mbyte disk, $3099. Compaq 
Computer Corp, Box 692000, Houston, 
TX 77269. Phone (713) 370-0670. 

Circle No. 443 

Military VME analog-input board. 
The AIP-1 analog-input module fea
tures software-programmable gain, 1-
channel conversion frequency as high 
as 50 kHz, and a programmable sam
pling rate. It provides 32 single-ended 
or 16 differential analog-input interface 
channels, with user-selectable bipolar 
or unipolar ranges. $2955. Delivery, 30 
to 45 days ARO. Radstone Technology 
Corp, 20 Craig Rd, Montvale, NJ 07645. 
Phone (800) 368-2738; (201) 391-2700. 
FAX (201) 391-2899. Circle No. 444 

Plotter. The Designjet 600 offers three 
output quality levels-enhanced (ad
dressable 600 dpi), final (300 dpi) and 
draft (addressable 300 dpi). Six inter
face cards provide a variety of connec
tivity options. In final mode, an E-size 
paper drawing takes less than 6 min
utes. In enhanced mode, print time for 
the same size drawing is 12 minutes 
max. $8495 and $9995 for D- and E-size 
models, respectively. Hewlett-Packard 
Co, Box 58059, MS511L-SJ, Santa 
Clara, CA 95051. Phone (800) 752-0900 
or local sales office. Circle No. 445 

TV display for VGA. The Model 721 
Videomate allows any VGA-equipped 
computer to display standard TV pro
grams without any software and with
out opening the computer. TV signals 
(from antenna, cable, VCR, or other 
source) and a PC's monitor signals go 
into the stand-alone unit; the PC can 
control, via another connection, 
whether the unit sends PC display out
put or TV to the computer's monitor. 
You can switch back and forth by push
ing a button. $325. Telebyte Technol
ogy Inc, 270 E Pulaski Rd, Greenlawn, 
NY 11740. Phone (800) 535-3298; (516) 
423-3232. FAX (516) 385-8184. 

Circle No. 446 
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Signed - Qualified to MIL-S-3786 
Sealed - Contact System Sealed to Withstand Assembly Contamination 
Delivered! - From Grayhill or Local Distributors 

~Application-proven 1/2" diameter, 
single deck rotary switches 

~Process-sealed to eliminate special 
handling 

~Your least-cost way to land rotary 
switches on your PC board 

Industry has been happily using 
these highly reliable Grayhill 1/2 inch 
single-deck rotaries for years. Now 
they've been redesigned for manufac
turability, process-sealed to withstand 
contamination during PC board as
sembly and cleaning. The result: your 
best value and least cost to land 
and/ or assemble switches to your 
board. The proof: they're the first and 
only miniature rotaries that are qualified 

0 

to the MIL-S-3786 spec for process 
sealing. 

Series 50/51 switches are avail
able in 30 °, 36 °, 45 °, 60 °, or 90 ° angle 
of throw, with PC or solder lug termi
nations; rated 200mA for 25,000 cycles; 
and have up to 4 poles on the single 
deck and up to 12 positions. 

Your quality assurance bonus: 
they're manufactured by Grayhill, Inc., 
first switch manufacturer to have its 
U.S. facilities certified to ISO 9001. 

Your convenience bonus: 
they're available locally from your 
authorized Grayhill distributor. 

Grayhill manufactures a wide 
range of rotary switch sizes and types, 
along with miniature pushbuttons, 
DIPs, and keypads. If the Series 50/51 
is not your answer, there's sure to be 
another Grayhill switch that fits your 
needs. Ask today for your FREE copy 
of the 256 page Grayhill Engineering 
Catalog #1. 

561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone: (708) 354-1040 Fax: (708) 354-2820 
TLX OR TWX: 190254 GRAYHILL LAGE 
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the last FFT 
spectrum analyzer 

The SR760 ffT Spedrum Analyzer 
With afast 100 kHz real-time bandwidth, 
the SR760 computes the FFf in less time 
than it takes to acquire the signal. It can 
average full span data 10 times faster than 
the HP35665A. And a 90 dB dynamic range 
and much lower noise floor give the SR760 
10 dB more usable range. Capabilities 
include harmonic, band, sideband and 1/3 
octave analysis, plus PSD, THD, data tables, 
limit testing and more. Responsive, intuitive 
controls make itfast and easy to use. 

Wide Dynami' Range 
Two tone response of 
-90 dBc is easily 
measured. Averaging 
enhances spurious 
signal visibility. 

Analysis Capabilities 
Easy to use analysis 
functions are included. 
Data tables monitor up 
to 200 frequencies. 

Spedral Comparisons 
Menu selected math 
operations can be used 
to measure spectral 
differences. 

228 • EDN November 12, 1992 

The fast SR760 .... better performance than 
analyzers costing 3 times more. 

SR760 ••••••• $4750 (U.S. listJ 
• DC to 100 kHz frequency range 
• 90dB dynamic range 
• 100 kHz real-time bandwidth 
• 500 µHz resolution 
•Input range -60 dBV to +30 dBV 
• Analysis, data tables and help menus 
• 3.5 inch DOS formatted disk drive 
• Direct hardcopy to printers and plotters 
• GPIB, RS232 and printer interface 

See us at WESCON '92 Booth No's 2651 & 2653 

STANFORD RESEARCH SYSTEMS 
1290-D Reamwood Avenue, Sunnyvale, CA 94089 
PHONE: (408)744-9040, FAX: 4087449049 

CIRCLE NO. 143 



24 to 96-channel digital-1/0 boards 
for 16-bit ISA bus. The PDI0-24, -48, 
-72, and -96 (priced at $120, $130, $145, 
and $160) let you mix input and output 
functions. The cards use 82C55A ICs, 
which operate in three I/O modes: basic, 
strobed, and bidirectional with hand
shaking. You configure the ports by 
writing to the boards' control registers; 
you transfer data using programmed 
I/O. The boards power up with all ports 
in a benign OV state. Analogic Corp, 
8 Centennial Dr, Peabody, MA 01961. 
Phone (508) 977-3000. FAX (508) 532-
6097. TLX 681-7144. Circle No. 447 

Benchtop high-voltage ac/dc con
nection tester. The W 453 tests back
planes and cables for dielectric break
down and continuity. You can choose 
breakdown test voltages as high as 
1500V de or lOOOV ac and thresholds 
as high as 1 Gil. Continuity-test current 
can be as high as 2A. The system tests 
as many as 2048 points and handles as
semblies that include resistors, capaci
tors, diodes, and zeners. Guarding iso
lates parallel resistances, and Kelvin 
connections let you measure low resis-

EDN·NEW PRODUCTS 
Test & Measurement Instruments 

tances. The system, which includes an 
MS-DOS PC, can generate its own pro
grams from a known-good unit. It 
stores the programs on an 80-Mbyte 
hard disk or on a network file server. 
From $40,000. Weetech Inc, 1 Mer
chant St, Sharon, MA 02067. Phone 
(617) 784-1208. FAX (617) 784-1281. 
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MS-Windows-based motion-con
trol software. Motion Control Virtual 
Instruments ($395) is a library that 

works with National Instruments' new 
Lab View for Windows package and 
with the vendor's PCStep 3-axis mo-

tion-control board ($1095; $1395 closed
loop ). Included in the library are faci li
ties for starting, stopping, and control
ling position, velocity, and trajectory. · 
Nulogic Inc, 475 Hillside Ave , 
Needham, MA 02194. Phone (617) 444-
7680. FAX (617) 444-2803. Circle No. 449 

In-circuit emulators for HS/300 and 
HS/500 processor families. The 
Mime-700, hosted by an MS-DOS PC, 
provides real-time emulation at full 
clock speed for five processors in each 
of the two families. The in-circuit emu
lator supports target systems having as 
much as 16 Mbytes of memory; the reso
lution of memory overlays is 512 bytes. 
The unit provides a 32k x 128-bit trace 
buffer and an unlimited number of hard
ware breakpoints, including an execu
tion-mode breakpoint. The emulator is 
compatible with several high-level 
language compilers and debuggers. 
$14, 159; personality cards for specific 
processors, $6230. Rental units are 
available. Pentica Systems Inc, 19A 
Crosby Dr, Bedford, MA 01730. Phone 
(617) 275-4419. FAX (617) 275-6514. 
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We Make 
0 
0 Of The World's Memory Cards. 

With a 41 % market share; 
Mitsubishi is the world's 
leading supplier of memory 
cards. 

The largest share of today's mem
ory card users depend on Mitsubishi for 
two good reasons: meticulous service 
and the best selection. 

W e manufacture cards in all five 
memory types - DRAM, SRAM, 
EEPROM, flash EEPROM, OTPROM 
and MROM - in the highest densities 
(up to 16Mbytes) and in the current 
versions of PCMCIA, JEIDA and 

JEDEC standards. Plus, we offer cus
tom cards and custom panel artwork. 
We can mix memory types, consol
idate logic into ASIC, even add 
MCUs on board. 

Whatever it takes, we'll 
work with our customers to 
achieve their memory card 
needs. With engineering 
and marketing support, well
stocked inventories and automated ship
ping services all onshore, Mitsubishi is . • 
the world's leading memory card source~ MITSUBISHI 
Call (408) 730-5900, ext. 2214. ELECTRONIC DEVICE GROUP 

*Based on independent market research . Information available upon request. 
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TOKIN TECHNOLOGY UPDATE 

Minimum Daily Requirerrlent 

When you need something 
extra to get you through 
your next project, try a dose 
of TOKIN Surface Mount 
Devices (SMDs). Designed to 
provide maximum working 
room in tight spaces , TOKIN 
SMDs offer the ideal remedy 
for downsizing computers 
and other electronic or 
communications equipment 
and systems. What's more , 

Solid 
Chip 

Inductors 

EMC 
Chip Filters 

TO Kin 

Compact TOKIN Surface Mount Devices 
get you through the day with flying colors . 

computers , and so on. SMD 
Transformers make for easy 
high-density mounting on 

TOKIN SMDs 
come in a wide 
range of sizes to ensure 
you of the right formulation 
for your'own special needs. 
EMC components - such as 
EMC Chip Filters and ultra
small Solid Chip Inductors 

and SN Coils
counter noise 

emissions 
from com

pact, high
frequency power supplies , 
data terminals, personal 

a wide range of communica
tions equipment. And High
capacitance Multilayer 
Ceramic Capacitors enable 
automatic mounting on PC 
boards. If you're not getting 
the SMDs you need to get 
you through the day, be sure 
to call TOKIN. 

Malf4leyer 
Certmic 

Capaiitors 

Normat-mode 
Choke Coils 

SN Coils 

{ M-700~ ·-y. M-700N~. ies 

·-~. s•o 
Transfermers 

Tokin Corporation Tokin Electronics (HK) Ltd. 
Hazama Bldg ., 5-8 , Kita -Aoyama 2-chome, Minato-ku, Tokyo 107, Japan Room 806 Austin Tower, 22-26A Austin Avenue, 
Phone : 03-3402-6166 Fax: 03-3497- 9756 Tsimshatsui , Kowloon, Hong Kong 
Korea Representative Office Phone : 367-9157 Fax : 739-5950 
#602, Champs-Elysees Bldg ., 889-5, Taiwan Liaison Office 
Daechi-Dong, Kangnam-gu, Seoul, Korea 3F-4 , No. 57 Fu Shing N. Road, Taipei , Taiwan 
Phone: 121569-2582 - 5 Fax: 121 544-7087 Phone : 10217728852 Fax: 102) 7114260 

Tokin America Inc. 
155 Nicholson Lane, San Jose, California 95134, U.S.A . 
Phone : 408-432-8020 Fax: 408-434-0375 
Chicago Branch 
9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A . 
Phone: 708- 215-8802 Fax: 708-215-8804 
Boston Branch 
945 Concord Street, Framingham, Massachusetts 01701, U.S.A . 
Phone : 508-875-0389 Fax : 508-875-1479 

Singapore Branch 
140 Cecil Street, No.13-01 PIL Bldg ., Singapore 
Phone : 2237076 Fax: 2236093, 2278772 

Tokin Europe GmbH 
Knorrstr. 142, 8000 MUnchen 45, Germany 
Phone: 089-311 10 66 Fax : 089-311 35 84 
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RS-232C and V.24 interface ana
lyzer. You connect the battery-pow
ered, portable model 700 in series with 
data-terminal equipment or data-com
munications equipment. It lets you ac
cess and monitor all data, timing, and 
control signals. Three-color LEDs indi
cate the state of each line. A table of 
interface signal descriptions is included, 
as are cables and patch cords. $195. 
Electro Standards Laboratory Inc, 36 
Western Industrial Dr, Cranston, RI 
02921. Phone (401) 943-1164. FAX (401) 
946-5790. Circle No. 451 

$995 3.1-MHz function synthesizer. 
The DS335 produces sine and square 
waves from 1 µHz to 3.1 MHz, ramp 
and triangular waves from 1 µHz to 10 
kHz, and white noise from de to 3.5 
MHz. The unit's frequency resolution 
is 1 µHz. Sine-wave outputs' spurious 
responses are - 65 dBc to 1 MHz; har
monic distortion is - 70 dBc to 20 kHz. 
Square waves have a 15-nsec rise time 
( ± 5 nsec) and < 2% overshoot. The gen
erators provide frequency-shift-keyed 
and swept outputs. Linear sweeps can 
cover the full frequency range; log 
sweeps can cover six decades. The time
base is accurate to 5 ppm from 20 to 
30°C and ages at a rate of 5 ppm/year. 
Stanford Research Systems, 1290D 
Reamwood Ave, Sunnyvale, CA 94089. 
Phone (408) 744-9040. FAX (408) 744-
9049. TLX 706891. Circle No. 452 

Adapterless gang/set IC program
mer. Without using adapters, the Multi
TRK-2000 Multiprogrammer programs 
devices in DIP, SIMM (single-in-line 
memory module), and surface-mount 
packages. It can program 16 µCs (mi
crocontrollers) simultaneously. The pro
grammer, which includes a keypad and 
an LCD to allow stand-alone operation 
and a floppy-disk drive for the device 
library , accommodates two TR Keels, 
each of which accepts eight devices. 
There are TRKcels for a variety of 

EDN·NEW PRODUCTS 
Test & Measurement Instruments 

packages. $1995, not including cost of 
TRKcels. Bytek Corp, 543 NW 77th St, 
Boca Raton, FL 33487. Phone (407) 994-
3520. FAX (407) 994-3615. Circle No. 453 

Zero-wait-state in-circuit emulator 
for i486/486SX. The Mice-V-486 in
circuit emulator (ICE) uses SRAMs and 
high-speed buffers to support these 
processors at 33 MHz with no wait 
states in burst or nonburst modes. The 

small probe size and the flexible cable 
connecting the probe to the pod permit 
using the emulator in tight spaces. In 
addition, the probe draws only 50 mA 
more from the target than the standard 
i486 does. The ICEs provide 1 Mbyte 
of overlay RAM and an 8k-frame trace 
buffer. $29,500 (25 MHz); $32,000 (33 
MHz). Microtek International, 3300 
NW 211th Terrace, Hillsboro, OR 
97124. Phone (503) 645-7333. FAX (503) 
629-8460. Circle No. 454 

Why Three Different Types Of 
ca,efree Batteries? 

Because Power Comes In All Shapes And Sizes 

E agle-Picher introduced the standard Carefree rechargeable 
battery over 17 years ago. Most applications, at that time, required a 
maintenance-free, rechargeable power source at a low rate of discharge, 
for long periods of time. 

As time progressed, industries needed more power for 1-2 hour duty 
cycles, but were limited on space. The Carefree® Magnum series, 
using the same physical size and increasing the surface area of the 
element, was introduced. 

The 1980's has issued yet another challenge. The same dependable 
power source is needed for various products, which now require 5-30 
minute duty cycles to high end voltages, in a compact configuration. 
The new Carefree® UPS series of lead-acid batteries provides 
engineers with optimum energy density characteristics. 

Carefree batteries have been proven, over the years, in all types of 
cyclic and stand-by applicat ions and Eagle-Picher manufactures 100% 
of the Carefree products in the USA. 

So, no matter what your power requirements are, count on 
Eagle-Picher. Because Power Comes In All Shapes And Sizes. 

EAGLE~ PICHER 
ELECTRONICS DIVISION 
Box 130 •Bethel Road• Seneca, MO 64865 
Phone: 417-776-2256 •TWX: 62864271 • FAX:417-776-2257 
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Die bonders. Series 6495 includes 
units for flip-chip bonding using silver
glass, thermoplastic, or epoxy die at
tachment processes on multichip mod
ules, flexible or rigid pc boards, and 
very large hybrid substrates. The units 
accommodate dice that range in size 
from 250-µm square to 1-in. square and 
substrates as large as 12-in. square. 
Dice can be selected from waffle packs, 
mounted wafers (to 8-in. diameter), or 
chip trays. A multicamera pattern-

recognition system is optional. $49,550 
to $62,000. Delivery, 8 to 10 weeks 
ARO. Kulicke and Soffa Industries 
Inc, 2101 Blair Mill Rd, Willow Grove, 
PA 19090. Phone (215) 784-6000. FAX 
(215) 659-7588. TLX 83-4268. 

Circle No. 455 

Software driver for RS-232C data
acquisition devices. Software Wedge 
feeds information entering a PC via its 

232 

The Top 6 Reasons You Should Call MIZAR 
Before You Start 

Your Next Embedded Design. 

1 You're smart. You want the solution 
that is best for your design. 

2 You want to get your product to 
market as quickly as possible. 

Mizar's VMEbus solutions give you a 
proven hardware starting point to build on. 
And Mizar'~ variety of real-time software 
solutions enable you to get your system up 
and running in record time. 

3 You want to minimize design risk for 
your product. With Mips-based 

R4000 or R3000 CPUs, SPARC on VME 
designs and a variety of 68K ('010 to '040, 

5 You can get everything you need 
from Mizar including computer 1/0 

such as SCSI , Ethernet or graphics 
controllers. And Mizar ha~ all manner of 
industrial 1/0 as well , including digital 
and analog 1/0, machine vision and 
motion control products. So if you 
need 1/0, Mizar has the solution. 

6 Mizar's solutions will work in your 
system to make you and your 

product star performers. 
Whatever your reason, call Mizar today. 

including '340) single board computers, 
Mizarcansupplythetechnologythatyou :~& c~l",.. 
need. Whatever processor you have • 
chosen, Mizar has the solution. : l\; • 

4 You need maximum design • ~~\~ V~ 
flexibility. With Mizar's '~'-' 

VME MXbus you can 1 800 635 0200 
add custom 1/0 to a - - • 
proven VME design 
and create a custom 
CPU card or a smart 
1/0 card. Even if 
you need a custom 
product, Mizar 
has the 
solution. 

MIZAR 
Your Source for Solutions 

2410 Luna Road 
Carrollton, TX 75006 

(214) 277-4600 (214) 277-4666 FAX 
Mizar is a registered trademark of Mizar Digital Systems. Inc. 

Othernames are trademarks of their respective manufacturers. © 1992 Mizar Digital Systems. Inc. 
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RS-232C port into MS-DOS- and MS
Windows-based applications (spread
sheets and database managers, for ex
ample) as if you were typing it in your
self. Among the software's features are 
full bidirectional-communications sup
port, date- and time-stamping, data 
parsing and filtering, and insertion of 
multiple-keystroke macros. DOS ver
sion, $129; Windows version, $199. TAL 
Enterprises, 2022 Wallace St, Philadel
phia, PA 19130. Phone (800) 722-6004; 
(215) 763-2620. FAX (215) 763-9711. 

Circle No. 456 

Arbitrary-waveform generators with 
graphics interface. There are two 
generators in the 2000 Series: the $7995 
AFG2020 and the $11,995 AWG2020. 
Both units use direct-digital function 
synthesis, reconstructing signals at a 
maximum rate of 250M-samples/sec 
with 12-bit resolution. The less expen
sive unit permits 1024-point waveform 
definitions and includes modulation and 
sweep-generation facilities. It also pro
duces waveform sequences and multiple 
waveforms. The more expensive unit in
cludes 1.8 Mbytes of memory and can 
store waveform definitions 256k-points 
long. This unit also accommodates a 
$1000 DSP option that lets you define 
waveforms in either the frequency or 
the time domain. Delivery, six to eight 
weeks ARO. Tektronix Inc, Box 1520, 
Pittsfield, MA 01202. Phone (800) 426-
2200. Circle No. 457 

Arbitrary-waveform generators. 
The AWG5102 ($3495), AFG5102 ($3995), 
AWG5502 ($4295), AFG5502 ($4795), 
and AWG5105 ($5995) are arbitrary 
waveform and function generators that 
produce fixed-frequency, digitally syn
thesized waveforms with 12-bit resolu
tion. Units whose model designations 
contain the letter F also include analog 
swept-frequency (sine/square/triangle) 
generators. Units whose model designa
tions have 1 as the second digit are 



For custom shielding, nobody helps 
you beat the clock-and the costs
like Instrument Specialties. 

Using the most modern CAD 
capabilities plus a half-century of 
EMC experience, our experts can 
quickly determine the best shielding 
for your design ... often before you've 
built it. 

With maximum flexibility and 
minimum tooling, our prototyping 
capabilities are both fast and 
economical. We've even dedicated an 
entire fabricating operation just for 
short runs. Our in-house design, 
plating, photoetching and heat 
treating also keep your costs down. 
Or we could modify our standard 

See us at Wescon , BOOTH #21 62-2164 

·------

shielding products to fit your 
application ... helping you save 
even more time and money. 

When you do decide to start full 
production, you'll have the complete 
in-house capabilities of a leading 
worldwide shielding supplier behind 
you ... including wire EDM toolmaking, 
sophisticated fabrication techniques, 

and comprehensive EMC testing-all 
assuring just-in-time deliveries. 

So call Instrument Specialties for 
your next custom shielding project. 
Because whether you need 5 parts 
or 5 million, we'll be on time ... and 
on budget. 

• Instrument Specialties 

Where Shielding 
is a Science 

CIRCLE NO. 148 

Headquarten: Delaware Water Gap, PA 18327-0136 
TEL: 717-424-8510 FAX: 717-424-6213 
Western Division: 505 Porter Way, Placentia, CA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 
European Division: 44 Champ De Tignee, B4671 Barchon, Belgium 
TEL: + 3241-877175 FAX: + 3241-877170 
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What a can of worms: impossible electronic and mechanical requirements, multiple vendors, looming deadlines. 

Make it easy. Throw the whole mess at us. We define quality as total customer satisfaction and maintain carefully 

controlled manufacturing systems to reduce lead times and costs on complete interconnect systems engineered for 

smaller and more precise electronic equipment. We're using conductors as small as 44 AWG. High-speed coaxes 

with up to 93% velocity of propagation. Terminations to standard industry connectors or to 

specially designed custom connectors, including one that allows conductors to be terminated at 

a density of over 500 contacts per square inch. And terminations on flex circuits with center line 

spacing smaller than 0.025". That's today. Tomorrow? Just tell us what you're fishing for. 

II' 
PRECISION 
INTERCONNECT 
----an AMP company 

Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 (503) 620-9400 Fax (503) 620-7131. Sales offices in U.S., Europe and Japan. 
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plug-ins for the vendor's TM5000 modu
lar-instrument system. Models whose 
designations contain 5 as the second 
digit are stand-alone units. The units 
whose model designations end in 2 oper
ate to 20M samples/sec, conform to 
IEEE-488.1, and include a single chan
nel with a 32k-point memory; the one 
whose model number ends in 5 operates 
to 50M-samples/sec, conforms to IEEE-
488.2, and has two channels with 64k
point/channel memories. Tektronix 
Inc, Box 1520, Pittsfield, MA 01202. 
Phone (800) 426-2200. Circle No. 458 

Automated IC programmer. The 
Autosite Automated Programmer works 
with Exatron Carp's automated device 
handling systems. It accommodates ICs 
in DIP and PLCC packages having 20 
to 84 pins. The programmer, a stand
alone unit with 2 Mbytes of RAM, pro
grams memory and logic devices and 
microcontrollers. Device with 44 pins, 
$11,840; device with 84 pins, $16,840. 
Data 110 Corp, Box 97046, Redmond, 
WA 98073. Phone (800) 332-8246; (206) 
881-6444. FAX (206) 881-6856. 

Circle No. 459 

16- bit measurement module for 
semiconductor parameter test sys
tems. The $7500 DMM-16 works in the 
vendor's systems, operating as a differ
ential voltmeter or as a driven cunent 
meter and increasing the sensitivity to 
4 µ V and 2 pA. Because of its 140-dB 
CMRR, the unit introduces only 10 µ V 
of error with a common-mode voltage 
of lOOV. The module also monitors high
transconductance transistors without 
oscillation. You can plug in the unit in 
place of an earlier 12-bit module; no 
modifications are necessary. Reedholm 
Instruments Co, 47810 Westinghouse 
Dr, Fremont, CA 94539. Phone (510) 
490-5666. Circle No. 460 

Portable data logger with remov
able, nonvolatile memory cards. 
The vendor calls the 20-channel 2635A 
a Data Bucket to denote that you can 
take it to a remote site, set it up to 
acquire data unattended, have it store 
as many as 400,000 readings on a plug-in 
credit-card-size memory card, retrieve 
the card for off-site data analysis, and 
leave the unit to acquire more data. 
Power can come from a 50- or 60-Hz ac 
line (90 to 264V) or from a de source (9 
to 16V). For locations that have commu
nications lines, the logger includes a 
38.4-kbps RS-232C port. Plug-in mod-

EDN·NEW PRODUCTS 
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TOYOCOM's 
SMDSAW 
Ftlterfor 
Cellular Phones 

H's a bit of an under
statement to simply say that 
our new SMD SAW filter is 
small. Because at 4.8 mm x 
5.5 mm x 1.7 mm and with an 

... 

extremely low insertion loss of 2.5 dB typi-

ules directly accept frequency, resis
tance, de and ac voltages, and thermo
couple signals. The unit also has 12 digi
tal 1/0 lines and a totalizer. $3200 with 
256-kbyte (-50,000 readings) memory 
card. John Fluke Mfg Co Inc , Box 
9090, Everett, WA 98206. Phone (800) 
443-5853. Circle No. 461 
Philips Test and Measurement, Build
ing TQIII-4, 5600MD Eindhoven, the 
Netherlands. Phone local office. 

Circle No. 462 

cal, the TQS-7290 is about l/lOOOth the size of a 
traditional ceramic filter. 

With more than SO years of experience, and an unwavering commitment to R&D, 
TOYOCOM is uniquely qualified to develop products that far surpass comparable devices 
in tem1s of quality, dependability and longevity. And size. 

When it comes to syntl1etic quartz c1ystal SMDs for computer and communication 
applications, TOYOCOM answers the call. 

Find out more about our growing fan1ily of standard products. 
Call 1-800-TOYOCOM today. Call direct: (708) 593-8780 in Chicago; 
(714) 668-9081 in Los Angeles. 

TO YOCOM 
TIMING IS EVERYTHING 

See us at WESCON '92, Booth #1161, Anaheim, CA November 17-19 

CIRCLE NO. 93 
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Wirewound Resistors 
Silicone coated, all-welded construc
tion , completely flameproof. Power 
ratings 3W to 15W over the ohmic 
range of OR025 to 75K with a stand
ard tolerance of 5% . Available in 
tape pack . 

CIRCLE NO. 210 

ADVERTISEMENT 

Or Write 
Your Own 

Ending ... 
----

The NEW Piher Opens Up Unlimited 
Specifying And Design Options 

The New Piher is now backed by 
the resources of The Meggitt Group. 
Powered by a nationwide sales and 
distribution network. Poised to offer 
you unmatched resistive component 
options and value. 

Designers can now team with our 
international pool of engineering talent 
to create custom specials. 

Specifiers and Purchasers can 
expect prompt technical support and 
efficient customer service from 
people who understand your 
production requirements. 

Choose from a 
complete, quality line 
of carbon and cermet 
trimmer potentio
meters in a wide 
range of specifi
cations. All are 
competitively 
priced and 
readily avai lable 

from one of the nation 's most 
extensive inventories. 

And all Piher components (as 
evidenced by our prestigious Ford 
Q-1 award) meet the highest stan
dards for quality and reliability. 

Find out more about the New 
Piher. For a Free 108-page Product 
Catalog, call 1-800-323-6693, or 
write Piher, 903 Feehanville Drive, 
Mt. Prospect, IL 60056. 

In Illinois call 708-390-6680. 
FAX: 708-390-9866. 

Pll-IER 
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Modular Potentiometers 
Completely insulated 16mm potentio
meters are made of autoextinguish
able plastic UL94 (VO) . Modular de
sign allows ganging up to 4 pots and 
a switch on the same metal or plastic 
shaft. Dust and solvent resistant. 

CIRCLE NO. 211 

Control Potentiometers 
Rotary control potentiometers avail
able in 16mm and 21mm diameter 
versions. Both models are available 
with switches to satisfy virtually any 
design requirement. 

CIRCLE NO. 212 

Trimmer Series 
Our PT6 model is available in car
bon . PT10 and PT15 models come in 
carbon and are also available in cer
met. All trimmers are enclosed to pro
tect against dust, cleaning solvents 
and water. Wide choice of mounting 
and adjustment options. 

CIRCLE NO. 213 

Slide Potentiometers 
Featuring a linear adjustment, our 
slide potentiometers are available in 
40mm and 60mm travels. Choose 
PC or panel mount in a variety of 
curves. Dust and solvent resistant. 

CIRCLE NO. 214 



Would you like to add TCP /IP network services to your system 
designs, but feel you can't afford the time or the resources? 

• • +, 

With our flexible C source-code architecture, 
we can add the industry standard TCP /IP 
protocol suite, with an optional SNMP agent 
(MIB II), to your system designs. We do all 
this quickly and efficiently so you can get 
your product to market without wasting 
precious time or resources. 

Our engineering staff has extensive 
experience porting our FUSION architecture 
to hundreds of process-control, embedded 
systems and other hardware applications 
such as printer controllers, terminal servers, 
and data-acquisition systems. 

Our list of OEMs includes: 

Digital Equipment Corp. 
EDS 
Hitachi 
Intel 

Motorola 
Sony 
Stratus 
Texas Instruments 

For a FUSION Developer' 

inform ation package, ind 

data sh eet, technical spec· 

and porting questionnai 

call: 800-541-9508 or 805 

FAX 805-485-8204 
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Ha nsen stepper 
motors meet 
the critical 
standards of 
medical 
and com.Puter 
electronics 

Hansen Corporation 
A MINIBIA 

GROUP COMPANY 

We've built a very solid reputation 

for putting power into the right 

offer unparalleled performance. 

We'll work with you to develop the 

hands. Yours. 

For years Hansen has POWER most powerful and 

efficient motor for your 

been custom ViQU CAN DEPEND specific 
designing I 1 applications. 

and manufacturing exceptionally o N At Hansen, everything 

reliable Synchron, D.C. Seivo and revolves around the needs of 

stepper motors for the HVAC, 

automotive and electronic 

industries. Providing on time 

delivery of products that 

P.O . . Box 23, Princeton, Indiana 4 7670-0023 
Telephone: (812) 385-3415 Fax: (812) 385-3013 
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DC/DC converters. The 300WFR Se
ries is a family of 3W, single- and dual
output converters. Twelve models oper
ate from inputs 9f 18 to 36V or 36 to 
72V and provide outputs of 5, 12, 15, 
± 5, ± 12, or ± 15V. Efficiency ranges 
to 84%, and I/O isolation equals 500V 
de. Output-voltage accuracy measures 
± 1%. $25.90 to $27.30. Conversion De
vices Inc, 15 J onathan Dr, Brockton, 
MA 02401. Phone (508) 559-0880. FAX 
(508) 559-9288. Circle No. 561 

Surge arresters. SAlOO Series units 
provide crowbar protection with maxi
mum surge currents as high as lOOA. 
Key features include leakage current of 
10 µ.A max, breakover voltages of 350 
or 400V max, and a maximum on-state 
voltage of 3.5V. Holding current equals 
250 mA min. From $0.92 (10,000). SGS
Thomson Microelectronics, 1000 E 
Bell Rd, Phoenix, AZ 85022. Phone 
(602) 867-6100. FAX (602) 867-6102. 

Circle No. 562 

DIP switches. ESD Series devices are 
end stackable (as many as 12 packages), 
have standard pinouts on 0.1-in. cen
ters, offer as many as 12 positions, and 
are available in red, blue, or black body 
colors. The surface-mount units are only 
0. 13 in. high. The spst contacts are 
rated for 25 mA at 24V de switching; 
carry ratings are 100 mA at 50V de. 
$0. 75 (10,000) for an 8-position unit. De
livery, eight weeks ARO. Raltron 
Electronics Corp, 2315 NW 107th Ave, 
Miami, FL 33172. Phone (305) 593-6033. 
FAX (305) 594-3973. Circle No. 563 

Electromechanical relays. LQ52 Se
ries relays feature two Form C contacts 
and are housed in a 10-pin package that 
requires only 2 in. 2 of board space. Load 
ratings range to lA, and lifetime meas
ures 100 million operations. Input
power requirements range from 140 to 
300 mW. Input voltage ratings of 3, 5, 
6, 12, 24, and 48V de are standard. Less 

than $2 (5000). Delivery, stock to eight 
weeks ARO. CP Clare Corp, 3101 W 
Pratt Blvd, Chicago, IL 60645. Phone 
(312) 262-7700. FAX (312) 262-7819. 

Circle No. 564 

Enclosures. The 8-24 Series VME en
closures feature a hinged top panel that 
contains the power supply in a swing
away assembly. The units can be config
ured with a removable I/O panel or with 
provisions for mounting as many as 12 
Motorola-style transition boards. Avail
able with as many as 21 slots, the units 
come with monolithic Jl/J2 backplanes. 
Power supply ratings range to 750W. 
From $2725. Delivery, four to six weeks 
ARO. Hybricon Corp, 12 Willow Rd, 
Ayer, MA 01432. Phone (508) 772-5422. 
FAX (508) 772-2963. Circle No. 565 

LED clusters. Series S600, B600, and 
DB600 15-mm LED clusters can replace 
standard incandescent bulbs. S600 units 
feature a screw-type base; the B and 
DB units are housed in bayonet-type 
bases. All are available in clusters of 9 
to 40 LEDs in direct-mount, single- or 
double-contact, or double-contact index 
versions. From $12.50 (1000). LEDtronics 
Inc, 4009 Pacific Coast Hwy, Torrance, 
CA 90505. Phone (310) 549-9995. FAX 
(310) 549-4820. Circle No. 566 

Resistors. LOO Series resistors are 
available in 3 and 5W packages that are 
compatible with automatic-insertion 
equipment. Both lines operate over a 
25 to 200°C range and feature 11 stan
dard resistance values ranging from 
0.005 to O.H1. Tolerances go as low as 
1%. Typical inductance is less than 0.02 
µ.H at 500 kHz. From $0.34 (10,000). 
IRC-Shallcross, Box 1860, Boone, NC 
28607. Phone (704) 264-8861. FAX (704) 
262-1972. Circle No. 567 

Connectors. Designed to terminate 
flat-ribbon cables, FM-6 connectors are 
available with as many as 40 positions. 
Impedance is either 60 or 75!1. Two 
plug designs allow stacking one above 
the other. $14.50 (OEM qty). Hirose 
Electric Inc, 2688 Westhills Ct, Simi 
Valley, CA 93065. Phone (805) 522-7958. 
FAX (805) 522-3217. Circle No. 568 

Bar-graph display. The LL7164 
Series 10-element bar-graph display 
is available with any combination of 
blank, red , green, and yellow LED 

.. EAGLE 2.6TM 
PCB SOFTWARE. 

~(i))))))))l~l ~~ 
EAG LE is a powl'rful PC lx 1sl'd soft wa rl' 
packagl' fo r cil'signing PC ho ard la you ts 
and circuit sd1ema1ics. Thl' m ost successfu l 
PCll soft wa rl' o n the Eu ropl'a n m ark <:l is 
now hl'rl' in the ll.S. 

8,000 Sold Worldwide 
EAG LE runs o n any AT compatible com
pull' r w ith EG A o r above m o nitor. If pre
sl'nl , the Schem ati c and Auto rouln mod 
uil's arl' fully integrated into the Layout 
Editor. O utput : do t and laser printe rs, plo t
ters. Gerher pho io plo tte rs, PostScript , d rill 
m achines. All libraries and p eripheral 
d ri vers are included . 

Great Features 
General: drawing area 64 x 64 inch • res
o lutio n I m il • any w idth and d ia m eter 
adjustable in I -mil step s • up to 255 draw
ing layers • unl imited UNDO / RED O fu nc
tio n • continuo us zoon1 • auto p anning • 
command fil es • ASCII list o utput • auto
m at ic nam e generatio n • simple library 
editing • the sa me user inter face in each 
o perating mode • easy to lea rn and ro use 

Layout Editor: any width or diam ete r for 
tracks, pads, o r drill ho les • full SM D and 
m u ltilayer sup po 11 • Desig n Rule Check • 
rubberha nd ing and ratsnest . 

Sch ematic Module: up to 99 sheets p e r 
schem atic • user definable d rawing frames 
• au tomatic hoard generatio n • auto m atic 
generatio n of supply signals • Electrical 
Rule Check 

Autorouter Module: Ripu p/ Ret1y for 
100% routing strategy • up to 16 signal by
ers (1 4 supply layers) • h oa rd size o nly 
limited b y RAM / harcldisk sp ace • use r d efi 
nable strategy (b y cost fac tors) • an y place
m ent grid • routing grid down to 4 mil • 
change between manual and auto m ati c 
routing at an y lime 

Great Value 
A n independent su rvey o f I ,400 eng ineers 
eva luated EAG LE for price and perform
ance . T he average price they would pay for 
the com plete EAG LE 2.6 p ackage is $3,300. 

We wa nt you lo find o ut fo r yourse lf. Call 
for o ur 100% functional demo. II has all 
,) Modules and com es w ith the orig inal 
m anual. Th<: save functi o n is disabled . 

Great Price 
EAGLE Demo $ 12 
EAGLE Layout Editor $ 399 
Schematic Module $ 399 
Autorouter Module $ 399 

To Order Call 1-800-858-8355 

(S 
CadSoft Computer, Inc. 
801 S. Federal Highway 
Delray Beach, FL 33483 
Fax (407) 274-8218 

See us at WESCON '92, Booth #3531 . 
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Open up to Mercury's embedded realtime multicomputer solutions. Because of a 

balanced architecture, our multicomputers deliver scalable performance into the tens of GFLOPS, 

with GBytes of 1/0 to match. With interboard and intercassis communications, you can build a solu

Fif.~O ti~O 
tion to satisfy even the most demanding applications within 

lnterc n~ c:S ross ar 
E ~e n al / 0 

your constraints of cost, space, and power consumption. 

Mercury's commercial and ruggedized multi

computers are supported by our standards-based realtime 

operating system software, including advanced multicomputing development tools that enable you 

to harness the power of hundreds of processors. 

For more information on our commercial off-the-

shelf (COTS) products and to receive our White Paper: 

Balancing VO and Computation, call Mercury toll free 

today at 1-800-229-2006 or (508) 458-3100. 

CIRCLE NO. 195 

Computer Systems, Inc. 

MEl{CU!zy' 
The Ultimate Performance Machine. 
600 Suffo lk S treet , Lowell MA 01854-3608 
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elements. The 20-pin unit fits standard 
0.100 x 0.300-in. DIP layouts and may 
be socketed or wave soldered. $1.85 
(500). IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787-0311, 
ext 418. FAX (818) 902-3723. 

Circle No. 569 

Power MOSFETs: The OM11N60 and 
OM11N55 are rated at 600V and 550V, 
respectively. Rns<QN> for both devices 
equals 0.420 . The devices come in a T0-
254 hermetic isolated metal package in 
both side-tab and top-tab configura
t ions. All devices are available in 
high-reliability screened versions. 
OM11N55AA, $47.50 (100). Omnirel 
Corp, 205 Crawford St, Leominster, 
MA 01453. Phone (508) 534-5776. FAX 
(508) 537-4246. Circle No. 570 

Cylindrical connectors. CI Series con
nectors can accommodate both power 
and signal requirements. Offered in 
front- and rear-release styles, the line 
consists of 200 insert arrangements. 
The units are designed to meet the re
quirements of MIL-C-5015 and are of
fered in shell sizes 8 through 48. $14 
to $120 (OEM qty). Delivery, 10 to 12 
weeks ARO. Cinch Connectors, 1500 
Morse Ave, Elk Grove Village, IL 
60007. Phone (708) 981-6000. 

Circle No. 571 

Pressure sensors. SLP004D units of
fer differential and gauge pressure 
measurements of 0 to 4-in. water col
umn full scale-approximately 0.15 psi. 
Operating from a 5V supply, the unit 
can develop a 50-m V full-scale output 
(FSO) with an accuracy (linearity and 
hysteresis) of 1 % FSO max. The output 
voltage is ratiometric to the supply volt
age, and the devices can operate with 
supply levels of 2 to 7.5V. $29. 75 (100). 
Sensym Inc, 1244 Reamwood Ave, 
Sunnyvale, CA 94089. Phone (800) 457-
3679; (408) 744-1500. Circle No. 572 

DC/DC converter. The 4A5R3.3 con
verter has a 3.3V at lA output with a 
± 200-m V output tolerance. It features 
I/O isolation and short-circuit protec
tion. The unit is housed in a 
1 x2 x 0.375-in. package. $24 (OEM 
qty). Delivery, six to eight weeks ARO. 
Reliability Inc, Box 218370, Houston, 
TX 77218. Phone (713) 492-0550. FAX 
(713) 492-0615. Circle No. 573 

Programmable supplies. The MST 
Series 200W supplies feature power
factor correction and meet IEC 555-2 
specifications. Individual supplies are 
made up of a basic module that plugs 
into a rack enclosure holding as many 
as eight modules. Output ratings range 
from 0 to 6V at 20A to 0 to 150V at 
l.2A. Individual modules can operate 
in an N + 1 redundant mode. Module, 
$1695; rack enclosure, $895. Delivery, 
eight weeks ARO. Kepco Inc, 131-38 
Sanford Ave, Flushing, NY 11352. 
Phone (718) 461-7000. Circle No. 574 

Chip adapter. The ANC-4044 adapter 
allows designers to test socketed 44-pin 
plastic-leaded-chip-carrier or PGA com
ponents. Numbered test points are pro
vided for attachment of scope probe. 
Two LED status circuits on the adapter 
provide a visual indication for user
selected signals. $122. Antona Corp, 
16431/t Westwood Blvd, West Los An
geles, CA 90024. Phone (310) 473-8995. 
FAX (310) 473-7112. Circle No. 575 

Surface-mount transformers. These 
dual devices are designed specifically 
for use in Tl and El/CEPT high-speed 
digital telecomm interfaces operating at 
1.544 or 2.048 Mbps. The units operate 
over a - 40 to + 85°C range. The de
vices are matched to the transceiver or 
line interface chips offered by eight 
leading manufacturers. The units are 
UL 1459 recognized and feature 1500V 
rms min isolation. $4 (500). Pulse Engi
neering, 12220 World Trade Dr, San Di
ego, CA 92128. Phone (619) 674-8100. 
FAX (619) 674-8262. Circle No. 576 

DC/ DC converters. The ABlOOS and 
AB200S 200W converters are designed 
to withstand the rigors of armored and 
ground mobile-system applications. 
They operate from inputs of 14 to 32V 
and develop outputs ranging from 5 to 
28V. Operating range, with no der
ating, spans - 55 to + 100°C. Line and 
load regulation equals 0.1 %, and effi-
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ciencies are in the 70 to 80% range. 
lOOW version, from $1775; 200W ver
sion, from $2350. Abbott Electronics 
Inc, 2727 S La Cienega Blvd, Los Ange
les, CA 90034. Phone (213) 202-8820. 
FAX (213) 836-1027. Circle No. 577 

Keyboard . The FTF keyboard fea
tures a built-in mouse and is housed in 
a waterproof and dustproof enclosure 
that meets the IP 65 rating. The key
board is also available unhoused for cus
tom applications. The unit features 
color-coded function keys and tactile 
feedback. The English-language ver
sion is standard, but optional foreign
language layouts are available. Preh 
Electronic Industries Inc, 470 E Main 
St, Lake Zurich, IL 60047. Phone (708) 
438-4000. Circle No. 578 

Cable connectors. The Amplimite .050 
Series of shielded 26-position connec
tors includes right-angle and stacked 
right-angle headers, a through-hole ver
tical pc-board receptacle, and a mating
cable plug connector that is preloaded 
with insulation displacement contacts. 
Housings and covers have a UL 94V-O 
rating, and they are compatible with 
reflow solder processes. $4 to $10. AMP 
Inc, Box 3608, Harrisburg, PA 17105. 
Phone (800) 522-6752. Circle No. 579 

Resistor network. The bused MNR-35 
chip resistor network features eight resis
tive elements with two electrodes posi
tioned in common on the network. The 
units are rated for 0.063W and are avail
able with values of 0.1 to 100 kfl. Maxi
mum voltage rating varies with resis
tance values and ranges to 50V. $0.12. 
Delivery, 10 weeks ARO. Rohm Corp, 
3034 Owen Dr, Antioch, TN 37013. Phone 
(615) 641-2020, ext 116. Circle No. 580 

DC/DC converter. This lW converter 
accepts a 5V input and develops a 12V 
regulated output. It features an enable 
function for programming and erasing 

flash memories. The unit is TTL com
patible and features short-circuit pro
tection, 500V I/O isolation, and no der
ating to 71°C. The converter is available 
in SIP and DIP housings. $8.50 (OEM 
qty). Relia bili ty Inc, Box 218370, 
Houston, TX 77218. Phone (713) 492-
0550. FAX (713) 492-0615. Circle No. 581 

Solid-state relay. The KD Series re
lay is housed in a hermetic package and 
features a power FET output with a 
rating of 5A at 60V de. It is designed for 
use in MIL-STD-704 28V de systems. 
The control circuit is optically isolated. 
Short-circuit and current-overload protec
tion are available as options. $94 (OEM 
qty). Delivery, stock to eight weeks 
ARO. Teledyne Solid State, 12525 
Daphne Ave, Hawthorne, CA 90250 . 
Phone (213) 777-0077. Circle No. 582 

Display modules. Series 6800 LED dis
play modules feature 1-in.-high charac
ters in 1 x 12 and 1 x 20 formats. Avail
able in red, green, yellow, or high
brightness red colors, the units are µP con
trolled and have a bidirectional, 9600-
baud, RS-232C serial interface. The on
board character generator provides AS
CII, general European, Cryllic, Kat
akana, and Hebrew character sets. 6800-
01 1 x 20 models, from $233; 6800-02 1 x 
12 models, from $165 (100). Delivery, four 
to six weeks ARO. IEE Inc, 7740 Le
mona Ave, Van Nuys, CA 91409. Phone 
(818) 787-0311, ext 418. Circle No. 583 

Pressure monitor. The Infinity Pres
sure Standard is available with ranges 
of 15 to 6000 psig. The unit can be con
figured with outputs such as dual 4A 
Form C relays or BCD, analog output, 
RS-232C, or RS-485. Standard features 
include front-panel tare, peak and val
ley detection and memory, and 6-digit 
display for high resolution. From $725. 
Newport E lectronics Inc, 2229 S Yale 
St, Santa Ana, CA 92704. Phone (800) 
639-7678; (714) 540-4914. Circle No. 584 

Quartz crystal. This initial version of the 
CX4 operates at 32. 768 kHz and is de
signed for surface-mount applications. It 
has gold-flash or nickel tin-plated contact 
pads that are bumped for better termi
nation. Standard frequency tolerances of 
± 30, ± 100, and ± 10,000 ppm are avail
able. $4. 75 (10,000). Delivery, four to six 
weeks ARO. Micro Crystal, 702 W Algon
quin Rd, Arlington Heights, IL 6000fi. 
Phone (708) 806-1485. Circle No. 586 



Unlike most family trees, ours is 
fully traceable. 

Just like gaps in genealogy, 
gaps in the traceability of 
multimeter calibration simply 
leave you guessing. So let 
Datron eliminate the 
guesswork - by making the 
calibration of all your 
multimeters fully traceable to 
National Standards. 

The Series 4800 calibrators 
are specifically designed to be 
calibrated, on-site, by the new 
Model 4950 Multifunction 
Transfer Standard, which 
calibrates every range of every 
function at the calibrators' 
terminals. So with the need to 
send calibrators away for 
recalibration eliminated, they 
can remain firmly in place to 

satisfy the most demanding 
workloads. 

And with three Series 4800 
calibrators to choose from, 
we've taken care of the 
economics as well. The low
cost Model 4805 calibrates 
analog meters and digital 
multimeters up to 5Yz 
digits of resolution, while the 
Models 4800 and 4808 give you 
the capability to calibrate the 
entire range of multimeters -
right up to the latest 7Yz and 8Yz 
digitDMMs. 

All three models give you 
DCV, ACY, DC!, ACI and Ohms 
capability. Their integral 
power amplifiers are capable 
of driving 1 OOOV at 33kHz 

Sales Offices: UK (44 / 603) 404824. Germany (49/ 89) 9609490. Hong Kong (852) 8651903. 

Circle No. 159 For Literature Circle No. 160 For Demo 

without the need for additional 
boxes or interconnections. 

Supported by the 4950 
MTS, Series 4800 calibrators 
offer you the best in fully 
automated, fully traceable, in
place, multimeter calibration. 
A winning team that will satisfy 
the requirements of 
calibration audit and quality 
standards worldwide. 

For a complete family tree 
of all Datron calibration 
products, call Wavetek 
at 1 (800) 223-9885. 

~VETEK 
d a tron 



Sierra Systems undefeated on the 68040. 
1\vo benchmarks were selected, Dhrystone 2.1 
(the Toy program) and the Sierra Systems 
production C compiler (the Real program). 
The compiler was selected because both its 
size and complexity are representative of real
world applications. 

The Sierra C™ compiler delivers unchallenged 
compilation times with industry leading run
time performance on all applications. Add our 
equally fast QuickFix™ source-level debugger, 
and you have a package with all the quality, 
speed, and ease-of-use demanded by today's 
design teams. 

68332 and 68010 standings also available. 
For more detailed results, additional informa
tion, and a competitive edge for your products, 
call 800-776-4888. 
Won/Lost Record: For each benchmark, the compilers ' run-time performances were 
compared to each other with wins and losses totalled in round-robin fashion . (See 
D!uystones and Execution Time columns on scoreboard.) 

Compilers: GNU 2.0, Intermetrics 8.0, Intro! 3.06, Microtec Research 4.2d, 
Oasys/Green Hills 1.8.5Rc, Sierra Systems 3.0, Software Development Systems 5.1. 
Hosts: 33 MHz 386 Zeos PC and Sun SPARCstation IPC. All compilers were run on 
the PC, except for GNU and Oasys/Green Hills, which were run on the Sun. Running 
the Sierra Systems compiler on both host systems allowed the Sun times to be 
scaled to PC time for the scoreboard. 

Target: Motorola VME167, 25 MHz 68040 with caches enabled. 
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Timing -driven partitioning for 
FPGAs. Prism is software that gives 
you automatic, post-mapped partition
ing of logic functions into multiple 
FPGAs. Instead of dividing a design at 
the schematic capture level, the soft
ware partitions after it completes map
ping your design to the FPGA architec
ture. The tool also satisfies user-speci
fied constraints on operating frequen
cies and maximum point-to-point path 
delays for your design. $6000, as an op
tion to FPGA Foundry. NeoCAD Inc, 
2585 Central Ave, Boulder, CO 80301. 
Phone (303) 442-9121. FAX (303) 442-
9124. Circle No. 543 

VHDL simulator for HP and IBM. In 
addition to Sun workstations and PCs, 
the V-System VHDL simulator runs on 
HP Series 700 and IBM RISC System/ 
6000 workstations. The software gives 
full conformance to IEEE-1076 and in
teractive source-level debugging. A 
Structure View window also dynami
cally links seven other windows that 
give multiple views into a design, in
cluding a display of VHDL signals as 
waveforms. Floating license, $9995. 
Model Technology Inc, 15455 NW 
Greenbrier Pkwy, Suite 240, Beaver
ton, OR 97006. Phone (503) 690-6838. 
FAX (503) 690-2093. Circle No. 544 

Re-engineering tools. Three reverse
engineering software environments 
(Tree4c, Tree4Fortran, and TreePascal) 
parse existing source code and display 
a program's structure chart. The tools 
also let you selectively reuse documen
tation, source code, test cases, and 
other data, as well as construct user
defined and filtered reuse libraries. The 
programs include tools for modeling, de
fault editing, generation of makefiles, 
graphical viewpaths, configuration 
management, testing, problem report 
management, profiling, project commu
nications, and report generation. For 
Sun workstations, $1500 each. + 1 Soft
ware Engineering, 2510-G Las Posas 
Rd, Suite 438, Camarillo, CA 93011. 
Phone (805) 389-1778. Circle No. 545 

DOS scripting software. PC-Auto
mate lets you create scripts that start 
programs, issue keystrokes, and per
form operations when the computer is 
unattended. Once you create a script, 
you can execute it on request, from a 
menu, or at a scheduled time. When 
your needs go beyond keystroke record
ing and playback, you can use com-

mands for execution control, mathemat
ics, file manipulation, string manipula
tion user input, retrieving date and 
time, screen access, and decision mak
ing. $99. Excellsoft Co, 1960 Eva Dr, 
Lansdale, PA 19446. Phone (215) 251-
7097; (215) 699-4021. Circle No. 546 

Cross-development tools for em
bedded systems. The Spectra devel
opment system includes the host-resi
dent Target Manager and user-extensi
ble Too!Builder interface. The system 
uses the Xtrace protocol that allows 
multiple host-resident tools to commu
nicate with a target system over a net
work or communications link. A mul
tiuser debug model lets a work group 
coordinate its activities to share a num
ber of targets. Sun/68000 versions, 
$5000. Ready Systems, 470 Potrero 
Ave, Sunnyvale, CA 94086. Phone (408) 
736-2600. FAX (408) 736-3400. 
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C compiler for real-time systems. 
The Ultra C compiler includes all the 
110 and systems calls for the maker's 
OS-9 and OS-9000 real-time operating 
systems and outputs machine code for 
Motorola 68xxx and Intel 80x86 proces
sors. The compiler also optimizes code 
with your choice of maximum speed, 
minimum size, or a combination of the 
two, and it complies with the Plum Hall 
C Validation Suite and all ANSI re
quirements. The compiler will run on 
the tru·get processor and any Motorola-

COMPLETE 
MASTERY OVER 
TECHNICAL 
CALCULATIONS 
New Mathcad®Version 3.1 ... 
Fast, Easy, Accurate 
With new Mathcad Version 3. 1, you'll 
do more math, more easily and 
communicate more clearly. It literally 
turns your computer screen into a 
"smart" math scratchpad. 

• Writes and solves virtually any 
mathematical equation, numerically 
or symbolically. 

• Easily prints out presentation- quality 
equations and graphics along with 
your explanatory text, to make you 
a more skilled communicator . 

• Uses powerful Object Linking 
and Embedding (OLE} Client to 
directly interface with your 
spreadsheet, drawing, and word 
processing software. 

• Allows "what if" calculating, so you 
derive better answers. 

• Microsoft® Windows™ environment 
increases ease of use. Also 
available for Macintosh and UNIX. 

Call 1-800-628-4223 
for more information and a free demo disk. 

Or call 
1-617-577-1017, 
or I ax the coupon 

Mathe ad 
below to 
1-617-577-8829 .. 

0 YES! Tell me 
more about 
Mathcad 3.1 
Please send my FREE Mathcad 3.1 
Information Kit and Demo Disk to the 
address below. 
Disk Size 0 3 W 0 5 ll' 
Name __________ _ 

Title __________ _ 

Co,/lnst. ---------

Address ----------
C1ty/State/Z1p ________ _ 

Phone( ___ ) _______ _ 

M h S f Please mail this coupon to 
a t 0 t MathSoft, Inc .. 201 Broadway, 

, • ' • • 1 ' Cambridge MA 02139 USA 
EDN1 2 
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TAIPEI 
ELEC '93 International Electronics & Electrical Show 

February 20-24, 1993 

Electronic components & pares 

Meters & instruments 

Consumer electronics 

Electrical machinery & apparatus 

Manufacturing equipment 

Illumination devices 

Telecommunications equipment 

Cable television equipment 

Or . 1.9 rnlNA EXTERNAL !RADE r.:- •· Ta;w.,,, Electnc Appjoance <; ,....~\ W'EI WORLD 
gamzers. ~ DEVHOM1ENT COUNCL ~ Manufacturers' AssoclBlion pon'>lir: 

/ 
~ TRADE CENTER 

Venue: TAIPEI WORLDTRADECENTER EXHl131 I IUN HALL, 5 Hsmy1 Rmd Sec. 5, Ta1pe1, T;uwan, Republ ic nf Chm;1 Tel: RR6-Z-725·1I11 
Fa..886-1-725-\314 Tele> 18094 TPE\VfC Branch Offom• CHllC, Inc., New \'o,k Tel (111)531-7055 fox, (111)1ll-4189 Far &.t Trade 
Servtce. Inc., San Franrnco Tel. (415)788-4304 Fa>• (415)788-0468 F" E.'51 Trade Scmce. Inc., Chocag<> Tel (311)819-J]Jl Fax• (311)819-JJJJ 
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or Intel-based personal computer or 
workstation. For 68000 systems, $1250. 
Microware Systems Corp, 1900 NW 
114th St, Des Moines, IA 50325. Phone 
(515) 224-1929. FAX (515) 224-1352. 

Circle No. 548 

Thermal analysis software for com
ponents. Betasoft-C predicts thermal 
performance, evaluates thermal resis
tances and impedances, and provides 
packaging alternatives for components. 
Computation time for a typical MCM 
on a 16-MHz 386SX is approximately 
three minutes , and preparing a new 
component for analysis takes approxi
mately 20 minutes (max) for a new user. 
Steady-state results appear in color 
graphics on three orthogonal planes at 
any point of interest. PC version, $3995. 
Dynamic Soft Analysis Inc, 213 
Guyasuta Rd, Pittsburgh, PA 15215. 
Phone (412) 781-3016. FAX (412) 781-
3098. Circle No. 549 

Real-time development tools for 
VME/Unix. VMEexec 2.2 standardizes 
network and system interfaces to a real
time kernel to allow reuse and porting 
of software between projects. This ver
sion adds a memory-management unit 
and Deltaguide, based on Motif, that 
facilitates creation of applications that 
represent data pictorially with dials, 
sliders, graphs, or other moving graphi
cal shapes. $5700. Motorola Inc Com
puter Group, 2900 S Diablo Way, 
Tempe, AZ 85282. Phone (408) 369-
4480. Circle No. 550 

C/C + + for embedded systems. 
Xray Masterworks CIC+ + integrated 
software development system for em
bedded system development includes 
tools for building programs and for gen
erating, debugging, and analyzing code. 
A control-panel component lets you de
fine the working environment, config
ure projects, and launch tools. Other 



3M brand 11-inch mini data 
cartridges are just what you 

need for unattended backup of important 

data or storing files and applications. (And 

a lot less expensive than a growing pile of 

diskettes.) 
That's why more and more busi

nesses are buying low-cost !4-inch data 

cartridge drives. They offer a proven track 

record of reliability and performance. And 

you can store up to 120 megabytes on a 

single low-cost, pocket-sized cartridge

even more with data compression. 
It's another reason why more busi

nesses protect important information on 

3M brand data storage products than any 
other brand in the world. Find out more. 

Call l-800-888-1889, ext.53. 
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D. Free distribution by mail , 

carrier, or other means 
samples, complimentary, and 
other free copies 2,088 2,163 

E. Total Distribution 
(Sum of C & D) 150,086 132,708 

F. Copies not distributed 
1. Office use, left over, un-

accounted , spoiled after 
printing 1,517 953 

2 Returns from news agents None None 
G. Total 151 ,603 133,661 

I certify that the statements made by me above are correct and complete. John Scheunemann, 
Distribution Manager. 

• Flexible Clock 
Synthesizer & Palette 

• VGA/SVGA, 8514/A 
•Pixel Replicate™ 
• Loop Filters 
•Sense 

The SYNDAC combines a color lookup table, triple video DAC, and dual clock 
synthesizers in a single chip. Programmable clock frequencies eliminate multiple 
crystals and retain compatibility with any controller. Features include, on-chip 
reference, monitor sensing, and 50, 66, or 80 MHz pixel rates. Keep in sync with 
SYNDAC; contact MUSIC™ Semiconductors, The Specialty Memory Company. 

~~1~~~~~;8~~~;1~~~~~~), -"-ltlltlSIS 
Europe +3 l-45-467878, Asia 63-2-816-2477 s EM 1 co No u c r o Rs 
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EDN·NEW PRODUCTS 
CAE & Software Development Tools 

components include a source explorer, 
a graphical make facility, and an object
format converter. A user interface that 
works like a notebook reduces the num
ber of commands that you must memo
rize. An on-line context-sensitive hy
pertext help system offers comprehen
sive assistance on any command or op
tion. Microtec Research Inc, 2350 Mis
sion College Blvd, Santa Clara, CA 
95054. Phone (800) 950-5554; (408) 980-
1300. FAX (408) 982-8266. Circle No. 551 

Spice circuit simulator. IsSpice3 im
plements Berkeley Spice 3E.2 and per
forms ac, de, transient, noise, distor
tion, Fourier, pole-zero, temperature, 
sensitivity, and mixed-mode analyses 
on circuits operating from de through 
microwave frequencies. The program 
includes built-in models for a variety 
of passive and active components, addi
tions to behavioral modeling capabili
ties, and an interactive user interface 
that displays waveforms as the simula-

Radical Shape. 

Performance! 
The PECOS®Power Resistor 

You're looking at 100 watts of 
dissipation in 7 square inches! 
PECOS~ .. Porcelain Enamel Coating On 
Steel. A radical new process to electro
phoretically coat steel with electronic 
quality porcelain enamel. 

-~-
·-r. 

The steel core strengthens the 
part and reduces hot spots by utilizing 
the good thermal conductivity of 
metal to spread the heat over the 
entire surface of the resistor allowing 
the power resistor to be mounted 
directly to the PC board. 

A 1 inch square PECOS® resistor 
can dissipate 20 watts at 25°(. 
When folded in a "U" shaped 
configuration, this 1 inch, 20 watt 
PECOS® resistor occupies the same 
space as a conventional 10 watt 
rectangular resistor. 

Ohmite PECOS® resistors are available 
in EIA standard values from .2Q to 250kQ; 
±1% and ±5% tolerances. 

~ 

Shape up with PECOS:"> Call Ohmite Sales and Markettns. 
Tel 708-675-2600 Fax 708-675-1505 

OHMITE® 
Since 1925, Ohmite Manufacturing Co. has been in the forefront of innovative electronic component 

technology. Progressive and competitive, Ohmite maintains a tradition of quality and service. 

Ohmite Manufacturing Co., 3601 Howard St., Skokie, IL 60076 Tel 708·675·2600 Fax 708-675-1505 

CIRCLE NO. 175 

tion runs. The software gives input and 
output compatibility with Berkeley 
Spice 2G.6. $695 Intusoft, 222 W Sixth 
St, Suite 1070, San Pedro, CA 90731. 
Phone (310) 833-0710. FAX (310) 833-
9658. Circle No. 552 

VHDL-source-code libraries. Source
model Libraries give you VHDL source 
code for 600 SSI parts and 1400 memory 
devices , including static RAMs, dy
namic RAMs, PROMs, and EPROMs. 
The two libraries comply with IEEE-
1076 and include error-checking and ac
curate timing behavior. The models in
clude databook and other nonproprie
tary information, and they conform to 
a consistent format throughout the li
braries. The libraries work with certain 
VHDL simulators from Mentor, Ca
dence, Viewlogic, Synopsys, Dazix, and 
Vantage. Site license for 20 or fewer 
users, $18,000 for the Memory Library; 
$12,000 for the SSI Library. Logic 
Modeling Inc, 19500 NW Gibbs Dr, 
Beaverton, OR 97075. Phone (503) 690-
6900. FAX (503) 690-6906. Circle No. 553 

DSP development system. Hypersig
nal-Acoustic 3.31 is DSP development 
software for the acoustic/audio profes
sional. Improvements with this release 
include additions to the real-time Spec
trum Analyzer display: continuous dis
play of the impulse response of the sys
tem under test, coherence function dis
play, additional averaging methods, av
eraged phase delay, and output of wave
forms on the DSP/acquisition-board 
DIA channels during operation to pro
vide stimulus to the system under test. 
For DOS, $1489. Signalogic Inc, 9704 
Skillman #111, Dallas, TX 75243. 
Phone (214) 343-0069. FAX (214) 343-
0163. Circle No. 554 

PC-based VHDL simulator. V-Sys
tem!Windows 3.0 for the PC adds five 
windows for debugging of VHDL de
signs. The simulator complies with 



FREE DOS-installable driver 
included with Ziatech's 

PC/AT and PS/2 interfaces. 

•IEEE 488 interfaces for PC/AT, PS/2, 
STD Bus and MULTIBUS 

• Popular language support built in 

• Discount pricing for OEM purchases 

FREE BROCHURE 
805/541-0488 

3433 Roberto Court 
San Luis Obispo, California 93401 USA 

FAX (8051 541-5088 

Telephone (805) 541 -0488 

CIRCLE NO. 202 

17rH Century 
Innovation ... 

. . 
·-" 

• Pixel Replicate™ 
•Nibble Mode 
• VGA/SVGA 
• 8514/A 
•XGA™ 

MUSIC 's graphics color palettes are fine-tuned for your graphics subsystem 
applications. MUSIC gives you the sharpest graphics and truest colors available 
at the lowest cost. So whether you're designing desk-top computers, graphics 
add-in cards, low-power laptops or multi-media systems, contact MUSIC 
Semiconductors, The Specialty Memory Company. For your Free design kit 
call : USA 1-800-788-MUSIC (6874), •ll'1f:!ISIB 
Europe +31-45-467878, Asia 63-2-816-2477 I 

SEM 1 lONOUCTORS 
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ITT CANNON'S COMMERCIAL D SUBMINIATURE CONNECTORS GIVE YOU OPTl-

It'S kinda 
MUM POWER AND EFFICIENC'f WITH MINIMUM REAL ESTATE. WE OFFER 

like a 
THE INDUSTRY'S BROADEST LINE, FEATURING SURFACE MOUNT 

hamster 
AND COMBO D ® CONNECTORS, PLUS ACCESSORIES. AND 

that can 
WITH HIGH-DENSITY CONFIGURATIONS YIELDING 30-40% 

bench 
SIZE REDUCTION, YOU CAN MEETTHE DEMANDS 

250. 
OF TOMORROW'S TECHNOLOGY TODAY. 

ITT Cannon 
C O MMERCIAL/ INDUSTRIAL 

1851 E . D EERE AVE. 
SANTA ANA, CA 927 05 

(714 ) 261-5300 
FAX (714 ) 757-8301 

250 • EDN November 1 2, 1 992 
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EDN·NEW PRODUCTS 
CAE & Software Development Tools 

IEEE-1076. The five windows include 
Structure View, Waveform Display, 
Signals, Variables, and Process. For 
MS-Windows 3.0 or 3.1, single copy, 
$2495. Also available for DOS and Unix. 
Model Technology Inc, 15455 NW 
Greenbrier Pkwy, Suite 240, Beaver
ton, OR 97006. Phone (503) 690-6838. 
FAX (503) 690-2093. Circle No. 555 

System for silicon and CAE. Mega
link/Megalab software and communica
tions package connects post-silicon test 
and modification systems that work in 
Merlin's Framework. The system lets 
you find and work on a feature of inter
est; you can then pass its coordinates 
and other relevant data between instru
ments that perform tasks such as signal 
probing, circuit testing, visual, silicon 
modification by focused ion beam mi
cromachining and microdeposition, hot
spot detection, communication, and 
documentation. The system requires 
Sun-3, Sun-4, or SPARCstation and 
network. $85,000. Knights Technology 
Inc, 3506 Bassett St, Santa Clara, CA 
95054. Phone (408) 988-0600. FAX (408) 
988-0663. Circle No. 556 

Embedded DOS for STD32 bus and 
80Cl 86. The Embedded DOS Develop
ment System for the VL-186-1 80C186 
CPU/SBC (single-board computer) is a 
real-time, multitasking operating sys
tem that is compatible with DOS 3.31 
and runs on an STD32 bus target. The 
OS provides priority-based scheduling, 
round-robin scheduling, and non
preemptive scheduling, and it is fully 
re-entrant. You can access the kernel 
from C and assembly languages. The 
software boots from a ROM-disk and 
includes standard DOS hardware re
sources such as COMl, COM2, LPTI, 
and VGA. Software bundled with 16-
MHz VL-186-1 CPU card, STD32 card 
cage with power supply, ZT-8980 VGA/ 
keyboard card, $2421. Versalogic 
Corp, 3888 Stewart Rd, Eugene, OR 
97402. Phone (800) 824-3163. FAX (503) 
485-5712. Circle No. 557 

CIRCLE NO. 181 

Zenith's ZPS-45 

BIG45 watt 
universal input 
power supply in a 
small 3" x 5" size 

Who said big things don't come in small packages? The ZPS-45 with universal 
input gives you increased power density in a miniature 3" x 5" footprint - with no 
minimum load requirements. 

Available for new systems design and replacement, the triple output ZPS-45 
automatically operates from any continuous AC voltage between 90 and 265 
VAC or DC voltage between 120-364 VDC. Choose the ZPS-45 with + 5V output, in 
either the± 12Vor the± 15Vversion, open-frame or enclosed configuration. It's 
desi1;ined to meet rigid international safety and EMI standards: UL CSA IEC and 
VDE/B. And it's backed by a one year warranty from Zenith - a leading 
worldwide OEM supplier with over 70 years of electronics experience. 

Maximum 
Main Output 2nd Output 3rd Output 

Output Volts Volts Volts 
Zenith Power DC Amps DC Amps DC Amps 
Model (Watts) (Nominal) (Min/ Mox) (Nominal) (Min/ Mox) (Nominal) (Min/ Mox) 

ZPS-45 45 + 5.0 0.0/5.0 
+ 12.0 0.0/2.0 - 12.0 0.0/0.7 PK 7.0 PK 3.0 

ZPS-45-15 45 + 5.0 0.0/ 5.0 
+ 15.0 0.0/ 1.5 - 15.0 0.0/0.7 PK 7.0 PK 2.0 

At Zenith, the quality goes in before the name goes on!® 

_7EN,TH / magnetics For more information call: 
1-800-827-8720 

1 ODO Milwaukee Avenue 
Glenview, IL 60025-2493 

Fox: (708) 391-7078 
U.S. and International Stocking Distributors 

See us at WESCON Booth #2283-2287 

********* 
Inquire about the ZPS-30 - our 30 watt 

triple output 3"x 5" power supply. 

CIRCLE NO. 198 



PIN BW $@ 100 pc. 

82020 50M Hz 2.SO 

82232- 60MHz 3.90 

R2099 Pwl' 50 MHz 4.95 

R2130 S5 MHz 3.25 

82120 100 MHz 2.SO 

8.4393trt111e S2 MHz 6.95 

8.400/ 200 MHz 4.95 
R2070 

PIN GBW SIR* $@ 100 pc. 

R2424• 60MHz 200 6.95 

R2242MI 30 MHz** 40 5.25 

R2243MI 70 MHz** 90 5.25 

R2041 90MHz 250 3.75 

R2008 60MHz 450 22.59 

82171 3 GHz 1200 4.95 

82038 I GHz 1000 3.90 

R2039 600 MHz 550 2.75 

MONOCHROME & COLOR VIDEO AMPLIFIERS 
• Cable Drivers 
• Distribution Amps 
• Gain Blocks 

GBW $@ 100 pc. 

120MHz I.SO 

82244- 120 MHz 2.95 

R2444quo11 120 MHz 4.95 

82045 100 MHz I.SO 

J 82245 .... 100 MHz 2.95 

82073 200 MHz 4.95 

R2074 

BW S/R* 

350 MHz 2500 21.00 

140 MHz 1500 20.15 

550 MHz 7000 40.00 

BW 

70MHz ±160 mA 2.45 

ISO MHz ±160 mA 2.95 

IOOMHz ±230 mA 3.45 

730 MHz ±70mA 4.95 

±I.SA 6.79 

±I.SA 6.79 

• Sync & Color Burst 
Processing 

• Nulls o.c. Input Offset 
During Back Porch 
Period 
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Supplement of test equipment. This 
48-pg supplement to the general catalog 
highlights test instruments and tools. 
It features products for testing, repair
ing, and assembling electronic equip
ment from brand-name manufacturers. 
The book covers programmable power 
supplies, spectrum analyzers, fre
quency counters, instrument carts, 
EPROM programmers, and ESD-safe 
ergonomic chairs. Other products in
clude oscilloscopes, DMMs, ozone-safe 
cleaners, soldering/desoldering sys
tems, state-protection products, tool 
kits, and workbenches. Contact East 
Inc, 335 Willow St S, North Andover, 
MA 01845. Phone (508) 682-9844. FAX 
(508) 688-7829. Circle No. 463 

Application note on convert pulses. 
AN7, Modifying Start Convert Pulses 
Using Commercially Available Devices 
explains various techniques for creating 
start convert pulses when using sam
pling ADCs. It reviews the impact of 
varying the width and repetition rate 
of the start convert pulse. The 4-pg note 
also explains how to create start con
vert pulses, using common D-type flip
flops on Series 123 multivibrators. Cir
cuit diagrams, logic-function tables, and 
circuit descriptions help you in creating 
start convert pulses for data convert
ers. Datel Inc, 11 Cabot Blvd, Mans
field, MA 02048. Phone (508) 339-3000. 
FAX (508) 339-6356. Circle No. 464 

Condensed catalog of fasteners. 
The PEM Self-Clinching Fastener 
Guide profiles a line of self-clinching and 
broaching fasteners. The guide gives an 
overview of fastener lines, including 
parts' designations, materials, and 

thread sizes. It also describes the Pem
serter line of precision fastener-installa
tion presses. Penn Engineering & 
Manufacturing Corp, 5190 Old Easton 
Rd, Danboro, PA 18916. Phone (215) 
766-8853. Circle No. 465 

Catalog of hardware/software 
packages. This 60-pg catalog presents 
an expanded line of real-time PC-based 
hardware and software. It features AT/ 
MCA CODAS (computer-based oscillo
graph and data-acquisition system). The 
publication also features CODAS 1/0 
modules, a software-development kit 
for ADSP-2101 DSP µPs, a 200 Series 
software-development kit for DOS and 
Windows, industrial-grade amplifiers, 
biomedical-grade amplifiers, and analy
sis software. Dataq Instruments Inc, 
150 Springside Dr, Suite B220, Akron, 
OH 44333. Phone (216) 668-1444. FAX 
(216) 666-5434. Circle No. 466 

Threaded inserts cataloged. The 14-
pg catalog presents a line of threaded 
inserts. It discusses SI ultrasonic , 
molded, and postmolded threaded in
serts. The publication provides parts' 
designations, materials, thread sizes, 
and specifications. Standard Insert, 
5190 Old Easton Rd, Danboro, PA 
18916. Phone (800) 338-3502; (215) 766-
0960. FAX (215) 766-0962. Circle No. 467 

•Amphenol RF 

Printed Circuit Board 
Coaxial Connectors 

Booklet of coaxial connectors. This 
8-pg catalog details 55 coaxial and twin
axial connectors for pc-board applica
tions. It includes designs for board-to
board, board-to-panel, and board-to
cable assembly types used in 55 and 750 
applications. The publication features 
BNC, TNC, Mini-UHF, Twinax, SMA, 
SMB, SMC, SSMA, SSMB, and SSMC 

INDUSTRIAL 
• Isolated 
• Economical 
• Linear 
• Switchers 
• Open Frame 
• PC Board Mount 
• Terminal Strip 
• - 25°C to + 70°C 

Operating Temperature 
• No Electrical Derating 

Required 
• No Heat Sink 
• Short Circuit Protected 
• No External Components 
• Single, Dual and Triple 

Outputs 
Over 1000 Standard 

DC-DC and AC-DC Models 

Delivery- stock to 
one week 

PICO 
Electronics, Inc. 

453 N MacOuesten Pkwy. Mt. Vernon. N.Y !0552 

Cal/Toi/Free 800·431·1064 
IN NEW YORK CALL 914·699·5514 

FAX 914·699·5565 
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If yours is one of the 500 business calls made every day to the 

Export Hotline, then you're in. Business people like you are getting 

in-depth international trade information instantly via their fax for the cost of a phone call. 

Now, you can receive customized reports on 68 countries and 50 industries 

just by calling 1-800-USA-XPORT. So, if you haven't called to get the latest information 

you need to develop your international business strategy, then you're out. 

This free information service is available nationwide, 24 hours a day, 7 days a week. 

Beginning in 1993, 

all importers and exporters worldwide can list their company profile on the Hotline. 

You will be able to find buyers and suppliers instantly via your fax machine for just the cost of the call. 

To get more information on our expanded service throughout North America, 

call 1-800-USA-XPORT. 

Will callers to the Hotline find you in or out? 

The Export Hotline is sponsored by: AT&T 
and Berlitz International • Delta Air Lines • OHL Airways • KPMG Peat Marwick 

Cahners Publishing Company • Reed Exhibition Companies • The Journal of Commerce 
Supported by the U.S. Department of Commerce 

Developed and managed by International Strategies, Inc. 

254 • EDN November 1 2, 1992 
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connector series. Other products cov
ered include coaxial contacts for D
Subminiature connectors and customer 
specials. Amphenol Corp, RF/Micro
wave Operations, 1 Kennedy Ave, 
Danbury, CT 06810. Phone (203) 743-
9272. FAX (203) 796-2032. TWX 710-
456-0281. Circle No. 468 

IEEE488 and 
VXlbus Control, 
Data Acquisition, 
and Analysis 

n --= -
-

1993 

Measurement and instrumentation 
products. This 1993 catalog describes 
software and hardware for developing 
integrated measurement and instru
mentation systems based on PC/XT, 
PC/AT, EISA, Macintosh, Sun, Hew
lett-Packard , Digital Equipment Corp, 
and other computer companies. It dis
cusses applications that require the 
measurement, monitoring, or control of 
physical phenomena. Applications in
clude laboratory automation, automated 
test, process monitoring and control, 
factory automation, applied chemistry, 
educational instruction and research, 
medical research, and motion control. 
The 544-pg catalog is color-coded by 
section-Application Software, IEEE-
488, Data Acquisition, VXI/MXI, and 
Training. The first four sections present 
tutorials with examples of IEEE-488.2, 
SCPI (standard commands for program
mable instruments) , plug-in data-acqui
sition systems, signal-conditioning ac
cessories, DSP, VXI, and MXI. Na
tional Instruments, 6504 Bridge Point 
Pkwy, Austin, TX 78730. Phone in US 
and Canada, (800) 433-3488; (512) 794-
0100. FAX (512) 794-8411. Circle No. 469 

Interface and logic products cata
loged. The 350-pg catalog entitled Auto
mation Interface and Logic Products 
features advanced control devices in 12 
product areas: switching amplifiers, 

CIRCLE NO. 196 

• How Did We Make the Smallest 
Switcher You Can Buy Even Better? 

• By adding Auto-Ranging and 
FCC Level B. That's how! 

The new AR Series from they come with a 
Xentek. They're the two-year warranty. 
industry's Choose from ten models 
smallest. They from l 75W to SOOW with 
feature input dozens of standard output 
auto-ranging to · combinations.. • • • 
handle world-wide power Call us toda~ • .:_Z,~. 
i:equirements. And they comply with and let us put our 20 :~~"~ ' ... i~ 
FCC PART 15, SUBPART B,LEl-ELB years of power supply : o i \i:2 • 
conducted EMI filtering. x k expertise ·.-Pi:-.. ./~.: 

They' re made in the USA, ente to work for • <<Jf'y p·o~~~ · 
UL, CSA and TUY listed, and you. • • • • • 

A Ta iyo Yuden Company 

THE PowER To ScccEED 
760 Shadowridge Drive / Vista, CA 92083 / (619) 727-0940 / Fax: (619) 727-8926 

CIRCLE NO. 209 

No"e1t1b 
Powerful er 1 s, the 111 
~ Soft.,,, ost 
··•eets th are inte • 

Sche e ltlost '•ace 
lllatic ca11.tn.:owert111 

[lie f.dll . 1lrw .C:ompont:nt• .sJan••• Bcglon. ~·•phla Wind-. J:itlp . SOft•••a 
?.l""'M..::. - ·.,, [Kft\{·Ji> ..-----:-_. -· WW', re.J 

UntltlcdPtoeCll 

C:'\'MNSCHEW\PROJECT.POl 

... 
j~ll'::::::':L!;'::'.,,_=::ll:::Y--.-

. 1L=_,;:;~·~·- -:=;=...;:...~·~-~ 

Omation Inc. 

J1 
* Windows 3.1 
* Only $595 
* Trade-in Special 
* Schema Ill upgrade 
* Use with OrCAD, 

Tango, PCAD, 
PADS & other PCB 

Free Demo Disk 
(800) 553-9119 

801 Presidentia *Richardson, TX 75081 *FAX (214) 783-9072 
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Message in a Bottle 
From the shores of Taiwan comes some refreshing news 

of opportunities for investors 

Do You remember 
that autumn day 
as a kid When you 
walked the length 

0 \ a wind-swePt 

beach, hoping to 
find a bottle with 
a message from afar? 
That was decades ago. 
Yet today you find your
self in pursuit of some
thing just as rare - a way 
to expand your business in 
some very stormy times. 
The Republic of China might 
offer the right solution. On 
Taiwan, we are looking for part
ners in aerospace and semiconduc
tors ; in advanced materials and 
information technology, as well as 
in a select group of industries such 
as telecommunications, pharma
ceuticals and pollution control. 
No longer a base for low-cost 
manufacturing, the ROC has a 
rapidly maturing economy, one of 
the strongest in Asia, due in no 
small part to forty years of invest
ment by such multinationals as 
Ford, Philips, and NEC. It's a 
lesson we have not forgotten, and 
one that will guide us as we forge 
ahead into the next century. 
But attracting the world's best 
technology is no easy task . That's 
why we launched the US$190 billion 
Six-Year National Development 
Plan to upgrade commercial infra-

.,,tructure. In addition, we are 
uuilding three software in. 

uustriaJ parks to bolster 
technica/ capacity and to 
uain manpower for our 
Hsinchu Science-based 
Industrial Park and other 

manufacturing centers. 
Further, the govern

ment is reviewing tax 

them more com
petitive with 

those of our 
neighbors. 
We want 
foreign in

vestors to 
think of the 

gional Operating Center, a stra
tegically-located springboard into 
China and the rest of Asia. 
There is a lot more we would like 
to tell you, but there is only so much 
we can put into a bottle. For more 
information, contact our local 
representative in your area. 

CCNAA lrwestment & Track Office A Division ol CootdiMtlon Councff For 
North .t.menc.n Affairs, Otnc. In U.S.A. 
8th Fl., 126 E. 56th Street N- 'rork N.Y. 10022 USA.. 
let {Z12) 752.2340 Fax: (212) 826-3615 

Industrial Development and Investment 
Center Ministry of Economic Affairs 
Room B, 19F, 4 Oiunghliao W. Ad., Sec. 1, Taipei 100. 
Tarwan, Republic Of China. 

Taiwan, R.O.C. ,., 102, ,. .. ,,,, •• ,,(02)382-0<97 
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certified safety systems , rotational 
speed and motion controls, analog data 
transmitters, logic controllers, preset 
devices, electrical and electronic relays, 
power supplies and monitors, level con
trollers, card racks and accessories, bus 
system for sensors and actuators, and 
Namur proximity sensors. Each chap
ter presents an introduction, a product 
overview, and a product-selection table. 
The Sensoplex bus system and "multi
modul" interface devices for hazardous 
locations are highlighted products. 
Turck Inc, 3000 Campus Dr, Minneapo
lis, MN 55441. Phone (800) 544-7769; 
(612) 553-7300. Circle No. 558 

/ mritsu 
' Pulse Pattern Generator 

MP1755A 
500MHl In •50Hl 

Pamphlet on pulse-pattern genera
tor. This 6-pg brochure deals with the 
MPl 755A pulse-pattern generator. It 
contains graphs for the numerical rela
tion between word length and number 
of words, between word length and step 
width, and the relationship between 
pages of the Word and Data mode. The 
photos help in understanding clock out
puts and 1;.,_ and 1/.1 -speed output. The 
publication explains 512-kbit program
mable patterns, complementary clock 
outputs, variable amplitudes and off
sets, and multiplexer operation. An
ritsu Wiltron Sales Co, 685 Jarvis Dr, 
Morgan Hill, CA 95037. Phone (408) 
776-8300. Circle No. 559 

PCXI catalog. The PCXI catalog de
scribes 486 EISA systems that conform 
to the PCXI (PC Bus Extended for In
dustry) Consortium EISA Passive 
Backplane Standard. It also provides a 
database of industrial EISA products 
and explains how to configure your 
PCXI system. Rapid Systems, 433 N 
34th St, Seattle, WA 98103. Phone (206) 
547-8311. Circle No. 560 



llllCT Ill 
This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

for 

5 
DAY TURN 

PRINTED CIRCUIT PROTOTYPES .. 
LAYERS 1 2 3&4 5&6 7&8 

15 $212 $265 $581 $715 $850 
SQUARE 30 240 300 658 815 983 

INCH 
UP 60 283 354 775 954 1034 
!Q 90 325 407 891 1097 1304 

120 350 442 949 1092 1417 

• 5 PIECES x 1.34 
• 10 PIECES x 1.67 

EXTRAS 

• Pho10 Plotting 

• Tc~1in g 
• Gold Conta1.:t~ - $50 

• 25% - Below 8 Mil 
FOR MORE INFORM 

DISCOUNTS 

10% ~ 5% 
• COD • NET 10 

• CREDIT CARD 
SALl:.S 

ION CALL OR FAX 
Ken Bahl 

Sierra Circuit-.. Inc. 
Phonc(408)735-7 137 FAX (408)735· 1~08 Modem (408)735-9842 
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EPROM EMULATION SYSTEM 

• Emulates up to B 
4·Megablt EPROMS 
through one standard 
serial port. 

• Downloads 2-Megab~ 
programs in less than 
23 seconds. 
• Allows you to examine 
and modify individual 
bytes or blocks. 

The Most 
Flexible 
EPROM 
Emulator 
You Can Get 
Today! 

• Accepts Intel Hex, 
Motorola S-Record 
and Binary files. 

• Software available 
for IBM PC and 
compatibles. 

• Base 27256 EPROM 
System $395.00. Other 
configurations available. 

ORDER TODAY- IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

Incredible Technologies, Inc. 
(708) 437 ·2433 
(708) 437-2473 Fax 
Visa and Mast81Card accepted. 

6BHC16 
68332 

PC-based In-Circuit Emulator 

• Supports 68HC16Z1, 68331, 68332, 68340 with more members ol 
the HC16 and 300 families to follow. 

• Traoe board, 128K deep, 104 bits wide, supports BOTH families I 
• Triggering and filtering, using lull pipeline decoding. 
• User interface under Microsoft Windows. 
• Memory contents available in real-time (shadow RAM). 
• Up to 17 MHz real time emulation. 
• Higl'Hevel C support. In-line assembler and disassembler. 

noHau ~~..= .... 
FAX (408) 378-7869 

CORPORATION (408) 866-1820 

CIRCLE NO. 231 

• New Improved hardware and 
software. 

• The mosl complete PC-based 
Universal Programmer. Programs 
PLO (PAL, GAL, FPL, EPLD, PEEL, MAX, 
MACH ... ), E(EJ PROM (up 10 16 Mbll), 
Flnh EPROM, BPROM, Special PROM, MPU 
(87XX, 68XX, za, PS0301 , PIC16XX, TMS320EXX, 
UPD75PXXX, H0637XXX ... ). 

• Covers DIP, PLCC, QFP, SOP, and PGA with 8 to 84 pins. Gang 
Programmlngadaptersavallablealsa. 

• EPROM EMULATION capabltlty. 

• Tests dlgltal ICs and DRAMs (SIMM/SIP adapter available) . 

• Free software updates and new devicu added ul>(ln request. 

• ICManutacturert'approval. 
• 1 year warranty, 30 day money back guarantee. 

RELIABILITY PREDICTION 
SOFTWARE 

A RE Y OUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
re liability prediction procedure of MIL-H DBK-
217, or Bellcore, allowing quick and easy 
reliability analysis of e lectronic products on 
your PC. Say goodbye to tedious, time consum
ing, and error prone manual methods! 

• NEW UPDATE! VERSI O N 3. 1 now avail able. 
•User friendly: pop.up menus, hypertext help. 
•Very easy to learn and use; quick data entry. 
•Part library for rapid recall of part data. 
•Global editi ng functions for what-if? trial s. 
• Report s which clearly organize result s. 
•Save lime & money as you design for quality. 
• Try our Demo Package today for $25 . 

T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 

CIRCLE NO. 232 

MICROCONTROLLERS 
C Programmable 

• Data Acquisition 
• Control I Test 
• Excellent Support 
• From $159 Qty 1 
• New Keyboard 

Display Modules 

Use our Little Giant'" and Tiny Giant'" miniature control· 
lers to computerize your product, plant or test department. 
Fealures built·in power supply, digital 1/0 to 48+ lines, 
serial 1/0 (RS232 I RS485), AID converters to 20 bits, 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 interactive Dy· 
namic C™ makes serious software development easy. 
You 're only one phone call away from a total solution. 

Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 

(916) 757-3737 Fax: (916) 753·5141 
Automatic Fax: (916) 753·0618 

(Call from your fax. request catalog #18) 
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Certified by the Semiconductor Industry 

• • • 
. . . ... .. ,, 

World 's largest selection of PC based 
and stand-olone programmers from 

$395.00 to $ l 0,000. 

1·800·331·7766 LOCICAL 
1-305-428-6868 DEVICES, INC. 

CIRCLE NO. 236 

Digital Voice Module 

DM1000LP-1 ($25, EPROM chip extra) 
• Plays natural-sounding pre-digitized voice 
• Playback triggered by contact closures 
• Up to 256 seconds of message [SM-bit EPROM) 

digitized b,y usi ng our VPSSO digitization boa rd 
• Totally self-contained, single-voltage requiremen t 
• I uA standby current, great for battery operation 
• Buil t- in 3W power amplifier 
• Many ot her models avai lable, call for brochure 

ELETECH ELECTRONICS, INC. 
1262 East Katella Avenue, Anaheim, C A 92805 
Tel: 7 14-385- I 707 Fax: 7 14-385- I 708 

Tympani 
vibration 
modes 

CIRCLE NO. 239 

"All of the C language routines you need to 
write an impressive scientific graphing program 
of your own. Highly recommended. " 

PC Magazine 3114189 

Windows ®and DOS vers.ions now available. 
Licensed lo.r personal use only. 

fffJ©IJ@flfJf]ff(/fJ© flilllJ©l®<§M©f& 

508 N. Kentucky Street, Kingston , TN 37763 
Orders : (800) 998-1571 FAX:(615) 376-1 571 

CIRCLE NO. 242 
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For Complex & High Density PLDs 

The most powerful PLD/FPGA CAE 
d . flw f $495 00 • ---------- - ,,-.._ 

- - - - - - /_ 

1·800·331·7766 LOCICAL 
1-305-428-6868 DEVICEI&, INC. 

CIRCLE NO. 237 

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. 240 

Total Capability 
The Support: BPROMs, CMOS PROMs. EPROMs 

EEPROMs, FLASH, Micros. PAls"'. 
IFLs, EPLDs, GALS"' and ECL 

The Product: from o PC-based EPROM programmer 
too full-blown mainframe Universal 

(and everything in-between) from $595 

The Company: 

seao{ 
Stag Microsystems, Inc. 

Tel: (408) 988- I 118 
Fox: (408) 988-1232 

CIRCLE NO. 243 

• 1oo-k'.Hz Spectrum Anafysls 
• 50-kHz Arbitrary Signal Generation 
• Versatile Signal Filtering 
• DSP Code Development Platform 
• Graphical Interface Software 
• C Command Library Available 

Based on Analog Devices' 2100 Family and 
• Single-channel, 3µS, 12-bit , AOC & OAC 
•Dual-channel, 50·kHz, 16-b~ , ADC & DAC 
• Eight-channel, 3µS, 12-bit , ADC & DAC 

Prices start at: $ 495 

4~WAVETRON microsystems 
~~ 1197 Odd\tnd Drive • Redwood City. CA CJ~061 

FAX l4 l5)JM.5375 •(415) 366-537 1 

CIRCLE NO. 238 

• Universal PLCC & DIP ZIF Sockets 
• Can support over 3,000 PLDs, E/EEPROMs, MtCROs 
• Up to 104 Programmable Pin Drivers 
• Field Upgradable and Gang Module Options 
• 24-Pin Entry Level Models start at $995 

750 North Pastoria Avenue, Sunnyvale, CA 94086 USA 
Tel : (408) 730-5511 Fax : (408) 730-5521 

CIRCLE NO. 241 

20-BIT 
RESOLUTION 

A/D CONVERTER 
For IBM PC/XT/AT 

& Compatibles 

• Delta-S igma conversion for excellent 
noise rejection 

• 6-pole low-pass filter 
• Linearity is 0.005 percent of full scale 
• Software included 

$300 
We manufacture a broad line of data 
acquisition products. 

LAWSON LABS, INC. 
74 4TH AVE. NW 
KALI SPELL, MT 59901 
800 321-5355 or 406 257-5355 
FAX 406 257-5572 

CIRCLE NO. 244 
m 

Product Mart, call Joanne Dorian , 212/463-6415 



SAcivin 

ADVIN versus DATA 1/0 
• Data 1/0 and Model 2900 : reputable company, 

dependable equipment , supports 40-pins. Software 
updates: fair amount. 

• Advin and PILOT·U40: reputable company, 
dependable equipment, supports 40-pins. Software 
updates: free via electronic BBS. 

ADVIN SYSTEMS INC. 
Smaller Company, Better Service 

800-627-2456, 408-243-7000, Fax 408-736-2503 

CIRCLE NO. 245 

PIC16C5xm PIC17C42 87C751n52 E/EPROM 

Low-Cost Pocket Size Development Tools 

New! 
ICE-PIC16C5x 
ICE-PIC16C71 

E/EPROM Programmer 
8-Gang Programmer 

for 87C751 /752 

• Compact, fast, rel iable and light weight (6 oz) 
• Quality construction with die-cast aluminum casing and ZIF sockets 
• PC-based dedicaled microcontroller programmers 
• Parallel port intertace relains printer function simultaneously 
• Stand-alone gang-of-8 programmer for PIC16C5x and 87C751/752 
• All too ls include cross assembler and soflware 
• 1-yr warranty, 30-day money back guarantee 

Available Now 
• PGM75 (S87C751/752) ... $225 • PGM16 (PIC16C5x/71) ... $245 
• PGM17 (PIC17C42) ... $245 • PGM16/PGM17 ... $395 
• PGM1 6X8 gang programmer (PIC16C5x) ... $1250 

See us at Wescon/92 Booth#3639 

-

Advanced Transdata Corporalion 
143.30 Midway Road, Sui1e 104, Dallas, TX 75244 
(2141980-2960 Fax (2t4) 900-2937 

CIRCLE NO. 248 

UNIVERSAL <J~'8-~9 
PROGRAMMER o~i 

f l'l ~ ~ il ~ iI•I 
• Programs PLD (PAL, GAL, FPL, EPDL, PEEL, MAX, 

MACH . . ) E(E)PROM up to BMbit , Flash EPROM, 
BPROM, Micro-controllers (MOT, NSC, Ziloq , Hitachi, NEC, 
Microchip, Intel. . ) and 1700 other parts. 

• Tests TTUCMOS logic ICs & Dynamic/Static Memory. 

• New parts added upon customer request and free up
dates on BBS (24 hrs) 

• Online technical support and hardware warranty for 1 
year. 

ROM MASTER'": $149 
Universal E(E)PROM programmer to 4Mbit 
ROM MASTER/4: $239 
Universal E(E)PROM programmer 4 Gang Version 

XELTEK 
757 N. Pastoria Avenue, Sunnyvale, CA 94086 

TEL (408) 524-1929 FAX (408) 245-7084 BBS (408) 245-7082 

CIRCLE NO. 246 

LOW PROFILE MODEM DAA 

CH1817L 
·Low Power 
• AC Noise Filter 
• Caller l.D. OJiion 
• 0.3" H x 1.0" x 1.0" 
· UL 1459Approved 

• FCC Part 68 and 
DOC Approvable 

• Compatible wtth all 
modem & Fax chip 
sets, including V.32 

Your Source for Modem Components 

Cermetek 
m1c.-oelectron1cs 

Tel 408 752-5000 
Fax: 408-752-5004 

Cermetek Microelectronics, Inc. 
1308 Borregas Ave. • Sunnyvale, CA 94089 

CIRCLE NO. 249 

PRESvslOOO 
New microprocessor-based system 

offers thousands of functional combina
tions tor up to six concurrent users: 

• 15 all-pu rpose card slots • Ana
log and digital I/Os • A/D & D/A 
conversion • 13-16 bit resolution • 
300 KHz-1 MHz data rote • 32 MB 
FIFO memory • Multiple computer 
interfaces. 

For full-color brochure contact 

g;/PRESTON} 
1180 N. Blue Gum St., Anaheim, CA 92806 

(714) 632-3700, Fox (714) 632-7355 

CIRCLE NO. 247 

A High-Powered Degausser 
Exclusively Designed For 4MM And 
BMM High Coercivity Tapes 

MLBOO Manual 
Tape Degausser 

I Compact table-top unit-weighing 45 lbs 
I Low average power consumption-150 Watts-for 

continuous duty with no overheat restrictions 
I Re-charge time 5 seconds 
I Cartridge degaussed in place with no 

movement required 
I Erases to 90 dB depth 
I High powered degaussing force - 8,000 Oersteds 

!Gauss) - custom designed core 

MEDIA LOGIC Medialogic Inc. 
3to South Street P.O. Box 2258 
Plainville, Ma 02762 
508-695-2006 FAX 508-695-8593 

CIRCLE NO. 250 

SIGNAL AND POWER CONTACTS Sunshine Lights The Way In Programming Technology 

JEHU 
HIGH SPEED PORTABLE 
PROGRAMMER 
• Light and handy 
• Embedded with recharge

able battery enable opera
tion without external power 
supply for at least 1 hr 

• High bum-in speed of only 4 
seconds tor 27256 EPROM 

• Supports 2764 to 27080 
BMB EPROM & 8751 series 

EllL-211 
PC-BASED ROii/RAM EMULATOR 
• Outstanding emulator ex

pandable to BM 
• Reset/Halt functions can be 

activated on target 
• Two 1MB ROM/RAM can be 

simultaneously emulated on 
each board 

• Download 2M tile less than 
8 sec . 

Y Series discrete pins and sockets provide current ratings from 
2.5 to 500 amps, mechanical li fe in excess of 100,000 cycles 
and .04 to .8 milliohms contact resistance. Sockets include the 
Hypertac® low force contact system. Printed circuit board, ring 
terminaL and solder cup terminals are available. Contact: SUllSH/llE 

EX PAO.SO 
PC-BASED UNIVERSAL PAO· 
GAAllllEA & TESTER 
• Uniquely established in 

42-PIN TEXTOOL 
• Brand new coloured version 
• Higher stability during pro

gramming process 
• Self-detection protective cir

cuit prevents IC from ac
cidental damage 

• Covers DIP, PLCC, QFp , 
SOP, and PGA with 8 to 84 
pins. Gang Programming 
adapters available also 

Special bonus available 
for EXPR0-80 buyer's: 
* Color Window in-

tegration software 
* 6 sets of disassembler 

-I I I • ' 

I , 

HYPERTRONICS CORPORATION. t6 Brent Dr. , Hudson. SUNSHINE ELECTRONICS CO., LTD. :;!~~.S::~~~~'~' ~',i, ~i;';~;~;:o•;,,'.~~ '1~:·.:;,11~"'''0"' MA 01749. (800) 225-9228 (In Mass. & Canada (508) 568--0451) Rm. 104, JF., No.1, Lant 111, Ste. 5, Ming Sh<:n E. Rd ., Taipei, Tai .. 'Can R.O.C. Fr.met AK: TEL: HI 45 75515} FAX: Jll 45 7i9998 
FAX: (508) 568-0680 TAIWAN: SUNSH INE; TEL: !886)l·i6H1H FAX: (886Jl ·iliS406} U.K. CP: TEL: 44 81 9511848 FAX : 44 81 951 5857 
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r:RE.E DATA 
£' ACQUISITION 

1991-1992 handbook features 
86 pages of the latest infor
mation on our complete line 
of communication, data ac
quisition and waveform syn
thesizers. 

1-800-553-1170 
(;IBUATECH 
662 Wolf Ledges Parkway 

Akron, Ohio 44311 
(216) 434-3154 

CIRCLE NO. 253 

Control Cross-C 
Full ANSI Cross-C Compilers & Assemblers 

HD64180, HD647180X, Z80, Zl80/t/2, Z280, 8085. 
DOS based cross.compiler.; for ANSI and K&R C code. 

C & assemble r demos available on 24 hour BBS. 
Completely automatic MMU support (no program
ming effort) for UP TO I MEG ZIBO programs. 

t Includes HD64 180/Z l80 support libra ry with source. 
• Comes with high-speed assembler, linker, and librarian. 

Includes macros to interface C and assembly. 
All ANSI .H files and libraries provided. Source available. 

+ Generates mlinc pon UO. Char 1ypcs are not prommed to mt. 
+ Allows in-line assembly with access to C variables. 
• All code is reentrant and ROMable. 
• Fast ANSI/IEEE 754/JNTEL floating point support . 
• Supports C JSR 's. Can compile to user defined segments. 

32 fu nct ions of rea l-time exec. (RTX) accessible from C. 
RTX - 256 tasks, queues, & boxes w/ fu ll interrupt support. 

ANSI C Compiler, Assembler, Linker · $699 
Assembler and Linker Only - $279 

32 Fn. Real -Time Executive incl. Source · $399 

SOFTOOLS, INC. 
X770 M.111.1 h.111 l>r1vt· 

I ll1toll ('11y, Ml> 2 104 \ 

(1111) 7>11 nn 
1 AX/l!llS 11117Sll21111X 
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IND-286 SBC 

Complete !6MHz 80C286 Single Board 
Computer for embedded PC appli
cations features a 4M-byte PROMDISK 
disk emulator with battery back-up and 
an MS-IX>S 3.3 compatible disk oper
ating system in ROM. 

Features Include: 
0 4M·byle DRAM 0 XT Size Board 
O Keyboard Port O 80287 Socket 
0 2 COM, l LP! 0 WatchDog 
O IDE Disk Port Timer 
0 4M PROMDISK 0 Floppy Port 
O 100% PC/ AT O Opttonal \'ldeo 

Compatible Daughter Bd. 

Other Produc ts: 
• IND-88 PC/ XT Single Board Computers 
• PROMDISK III & IV Disk Emulators 
• FlexScan I & II Bar Code Decoders 

~~~~~ ~~= micro ;;;::;;:;=: - = com p uter . 
======-=-= sp ecialist s, in c . 

2598-g fortune way vista, ca 92083 
phone: 619/598-2177 fox: 619/598-2450 
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MIL-STD-1553 
TEST EQUIPMENT 

• Complete error injection/detection capab1l1ty 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, 
Valida tion and Production 

• Dynamic/Real-time simulation 

2-DAY SEMINAR 
• Comprehensive discussion of MIL-STD-1553 

and testing 
Lab session illustrates 1553communicat1on 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 Palma.re • Phoenix. AZ 85021 • (602) 861 -1010 

Supporting MIL-ST0-1553 since 1979 

CIRCLE NO. 254 

JOYSTICKS & 
TRACKBALLS 
For the 
OEM 

Complete line of precision low profile 
designs with optional features to suit most 
requirements. Both panel mount and desk· 
top models available. 

• Competitive Prices 
• American Made Quality 

-

• CHPRODUCTS 
970 Park Center Drive 

V1sla, CA 92083 
619-598-2518 

CIRCLE NO. 257 

Imagine if 
YOUR 
product 
could 
talk! 

• Converts plain ASCll text 
into high quality speech 

• Unlimited vocaWary-no 
custom rwirding necessary 

• Requires only a sing~ SV 
rupply aM spe.aker 

To find out how easy 
I is lo odd speech output 

to yoor own products, cal lor 
you rree V8600 doto booi< loday! 

• Builiin µP, serialaro:I 
printer interfoces 

• L£ss than $100 in OEM 
quantities 

• Customization services 
available 

USA/Canada Phorw)'Fax ('Xl6167?-6909 

UK/Turo,. 81 539 02&5 F•t 815588!t0 

ti 
ti 

ti 

ti 

R&M Prediction 
and FMECA Software 

Powertronlc Systems offers software 
to pred ict re liabil ity, maintainability and 
FMECA. Si nce 1982, hundred of users 
have selected from our large, versatile, 
Integrated software family for military 
and industrial equipment, electrical or 
mechanical. Program highlights Include: 
visible assembly hierarchy, defaults and 
library data, extensive report sorting, 
user defined reports, what-if and derat
ing analysis, and concurrent engineer
ing data links. 

MIL-HDBK-2 17 
MIL-HDBK- 472 
MIL-HDBK-338 
Bell core 

DTRC-90/010 
MIL-STD-1629 
MIL-STD-7568 
NPRD-91 

- .::C 5 PDWERTRDNIC 
~ F SYSTEMS, INC. 

13700 Chef Menteur Hwy. 
New Orleans, LA 70129 

504·254·0383 • FAX 504·254-0393 
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LIB-SIGNALS 
A porta ble S ignal Processing library 

Compiles with any ANSI C compiler 

General purpose library {one module) : 
• Vector and Matrix operations 
• Basic Statistical operations 
• Integration and derivation 
• FFT, FIR, ARMA 

Specialized libraries {four modules) : 
• Math & Statistics extensions 
• Filters (linear and non-linear adaptive) 
• Transforms {Hilbert, Wavelets, Wigner-Ville, 
• Classifiers (Classical & Neural Nets) 
• Spectral estimation (20 different algorithms) 

Source code, test programs and examples. 

. .. ) 

3 months free upgrades and support, free runtimes. 
Optional RTXC/MP real-time kernel with 1/0 and 
graphics library for embedded applications. 

ti Step-in at 1000 US $. 

ISi Intelligent Systems International 
Lindestraat 9, 8·3210 Linden, Belgium 
Tel.(+32) 16.6215 85. Fax.(+32) 16.62 15 84 

CIRCLE NO. 258 

EASY-PC EASY-PC 

• Runs on PC/XT/AT/28liJ386 
"""ith Hen'. CGA, EGA. VGA. 

...., • Ot.-s ign Single s ided, Double 
s ided and Multi l111yer boo rds. 

• Pro\"idt's Surf:.u.·e M ount 
support. 

• St<tnda rd output includes 
Dot Mali-ix I Laser / lnkjt'I 
Printt>r, Pen Ploth'r, 
Photo-plotter and N.C. Drill. 

• Award Winning EASY-PC is 
now in use in uver 12,000 
Installations in 70 
Countries World -wide. 

• SUPERBLY EASY TO 
LEARN AND USE. 

• Not Co py Protected. 

Options:- 1000 piece symbol library $75.00, 
Sur1ace Mount library $112, Gerber Import facility $195.00 

For full info' , write, fax, call or use Inquiry# .. liiiiSt1 

Number One Systems Ltd. .& ~ 
REF: EON, HARDING WAY, ST.IVES, HUNTINGDON, -1llL. 

CAMBS., ENGLAND, PE17 4WA. 

Telephone: Fax: 
USA: 011-44-480-61778. USA:Ol 1-44-480-494042 AM EX, VISA, 
lntnl :- + 44-480-61778 lntnl :- + 44-480-494042 MasterCard 
UK :- 0480 61778 UK :- 0480 494042 Welcome 
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INTRODUCING PROTERM 

FIRST IN A FAMILY OF 
LARGER DISPLAY 
OPERATOR INTERFACES 

• 8 lines by 24 characters 
or 16 lines by 32 charac
ters (selectable) 

• VT-100 compatible 
(ANSI 3.64) 

•User programmable 
keypad 

• 30, or 45 key keypad 
• Readily customized to 

suit your application 
• RS-232 or RS-422 

interface 
•Two year warranty 

TWO TECHNOLOGIES, INC. 
419 SARGON WAY 
HORSHAM, PA 19044 
(215) 441-5305 Fax (215) 441-0423 

CIRCLE NO. 262 

DC/CAD 
introducing ... 

[fit::mee::mERMINATQIU:r:r:J 
Super High Density Router 

(Complete with Schematic & PCB EDITOR) 

Features 1he following powerful algorlthm & capability: 
• Rip-up and Retry 
• Pre-rou1ing of SMT components 
•Real-Time via minimlza1ion 
•Real-Time clean up passes 
• User defined strategies 
•Window 3.0 capabillty as OOS las 
• 1-mil Autoplacer aoo Autoplannlng 
•Two-way Gerber aoo DXF 
• Au1omatic Ground Plane w/ Cross Hatching 
•Complete w/ Schematic & Dolly Libraries 
•Optional simulation capability & pro1ected mode for 386 users 

• PCB LAYOUT SERVICE AT LOW COST• 
LEASE PROGRAM & SITE LICENSE AVAILABLE 

177 l Sta1• Highway 34, Famii•rJak, NJ U7727 
(908) 681 -7700 • (908) 68/-8133 (FAX) 

"DCICAD ... The focal poil'll of future CAD market" 

CIRCLE NO. 265 

SCA \JEAM ' C0\1PO:\E\ 1 PRODCOS 

FIXED MOUNT MOVING BEAM 
BAR CODE SCANNER 
Welch Allyn's 
SCANTEAM" 5600 
is a high performance, 
laser diode based bar 
code scanner. Its rugged 
housing and mechanical design, 
together with all solid state electronics, 
combine to produce a highly reliable product 
which features: 

•Compact Design (2.3' x 2.3' x 2. ?") 
Ideal for applications where mounting 
space is limited 

•Non-Contact Scanning 
Scans on curved and irregular surfaces 
in hard to reach locations 

•Scan Range (From 2.0" to 6.0") 
Adaptable to meet system requirements 

Welch Allyn ,,.~( 
Jordan Road, Box 187 

Skaneateles Falls, New York 13153-0187 
For more information call 1-315-685-8945 

MICROTIME Set up at 1984 
for Development tools 

ICEPET XV 8051/52 
• To enilate 80(C)31f32, 80(C)51/52, 87(C)51152, emulation memory 128K 
1 Module design with the ability to upgrade to uniYersal ICE 
1 User friendly intertace:mouse support, pop-yp window 

and line command mode 
1 Hardware supported software perlormance analysis. 
I 4 Mrdware bre~ls with OR, AND, ARM mode set11ng 

and Address Range Break 
1 The program can be bfeaked at any mechme cycie, 

1;:: t~~~~~ ~~~ra~'T=ci. backward and 
about trace. Each frame consists of Address. Data, Ports, 
Status, nme tag, 16 lorJic state probes 

MEMPET-256 IMemorv emula1or) 
1 To emulate EP (RbM) from ~K to 256K 

Bytes and SAAM from 81( to 128K Bytes 
1 ~~ ~om~t:ii~:· ;~dE~~~~ie~(~~IT) 
1 Support Break, Range Break and external 

trigger functJon 
1 Support Line Assembler/Disassembler lor 
eachcpu(~oo) 

AP-511 (PrOQrammerl 
1 Can program 8151152, 8748/49/50 family 

and27mupto27020 
1 Support Line Assembler/Disassembler for each CPU 
Stand-alone ICE and programmer 
• ICEPET 8048,8051,ZB0,6502,8086 188,ZB, 68000/10 
• ICEPET V (unwersaJ ICE) 80186188, 80196(8096), 87C7511752, 64180(Z180) 

(ZSO, 6800)/10, 68020, 80286, 80386 68HC11 wiH come out on 1992) 

D1s1rihuhlr \\'d1..·tlffil' 

MICROT lME COMPUTER INC. 
10F,196,SEC.4,CHENG-TEH RD. TAIPEI, TAIWAN 
R.O.C. TEL: 886-2-8811791 FAX: 886-2-8820836 

CIRCLE NO. 263 

Digital Signal 
Processor development environment 

using Tl's TMS320C30 40 MHz floating 
point DSP and the Tl Compiler, 

Assembler, Linker and Debug software. 
FEATURES 

Optional daughter board interface • 8 Mb RAM 
40 MHz speed • Tl Software compatible 

W WINTRISS 
ENGINEERING 
CORPOl'A TION 

PO Box 230035, Encinitas, CA 92023 

800-733-8089 
CIRCLE NO. 266 

REMOVE 
HARDWARE LOCKS 

PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITY! 
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 Infonnatlon 

SateSon S7aema Inc . 
202-1100 Concordia An. 
W1nnl~a. Mb. R2K 488 
Canada 

Phon• (204) 6611-4639 
FAX (204) 6~3!166 

11111~" 

<.;;:.;;,;;~;;;;,.,;;;='-=---""' Model 6012 
I> 12 MHz PC I> COM1, COM2, LPT1 ports 
I> 4.5" x 4.9" 1> 1 MB DRAM 
1> 3 solid-state disks 1> DOS 3.31 in ROM 
1> Low power CMOS 1> -40° 10 +85°C 
I> Drives opto racks 1> LCD display driver 
1> Stand-alone or ISA bus 1> 5V only operation 
1> 12-bi1 analog 1> Keyboard/speaker port 
I> Flash memory programmer 1> Watchdog timer 
1> Coprocessor socket I> Calendar/clock 

0 OCTAGON SYSTEMS 
6510 IV. 91st Ave, 
Westminsler, CO 80030 

,.,.,JI Call or Fa.dor full-line catalog 
'f' Tel: 303-4311-1500, 

Fax: 303-426-8126 

CIRCLE NO. 264 

/SA & EISA 
THEORY & OPERATION 

Hers are the timing specifications for the /SA, EISA. and 
E-ISA bussss explainsd in text, diagrams, and tables. Ed 
Solari, author of our famous "AT Bus Design", covers svsry 
type of cycle : memory access, OMA transfer, refresh, and 
bus master arbitration. He explains in detail how sources 
and destinations of different data widths (8, 16, and 32 bits) 
can operate with each other in any combination. 

"/SA & EISA Theory & Operation" defines each bus signal 
line, and how it functions for different types and lengths of 
cycles. You will learn how to use wait states and data byte 
swapping to accomodate resources of various types. And 
you will see the effect that bus terminations, pull-up values, 
and signal distribution methods have on the bus timing. 

Order now/ This hard-bound book, containing over 500 
pages and hundreds of diagrams and tables, is only $89.95. 
It is without a doubt the most important /SA and EISA bus 

design reference. ANNABOOKS 
15010AvenueofScience, Suite 101 

San Diego, California 92128 

t-800-462-1042 819-673-0870 619-673-1432 FAX 

CIRCLE NO. 267 

~ ffi§t•mil®r•J4Jii•fslt44.ir@ 

Rl/R2 MF Transceivers 
M-986 transceivers transmit~. 
and receive CCITI Rl or R2 · · 
forward and backward · · . 

ltilt'HWil ~~~~sn1or tr~nk ada,pters, 
test equipment, paging terminals, traffic 
recorders, PBX circuitry, etc. 
• Single or dual channel versions available 
• Binary or 2 of 6 input / output format 
• Complete microprocessor interface 
• 40-pin thru-hole/ 44-pin PLCC packages 
• 5-volt power, crystal time base 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

i'CEL""'CCNE® 
iif i§!·#MURi•Jl!IU.!f f 

En Telewm fnfeJfi= Compments 
Teltone Corporation, 22121-20th Avenue SE, Bothell, WA 98021 

CIRCLE NO. 268 CIRCLE NO. 269 CIRCLE NO. 270 
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Software Development Shell 
for Motorola's DSP56000ADS 
-c and assembly language debugging 
- On-screen editing of DSP's resources 
- User-customized screen interface 
- Slow motion and automatic screen update 
- Graphical display of data 
- Symbolic assembler/dissasembler 
- PC based with mouse interface 

Domain Technologies offers also 
development systems for: 
DSP56156, DSP56001 , DSP56002 

CIRCLE NO. 271 

Attn: HP Logic Analyzer Users 
• PQFP, PLCC, PGA, and DIP pre-processor interfaces for 
1650 and 16500 Series HP logic analyzers. 
• Available for Intel, Motorola, Mips, Zi log, National 
Semiconductor, AMD, and IDT Microprocessors 
• Plugs between the analyzer and the target CPU socket 
or surface mount pads. 
• Inverse assembler and configuration fi les included. Call 

fora free catalog. B~ 
Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 274 

Mixed Mode 
Simulation 

lsSP1cE3 simulation 
of an A to D 

converter 

FULLY INTEGRATED, EASY TO USE, ANALOG CIRCUIT 

SIMULATION ENVIRONMENT, FROM ONE V ENDOR, F EATURING: 

A powerful SPICE simulator performing AC, DC, and Transient, 
analyses, extensive model libraries, schematic entry, graphical 
wavelorm processing. Complete systems start at under $1000. 

CdOrWrtleFor • P.O. Box 710 San Pedro, 
y~IOll- infiiioft CA 90733-0710 
1W. :n~o Fa 31D-1133-IJS58 

CIRCLE NO. 277 

Looking for a Quality 
Programmer? 

SPRINT Universal Programmers 

Call now and find out why Sprint is the 
fastest growing 84 pin programmer in 
North America. 

Tel 8001722-4122 FAX 206/883-8601 for a free 
demo disk 

&MB 
North America Inc. 

CIRCLE NO. 272 

ABEL-PLD: 
Logic design for less. 

• 150 PLD 
architectures 
supported (more 
U1an 4000 del'ices) 
• Uses ABELn 1 

1 lardware 
Description 
Language 
(ABEL-HDLn') 

~J Call Data 1/0 " 
~-" ~ Direct today 

to order 
ABEL-PLD. 

• Intelligent 
S)11U1esis and 
optimization 
• Upgradable to 
full -featured ABEL 
Design Software 

1-800-3-DalalO 
(J-800-332-8246) 

*[ '. S. list price only. 

DATAl/O 

CIRCLE NO. 275 

MacABEL 
PLO Design on the Apple Macintosh ! 

Data I/O's industry-standard ABEL PLO design package 1s now 
available on the Macintosh, exclusively from Capilano Computing! 
• Use Boolean and integer equations, state machines and truth tables 
to describe your design • Communicates directly with any serial PLO 
programmer • Best device support in the industry, including ALTERA, 
AMD. ATMEL, CYPRESS. GOULD, HARRIS, ICT. INTEL. LATIICE, 
NATIONAL. RICOH, SAMSUNG. SGS, SIGNETICS. SSS, Tl, VTI and 
others • Interactive "in-circuit" schematic entry and simulation when 
used with Des1gnWorks 

Call (800) 444-9064 Today for your free Demonstration Kit! 
Capilano Computing 
FAX: (604) 522-3972 

(604) 522-6200 

CIRCLE NO. 278 

WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel0 Temperature Monitor. 

D 
How to put a low cost 
temperature gauge 

on everything. 
Label's center spot turns black when surface to which 
it is affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (38°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Sett-adhesive, removable. 
TEMPIL, Big Three Industries, Inc. 
2901 Hamilton Blvd., South Plainfield, NJ 07080 
Phone: (908) 757-8300 Telex: 138662 

CIRCLE NO. 273 

Save $1000 on 
our entry-level logic system. 

• Includes lhe 212 
.\lulti Programmer 
"ilh logic module, 
ABEL-PLDT" and 
PRQ.\ llinkn 1 Ltd. 
PC Interface 
Software 
• Supports 20-
and 24-pin C.\\OS 
logic de,·ices 

J'!;rJ Call Data 1/0® 
~ ~ Direct today to 

order the 2 I 2 
Logic System. 

• Full-hex keypad 
for extensive editing 
• Optional EPRO,\I 
and microcontroller 
modules 

1-800-3-DataIO 
(I -800-332-82~ 6) 

*CS. list price only. 

DA'rA.1/0 

CIRCLE NO. 276 

THE EASY CHOICE 

Micro-Link 's VME203 SBC makes your design 
choice easy. Available in several conligurations, 
VME203 prices start at less than S1 .025 in 100 
piece quantities . Options include 68EC030 or 
68030. FPU . 1 or 4 MB of ORAM with transparent 
refresh. bursl 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 
FreeForm '" and Microbug II . 

Micro-Link 
Call For Your Free Configuation Guide: 

1-800-428-6155 US & Canada 
1-317-846-1721 International 

CIRCLE NO. 279 
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WAVEFORM DIGITIZERS 

STR*B25 -----1----
• 25MHz transient rate 
• dual channel available 
• DC to 35MHz bandwidth, -3dB 
• up to 200MHz in time equivalent mode 

STR•B64 -----1..-----
• 64M Hz transient rate 
• dual channel available 
• BMb memory per channel 
• DSP Link 

STR•B100 -----1-----
• 100MHz transient rate 
• 1.5MHz throughput rate 
• numerous trigger modes 
• up to BOOM Hz in time equivalent mode 

SBNIX 
tel: 703/440-0222 fax: 703/440-9512 

CIRCLE NO. 280 

THIN BEND/flex® 
LAMINATE FOR STATIC 
FLEX CIRCUITS 
BEND/flex® bendable circuit 
laminate material is now available in 
0.005" thickness. Less expensive 
than polyimide. Available in rolls or 
sheets. UL94VO rating. 
ROGERS CORPORATION 
COMPOSITE MATERIALS DIVISION 
One Technology Drive 
Rogers, CT 06263 
(203) 774-9605 FAX: (203) 774-1973 

CIRCLE NO. 283 

No! Not That Kind of Auto Store! 
The X20Cl6 NOVRAM Willi AUTOSTORET" 

• Automatically Stores RAM Contents 
To Shadow E2PROM At Power-Down 

• Power-On Recall to RAM 

• Fast Access Time: 35ns, 45ns, or 55ns 

• 16k Organized 2k x 8 

• Software Data Protection 

• 1,000,000 Store Operations -r Xicor , Inc., 1511 Buckeye Drive, 
l\l ilpitas, CA 95035 

® (408) 432-8888 FAX (408) 432-0610 

CIRCLE NO. 286 

To advertise in 

INTELLIGENT DATA 
ACQUISITION 

Microstar Laboratories new e Series Data Acquisi
tion Processors'" have on-board intelligence : a 
real-time software environment for quick develop
ment and fast operation. They run under DOS, Win 
dows, or OS/2. Learn about this new hardware and 
software solution from a leader in the field. Free 
color catalog includes an easy-to-use approach to 
DSP. Call now-206-453-2345. 
Microstar Laboratories, Inc. 
2265 116th Avenue NE 
Bellevue, WA 98004 
Tel (206) 453-2345 
Fax (206) 453-3199 

MICROSTAR 

LABORATORIES j 
CIRCLE NO. 281 

CIRCLE NO. 284 

• Easy ta leam & use 
• Windowed interface -

user configurable 
• FAST! Downlaad--

""j813:!if!i\ii:liiii1i!i1iiE!!5I < 3 sec. typ. ot 11 SKB 
.. • Source level debug 

• A 4K frame trace buffer with odvonced se01ch~g copo~lities . 
• iceMASTER connects easily to your~ 1~i1es no disassembly or expansion slots. 

WO<'<sonony PC IDOSorOS/ 2), Mia0<.nomelorEISA. Even ~ptops! 
• Broad support of derivative devices. 
• Rental ond 10-day trials available. 
• Now virtual memory ond mouse support. 
• Call today forfree demo disk and ask about a free 

8051 MoaoAssembler! (800) 638-2423 

INTELLIGENT DATA ACQUISITION 

.... ,... .. 
~~ 

ll\ill = , 
i1ljl'i' 

Ill 
Now you can run high speed data ac
quisition under WindowsTM. A Data Ac
quisition ProcessorTM with on-board in
telligence handles the critical part of an 
application : the tasks that run in real 
time. The OAP can be controlled from 
any Windows language or application 
that can make DLL calls. The one shown 
here is written in Visual BasicTM and 
uses only seven DLL functions. 
Phone 206/453-2346, or fax 
206/453-3199. 

MI CROSTA R 

L AHORATORll·:s J 

New Schematic and PCB Software 
With support for extended and expanded memo
ry, HiWIRE II can handle your most demanding 
schematic and PCB designs quickly and easily. 
The unique HiWI RE editor allows you to display 
and edit schematics and PCBs simultaneoously, 
using the same commands for each. HiWIRE II is 
$995, and is guaranteed. 

Wintek Corporation 
1801 South St, Lafayette, IN 47904 
(800) 742-6809 or (317) 448-1903 

CIRCLE NO. 285 

VMAX~ DE2 SOLID STATE DISK DRIVE 
• FAST, faster than hard drive disk acce>s 
• One year warranty I Made in the U.S.A. 
• 100% DOS compatible, bootable 
• DURABLE, wi thstands harsh environmenh 
• PC/AT Bus, fits standard expansion slot 
• Softwa re Included - program SRAM & 

FLASH on-board 
• SMALL size I LOW price 
• $135 qty. 1; Quantity 

r r !!!M-~aL_in, k Pric ing Available J J ~ Ca.~Tlon_ .. I TEL: (813) 643-2424 TEMPUSTECH, INC. 
"""'-"'"'"'°"""" """'" (800) 634-0701 295 Airport Road 
"""'"'" """" '"- '"" "•"" rnr<. "'"'"""'" FAX : (813) 643-4981 Nap l e~. FL 33942 

CIRCLE NO. 287 CIRCLE NO. 288 
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INDUSTRIAL PC SINGLE BOARD COMPUTER 
& BACKPLANE B'D 

•Full surface m ounl lechnology. 
•Sing le board is compatible w ith IBM and PC bu :-. 

system. And all kind of industrial PC 1/0 board. 
• 286C- I 2. 386SXC- I 6/20. 386DXC-33 CPU boa rd. 
• 6. 8. 12. 14. 18. 20 slot backpane boa rd . 
• Split backpane board is available. 
• 19" rackmo unt PC enclosure is avail able. 
• Centrali zed LAN station ~y~1 em (securit y) 

COMY TECHNOLOGY 
62 Bonaventura Dr. 
San Jose. CA 95134 

Tel. #: California: 408-456-0.133 
Nationwide: 800-87 5-0333 

Fax #: 408-456-0366 

CIRCLE NO. 289 

RS·232/GPIB·488 SOLUTIONS FOR INSTRUMENTATION 
PROGRAM STORAGE & TRANSFER NEEDS 

The Easi-Disk Simplies Your Data Acqisition, 
Transfer, and Retrieval Needs Completely 

• IBM/MS-DOS PC Compatible 
• RS·232, GPIB-488, 8·Bit Parallel. RS-485, RS-422, and 

other Interfaces 
• Host or Manual Controls 
• Remote Polling 
• 3V2'' and 51/,." Floppy Disks or Removable RAM 
• Stand-Alone, Rackmount or "Built-In" OEM 
• 11 OVAC, 220VAC, 6VDC, 12VDC, or Battery Operation 
• Stand-Alone Price is $795. Controller Card Price is $495, 

in Singles with Quantity Discounts 
• Application Notes Available 

ADP! "One for All" Tape Backup System Featuring 
160 Meg of Storage tor Multiple PC Backup. 

ANALOG & DIGITAL PERIPHERALS, INC. 

Il la~~n P.O. BOX 499 
t I ' TROY, OHIO 45373 

PHONE 513/339-2241 
( ::> FAX 51 3/339-0070 

CIRCLE NO. 292 

FINALLY 
One tool to satisfy all your 
firmware development needs 

PROMO©~ is a universal system. 
•Develops code for any microprocessor 
•Complete, real time, source level debugging 
•Host software for DOS, Unix, Mac, VMS 
•Non intrusive on your target system 
•Simply plugs into any ROM socket 

PROMO©~ also supports Turbo Debugger, 
C_thru_ROM, FreeForm, GOB, and more. 

PROMO©~ 
... the affordable solution. 

Grammar 
Engine 
Inc. 

TEL: (614) 899·7878 
West: (415) 750-0219 
FAX: (614) 899-7888 

CIRCLE NO. 294 

MONOCYCLE GENERATORS 
AND 

IMPULSE GENERATORS 

We have introduced 12 new 
models to our line of RF 
monocycle and impulse 
generators for SAW, ultra
sonics and short pulse radar 
applications. The monocycle 
generators span the fre 
quency and amplitude range 
of 20 MHz to 3 GHz and 
10 Volts to 800 Volts while 
the impulse generators range 
from 10 Volts , 130 ps to 
650 Volts, 5 ns. Call or fax for 
a copy of our new 113-page 
nanosecond pulse generator 
catalog (Cat. No. 8) . 

P 0 Box 265 Ogdensburg 
New York 13669 A\/TECH (315)472-5270 

.H. V P 0 Box 5120 Station F 

ELECTROSYSTEMS ~~1~~;2i~~~ga K
2

C 3H4 
Fax (613) 226-2802 

CIRCLE NO. 290 

EP-1 
E/EPROMPRO~RAMMER 

$299.00 cu· ~ --- ~ 
,.,----1~ 

l The EP-1 E/EPROM Programmer supports over 500 
devices from 27 16 to 275 12 
Supports 874x and 87C5 l micros with adapters 
Uses manufaccurer' s Fas t, Intel ligent, Q uick Pulse and 
Snap algori thms 

All algorithms are kept in the EP- 1 's fi rmware 
Connects roan RS-232 OCE serial port 
Command line interface is easy to use 
Small , po rtable size convenient for field use 
Made in the USA 

BP~ 
Housion , Tcu'i 77043-3239 • (7 13) 461 -9430 • (7 13) 461 -7413 

1-800-225-2102 
CIRCLE NO. 293 

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: 681XXJ, 8088, 8086, 

6801 , 6811 , ZBO, 8085, 6502, 6809, 6303, 8031 

NCI a 6438 uN1vERs1rv oR1vE. 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 

4MEG VIDEO Model 10 
Flexible Image Processor and 

Application Accelerator For The PC/AT 
• 8 to 8000 Pixels per Line 
• 2 to 19 MHz sampling/display rate 
• 10 MIPs Programmable Accelerator 
• 4 Megabytes of Reconfigurable Image Memory 
• RS-170, RS-330, and CCIR input/output 
• Variable timing for nonstandard formats 
• Genlock to external timing sources 
• Analog or digital inputs 
• Software programmable timing/resolution 

©:>EPIX" 
3005 MacArthur Blvd., Northbrook IL 60062 
708-498-4002 FAX: 708-498-4321 

CIRCLE NO. 291 

UNIVERSAL 
PROGRAMMER 

PAL 
GAL 

EPROM 
EE PROM 

Sns PALs 

FLASH 
MICRO 

$475.00 

4 MEG EPROM (8 & 16 bit) 
22V10 & 26CV12 GALs 
Parts added at your request 

Free software updates on BBS 

Powerful menu driven software 

400 MHz 
LOGIC ANALYZER 

· up to 128 channels · Variable threshold 
· up to 400 MHz · 8 External clocks 
· 16K samples/channel · 16 level triggering 

Call for information on 

100 MSa/s Pattern Generator (option) 
$799 - LA12100 (100 MHz,24 Ch) Price is Complete 

$1299 • LA32200 (200 MHz,32 Ch) Pods and Software 
$1899 - LA32400 (400 MHz,32 Ch) included 

Call (201) 808-8990 
It. Link Computer Graphics, Inc. 

369 Passaic Ave, Suite 100, Fairtield. NJ 07004 fax: 808-8786 

CIRCLE NO. 295 CIRCLE NO. 296 
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EDN·CAREER OPPORTUNITIES 

1992 Recruitment Editorial Calendar 
Issue Ad 

Issue Date Deadline 

EDN Products Dec. 3 Nov. 19 
& Careers 

EDN Dec. 10 ov. 19 
Magazine 

EDN Dec. 24 Dec. 3 
Magazine 

Call today for information 
on Recruitment Advertising: 

Editorial Emphasis 

!Cs & Portable Computers 
• Power Sources 
• Laptops/ Portables • Low-
power Design • Regional Pro-
file: Massachusetts, New 
Hampshire 

INTERNATIONAL PRO-
DUCT SHOWCASE-Vol. I 
• Power Sources • !Cs & 
Semiconductors • Software 
• Hardware & Interconnect 

INTERNATIONAL PRO-
DUCT SHOWCASE-Vol. II 
• Computers & Peripherals 
• Components • Test & 
Measurement • CAE 

East Coast: Janet 0. Penn (201) 228-8610 

West Coast: Judy Telander (310) 826-5818 

National: Roberta Renard (201) 22 8-8602 

VITE SSE 
SEMICONDUCTOR CORPORATION 

Vitesse Semiconductor Corporation. world's leading supplier of digital VLSI GaAs 
/C 's. is currently seeking qualified and challenge inspired individuals to join our 
technical staffs in our Sunnyvale Product Development Center and Camarillo 
Headquarters. BS/MS in EE/CS or Computer Engineering are preferred for the 
following positions. 

SYSTEMS APPLICATIONS ENGINEER 
• 3-5 years x86-based PC system application engineering experience. 
• Knowledge of microprocessors and interface requirements. cache subsystems 

and PCB layout design. 

DESIGN ENGINEERS 
• 3-5 years experience CMOS/EGL. digital. transistor level IC design of register 

files. RA M's, standard cells and/or gate arrays. 

ELECTRICAL PACKAGE MODEUING ENGINEER 
• 3-5 years experience with eloctrica/ modelling of advanced packages using 

SPICE and electromagnetic field solvers. 
• Modelling sohware evaluation and electrical characterization measurement 

techniques experience. 

DEVICE MODEUING ENGINEER 
• 5+ years IC design and modelling (H-SPICE) experience creating circuit 

models using device/interconnect parameters. statistical distributions and 
device measurements in a UNIX environment. 

Vitesse offers a generous compensation package. including relocation assistance, 
tuition reimbursement. and equity participation. If you're interested in applying your 
unique skills to our leading edge technology, FAX or mail 
your resume to: Vitesse Semiconductor Corporation, 
741 Calle Plano, Camarillo, CA 93012, Attn: Phil 
Heimrich, Dept. EDN11/92. FAX: (805) 389-7188. 

EOE M/F/DN Principals Only f/e;J!*!. 

ENGINEERING 
OPPORTUNITIES 
THAAD (THEATER HIGH 

ALTITUDE AREA DEFENSE) 

• Litton Data Systems has achieved a well -respected 
• position as one of the world 's foremost developers 

and manufacturers of military command, control and 
• communications (C3) systems. We are currently 

seeking qualified engineers to work on the THAAD 
• project. A component of SDI, THAAD wi ll defend 
• large geographical areas from tactical ballistic 

missi le threat. 
• 
. Systems Engineers 

These positions require individua ls with 5- 15 years' 
• experience in defining and documenting software 
• and interface requirements using DOD-STD-2 167 A. 

Background in OOA/OOD, CASE tools, Ada and 
• Army common hardware/software desired . Air 
• Defense user experience a plus. Excellent communi

cation skills and a technical degree (Master's 
• preferred) also required . 

· Software Engineers 
• These positions require individuals with 5-10 years' 
• experience with Ada, real-time/C3 systems and 

modern software engineering methods. As part of a 
• technical or implementation team, the successful 
• candidates wi ll perform detailed design , code, unit 

test and documentation. Additional duties inc lude 
• supporting inspections and reviews and assisting 

with software integration and test. BA/BS , or 
• equivalent, in Computer Science or re lated fie ld a 
• must. 

·Systems Architecture 
·Engineers 
• These position require individuals with 5- 15 years 

systems architecture experience with real-time 
• systems. Experience with Unix system calls, Ada, 
• and modern software engineering methods a must. 

Computer Science or equivalent degree required. 
• 

Applicants selected will be subject to a security 
• investigation and must meet eligibility requirements 

for access to classified information. U.S. citizenship 
required . 

For immediate consideration, please forward 
your resume, including salary history to: 

, Litton Data Systems, Employment, Dept. 
), 421, 29851 Agoura Rd., P.O. Box 6008, 

Agoura Hills, CA 91376-6008. 
Principals Only, Please. EOE M/F/D/V. 

Litlan 
Data Systems 
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THE GRE 

Western Digital, a Fortune 500 Co1j1oralio11, is a multinational designer 
of semiro11r/11rtor, subs)'strm and intelligl'11t drive /1rodurls for OEJ\II's 
and rPSf'llers which sr111ice the 111icroromputer indusl1)'· 

Our Imaging Product Ii n1' has ad1ievN! 111on' t ha11 half of the non-m/1live 
world uwrhetslwre for VG1\ d1ij1s for the AT and PC's, and we've rt'centl)' 
developed an interarchitfftnrerl single rhijJ grajlhirs solution for laptop 
com/111/as. This advanrerl vir/1'0 offers our rus/0111ers the same kind of 
/1e1fon11n11ce, rost, ti111e-to-111arhet and rns/0111ized advantages, as all our 
olher inlernrrhitert11rerl products. 

Design/Applications Manager 
This individual will define/ design board-level producLs, develop tech
nical product literature. provide technical analysis of competing prod
ucLs, and interface wiLh key groups Lo suppon new and exisLing prod
ucts. In addiLion to a sLrong background in PC graphics sysLem hard
ware design and leadership capabilities, you will need a BSEE and 6-10 
years cngineedng experience with VGA graphic system design. 2-3 
years' managemenL experience wiLh mulLimedia, BIOS and cusLomer 
suppon arc a plus. 

Sr. Applications Engineer 
This successful candidate will work in a high energy. team environ
ment and will need 5+ years of VGA graphic experience, a BSCS or 
BSEE and possess a solid understanding of boLh hardware/ software; 
VGA adapLors, assembly, "C", BIOS and drivers. ExcellenL verbal and 
wrinen communicaLion skills are essenLial. 

Sr. Software Engineer 
Windows Display D1iver 
Successful candidaLc selected for this posiLion will need a BS/ MS 
in Computer Science, 4-5 years experience in assembly and "C" 
language, and a solid working knowledge wiLh VGA programming. 
Experience with MS Windows SDK and DOK also required. 

Sr. Logic Design Engineer 
This technically proficienL professional musL be thoroughly familiar 
with various ASIC design meLhodologies, Loo ls and processes. In 
addiLion, possess a solid background in ISA bus, CPU local bus, 
PC and comptller graphic architecLurc. MSEE required. A good 
unde1·sLanding of LCD Lcchnology, Vcrilog and HDL and SysLem 
Programming background is an exLra. 

WESTERN DIGITAL olTers highly compeLitive salades and a flexible 
benefiLs packagePleasc mail or fax your resume with cover leLLer Lo: 
Human Resources, 800 Middlefield Rd., Mountain View, CA 94043. 
An EOE. FAX: 415-961-7008. 

~WESTERN DIGITAL 
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Great Work. Great Living. 
IBM Burlington, Vermont. 

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 layoiJVwiring) 
necessary. Background in microprocessor design 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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ENGINEER/NG 
Mechanical Engineer 
Servo Engineer 
Head Media Engineer 
Continuation Engineer 
Electrical Commodity Engineers 

Firmware Engineer 
Read/Write Engineer 
Channel Engineer 
Mechanical Commodity /Supplier Engineers 
Disk Drive Failure Analysis Engineer 

QUALITY/RELIABILITY ENGINEERING 
Reliability Engineers Failure Analysis Engineer 
ISO 9000 Quality Engineer 
MANUFACTURING 
Production Manager 
Test Engineering Manager 
Manufacturing Process Engineers 

Process Engineer 
Automation and Tooling Engineers 
Test Engineers 

We offer on excellent compensotion and benefits pockoge. Pleose send your resume, 
indicoting position of interest, to Quantum Corporation, Human Resources, Dept. 
ADEDl 092, 500 McCarthy Blvd., Milpitas, CA 95035. FAX (408) 894·4152. We 
ore proud to be on equal opportunity employer. 

Quantum 
THE CAPACITY TO SUCCEED 

Leadership starts 
with vision. 

Cirrus Logic was the first semiconductor company to 
supply high-integration controllers optimized for em
bedded intelligence in Winchester disks. We are now 
the leading supplier of embedded hard disk drive 
controllers for IBM PC XT I AT-compatible systems. 
We're also well positioned for leadership in the grow
ing SCSI hard disk drive market. 

We currently have opportunities available for Design 
Engineers, Firmware Engineers, Test Engineers, 
Application Engineers and Marketing professionals. 

For consideration, send your resume to: Cirrus Logic, 
Inc., Professional Staffing, Dept. EDNM, 3100 West 
Warren Ave., Fremont, CA 94538. P1incipals only, 
please. EOE. 

CIRRUS LOGIC 
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Harris Corporation's RF Communications Division 
is a worldwide supplier of complete radio com
munications systems solutions to U.S. Govern
ment and international customers in over l 00 
countries. Growth of domestic and international 
business has created opportunities for Commu
nications Professionals in areas including: 

•FIRMWARE 

• DIGITAL HARDWARE 

• SOFTWARE/TEST 

•LOGISTICS 

• MECHANICAL 

• SYSTEMS 

• TEST ENGINEERING 

The positions require a BSEE/CE/ME/CS or equiv
alent and 5+ years' relevant experience; an MS 
is desirable. Some positions require ability to 
obtain U.S . Security Clearance. Multi-lingual skills 
are desirable . 

For prompt consideration, please send resume 
in confidence to : HARRIS CORPORATION, 
RF Communications Group, HR Dept. EDN, 
1680 University Avenue, Rochester, NY 14610. 
An Equal Opportunity Employer M/F/D/V. 

mHARRls 
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You can control any IEEE-488 (HP-IB, GP-IB, 488.2) 
device witn our cards, cables and software 

- CMnno1 i. •-of IBM 

for the PC/AT/386, EISA, Micro Channel 
"'~• 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 

r~ Capital Equipment Corp. 
~ ~ ~~ Burlington, MA. 01803 

CIRCLE NO. 193 

~7 

• Precise delays 
• Delay range 1 oo ps to 1700 ps 
• DI rect replacement for 50 ! 2 coax. 
• Frequency response: greater than 

350 MHZ 
• 1/0 reversible 

(201 ) 773-2299 ........ ·~ data !fa"' ,A 

FAX (201) 773-9672 UI; ay Q 
Clifton, New Jersey 07013 devi~ inc. 

CIRCLE NO. 194 
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EDN·ACRONYMS & 
ABBREVIATIONS 

AID-analog to digital 
AGC-automatic gain control 
ANSI-American National Standards 
Institute 
ASIC-application-specific integrated 
circuit 
ATE-automatic test equipment 
BBS-bulletin-board system 
CAE-computer-aided engineering 
CAM-Common Access Method 
CCB-CAM Command Block 
CDB-Command Descriptor Block (a 
CAM term) 
CD-ROM-compact-disk read-only 
memory 
CEO-chief executive officer 
CMOS-complementary metal-oxide 
semiconductor 
DIA-digital to analog 
DoD-Department of Defense 
DSP-digital signal processing 
FFT-fast Fourier transform 
FIR-finite-impulse-response 
FPT-fine-pitch technology 
IEEE-1149.1-the IEEE standard for 
boundary-scan testing 
IEEE-The Institute of Electrical and 
Electronics Engineers 
IF -intermediate frequency 
I IR-infinite-impulse-response 
110-input-output 
1-T-L-Initiator Target LUN (a CAM 
term) 
LBA-logical block address 
LUN-logical unit number (a CAM 
term) 
MCM-multichip module 
MS-DOS-Microsoft Disk Operating 
System 
NMOS-N-channel metal-oxide semi
conductor operating system 
pc-printed circuit 
RAID-redundant array of independ
ent disks 
rms-root-mean-square 
SAW-surface acoustic wave 
SCSI-Small Computer System Inter
face 
SIG-special interest group 
SIM-SCSI Interface Module (a CAM 
term) 
TAB-tape-automated bonding 
TAP-test-access port 
TCK-test clock, a signal on an IEEE-
1149 TAP 
TDl-test-data input, a signal on an 
IEEE-1149 TAP 
TDO-test-data output, a signal on an 
IEEE-1149 TAP 
TMS-test-mode select, a signal on an 
IEEE-1149 TAP 
VLSI-very large-scale integration 
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Sony Semiconductor Div . . . . . . . . . 1 89 
Sophia Systems Inc . . . . . . . . . . . . 44 
Spectrum Software . . . . . . . . . . . 1 70 
Sprague-Goodmon Electronics Inc . . . 1 20 
Stag Microsystems Inc . . . . . . . . . . 258 
Stanford Research Systems Inc . 228 
Star Semiconductor Corp . . . . . . . . . 61 
Sunshine . . . . . . . . . . . . . . . . 259 
Synergy Microsystems . . . . . . . . . . 23 
T-Cubed Systems Inc ........ .. 257 
TDK Corp of America . . . . . . . . . . 216 
Techron Industrial Power .. . 133, 241, 242 
Tektronix Inc ............. 68-71 
Teltone Corp . . 261 
Tempi! Div . . . . . . . . . . . . . . . . 262 
Tempustech Inc . . . . . . . . . . . . . 263 
Test Systems . . . . . . . . . . . . . . 260 
Texas Instruments Inc ...... 87-89, 100*, 

141-143, 155, 175-177 
3M Doto Storage . . . 247 
3M Industrial . 54-55 
Tokin Corp . . . . 230 
Toyocom . . . . . 235 
Tribal Microsystems . 257 
Two Technologies . . 261 
Vorto Batteries Inc . 195 
Wovetek . . . . . . . . . 243 
Wovetron . . 258 
Welch-Allyn . . . . . . 261 
Wintek Corp . . . . 263 
Wintress Engineering 261 
Xeltek . . . . . . . . . 259 
Xentek . . . . . . . . . 24 1 
Xerox Engineering Systems/Plotters 148 
Xicor Inc . . . . . 263 
Zoxtek . . . . . . 258 
Zenith Magnetics . 251 
Ziotech Corp . . . 249 
Z-World ... .... . . . ...... 257 

Recruitment Advertising .... . . 265-268 

*Advertiser in European edition 
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PICO surface mount units utilize 
materials and methods to 
withstand extreme temperature 
(220°C) of vapor phase, I.A., 
and other reflow procedures 
without degradation of electrical 
or mechanical characteristics. 

AUDIO 
TRANSFORMERS 

Impedance Levels 1 O ohms to 
10,000 ohms, Power Level 400 
milliwatt, Frequency Response 
± 2db 300Hz to 50kHz. All units 
manufactured and tested to 
MIL-T-27. l. f o from PICO: 

• Plug-In 
• Toroidal 
• Axial Leads 
• Insulated Leads 

De/i11ery-
stock to one week 

PICO 
see EEM 

or send direct tor 
FREE PICO Catalog 

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 

Magazine probes science and technology 

I n many of my editorials I've 
been promoting better science 

and math skills for young people. 
Unfortunately, there have been few 
sources of interesting and fun math 
and science information and activi
ties for these young people. A sub
scription to the magazine Science 
Probe! may be just the gift for a 
young person you know with a bud
ding or even a strong interest in 
scientific topics. After all, it's to
day's young people who will-hope
fully-become scientists and engi
neers as many of us prepare to re
tire. Recent issues of Science Probe! 
have explored how to photograph 
ice crystals with polarized light, ba
sic statistics, the Hubble space tele
scope, and experiments in horti
culture. In my opinion, the maga
zine appeals to people age 12 and 
older. 

Each 128-page issue of the quar
terly magazine features articles 
about many areas of science, and 
it includes science projects and ac
tivities. The magazine covers elec
tronic and computer projects, too. 
Although the magazine aims its edi
torial coverage at young scientists, 
the publication has many profes
sional scientists, researchers, and 
engineers on its subscription lists. 

The publication boasts of a top
notch line up of editors and con
tributors. Larry Steckler, the pub
lisher, had a long history at Radio
E lectronics magazine, and editor 
Forrest Mims III has been writing 
about science and electronics for as 
long as I can remember. Among the 
frequent contributors are William 
Barden Jr and Harry Helms, who 
both have many science and elec
tronics articles to their credit. 

The magazine is well organized, 
and it makes good use of color and 
typography to emphasize points and 
illustrate topics. Although the arti
cles are meant for "amateur" scien
tists, the authors and editors don't 

shy away from tackling difficult top
ics. In addition, illustrations often 
include spectrograms, 3-D diagrams, 
and schematic diagrams that pre
sent the right level of detail for 
readers. Illustrations enlighten 
rather than confuse. When an arti
cle calls for special products or 
equipment, you'll find sources listed 
within each article. 

Most of us tend to think of engi
neering and science as professions 
that are dominated by males. Mims 
reports that the magazine has a 
large contingent of female subscrib
ers and that most of the science-fair 
reports come from girls. That's an 
encouraging sign for those of us 
with female offspring or relatives 
who show interests in science and 
technology. The magazine portrays 
men and women and girls and boys 
equally, too. 

If you know a young person who 
is interested, even mildly, in science, 
engineering and "technical things," 
I recommend Science Probe! highly. 

- Jon Titus 
A subscription costs $9.95, post

paid. Postage to Canada costs an 
additional $6.05, and postage to 
other countries costs $7.50 per year. 
For subscriptions or other informa
tion, write to Science Probe!, 500-B 
Bi-County Blvd, Farmingdale, NY 
11735. Phone (516) 293-0467. FAX 
(516) 293-3115. 

What should we 
get our hands on? 

W e're interested in what will 
interest you. Drop us a line 

and let us know what you'd like to 
see included in this new section. 
EDN will also gladly accept soft
ware packages and new books to 
review. Write to Hands On! Editor, 
275 Washington St, Newton, MA 
02158. 



What do we say t.o mot.or control designers 
searching for a 5-A surface-mount solution? 

Surfers spend many 
hours smoothing 
their boards to get 
better performance. 
Motor control 
designers do too, 
constantly seeking 
solutions requiring 
less space and 
providing increased 
power density. That's why Siliconix created the 
industry's first surface-mount, 5-A solution for 20-V to 
40-V motors powering copiers, printers, and plotters. 

Surface-mount motor control for automated 
as.sembly. 
By combining the new Si9976 n-channel half-bridge 
driver with one of our LITTLE FOOTTM MOSFETs, 
such as the Si9940, you can develop completely 
surface-mount designs that save space and allow you 
to take full advantage of your automated assembly 
process. 

The Si9976 has an integrated charge pump for built
in level shift plus on-board Schmitt trigger inputs for 
logic signal compatibility. And it's rugged- thanks 

to integrated under
voltage and short 
circuit protection. 

Then there's 
LITTLE FOOT. 
A MOSFET sore 
family that delivers 
the industry's high
est current ratings 

and power densities - as well as the industry's 
lowest on-resistance. 

Get a complete 5-A motor control solution. 
Contact your local Siliconix sales office. Or call our 
toll-free hot line now! 1-800-554-5565, ext. 973. 
Ask for your Si9976 Motor Control Design Manual. 
And remember, at Siliconix we're 
committed to meeting your motor 
control requirements, both 
now, and in the future. 

Silicon ix 
2201 Laurelwood Rd, Santa Clara, CA 95056 
Fax:(408)727-5414, Attn. Mai lstop 43-973 

Siliconix International Sales: UNITED KINGDOM: (0635) 44099 ext.973. GERMANY: TELE FUNKEN electron ic (07 131)67-0. FRANCE: Matra MHS (I) 30.60.70.48. 
ITALY: (02) 48952258. SCANDINAVIA: 08-733 25 00. SINGAPORE: 65-7886668 rxt. 249. HONG KONG: 852-7243377. JAPAN: Tomcn Electronics 81-3-3506-3696. 
©Copyright 1992 Siliconix incorporated. 
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Signal's International Flathead™ Circles ~ .. Globe. 

Sampling of products offered. A total of 80 part numbers are 
available off-the-shelf in 2, 4, 6, 10, 14, 18, 24, 30 VA sizes. 

SECONDARY PRICE 

Part No. Size Series Parallel 100-249 Pcs 

IF-2-10 'll/A 1 OVct. @ 200mA 5V@400mA 
IF-2-12 2VA 12Vct. @ 170mA 6V@340mA 
IF-2-16 2VA 16Vct. @ 125mA 8V@250mA 
IF-2-20 2VA 20Vct. @ 1 OOmA 10V@200mA 
IF-2-24 2VA 24Vct. @ 85mA 12V@ 170mA $7.63 
IF-2-30 2VA 30Vct. @ 70mA 15V@ 140mA 
IF-2-34 'ZVA 34Vct. @ 60mA 17V@120mA 
IF-2-40 2VA 40Vct. @ 50mA 20V@100mA 
IF-2-56 'll/A 56Vct. @ 40mA 28V@ 80mA 
IF-2-230 2VA 230Vct.@ 9mA 115V@ 18mA 

IF-10-10 10VA 10Vct. @ 1.00A 5V@ 2.00A 
IF-10-12 10VA 12Vct. @ 835mA 6V@ 1.67A 
IF-10-16 10VA 16Vct. @ 625mA av@ 1.25A 
IF-10-20 10VA 20Vct. @ 500mA 10V@ 1.00A 
IF-10-24 10VA 24Vct. @ 420mA 1'll/@840mA $9.49 
IF-10-30 10VA 30Vct. @ 335mA 15V@670mA 
IF-10-34 10VA 34Vct. @ 300mA 17V@600mA 
IF-10-40 10VA 40Vct. @ 250mA 20V@500mA 
IF-10-56 10VA 56Vct. @ 180mA 28V@360mA 
IF-10-230 10VA 230Vct. @ 45mA 115V@ 90mA 

IF-30-10 30VA 10Vct.@ 3.00A 5V@ 6.00A 
IF-30-12 30VA 12Vct.@ 2.50A 6V@ 5.00A 
IF-30-16 30VA 16Vct.@ 1.90A 8V@ 3.SOA 
IF-30-20 30VA 20Vct.@ 1.50A 10V@ 3.00A 
IF-30-24 30VA 24Vct.@ 1.25A 12V@ 2.50A $13.99 
1!"-30-30 30VA 30Vct.@ 1.00A 15V@ 2.00A 
IF-30-34 30VA 34Vct. @ 900mA 17V@ 1.SOA 
IF-30-40 30VA 40Vct. @ 750mA 20V@ 1.50A 
IF-30-56 30VA 56Vct. @ 550mA 28V@ 1.10A 
IF-30-230 30VA 230Vct. @ 130mA 115V@ 260mA 

""'" .. :=l 115/230V 
50/60Hz 

TT 
MW W 

11 

Size L w H ML MW WGT 

2 2.09" 1.73" 0.69" 1.87" 1.48" 4.6oz 
53.0mm 44.0mm 17.6mm 47.5mm 37.5mm 0.13kg 

10 2.66" 2.24" 0.89" 2.46" 1.97" 10.3oz 
67.6mm 57.0mm 22.6mm 62.5mm 50.0mm 0.29kg 

30 2.68" 2.26" 1.39" 2.46" 1.97" 19.7oz 
68.0mm 57.5mm 35.3mm 62.5mm 50.0mm 0.58kg 

BUY DIRECT: 516-239-5777 • Fax: 516-239-7208 
CIRCLE NO. 200 
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