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But that's only the beginning. 
You'll get those higher clock 
speeds with 1/5th the power 
requirement. Because the 
80C186 is fabricated in Intel's 
high-performance CHMOS 
technology And we've 
optimized system power even 
more with our new Power Save 
Mode. When operating in this 
mode, the CPU remains active 
while allowing slower 
background processing, 
reducing power requirements 
by more than half 

We've also squeezed a whole 
lot of functionality onto the 
chip. The 80C186 has 2 DMA 
channels with 4 operational 
modes, allowing all combinations 
of I/O and Memory and a 
1 Megabyte Maximum Transfer 
Block. And the DRAM Refresh 
Control Unit gives you the 
flexibility of programming from 
18 to 512 clocks. 

And for those seeking even 
more performance, we've 
designed the 80C186 so it is 
optimized to work with our 
family of advanced 
coprocessors and peripherals. 

The 80C186 helps you get to 
market faster too. Because we 

offer complete development 
support. Including a compatible 
line of software development 
languages, such as C, ASM, 
PL/M, FORTRAN, and Pascal. 
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And Intel's new ICE1

'

1 186 
In-Circuit Emulator for 12.5 MHz 
80C186 development. Full 
documentation and Intel's Field 
Applications Engineers help 
shorten your design time even 
further. 

For more information on 
the 80C186, call Intel at (800) 
548-4725 and ask for Literature 
Department W386. 

And we'll show you how 
simple innovation can be. 
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Our highly integrated 16-bit 
80C186 CMOS controller is 
pin-for-pin compatible with 
the industry standard 80186 
chip. But it provides 15 times 
the throughput. Giving you the 
best of both worlds-a very 
powerful solution that is very 
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simple to design in. 
Which means you can forget 

about the time and hassle of 
costly re-designs. Simply plug in 
the 80C186 whenever you have 
an application that requires fast 
management of large amounts 
of memory. 

• 





If at First* You succeed, 
succeed Again 

SOftllan S1pport/Too 
Ziatech's software driver choices make Interfacing 
PS/2 test and measurement systems easy. Our 
installable drivers let you upgrade existing IBM and 
National Instrument IEEE 488 applications to the lf/2 
with minimal effort. Our linkable drivers connect your 
application directly to the lf/2 for fast data transfers. 
Both drivers allow the lf/2 to act as a controller or 
talker/listener. And you only buy a Zlatech driver 
once-no recurring license fee to customers 
copying our drivers for multiple systems. 

• Ziatech developed the first IEEE 488 Interface for the IBM 
PC, the Apple II, and for MULTIBUS and STD Bus systems. 

Available now-a new IEEE 488 
Interface for the IBM Personal 
System/2 Models 50, 60 and 80. 

:§llllz•AT§~t! 
/£.ll 488 Or!giM!s 

3433 Roberto Court 
San Luis Obispo, CA 93401 

8051541-0488 
ITT Telex : 4992316 
Fax: 805/541-5088 

© Copyright 1987 by Zlotech Corporation . 

IBM, IBM PC, and Personal Sysf9n1/ 2 w• r-olstered trademarks of lnlematlonal lullnen MochNI Corporation. Appt9 ll 1$ a troct.mark of Appltl Comput.,, Inc:. MULTIBUS II a trademark of Intel Croporatlon. 
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NOW, MORE PRECISION 
IN BGHz LINEAR. 
HERE'S OUR LATEST 
SOLUTION FOR YOUR 
HIGH-PERFORMANCE 
ANALOG SYSTEM. 

Introducing the VA701;VA711 
Low-Noise, Precision Op Amps . .. 
the newest members of our highly 
successful VA?OO Op Amp Family. 

These op amps have DC 
performance parameters similar to 
the industry-standard OP-27, but 
with extended AC performance, 
optimized for ± 5V power supplies. 
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Output voltage swing is 
typically ± 4V, with input 
common mode range ± 3.5V 

The VA?OO Family is just part of 
VTC's broad line of Linear Signal 
Processing (LSP) ICs. This line 
gives you a whole range of analog 
solutions, for signal conditioning, 
data acquisition/conversion, signal 
transmission, and special functions. 

Our LSP line includes Op Amps 
to 500 MHz bandwidth ... 
precision, high-speed, and fast 
setting, plus duals and quads ... 
with no sacrifice in performance. 

,4(0 Converters to 12 bits, 
1 µsec conversion. 

Flash Converters to 
8 bits, 250MHz. 

DACsto 12 
bits, 100 µsec 
settling time. 

A family of EGL 
and TTL High-Speed 
Comparators to 
1.5GHz. 

Video Amps and 
Unity Gain Amps to 
2000V /µsec, 300MHz. 

And Operational 
Transconductance Amplifiers 
to 50V /µsec, 75MHz. 

If your analog application 
requires high speed, high slew 
rate, low offsets, large power 
bandwidth, high output drive 
capability, fast conversion rates, 
and/or higher packaging density 
. .. then you should be specifying 
VTC's high-performance LSP ICs 
in your system! 

Most of these standard LSP 
parts are also available as cells in 
our 6GHz Linear /Digital Bipolar 
Cell Library, the VL3000. 

And because all our LSP parts 
feature ± 5V operation, they help 
simplify your system power 
requirements, and reduce power 
consumption. 

They're available in commercial 
or military temp ranges ... in 
cerdip, PDIP, SOIC, LCC, PLCC, or 
metal can packages, and in die form. 

So, when you need precisely 
the right analog solution, call us or 
write for data sheets and samples. 
VTC Incorporated, 2401 East 86th 
Street. Bloomington, MN 55420. 
(In Minnesota: 612/851-5200.) 

CALL 1 ·BOO·VTC·VLSI 

VTC Incorporated 
Performance, Pure & Simple".' 
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Now that Wavetek has built a 
new home for test instruments, 

look who's dropping in. 
Imagine a full-size rack loaded 

with the highest performance 
instruments available. 

Now picture all that performance 
in a much smaller space-inside the 
chassis of the new Wavetek Model 
680, an open-architecture system of 
instruments on cards. Select from 
instruments made by Wavetek and 
other top manufacturers like Racal
Dana and Datron. 

Model 680 is just 7" high, yet 
it holds up to eight instruments. 
Think how that can save room in 
your ATE bay. And think of the 
flexibility. Buy the modules you 

Circle 86 for literature only 

need today. Then, as your needs 
change, plug in more. 

Modules now available include 
a 20 MHz Arbitrary Waveform 
Generator, 100 MHz Pulse Generator, 
6Y2 digit .002%-accuracy DVM and 
a Counter that measures intervals 
down to one nanosecond. You can 
even design your own modules. 

Besides saving space, Model 
680 can save money over stand
alone instruments. 

Then there are the performance 
benefits. A 32-bit high-speed VME 
bus provides timing and synchroni
zation signals, and an analog 
summing bus can be used to create 
Circle 87 for demonstration 

complex signals. There is also built
in testing, calibration and reference, 
and a powerful processor. 

How will the Wavetek Model 
680 fit into your present systems? 
Quickly and easily, because we 
have included interfaces for GPIB 
and MATE-CIL. 

Best of all, the Model 680 is 
available now. For details, call or 
write us today. Wavetek San Diego, 
Inc., 9045 Balboa Ave., San Diego, CA 
92123; Telephone 619/279-2200. 

WAVETEK 



THIS PC/If-COMPATIBLE INDUSTRIAL COMPUTER 
MAY HAVE ONE FAILING ... EVERY 7 YEARS. 

That's the Pro-Log System 2 Mean 
Time Between Failures (MTBF) at 
55°C. When you need reliability, that's 
it. An industrial computer that works 
and keeps on working for the life of 
your application. And it's covered by a 
5-year limited warranty. 

A HUGE SOFT\VARE POOL 
System 2 comes with Microsoft's MS
DOS 3.2 operating system and runs 
Lotus 1-2-3 and Flight Simulator. So 
it's PC/XT-compatible, right down to 
the chip level. Which is important for 
running industrial software, where real 
time response is needed. 

Data acquisition, process monitoring 
and control, and multitasking software, 
plus a wide selection of editors, 
debuggers, and high-level languages 
are available. Many of them from 
Pro-Log. 

HARD-WEARING HARDWARE 
System 2 is based on the industry
standard STD BUS. So a wealth of 
industrial quality add-on products is 
available from over 100 STD BUS 
manufacturers. 

circle 84 for literature only 

PLUS ROOM TO EXPAND 
You expand System 2 by simply plug
ging in additional STD BUS cards. Up 
to 23 expansion slots are available and 
many options, such as 640K bytes of 
memory, EGA/Keyboard interface, 
and printer interface, can be factory 
installed. 

Grew up in the school of hard 
knocks. Secured on 4 sides, 
System 2 withstands 1 Ogs of 

No fan or heat sink needed, 
could be battery powered. 
Consumes as little as 1.25 

shock 

Works in places you wouldn't If it fails, down-time is 
0° to 65°C operating minimized. All boards can be 
temperature range replaced in under 5 minutes 

Can be isolated from dirt, 
moisture, and corrosion. Can 
be totally sealed in rack or 
NEMA Enclosures 
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A DISK DRIVE FOR 
EVERY APPLICATION 

System 2 can be configured with IBM
compatible 3'12-inch or 51/i-inch floppy 
disk drives and a 20M-byte hard disk.* 
For minimum power, maximum relia
bility and temperature range, select 
semiconductor (ROM and RAM) disk 
drives. 

Take care of your next 7 years 
TODAY. Call toll-free (800) 538-9570 
or write Pro-Log Corporation 2560 
Garden Road, Monterey, CA 93940 
*Thermal and mechanical specifications are reduced by the 
use of mechanical disk drives. 
MS-DOS 3.2 and Flight Simulator are registered trademarks 
of Microsoft Corp. Lotus 1-2-3 is a registered trademark of 
Lotus Development Corp. IBM is a registered trademark of 
International Business Machines Corp. 

USA TLX: 171879, Australia (02) 419-2088; Canada (416) 625-
7752; England (0252) 851085; France (1) 3956-8143; Germany 
(07131) 50030; Italy (2) 498-8031 ; Switzerland (01) 624 444 
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On the cover: Because of the acceptance 
of three popular standards, your worksta
tion can now hook up with the Past 
resources of other workstations on a net
work. See pg 168. (Photo courtesy Apollo 
Computer Inc) 

WBPA MP 
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DESIGN FEATURES 
Special Report: Workstations 168 

&~ 
KEEPING AMERJC.\ 
COMPETITIVE 

Workstation manufacturers have been very 
active lately : They have introduced many 
"super" workstations and restructured the 
prices of many of the older systems. Afford
able workstations have also become power
ful enough to exploit popular standards, 
p;irticularly X Windows, Unix , and 
Ethernet.-David Shear, Regional Editor 

VME Bus applications can 
benefit from 80386-based designs 

189 

Traditionally, designing for the VME Bus automatically meant J 

design based on a 68000 J.lP. But without too much trouble you can 
use an 80386 as a VME Bus CPU.-Steph Rutel and X Kim Rubin, 
Force Computers 

FET op amps convert photodiode 
outputs to usable signa1s 

205 

Because FET op amps have low input currents, circuit designers 
almost universally employ them to monitor the outputs of most photo
detectors . Your choice of an amplifier and circuit connection for use 
with a photodetector depends on the linearity, offset, noise, and band
width specs your application reguires.-Jera/.d Graeme, Burr-Brown Corp 

Good design methods quiet 
high-speed CMOS noise problems 

229 

No doubt about it : Today's high-speed CMOS logic can generate a 
significant amount of noise. This problem is not insurmountable, 
however. Circuit design techniques that are prudent but not unusual 
will readily tame troublesome noise.-Tim Tripp and Bill Hall, 
Fairchild Semiconductor Corp 

Continued on page 7 
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Fluke breaks the old mold. 

The Fluke 37. A bold new shape 
emerges with more features for the 
money than any other bench DMM. 
Period. 

Dollar for dollar, the new Fluke 37 is 
unbeatable. In addition to its breakthrough 
design - with built-in handle and storage 
compartment - it has all the high-per
formance features of the world 's best, most 
reliable 3Y2 digit OM Ms. 

Autoranging, to eliminate guesswork. 
Audible Continuity, so you don't have to 
look at the display. An exclusive analog 
and digital display, for the best view of 
the signal being measured. Superior EMI 
shielding. And user-friendly features like 
auto self-test, auto battery test and auto
polarity. All this, plus a two-year warranty. 

And, how many other $229 bench me
ters give you these features? Min-Max 
recording , for monitoring signals. 38 
components dedicated exclusively to input 
protection. Relative mode, to help you cal
culate changes in readings. And Fluke's 
patented Touch Hold, to give you an extra 
set of hands when you 're taking critical 
measurements. 

None. Not at $229. Not at any price. 
For your nearest distributor or a free 

brochure, call toll-free anytime 1-800-
227-3800, Ext. 229. (Outside the U.S., call 
1-402- 496-1350, Ext. 229.) 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

IN THE U.S. AND NON·EUROPEAN COUNTRIES. John Fluke Mlg Co Inc . PO l!-0• C9090, M/ S 150C. E"'etl. WA 981116. Sales (1116) 356· 5400, Other (1116) 34/.6100 
EUROPEAN HEADQUARTERS: fluke (Holland) 8 V. PO Box 2269. 5600 CG Emdhoven. The Nelherlands. (040) 458045. TLX 51846 

© Cooynghl 1986 John Fluke M1g Co , Inc All rights reserved Ad No 4701 -37 
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FLUKE 37 
$229' 
0.1% basic de accuracy 
Analog/Digital Display 
\\lits, Ohms, Amps, Diode Test 
30 kHz AC bandv.idttl 
Fused 10A Range 
Integral handle. storage compartment 
2-)llar warranty 
• Suggested U.S. list price. effective June 1, 1986. 

IFLUKEI ====® 
EDN October 29, 1987 
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The key to one voice-synthesis 
method- panunetric synthesis- is a 
model of the human speech production 
mechanism (pg 63). 

EDN October 29, 1987 
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TECHNOWGY UPDATE 
Low-cost digital ICs provide flexibility 
for applications requiring voice output 

63 

Myriad appl ications are driving the development of low-cost digital 
!Cs for artificial-voice synthesis, and these ICs are offering designers 
considerable flexibility.-John Gallant, Associate Editor 

Refinements in CRT design boost 
resolution of color video monitors 

81 

It 's easy to forget that as recently as a few years ago, color video 
monitors couldn't produce the detailed images needed for even 
moderately complex CAE applications.-Chris Terry, Associate Editor 

Wescon/87 will highlight electronics 97 
in the entertainment and broadcasting sectors 

Wescon/87 wi ll take place from November 17 through 19 at three 
locations in San Francisco, CA.-Char!cs H Small, Associate Editor 

Salon des Composants sessions will emphasize 109 
developments in passive components 

Components for telecommunications and industrial automation 
will figure prominently in the Salon International des Composants 
Electroniques exhibition.-Peter Harold, European Editor 

PRODUCT UPDATE 
CMOS UV-erasable PLD 
Five-chip set 
VME Bus-based system 
Half- and full-height 5%-in. drives 
Hardware/software package 
Programmable gate arrays 

DESIGN IDEAS 
Three ICs combine video and sync signals 
Circuit provides interface for tilt sensor 
Simple algorithm detects stuck memory bits 
Debouncer for spdt switches uses few parts 
Delay circuit affects leading edge only 

129 
132 
137 
138 
141 
142 

247 
249 
251 
252 
252 

Continued on page 9 
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TEK MICROCIRCUllS 

tom performance, 
ickCliirfturnaround. 

CIRCLE NO 145 

Imagine. 
The performance, speed and reliability of 
Tektronix bipolar ICs. Plus technical 
expertise in analog design second to 

none. Together they cut a direct 
path to market without cutting 
quality for your new products. 

That's Tek's 
QuickCustom™ approach 
It begins with a family of seven 

QuickChip arrays to start the design pro
cess. Within weeks you have analog or 
analog/digital ASIC's in hand that meet 
your requirements. 

Tek delivers the training, graphic 
layout and simulation tools, plus access 
to an experienced Tektronix IC Design 
Engineer. You get the performance you 
need at OuickCustom prices. 

So call (800) 835-9433 
ext. 100. 
Get your hands on the semi-custom, 
analog and analog/digital IC develop
ment resources you 'll need. Full custom 
ICs are also available. 

WHAT ARE QUICKCHIPS? 

Analog QuickChip family: 
0 150- 524 NPN Transistors 
0 IT typical to 6.5 GHz at 15Vor 

2.5 GHz at 65V. 

Analog/Digital QuickChips: 
0 Gate propagation delay: 400 ps 
0 Digital function library 

COMMITTED TO EXCELLENCE 

Copyright © 1987, Tektronix , Inc. All rights reserved . IC0-0028. 
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Only Mentor Gntphic.:5 has 
b~ought a billi. on mo~ pro~ucts than ~yotherelec-
~ 

1 

tromc design automation vendor. 

ate ligh 
A claim only Mentor Graphics can make. 

g S to, t Along the ~ay, w~'ve pioneered sche~ic 
I) • capture and simulation tools that are now mdus-

try standard. Like hierarchical design entry, 
which allows efficient management of even the In just 5 years, over a billion gates have flowed 

through our IDEA Series'" design automation 
systems. And that's a very conservative estimate. 

Which makes it seem all the more incredible 
that, before we came along, almost all electronic 
circuits were drafted and breadboarded by hand. 

Since then, our schematic capture and simu
lation tools have produced more circuits for 

largest designs. And MSPICE,'" which brings real 
interactivity and a graphics-oriented interface to 
analog simulation. 

At the same time, we've provided the depth 
and power required to work with very large 
designs. A macro language allows you to build a 
highly customil.ed interface, one suited specifi-

EDN October 29, 1987 



cally to your particular productivity needs. And 
"case frames" allow very complex circuit pat
terns to be expressed in just a few keystrokes. 

For simulation, our QUICKSIM'" family brings 
you logic, timing, and fault simulation in a single, 
integrated package. Plus the ability to use a 
mixture of modeling techniques, including 
chip-based modeling with our Hardware Mod
eling library.'" And you can call upon our Com
pute Engine'" general-purpose accelerator to 
enhance standard workstation performance. 

Once your design is complete and verified, 
our IDEA Series lets you express it in any 
standard physical form: PCB, full-custom or 
semicustom. We have a full set of layout tools 
for each. All fully compatible with our front
end tools. 

As we head toward our next billion gates, we'd 

EDN October 29, 1987 

like to make some of them yours. It's all part of a 
vision unique to Mentor Graphics, the leader in 
electronic design automation. Let us show you 
where this vision can take you. 

Call us toll free for an overview brochure and 
the number of your nearest sales office. 

Phone 1-800-54 7-7390 
(in Oregon call 284-7357). 

GM~lor@ ra..,. .1cs· 
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© Advanced Micro Devices, Inc. 1987. 

Starting with ISON is one thing. 
Fmishing is something else. 

It's possible to put together 
your own ISON chip set. Sub
scriber controller here, power 
supply there, line card device 
from somewhere else. 

But why? Advanced Micro 
Devices can deliver the whole 
connection. 
The ISDN chip set that's 

made for each other. 
With AMD's five chip se~ 

everything is included. All 
designed to work together. 
And to conform to the CCITT 
recommendations. 

or 
Am 79C32 

PO.VER 

s 
INTERFACE 

Am79C401 Integrated Data 
Protocol Controller. 

Software made for 
our chip set. 

Once you've got hardware, 
you'll probably be needing 
some software.That's easy.AMO 
has everything from low level 
device drivers to AmLINK, our 
LAPD software. 

AmLINK implements soft
ware interfaces defined in the 
CCITT Q.9211931 recommen
dations. AmLINK is modular 
and it's independent of the 

Am 7938 

µP 
WITH 

AmLINK 

Am 79C31A 
or 

Am 79C312A 

operating sys
tem, giving you 
added flexibility. 
And, because 
you need it, 
source code is 
available. 

We also 
provide well 
documented 

ISDN 
SYSTEM development 

'-------------- ------' boards that 
The set is so highly inte

grated, you won't need extra 
chips for things like dialing 
and ringing. 

Each of AMD's chips was 
designed to take advantage of 
the most efficient technology 
for its function, including 
bipolar and CMOS. The set 
consists of the Am 79C30 
Digital Subscriber Controller, 
the Am 79C31A/312A Digital 
Exchange Controller, the 
Am79C32 ISON Data Con
troller, and the Am 7938 Quad 
Exchange Power Controller 
which works with the 
Am79C31A/312A And it won't 
be long before we'll have 
protocol devices like the 

come complete with demon
stration software. Understand
ing the capabilities, flexibility 
and functionality of complex 
ISON chips has never been 
easier. 

Field trial proven. 
There's one more good 

reason why you should pick 
AMO. Our ISON chips are in 
field trials with Illinois Bell, 
Mountain Bell, the Deutsche 
Bundespost and others. The 
chips were certified in field 
trial test beds. And they're 
still in use today. 

Get in touch with AMO for 
more information. Then get 
your product off to a great start. 
And finish. 

Advanced 
Micro Devices l1 

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088 
Call toll-free (800) 538-8450 ext. 5000; inside California call ( 408) 749-5000. 
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The development system you need won't exist 
until we create it for you. 

Applied Microsystems lets you 
link the powerful tools you need 
with ease and precision. 

Unless your system has off
the-shelf bug<;, you can't solve your 
problems with off-the-shelf devel
opment tools. But if you try to pull 
all the pieces together yourself, 
you'll spend long frustrating hours 
and still wind up with a develop
ment system that falls short of 
your needs. 

Now Applied Microsystems 
offers help: a new method of link
ing development tools that can be 
adapted to your specific needs. 
We offer you a seamless, painless 
interface along with the ability 
to match your host, language, 
operating system and software 
requirements to your engineering 
methods and target design, be it 
Intel, Motorola or Zilog. 

Debug tools for your integrated 
development environment. 

Whether you're working on 
an 8-bit, 16-bit or even 32-bit 
microprocessor design, Applied 
Microsystems lets you tailor the 
emulation and debug tools you 
need. Evezything from symbolic 
and source-level debuggers to 
assemblers, cross-compilers and 
utilities. The chart shown above 
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HOSTS OPERATING TARGETS IANGUAGES TOOLS 
SYSTEMS 

VAX VMS 8051 , c Assemblers 
MicroVAX ULTRIX 8048family, Pascal Linkers 
UNIX® UNIX 8080, 8085, FORTRAN Locaters 
workstations XENIX 

8086/88, 
PL/M Compilers 80186/188 ·Apollo MS-DOS and80286 Assembler Symbolic 

·Sun Jovial debuggers 
·IBMAT 68HC11 , 

Source level 6800/2/8, MS-DOS 
6809/9E, debuggers 

workstations 68000/8/10 Emulators 
·PC and68020 ·PCXT 
·PCAT Z80, MK3880/4 
· Compatibles and Z8001/2/3 

NSC-800 
A stand-a/one or host-control system of fully integrated debug tools 
built on high perfonnance emulation 

Call toll· free and ask for 
the proof. 

gives some idea of the power and 
convenience we can offer you, but 
it can only hint at the benefits you 
will enjoy. 

Validate™ links emulation with 
symbolic and source· level 
debugging. 

When your 
software engi
neers only speak 
C and your emu
lator only speaks 
assembler, your 

Discover why our integrated 
development systems are the fast
est and easiest ways to start and 
finish a design project. For techni
cal and application details call 
1-800-426-3925. In Washington, 
call (206) 882-2000. Or write 
Applied Microsystems Corporation, 

development tools are worse than 
worthless. If your function is in 
assembler and your debugger 
speaks only C, you've got the same 
problem. The power of the Vali
date environment is that it works 
equally in high level languages 
and in assembler. You don't sacri
fice any power or any comfort. 

CIRCLE NO 139 

P.O. Box 97002, 
Redmond, WA 98073-9702. 
In Europe, contact Applied Microsystems 

Corporation Ltd., Chiltern Court, High Street, 
Wendover, Aylesbury, Bucks, HP22 6EP, 

United Kingdom. Call 44-(0)-296-625462. 
UNIX is a registered tradcmwarkofAT&T. 

lt!m~I 
Applied 
Microsystems 
Corporation 
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12MHz; • 100µ.A Standby Power; 
CMOS FIFO 
157C401·121 

b,f\)''•/'?.. 
<:)lC 

15ns,20pin • 
Bipolar PAL device lti.' 
!PAL16L8DMI 

'le ..... ro'\J>'\J 
'\>~""' 
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It's simple, buy the latest intelligence. 
From whom? Monolithic Memories' 

Military Products Division, of course. 
Our dossier is full of the products 

you need. Like Zero-Power CMOS 
FIFOs, 15ns Bipolar PAL® devices and 
flexible architecture CMOS Logic Cell™ 
Arrays (LCA). The programmable 
gate arrays. 

Soon we'll be deploying even more 

up-to-date intelligence. Everything from 
Zero-Power CMOS PAL devices to the 
function-packed Bipolar PAL32VX10, 
a superset of the 22V10. We'll even 
supply you with fast 512 x 9 and 1K x 9 
CMOS Deep FIFOs. 

Naturally, our intelligence comes 
with all the right qualifications. We carry 
a full line of Mil-Std-883 Class B devices, 
as well as JAN 38510 Class B devices 
from our D ESC-certified facility. 

Our latest products come with 
Standard Military Drawings. And most 
of our Bipolar processes are RAD 
HARD (ask us for neutron and dose rate 
radiation data.) 

What's more, we offer prompt fac
tory programming of all military PLDs. 
Whether you order a few or a few 
thousand. 

But best of all, we've got some of 
the most intelligent military sales people 
and F AEs in the business. All dedicated 
to seeing that you get exactly what you 
need to surprise the enemy. 

So call us at (800) 222-9323 and 
we'll send you a sample CMOS FIFO kit 
and our Military Preferred Parts Catalog. 

Or write us at Monolithic Memories, 
Military Products Division, 2175 
Mission College Blvd., Santa Clara, CA 
95054-1192. 

And the enemy will never know 
what hit them. 

lllanalithia ~~n 
Memories LnJn.U 

Now that we've teamed up with 
Advanced Micro Devices, we can provide 

you with even greater intelligence. 

PAL• is a registered trademark of Monolithic Memories, Inc. Logic Cell'" Array is a 
trademark of Xilinix, Inc . © 1987, Monolithic Memories, Inc. 

EDN October 29, 1987 CIRCLE NO 138 17 



1th ourso are d 
the question of relia 

It's just a fact of life. 
Somewhere in the depths of even 

the simplest embedded microprocessor 
system design is the risk of a timing
dependent bug. Or two. And not even a 
million years of conventional testing 
can catch them all. 

And that's the way it's always been. 
Suppose, though, that there was a 

software development system that would 
free you from time-dependent ennrs 
by design. 

18 

Sound too good to be true? 
It isn't. It's VRTX7 our real time software 

development system. 
VRTX provides a comprehensive set 

of universal functions for handling 
interrupts, 1/0, file management, and 
more. Using these functions eliminates 
application-killer timing errors because 
you don't have the chance to design 
them in, in the first place. 

You can use VRTX as the foundation 
of even the most complex applications, 
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evelopment 
bility 1s a dea~ 

stem, 
• issue. 

including those requiring multiprocessors. 
And by building your application this 

way, you'll save time, money, and most of 
all, a lot of wony. Because VRTX has 
been proven in everything from traffic 
lights to undetwater robots to F-14's. 

You won't get trapped in a technological 
comer, either. 

VRTX works with every member 
of every major microprocessor 
family, which we support with 
Ada® and C compilers. Plus 

high level language libraries for other 
standard compilers, and a multi
processor debugger. 

So why not put out a feeler? Call us 
at (800) 228-1249, or (214) 661-9526 from 
Texas. Or write Ready Systems, 449 
Sherman Ave., P.O. Box 61029, Palo Alto, 
CA 94306-9991. 

And start your next software develop
ment project with a leg up. 

~READY 
SYSTEMS 

Real Time for the Real World. 

VRTX is a registered trademark of Ready Systems.© 1987 Ready Systems Corporation. 
Other brands or product names are trademarks or registered trademarks of their respective holders. 
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vs. 
owins? • 

· Wheri choosing bet\veen the two leading 32-bit processors, don't let 
emulator support slow you down. NWIS is the exclusive U.S. source of 
Microtek in-circuit el)lulators for both. And for all their other family 
members a5 well, like the 68010, 68000, 802.86, 80186 and 8086. And 
many othe·rs.* · · 
· In fact, Micro~k ~mulators have a long track record of being · 
first to market with quality support for every major microprocessor. 
Which gives you shorter time-to-market and an assured expansion 
p~th. for product upgrades. · . 

. Every Mi~rotek emulator can be u~d as a ?land-alone device, or 
as part of an integrated system. All use SIIIlple command structures · 
and include a symbolic debugger for rapid insight into your software's 

·real-time behavior. And each communicates with the IBM"PC/ XT/ AT, 
YAX7 MicroVAX7 Apollo and Sun computers. · . . 

Microtek emulators are iust one part of NWIS's complete line of 

· Our Software Analysis Workstation (SAW) brings you hardware-based, 
real-time software analysis in a source code environment. Including 
performance analysis, time-aligned dual processor trace, code cover~ 
age analysis, and Context Trace;· which lets you trace high-level 
eve·nts and related assembly-level code at the same time. 
. Andfor source code devdopment, our Microtec"Research prod-

. µcts provide you with C and Pascal cross-compilers, cross-assemblers 
and debuggers for the same wide range of popular processors. 

. Best of all, NWIS backs all these products with solid applications 
support, both at the local and factory level, . 
So let-us become your-single source for 
emulators and other microprocessor 
Computer-Aided Software Engineering 
(CASE) tools. . · 

1-80~-5.47-4445. ' 
.embedded microprocessor software development tools. . 

c1re1· •~ fM ll~M•M W~j~@ · 
.. ' Circle 46, for demonstration NORTHWEST INSTRUMENT SYSTEM$, INC: 

IBM is a registered trademark or International Businfss 
M~hines. VAX and MICROVAX are registered trademarks or 
bigital Equipment Corporation. Mlcrotec is a registered 
trademark or Microlec Research Inc. 

.. . P..O. Box 1309 • Beaverton, OR97075 •1;800-547.:4445 

• Processo(s supported by Mlcrotek: 80386. 80286, 80186, 801B8. 8086, 8088, 68020, 6B010, 68008: 68000: 6809, 6809£, 6502, Z80, NSC800, 8085, (l032]051, 8031, 8344, 8048, 8049, 8050, Z8, SUPERB, 6SHC11, 6418Q, 805'!5. .. . - . . 



NEWS BREAIZS 
EDITED BY JOAN MORROW 

HIGH-SPEED CMOS 8-BIT µC INCLUDES AN ON-CHIP A ID CONVERTER 

Motorola (Austin, TX) has upgraded the MC68HC05C4 with the introduction of the 
MC68HC05B6 µC, which adds an 8-channel A I D converter, two pulse-length
modulation (PLM) systems, 1792 additional bytes of ROM, and eight more bidirectional 
I / O lines. It also features a serial communications interface (SCI) with separate baud
rate selection for transmitter and receiver, a software-selectable Slow Mode, and a 
software-programmable external interrupt. This new µC costs $4.90 (OEM qty) and 
comes with 176 bytes of RAM, 5952 bytes of ROM, and 256 bytes of byte-erasable 
EEPROM. If you need more EEPROM, you can order an MC68HC805B6, which provides 6k 
bytes of EEPROM (and no ROM). Or you can select an MC68HC05B4 with 4k bytes of 
ROM. The MC68HC05B4 sells for $4 (OEM qty), and the MC68HC805B6 is available for $49.50 
in limited quantities. For $500 you can order evaluation modules of the MC68HC05B6 
for development support.-J D Mosley 

COMMUNICATION SYSTEM PROVIDES SPEED AND FLEXIBILITY 
Although you have many choices when looking for high-speed digital communica

tion systems, the systems are incompatible, causing you to either buy from one vendor 
or develop your own hardware. The BPS/ 128 from Telestream Corp (Mountain View, CA, 
(415) 968-7977) provides a solution to this problem by giving you a programmable 
system that can operate on data streams in real time. Parallel-processing elements based 
on the AMD 29ll6 allow you to execute up to 160 MIPS on a data stream of l.28G bps. 
You can use the BPS/ 128 on network applications such as protocol and format con
verters, multiplexers, cross-connect systems, and ISDN gateways. The company offers 
the BPS/ 128 with open architecture, allowing you to add your own proprietary hard
ware. System prices range from $15,000 to $50,000.-Doug Conner 

FLOATING-POINT PACKAGE FOR 68HC11 AVAILABLE AT NO COST 
With just a telephone call to Motorola Inc's (Phoenix, AZ) computerized bulletin

board system (phone (512) 440-3733), you can obtain the source code for a floating
point arithmetic software package that runs on the company's 68HCll µC. The package 
takes slightly more than 2k bytes of code space plus 10 bytes of the µC's page-zero 
RAM. It performs addition, subtraction, multiplication, division, sine, cosine, and 
tangent operations. The software package also contains routines that perform conver
sions between floating-point and ASCII or floating-point and integer numeric represen
tations.Floating-point numbers are represented in a proprietary format composed of a 
1-byte exponent, a 3-byte mantissa, and one additional byte for the sign. All routines 
in the software package place temporary variables on the stack, allowing re-entrant 
programming.-Steven H Leibson 

SURFACE-MOUNT-ASSEMBLY SERVICE MEETS MILITARY STANDARDS 
It's hard to find an assembly house with fully automated assembly equipment for 

commercial surface-mount board designs; your problem is compounded if you're design
ing for the military environment. SMTEK (Chatsworth, CA, (818) 718-0380) can assem
ble a board to MIL-Q-9858. The company also offers its own design of a MIL-STD-1750A 
VHSIC-based computer board, which can be configured for your application; a 
representative price is $7000.-Margery S Conner 

POWER CONVERTER SYSTEM BUILDS LOW-COST, ISOLATED OUTPUTS 
By using one power IC to drive multiple output channels, Burr-Brown's (Tucson, AZ) 

PWS740 distributed, multichannel, isolated de/ de converter system allows you to incorpo-
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NEWS BREAIZS 
rate multiple de output channels into your design with 1500V-ac isolation between 
channels. Three components comprise the system: the PWS740-l oscillator/ driver, 
which powers as many as eight channels and operates at 400 kHz; the plastic-encapsu
lated, ~rifilar-wound PWS740-2 isolation transformer; and the PWS740-3 high-speed 
bridge rectifier, which is packaged in an 8-pin DIP. These components cost $12.75, 
$2.50, and $1.25 (100), respectively. You use one PWS740-2 and one PWS740-3 per output 
channel. Each output channel can supply as much as 30 mA delivered at the voltage 
supplied to the PWS740-l's input within a range of 7 to 20V dc.-Steven H Leibson 

PC-BOARD LAYOUT PROGRAM ACCOMMODATES 400 ICs, 30 LAYERS 
Boasting a component library of more than 2000 TTL, CMOS, and µP components, the 

Schema-PCB design program from Omation Inc (Richardson, TX, (214) 231-5167 or 
(800) 553-9119) runs on IBM PC and compatible computers and works in conjunction 
with the manufacturer's Schema II schematic editor. Using Schema-PCB, you can 
design boards as large as 32x32 in. with as many as 30 layers. 

The program offers 1-mil resolution on placement and tracking, autoplacement, air
gap and connectivity design-rule checking, autorouting with four separate accuracy 
algorithms, and schematic input and back annotation. You can define track width, pad 
size and shape, and enter engineering changes at the schematic level. Schema-PCB 
costs $975; it costs $1500 for both Schema-PCB and Schema II.-J D Mosley 

GRAPHICS BOARD FOR MACINTOSH GIVES 1024 x 768-PIXEL RESOLUTION 
If you use Apple's Macintosh II personal computer as an engineering tool, you can 

enhance its .graphics capability with the $2795 ColorBoard 1/ 104 from RasterOps Corp 
(Cupertino, CA, (408) 446-4090). It increases the computer's screen resolution to 
1024x768 pixels. Based on the company's proprietary ASICs, the single-slot board com
municates with the Mac II's 68000 processor over the 32-bit NuBus.-Margery S Conner 

ASIC LIBRARY GAINS 6805 CORE CPU 
Through its alliance with Motorola Inc, NCR Microelectronics (Fort Collins, CO, (303) 

226-9550) has added a 6805 core CPU to its 2-µm VS2000 supercell library (see EDN, 
September 3 , pg 69). The 68C05 library supercell contains just the ALU portion of the 
6805 µC, operates at clock speeds to 8 MHz, and executes all of that processor's in
structions, including the 8x8-bit unsigned multiply instruction found in only some of 
the 6805 family of µCs . The CPU features a 16-bit address bus (up from the discrete 
part's 13 bits) and four uncommitted interrupt lines. Three of these interrupt lines 
became uncommitted when the discrete µC's timer and communications ports were 
stripped away to create the CPU core. NRE charges for an ASIC including the 6805 core 
start at $69,500.-Steven H Leibson 

INDUSTRIAL PC BUS BOARDS INTEGRATE MULTIPLE FUNCTIONS 
The MacroCard (MC) Series of PC/AT- and 80386-compatible multifunction boards for 

industrial applications is now available from Texas Microsystems (Houston, TX, (713) 
933-1029). The MC-01 board has a SCSI hard-disk-drive controller; you can choose as 
much as 256k bytes of battery-backed RAM or 512k bytes of EPROM. The MC-02 lets 
you add as much as 512k bytes of nonvolatile RAM or lM byte of EPROM. Both boards 
come with one parallel and one serial communications port, CGA/ EGA/ Hercules
compatible video outputs, and a floppy-disk controller. Each board plugs into a single 
PC/AT expansion slot, and pricing starts at $650 (100).-J D Mosley 
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Flash AID conversion 
as easy as 

I 

TRW LSI Products makes it easy to 
select the high-speed ND converter 
that best fits your needs. Our growing 
family of flash converters offers 
hybrid and monolithic solutions for 
your 8- and 9-bit applications. 

When board space is at a premium or 
your design window is narrow, the 8-
bit THC1068 and 9-bit THCI069 
hybrids are convenient solutions, com
plete with precision voltage reference, 
wideband analog input amplifier and a 
three-state output buffer. Everything 
you've always wanted in a flash , in 
amazingly small 24-pin and 32-pin 
packages. 

You've still got maximum design flexi
bility with TRWs low-cost monolithic 
flash converters: the industry standard 
8-bit TDCI048, the new standard 9-
bit TDCI049, and the industry's first 
10-bit flash , the TDCI020. Any one 
you choose makes it easy for you to 
stay ahead of your competition. 
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TRW makes real-time sampling as 
easy as I, 2, 3. 

We've got all that you've come to 
expect from TRW LSI Products includ
ing commercial and extended temper
ature raµges, as well as MIL-SID-883C 
screening. We're making it easy for you 
to use flash converters in your designs, 
and our products are easy to get from 
any Arrow, Hall-Mark or Hamilton/ 
Avnet location. 

Resolution Sfilled 
TDC1048 Monolithic 8-bits 20MSPS 
THC1068 H__y!Jrid 8-bits 25MSPS 
TDC1049 Monolithic 9-bits 30MSPS 
THC1069 liY_brid 9-bits 30MSPS 
TDC1020 Monolithic 10-bits 20MSPS 

TRW lSI - bringing the worlds of data 
acquisition and DSP together. 

Call us a·nd ask for our "Flash Pack," 
a complete set of data sheets on our 
monolithic and hybrid ND converters. 
For immediate technical assistance or 

CIRCLE NO 111 

price quote, call us at 619.457.1000. 

TRW LSI Products 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 

In Europe, call or write: 
TRW LSI Products 
Konrad-Celtis-Strasse 81 
8000 Muenchen 70, W. Germany 
089.7103.115 

In the Orient, phone: 
Hong Kong, 3.856199; 
Tokyo, 03.461.5121 ; Taipei, 751.2062; 
Seoul, 2.553.0901 

CfRW Inc. 1987 - 711A01887 

LSI Products Division 
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NEWS BREAIZS: INTERNATIONAL 
PREVIEW OF SALON DES COMPOSANTS EXHIBITION 

Our primary coverage of the Salon des Composants exhibition, which will be held in 
Paris, France (November 16 to 20), begins on pg 109 in this issue. Some products that 
will be exhibited at the event, but which arrived too late to include in our primary 
coverage, are described below. 

BiMOS PROCESS PRODUCES SINGLE-CHIP TELEPHONE ICs 
By using a BiMOS process to mix analog and digital functions on a single chip, 

Mietec (Oudenaarde, Belgium, TLX 85739) has developed ICs for use at both ends of 
telephone lines. Incorporating a DTMF or pulse repertory dialer that supports on-hook 
dialing, speech circuits that provide 4 -wire/ 2-wire conversion and background noise 
reduction, plus line impedance matching and load/ gain regulation circuitry, the 
MTC2083 single-chip telephone IC interfaces telephone sets to PSTN or PABX networks. 
Its speech circuit incorporates an additional receive amplifier that you can use either 
to drive a loudspeaker or to increase the receiver gain in phones made for people who 
are hard of hearing. At the PABX or central-office end of the line, the MTC6042 pro
vides a single-chip solution to many of the BORSHT functions of the subscriber line in
terface. These functions include a high- or low-ohmic-value battery feed , overpower, 
and 2-wire/ 4-wire conversion circuitry, and supervisory functions that monitor hook
switch status, ring-trip, and ground-wire conditions. It also has a driver for relay
operated or electronic ringing-signal injection circuitry. In volume, the MTC2083 and 
MTC6042 are priced at around £1.55 and £3, respectively. The devices will be shown in 
Hall 3 , alley 35,, stand 98. 

VOICE-CHANNEL SCRAMBLERS INTERFACE TO µP SYSTEMS 
You can internally switch the transmit and receive audio pathways in Consumer 

Microcircuits Ltd's (Witham, UK, TLX 99382; in the US, Mx.Com Inc, Winston-Salem, 
NC, (919) 7445050) FX-214, -224, and -234 variable split-band voice-scrambler ICs; you 
can then use them in half-duplex communications systems. Because the scramblers 
work by splitting the voice band into high- and low-frequency sections and frequency
inverting each section, the ICs also have an on-chip highpass filter to prevent in 
terference from the subaudio frequencies used in continuous-tone-controlled squelch 
systems (CTCSS). You can program the devices to operate with any one of 32 different 
split-point/inversion-carrier frequency combinations, allowing you to implement 
fixed- or rolling-code scramblers. To control operation of the scrambler, the FX214 has 
a serial interface, the FX224 has a parallel interface, and the FX234 has both parallel 
and serial interfacing capability. The ICs cost approximately £9 (1000) each; you can 
see them in Hall 3 , alley 34, stand 127. 

DEVELOPMENT SYSTEM SUPPORTS THE 68HC11 MICROCOMPUTER 
Ashling Microsystems Ltd's (Limerick, Ireland, TLX 70357) CT68HC11 PC-based 

development system supports software development for the Motorola MC68HC11 8 -bit 
microcomputer. It provides real-time emulation of all three of the microcomputer's 
operating modes; an integral 70-bit-wide logic state analyzer allows you to trace activi
ty on the microcomputer's address bus, data bus, control lines, and I / O ports. You can 
set as many as 64k read- and 64k write-address breakpoints, plus elapsed-time and 
external-signal breakpoints. An integral PROM programmer programs the on-chip 
EEPROM and configuration register of the 68HC11, and standard or paged EPROMs. The 
system, which typically costs between $5000 and $6000, includes a full-screen editor, 
a relocatable macroassembler, and software utilities that interface it with third-party 
C compilers. Ashling Microsystems will be at Hall 2 , alley 21, stand 21.-Peter Harold 
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Stimulate experiments 
with real-time analog 
waveforms reproduced 
from your actual 
captured data! 
Connected via the GPIB 
intetface, the Nicolet Model 
4094 digital oscilloscope 
teamed up with the Nicolet 
Model 42 arbitrary function 
generator provides 
instantaneous waveform 
storage and generation. 

8001356-3090 
or 6081273-5008 

Nicolet Test Instruments Division 
P.O. Box 4288 
5225 -2 Verona Road 
Madison, WI 537 11 -0288 
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Nicolet Digital Oscilloscopes 
Incoming signals digitized by Nicolet's high accuracy 12-bit, 10 MHz digitizers 

or high speed 8-bit digitizers allow you to see things you've never seen before. Zoom 
expansion to X256 allows you to see the details in waveforms composed of up to 
16k points. Cursor readout of measurement values, continuously variable pretrigger 
positioning, and built-in disk drives all contribute to Nicolet's tradition of 
measurement power and ease of use. 

Nicolet Pr~gratnrnabl 
Function Generators 

Outgoing signals are accurately generated from the 12-bit by 2k arbit 
waveform memory in the Model 42 . Real-time duplication of the captured signal 
can be produced at speeds up to I µSec per data point. 

Continuous, triggered, gated, and burst output modes are possible. A unique 
feature, arbitrary sweep, allows you to accurately program the output frequency. 
Standard waveforms (sine, triangle, square, sawtooth, pulse), 10 mYp-p to 20Yp-p 
amplitudes, are all available at speeds up to 4 MHz. 

~ Nicolet 
"Instruments of Discovery" 
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owers 

the world's largest selection 
2KHz to 4.2GHz from $995 

-I ers 

With over 150 models, from 2-way to 48-way, O? 90° and 180? a variety of pin and connector pack
ages, 50 and 75 ohm, covering 2KHz to 4200MHz, Mini-Circuits offers the world's largest selection of 
off-the-shelf power splitter/combiners. So why compromise your systems design when you can 
select the power splitter /combiner that closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 

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

Of course, all units come with 
our one-year guarantee. 

For detailed specs and performance 
data, refer to the Microwaves Product 
Directory, Gold Book, or EEM. Or 
contact us for our free 64-page 
RF / IF Signal Processing Guide. 

C107-1 REV. ORIG. 

finding new ways ... 
setting higher standards 

Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Components Corpora tion 

PO. Box 166, Brooklyn , New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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Only Du Pont has a 
Palladium/Silver 
51-stem tllat delivers 
0.5% * stability 
on top of dielectric. 

If you want to free up valuable real estate 
but are concerned about sacrificing perfor
mance, Du Pont's coordinated Palladium/Silver 
Hybrid Materials System is the answer. 

The designed-in compatibility of our 
BlROX® 1900 Series resistor compositions, 
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6134 and 6125 Palladium/Silver Conductors 
and 5704 Dielectric, delivers total system per
formance, lot after lot, run after run, without 
"mix and match" problems. 

The BlROX 1900 Series thick film resistor 
compositions are the key. Consistent resistor 
performance with average end-of-life stabilities 
of 0.53 or better is just the beginning. 

Fireable in a fast 30-minute profile, the re
sistors make laser trimming over the system di
electric as simple as laser trimming over alu
mina. Tight, reproducible post-trim distributions 
with TCRs of 0 ± 100 ppm!°C are a real advan
tage. And because these resistors are screened 
onto the 5704 Dielectric surface, you can build 
up in the Z dimension as well as out in the X and 
Y directions. This means denser circuits and 
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greater design freedom. 
As for conductor performance, Du Pont's 

6134 and 6125 Palladium/Silver Conductors re
solve better than 10-mil lines to maximize circuit 
density while excellent solder wetting and aged 
adhesion assure high-yield assembly and de
pendable component attachment 

DuPont's 5704 Dielectric completes the 
system. Circuit performance benefits from its 
low K (9-10). And with the TCE matched to alu
mina, substrate bowing is minimized even 
through multiple firings. 5704 prints at 6 in/sec 
for high productivity and resolves 8- to 10-mil 
vias for increased density. 

The combination of superior product per
formance and Du Pont's commitment to manu
facturing quality delivers a Palladium/Silver 

Hybrid Materials System with high density and 
high confidence. 

To learn how Du Pont's Palladium/Silver 
Hybrid Materials System can solve your packag
ing problems, call 1 800 441-7543. Or write: 
Du Pont Company, Electronic Materials Divi
sion, Room X50533, Wilmington, Delaware 
19801. 
"Typical average stability after 1,000 hours on a trimmed 40 mil x 40 mil resistor. 
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'Ieradyne's new CAE tools help you get to market faster b~ 
Designing VLSI circuit boards that work the first 

time isn't child's play. You can't do it without fast, accurate 
feed back on design and test quality. 

Now count on Teradyne to help. With our new family 
of CAE products, you'll uncover flaws before they're cast 
in hardware. So you'll be able to jump from initial design 
directly to final prototype. And from design to manufac
turing test. 
Start with a firm design foundation. 

The process starts with DATAView our new design 
entry system. Running it on a standard AT-class PC, you 
can control the whole design process right at your desk. 
From schematic entry and waveform analysis on the PC 
to simulation and fault simulation on more powerful net
worked computers. All with the same mouse-and-menus, 
multiple-window interface. 

You move from schematic capture to simulation 
effortlessly. DATAView's links with our LASAR Version 
6 simulation system save hours of model compilation time. 

30 

Incremental compiling lets you revise a design and resimu
late in minutes. 
Make your design work together before 
it comes together. 

LASAR Version 6 is the only sure way to avoid multi
ple trips to artwork as well as costly rework steps in manu
facturing. Because its simulation accuracy is unmatched 

DA7AVl6'W 
ona 

PCAT 

DAlASoorce 
VLSI 

Modeling 
System 

ETHERNET 

LASAR 
~6 
ona~ 

Shared 
Databases 

LASAR 
~On6 

ona 
DAlAServer 

DAlASourve 
VLSI 

Modeling 
System 

Tera dyne networks advanced CAE tools for convenience and performance. 
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giving you a working prototype the first time. 
for analyzing PC board designs prior to prototyping. For 
instance, LASAR takes full device timing specifications 
into account for true worst-case timing analysis. And it 
eliminates shared timing ambiguity in reconverging sig
nals. Both of which mean LASAR finds real design errors 
reliably. 

Finally, you can use LASAR fault simulation. It will 
uncover testability problems and untested circuit functions 
before it's too late. 
Simulation without trial and tribulation. 

LASAR also takes care of the board modeling prob
lem. It includes models of over 4000 devices. And the most 
popular gate array libraries. 

For new VLSI parts, our DATASource hardware 
modeling system uses actual devices instead of software 
models. A single system supports multiple users and 
concurrent fault simulation. With extraordinarily fast 
response. 

LASAR and DATASource work with any VAX. For 

simulations up to 25 times faster, you can use our new 
parallel/multiprocessing host, DATAServer. It will give 
you quick results, with full LASAR precision. 
Teradyne makes it easy. 

If you want to avoid multiple prototypes and get 
to market faster with better products, Teradyne's new 
CAE system is the way. Why not call Daryl Layzer at 
(617) 482-2700, ext. 2808 for more information. Or write 
Teradyne, 321 Harrison Avenue, Boston, MA 02118. 
VAX is a trademark of Digital Equipment Corp. 
AT is a trademark of International Business Machines Corp . 

W measure quality. 
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SIGNALS & NOISE 
Poor business practice is 
biggest US export obstacle 
In his editorial entitled "Loosen ex
port restrictions" (EDN, June 25, 
pg 59), Jon Titus stated that US 
export regulations are the main ob
stacle to US export. 

The regulations are a barrier for 
sure, but there are some much big
ger problems with shopping in the 
US. Here are a few examples from 
the point of view of a Swiss electron
ics company: 

1. When I buy 1000 RAMs in the 
US, I get (with luck) 990 good parts. 
When I buy 1000 RAMs in Japan or 
Europe, I get 1000 good parts. 
Companies in Japan and Europe 
have a zero-reject, zero-defect phi
losophy. 

2. US salesmen don't speak any 
language other than English. Can 
they do sales promotion in English 
in Switzerland or France? Further, 
they don't know how non-US cus-
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" I WOULDN'T BE CONCERNED, 
FRANK. THE ROBOT WON'T GET FAR." 

toms works, nor are they informed 
about shipping. They send me a 1-kg 
package by air freight collect, al
though prepaid air parcel is six 
times cheaper and much faster, and 
it passes customs control without 
paperwork for the customer. 

CIRCLE NO 3 

3. It takes US companies weeks
not days-to respond to a telex or 
fax request. Using the phone is 
sometimes not possible because of 
the 6- to 11-hour time difference (I 
leave the office when they start 
working). Even bigger companies 
have no telex or fax capability. 

4. It takes a US bank four to eight 
weeks to validate a non-US banker's 
check. In Europe, the same proce
dure takes one to two working days. 

5. US companies almost never 
confirm orders in a reasonable 
amount of time, and they take a few 
days or even a few weeks to answer 
a quotation request. Why isn't the 
procedure instant? Is the Pentagon 
the only US organization that has a 
computer? 

6. Ordering goods and equipment 
in metric units creates confusion in 
US sales offices. Why does a US 
company send me an aircraft altime
ter calibrated in inches mercury 
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~MT STANDARDS. 

4SW-6127R2 

SPR A ~GUE Sprague Type 195D and 293D solid tantalum chips meet the brand new EIA size 
~ and packaging standards for surface mount capacitors. These miniature components 

TANT ALUMS fill your surface mount needs with economy, reliability and high .l.tl.. · performance. Conformal-coated Type 1950 TANTAMOUNT® 

E SURE~CE MOUNT 
capacitors meet ~IA specification~ for 
Extended Capacitance Range devices. 
These units feature gold or solder plated 

S , A n~ ARDS terminals and the highest capacitance in the smallest packages available 
I)._ ~ in the industry. Rugged, fully molded Type 293D TANTAMOUNT® 

• capacitors conform to EIA specifications Standard Capacitance Range 
devices. These "machine-friendly" tantalum chips are compatible with all automatic placement equipment. Both types 
are supplied taped and reeled per EIA 481A. Standard ratings: 0.10 to lOOµF, 4 to 50 WYDC. Sprague Electric Company, 
Lexington, MA. For "Quick Guide To Tantalum Chip Capacitors", ASP-642, write to Marketing 
Communications, Sprague Electric Company, P.O. Box 9102, Mansfield , MA 02048-9102. For 
applications assistance, call our Customer Service Center at Concord, NH at 603/224-1961. 
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SIGNALS & NOISE 
when I ordered it in hectopascals? because of export licenses, as Jon 

Titus states, but because of the 
above-mentioned communication, 
education, and service problems. 

next export article "Loosen export 
potential." 
Chris Moser 
Mostec Inc 

7. Export works quite well from 
such historical trade centers as New 
York and Boston, but as soon as you 
go a few miles from the coast, things 
get worse. Some companies have no 
export experience. 

We in Europe, and others too, Liestal, Switzerland 
would have considerable problems 

I buy in the States, but only if I 
have to. It's difficult to deal with the 
average US company, not mainly 

in the world markets if the US had Company doesn't require 
the same power in export that it has minimum orders 
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in its inland market. 
Perhaps Mr Titus could entitle his 

INTRODUCING PCM56P ... 

A Complete, 16·Bit 
PCM D/A COnverter In 
A 16·pin Plastic DIP 
• 96dB dynamic range 
• 0.0025% THO 
• 1.5µsec settling time 
• double-buffered, 

serial input format 
• 15-bit monotonicity 
• 175mW power 

dissipation 
• ± 5V to ± 12V supply 

operation 
• rel iable monolithic 

design 
• $1 2.60, in hundreds 

(U.S. price on ly) 

Contact Sales or Appl ications Engineering for 
technical information and evaluation samples: 

Burr-Brown, PO Box 11400, Tucson, AZ 85734. 
602/746-1111 . 

BURR - BROWN® 

I• II •I 
Improving Data Conversion Productivity 

CIRCLE NO 4 

The May 28 issue of EDN contained 
an excellent technology update by 
Chris Everett ("Smaller, cheaper 
silicon pressure sensors are starting 
to appear on vendors' shelves," pg 
83). Chris is knowledgeable in the 
field and the update was an excel
lent review of the area. 

The piece did contain an error, 
however-it indicated that Nova
Sensor would not accept orders for 
quantities smaller than 10,000 
pieces. This is incorrect. The state
ment apparently comes from a prod
uct release on our silicon sensor 
die-level product. For these die-level 
sensors, our minimum is indeed 
10,000 pieces, although occasionally 
we have taken smaller orders. 

However, NovaSensor has a full 
line of sensors and microstructures. 
None of these other products has a 
minimum requirement. 
Joseph R Mallon Jr 
NovaSensor 
Fremont, CA 

Product notes 
Please note these changes to the 
Hardware and Interconnect section 
of EDN's July 9 Product Showcase. 
First, the LSI Microseries Model 
13/23K optical encoder (from Litton/ 
Itek Encoder) described on pg 222 
and 224 costs $1650, not $16.50. 
Second, the Recortec rack enclosure 
described on pg 222 as the KBD-100 
is actually called the RME-100. 

WRITE IN 
Send you letters to the Signals and 
Noise Editor, 275 Washington St, 
Newton, MA 02158. We welcome all 
comments, pro or con. All letters 
must be signed, but we will withhold 
your name upon request. We re
serve the right to edit letters for 
space and clarity. 
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Networking in the Era of MegaChip Technologies: 

When connecting to the 
you need to connect with 

Only the TMS380 Chip Set from Texas 
Instruments is tested and verified with 
IBM. That frees you to concentrate on the 
important business of making your 
products market winners. 

I ndustty oOOecvm _., The 
IBM® Token-Ring Network is capturing 
a lions share of the LAN {local-area 
network) market. As stated by IBM in 
their October 15, 1985, product an
nouncement, the IBM Token-Ring 
Network is "an 'open' network architec
ture for accommodation of non-IBM 
and IBM attaching devices ... with 
semiconductor components available 



IBM Token-Ring, 
Texas Instruments first. 

from Texas Instruments." All you need to 
capitalize on the growing demand for 
products that will operate on the ring is 
to design with Tis TMS380 Chip Set. 

"We use Tl's TMS380 Chip 
Set and Tl's implementation of 
IEEE 802.2 LLC protocols to 
ensure IBM compatibility at 
media- access and software levels." 
That is Howard S. Charney, senior vice 
president of 3Com Corporation, stating 

the chief reason for turning to TI first 
when designing-in token ring con
nectivity. You know your TMS380-
based product will be 100% compatible 
with IBM and industry standards. 

As a result, you avoid any problems 
of validation, verification, or long de
velopment time. You gain time to add 
product enhancements that can mean a 
competitive edge in the marketplace. 

Martin Sinnott, director, Dayton 
Development Center of the NCR Cor
poration, sums up the advantage this 
way: "We offer the very highest level of 
interoperability with the IBM Token
Ring Network via Tl's TMS380 Chip 
Set and our own software." 

An integrated solution for 
"open" systems 
Tl's TMS380 Chip Set begins with a 
40-million-bits-per-second OMA inter
face. This provides efficient connection 
to high-speed microprocessors such as 
lntels 80X86 and Motorolas 680XO fam
ilies and open-system buses like IBM's 
Micro Channel™ and Apples NuBus™. 

Having built-in software jointly 
copyrighted by IBM and TI, the 
TMS380 provides all IEEE 802. 5 
media-access control processing, in
cluding on-board network-management 
services (see box). In addition, the 
TMS380 provides capability for mes
sage-buffer expansion and higher layer 
protocols, such as IBM-compatible IEEE 
802.2 Logical Link Control (LLC), 
available from Tl. 

The TMS380 completes your con
nection to the IBM Token-Ring with 
physical-layer interface circuits that 
provide clocking, data reception and 
transmission, and ring-insertion control. 

Opening the way to intemetworking 
the TMS380 facilitates the design of 
token ring bridge and gateway products. 

Good news about cost 
Another reason to choose the TMS380 
is that the cost of connectivity is com-

Reliable network management 
"We have designed our ProNET®-4 
product using the industry-standard Tl 
TMS380 Chip Set. In addition to normal 
data-communications functions, the chip 
set provides power-up self-test as well as 
network-management frames for automatic 
error detection, parameter services, and 
reconfigurations. The net effect is reliable, 
manageable network operation.'' 

Howard Salwen, 
Chairman and Founder, Protean, Inc. 

ing down. The chip set is available now 
at a suggested resale price under $100.00 
(quantity 100). 

The TMS380 reflects the influence 
of Tis MegaChip ™ Technologies. 
These are the skills and disciplines 
acquired through ongoing development 
of high-density circuits which generate 
advances in semiconductor design, pro
cessing, manufacturing, and service. 

These technologies are having an 
effect on other LAN standards. For 
example, TI has developed the 
SN75061/62 single-channel drivers/ 
receivers that can easily be configured 
for use with StarLAN IEEE 802.3 
1BASE5 networks. These new devices 
perform data transmission/reception and 
minimize transmission-line noise. The 
SN75061 is ideally suited to 1BASE5 
stations; the lower-power, lower-cost 
SN75062, to hubs. 

For more information on the broad 
TMS380 support, tum the page. 

-----· 



Comprehensive support from TI 
speeds TMS380 design-in. 

To help you with everything from token 
ring adapter-card prototyping through 
communications-protocol development 
and systems integration, TI makes 
available the comprehensive TMS380 
Development Products Family. 

Design-in Accelerator Kit includes 
hardware and debug software for com
pleting a prototype token ring adapter: 
Three sample TMS380 chip sets, engi-

neering debug software with User's 
Guide, and an interconnect schematic. 

PC Adapter Card helps you develop 
software and analyze traffic on the IBM 
Token-Ring Network. It works in both 
the PC Family and PC AT compatibles 
and incorporates Tis new IEEE 802. 2 
LLC. The card comes with demonstra
tion software as well as protocol-analysis 
software to help develop your communi
cations protocol. 

Test Wiring Concentrator (TWC) 
provides the mechanism for any station 
to be inserted on the ring and adds 
LEDs that indicate ring insertion. 

TMS380 LLC EvaluationKit 
provides the hardware, software, and 
documentation required to evaluate the 
IBM-compatible IEEE 802.2 LLC soft
ware on your designs. 

ASIC-LAN Tool Kit enables the 
fast development of highly integrated, 
differentiated, and compact adapters. 
The kit contains ASIC software macro 
building blocks and completed design 
examples. These support Adapter Mem
ory Expansion and PC Bus Interface. 
The kit not only helps save board space, 
but also several months of system and 
hardware design. 

"MegaChip and NuBus are trademarks of Texas 
Instruments Incorporated. Micro Channel is a trademark 
of International Business Machines Corporation. 

"'IBM is a registered trademark of International Business 
Machines Corporation. ProNET is a registered trademark 
of Protean, Inc. 
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TMS380 Bridge Design Kit con
tains one TMS38021 Bridging Protocol 
Handler, one set of Bridge Options 
Adapter Software, and a TMS38021 
Bridge Application Report to help you 
develop bridge or gateway products. 

Token Ring Seminars are conducted 
on request at TI Regional Technology 
Centers or at your site. A two-day 

Texas Instruments Incorporated 
P. 0. Box 809066 
Dallas, Texas 75380-9066 

workshop includes an introduction to 
the TMS380 Chip Set and hands-on 
experience in the lab. A one-day 
TMS380 Advanced Topics Workshop l 
provides an understanding of the ex
tended LLC interface on the TMS380 
and provides insigh4 into bridge 
applications. 

For more information on Tl's 
TMS380 Chip Set, call Tl's hot-line 
number, (713) 274-2380. Or complete 
and return the coupon today to Texas 
Instruments Incorporated, P. 0. Box 
809066, Dallas, Texas 75380-9066. 

SPW083ED700C 

YES, please send me information on Tl's networking products 
and services. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE ZIP 

AREA CODE TELEPHONE EXT. 

TEXAS . 
INSTRUMENTS 



Triplett's Compact Communications Equipment 

Lasting Innovation From Us - Means Lasting Value For You 

Here's proof that focused R&D yields reliable products 
with features that anticipate your needs. 
• Loop Testers: compact, lightweight, several 

combinations in one. 
• Fiber Optic Power Multimeters: built-in short and 

long wavelength sensors, auto-ranging, OM Ms with 
17 ranges and temperature sensors. 

• Standard Testers: Economic, standard KS & CK 
testers - exceed normal criteria. 

3 year warranty. Proof of quality < 0.5% 
returned - ever. 

Model 2 
• The right fit: hand held. 
• The right wt less than 1 lb. 

Model 2 - Precise, Reliable, Durable 

For more information, call 1-800-TRl-PLET ext. 55. 
Ask about our 3 year warranty. • Solid click-action rotary switch provides fast, error-free 

positioning - every time. 

• Side panel rocker switch reverses polarity simply, 
quickly. 

• Added versatility: ± 10db rocker switch . 

t,'\.. ~!~m~~':!?RATION 
419/358/5015 • TWX 810/490/2400 • FAX 419/358/7956 
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DIGITmNG 
1 GHz. The 11402 

Digitizing Osci lloscope 
features a full 1 GHz 
bandwidth right on the 
probe tip to help you 
make the most demanding 
voltage and timing 
measurements . 

10-14 BIT VERTICAL/ 
10 ps HORIZONTAL 
RESOLUTION. 10-bit 
vertical resolution is 
averageable to 14 bits. 
Self-calibration decreases 
error to less than 1 % DC. 

AUTOMATIC MEA
SUREMENTS. Up to six 
measurements can be 
made at the push of a but
ton, with results simul
taneously displayed and 
continuously updated. 

' PUSH-BUTTON 
HARD COPY. Plug in a 
Tek or compatible Epson 
dot matrix printer using 
the scopes' standard 
Centronics port. 

II AUTOSET. Push a but
ton on the front panel or on 
the probe to automatically 
set up the scope based on 
the signal characteristics 
of the selected trace. 

II TOUCH SCREEN. 
Select a trace, a trigger, a 
measurement or other 
function by touching the 
appropriate area of the 
screen or by selecting from 
pop-up menus: the clos
est, most natural link yet 
between user and scope. 

Tektronix introduces 
the 11000 Series: the 
new standard in digi
tizing and analog 
oscilloscopes. 

and 
pro-
cessing of data than 
can ever be listed here. 

Two new digitizing 
scopes exert the power 
of three 

~ 
ll.:::.';~""1ii(I bases to 

processors, 
long records, the 

most powerful trigger
ing and the highest 
throughput ever. Use 

their built-in 

easily acquire 
pre- or post-trigger 
details of a trace, and 
view both the whole 
trace and the details 
on screen at once. 

16-bit 

THE NEW 
dual time-

These new fully pro
grammable scopes 
display more traces 
(up to 8) at higher 
bandwidths (up to 1 
GHz), with greater 
accuracy (up to 0.6% 
vertical), and include 
more new functions for 
expediting the capture ERA IN DIGITIZING 

----AND-ANALO,·-=--- - -

Two analog scopes 
feature an integrated 
500 MHz universal 
counter/timer for 
unequaled resolution, 
accuracy, and scope 
versatility- for the 

OSCILLOSCOPES. 
Copyright © 1987, Tektronix, Inc. All rights reserved. KEA-714A-1 



price of a 
scope alone. A unique 
counter view trace lets 
you see exactly what 
you are triggering on, 
for a sense of conf i
dence no conventional 
counter/timer can offer. 

Perhaps most star
tling is the simplifica-

tion and 
automation of the 

whole measurement 
and analysis process. 
Larger displays, pop
up and touch-screen 
menus, plus auto
mated setup and mea
surement capabilities 
help unclutter the front 
panel and keep eyes 
focused on the display. 
For the first time, users 

need know nothing 
about a scope's tech
nology to get the most 
out of it. 

The 11000 Series 
continues the plug-in 
versatility of the Tek 
7000 Series. Five new 
plug-ins and three new 
probes tailor the new 
scopes to a full range 
of applications, from 
design and debug to 
production test. New 
single-ended amp I if ier 

CIRCLE NO 150 

ANALOG 
MICROCHANNEL 

PLATE. The single shot 
trace brightness of the Tek 
11302 is almost 1000 times 
brighter than conventional 
scopes~enoughto 
expose even the fastest 
transients to view. 

: 500 MHz INTE· 
GRATED COUNTER/ 
TIMER. Use with dual 
delayed sweeps for pre
cise timing measurements 
between selected points. 
Unique counter view trace 
lets you see exactly what 
you are triggering on. 

' CURSORS. Use to 
make precise measure
ments on any part of a dis
played waveform. 

1 1 mV/DIV SEN
SITIVITY. Achievable from 
four new plug-ins. 
These amplifiers feature 
fast overdrive recovery and 
wide dynamic range. 

In SELF-CALIBRATION. 
~h the Enhanced 
Accuracy button to cali
brate the scope from 
amplifier input to CRT grat
icule, automatically, for the 
best vertical accuracy 
available in a scope today. 

and differential ampli
fier plug-ins combine 
high bandwidth with 
low noise and fast over
drive recovery. 

Demonstrations are 
now in progress. For 
more information or a 
personal demonstra
tion, get in touch 
with your local Tek 
sales engineer. Or 
call Tektronix at 
1-800-547-1512. 

Tektronix~ 
COMMITTED TO EXCELLENCE 



Expand your bandwidth 
and maintain your gain. • • 

10Vpp (2000) to 100MHz 
at gains of 1 to 50 

20Vpp (2000) to 25MHz 
at gains of 2 to 50 

10Vpp (2000) to 120MHz 
at gains of 1 to 40 

with these high-speed, high-drive op amps from Comlinear 
With this op amp family, you don't sacrifice speed for 

gain . .. or for power. Because Comlinear designs eliminate 
traditional performance tradeoffs. Check the specs. 

SPECIFICATIONS (Typical) 

But there's more than performance. You also get com
plete min/max and over-temperature specifications. DC 
and AC parameter testing on every part. Unmatched ease 
of use (all are unity-gain stable, without compensation). 
Plus evaluation boards and top-notch design support. 
Which adds up to design productivity and confidence. 

To expand your bandwidth , call (303) 226-0500 today. 

- 3dB Bandwidth (MHz) 
Av=4 Av=40 

General Purpose 

CLC103 170 130 
CLC200 100 90 
CLC220 200 160 
CLC300 105 70 
Low0ffset(V05 ~1mV.10µV/OC) 
CLC201 100 90 
CLC203 180 130 
CLC221 200 120 

Settling Time 
to 0.1 % (nsec) 

10 (to0.4%) 
18 
8 
20 

18 
15 (to 0.2%) 

15 

Or write Comlinear Corporation, 4800 Wheaton Drive, Fort 
Collins, Colorado 80525. 

CLC231 1 165(Av=1) 120 (Av=5) 12 

~Comlinear 
~Corporation 

Slew Rate 
(V/µsec) 

6000 
4000 
7000 
3000 

4000 
6000 
6500 
3000 

42 CIRCLE NO 149 for general purpose op amp information CIRCLE NO 188 for low offset op amp information 

Output 
(±V. mA) 

11,200 
12,100 

12,50 
10.100 

12,100 
11,200 

12,50 
11 ,100 

087101 
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hat's right. Everywhere 
ou look in the world of VME, 

you'll find Force Computers. 
Military/ 

medical 
instrumentation. 

Telecommunications and test and 
measurement. Computer-aided 
manufacturing and scientific 
computers. 

Wherever engineers need 
advanced, reliable VME 
solutions, you'll find 
Force. Because Force 
offers more advanced 
solutions than anyone 
in the business. 

More choices 
across the board. 
With Force, you can 
afford to be choosy. 
Take your pick from over 11 

125 boards. Over 60 memory and 
1/0 configurations. And the same 
number of CPU designs.With 
matching development 

systems 
and your 
choice of 

80386 and 68020.That's a choice 
you can't get 
anywhere else. 

Need real-time 
or time sharing 
software solutions? 
You 'II find more of them 
at Force. From PDOS to 
UNIX to third-party 
offerings. So you can cut 
your programming time 
-and costs- to the 
bone.And get the best 
performance from your system. 

How high is high? 
When it comes to performance, 
we're really not sure. We set new 
standards with our 68000-
based CPU boards. Then 
we raised them with our 

CPU 20 and 21 designs. 
Giving you a 68020 
running at a sizzling 

, 25MHzwith 
zero wait states. 

And a zero wait 80386 
running at 16MHz. 

Actually, we look at VME 
performance as a constant 
challenge. It's the closest 

~ thing we know to 
perpetual motion. 

• 
So keep your eyes peeled. 
Because very soon we're going 

to raise the standard so high 

you'll need 
an oxygen mask 

just to read the specs. 

Quality you can rely on. 
All the performance in the world 

is useless if it's 
based ona3% 
return rate. With 
Force, you'll get 



performance that lasts. Because 
our standards are based on 

NATO guidelines. And 
our QI A policies 
are merciless. 
Every board is 
100% in-circuit 
tested. Then 
100% functional 
tested. And, as 
if that's not 
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enough, they're put through /7 
100% dynamic burn-in. No V 

1 

wonder our return rate . · -, 
is less than 0.9%.And · ··.l 
dropping fast. 

Support you can 
count on. 
As you might 
expect, our support is 
as uncompromising 
as our quality. Take our 
documentation. It's the most 
thorough and detailed 

You can always get 
what you want. 
Fed up with the 30-day 
promise and 90-day wait? Get 

your boards from Force and you'll 
have them in your racks in 30 
days. Period. Nobody gives you 
better on-time delivery. Period. 

We'll throw the book at you. 
If you've got a VME problem, 

Force has the solution. 
in the business. 
Applications support? 
No one else delivers it 

Nobody offers more. Give us 
11) a chance to prove it. Call 
~· today and we'll send you 

faster or better. Just need 
a question answered? 
Call Force and you'll get 
somebody who's really 

qualified to help. 

~ ~-- our free 380-page data 
~ book.You'll find that 

for your application, we'll 
fit in quite well. 
Call toll-free: 1-800-BEST VME. 

In California, 1-800-
237-8862. 

FORCE COMPUfERS, INC. 
727 University Ave. Los Gatos, CA 95030 
Phone (408) 354-3410 
Telex 172465 Telefax (408) 395-7718 

FORCE COMPUfERS, GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 60091-0 Telex 524190 forc-d 
Telefax (089) 6 097793 

1987 Force Computers. Inc . FORCE is a registered trademark of FORCE COMPlITfRS, Inc. UNIX is a trademark of AT&T / Bell Laboratories. 
POOS is a trademark of Eyring Research Institute, Inc. 
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Paine thick film hybrids give 
you real estate of bantam propor
tions. The circuits pictured have 
the same capability, but you could 
fit 48 of the hybrids on the bot
tom onto the board on the top. 
That's a lot of space on a 
10,000-unit production run . 

Hybrids can solve your design 
edicts : they're reliable and resis
tant to design theft; their ceramic 
substrates dissipate heat better 
than resin-based boards ; they 
operate from -55 °C to 125 °C and 
above; and they can be produced 
quickly - from 3-8 weeks. 

Pass The Chips 
In critical , miniature applica

tions like hearing aid circuits, 
monolithic I Cs can't compete 
with Paine hybrids in non
recurring costs (20 times more) , 
versatility (limited to control-type 
functions) , or development time 
(over six months, as compared to 
a few weeks) . 

We're the Quick Response 

Team. No matter how rushed 
your program, we'll leap to your 
aid with top quality hybrids at 
any quantity of any produc
tion step for any application 
at anytime. 

Give Us Your Panic 
• Single prototypes to runs of 

thousands. Specializing in 
custom and short runs. 

• Design through assembly. 
Specializing in high volume 
print and fire. 

• Medical, aerospace, computer, 
petrochemical, defense, and 
industrial control applications. 
Specializing in odd sizes and 
shapes. 

Get Small 
For dramatic reductions of 

your real estate - call or write 
Paine for the FREE "Designers 
Handbook On Thick Film 
Microcircuits''. 

Paine Corporation , 24 01 South Bayview Street, Seattle, Washington, 98144 
TOLL FREE: 1-800-426-0366 or (206) 329-8600 FAX: (206) 723-4 171 

CALENDAR 
Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Washington, DC. Inte
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. No
vember 3 to 6. 

Hands-On Microprocessor Soft
ware, Hardware, and Interfacing 
(short course), Los Angeles, CA. 
Integrated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. No
vember 3 to 6. 

Troubleshooting Microprocessor
Based Equipment and Digital De
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. November 10 to 13. 

Advanced SMT Design Techniques 
(short course), San Jose, CA. Sur
face Mount Technology Plus, 1786 
Technology Dr, San Jose, CA 95110. 
(408) 943-0196. November 16 to 17. 

Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Anaheim, CA. Integrated 
Computer Systems, Box 3614, Cul
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. November 17 
to 20. 

Troubleshooting Microprocessor
Based Equipment and Digital De
vices, Norfolk, VA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS , 
(913) 898-4695. November 17 to 20. 

9th lnterservice/lndustry Training 
Systems Conference, Washington, 
DC. Ralph Nelson, ADPA, Rosslyn 
Center, Suite 900, 1700 N Moore St, 
Arlington, VA 22209. (703) 522-1820. 
November 30 to December 2. 

Hands-On Graphics Programming 
Using GKS/VDI Tools, Washing
ton, DC. Integrated Computer Sys
tems, Box 3614, Culver City, CA 

EDN October 29, 1987 



The Siemens family of ADMA co-processors 
The economical, intelligent ways to manage your data throughput. 

Designers of multi-user systems including LAN, SCSI 
controllers, graphics and CPU boards can travel into the future 
of information management.. .with Siemens intelligent new 
SAB 82258 co-processor and SAB 82257 low cost version. They 
provide an uncommon combination of advanced functions: 

Normal channels 4 4 4 

Multiplexer channels 32 32 

"On-the-fly" operation NO YES YES 

Data Transfer Rate (Mbytes/Second} 8 10 20 

Automatic chaining of command 
and data blocks NO YES YES 

Package PLCC PLCC PLCC 
LCC LCC 
PGA PGA 

• SAB 82258A supports 32-bit data transfers in single-cycle mode 

• Directly interface with SAB 8088/8086/80286-based systems .. . 
the SAB 82258A is the ideal choice for 80386-based systems 

• "On-the-fly" feature includes compare, translate, and verify 
operation 

• Stand alone (remote) mode operation in any system 
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To solve your data throughput problems, and get your 
FREE ADMA brochure, call (408) 980-4500 ext. 4347. 
Or write: Siemens Components, Inc., IC Standard Products 
Marketing Dept., 2191 Laurelwood Rd., Santa Clara, CA 95054 

Siemens Regional Sales Offices: 
Eastern Region Central Region 
Littleton, MA Rosemont, IL 
(617} 486-0331 (312) 692-6000 

Princeton, NJ 
(609} 987-0083 

Norcross, GA 
(404) 449-3981 

Columbus, OH 
(614) 433-7500 

Dallas, TX 
(214) 620-2294 

Siemens National Distributors: 
Hall-Mark, Marshall 
Siemens Regional Distributors: Advent 
Electronics, Inc., Almo Electronics, 
Insight Electronics, Quality Com
ponents, Summit and Western 
M icrotechnology. 

Siemens ... 

Western Region 
Orange, CA 
(714) 385-1274 

Cupertino, CA 
(408) 725-3586 

your partner for the future. 
~ 1987 Siemens Components, 1nc. 
CG/2000-425 WLM 632 



Gold Bonded 
Germanium 
Diodes 

Schottky 
Diodes 

FAS T DELIVER Y 
COMPETITIVE PRICE 
Not Sensitive To Static Discharge 
Operate at Lower Current Level 
Lower Noise 
Higher Reliability 
Lower Power Consumption 

BKC International 
Electronics, Inc. 

If you're looking for 
delivery of small-signal 

Schottky diodes, perhaps it's 
time to take off the gloves. 

We manufacture over 200 different Gold Bonded Diodes with 
inverse current capabilities for 5 to 250 volts. All of our diodes 
meet the requirements of MIL-S-1 9500. For more information 
or sarrples, write or call BKC. 

6 Lake Street, P.O. Box 1436, Lawrence, MA 01841 

Tel. (617) 681-0392 ·Fax (617) 681-9135 ·Telex 928377 

Cut Costs 

50% 
with steel wire 
construction 
Fortune 500 companies 
and thousands of smaller 
companies use Titchener 
steel wire construction 
in their products. They 
chose welded wire 
construction to replace 
sheet metal , plastic, or 
castings because welded 
wire produces a better 
product and typically cuts 
cost as much as 50%. It 
also produces a stronger, 
lighter, better working part. 

TITCHENER E.H. Titchener & Co. 

- P.O. Box 1706 
, 28 Titchener Place 

· JI Binghamton, NY 13902 
Phone 607-772-1161 
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Free Design Guide 
Sendtodayforournew 
engineering guide. It's 
loaded with good design 
ideas and it's free . 

CALENDAR 
90231. (800) 421-8166; in CA, (213) 
417-8888. December 1 to 4. 

Troubleshooting Microprocessor
Based Equipment and Digital De
vices, Oklahoma City, OK. Micro 
Systems Institute, 73 Institute Rd, 
Garnett, KS 66032. (800) 247-5239; 
in KS, (913) 898-4695. December 1 
to 4. 

IEEE International Electron De
vice Meeting (IEDM), Washington, 
DC. Courtesy Associates, 655 15th 
St NW, Suite 300, Washington, DC 
20005. (202) 347-5900. December 6 
to 9. 

Lasers '87, Lake Tahoe, NV. Socie
ty for Optical and Quantum Elec
tronics, Box 245, McLean, VA 
22101. (703) 642-5835. December 7 
to 11. 

Hands-On Graphics Programming 
Using GKSNDI Tools, Los Ange
les, CA. Integrated Computer Sys
tems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (213) 
417-8888. December 8 to 11. 

Microcomputer Graphics Confer
ence, New York, NY. Expoconsul 
International, 3 Independence Way, 
Princeton, NJ 08540. (609) 987-
9400. December 16 to 18. 

EDN October 29, 1987 



Need <Ins speed? 
Get it with our 
new silicon-gate 
DMOS FETs and 
Analog Switches. 
Greater accuracy. 
Lower capacitance. 
Higher gain. 
And less distortion. 

EDN October 29, 1987 

Sometimes you can't get the switching speed your designs need 
from CMOS, JFET or bipolar technologies. And it's not often 
you require the expensive performance of gallium arsenide. 

Get the accuracy you require with fast switching, low capaci
tance Siliconix SD210/2N7104 FETs and SD5000/2N7116 analog 
switches. They're available now! Fabricated in silicon-gate 
DMOS - the most stable technology for analog switches, multi
plexers, A/ D and D/A converters, choppers and sample-and-hold 
circuits that operate into the 750 MHz range. 

Siliconix SD210 FET and SDSOOO analog switch families fea
ture < 1 ns switching speeds, capacitance under 3 pF and gain 
up to 10,000 µmhos at 10 mA. And they come in a variety of 
package and screening types including surface mount , military 
andJEDEC. 

INJECTED CHARGE VS. ANALOG VOLTAGE RANGE 

80 

60 

~ 40 c;: 

20 

0 
- 15 - 10 

OMOS 
~ 

- 5 0 5 10 15 
ANALOG VOLTAGE (V} 

Circuit accuracy is a 
function of charge injec
tion. The DMOS process 
significantly outperforms 
CMOS, JFET and 
bipolar in this critical 
parameter. 

Get a clear signal! Call 1 (800) 554-5565, Ext. 924 
for complete information on Siliconix fast , accurate 
DMOS FETs and analog switches. And don't forget 
to ask for your free DMOS Design and Sample Kit! 

220 1 Laurelwood Road, Santa Clara, CA 95054 © 1987 Siliconix 
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MICRO-LOGIC ll~M 
The CAE tool with a 10,000·gate 

digital simul~r for your PC. 
<-~~ \y 

Spectrum Software's MICRO-LOGIC II® puts 
you on top of the most complex logic design 
problems. With a powerful total capacity of 
10,000 gates, MICRO-LOGIC II helps engi
neers tackle tough design and simulation 
problems right at their PCs. 

MICRO-LOGIC II, which is based on our 
original MICRO-LOGIC software, is a field
proven, second-generation program. It has 
a high-speed event-driven simulator which is 
significantly faster than the earlier version. 

Timing Simulator 

The program provides you with a top-notch 
interactive drawing and analysis environ
ment. You can create logic diagrams of up 
to 64 pages with ease. The software fea
tures a sophisticated schematic editor 
with pan and zoom capabilities. 

50 

Shape Editor 

A 200-type library of standard parts is 
at your fingertips . And for a new high in 
flexibility, a built-in shape editor lets you 
create unique or custom shapes. 

MICRO-LOGIC II is available for the IBM® 
PC. It is CGA, EGA, and Hercules® com
patible and costs only $895 complete. An 
evaluation version is available for $100. 
Call or write today for our free brochure 
and demo disk. We'd like to put you in 
touch with a top digital solution. 

• Total capacity of 10,000 gates 
• Integrated schematic editor 
• Fast assembly language routines 
• Standard parts library of 200 types 
• Event-driven timing simulator 

CIRCLE NO 185 

• Built-in shape editor 
• Multiple delay models 
• Printer and plotter hard copy 

Schematic Editor 

------------ -- -- - - - -- - --- ---- - -- -- --------- ------- ---- -- - -
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
( 408) 738-4387 

MICRO-LOGIC II is a registered trademark 
or Spect rum Software. 

Hercules is a registered trademark 
or Hercules Computer Technology 

IBM ~ a registered trademark 
of lntemationa1 Business Machines, Inc. 

EDN October 29, 1987 
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AuToCAD® RELEASE 9. 
ITS ENHANCEMENTS ARE 
EVIDENT. 

AutoCAD's new release 
builds on the strengths of 
its eight predecessors. 
Here's how: 

PULL-DOWN MENUS. 

Release 9's pull-down 
menus let you choose all of 
AutoCAD's fundamental 
commands with a click of 
your mouse or digitizer. You 
can also customize menus 
to provide your own fre
quently used commands. 
Pull-down menus are com
patible with AutoCAD's 
proven system of screen and 
tablet menus. 

ICON MENUS. 

When you wish to select 
3-D objects, text fonts, or 
hatch patterns, for example, 
you can pick them from an 
icon menu that appears on 
the screen. You can do the 
same thing with objects you 
create on your own. Icon 
menus make it easier and 
faster to choose the option 
you want. 

DIALOGUE BOXES. 

These let you converse with 
AutoCAD; give it instruc
tions by "filling in the 
blanks." They can simplify 
many of your tasks-enter
ing layer information, for 
example. 

FILE PORTABILITY. 

With Release 9, drawing 
files are directly compatible 
without any conversion 
steps across four different 
operating systems on four 
different machine architec
tures: PC-DOS/MS-DOS, 
Apollo AEGIS, DEC VMS, 
Sun UNIX:" 

On a network with different 
types of computers you can 
access a single copy of a 
drawing from any machine. 

MORE EW FEATURES. 

Release 9 also offers you 
twenty additional text fonts 
from the industry standard 
Hershey library, B-spline 
curve generation, and a 
direct link to the newly 
released AutoShade:M 

RELEASE 9 = MORE 
POWER + EASIER ACCESS. 

If you think CAD would 
boost your productivity, but 
you worry that a serious pro
fessional CAD package will 
take forever to learn, Auto
CAD Release 9 is for you. 

You'll be able to put its 
extraordinary capabilities 
to work faster than you ever 
thought possible. 

AuroCAD 1s reg istered in the U.S. Paten t 

and Trade ma rk Office by Au todesk, Inc. 

AuroSha<lc is a 1rademark of Aurodesk, Inc. 
2320 Marinship Way, Sausalito, CA 94965 
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AuToCAD 
THE STANDARD. 

CAD is an essential prodw;:
tivity tool today, as essential 
as drafting boards and 
T-squares were yesterday. 

With over 100,000 packages 
sold in seven languages 
around the world, Auto
CAD is the CAD software 
of choice among architects, 
engi neers and designers. 

CALL 800/445-5415 FOR 
DETAILS. 

We' ll put you in touch with 
an authorized dealer who 
will show you the unprece
dented power and ease of 
use of AutoCAD Release 9. 

Your dealer will also show 
you which graphics systems 
can support our new display 
capabilities. 

*PC-DOS is a registe red trademark of lnrerna
tional Business Machines Corporation. MS-DOS 
is a reg1stc rcd trademark of Microsoft Corpora
t ion. Apollo AEGIS is a tradema rk of Apollo 

Computer, lncorponue<l. DEC and VMS are 
trade ma rks of 0 1g1ral Equipment Corporation. 

Sun 1s a trademark of Sun Microsystems Incorpo

rated. UN IX is a trademark of AT&T Bell 

Laborn1ories. 

m. 
AUTODESK, INC. 

Tools for the golden age 
of engineering. 
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From the industryS first 
choice come the industry~ 

first choices. 

The Original 
T0-5 Relay 

Versatile Centigrid® Bistable Maglatch Low-Cost Centigrid" CMOS Driven Centigrid® Sensitive Centigrid® 

We designed the original TO-5 
relay over 20 years ago. But that 
was just the beginning. Since those 
first days, we nudged it into father
ing a family of adaptations and 
extensions along the way. 

In the process we also 
pioneered many innovative tech
niques for production, for manu
facturing, and for quality control 
to ensure a reliability level so con
sistently high it would be taken for 
granted. 

Of course, for us it never was. 

Soon, T0-5 relays were avail
able in latching versions, in single, 
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double and 4-pole styles, and in 
hybrid versions with internal diode 
and transistor drive. All with excel
lent RF switching characteristics. 

Today, there's a version for just 
about any application-general pur
pose and sensitive, commercial, and 
military (qualified to "L," "M" and 
"P" levels of MIL-R-39016). 

and high vibration designs for crit
ical, hi-rel applications. We even 
have versions that can be driven 
directly from CMOS and TTL 
(qualified to "L" and "M" levels 
of MIL-R-28776) . 

If you'd like complete techni
cal information on our T0-5 
relay and all its off spring, or some 
applications help, or just a little 
history, drop a note or give us a 
call. 

Like proud parents, we love 
to talk about the family. 

Our family boasts the Centi
grid~ possibly the most advanced 
hermetically sealed armature relay 
available today. The Maglatch, a 
relay with memory and low power 
requirements. And lots of brothers 
and sisters to handle applications ..,f"TELEDYNE RELAYS 
like high temperature, high shock, Innovations In Switching Technology 

12525 Daphne Ave., Hawthorne, California 90250 • (213) 777-0077 
European 1-lqtrs: Abraham Linroln Strasse 38-42, 6200 Wiesbaden, W. Germany • 06121-768 

Belgium Sales Office: 181 Chaussee de la Hulpe, 1170 Brussels • (2) 673-99-88 
U. K. Sa les Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW5 9QP • 1-897-2501 

Japan Sales Office: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo, 150 Japan • (3) 797-6956 
France Sales Office: 85-87 Rue Anatole-France, 92300 Levallois-Perret • 1-7587160 
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DOC 
ABOUT SYNCHRO·CONVERSION • HIGH·SPEED, HIGH ACCURACY D/A & AID CONVERSION • 1553 BUS DEVICES 

PUBLISHED BY ILC DATA DEVICE CORPORATION OCTOBER 1987 

NOW AVAILABLE ... THE SMALLEST, 
FULL-MIL, 1 MEG SRAM 

MEM-84000 
FULL MIL, 1 MEG SRAM 

MMU 

DDC is pleased to announce the 
availability of the MEM-84000, its 
new 1 megabit full-mil static RAM 
hybrid. Packaged in a small 1.25" 
x 1.25" x 0.150" 46 pin hermetic 
flatpack, the MEM-84000 features 
the low power dissipation and high 
speed of HCT CMOS technology. 
Its 100 nanosecond access time, 
64k x 16 bit memory organization, 
and -55 to + 125 degree C oper
ating temperature range make it 
ideal for use with 16 bit or 32 bit 
CPUs in a wide range of military 
processor applications. 

The MEM-84000 uses four (4) 
TTL compatible 32K x 8 RAM 
chips to implement its 1 megabit 
memory. Data transfers are made 
using 16 address lines, 16 data 
lines, and standard read, write and 
enable lines. Using external de
coding, the MEM-84000 is fully ex
pandable to any memory width or 

Circle 44 for literature 

CPU 

depth. As an example, a 256K x 32 
bit (8 megabit) memory can be con
figured using one (1) external 
decoder chip and eight (8) MEM-
84000 hybrids . 

The MEM-84000 operates from 
a single 5 volt power supply. Since 
low power CMOS components are 
used in the hybrid, a battery back
up will easily prevent data loss 

c:Jc:Jt3 

1/0 

under power failure conditions. 
Data will be retained with battery 
voltages as low as 2 volts. 

With its small size, high perfor
mance, wide operating tempera
ture range and screening to MIL
STD-883, the MEM-840001 mega
bit memory hybrid is well-suited 
for use in the most demanding 
military applications. 

Add reliable high performance 
plus a new capability to your sys
tem design needs with DDC's new 
MEM-84000. For more informa
tion contact our sales engineers . 
They'll tell you all about this new 
break-through in memory hybrids . 
Call toll-free 800-DDC-1772. 0 

mmm 
CERTIFIED AND 
QUALIFIED TO 

MIL-STD-1772 

Circle 45 for sales contact 

ILC DATA DEVICE CORPORATION 
HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, TLX: (310) 685-2203, FAX: 516-567-7358, 516-563-5699 

WEST COAST (CALIF.): WOODLAND HILLS, (818) 992·1772, TWX: 910·499-2674; SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 84CJ.5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910·997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TLX: 13().332 

UNITED KINGDOM: 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841 -527128; SWEDEN: 8·920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781 -34158 



Super-High EGA 
Resolution for 
Super-Hot PCs 

Want high-resolution EGA chips and 
boards that work well with today's fastest 386 
PCs? Team up with Genoa. 

You'll get 800 x 600 resolution from 
Super EGA™ chips that whiz along at speeds 
of up to 40MHz. 

You'll get more control over the finished 
product, because we design our own boards 
and ASIC chip set; we also generate our 
own BIOS microcode. 

And, you'll get easy BIOS-level integration 
with the new PS/2 TM VGA standard (9 x 16 
character box, CGA Doublescan, and 640 x 
480 resolution). 

In fact, you'll get everything you need in a 
graphics partner- today and tomorrow- when 
you work with the EGA/VGA experts at Genoa . 

Call or write: Genoa Systems Corporation, 
73 E. Trimble Road, San Jose, CA 95131 
FAX: 408-4 34-0997 Telex: 172319 Tele
phone: 408-432-9090 

Genoa 
SYSTEMS CORPORATION 

© 198 7 Genoa Systems Corporation 
Super EGA is a m1dem:irk of Ce~ Sys1ems Corporation. PS/2 is a trademark of lnremational Business M:achines. 
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CMOS at speed. 

A few more last, last 
reasons to call for our 
new clatabook: 

~ 1. New 64K SRAM. 25ns. Seven configura-
tions-including bit-wide, nibble-wide, byte
wide, separate 1/0, and all with low, low, power. 
As low as 50 mA active at 45ns. 

2. New 128K Reprogrammable PROM. 45 ns. 
100 mA active, 30 mA standby. 

3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz. 
Virtually no bubble through. Cascadeable. 

4. Fastest 22V10 Reprogrammable PLO. 25ns. 
55 mA. And we have the board to turn your PC 
into a PLO/PROM programmer, tool 

5. High speed CMOS SRAM. 
6. High speed CMOS PROM. 

7. High speed CMOS PLD. 
'8. High speed CMOS LOGIC. 

9. Fabricated and assembled in our 
ESC-certified U.S.A. facilities. 

his databook, packed with high speed, 
ow power parts, is yours for a phone call. 

'ATABOOK HOTLINE: 
-800-952-6300, Ask for. Dept. C42 

-800-423-4440 (In CA), Ask for Dept. C42 
'2) 2-672-2220 {In Europe) 

'416) 475-3922 {In Canada) 

We illustrate the Lockheed SR-71 Reconnaissance aircraf/. holder of the worlds air 
speed record: 2.193 miles per hour. Hlire fond of speed records. Over 30 of our parts 
have broken or still hold speed records for integrated circuits. CIRCLE NO 160 

Cypress Semiconductor. 3901 North rirst Street. San Jose. CA 95134. 
Phone 14081943-2666 Telex 821032 CYPRESS SNJ UD . TWX 910-997-0753 
PAL is a registered trademark of Monolithic Memories, Inc. 

1987 Cypress Semiconductor 



EDITORIAL 

DAT's the way it is 

EDN October 29, 1987 

Washington, DC, October 1, 1990-The House Subcommittee on 
Commerce, Consumer Protection, and Competitiveness voted today 
to ban digital backup cassette tapes and floppy disks. "By adding 
such devices to the 1987 Digital Audio Recorder Act, the committee 
has taken an important step toward preserving intellectual-proper
ty rights," stated a committee spokesman. "People are abusing these 
devices, copying and distributing computer programs at will. 
Programmers deserve protection," he added. 

Although the scene above is fanciful, such action isn't out of line 
with Congress's current mood. In fact, Congress may act 
soon-if it hasn't already-to ban digital audio tape (DAT) record
ers. Supporters of the 1987 Digital Audio Recorder Act argue that 
such a measure is necessary to prevent unauthorized copying of 
compact-disk (CD) recordings. Under the terms of the pending bill, 
DAT recorders couldn't be sold during the next year unless they 
included a copy-prevention circuit that would make it impossible to 
accurately reproduce CD-quality sound on a DAT. 

It's difficult to ban or restrict technology. When audio cassettes 
became available, there were similar arguments about illegal copy
ing of long-playing records. Likewise, when VCRs became readily 
available, there were futile attempts to regulate the industry. 
Luckily, reason and the consumer prevailed. Support for prohibi
tions waned as movie and record companies saw new markets for 
their products. These days, few people go to the trouble of record
ing music when it's available on an inexpensive tape. 

Just suppose that someone had proposed a ban on floppy disks in 
the early 70s. Proponents of such a ban could have argued that 
floppy disks would let people quickly copy and bootleg programs 
that were previously available on large rolls of punched paper tape 
or on punched cards. But because there was no mass market for 
such media and no powerful computer companies or lobbyists were 
involved, technology carried the day. In fact, the availability of 
inexpensive disks helped spawn the personal-computer industry. 

Rather than banning DAT recorders, the congressional commit
tee should concentrate on commerce, consumer protection, and 
competitiveness. Technology will take care of itself in the market
place. Who knows? The DAT technology, too, might spawn a new 
industry. '1 . 

~ 
Jon Titus 

Editor 
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VlO- the 32-bit microprocessor 
with the right technology at the right time 
The V70 supermicro is your win
dow of opportunity into the 32-bit 
world. By moving up now, you can 
stake your claim to emerging 
markets. And get the benefits of 
high integration, exceptional 
speed and sophisticated on-chip 
functions. All in CMOS. 

SPEED 

The V70 delivers 6.6 MIPS (max) 
at a 20MHz clock rate. The six
stage pipelined CPU executes up 
to four instructions concurrently. 

VIRTUAL MEMORY 
MANAGEMENT 

The on-chip demand-paged 
Memory Management Unit sup
ports 4 gigabytes of virtual and 
physical memory spaces. And 
gives you 4 levels of memory 
protection. 

FLOATING POINT ON-CHIP 

The V70 executes basic floating 
point operations (IEEE 754) with
out co-processor. 

EFFICIENT PROGRAMMING 
The V70 features 32 general
purpose registers (each 32 bits 
wide) and a powerful instruction 
set optimized for high-level lan
guages and operating systems 
such as UNIX and MS-DOS. 
V70 instructions are fully compat
ible with the V60. A high-speed 
emulation mode gives you com
patibility with V20/ V30 software. 

UNIX is a trademark of AT & T Bell Laborator ies. 
MS-DOS is a registered trademark of Microsoft Corp. 

FAULT-TOLERANT 
APPLICATIONS 

The V70 helps you design fault
tolerant systems with its unique 
on-chip Functional Redundancy 
Monitor. Use two V70's, one mas
ter and one checker. During 
each bus cycle, the checker mon
itors the master and issues mis
match warnings. 

ON-CHIP DEBUGGING 

The V70 offers three types of de
bug functions on-chip. V70 users 
get full support from NEC , includ
ing a broad line of CMOS periph
erals, development tools, and 
two operating systems-UNIX 
system V and our realtime OS. 

If you've been looking into 
the 32-bit world, it's time to step 
through the window of opportu
nity. With the V70 from NEC. 
Find out about it today. 

For further information, please contact: 
•USA Tel:l-800-632-3531. ID Clllifomla: 1-800-632-3532. 

TWX: 910-379-6985. 

• Earope W. Germany 
Tel:0211-650302. Telex:8589960 NE D. 
The Netherlancb 
Tel:040-445-845. Telex:51923 NEC B NL. 
Sweden 
Tel:OS-732-8200. Telex:l3839 NECSCAN S. 
France 
Tel:l-3946-9617. Telex:699499 NEC EF. 
Italy 
Tel:02-6709108. Telex:315355 NECEIT I. 

UK 
Tel:0908-691133. Telex:826791 NECUK G. 

•Asia Hong Kong 
Tel:l-755-9008. Telex:54561 HKNEC BX. 

Taiwan 
Tel:02-522-4192. Telex:2237Z HKNEC TP. 
Singapore 
Tel:481988l. Telex:39726 NECES RS. 

• Oceania Australia 
Tel:Ol-267-6355. Telex:AA38343 NECBCD. 
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THIS YEAR'S BRIGHTEST 
AVARIETY 

PACKAGE 

FULLY ISOLATED 

NON-ISOLATED 

BLACK 
Ultra fast switching and reliability for less than a 

quarter! No wonder our MTP3055A Power MOSFET in 
T0-220 is such a bright idea-even in basic black. But if 
you want to see real high-tech chic, take a look below 
at the Power MOSFET package that's getting everyone's 
attention. 

&BLACK 
MTP3055AP. Black on black (That's right no metal on 

the back)! Only four cents more and worth every penny. 
Because this SGS-developed package-the break
through ISOWATT220 ™-is "FULLY ISOlATED" to 
2000V DC (guaranteed) with thermal performance 
equal to non-isolated technology. Mounts directly to a 
heatsink with no insulating washers, bushings, etc. 
needed. Actually cuts parts and assembly costs, while 
improving equipment quality and reliability. No wonder 
SGS is the brighter power. 

TYPE Voss Ros (ON) 

MTP3055AP 60V 0.15 OHMS 10A 30W 

MTP3055A 60V 0.15 OHMS 12A* 40W* 

*Parts have identical electrical characteristics. 10 and P0 for the MTP3055A (T0-220) need to 
be derated by the designer depending on isolation used. For the ISOWATT220, this derating 
is already included. 
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POWER FETS COME IN 
OF COLORS. 

Free Brighter Power Data Book. 
Take an in-depth look at the bright side of Power MOS. 

Request your free copy of the SGS Power MOSFET data 
book. It includes a wide range of industry standard Power 
MOSFET s-all of them available in SGS' 
revolutionary cost, space and time-saving 
ISOWATT220 and ISOWATT218'" 
packages. 

Call 602/86 7-6259 now or 
write: SGS Semiconductor 
Corporation, 1000 East Bell 
Road, Phoenix, Arizona 
85022. The brighter your 
Power MOSFET s, the 
brighter your design's 
future. 

ISOWATT220 and ISOWATT218 
are trademarks of SGS. 

EDN October 29, 1987 
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A quick cache like DisCache;· 
the unique drive-resident caching 
feature available on Quantum 
Q200 Series '" of half-high 5114" 
intelligent disk drives. 

A Quantum 53 or 80-
megabyte (formatted) drive 
with its integrated SCSI con
troller and DisCache can help 
your system perform faster and 
smarter. Depending upon the 
application, DisCache can actu
ally cut disk transaction times 
in half by reducing seek and 
rotational latency delays. 

DisCache acts as a high
speed memory between the disk 
and the host system. DisCache 
anticipates sequential host re
quests by looking beyond the 
current data request and storing 
adjacent data in cache memory. 
When the host requests this 
data, it is accessed in micro
seconds from the 60 KB of 
high-speed memory instead of 
in milliseconds from the disk. 

Since typically 50% or 
more of all disk requests are 
sequential, DisCache can make 

( · 1987 Quantum Corporation. Dis Cache and Q200 Serie:- are trademarks of Quantum Corporation. 
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your systems substantially 
faster. And that can help your 
systems sell faster. 

DisCache is as flexible as 
it is fast, with programmable 
options to tailor caching param
eters to suit your system. 

DisCache is an option on 
both our Q250 and Q280 drives. 
Each drive features Quantum's 
innovative design and excep
tional reliability. 

Call or write for more 
information about DisCache and 
the Q200 Series of half-high 
5114" intelligent disk drives. 

We'll show you what a little 
quick cache can do for your 
business. 

Quantum Corporation, 
1804 McCarthy Blvd., Milpitas, 
CA 95035 ( 408) 432-1100. 
TWX 910-338-2203. Eastern 
Regional Sales: Salem, NH 
(603) 893-2672. Western 
Regional Sales: Santa Clara, 
CA ( 408) 980-8555. European 
Sales: Frankfurt, West Ger
many 069-666-6167. Quantum 
products are distributed in the 
United States and Canada by 
Arrow Electronics and Marshall 
Industries. 

Ouantu·m 
First In Intelligent Disk Drives 
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kHz, resulting in a 96k-bps rate. 
AD PCM reduces the amount of data 
by quantizing and encoding the dif
ferential between adjacent samples. 
Adaptive changes to the quantiza
tion width depend on the amount of 
the differential. When the differen
tial is large, the quantization width 
increases. When the differential is 
small, the quantization is reduced. 

The MSM6258 speech processor 
from Oki Semiconductor contains a 
speech-analysis stage in which PCM 
data is compressed to 3- or 4-bit 
ADPCM data. The chip's com
pressed ADPCM mode makes fur
ther data reduction possible, at the 
expense of quality. Compressed 
ADPCM eliminates intervals of si
lence that exceed a certain time 
length, and it eliminates redundan
cies in, for example, the waveforms 
that represent vowels. The bit rate 
in the compressed ADPCM mode 
can be reduced by as much as one
third of the ADPCM bit rate, de
pending on the characteristics of the 
speech. 

The MSM6258 contains an 8-bit 
AID converter, which samples ana
log speech at a 4.0-, 5.3-, or 8.0-kHz 
rate when the on-chip clock uses 
4.096-MHz crystal. The chip also 
has a provision to accept PCM en
coded data from an external 8- to 
12-bit AID converter. Using a 12-bit 
ADC and selecting a 4-bit ADPCM 
yields 16k-, 21.2k-, and 32k-bps data 
rates at the 4.0-, 5.3-, and 8.0-kHz 
respective sampling rates . Lower 
bit rates are possible using the com
pressed ADPCM mode and 3-bit 
quantization. 

The chip can obtain ADPCM-en
coded data from as much as lM bits 
of external dynamic RAM or from as 
much as 256k bits of external static 
RAM. The chip contains an internal 
dynamic-RAM controller with re
fresh circuitry. Playback is also pos
sible from EPROMs. On playback, 
PCM data is reconstructed using an 
on-chip DAC with 10-bit quantiza
tion level. 

The chip comes in two versions: 
one for stand-alone operation (over 
EDN October 29, 1987 

the -40 to +85 °C temperature 
range) and one (which operates 
from -30 to +70°C) for interfacing 
with an 8-bit µP. Four plastic-pack
age options include a 40-pin DIP, 44-
and 60-lead flat packages, and a 
68-lead chip carrier. Each chip re
quires a 5V supply with current 
draw of 4 mA max. In standby 
mode, the chip draws 10 µA when 
used with static RAMs. Each chip 
costs $12.90 (1000). 

Oki also produces two digital ICs, 
the MSM6308 and the MSM6309, 
that combine speech-synthesis and 
-analysis capability. For analysis, 
they contain on-chip amplifiers and 
lowpass filters, which permit direct 
connection to a microphone. Each 
chip contains a built-in 8-bit AID 
converter and an 8-bit DAC as well 
as a speaker-driving amplifier. They 
both use the ADPCM algorithm for 
speech analysis and synthesis, with 
selectable sampling frequencies of 4 
and 8 kHz. The MSM6308 stores 
speech data in 256k bits of external 
dynamic RAM, and the MSM6309 
uses 256k bits of external static 
RAM. The MSM6808 comes in a 
44-pin plastic flat package; the 
MS6809 comes in a 60-pin plastic flat 
package. Both devices require a 5V 
supply and operate from -40 to 

For more information ... 

+85°C. Each chip costs $5.50 
(1000). 

Toshiba America also features 
waveform coding as a method of 
voice synthesis. The company has 
several digital ICs that use an Adap
tive Delta Modulation algorithm for 
code compression. The algorithm is 
a variant of ADPCM. 

Parametric synthesis 
Parametric synthesis is a method 

of speech synthesis that can achieve 
a higher degree of data compression 
than does waveform encoding, but 
the higher compression does result 
in a somewhat lower quality. Never
theless, the quality is more than 
adequate for many applications, and 
Texas Instruments, a parametric
synthesis proponent, offers a tape 
recording that allows you to judge 
for yourself the effects of various 
levels of compression. 

The key to parametric synthesis 
is a model of the human speech 
production mechanism (Fig la). 
The vocal tract is excited when the 
air from the lungs is forced through 
the vocal chords (two small flaps at 
the base of the larynx). When voiced 
sounds such as "A" or "E" are pro
duced, the vocal chords vibrate to 
modulate the air from the lungs, 

For more information on the digital ICs or services discussed in this article, 
contact the following manufacturers directly or circle the appropriate num
bers on the Information Retrieval Service card. 

General Instru ment Corp 
Microelectronics Div 
2355 W Chandler Blvd 
Chandler, AZ 85224 
(602) 963-7373 
Circle No 701 

Oki Semiconductor 
650 N Mary Ave 
Sunnyvale, CA 94086 
(408) 720-1900 
TLX 296687 
Circle No 702 

Signetics Cor p 
Box 3409 
Sunnyvale , CA 94088 
(408) 991-2000 
Circle No 703 

Si licon Systems 
14351 Myford Rd 
Tustin, CA 92680 
(714) 731-7110 
TWX 910-595-2809 
Circle No 704 

Texas Instruments Inc 
Linear Products Div 
Box 655303 
Dallas, TX 75265 
(214) 997-3373 
Circle No 705 

Toshiba Amer ica Inc 
2692 Dow Ave 
Tustin, CA 92680 
(714) 832-6300 
TLX 314138 
Ci rcle No 706 

Voice-Tech Inc 
Box 250326 
Atlanta, GA 30325 
(404) 876-0748 
Ci rcle No 707 
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NOISE 

PULSE 
GENERATOR 

F; B; 

5-FORMANT 
FILTER 

UPSAMPLED 
DIGITAL 
FILTER 

DAC 
SPEECH 
OUTPUT 

Fig 2-An electronic speech model requires the combination of amplitude-modulated noise and pulse sources that excite a fi lter that 
simulates five formants. 

thus producing pulses of air that are 
nearly periodic. The period deter
mines the pitch of the sound pro
duced. Besides the voiced sounds, 
unvoiced-or noise-sounds, such 
as "S," are required to generate 
speech. Unvoiced sounds are pro
duced when turbulent air passes 
through the open vocal tract. 

Situated above the vocal chords 
are the pharynx and the oral and 
nasal cavities, all of which shape the 
spectrum of the sound. The vocal 
tract can be thought of as an acous
tic tube that's nearly closed at the 
vocal-chord end and open at the 
other. The frequency response of 
such a tube with constant diameter 
is characterized by a number of res
onances known as formants (Fig 
lb). 

In parametric synthesis, an anal
ysis system extracts parameters 
from recorded speech and stores 
them in ROM. A synthesis chip then 
uses that data to electronically and 
dynamically model the vocal tract. 

One such chip is the Signetics 
PCF8200, a 24-pin CMOS device 
that operates from -40 to +85°C. 
The $15 chip operates from one 5V 
supply with a typical current draw 
of 10 mA; it can be switched to a 
standby mode, in which it draws 200 
µA typ. The synthesizer is divided 
into three sections: a µC interface 
and control section; a formant syn-
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thesizer; and an output stage. 
Fig 2 shows a simplified electron

ic model of the human speech pro
duction mechanism that's used by 
the PCF8200. Here, a periodic 
source and a noise source, respec
tively, represent the voiced and un
voiced sounds. The outputs of these 
sources are amplitude-modulated, 
combined, and fed to the formant 
filter, which mimics the vocal tract. 

To create the parameter data 
needed to make the PCF8200 
speech synthesizer talk, a recording 
of the speech to be synthesized must 
be analyzed using a $5500 Signetics 
OM8210 speech-development sys
tem. This system is a hardware in
put/output adapter box for either 
the Hewlett-Packard 9816S or the 
IBM PC/XT computers. All soft
ware for analyzing, coding, and ed
iting speech resides on a floppy disk. 
The system features a graphic dis
play of the speech parameters, al
lowing synthesized speech seg
ments or single frames to be 
pronounced and checked for quality 
during interactive editing. 

Although Signetics performs 
speech analysis for high-volume cus
tomers, it recommends that most 
speech development be done by out
side speech-coding services. One of 
these services, Voice-Tech, accepts 
a vocabulary list or a list of complete 
sentences; the company develops 

the synthesized speech code files 
and stores them in EPROMs. Cost 
for this service is nominally $70 for 
new words and $50 for canned 
words. 
The analysis process divides re

corded speech into intervals called 
frames and then determines for 
each frame a set of parameters that 
describes the speech. In the synthe
sis step, the PCF8200 synthesizer 
chip accesses the EPROM-resident 
frame parameters via a µP that uses 
the FC serial bus or an 8-bit parallel 
bus. Standard frame durations of 
8.8, 10.4, 12.8, or 17.6 msec are 
software selectable. 

The PCF8200's on-chip 8-step lin
ear interpolator smoothes the tran
sition from one set of parameters to 
the next. A frame whose parame
ters can be approximated by inter
polation between parameters of ad
jacent frames need not be encoded, 
thereby saving memory. 

To model the formants, the 
PCF8200 uses a vocal formant syn
thesis algorithm that's a variation of 
a linear-predictive-coding tech
nique. The excitation signal is fil
tered with a 5-formant filter for 
male speech and a 4-formant filter 
for female speech. The formant fil
ter is a cascade of second-order sec
tions. The control parameters, for
mant frequencies, and bandwidths 
are updated eight times per speech 

EDN October 29, 1987 



Chinon's design engineers have a serious can only accept a single sheet fed through the unit. 
commitment to produce the most technologically It is also extremely compact and lightweight, and is 
advanced products that the mind of man can designed to set new standards of cost-effectiveness . 
imagine. CD-ROMS can provide users with access to 

That commitment has created subsystems, databases that, only a few years ago, were possible 
peripherals and components that could change the only with a mainframe system. 
way we think about computers-and change the Technology is still moving as fast as the best 
way computers are used. minds can advance it. At Chi non, our commitment 

The Scanner and the CD-ROM units to that progress keeps our products at the very 
pictured here are the types of products that forefront of the leading edge. We're bringing the 
continually move the leading edge forward. The future of computing to the needs of today. 
Scanner could change the way business works by 
making true OCR technology more affordable and CH I NON 
easier to use than ever before. The unique scanning 
head design means that the document to be Chinon America, Inc., 6374 Arizona Circ le 
scanned remains fixed , unlike other scanners that Los Angeles, CA 90045 (213) 216-7611 FAX : (21 3) 216-7646 

EDN October 29, 1987 CIRCLE NO 112 67 



TECHNOLOGY UPDATE 

frame by linear interpolation. 
The formant-filter output is eight

times oversampled (or upsampled) 
to reduce quantization noise, and 
it's applied to a digital lowpass fil
ter, whose output is then scaled up 
or down for optimum positioning for 
an on-chip 11-bit DAC. The digital 
filter reduces the requirement for 
external filtering before application 
of the synthesis chip's output to an 
amplifier and speaker. 

Linear predictive coding 
Texas Instruments also manufac

tures speech devices that perform 
parametric synthesis. The TI parts 
use a pitch-excited linear-predictive
coding (LPC) technique. The 
TSP5220C uses an LPC-10 (linear
predictive coding with a tenth-order 
filter) voice-synthesis function. It's 
a 28-pin device that operates from 0 
to 70°C and requires -5V and 5V 
power supplies, from which it draws 
10 mA and 3 mA, respectively. 

The chip's microcontroller inter
face consists of an 8-bit bidirectional 
bus with read, write, interrupt, and 
ready control signals. Data is writ
ten into a command register or a 
128-bit FIFO register. A data regis
ter and a status register send data 
to the host µP. For added flexibility , 
the TSP5220C's 4-bit address bus 
provides a direct interface to the 
external TSP6100 Series vocabulary 
ROM. Synthesized-speech data out-

puts are provided in an analog and a 
digital format. An on-chip 8-bit 
DAC, which operates at 8 kHz, pro
vides the analog output. The chip 
operates at data rates from 1000 to 
1700 bps. An external lowpass filter, 
amplifier, and speaker are required 
to produce sound. The chip sells for 
$9.20 (100). 

The TSP50C41/42/40A chips from 
TI also implement an LPC-10 
speech-synthesis algorithm, but 
they each have an internal processor 
that can access speech data from an 
internal or an external ROM; they 
therefore suit high-volume applica
tions. The µP is an 8-bit processor 
with 8k bytes of ROM. The house
keeping code required for speech 
synthesis and interface to a host µP 
is typically lk to 2k bytes, leaving 
6k to 7k bytes of internal ROM for 
speech data. The chips have an 8-
and a 4-bit µP interface. 

Speech data rates vary from 800 
to 2000 bps, depending on quality. 
During speech synthesis, data is re
trieved, decoded, and sent to the 
on-chip LPC-10 lattice filter. The 
input to the lattice filter is an exi
tation source that uses data stored 
in an on-chip excitation ROM to fur
nish either periodic (for voiced 
sounds) or pseudorandom (for un
voiced sounds). Pitch is stored in a 
dedicated register that accesses the 
excitation ROM. Interpolation of 
data between frames is accom-
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Fi,q 3-A real-time speech-synthesis 110 system using a DSP IC and a codec elimi
nates the need for voice-parameter analysis by comP'uter. 

68 

plished by a ROM-resident speech 
algorithm. 

The lattice-filter output is sent to 
an on-chip DAC. The chips operate 
from 0 to 70°C and require one 5V 
supply. The TSP50C41 comes in a 
28-pin package and features a 128-
bit RAM, a 150-m W drive capability 
into a 500 speaker, and two 8-bit 
I/O ports. The TSP50C42 has the 
same features with two additional 
8-bit I/O ports in a 40-pin package. 
The TSP50C40A is a 28-pin device 
with reduced features. Prices for 
the chips start at $5 (OEM qty). 

TI provides a speech-development 
service (called SDS), for which it 
charges $100/word to store speech 
parameters in EPROM for use with 
the TSP220C. Because the 
TSP50C41/42/40A requires an inter
nal ROM to be programmed, speech 
development is only available for 
minimum orders of 10,000 units/ 
year. TI has indicated that a person
al-computer version of SDS will be 
available in early 1988. 

TI is also finding uses for the 
TMS320Cl 7 digital-signal-process
ing (DSP) chip in parametric speech 
science. The parametric devices 
thus far discussed require non real
time speech analyses by minicom
puter systems. A block diagram of a 
speech system that can perform par
ametric speech synthesis as well as 
real-time speech analysis and speak
er verification is shown in Fig 3. It 
consists of a host µP , a DSP chip, a 
codec (TCM29C18), and a speech
data ROM. The codec consists of an 
input antialiasing filter and a nonlin
ear (µ-Law or A-Law) AID convert
er, which allows speech to be sent to 
the DSP chip and to a DAC and 
filter for speech output. 

Several speech algorithms have 
been developed to run on the 
TMS320Cl 7/codec hardware. These 
algorithms include ADPCM coding, 
LPC synthesis, speech recognition, 
and dual-tone multiple frequency 
(DTMF) encoding and decoding 
for telecommunications. The 
TMS320Cl 7 and the TCM29C18 
cost less than $10 (OEM qty), and 
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CHINON: As serious about 
technology as you are. 

Chinon floppy disk drives are 
renowned in Japan for outstanding 
technical excellence and an extremely 
high level of overall quality. That kind of 
reputation doesn't come easy in a land 
where OEM's have some of the toughest 
standards in the world . 

to produce technically advanced, reliable 
products. And we deliver on that 
commitment every time. 

You're serious about your systems. 
Finally there's a disk drive manufacturer 
that's as serious as you are. 

This same reputation is growing in the 
U.S. among serious designers, engineers CHI NON 
and OEM management. We know how 
concerned you are about technological The drive to succeed. 
superiority, reliability and cost-effectiveness. Chinon America, Inc. , 6374 Ari zona Circle, 
We're just as serious. That's why we have Los Angeles, CA 90045. (213) 216-761 1 FAX : (213) 216-7646 

an ongoing commitment at Chi non always sHowN 1s cH1NoN F-Jsn : sv, oNE 1NcH, 1-2MB SLIM-LINE MODEL 
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Fig 4-An unlimited-vocabulary speech system is possible when an IC containing phoneme synthesis is combined with a µP . 

the software is aVtlilable from TI in 
application notes. 

An application of this speech-syn
thesis approach appears in a toy by 
Worlds of Wonder called Julie. The 
doll is able to make 100 sound-acti
vated intelligent responses with a 
64k-word resident memory. 
Through a conversation training 
process, it can store as much as 
three minutes of synthesized 
speech. 

Synthesis by rule 
The previously discussed speech

synthesis methods require priming 
by a human voice to obtain speech 
data. However, every language con
tains a number of basic speech 
sounds (phonemes) that represent 
the building blocks of speech. En
glish, for example, contains 50 or so 
distinct sounds. Speech synthesis 
by rule is accomplished by storing 
these basic units in memory and 
combining them in a proper se-
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quence to develop speech. Although 
this technique produces a more 
primitive quality of speech, it has 
the advantage of an unlimited vo
cabulary. 

The SSI 263A phoneme speech 
synthesizer from Silicon Systems 
stores 64 phonemes or allophones 
(an allophone is one of two or more 
variants of the same phoneme) in 
ROM. Speech is produced when suc
cessive phonemes are accessed and 
sent to a model of the human vocal 
tract. The vocal tract is modeled in 
the chip by five cascaded program
mable filter sections using switched
capacitor filters. Either a glottal 
(pitch) or a pseudorandom noise 
source is used to excite the vocal 
tract model, depending on whether 
a voiced or nonvoiced phoneme is 
selected; Fig 4 shows a typical µP
controlled implementation. 

Attributes such as speech rate, 
pitch, amplitude, vocal-tract filter 
frequencies, phoneme articulation 

rate, phoneme duration, and inflec
tion are stored in attribute regis
ters. Speech data rates depend on 
the amount of speech attribute ma
nipulation and can range from 100 to 
500 bps. During speech production, 
phonemes typically last between 25 
and 100 msec. The 24-pin CMOS 
chip operates over -40 to +85°C 
and draws 20 mA max from a 5V 
supply. The chip sells for $18. 90 
(100). 

General Instrument also manu
factures speech-synthesis products 
that will perform speech synthesis 
by rule. The $2 (OEM qty) SP0264 
is a 28-pin device with an internal 
64k-byte (8kx8-bit) ROM that can 
be programmed to support LPC 
synthesis and formant synthesis as 
well as allophone synthesis. EDN 
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"Ultimate'' ... simply defined, it means the best! Without 
equal! And in the case of POWER-ON E's I 500W Power 
System. we think you'll agree the description fits. 
Specify Up To 15 DC Outputs ••• From Stock. Fully 
modular design allows the user to specify a proven multiple 
output power system from a wide selection of single. dual and 
triple output power modules. Virtually any combination of output vol 
and current ratings. including UPS capabilities, can be delivered from 
stock. No more time consuming and costly custom designs to contend 
Industry's Highest Power Density. POWER-ONE's International 
Power Series represents the most compact multiple output power 
systems available today. Up to 1500 watts of multiple output power in 
an industry standard 5 x 8 x 11 inch fan-cooled package. 

~lllll~.l"'!-1111~ 
11-1.:- 1'11111~-~lll'l'Ll~.S -.. 
......... &RN.ATIC>N.A.L. SERIES 
SWITCHING P<>WIEA SUPPL"V' 

LITERATU E H ·LINE: 
(800) 235-5943 Ext. 113 
From California: 
(800) 42 J.34 39 Ext. 113 

On-Board UPS Capability. Only POWER-ONE offers a completely 
self-contained on-board Uninterruptible Power System module providing 
unlimited battery back-up of up to I 000 watts of DC output power. Available 
off-the-shelf. these standard UPS modules mount entirely within the •~"Inno'IJooto.eowerr-Sup.play Te.chno'l!logyn 
main enclosure of any POWER-ONE International High Power Series 
model. 
A True World Market Power System. The International High Power B.C. POUJer SIJ/IPLleS 
Series meets the toughest safety requirements of VOE, IEC. UL and CSA, 
plus the EMI limits of VOE and FCC. Along with worldwide AC input capa
bilities. it is the clear choice for products marketed not only in the U.S., 
but internationally as well. 
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POWER-ONE D.C. POWER SUPPLIES 
740 Calle Plano· Camarillo. CA 93010-8583 
Phone: (805) 987-8741 · (805) 987-3891 
TWX: 910-336-1297 ·FAX: (805) 388-0476 
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Yamaha® is known for its 
motorcycles. Its musical 
instruments. Sporting 
goods. And audio 
equipment. 

But when it comes 
to LSI chips, board
level products and 
computers, 
Yamaha may 
be the best 
kept secret in the world. 

OUR CHIPS ARE YOUR 
CHIPS. 

For more than 15 years, 
Yamaha has done some of its 
best work for companies you 
probably know. 

If you've heard a CD 
player lately, you've probably 
heard our signal processing 
chip in action. 

And if you've gazed into 
the popular laptop computers, 
you've seen the handiwork of 
our graphics controller chips. 

Yamaha manufactures 
sound chips. Graphics chips. 
Communications chips. And 
signal processing chips. 

Chips that synthesize 
voices. Go into audio equip
ment. Home computers. Video 
games. Graphics terminals 
and a whole lot more. 

So whatever 
you design, it's 
highly likely 
Yamaha 
can bring 
your ideas 
to life. 

You can 
order our 

Many popular CD Chips as is Or 
players use Yamaha we can always 
DSP chips and 'l h 
surface-mount, tai or t em. 
flexible circuits. And if you 
need full- custom, we do 
that too. 

OUR BOARDS ARE YOUR 
BOARDS. 

Yamaha can make your 
next product sound like a 
cow. Or its graphics display 
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Yamaha CRT and flat 
panel display controllers 
are in many popular lap· 
top computers. 

look like a million. 
But, if all you 

want to do is take 
advantage of our 
highly automated 

manufacturing 
facilities, that's fine 

with us, too. 
Just bring Yamaha the 

schematic and we'll build it 
in quantity. On time and on 
budget. 

No problem. 
Yamaha has the facility to 

build the latest in surface
mount boards. 

We'd like nothing better 
than to show you how well 
it works. 

OUR TERMINALS ARE 
YOUR TERMINALS. 

Yamaha 
can design 

Yamaha has no double 
standards. It's the only way 
we work. 

AND YOU CAN BORROW 
OUR BEST PEOPLE IF YOU 
PROMISE TO RETURN 
THEM. 

When Yamaha 
enters into an 
OEM agree
ment, we put 
our best people 
on the job. 

People ready, 
willing and able 
to stretch your 
imagination to 
the limit and 
help solve your 

Yamaha engineers 
use the latest CAD/ 
CAM techniques 
to customize the 
functions of a chip. 

design and manufacturing 
problems, as well. 

To put this multi-billion 
dollar international company 

to work for you, call 
800-521-9074. 

In California, 
800-544-9939. 

Yamaha can 
probably put your 
name on a great
looking terminal 
for a lot less than 
you'd expect. 

Our color 
graphics terminals 
are known for high 
quality, high 

and manufac· 
lure boards with 

Or write 
to our 

National 
Sales 

Manager, 
Yamaha Systems 

Technology 
Division, P.O. Box 

6600, Buena Park, California 
90622-6600. 

the latest surface-mount 
technology or less sophis· 
ticated assembly techniques. 

performance and low price. 
That's why some of the 

best-selling terminals in the 
U.S. and Japan are made by 
you-know-who. 

OUR QUALITY IS 
YOUR QUALITY 

Reliability. 

With your brains and our 
guts, there's no telling how 
far we can go. 

It's an attribute that 
generally takes years 
to acquire. But if you 
do business with 
Yamaha, it's a totally 
different story. 

Enter into a partnership with Yamaha and you have the 
resources and stability of a multi-billion dollar partner 
working on your behalf. 

Whether we're 
making parts for you 
or ourselves, Yamaha 
enforces the same 
stringent quality controls 
every step of the way. 
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, 
Non-Stop Performance. 
Only WaferScale can take your 
high-performance MPU , microcontroller, 
or DSP processor past the conventional 
speed limitations of standard EPROMs. 
With a line-up of high-density CMOS 
EPROMs that make wait-states a thing of 
the past. 

WSI's patented 1.2-micron, split gate 
CMOS EPROM technology makes it 
possible to push 80286s , 80386s, 68000s, 
TMS320XXs, MC56000s and similar 
processors to maximum speed. 

32K x 8 in 55 ns. 
Ideal for fast , byte-wide applications , 
WSI's 32K x 8 (WS57C256F) comes 
through with CMOS low power, high 
speed, and fast standard programming. 

EDN October 29, 1987 

16K x 16 in 55 ns. 
Designed for 16-bit, word-wide DSP and 
microprocessor applications, WSI's 16K x 
16 CMOS EPROM (WS57C257) packs 
high performance and low power into 
less board space. 

32K x 8 goes Mil-Spec in 90 ns. 
WSI's very-low-power military 32K x 8 
CMOS EPROM (WS2 7C256F) provides 90 
ns access time over the full military 
temperature range , and fast standard 
CMOS EPROM programming. 

In fact , WSI offers the broadest , fastest 
family of high-performance military 
CMOS EPROMS available . Every WSI 
CMOS EPROM can be specified for 
enlistment in military applications from 
advanced warning systems to secure 
digital communications . And WSI 
mil-spec devices are available in DIP or 
space-saving CLLCC packages . 

Break some barriers of your own. 
Whether you 're piloting commercial or 
mil-spec, WSI can take your design 
through the performance barrier with the 
fastest fleet of high-performance CMOS 

CIRCLE NO 133 

EPROMs around. To find out more, call 
today: 800/331-1030, extension 234. 
In California, call : 

800/323-3939, extension 234. 

Selected WSI High-Performance 
EPROMs/RPROMs 

Part No . 
Commercial Military 
Speed Speed Type 

WS57C256F 55 ns 70 ns 32 K x 8 CMOS EPROM 

WS57C257 55 ns 70 ns 16K x 16 CMOS EPROM 

WS27C256F 90 ns 90 ns 32K x 8 CMOS EPROM 

WS57C65 55 ns 70 ns 4K x 16 CMOS EPROM 

WS57C64F 55 ns 70 ns SK x 8 CMOS EPROM 

WS57C49 55 ns 70 ns SK x 8 CMOS RPROM 

WS57C49B 35 ns 45 ns SK x 8 CMOS RPROM 

WS57C43 55 ns 70 ns 4K x 8 CMOS RPROM 

WS57C l91/291 45 ns SO ns 2K x 8 CMOS RPROM 

~/t1FEc/Ct1LE 
I N I E G A A f I 0 N , I N C 

47280 Kato Road 
Fremont , California 94538 
(4 15) 656-5400 

RPROM is a trademark of WaferScale lmegra1ion, Inc. 
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When Speed is Critical ... 
BICC-VERO MULTILAYER BOARDS ARE BEST! 
High speed digital and analog circuits re
quire close control of propagation times 
for error-free operation. Bl CC-VERO 
multi-layer wire wrap boards provide the 
ideal connection and transmission medi
um. Three independent voltage planes 
and a full ground plane, any of which that 
can be tied to any other, allow controlled 
impedance and distributed capacitance. 
In addition, surface mounted capacitors 
provide distributed decoupling and 
charge storage over the entire board. 

Available in 6 Eurocard sizes of single, 
double, and triple height boards, the high 
density pin pattern accepts 0.3, 0.4, 0.5, 
and 0.6 DIP packages, pin grid array 
devices, or surface mounted devices us-

78 

Bl CC-VERO supports their multi-layer 
boards with a full line of card frames, 

enclosures, and connectors. 
Ask for the details. 

CIRCLE NO 125 

ing one of a series of Bl CC-YERO surface 
mount adapters. Adapters accept 28, 44, 
68, and 84 pin packages, gullwing, or J 
lead. A pin grid array simulator adapter is 
also available for developing circuit func
tions that will eventually be integrated 
into a custom package. 

Your BICC-VERO representative has the 
full informat(on. Give him a call. 

VERO 
BICCj ELECTRONICS 

BICC-VERO ELECTRONICS, INC. 
1000 Sherman Avenue Hamden, Cf 06514 
(203) 288-8001 TWX: 510-227-8890 
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Siillple high-voltage, high-voluille TMOS:M 
Before high-voltage TMOS powerFETs, 

you used three bipolar transistors, three 
Baker clamp diodes, eleven passives and 
a negative power supply for generating 
off-bias voltage in popular, high-voltage 
flyback converters. 

With TMOS powerFETs rated as high as 
1,000 V, just a resistor or two completes 
the circuit. And you have no worries about 
bipolar base drive affecting SOA. 

TMOS simplifies every design. 

for quality and reliability, return it and 
we'll replace the whole lot. No questions, 
costs or inconvenience. 

Millions since 1981. 
Motorola has produced millions of high

voltage TMOS units, P- and N-channel, 
since we introduced them in 1981. We're 
down the learning curve. Our quality and 
prices are second to none. And our money 
is where our mouth is. 

One-on-one design-in help. 
Get an engineer-to-engineer update on 

the latest Motorola TMOS powerFET 
technology. Call toll-free 

1-800-521-6274 
any weekday, 8:00 to 4:30 p.m., M.S. T. 
Or we'll have an applications engineer con
tact you. Send the coupon to Motorola 
Semiconductor Products, Inc., P.O. Box 
20913, Phoenix, AZ 85036 for a free 1 KV 

Nanosecond switching speeds 
allow efficient TMOS perfor
mance at higher frequencies 
reducing cost, size and weight of 
reactive components-ideal for 
switching supplies, CRT deflection 
circuits and motor controls. 

T0-21M BUZ84 
BUZ84A 

800 N·CH 
800 N·CH 

..... 
TMOS sample and 
a UC2842AN, a 
current-mode 
linear IC that drives 
TMOS directly. 
We'll get you 

Part Number Voltage Polarity 
MTM3N75 750 N-CH 

PartNtJmberVoltage Polarity 

TMOS doesn't require de-rating 
of its power-handling capability as 
a function of applied voltage; sec
ond breakdown just doesn't occur 

MTM2P50 
MTM1N100 
MTM3N100 
MTM5N100 
MTM1N95 
MTM3N95 
MTM5N95 
MTM2N90 
MTM4N90 
MTM6N90 
MTM2N65 
MTM4N65 
MTM6N65 
MTM3N60 

within device ratings. So TMOS elimi
nates or reduces snubber circuits in a great 
many applications. 

Plus, it's easy to parallel multiple TMOS 
units because of their positive temperature 
coefficients. And that's important in fully 
"on'' static conditions in switching circuits. 
In linear designs they offer significant 
advantages of inherent ruggedness, high 
input impedance and transconductance. 

If not, we replace the lot. 
After all this, if you find just one high

voltage TMOS device out of spec, out of 
order or out of tune with your expectations 

500 P·CH 2N6823 600 N·CH MTl'2P50 500 P-CH 
1000 N-CH MTM3N60 600 N-CH MTP1N100 1000 N-CH 
1000 N·CH 2N6826 600 N-CH MTP3N100 1000 N-CH 
1000 N·CH MTM6N60 600 N-CH MTP1N195 950 N-CH 
950 N-CH MTM6N60 600 N-CH MTP3N95 950 N-CH 
950 N·CH Til-Z1I MTP2N90 900 N-CH 
950 N-CH MTP2N85 850 N-CH 
900 N-CH Part Number Voltage Polarity MTP4N85 850 N-CH 
900 N·CH MTH5N100 1000 N-tH MTP3N80 800 N-CH 
900 N-CH MTH5N95 950 N·CH MTPJNIS 750 N-CH to market faster. 
650 N-CH MTH6N90 900 N-CH MTP1N60 800 N-CH 
650 N-tH MTH6N65 650 N-tH MTP2N60 800 N-CH 
650 N-CH MTH6N60 600 N-tH MTP3N60 600 N-CH 
800 N·CH MTH6N60 600 N-tH MTP6N60 600 N-CH ® MOTOROLA 

r--------------------------, 
I 

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

I Please send me a free 1 KV TMOS™ sample kit. 338EDNJ02987 I 
I I 
I ~~ I 
I Title I 
I I I Company I 
I ~~ I 
I I I City State Zip I 
I Call me ( ) I 
L--------------------------~ 



µP SUPERVISORY IC 
PERFORMS ALL 

ANALOG FUNCTIONS 
So long multi-component supervisory solutions. Hello 

MAX690 I 691. 
Defined to drastically reduce design complexity and 

component count, the MAX690 and MAX691 from Maxim are 
likely the only 'housekeepers' your µP will ever need. 

The MAX690 combines all the supervisory functions 
that µPs commonly need into a single CMOS IC. It comes in 
an 8-pin package that's ideal for applications where board 
space is at a premium. 

The 16-pin MAX691 adds versatility to the basic 
MAX690 for applications that require chip-enable gating and 
programmability of timing. Both monitor your µP and its 
power supply with improved voltage accuracy and reset 
reliability compared to discrete circuits. 

+5V 

3V 
BATTERY .I.. 

Power-On Reset. 

POWER FAIL 
IN CE our------· 

MAX691 CE IN a.-_....i 

Vem 
WATCHDOG IN 

LOW LINE POWER FAIL 
OUT 

WATCHDOG OUT RESET 

-=- GNO 

AO-A15 
1/ 0 

NMI µP 

RESET 

The MAX690 and 691 have a precise 4.65V threshold detector and 50ms timer that generates an 
accurate reset signal for any power-on, brown-out or momentary interrupt condition. 

Internal Watchdog Timer. 
A watchdog circuit built into each MAX690/691 constantly monitors all µP activity. It detects both 

hardware and software malfunctions and automatically issues a reset command to the µP-effectively 
eliminating 'lock-up' conditions. 

Automatic Battery Switchover. 
The MAX690 and 691 constantly monitor incoming power and automatically switch to battery 

back-up mode when the power supply drops below the battery voltage. This lowers quiescent current to 
less than 1µA and ensures that data in CMOS RAM or EEPROM remains intact until power is restored. 

Power-Fail Detection. 
An uncommitted 1.25V threshold comparator is built into each MAX690/691 for use as a power

fail indicator or for monitoring the back-up battery voltage. Like many of the functions on-board the 
690/691, built-in power-fail detection can save you components and valuable design time. 

Both the MAX690 and MAX691 are available in DIP and S.O. packages and-like every other 
Maxim part-each is tested to rigorous reliability standards absolutely free. At $3.30* and $3.80* 
respectively, they offer you a price/performance value unmatched in the marketplace. 

Call your authorized Maxim representative or distributor today for data sheets and samples. And 
tell them you'd like a new housekeeper. Maxim Integrated Products, 510 N. Pastoria Ave., Sunnyvale, CA 
94086, ( 408) 737-7600. 

• 100-up price 

Distributed by Anthem / Lionex, Bell / Graham, Hall-Mark, and Pioneer. Authorized Maxim Representatives: Alabama, (205) 830-4030; Arizona, (602) 
860-2702; California, (408) 727-8753, (619) 278-8021; (714) 739-8891; Colorado, (303) 841 -4888, Connecticu1, (203) 775-0494; Florida, (305) 365-3283; Georgia, (404) 
992-7240; Idaho, (503) 620-1931; Illinois, (312) 956-8240; Indiana, (317) 849-4260; Iowa, (319) 377-8275; Kansas. (316) 838-0884; Maryland, (301) 583-1360; Massachusetts, 
(617) 449-7400; Michigan, (313) 499-0188; Minnesota, (612) 944-8545; Missouri, (314) 291-4777, (816) 356-6340; Monlana, (503) 620-1931 ; New Hampshire, (617) 449-7400; 
New Jersey, (609) 933-2600; New Mexico, (505) 884-2256; New York, (516) 543-0510, (315) 437-8343; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (513) 278-0714, 
(614) 895-1447; Oklahoma, (918) 832-7747; Oregon, (503) 620-1931; South Carolina, (704) 365-0547; Texas, (214) 386-4888, (512) 451 -2757, (713) 778-0392; Utah, (801) 
266-9939; Virginia, (703) 255-5556; Washington, (206) 453-8881 ; Wisconsin, (414) 476-2790; Canada, (416) 238-0366, (604) 439-1373, (613) 726-9562, (514) 337-7540. 

United Kingdom, Maxim UK Ltd., 0735-75255, Dialogue Distribution, Ltd., 0276-682001, Thame Components, Ltd., 084-421-4561, STC Electronic Services, 02-792-6777. 

Maxim is a registered trademark of Maxim Integrated Products. ~1987 Maxim Integrated Products. 
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TECHNOLOGY UPDATE 

Refmements in CRT design boost 
resolution of color video monitors 
Chris Terry, Associate Editor 

It's easy to forget that as recently as 
a few years ago, color video moni
tors couldn't produce the finely de
tailed images needed for even mod
erately complex CAE applications. 
Both monochrome and color moni
tors of the early 1980s offered fairly 
low resolutions-350x250 to 
640 x 250 pixels-so the images they 
produced were often fuzzy. 

Today, however, you can find 
color monitors that provide resolu
tions from 640X480 to 2048X2048 
pixels. These monitors are suitable 
for use in electronics-design work
stations as well as in mechanical
and structural-engineering work
stations and systems that provide 
fast animation, such as training sim
ulators. 

Furthermore, these monitors are 
not prohibitively expensive-an im
portant factor, because the monitor 
represents one of the biggest sys
tem-component investments you'll 
make when you're putting together 
a graphics system. The latest color 
monitors now cost between $3000 
and $10,000. 

New developments 
The high resolutions of these 

color monitors result from a number 
of developments in monitor design. 
The amount of detail that a color 
monitor can display is governed by 
the resolution the tube is capable of 
and the accuracy of its color regis
tration. The total number of colors 
in your palette and the number of 
colors that you can display simulta
neously are both functions of the 
way the graphics display-generator 
board stores the screen position and 
color attributes of each pixel. The 
display-generator board supplies 
EDN October 29, 1987 

Available as a kit, mounted on a chassis, or enclosed in a cabinet, the 300DMX from 
Computron 7Jrovides 1040X 1040-pixel resolution on a 9- , 12-, or 14-in. screen. 

vertical and horizontal synchroniza
tion signals to the monitor together 
with the RGB components of the 
video signal. 

Although a resolution of 640x350 
pixels is adequate for many applica
tions, most CAE applications-par
ticularly those that involve mechani
cal drawings-demand much better 
definition. High-resolution monitors 
generally display at least 
1024x1024 pixels (that figure is, in
cidentally, the resolution specified 
by the proposed European high-def
inition television standard). 

The number of pixels that a 

screen can accommodate largely de
pends on the size of the spot that the 
lensing system of the tube can pro
duce-the smaller the spot, the 
more pixels the screen will accom
modate horizontally and vertically. 

Recent refinements in the tech
nology of electrostatic lens systems 
have allowed monitor designers to 
bring the minimum spot size 
down to 0.26 mm; however, the diffi
culties and cost of fabricating tubes 
that have such a small spot size 
make them uneconomical. A few 
vendors (such as Computron, Phil
ips, and Mitsubishi) offer tubes with 
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THE ONLY DRIVE 
WITH THE GUTS 

TOCJ1RRYfl 
5~EflR WflRRflNTYI 

disk is to you and your system. 
That's why Conner Peripherals' 
new, exclusive 5-year limited 
warranty• now 
covers 

CDNNEH 
PFRIPHERALS 

L;f, THE INSIGHT 
,., ~D THE DRIVE. 

every part of every 40 megabyte 
(fonnatted> high-perfonnanc:e 
3112-inch hard disk drive we 
make (with either an embedded 
PC/AT~-compatible or SCSI 
controller>, from the day each 
drive is shipped. 

How can we offer such a 
warranty? After thoroughly test
ing, monitoring and tracking our 
first 100,000 drives, we now 
have the data to suppart a true 
30,000 hour MTBF. 

The next generation of 
higher performance computers 
require the most reliable disk 
drives ever built. If vou agree, 
demand the only drives 
with the guts to carry a 
5-vear warranty: Conner 
Peripherals. 

Call us tOdav for 
more information. 

The aisk drive industry will 
never be the same. 

ConnerPenone.-a~ Inc 22210!0 Oaklard Roa<!, S:m Jose', Cali!Ornla 951l1, Telepnone1408l H3· 3340. Boston f6171660·1088 United K1ngdo.-n 1441 322·330·333 
"registered traQemark Of lnternatKJnal Business Machines Corp. ~ 1987 Conner f!et:t0hera1S~ Inc. 

'S·vear limited warranty available ror an Conner CP340/42 arlveS <hlppeO after 10/ 1187 crRCLE NO 123 



TECHNOLOGY UPDATE 
a spot size of 0.28 mm, but the 
majority of vendors offer monitors 
with a 0.31-mm size. The 0.31-mm 
spot size provides a resolution as 
high as 1024x1024 pixels on 17-in. 
or larger screens and 2048 x2048 
pixels on 20-in. or larger screens, 
and allows the vendors to keep the 
monitors' prices under $3000. 

The lens refinements that have 
allowed the decrease in spot size 
also entail a reduction of the lens 
aperture size with respect to the 
beam size, so they pose some prob
lems in maintaining brightness, es
pecially in color tubes, in which 
beams from three electron guns (for 
red, blue, and green) must all pass 
through the same lens system. To 
increase the brightness, the manu
facturer must pass a larger beam 
current through the lens to produce 
stronger excitation of the phosphor. 
If the beam current increases be
yond a certain limit, however, it 
starts to heat the lens system, 
thereby causing defocusing or dis
tortion. The safe limit is somewhat 
dependent on aperture size, so that 
reducing the spot size may also en
tail a smaller light output from the 
screen. The most recent color tubes 
have better light output than their 
predecessors do, but they still don't 
achieve as much light output as do 
monochrome tubes. 

Also critical for high resolution 
and good color registration is the 
color tube's shadow mask. The 
smaller the holes in the shadow 
mask, the higher the resolution. 
However, the difficulty and cost of 
fabricating a shadow mask increase 
as the size of the holes decreases. 

Different types for varied uses 
When you evaluate a monitor for 

use in your system, you need to 
know whether it has a fixed or flex
ible scanning rate. If you're select
ing a color monitor for incorporation 
in an integrated CAE workstation, 
for example, you'll need the monitor 
to provide a fixed resolution, so it 
will operate optimally with your 
system's particular display-genera-
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Its flexible scan rate makes the XC-J710C 
color monitor compatible with the CGA, 
EGA , and PGA display generators. The 
37-in. monitor, from Mitsubishi, off ers a 
resolution of 640 X480 pixels. 

tor board. If you're selecting a moni
tor for use with a microcomputer 
system that can accept a Color 
Graphics Adapter (CGA), Enhanced 
Graphics Adapter (EGA), Profes
sional Graphics Adapter (PGA), or 
Video Graphics Array (VGA) dis
play board, you'll want the monitor 
to be able to adjust to different 
resolutions. 

Among the recent offerings of 
fixed-resolution monitors is Com
putron's 300DMX, which has a fixed 
scan rate of 64 kHz and a resolution 
of 1024x1024 pixels; this monitor is 
available as a kit (tube and electron-

ics unmounted), mounted on a chas
sis, or enclosed in a cabinet. You can 
also order it with a 9-, 12-, or 14-in. 
tube. Prices start at $186 (in OEM 
quantities) for the kit configuration. 

If you want even higher resolu
tion, consider Mitsubishi's $3790 
HG-6905BK color monitor. This 
20-in., stand-alone unit tracks hori
zontal scanning frequencies of 40 to 
70 kHz and vertical scanning fre
quencies of 50 to 75 Hz, and it 
provides a resolution of 1280x 1024 
pixels. You can switch the input 
between 90 to 132V ac and 198 to 
264V ac for use anywhere in the 
world, and the high-voltage stabiliz
er maintains picture size and bright
ness when the picture switches from 
low to high illumination or vice 
versa. 

Some monitor vendors provide 
both fixed- and variable-resolution 
types in similar configurations. Con
rac, for example, offers its 19-in. 
Model 7350 for $2995; the monitor 
automatically tracks the display 
board's horizontal scanning fre
quency from 15. 75 to 37 kHz, pro
viding resolutions as high as 
1024X 1024 pixels. The 19-in. Model 
7351 provides a fixed scan rate of 64 
kHz for a single 1280x1024-pixel 
display format; it costs $3495. 

If you need a really large screen-
37 in., for example-consider the 
Mitsubishi XC-3710C. The monitor 
tracks horizontal scanning frequen
cies from 15 to 31.5 kHz and vertical 
scanning frequencies from 40 to 75 

For more information ... 
For more information on the color monitors discussed in this article, contact 
the following manufacturers directly, or circle the appropriate numbers on 
the Information Retrieval Service card. 
Computron Display Systems 
3100 New York Dr 
Pasadena, CA 91107 
(818) 791-5600 
Circle No 717 

Conrac Display Products Group 
600 N Rimsdale Ave 
Covina, CA 91722 
(818) 966-3511 
TLX 670437 
Circle No 71 8 

Mitsubishi Electronics America Inc 
Compute1· Peripherals Div 
991 Knox St 
Torrance, CA 90502 
(213) 515-3993 
Circle No 719 

Philips International BV 
5600 MD Einclhoven 
The Netherlands 
(040) 79 11 11 
TLX 35000 
Circle No 720 
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Hz, and it provides resolutions as 
high as 640 x 480 pixels. It operates 
with CGA, EGA, and PGA display 
boards, and it accepts standard 
NTSC video signals from VCRs and 
laser-disk equipment. Its price de
pends on the options you order, but 
even the most complex configura
tion costs less than $10,000. 

The M37 Series color tubes from 
Philips International provide a spot 
size of 0.29 mm and resolution of 
800X600 pixels at a modulation 
depth of -9 dB; you can obtain even 
greater resolution if you decrease 
the modulation depth. These 14-in. 
tubes are also distinguished by an 
internal magnetic shield that pro
vides excellent immunity against 
stray magnetic fields. You can 
choose from a variety of yoke as
semblies that operate with 
horizontal scan rates of 16 kHz to as 
much as 64 kHz. The M37 Series 
color tubes start at $125. 

Another critical item in a high-

POWER PLUS ... 
Quality and 
Support You Can 
Rely On 

quality color monitor is the power 
supply. High-resolution monitors 
may consume as much as 200W, 
much of which is dissipated in the 
monitor's deflection yoke, so the 
yoke design is an important factor in 
the monitor's reliability. The regu
lation of the high-voltage supply is 
also critical; a poorly regulated sup
ply will cause raster size and light 
output to change when the picture 
suddenly switches from a few bright 
lines to full illumination, or vice 
versa. In extreme cases, the focus 
may also suffer. 

To find out how good the moni
tor's high-voltage regulation is, you 
can either check the data sheet for 
black-level stability specs, or you 
can perform a simple test: You call 
up a page containing some scattered 
text characters and switch the page 
from normal video to reverse video. 
When you switch to reverse video, 
the characters should remain sharp 
and clean; any blurring of charac-

ters is a sign of poor high-voltage 
regulation. 

Finally, you should check to see 
that the switching power supply is 
shielded, because any radiation 
from the power supply can introduce 
noise that degrades the picture. 
Units that provide fixed-frequency 
scanning should also allow you to 
tune the power supply to synchro
nize the switching frequency with 
the scanning frequency; this proce
dure eliminates beat frequencies 
that could interfere with the pic
ture. EDN 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 

The Panasonic® MR Series of 75 Watt 
and MS Series of 100 Watt multiple 
output Switching Power Supplies. 
Their efficiency and reliability are clear 
from features like these: 
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• 4 outputs ; jumper selectable dual 
input 

• 3-year limited warranty 
• Off-the-shelf availability 
• Recognized by UL 114, 478; 

certified by CSA; approved 
by TUV for VOE 0806, Class 1 

• Printed circuit board construction 
• 100kHz switching frequency; 

FET circuitry 
• Meets FCC Class B and VOE 

Class B noise regulations 
• OCP/SCP/ OVP 

• Standard power fail signal 
• Compact and lightweight. Ideal for 

use in computers and computer 
peripherals, avionics and telecom
munications equipment, scientific 
and medical instrumentation, and 
comparable applications. 

CIRCLE NO 8 

Panasonic 
Industrial Company 
Power Supplies Department 
Two Panasonic Way 
Secaucus, NJ 07094 
(201) 392-4290 
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Finally a TIT:.34010 graphics controller card 
in sync with your 286/ 386-based application 
Vectrix matches your high-speed microprocessor with high-speed 
graphics. The PRESTO! graphics controller card utilizes a proprietary 
Digital Differential Analyzer (DOA), the 11-34010 graphics controller, 
512K to 4.5 MBytes of on-board DRAM, and a unique organization of 
high-speed video shifter RAMS. The result - line drawing speeds in 
excess of 10 million pixels per second. 

5 YEARS OF GRAPHICS EXPERIENCE 
Sophisticated technology like this doesn't just 
happen. Vectrix has been a leader in the com
plicated and competitive field of graphics for 
over five years. During that time, we have 
assembled an experienced, innovative engi
neering staff ready to focus their expertise on 
your system needs. 

OEM-ORIENTED 
DEVEWPMENT TOOLS 
Because they understand your requirements, 
our engineers provide a variety of tools to 
simplify applications development. Onboard 
high-level graphics commands are acces
sible directly or through standard 
programming language libraries provided 

PRESTO!'s optional Line Drawing Engine accelerates the speed of the 
TI-34010. Bitblts, raster ops and enhanced DMA transfer capabilities 
further enhance PRESTO!'s speed. 

Thus PRESTO! is ready to provide the graphics for your next system. 
And Vectrix stands ready to serve you with state-of-the-art technology, 
proven product reliability, and an engineering staff capable of 
translating your system needs into product functionality. 

SPECIFICATIONS 
Resolution - 1280 x 1024 or 1024 x 768 

Available in the following configurations: 
16 colors 
256 colors from a palette of 4096 
256 colors from a palette of 16.8 million 

Speed - 10,000,000 pixels per second 
Average Block Move: 25 million bits/ second 
Horizontal line or fill: 50 million bits/ second 
DMA speed: matches host bus speed 

Interface - 16-bit PC family 
Video - 60 Hz non-interlaced 
SOFIWARE DEVEWPMENT TOOLS 

Industry-standard PGL Command Set 
Compatibility on disk. Our PRESTO! 11-34010 Toolkit 

simplifies development of customized 
firmware. An optional RAM card is avail
able for either data storage or additional 
code. 111 1 1 1 1 11•1 1 11 111111111111111~ 

PRESTO! 11-34010 Developer Toolkit 

PRESTO! PGL Developer Toolkit 

I ' \ \' 
' \ \ .. .1 , 

I. 

Tl is a registered trademark of Texas Instruments. Dallas. Texas 

Vectrix Corporation, 2606 Branchwood Drive, Greensboro, NC 27408 (919) 288-0520 
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When you're trying to build the hottest 
new products you can think of, you need the 
latest, most sophisticated ASICs available. 
And the greatest number of ways to use them. 

SEPTEMBER 
Real-time Clock for COP™ 800 Microcontroller Core 

Key Features: 
f'arallel interface to Sierra core cell 
Low power/ independent operation 
Programmable interrupt system 
ln-<:ell 32 KHz micropower crysta l oscillator 
Timekeeping fro m 1/10 sec. to years 
Available in Sierra's 2-micron CMOS standard cell library. 

~ 
CONTROL INTERRUPT 

~ INPUTS OUTPUT 

DATA/1/0 COPRTC 

~ ADDRESS 
INPUTS 

The COPRTC Real-time Clock peripheral has a direct 
interface to the COP800. lt's 32 KHz crystal oscillator allows 
independent operation while the controller core cell is in 
a low-power halt state. The interrupt timer can "wake up" the 
controller at user-programmable intervals. This peripheral 
keeps time with tenth-second resolution and includes an auto-
matic leap year calculation. Of course, it is also fully compat-
ible with all the digital and analog cells in our Triple 
Technology™ 2 micron CMOS cell library. 
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And that's the whole idea behind our lriple 
Technology.™Which gives you the ability to 
combine analog, digital, and £2 cells all on the 
same chip. And the confidence that they all fit 

OCTOBER 
LVDETl Low Voltage Detector 

Key Features: 
PARAMETER Min Typical Max Units 
Supply Range 2.5 5.0 5.5 Volts 
Negative going trip point, Vtr 
Positive going trip point, Vtr+ 
Hyste resis (Vtr+ )-(Vtr-) 

3.7 Volts 
4.5 Volts 

200 mV 

PD VOO 

J. ...L 
- AVS AVD!-

LVDETI 

- VSUB 

~of LV~UT 
This cell can be used to detect low battery voltage. 

Or to power down an electronic system safely in case of power 
interruptions, then reset it when power is restored. In either 
case, when power supply voltage drops below a specified 
value, this precision circuit provides a logic output. With 
built-in hysteresis and inherent low-pass filtering , it is immune 
to errors caused by small supply variations and spikes. It is also 
a perfect example of our commitment to introduce a new 
high-performance cell every month throughout 1987. Watch 
this space for November's cell. 
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together, since they've all come from the same 
source. Of course, we already give you the 
richest cell library in the industry. But every 
month this year, we'll use this space to introduce 

NOVEMBER 

our latest ideas. To give you more possibilities 
than ever. If you'd like to see our complete 
library card, just write or call. In the meantime, 
just look what we've done for you lately. 

DECEMBER 

~"~ Sierra Semiconductor 
~II" Triple Technology. In CMOS. 

2075 North Capitol Avenue, San Jose, California 95132. Telephone (408) 263- 9 3 00 
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Wyse takes the hi cost 
out of hi resolution. 

WYSE 
It I I 

Wyse raises the standards for 
high resolution graphics, while 
lowering the cost. 

Now you can have high 
resolution and full IBM soft
ware compatibility. 

So Desktop publishing 
applications can get the screen 
treatment they deserve. You 
can run spreadsheets like Lotus 
1-2-3 with four times 
more data displayed on 
the screen. Computer
Aided Design packages 
can deliver their full 
potential. And Graphics
based pc environments 
finally have the high res
olution they were made for. 

At $999, the WY-700 Graphics Subsystem 
is easily affordable. And its 1280 x 800 
resolution makes the best of software 
packages like these: 
DESKTOP PUBLISHING 
Ventura Publisher 
PageMaker/PC 
Frontpage 
Desk Set 
Pagemaster 
Rim System 
Compound Document 

Processor 
Display Ad Make-up 

System 
Ad van Tex 

GENERAL PC SOFTWARE 
Lotus 1-2-3 
Symphony 
PC-Paintbrush 

COMPUTER-AIDED 
DESIGN 
Auto CAD 
Cadvance 
In-A-Vision 
Generic CADD 
Versa CAD ADVANCED 
Work view 
ProcadPC 
P-CAD Systems 

GRAPHIC SYSTEM TOOLS 
MS-Windows 
GEM 
Meta Windows 
HALO 
KEE PC 

You can do it all on the 
WY-700. A complete system, 
monitor and board, for just $999. 
With a large 15-inch display, 

3571 N. First Street, San Jose, 
CA 95134. Or call toll-free, today, 
for more information. 

full tilt and swivel, and a crisp 
1280 x 800 pixel resolution. 

The WY-700. It's your best 
solution for high resolution. 

Write Wyse Technology, 
Attention: Marcom Dept. 700, 

! 
•.1 ., 

WIS! 

Call 1-800-GET-WYSE 

WYSE 
I I I I 

YOU NEVER REGRET A WYSE DECISION. 

IJ.i 

~·' 
~ ..... ~ 

WYSE is a registered trademark of Wyse Technology. WY-700 and the "V" shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology. 
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DEECO DISPLAY SOWTIONS. 
BECAUSE YOU HAVE ENOUGH TO DO. 

You're a busy product designer. That's why DeeCO has 
a wide range of flat-panel display solutions. Like vacuum 
fluorescent modules. Large-area electroluminescent and 
AC plasma controllers for graphics and text. PC, XT, AT 
adapters. And SealTouch™ infrared touch panels. 

We make integrated solutions, too. Like our full flat-

panel module, with display, controller and Sea IT ouch in a 
single assembly. It's the smallest solution to your large 
front panel problem. 

Call or write for full product information. We know you're 
busy. Ask us for help, because o~ca 
you already have enough to do. ~ • 

SEE US AT WESCON '87, BOOTH 1340 
Digital Electronics Corporat ion. 31047 Genstor Rood. Hayword, CA 94544-7831 ( 415) 471-4700 
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Right now KeyTronic has 
thousands of top quality 101 keyboards 
in stock at competitive prices. 

Also available is our popular 
102 model in ten European 
languages. 

Because we man
ufacture and stock the 101 
and 102 at three different 
locations around the world, 
you won't have to wait for 

+ 

keyboard manufacturer. Take our 100 
million cycle guarantee, for example. 

Whats more, the keyboards are 
switch selectable to work with standard 

or enhanced PCs, XTs, ATs, as well 
as most compatibles. 

-Backspace 
Insert 

101.s and 102s MONDAYw u PRfnAy 
canbeshipped ~ ~.--::---

within ~~, 
jive daysof ~ --
yourorder. ======- -------- :-----

really requires no waiting at all. 
For a good deal on a great key

board, call your local KeyTronic repre
sentative today. Or call KeyTronic, 
OEM Sales at (509) 928-8000. 

delivery. Regardless of your Our inventory's in stock. 

d dl. l t" Readyfor immediatedelivery. 

And like all our 
keyboards, the 101 and 
102 have the famous Key 
Tronic touch that really 
makes a difference in 
speed and productivity. keytronic 

ea me or oca 10n. 
The 101 and ro2 are built to 

KeyTronics high standards of quality. 
Standards that have made KeyTronic 
the world's leading independent 
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Whether you 
choose the 101or102, orders placed on 
Monday will be shipped 
by Friday. So quality 
worth waiting for 

The Res{2.onsive Input Company 

~: ~ .;:~::::::~:::::::::::::::~------1 

The Key'l)unic 101 Keyboard. 
CIRCLE NO 75 ~ EDN October 29, 1987 



GET US INVOLVED 
EARIY ENOUGH 

AND YOU'LL 
GET MORE 
T YOU 

BARGAINED 
FOR. 

Call us anytime and you're in 
line for hundreds of immediate 
"off-the-shelf" answers to 
specific interconnect 
requirements. 

That's what you expect 
from us. After all, we do have 
one of the most extensive OEM 
connector lines in the 
business. 

But give us an "early" 
call-while you're still 
designing your product -
and see what happens. You get more than you 
bargained for. 

First of all, you get the combined talents of a 
team of experts made up of specialists in connector 
technology, quality control, assembly techniques and 
delivery operations. When they attack an intercon
nect requirement, they mean business. They look 
at the total picture. Product design. Assembly 

operations. Inventory 
requirements. The bottom line. 
Everything! 

Result? You get a total 
interconnect solution instead of 
just a connector. And whether 
it's an "off-the-shelf" connector 
or a totally new design, it 
almost always means lower 
installed costs. Improved 
product quality. Reduced 
inventory requirements and 
fewer inspection requirements. 

Little things like that can have a big influence on 
your bottom line. 

So let's get involved. Early. Make us a part of 
your design team -and you'll get more than you 
bargained for. The nice thing about it is that it may 
actually cost you less in the final analysis. Just call: 
1-800-633-0034 (Ext. 25), in Rhode Island: 
401-751-7450. See how fast we respond. 

"°BURNCV V Oll 1c es m princip al c1 t1es lhrou9 hou1 the Uni ted Sla tes 

VALUE BVDESIGN 

EDN October 29, 1987 91 



92 EDN October 29, 1987 



IN THE FAR EAST Burndy Japan Ltd , Shuwa Sh1nagawa Bldg .. 26-33. 3-chome. Takanawa. . Tokyo, Japan 813-443-7211 
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TOSHIBA. THE 

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., 1312) 945-1500; EASTERN AREA, Toshiba America, Inc., 1617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., 1408) 244-4070; SOUTHWESTERN 
REGION, Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc., (214l480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT OFFICE, POUGH
KEEPSIE, HEW YORK, Toshiba America, Inc., 1914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, F ORIOA, Toshiba America, Inc., {305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., 
!205) 830-0498; ARIZONA, Summit Sales, 1602) 998-4850; ARKANSAS, MIL-REP Associates, 1512) 346-6331 ; CALIFORNIA !Northern) Elrepco, Inc., 1415) 962-0660; CALIFORNIA IL.A. & Orange County) Bager Electronics, 
Inc., 1818) 712-0011 , 1714) 957-3367, !San Diego County) Eagle Technical Sales, 1619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., 1303) 426-0890; CONNECTICUT, Datcom, Inc., 1203) 288-7005; 
FLORIDA, Sales Engineering Concepts, 1305/ 426-4601 , 1305) 682-4800; GEORGIA, Montgomery Marketing, Inc., {404) 447-6124; IOAHO, Components West, 1509) 922-2412; ILLINOIS, Carlson Electronic Sales, 
!312! 956-B240, R.W. Kunz. 1314) 966-4977; NDIANA, Leslie M. DeVoe Company, 1317) 842-3245; IOWA, C.H. Horn, {319) 393-8703; KANSAS, D.L.E. Electronics, {316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, 
1317 842-3245; LOUISIANA, MIL-REP Associates, 1713) 444-2557; MAINE, Datcom, Inc., 1617) 891 -4600; MASSAtHUSETIS, Datcom. Inc., 1617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; 



POWER IN MOS ICs. 
For years Toshiba has been the power 

in MOS ICs. Leaders in static RAMs, lMB 
DRAMs, ROMs, and gate arrays. The world's 
largest producer of CMOS! A volume pro
ducer of logic, MPU, and custom products. 
So now who has the experience, the tech
nology and the production capacity to lead 
the way? The people with the power, the 
# 1 CMOS manufacturer in the world. Toshiba. 

TOSHIBA IS 
MEMORY POWER 

lMB Dynamic RAMs 

We're the world leader in 
volume production of lMB 

DRAMs ! First to market to 
support your needs! If you are 

thinking powerful memory, talk with us. 
Static RAMs in NMOS and CMOS 

We make a really fast 2K x 8 static RAM -
25 ns. And we were first to introduce the 
SK x 8 CMOS static RAM. Today we lead the 
industry in byte wide memory products 
with the 32K x 8 (256K) CMOS static RAM 
available in volume. 

ROMs in NMOS and CMOS 
In CMOS mask ROMs, we are producing 

lMB, 2MB and 4MB devices in volume. 
EPROMs in NMOS and CMOS 

Toshiba was first in the world to intro
duce the 256K CMOS EPROM. And we can 
meet all your needs today with the high 
density 512K and lMB EPROM, that can 
accommodate an entire utility program. 

OTPs 
Toshiba has the broadest line of OTPs 

in the industry - 64K, 128K, 256K and 512K 
in DIP or Surface Mount Packaging. Avail
able in volume! 

LOS is a trademark of LSI Logic Corporation. 

TOSHIBA IS 
MPU POWER 

Toshiba is a world leader 
in shipments of 8-Bit Single 

Chip Microcontrollers and 8-Bit Micro
processors. We also offer Peripherals, 
Speech Products and the powerful new 
Application Specific Standard Products 
(ASSPs) - Microprocessors and Peripherals 
integrated into a single Monolithic Silicon 
Die. In fact, Toshiba has one of the world's 
most comprehensive lines of CMOS MPUs. 

TOSHIBA IS 
LOGIC POWER 

Toshiba has been making 
CMOS logic for over 15 years. 

Toshiba introduced the first high-speed 
CMOS logic series, and today we are #2 
worldwide in CMOS logic production. 

Our new 74AC series has typical prop 
delay times of 3ns and maximum clock 
frequencies of 150 megahertz. That's 33% 
faster than the original 74HC series. Toshiba 
CMOS logic meets applicable JEDEC specs. 

TOSHIBA IS 
ASIC POWER 

Toshiba has ample design 
capability at its design centers, 
so with our experience, LDS ™ 

software applications staff, you can develop 
your own advanced 50,000 gate, 0. 7ns 
gate arrays and standard cells. Plus new 
1. 5 µ hard megacell custom chips, which 
we have been producing for four years now. 

More importantly, we have the volume 
production capability to meet your needs. 
Toshiba. The power in design, development 
and production. In memories, MPUs, logic, 
custom and serhicustom. If you're working 
in MOS, meet the people with the power. 

TOSHIBA AMERICA, INC. 

MINNESOTA, Electric Component Sales.1612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, 0.L.E. Electronics.1316) 744-1229; MONTANA, Components West.1206) 885-5880; NEVADA, 
Elrepco. Inc .• (415) 962-0660; NEBRASKA, O.L.E. Electronics. (316) 744-1229; NEW ENGLAND, Oatcom. Inc .• 1617) 891-4600; NEW HAMPSHIRE, Oatcom. lnc .• 1617) 891-4600; NEW JERSEY, Nexus-Technology, 
1201) 947-0151 ; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK. Nexus Technology, 1201) 947-0151 ; Pi-Ironies. 1315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA. Montgomery Marketing, Inc .• 
1919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales.1612) 933-2594; OHIO, Steften & Associates.1216) 461 -8333; 1419) 884-2313, 1513) 293-3145; OKLAHOMA, MIL-REPAssociates. (214) 644-6731 ; 
OREGON, Components West, 1503) 684-1671; PENNSYLVANIA, Nexus Technology, 1215) 675-9600, Steffen & Associates.1412) 276-7366; RHODE ISLAND, Datcom. lnc .• 1617) 891-4600; TENNESSEE, Montgomery Marketing, 
lnc .• 1205) 830-0498; TEXAS. MIL-REP Associates. 1512) 346-6331 . 1713) 444-2557, \214) 644-6731 ; UTAH, Straube Associates Mountain States. lnc .• 1801) 263-2640; VERMONT, Datcom. lnc .• 1617) 891-4600; WEST 
VIRGINIA, Steffen & Associates.1419) 884-2313; WASHINGTON, Components West.1206 885-5880.1509) 922-2412; WISCONSIN, Carlson Electronics.1414) 476-2790. Electric Component Sales.1612) 933-2594; WYOMING, 
Straube Associates Mountain States. lnc .• 1303) 426-0890; CANADA, BRITISH COLUMBIA, Components West. 1206) 885-5880; ONTARIO, Electro Source. lnc .• 1416) 675-4490. 1613) 726-1452. 
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Sometimes, 
keep· a 

lowpm e 
pays off. 

The survival of today's combat helicopter depends on 
keeping a low profile. Abbott's BClOO triple output, switch
ing DC-DC converter helps the Lynx helicopter achieve this 
low profile. 

The BCIOO's low 1.875" profile 
allowed 100 watts to fit into a tight space 
requirement. At the same time, the Lynx 
helicopter was able to take advantage of 
the economy and reliability that come from using a standard 
product, the BClOO. 

Because the BClOO meets the requirements of MIL-STD-
810C, and MIL-S-901C, the Lynx program's decision to go 
with Abbott's BClOO will also pay off in extra survivability. 
Plus the BCIOO features low ripple/noise and EMI within the 
limits of MIL-STD-461B. 

For other applications that call for small yet 
powerful converters, Abbott offers both 100 and 
200 watt models. Each available in single and 
triple configurations. And all with a wide array 
of options available. 

For more information and a copy of our 1988 
Military Power Supply Product Guide, call or write today. 

Abbott Transistor Laboratories, Inc. Power Supply Divi
sion, 2721 S. La Cienega Blvd., Los Angeles, CA 90034 
(213) 936-8185. Eastern Office: (201) 461-4411, Southwest 
Office: (214) 437-0697, London Office: 0737-82-3273. 

WHEN RELIABILITY IS IMPERATIVE® 

MILITARY POWER SUPPLIES 
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TECHNOLOGY UPDATE 

Wescon/87 will highlight electronics in the 
entertainment and broadcasting sectors 

Charles H Small, 
Associate Editor 

Wescon/87, with the theme of "Elec
tronics in Entertainment and 
Broadcast," will take place from No
vember 17 through 19 at three loca
tions in San Francisco, CA: Moscone 
Center, Civic Auditorium, and 
Brooks Hall. Wescon officials expect 
50,000 attendees, 1800 booths, and 
800 exhibitors. 

The show's sessions will explore 
new methods of applying technolo
gy with current tools. They will also 
present nontechnical issues, such as 
the benefits of ASIC design centers 
and how to protect new technology 
from competitors-and yourself. 

Virtually all sessions will be held 
in the Moscone Convention Center, 
and you will incur no additional 
charges when attending the profes
sional programs. Professional-pro
gram speakers this year include 30 
company presidents or vice presi
dents, 27 technical vice presidents, 
47 marketing managers, and 29 en
gineers. The speakers represent 125 
different companies from 20 states 
and three foreign nations. 

Keynote speaker 
Charles S Steinberg, CEO of 

Ampex Corp, will deliver the key
note address at a special luncheon to 
be held at noon in the Cabernet 
Room of the Meridien Hotel. Tick
ets for the luncheon cost $25. Stein
berg, known as "Mr Olympics" for 
his behind-the-scenes attention to 
the technology that has given audi
ences front-seat viewing of the 
Games since 1964, will tell an engag
ing story of entertainment technolo
gy-past, present, and future. 

In addition to free exhibits and 

EDN October 29, 1987 

The theme of Wescon/87 is "Electronics in Entertainment and Broadcast." The Electronic 
Theatre will emphasize that theme with a session on "Computer graphics animation," which 
will present animated examples. (Photo courtesy BTS Broadcast Television Systems Inc) 

technical sessions, Wescon will have 
business conferences on subjects 
such as the state of the entertain
ment-electronics business, commer
cialization of superconductivity, im
proving the bottom line, 
just-in-time theories, investing in 
electronics, and doing business in 
the Pacific rim. 

A special exhibit will feature the 
latest hardware that creates the 
sights and sounds of today's world. 
Among the products on display will 
be a 1-in. videotape recorder and 
the ADO (Ampex Digital Optics) 
special-effects device from Ampex 
Corp (Redwood City, CA). You can 

also experience the Emulator II-a 
computer-based digital musical syn
thesizer from E-Mu Systems (Scotts 
Valley, CA). The exhibit will show
case video-digitizing equipment and 
a mobile broadcast van. 

In addition to static displays, you 
will be able to see videotapes of 
avionics, engineering-design, and 
graphics-modeling systems from 
Robert Bosch Corp and Evans and 
Sutherland-both of Salt Lake City, 
UT. The special exhibit, located in 
the Civic Auditorium, will be open 
during regular show hours at no 
charge. 

The show will feature a free Elec-
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A SCULPTURED DISPlAY 
CAN DO WONDERS FOR YOUR IMAGE. 

Sculptured-font digits make the most of your 
design . 

Why? Because research reshaped our fonts . So 
they look better. Read easier. And reduce eyestrain. 
General Instrument offered them first. Twelve 
years ago. 

Now, sculptured displays are our best sellers. 
Details Make The Difference. 

Sculptured displays 
are just one example 
of the attention we 
pay to detail. Our 
LED lamps are 
another. 

We have one of 
the broadest product lines anywhere . Categorized 
by packaging, color, size, and brightness. 

So yo u'll get exactly what you need . Every time. 
Our Network Saves You Work. 

Our distributors are always extensively stocked. 
World-wide. 

And our comprehensive computerized distri
bution system keeps it that way. 

So you can order any quantity, large or small. 
Even samples for evaluation. And in most cases, 
they'll be shipped the same day. 

So get more information. Call your nearest 
distributor. If you prefer, call or write General 
Instrument, Optoelectronics Division, 3400 
Hillview Avenue, 
Palo Alto , CA 94304. GENERAL 
c 41s) 493-0400. INSfRJUMENf 

And start carving 
out better products. Optoelectronics Division 

Distributors: Arrow, Bell Industries-Graham Division, CAM/RPC, Future, Hammond, J.V. Electronics. Kierulff , Milgray, Newark, Pioneer, Summit, Wyle. 
In Canada: Arrow, Cardinal Industrial, Future, ITT Multicomponents-RAE. 
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tronic Theater, which will be lo
cated in the Civic Auditorium. The 
Electronic Theater will present a 
session exploring applications of 
leading-edge technologies each 
morning at 9:30. For example, on 
Tuesday, a show entitled, "Televi
sion and special event communica
tions-the concept and how it can 
help you," will detail how intercom
munications systems can communi
cate simultaneously in network 
fashion. This session's organizer, 
Robert Turkow of Clear-Comm In-

tercom Systems, gathered first
hand experience coordinating com
munications for the 1984 Summer 
Olympics and the 1986 Fourth of 
July Liberty Weekend. 

Animated graphics 
Wednesday, the Electronic Thea

ter opens its doors with a session on 
"Computer graphics animation." 
The session, organized by Allen 
Jensen of BTS Inc, starts with a 
historical perspective of computer 
graphics animation and ends with a 

discussion of the current state of the 
industry. The show will present ani
mated examples. 

Thursday begins with a session 
on "Digital signal processing for tel
evision broadcast," organized by 
Fraser Morrison of Ampex Corp. 
The session will present a descrip
tion of some of the processing opera
tions necessary to generate and ma
nipulate television signals. 

Each afternoon, from 2:30 to 4:30, 
the Electronic Theatre will present 
selections from the "1986 ACM/SIG-

WESCON/87 TECHNICAL-SESSION PROGRAM 

MERIDIEN HOTEL 
(SAUTERNES 

BALLROOM F BALLROOM G BALLROOM H BALLROOM I, II, Ill) 

9:00AM TO (1) MICROCONTROLLERS (2) SOFTWARE VALIDATION (3) DEBUGGING AND IN-
11:00AM MAKE THE 8- TO 16-BIT AND VERIFICATION TEGRATION OF 

t: TRANSITION EMBEDDED SYSTEMS: 
a: CURRENT ISSUES 
w m 12:30 PM TO (4) THE 32-BIT RISC VS (5) NEW CAD TOOLS IN- (6) MODERN METHODS IN 
::i;; 2:30 PM CISC CONTROVERSY TEGRATE PLDs, GATE DIGITAL SIGNAL w 
e; ARRAYS, AND STAN- PROCESSING 
z OARD CELLS 

~- 3:00 PM TO (7) NEW WAVE OF HIGH - (8) PC BASED CAD- (9) HIGH-VOLUME 
c 5:00 PM PERFORMANCE VLSI COMPUTER-AIDED MICROWAVE 
rJl 
w PERIPHERAL CHIPS DESIGN OR COM- APPLICATIONS 
:::> PUTER-AIDED DIS-.... 

ASTER? A USER'S 
PERSPECTIVE 

9:00 AM TO (10) PLDs ... ARE THEY A (11) PHOTOVOLTAIC (12) ADVANCES IN BUS (13) ELECTRONICS 
11:00AM DESIGN STEPPING TECHNOLOGY AND INTERFACE BUSINESS IN CANADA 

STONE OR DO THEY SYSTEMS FOR THE 
OFFER LONG:fERM 1990s 

~ DESIGN AND 
a: MANUFACTURING w SOLUTIONS? m 
::i;; 

12:30 PM TO (14) QUICK-TURN ASICs; AN (15) MICROPROCESSOR (16) A FACTORY-FLOOR (17) NEW TECHNOLOGY-w 
> 2:30 PM ELIXI R FOR SHORT TECHNOLOGY AND AP- PERSPECTIVE OF COM- PROTECTING IT AND 0 z PRODUCT LIFE CYCLES PLICATIONS FOR PETITIVE BUS PROTECTING YOUR-
?i- POWER SYSTEMS; STRUCTURES SELF FROM IT 
c DATA ACQUISITION AND 
rJl CONTROL w z 

3:00 PM TO (18) APPLICATION-SPECIFIC (19) PERSONAL-COM PU- (20) SERVICES, ISSUES, (21) BENEFITS OF ASIC c 
w 5:00 PM PLDs-A NEW THRUST TEA-BASED DATA AND TECHNOLOGY IN DESIGN CENTERS 3t 

ACQUISITION AND THE REALIZATION OF 
CONTROL INTEGRATED SERVICES 

DIGITAL NETWORK 
(ISDN) 

9:00 AM TO (22) PROGRAMMING (23) THERMAL CONSIDERA- (24) SILICON SENSOR AND 
11:00AM MICROCONTROLLERS TIONS IN SURFACE- MICROSTRUCTURE 

~ -NEW SOFTWARE MOUNT TECHNOLOGY TECHNOLOGY 
a: ENVIRONMENTS w m 12:30 PM TO (25) CMOS CORE (26) POWER CONVERSION (27) REAL:flME ::i;; 
w 2:30 PM PROCESSORS-THE MULTIPROCESSING e; KEY TO HIGH- TECHNOLOGIES 
z PERFORMANCE ASIC 

~ 3:00 PM TO (28) HIGH INTEGRATION (29) FLAT-PANEL (30) LOW-POWER GaAs c 
rJl 5:00 PM TECHNOLOGY FOR TECHNOLOGY- GATE ARRAYS-
a: PERSONAL-COMPUTER ' 'THE MEMBRANE ALTERNATIVE TO HIGH-:::> 
:I: DESIGN ALTERNATIVE" POWER ECL ARRAYS IN .... 

HIGH-SPEED SYSTEM 
DESIGN 

NOTE: ALL SESSIONS WILL BE HELD IN THE MOSCONE CONVENTION CENTER UNLESS OTHERWISE NOTED. 
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IN A SERIES 

NEW 
2400BPS 

CCITT V.22 BIS 
SINGLE-CHIP MODEM 

FEATURES: 
• One-chip multi-mode modem IC for 

V.22 bis / V.22 / V.21 and Bell 212A / 
103 applications 

• FSK (300 BPS), DPSK (600, 1200 
BPS), or QAM (2400 BPS) encoding 

• All modem functions included in a 
single chip 

• Integrated DSP for high performance 
adaptive equalization receive 
capability 

• Fully compatible with SSI K212, 
K221, and K222 l·chip modems 

• Interfaces directly with standard 
microprocessors (8048, 80C51 
typical) 

• Single + 12V or + 5V supply 
• CMOS technology for low power 

consumption (120mW @ 5V) 

Silicon Systems now offers the 
industry·s most highly integrated 
modem IC- the SSI K224. II is o 
single-chip modem IC lhol provides 
all the functions needed to construct a 
V22 bis compatible modem, capable 
of 2400 BPS full-duplex operation over 
dial-up lines. The SSI K224 offers 
excellent performance and a high level 
of functional integration in a single 28 
pin DIP This device meets world-wide 
standards and supports all modes of 
operation, allowing both synchronous 
and asynchronous communication . 

The SSI K224 is ideal for use in 
either free-standing or integral system 
modem products such as lop-tops, 
PC:s and portable terminals. or 
wherever full -duplex 2400 BPS data 
communications over the 2-wire 
switched telephone network is desired. 

The SSI K224 is pin and software 
compatible with the SSI K212, K221, 
and SSI K222 single-chip modem !C's, 
allowing system 11pgrades with a single 
component change. 

For more information on the SSI K224 
and the complete SSI K-Series modem 
IC family, contact: Silicon Systems, 
14351 Myford Rood, Tustin, CA 92680 
Phone (714) 731-7110, Ext. 575. 

{.~~ 
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Transportation and parking at Wescon 
As anyone who's been to San Francisco knows, the parking situation 
there is horrendous. Therefore, Wescon officials recommend that 
you park at Candlestick Park if you're driving in. It costs $3, and 
you must be on your way out by 6:45 pm. If you take the BART 
(Bay Area Rapid Transit), get off at the Civic Center stop for 
(naturally) the Civic Auditorium and Brooks Hall. Get off at the 
Powell Street stop for the Moscone Center. If you travel by bus, 
take the 21 Hayes or 19 Polk for Brooks Hall and Civic Auditorium; 
take 15 Kearney or 30 Stockton for Moscone Center. The bus costs 
$0. 75, and the drivers do not make change. 

GRAPH convention video review" 
organized by Stephen Keith, ACM/ 
SIGGRAPH local-groups coordina
tor. The show will feature outstand
ing examples of computer graphics. 
The Electronic Theatre will also 
show selected short subjects during 
lunch. 

Technical sessions 
The program of technical sessions 

will cover a multitude of interesting 
hardware and software topics. 

Tuesday, November 17, will see 
three sessions on high-performance 
VLSI, three sessions on software
applications tools, and three ses
sions exploring system solutions. 

For example, Session 3 on Tues
day will cover debugging of inte
grated systems. Session 4 will add 
more sound and fury to the contro
versy between 32-bit RISC and 
CISC computer instruction-set 
schemas. Session 2 will delve into 
the ill-defined problem of software 
verification. And Session 8 has the 
intriguing title of "PC-based CAD
computer-aided design or computer
aided disaster? A user's perspec
tive." Those familiar with the gener
ally small-production-volume micro
wave market might be curious 
about Session 9, "High-volume mi
crowave applications." 

Wednesday's agenda will include 
multiple sessions on programmable 
logic devices (PLDs), three on 
power systems, and three on data
acquisition and control, as well as 
ses5ions on bus interfaces, metasta-

bility, and ISDN. Programmable 
logic devices will get coverage in 
Session 10, which will pose the 
question: Are PLDs just a stepping 
stone to ASICs or a long-term solu
tion in their own right? Session 18 
will cover a subject dear to the 
hearts of chip vendors who are tired 
of offering look-alike, general-pur
pose PLDs: application-specific 
PLDs. PC-based data-acquisition 
systems are catching the eye of en
gineers now that the systems are 
finally achieving a level of perfor
mance that professional engineers 
can use. Check them out at Session 
19, "Personal computer based data 
acquisition and control." 

Thursday's visitors to Wescon will 
find three sessions on new-genera
tion single-chip µPs as well as dis
cussions on SMT, flat-panel 
switches, silicon sensors, real-time 
programming, and GaAs devices. 
For example, Session 22 will cover 
programming single-chip µPs and 
discuss new software environments; 
Session 27 will highlight real-time 
programming for multiple CPUs. 

Article Interest Quotient 
(Circle O ne) 

EDN 

High 503 Medium 504 Low 505 
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"THEY SAID NO ONE 
COULD PUT IT All ON ONE CHIR" 

Introducing the SSI K224 With Everything 
You Want in a 2400 BPS Modem- With 
DSP on Chip. 

"When we set out to design the universal 
modem IC that would meet 300 to 2400 BPS 
worldwide standards, even some of our best 
customers were skeptical. We knew existing 
solutions took a handful of IC's and separate 
DSP's for V.22 bis operation, requiring a lot of 
space and power. Our customers said they 
needed a single IC that would do it all, so it 
was only natural that we would come up with 
a chip that would meet their needs. 

"Here's what they asked for, and here's 
what the K224 gives them: V.22 bis, V.22, 
V.21, Bell 212A and 103 modes of operation 
for both synchronous and asynchronous 
communication; complete tone generation 
for DTMF, answer and guard tones; call pro
gress tone and handshake pattern detectors; 
and all the other functions needed to support 
intelligent modem designs. We integrated all 
these functions plus the DSP on a single 
chip-something no one else had attempted. 

"So our skeptics were almost right when 
they said no one could put it all on one chip
because so far no one else has. Maybe some 
day someone else will. Meanwhile, give us 
a call and take advantage of the jump we've 
got on our competition by getting the jump 
on yours." 

Call Now! 
(714) 731- 7110, Ext. 575 

For more information on the SSI K224, or 
the complete K-Series family of compatible 
modem IC's, contact: Silicon Systems, 14351 
Myford Road, Tustin, California 92680. 
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Give your customers the full picture. 
With a Finlux EL display. 

Take a closer look at Finlux EL flat-panel displays, 
and you 'l l see right away why they're just right for 
your customers. 

To begin with, Finlux Matrix Displays help you 
look your very best - whether you are build ing pro
cess controllers, factory terminal s, or electronic 
instruments. That's because Finlux Displays deliver 
outstanding picture quality with crisp, stable, and 
flicker-free images Which makes them ideal for long 
stretches of work. 

What's more, Finlux Displays offer unmatched re li
abil ity because they incorporate a proprietary Atomic 
Layer Epitaxy (ALE)* process that assures depend
able performance in even the toughest industrial 
environments. 

And they 're so thin and lightweight, you will appre
ciate how easy it is to incorporate Finlux Displays 
into your own system. About half the size of a loose
leaf notebook, Finlux Displays fit into any system 
where portability counts and space is at a premium. 

See for yourself. Call or write Finlux Inc. today. 
You 'll learn how remarkably capab le something so 
remarkably compact can be. 

CIRCLE NO 100 

Input Matr11 
Voltages Conf1gurahon Display Area Sile Weight 

MD640 200 -12 +5V/+12V 640 x 200 pixels 4 Bx 7.68 1n 6.24 in. (158 5 mm) H 13.4 oz. (375 g) 
-10 +5V/+15V (122 x 195 mm) 9 in. (228.5 mm) W 

0.72 in. (183 mm) 0 

M0512.256-33 +5V/+1 5V 512 x 256 pixels 3.85 x 7.69 in. 5.67 in. (1 44 mm) H 23 oz . (650 g) 
-34 +5V/+12V (195.2 x 97.7 mm) 10.2 in (260 mm) W 
-35 +5V/+ 12V 1.04 in. (26 5 mm) D 
-39 +5vt+12v·· 
-37 +5V/+15v·· 
-38 +5vt+24v· · 

MD640 400 -50 +5vt+12v· · · 540 x 400 pixels 4.8 x 7.68 in. 6.24 in. (158.5 mm) H 13.4 oz. (375 g) 
(122 x 195 mm) 9 in. (228.5 mm) W 

0.72 in. (18.3 mm) D 

' Processdevelocedbylon1aCorpori hon. Finland ··w,1n1n1e;rated power supply and low po• e• dr1vtrs ···.1iwa lablelour1nQuai1er 198 7 

FINLUX INC. 
20395 Pac1!1ca Drive 
Su11e 109 
Cuper11no, CA 95014 
Tel (408) 725-1972 
Telecopy (408) 9967547 

Marketing and International Operat ions: 
LOHJA CORPORATION 
Display Electronics 
Box 46 
SF-02201 ESPOO 20 
Finland 
Tel Int +358 O 420 01 
Telex 125023 eld1s sf 

Branch Oll ice: 
LOHJA CORPORATION 
Display Electronics 
Kosh11ch1 Building 803 
J1ngumae 6-19-16 
Sh1buya-ku, Tokyo JAPAN 
Tel. Japan 03-797-5425 
Telecopy: Japan 03-797 5426 

See us at WESCON, Booth 5143 
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FIND OUT ABOUT 

OYSTER BEFORE 

YOUR BOSS DOES ... 

1111111111 Are you wasting time and money developing 

and manufacturing a hand-held terminal or controller? 

Why, when Oyster can offer you a unit with the 

exact specification you need? 

You concentrate on the core elements of your 

project, and we'll supply the terminal - saving you 

time and resources. 

Give us a call, return the coupon, even send us 

your spec. At least find out the facts . .. before 

someone else does. 

TAKE YOUR PICK 1111 11 1111 Case design 
111111 1111 Protocol 

1111111111 lnteiface 

1111 11 1111 Display type and size 

111 111 1111 Keyboard type and layout 

............................. 
EON 102987 

Tell me more . . . quick. 
Name _____________ _ 

Position ____________ _ 

Company ____________ _ 

Address ____________ _ 

_______ Tel No.-------

301 Daniel Webster Highway, Merrimack, NH 03054, 
Tel: (603) 429-2566. 

1640 Fifth Street, Santa Monica, CA 90401. 
Tel: (213) 395-4774. Telex: 65-2337. Facsimile: (213) 393-6040. 

1111111111111 0 
1

111 1::!!!!1!11 Ii t~~als 
EVERY HAND-HELD TERMINAL YOU CAN THINK OF 
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MOYE UP 
TOA 

NEWLINE 

FROM 
HOUSTON 

INSTRUMENT 
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Prepare to be impressed. Meet the 
new line of high-performance plot
ters from Houston Instrument.™ 
Hi's sleek new DMP-60 series is 
designed to impress even the most 
demanding CAD professional. 

Discover unprecedented 
flexibility-blended with ultra-fine 
resolution, speed, and software 
compatibility. Benefit from HI's 
rigorous standards for quality, relia
bility, and service. All at prices 
starting from $4,695.* 

Watch the DMP-60 series double 
as a scanner with HI's unique 
SCAN -CAD™ option. Quickly pro
duce multicolored drawings when 
you use the Multi-Pen adaptor. Plot 
several originals-without tying up 
your PC when you add HI's buffer 
expansion board. 

Select media as small as 81/2" x 11" 
or as large as 36"x48". Load either 
DM/PL™ or HP-GL 758X-compatible 
software. Then watch as your plot
ter quickly produces a drawing 
polished to a precise resolution of 5 
ten-thousandths of an inch. Smile 
when you see smoothly formed circles, 
curves, and lettering. 

Explore HI's host of support 

programs including an overnight 
plotter-replacement service. And 
then relax, knowing that Hi's new 
plotters rest on 27 years of 
engineering excellence. 

Move up. 'lb a fine, new line. From 
Houston Instrument. Begin by call
ing 1-800-444-3425 or 512-835-0900 
or writing Houston Instrument, 
8500 Cameron Road, Austin, TX 
78753. •u.s. suggested retail price. 

A DIVISION OF ..\METEK 
Houston Instrument, SCAN-CAD, and DM/ Pl are 
trademarks of AMETEK, In c. 
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DSP in the Era of MegaChip Technologies: 

Digital signal processori 
• • are turning up winner~ 

Tl's TMS320 DSPs add high performance 
at costs low enough to open new worlds 
of applications - from a high-performance 
Formula 1 car suspension to an intelligent doll 
and everything in between. 

T © 1987 Wodd. of WondC<, Inc. All dghts "" 

..l.. he results are in. You can add 
more performance at lower cost desig 
ing with the standard in digital signa' 
processors (DSPs), Tl's TMS320 fami 
There are now even more reasons tha 
ever to get the advantages of TI DSP 
performance in applications whereve1 
realtime number crunching is essenti: 



~rolll Texas Instrwnents 
~n all sorts of places. 

'hese advantages can make a differ
nce in applications as wide ranging as 
1odems, disk servo controllers, sona
•uoys, and voice multiplexers to 
pectrum analyzers and graphics 
;orkstations. 

Getting started in DSP design is 
asier with Texas Instruments training 

and support. But once you see what the 
TMS320 family can do, you'll want the 
features TI DSP can give your designs. 

"Handling performance is up 
there next to speed in Formula 1 
racing. Tl's TMS320 gives us a 
real advantage - enough to win 
a Grand Prix." Peter G. Wright, 
Technical Director, Lotus Engineering 

Lotus designed the active suspension in 
their Camel-Lotus-Honda Formula 1 
car to approach the theoretical 
maximum-control point which gives 
the best balance between handling and 
performance. At racing speeds, each 
wheel is positioned by the TMS320-
controlled hydraulics. A single 
TMS320 chip measures wheel forces 
and displacements and reads data from 
a body-mounted inertial platform. 
Then, in real time, the chip computes 
wheel position and controls actuators 
that adjust the suspension components 
to precise settings. 

The TMS320 can also handle 
closed-loop engine control and more 
responsive braking systems, as well as 
many other automotive applications. 

"The TMS3 20 helps us with one 
of our toughest tasks - design
ing toys with exciting features at 
prices that will sell." Dave Small, 
VP Engineering, Worlds of Wonder, Inc. 

Worlds of Wonder is a pioneer in de
veloping interactive toys and now has 
an innovative new doll named Julie™ 
Using a single TMS320 chip, Julie's 
designers are able to give her voice
recognition ability, coupled with syn
thesized speech and coordinated facial 
movement. 

The TMS320 design expands the 
applications for affordable consumer 
products like solid-state answering 
machines, cellular phones, improved 
hearing aids, and animated elec
tronic games. 

Tl's MegaChip Technologies 
Our emphasis on volume manufacturing 
of high-density CMOS circuits is the 
catalyst for ongoing advances in how we 
design, process, and manufacture semi
conductors and in how we serve our 
customers. These are our MegaChip TM 

Technologies. They are the means by 
which we can help you and your com
pany get to market faster with better, 
more competitive products. 

Winning designs come from a 
family of winners 
There are 15 compatible members in 
the TMS320 family (see the road map 
below), featuring two new DSPs with 
on-chip EPROM, the TMS320E15 
and the TMS3 20El 7. For applications 
requiring off-chip memory, there 
is the new CMOS EPROM, the 
TMS27C292, with 35-ns speed. 

New interface alternatives include 
the low-cost CMOS TCM29C18/19 
Combo Codecs with AID, DIA, and 
filters all on a single chip. 

The high-performance TLC32040 
Analog Interface Circuit has 14-bit AID 
and D/A and programmable filters. 

For higher performance in digital sig
nal processing, you can use building
block products like Tl's microcodable 
ACT88XX 32-bit processor family. 

From $5 to 33 Mflops: With three generations 
covering 15 products, the TMS320 family offers 
software compatibility to protect your develop
ment investment and provide a smooth path to 
future applications. 

For more information on support 
for the TMS320 family, please tum 
the page. ----· 



From hands-on training to 
a "C" compiler, TI has tlie tools 
you need to get your designs 
to market 

fast. 
Whether you're moving into 
DSP or moving up in DSP, Texas 
Instruments can help you move 
your design into production faster. 
Hands-on DSP Workshops using 
the TMS320 development tools cover 
all you need to know from architecture 
to software. Courses are scheduled at 
TI Regional Technology Centers. 
Get Started in DSP with the TMS320 
Design Kit, which contains data 
sheets, chip samples, and applications 
notes to make starting easy. 
Count on EPROM DSPs for realtime 
code development, form-factor emula
tion, and early production runs, with 
the option for last-minute changes. 

Applications Notes and Textbooks 
contain literally thousands of pages 
that are readily available to give you 
assistance in application concepts and 
designs. 
Optimizing "C" Compiler reduces your 
time to market and preserves your soft
ware investment. 
The Assembler/Linker and Simulator 
speed software development for you. 
Realtime In-circuit Emulators allow 
you to integrate software and hardware 
and give you a final check. 

For more information on the Julie doll from Worlds of 
Wonder, Inc., call (415) 656-3171. 

•• MegaChip is a trademark of Texas Instruments 
Incorporated. Julie is a trademark of Worlds of 
Wonder, Inc. 

© 1987 Tl 27-4511 

More than 80 Third-party Hardware 
Suppliers and Consultants are featured 
in our TMS320 Family Development 
Support Reference Guide and in our DSP 
newsletter Details on Signal Processing. 
TMS320 Bulletin Board is an on-line 
service that provides you with the latest 
technical and application information. 

Texas Instruments Incorporated 
P. 0. Box 809066 
Dallas, Texas 75380-9066 

The TMS320 Technical Hotline is 
staffed by applications experts and is 
ready to take your call. 

How to get a fast start 
For more information on Tl's TMS320 
DSP family, call 1-800-232-3200, ext. 
3508. Or use the coupon below. 

SPR173ED700l 

YES, please send me information on the following TI Digital Signal Processing products 
and support services: 

0 PR©l : TMS320 DSP Products 
0 PR02: Analog Interface Devices 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

AREA CODE TELEPHONE EXT. 

0 PR03: ACT88XX 32-bit Processor 
0 PR04: TI Regional Technology Center 

Workshops 

STATE ZIP 

TEXAS ~ 
INSTRUMENTI 
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Salon des Composants sessions will emphasize 
developments in passive components 
Peter Harold, European Editor 

Components for telecommunica
tions, automotive systems, and in
dustrial automation-three of Eu
rope's fastest growing elec
tronic-component markets-will fig
ure prominently in the 28th Salon 
International des Composants 
Electroniques exhibition in Paris, 
France. The exhibition will take 
place November 16 through 20 at 
the North Paris exhibition grounds 
at Villepinte. With more than 1500 
exhibitors occupying four halls at 
the site, the show will give you the 
opportunity to view the latest com
ponents in all fields of electronics. 
You'll also be able to listen to inter
national panel discussions on quali
ty-assurance programs and on the 
state of the semiconductor industry. 

Despite its French name, the ex
hibition isn't mainly a French affair 
-752 of the 1261 manufacturers 
registered by September 1 were 
from countries other than France. 
In addition, 260 French distributors 
will be at the exhibition to display 
products from other non-French 
manufacturers. The show is divided 
into two sections: one dedicated to 
electronic components and subas
semblies, and the other intended for 
electronic-test and -measurement 
and ATE equipment. Components, 
however, will continue to dominate 
the exhibition. 

The international panel discus-

sions, which are becoming a regular 
feature of the exhibition, will take 
place on Tuesday, November 17, 
and will be divided into a morning 
and an afternoon session. At the 
morning session, participants will 
discuss ways that the US and West
ern Europe can respond to the 
threat of Japanese dominance in the 
semiconductor industry. If you're an 
industry analyst, you'll want to at
tend this discussion. You'll have the 
opportunity to question the experts 
on whether collaboration agree
ments or mergers-such as the re
cent merger between Thomson 
Semiconductors (France) and SGS 
(ltaly)-will be effective in helping 
the European semiconductor indus
try survive against both US and 
Japanese competition. 

The afternoon session will focus 
on the cost and value of the quality
assurance programs, such as zero
defect policies, that some semicon
ductor manufacturers are currently 
offering. It will also examine the 
relative merits of ship-to-stock or 
just-in-time delivery programs. The 
participants will debate whether 
these policies and programs reflect 
users' real requirements, or wheth
er they're merely a marketing ploy 
by the semiconductor manufactur
ers to capture greater market 
share. 

A program of technical sessions 
will also accompany the exhibition 
this year: The Second International 

For more information ... 
For more information on the Salon International des Composants 
Electroniques exhibition and the associated conference program, contact the 
following organizers directly. 

SOSA 
20 rue Hamelin 
75116 Paris, France 
Phone (1) 45051317 
TLX 630400 
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Tables Rondes 1987 
11 rue Hamelin 
75783 Paris Cedex 16, France 
Phone (1) 45057169 
TLX 611045 

Conference on Passive Components 
will run from November 18 to 20. 
The conference will focus on ad
vancements in technology that help 
passive components keep pace with 
semiconductor devices. The sessions 
will also deal with the passive as
pects of active-device manufacture 
-for example, die mounting and 
packaging, soldering, and protec
tion techniques. 

A paper by an invited speaker 
will open each of the main confer
ence sessions. The sessions will 
cover VLSI packaging and intercon
nection techniques, capacitors, con
nectors, resistive and protective de
vices, and optical components and 
human/system interfaces. In paral
lel with these main sessions will be 
sessions on magnetic materials and 
resistive devices, capacitors, and 
transducers. In total, three opening 
reviews, five papers from invited 
speakers, and 65 submitted papers 
will be presented over the 3 days. 

Be sure to leave yourself plenty of 
time to walk the floors of the exhibi
tion, however. Depending on the 
breadth of your interest in electron-
ic components, it could easily take 
you two or three days to explore 
every manufacturer's offerings. 
Once you've satisfied your immedi
ate information requirements, you , 
may want to spend some time at the 
large semiconductor manufacturers' 
stands to see how today's technolo
gy will affect the automobiles and 
telecommunication systems of to
morrow. And at the end of the day, 
when you're footsore from tramping 
the exhibition floors, remember that 
the Paris nightlife is only 20 minutes 
away by Metro. EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 
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The Pioneers of Tomorrow's Military 
Display Technologies 

For over 200 years the American Pioneers-the 
epitome of America's adverturesome spirit-have 
settled new frontiers on land, sea, air, and space. 
For over 40 years IEE has been part of America's 
pioneering team by developing hi-rel, state-of-the
art displays and keyboards for the military 
industry. 

Our latest pioneering effort has resulted in a line 
of full-military EL (electroluminescent) display 
modules. We took EL technology from its infancy 
and developed compact, lightweight display 
modules that operate in the most severe military 
environments. So compact and lightweight are 
these modules, they have redefined the military's 
definition of portability. 

But our EL display modules have even more to offer: 

•Bright, easy-to-read graphics and text 
• Variety-two display sizes: ( 4 11 x8 11

, 3 11 x5 11
) 

and a wide selection of data interfaces to 
choose from 

• User-friendly-Optional infrared touchscreen 
available 

•Custom-engineering capabilities: display sizes, 
data interfaces, enclosures, EMI/RFI shielding, 
and TEMPEST 

•Lower cost "ruggedized" versions available 

So, when your requirements call for flat-panel EL 
display modules, as well as LCD modules, 
keyboards, or terminals, call IEE for our product 
brochures, or come see us at AFCEA, Belgium, 
4th Floor, Room 12 

IEE - The Pioneers of Military Displays 

IEE LIMITED, Unit 6, Park Industrial Estate, Frogmore, St. Albans, Hertfordshire AL2 2DR UK Tel. 0727 74376/Telex: 264992 (G)/FAX: 0727 74300 
Circle 41 for for immediate application Circle 80 for reference material 
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CMOS static-RAM families add 
high-performance and low-cost parts 
Additions to the Comet family of 
high-speed 16k-bit CMOS static 
RAMs include the HM65767F, 
HM65768F, and HM65728H, all of 
which have faster access times than 
those of previous Comet family de
vices. The 16k x 1-bit HM65767F 
and 4kx4-bit HM65768F have ac
cess times of 20 nsec, and the 2kx8-
bit HM65728H has an access time of 
25 nsec. The RAMs are available in 
versions that operate over the com
mercial and military temperature 
ranges, and they come in plastic or 
ceramic DIPs, small-outline surface
mount packages, or leadless chip 
carriers. Volume pricing for com
mercial-temperature-range devices 
in plastic DIPs and small-outline 
packages ranges from $2.50 to $7, 
depending on access time and orga
nization. 

The vendor has also added mem
bers to its HM65641 line of 8k x 8-bit 
CMOS static RAMs. The additions 
include both high-performance and 
low-cost parts. The HM65641B has 
a 70-nsec access time. Its standby 
current is 50 µA, and its data-reten
tion current, at a 2V supply voltage, 
is 20 µA. The company believes this 
part to be the lowest-power 8k x 8-
bit device on the market. The 
HM65641C is a low-cost version of 

RFI-suppression capacitors 
handle 8-kV transients 
Employing a self-healing paper die
lectric that can withstand a dV/dt as 
high as 2000V/µsec , the PMZ2067 
Series RFI-suppression Y capaci
tors can handle voltage transients as 
high as 8 kV. They are suitable for 
use in applications that require long 
component lifetimes and experience 
high-voltage transients. For protec
tion against fire in the event of com
ponent failure, the capacitors are 
housed in a self-extinguishing epoxy 
resin encapsulation that meets the 
requirements of UL 94V-O. 

These multilayer metallized-pa
per capacitors are available with 
capacitance values ranging from 
0.001 to 0.022 µF, and they have a 
nominal capacitance tolerance of 
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±20%. They have a voltage rating of 
250V ac at 50 Hz, and their operat
ing temperature range is -40 to 
+ 100°C. Their recommended dc
operating-voltage limit is lOOOV de. 
At 1 kHz, the capacitors spec a 
dissipation factor of 1.3%. Their in
sulation resistance , measured at 
23 °C after 60 sec at 500V de, is 
~1200 MO. 

the HM65641. It has an 85-nsec ac
cess time, a standby current of 500 
µA, and a data-retention current (at 
2V) of 200 µA. Both devices are 
available in versions that operate 
over the military and industrial 
temperature ranges, and both come 
in either 28-pin ceramic DIPs or 
32-contact leadless chip carriers. 
Prices for military-temperature
range devices in ceramic DIPs range 
from $46 to $280, depending on ac
cess time , standby current, and 
quantity. 

Matra-Harris Semiconducteurs, 
Centre de Guyancourt, 38 Blvd 
Paul Cezanne, BP 309, 78054 
Saint-Quentin-Yvelines Cedex, 
France. Phone 1-30607000. TLX 
697317. Hall 3, alley 36, stand 19. 

Circle No 708 

Each capacitor is tested to with
stand a de voltage of 2. 7 kV, and 
each is subjected to a pulse test 
using a 10-kV peak, 1.2/50-µsec full 
wave, according to IEC-60. The ca
pacitors' electrical and mechanical 
properties make them suitable for 
use in IEC-40/100/56 climatic cate
gory environments. The capacitors 
come in four case sizes ranging from 
13x5.5X13.5 mm to 18x8.5 x 17 
mm. The smallest case size has leads 
that are 10 mm apart; leads for all 
other case sizes are 15 mm apart. 
Around 6 Swedish krona (10,000). 

Rifa AB, Box 945, 39129 Kalmar, 
Sweden. Phone (0480) 15660. TLX 
43062. Hall 2, alley 24, stand 70. 

Circle No 713 

111 



SALON DES COMPOSANTS 

Gold-contact pc-board switches 
provide several switching functions 
Models 15.502 and 15.552 are gold
contact versions of the company's 
momentary and alternate-action sil
ver-contact switches. These low
profile, pc-board-mounting modular 
switches are suitable for low-volt
age and dry-circuit switching, or for 
applications in which they might be 
subjected to corrosive environ
ments. Each switch has a contact 
configuration that allows you to im
plement a variety of switching func
tions-including two changeover 
contacts, two normally open or nor
mally closed contacts, two normally 
open and two normally closed con
tacts, or polarity-reversal contacts 
-simply by altering the pc-board 
tracking. 

The switches' initial contact re
sistance is 35 mO. The switch con-

tacts have a maximum switched cur
rent rating of 250 mA, and a 
maximum voltage rating of 120V. 
When they are not switching, they 
can carry a current of0.5A. Their ac 
and de power ratings are 9 and 6W, 
respectively. Their contact bounce 
is <5 msec. The switches have an 
operating pressure of around 2 new
tons, and the key travel is 1.8 mm. 
The momentary-action version of 

Single-chip token-bus modem 
supports MAP networks 
The SAB82511 baseband modem 
provides layer-1 functions of the 
OSI communications model for 
IEEE-802.4 token-bus networks. It 
is therefore suitable for use in MAP 
(manufacturing automation proto
col) networks. An associated token
bus controller, the SAB82510, will 
provide layer-2 functions; it's sched
uled for introduction before the end 
of this year. 

Using phase-coherent FSK modu
lation, the modem transmits data at 
a rate of 5M or lOM bps. It also 
includes a digital demodulator to 
decode received data. The modem 
chip generates the receive and 
transmit clocks from a 20-MHz crys-
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tal or from an external frequency 
source, provides station-manage
ment functions, and has an electri
cal interface that you can connect 
directly to a network-medium coup
ling transformer. 

The modem recognizes five dis
tinct transmission states from the 
media-access control (layer-2) func
tions of the token-bus controller: 
silence, nondata, pad-idle, data one, 
and data zero. It modulates the 
transmit carrier signal accordingly. 
It also supports such station-man
agement functions as a loop-back 
mode for use in fault diagnosis. In 
addition, the modem incorporates a 
watchdog timer to prevent the 

the switch has a lifetime of 
1,500,000 switching cycles; the al
ternate-action version has a lifetime 
of 500,000 cycles. The switches' 
operating temperature range is -25 
to +75°C. 

They have a 12.6-mm square foot
print and presoldered leads that fit 
into pc-board holes on a 0.1-in. ma
trix. The switches accept a variety 
of keycaps and bezels, including the 
company's new Model 16. 700 con
cave keytops. The gold-contact 
switches cost less than $1.50 (1000). 

Mee, lndustriparken 23, 2750 
Ballerup, Denmark. Phone 02-
973366. TLX 9125649. Hall 4, alley 
43, stand 97. 

Circle No 714 

modem from locking up the network 
by going into continuous-transmit 
(jabber) mode. 

The SAB82511 is packaged in a 
44-pin plastic leaded chip carrier 
and operates over 0 to 70 °C. It uses 
one 5V supply and draws a maxi
mum supply current of 290 mA. All 
inputs and outputs that interface 
the modem to the token-bus control
ler are TTL-compatible. Approxi
mately $50 (1000). 

Siemens AG, Zentralstelle fur 
Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. Hall 4, 
alley 43, stand 8. 

Circle No 711 
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PHONE LINE INTERFACES 
I QUICK-TO-MARKET SOLUTIONS I 

THE PROBLEM Phone Line Interface Components 
Products that connect directly to the telephone line must be 
registered: 

Features CHIBIOA CHl811 CH1812A/ CH1814 CH1815 CH1828 

D FCC in the United States 

D DOC in Canada 
D BABT in the United Kingdom 

by telephone authority in most other countries 

This means first understanding and interpreting local 
requirements, then conducting tests to meet these 
requirements and finally obtaining approvals. 

Needless to say, this can be an involved and time
consuming process taking as much as 12 months 
to complete. 

THE SOLUTION 
Telephone Line Interfaces 
Cermetek manufactures a complete line of telephone line 
interfaces that either eliminate registration process or 
greatly reduce the risk of delays. 

The CH1810A, for example, is already FCC registered 
and is shipped to you with an FCC registration sticker to 
place on your equipment. 

Other telephone line interfaces are designed for inter
national operation - CH 1814/ CH 1828, ultrasmallsize
CH1815 or high volume/low cost-CH1812A/1813 

And all are compatible with today's modem com
ponents. Cermetek provides application notes, design 
assistance and help with registration. Write or call us for 
more information. 

CH1813 

Countries U.S. U.S. U.S. Inter· U.S. 
for use (.anada (.anada (.anada nat1 (.anada 

Pre· FCC FCC Conforms British Conforms 
Registered P:lrt 68 P:lrt 68 FCC Pending FCC 
Surge and 
High Voltage Yes Yes Yes Yes Yes 
Protection 
Isolation !KV !KV !KV l.SKV !KV 

I Ring Detect 
and ON/OFF Yes Yes Yes Yes Yes 
Hook Control 
Phone Hook 

1813 Switch Detect - - - -

2·t04-wire 
Yes Yes NO NO NO 

Conversion 
Data and voice Data Both Data Data Data 
Size (in) L 2.2x 2.2x 2.lx 2.1 x 2.1 x 

w 2x 2x 1.1 x 1.1 x I.Ix 
H .7 .7 .6 .6 .45 

Power +12V +SV Inter· Inter· Inter· 
275mW IOOmW Face Face Face 

Driven Driven Driven 

Cermetek 
microelectron1cs 

Cermetek Microelectronics, Inc. 
1308 Borregas Avenue Sunnyvale, CA 94088 

Telephone: 408/752-5000 
Fax: 408/752-5004 
Twx: 910-379-6931 

CIRCLE NO 88 
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Inter· 
nat'l 

British 
Regis· 
tered 

Yes 

4KV 

Yes 

-

Yes 

Data 
3.4x 
3.4x 
.77 

+12V 
-

700mW 
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Electroluminescent display provides 
graphics and 25-lineX80-column text 
The Finlux MD640.400 flat-panel 
electroluminescent display has a 
screen resolution of 640x400 pixels, 
allowing you to display high-resolu
tion graphics or 25 lines of text at 80 
characters/line. The display comes 
with a display-driver board and 
power supply and requires only 
TTL-level video data, video clock, 
and horizontal and vertical synch
pulse inputs. It's designed to scan at 
a refresh rate of 60 Hz. 

Comprising a matrix of 0.22-mm 
square pixels on a 0.3-mm pitch 
(which is equivalent to 83 pixels/in.), 
the display produces a flicker-free 
yellow image with a viewing angle 
of greater than 140°. The pixel lumi
nance is typically 90 cd/m2• The dis-

play area is 122 mm high and 195 
mm wide, and the whole display 
assembly, including the drive
electronics board, measures 158.5 
mm high, 228.6 mm wide, and only 
18.3 mm deep. 

A de/de converter, which you can 
use remotely or mount on the back 
of the assembly, is supplied with the 
unit; it's connected to the display via 
a ribbon cable. The converter re-

quires de inputs of 12 or 15V and 
5V, and the display typically con
sumes 16W. It operates over 0 to 
55°C. 

Prototypes of the display are 
available now; production shipments 
are scheduled to start during the 
first quarter of 1988. The initial 
sample price for the MD640.400 is 
DM 2710, or $1650. 

Lohja Corp, Electronic Display 
Div, Box 46, 02201 Espoo, Finland. 
Phone 042001. TLX 125023. 

Circle No 709 
Finlux Inc, 20395 Pacifica Dr, 

Suite 109, Cupertino, 95014. Phone 
(408) 795-1972. Hall 4, alley 45, 
stand 126. 

Circle No 710 

ECL gate arrays let you make tradeoffs 
between speed and power 
When you design with the SHlOOE 
family of ECL gate arrays, you can 
select the logic gates to operate at 
one of three speed/power levels. For 
designs that require some parts of 
the logic to run faster than other 
parts, you can mix these three 
speed/power levels on a single de
vice, provided that you don't exceed 
the maximum power-dissipation 
level of the PGA package. 

The standard speed level for a 
logic gate provides you with a typi
cal gate delay of 130 psec, a delay 
per unit load of 30 psec, and a delay 
per millimeter of routing metal of 
150 psec. This speed level results in 
an average power dissipation per 
gate of 1 mW for a -3.3V supply 
voltage and 1.5 mW for a -4.5V 
supply voltage. 

Selecting the low-power mode in-
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creases the typical gate delay, the 
delay per unit load, and the delay 
per millimeter of metal to 220, 60, 
and 300 psec, respectively, but re
duces the average power dissipation 
per gate to 0.5 mW for a -3.3V 
supply and 0.75 mW for a -4.5V 
supply. 

Selecting the high-speed mode 
leaves typical gate delays at 130 
psec, but reduces the delay per unit 
load and the delay per millimeter of 
metal to 15 and 75 psec, respective
ly. However, it increases the aver
age power dissipation per gate on 
-3.3 and -4.5V supplies to 2 and 3 
mW, respectively. 

The initial offering is a 2500-gate 
array, but during 1988 the company 
plans to extend the family to include 
arrays with gate counts of between 
1000 and 10,000. The array's 110 

pins are lOK/lOOK ECL compatible, 
and on all the arrays except the 
10,000-gate version, you can option
ally configure the I/O pins to be 
LSTTL compatible. 

A library of ECL and current
mode-logic functions for the product 
is already available, and the vendor 
will accept designs for implementa
tion in silicon during the second 
quarter of 1988. For the 2500-gate 
array, the company predicts that 
nonrecurring layout and prototyp
ing charges will be less than DM 
100,000, and the per-piece cost will 
be less than DM 500 (1000). 

Siemens AG, Zentralstelle fur 
Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2340. TLX 5210025. Hall 4, 
alley 43, stand 8. 

Circle No 716 
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You've seen the advantages offered by the AlOO 
Digital Signal Processor. The single-chip DSP solution 
thatfeatures 32 multiply-accumulators, executes up to 
320 MOPs, and easily attaches to microprocessors. 

Now INMOS speeds AlOO system development 
with the new D704, the complete DSP Development 
System. The D704 overcomes the clutter normally 
encountered in developing DSP systems such 
as hand-crafted assemblers, interleaved busses 
and power-hungry glue. And since it is tailored for 
the A 100, your end product is first to market and 
second-to-none in performance. 

The D704 combines a comprehensive set of 
software tools, PC plug-in card and extensive 
documentation, providing a powerful yet easy-to-use 
DSP environment. You can experiment with the 
technology, simulate DSP algorithms in software 
and run them in real time on the A lOO's provided 
on the board. 

The Al 00 is quickly becoming the number one 
choice in everything from avionics to ultrasonics. And 
with MIL-STD 883C devices available soon, it 
will be a natural for military DSP programs of all 
types. With the D704 Development System, creating 
DSP solutions has never been easier. 

So if you'd like to cut through the clutter, start by 
clipping the coupon. 

THE A100 DSP FAMILY 

IMSA100 
Single-Chi~ 32-Stoge Coscodoble Transversal 
Filter- 16- it Doto, 16-Bit Coefficients, 
320MOPs 

IMSB009 PC Plug-In Cord Including Four AlOO's 

IMSD704 IMS B009 + Interactive Software Simulator/ 
DSP Development Suite 

r------------------, 
I I'd like to cut through the clutter. Please send me full I 
I details of the IMS D704 DSP development system. I 
I Nome Title I 
I Company I 
I I 
I Address I 
1

1 

Telephone 1

1 EON 102987 

I INMOS Corporation, PO Box 16000, Colorado Springs, Colorado 80935. I 
I Tel (303) 630-4000. I 
I INMOS Limited, PO Box 424, Bristol BS99 7DD. Tel (0454) 616616. I 
L------------------~ 
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Convection-cooled 40 and 60W switch-mode 
power supplies fit on single Eurocards 
The 190 Series 40W and 60W frame
less switch-mode power supplies 
employ 150-kHz self-oscillating 
flyback-converter technology and 
achieve an MTBF of 40,000 hours. 
The 40W range comprises single
output versions with a 5V/6A, 12V/ 
2.5A, or 24V/1.25A output; dual
output versions with a 5V/4A main 
output and a 12V/2A auxiliary out
put or with ±12V/1.25A outputs; 
and triple-output versions with a 
5V/5A main output and 12V/2A and 
-12V/0.5A auxiliary outputs, or 
with a 5V/4A main output and ei
ther ± 12V/0.8A or ± 15V/0.5A aux
iliary outputs. 

The 60W range comprises single
ou tpu t versions with a 5V/12A, 
12V/5A, or 24V/2.5A output; dual
output versions with a 5V/8A main 
output plus a 12V/3A auxiliary out
put or with ±12V/2.5A outputs; and 
triple-output versions with a 5V/8A 
main output and auxiliary outputs of 

12V/3A and -12V/1A, or with a 
5V/8A main output and ±12V/1A 
auxiliary outputs. 

All the main outputs are fully 
regulated: The line regulation for 
± 10% line input variations is 
±0.2%; the zero- to full-load regula
tion is ±2%. You can reduce the load 

regulation to ±0.5% by using the 
remote-sensing terminals provided 
on single-output versions of the 
power supplies. All the main out
puts have potentiometer adjust
ment. 

The auxiliary outputs have a line 
regulation of ±0.5% and a half- to 
full-load regulation of ±5%. All the 
outputs have short-circuit protec
tion, and the 5V outputs have over
voltage protection. All the power 
supplies operate from 90 to 140V (or 
180 to 264V), 47- to 63-Hz ac line 
supplies. The power supplies oper
ate over 0 to 70°C but require linear 
derating to 50% between 50 and 
70°C. $80 to $120. 

Philips, Industrial and Electro
acoustic Systems Div, 5600 MD 
Eindhoven, Netherlands. Phone 
(040) 788620. TLX 35000. Hall l, 
alley 17, stand 70. 
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Low-cost CMOS gate arrays achieve 
gate delays as low as 1 nsec 
The MAF Series gate arrays are 
fabricated in 1.2-µm silicon-gate 
CMOS technology; they achieve typ
ical gate delays of 1 nsec, so they're 
suitable for use as low-power re
placements for bipolar PLDs. Gate 
complexities range from 250 to 1200 
gates. When it's operating from a 
single 5V supply at a clock speed of 
10 MHz, the 1000-gate array typi
cally dissipates 250 mW. 

Because the MAF arrays are ar
chitecturally the same as the compa
ny's MA Series gate arrays, you can 
use the same design tools and librar-
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ies that the vendor supplies for the 
MA Series. The vendor also offers 
software that allows you to develop 
designs on a range of computers and 
workstations, including the IBM 
PC, Daisy workstations, and VAX 
computers. 

Packaging options for the arrays 
include DIPs, surface-mount pack
ages, and pin-grid arrays. The 
packages can have as few as eight 
pins or as many as 68. A gate array 
in a 40-pin plastic DIP costs $2.30 to 
$4.30 (100), depending on the num
ber of gates. 

Matra-Harris Semiconducteurs, 
Centre de Guyancourt, 38 Blvd 
Paul Cezanne, BP 309, 78054 
Saint-Quentin-Yvelines Cedex, 
France. Phone 1-30607000. TLX 
697317. Hall 3, alley 36, stand 19. 

Circle No 715 
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THE NEXT GENERATION IN 
ADVANCED DESIGN ENTRY 

WORKSTATIONS IS AVAILABLE 
FROM HAMILTON/AVNET NOW 

FutureNet's FutureDesigner' gives you 
a genuine advancement in circuit design. 
It encourages you to be creative and 
experiment, letting you describe your 
circuit in compact, high level terms ahd 
create more complex designs faster. 

With FutureDesigner, you can describe 
your circuit with any combination of 
structural and behavioral representations. 
Use schematics to enter the structural 
portions of the design, such as data 
paths in a memory array. For portions 
easier to describe behaviorally. like se
quencers or decoders, simply enter 
equations, truth tables or state diagrams 
using on-screen input forms. 

Once you've entered these. Future
Designer's logic synthesizer eliminates re
dundant circuitry and optimizes your 
design for size/speed trade-offs. Future
Designer is the only design entry work
station that will then automatically 
produce the correct schematics and in
tegrate them with the total structural 
design. 

It's technologically ahead of anything 
else you've used, and all it takes is a 
phone call to any of the 57 Hamilton/ 
Avnet locations to get it. But that's not a l I 
you get when you call Hamilton/ Avnet. 

EDN October 29, 1987 

FUTURENET from 
HAMILTON/ AVNET: 

I 
DESIGN ENTRY IS 

FASTER AND EASIER 
THAN EVER WITH 
FUTUREDESIGNER 

FROM 
HAMILTON/AVNET 

/ , 

HAMILTON/AVNET 
GIVES YOU 

CONTINUED SUPPORT WITH 
PLDs, ASICs, GATE ARRAYS. 

Because FutureDesigner is technology 
independent. you can easily migrate 
from one technology to another without 
·redesign. And Hamilton/ Avnet can pro
vide you with your choice of TTL, PLDs, 
gate arrays or other ASICs from the world's 
largest inventory of products from a wide 
range of semiconductor manufacturers. 

Our· ASIC design team can take your 
Future Designer output and verify it, then 
implement it, acting as your liaison to 
manufacturers for information, training 
and production. 

Plus. our degreed ASIC Design E:ngi
neers and E:ngineering Managers can 
provide training for your people through
out the design process at one of our 
nationwide Design Centers, in your facil
ity or by phone. 

For more information, or to order Future
Designer. contact your seNice represen
tative at the Hamilton/ Avnet location 
nearest you. To find the nearest location. 
just call our toll-free number. 1-800-
826-0500. 
"FUTURE:DESIGNER Isa trademark at FutureNet, o Doto 1/0 Company 
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We believe an original 
equipment manufacturer 

should get something original. 
At Motorola, we'll address your OEM 

computer system needs. Not with 
just another pretty picture. But 
with an unfinished VME Delta 

Series'" computer. It's an original concept 
many Fortune 500 companies are finding 
much more becoming. 

We let you do the chalking. 
We believe the fastest way to get you 

to market is to go back to the drawing 
board. And let you decide the options 
you want-before manufacture. 

You cut per-user costs 
by choosing only what you need. 
And keep your OEM edge by deliv
ering better price/performance. 

That's Delta Series Flexibility, 
Part I. 

Originals that stay that way. 
Part II? Take the 2316, our entry-level 

supermicro for up to eight users, taking shape 
to your left. Its six VME slots can house all the 
system components you need for most small 
workgroup or cell applications. 

Yet it's a VME Delta Series computer. 
So it improves with age. And can be upgraded 
in unlimited ways as your needs or technol
ogies change. Thanks to VMEbus open archi
tecture, the 2316 gives you access to thousands 
of VME hardware/software/accessory 
products. And you can upgrade to even 
higher performance Delta systems without 
costly software modifications. 

Networking that's more than 
small talk. 

In a word, the 2316 offers 
connectabil ity. It lets you inter

connect your products into 
powerful local and wide area 
networks. Engineering work
groups can share databases 

and equipment locally. And remote 

The 2316 lets you start with 
a clean slate. 

If you'd like to investigate a range of 
computers built on the idea that no two OEMs 
are alike, call us. 

Your chalkboard is reserved. 
800-556-1234, ext. 230. In California: 
800-441-2345, ext. 230. 

Popular standard options. 
O CPU: MC68020 with future upgradability to MC68030. 
O Mass storage: capacity for two full-height and one 

half-height devices. 
0 Floppies: 1.2Mb or 655Kb. 
D Hard disk: up to two. 67Mb ST506 or 160Mb ESD I . 
O Streamer tape. 
O Serial ports: 4 or 8. 
O Wide area networks: X.25 or SNA. 
O Local area networks: XNS ETHERNET® or RFS 

over TCP/IP. 
0 Memory: 2 Mb or 4 Mb. 
0 Software: SYSTEM V/68' " (UNIX 5.3), VERSAdos 

(real-time), C, Pascal, FORTRAN, UNIFY, '" Oracle,® 
lnformix® and others. 

O Power supply: 110V or 220V. 400W. 
O Logo: Yours or ours. 

VME Delta Series, SYSTEM V/68 and VERSAdos are trademarks of Motorola, Inc. 
IBM is a registered trademark of International Business Machines. Corp. 
UNIX is a registered trademark of AT&T. 
Ethernet is a registered trademark of Xerox Corporation. 
UNIFY is a trademark of UNIFY Corporation. 
Oracle is a registered trademark of Oracle Corporat ion. 
lnformix is a registered trademark of lnformix Software. 
© 1987, Motorola, Inc. 

MOTOROLA Microcomputer Division 
Approaching our technology from your point of view. 



AVAILABLE NOW. THE NEW SABRE SERIFS 
8" DISK DRIVE WITII GIGABYTE MEMORY. 

If you've been waiting for a gigabyte of storage in a small form factor your wait is over. Introducing the 
gigabyte addition to our Sabre Series of 8 11 disk drives. 
HIGHER PERFORMANCE TOO 

Like all Sabre Series models performance is paramount. The model 1230 offers 1.230 gigabytes 
and 3 Mbyte per second transfer rate at 24 MHz. It features 16 ms average seek time and offers 
several interface options including SMD-E, SCSI and IPI-2. 

But if you don't need all that capacity just yet. .. start with our 368, 500, 736 
or 850 Mbyte model and grow ... with us. 
QUALITY DESIGNED IN 

Sabre drives are designed for heavy duty use. They're rugged and versatile 
and can operate mounted vertically, horizontally or at any other angle. 
Built to last so we can spec them at a conservative 30,000 hours MTBF. 

COMPETITIVE PRICES PLUS 
SERVICE SECOND TO NONE 

You get both. We don't disappear 
after the sale. We know that service and 
support are important to you. It 's why 
we have the largest and best trained 
support organization of any OEM man
ufacturer in the world. We stand 
behind you . .. because your success 
is our success. 

For more information, call 
us toll-free at 1-800-828-8001, 
ext. 82. (In Minnesota call 
612-853-3400, ext. 82.) 

-----@:2) CONTl\.OL DATA-----
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New keylock switch with interchangeable core 
speeds installation, simplifies inventory, 

permits quick lock change on site. 

Choose .187 tab, 
solder lug, P.C., 
or wire leads. 

) 

e- or double-pole switches 
with higher electrical ratings 

Four-tumbler removable lock 
core system (patent pending) 

allows for easy mixing, matching 
and changing of locks to 
customer requirements. 

and international approvability. 
UL and CSA ratings: IOA 125VAC 
and SA 250VAC. European 
approvals pending. 

• Control key removes 
the lock core. 

User key operates switch 
at up to 8 positions, 

with a selection of key 
removable positions. 1 

See us at WESCON, Booths 1722, 1724, 1726 

For more information on this innovative, economical 
keylock switch, write or phone Carlingswitch, Inc., 

60 Johnson Ave., Plainville, CT 06062-1156, (203) 793-9281. 
For the name of your local Carlingswitch distributor, 

call toll free: 1-800-243-8160. 

CARl.INGSIMITCH 
INNOVATION BY DESIGN 
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You can also layout with 
Apollo~ And on the DEC~* 

With complete access to 
CDS II:" 

Introducing the EDS ID™ 
IC Design System. 

GE Calma's new Electronic 
Design System puts the auto
mated IC design tools you 
need onto the industry's 
hottest platforms.Without 
sacrificing control or your 
investment in GDS II. 

You see, we've linked the 
most popular engineering 
workstations to the GDS II 
library. So you can retrieve and 
work on any existing design. 

Or create entirely new 
designs in such modern, easy
to-use environments as Sun~ 
Apollo and MicroVAX~ 

Visit your GDS II 
library anytime. 

EDS ill provides a direct 
library-level 
interface to 
any GDS II CAE 
design on 
the network . ...._ ___ _ 

Just give the "OPENLIB'.' 
command and the GDS II 
library you want will appear 
on your workstation.Without 
going through time-consuming 
STREAM":level conversions. 

Then make changes using 
the advanced EDS ill features, 
including an upcoming 
high-level, GPL":compatible 
user programming language. 

You'll cut design 
time while mak
ing the most of 
yourGDSII 
library and its 
powerful capacity for 
GaAs, hybrids and 
mixed analog/digital design. 

And as upgrades for GDS II 
are released, EDS ill will still 
be your standard platform 
access. 

Route any block 
and cell automatically. 

You can save more time 
by routing standard cells and 
blocks of all shapes and sizes 
automatically. And you have 
the same capability with 
standard cell placement and 
floor planning. 

But even though the system 
is automated, you're still in 
charge.With control of die 
size, power and ground distri
bution, and placement 
And you can document 

CAD 
(GDSIO 

your design 
as you go 
along. 

What's 
more, you can 

customize the EDS ill inter
face to fit your needs. Whether 
you prefer the latest pull
down menus and windows in 
EDS ill, the familiar GDS II 
menus or your own personal 
setup. 

And because EDS ill is 
open, you can take advantage 
of database access routines to 
integrate your own tools. 

Now everyone 
shines. 

With design tracking 
that automatically 

reflects any change 
throughout the system, 

EDS U:I keeps everyone on 
your d~sign team informed. 

And you in complete 
control.No matter how many 
revisions are made. 

For more hot news, 
call our hot line. 

So if you're interested in 
connecting your industry 
standard workstations with the 
industry standard CAD sys
tem, ask for our free brochure. 
Call us at 1-800-GE-CALMA, 
ext430. 

And start getting some Sun. 
*Apollo and M icroVA X platforms available 
early 1988. 

• Ca/ma 

CJ J987Calma Ccimpany. EDS 1 1 1 ,C~DS JI , STREAM anc\ C~P l .a nc· 1raden1arh<ifC::1lma C11mpan). Apoll<1 isa n:gi<itert·d trademark<if A~1llo< :(m1puterC :111npany. DECa11d r\'ficnNAX are cradem:-1rks1 1fDigital Equipment c:11qxir:ui<m. 
Sun and the Sun logo arc n: .. ,.,ri.stered trademark.' ol Su11 Minns)'stems, Inc. 
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Let Scanbe package your new 
VMEbus system in a neat, attractive 
enclosure complete with high
performance backplane, UL/CSA/VOE 
power supply with power fail circuit, and the 
same tough card cages that we make for OE Ms. 

The MaxChassis comes in a huge variety of sizes 
and configurations to meet any conceivable VME 
system design. Tabletop or rack mounting. Front or 
rear card loading, or both front and back for large 
systems with up to 40 cards! Card depths from 
lOOmm to 400mm- 3U, 6U and 9U heights-or 
even mixed depths and heights! 

For disk drives and other peripherals there's a 
choice of internal mounting brackets or Scanbe's 
slide-in disk drive modules. 

And nothing beats the 
MaxChassis for adaptability. 

You can remove the card cage and replace 
it with another if your requirements change, or 

for testing or service. 
Wrap up your VMEbus system with Scanbe's 

unbeatable MaxChassis. Call us today for a closer 
look. 

800 227 0557 ( in California ) 
- - 818-579-2300 

~~~:!~p~~!~ 
LEADERS IN PACKAGING TECHNOLOGY 
3445 Fletcher Ave . El Monte, CA 91731-3001 
TWX 910 587 3437 
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PRODUCT U PDATE 

Registered 1/0 and enhanced controls 
make EPLD suitable for µP designs 
The 5AC312 is a CMOS, UV-erasa
ble programmable logic device 
(EPLD) with enhancements to the 
standard PLD architecture that 
make it especially suitable for µP 
applications. The 24-pin PLD runs 
at 40 MHz with no feedback (25-nsec 
t po typ) and consumes 150 µA of 
standby current. (The program
mable, low standby current comes 
at the price of an additional 10-nsec 
delay.) 

The device has programmable 
outputs and programmable inputs. 
The 5AC312's 12 programmable out
put macrocells are similar in func
tion to those of the industry-stan
dard 22V10 PLD. As Fig 1 shows, 
you can program the device's output 
macrocells to act as D, T, or JK 
registered outputs; combinational 

outputs; buried state registers; or 
inputs. An XOR gate in the signal 
path allows you to program the out
put's polarity. Note that because 
the macrocell has two feedback 
paths into its AND/OR array, you 
can use it as an input and a buried 
state register simultaneously. 

More unusual are the device's 
programmable inputs (Fig 2). You 
can program each of the eight in
puts individually to work as a regis
ter, a latch, or a conventional flow
through input. You can clock the 
latches and registers either with an 
external pin or from a product term 
(P term). If you choose the P term 
for control, the external-control pin 
can function as an asynchronous 
input to the AND/OR array. The 
ability to clock both inputs and out-

FROM ADJACENT 
MACROCELL 

ASYNC A 

SYNC S 

puts separately suits µP applica
tions that employ multiphase clocks. 

Further, for µP s with multiple 
qualifiers, the device has two prod
uct terms (instead of the usual sin
gle term) for each of its output
macrocell, secondary control 
signals: output enable, preset, 
clear, and clock. 

Internally, the PLD's AND/OR 
array has a unique architecture that 
can permit a higher degree of 
P-term utilization than is possible 
with conventional PLDs. Conven
tional PLDs have a fixed number of 
AND gates associated with each 
output's OR gate. The 5AC312 has 
eight AND gates (or P terms) 
feeding each output's OR gate (Fig 
1); the eight AND gates are divided 
into two groups of four. 

SET RESET 

OE 

c 

Fig 1-You can program the 5AC312's 12 output macrocells to act as D, T, or J K registered outputs; combinational outputs; buried state 
registers; or inputs. The XOR gate in the signal path sets the output's polarity. Note also that you can assign P terms in groups of four (via 
multiplexers) to either the macrocell or an adjacent macrocell. Not shown in this figure are the two P terms (instead of the usual single P term) 
that drive the output macrocell's secondary control lines . 
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Each group of four first drives its 
own 4-input OR gate. The outputs of 
the two OR gates go to a pair of 
multiplexers. The multiplexers, in 
turn, feed either their own output 
macrocell or an adjacent macrocell. 
Thus, you can assign four, eight, 12, 
or 16 P terms to a given output 
macrocell. 

The architectural complexity of 
the 5AC312 taxes the capabilities of 

PLD software. Currently, only the 
vendor's iPLDS II version 1.5 soft
ware supports the device. The ven
dor claims that because its UV-eras
able CMOS technology is more 
reliable than bipolar fuse-link tech
nology, and because it programs, 
tests, and erases each device before 
shipping, you do not need to per
form any testing on devices after 
you program them at your facility. 

INPUT 
u----1-1N OUTt--------- AND/OR ARRAY 

P TERM 

REGISTER/LATCH MUX 

ILE 

Fig 2-The UV-erasable device's eight inputs are also programmable. The inputs can 
function as latched, registered, or standard inputs. You can clock the latched or registered 
inputs either with an external pin or from a P term. 

Capture Your 
Imagination. 
Introducing A New Standard In Schematic Capture 
Software For Engineering Professionals. 

Imagine using a schematic capture pro
gram that's faster than any other. A pro

gram so powerful, it creates all objects in 
real-time. A program so simple, it uses a 
two-layer menu for less effort per edit. And 
a program so beautiful, it prints and plots 
with the clean, sharp, high-resolution 
results you want, everytime. 

Finally, imagine: all this for a fraction of 
what you pay for other CAE software. 

Now, capture your imagination with 
SCHEMA II. Call us Toll Free: 1-800-
553-9119 (In Texas, call 214-231-5167). 
Ask for our free demo disk. With SCHEMA 
II, your satisfaction is guaranteed or your 

~--- ---
130 

money back. Imagine that! 

OMATiON 
1210 E. Campbell Rd., Suite 100 
Richardson, Texas 75081 

On-site license available. 

CIRCLE NO 64 

This purportedly high, no-test AQL 
(acceptable quality level) stands in 
sharp contrast to bipolar devices, 
which require burn-in and testing 
after programming to achieve a high 
AQL. 

The 5AC312 will be available in 
sample quantities this quarter; pro
duction quantities will be available 
in the first quarter of 1988. Win
dowed devices cost $21.50 (100), and 
production quantities of nonwin
dowed, one-time-programmable 
(OTP) devices will be $10; iPLDS II 
version 1.5 costs $3450. 

-Charles H Small 
Intel Corp, Literature Dept 

W-388, 3065 Bowers Ave, Santa 
Clara, CA 95052. Phone local office. 

Circle No 722 
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A full range of · 
883/D~/JAN qualified products ... 

already proven in over 50 major programs. 
Zilog's commitment to the military market has Smooth integration for 8-, 16- and 32-bits. 

always been strong. Of course, the best proof of our We protect your investment by offering a well 
ongoing focus is the performance of our top quality thought-out migration path for our military micro-
military standard micropro- r-i...-.---;;...-~-a-n;r- processor families. CMOS 
cessors and peripherals- technology is now being 
and the fact that we're introduced for all products, 
already designed into more 32-llT zao.ooo providing high radiation 
than 50 major military 28001 tolerance and the low power · 
programs including F15, 28002 you need for assembling 
F16, PERSHI G, HA WK, ZBDD5 highly integrated, surface 
HARPOON and RAPIER. ZB030Z-SCC mounted systems. 
Support for 1s-e11 ZB53D sec CMOS or NMOS -
professional standards- ZBD36z-cio nobody's better qualified 
DESC, ADA software, zs535 cio than Zilog. 

ZB581 CGC 
JAN certification. 28038 FID We offer a full range 

Zilog's compact, 2280 of military standard micro-
efficient, multi-processing, 2180 processors and peripherals-
real-time ADA support offers 280 all off the shelf, and backed 
the system features you by Zilog's proven quality 

ZB420PIO d I bl need. We have the only an re ia i ity. Want to 
validated compilers used in 8-BIT 2843° CTC C know more? Send for our 
mission-critical systems, 28440 sio special Military Products 
such as for flight control. 28441 SIO issue of The Last Word, 
And we've got full compli- ZB442SIO Zilog's quarterly magazine. 
ance to 8837C and offer ZB444 s10 Better yet, contact your local 
plenty of DESC products for SUPERB Zilog sales office or your 
critical programs demanding ZB authorized distributor. 
quality and reliability, x - available. 6. - co ming soon. Today. Zilog, Inc. , 210 
manufactured on a JAN The choi·ce i•s clear. Hacienda Ave. , Campbell , CA 
certified line. :J: 95008, ( 408) 370-8000. 

Right product. Right price. Right away. 
ZILOG SALES OFFICES: CA ( 408) 370-8120, (7 14) 838· 7800, ( 818~ 707 · 2160, CO (303) 494 ·2905 , FL (813 l 585-2533, 
GA (404) 923·8500, IL (312) 885-8080 , MA (617) 273 -4222, MN 612) 831-76 11 , NJ (201 ) 288 -373~ (609 778-8070, 
OH (216) 447- 1480, TX (2 14) 231-9090, CANADA Toronto (4 16) 73-0634, ENGLAND Maidenhe-Jd \44) (628) 39200, 
W. GERMANY Munich ( 49) (89) 612-6046,JAPANTokyo (81 ) (3) 587-0528, HONG KONG Kowloon (852 ) (3) 723·8979. 
R.O.C. : Taiwan (886) (2) 731-2420, U.S. AND CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Graham Elec., llall ·Mark 
Elec., JAN Devices Inc., Lionex Corp., Sch weber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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PRODUCT UPDATE 

Five-chip set eases design of lOOM-bps, 
fiber-optic local-area networks 
The Supernet 5-chip set is compati
ble with ANSI X3T9.5, which is also 
known as the Fiber Distributed 
Data Interface (FDDI) standard. 
FDDI allows as many as 500 net
work nodes to transfer data at lOOM 
bps. The distance between nodes 
can be 2 km, and the total fiber 
length can be as great as 100 km. 

FDDI is organized as a dual ring 
of optical fiber-a primary ring and 
a secondary ·ring. The rings consist 
of a series of point-to-point connec
tions between neighboring nodes. If 
a station or a link fails, the secon
dary ring can act as a backup ring. 

FDDI uses a timed token-ring 
protocol. The ring's maximum to
ken-rotation time is decided in a 
bidding process that takes place at 
initialization. The bidding process 

allows the station that requires the 
fastest time between token arrivals 
to dictate the token-rotation time 
for the ring; the process also guar
antees each node access to the net
work. 

The Supernet chip set acts as the 
interface between a host computer 
that transfers data in parallel and 
the network, which transfers data 
serially. The set consists of the 
Am7985 Endec Receiver (ERX), the 
Am79C83 Fiber Optic Ring Media 
Access Controller (Formac), the 
Am79C82 Data Path Controller 
(DPC), the Am79C81 RAM Buffer 
Controller (RBC), and the Am7984 
Endec Transmitter (ETX). 

The chip set receives data from 
the network via the optical data link 
(Fig 1). The ERX passes the recon-

TO NODE 
PROCESSOR 

NODE-PROCESSOR ADDRESS BUS 

structed 8-bit byte to the Formac. 
The Formac strips away the packet
format information and sends the 
pure data to the DPC. The primary 
function of the DPC is to convert 
data in received packets from byte
wide to 32-bit-word formats, and to 
convert data in transmitted packets 
from 32-bit-word to byte-wide for
mats. 

The received 32-bit data is then 
stored in the buff er memory by the 
RBC. The data is finally sent to the 
host processor on a 32-bit bus. The 
chip expects that the host processor 
is 32 bits wide; if it's not, you can 
use external logic to interface the 
chip set to other bus widths. 

When the host processor trans
mits data to the network via the 
chip set, the data flows in the oppo-

AND HOST ~~------'--'----------_.__._ ________________ ~ 

SYSTEM 
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SYSTEM 

_J 
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BUFFER 
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BUFFER DATA BUS (D-BUS) 

OPTICAL 
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FIBER OPTIC RING MEDIA 
ACCESS CONTROLLER 

(FORMAC) 

g;~------. 

~~--=---~ 
a: 

OPTICAL 
DATA LINK 

OPTICAL 
DATA LINK 

OPTICAL 
DATA LINK 

DUAL FIBER 

A 5-chip set called Supernet acts as the interface between a host computer that transfers data in parallel and an FDDI network, which 
transfers data serially. 
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International Rectifier's new solid state Photo Voltaic 
Rekiy_s will last at least ten times longer than less reliable 
reed relgy_s. And y_our $)'._Stem can be designed to 012_erate 
ten times faster - without sticks, misses or field failures! 

With one-tenth the input power, PVRs can control 
analog signals from millivolts to hundreds of volts, 
from nanoamps to hundreds of milliamps, from DC to 
hundreds of kilohertz. 

Signal isolation is 4000 VAC. With spurious thermal 
voltages typically one-fifth the level of the best "low
thermal" reed relays. 

Add on board space savings, bounce-free opera-

tion, position insensitivity and immunity to magnetic 
and electrical fields, and you'll realize this is more 
than a relay, it's a revolution. In an 8-pin DIP package! 

(The secret of the PVR is the BOSFET® power IC, 
the ultimate output switch, developed by International 
Rectifier, and available now, off the shelf.) 

Think of what PVRs might do for your instru
mentation, process control, multiplexing and ATE 
designs. Stop thinking and start calling: 1-800-245-5549. 
Just ask for the latest in no-tears PVRs from IR. 

li:oRllNTERNATIONAL RECTIFIER 
Makers of photo-isolated solid state relays since we invented them in 1971. 

lnternatianal Rectifier, Warld Headquarters: 233 Kansas St., El Segundo, C4 90245 US4. (213) 322-4987 rnx· 910-348-6283. European Headquarters: Hurst Glf!en, Oxted, Surrey RHB 988, England. Telephone (0883) 713215, TElEX 95219. 
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... that Augat Fiberoptics is known for the 
highest quality SMA (905 and 906 type) 
connectors in the industry. They're 
precision-machined from ARCAP stain
less alloy or nickel-plated brass. They 
combine concentricity tolerance 
within 3 microns of true center and 
hole-size accuracy of 4 microns for low 
signal loss and maximum repeatability. And with 
their knurled coupling nuts, it's almost impossible 
to cause signal loss by over-tightening. 

And remember, you must have precise con
nector alignment for low signal loss. Efficient fiber optic transmission depends 
directly on the low loss and repeatability of your fiber optic connectors. So 
there's really only one thing to remember: SMA connectors from Augat Fiberoptics 
are the key to maximum performance. 

To keep your signals straight, remember Augat Fiberoptics, P 0. Box 1110, 
Seattle, WA 98111. Call us at 206-223-1110. 

Part of the growing . 
Augat Communications Group 

CIRCLE NO 13 

UPDATE 
site direction-the ETX sends the 
data to the optical data link. 

The Formac performs the Media 
Access Control (MAC) layer proto
col for the FDDI standard. The 
Formac determines when a node can 
have access to the network and im
plements the logic required for 
token handling, address recogni
tion, and CRC (cyclical redundancy 
checking). 

The RBC generates addresses to 
the buff er memory for received and 
transmitted packets. The RBC also 
arbitrates requests for access to the 
buffer memory that come from the 
DPC, the node processor, and the 
host processor. 

The node processor oversees the 
operation of the chip set. Its main 
function is to initialize the five chips 
and respond to various system-level 
and packet-level interrupts. The 
node processor and the host pro
cessor can be one and the same. In a 
large system, a powerful and inde
pendent node processor can be used 
to offload various network-specific 
chores. 

The vendor plans to offer an im
plementation of its Station Manage
ment software-development pack
age for the Supernet chip set. 
Station Management is a network
management package that controls 
the operation of the physical and 
data-link components. The develop
ment package will be available in 
the first quarter of 1988. Samples of 
the 5-chip set are available now. A 
limited number of production parts 
are also available; they sell for $625 
(100). The chip set will be in full 
production in the first quarter of 
1988.-David Shear 

Advanced Micro Devices, 901 
Thompson Pl, Sunnyvale, CA 
94088. Phone (408) 732-2400. TLX 
346306. 
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Now you can have true REAL-TIME 
operation for your VMEbus system 
Just look what these high-performance Analog 1/0 boards can do: 

MPV952 MPV954 MPV911 Units 

Fast Channel Throughput 3 1 22 µsec 

Onboard Memory 48 4or16 32 kbytes 
Variable Channel Configuration J J J 
Programmable Sampling Rate J J J 
Variable Data Block Size J J J 
Flexible Triggering J J J 
Number of Channels 81n 8 Out 81n 
Resolution 12 12 16 Bits 
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Call or write for product 
information and applications 
assistance. Burr-Brown Corp., 
P.O. Box 11400, Tucson, AZ 85734, 
Telephone 602-746-1111 

BURR-BROWN® 

EIEI 

Improving VMEbus Productivity 
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TWO-PIECE 
CONNECTORS FROM 
THOMAS & •TTS. I 

BEYOND THE STANDARDS. 11 

I 

Ansley® Two-Piece Connectors are built 
with quality you can anticipate for problems 
you can't - providing superior electrical and 
mechanical integrity in board-to-board 
packaging applications. 

Ansley® standard, inverse and half-DIN 
connectors exceed DIN-4i612 standards, 
incorporating a pre-loaded, dual cantilevered 
female contact for smooth, sequential en
gagement. That means maximum 
reduced mating/unmating cycles 
and longer life. 

The Flex-Fit™ compliant contact also 
exceeds all stringent test requirements 
of MIL-STD-2166. 

Challenge Us. Whether it's for a quality 
two-piece connector beyond the "standard", 
or one meeting your specific requirements, 
call us ... not only for standard, inverse, half
DIN and high pin count connectors, but for 
board expansion and surface-attached back-

The ultra-low mating force con
tact design feature of our female 
Ansley® High Density and Ex
panded DIN connectors ensures 
superior contact wipe, for opti
mum electrical performance - the 
best in the industry. 

Dual Cantilevered 
Female Contact 

Flex-fit '" 
Compliant 
Contact 

Ultra Low Mating 
Force Female Contact 

Our male Flex-Fit™ compliant contact de
sign for pr~ss-fit applications accommodates 
a wide range of finished hole sizes and board 
thicknesses. Contact geometry virtually 
eliminates any chance of cut-through, and 
minimizes through-hole wall deformation. 

plane connectors, too. For more information, 
and a FREE copy of our "Compliant Pin 
Technology: A User Perspective" brochure, 
write or call Thomas & Betts Corporation 
Electronics Division, 920 Route 202, 
Raritan, NJ 08869; 201-469-4000. 

Other quality Thomas & Betts products include: JDC Cable and Connector Systems, DIP & VLSI 
Sockets, Fiber Optic Systems and Flexible Interconnects. 
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PRODUCT UPDATE 

VME Bus-based system uses the 32200 µP, 
runs Unix System V release 3.1 
The Unicorn C multiuser/ 
multitasking computer system runs 
Unix System V release 3.1. The 
VME Bus-based system incorpo
rates the AT&T WE 32200 µP and 
support chips. You can buy configu
rations of the system that support 
as many as 200 users and a variety 
of peripheral configurations. In ad
dition, the Unix implementation 
provides software hooks that let you 
easily add device drivers without 
modifying the Unix source code. 

Unix System V release 3.1 in
cludes several features not found in 
earlier versions of the operating sys
tem. For example, the new release 
allows systems on a network to 
share files and executable libraries. 
In addition, release 3.1 includes a 
streams-communication interface. 

The CPU chip set used by the 
system includes a 30-MHz WE 
32200 µP, a WE 32201 MMU/cache, 
a WE 32104 32-bit DMA controller, 
and a WE 32106 math coprocessor. 
The DMA/cache chip allows the µP 
to access local dynamic RAM with 
zero wait states. When you boot the 
system, the system software loads 
frequently used portions of the Unix 
kernel into the local memory, there
by speeding execution of the operat
ing system. 

A host adapter provides an intelli
gent SCSI (Small Computer System 
Interface) bus that handles input 
and output independently of the 
system bus. The SCSI bus can con
nect to disk and tape drives, as well 
as to other peripherals. 

You can buy system configura
tions with hard-disk drives ranging 
in capacity from 40M to 780M bytes. 
You can also choose from cartridge 
or 9-track open-reel tape drives. 
The system includes an Ethernet 
interface. 

EON October 29, 1987 

The VME Bus-based Unicorn C computer system runs Unix Systern V release J.1, which 
includes such enhancements as network file sharing and executable libraries. 

Because the system uses the 
AT&T chip set and runs Unix Sys
tem V, it can execute any code de
veloped for AT&T's 3B computer 
family, which runs more than 1000 
software packages for engineering 
and business applications. In addi
tion, any updates that AT&T makes 
to Unix will be immediately avail
able for the Unicorn C. 

You can also specify the system 
with 68000-family VME Bus boards 
that act as a front end for real-time 
control applications. The company 
offers several real-time operating 
systems-including Software Com
ponents Group's pSOS, Industrial 
Programming's MTOS, and Ready 
Systems' VRTX-to control the 
VME Bus boards. You can also add 
interface modules, such as an 
IEEE-488 interface, to the boards. 

The Unicorn C is available in ver
sions having 5-, 12-, and 21-slot 
VME Bus backplanes. The cost of 
the system ranges from $15,000 for 
an 8-user, 85M-byte configuration 
to $40,000 for a 380M-byte version 
that supports 64 users. 

-Maury Wright 
Microproject Corp, 4676 Admir

alty Way , Suite 610, Marina del 
Rey, CA 90292. Phone (213) 306-
8000. TLX 556443. 

Circle No 725 
Microproject BV, Claus Sluter

weg 125, 2012 WS Haarlem, The 
Netherlands. Phone 23-292084. 
TLX 71189. 
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PRODUCT UPDATE 

Half- and full-height 5114-in. drives 
store 180M and 765M bytes, respectively 

Respective data densities as high as 22M and 44M bitslin.Z allow the half-height 1600-family drives (left) to store as much as 180M bytes and 
the full-height 1500-family drives (right) to store as much as 765M bytes. You can choose SCSI or ESDI interfaces for both drive sizes. 

The half-height 1600 family and the 
full-height 1500 family of 51/.i-in. 
Winchester disk drives off er storage 
capacities of 180M and 765M bytes, 
respectively. Both drive families 
offer ESDI (Enhanced Small Device 
Interface) and embedded-SCSI 
(Small Computer System Interface) 
models. Furthermore, both families 
feature a straight-arm, 1-piece rota
ry voice-coil actuator that gives the 
drives typical seek times of 16 msec. 

The 1650/1670 (ESDI/SCSI) half
height drives employ four platters 
to achieve the 180M-byte unformat
ted capacity. The drives store data 
on seven of the disk surfaces; the 
remaining surface is dedicated to 
servo-control functions. Because 
each drive uses 2,7 RLL encoding, 
is partitioned into 1249 cylinders, 
and writes 20,832 bytes/track, it has 
a data density of 22M bits/in2

• 

Eight platters fit within the full
height package of the Model 1560/ 
1580 (ESDI/SCSI) drives. The 
drives store data on 15 disk surfaces 
and use one surface for servo con-
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trol. Each drive is partitioned into 
1632 cylinders and writes 31,248 
bytes/track, so it has a data density 
of 44M bits/in2• 

The 1650/1670 drives' read chan
nels operate at 10 MHz, and the 
1650 also performs lOM-bps trans
fers to an ESDI controller. The 
765M-byte 1560 ESDI drive can 
transfer ESDI data at 15M bps. In 
fact, both the 1560 and the 1580 
drives have read channels that oper
ate at 15 MHz. 

Both the 1670 and the 1580 share 
the same embedded-SCSI controller 
design. The controller implements 
the CCS (Common Command Set), 
and it's compatible with all the ven
dor's SCSI implementations. The 
controller board includes a 60k-byte 
buffer, and it can perform read
ahead caching operations. It de
codes SCSI commands from a host 
in less than 750 µsec . 

Although the drives' read-channel 
electronics can't operate at such 
speeds, the controller can transfer 
data at the specified SCSI rates of 

l.5M bytes/sec asynchronously and 
4M bytes/sec synchronously. The 
vendor claims the controller has 
been tested at higher speeds in the 
lab. 

The vendor specifies an MTBF of 
35,000 hours for the 1600 family and 
30,000 hours for the 1500 family. 
Samples of both product families are 
available now; production quantities 
will be available in the second quar
ter of 1988. The Model 1600 drives 
cost less than $4. 50/megabyte 
(2500); the Model 1500 versions are 
less than $3/megabyte (2500). 

-Maury Wright 
Micropolis Corp, 21123 Nordhoff 

St, Chatsworth, CA 91311 . Phone 
(818) 709-3306. TLX 651486 . 
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Reliability ... that's a switch! 
You'll find Mepco/Centralab switches, pushbuttons, keypads, keyboards and poten
tiometers in control of the most demanding systems - for the home, military and 
industry. 

For more than a half-century, reliability has been the key to successful applications. 
From complex telephone systems to portable test instrumentation . From 
mobile communications systems to data _______________ _ 
processing systems. From home ap
pliances to rugged industrial controllers. Mail to: Mepco/Centralab, Inc. 

Attn: Corp. Advertising 
2001 W. Blue Heron Blvd. 
Riviera Beach, FL 33404 

Please send me the following: 

0 Mepco/Centralab Electromechanical Catalogs 
0 Surface-Mount Device Catalog 
0 Leaded Resistor/Capacitor Data Book 
0 Please have a sales representative call 

Broad selection is another plus. One of our 
thousands of standard designs will prob
ably meet your exact design requirements. 
Or we'll custom-engineer the devices you 
need - low-profile keyswitches, pushbut
ton modules and assemblies, Mono
panel® membrane switches, industrial
grade rotary switches, conductive rubber 
switches, and potentiometers . And 
custom front-panel assemblies, too. With 
total support from our experienced 
technical service team. 

Name/Title __________________________ _ 

For the complete picture, ask for our free 
catalog. Then switch - to reliability! 
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Firm/Dept./Div. _________________________ _ 

Address/MS--------------------------

City/State/Zip------------- Phone ( 
EON 102987 
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CADDOCK's Precision and Ultra-Precision Resistor Networks 
provide a designer's choice of performance that will 
optimize solutions in precision analog circuit designs. 

Precision and Ultra-Precision Resistor 
'Pairs' and 'Quads' deliver a selection 
of Ratio Tolerance to as tight as ±0.01% and 
Ratio Temperature Coefficient to 2 PPMl°C 
combined with exceptional long-term stability. 

Standard Type T912 and T914 Precision and 
Ultra-Precision Resistor Networks. 

Standard models of the Type T912/T914 Precision 
and Ultra-Precision Resistor Networks combine all 
of these performance characteristics: 

• Absolute Tolerance: 0.1% for all resistors. 

• Ratio Tolerances: 0.1%, 0.05%, 0.02% 
and 0.01% 

• Ratio Temperature Coefficients: from 
10 PPM/° C to 2 PPM/° C. 

• Absolute Temperature Coefficient: 25 PPM/° C 
from 0°C to +70°C. 

• Ratio Stability of Resistance at Full Load 
for 2000 Hours: within 0.01%. 

• Shelf Life Stability of Ratio for Six Months: 
within 0.005%. 

The standard part number below provides a 
selection of over 500 in-production models of Type 
T912/T914 precision and ultra-precision 'pairs' and 
'quads' : 

·-... ·-- 11, 11, 

nn 

11, 11, 11, "' 

nnnn 

LL _,.__lllcll:(O"Cto •70"Cl 
-10 • 10PPM/"C --06 SPPMl"C 

--02 • 2PPMl"C --= -100 • 0.1., --020 • o.oa 
-Ollll> oos.. -010 - 001 .. 

---IR,): 
1K 111< - 200K SOOK 
a< - liCI( 2SOK 1 Meg 
9K 2!IK 100K «lOK 

Custom Type T912 and T914 Precision and 
Ultra-Precision Resistor Networks. 

Custom models of these precision 'pairs' and 'quads' 
can include these special performance features : 

• Resistance Values: from 1 K to 2 Megohms with 
maximum ratios of 250-to-1. 

• Absolute TC: as low as 15 PPM/°C. 

• Ratio TC: as low as 2 PPM/° C. 

• For Type T912/T914 data, circle Number 201 . 

Precision Decade Resistor Voltage Dividers 
and Current Shunt Resistor Networks deliver 
many optimum combinations of precision 
and temperature coefficient performance 
for high accuracy range-switching circuitry. 

Standard Type 1776 Precision Decade Resistor 
Voltage Divider Networks. -
The Type 1776 Precision Decade Resistor 

Voltage Dividers provide a family of networks 
that includes 3, 4 and 5-decade voltage divid
ers with ratios from 10:1 to 10,000:1. Standard 
performance includes a wide range of specifi
cations in particular combinations that meet 
the most often requested requirements. 

• Absolute Tolerances: from 0.25% to 0.1 %. 

• Ratio Tolerances: 0.25%, 0.1 % or 0.05%. 

• Absolute TC: from 50 PPM/° C to 
25 PPM/° C. 

• Ratio TC: from 50 PPM/° C to 5 PPM/°C. 

• Voltage Coefficient : As low as 
0.02 PPMNolt. 

-
1K 

~ -"""'· 
~--. 
~ -... , 
,:. ....... . 

With 36 standard models to choose from, each circuit designer can 
specify the exact levels of performance required by each application. 

• For Type 1776 data, circle Number 202. 

Standard Type 1787 Precision Current Shunt 
Resistor Networks. 

The Type 1787 Current Shunt Resistor Networks 
achieve the combination of performance require
ments necessary to meet the demands of precision 
current measurement circuits, including labora
tory and bench-type instrumentation : 

• Resistance Values: 1 ohm, 
10 ohms, 100 ohms and 

-CADOOCJI 
llOOC.t.. tT8T • ••11: .. ,. 

1000 ohms. 
9DOll ltln 111 111 

• Absolute Tolerances: 0.25%, 
0.1% or 0.05%. 

• Absolute TCs: 100 PPM/° C, 
80 PPM/° C or 50 PPM/° C. 

There are now 12 standard 
models of the Type 1787 Current 
Shunt Resistor Networks available 
for 3 and 4-decade applications, 
and prototype quantities of many 
models are normally available from 
factory stock. 

• For Type 1787 data, circle Number 203. 

Standard models with 
Kelvin terminations 

are available. 

Caddock's new 28-page General Catalog describes over 200 models of both standard and custom 
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precision and ultra-precision resistors and resistor networks. For your personal copy, call or write our main offices at -

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 • Phone (714) 788-1700 •TWX: 910-332-6108 

HIGH PERFORMANCE FILM RESISTORS 
CIRCLE NO 71 
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PRODUCT UPDATE 

Card and software make PC/AT 
an instrument controller 
Combined with software, the Wave
test IEEE-488 interface card can 
turn an IBM PC/AT or compatible 
computer into an instrument con
troller. Although this hardware/ 
software instrument-controller 
package isn't the first one available 
for the PC/AT, it's particularly easy 
to use because of its instrument 
library and menus. You don't need 
to be an expert in IEEE-488 com
munications to use this software, 
you just have to be sure that each 
instrument has a unique address; 
the instrument library takes care of 
the communication. 

When using Wavetest, you devel
op a program from menus in flow
chart form. The vendor implements 
the menus by using Microsoft's Win
dows program, which is part of the 
package. In a typical program, 
you'd select the instruments you 
want to use; initialize them; step 
through a set of parameters, taking 
data at each step; perform some 
mathematical reduction of the data; 
and display the data in tabular form. 

If you've selected instruments 
from the library (which contains 
more than 100 instruments), the 
menus will guide you through the 
initialization selections. The menus 
act as check lists that let you make 
sure that all parameters are set as 
you desire. For example, when you 
want to step through a set of param
eters, you first select an instru
ment. A menu appears to show the 
parameters that you can vary on 
that particular instrument. You se
lect the parameter to be varied, the 
value to start with, and either the 
step size and final value or the final 
value and number of steps. You 
measure a value in a similar fashion 
-you first select the instrument 
and then select the function you 
want to measure. 

EDN October 29, 1987 
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The menu selections and flowchart format 
provided by the Wavetest software minimize 
the time you need to program an instrument 
for test. 

You can display results directly in 
tabular form or set up a data-reduc
tion program by using a Basic lan
guage block. Wavetest allows you to 
write any or all of a test program in 
Basic; however, you'd probably need 
this function only for data reduc
tion. 

You can also select interactive 
windows that give you direct control 
of an instrument without executing 
a program. This feature lets you 
vary instrument settings during 
program development and debug
ging. 

The package also allows you to 
add an operator window to a pro
gram; the window prompts you for 
the necessary input selections be
fore the program runs. Although 
you could use a PC/XT or compati
ble machine to run the programs, 
you need a PC/AT during program 
development to allow Microsoft 
Windows to operate at an accepta
ble speed. 

If you need to use an instrument 
that isn't included in the library, you 
can add the instrument by means of 
the package's library-generation 
program. Wavetest costs $3500. 

- Doug Conner 
Wavetek San Diego Inc, 9045 Bal

boa Ave, San Diego, CA 92123 . 
Phone (619) 565-9234. TLX 5212996. 
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Your Custom Precision and 
Ultra-Precision Resistor 
Networks from Caddock: 

• Can be delivered in 
only 6 weeks ARO 

• With total NRE charges 
typically under $950°0 

• Includes 10 prototype 
networks 
for your 
in-circuit 
evaluation. 011:~;.~1~!i:~~

10

' 
• Thin-Profile, Single-In-Line 

package design. 

Type T1794 Custom Low TC Precision 
and Ultra-Precision ,.,~,,. 
SIP Resistor Networks. 308

.,., ••••• 

Caddock's Tetrinox® resistance 
films provide a wide choice of Gain Setting 

Absolute TCs, Ratio TCs and Networks 

precision tolerance specifications. Select the perfor
mance of your custom network from the following : 

• Resistance Values: from 500 ohms to 50 Megs. 

• Absolute Tolerances: 1.0%. 0.50%, 0.25%, 0.20%, 
0.10%, 0.05% and 0.025%. 

• Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%, 
0.10%, 0.05% and 0.025%. 

• Absolute Temperature Coefficients: 50 PPM/° C, 
25 PPM/°C and 15 PPM/° C from 0° c to +70°C. 

• Ratio Temperature Coefficients: 50 PPM/° C, 
25 PPM/° C, 10 PPM/° C and 5 PPM/° C from 
0° c to +70° c . 

• For Type T1794 information, circle Number 204. 

Type 1789 Custom Low Resistance Value 

Current-Sensing 
Networks 

Precision SIP 
Resistor Networks. 

Using Caddock's Micronox® 
resistance films , your low 
resistance custom networks 
can now include: 

• Resistance Values: from 0.5 ohms to 10,000 ohms. 

• Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%, 
0.10% and 0.05%. 

• Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%, 
0.10% and 0.05%. 

• Absolute Temperature Coefficients: 100 PPM/° C, 
80 PPM/° C and 50 PPM/° C from 0° C to+ 70° C. 

• Ratio Temperature Coefficients: 80 PPM/° C, 
50 PPM/° C, 25 PPM/° C and 15 PPM/° C from 
0°c to +70°c. 

• For Type 1789 information, circle Number 205. 

Caddock's high thru-put manufacturing capabil
ities provide cost-effective, on-time delivery of your 
custom resistor network requirements. Custom net
work designs are now in-production in quantities 
from 500 networks per year to as high as 500,000 
networks per year. 

For fast solutions to your 
custom resistor network needs, 

call our Applications Engineers at 
Telephone No. (714) 788-1 700. 

HIGH PERFORMANCE FILM RESISTORS 
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MCI INTRODUCES ITS 
NEW SELF-RESTORING 
POLYMER FUSE! 

Our new Poly Fuse guards 
against over-current con
ditions by switching from 
low resistance to high re
sistance when its rated 
current is exceeded. 
When power is removed, 
it automatically returns to 
its low resistance state. 
This cost-cutting, fool 
proof. self-restoring 
component is ideal in 
applications of 40 volts or 
less. including motors. 
solenoids, speakers. alarm 
systems, battery chargers. 
communication lines ... 
anywhere older tech
nologies are used now. 

PHONE OR WRITE 
FOR YOUR "FREE 
ENGINEERING SAMPLE" 

llDWEST 
OMPONENTS 
NC. 

P.O. Box 787 
1981 Port City Blvd. 
Muskegon. Ml 49443 
(616) 777-2602 
FAX NO. (616) 773-4307 

CIRCLE NO 15 

PRODUCT UPDATE 

Programmable gate arrays 
have 9000-gate capacity 
The XC3000 Logic Cell Arrays are 
similar to conventional gate arrays 
except that they're user program
mable; they provide 2000 (XC3020) 
to 9000 (XC3090) gates for logic 
design. The manufacturer claims 
that the devices' gate-array-like ar
chitecture-unlike the more restric
tive AND/OR plane architecture 
that most programmable logic de
vices (PLDs) use-lets you achieve 
the same level of gate utilization 
that you can achieve with conven
tional gate arrays. The parts' 
1.2-µm, double-layer-metal CMOS 
process provides a 30-MHz clock 
rate, which is a level of circuit per
formance equivalent to that of most 
CMOS gate arrays. The company 
projects that by next year its 
1.0-µm process will bring the clock 
rate to 40 MHz and gate count to 
12,000. 

Design support for the XC3000 
Series comes in the form of schemat
ic-entry packages: FutureN et's 
Dash and Schema II currently sup
port the arrays. Packages from 
Daisy , Mentor, Valid , Cadnetix, 
Personal CAD Systems, Case, 
Viewlogic, and OrCAD will support 
the series by the end of the year. 
Because the arrays are user pro
grammable, they require no NRE 
charge, no test-tape development, 
and no revision charges. 

The top-of-the-line XC3090 part 
offers 640 user-definable logic func
tions and 928 flip-flops-the equiva
lent of 9000 2-input NAND gates. 
The XC3020 provides 128 functions, 
256 flip-flops, and 2000 gates. 

In addition to the top and bottom 
of the line, you have several other 
Logic Cell Arrays to choose from. 
The XC3030 offers 3000 gates, 200 
functions, and 360 flip-flops. The 
XC3042 provides 288 functions, 480 

The XC3020 user-programmable gate array 
employs 1.2-µm, double-layer-metal CMOS 
technology to provide you with 2000 gate 
equivalents. The part features the same level 
of utilization typical of conventional gate 
arrays. In contrast, PLDs based on an 
AND/OR plane architecture generally can't 
match the utilization levels of gate arrays. 

flip-flops, and 4200 gates. Finally, 
the XC3064 offers 448 functions, 688 
flip-flops, and 6400 gates. 

Samples of the XC3020 are avail
able now; samples of the XC3090 
will be available in December. 
High-volume prices start at $20 per 
device for the XC3020. 

-Jim Wiegand 
Xilinx Inc, 2069 Hamilton Ave, 

San Jose, CA 95125. Phone (408) 
559-7778. TWX 510-600-8750. 
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HP's new logic analyzer 
family gives you more of 
what you want in logic 
analyzers. For less. 

So now measurements 
are easier to make. And 
high-quality HP logic 
analyzers are easier to buy! 

You get the performance 
that best suits you: from 32 to 400 
channels of 100 MHz transitional 
timing/25 MHz state, and up to 80 
channels of 1 GHz timing analysis. 

Our new family also offers 
you easy operation. powerful trigger
ing, a CAE link, an oscilloscope, 
pattern generation, portability, 
built-in mass storage, simple prob
ing, optional 3-year protection, and 
much more. 

The small secret 
behind the big value. 

Tu give you more for your 
money, HP developed a Logic
Analyzer-on-a-Chip containing a 
complete state analyzer, timing 
analyzer, and acquisition memory. 
This proprietary HP IC makes 
exceptional value possible ... 80 
channels of 100 MHz transitional 
timing for only $7,800*. 

You can assign state or tim
ing in 16-channel increments. Get 
fully independent state, timing, 
state/timing, or state/state setups. 
Even time-correlate measurements 
on complex multiprocessor systems. 

Operational simplicity 
runs in the family. 

We've made our controls 
even easier than before, without 
sacrificing performance. 

You can make timing or 
state measurements using just three 
menus, so you never get lost. 
Triggering setups, from the simple 
to the complex, are a snap. And 
autoscale gives you one-button 
setup for timing analysis. 

You even get a color touch
screen and knob, or optional mouse 
with the new HP 16500A. Color 
lets you quickly distinguish be
tween menu choices, measurements, 
and results ... and find glitches 
more easily. 

Probing made easy. 
HP's new passive probes are 

lightweight and flexible ... specially 
designed to grip easily and securely 
to your device under test. Plus, our 
preprocessors give you quick setups 
with most popular 8, 16, and 32-bit 
µPs, including the Motorola 68020 
and Intel 80386. And if you 've al
ready invested in HP preprocessors, 
we offer you an easy upgrade path. 

HP 1651A: full-featured 
logic analyzer for 
only $3,900.* 

With 32 channels of 100 MHz 
transitional timing for just $3 ,900*, 
the HP 1651A gives the hardware 
engineer a highly economical, yet 
powerful debugging tool. 

It 's a full-featured logic 
analyzer with no compromises in 
state and timing capabilities (25 
MHz state/100 MHz transitional 
timing on all channels), memory 
depth , triggering, or I/O features. 
It supports most popular 8-bit µPs 
with full inverse assembly. Plus it's 

compact, weighs just 
22 lbs., and has an optional 
carrying case for easy transport. 

HP 1650A: the new 
standard in general
purpose logic analysis 
for just $7,800.* 

The HP 1650A features time
correlated state/state or timing/state 
operation on 80 channels. Plus 
eight sequence levels to meet your 
toughest triggering tasks. Yet it 's 
priced below $8 ,000! 

You get 25 MHz state/ 100 MHz 
transitional timing on all 80 chan
nels, and preprocessor support for 
8, 16, and 32-bit µPs. And, the 



More value. 
HP 1650A is portable, 
lightweight, and small 
enough to fit comfortably 
on a crowded workbench. 
It's also programmable, 
has a built-in disc drive 
for storing measurements, 
and provides hardcopy 
documentation. 

HP 16500A: modular 
system solution, priced 
your way. 

The HP 16500A is modular, 
with the flexibility to meet your 
debug, characterization, or pass/ 
fail test application needs today 
and tomorrow. You get a combina
tion of state, timing, oscilloscope, 
and stimulus-response capabilities 

through your choice of performance 
modules. You can have up to 400 
channels of 25 MHz state/100 
MHz transitional timing. 8 chan
nels of full-featured , simultaneous 
scope analysis. 80 channels of 
1 GHz timing. Or 204 channels of 
50 Mbit/sec stimulus. 

Just $12,400* buys you a 

basic configuration with 80 
channels of 25 MHz state/100 MHz 
transitional timing. 

You can trigger one module 
with another. Time-correlate mea
surements between modules ... 400 
Ms/sec scope and 1 GHz timing, 
for example. Even view state, timing, 
and analog on the same screen! 
Fully programmable, the HP 16500A 
eliminates the need for separate 
data storage and printer control. 
HP-IE and RS-232 are standard. 

Now, bring real-world 
measurements into the 
CAE environment. 

The HP 16500A is part of HP 
Design Center .. . a product develop
ment environment that unites 
engineers from IC design/verification 
to PCB design and test . By linking 
the HP 16500A with HP CAE, you 
can compare measurement results 
and simulated data on your work
station, and use measurement 

results as your simulator patterns. 

Mail the card today! 
For more information, fill out 

and mail the postage-paid reply card 
today. Call us direct at 1-800-752-0900. 
Or contact your local HP sales office 
listed in the telephone directory white 
pages. Ask for the electronic instru
ments department. 

F//89 HEWLETT 
.:~ PACKARD 



Excellent reliability, service, and support. 
When you purchase a logic analyzer from HP, you get high reliability. The 

support you need to be productive with your instrument quickly. And a worldwide 
sales and service network to ensure your continuing satisfaction for years to come. 

HP 1651A $3,900 * 
The HP 1651A is a general

purpose, low-cost 32 channel logic 
analyzer with many features normally 
found on more expensive analyzers. 

• 100 MHz transitional timing on all 
32 channels. 

• 25 MHz state on all channels. 
• Support for most popular 8-bit µPs. 
• Fully programmable, with built-in 

disc drive and hardcopy output. 
• Portable and compact - weighs 

just 22 lbs. 
• Optional 3-year protection. 

HP 1650A $7,800 * 
The HP 1650A is a general

purpose logic analyzer with a range 
of features to satisfy many requirements 
in design and test. 

• 100 MHz transitional timing/25 MHz 
state on all 80 channels. 

• Support for most popular 8, 16, and 
32-bit µPs. 

• Configurable as 2 totally indepen
dent analyzers. 

• Fully programmable, with built-in 
disc drive and hardcopy output. 

• Eight sequence levels with storage 
qualification , pattern and range 
recognizers. 

• Glitch capture on all channels. 
• Optional 3-year protection. 

HP 16500A 
The HP 16500A is a modular, 

configurable system solution that can 
meet a wide variety of logic analysis, 
oscilloscope, and stimulus-response 
measurement requirements. 

• Configurable through your choice 
of performance modules : 
- 25 MHz state/100 MHz transi

tional timing (80 channels per 
module) $5 ,200 * 

- 400 Ms/sec 100 MHz band
width digitizing oscilloscope 
(2 channels per module) $5 ,500 * 

- 1 GHz timing (16 channel 
master) $7,800 * 

- 50 Mbits/sec pattern generation 
(12/48 channels per module) 
$3, 700/$4,000 * 
Mainframe $7,200 * 

• Color touchscreen and knob, with 
optional mouse. 

• Intermodule triggering. 
• 'I\.vo built-in disc drives. 
• Fully programmable, with RS-232 

and HP-IB interfaces. 
• Optional 3-year protection . 

*U.S. list price. 

Motorola 68020 1s a trademark of the Motorola Corporation. 
Intel 80386 is a trademark of the Intel Corporation 

F//09- HEWLETT 
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Ask For Our 1-Iigq-S eed Data Links 
AndYou'll Get:A ast Response. 

Siecor not only offers the most advanced 50, 125 SAW filter-based clock recovery modules, clock 
and 200 Mbd data links for FDDI and other oscillators, fiber optic switches, fiber optic mo-
high-speed applications. We also stock them in dems (RS232, RS422 and TIL) and parallel/ 
plentiful supply, so they're available for testing at serial converters. 
a moment's notice. In fact, we'll get them to you All Siecor components are competitively 
overnight when necessary. priced, so there's nothing to hold you back from 

It's also easy to get large quantities once you've calling us for evaluation quantities. And nothing 
seen our excellent results. And we're certain you'll to hold us up in getting them to you. Just call 
order our data links for a variety of reasons. Such 919/549-6571. Or write Siecor Corporation, 
as our excellent receiver sensitivity. Our ability to Electro-Optic Products, 
use a single power source. Our small, compact Post Office Box 13625, 
size. And the fact that all our data links are EMI Research Triangle Park, 
shielded, thoroughly tested and proven in appli- North Carolina 
cations from 5 to 200 Mbd. 27709-3625. 

After you see how beautifully our high-speed 
data links perform, you'll want to try our other 
electro-optic components, too. Including our 
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HP's integrated 
CAE/CAD 

The HP DesignCenter 
offers integrated CAE/CAD 
software tools that accelerate 
the design process from idea 
to test. These tools , which 
run on the HP 9000 Series 300 
technical workstations, 
improve productivity and 
communication throughout 
the product development 
process . So engineers can 
design faster and get prod
ucts to market quickly. 

Analog and digital 
design on one system 

Both digital and analog 
designers can use the same 
HP design capture system, 

helping you to maximize 
return from your CAE I CAD 
investment. The system offers 
a number of features that 
help speed design, including 
a consistent environment of 
component libraries and 
schematics ; hierarchical de
sign entry; integrated docu
mentation ; on-line electrical 
rule checking; automatic 
component selection; and 
links between external design 
tools and design capture . 

Faster microprocessor 
software development 

You get HP computer
aided software engineering. 
And some of the most ad
vanced hardware and software 

integration tools available, in
cluding real-time emulation 
for over 40 processors. These 
tools let engineers tap the 
power of HP' s microprocessor 
development environment to 
speed product development. 

There's even a link to de
sign capture from micropro
cessor system development 
so engineers can transfer 
programs directly to simula
tion, reducing both simulation 
setup time and the possibility 
of manual-entry errors. 

Advanced PCB design 
tools for a head start in 
manufacturing 

HP' s automated printed 
circuit design system helps 

Accelerate your product 
from idea to design and 

Go from engineering design C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>( 
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turn engineering ideas into 
finished printed-circuit boards 
quickly. And gives you the 
assurance that boards will 
match the approved design 
from engineering and be 
practical to manufacture . 

You get a link from sche
matic capture to PCB design 
for highest design integrity, 
and system features that 
optimize designs for your 
actual manufacturing envi
ronment. The result is reduced 
manufacturing costs, higher 
yield, and improved reliability. 

You can also transfer net
list and part information from 
PCB design to HP's board test 
system, ending manual-entry 
hassles and errors. 

HP Design Center: our 
commitment to CAE/CAD 

HP's CAE/CAD tools are 
part of HP DesignCenter ... 
a powerful product develop
ment environment that unites 
the activities of electronic, 
mechanical, and software 
engineers through integrated 
systems, software, and support . 

For all the facts, call your 
local HP sales office listed in 
the telephone directory white 
pages. Or call 1-800-447-3282 
(in Colorado call 590-5540 
collect) for free literature on 
our CAE/CAD solutions . 

F//OI HEWLETT 
~ea PACKARD 

development 
test. 

C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C>C> to finished product faster 
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Philips KTY sensors. 
For sensing a wider range of 
temperatures, for pennies. 

Philips KTY silicon temperature sensors are not only 
attractively priced, they also monitor a wider range of 
temperatures than any other sensor. 

Three models monitor temperature ranges from 
- 55°C to + 150°C; - 55°C to + 175°C; and 0°C to 
300°C. 

Wide operating range and excellent reproduceability 
are direct results of proven silicon planar technology. 

By util izing the nearly linear temperature-dependent 
resistivity of silicon , Ph ilips KTY sensors can detect 
and respond to temperature changes in the broad 
ranges mentioned , with response times as fast as 
one second. 

Exceptional accuracy of Philips KTY sensors results 
from a positive temperature coefficient (PTC) of 0. 7 

3 

2.5 

~ 2 

I': 
.5 

0 
-50 0 100 200 300 

Temp. Ambient (°Cl 

percent per degree Centigrade. They are available off 
the shelf in tolerances of ± 1 %, ± 20/o, and ± 5%. 

Because KTY sensors are small, are not polarity 
dependent, and need no special interfacing, they are 
ideal for applications involving solid-state circuitry. 
Configurations: plastic-encapsulated, axial lead glass 
bead, and surface-mounted device. 

And remember, whatever the model , whatever the 
package, we 're talking pennies. 

To find out how Philips KTY sensors can fit into your 
measurement and control designs, call or write Amperex 
Electronic Corporation , A North American Phil ips 
Company, George Washington Highway, Smithfield, RI 
02917. Phone (401 ) 232-0500; TWX 710-381 -8808. In 
Canada contact Ph ilips Electronics Ltd, ELCOMA Division. 
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The 
latest Advance 

New Powerflex 350-watt 
5-output switching power supply 

Go ahead. Design your microprocessor 
based equipment any way you want, and don't 

worry about the power supply. Whatever voltages you 
require, from 2V to 50V in either polarity, the Powerflex 350 

switching power supply can provide them. 

Because it's modular, we can easily configure the P350 for up to five 
outputs in standard or special voltages. And if your design changes, 
you can easily change outputs without changing your physical 
dimensions. 

Just 2.9" x 7.5" x 11 .8" , this high efficiency (75% at full load) 350-
watt power supply takes both 110V and 220V inputs. Overvoltage 
and overcurrent protection on outputs is standard , along with 
margin testing (4.750V - 5.250V) on the main +5V 50A output. 
An optional signals board provides TTL compatibility. 

The mag
netic amplifier and 

soft switching technique 
assure high reliability and enable 

regulated auxiliary outputs to function 
without any minimum load on the main +5V 

output. Altering is to VOE 0871, Curve A. The 
P350 is UL listed, CSA certified and meets 
other VOE, EC and FCC requirements. 

Compare the calculated MTBF of over 52,000 
hours with other power supplies in its class. 
There's no compromise on quality when you 
build around the P350 from Advance. 

Contact 
your Advance 

Power Supplies represen
tative for complete data on the 
P350 and other open and closed 
frame units from 25to1000 
watts. Or call 1-216-349-0755 
for more information. 

Advance Power Supplies 
32111 Aurora Road 
Solon, OH 44139 

~ADVANCE 
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Suppress those 



nasty little surges. 
With Surgector'·and GE-MOV® 

surge suppressors. 
Now, whether you're 

designing small consumer 
products, industrial controls, 
high-rel military and aerospace 
systems, or anything in between, 
we have a surge protection 
solution for you. Because if one 
of our GE-MOV varistors isn't 

Surgector GE-MOV exactly right for the job, then one 
of our Surgectors probably will be. 

Leader in Varistors. 
We have the broadest line of varistors in the 

industry, with a range from SV to 3500V, including 
the highest-energy MOV's in the industry (up to 
70,000 peak amps and 10,000 joules). 

They're widely used for incoming ac line 
protection in power supplies, clamping circuits 
and low voltage supply protection. 

They're available in a variety of packages, 
including axial leaded, radial leaded, leadless 
surface mount, high-energy modules and 
connector-pin configurations. And they're 
all available for fast delivery. 

Inventor of Surgector devices. 
Surgector devices respond rapidly and handle 

a lot of energy. So they're ideal for protecting 

sensitive or expensive components from lightning 
strikes, load changes, switching transients, commu
tation spikes, electro-static discharge and line 
crosses. 

How they work. 
Surgector devices combine a zener diode and 

an SCR into one reliable, cost-effective device. 

At low voltages, the Surgector is "off," 
representing high forward impedance (only SOnA 
leakage current). The instant clamping voltage is 
exceeded, the Surgector turns "on" and the zener 
immediately starts conducting. Within nano
seconds, the SCR turns on to handle heavy currents. 
Destructive surges are shunted to ground. 

Once the surge passes, the device makes a 
fast transition back to the "off' state. You can 
choose from two-terminal, three-terminal or 
bi-directional devices. 

We'll help you decide. 
To determine which of these powerful 

technologies is best for you, plug into our · 
applications hotline and let our experts help 
you decide. 

For more information, call toll-free 800-443-7364, 
extension 21. Or contact your local GE Solid State 
sales office or distributor. 

In Europe, call : Brussels, (2) 24&-21-11; Paris, (1) 39-4&-57-99; London, 027&-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 

GE/ RCA/ lntersil Semiconductors 
These three leading brands are now one leading-Bdge company. 
Together, we have the resources-and the commitment -
to help you conquer new worlds. 

GE Solid State 
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READERS' CHOICE 
Of all the new products covered in EDN's August 20, 1987, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in 
our August 20, 1987, issue. 

_., CMOS MICROCONTROLLER 
The PCB83C552 single-chip CMOS microcontroller of
fers numerous analog and digital I/O facilities that 
make it suitable for use in a wide variety of applica
tions, such as medical, instrumentation, and industri
al-control equipment (pg 93). 
Philips. 
Circle No 601 
Signetics. 
Circle No 602 

_.,IBM PC/XT 
ACCELERATOR 

The XT-286 Speed Card is a half
slot add-in board for the IBM 
PC/XT. It has an 80286 µP that 
runs at 10 MHz and a cache memo
ry that has zero wait states (pg 
294). · 
SMT Inc. 
Circle No 605 
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DSP DESIGN TOOL 
DSP!ay is a software package that 
runs on an IBM PC or compatible 
computer that's equipped with at 
least 256k bytes of RAM and a 
CGA or equivalent color-graphics 
board (pg 308). 
Burr-Brown Corp. 
Circle No 607 

.A. PLD PROGRAMMER 
The Sailor-PAL is a universal PLD programmer that 
requires no personality adapters. It handles 20-, 24-, 
and 28-pin devices (pg 306). 
Advin Systems Inc. 
Circle No 606 

_,... INFRARED LEDs 
The CQW-58A, -89A, and -89B in
frared LEDs feature a switching 
speed of 30 nsec and allow you to 
increase the data rate between re
mote equipment and control hand
sets (pg 266). 
Philips. 
Circle No 603 
Amperex Electronic Corp. 
Circle No 604 
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SIM PL:y When it comes to depth, diversity, and a proven winning record, no other line of 
circuit breakers can compare with ours. The Airpax team is your source for fast 
response and reliable performance in your choice of more styles, configurations 

THE BEST 
and ratings to meet your specific needs. 
We've been tackling the toughest applications for more than thirty 
years. Chalking up milestone victories such as twenty years of unin-

D E FEN s Iv E LINE terruptedMIL-C-39019approvalin 
Type AP electromagnetic circuit break
ers. Blitzing international markets 

I N TH E 
with the VDE-approved and rail-mount magnetic circuit breakers. Continually striv
ing through innovation to keep you, the Airpax customer, at the forefront of circuit 
breaker technology. 

GAM E Draft the best defensive players into your design. Contact Airpax Corporation, 
Cambridge Division, Woods Road, Cambridge, MD 21613. (301) 228-4600. Telex: 

• 6849138, Fax: (301) 228-8910. A North American Philips Company. 

See us at WESCON, Booth #'s 1537-1545 

AIRPM 
CAMBRIDGE DIVISION 
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128 formulas at the speed of light. 
The Casio FX-SOOOF 

Formula Calculator. To save 
you the time and trouble of looking 
up or memorizing many of the 
most important mathematical and 
scientific formulas, we put 128 of 
them in our FX-5000F Formula 
Calculator. And you can call them 
up in a flash. 

The formulas are numbered 
and cover the fields of math, 
statistics, physics, electronics and 
mechanics. Plus you can input 
12 of your own. Just key-in the 
appropriate number and the for-

mula you need appears instantly. 
The alpha numeric display with 
10 digit mantissa plus 2 digit expo
nent is easy to read and scrolls 
to over 70 characters. Its two-line 
display shows both the formula 
and the answer simultaneously. 

And it doesn't stop there. 
Once you've recalled the formula, 
the calculator prompts you to input 
the values of the variables and 
automatically calculates the result. 

The FX-5000F's 675 steps of 
program memory allow you to 
er~ pretty sizeable pro-

·o, Inc. Consumer Products Division: 570 Mt. Pleasant Avenue. Dover, NJ 07801 

grams and store them until needed. 
While an instant replay feature 
lets you review and edit formulas 
at the touch of a button. 

Adding to its usefulness are 
an additional 160 powerful func
tions, for a combined total of 288 
functions and formulas. 

To get the list of 128 formulas, 
as well as more information about 
how the Casio FX-5000F delivers 
them with the speed of light, call 
1-800-626-2916 Ext 82 

CIRCLE NO 172 
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LEADTIME INDEX 

ITEM 

TRANSFORMERS 
Toroidal 

Pot-Core 

Laminate (power) 

CONNECTORS 
Military panel 

FlaUCable 

Multi-pin circular 

PC 

RF/Coaxial 

Socket 

Terminal blocks 

Edge card 

D-Subminiature 

Rack & panel 

Power 

0 255025 

8 15 46 23 

0 40 27 27 

0 0 75 25 

27 27 40 6 

0 29 71 0 

0 44 56 0 

17 33 42 8 

26 32 5 

19 43 38 0 

19 19 43 19 

20 20 47 13 

7 8 69 8 

9 46 36 9 

PRINTED CIRCUIT BOARDS 
Single-sided 5 54 36 5 

Double-sided 3 35 48 14 

Multi-layer 

Prototype 

RESISTORS 
Carbon film 

Carbon composition 

Metal film 

Metal oxide 

Wirewound 

Potentiometers 

Networks 

FUSES 

SWITCHES 
Pushbutton 
Rotary 

Rocker 

Thumbwheel 

Snap action 

Momentary 

Dual in-line 

WIRE AND CABLE 
Coaxial 

Flat ribbon 

Multiconductor 

Hookup 

Wire wrap 

Power cords 

POWER SUPPLIES 

0 12 63 25 

5 70 25 0 

38 31 28 3 

38 33 29 0 
36 29 32 5 
18 29 41 12 

14 24 48 9 

27 27 46 0 

19 31 31 19 

35 35 20 10 

26 21 32 21 
15 35 35 15 

18 29 35 18 

0 25 42 33 

15 31 31 23 

23 15 39 23 

30 20 20 30 

33 20 47 0 

33 22 34 11 

15 23 54 8 

48 28 24 0 

50 33 17 0 

36 18 27 14 

Switcher 20 33 27 20 

Linear 10 40 30 20 

CIRCUIT BREAKERS 
16 47 21 16 

HEAT SINKS 
11 5628 5 

RELAYS 
General purpose 32 37 21 10 

PC board 10 37 21 32 
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Percentage of respondents 

0 0 8.6 5.9 

8 0 9.7 7.7 

6 0 9.2 6.7 

0 0 9.9 5.3 

0 0 5.0 4.3 

0 0 6.6 7.9 

0 0 5.8 5.6 

0 0 5.6 6.6 

0 0 4.1 5.2 

0 0 4.3 5.7 

0 0 7.0 5.8 

0 0 6.4 6.3 

8 0 8.9 7.7 

0 0 5.7 6.9 

0 0 5.3 4.9 

0 0 7.0 5.2 

0 0 9.3 8.1 

0 0 4.1 3.8 

0 0 3.7 3.1 

0 0 3.3 3.2 

0 0 4.1 3.5 

0 0 6.0 2.8 

5 0 7.2 6.6 

0 0 4.5 6.9 

0 0 6.3 5.1 

0 0 4.2 2.6 

0 0 6.4 5.6 

0 0 6.2 6.7 

0 0 6.4 5.0 

0 0 9.3 6.4 

0 0 7.05.5 

0 0 7.1 5.8 

0 0 6.9 5.9 

0 0 4.3 2.8 

0 0 5.1 4.1 

0 0 6.2 3.8 

0 0 2.8 1.6 

0 0 2.3 5.0 

5 0 6.0 4.4 

0 0 6.2 7.4 

0 0 6.7 8.2 

0 0 5.67.5 

0 0 4.8 4.8 

0 0 4.4 6.1 

0 0 7.7 7.4 

ITEM 

RELAYS 
Dry reed 0 50 17 33 0 0 8.0 7.9 

Mercury 17 33 17 33 0 0 7.5 7.6 

Solid state 8 50 17 17 8 0 7.5 6.0 

DISCRETE SEMICONDUCTORS 
Diode 39 29 21 7 0 

Zener 26 21 11 5 

Thyristor 8 25 42 25 0 

Small signal transistor 9 37 27 27 0 

MOSFET 15 23 31 31 0 

Power, bipolar 20 20 20 40 0 

INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 8 17 50 25 0 

CMOS 26 21 32 21 0 

TTL 27 27 26 20 0 
25 0 

INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit 

OP amplifier 

Voltage regulator 

MEMORY CIRCUITS 
RAM 16k 

RAM 64k 

RAM 256k 

RAM 1M-bit 

ROM/PROM 

EPROM 64k 

EPROM 256k 

EPROM 1M-bit 

EEPROM 16k 
EEPROM 64k 

DISPLAYS 
Panel meters 
Fluorescent 

Incandescent 

LED 

Liquid crystal 

11 

14 

21 

20 

23 

17 

30 

21 

17 

13 

10 
10 

7 

0 
14 

30 

0 

MICROPROCESSOR ICs 
8-bit 14 

16-bit 13 

32-bit 0 

FUNCTION PACKAGES 
Amplifier O 

Converter, analog to digital 0 

Converter, digital to analog 0 

LINE FILTERS 

CAPACITORS 
Ceramic monolithic 

Ceramic disc 

Film 

Aluminum electrolytic 

Tantalum 

INDUCTORS 

20 

28 

38 

38 

18 

35 

21 

11 56 22 0 
21 36 29 0 

26 42 11 0 

203030 0 

15 39 23 0 

0 27 27 9 

17 33 17 16 

0 50 20 0 

14 36 29 0 

8 42 33 0 

12 so 25 0 

204030 0 
303030 0 

2921367 

0 40 60 0 
29 14 43 0 

15 20 35 0 

27 33 40 0 

33 33 20 0 

13 47 27 0 

9 36 46 9 

224533 0 

205030 0 

2550250 

0 60 20 0 

32 32 8 0 

19 33 10 0 

19 31 12 0 

41 27 14 0 

15 35 15 0 

22 43 14 0 

Source: Electronics Purchasing magazine's survey of buyers 

4 4.8 8.0 

0 5.4 7.4 

0 8.0 6.6 

0 7.5 5.5 

0 7.9 6.2 

0 8.4 5.4 

0 8.4 11 .7 

0 6.4 8.9 

0 6.0 6.5 

0 6.1 6.6 

0 8.2 6.3 

0 7.9 7.9 

0 5.8 6.8 

0 7.7 7.9 

0 7.1 8.3 

0 8.7 7.8 

0 10.0 8.8 

0 7.1 9.0 

0 7.7 9.4 

0 8.8 8.8 

0 8.3 13.9 

0 8.5 12.3 
0 8.0 13.0 

0 9.9 6.6 
0 12.5 10.1 

0 8.6 7.6 

0 7.5 6.0 

0 9.7 9.9 

0 6.8 8.9 

0 8.3 8.1 

0 12.5 8.5 

0 9.4 7.5 

0 9.3 8.3 

0 8.6 8.3 

0 7.9 7.9 

0 4.8 5.9 

0 4.7 6.0 

0 5.0 7.3 

0 5.5 8.2 

0 5.6 7.3 

0 6.3 5.8 
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SIEMENS 

Now, Data Acquisition is a One-Chip Proposition. 
Siemens Data Acquisition Shift Register lets 
you read and write at 100 MHz using CMOS 
memory! 

Forget about those costly, complicated, multi-chip 
designs for 100 MHz applications. Because 
Siemens SDA 8020 Data Acquisition Shift 
Register makes them obsolete. It's a fully 
integrated, one-chip solution that captures your 
100 MHz signal and re-routes it into four parallel 
25 MHz channels ... and vice-versa! What's more, 
you get all this versatility in a compact 1" square 
68 pin PLCC design that saves development cost 
and real estate .. .while chopping power 
consumption from an average of 12 watts to a 
miserly 1.5 watts. 

In addition, the reliable SDA 8020 offers: 
• Interface between 100 MHz, 8 bit ADC 

(SDA 8010) or DAC (SDA 8005) and fast 
CMOSSRAMs. 

• Cascading to achieve large cache memory 
and/or lower TTL clock rates 

• Choice of 1 :4 Demux or 4:1 Mux capability 

• External control signals that are TTL 
compatible 

• Does it all for only $70.00 per 100 units 

Stop playing board games with your 100 MHz 
data acquisition designs .. . and see for yourself 
why Siemens SDA 8020 (DASR) is the best 
solution. It's one proposition you'll appreciate. 

For more information, call (408) 980-4598. 
Or write: Siemens Components, Inc., Consumer 
Marketing Department, 2191 Laurelwood Rd ., 
Santa Clara, CA 95054 
U.S. Distributors: Advent Electronics, Inc. , A Imo Electronics, Hall-Mark, Insight 
Electronics, Marshall , Quality Components, Western Microtechnology. 

1987 Siemens Componenls, Inc. CGl2000·419A WLM 645 

Siemens ... your partner for the future. 
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0.050-in. (127-mm) contact wipe helps assure 
reliable connections. 

r 

Du Pont RIB-CAGE T• 
connectors feature a three-rib 
contact that delivers 100 
grams of normal force. 

Patented RIB-CAGE design is 
highly resistant to shock and 
vibration. 

Big performance. 
Little package. 

contact wipe helps assure reli
able contacts even through re
peated cycles. 

Du Pont RIB-CAGE TM connectors 
deliver 100-gram normal force in 
miniaturelmicrominiature 
interconnects. 

The patented RIB-CAGE 
connector terminal design, mag

Actual size of SO-position 0.050-in. (127-mm) 
vertical surface-mount RIB-CAGE card 
connector and mating male header. 

You also get inductance, ca
pacitance, and impedance values 
that deliver signal speeds faster than 

0.100-in. centerline designs plus high current ca
pacity (see chart) and low circuit resistance. 

nified above, is how Du Pont packs 0.100-in. cen
terline connector performance into miniature 
packages like the 50-position vertical card con
nector shown in inset photo. 

The exclusive angled rib design creates a 
contact area large enough to produce a normal 
force of 100 grams, with remarkably high shock 
and vibration resistance. The 0.050-in. (1.27- mm) 

162 

That's what we mean by big performance. 
Little package, high density. 

Your designs benefit from a significant in
crease in surface density. RIB-CAGE connectors 
on 0.050-in. centers take up one-eighth the vol
ume of 0.100-in. centerline connectors. And the 

Berg Electronics is now 
EDN October 29, 1987 



Shown above: 60X illustration of terminal used in RIB-CAGE 
connectors. Actual length is 0.250 in. 

low profiles delivered by RIB-CAGE connectors 
mean tight stacking: 0225 in. (5.72 mm) between 
substrates for through-mounts, 0252 in. (6.40 mm) 

Each RIB-CAGE connector is made with a 
plastic lead-in to protect the contact during mating. 
Polarized housings assure proper mating. And 

for surface-mounts. Profiles as 
low as 0.18 in. have been 
achieved for special applications. 
Plenty of design ftexibilty. 

~ 

CURRENT RATING 

The RIB-CAGE product 
family, currently tooled on 
0.050-in. centers, offers the 
choice of vertical card connec
tors, interboard connectors, 
and pin grid array sockets. 
Through- and surface-mount 
configurations are available as 
well as single- and dual-entry 
designs. 

~ ~f--~,__+-~+--+-~ 

0 1 2 3 4 
Applied Current (Amperes) 
• 1 or 2 adjacent pos. 
• 4 adjacent pos. 
• 40 adjacent pos. 

The versatile RIB-CAGE design can accom
modate a variety of applications including wire 
products both discrete and cable and right-angle 
horizontal card connectors. 

5 

housings of Du Pont RYNITE® poly
ester resins resist vapor phase 
soldering temperatures. 
Contact Du Pont for RIB-CAGE 
specifics. 

Fill out the reader service card 
for complete information on RIB
CAGE connectors. For a sample kit 
of current RIB-CAGE connectors, call 
us toll-free, or write on your letter
head. Write to Rib-Cage Product 
Manager, Du Pont Connector Sys
tems, 515 Fishing Creek Road, New 
Cumberland, PA 17070. Or make the 
Du Pont Connection: 800 932-7979. 
In Penna., call 800 222-2194. 

DU PONT CONNECTOR SYSTEMS 
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Simulating and testing 
large, multi-technology 

systems utilizing ASIC's 
always involved lots of guess
work. And a little magic. 

No more. 
Now there's the AIDA 

Design System. 
A comprehensive set of 

software design tools for cap
ture, simulation and automatic 
generation of test patterns 
for systems of 5000to1 million 
gates. At all levels-chip, 
board, system. 

Faster and more cost 
effective than ever before. 
Giving each designer 20 to 30 
simulation turns a day. At 
one-tenth the cost of hard
ware accelerators. 

The AIDA tool set is so 
powerful, it lets you do com
plete and automatic timing 
analysis of your design to 
identify all critical paths. And 
simulate its operation by run
ning actual application pro
grams and diagnostic software. 

1511~? 
BIAS 
A~B!TbR/ 
81./FFE/il. 
8/Ft'Jlll~ 

AliS>A 

)'/tftT/-
1ECflNoU;qy 
-otfOS°, ECL1 TTL 

l'FIANIT. 

MANW! 
I Af?l?A>: 2!/fs,.q-res A 
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Even better, it guarantees 
1003 test coverage forscan
nable designs by automati
cally generating all possible 
test vectors. 

Installation and training 
are easy, too. Because the 
AIDA Design System runs on 
industry-standard work
stations. And we have trans
lators that let you use your 
existing databases with the 
AIDA design tools. 

Skeptical? Call 408-
980-5200 now to get a video 
tape* o~ what our customers 
aresaymg. 

And see how we're help
ing them get systems off the 
wall and into production. Fast. 

For more information, 
contact AIDA Corporation, 
5155 Old Ironsides Drive, 
Santa Clara, CA 95054, 
408-980-5200. 

AIDA 
•We reserve the right to qualify recipients. 

AIDA is the trademark of AIDA Corporation. Q 1987. 
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Solve special 
decoupling problems 
MICRO/O capacitors with special pinout 
configurations give you design flexibility 
you can't get with standard techniques to 
solve decoupling and routing problems. 
Choose MICRO/Q for 8-, 16-, or 32-bit 
microprocessors, EGL devices, and many 
other devices where power and ground 
are not at conventional positions. You'll get 
superior noise suppression 
and design ease. 

CIRCLE NO 126 

Improve existing ~ 
board performance 
MICRO/Q capacitors can ~ 
be retrofitted to solve noise 
problems on existing boards. 
Because MICRO/Q caps 
share mounting holes with existing IC pins, 
no board redesign is required. Effective 
decoupling becomes a matter of adding 
one insertion step. 

CIRCLE NO 127 

Simplify board layout 
and get a choice 
MICRO/Q ceramic decoupling capacitors 
share board mounting holes with IC pins. 
You don't have to waste space on addi
tional holes, as you do for standard caps. 
Simplifying board design opens up two 
very attractive options. Add more active 
devices with increased packaging density 
in the same space, or design the same 

package on a smaller board. 
Either way, you win with 

MICRO/O. 

CIRCLE NO 128 

Rogers MICRO/Q® decoupling capacitors reduce voltage 
noise spikes in IC's, often by as much as a factor of ten. And 
since they're easily mounted underneath the IC, MICRO/Q 
capacitors conserve valuable board real estate, too. A range 
of configurations makes MICRO/Q flat capacitors especially 
effective at reducing noise on: 

• 64KRAMS 
• Video RAMS 
• EPROMS 
• Microprocessors 
• Bus drivers/buffers 
• Other IC's where 

noise spikes create 
performance problems 

• Boards that need EMl/RFI fix 
• CAD/CAM/CAE 
• Telecommunications 
• Minicomputers 
• Printers and copiers 
• Single-board 

computers 

Find out how MICRO/O capacitors reduce noise and 
provide better board density. Get the full story and a free 
sample. Call a Rogers MICRO/Q Product Specialist today, at 
(602) 967-0624. 

$ROGERS Rogers Corporation 
Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 

Distributed in the U.S. by the Genie Group; in Europe by Mektron NV, 
Gent, Belgium; in Brazil by Rogers Coselbra, Sao Paulo. 

CIRCLE NO 129 

Design noise out of PGA and LCC packages 
PGA MICRO/Q capacitors provide effective solutions to 
noise problems with VLSI PGA packages and LCC sockets. 
Design effective decoupling on complex multi-layer board layouts 
by fitting PGA MICRO/Q capacitors under PGA or LCC sockets. They 
occupy no additional board space ar'ld provide the low-inductance, 
high-frequency decoupling required by today's VLSI packages. 
Available in a range of pinout configurations. 
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ENSURE MANUFACTURABlE PCBs 
WITH REDCAD PCB DESIGN AND 
lAYOUT SOFTWARE 

In PCB design, the competition is fierce. To 
stay on target and get your PCB designs to the 
market faster and with complete manufactur
ability, you need the proven performer in CAD ... 
REDCAD Software. 

Backed by over 20 years 
of experience in CAE/CAD, 
REDCAD is the one PCB 
CAD Software that hits the 
mark for performance, speed, 
accuracy and price. Teamed 
up with the IBM PC XT/AT, 
it becomes the fastest micro 
system available. With just 
two fully integrated programs 

to access, it's easy to use and offers superior 
accuracy. 

REDCAD is the only electrically based package 
with comprehensive circuit capture/schematic 
design and a true connective data base. It handles 
automatic placement, automatic routing and 
design rules checking effortlessly. 

Take your winning shot in PCB CAD with 
REDCAD Software. Call us for a demonstration 

or for your nearest distributor. 

RE DC AD 
RACAL·REDAC 
4 Lyberty Way 
PO. Box 365 f11!IJ~!IJ[] 
Westford, MA 01886-9984 
Tel : (617) 692-4900 
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Wotkstation manufacturers have been very active lately: They have 
introduced many " super" workstations and restructured the prices of 

many of the older systems. Affordable workstations have 
also become powerful enough to exploit popular standards, 

particularly X Windows, Unix, and Ethernet. 

By embracing relevant starnlards, today's workstations are breaking down the wall that has prevented different computer networks from 
interacting and accessing each other's resources. (Photography by R G Muna; des;gn by Marduk A Sayad; photo courtesy Sun Micro
systems Inc) 
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&~ 
KEEPING AMERICA 
COMPETITIVE 

orl<Stations 
Special Report 

David Shear, Regional Editor 

Various workstation standards have existed for many 
years, but their acceptance has been hampered for two 
reasons. It takes time for workable standards to evolve 
and become accepted, and standard implementations 
are usually slower than nonstandard approaches. Work
station users often speak in favor of standards, but they 
also want the highest performance. Typically, to get 
the greatest level of per-
formance , you had to by
pass layers of software 
standards and interact di
rectly with the hardware. 

program as if it were running on your machine (see box, 
"X Windows offers workable windowing environ
ment"). Many windows can be open simultaneously, 
all running different programs and each running on any 
machine in the system-even if the machines are from 
different vendors. 

Although imaginative, this scenario depicts a real-life 
situation. You can actually achieve this type of worksta
tion performance now. Currently not much software is 

available to take advan
tage of all of these stand
ards but, because it is so 
easy to port software to 
the X Windows environ
ment, many application 
packages will soon be on 
the market. As a user (and 
potential customer), you 
can hurry this process by 
adopting these stand
ards-by choosing a work
station that runs Unix, in
terfaces to Ethernet, and 
uses X Windows. 

At long last , workable 
standards have evolved, 
and powerful, affordable 
workstations are available 
that embrace those stand
ards (see Table 1 on pg 
172 ). In today's worksta
tion market, the de facto 
operating-system standard 
is Unix. (Berkeley 4.X 
seems to be merging with 
AT&T's System V, result
ing in one hybrid Unix 
standard.) The net
working-system window 
manager is X Windows 
(version 11); almost all of 

One of the new RISC-based workstations, the HP Model 825SRX, 
operates at a 12.5-MHz clock rate and offers twice the performance of 
the company's 68020-based Model 350. 

You'll find that evaluat
ing the performance of 
these new workstations is 
a less-than-straightfor
ward task. As far as a ven
dor is concerned, the easi-

the new workstations sup-
port some form or another of X Windows. The local
area network is Ethernet. Because the acceptance of 
these three standards is gaining momentum, you can 
now sit at your workstation and access any of the 
multitudinous resources of the other workstations on 
the network; indeed, your computer actually becomes a 
single network of shared resources. 

You can imagine the incredible performance and 
flexibility that this combination of standards and work
stations has to offer the average engineer. For example, 
using X Windows you can use your workstation to run a 
program from another computer, interacting with the 
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est way to cite per
formance is by using MIPS 

(million instructions per second), but this number actu
ally tells you, the user, very little. In fact, the acronym 
might as well stand for "meaningless indication of 
performance." If you look at how many instructions a 
machine can execute in one second without determining 
what that instruction is doing, you'll end up with a 
misrepresented number. For example, if a RISC (re
duced instruction set computer) machine has a 16-MHz 
clock and each instruction executes in one cycle, should 
you classify it as a 16-MIPS machine? And, how do 
RISC MIPS compare to CISC (complex instruction set 
computer) MIPS? 
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The two problems with standards is the 
length of time it takes for a workable 
standard to evolve and the user's percep
tion of reduced performance. 

A small portion of your desk is all you need for Digital Equipment 
Carp's VAXstation 2000. 

In an attempt to deal with this nebulousness, many 
vendors use what they call VAX MIPS. They begin with 
the premise that a VAX 111780 is a 1-MIPS computer; 
then, they run a series of benchmarks and compare the 
results with what the VAX 111780 is capable of doing. 
These results vary, depending on the benchmark being 
used. The most popular benchmarks are Whetstone, 
Dhrystone, and Linpack. 

The Whetstone benchmarks are Fortran programs 
derived from an analysis of 1000 programs in an at
tempt to represent an average program instruction 
mix. The programs include floating-point and integer 
calculations, transcendental functions, array manipula
tion, and conditional jump statements. The Dhrystone 
benchmark simulates a high-level C programming envi
ronment and contains 100 statements with 53% assign
ments, 32% control statements, and 15% function calls. 
The Lin pack benchmark solves a dense system of linear 
equations to provide a measure of floating-point perfor
mance. 

Benchmarks can confuse the issue, too 
To help you comprehend how confusing and arbitrary 

this practice of computing MIPS actually can be, con
sider a couple of examples provided by the manufactur
ers. The Sun 4/260 can do 19,000 Dhrystones/sec, 
whereas the VAX 11/780 can do 1428, and thus the Sun 
machine executes 13.3 times as many Dhrystones/sec as 
the VAX. Running the single-precision Linpack bench
mark, however, the Sun 4/260 is only 6.4 times as fast as 
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the VAX. Sun rates the workstation as a 10-MIPS 
machine. 

Another example is Hewlett-Packard's Model 
825SRX. This machine executes about nine times as 
many Dhrystones/sec as does the VAX 111780. Running 
the single-precision Linpack benchmark, the 825SRX is 
less than three times as fast as the VAX 11/780. 
Hewlett-Packard classifies the 825SRX as an 8-MIPS 
workstation. 

The Dhrystone, Whetstone, and Linpack bench
marks measure raw CPU power. They don't measure 
the overall efficiency of a system. Often these bench
marks can fit within the system's cache memory, and 
therefore only a very small portion of the system's 
peformance is measured, because the benchmarks are 
executing from the cache memory and don't have to 
access the main memory. The raw CPU speed of a 
computer doesn't tell you what the I/O bandwidth and 
system performance will be. You can usually assume 
that a 10-MIPS workstation will run your application 
faster than will a 1-MIPS machine, but you can't 
determine just how much faster. 

The best way to evaluate a system's performance is to 
run your actual application. Normally you can't run 
your application as your benchmark, but check with 
your vendor. You might be pleasantly surprised. The 
next best thing is to look at all of the available bench
marks and decide the relative importance of each with 
your application in mind. Base your performance esti
mate on an aggregate of all of the benchmarks. 

RISC-based workstations are here 
Despite the lack of a single , reliable measure of 

workstation performance, the hardware available to 
take advantage of Unix, X Windows, and Ethernet has 
undoubtedly taken a quantum leap in terms of perfor
mance. This giant step is due in large part to the RISC 
architecture. In the past six months, Sun, Hewlett
Packard, and Silicon Graphics have introduced afforda
ble RISC-based workstations. 

The new Sun 4 Series of superworkstations is based 
on a 32-bit RISC µP called Spare (Scalable Processor 
Architecture). To meet the corporate goal of doubling 
performance every year, Sun decided to develop its own 
µP; the vendor rates the performance of the Sun 4/260 
at about 2112 times that of the 25-MHz, 68020-based Sun 
2/260. 

The Sun 4 family is source-code compatible with 
Sun's existing family of 68020-based products. Porting 
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X Windows offers workable windowing environment 
Window managers have been 
available on many workstations 
for some time now. These win
dows allow you to access multi· 
pie applications simultaneously 
from several overlapping text 
and graphics windows. You can 
manipulate these windows in 
various ways: moving, sizing, 
overlapping, hiding, and 
iconizing. 

Window managers are power
ful tools but until recently have 
suffered from some serious prob
lems. For one thing, there have 
been too many different window 
systems. As a user, you had 
many different controls to re
member. Also, the windows 
were very machine and applica
tion dependent; even after you 
became comfortable with one ap
plication's windowing system, 
you still had another set of con
trols to learn for a different ap
plication. Another drawback was 
the impossibility of effectively 
accessing a network from within 
the windowing environment. 

Ideally all manufacturers 
would use a common window 
manager and then all applica
tions would look similar. Also, if 
this same window manager 
allowed networking, you could 
run applications on any machine 
on the network just as if they 
were running on your machine. 

The problems are solved 
X Windows, which was devel

oped at MIT, provides high-per
formance, high-level, device-in
dependent graphics. All of the 
major workstation manufactur-
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ers have embraced it. Most have 
built software-development tool 
kits to facilitate its use, thus 
greatly simplifying the creation 
of sophisticated user interfaces. 

With X Windows, even if 
workstations are from different 
vendors, programs can run on 
one workstation and be dis
played on another. Computation
intensive applications can run on 
a minicomputer or mainframe 
computer without ever requiring 
that you change the user inter
face. 

Another major advantage that 
X Windows offers is device inde-

APPLICATION 

GKS 
LIBRARY 

X VOi 

X LIBRARY 

APPLICATION 

PSEUDO TIY 

VT100 
EMULATOR 

X LIBRARY 

pendence (Fig A). In the past, it 
was always necessary to alter 
each software package to take 
advantage of a new display. 
With the X Windows architec
ture, a server does all the dis
play manipulation. The server 
receives requests from all the 
application programs using the 
display and carries them out. 
Thus, entire networks of work
stations with different display 
hardware can utilize the same 
executable application code. As 
new displays are added, the only 
requirement is a new server that 
understands X Windows. 

WINDOW 
MANAGER 

X LIBRARY 

TEXT EDITOR 

TEXT LIBRARY 

X LIBRARY 

NETWORK 

X SERVER 

DEVICE LIBRARY 

L7~~ l KEYBOARD l MOUSE J SCREEN 

Fig A-X Windows is hardware independent. A server takes care of all the display
manipulation requests from the various application programs, so different workstations 
can use the same executable application code. 
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TABLE 1-WORKSTATIONS 

CLOCK MEMORY GRAPHICS 

FREQUENCY OPERATING (MIN/MAX) RESOLUTION 
COMPANY PRODUCT BASE PRICE CPU (MHz) SYSTEM (BYTES) MONITOR (PIXELS) 

APOLLO COMPUTER DOMAIN $4990 MC68020 12 UNIX SYSTEM V 2M/8M 15-IN. MONOCHROME 1024x800 
SERIES 3000 AND BERKELEY 4.2 19-IN. MONOCHROME 1280x 1024 

AND AEGIS 15- OR 19-IN. COLOR 1024x800 

DOMAIN $13.900 MC68020 25 UNIX SYSTEM V 4M/32M 19-IN. MONOCHROME 1280x1024 
SERIES 4000 AND BERKELEY 4.2 15- OR 19-IN. COLOR 1024x800 

AND AEGIS 

DN5XXTURBO $46,900 MC68020 20 UNIX SYSTEM V 8M/32M 19-IN. COLOR 1280x 1024 
WORKSTATIONS AND BERKELEY 4.2 

AND AEGIS 

APPLE COMPUTER MACINTOSH II $4796 MC68020 15.7 MACINTOSH OS 1M/8M 12-IN. MONOCHROME 640 x 480 
NUX(UNIX 13-IN. COLOR 640x480 

SYSTEM VAND 
BERKELEY 4.2) 

DIGITAL EQUIPMENT VAXSTATION $4600 MICROVAX 11 40 ULTRIX (UNIX) 4M/6M 15- OR 19-IN. 1024x864 
CORP 2000 OR VMS GRAY SCALE 

15- OR 19-IN. 1024x 864 
MONOCHROME 

15- OR 19-IN. 1024 x 864 
COLOR 

VAXSTATION II $26.000 MICROVAX II 40 ULTRIX (UNIX) 2M/16M 19-IN. MONOCHROME 1024 x 864 
OR VMS 

VAXSTATION $19,900 MICROVAX 11 40 ULTRIX (UNIX) 3Mn6M 19-IN. GRAY SCALE 1024x 864 
11/GPX OR VMS 19-IN. COLOR 1024x 864 

VAXSTATION $19,900 CMOS CPU 22 ULTRIX (UNIX) 8M/16M 19-IN . GRAY SCALE 1024x 864 
3200 (VAX BASED) OR VMS 19-IN. COLOR 1024x 864 

VAXSTATION $50,400 CMOS CPU 22 ULTRIX (UNIX) 16M/32M 19-IN. GRAY SCALE 1024 x 864 
3500 (VAX BASED) OR VMS 19-IN. COLOR 1024x864 

HEWLETI-PACKARD HP 9000 $4990 MC68020 16.67 HP-UX 4M/4M 17-IN. MONOCHROME 1028x768 
MODEL318M 

HP 9000 $12,950 MC68020 16.67 HP-UX 4M/8M 19-IN. MONOCHROME 1280x 1024 
MODEL330 16- OR 19-IN. COLOR 1280x 1024 

HP9000 $25,100 MC68020 25 HP-UX 4M/48M 19-IN. MONOCHROME 1280x1024 
MODEL350 16- OR 19-IN. COLOR 1280x1024 

HP 9000 $69.500 HP PRECISION 125 HP-UX 8M/48M 19-IN. COLOR 1280x 1024 
MODEL 825SRX ARCHITECTURE 

SILICON GRAPHICS IRIS 4D/60 $64,900 RISC µP (MIPS 12.5 UNIX SYSTEM V 4M/12M 19-IN. COLOR 1280 x 1024 
TURBO COMPUTERS) AND BERKELEY 4.3 

IRIS 3130 $59,900 MC68020 16 UNIX SYSTEM V 8M/16M 19-IN. COLOR 1024x768 
AND BERKELEY 4.3 

SUN SUN 3/50 $4995 MC68020 15 SUN OS 4M/4M 19-IN. MONOCHROME 1152x 900 
MICROSYSTEMS (UNIX SYSTEM V 

AND BERKELEY 4.2) 

SUN 3/60 $7900 MC68020 20 SUN OS 4M/24M 19-IN. GRAY SCALE 1152x900 
(MONOCHROME) 19-IN. HIGH-RESOLU- 1600x 1280 
$9900 (COLOR) TION MONOCHROME 

19-IN. MONOCHROME 1152x 900 
16- OR 19-IN. COLOR 1152x 900 

SUN 3/160 $19,900 MC68020 16.67 SUN OS 4M/16M 19-IN. MONOCHROME 1152x900 
(MONOCHROME) 19-IN. GRAY SCALE 1152x900 
$27.900 (COLOR) 19-IN. COLOR 1152x900 

SUN 3/260 $28,900 MC68020 25 SUN OS 8M/32M 19-IN. MONOCHROME 1152x900 
19-IN. HIGH-RESOLU- 1600x 1280 
TION MONOCHROME 

19-IN. GRAY SCALE 1152x900 
19-IN. COLOR 1152x900 

SUN 4/260 $39,900 MB86900 (RISC) 16.67 SUN OS 8M/128M 19-IN. MONOCHROME 1152x900 
19-IN. HIGH-RESOLU- 1600x 1280 
TION MONOCHROME 

19-IN. GRAY SCALE 1152x900 
19-IN. COLOR 1152x 900 
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COLOR/ FLOATING·POINT 
PALETTE PROCESSOR 

MC68881 

16/4096 
OR 256116. 7M 

MC68881 
256116.7M 

256116. 7M OR MC68881 
1.3MN6.7M OPTIONAL FPX 

MC68881 

78132 (PROPRIETARY) 

16/16.7M 

78132 (PROPRIETARY) 

78132 (PROPRIETARY) 
160R 

256116.?M 

CMOS FLOATING· 
256116.?M POINT UNIT 

CMOS FLOATING-
256116.?M POINT UNIT 

MC68881 

MC68881 OPTIONAL 
256116.?M FLOATING-POINT 

ACCELERAlOR 

MC68881 OPTIONAL 
256116.?M FLOATING-POINT 

ACCELERAlOR 

16/16.7M HP PROPRIETARY 

4096/16.7M PROPRIETARY 
OR 

16. 7M/16. 7M 

4096/16.7M WEITEK 1064 
OR 

16.7M/16.7M 

t 
MC68881 

256/16.7M 

! 
MC68881 

256/16.7M 

MC68881 

256116.7M 

WEITEK 1164/1165 

256116.7M 
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STORAGE (BYTES) 

FLOPPY HARD 
DISK DISK TAPE 

51/• IN. 72M- 60M 
1.2M 348M 

5'1• IN. 155M- 60M 
1.2M 348M 

155M· 60M 
696M 

3'h IN. 20M· 
800k SOM 

51/• IN. 44M· 95M 
1.2M 159M 

DUAL nM- 95M 
51/• IN. 159M 
400k 

DUAL nM- 95M 
51/• IN. 159M 

400k 

nM- 95M 
318M 

280M· 296M 
560M 

3'h IN. 101M- 15M-
270k- 5nM 140M 
630k 

51/• IN. 
270k 

3'h IN. 101M- 15M· 
270k· 5nM 140M 
630k 

51/• IN. 
270k 

31;, IN. 10M· 15M· 
270k· 5nM 140M 
630k 

51/• IN. 
270k 

132M· 15M-
571M 140M 

170M- 60M 
340M 

170M 60M 

nM- 60M 
141M 

71M- 60M 
282M 

141M· 60M 
1.2G 

280M- 60M 
2.3G 

280M- 60M 
2.3G 

LOCAL· 
AREA 

NETWORK 

APOLLO 
lOKEN 

RING OR 
ETHERNET 

APOLLO 
lOKEN 

RING OR 
ETHERNET 

APOLLO 
lOKEN 

RING OR 
ETHERNET 

APPLETALK, 
ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET 

ETHERNET, 
GM-MAP 

ETHERNET, 
GM-MAP 

ETHERNET, 
GM-MAP 

ETHERNET 

ETHERNET 

A RISC-based Sun 41260 from Sun Microsysrems uses a propriet,ary 
µP to more than double the performance level of the 68020-based 
21260. 

code from the Sun 2 and Sun 3 families requires only the 
recompilation of programs. This level of compatibility 
also allows all systems to use the same software and be 
combined in network installations. If you already have a 
Sun 3, you can upgrade to a Sun 4 by swapping CPU 
boards. Both machines use a triple-height, quad-depth 
Eurocard board. Two of the three bus connectors 
provide internal communications between boards; the 
third is a VME bus for 110 access. 

Hewlett-Packard has three new advanced computer 
systems that employ a RISC architecture. Model 
825SRX is the family's workstation and is the first 
workstation based on HP's Precision Architecture. The 
company claims that the 12.5-MHz 825SRX's perfor
mance is twice that of the 25-MHz, 68020-based Model 
350. Model 825SRX uses the HP-UX operating system, 
which adheres to AT&T's Unix System V. The worksta
tion is object-code compatible with all Series 800 prod
ucts and is source-code compatible with all Series 300 
products. 

The Iris 4D/60 Turbo workstation from Silicon 
Graphics is the third RISC-based machine to be intro
duced recently. The machine uses a 32-bit RISC µP 
from MIPS Computers (Sunnyvale, CA), a floating
point accelerator, and a 10-MHz geometry engine for 
high-speed graphics. 

Non-RISC workstations still have a place 
Don't be misled into believing that RISC-based work

stations are making non-RISC machines obsolete: They 
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The hardware that the standards will 
work on is more powerful and offers 
greater performance. 

are alive and well. The Domain Series 4000 Personal 
Super Workstation from Apollo Computers uses the 
MC68020 CPU and the MC68881 floating-point coproc
essor, both running at 25 MHz. The system memory 
uses lM-bit surface-mount dynamic RAMs for a maxi
mum of 32M bytes of main memory, and the system 
supports as much as lG bytes of virtual-memory space. 

The Series 4000 has an IBM PC/AT-compatible pe
ripheral bus. The CPU runs with zero wait states on an 

The Macintosh II from Apple Computers is a 68020-based computer 
with an open architecture that has six -32-bit Nubus slots for ex7JUn
sion. 
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Offering three display options-a 15-in . 
color, a 19-in. color, or a 19-in. monochrome 
monitor- the Apollo Computer Domain Se
ries 4000 workstation is based on a Motorola 
68020 running at 25 MHz. 

independent 32-bit bus that is fully synchronized with 
the PC/AT-compatible bus, which holds the system's 
mass storage, network, and graphics controllers. The 
32-bit CPU bus provides a full 32-bit data path between 
the CPU, cache memory, floating-point coprocessor, 
and system memory. 

You can either purchase a diskless node, or you can 
specify a 5%-in., l.2M-byte floppy-disk drive; a 60M
byte cartridge tape drive; and either a 155M- or 348M
byte hard-disk drive. You also have a choice of a 19-in., 
1280x 1024-pixel monochrome display or a 15- or 19-in. 
color display with a resolution of 1024x800 pixels. The 
local-area network can be either Ethernet or Apollo's 
Token Ring. 

The Series 3000, which also has an IBM PC/AT
compatible peripheral bus, has gone down in price by as 
much as 50%, thanks to enhancements in the manufac
turing process. A monochrome diskless node has a base 
price of $4990. The price of a Series 3000 with a 19-in. 
monochrome monitor, 4M bytes of memory, a 72M-byte 
hard-disk drive, and a floppy-disk drive is now less than 
$10,000. 

Open architecture means low-cost expansion 
Open architecture is a big plus with the Apollo line. 

Because of the low-cost PC/ AT bus, you can use periph
eral boards from the inexpensive PC domain to expand 
the system. You also have the option of plugging in an 
80286-based board and running MS-DOS applications. 

The newly announced Sun 3/60 workstation uses a 
20-MHz MC68020 µ.P with a 20-MHz MC68881 coproc
essor. The Sun 3/260 us·es the same processors but 
operates at a 25-MHz clock frequency. Like Apollo's 
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Break through the 640KB Barrier on the PC 

S
ay "goodbye" to the memory limitations of your 
PC. Our new Vanguard Stellar CAE Design 
System just broke the 640KB memory barrier 
nd makes full use of up to 16 megabytes of 

extended memory under DOS-30 times more mem
ory for electronic design applications. Workstation 
performance on a PC-Now! Just another example 
of the CASE Technology edge. 

So phone CASE TECHNOLOGY at 415-962-1440 
for more information. 

Or write to us at 2141 Landings Dr., Mountain View, 
CA 94043. 

And let us show you how to make a Superman of 
your system. 

CASE 
TECHNOLOGY 
"CAE Solutions Planned Right from the Start" 

For a Free Calendar Poster of this photograph, call 415-962-1440 
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Non-RISC-based workstations are alive 
and well; in fact, manufacturers are in
troducing many new products. 

Domain Series, some existing members of the Sun 3 
family have also seen a significant decrease in price. At 
the low end, for example, is the Sun 3/50, a diskless 
node with a base price of $4995. 

Digital Equipment Corp manufactures several non
RISC workstations. The VAXstation 3200 and 3500 are 
recent introductions. Both are based on a proprietary, 
32-bit, VAX-based µP made with CMOS technology. 
The vendor claims that this new CMOS chip set results 
in performance 2.6 to 4.2 times greater than that of 
DEC's VAXstation II/GPX. A 1-year on-site warranty 
is included in the purchase price. The VAXstation 2000, 
3200, and 3500 are all software compatible with the 
other members of the VAXstation family. 

The VAXstation 2000 is an entry-level workstation. 
The lowest-cost version is a monochrome diskless node 
that sells for $4600. The same system with a 42M-byte 
Winchester disk drive and a l.2M-byte floppy-disk 
drive costs $7650. Designed as a desktop system, the 
VAXstation 2000 contains a single-board computer with 
a MicroVAX II µP, a floating-point unit, system memo
ry, disk controllers, a video controller, a mouse, a 
keyboard, a printer, and serial communication lines. It 
also has a separate Ethernet controller. 

Don't overlook the possibilities of using your personal 
computer as a low-end workstation. The Apple Macin
tosh II is a 15. 7-MHz 68020-based machine and is the 
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Manufacturers of workstations 
For more information on workstations such as the ones 
discussed in this article, circle the appropriate numbers 
on the Information Retrieval Service card or contact the 
following manufacturers directly. 

Apollo Computer Inc 
330 Billerica Rd 
Chelmsford, MA 01824 
(617) 256.660() 
TLX 4448017 
Circle No 650 

Apple Computer Corp 
20525 Mariani Ave 
Cupertino, CA 95014 
(408) 996-1010 
TLX 171576 
Circle No 651 

Digital Equipment Corp 
2 Iron Way, MR03-1 
Marlboro, MA 01752 
(617) 467-6802 
Circle No 652 

Hewlett-Packard Co 
1820 Embarcadero Rd 
Palo Alto, CA 94303 
Phone local office 
Circle No 653 

Silicon Graphics Computer Systems 
2011 Stierlin Rd 
Mountain View, CA 94043 
(415) 960-1980 
TLX 350613 
Circle No 654 

Sun Microsystems Inc 
2550 Garcia Ave 
Mountain View, CA 94043 
( 415) 960-1300 
Circle No 655 

This under-$10,000 co/,or workstation f rom Sun Microsystems uses a 
20-MHz 68020 µ.P. The Sun 3160 offers a choice of five different 
monitors and has as much as 24M bytes of memory. 

first Macintosh with an open architecture. Six 32-bit 
Nubus expansion slots support a lOM-byte/sec data
transfer rate. Apple is planning to have Unix available 
for the Macintosh II in the form of A/UX. A/UX is a full 
implementation of AT&T Unix System V and includes 
features from Berkeley's 4.2. The Appletalk network is 
built into the Macintosh, but an Ethernet interface is 
available so you can access other machines on your 
network. The computer's open architecture and massive 
third-party support provide you with the flexibility to 
select a configuration that meets your needs. 

It's too soon to tell where the IBM PS/2 family will fit 
in the workstation market. But it's easy to predict that 
these machines, like the Macintosh systems, will make 
major inroads into the low-end market. 

Regardless of what the future holds, the advantages 
of having a workstation hooked up to a network of 
systems all working together and using X Windows 
can't be overstated. RISC-based workstations have a 
very easy migration path to higher performance, and 
gradual improvements in performance will continue. 
When making your purchasing decisions, insist on a 
workstation compatible with X Windows, Unix, and 
Ethernet. Finally , be careful when you evaluate a 
vendor's estimate of workstation performance and keep 
your application in mind. EDN 

Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 
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For the first time, you can test 
your VLSI prototype design at 
real world operating speeds. 

Thoroughly and easily. Across the 
entire cycle. Without compromise. 

Topaz is a totally-integrated ASIC 
verification system that reduces 
prototype characterization and fault 
analysis time, while offering these 
exclusive advantages: 
• Full Data Formatting to 50 MHz 

- for quick measurement of set
up times and propagation delays. 

• 256 1/0 Channels at Speed, 
Without Multiplexing-for max
imum performance and flexibility. 

• Programmable Pattern Gener
ation to 50 MHz- for initiation 
of loops, branching and data 
control. 
ASIC design requires painstaking 

accuracy. Verifying that design has 
been neither fast nor easy. The time 
available to get today's increasingly
complex ASICs to market continues 
to contract, and the price of an 
undetected error can be incredibly 
costly. 

With Topaz, you 'll know your 
design is right, and you 'll know it 
faster. CAE- LINK™ software permits 
easy translation of simulator vectors 
into ready-to-use test vectors. And , 
our exclusive Meta-Shmoo™ soft
ware allows you to quickly sweep 
voltages and times at 500ps incre
ments across an entire cycle, with
out programming . 

It acquires data with a minimum 
of effort; and its ability to do graphic 
error-bit mapping and multi-level 
triggering gives it unequalled per
formance in failure analysis. 

Topaz is a cost-effective solution 
to today's high speed ASIC verifica
tion needs, and the even higher 
speeds you 'll require tomorrow. Call 
for complete details or your per
sonal demonstration. 

HI====== .... _._._ ~_._.-- -----~------ --------- -------- ---TECH N 0 L 0 G Y, INC. 

18902 Bardeen , Irvine, CA 92715 
Phone: (714) 752-5215 
DIAL TOLL FREE 1-800-HILEVEL 
(In California 1-800-752-5215) 

Circle 79 for literature 
Circle 40 for demonstration 



53.6 Reasons to Choose P-CAD 
for CAE and PCB design. 

•End-to-end PCB design •Workstation performance • 53.6% market share* • New! SMT support 

•Low cost schematic design• Auto place & route (45°) • Large board capacity • ASIC design kits 

• Operates on standard hardware • Full range of system interfaces • 3000+ component library 

• Design rule checking • Absolute data security • 3rd party software & services • 24-hour on-line support 

•source: Dataqu est, Inc. 
P-CAD is a regis tered trad emark of Personal CAD Systems, Inc. 
Generati on 2.0 is a trad emark of Personal CAD Systems, Inc. 
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To find out why 53.6% of 
engineers using PC-based CAD 
systems choose P-CAD® for 
workstation level performance, 
call toll-free: 
800-523-5207 u. s. 
800-628-8748 California 

Personal CAD Systems, Inc. 
1290 Parkmoor Avenue 
San Jose, California 95126 USA 
Telex: 371-7199 FAX: 408-279-3752 





WE'D LIKE TO BRING 
YOU UP TO SPEED 

INTRODUCING THE 
PERSONAL LOGICIAN 386: 
AND A WHOLE LOT MORE. 

There's nothing in the world of 
CAE workstations that can 
bring your projects up to 
speed like Daisy's new 
PL 386. 

development. IC and to use all 
PCB layout. that power. 

Just name it. With With the PL 386 
the PL 386 you'll get it we've turned power 
done faster and better into performance. 
than with any other Daisy'smutti-fJlsldngaperating Our DNIX"'operating 
workstation in its class. systemie~yourunasimulation system gives you multi-

You '11 also get AT inane window while you WCffk tasking, multi-window 
on y(!Ur schematic in arwther. 

architecture, the So you won't get trapped operation. You also get a 
,..-TJI,__ industry standard, used in choice of EGA or Daisy high 

more CAE workstations resolution graphics. Along with 
than Apollo, HP, Sun mouse control, pop-up menus, icons 

l and DEC combined. and on-screen forms.All of which 
Anybody can build a gets you into the driver's seat and 

With its 80386 
engine running at a full 
16MHz, you can fly 
through the toughest 
applications.Schematic 
capture. Analog and 
digital simulation. Thst 

The PL 386's 80386 eng;,ne 1e~ bigger engine. The real up to speed in record time. 
youfly through th£ tough.est 
applicati.on.s. trick is figuring out how Want your workstation fully 

O 1987, Daisy Sysrems Corporation. PC/AT is a trademark oflnremational Business Machines Corporation. MicroVAX is a trademark of Digital Equipment Corporatioo. Ethernet is a trademark of Xerox Corporation. 
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integrated into a networked PCB 
environment? No problem. We'll routing. 
even take it a step further. With our And several 
Ethernet-based LAN, your PL 386 other 
becomes part of a truly distributed packages 
environment-including PC/ATs, designed 
hlgh performance accelerators, . to make short work With the PL 386 you can run the 

layout workstations and the Di11ital of your toughest campieteUneofDaisyCAEawti-
'b cat'iafil Plus a /Jroad range of 

Microvax II'." All sharing the same projects. DOSproqrarns. 

operating system, the same data- Of course, all this wonderful 
base, the same proven software. technology isn't worth much if it's 

So your engineering MiCroVAX MegaWgici,an not backed by strong 
team gets all the tools they support. With Daisy you get 
need to get your designs one source for technical 
to market faster assistance, train-
than ever. ing and hotline 

We've even support. No one 
got some new offers more. 
applications Persanatcamputers So if you've been 
to make your job easier. wondering what Daisy's 
Like our exclusive AID been up to lately, relax. 
Lab, which lets you The PL 3B6is part ofaror:ipwte We've just been busy 
quickly simulate mixed r;;:.::n,:r::; ;:}::;//rl!l creating a new 
analog/digital designs. network res(!Urces. generation 
STAR Router, for faster 



An alternate source for ASICs? 
It's a piece of cake. 

You designed an ASIC with one 
vendor's library and system. Now you 

need an alternate vendor. What do you do? 

Introducing Netrans™universal 
netlist translator. 
Call Gould. Our new Netrans™service 
frees you from being locked-in to any single 
vendor for ASIC solutions. 

Just bring us your netlist. No matter whose 
cell library you used. No matter if you need a 
gate array or standard cell IC. 

We'll use Netrans:M the latest addition to our 
growing roster of expert-based design aids, 

and convert your netlist to Gould format. 
Then your circuit can be produced under 
our rigorous SPC-assured quality 
conditions. 

For details, call 1-800-GOULD-10. Or write: 
ASIC Solutions, Gould Inc., Semiconductor 
Division, 3800 Homestead Road, Santa 
Clara, CA 95051 . Because Net rans™ is 
reason to celebrate. 

Manufacturer of Gould AMI 
semiconductors. 

-} GOULD 
Electronics 
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ntroducing 
>rCAD's NE~ l tor 
)ig_ita1 s.imu a_ 
¢ only $995 
Call us today for a Demo Disk. \\lll\l\\\l\l\llll\l\\llllllllllllllllllll 

WHY SETTLE FOR LESS? 
You get more with OrCAD/SDT than any other 
schematic capture program. At any price! 

• Runs on IBM PC/XT /AT or compatibles 
• Part Rotation and Mirroring 
• Rubberbands Wires and Buses 
• Supports TRUE A through E size sheets 
• Unlimited Level Hierarchy, Keyboard Macros 
• Step and Repeat, Auto Panning, 5 Zoom Levels 
• Color and Monochrome Graphics 
• Parts List, Design Check and Library Utilities 
• Net Lists automatically generated in Algorex, 

Applicon, Calay, Cadnetix, Computervision, 
EDIF, FutureNet, Multiwire, PCAD, PSpice, 
Racal-Redac, Scicards, and Telesis formats! 

+12 voe 

)(TALl 
3. 5795•5 HH• 

fP R9 
I Bl!IK 

F 

II 
RFC! 

2.5 ,..H C? 

( l l!lll!t pF 

16 17 

OR-8701 D 
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At OrCAD we don't think you should have to 
struggle to create libraries. That is why we have 
included over 3600 UNIQUE parts. With this 
many devices, libraries are obviously easy to 
create. Spend your valuable time creating 
designs instead of making new parts. 

Why wait to turn your PC into a quality design 
tooP For only $495 you will discover that 
OrCAD/SDT is the most complete and cost 
effective schematic design tool available. 

BC 

Call today to receive your Free Demo Disk 
and brochure. 
All orders are shipped from stock! 

1049 S.W. Baseline St., Suite 500 
Hillsboro, OR 97123 

(503) 640-5007 

Contact your OrCAD Representative For Further Information 
1. WA, OR, MT, ID, AK 6. NE, KS, IA, MO 11. FL 

Seltech, Inc. Walker Engineering, Inc. High Tech Support 
206-746-7970 913-888-0089 813-920-7564 

2. N. CA, Reno NV 
Elcor Associates, Inc. 
408-980-8868 

3. So. CA 
Advanced Digital Group 
714-897-0319 

7. 

8. 

9. 

TX, OK, AR, LA 
Abcor, Inc. 
713-486-9251 

Ml, E. Wl, IL 
Cad Design Systems, Inc. 
312-882-0114 

IN, OH, KY, WV. W. PA 

12. DE, VA, MD, DC 
MGM Visuals 
703-352-3919 

13. MS, AL, GA 
Electro-Cadd 
404-446-7523 

14. E. PA, NJ, NY 4. Las Vegas, NV, UT, AZ, NM, CO 
Tusar Corporation 
602-998-3688 

Frank J . Campisano, Inc. Beta Lambda, Inc. 
513-574-7111 201-446-1100 

10. TN, NC, SC 15. CT, RI, MA, VT, NH, ME 5. ND, SD, MN, W. WI 
Comstrand, Inc. 
612-788-9234 

Tingen Technical Sales DGA Associates, Inc. 
919-878-4440 

16. BC, AB, SK, MB 
lnterworld Electronics & 
Computer Industries, Ltd. 
604-984-4 171 
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617-935-3001 

17. ON, PQ 
Electralert 
416-475-6730 
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Thomson-Mostek introduces the world's fastest FIFO. 
From the company that set the standard 

for single-chip FIFOs, now comes yet another 
milestone in technology. Introducing the Thomson
Mostek MK4505 BiPORT™ FIFO-the first 15ns 
FIFO in the world . 
Sync fast. 

The MK4505 was designed specifically 
for high-performance applications. So you don't 
get stuck having to add extra registers and 
buffers, just to get it up to speed. 

What you do get is 1.2µ full CMOS, single
poly, double-level-metal process technology. 
A memory array constructed using our eight
transistor BiPORT memory cell. And a unique 
1 K x 5 pipelined architecture that gives the 
MK4505 its incredible 15ns Access Time (Cycle 
Time 25ns). 

For high performance like this, timing 
is everything. With its separate rising edge
triggered read and write clocks, the MK4505 
assures that you can transfer data between 
two totally asynchronous systems with ease: 
Designed for use in applications where data 
is moving through the system on the leading 
edge of a clock, the MK4505 is dedicated 
to applications like digitized video and audio, 
image processing, A-to-D and D-to-A conver
sions, high speed data links, RADAR return 
sampling and fast bus watching. 

The MK4505 is available in two versions: 
a Master (MK4505M) and a Slave (MK4505S). 
With the MK4505M, you get all the control 
signals necessary for reliable full speed, fully 
asynchronous width and/or depth expansion. 
Making the MK4505 cascadable to any depth, 
without a hodgepodge of extra logic taking up 
valuable space. 

The MK4505M also gives you a very 
special feature not available in any other FIFO 
-a full complement of status flags, including 
Output Valid , Empty, Almost Empty, Half Full, 

Actual MK4505 BIPORT RFO Scope Thlce Photograph 

Almost Full, Full and Input Ready. So you know 
how much is-or isn't - available, before it's 
too late. 

The Slave, MK4505S with dual write 
enable and dual read enable inputs, allows 
width expansion in an instant. 

Finally - and even more incredible-is 
that, for all its high-performance capabilities, 
the MK4505 fits into one board-saving ultrathin 
300 mil DIP. Proof that big things really do come 
in very small packages. 
Sync again, IDT. 

Of course, we don't claim to be the only 
FIFO manufacturer around. Just the best. And 
we've got the black-and-white facts to prove it. 

MK~25 IDT7202-35 

Cycle time 40MHz 22MHz 

Access time 15ns 35ns 
Almost full & Almost empty 

status flags Yes No 
Free-running clock inputs Yes No 
Separate read & write 

enable inputs Yes No 
Package 300 Mil DIP 600 Mil DIP 
Depth 1024 1024 
Width 5-bit 9-bit 

Width & depth expandable 
with no support logic Yes No 

Fully authorized second 
sourcing Yes No 

So if you're looking for a superfast, super
smart FIFO solution, get it in sync. With the 
MK4505 BiPORT FIFO from Thomson-Mostek. 
The people who also bring you the world 's 
densest FIFO- the MK4503. 

For more information on the MK4505, 
call or write Thomson Components-Mostek 
Corporation, 1310 Electronics Drive, Carrollton, 
Texas 75006, MS2205, 214/466-6836. 

Half Full 

t 
Almost Full AF HF AE Almost Empty 

5 5 
Data In D a Data Out 

Full Flag FF IT Empty Flag 

Input Ready DR av Output Valid 

Wnle Enable RE Read Enable 

Clock CKR Clock 

t 
RESET 

MK4505M Logic Symbol Diagram 

In addition to FIFO memories. Thomson-Mostek manufactures a broad selection of MOS and bipolar devices for both commercial and military applications: 
microcomponents, ASIC. memories, telecom/datacom and linear circuits as well as Discrete, RF and microwave transistors and passive components. 

BiPORT is a trademark of Thomson Components-Mostek Corp. 
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U.S. and Canadian 
Sales Offices 

Western Area: 

Santa Clara, CA 
4081970-8585 

Irvine. CA 
714/250-0455 

Woodland Hills. CA 
818/887-1010 

Seattle, WA 
206/632-0245 

Longmont. CO 
303/449-9000 

Scottsdale. AZ 
602/998-1580 

Tigard, OR 
5031620-5517 

Eastern Area: 

Burlington. MA 
617/273-3310 

Marlton, NJ 
609/596-9200 

Huntsville, AL 
205/830-9036 

Liverpool , NY 
315/457-2160 

Poughkeepsie. NY 
914/454-8813 

Dublin, OH 
614/761-0676 

Greensboro, NC 
919/292-8396 

Norcross, GA 
404/44 7-8386 

Central Area: 

Carrollton, TX 
214/466-8844 

Bloomington, MN 
612/831-2322 

Schaumburg. IL 
312/397-6550 

Austin. TX 
512/451-4061 

Canada: 

Montreal. Quebec 
514/288-4148 

Brampton, Ontario 
416/454-5252 

Semiconductor 
Distributors 
Add Electronics 
Advent Electronics 
All American 

Semiconductor 
Almac Electronics Corp. 
Almo Electronics. Inc. 
Dixie Electronics 
Future Electronics 
Greene-Shaw 
Hammond Etectrorncs 
Integrated Electronics 

Corp. 
ITAL Sales 
Kierulff Electronics 
Lionex Corp. 
Marshall Industries 
Nu·Horizons Electronics 
Pioneer Technologies 

Group 
Pioneer-Standard 
Quality Components 

(0.C.-SW) 
Quality Components 

(0.C.-SE) 
ITI Multicomponents 
Schweber Electronics 
Solid State, Inc. 
Zentrorncs 
Zeus Components. Inc. 

MOSTEK 
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Compact .050 centerlines 
in a popular D interface. 
ltS staggeringly simple. 
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You need a compact, 
lightweight board-to-board 

interconnect system that can 
meet high-density requirements 
and tight budget constraints. With 
a simple, staggered-hole pc board 
pattern. 

Now you have it, in 
AMPLIMITE 050 Series 
Connectors. 

Plugs and headers both come 
in horizontal and vertical configu
rations, so you can combine them 

Horizontal-mount 
plugs and vertical 
headers are available 
in 30, 34, 40, 48, 50, 
60, and 96 positions. 
Fork-type receptacles 
and tab-type pins offer 
low insertion / 
extraction force. 

EDN October 29, 1987 

Horizontal Connection 

for end-to-end, right angle, and 
parallel mating. Low profile (.307") 
design allows parallel stacking with 
.472" spacing between boards. 

And while we've kept the cost 
down, quality is still everything you 
expect from AMP. Contacts are 
phosphor bronze with selective 
gold over nickel plating. Housings 
are UL 94V-O rated. And manufac-

turing is to standards that reflect 
our corporate quality commitment 
and ongoing quality program. 

Call the AMP Product 
Information Center at 1-800-522-
6752 for complete information on 
the AMPLIMITE 050 Series 
Connectors. Or write us, AMP 
Incorporated, Harrisburg, PA 
17105-3608. 

AIVI P Interconnecting ideas 

Parallel Connection Right-Angle Connection 

CIRCLE NO 107 

Vertical plugs and 
horizontal headers 
come in 30, 40, 50, 
and 60 positions. All 
AM PL/MITE 050 
Series Connectors 
feature polarized 
housings, and 
standoffs for easy 
board processing. 
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MICROPROCESSOR 
MASTERY! 

The Development System that 
Supports 150 Different Microprocessors. 

A complete solution 

Here, at last, is the working environ
ment of the future for developing 
error-free and efficient microproces
sor code. Save time and money with 
UniLab ll's seamlessly integrated 
toolset: 
An 8/16-Hit Universal .fmulator
With Uni Lab's full selection of symbolic 
debug commands you can 
quickly display and change 
all registers, memory, and 
ports, plus set software 
and hardware breakpoints. 
An Advanced 
48-Channel Windows can be 

Analyzer- used to view source 

h files, previous 
Most ot er traces. and more. 

development 
systems are 
dead in the 
water if there 
is a hardware fault, such 
as a simple bus shorl Now, 
you can use the power of 
UniLab to home in on both 
software and hardware 
problems quickly. 
An Input Stimulus Generator
You conveniently specify system 
inputs and observe the results. 
A Built-In .fPROM Programmer
helps finish the job! 

Use Unilab's advanced 
windows to set up 
your screen the 
way you want to ... 
view multiple items 
of interest. Imagine 
being able to auto
matically compare a 
current trace with previous 
trace data to instantly 
determine differences. You 
can set breakpoints, single
step, then go back to the an
alyzer without missing a beat. 
If you make a change in your 
code, use UniLab's built-in line
by-line assembler to instantly patch 
the fix and test the results. Think of 
the time savings. 
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find Hugs Fast 

Searching for bugs by single-stepping 
through suspect code can take forever. 
Now, with UniLab, just specify the 
bug symptom you are looking for as 
a trigger spec and let UniLab catch the 

. bug for you as 
On-line /lelp Pop-up Mode 
menus. command your program Selection 

Glossa~y. and runs in real time panel called 
Word l'1st. • by soft key. 

UniLab trace 
history buffer- filtering promptline. 

~:t~~e viewed eliminates extraneous 
information and shows 

you only the program steps of interest. 

Set up for any 8- or 
16-bit processor 
in seconds! 

Thanks to our innova
tive emulation 
approach, moving 
between processor 
types requires only 
a new emulation 
module and soft
ware change. You 
save both money 
and time: Our 
inexpensive 

Personality Paks"' (only 
about $500) include all the items 

you need for fast hook-up. Orion Micro
Targets;" functioning target circuits for 
popular MPUs, let you test your software 
before your own hardware is ready. 
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Get Running Fast 

You probably won't use your develop
ment system every day. You do need 
a system that's easy to learn, and easy 
to come back to. That's Uni Lab. It lets 
you use commands or menus-or a 
mixture of both. The same commands 
work for all MPUs. Useful help screens, 
n on-line manual & glossary, instant 

pop-up mode panels, a quick 
command and parameter 
reference, are at the ready. 

Affordable, .Expandable 

At less than $5,000 UniLab 
Disassembly of 
code in memory 
can be compared 
withtrace in 
adjacent window. 

costs less than 
our less-able 
competitors. 
You can add our 
new Program 
Performance 
Analysis option 
to help you 

optimize your software. If 
you don't need UniLab's 
power, other models are 
available from $2,995. Get 

e story on Uni Lab II and how it can 
revolutionize your software design 
efficiency, as it has for thousands. 
Universities, ask about our Education 
Outreach Discount Program. 

Call Toll-Free 1-800-2115-8500. 
In California call (415) 361-8883. 

When you own or rent a UniLab II, 
you flet access to Orion 's team of 
Applications t:ngineers. 

~ ===. = ~ ::. = 702 Marshall St. 
5 !: :..= 5 5: ii= Redwood City, CA 
~ = = = "=" = "= 94063 
INSTRUMENTS, INC. TELEX 530942 
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VME Bus applications 
can benefit from 

80386-based designs 
Traditionally) designing for the V ME Bus 
automatically meant a design based on a 
68000 µP. But without too much trouble 
you can use an 80386 as a VME Bus 
CPU. 

Steph Rutel and X Kim Rubin, Force Computers 

Although the first processors designed into VME Bus 
applications belonged to the 68000 family, there aren't 
any insurmountable signal or timing restrictions that 
limit the bus to only these types of processors. The 
80386, for example, a 32-bit virtual-memory µP capable 
of processing 3 to 5 MIPS, can also provide the basis for 
a VME Bus design. Moreover, the 80386 can execute 
object code for the 8086 family, which adds to its allure. 
The device's on-chip resources also allow the chip to 
intermix operating systems (such as Unix and 
MS-DOS), which allows you to run application packages 
as tasks under Unix (see box, "Putting the 80386 
aboard the VME Bus.") 

Multiple bus masters offer advantages 
The VME Bus is a high-speed bus that allows you to 

implement a system that supports data-transfer rates 
as high as 40M bytes/sec. It also supports multiple bus 
masters so that you can mix 80386- and 68020-based 
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cards in the same system and take advantage of each of 
their strengths. For those instances when you want to 
include more than one master in your VME Bus sys
tem, you'll have to include circuitry that will arbitrate 
between bus masters. Either a round-robin arbitration 
scheme or a prioritized approach is effective. 

Take a close look at the VME Bus standard before 
considering the 80386 in a VME Bus design. Two 
standard 96-pin DIN edge connectors, Pl and P2, 
provide the backplane bus interface. Pl contains all the 
control lines as well as the lower 24 address and 16 data 
lines. The middle row of P2 contains the remaining 
address and data lines, and the two outer rows contain 
64 unassigned pins, which system designers can use to 
define their own functions (see box, "VME Bus and 
80386 signals are compatible"). The VME Bus's electri
cal interface requires that the bus drivers' rated drive 
current is 64 mA for the address- and data-strobe lines 
as well as for the system-clock and the bus-clear sig
nals. Most of the other lines (including the address and 
data lines) require only 48-mA drivers. 

The critical timing of some onboard signals requires 
that you include a clock on your board that operates at a 
much higher frequency than the processor's clock. For 
instance, you might use a 64-MHz clock as your time
base, which you can then divide by 2 to obtain the 
32-MHz signal that the CPU requires. Additional clock 
phases are distributed on the board so that each drives 
about the same number of loads, and the signals are 
about equal in trace length. The combination of limited 
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Although the first processors to be designed 
into VME Bus applications were 68000s) 
the V ME Bus isn)t confined to just those 
processors. 

trace lengths and equal loading minimizes clock skew. 
The availability of precision clock signals such as these 
is crucial to the design of control logic. You can use 
these master clock signals to synchronize , through 
gating or latching, all of the control signals (Fig 1). 
This way you restrict the accumulated clock skew to the 
variation in propagation delay within a chip. 

The 80386 accommodates the VME Bus's asynchro
nous timing via its ready line; the line indicates when 
outgoing data on the bus is available and valid. The 
VME Bus's data-acknowledge signal controls the 
80386's ready line, thus eliminating the need for any 
complex clock schemes to synchronize data transfers. 
This fact isn't surprising, because the 80386's bus is a 
clocked asynchronous bus that's very similar to that of 
the 68000 family. The 16-MHz clock that the 80386 
requires is identical to the clock required by the VME 
Bus backplane. 

The 80386's remaining signals connect to the VME 
Bus in a straightforward manner. The data bus is a 
bidirectional, nonmultiplexed, 32-bit bus. You can buf
fer it using two 74ALS646-1 dual octal registers, which 
then connect directly to the VME Bus. (The ALS octal 
registers provide the required fast switching speed 
without the noise-inducing edges that some other logic 
chips have.) You need to generate four control signals 
(data direction, bus write, latch address, and write 
mode) for the data bus and four signals for the address 
bus (latch address, memory address direction, pre
longword, and pre-AOl). 

You can buffer the unidirectional address bus by 
using high-current 74ACT374 octal drivers, which latch 
the address directly from the CPU's bus and connect 

29827 -RASOA 
10-BIT BUFFER 33 

OEl 
-RASOB 

OE2 33 

DO YO -RASlA 
33 

D1 Y1 
-RASlB 

D2 Y2 33 

D3 Y3 -DRAM WR3 

D4 Y4 33 

D5 YS -DRAM WR2 
33 

D6 Y6 
- DRAM WR1 

D7 Y7 33 

DB YB 
- DRAM WRO 

D9 Y9 33 

-CAS1 
11 

-CASO 
11 

Fig 1-By running all your memory control signals through the 
same buffer, you minimize the signals' skew. The termination 
resistors shown here also minimize reflections on the signal lines. 

directly to the board connector. The reason for using 
latches, rather than buffers, is simple: Very often the 
system will operate in a pipelined mode for bus accesses 
and therefore will have to hold the address until the bus 
is released. 

The bus's 32-bit address space is common to both the 
VME Bus and the 80386, and the VME Bus's A16 
address mode supports the 80386's I/O space. The VME 
Bus supports multiple address spaces, which are con
trolled by the six address modifier lines. The address 
space selected depends on whether the access is for I/O, 

Putting the 80386 aboard the VME Bus 
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Force Computers developed a 
debug monitor for its CPU-386 
80386-based VME Bus computer 
using the company's 68000/020 
code as a basis for the develop
ment of the 80386 software. Be
cause the 80386 can internally 
emulate the 8086, it directly exe
cutes code already written for 
the 8086 processor. The only ex
ception to this internal emula
tion is the initialization and 

startup utility, which is specific 
to the 80386. Programs written 
in native code for the 8086 will 
run .on the 80386, and software 
written in higher-level lan
guages may be recompiled for 
the 80386. 

The single-boatd CPU-386 in
cludes three serial ports, two 
general-purpose RS-232C ports, 
two 16-bit counter/timers, and 
three 8-bit counter/timers. All 

these functions are included in 
just two chips: the 68901 multi
function peripheral chip from 
Thomson-Mostek and the 68562 
dual universal serial-communica
tions controller-timer chip from 
Signetics. Front-panel DIP 
switches set the EPROM type 
and speed, and these switches 
also determine the board's boot
up mode. 
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memory, code, or data, and whether it's a user or 
supervisory type of access. 

A caveat of which you should be aware involves "byte 
ordering." The 80386 uses a different numbering con
vention than does the MC68000 family. The 68000 
processors' bytes are numbered from left to right (high 
order to low order) within a long word (32-bit word); the 
80386's bytes are numbered from right to left (low 
order to high order). If you use only one type of 
processor in a system, the number ing scheme will be 
inconsequential, but if you develop a system with both 
types, you must exercise some caution and make sure 
that you translate low-order to high-order bytes be
tween the processors. 

Some VME Bus cycles can take an indeterminately 
long time to run. In such cases control circuits are 
necessary to ensure that onboard dynamic RAM cycles 
don't start while a VME Bus cycle is in progress and 
that the RAM is refreshed before data is lost. An 
inhibit signal to the RAM decoder prevents interfer
ence between memory cycles and VME Bus cycles. 
While the RAM decoder is inhibited, another decoder 
provides VME Bus decoding in parallel with the RAM 
decoding; the subsequent VME Bus cycle is set up 
while the RAM cycle is being completed. 

The 80386 has a 4G-byte address space. You can load 
a board with 2M bytes of interleaved, 100-nsec dynamic 

RAM and yet still obtain zero-wait-state performance 
(Fig 2). Interleaving divides the memory into two 
banks and permits one bank to finish its cycle while the 
other bank is being accessed. If you use look-ahead logic 
for the interleaved access, the memory can handle 
data-transfer rates of 32M bytes/sec. To achieve such 
high rates, the look-ahead feature must examine the 
current state of the system and decide which of several 
combinatorial paths to follow next. By selecting the 
combinatorial path in advance, the timing section only 
encounters the delay caused by the combinatorial logic. 

Another technique you can use to accelerate memory 
accesses is transparent memory refresh-a technique 
that eliminates interference between the processor 
and the refresh function. Your refresh circuitry must 
access the dynamic RAM only when the RAM is idle, 
when the processor isn't trying to read from or write to 
memory. You can use a few programmable logic chips to 
generate the necessary refresh logic. It's a good idea to 
buffer all the RAS (row address strobe) and CAS 
(column address strobe) signals with the same chip to 
minimize the skew between those signals. You should 
also use termination resistors on these signal lines; the 
signals will be distributed to many chips on your board, 
and the termination resistors will eliminate signal
quality problems such as reflections. 

You can base your RAM-control logic on a state-

VME Bus and 80386 signals are compatible 
Using the 80386 in a system 
originally designed for the 68000 
requires only a minimal amount 
of head scratching as far as con
trol signals are concerned: Buses 
are buses, after all. Many of the 
control signals that the 68000 
Series uses have equivalents on 
the 80386, or you can reconfig
ure 80386 signals using glue 
logic to generate the appropriate 
equivalent. 

The 80386 comes in a 132-lead 
pin-grid array package. If you 
eliminate the 21 V cc pins, the 20 
ground pins, and the eight un
connected pins, you have 83 sig
nal pins. The data bus uses 32 
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pins, and Intel's expansion of the 
lower two address bits into byte
enable lines produces a total of 
34 address lines. Subtracting the 
data and address pins' total from 
83 leaves 17 control and status 
signals to deal with. 

Like most µPs, many of those 
17 pins have standard functions 
-for example, single-phase 
clock, reset input, nonmaskable 
interrupt, and general inter
rupt. Hold and hold-acknowl
edge signals on the 80386 pro
vide the necessary handshaking 
for you to get the processor on 
and off the bus. The signals that 
are specific to the memory inter-

face are the read/write and ad
dress-strobe lines and the memo
ry/IO lines. Another line, data/ 
code, indicates whether the 
processor is pulling an instruc
tion or data word from the bus. 

One more control signal, "bus 
size 16," tells the processor that 
it should use a 16-bit, rather 
than a 32-bit, data bus. The 
busy output permits the proces
sor to indicate to the rest of the 
system that it can't respond to a 
bus access. 
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The VME Bus supports multiple bus mas
ters) so that you can mix 80386- and 
68020-based cards in the same system. 
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Fig 2-Thi.s diagram of an 80386-based VME Bus board's architecture illustrates, among other things, the interleaved RAM that provides 
zero-wait-state operation. 
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CPU DATA BU s n.. 
74ALS646-1 

DUAL OCTAL REGISTER 

-DATA DR 
-BUS WRITE 
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WRITE MODE 
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~ 
~ 

CPU DO 
CPU D1 
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CPU D3 
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CPU D6 
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-=-

G 
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CBA 
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SAB 
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B2 
B3 
B4 
BS 
B6 
B7 
BB 

machine sequencer_ The basic machine consists of nine 
states, though there are additional substates. One of 
the nine states is an idle state; four others control each 
bank of RAM; and four more control the refresh opera
tion. Of the four states that control each bank of RAM, 
each state corresponds to a single cycle of the 16-MHz 
clock. The first two states represent the access, and the 
next two states represent the recovery states, which 
guarantee that the minimum cycle time requirement for 
the chips in each bank isn't violated. If the memory 
banks are accessed alternately, which happens for 
consecutive accesses, then only the first two states are 
needed because another access starts in the other bank 
while the previously accessed bank finishes its cycle. 
Although four states are available to control the refresh 
operations, two more idle states must be injected if the 
refresh logic requests a high-priority refresh. 

You might think, from the above description, that 
only those instruction streams that consist entirely of 
consecutive instructions will run without wait states. 
However, because the 80386 can't process changes to its 
execution flow as fast as it processes consecutive in
struction fetching (due to its on-chip 16-byte prefetch 
queue), it must pause when it encounters a jump 
instruction and generate a new address (the queue is 
flushed and refilled with information pointed to by the 
new starting address). This pause gives the memory 
banks a chance to complete the current cycle, which 
allows the processor to jump to either bank without a 
wait state. The processor's pause isn't considered a wait 
state because it is internal to the µP; this design uses 
the pause opportunistically to refresh the memory. 

Using pipelining techniques, you can accelerate the 
execution of bus operations (Fig 3); that is, as a data 
transfer is being completed, you begin broadcasting the 
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Al 
VME DOO 

A2 VME D01 

A3 VME D02 
VME D03 A4 

AS 
A6 
A7 
AS 

VME D04 
VME DOS 
VME D...Q2_ 
VME DO? 

) 

Fig 3-Using an octal regi.ster 
for all the V ME Bus address and 
data lines allows you to pipeline 
data acquisition. 

next address. The VME Bus allows you to assert the 
address lines with as little as a 2-clock-cycle delay from 
the previous address cycle. 

You can accomplish pipelining in two ways. The 
address for the next cycle can be placed on the VME 
Bus immediately following the assertion of the DTACK 
signal, overlapping the end of one bus cycle and the 
beginning of another. You can also use look-ahead logic 
to allow the board to retain control of the bus in those 
instances when the next CPU cycle is also going to 
require control of the VME Bus; this method eliminates 
the bus request/grant operation's overhead. EDN 
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FFT·TESTED 
12·16BIT 

SA PLING 
A/D's 

MIL-STD-1772 CERTIFIED 
MN6000 Series 

Single Package Sampling A/D's 
User Transparent T/H Amplifiers 
Frequency Domain (FFT) Testing 
High Sampling Rates/Resolution: 

MN6290/6291: 20kHz 16 Bits 
MN6231/6232: SOkHz 12 Bits 
MN6227/6228: 33kHz 12 Bits 

MIL-STD-883 Screening 

For you, we've expanded our line of FFT
tested, high-speed, sampling A/D converters 
with two new 16-bit models: MN6290 and 
MN6291. Like our entire MN6000 Series, these 
new devices mate a track-and-hold amplifier 
(T/H) with a high-speed, high-resolution, 
A/D converter in a single DIP package. The 
T/H is completely transparent, eliminating 
the hassle of evaluating T/H specs that are 
difficult to understand and often don't relate. 
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All MN6000 devices accurately sample and 
digitize dynamic input signals with frequency 
components up to the Nyquist frequency 
(one-half the sampling rate). They are ideal 
for radar, sonar, spectrum and vibration 
analysis, voice and signature recognition, 
and other contemporary DSP applications. 
All come with full frequency-domain perfor
mance specifications, which are critical to 
designing for these applications. 
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Micro Networks was the first to apply FFT 
testing to AID converters. We recognized 
that this would be the key to specifying 
AID' s for emerging DSP applications. In our 
frequency-domain testing, sampling A/D's 
operate in a manner that simulates a digital 
spectrum analyzer with a known low
distortion input signal. The output spectra 
yield precise, practical measurements of 
signal level, noise level, signal-to-noise ratio, 
harmonic distortion, and input bandwidth, 
giving you the performance specifications 
you need to design to your application. Our 
testing clearly demonstrates the ability of 
our MN6000 Series devices to maintain near
ideal signal-to-noise ratios independent of 
increasing analog input frequencies. 

OdB r · 
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- 20dB l . 
I 
j 
' - 40dB 

Signal 
Amplitude - 60dB ·- ···· 
Relative to 
Full Scale 

- 80dB 

- lOOdB 
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- 140dB 
OHz 

OdB 

MN6290/629 l 

Input Frequency: lOkHz 
Sampling Rate: 20.5kHz 

RMS Signal: - 0.28dB 
RMS Noise: - 85. 7ldB 

SIN: 85.43dB 
2nd Harmonic: - 93.68dB 
3rd Harmonic: - 94.89dB 
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Distortion 
Oscillator 

Crystal 
Clock 

Sampling 
AID 

Converter 

Fast 
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Frequency-Domain Testing 
of A/ D Converters 

Mini 
Computer 

Printer 

All MN6000 Series devices are packaged 
in standard ceramic DIP's and are available 
fully specified for - 55°C to + 125°C with 
MIL-STD-883 screening. 12-bit models contain 
full 8 or 16-bit µP interfaces. Select the device 
that best meets your design requirements. 

Minimum Minimum 
Part Input Sampling Input Bandwidth SNR 

Number Range Rate (Note 1) (Note 2) Harmonics 

12-Bit Resolution 

MN6227 10V 33kHz 16.5kHz 70dB - 80dB 
MN6228 20V 33kHz 16.5kHz 70dB - 80dB 
MN6231 10V 50kHz 25kHz 70dB - 80dB 
MN6232 20V 50kHz ·25kHz 70dB - 80dB 

16-Bit Resolution 

MN6290 10V 20kHz 10kHz 84dB - 88dB 
MN6291 20V 20kHz 10kHz 84dB - 88dB 

1. Input bandwidth for which SNR and harmonic specs are guaranteed when sampling at the 
minimum guaranteed rate . 

2. Signal-to-noise ratio (r.m.s. to r.m .s.) with full-scale (OdB) input. 

For 9.etailed information on MN6290/6291 
or other high-speed sampling A/D's in our 
expanding line, send for our comprehensive 
data sheets. For rapid response, call Russ 
Mullet at Ext. 208. 

Micro Networks 
324 Clark Street 
Worcester, Massachusetts 01606 
(617) 852-5400 

Micro Networks 
Advancing Data Conversion 
Technology 

Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas, TX (214) 231-1340; Santa Ana, CA (714) 261-5044. 
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"Our Dracula™ layout design verification software was developed and 
based on Digital systems, and for very good reason," states ECAD President Jim 
Hill. "Our customers in Integrated Circuit design regard Digital's VAX™ systems 
as the standard. Recognizing that, we've developed a line of software products 
that have made us the standard of our industry.'' 

According to Mr. Hill, Digital 's unmatched software compatibility offers 
real benefits in creating customer acceptance. ''We know that whatever Digital 
system the customer has purchased, our software will run on it successfully. That 
kind of confidence is rare in the IC design industry. And Digital's hardware and 

'' ECAD seized an 80% 
world market share - the 
key was writing our 
design software to the 
industry standard, Digitae 

software consistency helps us deliver a better product, faster and at a lower cost.' ' 
"We're aggressively pursuing a worldwide market," Mr. Hill adds. "And 

Digital has the worldwide presence to help us sell each market with strong local 
support. Our software and Digital's systems sell each other. ECAD and Digital 
have evolved a strategic partnership, one that gives us a proven competitive 
advantage in the marketplace.'' 

To get your competitive advantage now, write to: Digital Equipment 
corporation, 200 Baker Avenue, west concord, MA ~n"'DD~Dr .. 
01742. Or call your local Digital sales office. ~ ~ ~ 

©Digital Equipment Corporation 1987. The Digital logo and VAX are trademarks of Digital Equipment Corporation. Dracula is a trademark of ECAD, Inc. 

EDN October 29, 1987 CIRCLE NO 106 197 



Large, angled marking 
surfaces for easy labeling 
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Coding system protects 
against misconnection, ----;-----;1--e-t---+---f--+--t--11+-

without loss of poles. 

Funnel-shaped entry 
for easy installation 

of wiring. - ---'!---

Introducing the Weidmuller 
BLA/SLA Plug and Socket 
Connector System. 

For years Weidmuller 
terminal blocks and ronnectors 
have set standards all over the 

for machine and process 
rontrol circuit boards. 

Our new design 
makes it quick and easy 
to install and repair wir
in at the factory and in 

ing mechanism for a 
secure ronnection. 

world in electrical and 
electronic ronnection 
systems.Now our design 
engineers have rome up 
with another brilliant 

the field without 
expensive tools. 1111111!!111'~ ...... 

The glass-filled 
polyester insulating 
material of BLA/SLA 
ronnectors is non-burn
ing (UL94V0) andheat 
and humidity resistat)t 
to maintain pin-to-pin 

solution. Our rompact Vibration-Prootc1amp 

BLA/SLA S design for easy wire new ystem installation and removal 
~1dmuller, [nc . l987 
l".itl'nts~ndin!{ 
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Refinements in
clude funnel-shaped 
wire entries, captive 
screws, and an improved 
zinc-plated steel clamp-

spacing in adverse operating 
environments. 

Marking surfaces on the 
sockets are large and angled for 
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ease of labeling and reading. 
The design of BLA/SLA 

connectors prevents misalign
ment And, thanks to our simple 
new coding system, the BLA/ 
SLA System provides 
protection against mis
connection of plug and 
socket when you're using 
more than one ronnector. 
All without loss of poles. 

Non-burning, heal 
and humidity-resistant 

insulating material. 

Available in2 to24-pin 
vertical and horizontal 

-t--+--- configurations. 

Captive screws. 

2 to 24-pole modules strain relief rovers, we're 
and in vertical and hori- confident you'll find 
zontal configurations. , our new system the best 
A doubleheader version available for connecting 
is available for those wiring to circuit boards. 

ap:pl.ications re- Callorwriteformore 
qwnng even additional stability. information about the 
greater wiring density. BLA/SLA. A system whose 

With so many brilliance you11 appreciate even 
standard features and if you're color-blind. 
with options like supple-

Weidmuller BLA/ 
SLA • Optional cover connectors rome In with strain relief 

mentary mechanical Weidmiiller ~ 
mounting blocks and You can't make a better connection.™ 

Write Weidmul/er, Inc., 821 Southlake Boulevard, Richmond, Vitginia 23236. Phone (804) 794-2877. Telex: 828376. 
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Your next destination: 



The ACL Computer Age. 
The future belongs to computers and peripherals 

built with RCA Advanced CMOS Logic (ACL). 
\ 

The pressure is on to make your syst~ms 
smaller, faster, cheaper. 

Some of your competitors are doingjust 
that by incorporating ACL into their new 
designs. If you want to stay on the fast track, 
you can't afford not to consider ACL for your 
new designs. 

The computer of the future. 
Imagine a computer with power dissipa

tion so low you could eliminate all cooling sys
tems. Or design a sealed system to prevent 
dust problems. 

And get dramatically improved reliability, 
thanks to the far lower heat generated. As well 
as far smaller system size. 

You'd also be able to use itin afarwider 
operating temperature range (-55°C to 
+ 125°C). Even in high-noise environments. 

FAST* speed, CMOS benefits. 
Advanced CMOS Logic gives you high 

speed (less than 3ns propagation delay with 
our ACOO NAND gate) and 24 mA output 
drive current 

But unlike FAST, it gives you a whole new 
world of design opportunity for computers, 
peripherals, telecommunications and other 
speed-intensive applications. 

ACL dissipates less than 118 Watt while 
switching, compared to 1/ 2 Watt for a FAST 
IC (octal transceiver operating at 5 MHz). And 
quiescent power savings are even more dra
matic: ACL idles at a small fraction of the 
power of a FAST IC. 

*FAST is a trademark ofFairchild Semicond uctor Corp. 

In addition, ACL offers balanced propa
gation delay, superior input characteristics, 
improved output source current, low ground 
bounce and a wider operating supply voltage 
range. 

Latch-up and ES D protection, too. 
Latch-up concern is virtually eliminated, 

because ACL uses a thin epitaxial layer which 
effectively shorts the parasitic PNP transistor 
responsible for SCR latch-up. 

And a dual diode input/output circuit pro
vides ESD protection in excess of 2KV. 

A broad and growing product line. 
Our line already includes 75 of the most 

popular types. By year-end, we'll have 126 
types (20 SSI, 100 MSI, and 6 LSI) in both AC 
and ACT (TTL-compatible) versions. 

All this at FAST prices. 
Our ACL line is priced comparably to 

FAST. So you get better performance at no 
extra cost Why wait, when your competition is 
very likely designing its first generation of 
ACL products right now? 

Get into the passing lane, with RCAACL 
from the CMOS leader: GE Solid State. Free 
test evaluation kits are available for qualified 
users. Kits must be requested on your com
pany letterhead. Write: GE Solid State, Box 
2900, Somerville, NJ 08876. 

For more information, call toll-free 
800-443-7364, extension 24. Or contact your 
local GE Solid State sales office or distributor. 

In Europe, call : Brussels, (2) 246-21-11 ; Paris, (1) 39-46-57-99; London, 0276-685911 ; Milano, (2) 82-291; Munich, (89) 63813-0 . 

• 
GE/ RCA/lntersil Semiconductors 
These three leading brands are now one leading-Bdge company. 
Together, we have the resources-and the commitment -
to help you conquer new worlds. 

GE Solid State 
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With 242 passengers on final approach 
into O'Hare, the last thing they're thinking 

about is your voltage regulator. 
For devices with a critical performance 

envelope - devices that have to deliver, 
especially in harsh environments or haz
ardous conditions-you never compro
mise reliability. 

And neither do we. 

RELIABILI1Y FOR 
FOUR GENERATIONS 

National has set the standard for 
reliability in IC voltage regulators since we 
introduced the world's first 3-terminal 
fixed regulator in 1970. 

And we've maintained that standard 
into our fourth generation, in the world's 
first - and largest - family of low dropout 
(LDO) voltage regulators. 

Fabricated in a deep-base PNP process, 
our LDO regulators give you low quiescent 
current (0.75 rnA typ ), low dropout voltage 
(input-output differentials of 0.6 V typ ), 
tight line-to-load regulation (0.05% typ ), 
low output noise (150 µVRMs typ ), and high 
ripple rejection (60 dB typ). 

Which not only means you can 
design-in the highest levels of reliability, 
but means you can design smaller, cooler, 
quieter systems that operate with lower 
input voltages. And that means you can 
boost system efficiency by 30-50% while 
cutting system cost substantially. 

RELIABILI1Y FOR 
EVERY APPLICATION 

National LDO regulators give you a 
choice of single-output, dual-output, and 
three-output configurations. 

© 1987 National Semiconductor Corporation 
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All with 60-volt load-dump and 
reverse-transient protection. And all with 
"drop-in' ' design ease, regardless of your 
applications: 

Avionics 
Marine electronics 
Cellular telephones 
Computer power supplies 
Medical instrumentation 
Automotive systems 
Battery-powered systems 
CMOS-based systems 
Solar-powered systems 

And you can choose from a variety 
of packages, including T0-220, T0-92, 
8-pin miniDIP, and small outline (SO) 
surface mount. And soon, mil-spec T0-3 
steel cans. 

And, in addition to our LDO family, 
National has 478 other voltage regu
lators - positive and negative, fixed and 
adjustable, switching and tracking-
to match your exact design needs. 

RELIABILI1Y FOR 
NO EXTRA COST 

At National, we subject all our LDO 
regulators to the most rigorous reliability 
screening flow in the industry. 

Our unique P+ Thermal Limit Bum-in 
program is an abnormal test for devices 
that have to perform in potentially 
abnormal conditions. 

Going beyond even A+ screening, P+ 
involves a dynamic self-heating accelerated 
bum-in that tests a device at thermal 
shutdown. This approach has been proven 
more effective than standard 125° C bum
in as an early screen for infant mortality 
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defects in power devices, such as regulators. 
The result of P+? Zero defects. 
The cost of P+? Zero price adder. 
Which means you get the highest reli-

ability available in the industry, while 
sharply cutting the cost of your own 
incoming testing program, and without 
having to pay a price premium for ours. 

For more information on P+, ask your 
National sales engineer or distributor 
for a free copy of "The Secret Behind the 
Most Reliable Voltage Regulators in the 
World." And see for yourself how this 
unique screening program gives you 
devices you can depend on - for the 
people depending on you. 

National's I.ow Dropout Regulator Family 

LM2925 Low dropout, 5 V, 750 mA with 
delayed reset 

LM2930 Low dropout, 3-terminal, 5 Vor 8 V, 
ISOmA 

LM2931 Low dropout, low quiescent current, 
5 Vor adjustable, 100 mA 

LM2935 Low dropout, dual 5 V for memory 
keep-alive, 750mAor10 mA 

LM2940C Low dropout, 5 V, 12 V, or 15 V, 1 A 

LP2950 / Low dropout, micropower, 5 V or 
2951 adjustable, 100 mA 

LM2984 Low dropout, 3 tracking 5 Voutputs 
with watchdog 

National Semiconductor 
Linear Solutions 
P. 0. Box 58090 
Santa Clara, CA 95052-8090 

~ National 
~ Semiconductor 
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Discover the Power of Integrated CAE 
Design Capture and Verification. 
INASERIES 

Finding the most powerful electronic 
design solutions is now easier than ever, 
thanks to the Designer's WorkSystem '." 

Developed by Tektronix as part 
of Tektronix Aided Engineering, the 
Designer's WorkSystem combines design 
capture and verification tools into one 
powerful solution. 

Designer's Database Schematic 
Capture (DDSC"') provides you with 
a fast, user-customizable, menu-driven 
system for design capture of IC and 
PCB schematics. 

From that same DDSC user interface, 
you can create graphic and textual 
descriptions of your circuit stimulus and 
run one of our powerful design verifi
cation tools, HIL0"-3 Logic Simulation 
System or SPICE"'2G.6 analog simulator. 
Graphical simulation results are easy 
to view using our interactive graphi
cal circuit probe capability 

Once you're ready to document 
your project, our TekWriter"' 

PRODUCT 
CONCEPT 

Mechanical 
Design 

Engineering Design Documentation 
System (based on lnterleaf") lets 
you merge DDSC design schematics 
and simulation data with professional 
text formats and other graphics for fast, 
camera-ready documentation. 

It's all part of Tektronix Aided Engineer
ing. A family of integrated WorkSystems 
addressing each area of your electronic 
design cycle. From design capture, 
verification and documentation to IC 
and PCB layout All running on industry
standard platforms from 
Apollo ' 
and DEC'." 

WorkSystem. DDSC. TekWriter are trademarks of Tektronix. Inc HILO is a registered trademark of GenRad. Inc. 
SPICE 1s based on Berkeley SPICE. University of California at Berkeley lnterleaf is a trademark of lnterleaf. Inc. 
Apollo is a registered trademark of Apollo Computers, Inc. DEC is a trademark of Digital Equipment Corporation 
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Best of all, it's from Tektronix. The 
name you've always trusted to get the 
engineering job done. So you're assured 
of worldwide service, support and 
training . 

To discover the power of Tektronix 
Aided Engineering , contact your local 
Tektronix, CAE Systems Division , sales 
office. Or call 800/547-1512. Tektronix, 
CAE Systems Division, PO. box 4600, 
Beaverton, OR 97076. 

COMMITTED TO EXCELLENCE 
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FET op amps convert 
photodiode outputs to 

usable signals 

Because PET op amps have low input cur
rents) circuit designers almost universally 
employ them to monitor the outputs of most 
photodetectors. Your choice of an amplifier 
and circuit connection for use with a photo
detector depends on the linearity) offset) 
noise) and bandwidth specs your application 
requires. 

Jerald Graeme, Burr-Brown Corp 

Instruments that gather data remotely, without con
tact with the measured object-such as CAT scanners, 
star-tracking instruments, and electron microscopes
depend on light for linking the received signals with 
signal processing. Photodetectors act as the bridge 
between a basic physical indicator and the subsequent 
electronic processing of the received signals. 

Photodetectors use photodiodes, as well as FET op 
amps and other circuitry, to convert light energy to 
electrical energy. The accurate conversion of the photo
diodes' output to a linear electrical signal is a contest 
between speed and resolution, and noise is a basic 
limiting factor in this contest. Central to the contest is 
the current-to-voltage converter, which seems simple 
but exhibits surprising constraints, such as noise ampli
fication and difficulty in maintaining de stability. You 
can optimize the performance of the current-to-voltage 
converter, and thus facilitate accurate signal conver
sion, by choosing the right op amp for your application 
and by using one of a number of circuit configurations. 

EDN October 29, 1987 

A1 
100 

(a) 

(b) 

• 

D1 
HP5082·4204 

R2 
100M 

100M 

0.01 µF 

Eo 

Eo 

Fig 1-You can monitor the output of a photodiode as a voltage (a) 
or as a current (b). Although the f irst technique is a common one, it 
has a drawback: The voltage mode is nonlinear. 

The light energy transmitted to a photodiode pro
duces an output that you can measure as either a 
voltage or a current. When you measure the output as a 
voltage, you must monitor the diode from a high imped
ance that does not draw a significant amount of signal 
current. The circuit shown in Fig la provides such a 
condition; the photodiode is in series with the input of 
an op amp where (ideally) zero current flows. The op 
amp's feedback, set by R1 and R2, determines the 
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The accurate conversion of photodiode out
put to a linear electrical signal is a contest 
between speed and resolution) and noise is a 
basic limiting factor. 

amplification of the diode voltage as though this voltage 
were an offset voltage of the amplifier. Although this 
technique is common, it has a drawback: The voltage 
mode is nonlinear. Because the diode's sensitivity var
ies with its voltage, its response has a logarithmic 
relationship to the light energy it receives. 

To obtain a constant voltage for a fixed sensitivity, 
you should use the current-mode approach, in which the 
diode's response is linearly related to the incident light 
energy. A diode-current monitor must have zero input 
impedance to be able to respond with no voltage across 
the diode. You can obtain zero impedance by using a 
configuration like the one shown in Fig lb. The op 
amp's virtual ground provides zero impedance because 
the high loop gain of the amplifier removes any voltage 
swing from the input. Fig lb's circuit provides an input 
resistance of R1/ A, where A is the open-loop gain of the 
op amp. Even though R1 is generally very large, the 
resulting input resistance is negligible in comparison 
with the output resistance of photodiodes. 

Because of the very high input impedance of the op 
amp, diode current flows only through feedback resis
tor R1• This current forces the amplifier to develop an 
output voltage that is equal to the diode current times 
the feedback resistance. For the current-to-voltage 
gain to be high, R1 must be as large as other constraints 
will permit. At higher resistance values, R1 begins to 
develop a significant thermal de-voltage drift caused by 
the temperature coefficient of the amplifier's input 
current. To compensate for this error, you'd typically 

Ro 

(a) 

Co 

R2 
100M 

Cs 

100M 

Eo 

0.01 µ.F 

connect a resistor of equal value (R2) in series with the 
op amp's noninverting input, and then capacitively 
bypass this resistor to remove most of its noise. The 
mismatches between the amplifier's input currents and 
between the two resistors determines the remaining de 
error. 

A drawback of this error-correction method is that it 
creates a voltage drop across the diode, which results in 
diode leakage current. Photodiodes typically have a 
large junction area (which gives them high sensitivity); 
the leakage current is proportional to the diode area. 
This leakage current can become much larger than the 
op amp's input currents and can override the correction 
achieved by R z. 

Watch out for parasitic capacitance 
Although a diode voltage of zero can eliminate leak

age current as an error source, the zero diode voltage 
inhibits your control of another effect of large diode 
area-large parasitic capacitance , which can often 
cause severe amplification of noise . To reduce this 
capacitance, you can impress a large reverse-bias volt
age on the diode, but doing so greatly complicates de 
stability and makes the current noise from the photodi
ode an additional error factor. In sum, a large diode 
area may actually degrade the diode's overall accuracy, 
so you should try to obtain higher photosensitivity in 
photodiodes through optical means, such as using a 
package with an integral molded lens. 

The value of the feedback resistor in a current-to-

IAl(dB) 

OPEN-LOOP 

GAIN 

(Cs/ Co)fc 

NOISE 

GAIN 

1+Co/Cs 

LOG f 
(b) 

Fig 2-Diode capacita.nce in the feedback path of the basic current-to-voltage converter (a) allows the op amp to provide gain and bandwidth 
(b) that's not available' to the signal. 
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voltage converter largely determines the noise and 
bandwidth as well as the gain. Resistor noise has a 
spectral density of V 4KTR, and it appears directly at 
the output of the converter without amplification (Ref 
1). Increasing the size of the resistor raises the output 
noise by V 4KTR, but also increases the output signal 
in direct proportion to the increase in resistance. As a 
result, the signal-to-noise ratio tends to increase by the 
square root of the resistance. 

Besides the diode's capacitance, a high value of 
feedback resistance can also influence the noise output 
of the op amp tq a surprising degree. The amplifier
noise sources shown in Fig 2a include the input noise 
current (IN) and the input noise voltage (EN). The noise 
current flows through the feedback resistor and experi
ences the same gain as the signal current does. The 
noise current is the shot noise of the input bias current, 
In, and it has a noise density of~ (Ref 1). If you 
choose an op amp having input currents in the picoamp 
range, this noise component will be negligible for 
practical values of feedback resistance. 

The input noise voltage is another matter. At first 
glance, it might seem that the amplifier, with low gain, 
would transfer this noise voltage to the output. The 
gain is indeed kept small at de (gain=l + Ri!Ru) by the 
large diode resistance (Ru); however, at higher frequen
cies, the capacitance of the diode (Cu) alters the feed
back, adding a significant amount of gain to EN. 

Because both the capacitance and the feedback resis
tance are usually large, the feedback effect can begin at 
fairly low frequencies. Fig 2b illustrates this effect by 
showing an op-amp gain curve plotted with the recipro
cal of the feedback factor, or the "noise gain." The gain 
curve first experiences a zero response to Cu and then 
begins a rise that is terminated because of a second 
parasitic capacitance. Stray capacitance (Cs) shunts the 
feedback resistor, resulting in a response pole that 
levels the gain at 1 +Cn/Cs. For large-area diodes, Cu 
can be hundreds of picofarads and can cause the noise 
gain to peak at a high level. The gain continues to 
higher frequencies until the op amp's bandwidth limit 
rolls it off. As the feedback resistance increases, the 
pole and zero of this gain-peaking phenomenon move 
together to lower frequencies, encompassing a greater 
spectrum at high gain. 

The first signs of this gain-peaking phenomenon will 
be familiar to anyone who has used high-resistance 
op-amp feedback in more general circuits. High output
to-input resistance in circuits containing op ' amps re
sults in overshoot, response peaking, poor settling, and 
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sometimes even oscillation-all because of the resis
tance interaction with the amplifier's input capacitance. 
Together, the resistance and capacitance form another 
pole in the feedback loop, resulting in the classic 
differentiator feedback response. 

As the dashed line in Fig 2b shows, in more general 
op-amp cases, the associated feedback-factor reciprocal 
intercepts the amplifier's open-loop magnitude re
sponse with a 12-dB/octave rate of closure, which 
corresponds to a feedback phase shift that approaches 
(or is equal to) 180°. The common cure for this condition 
is to have some capacitance across the feedback resis
tor. For the very high resistances commonly used in 
current-to-voltage converters, the stray capacitance 
automatically takes care of this need. Such capacitance 
degenerates the added feedback pole to control phase 
shift in the feedback loop. 

All frequency responses are not equal 
To understand the noise performance of current-to

voltage converters, you must note that the signal 
current and the noise voltage encounter entirely differ
ent frequency responses. The current-to-voltage gain 
remains flat with frequency until the stray capacitance 
rolls off the feedback impedance, as shown in Fig 2b. 
The gain received by the amplifier's noise voltage, 
shown on the same graph, extends well beyond that 
roll-off and is high in that extended region. The greater 
part of the op amp's bandwidth often serves only to 
amplify the noise error, not to amplify the signal. This 
characteristic is typically the dominant source of noise 
for higher feedback-resistance values. 

Fig 3 illustrates the relative effects of the major noise 
sources of a current-to-voltage converter. These curves 
show the output noise for Fig lb's basic current-to
voltage converter and the effects of the noise gain 
represented in Fig 2b. The curves in Fig 3 plot the total 
output noise as a function of feedback resistance for 
three different cases. Each curve is the rms sum of the 
components produced by the feedback resistor and an 
op amp. Each of the three examples uses a different 
FET op amp. 

Each op amp is optimized for a different performance 
characteristic useful in photodiode applications. Al
though all three types are low-noise designs and have 
low input currents, the OPA111/0PA2111 offers the 
lowest noise----0 n V /\/Ilz..-and the OPA128 has the 
lowest input current--0.075 pA. The OPA404 design 
has a 6.4-MHz bandwidth. For the graph, the noise 
caused by the op amp was found by integrating the 
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The value of the feedback resistor in a 
current-to-voltage converter lar;gely deter
mines the circuirs gain) bandwidth) and 
noise. 

amplifier's noise-density spectral response over the 
noise-gain response (Ref 2). The dashed line shows the 
noise caused by the resistor alone for the OPAlll/ 
OPA2111. This resistor's noise curve is different for the 
other op amps, because each amp has a different band
width that rolls off the noise caused by the resistor. 

Different factors control the noise curves for different 
ranges of feedback resistance. At low values of resis
tance, the noise curves are essentially flat; the op amp's 
voltage noise is the dominant contributor. That domi
nance prevents any initial increases in resistance from 
having much effect, except in the case of the OPAlll/ 
OPA2111, with its very low voltage noise. In this 
low-resistance region, noise gain peaking is not a factor, 
and the output noise remains small. Between 10 kO and 
1 MO, resistor noise dominates, and the curves track 
that error source (as the dashed line in Fig 3 shows) for 
the OPA111/0PA2111. Here, the curves demonstrate 
the square-root relationship with the resistance; they 
differ only because of amplifier bandwidths. 

At still higher resistance values, noise gain peaking 
takes effect, returning the op-amp noise to dominance 
and boosting the curves higher. This effect is first 
demonstrated by the increased slope of the OPA404 
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Fig 3-As the feedback resistance of a current-to-voltage converter 
increases , the dominant noise source changes from the op amp to the 
resistor and back to the op amp under gain-peaking conditions. 
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curve, which rises into the gain-peaking range, then 
levels off. 

At even higher resistances, resistor noise would 
return the curves to rising slopes, except that stray 
capacitance rolls off the resistor bandwidth. In this 
upper region, any increase in resistance is accompanied 
by a matching reduction in resistor-noise bandwidth, so 
the total resistor noise becomes a constant. Diode- and 
stray-capacitance variables alter the onset point of 
gain-peaking errors, but the characteristic shape of the 
output noise curves remains the same. Each curve 
displays ranges that are dominated by op-amp noise, 
resistor noise, or gain-peaking effects. 

Comparing the response curves 
A comparison of the curves· shows that the OPAlll/ 

OPA2111 provides the lowest noise in two of the charac
teristic ranges. The OPA128 has a lower noise curve in 
the middle range as a result of its lower bandwidth. 
Where the OPA128 excels is in low de error, which 
results from its very low (0.075-pA) input currents. The 
third op amp, the OPA404, produces higher total output 
noise, but this noise is also largely a bandwidth phe
nomenon. The 6.4-MHz response of the OPA404 ampli
fies noise over a much greater frequency range. Al
though the noise curve for the OPA404 amplifier is 
consistently higher than that of the OPA128, the 
OPA404 actually has lower noise density. However, the 
OPA404's 6.4-MHz bandwidth (six times that of the 
OPA128) is available with circuit feedback resistances 
as high as 50 kO, and that bandwidth is still best for 
resistances as high as 150 kO. 

Only a 5-dimensional graph could display the output 
noise, resistance , de error, diode area, and signal 
bandwidth that you must consider when you design 
current-to-voltage converters. You need to evaluate the 
requirements of each specific application separately. To 
optimize a given design for a single factor (such as gain, 
for example) you must anticipate the various effects of 
increasing the feedback resistance at each step. When 
you choose the size of the diode area, for example, you 
must consider the related capacitance and its effect on 
the output noise and the overall circuit sensitivity. 

As mentioned, gain-peaking effects are the primary 
cause of noise problems in circuits that have high values 
of feedback resistance. To limit gain-peaking effects, or 
to eliminate the gain rise entirely, you can add capaci
tance across the feedback resistor to bypass its effect. 
Note, however, that for some values of Ri, the capaci
tance value required can be very small. Because the 
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unpredictable stray capacitance is therefore relatively 
significant, you'll probably want to tune the circuit to 
adjust the total capacitance. 

Taken together, these requirements pose a challenge 
that you can best resolve by using a capacitor tee 
network (Fig 4a). The tee network can provide tuning 
capacitance in the subpicofarad range with little effect 
by stray capacitance. The tee uses a capacitive divider 
formed by C2 and Ca to attenuate the signal applied to 
C1 at the circuit input. Ci, which has only a fraction of 
the output signal, supplies far less shunting current to 
the input node than it would as a direct-feedback 
capacitor. Controlling the attenuation ratio is tunable 
capacitor Ca, the largest of the capacitors (its capaci
tance value is more readily available in tunable form). 
Because Ca is grounded, it has a shielding effect that 
reduces the influence of the stray capacitance during 
tuning. 

Another way to achieve a practical feedback-resistor 
bypass is to use a resistor tee to replace the high-value 
feedback resistor (Fig 4b). In this circuit, resistor 
elements of a lower value replace the single feedback 
resistor, but they also introduce greater low-frequency 
noise. The attenuator operates in much the same way 
as the capacitor tee does: R2 and Ra attenuate the signal 

(a) 

C _ C1C2 
EQ - c, + C2 + C3 

= 0.5 TO 5 pf 

o, 
HP5082·4204 

C1 C2 

10p~10 pf 
C3 
200 pf 

100M 

Eo 

(b) 

to R1 so that the latter appears to the input node as a 
much larger resistor. A similar opportunity for the 
de-error-compensation resistor R4 does not exist. Any 
de error caused by the amplifier's input current is the 
same whether you use a resistor tee or a capacitor tee, 
so you need to use the large-valued compensation 
resistor in either case. 

The resistor tee somewhat reduces the stray capaci
tance across the feedback path because of the extra 
physical spacing of the three feedback elements. Also, 
stray capacitance across each individual element has 
much less effect because the elements' resistances are 
low. Other stray capacitances from the op amp's output 
to its input aren't affected by the resistor tee, however. 

You can intentionally bypass R2 with the appropriate 
capacitor values. Bypassing the moderate resistance of 
R2 removes the feedback attenuation at higher frequen
cies, leaving the net feedback resistance at the value of 
R1. This operation differs from true feedback bypassing 
in that the impedance levels off rather than continues to 
fall with frequency, but the dramatic drop in equivalent 
resistance serves the circuit requirement. Another ben
efit offered by the resistor tee is more accurate de-error 
compensation. The low resistor values of the resistor 
tee allow you to tune the resistance. Resistance tuning 

R1R2 
REa = R1 + A2 +Rl 

= 1000 Ml1 

o, 
HP5082-4204 

10M 

A4 
1000M 

200 pf 

A3 
100k 

O.Q1 µf 
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Fig 4-To remove amplifier gain peaking by means of a srrwll capacitive bypass of the large feedback resistance , you can use a capacitor tee 
(a), or you can bypass one element of a f eedback resistor tee (b). 
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Adding voltage gain to a current-to-volt
age converter will increase the circuit's 
bandwidth faster than it increases noise. 

is most useful for very high resistance values, at which 
wide resistor tolerances degrade the de-error compen
sation. 

Although the tee-element bypass reduces high-fre
quency noise, it also increases the noise at lower fre
quencies. Below the frequency of the bypass, the noise 
gain increases because of the tee network's feedback 
attenuation. The net result is the amplification of the 
noise and offset voltages of the op amp, as well as the 
noise of resistor Ri. by a factor of 1 +(R2/R3). The 
resistor's smaller value counters this factor , so the 
noise increases only by the square root of the new noise 
gain. Most important, however, is the fact that the 
bypass capacitor removes high-frequency gain by elimi
nating the greatest portion of the previous noise band
width. In the absence of other means to remove the 
high frequencies, the bypassed resistor tee provides 
lower total output noise for the higher ranges of feed
back resistance. 

Adding feedback capacitance is an effective means of 
reducing noise gain, but it also decreases signal band
width by the same factor. The bandwidth is already low 
for high values of feedback resistance, and the end 
result can be a response of 1 kHz or less. A better 
solution to the noise problem is to limit amplifier 
bandwidth to a point just above the unavoidable signal
bandwidth limit. This action removes the high-frequen-

lOOM 

c, 
/V o, 

0.047 µF lk 

Eo 

R2 
0.01 µF 100M 

(a) 

cy gain that only amplifies the noise. Op amps with a 
provision for external phase compensation offer this 
option, but those available lack the low input currents 
and low voltage noise needed for photodiode monitor
ing. 

Composite amplifiers provide a solution 
The solution to this problem is to use a composite 

amplifier (Fig 5) comprising two op amps: One provides 
for low input currents and low voltage noise; the other 
provides phase-compensation control. Note that to re
tain a single phase inversion with two amplifiers in 
series, you must reverse (in comparison with single 
op-amp configurations) the inverting and noninverting 
inputs of ICi, as Fig 5 shows. In the composite struc
ture, internal feedback controls the frequency response 
of the gain added by IC2• At de, the feedback is blocked 
by C1 and the overall open-loop gain is the product of 
the two amplifiers (225 dB for the amplifiers shown). 
This gain is rolled off by the open-loop pole of IC1 and by 
the integrator response established for IC2 by C1 and 
R3• Because this is a 2-pole roll-off, to establish frequen
cy stability the circuit must reduce the roll-off before 
intercepting the noise-gain curve. 

Resistor R4 reduces this roll-off by introducing a zero 
response. Above the frequency of that zero response, 
R4 also replaces the integrator response with that of an 

IA/(dB) 

LOG f 

(b) 

Fig ~Noise reduction occurs in a composite amplifier (a) that restricts noise bandwi,dth (b) without reducing the signal's bandwi,dth. 

210 EDN October 29, 1987 



inverting amplifier that has a gain of - RJR3• Making 
this gain less than unity drops the net-gain curve below 
that of a single amplifier at high frequencies. Graphical
ly, the noise-gain response of Fig 5b moves back in 
frequency as though the op-amp bandwidth had been 
reduced. 

Eliminated is the shaded area of noise gain, which 
may not appear to be large because of the logarithmic 
frequency scale, but which actually encompasses a wide 
frequency range of associated noise reduction. Moving 
the unity-gain crossover of the noise gain from 2 MHz to 
200 kHz, as shown, lowers the output noise of IC1 by 
about a factor of three. 

The same output-noise drop in a feedback-bypassing 
configuration, such as Fig 4b's circuit, would lower the 
signal bandwidth by a factor of 10. Fig 5a's circuit, 
however, has no effect on signal bandwidth, and the 
high gain of IC1 eliminates any noise or offset effects by 
IC2. Because of the exceptionally low noise of the 
OPAlll input amplifier, this improvement reduces 
noise to the fundamental limitation imposed by the 
feedback resistor. This condition is retained for all 
practical values of feedback resistance. For the second 
amplifier, the wideband OPA404 continues its attenuat
ing amplifier action well beyond the unity-gain cross
over of IC1. This attenuating action avoids a second gain 
peak that could cause oscillation. The signal bandwidth 
of the current-to-voltage conversion is essentially unaf
fected because there's no influence on R1. 

The technique used in Fig 5 is most useful with 
low-level signals that are very sensitive to noise. In 
higher-level applications, the circuit can encounter a 
voltage-swing limitation caused by the maximum out
put-voltage limit ofIC1 and its attenuation by IC2. If the 
output of IC1 has a peak swing of 12V, and IC2 has a 
gain of - 1/10 as shown, the final output is limited to a 
1.2V peak swing. For lower-level signals this peak 
swing is acceptable, because the maximum practical 
level of feedback resistance already limits the output 
swing. 

Bandwidth and noise are related 
The output noise of a current-to-voltage converter 

increases in proportion to the square root of the system 
bandwidth simply because of the broader noise spec
trum. The optimum S/N ratio occurs at very high gain, 
but high-gain current-to-voltage converters have band
width limitations far below the roll-off of the op amp. To 
the signal current, the amplifier feedback factor is 
unity, a condition that would normally make available 
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the full unity-gain bandwidth of the amplifier. Howev
er, the high values of feedback resistance used to 
produce the desired gain are shunted by stray capaci
tances that greatly reduce the potential bandwidth. 
Just 0.5 pF of stray capacitance around a 100-Mfl 
feedback resistor will pull the signal bandwidth's unity
gain crossover from the megahertz range to 3.2 kHz. 

To minimize the shunting effect, you should use 
low-capacitance resistors and take precautions during 
circuit assembly. For example, by mounting the feed
back resistor on standoffs, you can reduce the resistor's 
capacitive coupling with the printed-circuit board. It's 
also a good idea to insulate the standoffs with Teflon to 
reduce leakage currents. To avoid introducing noise 
from the microphonic effects of mechanical stress or 
vibration, you should make the mounting as rigid as 
possible. 

There's an ultimate limit to the effectiveness of the 
measures you take to minimize the shunting effects, 
because capacitive coupling through the air around the 
resistor body always remains. Increasing the band
width beyond that imposed by such residual limits 
requires lower feedback resistance and accompanying 
lower converter gain. One of several options available to 
restore the gain is shown in Fig Ga: You simply add a 
second amplifier with voltage gain to the current-to
voltage converter in order to retain the net input-to
output transimpedance (RT=AvR1). The usual high
value resistance is reduced by a factor equal to the 
voltage gain of the second amplifier, which increases 
the bandwidth by as much as the same factor. 

Although this scheme is an obvious alternative, the 
second amplifier's overall effect on bandwidth and noise 
is not so immediate. The response limitation of the 
second amplifier bounds the upper end of the band
width increase. The bandwidth of the 2-op-amp circuit, 
which has a net transimpedance of 100 Mn, is plotted in 
Fig 6b as a function of the voltage gain in the overall 
conversion. The bandwidth initially increases linearly 
with voltage gain as the reduction in R1 diminishes the 
roll-off effect of stray capacitance. However, the added 
demands of the voltage gain on IC2 eventually make 
that amplifier's bandwidth the controlling factor. 

For a given set of conditions, you can find an optimum 
gain (Av) that produces the peak bandwidths shown for 
the three sample amplifiers. The peak occurs when the 
amplifier's closed-loop bandwidth and the stray-limited 
bandwidth of R1 coincide. Variables affecting this peak 
are the net transimpedance, RT, and the second op 
amp's unity-gain bandwidth, fc. The relationship of the 
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Because of its very high resistance) a cur
rent-to-voltage converter is sensitive to noise 
coupling from electrostatic) magnetic) and 
radio-frequency sources. 

controlling factors at the optimum bandwidth point is 
shown in the expression that defines the choice of R1: 

Extending the bandwidth 
You can extend the bandwidth of Fig 6a's circuit to 

100 kHz (from the original 3 kHz) by using the wide
band OPA404 for the second amplifier. This wideband 
op amp offers the best frequency response of the three 
(Fig 6b) and, although its total output noise is greater, 
that output noise is largely caused by the greater 
available bandwidth. If you require even greater band
width, you can choose either a faster op amp (which 
typically has poorer noise performance) or a lower 
transimpedance. With its unity feedback factor, IC1 
encounters lower demands on bandwidth, so Fig 6a 
uses a low-noise OPAlll FET amplifier. 

The price you pay for improved bandwidth through 
voltage gain is increased output noise. Although the 
lower value of R1 reduces its noise density, the increase 
in bandwidth counteracts that effect for a net zero 
change in resistor noise. The second amplifier amplifies 
the resistor noise, causing an increase in output noise 
proportional to the voltage gain. The noise from the op 
amps themselves adds to the amplified resistor noise; 
Fig 6b shows the net result. The noise curves are 
continuations of the ones presented in Fig 3, except 
that in Fig 6b the transition begins at 100 Mn. 

In the lower gain range, from one to 10, the noise is 
largely a result of the op amps and their gain peaking, 
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HP5082-
4204 

R, 
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Av = (1 +R,/ R3) 
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; 100k 
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c 
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(b) 

but those effects give way to resistor noise dominance 
before the end of this range. Stray capacitance controls 
the signal bandwidth in this range, and the plotted 
bandwidth shows a linear increase with gain as a result 
of the corresponding decrease in resistance. When the 
gain is between 10 and 100, the bandwidth begins to 
drop because of the limitations imposed by IC2. Coinci
dent with this drop in gain is a flattening of the output 
noise curve. Roll-off of the amplifier's bandwidth and 
the simultaneous resistance drop nullify the effect of 
any increasing voltage gain, leaving output noise con
stant. In the voltage-gain range from 100 to 1000, these 
trends continue; they degrade the circuit's optimum 
performance because the bandwidth gets narrower 
while the noise remains constant. 

Although the noise degrades with the voltage gain's 
replacement of resistance, the circuit's overall perfor
mance improves. The improvement in bandwidth more 
than offsets the drop in signal-to-noise ratio. 

As already mentioned, the simple current-to-voltage 
converter exhibits a problem: It has a greater band
width for the amplifier voltage noise than it does for the 
signal current. The circuit in Fig 6a removes this 
discrepancy; as the voltage gain increases, IC2 begins to 
filter out the higher frequencies. You can find evidence 
of this filtering in the noise curves of Fig 6b, which 
increase more gradually than do the bandwidth curves, 
until they reach the optimum bandwidth point. At this 
optimum point, noise bandwidth and signal bandwidth 
are equal. In effect, IC2 also serves as the output active 
filter discussed earlier. Each of the curves in Fig 6b is 

Rr= AvR1 = 100 Mn 
BANDWIDTH 

VOLTAGE GAIN (Av) 

~ 
1 ~ 

0 
z 
.... 
::> 

1--0PA404 O. l ~ 

IC21==g::~~~ 5 
100 1000°.01 

Fig ~For greater bandwidth and the same net transimpedance as those of the circuit in Fig 5a, this circuit (a) adds voltage gain; its 
bandwidth ( b) increases faster than the noise does. 
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drawn for a 100-M.O transimpedance and for the ampli
fiers and photodiode specified. 

For some of the more common photodiode applica
tions, a significant drawback of the Fig 6 circuit is that 
it requires two op amps per photodetector. This re
quirement can pose a real problem in large photodetec
tor arrays, which often employ hundreds of detectors. 
You can compromise, as long as you're willing to accept 
some noise and bandwidth degradation, by using one op 
amp to provide the same transimpedance, and you don't 
need the very large resistors. A single op amp can 
perform the current-to-voltage conversion and can also 
provide the subsequent voltage gain. 

The traditional way to accomplish this task would be 
to design a circuit like Fig 7a's, which uses R2 for the 
conversion and R:JR4 to set the voltage gain. Current 
from D1 flows in R2, resulting in a signal voltage at the 
input of the noninverting amplifier. However, that 
signal voltage is also across the photodiode, and this 
condition produces a nonlinear response. 

Alternatively, you can use the configuration in Fig 
7b, in which the diode is connected directly between the 
op-amp inputs, maintaining a zero diode voltage. Cur
rent from the photodiode still flows in R2 and develops 
the same signal voltage. Diode current also flows into 
the feedback network, but has little effect because of 
the low resistance values. For the resistor values 
shown, the circuit exhibits a transimpedance of 100 
MO, just as the 2-op-amp example does, but its band
width has improved less. 

At 20 kHz, the bandwidth increases by a factor of 
seven rather than by a factor equal to the voltage gain, 
as in Fig 6a. A new bandwidth limitation accounts for 

lk 
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100k 

the difference; it occurs because of the new placement of 
the high-value resistance. That resistor is now shunted 
by the op amp's common-mode input capacitance in
stead of just by the smaller stray capacitance. To 
maximize bandwidth, you make this new shunting 
effect coincide with the amplifier roll-off by your choice 
of R2 and the amplifier voltage gain. A second benefit of 
this choice is that the resistor noise beyond the signal 
bandwidth experiences a 2-pole roll-off. 

As expected, the final output noise from the resistor 
increases over that of the basic circuit by the square 
root of the voltage gain. A small noise component that's 
normally caused by the op amp's gain peaking is no 
longer present. However, Fig 7b includes a new noise 
source caused by the diode capacitance (which is mod
eled in Fig Sa). The amplifier voltage noise, EN, is 
impressed directly across the diode capacitance, devel
oping a noise current that flows in R2. This noise 
current creates a noise voltage that is a multiple of EN 
at the input of the noninverting amplifier. The capaci
tive feedback network of Cn and C1cM produces a noise 
gain that peaks at 1 +(Cn/C1cM); this noise gain exists in 
addition to the normal voltage gain of the noninverting 
amplifier. 

The effects of the new noise source on the frequency 
response are plotted in Fig Sb; again, they produce a 
high-frequency peak in the noise gain. This peak occurs 
at a much higher frequency than does the peak of the 
basic current-to-voltage converter (because the conver
sion resistance in Fig Ba's circuit is lower), and it's 
truncated earlier by the op amp's roll-off. For the 
low-capacitance diode used in both circuit examples, the 
new peaking encompasses only a small area in the 
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Fig 7-Combining current-to-voltage conversion and voltage gain and using one O'p amp, the circuit in a impresses unwanted volt.age on 
the diode. To remove the unwanted volt.age, you can connect the diode between the op-amp inputs (b). 
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Magnetic coupling of noise is harder to 
eliminate than the electrostatic type is, but 
an o-p amp's differential input helps to re
duce its effect. 

response plot, corresponding to less noise effect. 
Larger diodes don't escape the effect, as Fig 8b shows; 
the dashed line corresponds to the noise gain for a 
capacitance of about 200 pF. Even here, the spectrum 
covered by the peaking is not the high end of the op 
amp's bandwidth as it was in the basic circuit. Hence, 
op-amp noise is not the overriding source of noise. 

External noise can cause interference 
Once the diminishing returns limit the reduction of 

noise caused by the circuit itself, you must consider 
external noise sources. With its very high resistance, a 
current-to-voltage converter is extremely sensitive to 
noise coupling from electrostatic, magnetic, and radio
frequency sources. Unless you pay careful attention to 
shielding, grounding, and the physical location of com
ponents, those sources could become the dominant 
noise contributors (Ref 3). In each case, the most 
important step to take is to physically separate the 
noise source from the sensitive circuitry. 

You must take other measures as well, however. 
Electrostatic coupling, such as from the power line, 
supplies noise signals through the mutual capacitances 
that exist between any two objects. Voltage differences 
between the objects are impressed on those capaci
tances, and any voltage variation couples a noise cur
rent from one to the other. To avoid that error signal, 
you should use electrostatic shielding to intercept the 

coupled current and shunt it to ground. In this case, the 
ground must be earth ground, because earth ground is 
the common reference for the separate objects. 

Note, however, that such shields create parasitic 
capacitances between the components shielded; you 
must return the shields to the signal common to avoid 
such coupling. In this way, you make sure that any 
shield-carried capacitive currents from the output of a 
current-to-voltage converter are shunted to ground, so 
they do not present a bandwidth restriction to the 
feedback resistor. Even so, the shield produces a capac
itance from the converter input to ground, possibly 
adding to the gain peaking and to its effect on the total 
output noise. 

Because electrostatic noise is most often of power
line frequency and is common to all points, the CMR of 
an op amp tends to eliminate it. At the line frequency, 
op-amp CMR is very high. However, current-to-voltage 
converters don't take advantage of an op amp's CMR 
capabilities, because these circuits have a single-ended 
rather than a differential input configuration. But you 
can alter this configuration to obtain improved noise 
rejection and less de error. An op amp's CMR is not a 
total replacement for shielding, because electrostatic 
coupling doesn't generate perfect common-mode sig
nals at the amplifier's inputs. As a second defense, 
CMR capability is most useful in removing the residual 
coupling that passes through shield imperfections. 
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Fig 8-Photodiode caJHlcitance (a) adds a positive feedback path that provides a new but lesser source of gain peaking (b). 
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You can measure the light ene1lJy trans
mitted to a photodiode as a voltage output 
or as a current output) but the current 
output is far more linear. 

The differential input capability of an op amp fits 
exactly with the signal from a photodiode. Because the 
diode signal is a current, it is available at both termi
nals of that sensor, and it can drive both amplifier 
inputs as shown in Fig 9a. In that circuit, the diode 
current is no longer returned directly to common, but 
drives the amplifier's noninverting input in that path. 
This setup creates a second signal voltage that doubles 
the circuit gain when Rz= R1. For a given gain, the 
resistor value is typically only half the normal value 
required for a similar reduction in error sensitivity to 
amplifier input currents. Because the diode is con
nected directly across the inputs of the op amp, there is 
essentially no de voltage across the diode, and the diode 
leakage current is minimized. 

This setup also improves the common-mode rejection 
of coupled noise. Fig 9b models the electrostatic coup
ling and the parasitic capacitances of this current-to
voltage converter. Because the signal you'd normally 
get from the photodiode is zero in this example, you can 
observe only the electrostatic-coupling effects. The 
electrostatic noise source (EE) couples error currents 
(IE) through mutual capacitances (CM) to the circuit's 
two inputs. It might seem that the coupling effects to 
the two points would be different, because feedback 
gives the R1 input node a virtual zero impedance, and 
the other node is a high impedance. Actually, the noise 
coupling occurs when voltage signals applied to the 
mutual capa~itances generate currents through those 

capacitances. Because of the amplifier feedback, both 
input nodes have the same voltage, and both receive the 
same level of noise current (h). These equal currents 
develop canceling noise-voltage effects (ENE) on the two 
circuit resistors, resulting in a zero output signal. 

Matching conditions involving the mutual capaci
tances, the resistors, and the parasitic capacitances 
shunting them determine the accuracy of the error 
cancellation. You can best ensure the matching of 
mutual capacitances by placing the resistors in a posi
tion equidistant from any significant noise source that's 
not effectively blocked by a shield. The equal resistance 
values will ensure the accurate cancellation of error 
signals until the circuit reaches operating frequencies 
at which capacitive shunting imbalances the net imped
ances. Only about 0.5 pF of stray capacitance shunts R1, 

but the much larger common-mode input capacitance of 
the op amp is across R2• For the 3 pF of the OPAlll and · 
the 50-MO resistance shown, a pole occurs at about 1 
kHz, leaving the impedances of interest unbalanced. 
This shunting by C1cM also imposes a signal-bandwidth 
limitation at a lower frequency than usual. The band
width of Rz rolls off earlier than does R1's, creating a 
response with two gain plateaus separated by a factor 
of two. 

This capacitive shunting has little effect, however, on 
the most common electrostatic coupling at the power
line frequency. To better reject higher frequencies, you 
can add capacitance around R1 to restore impedance 
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Fig 9-Exploiting the CMR capabilities of the op amp, the photodiode (a) drives the differential inputs, thus providing rejection of 
electrostatic coupling (b). 
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You can best match mutual capacitances by 
placing the resistors equidistant from any 
unshielded noise source. 

matching, or you can avoid signal swing on the com
mon-mode input capacitance. The latter option offel."S a 
more accurate solution and avoids the bandwidth limi
tation of CicM by using a second differential connection. 

Photodiode connection determines performance 
Fig 10 shows a photodiode connected between the 

inputs of two current-to-voltage converters whose out
puts drive an INA105 difference amplifier. Again, the 
diode current flows in two equal resistances that will 
receive equal electrostatic noise coupling. The diode 
current creates a differential output on the resistances, 
but the noise coupling generates a common-mode sig
nal. These two signals are separated when they're 
supplied to the INA105: The diode signal is passed to 
the output, and the noise is rejected. 

This new differential-input circuit retains the lower
value individual resistances and a zero diode voltage. 
The zero diode voltage is a result of the grounded 
noninverting inputs of both current-to-voltage convert
ers. These connections also avoid signal swing on the 
common-mode input capacitances, improving band-
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Fig 10-By using two current.to.voltage converters, you can 
obtain differential inputs with wideband-CMR and -gain characteris
tics , because the common-mode input capacitances of IC, and JC, are 
virtually connected to ground. 
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width in electrostatic suppression and signal gain. Note 
that the noninverting inputs are not connected through 
high resistances for input-current error correction. 
Such a connection is not necessary because the input 
currents of IC1 and IC2 produce matching voltages at 
the amplifiers' outputs. These voltages are a common
mode signal to the input of the INA105, so they, too, 
are rejected. 

The differential structure of Fig 10 also provides for 
the difference monitoring of two photodiodes. Instead 
of D1, you connect two diodes (in the dashed lines) 
separately to the inputs of the current-to-voltage con
verters. The diodes' currents produce independent 
voltages at the outputs of IC1 and IC2. The difference 
amplifier processes these voltages to remove any com
mon-mode portion. What remains is an output that's 
proportional to the difference between the two input 
photocurrents; this output is a measure of relative light 
intensity. (A relative-light-intensity measure is the 
type of signal used in position sensing or optical
tracking control to direct the feedback correction.) 

Magnetic coupling of noise can be more difficult to 
eliminate than electrostatic coupling, but Fig lO's dif
ferential input connections reduce magnetic-coupling 
effects as well. In this circuit, magnetic coupling occurs 
through mutual inductances; to control it you must keep 
the sensitive loop area at a minimum, provide shielding, 
and separate the source and receiver as far as possible. 

The electrostatic shield doesn't remove the effects of 
magnetic coupling, however, so the first step is to 
control the source itself (Ref 3). You can internally 
shield any power transformers that can't be placed at a 
distance, thus essentially terminating their magnetic 
fields at the transformer boundaries. To deal with any 
remaining magnetic coupling, you must adjust physical 
and circuit configurations. For example , high-value 
resistors used in photodiode monitoring are sensitive to 
magnetic coupling, so you must keep connections short 
between these resistors and the high-impedance 
op-amp inputs. 

To allow the op amp to provide maximum noise 
rejection, you should make any remaining coupling 
effects appear as common-mode signals by adjusting 
the loop size and performing distance matching. In the 
circuits in Figs 9 and 10, the high resistance is divided 
into two equal elements that are each physically 
mounted with the same orientation and spacing relative 
to the magnetic coupling sources. Noise coupled to the 
two resistors then causes equal signals that have can
celing effects at the circuit output. 

Op amps are not as effective against the third class of 
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noise coupling-radio frequency interference 
(RFI)-so shielding and filtering are the best defenses. 
Sources of RFI (such as digital circuitry) may be close 
to the photodiode monitor. Because of the high frequen
cies involved, op amps have little gain or CMR capabili
ty remaining to reject such signals. Because of this 
same amplifier limitation and the basic bandwidth 
restriction of the voltage-to-current converter, the de
sired signals will not be in the radio-frequency range, 
so you can use filters in front of the op amp to largely 
remove the unwanted signal. Filtering that follows the 
op amp is less effective, because the op amp can act like 
an RF detector, separating a lower-frequency envelope 
from a carrier (Ref 4). You can further reduce RFI by 
using an RF shield and a ground-plane layer in your pc 
board. EDN 
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Las Vegas, Nevada 

The first name in disc drives. 
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Dow Corning Presents 

Desi~n D~stof 
Elecfronic--aeliability 

New thermally
conductive elastomer 

conducive to many uses. 
For thermal dissipation that protects 
perfomance, choose new SYLGARD® 
Q3-6605 thermally-conductive elastomer. 
It is especially useful as a thermally
conductive adhesive to bond ceramic 
hybrid circuit packages to heat 
sinks. Other uses include bonding 
or potting power supplies, coils, 
heavy-duty relays, and similar units. 
Primerless, too. 
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Protective silicone gels relieve 
stress and improve reliability. 
When you encapsulate components in a 
silicone gel, you protect them against 
hostile environments, temperatures as low 
as -80°C and more. DOW CORNING® 
silicone gels also cushion components 
against stress and vibration. We offer 
a broad choice of one component and 
two component materials, for room 
temperature and heat cure processes. 
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Designing a high-performance electronic product 
is only half the battle. Protecting it is the other 
half. Demand our high-reliability protective 
materials and you have 
won. Here is what 
we mean: 

Coating 
makes repairs on 
PC boards easier. 

A PC board coating simply has to be 
reliable. And with DOW CORNING® 
1-2577 conformal coating you get more: 
easy repairability when components 
need replacing. Add superior protec- . 
tion in extreme environments, versatile 
processing with dipping or spraying, 
and you have all the reasons maj~r 
automotive and military electrorncs 

companies choose 
DOW CORNING 

1-2577. 

Fast-cure coat-
ing for fiber optics. 

OPTIGARD®optical fiber coating 
UV-cures in just 0.3 sec;onds- 5 to 20 
times faster than thermal-curing coatings. 
And it protects against moisture and 
"micro-bends" better than acrylate 
coatings. It's part of the OPTIGARD 
family which includes fiber optics grade 
SiC~ core and cladding and OPTIGARD 
cable filler. 
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Life insurance 
for semiconductors. 
Stress. Moisture. Ion contamination. 
Voltage linkage. Alpha particles. All .are 
killers of your devices, robbers of reli
ability. Now you have a defense against 
them. HIPEC® coatings protect semi
conductors and hybrids through a wide 
range of temperatures and environments. 
They're available in a variety of forms 
from gel to firm elastomer and resins. 
And HlPEC coatings are easier to process 
than other high-performance materials. 

CIRCLE NO 178 

There's more. 
There's also our unique team of experts 
whose only mission is to develop and 
customize coatings, adhesives, dispersions, 
sealants, and components specifically for 
you. Supported by dedicated research and 
manufacturing facilities, we will help 
you meet tomorrow's challenges today. Ask 
about our Specialty Elastomers, Group. 

Write Department 7013, Midland, 

Ml 48686-0994. CIRCLE NO 179 

DOW CORNING® 
H\IHE!!M* 

Dow Corning, Sylgard, Optigard and 
Hi pee are registered trademarks of 
Dow Corning Corporation. 
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rackmount adaptor that 

combines EIA rackmount 
standards with TEKTRONIX® 

color graphics terminals. 

BAVRACK is a simple bolt
on addition which requires no 

modificat ion to the TEK 

terminal. 

BAVRACK provides 

enhanced performance in 
demandin g industrial 

applications. 

BAVRACK can save you 

time and engineering expense 
by providing an immediate 
solution to your industrial 
color display requirments . 

COLOR GRAPHICS 

FOR INDUSTRIAL APPLICATIONS 

P.O. BOX 2517 SANTA BARBARA, CALIFORNIA 93120 U.S.A. (805) 965-4913 
BAYRACK. DIGITAL, IBM and TEK are all registered trademarks 
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Introducing 
a breakthrough 

for anal9g system 
designers. 

CadnetixAnalog 
Design Environment. 
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Cadnetix introduces the Analog Design 
Environment™ - a unique set of tools to meet 
the special needs of analog system designers. 
Cadnetix combines its system design expertise 
with an innovative analog simulator - Saber~ 
While other analog tools are targeted to IC 

designers and are difficult 
to master, Cadnetix is at 
the forefront in offering a 
comprehensive and easy 
to use analog environment 
for the system designer. 

A Familiar Analog 
Laboratory 

Cadnetix puts an analog 
lab on every designer's 

desktop with our 
unique Analog Data 

Grapher.™ Your DOS™ PC/AT performs as a 
multi-channel oscilloscope, a network analyzer, 

.. ~ ... -- a frequency generator, and other instruments 
used in design and breadboard debugging. 
The Analog Data Grapher provides a wealth 

of features including Fourier Analysis and 
Linear and Spline Interpolation. And like all 

Cadnetix tools, it's powerful, yet exceptionally 
easy to use. 

Top-Down Analog Design Analysis, 
Not Just Verification 

Cadnetix lets you do what's never been done. 
Thoroughly analyze your analog design before 
working out a detailed implementation. Unlike 
other analog simulators, the Saber simulator 
uses a hierarchical approach which allows you 
to describe circuits at a functional level. No 
complicated macromodels, painstakingly built 
transistor by transistor, are required for simu
lation - eliminating excessive compile and 
computation time. 

Poor convergence is also a thing of the past. 
You reach convergence much more easily than 
with other analog simulators - and you don't 

sacrifice accuracy. Backed by Saber's sophis
ticated algorithm and Cadnetix accurate analog 
libraries, you can have more confidence in your 
results than ever before. 

Saber is SPICE compatible, and includes 
all SPICE equivalent analyses - plus more. Any 
existing SPICE models can be used in a simu
lation. You can also create your own user-defined 
models for customized simulations. You're able 
to model and test almost anything that has an 
electrical, mechanical, or optical input or output. 
This mixed-technology approach frees you to 
create a model that meets real-world applications. 

Rapid Design Iterations 
Analog designers need substantial processing 

power for fast and thorough analyses of complex 
analog systems. Cadnetix lets you perfect your 
design with powerful tools that perform even the 
most complex analysis in record time. It's easy 
to make modifications then resimulate. Cadnetix 
Configurable Analysis Engine - a powerful net
work resource - significantly accelerates compila
tion and simulation for rapid design verification. 

Complete System Design Solutions 
Cadnetix offers all the tools you need for 

productive system design - from schematic capture 
and analysis, to layout, routing and manufac
turing. Cadnetix CAE, CAD and CAM products are 
completely integrated. Our CAD tools support 
sophisticated features to layout and route analog 
designs, including curved traces, intricate copper 
fill areas, and automatic pad filleting. 

0 
CADNETIX 

Solutions For System Design. 
Boulder, CO (303) 444-8075 

DOS is a lradcmark of Microsoft Corp. Saber is a 1rademark of Analoro Inc. 
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Samsungs 54/74 AHCT advanced CMOS 
logic family is available in production quantities 
now. And you can get samples, free. This means 
you can design our logic into your product, now. 
And move into production, now. No waiting. 

Design in the Performance You Need 
Our 54/74 AHCT advanced ltigh-speed CMOS 

logic family gives you speeds and drives equiv
alent to, or better than, ALS, and can be used as 
direct plug-in replacements for ALS and FAST"' 
In fact, 24mA drive is guaranteed for bus drivers. 

54/74 AHCT achieves advanced bipolar 
performance with wider supply and temperature 
ranges. In addition, it offers the superior noise 

immunity, rail-to-rail 
output voltage swings 
and the low input 
currents of CMOS. 
Pin For Pin 
Replacement 

~ la.,...-_.__.__._ ____ _, 

Samsungs AHCT 
CMOS logic family, 
with 157 part types, 
has the most compre
hensive selection 1 2 

AVEllA E POWER PER GliTE l•WI of standard logic 
functions, so you can 

replace your ALS or FAST with our much lower
power CMOS part, right away. 

And our 54/74 AHCT does not have a 
premium price tag. In fact, it costs the same as 
ALS. Which means you'll actually save money 
in your system cost because of lower power 
requirements and improved reliability. 

CIRCLE NO 163 

CMOS LOGIC KS74AHCT Part Types 
Gates and Inverters Flip-Flops Transceivers/Registered Multiplexers 
00 20 73 399· Transceivers 151 253" 
01 21 74 534 242" 643 652" 153 257 
02 22 76 564 243" 645 658" 157 258 
03 27 78 574 245 646 659" 158 352" 
04 30 107 670" 640 648 664" 251 353 
05 32 109 794• 651• 665" 
08 51· 112 821" 

CA>unters 09 ss· 173• 822" 
10 86 174 823" 160 190 590· 

11 132" 175 824" 161 191 591" 

12 133* 273 825" 162 192 592" 

14" 266 374 826" 163 193 593• 

377• 168 390" 
Bull"ers&Lioe 169 393 

Shilt Registers 
164 299" 
165 595· 
166 596" 
194 sgr 
195" 

Arithmetic Circuits 
Drivers Latches 280" 680" 
125" 367 75• 793· Decoders/Encoders 518" 682" 

126" 368 77" 841" 42" 148" 238 519 684" 

210 465" 259 842" 138 154" 239 520" 686" 

240 466" 373 843" 139 155" 521 688" 

241 467" 533 844" Multivibrators 
244 468" 563 845" 121· 123" 423" 
365 540 573 846" 

522" 689" 
679" 

366 541 

*Part Types Availab'e in 04- AH Other Part Types Available Now. 

So call Samsung today. Or send us the 
convenient coupon below. We'll send you free 
samples, our data book and reliability report. 

You'll find out 54/74 AHCT is real. Samsung 
says so. 

c8 ~~NG 
CMOS Logic Marketing 
3725 N. First Street, San Jose, CA 95134-1708 
(408) 434-5400 

.j4 74AHCTisrPal. 

a_ ' ~· .. . . . ~ . 
' . 

I My54/74 AHCTapplication is: _ ___ _____ _ 

I O Yes, send me two each of the 
I up to three 54/74 AHCT product 

Nanc: 

part types I have listed here. 

I 54/74AHCT 2ea.) -
11

"-•' ------ ---

1 54/74 AHCT 2 ea.) Company: 

I 54/74 AHCT 2 ea.) 

I O Sendmeyourhigh-perfonnance _Add_...,..._, --- -----
I CMOS logic data book. 

City/StateJZip: 

I 
0Sendmeyour54/74AHCT 
reliability report. 

I O Have a salesperson call me. _Tule-'--phone__,_( __ -"--) - -----

1 Send coupon to: Samsung Semiconductor, CMOS Logic Marketing, 
I 3725 N. First Street, San Jose, CA 95134-1708. 

I 
I 
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Remember when 
backl}.P battery assembly 
was l11<e 
putting a round neg 
1n a square hole? 

No more. 

Catalyst Research's new µPower
Cell™ batteries fit a rectangular 
footprint on your printed circuit 
board. That means you get more 
battery capacity in less space. 

But that's just the beginning. 
µPowerCell™ batteries use 

Catalyst Research's patented 
Lithium-Iodine chemistry, the 
number one choice for powering 
implantable cardiac pacemakers. 
And we have over 1,000,000 

Lithium-Iodine batteries in 
CMOS battery backup applica
tions. We can now predict 20 
years of reserve power avail
ability, well beyond the practical 
life of your product, without 
replacement or recharging. 

The B-1000 delivers one amp
hour of capacity in just 1 square 
inch of board space and is 
under 0.30" high. 600 mAhr 
and 400 mAhr capacity versions 

take even less area. And as one 
of the smallest backup batteries 
in the business, our 35 mAhr 
axial lead version takes less than 
0.1 square inch of board space 
and is under 0.17" high. 

This 35 mAhr battery can 
also be used on automatic com
ponent insertion machines just 
like a resistor or capacitor. 

For more information call us 
at (301) 296-7000 or write. 
™~ PowerCell is a trademartt of Catalyst Research. 

LL:.~l~~~~E~F~~~~~~~Atj 
1421 Clarkview Road CAT 198 Baltimore, MD 21209-9987 USA Telephone (301) 296-7000 Telex 898095 CAT Al YST 
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Good design methods 
quiet high-speed 

CMOS noise problems 
No doubt about it: Today)s high-speed 
CMOS logic can generate a significant 
amount of noise. This problem is not insur
mountable) huwever. Circuit design tech
niques that are prudent but not unusual 
will readily tame troublesome noise. 

Tim Tripp and Bill Hall, 
Fairchild Semiconductor Corp 

Today's high-speed CMOS logic is creating a big contro
versy over the issue of ground-bounce noise and the 
problems it creates in digital system design. Using 
some constructive design techniques can minimize the 
effects of ground-bounce noise. Minimize is a key word 
here, because designers do not have total control over 
the problem-chip manufacturers have to provide some 
help, too. 

Edge rates of today's advanced high-speed CMOS 
logic families are much faster than those for HC/HCT 
CMOS logic and the popular low-power Schottky TTL 
(LSTTL) and advanced low-power Schottky TTL 
(ALSTTL) bipolar logic. These faster edge rates gener
ate noise effects that are more pronounced than in 
older, slower logic technologies. Hurried solutions , 
such as increasing package size and changing tradition-

EDN October 29, 1987 

al power and ground pinouts, will do little to ease the 
task of designing advanced CMOS into high-perfor
mance systems. What you need are intelligent technolo
gy tradeoffs that balance the need for device speed 
against system noise constraints. 

Although CMOS was originally introduced to satisfy 
low-speed, low-power applications, today's devices have 
the switching speed and drive capability necessary to 
accommodate high-performance system needs. Not sur
prisingly, higher noise levels go hand in hand with gains 
in performance. With its rail-to-rail voltage swings 
(which equate to greater dV/dt), advanced CMOS gen
erates more noise than does LSTTL, which has both 
slower edge rates and smaller voltage swings. 

Some noise effects are inconsequential because they 
fall within the switching time of the devices. But you 
must neutralize others by using careful design and 
layout techniques. Your effort will be worthwhile, how
ever. Advanced CMOS operates at clock rates exceed
ing 100 MHz and consumes about the same static power 
as first-generation CMOS devices. And with its higher 
output capability, today's high-speed CMOS families, 
such as Fairchild's Fact devices, can directly drive 
transmission lines. 

Logic designers and chip manufacturers share re
sponsibility for minimizing CMOS device noise and the 
system noise it spawns. Logic designers can reduce 
capacitive loading on signal lines and provide optimum 
power and ground planes. For their part, chip manufac
turers must strike a balance between how fast a logic 
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Faster edge rates in high-speed CMOS 
generate noise effects that are more pro
nounced than noise in older) sluwer logic 
technologies. 

device switches and how much noise it generates. The 
faster the slew rate, the greater the noise generated at 
the device output. By slightly reducing edge rates, a 
chip maker need not change the device packaging or 
pinouts to reduce noise levels. 

Minimizing ground bounce benefits other noise ef
fects that limit system performance. These effects 
include overshoot, undershoot, and propagation-delay 
degradation. The problems with ground-bounce effect 
all begin at the output stage of a gate. 

Modeling the bounce 
The schematic in Fig 1 shows the output stage of a 

CMOS gate driving a capacitive load. The gate's pack
age connections and leads have a certain amount of 
inherent inductance. When the gate switches from a 
high to a low state, current stored in the load capaci
tance flows to ground through the lower N-channel 
output transistor and the package inductance. 

As the formulas in Fig 1 show, the load capacitor's 
discharge current I is a function of the load value and 
the output transition. As this current flows through the 
package inductance Lp, it creates a voltage V GB, better 
known as ground bounce. 

The equations in Fig 1 seem to simplify the ground
bounce phenomenon, but secondary and tertiary effects 
make it difficult for chip manufacturers to develop a 
practical ground-bounce model. At first glance, it 
seems that reducing Lp will decrease V GB proportion
ally. Unfortunately, reducing Lp increases the rate of 
current flow and thereby minimizes the decrease in 
VGB· 

Some manufacturers have designed appropriate out-

-I 

Lp 

V=OUTP~T 
VOLTAGE 
SWING 

(\ l =C:JL 

Lp I ~~~~CITANCE 
PACKAGE ~-

-::- INDUCTANCE -::- Vaa= -Lpdl/dT v 
Fig 1-Ground-bounce-related noise in high-speed CMOS logic 
results from current flow through 'fKLCkage and wiring inductances. 
The devices fast edge rates, rail-t.o-rail voltage swings, and high 
output-current capability combine f.o maximize the ground-bounce 
problem. 
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Fig 2--Ground-bounce noise is a cumulative problem. The greater 
the number of outputs you activate, the greater the relative ground
bounce noise. 

put configurations that reduce the initial transient 
current that flows into the intrinsic package induc
tance. There's a limit, however, to how much they can 
slow the initial transient current without compromising 
gate speed. It is possible, though, to strike a balance 
that provi_des a controlled output that's sufficiently fast 
to provide high performance and still slow enough to 
reduce bounce voltage. 

The key point to note is that the chip manufacturer is 
responsible for reducing system noise effects-particu
larly ground bounce that stems from fast voltage transi
tions on switching signals. This responsibility does not 
eliminate the system designer's responsibility, howev
er. Proper design and layout techniques will further 
reduce ground bounce. 

Fig 1 models ground bounce for a single-output 
device. Devices with multiple outputs have nodes 
where the output transistors physically connect to the 
common package inductance. With multiple-output 
switching, there is a cumulative current flow through 
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the common package inductance, which proportionally 
increases ground bounce. 

The curve in Fig 2 shows the relative increase in 
ground-bounce noise as a function of the number of 
outputs being switched. Curve development assumes 
that a single switched output generates 30% of the 
maximum ground-bounce voltage. As the curve shows, 
three switched outputs generate 60% of the maximum 
voltage-twice as much noise as a single output. And 
seven outputs generate 90% of the voltage-three times 
as much noise as a single output. 

Propagation delay is one parameter that suffers from 
excessive ground-bounce created when switching multi
ple outputs. As Fig 1 illustrates, the greater the 
voltage drop across the package inductance (V cs), the 
lower the voltage drop across the gate's output transis
tor. The lower voltage level reduces the rate of current 
discharge from the load capacitors, which slows down 
edge rate and degrades propagation delay. The effect is 
most pronounced, for example, when all the outputs of 
an octal bus-driver IC switch simultaneously. 

The scope waveforms in Fig 3 illustrate the degrada
tion of delay parameters under multiple-switching con
ditions. The curves on the left represent the clock input 
of an octal D-type flip-flop; the curves on the right 
illustrate the performance for varying numbers of 
switched outputs. The propagation delay from the 
input to the first output is about 6.5 nsec. As each 
additional output line activates, however, the input-to
output delay begins to increase. The delay difference 
for one and two switched outputs, for example, is about 
200 psec, and for three outputs, it's about 400 psec. In 
essence, delay increases about 200 psec for each addi
tional output. 

As shown, the additional delay is greater than 1 nsec 
with seven outputs activated. Obviously, such a timing 
delay or system skew can affect projected operation. 
Fortunately, some manufacturers specify typical guide
lines for propagation delay degradation due to multiple
output switching. 

Ground-line bounce is more of a problem 
As Fig 1 illustrates, bounce is present on both the 

ground and V cc lines of the device. Typically, spikes on 
the ground line cause more problems because TTL has 
less noise margin in the low-voltage state (logic 0) than 
in the high-voltage (logic 1) state. However, either 
ground or V cc bounce can couple onto an active signal 
and develop undershoot or overshoot. An undershoot 
can drive a nominal OV below ground, and an overshoot 
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can drive a high-level signal above V cc· Although some 
specialty devices (such as dynamic RAMs) are sensitive 
to undershoot, most general-purpose logic provides 
input protection, such as clamp diodes, to guard against 
these anomalies. 

Quiet output switching (QOS) is the ground-bounce 
offshoot that primarily concerns most system design
ers. QOS is ground bounce that couples onto a non
switching output through the package inductance. Typ
ically, QOS levels are benchmarked using 
industry-standard test fixtures, which consistently pro
vide good correlation when measuring multiple devices 
under varying test conditions. Test-fixture measure
ments at the worst-case output pin of an advanced 
CMOS octal device under worst-case conditions show 
that typical bounce-voltage values range from 1.8 to 
2.4V. However, test-fixture results do not represent 
real-life system QOS levels. 

Test fixtures have lumped-load 50-pF chip capacitors 
soldered directly to the output pin of the DUT (device 

5 OUTPUTS 

6 OUTPUTS 

7 OUTPUTS 

CLOCK 

I 
/ 

I 
I 
I 
I 

I 
I 

I 
I 

( .""' _,---"-.. 

2 nSEC 

1 OUTPUT 

2 OUTPUTS 

3 OUTPUTS 

4 OUTPUTS 

Fig 3-Propagation delays become skewed in a high-speed octal 
driver as the number of activated outputs increases. A delay differ
ence as high as 1 nsec can occur between switched output extremes, 
that is, one output switching and seven outputs switching. Such a 
delay difference can readily cause malfunctions in the system logic 
devices . 
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Chip manufacturers are responsible for re
ducing system noise effects. 

under test), while a real-life system has distributed 
loads along a transmission line. The additional trans
mission-line impedance reduces the initial transient 
current and thereby lowers the QOS levels. In addition, 
test-fixture outputs act like an LCR tank circuit and 
create an oscillation effect on the ground-bounce wave
form. Using advanced CMOS octals in a typical system 
under worst-case conditions, QOS can range from 0.3 to 
1.2V-well below what you'll observe in test fixtures . 

Ground-bounce-related effects introduce spurious 
noise on signal lines that can erroneously trigger logic 
devices, so you must design to minimize such occur
rences. To start, you must identify when a system is 
most likely to respond to noise effects. Generally, it 
occurs when a portion of the system operates asynchro
nously. 

Under synchronous control, ground bounce occurs 
only when triggered by the clock, which makes the 
noise more predictable and easier to control. Moreover, 
noise spikes appear when they can do no damage (Fig 
4). The small pulse shown at the bottom is the quiet 
output noise, and the signal that is changing states 
from high to low is that of an active output on the same 
device. 

Note that the bounce signal reaches an amplitude of 
about 1.2V but quickly dissipates back to ground level. 
The point is that the noise occurs as a result of the 
switching output, which changed state under clock 
control. As shown, the noise dissipates within the 
device's propagation delay so it will not be detected by 
any other device that is under control of the same 
system clock. 

Designers go to asynchronous operation to maximize 
system speed. Because the logic runs in a random 
fashion in such systems, ground-bounce-induced noise 
can invade a logic device and cause false triggering at 
almost any time. Crosstalk problems, for example, can 
be very serious if noise pulses are induced into an 
asynchronous system control line. 

Other problem areas 
Operating mode is not the only factor to consider 

when it comes to ground bounce. The system's suscepti
bility to ground bounce is also dependent on the thresh
olds of the logic (TTL or CMOS) used. CMOS thresholds 
provide better noise margins than do TTL thresholds; 
therefore, CMOS is less susceptible to false triggering 
from voltage-bounce effects. In addition, both CMOS 
and TTL inputs have a form of inherent noise rejection 
that's based on the amount of energy required to 
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Fig 4-You can control the effects of ground bounce by operating 
logic synchronously rather than asynchronously. If a ground
bounce-induced pulse occurs within the propagation delay of the 
switching device, it will not cause a system malfunction because 
switching activity will not take place until a few nanoseconds after 
the passage of the clock. 

trigger the input (amplitudexduration). The input will 
either reject a relatively narrow noise pulse (ground 
bounce, crosstalk, etc) or respond to noise-pulse ampli
tudes that exceed the specified static-input thresholds. 

Ground-bounce problems might seem formidable, but 
you can overcome them by following some simple guide
lines for systems that contain both CMOS and TTL
the case in many systems today. First, try to avoid 
using TTL devices in any asynchronous portions of a 
mixed system. Second, if you use any high-speed CMOS 
octal bus drivers, be aware that ground-bounce noise 
increases significantly when all outputs switch simulta
neously. Third, try to avoid using high-speed CMOS 
octal devices to drive asynchronous signals into TTL 
devices. If you must do so, however, you can follow 
some techniques that will minimize ground bounce. 

When driving an asynchronous data line with an octal 
bus driver, use the output pin that is closest to the 
package ground pin. Compared to the pin closest to the 
V cc pin, this technique will reduce noise by as much as 
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PC-based data acquisition. 
Just fill in the bfunks. 

Get your application up and running 
fast with Helios-I™ and Labtech Note
book™. 

When you're on a tight schedule and 
you wanted your data yesterday, talk to us. 
We've combined our Helios-I™ Computer 
Front End and Labtech Notebook™ 
software to give you everything you need 
between your sensors and your PC. 

Just set up your application by filling in 
the blanks. No software programming is 
necessary-you are prompted through the 
choices for each configuration. You can 
have your system up and running in a mat· 
ter of hours, not weeks. 

After set-up, Helios-I collects real world 

Helios-I is a tradema<l< of John fluke Mtg. Co., Ir<. 
lotus 1·2·3 is a trademark ol Lotus Development CorporaUon 

Tailored especially for Helios-I, Labtech 
Notebook software offers a variety of 
sophisticated capabilities, including real· 
time graphic display of data and sampling 
at flexible rates. Integration with Lotus 1-2-3™ 
helps you present a clear picture of your 
test results. 

Need more information? Let us fill in the 
blanks for you. Call 1-800-426-0361 or 
your nearest Fluke sales engineer. 

IFLUKEI =====® 
IN THE U.S. ANO NON-EUROPEAN COUNTRIES: John fluke Mtg. Co., Ir<., P.O. Bo< C9090, MIS 150C, Everett, WA 98106, Sales:i106) 356-5400. Other: (106) 347·6'00. 

EUROPEAN HEAOQUAR~~s.:"~~i~~ ~u~~t~~~s:,igh~E;::nA%~~~1i~iri) 58045, m 51848. 
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Spikes on the ground line cause major prob
lems because TTL has less of a noise mar
gin in the low-voltage state. 

50%. Driver output pins between ground and V cc will 
generate increasing amounts of noise voltage. There
fore, always drive TTL devices with the lowest noise 
driver and use the noisier outputs to drive CMOS logic. 

You can also reduce ground-bounce-noise problems 
by lowering the system's supply-voltage level. You 
might find this task difficult to perform, but the results 
are meaningful (F ig 5). This curve illustrates the 
relationship between supply voltage and relative 
ground-bounce noise for an octal buffer with seven of its 
outputs activated. The curve's slope shows that each 1 V 
reduction in V cc reduces ground bounce 18%. Ad
vanced CMOS input thresholds are a linear function of 
V cc (30% V cc) so each 1 V reduction in V cc reduces the 
threshold by 14%. Given the 18 and 14% figures, it's 
obvious that reducing V cc improves the noise margin. 

Looking at the crosstalk problem 
Most of the burden for quieting ground bounce falls 

on the device manufacturer; however, device manufac-
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Fig 5-Ground-bounce noise varies directly with the power-supply 
voltages used in the system. If you reduce supply voltage by just JV, 
you'll reduce ground bounce by about 15 to 20%. 
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Fig ~Fast edge rates increase the potential for crosstalk in a 
high-speed CMOS system. However, chip manufacturers can lessen 
potential crosstalk problems by slightly decreasing edge rates, as 
shown by the figures for the Fact devices . 

turers and circuit designers both have roles to play 
when it comes to reducing crosstalk problems. Cross
talk noise occurs when signals from one line capacitive
ly couple into an adjacent line. Crosstalk is a function of 
both the slew rate of the signal and the capacitive 
coupling between the lines. Device manufacturers bear 
most of the responsibility for the slew rate, but design
ers can control the coupling by spacing signal lines 
properly. 

F ig 6 illustrates the effect of a signal's edge rate on 
the noise generated at the input of a receiving device on 
a parallel line (noted as a listener on the vertical axis of 
the curve). First, note that edge rate directly influences 
voltage spike generation-the slower the edge rate, the 
lower the noise spike amplitude. 

F ig 6 was generated from measurements on two 
30-in. adjacent pc-board traces terminated with 500 
impedances. The value of the voltage spike at various 
edge rates is a function of trace lengths, trace spacing, 
and termination impedances. Different trace lengths, 
spacings, and impedances will vary the spike ampli
tude, but the induced noise spike will always be a 
function of the signal's edge rate. 

Crosstalk, like ground bounce, can be cumulative. If 
you run wires in a bundle instead of singly, you'll 
increase the probability of crosstalk problems. To mini
mize crosstalk, increase the spacing between sensitive 
lines, or use ground shielding. 

P roper board layout is critical 
You can take other prudent measures to minimize the 

effects of edge-related noise. In general, board layout is 
a key factor. In high-performance designs, separate 
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ESD testing has determined 
that delicate MUXes can be 
hazardous to your 'Wealth. 

Harris OV-protected MUXes 
survive toughest ESD tests! 

What's your best MUX choice for worst-case 
ESD survival? We decided to find out. 

The test We tested dozens of analog MUXes 
now on the market to MIL-STD-883 Method 
3015.2 procedures using multiple samples and 
different lots. 

The result: The best performers included 
Harris OV -protected MUXes which met 
specs even after exposure to more than 
4,000 volts. Harris industry-standard 
MUXes withstood 3,000 volts. What 
happened to the MUXes one com
pany "guarantees" to meet the ", 

I 

• 
• • • 

• 

military's 2,000 volt requirement? They got 
zapped by as little as 200 to 300 volts. 

The moral: Perform your own MIL-STD 
ESD testing on MUXes before design-in (or 
before adding costly extra components), so 
field failures don't ground your system later. 

The offer: For full test results, call 
1-800-4-HARRIS, Ext. 1410 (in Canada, 

1-800-344-2444, Ext. 1410). Or write 
Harris Semiconductor Products 

Division, P.O. Box 883, MS 53-035, 
Melbourne, Florida 32902-0883. 

The end. 

WARNING 

"So's your MUX! 

© 1987, Harris Corporation 
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DELAY 
of an infinite train of pulses 

,, 1()1$ 

- ... nfftW'iBih "':-...... 
up to 131 072 times selected sample time (for 10 
nanoseconds sample time this means appr. 1.3 milliseconds, 
corresponding to appr. 260 kilometer cable) in 16 384 steps of 
8 times sample time 

Al 

is supplied by a new compact PC controllable plug in unit from 
METRETIQ. The sample time is defined by an external square 
wave. Adjustable ultra high speed /eve/ discriminators at inputs 
make the unit flexible concerning type of pulse and clock 
signals. The output signal is ECL, return-to-zero, sample deran
domised, with pulse width fixed to half the sample time. 

Lilla Fiskaregatan 12 
5-22222 Lund 
Sweden 

Telephone: 46 46 160900 
Telex: 32837 
Fax : 46 46 128742 

power and ground planes are a must. Connect the 
supply-voltage pins of ICs to the power plane with as 
short an interconnect as possible to reduce the imped
ance. Decouple every IC on the board with a 0.1-µF 
tantalum capacitor, placing it as close as possible 
to the ground pin of the IC. Route traces on adjacent 
board layers perpendicular to one another to minimize 
crosstalk. You should make sure to terminate all 
lengthy asynchronous traces to reduce reflections. In 
addition, be aware that if you wire wrap your board, 
the wiring's increased inductance will increase the 
ground-bounce voltage. EDN 

Authors' biographies 
Tim Tripp is a product manager at 
Fairchild Semiconductor Corp's Digit
al Logic Div (Portland, ME). He di
rects advertising and all other publici
ty for the company's Fact family of 
high-speed CMOS devices; he also di-

__________ c_IR_C_L_E_N_0_1_9 ________ ---1 rects the design and operations for 
family growth and support. Tim has a 
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Going to High-Voltage 
DIGITAL DISPLAYS? 

~ DIONICS 
FEATURES: 
• Dielectric Isolation 
• Years of Proven Quality 
• Highest Possible Reliability 
• Freedom From Latch-Up 
• Gas Discharge Drivers 
• Vacuum Fluorescent and 
• Plasma Drivers 
• Custom Drivers 

DION.cs 65 Rushmore Street. Westbury, NY 11590 
(516) 997-7474 • Outside N.Y. 1-(800) DIONICS 

Name --------------- 0 ~~if 
Company L~erature 

Address 
O Please 

----------------- Telephone 

Telephone No. ( 
EON 102987 

CIRCLE NO 20 

BSEE degree from Notre Dame Uni
versity. In his spare time, he is an 
avid sports enthusiast. 

Bill Hall is also a Fact product man
ager at Fairchild Semiconductor Corp 
(Portland, ME) . He is responsible for 
Fact product-line management and 
military applications engineering. Bill 
holds a BSEE degree from Drexel Uni
versity and is an IEEE member. In 
his free time, Bill enjoys fishing and 
golf 

Article Interest Quotient (Circle One) 
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If you're talking top-quality, easy-access speech reproduction, 
remember that the most sound solutions start at OKI. 

Talk it over with your project team. 
When you agree your system needs 
both higher quality sound and sim
pler application, start talking to OKI. 

World leader in speech technol
ogy and solutions, OKI supports 
your project with the most sound 
experience today. Over 1000 designs 
in the past two years alone. Satisfy
ing widely diversified applications 
with unique options drawn from a 
still-expanding product line: a family 

New 
Single Chip 
Solution: 

OPTIONAL 
SOLUTIONS 
FROM OKI : 

AD PCM 

AD PCM 
SYNTHESIS 

SPEECH FUNCTIONS 

CIRCLE NO 154 

5204 

5218 

5248 
6296 
6243 
6212 

5205 

OKI 
SEMICONDUCTOR 

of synthesizers and converters . And 
now, the first all-in-one ADPCM speech 
processor, the OKI 6258, which inte
grates your critical functions on a 
single VLSI chip. 

To demonstrate its superb ADPCM 
sound quality and ease-of-use, OKI 
now offers you the 6258 DEMO KIT. 
It 's ready-to-go and specially priced 
now. For a real time OKI AD PCM 
speech demonstration, call: 

800-336-8304 outside California; 
800-521-4887 in California 

OKl's VLSI ADPCM 
Speech Processor 6258. 
Highly integrated ADPCM chip, adaptable for 
two memory-storage options: either SRAM for 
battery power, or DRAM for extended speech 
time- up to 16 minutes using OKI's high
density SIMM modules. 

ADP CM 
development 

tools too! 
Whether you opt for the 
do-everything ADPCM 6258 

processor, or select other solutions from 
our versatile speech product line, OKI has aJl 

the technical assistance and development tools 
you'll need in place. 'lb simplify and support 
your implementation, we can provide a complete 
prototyping system for editing, SAS-1 Memory 
Processor. And for playback demonstrations, 
the SAS-2 with built-in amplifier allows audio 
review of your programming. 

r------------------· SPECIAL OFFER: Send for OKl's 6258 Demo Kit. 
) Please send OKI 6258 Speech Processor Demo 

Kit(s), complete with 6258 Demo Board (SRAM version), 
Microphone and 3" Speaker. Price per Kit is $285.00, 
plus $5.00 for shipping/ handling: $290.00 Kit/ total, 
sales tax included. Offer limited to 3 Kits per customer. 
Check or money order for $ enclosed . 
(Sorry, no company purchase orders please) 

) Send technical data on OKI Speech Product Line. 

Name/Title ______________ _ 

Company ______________ _ 

Address ______________ _ 

City ________ State __ Zip ___ _ 

Tel : ( __ ) _______ _ EON 102987 

Return to: Customer Service, OKI Semiconductor 
650 N. Mary Avenue, Sunnyvale, CA 94086. (408) 720-1900. 
Offer limited to 3 Kits per customer and expires NCNember 30, 1987 Available only 
for U.S.A. and Canada shipment. Please allow 4-6 weeks for shipment. 



Efficiency 79-850/o 

DC/DC Converters AC/DC Power Supplies 
*MTBF 75,000 hours *Ultra Reliatiility MTBF 2,000,000 hours 

*Temperature Range -45 to +85°C, no derating 
*Isolated and Non-isolated versions available 

*Temperature range -10 to +55°C, no derating 
*VOE 0871 Class B FCC 15.J Class B 

* Parallelable *Open frame and Eurocard versions available 

RIFA, the innovative leaders in Power Products for over 40 years, 
have introduced a high performance line of AC/DC Open-Frame SMPS to complement 

their AC/DC Eurocard range and their industry-standard DC/DC Converter range. 
For your power needs, call RIFA Power Products. 

wescoN sooths 229.232 quality for the future 
CIRCLE NO 153 

RIFA Inc., Greenwich Office Park 3, PO Box 3110, Greenwich CT 06836-3110 (203) 625-7300 



MICRO~ 
CONTROLLER 

c 
__ .......... _-----.)/ 

Why are industry leaders switching to Archimedes 
Microcontroller C? Maybe it's because Archimedes guarantees 
you will cut development time by at least 50% over assembly. 
Archimedes C-Code also saves time because it's portable, 
reusable and it supports all the popular microcontrollers* from 
Intel, Motorola, Zilog, Hitachi and more. And it can be used 
for development on the IBM PC, Micro VJ>;A and VAX hosts. 

But if you don't believe in popular opinion - try Archimedes 
Microcontroller C yourself. Call ( 415) 567-4010 now for a free demo 
diskette and product guide - and see if you don't agree, too. 

'Archimedes Microcontroller C supports these microcontrollers: Intel 806I and 8096 families, 
Motorola 68HC11 and 6801, Zilog Z80, Hitachi 6301and64I80. C 1987 Arcl!imedes Software, 
Inc. Archimedes and Microcontroller Care trademarks of Arcl!imedes Software, Inc. IBM is a 
registered trademark of International Business Machines. MicroVAX and VAX are registered 
trademarks of Digital Equipment Corporation. 

Archimedes Software Inc. 
2159 Union Street 
San Francisco, CA 94123 
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ONEIABEL, 
SO HITS. 
WHAT A RECORD. 

MB8168-55 
4Kx4 SSns 

MB8168-70 
4Kx4 70ns 

Chances are, you didn't even 
know we were in the SRAM busi
ness. We admit we've been a little 
quiet on the subject. But we've 
changed our tune and now were 
offering them in record numbers. 

In fact, Fujitsu now offers 
more than any other SRAM sup
plier. More densities. More organ
izations. More quality. 

You can choose from over 50 
part numbers. The standards and 

MB81C79-45 
8Kx9 45ns 

MB81C79-55 
8Kx9 SSns 

MB81C79A-3 
8Kx9 35ns 

EDN October 29, 1987 



the latest hits. With new releases 
on the way. In densities from 2K 
to 256K Oigani7,ations of xl, x4, 
x8-even x9.And a selection of 
packaging that includes DIP, flat 
packs, SOP, LCC, ZIP and SOJ. 
All in volume.All pin-for-pin com
patible with every major supplier 

Here's something else of note. 
Our SRAMs have an important fea
ture that no one else can duplicate. 
We call it"technology that works~ 

181C78-45 
8Kx8 4Sns 

l81C78-55 
8Kx8 SSns 

EDN October 29, 1987 

It's the quality and reliability that 
comes from conseIVative design 
standards, state-of-the-art produc
tion methods and rigorous testing. 
Not to mention 25 years of ex
perience. The result is music to the 
ears of Incoming Inspection.And 
no sour notes in the products 
you ship. 

So if you're looking for selection, 
availability and quality in SRAMs, 
we've got your number Now all 

CIRCLE NO 152 

you have to do is punch ours. Call 
( 408) rtl-1700 and ask for Stan
dard Products Marketing. Or write 
Fujitsu Microelectronics, Inc., 3320 
Scott Blvd., Santa Clara, CA 95054. 

You'll get what you need in 
record time. 

FUJITSU 
FWITSU 

MICROELECTRONICS. INC. 

Tuchnology that works. 
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In Surface Mountable Components, 
TDK Quality Is More Than Skin Deep. 
As boards are getting thinner, TDK is helping that diet succeed by providing a variety of extra-slim surface mountable 
components. Nourished by TDK's expertise in ferrite and ceramic materials, these miniaturized components feed on TDK 
-developed multi-layerization and multi-functionalism. How do we know the exact needs of high-quality automated board 
production? Well, a fair share of the world's automatic mounting equipment-the Avimount series-comes from TDK. 

Multilayer 
Ceramic Chip 
Capacitor 

C1608 iCC0603) C5650 (CC2220) 
C: 0.5- 22,<XXlpF C: 5,100pF- 1.5µF 
C2012 iCC0805J 
C: 0.5- 100,(XX)pF 
C3216 iCC1206) 
C: 0.5- 220,(XX)pF ~ 
C3225 1cc12101 
C: 750 - 470,000pF ~ • 

f:~~~~~~B12) ~ ~ 

Multilayer 
Ceramic Chip Capacitor 
(High Frequency, Low loss) 

FC1414 
C: 0.5 -3,300pF 
FC2828 
C: 0.5- 22,(XX)pF 
FR1414 
C: 0.5-3,JOOpF 
FR2828 
C: 0.5- 22,000pF 

Leadless Inductor 
(Wound Chip Inductor) 

Nl322522 
L: 0.01 -220µH 
Nl453232 
L: 1.0-1,000µH 
NL565050 
L: 1,200- 10,000µH 
NLF453232 
L: 1.0-1,000µH 
!Shielded Inductor} 

Multilayer Chip 
Inductor 

MLF3216 
L: 0.047 - JJµH 

MLF3225 
L: 39 - 220µH 

• 

TDK Multilayer ceramic chip 
capacitor and Multilayer 
chip inductor 

Multilayer Chip 
Transformer 

MTT4532 
L: 10-200µH 

Multilayer Chip 
IFT 

MIA4532 
F: 455, 459, 464kHz 

MIF4532 
F: 10.7MHz 

Multilayer Chip 
LCTrap 

MXT4532 
F: lo ·~ 

TDK Multilayer LC chip litter 

Multilayer Chip 
LC Filter 

MXF4532H MXBSOSOD 
HPF (Tooer) Delay Line (VCR) 

MXF4532B 
8PF !FM radio} 

MXBSOSOB 
BPF (VCR} 

MXBSOSOL ... 
LPF(VCR) ~ 

A variety DI chaaclelistics are available. 
Please specify when ordering. 

Mulblayer Chip 
Capacitor Network 

MCN7575 
TC: CH, 1 - 100pf (10 capacilOIS) 

SL. 10-1,IXQJF (10 capacitlrsJ 

Class I. 100 - 470,IXQJF (10 capacilOIS) 

SM Active 
Delay line 

FOL 
Delay time: 20-75 nsec. 

SM Transformer/ 
Inductor 

EE5 
ER9.5 
ER11 
T2 

A variety ol cllaaclelislics are available. 
Please specify when ordering. 

OL3.3x1.6 
OL3.3x2.1 

llllb:llnce "*-...... ....... .... ..,, ..... .... 
See our Surface Mountable Ccmponents and other fine products at Wescon/'87 November 17-19, 
booth No. 959, Moscone Ccnvention Center. San Francisco, CA. 

TOK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE 
Phone: (312) 679-8200 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0100 LOS ANGELES 
REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 
HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 GREENSBORO DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: 
(214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 435-8565 TDK CORPORATION. TOKYO, JAPAN. 
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DESIGN 
NOTES 

Number 2 in a series from Linear Technology Corporation October, 1987 

Sampling of Signals for Digital Filtering and Gated Measurements 

William Rempfer 

Introduction 

For many signal processing applications a sample and hold 
function is required in a data acquisition system. It is often 
critical for the processing system to know the exact value of 
an analog input at an exact time. In DSP appl ications such as 
digital filters the usable bandwidth of the system is limited 
by the Nyquist frequency and the sample and hold bandwidth 
need only be, and is often intentionally limited to, one half 
the sampling rate. However, another area of application 
requires infrequently capturing instantaneous values of 
relatively fast signals, sometimes referred to as gated 
measurements. In the extreme case of pulse height measure· 
ments, only one sample point is required. Here, the sample 
and hold bandwidth should be as high as possible even 
though the sampling rate is very low. 

The LTC1090 excels in both environments. This note shows 
how the LTC1090 sample and hold can be synchronized to an 
external event and gives two simple applications: an 8 chan· 
nel data acquisition system with digital filtering, and the 
gated measurement of a 1 MHz sine wave. 

5V 

4.7µF 

~ 

The LTC1090 Sample and Hold 

The LTC1090 provides a sample and hold which is fast, accu· 
rate and can be synchronized to an external event. Although 
the sampling rate is limited (by the AID conversion and data 
transfer rate) to about 30kHz, the signal bandwidth of the 
sample and hold exceeds 1 MHz. The acquisition time is less 
than 1µs to 0.1 % (1 LSB). Accuracy is so good, in fact, that it 
is possible to include all the sample and hold's error con· 
tributions (offset, gain, hold step, droop rate, etc .) into the 
converter specification and still maintain overall system ac· 
curacy of ± 0.05% ( ± 0.5LSB) over temperature. 

Sampling occurs on the falling edge of the last data transfer 
clock pulse as described in the LTC1090 data sheet. Figure 1 
shows a typical application which includes circuitry to syn· 
chronize sampling to an external sample clock, fs. 

S·Channel Data Acquisition System with Digital Filter 

The circuit of Figure 1 contains an LTC1090 provid ing multi· 
plexing, sample and hold, A/D conversion and data transfer 
to the microcontroller (MCU). An MC68HC05C4 is used as the 

CHO Vee r--------------------, 
CH1 ACLK 74COO SAMPLE 
CH2 SCLK !J CLK CLOCK 

8 CH3 D1N 
Is 

ANALOG 
74C74 

INPUTS CH4 DouT 
LTC1090 

CH5 ~ a 5V 
SAMPLE AND HOLD A I 

CH6 REF + SERIAL I SYNCH RON IZING I 

CH7 REF -
DATA L ___ .£1R.£U!,! ___ 

- - - - - .J LINK 

COM v-
DGNO AGNO co CLKOUT 

"'' l Cl 
':' ':' 

MOSI SPI 

MISO 

10 MC68HC05 

VouT 
) Al-AO, 

87 , 86 

Figure 1. 8 Channel Data Acquisition System Showing Sample and Hold Synchronizing Circuitry 



controller (much higher filter performance may be achieved 
with a dedicated DSP processor). The MCU communicates 
with the LTC1090 over the serial peripheral interface (SPI), 
performs the digital filtering algorithm and provides the fil· 
tered data on its output port. The DAG provides reconstruc· 
tion of the filtered waveform for viewing on an oscilloscope 
or spectrum analyzer. The 74C74 and 74COO synchronize the 
sampling of the LTC1090 to the externally applied sample 
clock, fs. 

In Figure 1, the MCU initiates a two byte serial data exchange 
with the LTC1090. This configures the LTC1090 for the next 
conversion, simultaneously reads back the previous conver· 
sion result and resets the 74C74. The LTC1090 will sample 
the analog input when the last shift clock (SCLK) pulse falls, 
so the MCU must end the data transfer by leaving the SCLK 
in a high state. This inhibits sampling of the selected analog 
input. When the sample clock, fs, rises, it clocks the 74C74 
which raises the CS and drops the SCLK. This falling SCLK 
causes the sample to be taken and starts the conversion. At· 
ter the MCU senses the rising sample clock it waits for the 
conversion to be completed (44 ACLK cycles) and then ini· 
tiates another data exchange, preparing the LTC1090 for the 
next sample. This cycle repeats. 

4th Order Elliptic Filter 

Using the circuit of Figure 1, a 4th order elliptic digital filter 
was implemented. 10 bit input and output data words and 14 
bit coefficients were used with the same coefficients being 
used for each channel. A direct form II llR filter was imple· 
mented according the following equations: 

D(n) = [7203 x D(n -1)-19209 x D(n -2) + 6324 x D(n -3) 
-4383 x D(n -4)] x 2- 14 + X(n) 

Y(n) = [3069 x D(n) + 5505 x D(n -1) + 7824 x D(n - 2) 
+5504 x D(n-3) + 3066 x D(n -4)] x 2- 14 

where: X(n) =filter input value 
Y(n) =filter output value 
D(n) =delay node value 

The filter frequency response is shown in Figure 2. The cutoff 
frequency is 175Hz, one fourth the sample frequency of 
700Hz. The cutoff frequency of the filter can be tuned by vary
ing the frequency of the sample clock. 

Figure 2. Spectrum of 4th Order Elliptic Digital Filter used in the Data 
Acquisition System, f c = 175Hz 

Because of 68HC05 speed and instruction set limitations, 
sample rate is limited by the MCU's ability to perform the 
DSP algorithm. Maximum sample rate was determined to be 
700Hz for a single channel filter and 90Hz for eight channels. 
Using a high performance DSP would allow sample rates ap· 
preaching the limit of 30kHz for one channel and 3.7kHz for 
all eight set by the LTC1090. Hopefully, this simple example 
will encourage the reader to pursue higher order, higher per· 
formance applications. 

If large amplitude, unwanted AC signals are present on the 
inputs, a linear filter such as the LTC1062 can be used to re· 
move them and prevent reduction in the dynamic range of the 
system. 

Gated Measurements of Fast Signals 

As an example of gated measurements, the circuit of Figure 1 
was used with no filtering to repetitively sample a 5Vp-p 
1 MHz sine wave. The waveform was sampled at 15kHz (ap· 
proximately one sample every 67 cycles of the 1 MHz wave
form). A 20ns pulse, triggered off the sample clock, was 
applied to the z-axis input of a storage scope to illuminate 
one dot on the CRT per sample. Samples were allowed to ac· 
cumulate on the storage scope as shown in Figure 3. The up
per waveform is the sampled input to the L TC1090 and the 
lower waveform is the sampled output of the DAC. (Remem· 
ber that the waveforms are not real time: one dot was ii· 
luminated only every 67 cycles of the 1 MHz sine wave.) With 
this technique the signal bandwidth of the LTC1090 sample 
and hold was determined to be 2MHz. 

Figure 3. Input and Output Sample Points of a 1 MHz Sine Wave 
Accumulated on a Storage Scope 

Using the LTC1090 sample and hold, high speed circuits 
such as a 1 MHz bandwidth AC to DC converter are possible. 
Because the acquisition time is less than 1J.LS it is also pos
sible to make a gated measurement of the height of a pulse 
as narrow as 1J.LS to 0.1 % accuracy. 

For LTC1090 literature call 800·637-5545. For help with 
an application call (408) 432-1900, Ext. 361. 

Linear Technology Corporation 
1630 McCarthy Boulevard ~..,,...Llnt/\Q 
Milpitas, CA 95035-7487 ..L' TECHNOLOGY 
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DESIGN IDEAS 
EDITED BY 11\RLlDN FLEMING 

Three ICs combine video and sync signals 

Wayne M Austin and D K Tidey 
GE Semiconductor, Somerville, NJ 

In Fig 1, high-speed CMOS inverters and analog 
switches combine a video signal with the sync and 
blanking signals produced by the CMOS sync generator 
IC1• The result is a fully interlaced-scan, composite-vid
eo signal. The circuit works with a monochrome video 
signal or with the green component of an RGB video 
signal. 

IC1 offers I/O functions not required in this applica
tion. The connections shown enable the IC to accept an 
external clock signal, and an internal pullup resistor 
holds pin 20 high. The capacitor C1 bypasses pin 10 and 
thereby prevents noise spikes from causing an inadver
tent reset of the vertical input. You .set the clock 

C2 

VIDEO INPUT 10 µF 

5V 

R, 
91k 

0--------------~)~+--------+-----...... ----..... -H:Y--

19 

Voo 

R, 
180k 

frequency to 32x the desired horizontal-sync 
frequency. 

The hex inverter (IC3) buffers the clock signal and 
inverts the analog-switch control signals as required. 
The switches add clamping, blanking, and sync signals 
to the video. A brief closure of switch IC28 establishes 
the sync-pedestal amplitude by clamping the video 
signal at a level determined by the resistor divider 
R:i/R4• Closing switch IC2c sets the sync-tip level at V ss, 
and closing IC20 establishes the black-reference level 
("Back Porch"), which you set by adjusting potentiome
ter R6• EDN 
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C3 
I0.1 µF 

1c .. 
1/•HC4066 

c. 
10 µF 

+ 

R3 
10k 

COMPOSITE OUTPUT 
(NEG SYNC ADDED) 

WHITE ' 

LACK 

SYNC TIP 

32 x CLOCK 
INPUT 

X>-...;..23~ XIN 

20 
GEN 

10 
VRV 

MPB~1-3 --------------t 
MIXED BLANKING 

c, 
0.001 µF 

1 
XRC 

22 RC 

IC1 
CD22402 

Vss Vss 

3 12 

MSr
5-----------t 

MIXED SYNC 

11 
HCt-----------< 

" BACK PORCH " CLAMP 

Fig I-Timing signals generated within JC, enable this circuit to generate an interlaced-scan, composite-video signal by combining a video 
signal with vertical and horizontal sync and blanking pulses. 
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"Sierra's 
new power supplies 

gotVDE'.' 

e.
.' 

~ . I 

' 

' . ' 

See us at WESCON, Booths 746 & 748 

"Should they really 
be talking about 

something like that 
in an ad?" 

Why not?! From 45 to 500 watts, every 
open frame switching power supply 
in our new wide line meets VDE 0806 
for safety. And all have a TUV logo on 
the side to show they've been approved 
to these precise VDE standards; not 
"designed to meet:' Of course, none of 
this should surprise you. After all, every 
switcher we've introduced since 1983 
meetsVDE. 

In addition, these power supplies 
all meet VDE 0871, Level A for con
ducted noise. Some even meet the more 

stringent Level B requirement, includ-
ing the new "10to120KHz" standard. 

Oh, since we got VDE, we figured 
we ought to get approvals for UL and 
CSA plus conform to FCC, IEC and other 
international regulatory agencies as well. 

So if your product needs a power 
supply PDQ that meets VDE, UL, CSA, 
ETC., call ASAP. Sierra Power Systems 
(formerly Sierracin), 6275 Nancy Ridge 
Drive, San Diego, CA 92121. Call 
toll-free (800) 423-5569. In California, Sierra Power Systems 
(619) 458-1471. Division of Valor Electronics, Inc. 
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DESIGN IDEAS 

Circuit provides interface for tilt sensor 

Steve Momii 
University of Washington, Seattle, WA 

The Fig 1 circuit performs level shifting and amplifica
tion of the voltage output of an electrolytic tilt sensor. 
(The sensor consists of a vial whose electrodes are in 
contact with a conductive liquid. Tilting the vial 
changes the resistance between the electrodes.) 

IC1 includes two pairs of spdt switches, optimized for 
switched-capacitor applications and suitable for use in 
precision de functions such as instrumentation amplifi
ers. The chip has an internal 2-phase oscillator that 
drives the switches at approximately 185 kHz. In this 
application, the left-hand switches apply square-wave 
excitation to the tilt sensor. The right-hand switches 
transfer the resulting signal voltage (V 0 ) first to capaci
tor C2, then to the· output amplifier. 

Resistor R1 limits current through the sensor; high 
current shortens the sensor's life. Capacitor C1 blocks 
the de currents that would otherwise degrade the 
sensor by plating the electrodes. Op amp IC2 is a CMOS 
type whose low bias current has little effect on the 
voltage across the hold capacitor (C3) . 

Voltage V 8 provides a reference for the output volt
age and a means of calibrating the system offset-you 
simply have to adjust VB for the desired VouT when the 
sensor is level. When V8 =2.5V, R2=10 kD, and R3=14 
kD, the circuit provides a nominal 2.5V output. The 
resulting (nonlinear) output ranges from 0 to 5V in 
response to tilt inputs of ±30° . EDN 
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WHEATSTONE BRIDGE WITH 
SQUARE-WAVE DRIVE 

SYNCHRONOUS, DIFFERENTIAL 
MEASURE AND LEVEL SHIFT 

r 
SV * 

Vo + 

c, 
I 0.1 µF 

' C2 
1 µF 

Fig I-This tilt-sensor interface produces a 0 to 5V output in response to tilts of ±30°. 
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IC1 
LT1043 

(LINEAR 
TECHNOLOGY) 

ch_ 
1 µF -: 

15V 

R3 
Vour = Vo(1 +-)+Ve 

R> 
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INTRODUCING ZENITH'S NEW STANDARD SWITCHING POWER SUPPLIES. 
Now that Zenith's stepped 
into the batter's box, stan
dard power supplies will 
never be the same. Because 
we've taken our expertise 
from years in the "custom" 
business, and designed a 
full-featured product. . . at 

a standard price. And that means significant cost savings for you! 
Starting this January, Zenith will offer a complete family of medium 

power, off-the-shelf, switching power supplies. And our new power 
supplies have got all the bases covered ... 
• Safety. The new series meets international safety requirements of 

UL 478; CSA 22.2, No. 154; IEC 380;VDE 0806; VDE 0871/B; 
FCC PART J , CLASS B. 

• Tough. Exceeds 100,000 hours MTBF for durable performance. 
• Reliable. Comes with 2-year warranty, fully backed by Zenith. 
Output & Voltage Current Ratings 

Main Output 2nd Output SrdOatpat 4th0utpat 
Mu 

Output \0118 \0118 \bl18 \bl18 ....... DC Amps DC Amps DC Amps DC Amps 
Model {Watt&} {Min/Mu} {Min/Mu} {Min/Mu} (Mln/Mu} {Min/Mu) {Min/Mu} {Min/Mu} {Min/Mu} 

Zi'S-25().N 260 4.7f>/5.25 3.5135.0 10.0/15.5 0.414.0 10.0/15.5 0.414.0 4.7f>/5.25 0.313.0 
PKG PKG 

ZPS-300-N 300 4.7f>/5.25 4.5145.0 10.0/15.5 0.1118.0 10.11115.5 0.1118.0 4.7f>/5.25 0.414.0 
PKI2 PKl 2 

ZPS41JO.N 400 4.7f>/5.25 5.r.155.0 10.0/15.6 1.11110.0 10.11115.5 1.11110.0 4.7f>/5.25 O.M>.O 
PKl5 PK15 

For optional st.eel cover suMtitute -C for -N in model number. 

Sise 
{lncbes) 

5.0x 
2.6x 13 
5.0x 

2.6x 13 
6.0x 

2.6x 13 

• Flexible. All outputs are independently isolated, mag amp regulated, 
and adjustable. Outputs 2 and 3 can be widely adjusted between 10 
and 15.5V to meet different equipment demands - at no extra cost! THE QUAUTY GOES IN BEFORE THE NAME GOES ON ' 
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DESIGN IDEAS 

Simple algorithm detects stuck memory bits 

Vance Campbell 
Novell Inc, Provo, UT 

By performing logical AND and OR operations with 
appropriate bit masks, the simple algorithm of Listing 
1 detects the position of any bits in a memory array that 
are permanently stuck. Unlike other test methods such 
as checksums, the routine also tells you whether a bit is 
stuck in the high or low logic state. Listing 1 is written 
in 68000 assembly language. 

sequence, performs an OR operation with the all-zeros 
mask, stores the result in the all-zeros mask, performs 
an AND operation with the all-ones mask, and stores 
the result in that mask. 

· First you establish an all-zeros mask and an all-ones 
mask (of the same widths as the memory under test), 
and then you initialize the appropriate counters. Dur
ing execution the algorithm takes each memory word in 

This procedure rapidly fills the zero mask with ones 
and the one mask with zeros. After program execution, 
you can assume that any 0 in the zero mask indicates a 
bit stuck in the low state, and any 1 in the one mask 
indicates a bit stuck in the high state. You can use the 
routine for the initial testing of ROMs or for testing 
RAMs (after first filling the RAM with a known pat
tern). EDN 
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LISTING 1- MEMORY-TEST ALGORITHM 

ROMBase 
ROMSize 

BitTest: 

equ 
equ 

$f 68000 
$3fff 

* Check for stuck bits 

cir.I d4 
move.I #$ffff,d5 
move.I #ROMBase,aO 
move #ROMSize,dO 

StuckLoop: 
move 
or 
and 
dbf 

(a0)+,d3 
d3,d4 
d3,d5 
dO,StuckLoop 

32K of ROM 
16 K x 16 

use d4 for zero mask 
use d5 as ones mask 

use aO as pointer 
use dO as loop counter 

d3 is the temporary register 
logical or to zero mask 
logical and to ones mask 

loop back until finished 

* At this point, any bits still 0 in "zero mask" are stuck at 0, and any bits 
* still set in "ones mask" are permanently stuck high. Report to user and exit. 

cmp #$ffff,d4 
bne.s StuckLow 

CheckForHighBits: 
tst d5 
bne.s StuckHigh 

Exi tBi tTest: 
rts 

Stuck Low: 

any bits stuck low in "zeroes mask?" · 
if so, go process it 

test for zero in "ones mask" 
if not zero, it's an error! 

back to calling routine 

* User routine to output error message and / or bit mask. 

bra .s ExitBitTest exit through common exit point 

StuckHigh: 
* User supplied routine to handle bits· being stuck high . 

bra .s ExitBitTest exit through common exit point 
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DESIGN IDEAS 

Debouncer for spdt switches uses few parts 

Mounir Boukadoum 
University of Quebec at Montreal, Montreal, 
Quebec, Canada 

The debounce circuit of Fig 1, applicable to spdt 
switches, uses fewer components than that of an earlier 

s, 
(SPOT) 

OUTPUT 

Fig 1-The position of switch S, determines the output state of the 
bistable latch formed by inverters JC,A and IC,H; positive feedback 
makes the circuit insensitive to contact bounces. 

Design Idea (EDN, March 18, 1987, pg 212). Like the 
earlier version, Fig l's circuit has two inverters in a 
bistable-latch configuration but, unlike its predecessor, 
it requires no other components. 

After assuming a given binary state, the output 
becomes insensitive to contact bounces thanks to posi
tive feedback around the inverter loop. You can set the 
circuit output normally high or normally low by con
necting IC1A's input to the appropriate switch contact. 

EDN 
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Delay circuit affects leading edge only 

Harold J Weber 
Effectrol Products Corp, Framingham, MA 

The Fig 1 circuit lets you delay the leading edge of a 
positive pulse while leaving the trailing edge almost 

INPUT R1 

INPUT~ 

OUTPUT~ 

OUTPUT 

Fig 1-This circuit delays the leading edge of an input pulse 
according to the setting of R, as shown. The trailing-edge delay equals 
the propagation delay through JC, and IC 1H· 

252 

unaffected. A positive input transition, inverted by IC2, 
has no effect on ICrn. However, when the positive 
transition reaches IC1A (delayed by the adjustable net
work of Ri. R2, and C1), it toggles both NOR gates, 
initiating the output pulse. When the input returns low, 

INPUT ___r---t__ 

OUTPUT~ 

OUTPUT 

Fig 2-This circuit delays the leading edge of an inverted pulse and 
buffers the input signal. The trailing edge is delayed only by the 
propagation through one gate (IC,R). 

EDN October 29, 1987 



improve circuit performance ... $12.95 (6-49qty) 

Now available for the first time ... IF bandpass filters that maintain 
constant 50-ohm impedance over their passband and stopband. 

What are the significant advantages over conventional band
pass filters whose impedance and VSWR change drastically 
outside the bandpass region? For receivers, improved intermod 
performance. For wideband amplifiers, greater stability. For mix
ers, less spurious reflections and improved flatness of response. 
For oscillators, considerably better noise characteristics. 

Housed in a hermetically-sealed package, only 0.4 by 0.8 by 
0.4 in., the PIF-series IF bandpass filters meet MIL-STD-202 
requirements , have a VSWR of 1.3 (typ), and are offered at IF 
center frequencies shown in the chart. For your design conve
nience, performance specs are provided at 20dB, 1 OdB, 1 dB 
rejection points within and outside the bandpass region . 

Available for immediate delivery, the constant-impedance IF 
bandpass filters are priced at only $12.95 (6-49 qty) and carry 
Mini-Circuits ' one-year guarantee. 

MODEL 
Center Frequency (MHz) 
Bandpass (MHz) 1 dB max. 
Stopband (Mhz) 1 OdB min. 
Stopband (Mhz) 20dB min. 

PIF-30 
30 
25-35 
7-120 
2-210 

finding new ways ... 

PIF-40 
42 
35-49 
10-168 
3-300 

setting higher standards 

PIF-50 
50 
41-58 
12-200 
3-350 

PIF-60 
60 
50-70 
14-240 
4-400 

PIF-70 
70 
58-82 
16-280 
5-490 

r;;:I Mini-Circuits 
A Division of Scientific Components Corporation 

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

Design Entry Blank 
$75 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design 
of each issue, determined by vote of readers. Addi
tional $1500 Cash Award for annual Grand Prize 
Design, selected among biweekly winners by vote of 
editors. 

To: Design Ideas Editor, EON 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 ___ Zip ____ _ 

Design Title ______________ _ 

Home Address _____________ _ 

Social Security Number _________ _ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EON, must be 
original with author(s), must not have been previously 
published (limited-distribution house organs excepted) , 
and must have been constructed and tested. 

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 _________________ _ 

Your vote determines this issue's winner. All designs 
published win $75 cash. All issue winners receive an ad
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate 
number on the reader inquiry card . 

ISSUE WINNER 
The winning Design Idea for the August 6, 1987, issue 
is entitled " Talking meter gives de-voltage readings," 
submitted by Ricardo Jimenez-G of San Diego State 
University (Calexico, CA), and Francisco Meza and Jose 
J Lara of Mexicali Technological Institute (Mexical i, Baja 
California, Mexico). 

ICIB follows suit, delayed only by the propagation 
through itself and IC2• 

The Fig 2 circuit produces an inverted output pulse. 
Inverter IC1 serves as a buffer for the signal source-an 
advantage when driving a low-impedance (short-delay) 
network. Moreover, only the propagation delay of IC28 

separates the output's trailing edge from that of the 
input. 

You can configure Fig l's circuit to handle negative 
pulses by using NAND instead of NOR gates. Similarly, 
Fig 2's circuit will produce a delayed positive pulse in 
response to a negative input pulse, if you substitute 
NOR gates for NAND gates. EDN 
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FIBER OPTICS 

By Lightwave Communications, Inc. 

• 8, 16, 32, 64 Channels 
• Up to 64 Kb/ s 

• Full and Half Duplex 
• Rack Mount Frame 

RS-232 Multiplexers 

• Full Duplex 
• Half Duplex 
• With /Without Clock 

• Up to 2 Km 

RS-422 Modems 

~ ................................................. . 
Send thi s ad to Lightwave Communicalions, Inc. for more 
information on RS-232 Modems - Video Links - Fiber Optic 
Cable Assemblies EON 102987 
Name ________________ ~ 

Company _ _ _ ____________ _ 

Address ________________ _ 

City, State, Zip--------------
Phone _ ___________ ____ _ 

I ~ I U3htwave Communica.tions, Inc. 
I sso Danbury Road, Ridgefield CT 06877 

203 • 438-3591 
CIRCLE NO 21 
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The tape on the left 
will c~ the \V<WYOU look 

at multilayer circuitry. 
So will the one on the right. 

Introducing the Green Thpe System* from DuPont. 

And a free videotape that shows what this new multi-

layer circuit technology can do for you. 

Green Tupe is a low-temperature, co-fireable 

ceramic based system that combines the design flexibility 
of thick film systems with the manufacturing ease of 

co-fired alumina systems. 
Green Tupe eliminates the multiple firing steps 

required with traditional thick film technology. And 
unlike co-fired alumina, where extreme firing tempera-

tures destroy high conductivity metals such as gold 
and silver, the Green Tupe System is perfectly compatible 

with precious metal circuitry. 

Now you can design innovative multilayer circuitry 

using Green Tupe. It can be fired in an air atmosphere and, 

like thick film equipment, requirements are simple. 

This allows for in-house prototyping and manufacturing 
which means very quick turn-around times. And there's 

no known limit to the number of dielectric layers that 
can be fired at one time. Think of the possibilities. 

If you think the Green Thpe System sounds good, 
wait'll you see how it can help you improve your multi-

layer circuitry. Call for your free videotape: 1-800-341-4004. 
'DuPont's trademark for dielectric tape, inner layer and via fill conductors. 

DuPont Electronics 
Share the power of our resources. 
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This socket had been made by a major RN 
competitor. New, more stringent customer 
specs needed for automatic placement of the 
socket on PC boards, stumped this supplier as 
well as many others. The "RN P/Q TEAM ", 
working with customer engineers, responded 
quickly with modifications of a standard socket 
that included more precise dimensions and 
consistent quality in higher production quantities. 
RN is now delivering precision , high reliability 
sockets to this major OEM for high speed , auto
matic assembly. 

This is the "RN Partners in Quality Team" 
in action. It brings all of our engineering , pro
duction and quality control resources together 
with customer experts to solve socket and 
connector problems with speed and efficiency. 
Call on the "RN P/Q TEAM " for fast, certain 
solutions to your interconnect problems. 

This is the socket that competitors could 
not make precisely enough to be assembled 
automatically. It is a modestly priced ICO series 
DIP socket. RN modified it to rigid customer 
specs and now produces it in large quantities 
of unvarying quality that meetthe precise require
ments of high speed assembly. Just one more 
example of the RN "Partners in Quality Team" 
solving difficult customer problems. 

CIRCLE NO 242 

Robinson 
N uae n I: BOOE"' E•h• '""' N~ A<b"" '"""" <n50 . Phoo• (8'2) 9'502" FAX ~"' 9'5·080< 

In Europe· Rue St. Georges 6, CH 2800 Oelemont. Swilzerland • Phone: (066) 22 9822 FAX: 011·41·622·9813 
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Application Specific PGA Sockets 
Robinson Nugent offers a wide variety of Pin Grid Array 
Sockets for your ASIC's. They feature : High temp bodies for 
wave soldering • Disposable pin carriers for zero profile 
contacts • Sizes, 8x8 up to 21x21 with unlimited configurations 
• Extraction tools avai lable • Molded standoffs for socket 
body. Write today for complete new PGA catalog. 

CIRCLE NO 243 

"The 'RN P/Q TEAM' con
cept brings all of our design, 
engineering and produc
tion skills to bear on your 
unique socket/connector 
problems. We work closely 
with your people to create 
solutions that are delivered 
on-time and defect-free. 
You have my personal 
guarantee on it." 

R. A. Lindenmuth 
President/CEO 

Write or call today for the com
prehensive new brochure: "The RN 
PIQ Team in Action''. You ' ll learn 
how smart companies are putting 
the brains, resources and experi
ence of RN engineers to work to 
solve tough interconnection prob
lems with speed and efficiency. 

CIRCLE NO 244 

[J@The "RN P/Q TEAM" ... your Partners in Quality 
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NEW PRODUCTS 

PRECISION OP AMP 

• Low-input offset voltage 
• Low-offset voltage drift 

Featuring a maximum input-offset 
voltage of 75 µ V and a maximum 
offset-voltage drift of 0.5 µ V/°C, 
the OP-200 dual op amp consumes 
less than one-quarter the power of 
the standard OP-07 on a per-amplifi
er basis. The maximum supply cur
rent for the OP-200 is 1.45 mA (two 
amplifers) vs 4 mA for the single 

OPTICAL SWITCHES 

• MOC70 Series with transistor 
output 

• MOC71 Series with Darlington 
output 

These slotted optical switches for 
motion- and position-sensing come 

EDN October 29, 1987 

INTEGRATED CIRCUITS 

OP-07. The voltage gain of over 5 
million significantly reduces gain 
error in high-gain applications. Ad
ditional specifications include a 
CMRR of 120 dB and a noise-voltage 
density of 11 n V/VHz. Commercial 
grade , $2.95; industrial grade, 
$3.50; military grade, $9.80 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TWX 310-
371-9541. 

Circle No 351 

in six package varieties for the 
MOC70 Series and five varieties for 
the MOC71 Series. The input LED 
for both types is an MLED71 with a 
forward voltage of 0.9 to l.8V and a 
typical junction capacitance of 18 
pF. For the MOC70 Series, the out
put transistor has a typical hFE of 
700 at 2 mA. The MOC71 Series' 
Darlington output has a typical hFE 
of 10,000 at 2 mA. BV cEo for both 
types is 30V. Turn-on/off times are 
20/80 µsec and 120/500 µsec for the 
MOC70 and MOC71, respectively. 
$1.55 to $1.99 (100). Delivery, stock 

to 10 weeks ARO. 
Motorola Inc, Semiconductor 

Products Sector, Box 52073, Phoe
nix, AZ 85072. Phone (602) 244-
3818. 

Circle No 352 

WIDEBAND OP AMPs 

• 150- and 200-MHz bandwidths 
• 10- and 8-nsec settling times 

Employing a complementary bipo
lar process, the CLC400 is a high
speed, fast-settling op amp for low
gain applications (gains of ± 1 to 8). 
Its sister chip, the CLC401, is for 
applications requiring a gain of 7 or 
greater. With an 8-nsec settling 
time to 0.05% and the ability to 
drive capacitive loads, the CLC400 
is suitable as a flash AID driver. The 
200-MHz bandwidth and 2.2-nsec 

rise/fall times ensure good signal 
fidelity when amplifying high-speed 
pulses. The CLC401 has a band
width of 150 MHz and a settling 
time of 10 nsec to 0.1%. Both de
vices have a 50-mA output current 

. rating. Applications include instru
mentation, radar/electronic war
fare, communications, computers 
and peripherals, and electronic im
aging. Either type in an 8-pin plas
tic DIP, $15.50 (100). Delivery, 60 to 
90 days. 

Comlinear Corp, Box 20600, Fort 
Collins, CO 80525. Phone (303) 226-
0500. TLX 450881. 

Circle No 353 
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7.5A REGULATOR 
• Low dropout of 1.5V max 
• On-chip trimming adjusts refer-

ence voltage to 1% 

The LT1083 7.5A adjustable (posi
tive) voltage regulator features a 
low dropout voltage of l.5V at maxi
mum-rated output current and is 
pin compatible with existing 3-ter
minal regulators. Intended for 
power regulation within tight enclo
sures, it can reduce heat-sink and 
cooling-fan requirements. On-chip 
trimming adjusts the reference volt
age to 1 %, and current limiting is 
trimmed to minimize the stress on 
the regulator and power-source cir
cuitry under overload conditions. 
Unlike in pnp regulators, quiescent 
current flows into the load to in
crease efficiency. The input-to-out
put differential is 35V. Typical ap
plications include high-efficiency 
linear regulators, post regulators 
for switching power supplies, con
stant-current regulators, and bat
tery chargers. In T0-24 7 plastic 
package, $7. 70 (100). Delivery, 30 to 
60 days ARO. 

Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 95035. 
Phone (800) 637-5545; in CA, (408) 
432-1900. 

Circle No 354 

NAND-GATE DRIVER 
• Has 60V, 1.5A operation 
• Draws 8 mA from a 5V supply 

The UDN-2540B is a quad NAND
gate power-driver IC. With outputs 
disabled and loads disconnected, the 
device draws 8 mA from a 5V supply 
or 33 mA from a 15V supply. Each 

EDN October 29, 1987 
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of the independent outputs can 
withstand 60V in the off state and 
sink l.5A in the on state (the maxi
mum-recommended continuous load 
current is l.25A, however). You can 
connect outputs in parallel to obtain 
higher load current. The device's 
integral transient-suppression di
odes and its minimum 35V output
sustaining voltage suit inductive-

LSI electroluminescent (EL) lamps 
offer the designer a surface illumi
nation alternative far superior to 
incandescent or other conventional 
light sources. And, whereas other 
makes of EL lamps may offer some 
of our product features, compara
tive tests prove that for long life, 
brightness, uniform light diffusion, 
color stability, resistance to mois
ture, heat, vibration and shock, no 
other EL lamps can match ours. 

Thin, flexible and lightweight
Many shapes, sizes and colors 
These rugged, solid-state EL lamps 
provide cool, uniform light across 
the entire lamp surface, eliminating 
the need for sockets, bulbs, diffusers 
and reflectors. Power consumption 
is small due to low current demand. 
A thin profile (.032") permits high 
density packaging ; and with IC-style 
leads available, lamps are compati
ble with PCBs. Although stocked in 
rectangular shapes for immediate 
delivery, we can design EL lamps in a 
variety of custom shapes and sizes 
including complex forms with 

load applications. The device is 
housed in a 16-pin DIP equipped 
with contact tabs for a heat sink. At 
25°C, the package can dissipate 
2. 7W in free air or 4.5W with a heat 
sink. $0.97 (1000). 

Sprague Electric Co, Box 9102, 
Mansfield, MA 02048. Phone (617) 
853-5000. 

Circle No 355 

multi pie holes and cutouts. Available 
with pressure-sensitive adhesive on 
front or rear surfaces. 

If you'd like a copy ofour brochure, 
or have questions regarding EL 
applications, just ca ll, write or TWX 
the LSI Marketing Department. 

Luminescent 
Systems 
Inc. 

Setting the Standard 

Tel. (603) 448-3444 TWX 710-366-0607 
Etna Rd .. Lebanon, NH 03766 
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NEW NEW 
DS-6411 DS-6612 DS-6121A 

Max. Sampling Rate 10 M S/s 20 M S/s 40 M S/s 

Equivalent Time Sampling BW None 60 MHz 100 MHz 

Analog Bandwidth 40 MHz 60 MHz 100 MHz 

Capture Memory Length 1 or 16 k /CH 1or16 k/CH 2 k/CH 

Glitch Capture 200 ns 100 ns 50 ns* 

Vertical Resolution 8 bit 8 bit 8 bit 

CRT Readout/Cursors YES YES YES 

GP-IB/RS-232C (options) YES YES YES 
($500) ($500) ($750) 

3-year Warranty (U.S.A. & Canada) YES YES YES 

Price (U .S.A. only) $2,570 $3)95 $5,475 

* Also available: Model DS-6121 (withou t Glitch/ Envelope mode) $ 4,975 

U.S.A. & Canada 

DS-6411/6612 
Both models feature easy-to-learn, 
easy-to-use Menu-Driven operations, 
pre/post-triggering capabilities, 
averaging and much more. 

IWATBU INSTRUMENTS INC. 
~ 430 Commerce Boulevard, Carlstadt, NJ 07072 TEL: (201) 935-5220 FAX : (201) 935-2075 
~® Japan&OtherCountries 

IWATBU ELECTRIC ca .. LTC. 
TOKYO, JAPAN 
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INTEGRATED CIRCUITS 

12-BIT CMOS ADC 

• Has 3-µs ec max conversion time 
• High-speed digital interface 

The Max162 fast, 12-bit successive
approximation ADC features a 
3-µsec max conversion time when 
operating with a 4-MHz external 
clock. Included on-chip are a zener 
reference, 3-state output drivers, 
µP interface circuitry, and internal 
or external clock options. It oper
ates from 5V and -15 or -12V 
supplies and provides an analog 
input range from 0 to 5V. The high
speed digital interface and 3-state 
outputs allow the Max162 to operate 
with most widely used µPs. Appli
cations include high-speed data ac
quisition, ATE, process control, and 
digital signal processing. It's avail
able in three temperature ranges. 
$46 to $165 (100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 356 

SOUND CONTROLLER 

• Controls volume, balance, bass, 
and treble in stereo systems 

• Suitable f or audio systems, car 
radios, and TV receivers 

Using de input-control signals the 
CA3259 can control the volume, bal
ance, bass, and treble outputs in a 
stereo sound system via inexpensive 
potentiometers or a programmable 
remote-control system. Each chan
nel contains a preamp and amplifi
ers for treble, bass, and volume/ 
balance. The bass and treble 

EDN October 29, 1987 

responses are controlled by external 
capacitors. The volume range is 75 
dB , the tone control range is 14 dB, 
and the typical distortion is 0.1 %. 
The channel separation is a mini
mum of 45 dB. $2. 75 (500). 

GE/RCA Solid State, Rte 202, 
Somerville, NJ 08876. Phone (201) 
685-6713. 

INQUIRE DIRECT 

Our thin, flexible electrolumines
cent lamps dramatically improve 
LCD readout by providing higher 
contrast and better visibility. A thin 
profile (.032") allows high density 
packaging, and pressure-sensitive 
adhesive can be supplied on front 
or rear surfaces for rapid assembly. 

Uniform, cool light source in 
many shapes, sizes and colors 
Our backlighting Els emit even illu
mination across the entire lamp sur
face. They also eliminate the need 
for sockets, bulbs, diffusers or reflec
tors. Lamps are usually supplied in 
rectangular shapes, but we can cre
ate many custom shapes and sizes 
including complex forms with multi
ple holes and cutouts. With IC-style 
leads, lamps are compatible with 
PCB assembly. Eight standard colors 
are available and custom colors can 
be created. 

DIA CONVERTER 

• Provides 12-bit resolution 
• Specif ies a 35-nsec settling time 

The AD568 is a 12-bit, monolithic 
DIA converter that settles to within 
±0.025% of full scale in typically 35 
nsec. The current-output device 
(10.24 mA full scale) is suitable for 
use in waveform generation, video 

If you'd like more information 
relating to LCD applications, just call, 
write or TWX the LSI Marketing 
Department. 

Luminescent 
Systems 
Inc. 

Setting the Standard 

Tel. (603) 448-3444 TWX 710-366-0607 

Etna Rd ., Lebanon, NH 03766 
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If this is what comes to mind 
when you thinkSollj 

CD ROMs. From the com-
pany that pioneered optical 
memory technology come CD 
ROMS in built-in and stand
alone models. Also look for a 
half-height model coming soon. 

Semiconductors. You'll find a diverse 
selection of SRAMs, HEMTs, laser 
diodes and AID and DIA converters. 
F.ach with the leading-edge per
formance you demand. 

1bink again. 

Image Sensing. We offer one of the 
widest ranges of video-imaging products. 
From Saticon™ tube cameras and advanced 
CCD cameras to sophisticated, high
resolution video printers. 

Disk drives. Wf!re the 
industry leader in 3.5-inch 
Micro Floppydisk drives and 

have over 18 versions available. In
cluding an all-new 2-megabyte drive. 

Graphic Displays. Let Sony's advanced 
TV technology benefit your OEM 
needs. You'll find everything from four
inch flat displays up to 19-inch high
resolution monitors. 

Everyone knows that Sony makes TVs. But few know we make component products for the OEM market, too. 
Fact is, we're a primary component supplier to a broad range of OEMs-from small start-ups to major Fortune 100 com

panies. Supplying a complete range of component products, each with some of the highest performance specs you'll find anywhere. 
To discover how Sony component products can help bring your designs into s o 

sharper focus, write Sony Corporation of America, Component Products Group, 10833 
Valley View St., Cypress, CA 90630, Attn: Sales. FAX (714) 229-4271. Or call the Sony NV@ 
representative nearest you. 

Saticon and Sony are trademarks of Sony. 

AL Huntsville (205) 533-1730 
Mobile (205) 478-1036 

AZ. Phoenix (602) 257-9015 
CA Los Angeles (714) 855-0233 

San Diego (619) 729-9216 
San Francisco (415) 960-3880 
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CO Aurora (303) 695-8903 
Fl Boca Raton (305) 482-5649 

Orlando (305) 291-2774 
GA Norcross (404) 449-8680 
IA Cedar Rapids (319) 393-2232 
IL Chicago (312) 382-3001 
IN Carmel (317) 844-5222 

A. Woyne (219) 486-1912 
MD Randallstown (301) 655-2265 
MA Boston (617) 894-8400 
Ml Livonia (313) 844-5222 
MN Eden Prairie (612) 944-7274 
MO Bridgeton (314) 291-4230 

Raytown (816) 358-8100 

NJ Mt Laurel (609) 866-1234 
NM Albuquerque (505) 345-3591 
NY Jamaica (718) 291-3232 

Syracuse (315) 699-2671 
NC Durham (919) 544-6630 

Huntersville (704) 892-1366 
OH Cincinnati (513) 385-1105 

CIRCLE NO 249 

Cleveland (216) 261-9705 
OK Tulsa (918) 744-9964 
OR Tigard (503) 620-3280 
I'll Pittsburgh (513) 385-1105 
TN Greenville (615) 639-3491 
TX Austin (512) 346-9186 

Dallas (214) 234-8438 

Houston (713) 782-4144 
l1T Salt Lake City (801) 264-8050 
VII Ster1ing (703) 478-2480 
Wll Bellevue (206) 455-3460 

Spokane (509) 924-4410 
WI Waukesha (414) 542-5352 
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graphics, and as a component in 
high-speed successive-approxima
tion AID converters. The part is the 
first offering to employ the vendor's 
proprietary complementary-bipolar 
process, which combines high-speed 
npn and pnp transistors on the same 
chip. The converter has a buried
zener voltage reference and a user
variable input-logic threshold ; 
onboard resistors provide output
voltage ranges of 0 to l.024V and 
±0.512V. The device comes in a 
0.3-in.-wide , 24-pin ceramic DIP, 
requires ±13.5 to ±15V supplies, 
and dissipates 525 mW. From $35 
(100). 

Analog Devices, Literature Ctr, 
70 Shawmut Rd , Canton, MA 
02021. Phone (617) 935-5565. 

Circle No 358 

CMOS STATIC RAMs 

• Organized as 256k bits 
• Low-power version has 100-µA 

standby current 

The 32k x8-bit CAT71C256 and 
CAT71 C256L CMOS static RAMs 
have an 85-nsec access time, which, 
according to the manufacturer , is 
the highest speed available in a 
256k-bit static RAM. Standby cur
rents are 1 mA for the CAT71C256 
and 100 µA for the low-power 
CAT71C256L. Each device is avail
able in either a 28-pin DIP or a 
32-pin PLCC, operates from a 5V 
supply, and features TTL-compati
ble inputs and outputs. CAT71C256, 
$18.25; CAT71C256L , $20.62; 
CAT71C88, $8.55 (100). 

Catalyst Semiconductor Inc, 
4051 Burton Dr, Santa Clara, CA 
95054. Phone (408) 980-9144. 

Circle No 359 
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CHIP SET 

• Provides signaling and error de
tection for PCM links 

• Pin and function compatible 
with MJ1440 Series devices 

The ZN1440 chip-set series, consist
ing of four ICs, performs all the 
common signaling and error-detect
ing functions required in a 2. 048M-

At only.085"thick,our new fiber
glass electroluminescent panels are 
designed to replace lightplates and 
traditional metal plates that may 
not presently be illuminated. Our 
thin .085" panels weigh 40% less 
than a typical .220" plexiglass panel, 
and with an expansion coefficient 
equal to aluminum, the panels are 
ideal for surface-mount appl ications. 

LSI electroluminescent panel 

As the pioneer developers of EL 
lamps, as well as the process of 
encapsulation, we have combined 
the uniform, cool surface illumina
tion of EL with the strength of 
fiberglass to create a new standard 
for panels. 

Durability and long life 
luminescence 
LSI EL lamps eliminate the need for 
sockets, bulbs, diffusers or reflec
tors, and add no heat to the assem
bly. This, together with their long 
life and availability in many colors, 
make them the intelligent choice 
for panel illumination - far superior 
to LEDs or incandescent bulbs. We 
create panels (including standard 
.220" plexiglass) in almost any 
shape and size, as well as complex 
designs with multiple holes and 
cutouts. Lamps can be filtered to 
comply to ANVIS or other military 
specifications, or to your design 
requirements. 
If you'd like a copy ofour brochure, 
or have questions regarding panel 
applications, just call, write or TWX 
the LSI Marketing Department. 

Luminescent 
Systems 
Inc. 

Setting the Standard 

Tel. (603) 448-3444 TWX 710-366-0607 

Etna Rd ., Lebanon, NH 03766 
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CONVERTER 
CONCEPTS' CP 22 

OPERATES LOW 
POWER COMPUTER 

PERIPHERALS 
ANYWHERE IN THE 
WORLD WITHOUT 
POWER SUPPLY 
MODIFICATION 

266 

D he CP 22 is a low profile power 
supply designed for low power 

computer peripheral applications. 
It adapts to WIDE input varia

tions of 90 to 250 VAC. That means it 
operates on any voltage anywhere in 
the world WITHOUT SWITCHES, 
JUMPERS, TAPS OR OTHER MODI
FICATIONS. 

The high efficiency CP 22 is UL 
recognized, and TUV approved. Plus, 
it features over voltage limit protection 
and quad output design. 

Too good to believe? Well , 
believe it. The low profile CP 22 is 

CIRCLE NO 250 

but one of our many powerful ideas 
that work. 

To find out more, contact the 
Converter Concepts' representative 
nearest you. Or call us directly. That's 
the best idea yet. 

,-,-~,.& CONVERTER 
'~ _,., CONCEPTS~ 
Industrial Parkway • Pardeeville, WI 53954 

(608) 429-2144 • TWX: 910-280-2630 
Toll-Free 800/253-5227 

EDN October 29, 1987 



CALL YOUR NEAREST 
CONVERTER CONCEPTS 

REPRESENTATIVE: 
ALABAMA MONTANA 
Futron Inc. Converter Concepts Inc. 
(205) 830-0808 (800) 253-5227 
ARIZONA NEBRASKA 
Cantec Sales Inc. Converter Concepts Inc. 
(602) 345-1276 (800) 253-5227 
ARKANSAS NEVADA 
Tesco (Northern) 
(214) 681-1376 Pacific Marketing 
CALIFORNIA (415) 887-1620 
(Northern and Central) Cantec Sales, Inc. 
Pacific Marketing Inc. (602) 345-1276 
(415) 887-1620 NEW HAMPSHIRE 
(Southern) Interstate Sales Associates 
Converter Concepts Inc. (617) 256-2287 
(800) 253-5227 NEW JERSEY 
COLORADO KoebertAssociates 
Dynatech Inc. (215) 887-2310 
(303) 773-2830 NEW MEXICO 
CONNECTICUT Cantec Sales Inc. 
Interstate Sales Associates (602) 345-1276 
(617) 256-2287 NEW YORK 
DELAWARE (New York City, 
Koebert Associates Long Island) 
(215) 887-2310 Koebert Associates 
DISTRICT OF (215) 887-2310 
COLUMBIA (Upstate New York) 
Converter Concepts Inc. Pl'Tronics Inc. 
(800) 253-5227 (315) 455-7346 
FLORIDA NORTH CAROLINA 
(Central) Futron Inc. 
Perrott Associates Inc. (919) 833-8755 
(305) 298-7748 NORTH DAKOTA 
(Western) Microelectronic Sales 
Perrott Branch Office (612) 829-0948 
(813) 443-5214 OHIO 
(Southern) JFCO, Inc. 
Perrott Branch Office (216) 398-6300 
(305) 792-2211 (513) 890-8322 
GEORGIA OKLAHOMA 
Futron Inc. Tesco 
(404) 263-9688 (918) 665-3939 
IOAHO OREGON 
Dynatech Branch Office Nortlmest Component Sales 
(801) 546-4837 (206) 828-4838 
ILLINOIS PENNSYLVANIA 
Converter Concepts Inc. (Western) 
(BOO) 253-5227 JFCO, Inc. 
IN DIANA (412) 823-5400 
(Central) (Eastern) 
JFCO, Inc. Koebert Associates 
(513) 890-8322 (215)887-2310 
(Southern) RHODE ISLAND 
JFCO, Inc. Interstate Sales Associates 
(317) 576-9363 (617) 256-2287 
(Northern) SOUTH CAROLINA 
JFCO, Inc. Futron Inc. 
(800) 255-4431 (919) 833-8755 
IOWA SOUTH DAKOTA 
Microelectronic Sales Microelectronic Sales 
(612) 829-0948 (612) 829-0948 
KANSAS TENNESSEE 
Converter Concepts Inc. Futron Inc. 
(800) 253-5227 (205) 830-0808 
KENTUCKY TEXAS 
JFCO, Inc. Tesco 
(317) 576-9363 (713) 370-9332 
LOUISIANA (512) 834-8374 
Tesco (214) 681-1376 
(214)681 -1376 UTAH 
MAINE Dynatech Branch Office 
Interstate Sales Associates (801) 546-4837 
(617) 256-2287 VERMONT 
MARYLAND Interstate Sales Associates 
Koebert Associates Branch (617) 256-2287 
(304) 229-8401 VIRGINIA 
MASSACHUSETIS Koebert Associates Branch 
Interstate Sales Associates (304) 229-8401 
(617) 256-2287 WASHINGTON 
MICHIGAN NortlmestComponentSales 
JFCO, Inc. (206) 828-4838 
(800) 255-4431 WEST VIRGINIA 
MINNESOTA JFCO, Inc. 
Microelectronic Sales (412) 823-5400 
(612) 829-0948 WISCONSIN 
MISSISSIPPI Converter Concepts Inc. 
Futron Inc. (608) 429-2144 
(205) 830-0808 WYOMING 
MISSOURI Dynatech 
Converter Concepts Inc. (303) 773-2830 
(800) 253-5227 

INTERNATIONAL 
AUSTRALIA NETHERLANDS 
Powerbox Australia Modelec BV 
(02)4764211 Tel : 0838036262 
008-251380 NORWAY 

(Toll Free in Australia) Powerbox Noiway NS 
ENGLAND Tel : 472 535837 
Computer & Aerospace SWEDEN 

Components Ltd . Powerbox AB 
Tel : 01397 5311 Tel : 11502 
ISRAEL 52523 WEST GERMANY 
Milchan Bros. Ltd . Powerbox BAD 
Tel : 9723 728158 Tel : (0711) 2261150 
ITALY 
Eleam S.R.L. 
Tel : 02 2366 641 090387 
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INTEGRATED CIRCUITS 

bps, 30-channel PCM transmission 
link. All the devices conform to the 
appropriate CCITT recommenda
tions. The ZN1440E simultaneously 
and asynchronously encodes and de
codes data in the link's HDB3 for
mat and detects any coding errors. 
At the link's transmission end, the 
ZN1444E generates a synchronizing 
word and injects it into the PCM 
data highway during time-slot 0 of 
alternate transmission frames. At 
the receiving end of the link, the 
ZN1445E detects the frame syn
chronization word and synchronizes 
the receiver. It also flags synchroni
zation errors. The ZN1446E oper
ates at either end of the link, trans
mitting or receiving signaling 
information during each frame's 
time-slot 16. It accepts information 
in either binary or AMI format. The 
chips are available in either ceramic 
or plastic 16-pin DIPs and are pin 
and function compatible with corre
sponding MJ1440 Series devices. 
ZN1440E and ZN1445E, each $6.20; 
ZN1444E, $10.18; ZN1446E, $7.38 
(1000). 

Ferranti Electronics Ltd, Fields 
New Rd, Chadderton, Oldham OL9 
8NP, UK. Phone (061) 624 0515. 
TLX 668038. 

Circle No 360 
Ferranti Electric Inc, 87 Modu

lar Ave, Commack, NY 11725. 
Phone (516) 543-0200. TLX 6852104. 

Circle No 361 

10-BIT VIDEO DAC 
• 160-MHz conversion rate 
• 14-MHz multiplying bandwidth 

Designed for ultrafast applications 
such as graphics displays and high
speed signal processing, the DAC-
330 is a monolithic 10-bit, 100-MHz, 
multiplying DIA converter with a 
14-MHz multiplying bandwidth ca
pability. It operates from a -5V 
power supply and dissipates a maxi
mum of l.48W. Its digital inputs are 
ECL compatible, and you can invert 
the proportional relationship be
tween input data and output volt-

age. The output voltage range is 0 to 
-1. OV, with a settling time of 4. 7 
nsec. The operating temperature 
range is -20 to +75°C. It comes in a 
28-pin plastic DIP. $112. 

Datel, 11 Cabot Blvd, Mansfield, 
MA 02048. Phone (617) 339-9341. 
TWX 710-346-1953. TLX 951340. 

Circle No 362 

FIFO MEMORIES 

• Offer 64-wordX4- or 5-bit organi-
zations 

• Operate over 10 to 45 MHz 

Four CMOS FIFO memories are 
available. The IDT72401 and 
IDT72403 (identical to the 
IDT72401 except it has an extra 
output-enable function) come in ·a 
64-word x 4-bit organization, and the 
IDT72402 and IDT72404 (also with 
the extra output-enable function) 
come in a 64-word x 5-bit configura
tion. All are asynchronous devices, 
available in 10-, 15-, 25-, 35-, and 
45-MHz versions. A RAM-based ar
chitecture provides a 25-nsec fall
through time (compared with 1 µsec 
or more for bipolar devices). The 
typical power dissipation is 200 mW, 
or less than l/s that of bipolar types. 
The chips provide both asynch.ro
nous and simultaneous shift-in/shift
out operations. You can cascade the 
chips to achieve greater word depth 
or bit width. From $15 (100). 

Integrated Device Technology 
Inc, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. TWX 
910-338-2070. 

Circle No 363 
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CIRCLE NO 26 

DID YOU KNOW? 
Half of all EDN's 

articles are staff-written. 

INTEGRATED 
CIRCUITS 

SAMPLING CONVERTER 
• Combines sample/hold and A ID 

converter 
• Has max 500k-sam plelsec 

throughpu t 

The ZAD2764 sampling AID con
verter combines a sample/hold am
plifier with a 2-pass, digitally cor
rected, subranging AID converter 
with 14-bit resolution. Intended for 
applications in instrumentation , 
ATE , and medical-imaging systems, 
the device has a maximum through
put rate of 500k samples/sec. Its 
AID-conversion time is 0.9 µsec. Its 
package measures 3.8x 4.5x 0.55 in. 
$496 (100). Delivery, four to six 
weeks ARO. 

Analog Solutions, 85 W Tasman 
Dr, San Jose, CA 95134. Phone (408) 
433-1900. 

Circle No 364 

HIGH-SPEED µP 
• Operates at 16 MHz 
• Compatible with lower-speed 

versions 

The 80286-16 is a 16-MHz version of 
the 80286 µP, which boosts system 
performance nearly to the level of 
80386-based systems. The 80286-16, 
a continuation of the manufacturer's 
line of 8-, 10-, and 12.5-MHz 80286 
µPs, provides a 28% speed increase 
over the 12.5-MHz version. The de
vice is compatible with the lower
s peed versions . The manufacturer 
claims that the 80286-16's bench-
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ELIMINATING FIRE RISK 
WITH PAPER! 

Metallized 
plastic film capacitors 

Without a capacitor, the power sup
plies or household appliances that 
you manufacture could cause radio 
frequency interference. With an un
safe capacitor, they could catch fire. 

On average, such a cap has to 
take more than ten transient attacks 
a day. Consequently, the self-healing 
ability is decisive for a long life. But 
as the number of self-healings in
creases, so does the risk of break
downs and short-circuits. 

The ability to withstand high 
voltage transients is measured by a 
test called First self-healing. This is 
defined as a voltage drop of 5 V, and 
is executed periodically at the Rita 
Laboratories in Kalmar, Sweden. 
For years, the outcome of this test has 
always been the same: 95% of metal
lized plastic film caps start self-heal
ing at voltages lower than 3 kV; of 

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

• . ' . 
~ ·~ 

metallized paper caps made by Rita, 
less than· five percent. •. 

This test is regarded as a realistic 
way to quantify the risk of short-cir
cuits. To that, add another aspect. 
The type of damage that can occur in 
a plastic cap, resulting in the winding 
melting or glowing, is a far greater fire 
hazard than a s·imilar occurrence 
would be in a paper type cap. 

QUALITY IN OUR BOOK 

In our book, QUALITY means meeting 
your customer's performance require
ments, and he certainly doesn't ex
pect your product to catch fire or 
cause interference with radio fre
quencies, does he? 

When your ~ity 
... F~ reputation 

depends on capacitors 

RIFA AB • S-163 81 Stockholm, Sweden • 
USA RIFAINC 
P.O. Box 3110 
Greenwich Office, Park 3 
Greenwich CT 06836 3110 

quality 
capacitors. 

Rita capacitors are made to meet 
the needs of practical applications, 
not just to come up to a standard. 

So if you want all your products 
to perform faultlessly in any country, 
which capacitor do you choose? 

To start with, send for our free 
brochure "Why Meeting Standards is 
Not Enough". 

*) X2 capacitors self-healing < 3 kV 
WESCON Booths 229-232 

r-------------
Ptease, send me my copy of your new 
brochure "Why meeting standards is not 
enough". 

Name 

Company 

Address 

Country 

EON 102987 

RIFA is a member of the Ericsson Group · 
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INTEGRATED CIRCUITS 

mark performance (with currently 
available software designed for 
16-bit bus architectures) is equiva
lent to the performance of systems 
based on the 80386. $150 (100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 

Circle No 365 

PS/2 CHIP SET 

• Compatible with IBM PS/2 
Model 30 and PC!XT 

• Supports 8088IV20 and 8086/V30 
microprocessors 

The 82C100 system-control chip 
supports 8088/V20 and 8086/V30 mi
croprocessors at speeds to 10 MHz 
and is targeted for high-perfor
mance IBM PS/2 Model 30s, 
PC/XTs, and compatible computers. 
It includes a memory controller that 
supports the Lotus-Intel-Microsoft 
expanded memory specification and 
offers power-management features 
for laptop systems to help reduce 
battery consumption. The 82C101 
chip supports 8088 and V20 8-bit 
processors. It's aimed at lower-cost 
PC/XT-compatible computers and 
terminals and does not include pow
er-management features. The three 
companion chips are the 82C606 
Chipspak and the 82C605 Chipsport 
-both multifunction peripheral 
controllers and the 82C764A floppy
disk data separator. 82C100, $51.30; 
82C101, $41.10; 82C606, $23.40; 
82C605, $17.60; 82C764A, $7.80 
(100). 

Chips and Technologies Inc, 521 
Cottonwood Drive, Milpitas, CA 
95035. Phone (408) 434-0600. 

Circle No 366 
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PIN-DRIVER IC 

• Output frequency is 200 MHz 
• Output levels span -5 to 10V 

Intended for applications in digital 
ATE and semiconductor-device test
ing, the hybrid PT-401 pin driver 
comes in an 11-pin SIP (single in
line package). The device provides 
level translation for ECL, TTL, and 
CMOS signals and generates output 
levels from -5 to lOV. Its output 
signal can have 1.35-nsec rise and 
fall times and a frequency as high as 
200 MHz. Its output impedance in 
the drive mode is 500. The driver 
also has a 3-state mode in which the 
output exhibits the high impedance 
required for I/O applications. From 
$208. Delivery, eight weeks ARO. 

Pulse Instruments Co, 1234 
Francisco St, Torrance, CA 90502. 
Phone (213) 515-5330. 

Circle No 367 

TELETEXT CHIP 
• Handles all world-standard 

Teletext packets 
• Supports electronic fine-tuning 

of Teletext receivers 

The MV1812 Teletext data-acquisi
tion chip is suited for use in dedi-

WHAT'S NEW FOR 
THE IBM PS/2 

Wire wrap VECTORBORD® 

High speed prototyping boards 

for manual or semi-automatic 

assembly. Solderable versions 

also. Both with impedance 

matched extenders. 

( .. :H.:H.'i"-1 £•.1 t~1 .(e>J USES SMD CAPS 
V VVVVW AND SOCKET PINS "e. (I) e" • Opposing v/g planes 
-~ - reduce crosstalk. 1 ~' • ' • 1 • Connectors, brackets, 
V G · V and accessories. 

te!i4tH•:Hiiti( .. ){"e) •Available for all 
VWVVVW PS/2 Models and 
if•'\ ie) ,.l l.lfi) AJ. &i\ IBM-PC, XT. & AT 

f,ord,-e~ 
W"f.iaMP5/2 

Call or send for brochure. 

VECTOR ELECTRONIC COMPANY 
12460 Gladstone Avenue 
Sylmar, CA 91342 
818/365-9661 FAX 818/365-5718 

800/426-4652 in CA 
800/423-5659 Outside CA 124 

CIRCLE NO 27 
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FROM ONE SOURCE: WORLD'S WIDEST 
SELECTION OF WIREWOUND RESISTORS. 

With quality that goes straight to the core. 
/RC is now THE largest supplier of wirewounds ... standard products, special 
assemblies, and units with custom characteristics. 

The combined resources and over 100 years experience of /RC and 
Welwyn Electronics (UK.) make the Crysta/ate Group your logical single 
source for any wirewound application. 

We offer failsafe and flameproof units. Moisture-barrier vitreous enamelled 
units. Aluminum-housed chassis mounts. Custom TCs. Pulse and surge 
protectors with special fusing characteristics to meet your exact design needs. 
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We support your production efficiency, with chassis-mount 
designs and SMD packaging. And we can custom-produce special 
devices and assemblies to solve your circuit problems. Just ask us. 

For product specs or application assistance, contact 
The Resistor People: /RC, Inc. , Greenway Road, PO. Box 1860, 
Boone, NC 2860Z Phone 1-800-255-4-IRC. 
(In NC, 704-264-8861.) 

The Resistor People 

CIRCLE NO 248 

A member of the Cf'/Stalate Group 
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INTEGRATED CIRCUITS 

cated receivers for Teletext applica
tions. It interfaces to an 8-bit µP 
bus. The chip receives all world
standard Teletext packets and has 
special features that simplify the 
design of receivers that use Data
cast and pseudopage transmission 
techniques. On-chip registers allow 
you to select any one of 16,777,216 
Teletext pages, and a data-purity 
counter allows electronic fine-tuning 
of the Teletext receiver for optimal 
reception. In a full-field Teletext 
system, the device acquires data at 
a rate exceeding 600k bytes/sec. The 
CMOS device consumes less than 10 
mA from a 5V supply. It is enclosed 
in a 40-pin DIP. £9.50 (1000). 

Plessey Semiconductors Ltd, 
. Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 368 
Plessey Semiconductors, 9 Par

ker, Irvine, CA 92718. Phone (714) 
472-0303. 

Circle No 369 

QUAD POWER DRIVER 

• 60V/1.5A output capability with 
integral suppression diodes 

• TTL, CMOS, PMOS, NMOS 
compatible 

Combining NAND logic gates and 
high-current bipolar outputs, the 
UDN-2540B power and relay driver 
provides an interface between low
level signal-processing circuits and 
power loads to 350W. In the On 
state, each of the four independent 
outputs can sink as much as 1.5A. In 
the Off state, the drivers can with
stand at least 60V. Internal clamp 
diodes and a minimum 35V sustain-

EDN October 29, 1987 

ing voltage allow the use of these 
drivers with many inductive loads. 
Applications include relay and sole
noid drivers and de stepping-motor 
drivers. $0. 97 (1000). Delivery, 
eight to 12 weeks ARO. 

Sprague Electric Co, Box 9102, 
Mansfield, MA 02048. Phone (617) 
853-5000. 

Circle No 370 

DIA CONVERTER 

• Has on-chip data latches 
• Is monotonic over the full opera-

ting temperature range 

The ZN559 is a µP-compatible 8-bit 
DIA converter with an on-chip 2.5V 
bandgap reference. After a full
scale output change, the output set
tles to 0.5 LSB typically within 1.25 
µsec. The typical settling time for a 
1-LSB output change is 800 nsec. 
Maximum linearity error is ± 1 
LSB, and maximum differential 
nonlinearity is ±0. 75 LSB, with 
monotonicity guaranteed over the 
full operating temperature range. 
The maximum zero offset is 6 mV, 
and full-scale output is typically 
2.55V (2.54V minimum; 2.56V maxi
mum) with a full-scale output temp
erature coefficient of 2 ppm/°C typ. 
On-chip latches with TTL/CMOS
compatible inputs allow you to load 
8-bit parallel data into the device 
under the control of a latch-enable 
input. The ZN559 operates from one 
5V supply and typically consumes 
20 mA of supply current. It's avail
able in a 16-pin DIP that operates 
over the commercial or military 
temperature range, or you can 
order it in a S0-16 surface-mount 

NEED PLUGBORDS™ 
WE'VE GOT 'EM 

VECTORBORD® P/ugboards 

For most microcomputers 

and for general purpose 

applications. Ask for Vector 

products at your local 

electronic store or distributor. 

VECTOR-
THE INDUSTRY 
STANDARD 
FOR 41 YEARS. 

• Plugboards 
• Extenders 
• Connectors 
•Terminals 
• Accessories 

Call or send for 1988 Catalog 

VECTOR ELECTRONIC COMPANY 
12460 Gladstone Avenue 
Sylmar. Ca 91342 
818/365-9661 FAX 818/365-5718 
800/426-4652 In CA 
800/423-5659 Outside CA 125 

CIRCLE NO 28 
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INTEGRATED CIRCU ITS 

package that operates over the com
mercial temperature range. $2.98 
(100) for commercial-temperature
range devices. 

Ferranti Electronics Ltd, Fields 
New Rd, Chadderton, Oldham OL9 
8NP, UK. Phone 061-624 0515. TLX 
668038. 

Circle No 371 
Ferrant i Electric Inc, 87 Modu

lar Ave , Commack, NY 11725. 
Phone (516) 543-0200. TLX 6852104. 

Circle No 372 

PLL SYNTHESIZER 

• Operates in single- or dual-mod
ulus modes 

• Includes a voltage doubler for 
greater output dynamic range 

The TBB200 CMOS PLL frequency 
synthesizer is targeted for use in 
radio communications equipment
for example, 900-MHz cellular radi
os. The synthesizer incorporates 
two programmable dividers-one 
with a division ratio of between 1 
and 127, and the other with a divi
sion ratio of between 3 and 4095--to 
divide down the VCO-frequency 
input. It also includes a reference
frequency divider with a division 
ratio of between 3 and 65,535. The 
two independent dividers for the 
VCO frequency and a single-line 
output that you can use to control 
the division ratio of an external 
prescaler allow you to operate the 
synthesizer in a dual-modulus mode. 
In single-modulus mode, the maxi
mum frequency for the VCO-fre
quency input is 70 MHz; in dual
modulus mode, the figure is 30 
MHz. The maximum frequency for 
the reference input is 30 MHz. The 
on-chip phase detector incorporates 
a voltage doubler to extend the dy
namic range of its output, but you 
can disable the voltage doubler if 
required by omitting one external 
capacitor. The TBB200 operates 
from a 5V supply and comes in a 
14-pin plastic DIP or a S0-14 sur
face-mount package. $3 (1000). 
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Siemens AG, Zentralstelle ftir In
formation, Postfach 103, 8000 Mu
nich 1, West Germany. Phone (089) 
2340. TLX 5210025. 

Circle No 373 
Siemens Components Inc, 2191_ 

Laurelwood Rd, Santa Clara , CA 
95054. Phone (408) 980-4500. 

Circle No 374 

...... "J :::::· ::::. 
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STATIC RAMs 

• 128-wordx B-bit and 256-word XB-
bit versions 

• Standby current is 1 µA typ 

The CDP68HC68R l (128-word x8-
bit) and CDP68HC68R2 (256-
wordx8-bit) are CMOS, serial static 
RAMs that have separate data-in
put and 3-state-output pins. Each 
device is suitable for use in serial 
peripheral interface (SPI) systems 
based on the CDP6805, 
CDP68HC04, CDP1804A, or 80C51 
microcomputer families . In such 
systems, the microcomputer gener
ates a clock signal only during ad
dress and data transfers. Both chips 
operate from voltages spanning 3 to 
5.5V; they will retain data when the 
supply voltage is as low as 2V. The 
typical standby current is 1 µA. The 
devices come in 8-pin DIPs. 
CDP68HC68R1E, $1.38; CDP68-
HC68R2E , $1.85 (1000). . 

GE Solid State, Rte 202, Somer
ville, NJ 08876. Phone (201) 685-
6771. 

INQUIRE DIRECT 

(Advertisement) 

Solid state AML 
manual controls 

A Ha ll effect integra ted circuit is the 
key to re li ability a nd long life in th ese 
solid sta te pushbuttons. roc kers, a nd 
paddl es fro m th e industry sta nda rd 
AML line. Simple to insta ll a nd easy to 
wire. they can interface directl y wi th 
microprocessors and other types of logic 
level circuitry. 

These ma nua l contro ls are des igned 
with huma n fac to rs in mind . Fo r wide 
a ngle visibility, LED lighting is ava il
able. A va riety of colors and legends 
offer additio na l design nexibility. 

These products a re UL a nd CSA 
recogni zed , a nd fea ture a n 18-mo nth 
wa rra nty. 

For mo re in fo rma tio n o r a F REE 
ca ta log covering our full line of ma nual 
controls, write MI C RO SWITC H , Free
port , IL 6 1032. Or ca ll 8 15-235-6600. 

CIRCLE NO 235 

Compact size, up to 4-poles 

These tac til e feedbac k a nd sho rt 
trave l pushbutto n swit ches fro m th e 
PB Se ri es have a display a rea o f just 
.32". ma king them idea l fo r tight spaces. 
Yet they can incorpora te up to fo ur 
SPOT circuits. 

To uch feedbac k PBs use a spring 
loaded ac tua tor. To reduce travel and 
o pera ting fo rce . the short travel ve rsion 
uses a leaf spring actua to r. Mo mentary 
ac ti on is provided . 

These switches fea ture ro und-h o le 
mounting a nd handle up to 11 a mps. 
Butto ns are a va ila ble in blac k. red , a nd 
green fo r des ign nexibility. 

For mo re in fo rma tion o r a F RE E 
ca ta log covering our full line of ma nua l 
cont rols, write MI C RO SWITC H, Free
po rt , IL 6 1032. Or ca ll 8 15-235-6600. 

CIRCLE NO 29 
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Reducing your product costs 
could be as simple as 

pushing the right buttons. 

How 
can a little thing 

like a MICRO SWITCH 
pushbutton lower the cost of 

making your product? Dozens of ways. 
We can add, subtract, or redesign 

our standard pushbutton features to 
eliminate manufacturing steps. Reduce 
inventory requirements. Or lower com
ponent costs. 

Sometimes it's as simple as leaving 
out features like audible feedback or UL 
listing when they're not needed. 

Stop by and Visit us at Booth #1951 during Electro, NY 

Or it can get as 
involved as supply

ing a finished sub
assembly with custom-molded buttons, 

legended faceplate, keylock, PC board, 
and LEDs. 

When it comes to saving you money 
without sacrificing product performance, 
we can be very flexible. 

To learn more about how we can 
work with you to reduce total costs, or 
improve product performance or appear
ance, ask for our new brochure. Call us 
at 815-235-6600, ext. 610. Or write 
MICRO SWITCH, Freeport, IL61032. 

Together, we can find the answers. 

MICRO SWITCH 
a Honeywell Division 
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276 

THE ONLY DIFFERENCE 

BETWEEN AN 

ITT SWISS RELAY AND AN 

ALCATEL SWISS RELAY 
IS THE NAME. 

But you probably already knew that. ITT Swiss 

relays now hove another name on the front. You 

can 't miss it. The name Alcotel Swiss is in the some 

place where ITT Swiss was. 

So, what 's different? Not much. And definitely 

less than our competition would hove liked . 

Some details : Alcotel: Despite its youthfulness, 

this European association of enterprises hos be

come quite well known . 

Alcotel 's goals hove always been set quite 

high, a fact which is not really surp rising whe n we 

consider the competition from America and 

Japan-not to mention that from the For East. 

So it must be clear that our competence in the 

manufacture of relays is a matter of great impor

tance in this situation. We con offer a list of plus 

points which will continue to be availab le in the 

future, of course. 

Indeed, these plus points ore precisely tho se 

points necessary to meet the competition of today 

and tomorrow. Therefore they will be changed 

very little. 

Our relay customers know what we mean. If 

you ore not one of them, then this information will 

be even more important for you. Allow us to make a 

few points: 

EDN October 29, 1987 



Pl Relay : a wonderful example of our pio 

neering in this field. This was the first relay which 

could be soldered directly into P.C. boards. Th is is 

the only series in the world with a choice of 2, 4 or 

6 changeover contacts. 

SM Relay: Anothertypical pioneering effort of 

our relay laboratories featuring extremely flat 

profile and an extremely quiet operation. Comple 

tely plastic coated, this unit exhibits (in contrast to 
the competition) exceptionally good anti-shock 

and anti -vibration characteristics as well as resi 

stance to tropical and wet conditions. 

MT Relay: a monostable relay that has no 

peers . Non - polarized. Suitable fo r very high 

packing density. Compatible. Never needs re 

adjustment. A guaranteed 10 million changeovers 

under dry conditions. Functionally guarante ed 

within a temperature range of - 55 to +70 degrees 

centigrade. Failure ratio guaranteed to be under 

0,5 % over the lifetime of the relay. Can be supplied 

for coil voltages up to 48V and 150 mW capacity ! 

We are sure you will agree that is an impress ive 

list of relay plus points. 

Now it should be clear just why, e xcept for the 

name, it is the same old range of products . After all, 

they are still the latest state of the art. 

EDN October 29, 1987 

Everything you hove a lwa ys wo nte d to know about relays but 
didn't know where to fi nd the info rma tion, hos been compiled in the 

new STR Relay Ha ndbook. A compete ntly written indis pe nsable 
practical aid for everyone who won ts to be on to p of everything in 
the world of relays . We wo uld be ha ppy to sen d you one-free of 
charge, of co urse. 

Company 

Address 

Responsible Party 

Sta nda rd Te lep hon und Radio AG, CH-8055 Zurich 

Friesenbergstra sse 75, Switzerland EON 

AL CATE L 

STR 
CIRCLE NO 254 

Dr. Juchli 777 STR 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

OPTICAL MODULES 

• Designed for high-speed digital 
applications 

• Possess 1.3-µm operating wave-
length 

These fiber-optic transmitter and 
receiver modules operate at 1.3 µm 
and are designed for high-speed dig
ital applications. The 1218-Type 
transmitter operates at data rates 
to lG bps and incorporates an In
GaAsP laser, a thermoelectric cool
er, a monitoring photodiode, modu
lation circuitry, and feedback 
controls. It operates on 5V and is 
housed in a 14-pin hermetic SIP 
(single in-line package). The 
1306AA linear receiver can accom
modate 1. 7G-bps data rates. It em
ploys an avalanche-photodiode de
tector and a GaAs IC preamplifier 
with adjustable transimpedance. 
The preamp's typical -32-dBm sen
sitivity can be achieved at 3x10- 11 

bit-error rates. 1218-Type, $2500 to 
$4500; 1306AA, $2850 (100). 

AT&T Components a1'd E lec
tronic Systems, Dept 50AL203130, 
555 Union ,Blvd, Allentown, PA 
18103. Phone (800) 372-2447. 

Circle No 394 

FLAT CABLE 

• Eliminates the flat spots usually 
provided for termination 

• Available with 16 to 64 conduc-
tors 

Space-Mizer !DC-compatible wo
ven-design cables eliminate the flat 
spots customarily provided for ter
mination. The conductors feature 
50-mil spacings, so you can termi
nate the cables at any point. The 
cables come on standard bulk reels, 
and you can order them in incre
ments of 100 ft (300 ft max) and with 
16, 20, 26, 34, 40, 50, 60, or 64 
color-coded and individually insu
lated conductors. The cables meet 
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the requirements of UL Style 
20503; CSA (Canadian Standards 
Association) approval is pending. 
$74.36 for a 100-ft 26-conductor 
cable. 

Woven Electronics, Box 667850, 
Charlotte, NC 28266. Phone (803) 
963-5131. 

Circle No 395 

CONNECTORS 
• Combine fluidic or pneumatic 

contacts and signal contacts 
• Guaranteed for 5000 mating 

cycles 

Designed for industrial ink-jet 
printer applications, these mixed
contact connectors combine in a sin
gle housing four 50D coaxial con
tacts, two 5-k V contacts, eight 
signal contacts, and four fluidic or 

RELAY 

• 100,000-cycle lifetime 
• 1500V ac dielectric strength 

Available in lA, lB, lC and lCW 
configurations, the Oar relay has a 
30A switching capability and a die
lectric strength of 1500V ac between 
coil and contacts. Designed for pc
board mounting, the relay has a 
control-voltage range of 5 to 24V de. 
Its shock resistance measures lOg 
min. The relay has a 100,000-cycle 
electrical lifetime, and the operating 
range spans -55 to +85°C. $1.09 
(1000). Delivery, eight to 12 weeks 
ARO. 

Original Electric Mfg Co Inc, 
123B Lincoln Blvd, Middlesex, NJ 
08846. Phone (201) 271-5770. 

Circle No 396 

pneumatic contacts. The devices are 
guaranteed to last 5000 mating cy
cles min. They accept cables to 1 in. 
in diameter and have a 180-lb cable
retention spec. They feature a 
quick-connect or -disconnect self
latching system. $266.24 per pair 
(500 pairs). 

Lerno USA Inc, Box 11488, Santa 
Rosa, CA 95406. Phone (707) 578-
8811. TLX 340933. 

Circle No 397 
Continued on pg 282 
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THE ANSWER IS IN 
TEK DIGITAL STORAGE: 

Now! The new 60 MHz Tek 2221 joins the 
world's best-selling family of digital 
storage oscilloscopes. All featuring 20 
MS/s digitizing along with familiar, full
bandwidth analog operation. It's the best 
of both worlds in an easy-to-use portable. 

Discover the potential. With digital stor
age you can freeze waveforms. Capture 
events invisible to nonstorage scopes. 
Find signals buried in noise. And build a 
library of reference waveforms. 

$2995 
$3995 
$4995 

Digital storage display accuracy 
enhances your confidence in 
measurements. And all you 
have to do is push a button 
for real-time display analysis. 

Features 
Analog/Digital Storage BW 
Maximum Sampling Speed 
Record Length 

Peak Detect 

Compare the 2230, 2221 
and 2220 to each other
and all others. The new 
2221 offers such advanced 
features as CRT readout and Save Reference Memory 

measurement cursors. For vertical Resolution 
even more performance and 
flexibility, there's the 100 
MHz. dual time base 2230 
with optional battery-backed 

CRT Readout/Cursors 

GPIB/RS-232-C Options 

memory for saving up to 26 
waveform sets. And if it's 
economy you want. choose 
th 60 MH 2220 ·th Battery-Backed Memory 

e Z WI many (save 26 waveform sets) 
of the same features at an 
even lower cost. Price 

Copyright © 1987. Teklrornx. Inc All rights reserved TXA· 795E-1 

2230 e NEW!2221 
100 MHz 60 MHz 
20 MS/s 20 MS/s 
4K/1K 4K 
(selectable) 
100 ns 100 ns 

One, 4K One, 4K 
Three , 1K 
8 bits 8 bits 
10 bits 10 bits 
(AVG mode) (AVG mode) 
12 bits 
(AVG mode 
over the bus) 

Yes Yes 

Yes ($750) Yes ($500) 

Yes (inc with No 
GPIB/ 
RS-232-C) 

$4995 $3995 

EDN October 29, 1987 
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With each scope you can capture 
events as narrow as 100 ns at any sweep 
speed thanks to Tek's proprietary peak 
detect mode. View events prior to or follow
ing a trigger event with pre/post trigger. 
Store waveforms into 4K records. Auto
mate measurements with optional GPIB 
and RS-232-C interfaces. And output 
direct to a printer or plotter. 

Tek software is available to help you 
make the most of the 2230, 2221 and 2220 
in system configurations. 

2220 
60 MHz 
20 MS/s 
4K 

100 ns 
One, 4K 

8 bits 

No 

Ye~$500) 

No 

$2995 

Call Tek for a free video 
brochure or to place an 
order. 

Ask about free digital 
storage application notes 
and educational materials. 
Orders include complete 
documentation, manuals 
and 3-year warranty on 
labor, parts and CRT. 

Call Tek direct: 
1-800-426-2200 
for free video brochure 
for orders/assistance. 

Tektroni){@ 
CXlMMITTEO TO EXCELLENCE 
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COMPONENTS & POWER SUPPLIES 

IF LIMITER 

• Features 5-nsec rise time 
• 500-MHz bandwidth 

The Model ICDSlOOO IF limiter/dis
criminator operates at 1000 MHz 
with a p-p bandwidth of 500 MHz 
and a linear bandwidth of 300 MHz 
min. Specially designed video am
plifiers provide a 5-nsec rise time. 
The unit is rated for an input level of 
0 dBm, but it is usable to -10 dBm. 
The video output measures 10 
mV/MHz min. Designed for MIL-E-
5400 and MIL-E-16400 environ
ments, the ICDSlOOO operates over 
a -54 to +71°C range. The frequen-

cy accuracy is 10% over the full 
operating range and better than 5% 
at 25°C. Standard models operate 
from ± 12V supplies, but units that 
operate from 15V are available. 
$1995. Delivery, 90 days ARO. 

RHG Electronics Laboratory 
Inc, 161 E Industry Ct, Deer Park, 
NY 11729. Phone (516) 242-1100. 

Circle No 398 

DISPLAY 

• Features 1-in. characters 
• Readable from 20 ft 

The LCD 5618 is a direct-drive, 
40-pin, 31/z-digit display with a char
acter height of 1 in. The 7-segment 
unit has a viewing distance of 20 ft 
and is offered in two versions. The 
economy model has a -10 to +60°C 
operating range; the high-perfor
mance version operates over -40 to 
+84 °C. Options include reflective or 
transflective polarizers and a choice 

N•cfterawide 
ntlngbrackets 

bar nuts to make it easy 
your chassis installation 

of fixed dual-in-line pins or elasto
meric-type terminations. The liq
uid-crystal material is environmen
tally tested for stability, and the 
package is epoxy sealed to ensure an 
operating life of more than 5 years. 
Standard economy model with re
flective polarizers and fixed-pin ter
minations, $17.10 (100). Delivery, 
stock to six weeks ARO. 

IEE Inc, Component Products 
Div, 7740 Lemona Ave, Van Nuys, 
CA 91409. Phone (818) 787-0311. 
TLX 4 720556. 

Circle No 399 

; 
anystandard 19" cabinet Thin design, 

low profile, as well as smooth ball
bearing action and quick disconnect 
features are pleasant alternatives to the 
cumbersome slip-stick friction slides 
now in use. Get complete information 
on this versatile 75-lb. capacity slide 
series for your own cabinet ... and 
they're off the shelf! 

Jonathan's extensive line of aluminum slides are 
industry standards in military and aerospace 
application- with load ratings to 800 lbs. 
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Jonathan Manufacturing Corporation e 1101 So. Acacia Ave., Fullerton, CA 92634 • (714) 526-4651 •TWX: 910-592-1241 

See us at WESCON Show, Booth No. 2143 
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Anti-Static Keylock Switches For All 
Ratings To 4 Amps @ 120 V .A.C. 
Oak anti-static keylock switches protect 
sensitive electronic circuitry from inadvert
ent static discharges of up to 20 KV. They 
can be used for operating voltages from dry 
circuits to 4 amps at 120 VAC. These 
switches also provide equipment security 
from unauthorized users. Market applica
tions include CRT terminals, point-of-sale 
terminals, credit verifications systems, bank 
teller systems and security systems. 

Only 2-1/2 inches long, the Oak anti-static 
keylockswitch will fita .760 diameterx .635 
double flatted cutout Oak anti-static key
lock switches are UL and CSA listed and are 
available in a wide range of key options. 

Contact: Oak Switch Systems Inc. 
P.O. Box 517 
Crystal Lake, IL 60014 
Phone: 815/ 459-5000 

CIRCLE NO 190 

Low-Profile, Full Travel Membrane 
Based Keyboards 
Oak's Low-Profile FTM uses an optomized 
keymodule that provides improved consist
ency, better feel and lower cost per key
stroke position. DIN compatible, Oak FTM 
keyboards are designed for high speed data 
entry systems that require long life and 
operator comfort 

The patented switch design has a profile of 
just 19.9 mm (0.785 inches). Operating 
(finger) forces of the keystroke are available 
from .9 to 6 ounces. The keyswitch features 
only four parts providing extremely high 
reliability - in excess of 50 million cycles. 

Contact: Oak Switch Systems Inc. 
P.O. Box 517 
Crystal Lake, IL 60014 
Phone: 815/ 459-5000 

CIRCLE NO 191 
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(ADVERTISEMENT) 

Off. The-Shelf Rocker Switches 
To Fit Your Design Parameters 
Oak rocker switches are available in an 
assortment of designs, colors, sizes and 
styles to retrofit most existing design 
parameters. Choose from 6 standard colors 
and 9 profiles in single or double pole, 
lighted, non-lighted, or LED varieties. 

Oak rocker switches are UL and CSA 
approved. Most have VDE, BEAB and 
SECV approval. 
Contact: Oak Switch Systems Inc. 

P.O. Box 517 
Crystal Lake, IL 60014 
Phone: 815/ 459-5000 

CIRCLE NO 192 
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COMPONENTS & POWER SUPPLIES 
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AMPLIFIERS 
• Operate on 5V supplies 
• Have gains to 19 dB typ 

Offering a de to 4-GHz frequency 
range, these general-purpose mono
lithic microwave IC amplifiers are 
cascadable 50!1 gain blocks that can 
operate with power supply voltages 
as low as 5V. At 0.5 GHz, the MSA-
0635 and MSA-0670 typically fea
ture a 19-dB gain and a 2.8-dB noise 
figure. The MSA-0685 features an 
18.5-dB gain and a 3-dB noise fig
ure. The MSA-0635 is housed in a 
glass-sealed microstrip ceramic 
package. The MSA-0670 is in a 
70-mil hermetically sealed metal ce
ramic package and the MSA-0685 
comes in an 85-mil plastic package. 
MSA-0635, $5.40; MSA-0670, 
$18.90; MSA-0685, $2.30 (100). 

Avantek Inc, 3175 Bowers Ave, 
Santa Clara, CA 95054. Phone (408) 
970-2659. 

Circle No 400 

IF LIMITER 
• Operates at 750 MHz 
• Rated for 0-dBm input level 

The ICDX750 IF limiter discrimina
tor operates at 750 MHz and has a 
peak-to-peak bandwidth of 450 
MHz. Its linear bandwidth equals 
250 MHz min. The unit has a 20-nsec 

rise time and is rated for a 0-dBm 
input level, but it's usable down to 
-10 dBm. The ICDX employs a 
delay line for demodulation coupled 
with a constant-phase limiter/driver 
for minimum degradation of pulsed 
waveforms. It is designed for MIL
E-5400 and MIL-E-16400 environ
ments and has a -54 to +71 °C oper
ating range. The standard model 
operates at ±12V; a unit is available 
for 15V operation at no extra 
charge. $1535. Delivery, 90 days 
ARO. 

RHG Electronics Laboratory 
Inc, 161 E Industry Ct, Deer Park, 
NY 11729. Phone (516) 242-1100. 
TWX 510-227-6083. 

Circle No 401 

PLASMA DISPLAY 
• Includes drive electronics 
• Interfaces with CRT controller 

The APD-240M026A 240-character 
dot-matrix plasma panel display 
comes with drive electronics. It dis
plays six lines of 40 characters and 
provides information in a row-by
row scanning mode that begins at 
the top. Each of the 5 x 7 dot-matrix 
characters has a height of 0.26 in., 
and the panel's viewing area mea
sures 2.26x8.33 in. The unit specs a 
100-fL brightness level and a 150° 
viewing angle, and you can easily 
interface it with CRT controllers. 
You can also order a model with a 
controller board that has parallel 
and RS-232C ASCII inputs. $480 
(100). Delivery, six to eight weeks 
ARO. 

Dale Electronics Inc, 2064 12th 
Ave, Columbus, NE 68601. Phone 
(402) 564-3131. 

Circle No 402 
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The new HP PaintJet color graphics printer. 
Great color is only V2 the story 

Fh0- HEWLETT 
~~ PACKARD 

© 1987 Hewlett Packard Co 

COMPONENTS & POWER SUPPLIES 

AUTORANGING DPM 

• Features ±0.01% accuracy 
• Supports RS-232C or RS-422 in-

terfaces 

The DP-950 µP-controlled 4%-digit 
device can operate in either the 
autoranging mode or as a fixed-in
put digital panel meter (DPM). It 
has input ranges of ±2, ±20, ±200, 
and ± lOOOV de, and it features 
over- or underrange indication and 
RS-232C or RS-422 serial support. 
Its accuracy equals ±0.01%±1 

286 

count, and its overvoltage protec
tion measures 1200V min. The DPM 
operates on either 115 or 230V ac. It 
provides 5 and -5V output to power 
external circuitry. Its red LED dis
play has 0.56-in.-high characters. 
You can select continuous-data
streaming or return-on-request 
modes, and make power and signal 
connections through a 30-pin edge 
connector or an optional termination 
block. $375. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(617) 880-3660. TLX 240713. 

Circle No 403 

PROTOTYPE BOARDS 

• 100% electrically tested 
• Single-slot mountable 

Protoboard Series prototype boards 
offer designers an alternative to 
wire-wrappable panels. Each board 
has been 100% electrically tested on 

a bed-of-nails tester and features a 
0.1-in. hole pattern that accommo
dates different package types. Sin
gle-slot mountable, the boards max
imize utilization of card rack space. 
The series includes four Mupac
compatible boards and one Multi
bus-compatible board. $485 to 
$1700. 

Multiwire/East, 250 Miller Pl, 
Hicksville, NY 11801. Phone (516) 
933-8300. 

Circle No 404 
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It can also print a page of text 
in 30 seconds flat. 

Ff/di HEWLETT 
.:~ PACKARD 
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COMPONENTS & POWER SUPPLIES 

SIGNAL CONDITIONERS 

• Feature 1500V isolation 
• ±0.05% accuracy 

The MB Series hard-potted signal
conditioning modules accept raw an
alog input and provide a 0 to 5V or 
±5V output. The modules feature 
1500V transformer-based isolation 
and accept thermocouple, RTD, cur
rent, low- or high-level voltage, and 
wide bandwidth (to 10 kHz) inputs. 
They have ±0.05% accuracy. You 
can plug as many as 16 modules into 
either the MB-01 or MB-02 mount
ing backplane. All modules are the 

EDN October 29, 1987 

same size and have the same pin 
connections. Modules, $150; MB-01, 
$250; MB-02, $260. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (617) 880-3000. TLX 503989. 

Circle No 405 

4- to 20-mA TRANSMITTER 

• Versions available for a range 
of sensor types 

• Feature programmable input 
sensitivities 

This range of sensor transmitters 
has an output of 4 to 20 mA and 
features small plug-in header mod
ules that adapt the transmitters for 
a range of input sensitivities. The 
line includes a standard model for 
each type of sensor, including mod
els for platinum resistance ther
mometers, thermocouples, de volt
age or current sources, and 
potentiometric transducers. By 

changing the header module in each 
transmitter, you can alter the input 
range of each type of transmitter. 
Transmitters are supplied with one 
header module, but you can change 
the module for a different type if 
required. They are supplied with a 
universal mounting kit that also 
adapts to DIN-rail mounting sys
tems. Approximately £100 (100). 

TC Ltd, Box 130, Uxbridge .UBS 
2YS, UK. Phone (0895) 52222. TLX 
264820. 

Circle No 406 
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COMPONENTS & POWER SUPPLIES 

RELAYS 

• Eliminate arcing at contact 
points 

• Have contact rating of 30A at 
50V de 

These high-current relays eliminate 
contact-point arcing and thus ex
tend their expected life to 1 million 
operations min. They also meet the 

NDK 1300 Series 
Compact Crystal Clock 
Oscillators 
NDK's 1300 Series offers the widest 
range of CMOS- and lTL-compatible 
compact oscillators available. Frequen
cies from 28 kHz to 70 MHz with enable/ 
disable std and dual-frequency output as 
an option. All in rugged, space-saving, 
half-size packages that are perfect for 
high density pc-board applications. 

NDK 1300 Series features 
• Broadest range of available frequencies -

28 kHz to 7ffMHz 
• Low-power/ low-heat CMOS technology 
• Choice of lTL, CMOS or dual-compatibility 
• Compact size (0.52-inch square)- perfect 

for portables 
• Quick rise and fall times (5, 7, 10 ns) 
• Excellent fan out (2 or 5 lTL gates) 
• Sealed, grounded metal case resists EMI, 

high temperatures, humidity 
• Shock and vibration resistant 

vibration and shock specifications of 
MIL-R-6106, characteristic C. The 
contacts possess a 30A at 50V de 
rating for resistive loads and a 17 A 
at 50V de rating for motor loads. 
The coil's pickup sensitivity equals 
500 mW. The relays meet EMI 
MIL-STD-461B.RE02 for RFI. 
They are available in 1 Form A 
configurations. $290 (100). Delivery, 

AVAILABLE FREQUENCIES 
28 J 2225 70 

kHz MHz MHz MHz MHz 

M11n&s!M!M•iiii11•wm1 
I I I 

I I I 

Ofhl'r Hr.inJ, 

NDK: Your single source. 
NDK offers the widest range of compact 
crystal oscillators, microprocessor quartz 
crystals, and standard crystal oscillators 
available.All fully guaranteed to be free 
from impurities and defects.And all read
ily available through NDK's nationwide 
network of stocking distributors. 
For a free product catalog, or to order 
evaluation samples, contact NDK today. 

NDK America, Inc. 
20300 Stevens Creek Blvd.,Suite~400 
Cupertino, CA 95014-2210 
Telephone: (408) 255-0831 
Telex: 352057 NDKCOLTD CPTO 
Fax: (408) 725-0369 ® 

CIRCLE NO 34 
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22 weeks ARO. 
Electronic Specialty Corp, Box 

3501, Vancouver, WA 98668. Phone 
(206) 574-5000. 

Circle No 407 

LED LAMPS 

• Have 10-mcd luminous intensity 
• Come in four colors 

SLR-40 Series T-1% LEDs have a 
50° viewing angle and a luminous 
intensity of 3.6 med min and 10 med 
typ. Forward current is 2V typ at 10 
mA, and reverse current equals 10 
µA at VH=3V. They operate over 
-55 to + l00°C. The devices are 
packaged for brightness matching, 
and you can order them in one of 
four colors-orange, red, yellow, or 
green. They come in an ammo pack 
or on a customer-specified taping on 
reel. $0.15 to $0.25 (1000), depend
ing on color. Delivery, stock to eight 
weeks ARO. 

Rohm Corp, Box 19515, Irvine, 
CA 92718. Phone (714) 855-2131. 
TWX 910-595-1721. 

Circle No 408 
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He Just Spent $175,000 NEEDLESSLY 
On A Competitive PCB CAD Software System 

You Can't 
Make Those 
Kinds of 
Mistakes 
and Survive 
in Today's 
Competitive 
World ... 

I f you've been designing printed circu it 
boards or doing hand tape-ups during the 

last 22 years, then you know Bishop Graphics 
as the world leader in printed circuit design 
and engineering products. An interesting 
thing happens when you are effectively the 
only company selling PCB design products in 
over 72 countries in the world. You see, there 
is absolutely no company anywhere in the 
world that has the existing customer base that 
Bishop has. As a result, just about every CAD 
company or author has approached Bishop to 
ei ther privately label their CAD package or 
distribute it for them. 

Now why is that important to you, the engi
neer, designer or drafter? Simple! We've 
waited a long time to decide which CAD pack
age we wanted to put our name on . We've 
looked at the advantages and disadvantages of 
the packages that have been brought to us 
and we've looked very hard at where the 
industry is going. The more we looked and 
compared, the more we realized that 
PATHFINDER was the way to go. 

WHAT MAKES PATHFINDER DIFFERENT? 
We know that the majority of the serious 
designers would like a fully integrated CAD 
system with an autorouter that can lay down 
as many as three traces between a DIP if they 
want. The problem is not a heck of a lot of 
people can afford to spend $80,000 to $200,000 
for a CAD package. It didn't take us long to 
realize that PATHFINDER'S AutoRouter had 
the power and performance of the most 
expense mainframe-based PCB CAD systems. 
Nothing that we had evaluated, or that was 
brought to us (including most of the brand 
names that you know), could compare with 
the overall ability of PATHFINDER. 

We've sold PCB design products to you for 
over 20 years and there's one thing that we 
know for certain ... you're not interested in sales 
hype or fluff . The problem that we're faced 
with, is how to convince you that it is foolish 
to spend $1,000 on a "make do" CAD system 
and just as foolish to spend $15,000, $20,000, 

LET'S TALK FACTS AND SPECIFICATIONS 

PATHFINDER works in conjunction with , and 
uses the industry standard for 2D drafting ... 
AutoCAD™ You get a complete PCB and 
electro-mechanical 2D CAE workstation. You 
have full schematic drawing and capture, 
layout plus 32-bit autorouting. Not only can 
you create your own netlists, partslists, etc. but 
you can take an ASCII formatted list or docu
ment from another CAD system and format it 
so that PATHFINDER will read it. You've also 
got full ICES and Gerber 1/0 capability. 
PATHFINDER even allows you to "preview" 
your photoplot before sending it out to be 
plotted. You have generation of si lkscreen 
and solder mask layers, drill drawings, 
assembly drawings, fabrication drawings, fast 
"on-the-fly" parts creation, 3D views, color or 
monochrome at any resolution, hardware pan 
and zoom, the use of a TTL, discrete and 
connector part library, stretching the layout, 
the latest concept of "what you see is what you 
get" (WYSIWYG), ratsnesting, drag and 
rubber-banding, semi-automatic heat sinks, 
keepout areas, top and bottom views for SMT 
with 3D views, and on and on. 

MAINFRAME PERFORMANCE . 
AUTO ROUTING 
The power and speed of a true 32-bit auto
router is what PATHFINDER's AutoRouter is 
all about. We supply you, along with the 
AutoRouting software, a parallel processor 
card that allows you to autoroute using 32-bit 
integer manipulations. We don't play any 
games when we talk about true 45° routing. 
You get it with PATHFINDER. None of this 
90° routing and then go back and chamfer the 
corners to make it look like a 45° route was 
actually done. We know, and you know, that 
buys you absolutely no additional "real estate" 
on the board . 

PATHFINDER also provides you with real 

.. . especially when he 
could have owned 

Bishop's PATHFINDER™ 
PCB CAD system from 
anywhere from $1,995 

to $7,990. And he would 
have had, on an IBM 
PC-based computer, 
the same schematic 
capture, layout and 

autorouting capabilities 
as the "mainframe

based" software 
system he bought. 

Another thing we discovered is that even 
mediocre autorouters can achieve 100% com
pletion rates if the parameters are sloppy 
enough. The real test of autorouting is not just 
speed, not just percent completion, but most 
importantly the quality of design. You'll achieve 
the same kind of performance and completion 
rates that you would achieve on mainframe
based autorouters with PATHFINDER. You 
can autoroute up to 16 layers. You have total 
access to the strategy parameters given you in 
the AutoRouter including rip-up and re-route 
when needed. 

FREE TECHNICAL HOT-LINE SUPPORT 
Whether you're doing analog, digital or SMT 
work, PATHFINDER allows you the ability to 
get the job done. It's easy to use and comes 
with a thorough, complete technical manual 
and tutorial. It is a fully integrated, intuitive 
CAD system expressed in terms that the PCB 
engineer, designer or drafter can appreciate. 
Bishop wil l provide free technical hot-line 
support during your first year of use. 

NO-RISK GUARANTEE 
We are so thoroughly convinced that 
PATHFINDER will become the de facto stan
dard in the industry that we'll let you use it for 
30 days and if it doesn't meet our published 
specifications, we'll refund your money wi th 
no questions asked. We suggest that you take a 
minute now to call our toll-free number, 
800-222-5808: to get any of your questions 
answered that haven't, and can't, be answered 
in an ad. If youC! like to drop us a line, 
certainly do so, and mark your envelope 
"PATHFINDER." 
*111 Alaska, California, a11d Hawaii call (818) 991-2600. 
AVAILABLE NOW! 

PATHFINDER PATHFINDER 
Schematic Capture & Layout "Standard" AutoRouter 
$1 ,995.00 (order #40000) $2,995.00 (order #40020) 

ti111e Display While Routing. What good does it ® "•:""""""" . 
do to come back after the autorouting has B1shap Graphics 
taken place only to discover that you wish you CAD Systems Corporation 
would have stopped it 5 minutes into the 5388 Sterling Center Drive 
routing design to make a manual edit? Also Westlake Village, CA 91359 

' 1 ·1 ' Phone (818) 991 -2600 

or even $80,000 on a medium to high-end 
CAD system when you can get the perfor
mance of a $90,000 plus CAD system at 
PATHFINDER's prices. 

you II be able to autoroute dowri. to 6 v, mi Telex 66-2400 (BISHOP WKVG) 
trace widths ... 3 traces between a DIP pad. CIRCLE NO 194 Facsimile (FAX) 1(818) 889-3744 

PATHFINDER is a trademark of G.W. Young , Inc. Autocad is a trademark of Autodesk , Inc. IBM PCXT/AT are trademarks of International Business Machines Corp. 

Macintosh is a trademark of Apple Computer, Inc. 

See us at WESCON, Booths 2638-2640, Moscony Center 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

PAGE PRINTER 
• Has a resolution of 300 dots/in. 
• Drum set and 5000-pg toner set 

are separate units 

The CrystalPrint VIII is a page 
printer that incorporates liquid
crystal shutter (LCS) technology. A 
light source shines onto an LCS 
array whose elements are either 
opened or closed. The selected light 
passage is sent through a nonrotat
ing lens onto the drum. This tech
nique yields a print resolution of 300 
dots/in. and provides the reliability 
of nonmoving parts. The drum set 
and the 5000-pg toner set are also 
separate units, · allowing individual 
replacement. The unit features full 
emulation ofHP's LaserJet Plus and 
is compatible with Microsoft's Win
dows and Aldus's PC Pagemaker. It 
also has three ROM-resident and 
cartridge-based type fonts from Bit
stream; downloadable fonts, includ
ing HP's compatible fonts; 1.5M 
bytes of RAM for bit-mapped 

CPU CARD 
• Runs a 10-MHz 68008 µP 
• Has monitor/debugger and real-

time operating system support 

The 10681-MCU is a single
Eurocard CPU card for the 8-bit 
Eurobus-E backplane bus, also 
known as the Intelligent I/O Chan
nel (IIOC-bus) sub bus for VME Bus 
systems. The board has a 10-MHz 
68008 µP and five byte-wide memo
ry sockets into which you can install 
as much as 4M bytes of local 
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graphics on DIN A4, DIN B5, let
ter- and legal-size paper; and op
tional Epson, Diablo, HPGL (HP 
graphics language), and IBM Pro
Printer command and font emula-

EPROM or static RAM. The board 
has front-panel LEDs and pushbut
tons to monitor and control CPU 
operation. Software support for the 
board includes the company's Test
bug68k monitor/debugger and Mi
croware's OS-9/68000-Professional 
multiuser, multitasking, real-time 
operating system. DM 790. 

EKF - Elektronik - Messtechnik 
GmbH, Weidekampstrasse la, 4700 
Hamm 1, West Germany. Phone 
(02381) 12630. TLX 828621. 

Circle No 377 

VIDEO PRINTER 
• Provides BIW prints in 9 sec 
• Has 640X490-dot resolution with 

a 32-level gray scale 

The UP-811 is a thermal-transfer 
B/W video printer for medical, secu
rity, and instrumentation applica-

tions. $2495. 
Data Technology Corp, 2551 

Walsh Ave, Santa Clara, CA 95051. 
Phone (408) 727-8899. TLX 4745044. 

Circle No 376 

tions that require real-time prints. 
It can generate prints in 9 seconds 
wherever real-time video-based sys
tems are in use. It provides 
640X490-dot resolution with a 32-
level gray scale. The unit produces 
3.8x2.9-in. prints. In addition to a 
brightness and contrast control, it 
features a monitor mode that con
trols the video monitor's brightness 
and contrast, allowing you to match 
the monitor image with the printed 
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Plug-in power for VME! 
Here's a fully featured 400-watt, triple
output power system that's configured 
for direct connection to the motherboard 
in your VME bus system. It's a standard 
MOSFET switcher that includes all the 
features you've come to expect from NCR 
Power Systems. 

Switching frequency is 80 kHz, and the 
unit has protection against overvoltage, 
overcurrent, and input surges. It meets 
the stringent safety and EMI requirements 
established by UL, CSA and TUV (VDE). 
Packaging complies with the Eurocard 
standards defined in DIN-41494 and IEC-
297 for plug-in attachment to the mother
board. Precise (±0.4%) line and load 

regulation and 75% efficiency make the 
unit ideal for data communications and 
processing applications. 

Standard units can be modified by 
NCR for precise conformance to cus
tomer requirements. 

For detailed specifications and price 
quotation, contact NCR Power Systems, 
3200 Lake Emma Road, Lake Mary, FL 
32746; Telephone 800/327-7612 or in 
Florida, call 305/323-9250. 

SEE US AT WESCON: 
BOOTHS 150 & 152 
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I I 
TEXAS MICROSYSTEMS 
I NCORPO R ATED 
10618 Rockley Road • Houston, Texas 77099 

(713) 933-8050 

292 

Designers and manufacturers of quality 
computers for more than a decade 
«>1987, Texas Microsystems Incorporated 

CIRCLE NO 35 

COMPUTERS & PERIPHERALS 

image. The printer is UL-544 ap
proved and FCC Class B certified. 
It is also available in a CCIR (Inter
national Radio Consultative Com
mittee) and a NTSC version. $1100. 

Sony Corp of America, Compo
nent Products Div, 10833 Valley 
View St, Cypress, CA 90630. Phone 
(714) 229-4181. 

Circle No 378 
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32-BIT µP 

• Runs on the Unix 386 
• Operates with IBM PC, PCIXT, 

and PC/AT 

The Ivy 386 Series' Model 40 is a 
32-bit µC for stand-alone or multi
user applications. I ts operating sys
tem, the PC-MOS/386, can run sin
gle-user IBM programs such as 
Lotus and Wordstar. As many as 24 
of the company's graphics work
stations can access multiuser ver
sions of Supercalc 4, Word Perfect, 
dBase III, and Focus. The µC can 
also run the Unix 386 operating sys
tem for 32-bit Unix programs. IBM 
PC, PC/XT, PC/AT, and compatible 
boards can operate the computer. 
Standard features include an 80386 
µP , running at 16 MHz or 20 MHz; a 
40M-byte hard-disk drive; a l.2M
byte floppy-disk drive; 2M bytes of 
RAM on a mother board containing 
one 32-bit slot, five 16-bit slots, two 
8-bit slots, and an 80387 socket; and 
a 220W power supply. $2995. Op
tional devices: high-resolution mon
ochrome monitor, $255; EGA color 

monitor, $695; 40M-byte streamer 
tape drive, $495. 

Ivy Microcomputers Corp, 15 
Ararat St, Worcester, MA 01606. 
Phone (617) 853-6914. TLX 928446. 

Circle No 379 

ACQUISITION BOARD 

• Mac II board possesses eight dif
ferential analog inputs 

• Has 12-bit resolution with six 
software-selectable ranges 

The ACM2-12-8A is a data-acquisi
tion board for the Macintosh II. It 
has a 12-bit AID converter with six 
software-selectable voltage ranges: 
±25 mV, 50 mV, ±250 mV, 500 mV, 
±5V, and lOV; an autorange feature 
automatically selects the best 
range. Its inputs are protected to 
50V continuously and 150V momen
tarily. The board includes thermo
couple cold-junction compensation 
and linearization for 10 thermocou
ple types: E , J, K, T, B, R, S, C, D, 
and G. The board is capable of trans
ferring data to memory at a 10,000-
sample/sec rate. Two optional ana
log outputs have 12-bit resolution. 
The outputs are protected from 
shorts to ground or power supplies. 
The board also has eight digital I/O 
lines that are individually selectable 
as inputs or outputs. The analog 
inputs and outputs are self-cali
brated and use an onboard refer
ence that is guaranteed for two 
years. $1190. 

Strawberry Tree Computers 
Inc, 150 N Wolfe Rd, Sunnyvale, 
CA 94086. Phone ( 408) 736-3083. 
TWX 610-317-2834. 

Circle No 380 
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INTRODUCING FUJITSU'S 
NEW 8" DISK DRIVE. 

Our best 
petfonnance 
numbers yet. 

Our new 8" Winchester offers an 
improved access tilne of 16ms. 6901\18 
of storage. And 35,000 hours MTBF. 

Three of the best numbers in 
the business. That's quality That's 
reliability That's the performance 
you should demand. _ _ --+-j_ -_ -___.:i~ __ L_---3:.:.:::::::=--

And we're delivering Model M2322K M2333P 

production quantities. capacity 16aMs 337MB 337 MB 690MB 

It's SCSI compat- Acces-sT-ime- 2-0m-s --20-ms - - 20-ms--16- ms--'-

including Winchester, ible, too. Because our TransferRate 1229MB/s 2.46MB/s 

Intelligent Disk 
Controller provides 

Interface SMD IPl-2 

single-ended or differential drivers and 
Common Com1nand Set support for easy 
integration. 

What's more, our new 8" disk drive has a 
dual-supported 
spindle that 
improves ther
mal off-track 
performance. 
And greatly 

.. increases shock 
tolerance. 

So call for 
more information. On this or any of our 
famous family of data storage products, 
c 1987 Fu11tsu Amenca . Inc 

2.46 MB/s 2 46 MB/s 

HSMD/ SCSI HSMD/ SCSI tape, optical and flexible 
drives. 408-432-1300. 

Or write Fujitsu America, Computer 
Products Group, 3055 Orchard Drive, 
San Jose, CA 95134-2017. 

You'll find we have all the right numbers. 

11-~ -• .... 
~ .. ------· 

A COMPANY WITH CHARACTER AND DRIVE -FUJITSU -FUJITSU AMERICA 
Computer Products Group 
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COMPUTERS & PERIPHERALS 

DATA ACQUISITION 
• 10-board set for Macintosh II 
• Analog input acquisition of 

883,000 samples/sec 

The MacADIOS (Macintosh AID in
put/output system) II is a 10-board 
set that provides an interface for 
analog and digital signals to the 
Macintosh II. It consists of the Ma
cADIOS II card, which occupies 
one expansion slot, and nine daugh
ter boards, which attach to the first 
card. The MacADIOS II can sample 
12-bit data through one channel at a 
142,000 sample/sec rate. The con
version time is 5 µsec with ±0.02% 

accuracy. A software-programma
ble instrumentation amplifier has 
three gain settings: xl, xlO, xlOO. 
An AM9513A counter/timer chip 
lets five 16-bit counters handle fre
quency and pulse-width measure
ments and event counting. The op
tional nine daughter boards provide 
increased performance features 
such as analog input acquisition at 
833,000 samples/sec; high-resolution 
(16-bit) analog input or output at 
50,000 samples/sec; analog multi
plexing with 32 single-ended or 16 
differential input channels; digital 
input or output with 16-bit parallel 
ports; and software-controlled 
antialiasing filters. Each MacA
DIOS data-acquisition board can 
hold as many as three daughter 
boards. MacADIOS II card, $1290; 
daughter boards, $65 to $1425. 

GW Instruments Inc, Box 2145, 
Cambridge, MA 02141. Phone (617) 
625-4096. 

Circle No 381 

HARD-DISK CONTROLLER 
• Compresses files of repetitive 

data by as much as 800% 
• Supports as much as 302M bytes 

of hard-disk storage 

The Model KXP-230 hard-disk ex
pander increases the drive capacity 
of the IBM PC, PC/XT, PC/AT, 
Tandy 1000/3000, and compatible 
computers. The hard-disk controller 
uses data-compression and file-com-



COMPUTERS & PERJPHERALS 

paction techniques that compress 
files of repetitive data by as much as 
800%. It can be used with any ST-
506/412 compatible hard disk and 
supports as much as 320M bytes of 
storage. Data is stored on the disk 
in modified frequency modulation 
(MFM) format . The controller fea
tures a disk cache to decrease access 
time; error correction; and fragmen
tation control, which allows files to 
be placed in the next available con
tiguous location. During installation 
a software program separates the 
hard disk into an MS-DOS partition 
and a compacted user-data partition 
called EDISK (expanded disk). A 
20M-byte hard disk has lM bytes of 
bootable DOS and as much as 38M 
bytes of Edisk. Versions for IBM 
PC, PC/XT, and Tandy 1000, $249; 
IBM PC/AT version, $299. 

Konan Corp, 4720 S Ash Ave, 
Tempe, AZ 85282. Phone (602) 345-
1300. FAX (602) 345-2829. 
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OPTICAL-DISK KIT 
• Reduces time needed to connect 

optical disk to MicroVAX II 
• Single-board controller provides 

SCSI port 

This optical development kit helps 
to reduce the time it takes to con
nect an optical disk to a Micro VAX 
II µC. It includes an SMS 0109 Q 
bus single-board optical disk con
troller; an 800M-byte 5Vi-in. optical 
disk; Optical System Software for 
the VMS operating system; and ca
bles. The disk controller provides a 
SCSI port that connects the optical 
disk to the computer. It has a pro-

prietary chip set that provides si
multaneous access to multiple de
vices. The controller also supports 
two ESDI or two ST412 fixed Win
chester disk drives. The optical disk 
is the Maxtor RXT-800S 5%-in. 
drive. It is a write-once-read-many 
(WORM) device that provides 800M 
bytes of storage on a double-sided 
removable media. The drive has an 
embedded SCSI controller that 
communicates with the single-board 
controller and provides error detec
tion and correction. The software 
implements a file structure similar 
to DEC's ODS-2 file structure, a 
utility to manage the optical disk, 
and a set of routines accessible by 
application programs. Kit, $10,000; 
single-board controller, $1150 (OEM 
qty). 

Scientific Micro Systems Inc, 
339 N Bernardo Ave, Mountain 
View, CA 94043. Phone (415) 964-
5700. 
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VME BUS SBC 
• Features a 68020 CPU and a 

6881 FPU 
• Uses a 16-MIPS RISC µC for 

DMA 

The VME32QX is a single-board 
workstation for the VME Bus. It 
features a 68020 µP, running at 16 
MHz or 20 MHz; a 68881 floating
point unit (FPU); a 68551 paged 
memory-management unit 
(PMMU); as many as 4M bytes of 
onboard RAM; and a 16-MIPS DMA 
controller that uses RISC technolo
gy. The DMA controller has full 
access to onboard and VME memo
ry and can transfer data at SOM 
bytes/sec. Its hardware allows de
tection of a peripheral interrupt, 
rescheduling, and task switching in 
100 nsec. The DMA controller han
dles the low-level protocols used in 
Ethernet, X.25, and SCSI inter
faces and controls access to a bat
tery-backed clock, nonvolatile mem
ory, and a keyboard or a mouse. 
£3995. 

Torch Computers Ltd, Abberley 
House, Great Shelford, Cambridge 
CB2 5LQ UK. Phone (0223) 841000. 
TLX 818841. 

Circle No 384 

DEVELOPMENT MODULE 
• Firmware for 8-bit µP boards 
• High-speed RAM is cabled di-

rectly to ROM 

The pdm/8 is a development module 
that develops firmware for any 8-bit 
µP-based board. Its high-speed 
RAM is cabled directly into the 
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board's ROM socket(s) and can as
sume configurations for as many as 
four 27(C)64, two 27(C)128, or one 
27(C)256 EPROMS. Eleven menu
driven modes include EPROM pro
gramming (with standard, intelli
gent, and quick-pulse algorithms); 
host upload and download capabili
ties; editing; and data manipulation. 
The development module uses mem
ory substitution instead of µP emu
lation. You can combine the module 
with any µC with terminal-emula
tion software and cross-assembler 
software so that your design µP can 
enter assembly-language code, cre
ate an object file, and debug. This 
special-function computer is 
mounted on a pc board and housed 
in an attache case with storage 
pockets for diskettes and papers. It 
can be custom ordered for use with 
breadboards, terminals, PCs, and 
printers. $995. 

Advanced Software Machine 
Systems, Box 31131, Sarasota, FL 
33582. Phone (813) 351-4188. 
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GRAPHICS CARD 
• Based around 63484 advanced 

CRT controller 
• Color look-up table is available 

The VGPM is a single-Eurocard 
VME Bus board using an 8-MHz 
63484 advanced CRT controller chip 
and lM byte of graphics memory to 
provide graphics displays with 
1280X1024-pixel resolution. You can 
reconfigure the board to provide 
other screen resolutions. The stand
ard version displays 16 fixed colors, 
but you can add a color look-up table 
to display 16 colors from a palette of 
4096 colors. The board supports in
terlaced displays at a pixel frequen
cy of 32 MHz or noninterlaced dis
plays at a pixel frequency of 64 
MHz. A front-panel, 9-pin subminia
ture D connector provides TTL-lev
el video outputs. Miniature BNC 
connectors provide a front-panel an
alog RS-343A RGB output on the 
model with the color look-up table. 

From $999 to $1499 (OEM qty). 
Pep Modular Computers GmbH, 

Am Klosterwald 4, 8950 
Kaufbeuren, West Germany. Phone 
(08341) 8974. TLX 541233. 

Circle No 386 
Pep Modular Computers Inc, 

600 N Bell Ave, Pittsburgh, PA 
15106. Phone (800) 228-1737; in PA, 
(800) 255-1737. TLX 825098. 
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COMMUNICATIONS CARD 
• Full-duplex RS-422A /485 chan

nels for the STD Bus 
• Baud rates to 1.2M synchro-

nous, 76.8 asynchronous 

The 7315 is a serial communications 
card for the STD Bus. It provides 
four independent RS-422A/485 seri
al channels. One version of the card 
supports 8088 CPU-based systems, 
and the other supports Z80- or 8085-
based systems. As many as 32 STD 
Bus systems can be linked using the 
multidrop RS-485 interface com
bined with programmable recogni
tion. The card offers synchronous 
and asynchronous protocols and fea
tures baud rates as high as 1.2M 
baud synchronous and 76.8 baud 
asynchronous. The card can gener
ate prioritized vectored interrupts 
from external or on-card sources. 
You can design communications di
agnostics using a local-loopback 
mode. $250. 

Pro-Log Corp, 2560 Garden Rd, 
Monterey, CA 93940. Phone (800) 
538-09570; in CA, (408) 372-4593. 

Circle No 387 
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VOICE/DATA MUX 

• Digitizes as many as four voice 
signals 

• Voice and digital data becomes a 
56k-bps digital link 

The Oneliner multiplexes multiple 
synchronous and asynchronous data 
channels and as many as four 9.6k
bps voice channels over a single dig
ital data link. It has two full-duplex 
voice digitizing cards. Each card 
converts two analog voice signals 
into a 9.6k-bps digital stream. This 
stream is then multiplexed with 
data from digital channels to pro
vide a 56k-bps digital link for trans
mission over satellite, fiber, micro
wave, or Tl circuits. Internal echo 
cancelers are included for operation 
in PBX applications. The voice-per
formance specifications include a 
1x10·'1 bit error rate; a 180-msec 
processing delay; 35-dB min echo 
suppression; and 1-sec max echo
suppression training. From $4635. 

Micom Systems Inc, 4100 Los 
Angeles Ave, Simi Valley, CA 
93063. Phone (805) 583-8600. TWX 
910-494-4910. TLX 687497. 
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PC ADD-IN 
• Interfaces an IBM-PC family to 

bridge transducers 
• Includes outputs to energize the 

transducers 

The PCL VDT6 is a 6-channel signal 
conditioning and 12-bit AID con
verter board for the IBM-PC, 
-PC/XT, -PC/AT, or compatible 
computers that allows you to inter
face the computer to linear variable 
differential transformer (L VDT) 
and resistive transducers. A single 
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card can connect to a mix of half
and full-bridge transducers, with 
each of the six input channels jump
er-selectable to have a single-ended 
or a differential input. You can soft
ware program each channel for ac or 
de coupling, and you can software 
program the input amplifier to have 
a gain between x 1 and x 128. A 
synchronous demodulator is 
provided for ac inputs. Two addi
tional input channels are provided 
so that you can calibrate the board's 
gain and offset errors. The AID con
verter has 12-bit resolution, an ac
curacy of ±1 LSB, and a conversion 
time of 120 µsec. The board also 
provides transducer drive outputs. 
These outputs comprise a 5V/60 mA 
rms sinewave output that you can 
jumper select to frequencies of 410 
or 700 Hz, or 1, 5, 7, or 14.3 kHz; 
plus 6V/60 mA and ±8V/80 mA reg
ulated, and ±12V/100 mA unregu
lated de outputs. The board is sup
plied with support software that 
runs under the PC-DOS and 
MS-DOS operating systems. £495. 

NMI Electronics Ltd, 26 The 
Heathlands, Wombourne , Wolver
hampton WV5 8HF, UK. Phone 
(0902) 895185. 
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AID BOARD 

• Provides 8- or 16-channel, 12-bit 
ADC on VME Bus 

• Accepts piggyback signal condi-
tioning modules 

You can configure the VADI single 
Eurocard VME Bus AID converter 
board to have 16 single-ended, or 8 
differential input channels. The 
board digitizes to 12-bit resolution 
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Cybernetic Micro Systems 
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(415) 726-3000 •Telex 171135 Attn: Cyber 

CIRCLE NO 37 

297 



Designing a better 
commumcations board 
was easy. .. 
once we 
saw the 
light. 

Why is it that good ideas always seem so 
simple ... after they're implemented? 

Like multiple wattages in one bulb. 
Or multiple communications protocols on 

one board. 
After all, you don 'tjust use one protocol, 

so why buy a controller board that offers 
only one? With Central Data's Intelligent 
Communications Controllers using our 
Communications Monitor Firmware, you've 
got a built-in three-way connection. 

Utilizing an 80186 processor and optional 
on-board Communications Monitor 
Firmware, our Models 

That's flexibility. 

CD21/3518 (Multibus* 
I) and CD22/3800 
(Multibus II) provide 
the flexibility to 
handle asynchron
ous, X.25, and SNA 
communications 
protocols co-existing 
on a single board 
under firmware 
control. (SNA will be 
available on CD22/ 
3800 in 1988.) 

You can even write your own protocols. 
On-board memory includes 512K of parity 
protected dynamic RAM and up to 256K of 
EPROM, and communications protocols 
downloaded to the board run under control 
of the Communications Monitor Firmware . 

. That augments the effective power of your 

system, since 
the communica

tions controller takes 
over most of the host 

processor's communications tasks. 

We won't leave you in the dark. 
To shed more light on Central Data's 

Intelligent Communications Controllers, 
and our other products for Multibus and 
VME users , call our Product Manager Jeff 
Tieri. He 'II talk specs and prices, and send 
you a brochure with full product and 
performance details. Reach him, toll-free, 
at 1-800-482-0315 (217-359-8010 in Il
linois). 

Or write us , Central Data, 1602 Newton 
Drive, Champaign, IL 61821-1098. 

*Multibus is a trademark of Intel Corporation 
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and has a conversion time of 8 µsec. 
It provides 5, 10, ±5, and ±lOV 
input ranges and has a programma
ble gain amplifier that you can soft
ware program to a gain of x 1, x 10, 
xlOO, or xlOOO. The inputs are 
overvoltage protected to ±20V. 
Digitized readings are automatically 
transferred into a 2k-byte FIFO 
buffer, and you can generate soft
ware-programmable VME Bus in
terrupts to indicate available read
ings in the buffer. You can add 
optional piggyback signal-condition
ing modules to provide ±30V input 
protection, and a separate single
ended or a separate differential 
input amplifier for each input chan
nel, or 16 ± 10 mA current inputs. 
The board is also compatible with 
Analog Devices' 3B and 5B series of 
signal conditioning modules. 
Around $900. 

Pep Modular Computers GmbH, 
Am Klosterwald 4, 8950 Kauf
beuren, West Germany. Phone 
(08341) 81001. TLX 541233. 

Circle No 390 
Pep Modular Computers Inc, 

600 North Bell Ave, Pittsburgh, PA 
15106. Phone (412) 279-6661. TLX 
825098. 
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GRAPHICS BOARD 

• Uses the AMD 95C60 data-flow 
manager 

• Raises IBM PC/AT graphics to 
workstation performance 

The 7000CB is a graphics controller 
card for the IBM PC/ AT for high
end workstation performance. It 
contains one or two AMD 95C60 
Quad Pixel Dataflow Managers 
(QPDM) as graphic engines. This 
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engine allows data for each pixel pixels displayable resolution. The 
plane (with a resolution of standard color palette allows 16 col-
1280x 1280 pixels) to be accessed in ors out of 4096. A color palette op
parallel. The unit can thus maintain tion is available, which attains 256 
the same draw times no matter how out of 16. 7 million colors. It utilizes 
many planes are addressed. Typical a Brooktree DAC (BT458/451) and 
draw times are 100,000 vectors/sec an invisible pixel memory to 4M 
and bit-block transfers occur at the bytes of RAM, which can store lists 
rate of 18.2 million pixels/sec. The and data for recurring polygons. 
board has 1280x1024- or 1024 x 780- The board can be configured as 

Turn Good 
Ideas Into 

Good Articles 
With EDN's FREE Writer's Guide! 
Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN's new FREE 
writer's guide and learn how. 

You don't need the skills and experience of a profes
sional writer. And you don't need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer's guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 
professional articles. 

Get your FREE copy of 
EDN's writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
Sharon Gildea at 
(617) 964-3030. 
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Regulated 
10 Watt to 20 Watt 

• 160 Standard Models 

• Single and Dual Output 

• Temperature Range 
- 2s0 c to + 70°C with 
No Heat Sink or 
Electrical Derating 

• All Units Shielded 

• SOOV DC Isolation 
Input to Output 

OPTIONS AVAILABLE 
• Expanded operating temp ( - 55"C to +85°C) 
• Stabilization Bake (125°C ambient) 
• Temperature Cycle (-55°C to +125°C) 
• Hi Temp, full power burn in 

(100% power, 125°C case temp) 

Delivery
stock to 
one week 

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

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

PICO also manufactures over 500 
standard DC-DC Converters and over 

2500 Miniature Transformers 
and Inductors. 

CIRCLE NO 39 
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EGA- or VGA-compatible (video
graphics array) to run Lotus 1-2-3. 
From $2995. Delivery, eight weeks 
ARO. 

Kontron E lectronics Inc, 630 
Clyde Ave, Mountain View, CA 
94039. Phone (800) 227-8834. 

Circle No 392 

/111<1olCE·83C152 
~j iJl'WO-

EMULATOR 

• Emulates the 83C152 and 
80C152 

• Runs on IBM PCIXTs and 
PC!ATs with 640k bytes of RAM 

The MetaICE-83C152 is an in-cir
cuit emulator for the Intel 83C152 
and 80C152 single-chip microcon
trollers. It can perform real-time 
and transparent emulation at 
12-MHz rates on the IBM PC, 
PC/XT, PC! AT, and compatibles. 
The unit requires 640k bytes of 
RAM, two floppy-disk drives, and 
an RS-232C interface. It supports 
all modes of the 83C152: single-line 
assembly and disassembly; 4kx32-
bit real-time traces; 128k hardware 
breakpoints on as many as 16 
triggerable events, including PC ad
dresses and read or write opera
tions to a direct byte or direct bit; 
and conditional and logic state
ments. You can also download exe
cutable code to 64k bytes of pro
gram overlay and download external 
data to 64k bytes of external data
overlay memory. Using an adapter 
card, the device can also emulate 
8051, 8031, 8751, 8053, and 8753 
microcontrollers. It costs $3995, in
cluding a probe card, an emulation 
base, a company application system, 

and an ASM51 macro cross
assembler. 

MetaLink Cor p, Box 1329, Chan
dler, AZ 85224. Phone (800) 638-
2423; in AZ, (602) 926-0797. TLX 
4998050. 
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COPROCESSOR BOARD 

• Cache, integer processor, and 
F PU deliver 20M flops 

• Runs on IBM PC/AT and Apol-
lo Series 300014000 

The MC3200AT is a single-board 
coprocessor that can accelerate com
putation-intensive vector and scalar 
operations on the IBM PC/ AT and 
the Apollo Series 3000/4000 work
stations. The 2M-byte main memory 
combined with a cache, an integer 
processor, and a floating-point unit 
(FPU) provides 32-bit floating-point 
operations for a 20M-flops perfor
mance. The main memory can be 
expanded in increments of 2M, 4M, 
or 8M bytes with an optional daugh
ter board that connects directly to 
the board. The board can do a 1024-
point (complex) FFT in 3.4 msec. 
For image-processing applications 
the board can convolve a 3x 3-pixel 
filter on a 512 x 512-pixel image in 
255 msec. For modeling and simula
tion, it can multiply a 100x100-dot 
matrix in 125 msec. The board 
draws 15W of power fully config
ured. With 2M-byte dynamic RAM, 
$8000; with l/zM-byte dynamic 
RAM, $6500. 

Mercury Computer Systems Inc, 
Wannalancit Technology Center, 
600 Suffolk St, Lowell, MA 01854. 
Phone (617) 458-3100. TLX 311515. 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

VIDEO GENERATOR 
• Tests MDA, EGA, PGA, and 

multisynchronous monitors 
• Has connectors matching all 

compatible displays 

The Montest-AD8 video generator 
uses an 8-MHz dot clock to generate 
four test patterns-full raster, color 
bars, cross hatch, and windows-at 
any of eight user-selectable scan fre
quencies from 15. 75 to 31.5 kHz. It 
tests MDA (Monochrome Display 
Adapter), EGA (Enhanced Graphics 
Adapter), PGA (Professional 
Graphics Adapter), and multi-

IEEE-488 CONTROLLER 
• Controls as many as 28 IEEE-

488 instruments 
• Executes programs contained 

inEPROMs 

Targeted for use in repetitive test-
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synchronous monitors. The output 
appears simultaneously on three 
connectors-ENC, 9-pin D analog, 
and 9-pin D digital-and has connec
tors matching all compatible dis
plays. Sync is available on a sepa
rate BNC; composite sync is switch 
selectable. The unit is battery pow
ered, but you can operate it from 
the ac line using a plug-in trans
former supplied with it. $875. 

Network Technologies Inc, 
19145 Elizabeth St, Aurora, OH 
44202. Phone (800) 742-8324; in OH, 
(216) 543-1646. 

Circle No 409 

ing applications-for example, in 
component test systems, burn-in 
racks, or environmental chambers 
-the Gamma IEEE-488 slave con
troller can control as many as 28 
instruments on its two IEEE-488 
ports, using preprogrammed se
quences stored in internal RAM or 
in EPROMs. You can execute any 
one of eight program sequences by 
pressing the unit's front panel push
buttons. Program sequences are ei
ther downloaded into the control
ler's internal RAM via its RS-232C 
interface or installed by plugging in 

EPROMs. £595. 
Prism Instruments Ltd, Burrel 

Rd, Industrial Estate, St Ives, 
Huntingdon, Cambridge PE17 
4NF, UK. Phone (0480) 62225. TLX 
32303. 
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RECORDERS/DMMs 
• Power from ac line, 12V de, or 

internal battery 
• Measure and record ac, de volt-

age, current 

The SEllO and SElll recorders 
provide both analog chart recording 
and digital readout of the measured 
value. The SEllO handles full-scale 
readings from 1 m V to 500V in 18 
ranges and offers variable scaling 
and as much as two times full-scale 
zero suppression. The SE 111 sacri
fices the zero suppression and some 

sensitivity but adds 12 ac-voltage, 
ac-, and de-current ranges; full scale 
can be as low as 150 m V ac or de or 
600 µA ac or de, and as high as 750V 
ac or de or 6A ac or de. The units 
accommodate roll charts and indi
vidual paper sheets; they also in
clude an internal battery charger. 
The printed codes indicate range, 
chart speed, and battery status. You 
can remotely raise and lower the 
pen and control all chart-drive func
tions. SEllO, $995; SElll, $1095. 

BBC-Metrawatt/Goerz, 2150 W 
6th Ave, Broomfield , CO 80020. 
Phone (800) 821-6327; in CO, (303) 
469-5231. TLX 4970869. 

Circle No 411 
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Turn to the Masters 
of RF Amplifier Design 

RF Devices has the talent and the ex
perience it takes. We are RF amplifier 
performance artists. With our palette of 
products and capabilities, we can meet 
your needs - from RF and microwave 
power transistors and hi-rel hybrids to 
complete UHF high-power modules 
and systems - from lOOKHz to 4GHz, 
from under lW to lKW. 

And not just with standard products. 
We team up with you to create special 
and original solutions - and every 
design bears our industry-leading figure 
of merit - power at frequency with 
low distortion. 

We've developed RF linear hybrids 
featuring high gain, very high dynamic 
range and very low distortion. Our feed
forward techniques in these hybrids 
are meeting demands for faster speeds 
in CATV systems and wideband LANs. 

We're delivering the gain needed in 
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high-power cellular base stations with 
our power-combining and feed-forward 
technology. And, our high-voltage 
drivers with sub-three nanosecond rise 
time are reducing the cost of high
resolution monitors and VLSI test 
equipment. 

Your solution will have quality, reli
ability and manufacturability built-in 
right from the beginning, starting with 

CIRCLE NO 215 

our own die design and wafer fab. And, 
with our high-volume production fac
ility, you II get a total capability that 
can handle your largest requirement. 

Your challenge will bring out the best 
in us - and the RF amplifier that's 
just right for your design. Call us about 
your application at 213.536.0888 and 
ask for RF Amplifier Solutions. Or 
write for our free brochure to 
TRW RF Devices, 14520 Aviation Blvd., 
Lawndale, CA 90260. Attn: RF 
Amplifier Solutions. 

Let us paint you a masterpiece. 

©rflw Ire. 1987 - 713A00887 

TRW RF Devices Division 
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MCT-150 Series 

Tokin. The magnetic 
name in card systems. 

Tokin makes the finest , most complete magnetic card systems anywhere. 
From the material in the magnetic heads of card readers/writers , to intelligent 
interface modules, to the best in magnetic cards. 

A simple RS232C personal computer connection lets you use our MCT-650 
Series motorized magnetic card reader /writers for easy data readout/printout. 
Just like our MCT-150 Series manually-operated card readers . 

Or if you'd prefer to design your own card readers , check out our MCI/ 
MCS Series card reader units with original integrated circuits and exclusive 
magnetic heads for a vast range of applications. Or our all-new Model 961 
magnetic card reader interface module that connects to an RS232C interface. 

So whether it's card readers you' re interested in , or the internal workings 
to make them yourself , remember: Tokin offers the finest card reader tech
nology anywhere. And results you can count on . 

Interface of MCT-650, 
MCT-150 Series and Model-961 

Communication standards 

Communication mode 

Transmissionspeed(baud) 

Communication format 

Card driving system 

MCT·650 Series J 

Start-stopsynchronization , l 
lullduplex(halfduplex) 

1,200/ 2,400 /4,800/9,600 1 
Startbil 
Data bit 
Parity(even) 
Stop bit 

Motorized J 

MCT·150Series 

Standard EIA, RS232C 

Starl·stopsynchroniza!lon , 
lull duplex 

1,200 

Manual 

Mode ·961 lnterlaceModule 

Starl·stopsynchronization , 
fultduplex(halfduplex) 

600/ 1, 200/ 2,40014 ,800/ 
9,600/ 19,200/ 38 ,400 

Performance Read/wrile J Read only 

Power supply 

Applicable Magnetic Card 
Units Card Standard Dimensions (mm) 

MCl-111 ISO, track2 
MCl-112 ISO, track1 24x61x65 
MCl-113 1SO, track3 

304 

117VAC 

Units 

MCS·131IE) 
MCS-132IE) 
MCS·133IE) 
MCS·135IEI 
MCS·136IE) 

• (E) : Withcover 

Card Standard 

ISO, track 2 
ISO. track 1 
ISO. track3 
ISO, track 1and2 
ISO, track 1 and2 

+ 5V DC , +8 - 12V OC 

Dlmensions (mm) 

27 x 29 .5x100 
(32 .5x32x 100) 

Shapes and Dimensions 

MCS-135, 136 

I . 

.,,. ; -'-, .;--::=::·. 
!".'"' . 

rf. -- d ll 

MCl-110 Series 

Tokio 
Tokin Corporation 
Hazama Bldg., 5-8, Ni-chome 
Kita-Aoyama, M1nato-ku, 
Tokyo 107. Japan 
Tel. Tokyo (03) 402·6166 
Fax- Tokyo (03) 497·9756 
Telex. 02422695 TOKIN J 

You can reach our agents by phone: 

'"" 

17 

[mm] 

Tokin America Inc. 
2261 Fortune Drive, San Jose, 
California 95131, U.S.A. 
Tel: 408·432·8020 Fax 408-434·0375 

Chicago Branch 
Presidents Plaza 1, Suite 200N, 
8600 W. Bryn Mawr, Chicago, IL 60631 
Tel: 312·380·0030 Fax· 312·693·8334 

London 01 ·837 2701. Paris 1 ·45 34 75 35: Milan (0331) 678.058; Munich (089) 5164·0: 
Seoul (02) 777-5767 : Taipei (02) 7311425: Hong Kong 3·315769; Singapore 747·8668 
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INSTRUMENTS 

OPTICAL PROBES 
• Convert optical signals to drive 

scope 
• Handle 700-MHz modulation 

The P6701 and P6702 converters 
perform optical/electrical power 
conversion in a package the size of a 
probe-compensation box and pro
vide a scope with waveforms for 
acquisition, display, measurement, 
and analysis. The P6701 responds to 
light wavelengths from 450 to 1050 
nm; the P6702 response is from 1000 
to 1700 nm. The P6701 and P6702 
handle modulations as high as 700 
and 500 MHz, respectively. The ven
dor's scopes supply all the power 
needed by the converters. By using 
the companion P6751 spatial-input 
head, a tunable, bench-mountable 
lens system, you can convert laser 
beams to scope inputs. P6701, 
$1800; P6702, $1995; P6751, $295. 

Tektronix Inc, Marketing Com
munications Dept, Box 1700, 
Beaverton, OR 97075. Phone (800) 
547-1512; in OR, (800) 542-1877. 

Circle No 412 

COMB GENERATOR 
• Covers 1 to 40 GHz 
• Has 1-GHzfrequency spacing 

between comb outputs 

The Model 1040A comb-frequency 
generator operates from 1to40 GHz 
in three bands: 1 to 18 GHz, 8 to 26.5 
GHz, and 26.5 to 40 GHz. The out
put power for the three bands is -5 
to + 15 dBm, -25 to -5 dBm, and 
-35 to -25 dBm, respectively. The 
standard frequency spacing be-

EDN October 29, 1987 

The Amazing 
5Vto±15V* 
Industry Standard 
DC/DC Converters 

Amazingly Low Prices, Amazingly High 
Performance, and they're pin-for-pin 
replacements for over 30 "competitive" 
models. Our PWR5104/05 DC/DC converters 
are setting the standards. You get a full 9W 
of output power at ±12VDC or ±15VDC, 
maximum ripple and noise of only 35mVp-p, 
and 0.02% line/load regulation . 

Add features like input and output filtering, 
six-sided shielding, ±0.5% accuracy, and an 
operating temperature of -40°C to +100°C. 
Then, top off the list with high barrier voltage 
and low barrier leakage, designed to meet 
UL544, VDE750, and CSA C22.2, and the 
exclusive use of surface-mounted 
components and assembly techniques for 
ruggedness and long-term reliability. Now 
you can start to see the real value that 
typifies the PWR5104/05 devices and our 
entire line of over 450 models. 

For more information on these amazing 
bargains or our other DC/DC converters, 
write or call Burr-Brown Corp. , P.O. Box 
11400, Tucson, AZ 85734. 
602-746-1111. 

BURR - BROWN ® 

le«Ell 
Improving Power/Conversion 

Productivity 

CIRCLE NO 48 ·----------------------, : UNIVERSAL 
: PROM/PAL*/MICRO 

PROGRAMMER 

1-800-331-PROM 
(305) 974-0967 Telex 383142 Fax (305) 974-8531 

From a Name You Can Trust 

LOGICAL DEVICES INC. 
Represented In 18 Countries 

1321 NW 65th Place, Ft. Lauderdale, FL 33309 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. 
*Some devices require optional Adaptors - PAL 1s a Trademark of Mono!tth1c Memories Inc. I ---------------------CIRCLE NO 49 
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c 
MODULA 2 

PASCAL 
Cross-Compiler Systems 

• High performance, field
proven software develop
ment systems producing ex
t re me ly compact, fast
executing, ROMable output 
code. 

• Each cross-development 
package includes : 

• C, Modula 2, or Pascal 
Cross-Compiler 

• Macro Relocating Cross-
Assembler 

• Object Code Librarian 
• Object Module Linker 
• Hexadecimal Format Loader 

(S-Records . Intel Hex. TEK Hex) 
• Standalone Support Library 

(EPROMable , with full floating 
point support] 

• All languages can be intermix
ed with assembly language 

• Targets supported: 

6301 /03 
6801/03 
6809 
68HC11 
68000/08/10/12 
68020/881 /851 
32000/32/81 /82 

• Available for following hosts : 

VAX: VMS/U NIX/UL TRIX 
POP-11 : UNIX/TNIX/VENIX 
68000 : UNIX System V 

PC ,XT,AT: MS-DOS 
PowerNode : UTX/32 

306 

UNIX. TM of AT&T Bell Labs 
VAX , VMS, POP-11 , ULTRIX 
TM of Dig . Equip . Corp 
TNIX : TM of Tektronix Inc 
VENIX : TM of VenturCom 
PowerNode ; UTX/32 : TM of Gould Inc 

INTROL CORPORATION 
647 W. Virginia Street 
Milwaukee, WI 53204 

[414) 276-2937 
FAX: [414) 276-7026 

CIRCLE NO 50 

TEST & MEASUREMENT INSTRUMENTS 

tween comb outputs is 1.0 GHz; 100-
and 500-MHz spacings are available. 
The unit is ac powered, measures 
5x9x7.6 in., and is transportable. 
$7900 (small quantities). 

ST Research Corp, 8419 Termi
nal Rd, Newington , VA 22122. 
Phone (703) 550-7000. TWX 710-
832-9818. 

Circle No 413 

LOGIC SYSTEM 

• Comprises analyzer, scope, and 
generator 

• Software links system to CAE 
workstations 

The modular and user-configurable 
HP 16500A logic-analysis system 
comprises a 100-MHz timing logic 
analyzer, a 25-MHz state logic ana
lyzer, a dual-channel 400M-sample/ 
sec digitizing scope, a 50M-bps pat
tern generator, and a 1-GHz timing 
analyzer. The system's mainframe 
accepts as many as five pc boards. 
The various functions are provided 
by modules that comprise different 
numbers of boards. All of the instru
ment pc boards can cross trigger. 
The system's front panel features a 
9-in. color, touch-sensitive CRT, 
which displays a menu-oriented con
trol system. The unit also has two 
disk drives for measurement setups 
and data storage. Each single
board, state/timing logic-analyzer 
module provides 80 channels. The 
single-board digital analyzer has 
two 4k-sample memories. The sin
gle-board, 1-GHz timing analyzer 
has 16 channels. The scope and ana
lyzers require special probes. The 
pattern generator provides 12 chan
nels ( 48 channels with the optional 

expander), and each channel has a 
4k-bit pattern depth . The vendor 
offers communications software for 
linking to its proprietary CAE sys
tem. HP 16500A mainframe, $7200; 
HP 16510A timing/state analyzer, 
$5200; HP 16515A 1-GHz timing an
alyzer, $7800; HP 16520A pattern 
generator, $3700; 48-channel expan
sion, $4000; HP 16530A 400M-sam
ple/sec scope timebase, $1500; HP 
16531A scope, $4000; CAE link soft
ware, $2000. Delivery, one to three 
months ARO. 

Hewlett-Packard Co, Inquiries 
Manager, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. Call local of
fice. 

Circle No 414 

FIBER TESTERS 

• Simplify testing of fiber-optic ca
bles 

• Include models to test multi-
mode or monomode fibers 

Models 7721, 7723, and 7725 optical 
time-domain reflectometers allow 
you to make bandwidth and attenu
ation measurements for the installa
tion and maintainance, production 
test, or length measurement of fi
ber-optic cables. The instruments 
use menu and automatic setups to 
achieve repeatable measurements of 
bandwidth, cable losses, and splice 
losses, and to locate breaks in the 
fiber. The CRT trace of the cable's 
characteristic is fully annotated 
with the losses. Initial cable pro
files , optionally stored on a magnet
ic tape cassette, can be recalled for 
comparison purposes. An integral 
printer provides hard-copy results. 
A manual operating mode allows 
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•• Gates Energy Products has purchased 
GE's Battery Business Department, 
making us the world's largest source 
of sealed rechargeable batteries. 

What does this mean to you? 
That Gates is dedicated to providing 

you with the best rechargeable batteries 
in the world. 

Gates now has the technology and 
resources to offer the largest selection of 
rechargeable batteries including nickel 
cadmium, nickel hydrogen and sealed 
lead batteries- from .065Ah to 300Ah. 

WESTERN U.S. 
4063 Birch St. #130 
Newport Beach, 
CA 92660 
(714) 852-9033 

CENTRAL U.S. 
2860 S. River Rd. 
Suite 401 
Des Plaines, IL 60018 
(312) 827-9130 

©1987 Gates Energy ProduclS, Inc. 

EDN October 29, 1987 

Leading the technological advance
ments at Gates is our new GEMAX™ 
Series of nickel cadmium cells. These 
cells are providing more run time and 
maximizing power delivery in all 
product applications by incorporating 
higher capacities and lower internal 
resistance. 

As a result of GEMAX technology, 
Gates now offers the world's highest 
capacity, production-volume Sub C 
cell at l.4Ah (I-hour rate). And more 
advancements are on the way. 

Our commitment to supply batteries 
tailored to your specific applications is 

yet another aspect of our determination 
to make sure that Gates batteries are 
superior. 

No other rechargeable battery com
pany in the world is taking such 
dramatic steps to perfect and expand 
their rechargeable battery products as 
the new Gates. It's time you discovered 
the difference. 

For more information worldwide, 
contact one of the Gates Regional Sales 
Offices listed below. 

~Energy 
~fm"Products 

EASTERN U.S. 
1 Prestige Dr. 
Meriden, CT 06450 
(203) 238-6840 

SOUTHERN U.S. 
1835 Savoy Dr. 
Suite200 
Atlanta, GA 30341 
( 404) 458-8755 

PACIFIC AND ASIAN 
3706 A, Shun Tak Centre 
200 Connaught Rd. Central 
Hong Kong 
011-852-5-403073 

EUROPE 
Units 12/13 
Loomer Rd. Industrial Estate 
Chesterton 
Newcastle-under-Lyme 
Staffs. ST5 7LB, Great Britain 
011 -44-782-566525 
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TEST & MEASUREMENT INSTRUMENTS 

more advanced users to make addi
tional measurements and to zoom in 
on areas of special interest. Models 
7721, 7723, and 7725 are designed 
for 850-nm multimode , 1300-nm 
multimode, and 1300-nm monomode 
cables, respectively. In the 7721, a 
special fiber connector accepts sev
eral cable sizes and reduces the 
dead zone in the fiber to zero. The 

WESCON BOOTHS 823, 825, 827 

308 

instruments for use with multimode 
fibers feature a backscatter single
way dynamic range (SWDR) of >25 
dB; and the monomode instrument 
specs a backscatter SWDR of >24 
dB. All the instruments have 
IEEE-488 and RS-232C interfaces 
and operate from ac line or 10 to 
16V de supplies. £12,000 to £16,500. 

Enertec Instruments, 5 rue Da-

because there are 
no complaints. 

Idec defines 
"direct cross" as 
the precise config
uration and value 
necessary to meet 
your specifica
tions. And when it 

comes to relays, the Idec family 
includes: General Purpose Relays, 
Printed Circuit Board Relays, 
Time Delay Relays and Solid 
State Timers. 

So, if "just-in-time" buying and 
quality are top priorities at your 
company, call Idec now and ask 
for your free catalog. 

Alter all, a relay is a coil driven 
switch and switches are our specialty. 

CALL: 800/538-8157 
EXT. 844 (Outside California) 

CALL:800/672-3470 
EXT. 844 (Inside California) 

IDEC CORPORATION 
1213 ELKO DRIVE 
SUNNYVALE. CA 94089-2211 

idec 
CORPORATION 

Your Switch Specialists 
SEE US IN 87-88 (SECTION-4500) 

CIRCLE NO 51 

guerre, 42030 St Etienne Cedex 2, 
France. Phone 77252264. TLX 
300796. 

Circle No 415 
Solartron Instruments, 2 West

chester Plaza, Elmsford, NY 10523. 
Phone (914) 592-9168. TLX 145487. 

Circle No 416 

AUDIO TESTER 

• Can check 16- and 18-bit AID 
and DIA audio gear 

• Can execute tests under IBM PC 
control 

The DCX-127 module adds de-volt
age and resistance measurement ca
pabilities, two de outputs controlla
ble over ± lOV (20-µ V resolution), 
and 21-bit digital I/Oto the vendor's 
System One audio-test system. The 
unit incorporates an autoranging 
4112-digit DVM. With this module, 
the system can automatically test 
audio equipment power supplies and 
can also check amplifier-offset volt
age, loudspeakers, voltage-con
trolled amplifiers, and 16- or 18-bit 
AID and DIA converters. $2150. 

Audio Precision, Box 2209, 
Beaverton, OR 97075. Phone (503) 
627-0832; in OR, (800) 231-7350. 
TLX 283957. 

Circle No 417 

VIDEO GENERATOR 

• Superimposes time/date infor
mation on a video image 

• Has programmable character 
size and display formats 

The TDG-1 video time/date genera
tor superimposes time or date infor
mation onto a video picture signal. 
You can move the time/date display 
around the screen area and select 

EDN October 29, 1987 



Timing is 
everytliing. 

When you are looking for delivery, quality, and performance for your snap-acting, 
or lighted pushbutton switch applications timing is everything. Backed by a 

nationwide network of technical sales representatives and full-service distributors
C&K/Unimax provides a full range of solutions to your switching requirements from 
custom engineering support through value-added capabilities. All available when you 
need them! 

Our broad line of snap-action switches offers multiple options in actuators, ter
minal styles, and operating forces with current ratings ranging from low-level to 25A 
in both electrical and fiber optic packages. 

The Lighted Pushbutton Switch line includes a wide range of time-saving 
features, and attractive options including pre-wirable slide-on contact blocks, oil-tight 
models, interlock switches, and matching indicators. 

Call or send us your specs today, and we'll send you a free engineering sample 
and literature. (203) 269-8701. 

EDN October 29, 1987 

01</UnimaX 
Ives Road, Wallingford, CT 06492 

See us at WESCON, Booth #s 1038-1040 

CIRCLE NO 218 
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Plessey Microsystems 
Your best defense for Mil Spec 

and severe environment applications 

•Military VME • Military Multibus 
• Bubble Systems • Custom Military & Severe Environment Products 
For applications from military to ruggedized, 

your best defense is the ultimate source for 
microprocessor and memory systems- Plessey 
Microsystems. No one else can deliver such a 
broad range of standard and custom products 
for severe environment and high-rel applications, 
military or ruggedized. 

PMM 86 Multibus 
Microcomputer Systems 

A full range of Intel-compatible 
processors, memory, controllers, and 
interfaces, including CMOS versions. 
Extensive, reconfigurable BITE. Com
plete ATR box systems and software 
support Mil Spec and ruggedized 
versions. 

PMV 68 VMEbus 
Microcomputer Systems 

Totally VMEbus-compatible 68020-based 32 
bit architecture. Processors, memory and inter
faces . .. all with full Mil Spec compliance. Plus 

0PLESSEY 

a complete range of industrial grade hardware, MPlesseylC_ rosystems 
software and development systems. 

Bubble Memory Modules USA 
d S One Blue Hill Plaza an ystems Pearl River, NY 10965 

The world's broadest and most reliable range. Tel: (914) 735-4661 
Mass storage systems to 48 Mbytes. Complete, TWX: (710) 541-1512 

modular and cartridge systems for embed- 9 Parker 
d d d 1 d k 1 Irvine, CA 92718 e , stan -a one or is rep acement Tel: (714) 472_2586 

applications. 

Custom System 
Capabilities 

Unparalleled expertise in custom 
product development for all military 

and severe environment applications. 
Automated design and manufactur

ing capabilities. For your most demanding 
and most specialized Mil Spec and hostile 

environment needs. 

Suite 600 
2000 E. Lamar Blvd. 
Arlington, TX 76006 
Tel: (817) 261-9988 

FRANCE 
BP 74.7-9 rue Denis Papin 
78914 Trappes Cedex 
Tel: (1) 30.51.49.52 
Telex: 696441 

GERMANY 
0-6090 Riisselsheim 
BahnhofstraJ3e 38 

From the Ultimate Source Tel: (061 42) 6 80 04 
Telex: 1761 4293 

For details on the most comprehensive range 
of high reliability microprocessors and memory 
systems, just call or write Plessey Microsystems. If 
our standard products or systems don't meet your 
needs precisely, we'll custom design one that will. 

CIRCLE NO 219 

UNITED KINGDOM 
Water Lane, Towcester 
Northants NN127JN 
Tel: (0327) 50312 
Telex: 31628 



TEST & MEASUREMENT INSTRUMENTS 

various character sizes and formats 
for the time/date display. You set 
the display to be either black or 
white, with or without a contrasting 
background, to ensure readability 
on all types of images. The instru
ment has battery backup for its real
time clock/calendar and its display 
format data. A switchable internal 
synch facility allows the instrument 
to operate as a stand-alone unit if 
required. The TDG-1 measures 
280x50x254 mm (llx2xlO in.) and 
operates from 110/240V ac line sup
plies or a 12V de supply. £450. 

Wallington Instrument Co, Kim
berley Pl, Purley, Surrey CR2 2BX, 
UK. Phone 01-668 4315. 

Circle No 418 

LASER-ENERGY METERS 
• Measure power of pulsed lasers 
• Handle energy levels of 1012J 

min 

The Rj-7600 Series laser-energy 
meters measure the output of 
pulsed-laser sources with energy 
levels of 1012J min at pulse-repeti
tion rates to 40 pps. The instru
ments can calculate the minimum, 
maximum, and standard deviations 
of sets of 10 or 100 pulses, and each 
can accommodate one of eight inter
changeable pyroelectric, silicon, or 
thermopile probes. An IEEE-488 
interface is optional. The dual-chan
nel version of the instrument takes 
ratiometric measurements. Single
channel model, $3475; dual-channel 
model, $3850; 488 option, $550; 
probes, from $975 to $1500. 

Laser Precision Corp, 1231 Hart 
St, Utica, NY 13502. Phone (315) 
797-4449. TLX 646803. 

Circle No 419 
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STORAGE SCOPE 
• Has a bandwidth of 100 MHz for 

repetitive signals 
• Includes window triggering for 

glitch capture 

By random sampling at 40 MHz, the 
5602 2-channel digital storage oscil
loscope achieves a bandwidth for 
repetitive waveforms of 100 MHz. It 

See us at WESCON, Booths 552-558 
CIRCLE NO 52 311 
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also has a 4-MHz-bandwidth real
time oscilloscope mode. The oscillo
scope has 8-bit vertical resolution on 
its 10 mV/div (2 mV/div in expanded 
mode) to 5V/div input ranges, and 
has timebase ranges from 50 nsec/ 
div (5 nsec/div with timebase expan
sion) to 20 sec/div. An autoset facili
ty is provided for automatic 
selection of suitable input sensitivi
ty and timebase ranges. You can 
display pretrigger traces on any 
timebase setting. The instrument 
can store as many as four pairs of 
traces (channel A and channel B) 
using lk byte of trace memory per 
channel. Alternatively, you can 
reconfigure the trace memories to 
store one pair of traces at 4k bytes/ 
channel or one trace at 8k bytes/ 
channel. You can also store the cor
responding instrument set-up with 
the traces. Trace annotation is 
provided on the CRT. On-screen 
measuring functions include abso
lute and relative voltage values, 

time from trigger point, time inter
val , frequency , and rise and fall 
times. Processing functions include 
averaging, smoothing, summing, 
multiplication, and trace expansion. 
The 5602 has both RS-232C and 
IEEE-488 interfaces for control and 
up/down loading of trace informa
tion. The oscilloscope also has ana
log and digital plotter outputs. Fr fr 
64,000. 

Enertec Instruments, 5 rue Da
guerre, 42030 St Etienne Cedex 2, 
France. Phone 77252264. TLX 
300796. 

Circle No 420 

POWER-LINE DISPLAY 
• Fully isolated inputs protected 

to 1 kV 
• LEDs read out phase with 1° ac

curacy 

The 881 Powerscope II displays 
waveforms obtained from ac power 

systems, but can also be used as a 
general-purpose triggered scope. 
Four 25-MHz-bandwidth differen
tial channels are isolated from each 
other and from the chassis and pro
vide sensitivity from 20 m V /div to 
200V/div. A fifth 50-MHz-band
width trigger-view channel is single 
ended. Any of the five channels can 
act as a trigger source. Channel 3 
can measure instantaneous power 
by displaying a waveform propor
tional to the product of the wave
forms on channels 1 and 2. An LED 
display indicates the phase differ-

irst 
When you're looking for input on raster plotters, take a look at some major CalComp 

output. 'IWenty-four different versions from the fastest growing raster family in the world. 
(With more family members arriving soon.) 

312 

Every raster plotter incorporates more industry firsts , more choices. From simple, colorful 
business graphics to the complexity of super-dense integrated circuit design, mapping, etc. 

The 5800 and 5700, our color and black-and-white electrostatic plotters, deliver speed, 
superior resolution, multiple configurations and A to E size plots. 

For CAD graphics, PlotMaster™ produces quick-check"/\.' size presentation-quality color. 
Or plug ColorMaster® into your PC and through CalCompatibility, you can run the most 

popular business presentation graphics softvare. 
ColorMaster is a registe red trademark of CalComp.© 1987 CALCOMP 

E DN October 29, 1987 
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ence between any two channels or 
between any channel and the ac line 
with an accuracy of 1 ° from 25 Hz to 
2 kHz. $4995. 

Primeline, Box 670, San Fernan
do, CA 91341. Phone (800) 525-5554; 
in CA, (818) 764-5400. TLX 4943094. 

Circle No 421 

DIGITAL TESTER 

• Provides 336 inputs and 336 out-
puts 

• Offers 20-M Hz data rate 

The DSRlO high-performance digit
al word generation and recording 
device functionally tests µP boards, 
emulates system buses, and tests 
digital components and custom cir
cuits. A Compaq DeskPro-386 per
sonal computer performs computa
tions, provides control, and 
supports the Microsoft Windows 
programming environment. During 

setup, you generate system-com
mand sequences using a Windows
based pattern editor; you then 
merge them into TestBasic pro
grams. You can loop a pattern indef
initely, or your program can specify 
the number of loops-as many as 
64k-to be burst. Inputs and out
puts can be backed by 16k-bit-deep, 
full-width, full-speed memory. You 
can place vectors with 10-nsec reso
lution. Three pod families provide 
compatibility with TTL, 5V 
HCMOS (high-speed CMOS), and 

-..-..-Y 

ECL. An ASIC/PLD test fixture is 
also offered. System with one tim
ing generator, two memory mod
ules, three pods, and a blank test-

. head, $36,625; ASIC/PLD fixture, 
$995. Deli"ery, 60 days ARO. 

Summation Inc, 11335 NE 122nd 
Way, Kirkland, WA 98034. Phone 
(206) 823-8688. TLX 152219. 

Circle No 422 

RECORDERS 

• Plot traces of as many as 24 
input channels 

• Scan channels at 0.1, 0.2, or 0.5 
readings/sec 

A 4- to 24-channel pen recorder 
comes in two versions: the HR-1100 
panel/rackmount recorder and the 
HR-2100 flatbed recorder. The units 
have four pens of different colors 
that can plot continuous traces of as 
many as 24 input signals. The re-

The first family? You bet. First in high-resolution 400 DPI color. First in pin-point 
accuracy with electronic registration. First in embedded controllers to save space. First 
with convenient ROM pack firmware. First with flexibility of over 2,000 line and area fill 
colors. And too many more firsts to talk about here. 

There's also a national 800 helpline, 425 trained service 
persons, 46 service centers nationwide, 32 international 
field offices, and on-site service. And a single supply source. 

Wedrawon 
your imagination:M 

Don't be the last to learn about the first family Call 
1-800-CALCOMP or write CALCOMP, P.O. Box 3250, 
Anaheim, CA 92803. In Canada, call ( 416) 635-9010. -jCa/Comp 
We Draw On Your Imagination and PlotMaster are tradema rks of CalComp. A Lockheed Company 

CIRCLE NO 53 . 
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VF Technology ••• 
The Bright Decision 
Futaba, a world leading manufacturer of vacuum fluorescent 
displays, offers a wide assortment of display tubes in many sizes 
and formats. Also, Futaba offers display modules with all the 
electronics required to refresh the display and easily interface with 
the host system. 

GRAPHIC DISPLAY 
Both front glass phosphor, which provides maximum viewing angle 
and uniform surface appearance, and conventional back glass 
phosphor, with optimum brightness and software dimming capabili
ties, are available. All Futaba graphics modules offer complete drive 
electronics, bit mapped control with a DC/DC converter. All active 
components are surface mounted onto a single board. 

DOT MATRIX MODULES 
Utilizing Futaba's dot matrix displays, a completely intelligent line of 
"dot modules" is available. Each includes all drive, power supply and 
microprocessor components surface mounted onto a single board. 
Surface mounted technology results in higher reliability and allows 
for a smaller overall package and lower cost. All dot modules require 
only a 5V DC power source and can accept parallel or 8 possible 
serial baud rates. 

GRAPHIC DISPLAYS/MODULES 
Futaba Futaba Pixels Brightness Module 
Display Module (Row X Char.) (FT-L) Dimensions (in.) 

GP1005B GP1005B03 128X64 400 7.28X3.35X1 .77 

GP1006B GP1006B04 256X64 200 9.84X3.35X1 .77 

GP1009B GP1009B03 240X64 200 6.2X2. 76X1 .57 
GP1010B GP1010B01 176X16 200 7.32X2.16X1.70 
GP1002C GP1002C02 320X240 100* 7.10X6.30X1 .60 
GP1004B GP1004B03 640X400 30 9.65X7.28X1.85 

*Different Versions Available 

DOT MATRIX DISPLAYS/MODULES 
Futaba Futaba Char. Dot Char. Module 
Display Module XRow Format Ht. (in.) Dimensions (in.) 
20SD01Z M20SD01 20X1 5X7 0.200 6.3X1 .97X.75 

20SD42Z M20SD42 20X1 5X12 0.344 7.1X2.16X.88 

40SD02Z M40SD02 40X1 5X7 0.200 9.45X2.16X.88 

40SD42Z M40SD42 40X1 5X12 0.344 9.45X2.16X.88 

202SD03Z M202SD03 20X2 5X7 0.200 6.7X2.56X.90 

402SD04Z M402SD04 40X2 5X7 0.200 10.43X2.56X.90 

MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 

~FUTABA 
'-.J Corporation of America 

Electronic Components Division 
711 E. State Parkway Telephone: (312) 884-1612 
Schaumburg , IL 60173 or (312) 884-1444 

314 CIRCLE NO 222 

Compact, flat panel graphic displays and modules 
present clean , sharp images, whether for text or full 
graphics application. 

2 x 40 character (display) 

2 x 40 character (module) 

Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 

Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 
Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 

EDN October 29, 1987 
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carders handle straight de voltages 
as well as seven thermocouple types 
and RTDs. The low-frequency re
corders scan each input channel at 
0.1, 0.2, or 0.5 readings/sec. You can 
also annotate the charts. A tran
sient-capture option has a 20-kHz 
bandwidth and digitizes signals at 
10-bit resolution into a 2k-sample 
memory. $4250. 

Primeline, Box 670, San Fernan
do, CA 91341. Phone (800) 525-5554; 
in CA, (818) 764-5400. TLX 4943094. 

Circle No 423 

LOGIC ANALYZERS 

• Have 25-MHz state or 100-MHz 
transitional timing 

• Come in 80- and 32-channel 
models 

The 80-channel HP 1650A and the 
32-channel HP 1651A logic analyz
ers both use pop-up menus for con
trol, and each has a 3%-in. disk 
drive. You can split either analyzer 
into two independent sections to 
capture nonsynchronized activity. 
The first instrument can have either 
25-MHz state timing or 100-MHz 
transitional timing on its 80 chan
nels. It has five clock inputs and four 
qualifiers. Its trigger circuitry has 
eight word recognizers and one 
range recognizer; the trigger se
quence is eight levels deep max. To 
help identify linkages in software, 
this analyzer can store two states 
prior to a trigger event. Each ana
lyzer weighs 22 lbs. 1650A, $7800; 
HP 1651A, $3900. 

Hewlett-Packard Co, Inquiries 
Manager, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. Call local of
fice . 
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PROTOCOL ANALYZER 

• Supports common local- and 
wide-area protocols to 72k bps 

• Has hard- and floppy-disk 
drives and GPIB port 

The HP 4954A protocol analyzer 
monitors, analyzes, and simulates 
network data traffic. It supports 
BSC, SNA/SDLC, HDLC, X.21, 
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X. 75, and DDCMP protocols and 
can act as an X.25 performance ana
lyzer or as an SNA, X.21, or 
CCITT#7 development tool. It in
cludes a 20M-byte hard-disk drive, 
31/z-in. floppy-disk drive, and GPIB 
port, and has standard test routines 
for common protocols so that you 
can check new designs for compli
ance to standards. $17,000. Deliv-

. I 

-------- I 
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call T-Bar 
for the 

perfect solution. 
With over 20 years experience. T-Bar is the world's 
largest supplier of professional-grade multi-circuit 
switching components. Unsurpassed for applications 
flexibility and reliability. T-Bar switching components 
provide complete signal transparency and isolation. 
making them ideal for any industrial or military circuit 
switching application- from 50 lines up to several 
hundred lines or more. Typically, T-Bar components are 
also smaller in size than alternative technologies-and 
can be produced at lower cost. 

For the perfect solutions to your multi-circuit switch
ing problems. simply call toll-free 1-800-328-3279. 

A DATA SWITCH COMPANY 

One Enterprise Drive. Shelton. Connecticut 06484 

CIRCLE NO 55 

ery, eight weeks ARO. 
Hewlett-Packard Co, 1820 Em

barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
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DATA GENERATOR 

• Generates ASCII data in user
selectable formats 

• Powered from built-in battery or 
optional external supply 

The 232DG data generator provides 
serial ASCII data in several combi
nations of line length, baud rate, 
parity, number of stop bits, and 
word length. The output d11ta~llow 
can be controlled with the DTR 
(data terminal ready) or RTS (re
quest to send) lines or by sending 
the X-on or X-off characters. You 
can use switches to control the 
sense of CTS (clear to send), DSR 
(data set ready), and CD (carrier 
detect) and to determine whether 
data comes out on TXD (transmit
ted data) and RXD (received data). 
By having the unit continuously out
put the letter "U", you make it 
generate a square wave at one-half 
the selected baud rate for a worst
case test. An internal 2716 EPROM 
generates the character set-all 96 
printable ASCII characters. You 
can reprogram it to produce custom 
test patterns. $199.95; ac power 
supply, $14.95. 

B & B Electronics Mfg Co, Box 
1040, Ottawa, IL 61340. Phone (815) 
434-0846. 

Circle No 426 

EDN October 29, 1987 



Monte Carlo analys is of a notch filter B-H curve from a core in the PSpice transformer library 

PSpice 
The Standard for Analog Circuit Simulation 
Since its introduction just over three 
years ago, MicroSim's PSpice has sold 
more copies than all other SPICE-type 
simulators combined. Why do so many 
engineers choose PSpice? Perhaps because 
every copy of PSpice includes these features: 

• Standard, non-encrypted, parts librar
ies for diodes, bipolar transistors, power 
MOSFET's, opamps, voltage compara
tors, and transformer cores. 

• GaAs MESFET devices. 
• Non-linear transformer devices model

ing saturation, hysteresis, and eddy 
current losses. 

• Ideal switches for use with, for ex
ample, power supply and switched 
capacitor circuit designs. 

Or perhaps because of these innovative options 
available for PSpice: 

• Monte Carlo analysis to calculate the 
effect of parameter tolerances on circuit 
performance. 

• The Probe "software oscilloscope", al
lowing interactive viewing of simula
tion results. The photographs above are 
Probe displays. 

• The Parts parameter extraction pro
gram, allowing you to extract a device's 
model parameters from data sheet 
information. 

• The Digital Files interface, allowing you 
to transfer data from your logic simu
lator to (or from) PSpice. The interface 
performs the necessary D to A or A to D 
conversions. 

Or perhaps because PSpice is available on these 
computers: 

• The IBM PC family, including the new 
PS/2 and the COMPAQ 386. 

• The Sun 3 workstation. 
• The VAX/VMS family, including the 

Micro VAX II. 

Or perhaps it is our extensive product 
support. Our technical staff has over 50 
years of experience in CAD/CAE and our 
software is supported by the engineers 
who wrote it. With PSpice, expert assis
tance is only a phone call away. 

If for any of these reasons PSpice inter
ests you, please call or write today for a 
free demo copy of PSpice. Find out for 
yourself why PSpice is the standard in 
analog circuit simulation. 

-~-~- MicroSim Corporation 
23175 LaCadena Drive 
Laguna Hills, CA 92653 (714) 770-3022 
(800) 826-8603 •Telex 265154 SPICE UR 

PSpice is a registered trademark of MicroSim Corporation 
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SHAPE LIBRARY 

• Lets you define, edit, and store 
custom shapes for SM Ds 

• Lets you mirror a shape for 
placement on back of board 

The Surface Intelligent Shapes 
(SIS) library for the Scicards CAE 
system lets you define, edit, and 
store an unlimited number of cus
tomized design geometries for sur
face-mount devices. When you cre
ate a new shape, you can include 
complete placement, routing, and 
assembly information; you can add 
etching instructions to the shape 
definition to facilitate the routing of 
complex body shapes. You can also 
set void areas for traces and vias. A 
menu system guides you through 
the levels of commands, prompts 
you to supply necessary data, and 
warns you of syntax errors . A 
graphics advisory tracks the shape
definition status and prioritizes 
commands during the creation of 
complex body shapes. You can de
fine a shape by layers; the mapping 
protocol builds the shapes from the 
top down for standard pc boards and 
from the bottom up for hybrid de
signs. The Scicards system can 
place as many as 2500 components 
on each side of the substrate and can 
use the same SIS library definition 
for both sides by automatically in
verting the original shape. The SIS 
Library is an enhancement of the 
Scicards CAE system and is in
cluded in the $25,000 price of a new 
system; if you already own the sys
tem, you can obtain the SIS Library 
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at no extra charge. 
Scientific Calculations Inc, Box 

H, F ishers, NY 14453. Phone (716) 
924-9303. 
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CODE-GENERATOR LINK 

• Connects Excelerator CASE tool 
to Teton code generator 

• Provides Telon's specialized 
symbols 

XL/Interface Telon allows the 
screen and report designs that you 
generate with the vendor's Ex
celerator CASE tool to be passed to 
the Telon code generator from Pan
sophic Systems Inc (Oak Brook, IL). 
The Telon code generator, which 
runs on mainframes and IBM PCs 
and compatibles and which can gen-

FORMAT CONVERTER 

• Transforms data from 5%-in. to 
31h-in. disk format 

• Lets you transfer data from 
IBM PCs to PS/2 machines 

The Interchange package comprises 
software supplied on a 5114-in. disk
ette, software supplied on a 3112-in. 
diskette, and a cable. The cable 
links the parallel ports of two IBM 

erate Cobol or PL/1 code, is particu
larly suited to developing on-line 
information systems that incorpo
rate multiple screens and reports. 
The vendor's link enhances Exceler
ator, allowing you to generate the 
specialized graphs and dictionary 
entities (circle flow graphs) that de
pict Telon applications and to trans
late files in Excelerator format to 
files in Telon format. Pansophic Sys
tems' software lets you import the 
converted files into either the main
frame or the PC version of Telon for 
code generation. A corporate license 
for XL/Interface Telon, which per
mits its use throughout an organiza
tion, costs $9000. 

Index Technology Corp, 1 Main 
St, Cambridge, MA 02142. Phone 
(617) 491-2100. TWX 910-380-7014. 

Circle No 428 

PC family or compatible computers, 
one of which uses the 5%-in. format 
and the other of which uses the 
3112-in. format. The software then 
provides high-speed data transfer in 
either direction. $39. 95. 

SMT Inc, 1145 Linda Vista Dr, 
San Marcos, CA 92069. Phone (800) 
648-6262; in CA, (619) 744-3590. 

Circle No 429 
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ance 
Where Innovation Meets Reliability 

Comair Rotron 's line of commercial air-movers 
are internationally respected because they do what 

they are designed to do ... day in and day out. 

Comair Rotron airmovers live up to your 
design expectations in everything from 
sophisticated mainframe computers to complex 
telecommunications systems. 

Our engineering achievements are symbols 
for innovation and reliability. Nowhere is this 
professionalism more evident than in the 
popular high flow versatility of the Patriot and 
Major brushless DC tubeaxial fan. As the first 
domestic manufacturer of industrial six inch 
fans, Comair Rotron offers wide voltage input 
and performance ranges with Patriot DC and 
Major DC. In addition, Fan Performance 
Sensors (a Comair Rotron first) are available in 
both models ... as are current limiting features. 

Manufactured by Comair Rotron, the patented 
feather edge offers an acoustically quiet, ball 
bearing airmover able to satisfy your most 
demanding requirements. 

Comair Rotron. The first name in forced convection cooling technology. 

Major DC and Patriot DC Fans 

UL recognized and CSA certified. 

Major and Patriot are registered trademarks of Comair Rotron Inc. 

C 1 987 Comair Rotron. Inc. 

CO MAIR ROTRON 
a KLI company 

12 North Street, Sawyer Industrial Park, Saugerties, NY 12477-1096 Tel· (9141 246-3615 TWX 910-333-7572 TLX: 551496 
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8051 DEVELOPMENT 

• Software development station 
provides CPU 

• Offers 8051 assembler, disas-
sembler, symbolic debugger 

The AMS 51 development station 
and target system permits you to 
develop software for the 8051 micro
controller family. The built-in RS-
232C serial port operates at stand
ard data rates from 300 to 9600 bps 
and lets you use any personal com
puter as a file server for source
code, Intel-Hex, or listing files. The 
resident 8051 assembler accepts 
standard Intel 8051 mnemonics and 
generates object code in Intel-Hex 
format. The hardware provides 22 
bidirectional digital I/O lines and 
eight high-current output lines for 
control applications. An expansion 
bus lets you interface to external 
equipment. Debugging features 
allow you to set as many as five 
breakpoints and to execute a user 

program either as a stand-alone pro
gram or subroutine. Power con
sumption is 120 mA at 9V from a 
wall adapter. $1595. 

Advanced Micro Solutions, 1033 
S Imperial Dr, Hartland, WI 53029. 
Phone (414) 367-3577. 
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3-D MODELING SOFTWARE 

• Lets you construct 3-D models 
in a wireframe display 

• Has hidden-line removal and 
rendering with point light source 

Generic 3-D is a polygon-based 3-D 
solid-modeling program with a 
wireframe display. It features a 3-D 
cursor, and it has perspective, ex
trusion, isometric-view, construc
tion-plane, multiple-window, auto
matic-sectioning, interference
checking, object- or group-duplica
tion, and surfaces-of-revolution fea
tures. You can use the program as a 

stand-alone package, or you can 
transfer your models to Generic 
CADD and other of the vendor's 
products. Also available is the 
add-on 3-D Rendering Module, 
which defines a solid object by 
means of its boundaries-faces, ver
tices, and edges. Generic 3-D, 
$199.95; 3-D Rendering Module, 
$149.95. 

Generic Software Inc, 8763 
148th Ave NE, Redmond, WA 
98052. Phone (206) 885-5307. 
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RF FILTER DESIGNER 
• Analyzes and synthesizes 

lumped-element filters 
• Lets you synthesize as many as 

30 sections 

LEFLTR performs analysis and 
synthesis of lumped-element filters 
for AM/FM, IF baseband, and 
broadband applications. You can use 

SUPPLYING MOBILE ELECTRONICS 
IS NO LONGER A QUESTION 

b6us 

320 

OF SOURCE VOLTAGE 
There's only one DC/DC converter covering the whole range of source voltages available on 
airplanes, boats, trucks and many other transport vehicles! 

DC/DC Converters Series A/B/CM and B/CSR 
• Input range 7 to 140 VDC for 12, 24, 36, 48, 60, 72 

and I IOV-batteries covered by one single module 
• Input transient protection 
• Very low RFI level; A/B, VDE 0871 
• Isolation 2.SkV," 
• High efficiency, up to 84% 
• Up to 3 outputs with 20 to 50 W 
• T c40 to + 70 °C without derating 
• Rugged and compact design in 6-side shielded 

aluminum case 
• MTBF 120,000 hrs at TA 40°C 
Identical units with 88 to 372 VDC and 90 to 264 VAC 
inputs available. 

MELCHER INC., Natick, MA 01760, 10 Cochituate Str., Tel. 617 653 9979 
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Omron Has Your Relay 
From industry standard general purpose relays to power PC board 
relays, Omron relays provide low power consumption, high speed 
operation and high reliability to meet your application needs. In 
addition to your standard relay requirements, Omron relays offer 
a wide variety of options, including LED indicators, push-to-test 
buttons, high switching capacity, and more. 

Designed To Meet Customer Needs 
Because there are as many application requirements as there are 
design engineers, Omron backs up its extensive relay line with a 
commitment to product innovation. Many of our best-selling standard 
relays were initially developed to meet specific customer 
requirements in a wide variety of industry applications. 

In Stock Where You Need Them 
Count on your local Omron stocking distributor for assistance and off
the-shelf delivery of Omron switches and relays. Our commitment to 
customer service has forged one of the 
strongest distributor networks in the 
industry. But don't just take our word for it. 
Contact Omron for more information and 
a distributor list today. 

1 ·800·62·0MRON 
Omron General Purpose Relays 
include our MY, MK, LY and MJ models. 

Shown here are key specifications for some of Omron's most popular power and general purpose relays. 

Power Relays General Purpose Relays 
Model G2R G4W 

Contact 1A. 1C 2A. 2C 1A 2A 

Fonn 
Rated 10A, 5A, 15A. 10A, 

Load 250VN:J 2':1.JVN:J 230VAf:J 220VAC/ 
30VDC 30VDC 24VOC 24VDC 

~ 
Capaci~ 
Type 1 A, 
2':1.JVACI 
30VDC 

Tenninal PCB, QC , Solder PCB, QC, Solder, QC 

Types and PCB 

Coil AC/DC DC 

Types 
Coil AC:0.9VA O.BW 

Power DC:0.53W 

Approved UL, CSA, TUV, VOE, UL, CSA, VOE, SEV, 

Standards SEV, SEMKO SEMKO 

' No/NC contacts 

omRon® 
Responsive Innovation 
EDN October 29, 1987 

G4B G5D GBP 
1A, 1B, 1X 2X 1A 1B 1C 
1C 

25A, JOA, 20A, JOA, 15A, 20N 
220VN:J 2':1.JVAC 250VAC 250VAC 250VAC 10A", 
24VOC 20A, 10A, 250VAf:J 

28VDC 28VDC 28VDC 

QC, QC QC PCB 
and PCB 
(coil) 
AC/DC AC/DC DC 

AC: AC:3.0VA 0.9W 
1.3VA OC:1.9W 
DC: 
1.2W 
UL, CSA UL, CSA, VOE , UL, CSA 

TUV 

CIRCLE NO 226 

MK 
1C l2C 3C 

5M20 3N 
VAC 220 
3N24 VAC 
voe 2AI 

24 
voe 

High Capacity Type 
10A/230VAC 
10A/28VDC 
Octal Pin 

AC/DC 

2.1 VA 
1.2W 

UL, CSA, LR 

MY LY MJ 

2C l3C 4C 1C 2C 3C 4C 1C I2C 3C 

5M20 3N 15N 10A/110VAC 10A/110VAC 
VAC 220 110 10A/24VOC 10A/24VOC 
5Al24 VAC VAC 
voe 3N 15N 

24 24 
voe voe 

High Capacity Type 
5A/240VAC 
5A/28VDC 
PCB or Solder/ PCB or Solder/Plug-in QC or Plug-in 
Plug-in 

AC/DC AC/DC AC/DC 

1.2VA 1.2VA 2.0 2.5 2.1VA 2.5 
0.9W 0.9W VA VA 1.2W VA 

1.4 1.5 1.2 
w w w 

UL. CSA, SEV, LR UL, CSA, VOE, SEV, LR UL, CSA 

OMRON ELECTRONICS, INC. 
One East Commerce Drive 
Schaumburg, IL 60173 
TWX 910-291-0426 
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the program to synthesize lowpass, 
highpass, bandpass, or bandstop fil
ters with either Chebyshev or But
terworth response and with as 
many as 30 sections. You specify 
filter impedance, source impedance, 
load impedance, and other parame
ters; the program calculates input 
VSWR, time delay, insertion loss, 
through-path phase, and input im-

pedance, and it specifies component 
values. You can analyze the perfor
mance of either the standard circuit 
or the dual of the standard circuit 
with respect to frequency. The 
menu-driven interface makes it easy 
to select the appropriate mode and 
to enter the required parameters; 
errors generate explicit messages 
that aid in recovery; and the pro-

The best tor less ... 
challner's new 

25kV NSG 432 ESD 
simulation system 
It's Rare When You Can Buy The Best For Less 
But when it comes to ESD Simulators, that's exactly what 
you can do. Schaffner's new NSG 432, complete with all its 
options, costs about what you'd expect to pay for the simulator 
alone. And it comes with one feature money can't buy- the 
reputation for Quality, Dependability and Value that has made 
Schaffner a name you trust in electronic test equipment. 

Convenient and Easy to Use 
Hand held, lightweight and selfi:ontained, the NSG 432 is 

both convenient and easy to use. It can be configured 
to meet any ESD standard in existence and it has the 
expansion capability to meet any future standards. 

NSG 432 Standard Features 
• Voltage Range: 2-25 kV 

• Digital Readout of voltage available 
at output 
• Discharge Circuit According to 

IEC 801-2 (Capacitance: 150 
pf, Resistance: 150 ohms) 
Other Values on Request 

• Modes of Operation: single/ 
continuous 

Optional Accessories 
• Negative Polarity 
• E-field Simulation 
• H-field Simulation 
• Fast Rise-time current injection simulation 
• Counter-equipped power supply 
(Case to left shows standard equipment & optional accessories) 

For more information call us at 
1·800-367-5566. Ext. 75 

£'~Cle 57 for demonstration Clrcle 220 for Information 
Be. sure to stop by and see us at the WESCON show - Booths 817 and 819 

gram provides default values for 
most design calculations. The pro
gram runs on any IBM PC or com
patible computer. $495. 

Microwave Software Applica
tions Inc, Box 1736, Norcross, GA 
30091. Phone (404) 441-9193; 
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CP/M WORD PROCESSOR 

• Provides programmable macros 
• Has an "Undo" command 

WordStar, CP/M Edition, Release 4 
provides more than 100 enhance
ments, including a new indexing 
system and improved versions of 
MailMerge and the Word Plus spell
ing checker. Other enhancements 
are a "Go to page" command, an 
"Undo" command, programmable 
macros, the ability to follow a drive/ 
user-number path, and if your hard
ware permits, the capacity to em
ploy definable function keys and to 
display boldface and underlining on 
screen. Operations speed has also 
been improved. You can use the new 
release with both floppy- and hard
disk systems and can configure it for 
output to laser printers. $295; up
dates, $89. 

MicroPro International Corp, 
33 San Pablo Ave, San Rafael, CA 
94903. Phone (415) 499-1200. TWX 
650-263-0157. 

Circle No 433 

AI SOFTWARE TOOL 

• Organizes and processes knowl
edge in four ways 

• Runs on IBM PCIXT, PC/AT, 
and compatibles 

KnowledgePro is an artificial-intelli
gence software-development system 
that offers several ways of pro
cessing and organizing knowledge. 
You can create topics, which orga
nize information as conceptual units 
with hierarchical structures. Each 
topic has a name, description, and 
contents, and each performs some 
action. Predefined topics act like 
built-in topics, and user-written 
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topics behave like system com
mands. You can use hypertext orga
nization to highlight certain words 
or concepts in a screen of text; by 
pressing a function key, you can 
follow a highlighted thread, or train 
of thought, to other screens that 
also have highlighted words. When 
you design a system, you can cause 
highlighted words to actuate any set 

of instructions or area of the knowl
edge base. You can also use IF ... 
THEN rules, which are the basis of 
current expert-system technology. 
The package's built-in list-process
ing facilities permit you to manipu
late words or lists of words, change 
window colors, perform calcula
tions, and access external files. The 
program requires a PC/XT, PC/AT, 

IBM PC, XT and AT are trademarks of International Business Machines Corp. 
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or compatible computer with at 
least 512k bytes of RAM. $495. 

Knowledge Garden Inc, 473A 
Malden Bridge Rd, Nassau, NY 
12123. Phone (518) 766-3000. 
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REAL-TIME ANALYSIS 

• Lets analysis programs acquire 
real-time data 

• Provides three modes for read-
ing acquired data 

Labtech Notebook, which can gath
er real-time data in background 
mode while an application program 
runs in foreground mode, can now 
also communicate with foreground 
application programs through 
Labtech Real-Time Access. The ac
cess package creates a virtual data
acquisition and process-control de
vice that emulates a standard file or 
I/O device. Thus, the foreground 
application can write a command 
stream that either modifies Labtech 
Notebook's acquisition and control 
parameters or sends data directly to 
an instrument. Likewise, the appli
cation program can use its own com
mands to read data from the virtual 
device in one of three modes. In the 
first mode, it reads all data accumu
lated in the buff er since the last 
read request; in the second, it reads 
only the latest data point in the 
buffer; and in the third, it collects 
and reads a new data point immedi
ately. You can also set the read 
request to return with no data if 
none has been acquired since the 
last read request, or you can in
struct it to wait until the acquisition 
module places new data in the buf
fer. The access package runs on any 

EDN October 29, 1987 





CAB & SOFTWARE DEVEWPMENT IDOIS 

IBM PC, PC/XT, PC/AT, or com
patible computer that has 384k 
bytes of RAM beyond the applica
tion program's memory require
ments, and two 360k-byte floppy
disk drives (however, a hard disk 
will give better results). You also 
need PC-DOS version 3.1 or higher 
and Labtech Notebook version 3.0 
or higher. $295. 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TLX 666491. TWX 910-952-1111. 
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REAL-TIME KERNEL 
·• Provides for fast response to in

terrupts 
• Lets an 80386 perform multi-

tasking in protected mode 

The iRMK is a 32-bit, real-time, 
multitasking operating-system ker
nel for use in 80386-based systems. 
The kernel and its applications oper-

ate in the 80386 protected mode, on 
a single privilege level, and in a 
memory space as large as 4G bytes. 
The kernel provides operat
ing-system features and services 
such as task management, interrupt 
management, time management, 
device management, mailboxes and 
semaphores, and memory-pool man
agement that provides both fixed
and variable-block allocation. Two 
optional modules allow applications 
to make full use of the Multibus II 
architecture: The first implements 
message passing by means of the 
Multibus II transport protocol, and 
the second gives access to the inter
connect space. These modules let 
you distribute an application among 
several processors. The kernel size 
can vary from 8k bytes for a mini
mal system to 33k bytes for a sys
tem that uses all the optional mod
ules. In embedded control 
applications, the kernel can reside 
in PROM or EPROM. The kernel's 

interrupt latency is 5.4 µsec min, 10 
µsec avg, and 50 µsec max. Single
processor license, $1500. 

Intel Corp, Box 58065, Santa 
Clara, CA 95052. Phone (800) 548-
4725. 
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MATH TOOL 
• Provides built-in simultaneous 

equation solver 
• Lets you use LIM expanded 

memory protocol 

Version 2.0 of MathCAD is an up
grade of this interactive calculation 
software package for IBM PCs and 
compatibles. Among the new com
putational features are a built-in si
multaneous equation solver and ma
trix capabilities, which include 
addition, multiplication, scalar mul
tiplication, dot-product functions, 
and inversion, transposition, and 
determinant operations. The pro-
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The Fastest, 
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to Generate Sales Leads! 
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contact Lauren Fox, 
EDN Info Cards Manager, 
at (203) 328-2580. 
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BRILL 
- - - -. . . . 

Array of Choices 

Your brilliant choice for high quality, low cost 
arrays is Data Display Products. As status 
indicators, built-in test equipment indicators, 
annunciators and other display applications 
- they're another bright idea from the world 
leader in high-efficiency LEDs. 

Direct Replacement for Dialight 551 
PCB Series 

Designed for high density packing, these 
arrays are compact. easy to handle and have a 
built-in recess for improved solderability. 
Choose from 1 to 8 module sizes with 2.4, 5 
and 12 volt operation. Each LED is precisely 
aligned and reliable for years of use. 
Colors can be mixed (red, amber, yellow 
and green). 

Shining Selection 
Get the models and quantities you want 

with guaranteed availability. And besides a 
network of sales representatives and distribu
tors, we provide engineering support too. 

Make the brilliant choice. Find out about 
our shining selection of arrays, multi-chip 
illuminators, and complete LED product line. 
Call Data Display. TOLL FREE (800) 421-6815. 
Within California, call (213) 640-0442. 
Free Catalog. 

DATA 
DISPLAY 

PRODUCTS 

Your Brilliant Choice 

301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442 TELEX 664-690 FAX. (213) 640-7639 

llTBlllATIOIW.REPS:Aftelliu YELSRL. PH 54146221\ TLX 39018605- Allstralia Ampec, PH 02 n22466. TLX 79027136AMP£C - le ...... /- KlaasingElc. 
PH 01620 81600. TLX &44 54598 KLBONL - De- Ra<llo Paris, PH 01333311. ILX 85519613 RPARTDK - fraoc:e A Jahn<t<n. PH 387 59 09 TLX 842290714- - R c M 
Compulers. PH 03 485192. TLX 922 361580 IL - Italy Microda~. PH· 0187 988182. TLX 8432 72070- Se11t11Alrica l1ber1Y Elec' PH 52 76371819. TLX 960 429435 SA- Spoil 
Belalron. PH· 6932421. TLX 83123911 PCDE - U.illd Ii ..... Marl lnll PH 0229 52430. ILX 85165100 MARLG - Wnl5eraMy/Autria Kuhn GmbH. PH· 06235 5662. 
ILX 841464766 KUHND 
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gram's more efficient RAM storage 
and other enhancements speed up 
most calculations by two to four 
times and yield faster scrolling and 
screen redrawing. In addition, the 
upgrade's ability to make use of the 
Lotus/Intel/Microsoft expanded
memory facilities allows you to build 
larger documents than before. The 
program's other new features in-

elude plot autoscaling; a configura
tion file that lets you set the defaults 
for plotting and hard-copy parame
ters; and support for more printers, 
plotters, and high-resolution moni
tors. $349. 

MathSoft Inc, 1 Kendall Square, 
Cambridge, MA 02139. Phone (617) 
577-1017. 

Circle No 437 
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SUPER 
HIGH RESOLUTION 

rf'X'" tf)0 DISPLA VS 

Dotronix Engineers work closely with you 
to design products 

that meet your exacting requirements. 

Monochrome Displays from 3 " to 25 " 
Color Displays from 10 " to 19" 

Fixed- and Mult i-Frequency 

Applications include: 
Desktop Publishing 

CAD/CAM/CAE and Graphics 
Medical Imaging/Diagnostics 

Bank/Brokerage Terminals 
Airline Flight Information 

Government/Military 

Industrial Process Control 
Test and Measurement Instruments 
Closed Circuit TV Security Systems 

Includes the full product line of Video Monitors, Incorporated, 
a subsidiary of Dotronix, Inc. 

DOIRONIX, INC. . 
160 First Street S.f. New Brighton1 Minnesota 55112-7894 

- . 
(612) 633-1742 TWX: 9105633541 

FAX: (612) 633-7025 

Facilities in Minnesota, Wisconsin and Taiwan 

CIRCLE NO 60 

PARSER 

• Generates language translators 
in C or Pascal 

• Automatically constructs syntax 
trees 

QParser+ is an enhanced version of 
a productivity tool for the develop
ment of computer languages and 
language translators such as compil
ers, assemblers, interpreters, and 
complex user interfaces. The pro
gram can construct a syntax check
er, written in either C or Pascal, 
that is based solely on a set of syn
tax rules that define the language. 
It automatically places the verified 
input-language elements in a syntax 
tree; you can then easily write a 
recursive tree-walker that will walk 
through all the tree's leaves and 
generate code in the target lan
guage. A sample tree-walker comes 
with the program. The manual pro
vides several sample translators (in
cluding a compiler, an assembler, an 
interactive calculator, and a simula
tor) that help you understand the 
principles of translation. PC-DOS 
version, $475; VAX site license, 
$2000. 

QCAD Systems Inc, 1164 Hyde 
Ave, San Jose, CA 95129. Phone 
( 408) 995-6884. 

Circle No 438 

80386 MACROASSEMBLER 

• Lets you pogram for the 80387 
numeric coprocessor 

• Has source-level debugger that 
provides multiple windows 

Macro Assembler version 5.0 has 
enhancements that allow you to pro
gram the 80386 µP and 80387 nu-

EDN October 29, 1987 



One OMNI can program and test everything from 
micro-power PLDs to fully populated PC boards. 

The Ultimate Programmer. OAE has 
drawn upon 12 years of research and 
manufacturing experience to develop 
the ultimate software configured pro
grammer. 
The OMNI combines high-power, 
high-resolution, software configured 
pin drivers with a huge database of 
PROMs, EPROMs, EEPROMs, EA
ROMs, PLDs, microprocessors and 
ASICs (Application Specific ICs) to 

eliminate 
costly and 
outdated 

configuration modules and program
ming adapters. 
The OMNl's patented pin drivers let 
you program and test more devices 
than any other system. The OMNI 
provides unlimited support from bi
polar diode arrays to micro-power 
CMOS PLDs like the HPL-16LC8. 
And now you can program hybrid 
modules and complete PC boards with 
the OMNI 64. 
Want to enter your own test and 
programming parameters? Just use 
the optional parametric editor to 
screen every device programmed to 
your own specifications. 
• 100% Software Configured. 
• Fast, high voltage, high current pin 

drivers can supply +-1.5A continu
ous to +-1 OA peak at each pin. 

• Over 4,000 steps of voltage and cur
rent resolution and sub-nanosecond 
timing resolution. 

CIRCLE NO 221 

• 100% laser trimmed for high speed 
and accuracy. No calibration is 
ever required. 

• Plug compatible with over 350 dif
ferent computers. 

• Add over 20,000 new devices by 
modem, diskette, or RLB module. 

• The OMNI 64 supports ALL pack
age types, including SOs, LCCs, 

· PLCCs, PGAs, DIPs, SIPs, etc. 
• Free library updates for 2 years. 
• Small , portable and easy to use. 
Prices start at just $3250. 

Oliver Advanced Engineering, Inc. 
320 West Arden Street 
Glendale, CA 91203 
(818) 240-0080 
(800) 828-0080 or 
(800) 423-8874 in California. 
TWX (510) 600-8099 
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meric coprocessor. According to the 
vendor, this version runs 25 to 40% 
faster than previous versions. It f ea
tures a new set of segment direc
tives that reduces the amount of 
time you have to spend on segment 
setup, and it has completely new 
documentation, which includes a 
mixed-language programming 
guide. DOS-interface macros make 

it easier to request operat
ing-system services, and command
line options allow you to set "define" 
symbols and warning levels on the 
command line. The package includes 
a multiwindow source-level debug
ger, a library manager, an overlay 
linker that runs twice as fast as its 
predecessor, and other utilities that 
simplify assembly-language pro-

330 

See us at WESCON, BOOTH 5638 
CIRCLE NO 61 

gram development. In order to run 
the macroassembler, you'll need 
DOS 2.0 or higher and an IBM PC 
or compatible with at least 256k 
bytes of RAM and two double-sided 
floppy-disk drives or a hard disk. 
$150. 

Microsoft Corp, Box 97107, Red
mond, WA 98073. Phone (206) 882-
8080. TLX 328945. 
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CAE BUYER'S GUIDE 

• Lets you specify importance of 
GAE features 

• Videocassette shows how to eval-
uate a product 

The CAE/CAD Buyer's Guide con
sists of an interactive decision-sup
port program, a videocassette on 
product evaluation, and a check list. 
The software allows you to enter 
specifications for each product 
under evaluation and to give each 
specification a weight that repre
sents its importance in relation to 
your needs. The program subse
quently analyzes your weighting 
and recommends the products that 
most closely match your needs. The 
program comes with specification 
entries for all the vendor's CAE/ 
CAD products, and it also has a 
template that helps you enter other 
vendors' product specifications. The 
package includes a tutorial and pro
vides on-line, context-sensitive 
help. $99. 

Aptos Systems, 10 Victor Square, 
Suite 200, Scotts Valley, CA 95066. 
Phone (408) 438-2199. TLX 3710387. 
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CAE SOFTWARE 

• Schematic-drawing package has 
new library for ladder diagrams 

• Autorouter added to pc-board 
design module 

Hiwire is a schematic drawing pack
age that runs on the IBM PC and 
compatibles. Enhancements include 
two libraries for ECL components 
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!e us at: 
1ipei International Electronics 
IOW, Oct. 6-12, 1987 (Booth I 1711 
>mdex Fall Las Vegas. 
ov. 2-6, 1987 (Booth B338) 
EBIT, Hanover, March 1988 

Switch with Liton 
20-1,000W- Meets FCC, UL, CSA, TUV and VOE Standards 

TTL-Compatible Power-Good Signal! 

Taiwan Liton Electronic Co., Ltd. 
produces a greater range of high
performance switching power supplies 
than most any other manufacturer 
anywhere: 20-1 ,000W. By customizing 
cost-saving standard models with an 
alternative component or two, available 
SPS configurations run into the 
thousands. 
Design and production fully meets FCC 
class "B", UL, CSA,TUV and VDE 
standards. Applications include PCs and 
workstations, telecommunications 
equipment, as well as OA equipment 
like facsimile machines, copiers and 

printers. PC models are electrically as 
well as physically IBM PC/AT, PC/XT 
compatible and are full-power rated and 
wired for hard-disk or tape drives, as 
well as other peripherals. We've built 
our reputation with top-quality 
components. With gigantic facilities and 
modern equipment, we design and 
manufacture computer and 
communications products which meet 
the highest international quality control 
and performance standards. 
Our R&D customizes a standard model 
or generate_s a 100% original design in 
a lead time worth switching for! 

CIRCLE NO 230 

Taiwan Liton Electronic Co., Ltd. 
12th Fl., 25 Tunhwa S. Rd Taipei, Taiwan. ROC 

Tel : 102) 771-4321/8 Fax: 886-2-751-1962 
Ti x: 24514/20211 TWL/TON 

*IBM PC/AT and PC/XT are trademarks of the International Business Machines CorJl 331 
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and ladder diagrams, and Post
Script output for laser printers such 
as the Apple LaserWriter. The 
menu-driven program allows you to 
create library symbols by combining 
labels, lines, and arcs. You can di
rect a completed schematic to a plot
ter, dot-matrix printer, or laser 
printer. The program can also cre
ate a net list and a bill of materials, 
and it provides cross-checking utili
ties. Smartwork is a pc-board de
sign package that accepts net lists 
created by Hiwire and that helps 

,,,,,,,, 1111111 11111111111 

1111111 ,,,,,,,, 
-r. J -11111111111 •• 

•• 

---

you generate artwork for the board. 
Once you have placed all the compo
nents, the autorouter finishes the 
routing process. The vendor has re
moved the copy protection from the 
backup diskette, so that you can 
now install Smartwork on a hard 
disk. Hiwire and Smartwork, $895 
each. 

Wintek Corp, 1801 South St, La
fayette, IN 47904. Phone (317) 742-
8428. TLX 709079. 
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SIMULATION MODELS 

• Libraries of HCMOS, ALSIAS, 
and FAST devices 

• For use with CADAT logic/fault 
simulator 

Three libraries of device models are 
now available for use with the 
CADAT logic/fault simulator from 
HHB Systems Inc (Mahwah, NJ). 
According to the vendor, the device 

models in all three libraries have 
been individually tested and meet 
the timing, load, and drive specifica
tions published by the device manu
facturers. The prices shown are for 
single-user licenses; quantity dis
counts are available. The first li
brary contains models for HCMOS 
devices that meet MIL-STD-38510 
specifications; it starts at $400. The 
second library contains models of all 
the ICs described in the Texas In
struments ALSIAS Data Book of 
1986, and costs $1750. The third 
library contains models of the Moto
rola Schottky TTL devices and of 
the Motorola versions of FAST 
(Fairchild Advanced Schottky Tech
nology) devices; it starts at $975. 

EIS Modeling Inc, 2483 Old Mid
dlefield Way, Suite 130, Mountain 
View, CA 94043. Phone (415) 964-
2296. 
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DC-DC 
Converters & 
Smart Force TM 

DC-AC Inverters 
to power: 
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• Electrolumi
nescent Lamps, 

•Plasma Gas 
Discharge, 

•Vacuum 
Fluorescent, 

• TFEL Displays, 
and More! 

FREE Data Packet includes: 

JotDraft ™rub-down PC drafting patterns now include a complete 
range of 4X, 2X and lX SMD patterns conforming to the latest 
industry practice and to IPC-SM-782. These rugged transfers in
clude over 700 styles of donuts, connectors, D!Ps, letters, numbers 
and fabrication symbols. 

• CROSS REFERENCE INDEX - matches ERG 
converters to various plasma and VF displays. 

• EL SOURCE LIST - helps source EL Lamps, 
LCDs, membrane switches, etc. 

Call today for complete product information and pricing: 

~;.~~~~~~~::::'~~ 
The complete DATAK catalog describes these and hundreds of 
other unique printed circuit products, dry transfer electronic titles, 
drafting symbols, wiremarkers, and protective coatings. Write for 
it today! 
DATAK Corp. 0 3117 Paterson Plank Rd. 0 N. Bergen, NJ 07047 
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EMS is your complete 
source for affordable, 
high quality touch control. 
If we don't have it ... we 

can create it! Call us at (217)359-7125. 

ELECTRO MECHANICAL SYSTEMS, INC. 
801 West Bradley Avenue • Champaign, Illinois 61820 U.S.A. 

CIRCLE NO 231 333 



When your eyes need higti quality displays, 
you need the Toshlba ST LCD. 

Once again Toshiba has made a breakthrough in display quality. Clear and beautiful displays are achieved with 
the ST LCD. The LCD for the new age. And for your eyes. Now, by employing a new operating mode, this module 
provides excellent readability from a viewing angle perpendicular to the LCD panel. This was difficult to achieve 
with conventional LCDs. The aim was to make our LCD easier on the eyes. We succeeded with the ST LCD. Just 
another improvement in the man-to-machine interface by Toshiba. 

ST LCD Module Specifications 

Model name Number of dots Duty Dot pitch (mm) Outline dimensions 
(mm) 

TLX-1181 * 640 x 400 1/200 0.35 x 0.35 276 x 168 x 12 

TLX-932 640 x 200 1/200 0.375 x 0.375 293 x 97.6 x 14 
- 1- ,_ 

TLX-561 640 x 200 1/200 0.35 x 0.49 275 x 126 x 14 
I - 1 ~ I-

TLX-711A* 240 x 64 1/64 0.53 x 0.53 180X65X12 
-

TLX-341AK* 128 x 128 1/64 0.45 x 0.45 93.2 x 86.6 x 12 

·under development, ··Built-in controller 

Irt Touch with Tomorrow 
CIRCLE NO 223 TOSHIBA 

EL Back Light Recommended 
(Option) controller 

Yes T7779 

No T7779 
1- - -

Yes T7779 
I - - I -

Yes T6963C'* 
1-

No T6963C 

CJ[) Wescon/~?,, 
Electronic ShOw and Conventt0n 

November 17· 19/San Francisco. Gahlorrna 

TOSHIBA BOOTH NO. 5238 

Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rd., Deerfield, IL 60015 Tel: 312-945-1500 Northwestern Area Office: 2021 The Alameda, Suite 220, San Jose, 
CA 95126 Tel : 408-244-4070 Eastern Area Office: 67 South Bedford Street, Suite 200W, Burlington, MA 01803 Tel: 617-272-4352, 5548 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

Analog Circuit Simulation 
A full featured SPICE based simulator runs on 
the IBM PC with interactive Input and Output 

---- forms show an fr 
These wave-

VOLTAGE IS SPICE 

CURRENT 

. analysis of a 
power supply 
snubber. 
lntu_Scope was 

------ used for display 
POWER and computation 

,.__ ___ __,.._..,. ____ of power and 
energy. The 

-4----- output shown 
used an 
lntu_Scope 
plotter utility 

PRE SPICE, $200.00: Interactive control, Monte Carlo 
Analysis, Optimization, libraries and parameter evaluation. 
IS_SPICE, $95.00: Performs AC, DC and Transient analysis. 
lntu_Scope, $250.00: Displays, manipulates and plots data. 
Programs are not copy protected, come with a 30 day money 
back guarantee and require PC with 640K RAM, fixed disk, 
coprocessor and CGA or EGA or Hercules graphics. 

- P.O. BOX 6607 
San Pedro, CA 90734-6607 

iniiiSott Tele: r213J 833-0710 
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SILICONE RUBBER PADS 
FLEXIBLE PAINTED CIRCUIT 

O.E.M. KEYBOARD ASSEMBLIES 

ENCOUNTERS 
PROCUCTS CORP. 
6 / F ., 01arnond Mansio n ,20, 

H sing An St. Taipei, T aiwan, R .O .C . 

T el: [02]5031876 [4 lines] I 

T elex : 23267 ENCOUNTS 

F ax: 886- 2 -5029391 

Whal you should Imo.,.. 
about NICJKI Ballery Packs. 

FREE 

' What you 
-~ 0 

should know about 
NiCad battery packs. 

This 12-page booklet tells you how: 

• You can make battery packs last longer 
• Your storage system may be robbing 

battery life 
• Proper disposal prevents accidents 
• Why and how NiCad battery packs work 
• Why today's battery packs are more 

reliable than yesteryear's battery packs 

Poll'ering Your Portable World 

'&Alexander Batteries 
- NE\\ PRODllCl/OEM DIVISION 

P.O. BOX 23880, SAN nn:Go. CA 921111 619-4110-4445 •·Ax 619480-1350 
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HIGH RESOLUTION 19 INCH 
MONOCHROME MONITORS 

For: IBM-PC/MDA/VGA/Hercules; Sun, 

Apollo, Masscomp, DEC. or, customized up to 

1600 x 1200 lines (75 KHz) with choice of 

digital or analog video up to 180 MHz. $995 
and up, quantity one. Perfect for Desktop 

Publishing or Work Stations. 

U.S. PIXEL CORP., 59 Fountain St., 
Framingham, MA 01701 (617) 875-6958 

FREE! 
Switching 
Power 
Supply 
Catalog 

• Complete performance data for 46 multiple output switch
ers (160 to 700 watts) . 16 single output switchers (150 to 
520 watts; 5-48 volts) • Up to 31% smaller packages with 
power densities to 4 watts/in3 for design flexibilities• Orga
nized for easy selection by recommended primary OEM 
product application . 

For your free catalog , call 1-800-223-TODD, 516-231-3366, 
or write: 

TODD 
PRODUCTS CORP. 

50 Emjay Blvd. , Brentwood, NY 11717 

CIRCLE NO 327 

~LIFE IN THE 
FAST LANE 

OUR 
256K 
PRINTER BUFFER 
CAN 
ACCELERATE 
YOUR 
PERFORMANCE 

• Special Utility Software 
• Parallel Port Included 
• PC, XT, AT Compatible 

$180 

TO ORDER CALL 

800-826-1465 
(602) 938·3165 

4026 W. ST. JOHN 
GLENDALE, AZ 85308 

MC/VISA/AMEX 

IBM, PC, XT. ATatr.dM!aiti ol IBM CORP. 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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TOLL FREE 1·800·638-5577 
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Don't Burn, Shoot, or Blow ... 
Program with the EP-1 

EPROM PROGRAMMER 

• Free PCDOS software or RS-232 to any computer. 
• Reads, Programs, and copies over 250 EPROM's 

and EEPROM's from AMD, Intel, SEEQ, Tl , Fujitsu, 
Hitachi, Toshiba, and 21 others. 

• 2716-27512, 27011, 25XX, 28XX, 87XX, 687XX, 
Including CMOS and -A suffix. 

• Programs 87C51, 8749, 8741 A, 8742 and other 
microcontrollers with optional heads. 

• Spl its 16- and 32-bit files. 
• Generates and checks checksums. 
• Batch mode operation works with Make. 
• Reads and Generates Intel, Motorola, Tekhex, 

Straight hex, and binary files. 
• 30 day money back guarantee. 
• UV Erasers from $34.95. 

CALL TODAY FOR MORE INFORMATION 

BP~ 
10681 Haddlnglon, #190 I Dept. E1 

Houston, Texas 77043 
(800) 225-2102 (713) 461-9430 Telex: 1561477 
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DC-DC CONVERTER 
PULSE TRANSFORMER 

Our DC -DC converters, pulse transformers & band pass 
filters is now complete with excellent functions. We 

also supply choke coils, linearity coils, toroidal coils, 
coupling transformers, and others. Send for details 

today! 
CHIP COILS BEING DEVELOPED 

*OEM and Agent 
Inquiries In vited 

ABC TAIWAN ELECTRONICS CORP. 
No. 422 . Sec. 1, Yang Fu Rd ., Yangmei 32627, 
Taoyuan , Taiwan , R.0 .C. Fax: (031 4755503 

Tel : 1031 4788088, Telex : 32379 A8CEC 

4 0 Bethania talion Road • Winston-Salem, NC 27105-1201 
TOLL FREE 1·800·638·5577 • (919) 744-5050 
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FREE!!! ENGINEERING 
SOFTWARE CATALOG 

• 32 PAGES 
• 8 CATEGORIES 

•CAD 
• ELECTRONIC 

DESIGN 
•GRAPHICS 
• MATHEMATICS/ 

ENGINEERING 
SUPPORT 

• 75 DETAILED 
PRODUCT 
DESCRIPTIONS 

•MANY MORE 
TECHNICAL 
PRODUCTS LISTED 

•PROJECT 
MANAGEMENT 

• STATISTICS 
•TEXT PROCESSING 
• SCIENTIFIC/ DATA 

ACQUISTION 

Interleave, lnc .. M 

2940 NOBLE ROAD, SUITE 3 
CLEVELAND HEIGHTS, OH 44121 

(216) 291-1001 

CIRCLE NO 335 

-Rom 

8051 Executive 

MX • CDM, IN~. 
TOLL FREE 1·800·638·5577 
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SCHEMA II 
Schematic Capture 

FREE Demo Disk: 1-800-553-9119 
SCHEMA's success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro
gram for engineering professionals the world over. 

....-..._ Now, SCHEMA II is available. 
~==~ SCHEMA II sells for $495 and sup
~ ~ ports most common IBM PC{XT/ 
- - AT configurations. Please call today 

for a fr« SCHEMA II demo disk. 

OMATiON 
f,. Ttx.11C.l/(214)2J1-'167 
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NEW STD BUS INSTRUMENTS 
Smart instrumentation runs its own high 

imx/51 ® for the 8051 microcontroller series level language with built in 8 MHz micro-
provides: 20 system calls; up to 31 concurrent computer. Isolated from bus ground to 
tasks; priority driven re-entrant scheduling; vir- 1000 v. High speed 12 bit A/D with user 
tual register bank and stack for each task; definable signal conditioning for each 
queues and mailboxes for message buffers, 
task synchronization , resource sharing, and channel. Heavy duty 8 CH 13 bit D/A. 8 
request queues; timing delays, real-time CH relay and 128 CH solid state multi-
response, unconstrained user interrupts, and plexers. User customizable module too. 
deterministic operation - all contained in a Both Z80 and Ziatech 8088 STD DOS 
2K x 8 EPROM. compatible . 
For more information call Rob Cianci, Applica- MILLER TECHNOLOGY, INC. 
tions Engineer at (305) 869-8168. 647 N. Santa Cruz Ave. 

Intelligent Machinery Company Los Gatos, CA 95030 
2400 Westwood Drive, Longwood , FL 32779 (408) 395-2032 

CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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"D" SIZE PLOTIER 
sz29500 
RETAJL 

5159500 
INTRODUCTORY 

OFFER 

• Repeatability .001" 
• Speed at 7" Per Second 
• Vacuum Paper Hold Down 
• High Resolution Circles: Suitable for 

PCB Artwork 

(415) 490-8380 ZER/CON 

4423 ENTERPRISE ST. • FREMONT, CA 94538 

CIRCLE NO 340 

CIRCU IT ANALYSIS FOR APOLLO & PC 

ECA-2, a high per formance analog ci rcuit simulator , is 
now available on Apollo - with improvements over the 
outstanding features of our PC ve rsion. 

- AC. DC, Transient - Larger circuits than PC 
- Fourier, Temperature - Faster simulations 
- Worst-case, ,_!onte-Car lo - Detailed 393 page manual 
- Full nonlinear simulator - User friendly 
- Interactive or batch - Fully supported 
- Macro models - Uixiate se rv ice available 
- Improved graphics - Money back guarantee 

ECA-2 Apollo $3000. Apollo Evaluation Kit $380. 
ECA-2 IBM PC/XT/AT S675. PC Evaluation Kit $95. 

Ca ll 313-663-8810 For FREE DEl\10 

'll!l Ta tum Labs. Inc. 
1478 !\lark Twain Court 
Ann Arbor, l\11 48103 

CIRCLE NO 343 

MINIATURE 
CIRCUIT 
BREAKERS 

Overeunant prolllclor, ..... 
reset almlnates fuse replace
ment. Convenient IJ8l19I 
mounting. Ratings from 0.1 ID 
10 amp. Trip-fn!ti and foal
proof. PC board and snap-In 
mounts available. 

For more infonnation please 
Wrile or call 

CIRCLE NO 346 

To advertise in 
EDN October 29, 1987 

Custom transformers 
SVA to 2000KVA-fast 

LEADLESS CHIP 
TO WIRE WRAP ADAPTERS 

Send for our FREE Design Ideas 
portfolio-filled with useful data. 
Find out how you can get the exact 
transformer you need-fast and 
guaranteed-from the world 's 
largest Class 2 manufacturer. 

§ .Basler Electric 

Save prototyping time, these LCC, PCC and PGA socket 
adapters provide the_ designer with a labeled test point for 
each ~in and are available for 44, 52, 68 and 84 pin chips . 
WW pins are on .3" centers . Unit pricing for the 68 pin ver
sion is $49.00 delivered from stock. 

Highland. IL62249 
618-654-2341 TWX 510-100·3841 

CIRCLE NO 341 

FULL RANGE OF DC - DC CONVERTERS 
.5 to 25 WATTS 
Your Source for DC · DC Converters as following: 
UM 200, UM 300, UM 400 , UM 500 and UM 600 series. 

Features 
• Output power ranging from .5 · 2.5 Watts 

Antona Corporation 
2100 S. Sawtelle Blvd ., L.A., CA 90025 

(213) 4 73-8995 

CIRCLE NO 342 

NEW! ADVANCED ACTIVE 
FIL TEA DESIGN SOFTWARE 

• Standard output: single and dual optional : triple and quad . 
• High Isolation Voltages Standard; 500 voe C>fXional : Up tp 3000 VPP 
• Pi input filter • Regulated Output • Low ripple & noise 
• Short circuit protection 
• Special Series for Ethernet & cheapernet Application 
Custom design orders are welcome!! 

Version 3.0 designs Lowpass, Highpass, Bandpass, Bandstop and 
ALLPASS filters with Butterworth, Chebyshev, elliptic and Bessel 
response • NOW calculates values for National MF-10, Reticon. 
MFB, VCVS, biquad and state variable filter circuits • Interactive 
graphics for group or phase delay, gain, phase, impulse and step 
response of tile complete filter or individual section • Combine filters 
for system design/analysis • Modify circuits to observe effects 
($525) • for IBM PC, XT, AT, PS/2 

SPICE FILE CONVERSION OPTION AVAILABLE 
RLM Research 

UNIVERSAL MICROELECTRONICS CO., LTD. 
3, 27th Rd ., Taichung Industrial Park, Taichung, Taiwan, R.0.C. 
TEL: (04) 251·0096 . 251·0100 . 251-0103 
TLX: 57477 UMEC FAX: 886-4-254-7129 

CIRCLE NO 344 

P.O. Box 3630 
Boulder. CO 80307-3630 (303) 499-7566 

CIRCLE NO 345 

Glide Through PCB Design. 
Great Designs Start With TangoPCB ™create the toughest board designs 

Tango-Schematic:" Just $495. with powerfullayout software that's a snap to use. 
Designs quickly come to life with Tango-Schematic's easy· Function-rich Tango-PCB supports eight layers, I mil 
to-use drawing editor and extensive component libraries. grid, OrCAD • or Schema" netlist input, print/plot/ 
Features four line types, four text sizes, repeat and block photoplot output, and more. 
functions, unique built-in word processor. Includes DRC, Ta Rout ™ 
BOM, Wire List, Net List outputs and crisp plots, prints, or ngo e Get impressive completion rates 
laserprints. The perfect front end to our popular and remarkable speed with Tango-Route, a four layer, 
Tango-PCB and Tango-Route board design systems. eleven pass autorouter. Just $495 each. 

For IBM PC/XT/AT/PS2. just $495. Full-function Demo 
Package: $10. Order toll-free 800 433· 7801. VISA/MC. For IBM PCIXT/AT/PS2. Compare features and you'll buy 
Thirty-day money back guarantee. Tango. Or try full-function Demo Package, just $10. 
ACCEL Technologies, 7358 Trade St. , San Diego, CA 92121 Order toll-free: 800 433-7801. VISA/MC. Thirty-day 
Outside N., S. America contact HST Technology (Australia) money back guarantee. 
Phone: 6!-02-34-8499 FAX: 6!-02-23-8771 ACCEL Technologies, 7358Trade St. , San Diego, CA 92121 

CIRCLE NO 347 CIRCLE NO 347 
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All You Can Expect 
From AYE. 
A Professional. 
IC Socket Maker 

~ 
''' 

8, 14, 16, 18, 20, 22, 24, 28, 
40-pin and your custom-design 
inquiries will be answered 
immediately. 

& Y/ OEM & Overseas 
ftWl Agents Wanted! 

A YE ENTERPRISE CO., LTD. 
No. 56, 5 Alley, 524 Lane, Hua Cheng Rd ., 
Hsin Chuang City, Taipei Hsien , Taiwan, R.O.C. 
Cable: AYECO TAIPEI Tel : 886-2-994-9181 

Fax: 886-2-993-1956 Telex: 24559 CLIMAXTP 

CIRCLE NO 349 

TWO-IN-ONE 
EPROM MULTIPROGRAMMER™ 

only $995.00 
BYTEK's 5125-EG is a SET EPROM PROGRAMMER that's also a GANG EPROM 
DUPLI CATOR . 
DESIGN ENGINEERING TOOL provides SET Programning ol 16 & 32 Mwords. Multi
ple EPROMs wilh different sets of data can be programmed in one easy operation. 
STAND ALONE: 25 Keys/32 char. LCD prov~e User friendly operation to EDIT, SPLIT 
or SHUFFLE Data. RS232 PC Interface: Operates from a PC or terminal. Op lion al IBM 
PC driver. 
PRODUCTKJN GANG EPROM PROGRAMMER: Duplicates up to 8 devices from RAM 
or Master. (Optional 16) 
RAM: 64K bytes (512K bit). expandable lo 1 Meg. 
VERSATILE: MOSICMOSINMOS EPROM/EEPROM, 24 & 28 pin devices. Options lor 
32 & 40 pin devices. 
Free Device Support Updates. 1 Year Warranty. 
FOR IMMEDIATE DELIVERY ORDER TOLL FREE: 
1 · 8 0 0 · 5 2 3 · 1 5 6 5 (In FL 305-994-3520) 

BYTEK Corporation 
1021 S. Rogers Cir. , Boca Raton, FL 33487 

FAX: (305)994·3615 TELEX: 4998369 BYTEK 
See Us At WESCON Booth 5500 

CIRCLE NO 752 

INTELLIGENT sex ANALOG 1/0 
16 analog inputs, 2 analog outputs, all 12 bit 
resolution . Microprocessor w/ 96K bytes 
memory capacity. Programmable FIFO 1/0 
buffer. Single commands can give bursts of 
conversions, all channel scans, timed con
tinuous conv., etc. Outputs can be used as 
waveform generators or set by command. Low 
power CMOS. Up to 59 kHz A/D throughput 
rate. User installable input filters, prog. gain 
amp, sample-hold. 

ROBOTROL CORP. 
• 16100 Caputo Drive 
Morgan Hill, CA 95037 

(408) 778-0400 

DISPRO' DIGITAL FILTER DESIGN 
SOFTWARE FOR IBM" PC. ·XT ·AT AND COMPATIBLES 

The DISPRO family of digital filter design and evaluation software 
provides the broadest range of capabilities at affordable prices. 

• Complete Mier type coverage: select from standard llR and 
FIA forms. or FIA with arbitrary magnitude response shapes. 

• Full user control : no hidden decisions. Allows exhaustrve 
exploration of performance vs. complexity tradeotfs. 

• Coefficient formats : 32-bit floating point. 2 to 24 bit integer. 
Calculate and plot frequency response data for anywordlength. 

• Superior graphics: total user control over plotting scales. 
Single-key initiation of hardcopy output of any graphics screen. 

OISPRO v1 .5 - The complete system: llA & FIR 
design , time and frequency domam analysis and evalua
tion. Full modelling of llR filter operation m fixed-point 
arithmetic. with spectral analysis of mput and output 
Available 1n modular form. 
ARB IT FIR/PM - Create arb1tral)' passband and stop· 
band shapes for equiripple linear-phase FIR designs. Ac
cepts numencal as well as analytical shape specifications 

ARBITFIR/FSW - The techniques of frequency 
sampling and window design are combined with a high 
level of graphics flexibility to devetop completely arbttrary 
magnitude response shapes for linear-phase FIR filters. 

CODEGEN/320 - lntertace with DISPRO filter 
design files 10 generate source code for the TMS320 family 
of DSP processors. 

SIGNIX Corporation 

$295 
ro 

$1150 

$295 

$345 

$95 

19 r.1ham Island Road , Wayland. MA 01778 (617)358-5955 
DISPRO soltware the choice of DSP designers worldwide smce 1983 

Requires OOS 3 x 256K memOty. CGA or EGA graphlCS 8087 optwnal 
• OISPR01sareg•&tered tradema1k o!Sign,.Co<po<a!+on 

CIRCLE NO 350 

UPGRADE WITH UNBEATABLE VALUE! 

High Performance. Low Cost Bullet-286E System Board 
•CPU & Disk 1/0 Faster Than 8 MHz " AT" '. 
•High-Speed 80286 Processor, PC & XT Models Available 
• Socket for 80287 Math Co-Processor 
• Sockets for 1 M8yte Zero Wait-State RAM 
• Includes Automatic Disk Caching in RAM Above 640K 
• BIOS and 8·Slot Expansion Bus Compatibility Guaranteed 
•Faster " 386 Performance" Boards Also Available 
• 30 Day 100% Money Back Guarantee; 2 Year Warranty 
• OEM quantity price: $199 (list price with RAM: $895; one unit with 

RAM for evaluation: $439) 
WAVE MATE, INC. 
2341 205th Street. #110 
Torrance. CA 90501 
Phone: (213) 533-8190 
Fax: (213) 533-5940 

WAVE MATE EUROPE 
Phone (32 2) 649-1070 
Fax: (32 2) 649-2727 
Telex: (46) 61828 

CIRCLE NO 753 

• GPIB controller board for IBM 
PC/XT/AT 

• Control up to 14 Devices 
• User friendly Software Commands 
• OMA Transfer to 200k byte/sec. 

© ~~~ i~~~~:o~~. 
478 E. Exchange St. Akron, OH 44304 
(216) 434-3154 TLX: 5101012726 

800-553-1170 

AUTOROUTER USES 
ARTIFICIAL INTELLIGENCE TECHNIQUES 
AutoPCB 3.1 is a professional quality, PC-based PCB 
design system. No co-processor board is required. It 
features schematic capture, interactive part placement 
and route editing, and includes AutoROUTE, a powerful 
autorouter that uses artificial intelligence techniques to 
identify optimal routing patterns, such as the Sturn and 
C patterns shown above, as part of the routing process. 
All layers of multilayer boards are routed simultaneously 
(up to 24). Post processors for photoplotters and drill 
tapes are available. A large, 4500 component part library 
lets you start designing boards immediately. A 30-day, 
full refund guarantee is provided. 

PRO. LIB, Inc. 
624 E. Evelyn Ave., Sunnyvale, CA 94086 

Tel. (408) 732-1832, FAX408-732-4932 

CIRCLE NO 751 

Join Forces 
Combine your 
larger ads with 

EDN Product Mart ads 
for a total 

marketing program. 

• EON Product Mart 

CIRCLE NO 754 

RS·422 
Communications Board 

•For IBM-PC/AT/XT and 
compatibles 

.. 
! 
J 
I 

•Dual RS-422/RS-485 interface 
•Differential drivers to 4000 ft. 

IT\ Fast Delivery 

\V QUA TECH, INC. 
478 E. Exchange St. Akron OH 44304 

(216) 434·3154 TLX: 5101012726 

800-553-1170 

CIRCLE NO 755 CIRCLE NO 756 CIRCLE NO 757 
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Free Engineering Software Brochure 
Micro-CSMP simulates any system including : 
• Control and Servo systems • Robotics • High 
Order Filters • Chemical Processes • Stress & 
Strain. A full implementation of IBM 's S/360 CSMP, 
Micro-CS MP produces graphical results in minutes, 
typically requiring 10-20 lines of input. LSAP 
analyzes linear systems producing Bode, Nyquist, 
and Transient Response plots , and Root-Locus 
diagrams. Micro-CSMP is $900, LSAP is $450 for 
PC-DOS or MS-DOS systems. California Scientific 
Software, 1159 North Catalina Ave., Pasadena, CA 
91104 (818) 798-1201 

CIRCLE NO 767 

.11111111111 

IEEE-488, PARALLEL, and SERIAL 
PORTS PLUS 4M BYTES of MEMORY 

• Control any instrument. RS232 or '488. 
• 4Mbytes of extended/expanded memory. 
• Software library and memory manager. 
• High speed OMA. Risk free guarantee. 

~ Capital Equipment Corp. 
~ ~ ~~ 99 South Bedford St. 

Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 

CIRCLE NO no 

MICRO/Q II 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/Q® II 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624 

CIRCLE NO n3 

' ·····-

llUU·J&l-8321 

KEY TO PCAD™ SOFTWARE 
• Hardware decoder for all PCAD™ software 
• 100% protocol compatible with PCAD™ security device 
• Used through system RS232-C input port 
•Also provides RS232-C input for your mouse 
•One PC-WIZZ decoder per PC/XT/AT enables it to run all 

PCAD™ software 
•Price: only $995. , shipping included 
• 90 day warranty 

PC-WIZZ SYSTEMS, INC. 
P.O. BOX 2190, HARVARD SQ. 

CAMBRIDGE, MASS . 02238 
1-800-363-8022 

PCAD™ is a trademark of Personal CAD Systems, Inc. 

CIRCLE NO 768 

EPROM PROGRAMMER . . . . $350 
27 16 Through 271024 

PAL OPTION ...... .. ... . .. $250 
20 and 24 Pin Pals 

MP OPTION ... . . .... . . . . . . $100 
8741 / 42/ 48/ 49/51 

BIPOLAR OPTION . .. . . . .. . $350 
16, 18. 20 & 24 Pin Proms 

HITACHl/INTEL 
ADAPTORS .. . .... . .. . . . . $ 75 

Works with any Generic EPAOM Prog 

LOGIC ANALYZER ....... . $995 
50 MHZ_ 8 Channel expandable lo 32 

EPROM SIMULATOR ... ... $395 
Simulates 2716 Through 271024 

FREE DEMO DISK 
li'iii~~=:iii~ 2780 S.W. 14th Street 

ic::.=-=-=:.c-~~ Pompano Beach , FL 33069 

1-800-9PC-FREE 1-305-975-9515 

CIRCLE NO n1 

INSTRUMENT PAIR FOR 
IC IN-CIRCUIT TESTING 

SQXO CRYSTAL OSCILLATOR 
• T0-5 or 24 pin CLCC 
• TTL and CMOS compatible hybrid circuit 
• Low power version available 
• Long term stablllty, low aging & high shock 
• MIL testing available 
THE ONLY NAME YOU NEED TO REMEMBER IN QUARTZ 
CRYSTALS ANO CRYSTAL OSCILLATORS IS STATEK! 

# STATEK CORPORATION 
STATEK 512 N. Main St., Orange, CA 92668 

• (714) 639-7810 
Made in the U.S.A. 
A Technlcorp Company 

CIRCLE NO 769 

WRITE OR CALL FOR SAMPLE 
Low Cost Tempilabel 0 Temperature Monitor. 

1011,u•m 1MA 1.o~ 

'fi 'fi fi 10' 'B D [f D 
l4C ' f l!I0° • 16()01llG01111l 0f1 to•1 100·1110·1 

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 (33°C) to 600°F (316°C) . 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 

TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Blvd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 

See Us At WESCON Booth 2433 

CIRCLE NOn2 

M-5700C Logic Scanmaster includes universal logic T-1 CARRIER MAGNETICS 
state indicator, logic pulser and clip, automatic bad AIE Magnetics offers you a full line of T-Carrier 
level detector, auto-ranging DVM, pin to pin push- magnetics, including pulse, wide band and clock ex-
button interface of the signal to scope, counter, etc . tractor coils , to fit your needs. T-1 Carrier Magnetics 
M-150 Digital Comparator compares known good IC are available in 3 small package configurations to 
to OUT in-circuit. This instrument combination offers meet most board and circuit requirements . Or, we 'll 
fast, accurate process to troubleshoot digital ICs to custom design them to fit your specific circuit 

requirements . 
component level. Price $1 ,695.00 AIE MAGNETICS 

Information Scan Technology 701 Murfreesboro Road 
487 Gianni Street, Santa Clara CA 95054 Nashville, Tennessee 3721 O 

(408) 988-1908 615/244-9024 
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UNIVERSAL EPROM PROGRAMMER KIT FROM $951 
•On board power supply, 110/220 VAC ; 
• Menu selection ; No personality modules; 
• Built in monitor for easy 110 debugging; 
• User friendly softw; Full tech. support ; 
• Detailed 50 page manual with schematics ; 
•Quick pulse alogrithm : 27256 under 60 sec; 
• All 24/28 pin parts to 1 Mbit; CMOS; EEPROMS; 
•Micros: 8741 , 48, 48H, 49, 49H & CMOS 
• IBM-PC, Apple , CPM or Unix driver; 

Autobaud RS232 ; 
•Offset/split Hex, Binary, Intel & Motorola 8, 16 & 

32 bit files , 2 board cased unit $495! 
Call today for datasheets!! 

B&C MICROSYSTEMS 
355 WEST OLIVE AVE., SUNNYVALE, CA 94086 

Ph : (408) 730-5511 VISA & MC 

CIRCLE NO ns 
AFFORDABLE 
ENGINEERING 

SOFTWARE 
AND APPLICATIONS GUIDE 

::=======----..PC/ MSDOS-Macinlosh-CP/ M 

ACNAP- *125.00 LCRL - 195.00 

mTJ Engineering • cz:= 
~Professional Software (714) 781-0252 

2200BuslnessWo'(SuiTe207,Rrverside.CA92501 USA fElfX.JOBQ804 

Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 

printing, d1cone 1ubber overlay_ rubber pads with 
screen pror1in9 on plastic keytops. 0 11ngs. washers, 
inner caps tubes. etc and screen printing llex1ble ~-~~--' 
c:11cu11 beards Please contac1 us ro1 more mf0<mahon 

e GENERAL SILICONES CO., USA 
650 W Duarte 305, Ar<:1dl1 CA 91006, U.S.A. 
Tel : (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 

CIRCLE NO 777 

Send for the latest 68-page Solenoid Engineering Manual 
from Deltrol • Packed with usefu l information including 
performance data , stroke/force curves . selection factors 
• Industry 's broadest range of miniatures. C frames . 
D frames, power surge , and tubular solenoids . 

DELTROL M i lwi~::e.\)19~~~~ 
COITliPO/B /~ Phone 414 /671-6800 

Telex 2-6871 
4305-1 DIVISION OF OELTROL CORP 

ZBOOO* MULTIBUS* BOARDS 
Single Board Solutions has specialized in 
ZBOOO-based SBCs for over five years. In 
addition to our own MBBOOOIMBxBOOO line, we 
have recently acquired the technology for 
several other ZBOOO-based boards previously 
manufactured by AMO and Central Data Corp . 
We are producing boards 100% compatible 
with the following models: 9614116A, 9614126, 
CD2111116, CD2111126, and CD2111801 
(B1034) .• 
If you have an existing or anticipated use for 
ZSOOO-based boards, please call or write for 
more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd. 

Cupertino , CA 95014 
( 408) 253-0250 

*Trademarks: ZBOOO-Zilog, Multibus-Intel, 
CD21/. .. & 81034- Central Data Corp. 

CIRCLE NO n8 

Small Space 
Advertising 

For Big 
Results 

• 
EON Product Mart 

CIRCLE NO 779 CIRCLE NO 780 CIRCLE NO 781 

PC BOARD TRACE AMMETER 
Solve your next printed circuit test or analysis problem 

twice as fast by measuring trace currents in addition to 
voltages . 

The IEX-1500 uses a single four-point probe to measure O 
to 1500 milliamps DC with 1 milliamp resolution in un-cut PCB 
traces . It does not depend on in-line resistors, field measure
ments or knowledge of trace resistance . 

Operation is as simple as placing the probe on the trace and 
reading the current. 

CALL FOR RISK FREE TRIAL: (904)-335-7730 

WAYNE ENGINEERING 
5426 NW 32ND STREET 
GAINESVILLE , FL 32606 

CIRCLE NO 782 

PADS PCB 

$975.00 
~ USA & CANADA ONLY 

t _1l 
Everything you've always wanted in 

a CAD Engineering workstation 
and affordable! 

• Inputs from FutureNet'", Dread'", Schema" 
• 1 Mil database, 32 x 32" , 30 Layers 
• Routing Grids: 1, 5, 10, 20, 25 & 50 Mils 
• 1, 2 & 3 Tracks between IC Pads 
• Interactive and Automatic Placement and Routing• 
• XT, AT & 386 (and compatibles) 
• Full Air Gap & Connectivity Checking 
• 200 IC Capability (400 IC optional) 
• Full SMD & Analog Support 
• Evaluation Kit s50.oo: contains actual software on 

multiple disks, and detailed manuals . optional 

Outside MA 1-800-255-7814 
Inside MA 1-617-486-9521 

CAD Software, Inc. 
P.O. Box 1142, Littleton , Massachusetts 01460 

6809 
Single ~oard Computer 

_.. a: .. ' 
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- - Software 
Quelo'"' 68QQQ Development 

-._'.., Tools 
First release 1983 · MOTOROLA compatible· produces ROMable 
code, S·records. extended TEK he", UNIX COFF. Portable 
SOURCE CODE. Native and cross versions on: AT ARI ST, AMIGA, 
Masscomp, Sun, Apollo, Charles River, VAX VMS and UNIX. 

68020 Cross Assembler Package 

Support$680005801068020118&81Md68851 

for CP'M 681( and MS/PC DOS S7:.0 

68000/68010 Cross Assembler Package 

For CP/M 80. 86, 681( 1nd MS/PC DOS S595 

68000 ·c· Cross Compiler 

fcwMSJPCDOSbyl.tttice.lnc l500 

68020 Disassembler 

&lppOrt$6800066010660206868168851 
forCP.M681(1ndMS/PCOOS $4951295 

AmoQa and Atan ST $119!79 CRDS UNOS $99~S95 

68000/68010 Software Slmulator 

F0< MS,IPC DOS b~ Big !hing Sohw'1e Inc S285. VAX $1900 

Cell Patrick Adams today: 

Site, Corporate, OEM licenses 
COO. Visa, MasterCard 

Ouelo, Inc. 
2454 33rd. West, Swte 1173 

Seattle, WA USA 98199 
Phone 206/285·2528 
TeleJ: 9 10-333-8171 

CIRCLE NO 785 

CIRCLE NO 788 

New, Enlarged 100-page 
Samiec Catalog 

The new Samtec Catalog, with 28 more pages. has complete 
specs on every page, more charts than ever before, including 
a full PGA cross reference guide. Complete ordering informa
tion on Samtec 's full line of DIP sockets, the industry's widest 
array of strip connectors - including machined and formed 
pin socket and terminal strips and cable strip connectors . 
Write for the new Samtec F-88 catalog and distributor/rep list. 
Contact: 

Samiec, Inc. 
P.O. Box 1147, New Albany, IN 47150 

Phone: (812) 944-6733 

CIRCLE NO 791 
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Fealuring • Standard RS 232 Serial Asynchronous ASCII Communications 

• 48 Character LCD Display (2 Lines ol 24 Each) 
• 24 Key Membrane Keyboard with embossed graphics 
• Ten key numeric ar~ay plus 8 p1ogrammable tunc11on keys 
• Op11onal RS 422 mult1drop protocol mode 
• Keyboard selectable SET UP features- baud rates. pa11ty. etc 
• Size (5 625 .. W x 6 9 .. 0 x I 75~H). Weight 1 25 lbs 
• 5 x 7 Oot Matrix Ion! with underline cursor 
• 01splays 96 Character ASCII Set (upper and lower case) 
• ()phonal Bar Code Wand I shown) 

L0'1lt1UT~Pi"\1r J5~ ' INC . 
302 N Winchester • O!athe. KS 66062 • 800-255-3739 • TELEX 705337 

• For PC XT/AT or 
compatibles 
• Routines , se
quences and 
terminology 

a similar to HP-85 
· • Won' t 'hang up' 

bus during use 
• BASICA, as

sembly language, 
Microsoft & Lattice C and compiled 

basic support packages available 

Need additional informati on on pricing, 
volume di>count> , or technica l information! 

Call us toll free at (800) 227-7317 

bbl In Ohio (2 16) 349-3444. 

bl OO SOM C••nler Rd . • Su11 e C2J 
W:CTROnlCS Solon , O H 441 ! '! 
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VMEbus CPUs -
100% MOTOROLA MVME COMPATIBLE 
LOW COST PLUG-IN REPLACEMENTS 

Quantity One Pricing 

• TVME 1611 (MVME117-3 Compatible) $895 
Up to 4 MB DRAM 

• TVME 1612 (MVME 110-1 Compatible) $620 
System Control at 8 or 10 MHz 

• TVME 1613 (MVME 110-1 Compatible) $795 
Up to 1 MB Shared DRAM 

~
• TAIWAN ZETATRONIC 

A FULL RANGE OF 
o o CONNECTORS & SOCKET 

··" CHIP CARRIER SOCKET - 44, 68, 84 PIN 
EDGE CONNECTOR - 36, 50, 62, 80, 86, 98, 100 PIN 
IC SOCKET - 34 PIN & 8, 14, 16, 18, 20, 24, 28, 40 PIN 
MINI JUMPER: OPEN & COLSE TYPE 4 m/m & 6 m/m 
HEIGHT TYPE 

TAIWAN ZETATRONIC INOUSTRIAL 
CO., l TO. 
No 33 3 Hsm Y1 Road Lu Chou T<i1pt•r Hs1e11 

T.t1w.i11 R 0 C Tt-1 886 2 2816395· 7 
Ti x 33513 ZETACO f.ix 886 2 283223 7 

CIRCLE NO 787 
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THERMAL TIME DELAY RELAYS 
Metal shell thermal time delay relays replace 

similar glass envelope types, providing rugged non
breakable devices at a cost savings. 

Thermal Time Delay Relays are interchangeable 
with other manufacturers' relays. 

Timing intervals of 2 seconds to 180 seconds are 
available with applied voltage designs of 6.3 volts, 24 
volts and 115 volts as standard. Rapid delivery cycle. 
Comes in octal or 9 pin plug in mounting . 

Call Lillian Romanak at (201) 386-1200 to place 
your order. 

(FORMERLY G-V CONTROLS, INC.) 
A UNIT OF GENERAL SIGNAL CORP. 

1 APOLLO DRIVE 
WHI PPANY, NEW JERSEY 07981 
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Schematic-Capture Software 
from Wintek 

Create and revise schematics quickly and simply with HiWIRE and your 
IBM PC. With a click of the mouse button, select a symbol from our 
extensive library; with a few more clicks, add connecting wires. Netlist. 
bill-of-materials, and smARTWORK®cross-checking utilities included. 
HIWIRE is $895 and comes with a 30.day money-back guarantee. Credit 
cards accepttd. 

TL Industries, Inc. Toledo, OH 43619 Wintek Corp. 
Call Now - Toll Free 1-800-227-8144 1801 South St. , Lafayette, IN 47904 

or 419-666-8144 (800) 742-6809 or (317) 742-8428 
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Product Mart, call Joanne Dorian, 212/463-6415 
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EDN magazine for technology in depth. 
EDN News for news of products, 
technology, and careers. 
Together, they provide complete coverage 
of electronics for engineers and 
engineering managers worldwide. 

EDN MAGAZINE/EON NEWS 
Cahners Publishing Company • 275 Washington Street • Newton, MA 02158-1630 • (617) 964-3030 
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Frequency synthesizers 
described 
This 20-pg, 4-color catalog provides 
general information about frequen
cy synthesizers and outlines their 
characteristics. It lists specifica
tions for the product line and pro
vides illustrations of each device. 

LITERATURE 

The back of the catalog includes 
ordering information; data sheets 
for the company's newest models are 
also included. 

Programmed Test Sources Inc, 
Box 517, Littleton, MA 01460. 
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Reference offers solutions 
for measurement and control 
The first edition of Applications 
Notebook: The Total Solution for 
Measurement & Control is an 86-pg 
reference publication that's divided 
into four major sections. Section A 
provides reference tables with a 
Fahrenheit to Celsius temperature
conversion chart and mathematical 
and physical constants and formu
las. Section B presents 1-pg applica
tion solutions to problems in temp
erature, flow, resistance, fluid level, 
and other process measurements; a 
system block diagram accompanies 
each application. Section C includes 

the company's services and guide
lines for modifying products and ex
plains the in-house R&D custom
modifications group. Finally, 
Section D lists the company's sup
port services, and includes an order
ing guide. 

Action Instruments, 8601 Aero 
Dr, San Diego, CA 92123. 
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Complete listing 
of semiconductor ATE 
The Advantest Semiconductor ATE 
System Selection Guide summarizes 
the company's entire line of semi
conductor automatic test equip
ment. It shows the compatibility of 
the company's test systems, as well 
as the wide range of systems that 
are available for testing VLSI, ana
log, memory, and mixed-signal 
semiconductor devices. Individual 
charts for each device's testing cate
gory allow you to make cross-refer-

FASTEST, SMARTEST, MOSTVERSATILE ... 
loGMA Graphics Engine Offers Performance 

Unmatched On The VMEbus 
CADdy has application-specific, software tools sha!'i!19 a com
mon user-interface built on Germany's leading PC.CAD package 
including: Schematic Capture (and library), netllaUB.O.M. 
generation, enhanced Board Layout (and library) with Analog and 
Digital tools, ratsnet, pin/gate/component swapping, back
annotation, user-defined trace widths, Gerber-out, sophisticated 
dimensioning, Mechanical geometric construction and drafting, 
dual window feature and more. 

Get the full story. Call our toll·free number: 

I 
1-800-426-2876 

2430 N. Huachuca Dr., Tucson, AZ 85745 

o::::::~ 
CIRCLE NO 11 
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For additional information call: 
Toll-free HIOO.CADDY11 (In Illinois, 312-394·7755) 
CADdy Corporation 
3 Crossroads of Commerce 
Rolling Meadows, IL 60008 
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ences to system test rates and 
model numbers. 

Advantest America Inc, 300 
Knightsbridge Parkway, Lincoln
shire, IL 60069. 
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Pamphlet on transceivers 
The 6-pg brochure features MIL
STD-1553 single-channel transceiv
ers in ± 12, 5, ± 15, and 5V versions. 
It discusses low-power dissipation, 
receiver-output logic options for en
coder/decoder compatibility, third
order balanced-receiver input filter-

LITERATURE 

ing, short-circuit protection of 
transmitter outputs, and a pro
grammable transmitter thermal
shutdown option. Detailed specifica
tions, schematics, outline drawings, 
and ordering instructions complete 
the write-up. 

Stantel Components Inc, 636 
Remington Rd, Schaumburg, IL 
60173. 
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Brochure highlights 
electronic products 
This 4-color brochure (Publication 
No 5953-7040) presents information 
on 22 basic electronic measuring in
struments that are grouped into 
four types: digital multimeters; 
counters; pulse and function genera
tors; and power supplies. Included 
in the leaflet are brief product de
scriptions, specifications, and 
prices. A free HP-28C calculator is 
available with an order of any three 

of the basic instruments by Decem
ber 15, 1987. 

Hewlett-Packard Co, 1820 Em
barcadero Rd, Palo Alto, CA 94303. 
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Surface-mount versions 
of discrete devices discussed 
This literature kit describes the 
company's discrete devices that are 
available in the DPAK surface
mount package. It combines all 
the technical literature on the 
DPAK products into one package. 
The kit includes the DPAK Update; 
the Surface Mount Selector Guide; a 
reprint of DPAK, The Power Pack
age For Surface Mount; a tape-and
reel data sheet for surface-mount 
devices; and DPAK product data 
sheets. 

Motorola Inc, Literature Distri
bution Center, Box 20924, Phoenix, 
AZ 85063. 
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LADDER LOGIC 
on the STD BUS! 

344 

Sing it! Say it! Play it! ... now in high fidelity! The new 
enhanced VP620E Voice Processor converts 20Hz to 
7 .0 kHz audio inputs into AD PCM encoded digital data 
for hard disk recording on your PC/XT I AT /386 or 
compatible. Playback flawless, authentic audio when 
and where you want it from background DOS commands. 

Just plug it in, load menu driven software and 29 MB 
will give you I hr. of full fidelity digital audio from your 
PC. Its quick, easy and suprisingly affordable. 

Use it for telecommunications, broadcasting, 
robotics, interactive video, process control prompting, 
and other off-screen operator interface applications. 

Call 1-800-338-4231 (not Ca.) for facts on the new 
VP-620E 16kHz board that will make your PC sing! 

ANT EX 
ELECTRONICS 

16100 S. Figueroa St.• Gardena, CA 90248 • (213) 532-3092 • FAX (213) 532-8509 
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The control power you need 

1/0 expansion 
approx. $3 
per point 

SEE US 
AT 
WES CON 
BOOTH 
#5708 

~Comf]uter 
LJLJ DYNi\MICS 107 S. Main St , Greer, SC 29651 
COMPUTER DYNAMICS SALES (803) 877-8700 

CIRCLE NO 72 
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Catalog of 
power semiconductors 
The 144-pg Power Semiconductor 
Catalog covers the company's range 
of products. It provides tables with 
key specifications for each product 
type, accompanied by drawings and 
dimensions for each package. The 
products covered include HexFET 
power MOSFETs; Schottky rectifi
ers; ultrafast recovery diodes; stan
dard- and fast-recovery rectifiers; 
phase-control, inverter-type, and 
gate turn-off thyristors; power mod
ules; military/government and cus
tom products; and custom/standard 
assemblies, such as heat sinks and 
mounting hardware. Other sections 
include available literature, product 
cross-references, a JEDEC/alpha
numeric index, and descriptions of 
quality/reliability programs. 

International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
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Guide to software 
and services 
The Directory qf'Micro Engineering 
Sqf'tware!Services provides detailed 
information about engineering soft
ware and associated services. The 
book, divided into 27 sections, con
tains more than 700 m1cro
engineering packages and furnishes 
more than 250 company descrip
tions. The packages are grouped 
into sections by their engineering 
function , such as civil engineering, 
CAD, mechanical engineering, or 
structural/stress analysis. The book 

EDN October 29, 1987 

LITERATURE 

provides you with system require
ments, pricing, and maintenance/ 
support information. The company 
descriptions include market empha
sis, types of services provided, sales 
volume, geographical area serviced, 
and principal contacts. The directo
ry also includes a product index, 
which lists packages in alphabetical 
order; a vendor index that helps you 

determine which packages and serv
ices a vendor offers; and a service 
index that cross-refers the service 
vendors according to the type of 
service offered and the market area 
serviced. $239. 

Decision Graphics Inc, 555 
Sparkman Dr, Suite 652, Hunts
ville, AL 35816. 

INQUIRE DIRECT 

Custom Linear 
Power in less 
than 10 days and 
it's UL recognized. 
You give us the specs ... and 
we deliver the power you 
want... fast! 

Whether you only need a few watts or hundreds of watts ... our 
linear power supplies deliver the performance to get your system 

up and running fast and the reliability to keep it there. 

Thirty-three standard mechanical configurations and 20,000 
pre-assembled regulator combinations mean low prices and 

delivery in as little as 10 working days. 

And because all our power supplies are built with pre- UL 
recognition, you don't have to worry about our power supplies 

holding up your system UL approval. 

Get the full story on worry free linear power from Xentek. Call or 
write today for our free information package. 

Xentek • 
The Heart of Your System 

760 Shadowridge Drive • Vista, CA 92083 • (619) 727-0940 • TWX: 910-322-11 55 • FAX: (619) 727-8926 
XENTEK - the first word in Custom Linear, Standard Linear, Custom and Standard Switchers, Extreme 

Isolation Transformers, Line Conditioners and Custom Military Power Conversion Equipment. 
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Listing of test and 
measurement instruments 
This 64-pg catalog presents more 
than 1400 products from AW Sper
ry, Amprobe, B&K Precision, 
Check-It, Fluke, Simpson, TIF, and 
Yokogawa. Among the products 
listed are leak detectors, counters, 
generators, oscilloscopes, a variety 
of meters, and power supplies. The 
products described fill the require-

LITERATURE 

ments of HVAC (heating, ventila
tion, and air conditioning), refrige
ration, automotive, electronic, 
electrical, and industrial users. 

W W Grainger Inc, 1250 Busch 
Parkway, Buffalo Grove, IL 60015. 
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Reference set details 
HCMOS programming 
The M68HC11PM/AD, a Program
ming Reference Manual, is the basic 
software reference document for 
the MC68HC11 family of high
speed, CMOS single-chip µC de
vices. Besides general information, 
it presents descriptions of CPU reg
ister and addressing modes, instruc
tion-set details, cycle-by-cycle CPU 
bus activity, and miscellaneous con
version tables. The MC68HC11-
A8RG/ AD, a pocket programming 
reference guide, includes sections 
on programming models, crystal-de
pendent timing, interrupts, memo-

ry and opcode maps, addressing 
modes, execution times, Hex/DEC 
conversions, and an ASCII chart. 

Motorola Inc, Microprocessor 
Products Group, 6501 William Can
non Dr W, Austin, TX 78735. 
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Document explains 
software system 
This 4-pg, 4-color brochure presents 
an overview of the company's Opera 

SEE WHAT A 
DIFFERENCE 

CMOS MAKES! 

A lX.::-.ig.1wr\ Gmdl· to: 

CMOS is fast becoming the chosen technology for 
developing integrated circuits. That's because 
CMOS ICs are able to implement ultra-complex 
system-level functions on a chip! 

CMOSICs 

---EDN 
Now you can meet the special challenges posed by this new breed of ICs with 
A Designer's Guide to CMOS I Cs. You'll learn the advanced design and fabrication 
techniques required. Plus the latest linear and digital CMOS ICs available. 

Mail coupon to: CMOS IC reprints - EDN Magazine 
Cahners Building 
Tl5 Washington Street 
Newton, MA 02158-1630 

Please send copies of A Designer's Guide to 
CMOS /Cs (92 pages) 

D $6.95 UPS D $10.95 non USA (BANK DRAFT ONLY) 

Check or money order made out to EDN REPRINTS 
must accompany each order. No COD. Mass. 

NAME 

TITLE 

EON 102987 

residents add 5 % sales tax. CITY-------- STATE __ ZIP ___ _ 
Please print clearly. This is your mailing label. 
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software system, a project-manage
ment risk-analysis program for the 
IBM PC, PC/XT, PC/AT, and com
patibles. The publication sums up 
the package features, lists the hard
ware/software requirements, and 
contains drawings of sample 
screens. 

Welcom Software Technology, 
1325 S Diary Ashford, Suite 125, 
Houston, TX 77077. 
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Literature package has 
app notes, product guide 
This package of publications com
prises four application notes, a 
VAXBI Third-Party Directory, and 
a product guide entitled, New Op
portunities. The notes explain how 
the vendors products interact with 
other companies' products to make 
manufacturing tasks easier. The di
rectory lists tool and service ven
dors and licensed option vendors. 

Bridge The 
Interface Gap 

Computer Output Interface with: 

Air ·Afr/AC· AC ·DC 

• Opto-Isolation 
• 16 Outputs 
• Control Options 

(RS232C, Centronics, 
16 Bit Parallel or IEEE-488) 

• Manual ON/OFF Override 
Capabilities 

I~ 
" 800/821-8866 

Litton Engineering Laboratories 
P.O. Box 950, Rm. 204 
Grass Valley, Ca. 95945-0950 
(916) 273-6176 

WESCON 87/BOOTH 5029 
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Networking system 
described in brochure 
This CADDSnetwork pamphlet pre
sents the networking capabilities of 
the CADDStation family of CAE/ 
CAD/CAM workstations. It de
scribes the data highway that allows 
access to computers from IBM and 
Digital Equipment Corp, as well as 
from the company. At the CADD
Station level, networking is en
hanced by windowing, which allows 
simultaneous access to Unix, IBM's 
VM, Digital Equipment's VMS, and 
the design data base. 

Finally, the guide describes the 
company's microcomputer systems, 
local-area networks, and local-area 
VAX-cluster systems. 

Computervision , Dept 615, 100 
Crosby Dr, Bedford, MA 01730. 

Digital Equipment Corp, Chan
nels Marketing Group, 2 Mount 
Royal Ave, Marlborough, MA 
01752. 
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STANDARD AND CUSTOM 

Circle No 455 

OPTICAL SWITCHES 
100 STANDARD 
VARIATIONS 
• Direct Honeywell and TRW 

replacements. 
• Analog, TTL, DTL, and CMOS interface 
• Pin or Wire leads. 
• Complete CUSTOM Capabilities. 
• Dock-To-Stock certified. 
• Statistical Process manufacturing 

Control. 
• Prompt and Courteous customer 

service. 

For over 20 years HE/ has designed 
and built optical switches and 
assemblies to the strictest of 
specifications 

CALL FOR OUR NEW CATALOG 
612-443-2500 

HllHElinc. 
Optoelectronics Division 
P.O. Box 5000 1495 Steiger Lake Lane 
Victoria, MN 55386 
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For a racer, the answer is 
more power ... more speed. 

For those in the fast lanes of 
business, power is storage 
capacity. Speed is performance. 
And the hottest vehicles are 
those systems that can keep 
pace with the demanding 
performance requirements of 
your business. 

The SCSI Solution from 
NCR is a collection of products 
which can help you put your 
system into high gear - and 
leave your competition in 
the dust. 

Host adapters. Disk and 
tape controllers. The first SCSI 
printer controller. 

And storage subsystems. 
In compact tabletop and stand
alone floor units with capacities 
from a few hundred megabytes 
to 1.6 gigabytes. 

We'll provide what you 
need - and help integrate it 
into your overall system. 
The result is a system that 
maintains improved SCSI 
performance even as you 
expand peripherals. 

All exhaustively tested in 
our own testing facilities. And 
fully supported by NCR, the 
company who helped develop 
SCSI. 

So ask us about the SCSI 
Solution. Take it for a spin. 
And rev up your business. 



ED N's 
CHARTER 
EON is written for profession
als in the electronics industry 
who design, or manage the de
sign of, products ranging from 
circuits to systems. 

EON provides accurate, de
tailed, and useful information 
about new technologies, prod
ucts, and design techniques. 

EON covers new and develop
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 

EON covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough detail 
to permit practical appli
cation 

• for which accurate price 
information is available. 

EON provides specific " how 
to" design information that our 
readers can use immediately. 
From time to time, EDN 's tech
nical editors undertake special 
" hands-on " projects that dem
onstrate our commitment to 
readers ' needs for useful infor
mation. 

EON is written by engineers for 
engineers. 

DN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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No Room Left For Your Power Supply? 
Talk To VICOR! 

Mega Modules deliver as much as 
400W from a package 5/s" high. 

Write for our application note, 
"PowerSystemsSizeReductionwith -I' ,.--~- ,. 

High Density DC-DC Converters." 

VICDR 

VICOR Corporation, 23 Frontage Road, Andover, MA 01810 Tel: 617-470-2900, TWX: 910-380-5144, FAX: 617-475-6715 
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PROFESSIONAL ISSUES 

Attending graduate school 
via videotape 
Deborah Asbrand, Associate Editor 

National Technological University producing its first graduates. Eight 
pushed video education a step for- students have been graduated, and 
ward in 1983 when it assembled the more will follow as the school's en-
best video courses from 19 universi
ties, packaged them into advanced
degree engineering curricula, and 
began beaming them via satellite to 
corporate work places. Video educa
tion was nothing new, but NTU's 
plan was: It would offer technical 
professionals a way to study and 
earn graduate degrees at some of 
the nation's most prestigious univer
sities without ever having to leave 
the work place. 

Now, four years later, NTU is 

rollment climbs. This academic 
year, NTU expects 2000 students to 
register for courses. In August, 
NTU was accredited by the North 
Central Association of Colleges and 
Schools. 

With an average of nine to 11 
NTU classes to their credit, gradu
ates are well versed in the intrica
cies of study via videotape. NTU 
alumni say the school's compilation 
of courses from nearly two dozen 
universities lets students customize 

their educations. They also report 
that the option of watching classes 
on videotape allows them to adjust 
their "in-class" time to their sched
ules. But video teaching still has 
some bugs in it, including class
rooms ill-suited to filming, camera
shy instructors who mumble or 
write on the board in letters too 
small to read, and slow distribution 
of course handouts and homework. 

Ram Sudama was graduated from 
NTU in June, when he received a 
master's degree in computer science 
with a concentration in artificial in
telligence. Sudama, a consultant en-
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PROFESSIONAL ISSUES 

gineer for Digital Equipment Corp's 
Littleton, MA, distributed systems 
architecture and advanced develop
ment facility, considered graduate 
study for some time before finally 
taking the plunge, investigating 
local schools such as Boston Univer
sity, the Massachusetts Institute of 
Technology, and the University of 
Massachusetts at Amherst. 

To pass the time while he decided 
where to apply, Sudama enrolled in 
an NTU course in advanced data 
structures that was taught at the 
University of Minnesota. The 
course's content impressed him, and 
he decided to pursue a degree via 
NTU. "The selection of courses was 
much broader than at the other 
schools I was thinking of attend
ing," he says. "In artificial intelli
gence, for example, they have 15 to 
20 course offerings. Most 
universities .. . have two or three." 
Sudama took courses from the Uni
versity of South Carolina, Colorado 
State University, Southern Method
ist University, the University of 
Massachusetts, and Northeastern 
University. 

Flexible class attendance 
Along with the videotapes, NTU 

students also watch live broadcasts 
of classes. Sudama says that his 
schedule allowed him to watch only 
about one-third of the classes at the 
time of their broadcast. The remain
der he watched on tape at his office 
or at home. 

The convenience of obtaining 
VHS tapes of the classes and watch
ing them as their schedule permits 
is important to NTU students. The 
proliferation of home videocassette 
recorders means more students can 
"attend class" at their leisure. For 
busy professionals, this is a key con
sideration. Sudama says that he was 
able to travel as planned and then 
watch tapes of the classes he'd 
missed while away. 

Although NTU administrators 
prefer that students watch classes 
in the work place with other stu
dents, the significance of the video-

352 

The proliferation of 
videocassette recorders 
means more students 

can "attend class" 
in the comfort of 
their own homes. 

cassette option is not lost on them: 
They understand that work and 
family responsibilities often make it 
difficult for adults to attend classes 
presented at a particular time. "I 
don't think you could have a satellite 
network without VCRs," says NTU 
president Lionel Baldwin. "You're 
dealing with busy adults and their 
chance of being able to attend every 
class is nil." 

For individuals employed in rural 
areas, such commute-less classes 
are ideal. Michael Reiss works as a 
consultant analyst for NCR's Retail 
Systems Division in Cambridge, 
OH. Cambridge, with a population 
of 13,500, is tucked in the southeast
ern corner of the state. The two 
nearest universities-Ohio State 
University in Columbus and the 
University of Akron-are more than 
75 miles away. A videotaped curric
ulum was perfect for him. 

Reiss watched all of his first 
course at his work site. But by the 
time he enrolled in his second 
course, he'd purchased a videocas
sette recorder and so began watch
ing the tapes at home. Viewing the 
classes in his living room made 
studying more convenient, and 
thereafter he took two courses per 
semester. In November 1986, he be
came the first student to earn a 
master's degree via satellite 
courses. He donned a cap and gown 
for the ceremonies, which were at
tended by NTU dignitaries and 
broadcast from his work site over 
the school's satellite network. 

"If you're taking a normal course 
load in a graduate program, you're 
expected to be on campus when the 
class meets and to take advantage of 

the lab hours when they're avail
able," says Reiss, who earned a de
gree in computer engineering. "The 
best thing about [NTU's] program 
is that you're not tied to a schedule." 

Videotaped classes also let a stu
dent study at his or her own pace. 
"If I didn't understand something 
that was said," remarks Sudama, "I 
could back it up and listen again. If I 
knew the material being covered, I 
could fast forward the tape." 

The freedom that comes with at
tending classes at one's own conven
ience can cause trouble for some 
students. "The danger is it's really 
easy to let those tapes pile up," says 
Paul Melnychuck, a research scien
tist for Eastman Kodak in Roches
ter, NY. "I sometimes had to spend 
a whole Saturday catching up." 
Melnychuck, who graduated last 
June with an MSEE, won't reveal 
the number of classes by which he 
fell behind, but says that "the stack 
of tapes could have made a nice 
plant stand." 

Other students had less trouble. 
Sudama says that as an undergrad
uate student at Johns Hopkins Uni
versity, he frequently cut classes. 
As an NTU student, though, he was 
never even tempted to play hooky. 
"I don't know if it's because I'm 
older, but I never missed a class." 

The solo style of learning only 
occasionally distracted the stu
dents. Most felt that they traded 
companionship for convenience. 
"You tend to be a loner when you're 
a video student," says Melnychuck. 
Most graduates say that they con
sulted with colleagues about prob
lems, or telephoned the teacher dur
ing prescribed telephone office 
hours. Instructors proved accommo
dating to off-campus students, NTU 
students report. 

Although he watched many of the 
classes at home, Sudama says it was 
important to him to know that there 
were others studying the material 
at the same time as he, something 
he had missed when enrolled in 
other video classes. 

Instructor adaptation to the cam-
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era, however, was inconsistent. 
Some of the professors were con
summate video lecturers and en
hanced their classes with the use of 
transparencies and other video 
teaching tools. But other problems 
cropped up. "A few of the schools 
had lighting problems, or a profes
sor wrote on the blackboard and 
then wound up blocking it," says 
Melnychuck, who withdrew from 
one class because of poor audio and 
video conditions. Sudama reports 
that occasionally professors made 
pertinent remarks after class and 
thus put the video students at a 
disadvantage. 

New cha llenges for teachers 
For their part, instructors admit 

that teaching off-camera students 
presents a challenge. Their lectures 
must be timed to end as scheduled; 
it's not possible to hold the class late 
if the professor hadn't covered all of 
the material he'd planned. Class ma
terials and exams have to be pre
pared in advance to allow time for 
their mailing to off-camera stu
dents. Teaching on camera "is twice 
the amount of work," says Ronald 
Bonnell, a University of South Caro
lina professor who has taught video 
classes since 1970. "You have to be 
very organized. Most instructors 
won't wing it in a TV class. They're 
being taped for posterity, so they 
come prepared." 

Interested in experiencing a 
video class from the students' end, 
Bonnell enrolled in one. "I wanted 
to see what it was like," he says. "I 
took 27 hours of class to get a feel 
for what students were going 
through. I actually liked it much 
better than I thought I would. I 
liked the idea that if I had 45 min
utes free, I could sit down and 
watch it." Bonnell's research is evi
dent in his teaching methods, says 
Sudama, who rated the instructor's 
course in expert systems as one of 
the best that he took. 

Some professors, though, enter 
class unprepared to meet their off
camera students' needs, which has 
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Most felt that they 

traded companionship 
for convenience. 

led various schools to train their 
faculty to use the camera to their 
best advantage. "We discovered 
they needed to know more about the 
new environment in which they 
were operating," remarks Dan Har
rell, director of engineering exten
sion at North Carolina State Uni
versity. "We wanted the professors 
in our courses to look as professional 
as [possible]." 

After watching the filmed classes, 
the college made some changes in its 
procedures, says Harrell. For start
ers, it replaced the traditional 
blackboard with a white board. "It 
didn't make sense to use the black
boards," he says. "If you're always 
talking to the blackboard, the audio 
isn't good. And once you go through 
one erasure, the board becomes 
very cloudy looking." The school 
also installed special lighting, a mi
crophone, an overhead camera that 
focuses on a desktop writing pad, 
and a light pen with which instruc
tors can highlight slides. 

Roll the cameras 
The University of Maryland sets 

aside one evening at the beginning 
of each school year to introduce new 
faculty members to the equipment 
in its four video classrooms. The 
school annually broadcasts more 
than 100 courses, mostly in electri
cal engineering and computer sci
ence, and the classrooms are used 
more than 60 hours each week. "The 
biggest barrier we face in training 
these people is that they are terri
fied," says Susan Kromholz, assist
ant director of the university's in
structional-TV system. "They don't 

like the way they look, and they're 
afraid their bald spot is going to 
show." Engineering professors, 
used to writing long equations that 
span an entire blackboard, must 
adapt their presentations. "And 
that takes work," says Kromholz. 

Such work results in much better 
classes. Students say it's obvious 
which schools take the time to train 
instructors in video presentations. 
The quality of each professor's on
camera teaching skills is up to him 
and to his university; NTU's role is 
to facilitate the broadcast of the 
courses. But NTU polls its students 
on classroom conditions within the 
first two weeks of each semester so 
that it can take action should a 
course get off to a rocky start. 

When polling began in the fall of 
1986, 16% of the students rated 
course video and audio quality as 
unsatisfactory. Seventeen percent 
complained that they had not yet 
received the syllabus, and 40% re
ported that they were not receiving 
class handouts in a timely manner. 
By last spring, students' ratings of 
the classes had improved. Although 
17% of the students still rated the 
picture quality as unsatisfactory, 
more deemed the audio quality sat
isfactory and found the turnaround 
time on mailed class materials ac
ceptable. 

In many ways, NTU students are 
more committed to academics than 
are their counterparts at traditional 
institutions of higher learning. They 
enjoy none of the amenities of the 
conventional student: NTU has no 
student organizations or activities, 
no library or cafeteria, no campus 
bookstore. Says Melnychuck: "If you 
want to be in a university and watch 
a football team on Saturdays, that's 
not NTU." EDN 
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CAREER OPPORTUNITIES 

19·8 7 Editorial Calendar and Planning Guide 

EDN Issue 
Date 

Recruitment 
Deadline Editorial Empnasis 

N ov. 26 Nov. 5 Microprocessor Technology Report & Directory; Analog ICs; Sensors & Tramdw..:e rs 

Dec. IO Nov. 19 Product Showcase-Volum e I; ICs and Semiconductors; Software 

Dec. 24 Dec. Product Showcase-Volume II ; Computers & Peripheral s; ICst & M casurcmcn1 
Instruments 

Call today for information. 

East Coast Janet 0. Penn (201) 228-8610 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (201) 228-8602 

SYSTEMS ENGINEERING & INTEGRATION (SE&I) 
GREAT OPPORTUNITIES NOW AVAILABLE! 

Ford Aerospace and Communications Corpora
tion, a member of The Grumman Team, will 
perform Engineering Tasks for NASA's Space 
Station Program Support Contract (PSC). 

The Space Station PSC challenge is a unique and rewarding opportunity 
for Engineering and Scientific Professionals to assist NASA in the manage
ment of Space Station engineering, development, testing, verification, in
stallation, assembly and checkout, and element launch package integration. 

The technical tasks will be demanding and exciting. Become involved in 
engineering this phenomenal project. Our teams will act as liaison with our 
nation's aerospace industry, NASA's headquarters and centers, and inter
national partners! 
OPPORTUNITIES ARE AVAILABLE IN THE WASHINGTON DC 
AREA, HOUSTON, TEXAS AND CLEVELAND, OHIO. 
Opportunities for Engineering and Scientific Professionals with 5 plus years 
experience are available to perform SE&I; Design Trade-off Studies; Assess 
and Evaluate Systems and Hardware; Perform Requirements and Defini· 
tion Analysis, and a variety of other Space Station engineering tasks that 
are vital to this project. 

COMMUNICATIONS & TRACKING 

SYSTEMS ENGINEERS 
• Space Station and Satellite Systems 
• Mechanical 
• Electrical 
•RF 
• Software Modeling 

POWER SYSTEMS 
• Generation 

-Photovoltaics 
-Solar Dynamics 

• Power Storage 
• Distribution 

-AC Systems 
-DC Systems 

• Power System Analysts 
• Mechanisms 
• Integration 
• Software Modeling 

PROPULSION SYSTEMS 
• H,-0 , Propulsion 
• System Analysis 
• Software Modeling 
• Integration 

EON News 

Closing· Nov. 12 
Mailing: Dec. 

• Systems Analysts 
-Space to Ground 
-Ground to Space 
-Space to Space 

• Antenna Design 
• RF Transponder Equipment 
• RF Tracking Mechanisms 
• Software Modeling 

Ford Aerospace offers an excellent salary and benefits package in associa
tion with these opportunities. If you possess the drive determination and 
ambition to undertake these Space Station support o~rations, we want to 
hear from you! Please send your resume to: Ford Aerospace and Com· 
munications Corporation, Space Station Support Operation, P.O. Box 
2160, Reston, VA 22090. If you wish, telecopy (facsimile) your resume 
directly to us at (703) 471-4859. U.S. Citizenship Required. An Equal Op
portunity Employer. 

• Integration 

TEST & VERIFICATION 
•Hardware 
•Software 
• HW/SW Integration 

~ Ford Aer~sp~ce & . 
Commumcat1ons Corporation 
Space Station Support Operation 
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Senior Tuchnical Specialists 
As an E-Systems technical professional, you'll 
enjoy a technical environment second to none 
in our industry- premier equipment, man
agement thats in tune with your wants and 
needs, and above all, the brain trust of some 
of the finest scientists and engineers in 
Anlerica. 

We develop advanced electronic systems for 
national defense - a constant technical chal
lenge. That means we're the driving force be
hind many of todays vanguard technologies. 
For you, we offer an opportunity to place 
yourself at the very core of your profession. 

Senior Systems Engineer -
Receivers 
BSEE/MSEE degree and ten or more years 
of experience in Systems Engineering -
Receivers. Must have strong analytical ability 
with practical experience in analog and 
broadband microwave hardware that would 
allow conceptual design and state-of-the-art 
implementation of receiver systems. Must 
also have demonstrated skills in management 
(preferably of receiver development pro
grams), proposal writing, bid generation, and 
customer interface. 

Analog Design Engineer 
BSEE degree and five or more years of experi
ence in design of IF/analog circuits. Must have 

practical knowledge of using semiconductor 
devices in low-frequency applications such as 
threshold circuits and time delay circuits. Fa
miliarity with FSK, ASK, and PSK modulation 
techniques would be helpful. Experience with 
discriminators, log amps, and PCM demod
ulators desirable. 

Senior Systems Engineer -
Sigint Signal Processing 
MSEE or equivalent required. Sigint/ESM sys
tems engineer with strong experience in D/F 
techniques, systems and digital signal pro
cessing. Will lead conceptual design through 
development with heavy customer interface. 
Must have ten or more years of experience in 
Systems Engineering - Sigint!ESM. 

Digital Design Engineer 
BSEE, minimum five years development expe
rience. Board level design, circuit simulation 
and board testing experience required. 

E-Systems also offers a superior benefits 
package featuring Flexible Compensation, a 
versatile program that lets you take a person
al approach in designing your benefits to 
match your own unique needs. 

E-Systems Garland Division invites you to 
contact: Fred Mitchem, Senior Staffing 
Representative, E-Systems, Inc., Garland 
Division, Department 31SI, Post Office Box 
660023, Dallas, Thxas 75.266-0023. 

E-SYSTEMS 
The science of systems. 
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Senior 
Communication 
System Engineers 
This is an exceptional opportunity to join GE. Currently, we have positions 
available for Senior Communication System Engineers whose 
backgrounds demonstrate the capacity to provide leadership and to 
technically contribute to our most sophisticated communication systems 
projects. The ability to initiate, formulate and present innovative com
munication system ideas and concepts is an essential element of these 
positions. 

Our successful candidates will possess a BS/MS in Electrical Engineer
ing or other relevant technical discipline and well-developed analytical 
and leadership skills. 

GE offers an excellent salary and benefits package as well as continued 
opportunities for technical and management development. In addition , 
our relocation package for eligible, senior level professionals includes: 
rapid cash payment for your current home; closing costs on both current 
and new homes; attorney's fees; mortgage origination fees or points. For 
immediate confidential consideration please forward your resume to: 
John H. Lorenzon, GE, P.O. Box 8555, Philadelphia, PA 19101. U.S. Citizen
ship is Required. 

The future is working at GE 

• GE Supply 

An equal opportunity employer~ 
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E-SYSTEMS, INC., ECI DIVISION 
ST. PETERSBURG, FLORIDA 

At E-Systems, we're pushing back the parameters of present-day technology. Our 
state-of-the-art career opportunities allow visions to be molded into realities. This, 
combined with the pleasant Florida climate makes E-Systems ECI Division a 
dynamic place for the experienced technical professional. 

If you are qualified and would like a career of accomplishment and satisfaction, ECI 
Division has immediate opportunities in these areas of design and development of 
military communications systems: 

Systems/Software Design Manufacturing Engineering 
• Communications Systems Engineer • Manufacturing Engineer 
• Computer Systems Architect • Production Tust Engineer 
• Systems Integration & Tust Engineer Engineering Quality 
• Software Engineer 
• Software Quality Assurance 

Engineer 

Hardware Design 
• Digital Circuit Engineer 

• EMI/fEMPEST Engineer 
• Maintainability/ILS Engineer 
• Component Engineer 
• Reliability Engineer 

Tuchnical Support 
• Transmitter/Receiver RF Engineer • Provisioning Specialist 
• Modem Design Engineer • Senior Mechanical Designer 
• Power Supply Deisgn Engineer • Data Management Specialist 
• Senior Digital Engineer • Electronic Buyer 

In addition to the chance to make meaningful contributions, you will find E-Systems 
offers one of the best employee stock ownership and relocation programs available. 

If you are attracted to a dynamic work environment and have the solid experience 
required for one of the above opportunities, respond immediately by sending your 
resume to: Director of Employee Relations, E-Systems, Inc., ECI Division, Post 
Office Box 12248, St. Petersburg, Florida 33733. 

E-SYSTEMS 
The science of systems. 
Pnnc ipals Only, Please. 

U.S. Cit izenship Reqmred . 
An Equal Opportunity Employer; Mii'~ V. H. 
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COMPUTER SYSTEMS DIVISION 
ENGINEERING, TECHNICAL 
& SALES OPPORTUNITIES 

Unisys today is a world leader in information technologies. And, with 
nearly 8,000 employees and $665 million in revenues, the Computer 
Systems Division plays a major role in the total Unisys operation. 

Headquartered in the Twin Cities of Minneapolis/St. Paul , the Computer 
Systems Division is responsible for designing, developing, producing, 
integrating and supporting information systems and products primarily 
for the U.S. Government and its allies. 

Currently, we have opportunities available in Minneapolis/St. Paul, Los 
Angeles and Washington , D.C. in Systems Engineering, Design 
Engineering , Sales and Field Engineering. Primary applications require 
experience in the DOD arena and (ideally) knowledge of one of the 
following : Telecommunications, Navy Command & Control (surface and 
subsurface) and Air Force Tactical Air Control Systems. 

•Systems Engineers- BSEE and 7-10 years experience with 
airborne avionics, underseas systems, ground systems or surface 
systems 

• Accounts Representative - BSEE and 10-15 years experience in 
lead position dealing with sales to DOD accounts (Washington , 
DC location) 

• Accounts Representative - BSEE and 10 years experience in 
sales to DOD accounts dealing with information and data 
processing (ASW desired) 

• Logic Design Engineers - BSEE or BSCE and 1-10 years 
experience in hardware development and familiarity with 
MIL-STD's, digital avionics and VHSIC development 

•Electrical/Mechanical Engineers- BSEE, BSME or MSEE and 
5-8 years experience in electrical design of military avionics 
digital equipment 

We offer competitive compensation and benefits with professional 
challenge in a dynamic environment. Candidates are invited to 
submit a resume to: Professional Staffing, Unisys, Computer 
Systems Division, P.O. Box 64525, AID09, St. Paul, MN 55164-0525. 
An Affirmative Action Employer. U.S. Citizenship required. 

• 

If you have a personal computer with a phone modem, you can 
access our complete listing of career positions by dialing (612) 941-
5723 and enter the password "Career Link" for 24 hour information . 

UNISYS 
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Technical Excellence 

Our Greatest Achievement 
Unlocks Your Greatest Potential. 

For over 60 years, Raytheon has been recognized as an authoritative source of technological innovation 
and excellence. Today, our Missile Systems Division continues the tradition of excellence with technical 
involvement deep enough to create advanced, workable, comprehensive engineering solutions; broad 
enough to encompass practically every discipline in electronics research , design , development, and 
production ; and high enough to provide each of our talented technical professionals to determine tomor
row 's state-of-the-art. 

That's why the Missile Systems Division of Fortune-SO Raytheon is the ideal environment to develop 
your potential to its fullest and discover the important contribution you can make to the technology of 
your choice for some of the world's most important air defense systems. 

Located in the center of technological innovation and excellence of the Route 128 area and only minutes 
from the unmatched educational , cultural , and recreational resources of Boston , Raytheon's Missile 
Systems Division also offers access to the exceptional quality of life of Massachusetts and the entire 
New England Region . 

Raytheon : technical diversity and excellence that first unlocks potential .. . and then opens an extra
ordinary number of doors to success. 

Current opportunities exist for qualified engineers in the following applications: 
D RF/Microwave Systems Design D Digital Systems Design D Real-Time Software Sys
tems Design D Guidance and Control Design D Test Systems Design D Radar 
Systems D Reliability/Quality Assurance D Electro-Optics Design D Missile 
Guidance Design 

Engineering positions require a minimum BS degree in Electrical or Computer Engineering , Physics or 
Mathematics and at least 3-5 years ' experience with real-t ime command and control systems, radars, 
missile guidance and digital equipment. 

Raytheon offers excellent salaries and many company-paid benefits as well as Investment Plans and lib
eral relocation assistance. Please send resume with salary requirements to: 
Manager, Professional Employment, Dept. E, Raytheon Company, Missile Systems Divi
sion, Hartwell Rd., Bedford, MA 01730. U.S. Citizenship required. An Eq'fal Opportunity 
Employer. 

Raytheon 
Where quality starts with fundamenta ls. 
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To get on-line and 
leave your resume 
with BPI Adline: 

Dial 612-941-3957 
1m your I'<· or t!'rminal 
and 111od1•111 . Ent!'r tlw 

password "BPI" 
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WE'RE LOOKING 
FOR PEOPLE WH 
THINK OUT HERE 

SOME PEOPLE 
THINK WITHIN 
BOUNDARIES. 

Push your creativity to the edge at 
Thomson-Mostek. We're looking for innovative 
engineers who have the vision and energy to 
create next generation semiconductor products. 
Whether you 're just out of school or a proven 
professional , you can get in on the ground floor 
at our Dallas plant and build your future with us. 

With the recent merger of Thomson 
Semiconductors and SGS Microelectronics , the 
Dallas facility has become the company's world
wide center for differentiated memories, tele
phone dialers, LAN and packet switching 
controllers, and military products - as well as 
the North American headquarters for CMOS 
ASIC products . We've got state-of-the-art equip
ment applying 1.2 micron double-level metal 
HCMOS technology, migrating to 0.8 micron. 
And the recently announced $12 million expan
sion of our production capability, in support of 
our submicron technology, is just the first step. 

If you 're interested in an organization that 
is fast on its feet (design-to-prototype faster 
than anybody else) with major international ac
tivities , read on. 

Sr. Design Engineers 
Senior positions with project responsibility for the de
sign of next generation DataComfTelecom circuits. 
Must have MSEE degree with five-plus years of experi
ence. Experience in LAN or packet switching a plus. 

Sr. ASIC Design Engineers 
Senior positions with project management respon
sibility. Knowledge of Sea-of-Gates technology, CAE 
tools/software, packaging, test methodology, and 
quality assurance required . Must have BSEE and four
plus years of ASIC/Systems experience. 
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Sr. Layout Designers 
Project responsibility for design layouts of next gener
ation circuits. Must have three-plus years of experi
ence and working knowledge of CAD tools. 

Applications Engineers 
Responsible for working with customers, marketing, 
and design engineers to define next generation state
of-the-art products. Must have BSEE, MSEE preferred, 
and three-plus years of systems experience .• 

Plasma Development Engineers 
Work in the Process R&D area on Plasma CVD thin 
film deposition for submicron technology application. 
Must have PhD or MS in Physical Science or Engi
neering and two-plus years of applicable experience. 

Projed Engineers 
Openings exist in the standard product areas, military 
and ASIC. Applicants must have proven track records 
with BS/MS in EE or ET with three-plus years of 
hands-on experience. 

Wafer Fab Technicians 
Responsible for repairing and maintaining our fab 
equipment. AS degree (preferred) and two-plus years 
of experience. 

Openings exist in Wafer Processing, Communications, 
Memories, Military, and ASIC products . 

If you are an Engineer, Technician , CAD 
Specialist or a planner and you are interested in 
becoming part of the team , please call (214) 
466-7000, Monday-Friday 1-4, or send resume to : 

Norman E. Case (Code G) i1: [ 1] 1',t'i•l~I 
1310 Electronics Drive M.S. 776 coMPONENTs 

Carrollton, Texas 75006 _ ,. ~-

- •-MOSTEK 
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EDN Databank 
Professional Profile 

Announcing a new placement service for professional engineersl 
To help you 1dv1nce your c1ner. Pl1cemant 
Services. ltd. h11 formed the EON 01t1b1nk. 
Whit la th• 01t1b1nk? h la 1 computerized 
system of m1tchlng qu1lllled e1ndld1t11 with 
positions th1t meat the 1pplle1nt'1 prol111lon1I 
needs ind daalraa. Whit m the 1dv1nt1g11 of 
this new nrvlce? 

• H's 1baolut1ly lr11. Than m no f111 or 
ch1rg11. 

!IDENTITY I 

• The computar never forgets. Whan your 
type of Job comas up, It remembers you're 
qu1llllad. 

• Service la n1tlonwlde. You'll be 
considered for openings mou the U.S. 
by PSL 1nd It's 11flll1t1d olllcu. 

• Your Identity la protected. Your resume 
la mafully 1cr11nad to be sure It wlll not 
be unt to your comp1ny or p1r1nt 
org1nlZ1tlon. 

• Your b1ekground 1nd Cll'Hr obJICtlva 
wlll perladle1lly bt revllwld with you by 
I PSL pl'llaalon1I pl1ca111111 pw .... 

Wt hopa you're hippy In y111r currant peal
Uon. At Iha 111111 111111. chancu ara lltwa la an 
ld11l lllb you'd prtfar If you knaw abtut It 
Thll'I why It llllkll 111111 fir YIU ID raglatar 
with Iha EON Oallbank. To de 11. Just 1111111111 
completed lor111 below. 1long wltll 1 cepy of 
your ruu1111. to: Pl1ca111nt Strvlca. Ltd .. Inc. 

!PRESENT OR MOST RECENT EMPLOYER! 
Name---------------

Parent Company _____________ _ 

Home Address: ____________ _ Your division or subsidiary:------------
City ______ State: ____ Zip: __ _ Loc:ation(City, State) ____________ _ 

Horne Phone (include area code): --------- BusinessPhoneifO.K. to use: -----------

!EDUCATION I Major Field GPA Year Degree College or Uniwrslty 
Earned 

Degrees (List) 

!POSITION DESIR EDI ____________ _ 

!EXPERIENCE I =.::t~~:: From: To: Title: -------------------------
" Duties and Accomplishments: Industry ol Currant Employer: 

Reason for Change: 

!PREVIOUS POSITION: I 
JobTrtle: ________________________________ _ 

Employer: _________ From: __ To: ___ City: ______ State: _______ _ 

Division: Typeollndustry: ---------Salary:---------

Duties and Accomplishments:----------------------------

lcoMPENSATION/PERSONAL INFORMATION 
Years Experience Base Salary Commission Bonus Total Compensation Asking Compensetion Min. Compensation 

I Wiii Travei 
0 I own my home. How long? I rent my home/apt. 0 

0 Moderate 0 Heavy 
Date Available 

0 Light 

0 Employed 0 Self-Employed 0 Unemployed 0 Married 0 Single Height___WlllghL__ 

Level ol Security Clearance 0 U.S.Citizen 0 Non-U.S. Citizen 
My identity may be released to: 0 Any empqer 

0 All but present employw 

0 WILL RELOCATE 0 WILL NOT RELOCATE 0 OTHER-----------

EDN Databank 
A DMSION OF PLACEMENT SERVICES LTD., INC. 

265 S. Main Street, Akron, OH 44308 216/762-0279 
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.---FLORIDA OPPORTUNITIES---
oetense Communications Systems 

Design and Development 
Communications systems developers in beautiful coastal Florida locations are look
ing for talented Engineers in the following areas: 
Systems Engineers - signal and data processing, control systems, satellite communica
tions, E-0 sensors, IA processing. 
Systems Software Engineers and Programmers - Real-time embedded communica
tions sottware design and development 
Software Quality Assurance Engineers - Full DoD & MIL rqts. 
Systems Integration and Test Engineers - develop system test requirements and 
manage I & T tasks. 
Transmitter/Receiver design Engineers - VHF through EHF, LN A's, PA's, frequency 
synthesizers. 
Analog and RF Engineers - analog design and AID interfaces. 

Modem Design Engineers - signal processing and spread spectrum modems. 

Digital Design Engineers - all variet ies, including microprocessor design in VLSI , 
VHSIC, RISC, or vector processors for data handling systems. 

Mechanical Engineers -thermal & structural analysis, avionics packaging, spacecraft 
structural design . 

Mechanical Project Engineer - systems analys is, design , fab, & test. 

Program Managers - EWIC31 in airborne applications, advanced digital avionics 
systems. 

Others include Safety Engineers, Quality Assurance and Control Engineers, Reliabili
ty Engineers, & Nuclear Effects Engineers. 

All positions require a BS degree and current DoD Secret Clearance. Send Resume 
and current salary info to: Karl Frederick 

235 Cocoa Avenue, Indialantic, Florida 32903 

PRODUCTS & IDEAS 
GENERATE$$ 

TAI , an electronic/computer manufac
turing and a national/ international 
marketing firm who sells to the 
defense, aerospace, and industrial in
dustries is seeking partners with pro
ducts or ideas so that we may tap in
to the over $600 billion markets. 

Send self address stamped envelope 
to : 

TAI Product Div. 
P.O. Box 17-1253 

Kansas City, KS 66117 

NEED - SALES REPS 
Electronic manufacturing firm is seeking sales 
represen tatives, nationwide, who sell to the 
defense, process control , and computer indus
tries. Must be experienced in one or more of the 
above areas. Write: 

TAI Marketing Dept 
P.O. Box 17-1253 

Kansas City, KS 66117 

RELIABILITY ENGINEER 
Develop and analyze evaluation & test plans for all new 
products, including systems software, and hardware 
systems & designs. Perform FMEA & MTBF predictions, 
and review digi tal electronics systems & sub-systems. 
Design & develop test fixtures & sottware programs on 
microprocessor-based computer for testing nuclear 
medical imaging systems. Require a BS degree in Com
puter Engineering. Candidates must submit a transcript 
showing completion of one course each in Computer 
Organization & Design, File Organization & Processing , 
Digital Integrated Circuits, & Microprocessors. $29,210 
a year. 40 hrs. a week. Barn to 4:30pm_ 
Send resume and transcript to: 

Illinois Department of Employment Security 
401 S. State Street I 3-South 

Chicago, IL 60605 
Attn: Robert Felton, Ref. #: V-IL 7394-E 

An employer paid ad . 

THE EDN MAGAZINE/EDN NEWS 

Recruitlllent 
Package 

The most cost-effective 
way to reach the most 
professionals! 

EON reaches more than 
137,000 engineers and engineering 
managers, the largest circulation 
in the electronics Iield . EON 
News reaches EON's U.S. 
circulation of more than 121,500. 
And, when you place equivalent 
space in both the Career 
Opportunities section of EON, and 
the Career News section of EON 
News in the same month, vou'll 
get a 113 discount off the EON 
News rate! 

EON MAGAZINE/EON NEWS 
Where Advertising Works. 
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HIGH 
PERFORMANCE 
CHALLENGES 

That's what you 'll discover at Applied Micro Circuits Corpora
tion in beautiful San Diego, California. We are an innovative 
semicustom specialist dedicated to the design and manufac
ture of high performance logic arrays. Our state-of-the-art logic 
arrays are advancing military systems, communications, test 
equipment , instrumentation , computer systems, and 
peripherals. Explore a challenging career as: 

TEST ENGINEER 
Sentry and I or Trillium experience in an ECL environment. Po
sition available in Test development. Minimum 5 years 
experience. 

DESIGN ENGINEERS 
ECL/TTL, Bipolar, BIMOS. BSEE/MSEE and minimum 4 
years experience. 

REGIONAL ACCOUNT MANAGER 
Responsible for a group of Account Managers. This group is 
responsible for managing the customer design process from 
program identification to production specification approval. Ad
ditional responsibilities include customer I field I factory com
munication, identifying target customer opportunities, program 
management and technical production support. This position 
requires a BSEE in Physics, Chemistry; MBA is preferred , as 
well as 5-10 years semiconductor experience, high perfor
mance ASIC preferred . 

PRODUCT ENGINEER 
Responsible for VLSI detail logic circu it analysis and debug 
of Bipolar oxide isolated products, CMOS and BICMOS. A 
BSEE and 2 or more years of semiconductor design and prod
uct engineering experience is required . 

PHaI'O SECTION MANAGER 
Direct photo engineering activity and provide process devel 
opment leadership. Extensive experience with wafer steppers, 
positive photo resist , 2M geometries, sustaining photo produc
tion operations and evaluating and selecting new photo equip
ment. A BS degree is required , MS preferred. 

DA/CAD R&D SECTION MANAGER 
Minimum MSEE/CS or MSCE and 6 years experience. Spe
cialized in the areas of hierarchical/performance-driven place
ment routing system for gate array design. Knowledge in 
computer-aided test engineering , simulators and silicon 
compilation . 

SENIOR SOFTWARE ENGINEER 
Minimum MSEE/CS or MSCE and 4 years experience. Work 
experience as floor planner, routing algorithms and familiar 
with various languages such as C, C+ + , Pascal , VHDL, etc. 

LINE MAINTENANCE TECHNICIAN 
Must have 2-4 years experience working on wafer processing 
equipment in the areas of LPCVD-thin films and metals. Knowl
edge of high vacuum theory is required. Candidate should have 
an AS degree in electronics or equivalent experience and be 
able to troubleshoot down to the component level. 

WAFER FABRICATION OPERA70RS 
Positions open on all shifts. 

AMCC will provide you with an excellent salary and compre
hensive benefits in a stimulating, forward-thinking environment. 
Our corporate philosophy encourages professional and per
sonal growth . Enjoy a high performance career by submitting 
your resume with salary history to : AMCC, 6195 Lusk Blvd ., 
San Diego, CA 92121, Attn: Danella Goodwin. 

APPLIED MICRO CIRCUITS CORPORATION 

An Equal Opporturn ly Employer 
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BETTER HEAT CONVECTION . 
OLD DIP SWITCH 

HIGH DIPS SHADOW LOW IC'S 

NEW DIP SWITCH 

THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 

NO MORE HAND LABOR. 

YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 

If you don 't have automatic insertion equip
ment. we 're banking that some day you will To 
prove that , we 'll charge you the same tow price 
for all your purchases-no more need for the 
low-volume premium prices you 're paying now 

AVAILABLE IN 
2, 3, 4, 5, &, 7 & 8 

POSITIONS 

AMERICAN RESEARCH 
& ENGINEERING 

1500 EXECUTIVE DRIVE 
ELGIN, IL 60123 

_;312-8!J8-7245 

~61'1bi/~/ 
CIRCLE NO 70 
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THE POINT 
OF NO RETURN. 

When you put a Fujitsu ASIC to 
work, you can rest assured it will 
work the way it should.And keep on 
doing its job for a very long time 
to come. In fact, when you look at 
our performance record over the 
years, you'll be hard pressed to find 
any field failures at all. 

This is no empty promise. 
Product reliability has been a way 
of life for us for more than 15 
years. 



That's why we always take a 
conservative approach to the 
design process. Giving you realistic 
worst case specs that no produc
tion device will exceed. 

Guaranteeing a minimum 90% 
utilization of all gates. And giving 
you a simulation-to-production 
correlation of 99%. 

It's also why we control every 
step of the production process. From 
design to wafer fab to assembly 

and final test, including 100% AC 
testing at frequency. So nothing 
is left to chance. 

Tu us, reliability in the field is 
everything. And when you remem
ber we've taken over 8,000 ASIC 
devices from design through mass 
production, you can see that we11 
give you a level of confidence no one 
else can off er. 

So count on parts that have 
longer life expectancies. 

Call our Hot Line today at 
(800) 556-1234,Ext.82; in California 
(800) 441-2345. Look into ASICs 
you can send out the door. Never to 
return again. 

CIRCLE NO 234 

FUJITSU FUJITSU 
MICROELECTRONICS. INC. 

Technology That Works. 
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SEE WHAT A 
DIFFERENCE 

CMOS MAKES! 
CMOS is fast becoming the 
chosen ·technology for de
veloping integrated circuits. 
That's because CMOS I Cs are 
able to implement ultra-com
plex system-level functions on 
a chip! 

A Designer's Guide to: 

CMOSICs 
As featured in EON Magazine 

EDN 

Now you can meet the special challenges posed by this new 
breedofICs withADesigner's Guide to CMOS /Cs . You'll 
learn the advanced design and fabrication techniques re
quired. Plus the latest linear and digital CMOS I Cs available. 

Mail coupon to: 
CMOS IC Reprints 
EDN Magazine 
Cahners Building 
T/5 Washington Street 
Newton, MA 02158-1630 

Please send _ copies of 
A Designer's Guide to CMOS /Cs 
(92 pages) 

D $6.95 UPS 
D $8.95 non USA 
(BANK DRAFT ONLY) 

Check or money order made out to 
EDN REPRINTS must accompany 
each order. No COD. Mass. 
residents add 5 % sales tax. 

Please print clearly. 
This is your mailing label. 

TITLE - - ---------- --- -

COMAANY _ _____________ _ 

ADDRESS ----------------

CITY ______ STATE ___ ZIP __ _ 

EON 102987 
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"EDN MAGAZINE 
GREATLY ENHANCES OUR 
INTERNATIONAL IMAGE.'' 

Based in England, Hunting Hivolt is a leader 
in high-voltage technology. Yet the company wanted 
to further enhance its international image and gain 
an even greater awareness with engineers and 
engineering managers worldwide. 

What was the answer? 

First, set up a facility in the United States. Then 
support it with an advertising program in EON 
magazine. Says marketing director Phil Walters, 
"The result has been an utter success. The quality 
of response has helped strengthen our position in 

" -

the United States and 
throughout the many 
countries where EON 
magazine is circulated." 

Phil Walters sees EON 
magazine as a key element 
in his worldwide advertis
ing campaign. "With EON 
magazine and the solid 
foundation of Cahners 
Publishing behind it, we 
will continue to make 
strides in the interna
tional marketplace." 

Phil F. Walters 
Marketing Director 
Hunting Hivolt Ltd. 

Advertising in EON magazine works for 
Hunting Hivolt. It can work for you. 

EDN 
Where Advertising Works 

-
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EDN's Career Opportunities 
section keeps you informed 

of current job openings 
from coast-to-coast 
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LOOICTNG AHEAD 
EDITED BY CYNTHIA B RETTIG 

US PACKET-SWITCHING SERVICE REVENUE BY APPLICATION 
($MILLION) 

1987 1989 1991 

TIMESHARING $197 $205 $200 
DATABASE ACCESS 150 300 455 
SEMIPRIVATE ACCESS 180 297 400 
ELECTRONIC MAIL 57 96 158 
POS 9 30 90 
EDI 7 30 94 

INTERNATIONAL 50 110 185 

LOCAL NEGLIGIBLE 10 30 
TOTAL $650 $1078 $1612 

(SOURCE: INTERNATIONAL RESOURCE DEVELOPMENT INC) 

Short boom in store for 
packet-switching industry 
The packet-switching services and 
systems market might experience 
substantial, imminent growth, pre
dicts International Resource Devel
opment Inc (IRD). As a result of 
changes in US data communica
tions, revenues for packet-switching 
enterprises could reach $1078 mil
lion by the end of 1989. However, 
the New Canaan, CT, market-re
search firm warns vendors that the 
market will peak by 1991 and there
after face strong competition from 
new products, technologies, and 
price developments. By the end of 
the century, packet-switching com
merce should recede to a lower but 
stable plateau, supported by mili
tary and specialized applications. 

Packet-switching systems and 
services have just recently begun to 
enjoy sanction by IBM for use with 
its teleprocessing equipment here 
and in Canada, a development that 
allows packet networks to interface 
with a much greater array of prod
ucts. The introduction of IBM's Sys
tems Application Architecture 
(SAA) and its related products has 
given Systems Network Architec
ture (SNA) users a choice, IRD 
points out. SAA software permits 
mixed interconnection of products 
and thus provides a wider selection 
of lower-cost transmission tech
niques, including public packet
transmission services and private 
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packet networks. Other actions by 
and new products from major tele
communications-equipment manu
facturers have also simplified the 
operations of mixed-media data
communications networks. 

Two developments will constitute 
the major threats to packet switch
ing's market position within the 
next few years. Because of recent 
dramatic advances in fiber-optic 
technology, fiber-optic networks 
should proliferate, seriously chal
lenging the price structures of basic 
long-distance transmission services 
by 1991. Furthermore, the move
ment of public telecommunications 
networks toward ISD N s (Inte
grated Services Digital Networks) 
seems to be threatening the cost 
advantages of packet switching. Al
though the effects of this trend on 
packet markets will depend on the 
tariffs for different services based 
on ISDNs, marked changes should 
occur in both European and US 
markets by 1992. 

Despite the bleak, long-term pre
diction that packet switching will 
retain only niche markets by the 
year 2000, important commercial 
opportunities remain for short- and · 
medium-term market strategies. 
The growth of on-line databases of
fering efficient and simple access to 
financial, business, and legal facts 
will be the driving force behind the 
general market, which could reach 
$1.6 billion by 1991. Consolidation 

and mergers seem both inevitable 
and expedient in the industry, 
which IRD characterizes as possess
ing clearly defined market possibili
ties and a disproportionate number 
of players. 

"Interoperability" is 
watchword in data sharing 
Advancements in the ways that dif
ferent computers and their periph
erals exchange data have caused in
terchange techniques to undergo 
various phases and to assume com
plicated names suited to their more 
difficult tasks. According to the Die
bold Group (New York, NY), which 
has researched these trends in order 
to forecast further developments, 
interoperability presents the cur
rent challenge. The compatibility 
and portability sought in the 60s 
and 70s gave way to a quest for 
interconnectibility in the early 80s. 
During those years, the subjects of 
interchange were character streams 
and untranslated data structures, 
and the demand was for bidirection
al exchange between dissimilar and 
networked computer systems. 

The late-80s challenge of interop
erability involves the multidirec
tional interchange of data struc
tures, structured text, and encoded 
images among two or more dissimi
lar, networked computers. The 
achievement of interoperability is 
made difficult by the different hard
ware and software products offered 
by vendors, by inconsistent stand
ards, and quite simply, by inconsis
tent data-access and -modification 
rules. Diebold 's conclusions 
highlight the need for, among other 
things, information directories that 
convey integrity contraints, net
work directories that automate net
work-resources management, ob
ject-based designs that simplify 
access procedures, and consistent 
operating environments for ·soft
ware packages. 
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3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295 

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

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
·units are not OPL listed 
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r;;;J Mini-Circuits 
A D1v1 s1on of Sc1en11f1c Components Corporation 

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

C71 Rev. A 

CIRCLE NO 236 EDN October 29, 1987 



-

Cost-effective 
high voltage 

power MOSFETs 
you can 

depend on 

lOOOV 
Some so-called high voltage power 

MOSFETs just can 't seem to deliver what 
they promise. But HEXFETs offer 

exceptional stability in three new optimized 
high voltage families: 800V, 900V and 1000V 
Each voltage is paired to a specific Rds(on) 

value for the best cost-per-amp ratio . So 
you can spec just what you need without 

straining your design budget. 
Our high voltage T0-3 HEXFETs can handle 

your heavy industrial and hi-rel require
ments . For less demanding applications, 

you can choose T0-220 or T0-3P case styles. 
No matter how you mix and match these 

HEXFETs, they all provide faster switching 
and high blocking voltage capabilities . Plus 

guaranteed repetitive avalanche and 
dynamic dv/dt ratings - two extra safety 

margins at no extra cost. 
The complete HEXFET power MOSFET line 

1s described in our new 1987 catalog. Write 
for your free copy. Or call (213) 607-8842. 

Most HEXFETs now m stock 
for immediate delivery! 

Ex•mple of 1kV HEXFET Stllblllty: After 1000 hours of HTRB testing, 
T0-3 device performs beyond 111ted vonage with no current IHkage. 

Voltage 
Ratings 

aoov 
900V 

1000V 

Available Packages With Corresponding Rds(on) Values 

T0-3, T0-3P and T0-220AB T0-3 and T0-3P 

s .sn 3.2fl 2.on 1.2n 
a.on 4.on 2.sn 1.sn 

11 .sn 5.6fl 3.Sfl 2.on 

Number 1 in 
power MOSFETs 

International 
I rc~R I Rectifier 

WORLD HEADQUARTERS: 233 KANSAS ST. . EL SEGUNDO. CA 90245. U.S.A. (213) 772-2000 . TWX 910-348-6291 . TELEX 472·0403 

EUROPEAN HEADQUARTERS: HURST GREEN . OXTED , SURREY RH8 988. ENGLAND TELEPHONE (0883) 713215 . TELEX 95219 

Power MOSFETs • CMOS Power ICs • Commercial/Custom Power Packages • Schottkys 
Rectifier Diodes ·Thyristors (SCRs) • Diode Bridges • Molded Circuits· Assemblies 
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PROGRAMMABLE REASONS 
TO MOVE UP TO THE 298. 

With support for an additional 200 
devices. the 298 Universal Program
ming System continues to program 
virtually every device on the market, 
including the latest one megabit 
EPROMs and PLDs in PLCC pack
ages. And the 298 continues to sup
port more devices than any other 
programmer. because no one is more 
committed to keeping pace with the 
semiconductor manufacturers than 
Data 1/0 ®. 

THE 291 GIVES YOU A PROGRAM· 
MING FUTURE. While the 298 sup
ports more than 1600 devices, you 
don't have to buy support for every 
device all at once. Its modular system 
of paks gives you the flexibility to 
build a universal programming sys
tem at your own pace- whether 

gradually or all at once. For example, 
you can start with gang and set pro
gramming for EPROMs and 
EEPROMs. Later. expand your sys
tem by adding logic or bipolar PROM 
programming. 

f 
. UPGRADE 

For a limited time o 
receive a credit t nly, you '// 
298 mainframe owards a new 
GangPak™ whe~ UniPak 28'". or 
your ecwivalent D~~au11pgrad_e 
~ent, induding the 17 ~ e(ouip-

MANUFACTURER-APPROVED 9A mainframe u p · · OA or 
ALGORITHMS FOR RELIABILITY. The Pin Gang Modul~. ni ak; or 24128-

298 provides manufacturer-approved TRADE IN 
algorithms for superior programming. Or trade in any th 
So, whether you operate the system mer (from an ° er program-
in the stand-alone mode, from a ter- you '// receive~ ~~~u:acturer). and 

298 Memory L . ' towards the 
minal, or from a personal computer gram ming Systi~c, or Gang Pro-
using PROM link™ programmer inter- Ca// t f d · 
face software, you're guaranteed reli- much y~u'n out exactly how 
able, trouble-free programming and But hurry! rf~~gorffammer is worth . o b · , er ends 
maximum yields. It's this dedication ecem er 31, 1987. 
to superior performance and com- 1-800-247-5700 
plete device support that's made the [_.__==---=D..:ep!:.:t:.:·~9~0~0 ____ J 
298 the leader, year after year. 
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i03l 432-6991 Telex 2522685 DATAIO J 
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